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MAGNETIC FIELD-ASSISTED ELECTROCATALYSIS 

Ping Xu 

School of Chemistry and Chemical Engineering 
Harbin Institute of Technology, Harbin, China 

Professor 
pxu@hit.edu.cn 

 
Magnetic field-enhanced electrocatalysis has recently emerged as an advanced strategy with 

great application prospects for highly efficient energy conversion and storage. Directly or indirectly, the 
magnetic effect has been proved positive in various electrochemical reactions. This talk starts from a 
brief introduction and analysis to the possible mechanisms of magnetic field-enhanced electrocatalysis. 
The recent advances in magnetic field-enhanced electrochemical reactions[1,2], including hydrogen 
evolution reaction (HER), oxygen evolution reaction (OER), oxygen reduction reaction (ORR), and CO2 
reduction reaction (CO2RR), will be covered. Examples include our own studies on OER behaviors of 
nickel-based catalysts (Ni(OH)2, NiO, and Ni)[3] and NiFe-LDH/Co3O4 p-n heterojunction supported on 
nickel foam[4] under an in situ applied magnetic field, by using a self-designed electrochemical system 
coupled with a vibrating sample magnetometer that can fine-tune the intensity of the magnetic field (0–
1.4 T). 
 

 

Scheme 1. Possible mechanisms (magnetothermal effect, magnetohydrodynamic effect, Maxwell 
stress effect, Kelvin force effect, and spin selectivity effect) of magnetic field-enhanced 

electrocatalysis. 
 

References 
[1] Yuanyuan Zhang, Ce Liang, Jie Wu, Han Liu, Bin Zhang, Zaixing Jiang, Siwei Li,* Ping Xu*. Recent 
Advances in Magnetic Field-Enhanced Electrocatalysis. ACS Appl. Energy Mater. 2020, 3, 10303-
10316. 
[2] Yuanyuan Zhang, Qiang Fu, Bo Song*, Ping Xu*. Regulation Strategy of Transition Metal Oxide-
Based Electrocatalysts for Enhanced Oxygen Evolution Reaction. Acc. Mater. Res. 2022, 3(10), 1088-
1100. 
[3] Yuanyuan Zhang, Ping Guo, Siwei Li, Wei Wang, Bo Song, Xiaoxuan Yang, Xianjie Wang, Zaixing 
Jiang, Gang Wu*, Ping Xu*. Magnetic Field Assisted Electrocatalytic Oxygen Evolution Reaction of 
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GREEN PRODUCTION AND APPLICATION OF NANOCELLULOSE 

Su R., Zhang L., Chen S.H., Shan C.C., Che M.D., Ai Y.S., Qiao A.H. 

Tianjin University, Tianjin, China  
Professor 

surx@tju.edu.cn 
 

Nanocellulose including cellulose nanocrystals (CNC) and cellulose nanofibrils (CNF) has 
become a hotspot in the field of green and sustainable materials. Several improvements have been 
developed for the cleaner and large-scale production of the nanocellulose industry. The processes for 
the fabrication of sulfonated CNC [1-3], phosphorylated CNC [4], carboxylic CNF [5], phosphorylated 
CNF [6] have been optimized in our lab with lower environmental impact. The application of cellulose 
nanocrystals and cellulose nanofibrils on antifouling coating [7-8], algae control [9], wastewater 
treatment [10-12], edible food coating, flexible sensors [13-15], light management in our lab will be 
introduced. 
 

 

Scheme 1. Production and application of cellulose nanocrystals and nanofibrils.  
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LIGNOCELLULOSIC BIOMASS AS A SOURCE TO PRODUCE BIOFUELS, CHEMICALS, AND 
POLYMERS, IN THE CONTEXT OF BIOREFINERY 

Pasquini D. 

Federal University of Uberlândia, Uberlândia, Brazil 
Professor 

daniel.pasquini@ufu.br 
 

The simplistic definition of biorefineries is that they are industrial plants where multiple products 
are obtained from one raw material, the biomass. This concept was created using an analogy to oil 
refineries, where multiple products are produced from oil as the main raw material. The main difference 
between oil refinery and biorefinery, is that in the latter case, the derivative products are from a 
renewable source and as consequence reduce the carbon emissions balance considering their life cycle. 
In the case of biorefineries, the raw materials come from biomass of animal or vegetal origin. 
Considering the vegetal source, the lignocellulosic biomass stands out as a raw material for these 
biorefineries, as they are already used in several established industrial processes, whose processes 
can generate by-products that are still little explored for new applications and that have the potential for 
producing new added value products [1-2]. Taking as example the current uses of lignocellulosic 
biomass in Brazil, like Eucalyptus in the cellulose industries and, also, in biofuel industries such as 
ethanol (from sugarcane) and biodiesel (from soy), in which there are a generation of lignocellulosic 
waste that can be used to produce both biofuels and chemical derivatives and, also, polymeric materials, 
many other products can be produced in order to minimize environmental impacts and add value to the 
production chain. These residues contain a large amount of high molecular weight carbohydrates 
(cellulose and hemicelluloses), and lignin, which can be used for applications directly in polymeric form 
and in the preparation of polymeric derivatives. However, these similar molecules can be fragmented 
into monomeric units for use in new stages of synthesizing products of commercial interest. An example 
of this is the use of pentoses and hexoses to produce ethanol (cellulosic or second-generation ethanol) 
or as precursors of furanic derivatives, such as furfural and 5-hydroxymethylfurfural (5-HMF), which 
serve as starting molecules for the properties of several other molecules of interest in various sectors 
[3]. Figure 1 shows some examples of molecules that can be produced from furfural and 5-HMF. 
 

     

Figure 1. Furfural and 5-HMF chemical platform examples. 
 

Considering the examples mentioned, and many others that are already highlighted in syntheses 
of compounds from biomass, many companies, such as those mentioned previously, have the potential 
to expand and diversify products in their production chains, implementing the concept of biorefinery and 
making rational use of biomass to add value to the production chain and contribute to reducing 
environmental impacts. 
 

References 
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NANOANALYTICS – A REPLY OF ANALYTICAL CHEMISTRY TO THE ERA OF 
NANOTECHNOLOGY 

Shtykov S.N. 

Saratov State University, Saratov, Russia 
Professor, Doctor Sci. (Chemistry) 

shtykovsn@mail.ru 
 

Nanotechnology is now the most popular and fastest growing interdisciplinary field of science. 
Analytical chemistry, being also interdisciplinary in nature, cannot ignore the attractive force and 
achievements of nanotechnology. As a result, the term "nanoanalytics" emerged, but it currently has 
different meanings due to the lack of consensus in the analytical community on the issue. Some analysts 
believe that the concept of “nanoanalytics” is artificial, a tribute to fashion, and can be dispensed with. 
It is proposed to call this section, for example, nanoanalytical chemistry or not to introduce the term with 
the prefix “nano” at all, since they believe that nothing new has appeared in the analysis. We cannot 
agree with this, since the emergence of nanoobjects and nanotechnologies has led to the use in 
analytical chemistry of new effects, principles, approaches, new variants of known methods, and the 
study of new types of patterns necessary for the development of the theory and practice of chemical 
analysis. These approaches and options are based on physical phenomena and processes that are 
quite new for analysis, which began to be studied in the last decade of the last century and are actively 
used only in the 21st century. Examples of such phenomena include surface plasmon resonance (SPR), 
surface-enhanced (giant) Raman scattering (SERS), superparamagnetism, and fluorescence of 
quantum dots — particles of substances of the most diverse nature that do not emit light in micro- or 
macroscale. The basis of such phenomena is quantum-sized effects. These technologies and 
phenomena need to be studied, they need to be learned to be controlled, and this is important for the 
study of nanoanalytics as a part of analytical chemistry at universities. 

The fascination with quantum-sized effects in the 21st century has led to the fact that another 
type of nanosystems has disappeared from the attention of researchers - the world of liquid nanoobjects, 
such as micelles, microemulsions, enzymes, liposome’s, vesicles and receptor molecules with an 
internal three-dimensional cavity. Their functions are determined by supramolecular and local effects, 
which make it possible to change the properties of the medium in the microenvironment of the 
components of the analytical reaction, the solvation, the distance between particles, and the effects of 
energy and charge transfer. Such nanosystems have no macroscopic analogues; they are 
thermodynamically stable and can exist only in a nanosized state, and the law of mass action is 
applicable to them. 

A careful study of publications allows us to propose the following definition of nanoanalytics. 
“Nanoanalytics is a field of analytical chemistry that develops the principles and methods of applying 
nanotechnologies, and the specific properties of nanosized objects in chemical analysis” [1, 2]. 
According to this definition, we can identify and understand what the problems are and how to solve 
them by looking at the concept, elements and features of nanoanalytics. There is no doubt that 
nanoanalytics deals with various nanotechnologies, which, in turn, can be divided into two groups. The 
first includes physical measurement technologies that are used to characterize the size, morphology 
and chemical composition of nanoobjects. The second group includes chemical-synthetic technologies 
for creating new nanoobjects in order to obtain new analytical capabilities. Nanoobjects serve as tools 
for chemical analysis and can also be divided into two groups: solid and liquid nanoobjects, which differ 
from a thermodynamic point of view. The third task of nanoanalytics includes the analysis of nanoobjects 
themselves, both for their characterization and determination in various objects. The problem of 
reference materials of nanoobjects and metrology of nanoanalytics is closely related to it [3]. Some 
detailed information regarding this concept and the applications of nanotechnology, solid and liquid 
nanoobjects, and the chemical analysis of the nanoobjects themselves will be presented and discussed. 
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STRUCTURE AND COMPOSITION OF CRYSTALS AND MOLECULES: NOVEL PHENOMENA AND 
THEIR EXPLANATION 

Oganov A.R. 

Skolkovo Institute of Science and Technology, Moscow, Russia 
Professor of the Russian Academy of Sciences 

a.oganov@skoltech.ru 
 

I will discuss how the USPEX method, originally developed for crystal structure prediction, was 
extended to predict the composition of stable crystals and molecules. I shall describe examples of such 
predictions, including unusual high-pressure compounds. 

Historically, electronegativity and chemical hardness have been particularly fruitful tools for 
chemical explanations and interpretations. In this lecture I shall recount the latest developments of these 
notions and their generalization to high pressures, which leads to explanation of a vast body of unusual 
high-pressure phenomena.   
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SCIENCE-INTENSIVE ECONOMY AND SYSTEMIC TECHNOLOGICAL TRANSFORMATION IN THE 
MODERN DEVELOPMENT OF THE CEMICAL INDUSTRY 

Korableva O.N.1 

1 St. Petersburg State University, St. Petersburg, Russia 
Professor, Doctor Sci. (Economics) 

o.korableva@spbu.ru 
 

Modern challenges determine the need to intensify both the economy of the country as a whole 
and specific industries, which can be implemented on the basis of the development of science-intensive 
areas. For the chemical industry, this area includes, among other things, low- and medium-tonnage 
chemistry.  

The advantage of relying on science-based technologies is the possibility of reducing the time to 
achieve the planned results. This creates conditions for companies to increase their production potential, 
create an effective infrastructure, and form a personnel reserve.  

The tasks assigned to the chemical industry will be solved within the framework of major projects, 
one of which is "Import substitution of critical technical products", scheduled to be launched in 2024. 
This project involves the creation of an ecosystem for the technological development of the chemical 
industry, the establishing of a network of chemical enterprises, scientific and personnel support for the 
industry, and, as a result, meeting the needs of the Russian economy in critical chemical products.  

Various types of support are provided for the implementation of projects at all stages of 
development, ranging from subsidies at the R&D stage to the creation of cluster investment platforms, 
subsidizing credit rates, and the development of admission procedures for entering to foreign markets. 

 In general, the development of the chemical industry is carried out within the framework of the 
strategy of ensuring technological sovereignty and innovation-oriented growth. 

The tasks of scientific and technological development of Russia have been defined in a number 
of fundamental documents, including the Conception of Technological Development of the Russian 
Federation until 2030, the Strategy of Scientific and Technological Development of the Russian 
Federation and a number of others. 

 Within the framework of the Conception, technological dynamics is considered as a condition for 
the socio-economic development of the country in accordance with the national development goals of 
the Russian Federation until 2030 and national interests. One of the most important tasks is to achieve 
technological sovereignty. 

The development of the scientific and technological sphere is regarded in the context of the 
deployment of two system processes (meta-processes). The first is the development of science, the 
main purpose of which is to expand the circulation of new scientific knowledge within the framework of 
research and development. The main subjects of this meta-process are universities, scientific 
organizations, etc. The second is the development of the production system. As part of this process, a 
technological component is being formed in order to create added value, companies’ capitalization and 
an increase of economic sustainability.  

The main objective of the Conception is determined by the need to integrate these meta-
processes, which will achieve a synergistic effect that has a positive impact on all areas of society's 
development. The integration includes a number of areas, consisting of the development of start-to-end 
technological priorities, whole motivation of participants, the creation of new forms of integration of 
research and production and technological activities, the spread of network forms of interaction, the 
cultivation of startups as a form of knowledge capitalization, and others.  

The implementation of the tasks is carried out in the following areas: • launch of large 
megaprojects of technological sovereignty; • Strengthening the training of engineering teams; • 
Introduction of digital technologies.  

Megaprojects are one of the most important mechanisms for technological development and 
achieving sovereignty in this area. Along with other areas, the list of megaprojects includes projects 
related to the localization of production of critically important chemical products in Russia.  

On the whole, the implemented steps create conditions for ensuring national control over the 
production of priority technologies, innovative economic growth and sustainable development of 
production systems. In addition, it corresponds to the trend of systemic technological transition, which 
is aimed at integrated changes and co-evolution of socio-economic processes and technological 
innovation. 
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PLASMON-ASSISTED CHEMISTRY: FROM MECHANISMS TO APPLICATION 

Postnikov P.S. 

Tomsk Polytechnic University, Tomsk, Russia 
Professor 

postnikov@tpu.ru 
 

The plasmon-assisted transformations are a novel trend in the sustainable chemistry and 
engineering. The plasmon-based catalytic system is widely applied in the energy applications, 
decontamination of natural water, fine organic synthesis, dynamic covalent rebonding, et cetera [1]. 
Today, the implementation of plasmon resonance as a trigger allowed to perform formally “impossible” 
reactions under mild conditions [1-2].  

In our report, the ongoing results of our group in the field of plasmon catalysis will be presented. 
Firstly, our findings in the mechanistic study of plasmon-catalyzed reactions will be discussed [2]. We 
will demonstrate the applicability of alkoxyamine homolysis as a close-to-perfect chemical probe for the 
mechanistic study of plasmon-initiated reactions.  

The second part of the report will be dedicated to the applicability of plasmon initiation in fine 
chemical transformations, industrially important reactions, and materials science. It includes the spatially 
selective functionalization of nanomaterials using iodonium salts [3], proline-catalyzed aldol reaction at 
low temperatures [4], CO2 coupling with epoxides that form carbonates [5] et cetera.  

 
Figure 1. The applicability of plasmon-initiated reactions in chemistry and materials science. 
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CONSTRUCTION OF ARTIFICIAL-CELL-BASED MICROMOTORS AND THE INVESTIGATION OF 
THEIR LIFE-LIKE BEHAVIORS 

Wang Lei 

School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001, China 
Professor 

leiwang_chem@hit.edu.cn 
 

        Artificial-cell-based micromotors are new intelligent biomimetic materials based on multidisciplinary 
knowledge of chemistry, physics, synthetic biology, materials science, fluid mechanics and life science. 
Based on the "bottom-up" concept, through the design and integration of a variety of building elements, 
such as inorganic nanomaterials, functional polymers, biomaterials, etc., the multifunctional and multi-
responsive micromotors can be realized, and the function and behavior of natural cells can be further 
simulated and studied; On the other hand, the artificial-cell-based micromotors can also be used as an 
intelligent building block to realize hierarchical assembly, so as to build advanced functional materials 
such as micro-scale or macro-scale artificial brake and artificial tissue, etc. Therefore, in-depth study of 
the structure, properties and functions of artificial cell models can not only lay the foundation for 
simulating natural cell functions, but also provide new ideas and new platforms for the design of new 
bionic materials. 

 
Scheme 1. The motility styles of artificial-cell-based micromotors. 

        From the perspective of basic functions, motility behavior is not only an important function of cells, 
but also a criteria to measure the synergy of internal/external functions of cells. However, in the 
micro/nano scale, how to effectively design and construct artificial-cell-based micromotors with motility 
behavior by combining different knowledge of multiple disciplines is still a scientific problem in many 
fields. Therefore, in view of the above important scientific issues, this report will introduce the latest 
research progress of our research team in the field of "construction of artificial-cell-based micromotors 
and research on their life-like behaviors" [1-5], to show the design ideas and control strategies of artificial 
cell motion behavior, and to reveal the motility behavior law of artificial-cell-based micromotors in the 
field of life science and synthetic biology and its influences on multiple life functions, which provides a 
new research idea for further understanding the motility behavior of artificial cells and even the rapid 
proliferation mechanism and treatment methods of malignant cells such as tumors. 
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DESIGN OF LEWIS ACID-BASE BIFUNCTIONAL CATALYST FOR CHEMICAL CONVERSION OF 
CO2 TO CYCLIC CARBONATE 

Jianmin Sun*, Lin Liang, Yifei Ye 

Harbin Institute of Technology, Harbin, China 
sunjm@jit.edu.cn 

 
Carbon dioxide as the main greenhouse effect gases has been attracting much attention as an 

abundant, inexpensive, nontoxic, and renewable C1 resource. The realization of an efficient catalytic 
process for CO2 mitigation and transformation into value-added products is of great strategic 
significance. One of the most promising endeavors in this area is the cycloaddition of CO2 to epoxides 
to yield cyclic carbonates, since it is green for 100% atom efficiency reaction, also the cyclic carbonate 
has wide potential applications ranging from the electrochemistry to pharmaceutical industries. 

Based on the mechanism of CO2 activation and conversion, a series of Lewis acid-base binary 
catalyst systems, including N-heterocyclic compound/ZnBr2, melamine/ZnI2 and dicationic ionic liquids 
(ILs)/ZnI2 were facilely designed and used for the catalytic coupling of CO2 with epoxides to cyclic 
carbonates. 

 To avoid the use of cocatalyst in the cycloaddition of CO2 and epoxide, the homogeneous single-
component Zn-based task-specific ionic liquids (Zn-TSILs) catalysts with hydrogen bond donor site were 
developed. Also Zn-TSILs were proved to be versatile catalysts for catalytic conversion of CO2 with 
various epoxides.  

Transition metal ions with high-activity is still controversial on the environmental problems that 
triggered by the transition metal ions. Several metal-free urea derivative-based ionic liquids (UDILs) with 
superior thermal stability were facilely synthesized. It represents a much greener alternative to the 
transition metal ions for epoxide activation by introducing hydrogen bond donor groups. The UDILs 
overcome the defects of low synthesis efficiency and high energy consumption for traditional ionic 
liquids, and display a bi-functionality for both CO2 capture and conversion. 

To realize highly efficient separation of the catalyst, novel heterogeneous metal-free tri-s-triazine 
terminal-linked ionic liquids and periodic mesoporous organosilica with a basic urea-derived framework 
(PMO-UDF) were successfully synthesized on the base of UDILs. The materials as prepared possess 
multiple functionalities of hydrogen bond donor ability, Lewis base property, and nucleophilicity, which 
are vital to the ring-opening of epoxide and the activation of CO2. They could efficiently catalyze the 
coupling of CO2 and epoxides to form cyclic carbonates under mild and solvent-free conditions, realizing 
the heterogeneous catalytic conversion of CO2. In addition, the developed PMO-UDFs exhibit an 
enhanced CO2 capture capacity under ambient conditions due to the cooperative effects of the surface 
area and quantitative anchoring Lewis base units.  

 
References 

[1] Jianmin Sun* et al. Separation and Purification Technol. 2024, 344, 127061 
[2] Jianmin Sun* et al. Catalysis Rev. 2023, https://doi.org/10.1080/01614940.2023.2202528 
[3] Jianmin Sun* et al. J. CO2 Util. 2023, 67, 102325 
[4] Jianmin Sun* et al. J. Colloid and Interface Sci. 2022, 618, 44 
[5] Jianmin Sun* et al. Current Opinion in Green and Sustainable Chem. 2022, 34, 100599 
[6] Jianmin Sun* et al. Chem. Eng. J. 2022, 427, 131633 
[7] Jianmin Sun* et al. J. Catal. 2017, 347, 138 
[8] Jianmin Sun* et al. Green Chem. 2016, 18, 2851 

 
 

Acknowledgements 
This work was supported by the National Natural Science Foundation of China (No. 21972034) 

and Heilongjiang Touyan Team (HITTY-20190033) 
  

mailto:sunjm@jit.edu.cn
https://doi.org/10.1080/01614940.2023.2202528


Invited speaker 
 

26 

 

HYBRID NANOCLUSTER-EMBEDDED HYDROGELS FOR THE CONTROLLED DRUG RELEASE 
AND BIOINK APPLICATION 

Grzhegorzhevskii K.V.1, Levchenko A.E.1, Kopchuk D.S.1,2, Nikonov I.L.1,2, Valieva M.I.1,2,  
Borovykh D.V.1 

1 Ural Federal University named after the First Presodent of Russia B.N.Yeltsin, Ekaterinburg, Russia 
2 I. Postovsky Institute of Organic Synthesis Ural Branch of RAS, Ekaterinburg, Russia 

Ph.D. 
kirillvalentinovich@urfu.ru 

 
The rational design of hydrogel and hybrid polymer systems is one of the most challenging tasks 

in the field of smart materials. In this context, the control of the supramolecular structure is an essential 
step towards the creation of adaptive biocompatible materials for wound regeneration and living cell 
bioprinting. Using the template effect of giant Keplerate type polyoxometalate (POM) {Mo132}, we can 
tune the supramolecular assembly of macromolecules and bioactive compounds that form the hydrogel 
with pH-controlled release properties. From one hand, acting as a labile dynamic linker, Keplerate can 
affect the rheological behaviour of the polymer solution, bringing the non-Newtonian behaviour. On the 
other hand, the POM can be modified by a variety of covalent and non-covalent interactions1–3, altering 
the structure of the 3D polymer network. As a result, we made the multilayer hydrogel patch with 
adjustable properties to prolonged release of the quorum sensing inhibitors, antibiotics and anaesthetics 
for wound healing. 
 

 

Scheme 1. The preparation of the hybrid hydrogel with embedded Keplerate {Mo132} for controlled 
drug release. 

 
The adaptive behaviour of the POM-embedded polymer system can be extended to bioink 

production, where the other Keplerate {Mo72Fe30} reversibly links macromolecules through coordination 
to the acyloin group involved in tautomeric equilibrium. Due to its large surface area, Keplerate can both 
cross-link the polymer network and carry the bioactive compound to facilitate cell growth. This approach 
is a powerful strategy for living cell printing, where the polymer matrix acts as a biocompatible scaffold 
for tissue engineering. 
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The interest in alternative energy production methods has not waned in recent times because of 

the difficulties associated with traditional production (limited earth resources, harmful emissions into the 
air, waste recycling, etc.). Hydrogen energy is one of these alternative forms of energy production. The 
concept of hydrogen energy is to convert the chemical energy of fuel cells into electrical energy. Among 
the known fuel cells, solid oxide fuel cells are an important area of research. SOFCs have a number of 
advantages over other fuel cells. For example, SOFCs have relatively low electrode polarisations and 
correspondingly high current densities, the absence of liquid components, etc. One of the key elements 
of the SOFC is the electrolyte. The electrolyte is the link between the cathode and the anode. One of 
the main requirements of the electrolyte material is to allow ions (O2-, H+) to pass between each other. 
Therefore, when looking for compounds for an electrolyte, you need to choose substances that have 
predominantly ionic transport. 

Among the known structures, perovskites and derived structures are the most studied in terms of 
transport properties. The Ruddlesden-Popper (RP) structure is related to perovskite. The structure of 
the RP consists of layers of octahedra and interlayer space. The perovskite structure (a) and the RP 
structure (b) are shown in Figure 1. 

 
Figure 1. Visualization of perovskite structure (a) and Ruddlesden-Popper structure (b) [1].  

 
In 2015, the transfer of O2- ions into the RP-structured BaNdInO4 compound was discovered [2]. 

And a few years later, the possibility of proton transfer was demonstrated in the compound BaLaInO4, 
which has the same structure [3,4]. In order to research the processes of ion transfer (O2-, H+) and to 
increase the conductivity, isovalent doping of La3+ ions onto REE3+ ions was carried out. Doping with 
Sm3+ ions has been shown to increase the proton conductivity by up to 2 orders of magnitude at 420 oC. 
The Sm-doped composition has the best proton conductivity among other REE-doped samples. 
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Over the past ten years, indoor photovoltaic devices have come in the spotlight due to hectic 

development of Internet of Things (IoT) [1] and increasing demand for wireless power supplies for low-
power and portable devices. It is not a secret that in order to obtain a stable and highly efficient 
perovskite solar cell (PSC), one of the most effective methods is to find a suitable electron-transport 
layer (ETL). The conduction band of wide-bandgap (WBG) perovskites is shallower compared to 
classical materials, which implies certain requirements for of ETLs electronic structure. However, mostly 
research groups have used WBG perovskite-based devices the same ETLs (in particular c-TiO2/m-TiO2) 
as for CH3NH3PbI3 [2-3]. This may lead to energy levels misalignment, hence undesirable energy losses 
and decrease of Voc [4]. Hence, it’s crucial to focus on novel ETLs design to achieve remarkable 
progress in performances and stability of WBG indoor photovoltaics. 

In this work, we investigated, set of ETLs with different passivating agents in PSCs with a WBG 
perovskite layer with Cs0.17FA0.83Pb(I0.6Br0.4)3. Films of ZnO, c-TiO2, SnO2 were fabricated using various 
techniques including spin-coating, doctor blading, and physical vapor deposition. To suppress 
chemically active sites on the surface of metal oxide films we applied different passivation agents, such 
as various fullerene derivatives (PCBA, PCBM, C60) and amino-based interfacial modifiers: 
monoethanolamine (EA), ethylenediamine (EDA). All ETLs were thoroughly characterized using a set 
of techniques such as absorption spectroscopy, cyclic voltammetry, X-ray photoelectron spectroscopy, 
atomic force microscopy. The operation stability of promising photovoltaic devices with different ETLs 
was studied under incessant light soaking during more than 2300 hours (Fig. 1).  

 

Figure 1. Evolution of characteristics of WBG PSCs with different ETLs under continuous illumination 
AM 1.5 G (equivalent of 1 SUN) and inert atmosphere. 

It was found that passivation with fullerene-containing materials enables high power conversion 
efficiencies (PCEs) up to 13.2% at AM 1.5G (1 SUN) and 22.5% under indoor artificial light (1000 lux), 
but adversely affects the stability. On the other hand, PSCs with SnO2 deposited from solution 
passivated with EA and EDA possessed long-term operational stability with 29% loss of PCE after 1700 
hours of constant illumination. This work lays a foundation for the rational design of ETLs for WBG 
perovskite photovoltaics. 

References 

[1] InfoMat. 2021, 3, 446 
[2] Mater. Adv. 2021, 2, 6345  
[3] Adv. Energy Mater. 2017, 7, 1701048 
[4] ACS Energy Lett. 2016, 1, 2, 428 
  

mailto:agapitovamary5@gmail.com


 

30 

 

Cr-DOPED SnO2 NANOPARTICLES: INFLUENCE OF SYNTHESIS CONDITIONS AND 
STRUCTURAL PARAMETRES ON PHOTOCATALYC ACTIVITY  

Agapov I.V., Podurets A.A., Osmolowsky M.G., Bobrysheva N.P., Voznesenskiy M.A., Osmolovskaya 
O.M 

St. Petersburg State University, St. Petersburg, Russia  
Student  

ivann.agapovv@gmail.com 
 

Water purification becomes a main improvement tool of sanitarian and epidemiological state of 
the environment. However, the water pollution problem is increasing drastically due to active global 
urbanization processes and conventional methods faces serious problems due to large-scale production 
of hazardous organic pollutants. Nowadays the major entry route in the environment is the wastewater 
of various manufactories, such as textile production. In this regard, it is necessary to develop fast and 
eco-friendly utilization. Semiconductor photocatalysis using doped SnO2 nanoparticles is a modern 
technique which has received tremendous attention as a cutting-edge approach for waste-free water 
purification.  

Doping of SnO2 with rutile-type crystal structure, tolerant to substitution, with 3d metals is a 
widespread way to improve the photocatalytic efficiency and also to provide additional functional 
properties, such as luminescence, in order to provide a monitoring of the photocatalyst stability and 
reusability. Among various 3d metals Cr3+ is the only affordable and profitable from an economic point 
of view dopant which can be used to obtain multifunctional photocatalyst. However, aspects concerning 
regulation of photocatalytic properties in order to improve the degradation efficiency are still unresolved. 
The aim of this research is to investigate the relationship “synthesis conditions, structural parameters, 
and photocatalytic properties” for Cr-doped SnO2 nanoparticles (NPs). 

Co-precipitation method and its combination with post-synthetical hydrothermal treatment (HTT) 
led to the synthesis of nanoparticles of spherical and cubic shape, respectively. Synthesis was 
performed using pH 3 and 7, dopant concentrations varied form 11 mol% and 33 mol%.  

As-prepared NPs were characterized by a complex of physico-chemical methods. According to 
XRD data, all samples represent the rutile-type structure, no additional phases were observed. 
Successful doping was confirmed by changes in lattice parameters, hydrothermal treatment led to an 
increase in crystallinity. According to HR-TEM and SAED data, 4 nm spherical and cubic nanoparticles 
with polycrystalline structure can be observed, while EDX results indicate a uniform distribution of dopant 
in the structure.  

The band gap energy, including direct and indirect transitions, was analyzed by absorption 
spectroscopy, which was confirmed by quantum-chemical calculations using our original approach. The 
amount of defects and oxygen vacancies was determined using XPS and Raman spectroscopy, 
respectively. It was shown that hydrothermal treatment reduces the amount of defects. An original 
computational approach was used to determine the optimal dopant position of substitution based on 
quantum-chemical calculations using DFT method, considering our dopant concentrations. It was found 
that the dopant position and the composition of the reaction medium affect the morphological parameters 
of nanoparticles. Moreover, various dopant concentrations allow us to regulate amount of oxygen 
vacancies and defects. 

A comprehensive study of photocatalytic properties on the example of methylene blue (MB) under 
UV-light was performed according to our developed protocol, which includes several stages: study of 
kinetics of photodegradation and dark adsorption, investigation of surface composition by FTIR method, 
quantum chemical calculations of the interaction energy between NPs surface and pollutant molecule, 
study of mass spectra of by-products, investigation of active species by scavenger test and reusability 
properties by stability test.  

Optimal sample with 11 mol% of dopant, obtained at pH 3, demonstrate 88% of MB decomposition 
in 90 minutes. It was shown that the efficiency of photocatalysis is affected by the expression of the “dye 
molecule- photocatalyst surface” interaction.  

Thus, multifunctional NPs Cr-doped SnO2 can be used as promising material for recyclable and 
effective wastewater treatment.  
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The 4-nitrophenol reduction reaction is used to study the catalytic properties of metal nanoparticles. 
During the reaction, the components are adsorbed onto the surface of metal nanoparticles, therefore, 
this reaction is often considered within the framework of the Langmuir-Hinshelwood mechanism [1]. The 
size and accessibility of the adsorption surface directly affect the rate of the catalytic reaction.  
We investigated the effect of various stabilizers on the catalytic activity of gold nanoparticles: for this 
purpose, gold nanoparticles of the same size stabilized by various ligands were prepared and  
the effective rate constants of the catalytic reaction of the reduction of 4-NP were compared for different 
systems. 
Series of gold Nanoparticles with an average size from 5 to 40 nm were obtained in the presence of 
sodium citrate and were chosen as reference ones. In the case of other ligands, the particle size 
depends on the nature of the stabilizer; for example, particles with sizes of 2.5 and 12 nm were obtained 
in the presence of PEI; 20 nm for glucose; 70nm and with carbon nanoparticles. UV spectroscopy, 
transmission electron microscopy, and dynamic light scattering were used to characterize the size of 
AuNP. In all cases, the shape of gold nanoparticles were spherical, with negative value of zetta potential 
except PEI. 
The catalytic reaction was carried out under the same conditions varying the total amount of AuNP.  
. 

 

Scheme 1. a) Mechanism of 4-NP reduction and changing in UV-spectra  
b) Catalytic activity of gold nanoparticles with different stabilizers. 

 
In accordance with the model of heterogeneous catalysis, the increase of surface area is proportional 
to the change in the rate of the catalytic reaction. But it isn’t true for particles with sizes less than 20 nm. 
Surface of nanoparticles is not the entire available for catalysis. Comparison of different ligands show 
that the values of the constant rates for particles obtained in the presence of glucose, sodium citrate 
and carbon nanoparticles were the same. In the case of PEI, the rate of the catalytic reaction were 10 
times higher. 
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The rapid expansion of the dye industry has had a significant impact on water quality, which in 
turn negatively affects human, animal, and environmental health. Consequently, several techniques 
have been investigated for dye removal, including dye photodegradation and the adsorption of 
degradation products, which has proven to be a cheap yet effective approach to wastewater treatment. 
A biodegradable photocatalytically active carbon dot/chitosan nanocrystal sorbent was fabricated by 
synthesizing carbon dots directly on the surface of chitosan nanocrystals, which acted as both a carbon 
and nitrogen source as well as a supporting material [1–4]. The resulting hybrid degraded methyl violet, 
a common wastewater pollutant, within 30 min under lamp light (Figure 1) and showed good adsorption 
for both the dye and degradation products at low loading catalyst values, indicating good photocatalytic 
activity and good sorption capacity. The hybrid is also easily removed after treatment, making it an 
effective, environmentally friendly approach to wastewater treatment. 

 

 
Figure 1. Degradation of dye over a 1-week period under lamp. 
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One of the topical issues of heterogeneous catalysis is the effect of the catalyst support on the 
properties of catalytic systems. It has been repeatedly shown that the introduction of nitrogen into the 
composition of carbon supports leads to a change in the properties of catalysts: it increases thermal 
stability with respect to sintering, changes surface properties, and, as a result, affects the catalytic 
activity and selectivity of systems [1]. The use of nitrogen-doped carbon supports is considered 
promising in various catalytic processes, in particular, in the decomposition of formic acid [2].  

The aim of this work is to develop a controlled procedure for the introduction of nitrogen into the 
composition of a carbon support (Sibunite) in order to improve the catalytic properties of palladium 
catalysts in the formic acid decomposition reaction. 

We prepared a series of Sibunite samples modified in a static Parr-reactor in the presence of NO 
in gas phase varying treatment conditions (composition and pressure of the gas phase, treatment 
temperature and duration). Using the X-ray photoelectron spectroscopy (XPS), it was found that 
treatment in NO leads to the introduction of nitrogen into the carbon material, and several nitrogen states 
can be distinguished: pyridinic (binding energy of 399.0 eV), pyrrolic (400.3 eV), -NO (402.9 eV) and -
NO2 (406.0 eV). Processing conditions affect the total nitrogen and oxygen content as well as the ratios 
of species. Obtained data allowed proposing the mechanism of modification of the Sibunite in presence 
of NO as a process of etching of carbon material layers by the etching of the layer edges. Therefore, at 
low temperatures, nitrogen is introduced mainly in the form of -NOx groups; but with a temperature 
increase, the introduction of nitrogen into the carbon matrix intensifies [3].  

The analysis of transmission electron microscopy (TEM) data for Pd/Sibunite and Pd/N-Sibunite 
was carried out using neural networks of the DLgram service of the iOk Platform [4]. High-resolution 
TEM images of Pd/Sibunite catalysts show single atoms and small clusters along with nanoparticles. 
According to TEM data, the average size of Pd particles in Pd/N-C catalysts is 1.9 ± 0.0 nm, and 2.0 ± 
0.1 nm in Pd/C. Despite the close values of the average particle sizes, an analysis of the particle size 
distribution (PSD) histograms shows that in the case of Pd/N-C catalyst it is possible to obtain a narrow 
PSD, whereas for Pd/C catalyst the distribution has a lengthy "tail" of large particles. The data obtained 
indicate the stabilization of palladium with respect to sintering on nitrogen-modified Sibunite at the 
preparation stage. The comparison of XPS data for Pd/N-C and Pd/C catalysts shows that palladium is 
coordinated with nitrogen centers on the surface of the nitrogen doped carbon support. According to the 
literature, such interaction can explain the stability of palladium single atoms and nanoparticles [5]. 

For the formic acid decomposition reaction, it was shown that although the effect of nitrogen 
support modification on selectivity is weakly expressed, the conversion of formic acid increases (38.2% 
vs. 26.5%) with the use of a nitrogen doped carbon support. 

Thus, the one-stage procedure of carbon support nitrogen doping is developed. The mechanism 
of modification in presence of NO in the gas phase is assumed. Proposed mechanism provides the key 
to the controlled N-modification of carbon supports and catalysts on its base.  

Comparison of Pd/Sibunite and Pd/N-Sibunite catalysts indicates improving stability of palladium 
particles on the surface of the modified support under reduction treatment conditions during sample 
preparation, as well as the effect of support modification on the increase of the conversion of formic acid 
in decomposition reaction. 
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Photoprotective inorganic pigments have found extensive use in the production of decorative and 
care cosmetics. Currently, the most common representatives of such pigments are titanium and zinc 
oxides [1]. The main problem with the use of pure oxides is their high photocatalytic activity: under solar 
irradiation pigments can produce reactive oxygen species which damage components of cosmetics and 
skin cells [2]. Therefore, it is necessary inhibit photocatalytic activity of cosmetic inorganic pigments. 
This can be achieved by adding an antioxidant to the product [2][3][4]. CeO2 is one example of an 
antioxidant that absorbs free radicals [5][6], with photoprotective properties comparable to TiO2 [2][4]. 

The purpose of this work was to optimize the synthesis of composite inorganic oxide pigments 
based on complex titanium and cerium oxides with a ratio of Ti:Ce=1:1, to create a model cosmetic 
product based on them and to study their photoprotective properties. 

Hydrothermal synthesis was chosen to obtain weakly aggregated nanocrystalline materials. 
Hexachlorotitanic acid and cerium (III) chloride were chosen as precursors containing titanium and 
cerium. NaOH and KOH were used as reagents regulating the acidity of the environment. 

The were characterized by powder X-ray diffraction and transmission electron microscopy. The 
samples consist of Ce2Ti2O7, Ce2/3TiO3, CeO2 phases. During the washing procedure, the composition 
of the samples, changes: the content of CeO2 increases, while the content of Ce2Ti2O7 decreases. 
Samples containing phases of cerium titanate are characterized by the highest values of photoprotective 
properties, and at the same time have insignificant photocatalytic activity. 

The color characteristics were determined according to the international standard ISO 11664-4. 
During the work, emulsions based on a number of emulsifiers were obtained. The “water-in-oil” 

emulsion was prepared on a mixture of polyglyceryl-3 polycynoleate and polyglyceryl-3 ricinoleate. The 
emulsion remains stable at the content of the oxide phase (TiO2) from 0 to 5 wt.%. However, it loses its 
stability when complex oxides of titanium and cerium are introduced into its composition. “Oil-in-water” 
emulsions based on Montanov-68 and SPAN-60 emulsifiers proved to be unstable to the introduction of 
solid particles. However, stable emulsions containing TiO2 particles and cerium titanate particles were 
obtained using the arginine salt of cetyl phosphate as an emulsifier. 

The photoprotective properties of suspensions of cerium titanates based on glycerol and model 
cosmetics – emulsions based on arginine salt of cetyl phosphate were characterized in accordance with 
ISO 24443-2016. The photoprotective activity of pigments dispersed in an emulsion correlates well with 
the photoprotective properties of suspensions of the same pigments in glycerol. The SPF of cerium 
titanates was 1.8-2.5 times higher than the photoprotective activity of commerisal pigments. 

This made it possible to create products with an SPF value of up to 8. Thus, the cerium titanate 
synthesized in our work can be considered as a promising pigment with high photoprotective 
characteristics, and the arginine salt of cetyl phosphate is currently considered the most promising 
emulsifier. 
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Today, lithium-ion batteries are widely used. However, they have a number of disadvantages, 
including high manufacturing costs and high environmental impact. The development of water-soluble 
polymer binders for battery electrodes can serve as one of the ways to eliminate these shortcomings, 
since they make it possible to obtain electrodes without the use of organic solvents [1].  

In this work, positive electrodes for lithium-ion batteries based on LiFePO4 were obtained; single-
walled carbon nanotubes were used as a conductive component; water-soluble hydrolyzed 
polyacrylonitrile and carboxymethylcellulose were used as a binders. To achieve good capacity and 
cycling performance, it is important to obtain stable dispersions of the conductive component in the 
electrode suspension. It was found that stable dispersions with carbon nanotubes in an aqueous solution 
of hydrolyzed polyacrylonitrile are formed at pH≈5. In the case of carboxymethylcellulose, dispersions 
are formed in a wide pH interval. The properties of the resulting electrode are significantly influenced by 
the acid used to reduce the acidity of the initial solution of the polymer binder. LiFePO4 particles and the 
current collector are more stable in the presence of CH3COOH and H3PO4 than in HCl, which makes it 
possible to achieve high values of specific capacity. The effect of the separator on the cycling 
performance of the electrode was also investigated. 

As a result, specific cathode capacitance of 160 mAh g−1 was achieved, which is close to the 
theoretical value for LiFePO4 of 170 mAh g−1. It was found that the electrodes prepared from polymer 
solutions with fully dispersed carbon nanotubes had a larger capacity at high current densities and a 
more uniform distribution of carbon nanotubes in the composite [2]. The use of a separator that prevents 
the growth of lithium dendrites had a positive effect on the stability of the battery capacity, so the loss of 
capacity over 100 charge-discharge cycles was less than 2%. 
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Nanofibers, composed of natural, synthetic, or hybrid polymeric materials, possess remarkable 

qualities such as high porosity, ease of modification and manipulation, extensive surface area, superior 
encapsulation efficiency, and enhanced thermal and chemical stability, rendering them highly 
advantageous in medical research [1]. Various methods have been employed for the production of 
polymeric nanofibers, including spinneret-based tunable engineered parameter (STEP) method, freeze-
drying synthesis, template synthesis, phase separation, drawing techniques, interfacial polymerization, 
self-assembly, and electrospinning [2]. Among these, electrospinning has emerged as a prominent and 
versatile technique due to its simplicity and versatility, allowing for the production of diverse types of 
nanofibers, including composites, core-shell fibers, net fibers, blends, and hybrids [3]. Extensive studies 
have explored the utilization of electrospun fibers in various biomedical applications, with particular 
emphasis on drug delivery, notably transdermal drug delivery. Electrospun nanofibers offer numerous 
advantages, including high encapsulation efficiency (>100%), substantial drug loading capacity (>60%), 
and the ability to deliver multiple therapeutic agents simultaneously [4]. This study aimed to fabricate 
PVA/PVP nanofiber mats using an electrospinning device as carriers for pramipexole, and evaluate their 
therapeutic efficacy and pharmacological effects in treating Parkinson's disease in rats, comparing them 
with the conventional oral form of the drug. The nanofiber mats underwent comprehensive 
characterization through viscosity analysis, SEM imaging, FT-IR spectroscopy, and contact angle 
measurements. In vivo experiments were conducted using a paraquat-induced Parkinson's disease 
mouse model, and behavioral assessments, including open field, bar test, and rotarod tests, were 
employed to assess the therapeutic impact of pramipexole nanofiber patches. Subsequently, the 
nigrostriatal region of the brain was isolated to evaluate oxidative stress, inflammatory responses, 
apoptosis, and histological parameters. The results indicated that the nanofiber mats, similar to the oral 
form of the drug, significantly alleviated symptoms and motor disorders induced by paraquat in male 
mice. Furthermore, pramipexole administration via both transdermal and systemic routes showed 
potential in attenuating paraquat-induced neurodegeneration in the nigrostriatal region. 
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“Ideal” is a new type of reaction-sintered composite material. Ideal” composite is obtained by 

reaction sintering by filling the pores of the diamond particle blank with liquid silicon melt until a 
monolithic structure is obtained. Due to the almost complete absence of pores and strong interfacial 
bonding, the “Ideal” composite has high physical and mechanical characteristics. 

The paper investigates the protective properties of two-layer armor panels based on ceramic 
material “Ideal” in comparison with armor panels including corundum armor plates. The fractional 
composition of fragments formed after dynamic testing of armor panels was evaluated. The total surface 
energy of the formed fragments has been determined. It is shown that Ideal ceramics (diamond-silicon 
carbide composite) is close to an ideally brittle material, to which it provides effective dissipation of 
kinetic energy and indenter destruction. It was found that Ideal ceramics is characterized by 
predominantly transcrystalline fracture, which proves the high strength of interphase bonds in the 
material (fig.1).   
 

 

Figure 1. Transgranular fracture of “Ideal” ceramics. 
 

«Ideal» ceramic has unique mechanical characteristics, in particular, it has extremely low 
Poisson's ratio µ=0.008, so it can be stated that this ceramic is close to an ideally brittle material [1,2]. 
Due to this, «Ideal» ceramic provides more efficient absorption of the indenter kinetic energy. The 
processes of dissipation of kinetic energy of the indenter in «Ideal» ceramics are shifted to the elastic 
region, which provides an increase in the “survivability” of armor protection based on it. 

 Consequently, «Ideal» ceramic is the most effective and promising material for armor 
protection. 
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Photocatalysis is considered to be one of the most promising green and efficient technologies 

for water purification from toxic water pollutants. Due to this in the 21st century the design of photoactive 
materials to convert solar energy into chemical energy became the one of general direction in the 
investigations. One of the serious problems which to be solved to increase the efficiency of the 
photocatalytic destruction of organic pollutants is to suppress the electron-hole recombination. On this 
way there are several strategies, for example creation of different heterojunctions providing the space 
separation of carriers widely used [1] but met difficulties of constructing perfect surface on phase 
boundary in heterostructures. 

In the last few years the introducing an external field to reduce carrier recombination and 
accelerate carrier separation and migration is recognized as an effective approach to enhance the 
photocatalytic activity [2]. In such case the application of photoactive ferroelectric semiconductors opens 
the way for the synergistic catalysis – piezophotocatalysis [3,4]. Moreover, if photo-induced process is 
activated by visual light the photocatalysis provides a sustainable solution to environmental problems. 

In this contribution we report results of the investigation of photocatalytic and piezophotocatalytic 
properties of perovskite-type layered oxide  Bi3NbTiO9 with different morphology in the process of the 
decomposition of methylene blue as target organic pollutant.  

Two sampales of Bi3NbTiO9 have been synthesized by two methods: solid state high 
temperature synthesis (900oC, 5 h) and molten salt method (800oC, 2 h). In both cases oxides of each 
metal in stoichiometric ratio have been used as precursors, molten mixture NaCl–KCl has been used as 
flux. The methods of X-ray phase analysis, scanning electron microscopy, X-ray photoelectron 
spectroscopy, analysis of specific surface area, diffuse-reflectance spectroscopy were used to 
characterize the obtained samples. Finally, single phase samples Bi3NbTiO9 of nanosheet morphology 
with different regularity and size, slight difference in band gap energy have been obtained. 

Photocatalytic activity of as-prepared samples was tested by the degradation of methylene blue 
under irradiation of xenon lamp using as simulator of solar light. Piezocatalytic activity of the samples 
was tested under ultrasonic irradiation in the dark. Piezophotocatalytic decomposition of methylene blue 
has been tested under light and ultrasonic irradiation simultaneously. The control for the degree of the 
degradation of dye has been carried out by spectrophotometry. 

  As the results, the differences in the morphology of particles synthesized by different methods 
are reflected significantly in the photocatalytic properties and has less influence on piezocatalytic and 
piezophotocatalytic activity. A more noticeable difference in photocatalytic, piezocatalytic and 
piezophotocatalytic properties has been found for sample Bi3NbTiO9 with high regular nanosheets, large 
surface area and smaller porosity.  However, for both samples, a synergism enhanced by light and 
ultrasonic irradiation on catalytic activity is clearly observed. 

The research was conducted using the equipment of the Saint Petersburg State University 
Research Park: Center for X-ray Diffraction Studies, Interdisciplinary Center for Nanotechnology, Center 
for Optical and Laser Research, Center for Studies in Surface Science, Center for Diagnostics of 
Functional Materials for Medicine, Pharmacology and Nanoelectronics. 
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Today, photopharmacology is an actively developing field of research. Nowadays, the main 
players in photopharmacology are «photoswitch-pharmacore» couples that change biological activity 
due to light irradiation. Photopharmacological agents have shown promising potential in treating a wide 
range of diseases from oncological to neurodegenerative disorders [1]. However, the main practical 
problem with the current strategy is the loss of drug activity after introducing a photo switch. In addition, 
there is no visualization of the impact area. That is why it is necessary to develop new 
photopharmacological agents that combine three functions: biological activity, the ability to change it 
under the influence of light, and visualization of the area of impact. 

In this study, a unique hybrid compound of rare earth ion nanoparticles LaVO4:Eu3+ and photo–
switchable phosphonate was used. It has been shown to inhibit butyrylcholinesterase (BChE), which is 
a prognostic marker for numerous diseases [2]. The study of the obtained hybrids using luminescence 
spectroscopy, IR spectroscopy and amperometric analysis of IPC–micro neurotoxins revealed a 
pronounced effect of laser radiation on the optical and biological properties of new objects. The hybrids 
demonstrate an increase in butyrylcholinesterase inhibition from 15% to 85%, as well as a simultaneous 
decrease in luminescence after laser irradiation with a wavelength of 266 nm. All these properties of 
hybrids have been demonstrated both in vitro and on biological test objects. 

 
References 

[1] Hüll K., Morstein J., Trauner D. In Vivo Photopharmacology // Chem. Rev. 2018. Vol. 118, № 21. P. 
10710–10747. 
[2] I. Kolesnikov, D. Mamonova, D. Pankin, G. Bikbaeva, A. Khokhlova, A. Pilip, A. Egorova, V. Zigel, 
A. Manshina, Photochemistry and Photobiology. 99(3), 929-935(2023) 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 22-13-00082). 

  

mailto:BikbaevaGI@yandex.ru


 

40 

 

EFFECT OF GAMMA-RAYS ON RECOMBINATION DYNAMICS AND DEFECT CONCENTRATION 
IN A WIDE BANDGAP PEROVSKITE 

Boldyreva A. G.1, Tepliakova M. M.1, Novikov A. V.1, Petrov V. G.2, Parfenova O.1, Vasilev A.3, 
Saranin D.3, and  Stevenson J.K.2 

1  Center of Energy Science and Technology, Skolkovo Institute of Science and Technology, Bolshoy 
Boulevard 30, bld. 1, Moscow 121205, Russia  

2 Lomonosov Moscow State University, Department of Chemistry, Leninskie Gory 1 

bld. 3, Moscow 119991, Russia 
3 National University of Science and Technology MISiS, Leninskiy Prospekt 4, Moscow 119049, 

Russia  
PhD  

a.boldyreva@skoltech.ru  
 

 
Complex lead halides with the perovskite structure recently showed surprisingly high resistance 

towards high-energy electrons, protons, and hard ionization such as X-rays and gamma-rays. Superior 
radiation hardness makes a family of perovskite semiconductors an attractive candidate for single- and 
multijunction solar cells for the space environment and as X-ray and gamma-ray detectors.  

As the space environment does not contain oxygen and moisture, perovskite solar cells are 
expected to have a longer operating lifetime, compared to terrestrial applications. What is more 
dangerous in space is the high level of ionization, which is characterized by the total ionizing dose (TID) 
parameter[1]. It is estimated, that the accumulated dose can reach 1000 kRad (10 kGy) in 20 years of 
exploitation [2]. One of the ways to study the radiation hardness of the materials to be used in space is 
by exposing them to ionization sources such as 60Co or 137Cs with photon energies 1.1 MeV and 662 
keV respectively. 

Herein, we have explored the recombination dynamics and defect concentration of a mixed cation 
mixed halide perovskite Cs0.17FA0.83PbI1.8Br1.2 with 1.74 eV bandgap after exposure to a gamma-ray 
source (2.5 Gy/min). We used photoluminescent spectroscopy to observe changes in recombination 
dynamics on perovskite films, impedance spectroscopy to reveal the contribution of interface 
recombination, and admittance spectroscopy to define the activation energy and concentration of 
defects. It was revealed that moderate doses (up to 10 kGy) passivate defects with activation energy ≈ 
0.5 eV and at the same time form new defects that cause dramatic growth of the diffusion coefficient 
and migration of mobile ions. Doses above 10 kGy are detrimental for perovskite solar cells, mainly due 
to the growing role of interface recombination. The results encourage the use of the wide bandgap 
perovskite Cs0.17FA0.83PbI1.8Br1.2 as a material for tandem solar cells with potential applications in a 
space environment. 
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The search for neutrinoless double beta decay is a unique way to study the properties of 
neutrinos that go beyond the Standard Model. Neutrinoless double beta decay is a theoretical process 
proposed for a number of nuclei. One of the highest priority nuclei is 100Mo, which benefits from high 
decay energy and natural abundance. Projects such as AMoRE-II [1] and CUPID-Mo [2] use the Li2MoO4 
scintillation crystal to study neutrinos in underground laboratories, where space is an important aspect. 
Therefore, we became interested in the scintillation crystal Na6Mo11O36 due to the higher mass content 
of molybdenum, lack of hygroscopicity and possibly higher light output due to larger density and [MoO4]2- 
and [MoO6]2- polyhedra ratio. 
 The crystals are grown by the modified Czochralski method, which consists in pulling the crystal 
out of the melt with a temperature gradient of less than 1 K/cm. It is additionally important when growing 
compounds with cleavage planes, such as sodium molybdates. This modification was developed by 
NIIC and assumes a closed system with weight control. The installation diagram is shown in Figure 1, 
the grown Na6Mo11O36 crystal is shown in Figure 2. 

Figure 1. Scheme of the low-thermal-gradient 
Czochralski technique. 

 Figure 2.  Na6Mo11O36 crystal. 
 

The Na6Mo11O36 compound crystallizes in orthorhombic and monoclinic structures. The crystals 
exhibited dependence of luminescence properties from growth conditions. The crystal has 
Photoluminescence (PL) at room temperature was registered in sample with monoclinic structure, PL 
from 225 K in orthorhombic one. In both samples PL intensity increases with decreasing temperature. 
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The blood-tissue barriers in human body considerably limit the efficacy of paclitaxel (PTX), the 

antitumor agent that is widely used in clinics for the chemotherapy of various cancers. However, the 
efficacy of PTX against brain cancers is limited by its low penetration across the blood-brain barrier 
(BBB). Indeed, PTX is the substrate of P-glycoprotein (P-gp), a potent efflux transporter exhibited by the 
endothelial cells forming the BBB that hampers drug penetration into the brain [1,2]. Obviously, the brain 
delivery of PTX could be enhanced by employment of the P-gp inhibitor. Ritonavir (RTV), a synthetic 
antiretroviral drug and a potent inhibitor of P-gp and CYP3a (microsomal liver enzyme), is an interesting 
candidate for this approach [3]. Thus, penetration of orally administered PTX into the brain, as well as 
its plasma concentrations, were enhanced when PTX was co-administered with oral RTV. In this case, 
the enhanced brain uptake could be mainly due to the increase of the plasma concentrations caused by 
inhibition of the liver enzyme.  

The objective of this research was to study the effect of RTV on the plasma pharmacokinetics 
and penetration of PTX into the rat brain upon intravenous administration of both drugs which could 
shed light on the role of P-gp. Additionally, we also investigated the uptake of PTX in the testes, another 
organ protected by the blood-tissue (blood-testis) barrier similar to the BBB.  

The study was performed using two colloidal PTX formulations based on human serum albumin 
nanoparticles (PTX-HSA NP) and poly(lactic-co-glycolic acid) nanoparticles coated with poloxamer 
P188 (PTX-PLGA NP). The PTX-PLGA NP and PTX-HSA NP (size ≈100-150 nm, ζ-potential ≈-20 mV) 
were obtained by the high-pressure homogenization method followed by the removal of the organic 
solvent. The water-compatible ritonavir formulation, RTV-HSA NP (size ~ 350 nm, ζ potential ≈-35 mV) 
was obtained by ultrasonic homogenization. 

The study of the pharmacokinetics and organ distribution of the obtained formulations was carried 
out in male rats; all nanoformulations were administered into the tail vein at the dose of 10 mg/kg body 
weight. The following groups were tested (36 animals in each group): 1) PTX-PLGA NP; 2) PTX-HSA 
NP; 3) RTV-HSA NP followed by PTX-PLGA/P188; 4) RTV-HSA NP followed by PTX-HSA NP. In the 
groups 3 and 4, the RTV-HSA NP were injected i.v. 30 minutes before the PTX formulations.  

To determine the drugs’ content in the blood plasma and organ tissues (liver, brain, and testicles), 
the sample preparation technique with a high degree of extraction of PTX and RTV from the matrix and 
the method of HPLC analysis with mass spectrometric detection were developed. 

The developed HPLC-MS method enabled the simultaneous assay of PTX and RTV in all samples 
at all time points (from 5 min to 48 h; content in plasma from 10 ng/ml, content in organs from 5 ng/mg 
tissue and above).  

The result of the study demonstrated that the preliminary administration of the water-compatible 
RTV formulation changes the pharmacokinetics and the biodistribution profile of the nanoparticle-based 
PTX formulations by increasing their exposure in the blood plasma and the organs protected by the 
blood-tissue barriers. The pharmacokinetic parameters were calculated using the PKSolver 2.0 add-in 
software. 
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The bottom-up constructed artificial cells help to understand the cell working mechanism and 
provide the evolution clues for organisms. The energy supply and metabolism mimicry are the key issues 
in the field of artificial cells. Herein we demonstrate an artificial cell containing cyanobacteria capable of 
light harvesting and carbon dioxide fixation to produce glucose molecules by converting light energy into 
chemical energy. Two downstream “metabolic” pathways starting from glucose molecules are 
investigated. One involves enzyme cascade reaction to produce H2O2 (assisted by glucose oxidase) 
first, followed by converting Amplex red to resorufin (assisted by horseradish peroxidase). The other 
pathway is more biologically relevant. Glucose molecules are dehydrogenated to transfer hydrogens to 
NAD+ for the production of nicotinamide adenine dinucleotide (NADH) molecules in the presence of 
glucose dehydrogenase. Further, NADH molecules are oxidized into NAD+ by pyruvate catalyzed by 
lactate dehydrogenase, meanwhile, lactate is obtained. Therefore, the 

cascade cycling of NADH/NAD+ is built. The artificial cells built here pave the way for investigating 
more complicated energy-supplied metabolism inside artificial cells.  
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Green tea contains polyphenols such as epicatechins and gallic acid derivatives[1], which are 

potential antioxidants and anticancer agents. However, isolation of water-soluble polyphenols from tea 
extracts is challenging.  
  To improve the stability and bioavailability of polyphenols, encapsulation into supramolecular 
assemblies capable of controlled release depending on environmental conditions can be utilized. For 
example, melamine barbiturate (Mel-BA) assemblies based on hydrogen bonds can be used for this 
purpose [2]. 

In this study, melamine barbiturate assemblies with green tea extract (Mel-BA-GT) were created 
and studied.  This material was subjected to various techniques such as PXRD, FTIR, EPR, DSC, SEM 
and fluorescence microscopy. The probability of hydrogen bond formation between polyphenols, 
melamine and barbituric acid was estimated using quantum chemical calculations.  
  The amount of encapsulated polyphenols and antioxidant activity were evaluated before and 
after encapsulation using DPPH test. Microswimmers were also prepared by modifying the particles with 
hexochloroplatinic acid, which allows them to be used as a delivery system for polyphenols. 
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Nickel layered hydrosilicate, due to its ability to form particles with nanotubular morphology, is of 
considerable interest, both in the context of fundamental research and from the point of view of practical 
application. In particular, it was used as a composite for supercapacitors [1]. The ability of hydrosilicates 
to isomorphic substitution of cations, as well as the high specific surface area of the nanotubes 
themselves, makes it possible to modify them with various substances in order to improve or give them 
new physico-chemical properties. 

The purpose of this work was to study the processes of thermochemical modification of 
Ni3Si2O5(OH)4 hydrosilicate nanotubes with cobalt compounds in the process of formation and already 
synthesized. 

The synthesis of the initial and modified hydrosilicates was carried out by the hydrothermal 
method [2]. The initial nanotubes were processed in solutions of chloride, sulfate and cobalt nitrate at 
various temperature and time parameters (140-220 °C, 2-24 hours) under hydrothermal conditions. 
Hydrothermal synthesis was also carried out in the initial mixture with cobalt-containing Co2O3 and 
Ni0.5Co0.5(OH)2, silicon was introduced as nickel metasilicate NiSiO3 and SiO2 oxide in aqueous solutions 
of NaOH and Na2SO3. The obtained powder samples were examined by XRF and SEM methods. 

During the work, it was revealed that during hydrothermal treatment of nanotubes with cobalt 
nitrate solution at temperatures above 180° C for more than 4 hours, the cobalt oxide phase Co3O4 is 
formed while preserving the nanotubular phase of the hydrosilicate (component ratio 
Ni3Si2O5(OH)4:Co3O4 = 55,5:44,5 wt%). 

When introducing cobalt compounds in situ, the use of Na2SO3 as a hydrothermal medium 
prevents the oxidation of cobalt, which was recorded by the Rietveld method [3]. It was found that the 
composition of the samples represents the phases of nanotubes and cobalt oxide CoO. When Co2O3 
was added, the formation of the nepuit phase was recorded. 
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Next generation nanoelectronics requires development of new thermally and mechanically 
stable materials with relative permittivity (k) as close to 1 as possible. In June 2020, Hong et al. 
presented ICP-CVD-deposited amorphous boron nitride (a-BN) with very low k of 1.78 [1]. This a-BN 
also turned out to be thermally, chemically, and mechanically stable, and having high breakdown 
voltage, thus fulfilling all requirements for practical applications. A three-nanometer thick layer of this 
material was obtained by low-temperature remote inductively coupled plasma–chemical vapor 
deposition (ICP-CVD) with borazine as the precursor. Two years later Lin et al. conducted seemingly 
identical synthesis but obtained a compound with noticeably different properties [2]. When synthesis 
conditions were identical (based on the information in the article) to those of the Hong experiment, the 
boron to nitrogen ratio (B:N) was ~2.64, whereas the B:N in the original article films was 1.0. To obtain 
the same B:N, Lin’s team had to explicitly add nitrogen molecules to the gas flow. To understand why 
supposedly equivalent conditions, lead to different products we have constructed a digital twin of this 
system to comprehensively reconstruct the ICP-CVD process, encompassing all its intricate details and 
established the most likely reason for the discrepancy between Hong’s and Lin’s experiments. Our 
comprehensive model utilizes an active-learning interatomic potential known as MLIP [3]. The designed 
workflow allowed us to establish, that the films morphology heavily depend on the particles reaching the 
substrate. This approach not only unveils hidden process dependencies but also establishes a versatile 
framework for computational modeling. 

 

Figure 1. Algorithm of computational modeling of ICP-CVD BN film deposition. 
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Muscle tissues, made up of numerous muscle cells, are responsible for controlling body movement 

and the activity of internal organs through their ability to contract. Mimicking these tissues using artificial 
cells assembled from the bottom-up is advantageous for understanding the interaction mechanisms 
among cells and collective tissue behaviors, and it holds significant potential in the field of bioinspired 
medical tissue engineering. The development of self-powered artificial muscle tissues using artificial 
cells as the building blocks is still in its infancy, and it is challenging to achieve structural isotropy and 
synchronized cell contraction functions in the constructed tissues. 

We have developed self-powered artificial cells capable of reversible deformation by encapsulating 
living mitochondria, actin proteins, and methylcellulose[1]. The addition of pyruvate molecules prompts 
the mitochondria to produce ATP molecules, which serve as an energy source to initiate the 
polymerization of actin. This process results in the artificial cells changing shape from spherical to 
spindle due to the formation of actin filaments next to the lipid bilayer. Upon laser irradiation, the actin 
filaments depolymerize, causing the cells to revert to their spherical shape, thus completing the 
reversible deformation process. Linear colonies of these artificial cells, when stimulated with pyruvate, 
exhibit collective contraction and relaxation behaviors, mimicking the functions of muscle tissues. During 
peak contraction, each artificial cell in the colony aligns its long axis parallel to others, synchronizing the 
contraction phase. The deformation of each cell in the colony is also influenced by adjacent cells. The 
creation of these muscle-like artificial cell colonies has opened new avenues for developing sustainably 
self-powered artificial tissues in tissue engineering. 
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The development of modern science and technology requires the development of new ceramic 

materials with improved mechanical characteristics. 
When performing this work, two ceramic materials were synthesized by reaction sintering from 

diamond powders of two types of fractions (20–28 μm and 225–250 μm) - 30 vol. % fine fraction and 70 
vol. % coarse (composition 1) and 25 vol. % fine fraction, 70 vol. % coarse and 5 vol. % carbon black 
(composition 2). The technology for producing this ceramic is described in detail in the work [1]. 

According to work [2], silicon impregnation during reaction sintering of workpieces from diamond 
particles of two fractions leads to the formation of a diamond-silicon carbide composite material (Ideal 
ceramics), the microstructure of which consists of triply periodic surfaces of silicon carbide synthesized 
on diamond particles. Under certain conditions, according to the Turing reaction-diffusion mechanism, 
silicon carbide grains form and grow, forming a “Turing fence” that fills the space between the diamond 
particles, forming a monolithic material – “Ideal” ceramics.. 

The physical and mechanical properties of Ideal ceramics far exceed the properties of standard 
reaction-sintered materials based on silicon carbide and boron carbide [3]. Table 1 shows measured 
data that allows us to distinguish “Ideal” ceramics in comparison with known ceramic materials. 

 
Table 1 - Physico-mechanical properties of reaction-sintered materials based on diamond, SiC and 

B4C 

Material ρ, g/cm3 Е, GPa v, km/s σизг, MPa К1с, MPa ·m1/2 HV, GPa 

Ceramics "Ideal":     

1 3,38 760 15 420 4,7 68 

2 3,36 720 14,8 425 4,8 62 

Reaction-sintered:     

SiC 3,05‒3,10 380‒410 10,2 380‒400 3,5‒4,0 20‒21 

В4С 2,60‒2,65 380‒420 11,8 350‒380 3,2‒3,5 28‒30 

 
Ideal ceramics, synthesized through the reaction-diffusion Turing mechanism, showed better 

mechanical characteristics compared to standard ceramic materials based on reaction-sintered silicon 
carbide and boron carbide. 
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Shape-memory alloys have found widespread application as functional materials across a range 
of industrial sectors [1]. However, there are practically no data on the corrosion and electrochemical 
properties of TiNi alloys, the study of mechanical behaviour in corrosive media and the analysis of 
corrosion fatigue of TiNi alloys with different microstructures are of particular interest. Studies on the 
influence of preliminary thermocycling (as an imitation of real conditions of titanium nickelide alloys) on 
the corrosion behaviour in coarse-grained (CG) and ultra-fine grained (UFG) states were carried out on 
Ti49.2Ni50.8 alloy in biological solutions of 0.9% NaCl, Ringer's solution and Hanks' solution. A decrease 
in corrosion current density was observed with structure refinement, with the lowest corrosion current 
density in Ringer's solution. An increase in corrosion potential was observed in the states with additional 
thermocycling. The lowest corrosion current densities were found in Ringer's and Hanks' solutions in 
the UFG state. On the surface of the specimens, significant corrosion damage is observed in the form 
of pitting. In the CG condition, the pittings are smaller, approximately 0.8-1 µm in size, whereas in the 
UFG structure specimen, the pittings are larger, reaching 2 µm. The volume fraction of the corrosion 
lesions in the UFG condition is significantly higher than the volume fraction in the CG condition. The 
tests have shown that this alloy is more resistant to corrosion in the Hanks' solution.  
 

 

Scheme 1. Polarisation curves of Ti49.2Ni50.8 alloy in coarse-grained (a), ultrafine-grained (b) states, 
coarse-grained (c), ultrafine-grained (d) states followed by thermocycling, where blue is Ringer's 

solution, red is 0.9% NaCl, black is Hanks' solution 
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In recent years, environmental problems caused by using fossil fuel have become particularly 

acute. Hydrogen produced by the photocatalytic splitting of water and organic substrates under the 
action of sunlight can be a promising replacement for hydrocarbon fuel. Of particular interest among 
heterogeneous photocatalysts is a class of layered perovskite-like oxides, in the structure of which there 
is an alternation of negatively charged perovskite blocks with blocks of a different structure, called 
interlayer space, which can act as a separate reaction zone in the photocatalytic process [1]. The 
introduction of organic molecules, for example amines, into interlayer space contributes to an increase 
in the photocatalytic activity of samples in the reaction of obtaining hydrogen from a 1% (mol.) aqueous 
solution of methanol under the action of ultraviolet irradiation [2]. In this case, samples additionally 
modified with photo-deposited platinum particles exhibit particularly high activity. It was assumed that 
this effect is caused by the expansion of the interlayer space, which led to an increase in the accessibility 
of this zone for water and methanol molecules. The organic components undergo various 
transformations due to irradiation with ultraviolet light [3]. At the same time the activity of the 
photocatalyst remains constant throughout the experiment. A possible reason for the immutability of the 
activity of organo-inorganic hybrids may also be the deposition of platinum particles in the interlayer 
space expanded by the introduction of organic matter. In this instance, the activity of the samples would 
be preserved even after the decomposition of the organic modifiers.  

This work focuses on the study of the effect of organic modifiers on the process of photo-
deposition of platinum particles and the relationship of this process with the observed photocatalytic 
activity of hybrid samples of the layered oxides HCa2Nb3O10 and H2La2Ti3O10. It was found that the 
sequence of procedures for modifying layered oxide H2La2Ti3O10 by intercalation of alkylamines RNH2 
(R = Me, Oc) and platination significantly affects the stability of the formed platinum particles to the 
action of aqua regia. The photocatalytic activity of organic platinized derivatives in the reaction of 
hydrogen extraction from a 1% (mol.) aqueous methanol solution under UV irradiation was also 
compared. It was shown that all modified samples exceed the initial H2La2Ti3O10/Pt in terms of 
photocatalytic activity by 3 times or more, but they did not differ so markedly from each other. As the 
result it was found that intercalation of organic molecules can affect the deposition of platinum particles 
in layered oxide. At the same time, the stable photocatalytic activity of the samples is not due to the 
different spatial distribution of Pt nanoparticles. Thus, the increased activity of photocatalysts is rather 
associated with the modification of oxides by organic molecules. 
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In recent years, there has been a significant increase in the interest of researchers in the 
application of machine learning methods in solving problems in the field of analytical chemistry. This 
trend is due to the increasing availability of computer technology and the increasing complexity of 
instrumental analysis methods. The use of artificial neural networks allows extracting information from 
measurement results even in case of low resolution and strong overlap of analytical signals, it also 
allows solving sample classification problems, finding hidden patterns in the data. Such advantages can 
be very useful in processing of Moessbauer spectroscopy data, where there are currently no fully 
automated methods for processing spectra, due to the complexity of their interpretation. 

The purpose of this work is to apply the method of convolutional neural networks (CNN) to 
determine the parameters of multiplets in images of Moessbauer spectra.  

Unlike the methods described in the literature for using CNN in processing spectral data, in this 
work each spectrum is considered as an image, and not as a numerical vector. To create models and 
select architecture of CNN, a simulated data set of 14406 spectra of two doublets of 400 points each 
was used. The spectra were modelled as a superposition of four Lorentzians (two Lorentz lines for each 
doublet) as it is in real data. The data differed in the values of isomeric shift (-1 to +3 mm/s, 0.5 mm/s 
pitch) and quadrupole split (0.2 to 2.7 mm/s, 0.5 mm/s pitch), as well as relative signal intensity (0.1 to 
0.9, 0.2 pitch). To build a one–dimensional convolutional neural network, spectral data representing a 
vector was used (for comparison with the approach described in the literature), and for a two-
dimensional one, images of 50 by 50 and 200 by 200 pixels in gray scale .bmp file format were used. 
The models were employed to predict the characteristics of doublets in10 real spectra of perovskite–
like compounds in Bi2O3-TiO2–Fe2O3 system.  

It was found that the proposed CNN architecture allows achieving satisfactory results in the 
automatic processing of the Moessbauer spectra of perovskite-like compounds. The increased noise 
level and the presence of sextet signals in real data, contrary to expectations, did not have a noticeable 
effect on the accuracy of predicting the isomer shift and quadrupole split of two doublets. Automatic and 
manual determination of studied parameters lead to equal results. The use of a simpler one-dimensional 
convolution turned out to be ineffective in the transition from artificially generated data to real spectra, 
thus indicating a greater influence of the described interfering factors on this variant of processing 
Moessbauer spectra. At the same time, the use of one-dimensional CNN has shown greater accuracy 
in determining the relative peak area of doublets compare with two-dimentional CNN.  
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The formation of a hybrid molecular-plasmon structures based on gold nanoparticles can be used 

to enhance the optical properties of porphyrin molecules. This effect is called metal-enhanced 
fluorescence. On the other hand, the effect of quenching the emission of a fluorophore located on a 
metal surface is well known. To avoid quenching of porphyrin luminescence by the metal core, it is 
necessary to ensure that the molecules are distant from the metal surface [1]. To fulfill this condition, a 
spacer, which will be applied to the core as a shell, can be used. Biopolymer and silica glass shells are 
widely used for this matter [2]. As a result, the optical properties of the dye can be controlled not only by 
forming a hybrid structure, but also by changing the thickness of the shell. 

 
 

 

Scheme 1. Fluorescence spectra of porphyrin in the composition of hybrid nanostructures depending 
on the number of layers of the polymer shell 

 
 

There are different methods for synthesizing shells. For example, the layer-by-layer method 
involves the sequential application of two polymers with different surface charges. In this case, the 
distance between porphyrin molecules and surface of gold particles can be controlled by changing the 
number of polymer layers, while one layer is approximately 0.5 nm. Nonlinear dependence of the 
porphyrin optical properties on the thickness of the shell was found. The maximum fluorescence signal 
was observed at the optimal thickness of the spacer. 
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Peroxide-assisted sol-gel method of metal oxide synthesis is a novel method for producing 
semiconductor nanocrystalline materials from aqueous hydrogen peroxide solutions of oligomeric sols 
of hydroperoxocomplexes. As a result of their deposition and subsequent decomposition during heat 
treatment, nanocrystalline oxides with a complex of microstructural characteristics (small average 
crystallite size comparable to doubled Debye radius; high specific surface area) optimal for use in gas 
sensors are obtained. 

In this work, 3D and quasi-2D (first time using graphene oxide as a substrate) SnO2 samples were 
obtained from ammonium hydroperoxostannate sol by annealing for 24 hours at 300 and 500 oC. 
Reference samples were obtained by annealing of β-SnO2*xH2O at same temperatures. Different 
morphology of the obtained materials was confirmed by SEM images. For 3D SnO2, increasing in the 
value of CSR (XRD) and decreasing in the specific surface area determined by the nitrogen low 
temperature adsorption method (BET model) were observed with raising in the synthesis temperature. 
For 2D SnO2, these parameters did not depend on the long-time annealing temperature. Raman 
spectroscopy and TPR H2 methods revealed oxygen deficiency in 3D SnO2 synthesized at 300 °C. With 
an increase in the synthesis temperature, the lack of oxygen decreased. In case of 2D SnO2, the oxygen 
content practically corresponded to the stoichiometric one. 

2D SnO2 synthesized at 300 °C (SnO2-2D-300) had practically no sensory response to CO (fig. 
1. left). It may be related with absence of oxygen deficiency and vacancies necessary for the adsorption 
of oxygen from the atmosphere, which is involved in the further oxidation of CO at temperatures of 100-
300 °C. The maximum value of the sensor signal for 3D SnO2 (SnO2-3D-300) corresponded to a 
temperature of 240 °C. For 3D SnO2 synthesized at 500 °C (SnO2-3D-500), the sensor signal in the 
range of 100-300 °C was practically not detected, which may be due to both a decrease in oxygen 
deficiency and a decrease in the specific surface area. The maximum of sensor signal for all SnO2 
samples obtained at 500 °C was observed at a temperature of 400 °C. For SnO2-2D-500 value of sensor 
signal at 400 °C was the same as for 3D SnO2 synthesized by the peroxide method. These facts may 
indicate a change in the main process of formation of the sensory response to CO from oxidation by 
chemisorbed oxygen to vacancy model, which involves oxidation by oxygen of the SnO2 crystalline 
structure. In this case, in contrast to the low-temperature range, the absence of chemisorbed oxygen on 
the surface of 2D SnO2 does not affect its sensory properties. Both samples (2D and 3D) synthesized 
with peroxide-assisted sol-gel method at 500 °C showed greater sensor signal to CO at 400 °C 
compared to SnO2-ref-500 as well as sample SnO2-3D-300 was better than SnO2-ref-300 at 240 °C. 
Same patterns for all obtained materials were observed for the NH3 (fig. 1, center). Inversion of sensor 
signal in the middle temperatures range (250-350 °C) may be related to complex processes which 
include changing of predominating species of chemisorbed oxygen (O2

- to O-) and NH3 partial oxidation 
to NO by more reactive O-. In case of acetone no low-temperature maximum of sensor signal for SnO2 
sensors synthesized at 300 °C was not observed. It may be related with the stability of acetone and 
necessity in more reactive O- chemisorbed species for its oxidation as well as with participation in 
process of the surface oxygen atoms of SnO2 structure. 

 

Figure 1. Sensor signals for different reducing gases CO (left), NH3 (center), acetone (right) 
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Pollution of natural water by untreated wastewater from agricultural and industrial production is 

one of the main anthropogenic impacts on the environment. Organic dyes such as 2,4-dinitrophenol are 
the main pollutants, they have complex molecular structures that make them chemically and thermally 
resistant. They are also toxic and carcinogenic, and their presence in water harms living organisms [1-
2]. 

One of the reliable methods of wastewater decolonization is the complete decomposition of the 
toxicant in the process of deep oxidation. The advantage of phenol-like oxidation is its efficiency. The 
high percentage of destruction is due to the high activity of hydroxyl radicals [3-4]. 

Spinel-structured ferrite nanoparticles with the general formula MeFe2O4 are promising catalysts 
in fenton-like reactions due to a number of properties: the possibility of easy separation of the used 
catalyst by a magnetic field, a large number of catalytic active centers, simplicity of synthesis methods 
and low cost [5]. 

The synthesis of cobalt ferrite, magnesium ferrite and cobalt-magnesium ferrite by the method 
was carried out by the citrate combustion method [6]. 

The photocatalytic properties of heterogeneous catalysts CoFe2O4, MgFe2O4 and Co0.5Mg0.5O4 
were studied using a model reaction of DNP oxidation with hydrogen peroxide. The dye concentration 
was measured using a photocolorimeter "KFK-3-01 "3OM3"". The irradiation was performed using a 
UVb UVC-E27, 20W UV lamp and a LightBest UVC-E27, 25W UV lamp.  

 
Scheme 1. Kinetic curves of the DNF oxidation reaction under UV irradiation. 

 
The photocatalytic activity of nanoscale MgFe2O4 in the process of phenton-like oxidative 

degradation of DNF is higher than that of CoFe2O4 and Co0.5Mg0.5O4 nanopowders. The degree of 
destruction of the dye in the presence of cobalt ferrite after 2.5 hours was about 95.5%, in the presence 
of cobalt–magnesium ferrite – 95.8%, and in the presence of magnesium ferrite - 98.8%. 
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The demand for lithium, known as the "Energy Metal in the 21st Century" [1], is continuously 
growing due to the increased usage of electric-powered vehicles and advanced electronics operating 
on lithium-ion batteries. Global lithium demand is increasing significantly, and it is expected to become 
scarce. That is the main reason for an emphasis to be made on recapturing waste and converting it into 
a raw material, increasing the metal’s availability and making lithium production more sustainable. Direct 
lithium extraction technologies show a potential in increasing the supply of lithium from water projects, 
including operations with enriched by lithium waste waters of oil and gas condensate fields. 

The idea of the project is to extract lithium with the membrane technology, using this membrane 
as an extractor module. Technology will allow oil producing companies to get additional profit from the 
waters of oil and gas condensate fields.  

The composite membrane is based on cellulose acetate and is modified with a metal-organic 
framework zeolitic imidazolate framework-8 (ZIF-8). Cellulose acetate (CA) can be described as an 
affordable carrier material for metal-organic framework structures with a good stability during the metal-
extraction process [2]. A choice of ZIF-8 for ion-selective separation was made due to its homogeneous 
porosity, specific size characteristics, and substantial surface areas, allowing this framework to be highly 
suitable for lithium recovery applications [3].  

We used inkjet printer to get a uniform ZIF-8 layer on the membrane (ZIF-8 particle size was 
132 nm). Figure 1 represents Scanning electron microscopy (SEM) and Energy-dispersive X-ray 
spectroscopy (EDX) results of the membrane analysis. Results indicate the successful synthesis 
process, demonstrating the presence of ZIF-8 on the surface of the membrane. 

 

 

Figure 1. (a) SEM for CA; (b) SEM for CA with a ZIF-8 layer;  
(c) EDX for CA with a ZIF-8 layer 

 
A comprehensive analysis of lithium extraction methods was conducted, and the results of this 

analysis led the research towards choosing the ion-selective membrane as the most promising 
technology for lithium extraction from oilfield waters. Afterwards, the most practically-applicable 
modifications of the membrane have been researched. 
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Non-invasive diagnostic is a promising strategy of modern medicine. One of important objects of 
non-invasive diagnostics is exhaled breath condensate (EBC), which contains a plenty of markers 
including H2O2. Monitoring H2O2 concentration, one can trace the course of pulmonary diseases. In 
medical practice, collection of exhaled breath condensate with extreme cooling (up to -78°C) during up 
to 30 minutes is generally used/ It results in dilution of the condensate samples with water vapor which 
obviously leads to a decrease in metabolite concentrations. The aim of this work is to develop a sensor 
system for analyzing aerosol at the moment of exhalation without additional cooling. 

А пробелы между абзацами – это так по шаблону? 
The suggested system is based on electrochemical sensors with Prussian blue (PB) as the most 

selective and sensitive H2O2 transducer. To condense the exhaled aerosol onto the sensor surface, it is 
covered with a layer of solid hygroscopic electrolyte and a membrane based on aminated graphene 
oxide (GO). In humid air conditions, GO captures and accumulates aerosol through capillary 
condensation, providing ionic conductivity between the electrodes. According to cyclic voltammetry data, 
the maximum electroactivity of PB is achieved within 15 seconds of aerosol passing, reducing the 
distance between cathodic and anodic peaks from 0.3–0.4 V to 50–150 mV. 

 
In the developed sensor system, the amperometric response at 0 V relative to a silver chloride 

reference electrode was considered as the analytical signal. The peak current dependence linearly 
correlates with the rate of the analyzed aerosol flow, saturating at the values above 100 ml/s, which 
corresponds to a typical flow rate generated during calm human breathing. It indicates potential 
applicability of the system for the aerosol analysis at the moment of exhalation. The linear range of 
detected H2O2 contents in the aerosol is determined by the potential step: at a potential step of 0.7 V – 
from 0.05 μM to 0.5 μM, 0.65 V – from 1 μM to 15 μM, 0.6 V – from 5 μM to 20 μM. Thus, by adjusting 
the potential step, one can tune the working range of the system.  

 
The developed system was tested for the analysis of aerosol exhaled by healthy volunteers and 

smokers. For independent analysis of H2O2 concentration in aerosol by a spectrophotometric assay 
using peroxidase, exhaled microdroplets were accumulated in a system of turbulent flows. It was shown 
that the peak current recorded by the developed system correlates with the reference values. According 
to spectrophotometric detection, H2O2 concentrations in exhaled aerosol range from 0.5 to 10 μM, with 
two different trend lines for smokers and healthy volunteers. Therefore, the developed system has the 
potential to be used for non-invasive express monitoring of inflammatory processes in the lungs. 
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Composite materials based on diamond particles are of great interest for various applications due 

to a combination of properties such as low density and thermal expansion coefficient, high hardness, 
speed of sound and thermal conductivity, increased wear resistance, etc. 

In this work, a diamond-silicon carbide composite material (“Ideal” ceramic) was synthesized from 
diamond powders of different fractions (20–28 μm and 225–250 μm in the ratio 30%/70%, respectively). 
The technology for producing this ceramic is described in detail in [1]. 

During the process of reaction sintering in accordance with the reaction-diffusion Turing 
mechanism, under certain conditions, the growth of silicon carbide grains on diamond particles is 
observed, forming triply periodic surfaces, which increases the properties of Ideal ceramics. Dense 
layers of SiC fill all the spaces between the diamonds and form a monolithic material. 

The physical, mechanical and elastic properties of “Ideal” ceramics have been studied. Figure 1 
shows the calculated data for the relative penetration coefficient of the striker “K” (Shevchenko criterion 
[2]) and the Ashby criterion “M”, which allows you to evaluate different materials used for armor 
protection [3]. 

 

 

Figure. 1. Dependence of the coefficient of relative penetration of a steel striker into ceramics “K” 
(solid line) and the Ashby criterion “M” (dashed line) on the elastic modulus for different materials. 

 
Analysis of the curves of the relative penetration coefficient of the striker “K” and the criterion “M” 

shows that the determining factors for assessing the resistance of various materials, including ceramics, 
to dynamic loading are the speed of sound and the elastic modulus of the material, which makes it 
possible to explain and study the propagation of shock waves in ceramics. Ceramics “Ideal” is 
characterized by the best properties of existing armor materials. 
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Double-junction solar cells with increased theoretical power conversion efficiency (PCE) show 
great potential for application in photovoltaic (PV) systems, among which the perovskite/silicon tandem 
solar cells have been highlighted due to existing industrial advantages of their bottom cells [1]. 
Perovskite absorbers in such cells should have bandgaps exceeding 1.7 eV to ensure complimentary 
absorbance with Si sub-cell. Therefore commercialization of this technology requires the development 
of wide-bandgap (WBG) perovskites [2]. Stability and efficiency of the perovskite material depend on 
the quality of the perovskite film, which can be affected by the parameters of the fabrication technology. 
Solution-based processing of perovskite films dictates the application of solvent engineering method for 
production of perovskite materials with improved characteristics. 

In present work we improve the efficiency and intrinsic stability of a Cs0,17(CH5N2)0,83PbI1,8Br1,2 

WBG perovskite (Eg = 1.75 eV) by solvent engineering approach. Two solvents for the perovskite 
precursor solution: dimethyl sulfoxide (DMSO) and N,N-dimethylformamide (DMF) are mixed to facilitate 
the formation of a perovskite material with increased thickness and grain size and decreased defect 
density. The change in crystallization dynamics granted by the use of such bi-solvent system leads to 
the formation of a specific surface which improves the light management properties. As a result, the 
degradation rate after 2000 hours of sun exposure is decreased, and the average PCE of solar cells is 
increased by 1.2%. 
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The accumulation of residues and wastes of the oil industry leads to the problem of increased 

environmental risks and the necessity to find ways of their rational processing and/or disposal. These 
circumstances suggest a shift to non-carbon energy sources and reduction carbon footprint in the oil 
industry. One of the promising methods for the synthesis of carbon materials from wastes of oil industry 
is plasma treatment under the action of direct current arc discharge. 

The purpose of this study is to investigate the possibility of obtaining carbon materials by recycling 
oil industry waste. 

The subject of the study was asphaltene sediments (AS) collected from the oil well. The AS 
studied belongs to the paraffin type of deposits (β=0.418), the content of mechanical impurities is 0.92 
wt. %. 

According to the results of X-ray fluorescence analysis (EDX-7000, Shimadzu), the main element 
in the AS molecule is carbon (99.5 wt. %). The presence of other trace elements (sulfur, iron, chlorine, 
et. al.) is due to the conditions of AS formation. According to the results of IR spectroscopy carried out 
on the ATR prefix (Spectrum 100 Series, Perkin Elmer), the AS contains bands of stretching (3010-2750 
cm-1) and bending (1490-1350 cm-1) vibrations of branched fragments –CH, –CH2, –CH3, as well as 
bending vibrations of carbon-carbon bonds (730-710 cm-1). The presence of these fragments is due to 
the high content of paraffins in AS. 

Thermogravimetric analysis (TGA/DSC 3 +, Mettler Toledo) carried out in an inert medium (N2) 
showed that in the temperature range of 30-1040 °C, the AS lost 95.76 wt. %, which are the crystalline 
water phase (154℃) and the organic part (154 – 505℃) of the AS structure. With further increase in 

temperature (>505℃), the degradation of ARPD molecules through carbon-carbon and carbon-
heteroatom bonds continues with a mass loss of 4.80 wt%. 

AS recycling into useful carbon materials was carried out in an electric-arc vacuum-free reactor. 
A series of experiments of AS recycling with different conditions was carried out: the current strength of 
100 A and the initiation time of 5, 10, 15, 20, 25 and 30 s. It was found that the initiation time of 5 s at 
100 A was not sufficient to AS recycling, as the product of plasma treatment contains a viscous fraction 
of the remaining AS. According to the results of the X-ray phase analysis carried out with Shimadzu 
XRD 7000s, the current strength of 100 A and the initiation time of 30 s were taken as favorable 
conditions for plasma treatment of AS. 

 
Fig. 1 Radiographs of AS plasma treatment products  

Based on the results of the study, the possibility of obtaining carbon materials from oil waste was 
confirmed. 100 A, 30 s were taken as favorable conditions.  
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Ceramics based on a complex oxide with a garnet structure of composition (Gd,Y)3Al2Ga3O12 
doped with cerium (GYAGG:Ce) are well-suited for luminescent and scintillation applications due to their 
characteristics: light output up to 52 photons/keV and an effective photoluminescence decay time of 65 
ns [1]. Moreover, transparent garnet ceramics have an advantage over a single crystal in the possibility 
of modifying their precise composition, shape, and size. 

By utilizing stereolithography (a 3D-printing process based on layered polymerization under UV-
light irradiation), ceramics of complex geometry can be shaped with high precision. Not requiring any 
additional molds or blanks, this method bypasses traditional ceramics fabrication techniques, such as 
uniaxial pressing or casting. However, prior to high-temperature sintering, this process includes a step 
of debinding that results in the formation of most of the inner defects. While optimizing process 
conditions is certainly crucial, selecting the appropriate ceramic slurry composition is equally vital. The 
combination of these factors, along with sintering conditions, directly impacts the microstructure of the 
ceramics, ultimately affecting their optical and functional properties. 

In this work, high-purity GYAGG:Ce powders were synthesized by co-precipitation of precursor 
nitrates mixture using NH4HCO3. Both stoichiometric and composition with an additional 5 wt.% of Y 
(from its initial amount in the powder composition) were studied. The UV-curable slurries preparation 
technique is described in [2]. To reduce slurry viscosity, a hyperbranched polyester-based dispersant 
was added to the mixtures along with a TPO photoinitiator to ignite a polymerization reaction. 

Green bodies were then fabricated on DLP 3D-printer Ember (Autodesk, USA). The debinding 
process was taken in an inert atmosphere (95% Ar+5%H2), followed by sintering in an air or oxygen 
atmosphere at a temperature range of 1600 to 1720 °C with a holding time of 2 hours. Cross sections 
of 3D-printed ceramics were obtained by grinding and polishing. The scanning electron microscope Jeol 
ЈSM 7100 F was used in back-scattered (BSE) mode to analyze the samples (Scheme 1). 
 

 

Scheme 1. Cross section of GYAGG:Ce ceramics depending on the temperature and sintering 
atmosphere 

 
By raising the temperature and changing the atmosphere from air to oxygen, the number of inner 

pores in the material decreased significantly with a simultaneous increase in grain size. Transparent 
GYAGG:Ce ceramics were obtained at a temperature of 1720 °C. 
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Photocatalytic water splitting is a promising and environmentally friendly way to produce 
molecular hydrogen, which is a suitable compound for use as a fuel in many types of power generating 
systems, and other valuable chemical products, such as hydrogen peroxide.  

This study was aimed to investigate the water splitting reaction without electron donors using 
photocatalysts based on nitrogen-doped titanium dioxide (TiO2-N). TiO2-N (100% anatase) was obtained 
by the method described in [1] and modified with metal co-catalysts (Pt, Pd, Cu) via reducing of metal 
precursor (H2PtCl6, PdCl2, Cu(OAc)2) with NaBH4 in an amount of 1% wt. In addition, commercially 
available TiO2 Evonik P25 (80% anatase, 20% rutile) was used as a benchmark photocatalyst to test 
the effect of nonmetal doping and the method of titanium dioxide production.  

The photocatalysts based on TiO2-N had a high activity compared to 1%Pt/TiO2 P25, but a 
gradual decrease in the rate of H2 evolution was observed for all samples. No release of O2 into the gas 
phase and H2O2 into solution was observed during the experiments. This fact indicates that other routes 
of water oxidation reaction (WOR) take place. The formation of peroxide intermediates on the surface 
of TiO2 has been described in the literature [2], therefore their accumulation and their negative influence 
on the activity of photocatalysts was assumed. 

All photocatalysts based on TiO2 P25 or TiO2-N after 12 h of irradiation were collected, dried 
under vacuum, and analyzed by diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) 
and mid-infrared attenuated total reflectance (MIR-ATR). For comparison, photocatalysts treated with 
1% H2O2 solution were also analyzed. 

 

 

Figure 1. IR spectra of 1%Pt/TiO2 P25 after reaction and treated with H2O2 (+ H2O2) obtained with 
(a) DRIFTS and (b) MIR-ATR. 

 
Figure 1 shows that the spectra of all samples have the characteristic peaks of surface 

chemisorbed peroxo compounds such as TiOOH-, which are products of the WOR. The accumulation 
of these highly stable species leads to the deactivation of the photocatalyst by blocking the TiO2 surface. 
Presumably, these compounds can be released into free form without irradiation over time, because 
one of characteristic peaks of H2O2 is observed in IR spectra. 
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The principal feature of pulverized coal fuel (PCF) is that, it is in a dispersed state unlike other 

components of the blast furnace charge. The size of individual particles R does not exceed 80-100 
microns. The specific surface area of the PCF reaches 3.2-3.5 m2/g. It was determined by us using the 
BET method on the SORBI MS device. This value of the specific surface determines the physical and 
chemical properties and behavior of the material. Reactions of reduction or combustion on the surface 
of solid particles at temperatures above 900-1000°C are carried out in a diffusion mode. The reaction 
time t is proportional to R2, which dramatically increases the rate of chemical interaction. For example, 
if a substance with 7.4 mm granules reacts for 600 seconds, then a suspension with a particle size of 
74 microns is 104 times faster (in 0.06 s). 

To determine the drying temperature of the PCF and the conditions of its combustion in the tuyere 
zone, the heating time of individual particles was estimated. The estimation was made using the 
example of coals and peat with a particle diameter of 80-100 microns. The heating was carried out to 
the temperature at which the drying and grinding of the PCF is carried out (250°C) and the blowing 
temperature in the tuyere zone. To do this, the parabolic differential equation of thermal conductivity 
(nonstationary case) was solved numerically in the Matlab package under Dirichlet boundary conditions. 
The heating time of peat particles is on the order of 4-6 × 10-2 s, for coal t is 10-1 s. It is comparable to 
the time spent by the PCF particles in the tuyere zone, which leads to incomplete combustion. 

New results have been obtained on the thermal destruction and combustion of a wide range of 
possible components of the PCF. These data were obtained using the STA 449 F5 Jupiter synchronous 
thermal analysis device combined with the QMS 403 Aeolos Quadro mass spectrometer (Netzsch). It is 
established that experimental data on the kinetics of coal destruction during heating are described by 
the Yander diffusion kinetics equations. 

A method for selecting components of the PCF for blast furnaces has been developed. This 
method based on experimental laboratory studies (including the study of thermal degradation and 
combustion processes) and industrial experiments. The possibility of using previously unused milling 
peat as part of the charge has also been established.  
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Recent developments in nanotechnology presented various sustainable approaches for protein 
isolation and purification, as well as protein complex rebuilding and modelling [1,2]. One of the emerging 
extraction methods is the implementation of magnetic beads conjugated with various bioligands (e.g., 
antibodies, peptides, proteins nucleotides, etc) for the isolation of molecules of interest [3]. The idea of 
combining ligand-coated nanovehicles with magnetic precipitation might be also applied for proteins 
detection. Heat shock proteins (HSP), particularly of HSP70 family, are widely investigated in 
oncotheranostics due to their tumor-specific overexpression on plasma membrane and their role as a 
key hub for maintaining tumor progression [4]. However, the sheer amount of assisting and client 
proteins for HSPs, as well as a dynamic and heterogenous nature of chaperone cycle, create a 
challenge in HSP-associated proteomic investigations. The aim of this work was to develop reproducible 
nanoscale system with the capability to isolate HSP70-bound client peptides and proteins from tumor 
cells.  

For extraction of HSP70 interactome we have developed the nanoscale system which was 
comprised of stable superparamagnetic iron oxide nanoparticles (SPIONs), coated with anti-Hsp70 
monoclonal antibodies (anti-Hsp70-mAbs@SPIONs), and a set of affinity-controlling buffers. HSP70 
interactome was extracted from brain tumor cells (human U251 and T98G glioblastoma cells) following 
consecutive cell lysis and gradient fractionation in order to to separate cytosolic and membrane 
fractions. Resulting cell extracts were co-incubated with anti-Hsp70-mAbs@SPIONs in buffer solution 
which maintained closed conformation of HSP70 and preserved the chaperone interacting client 
peptides and proteins with high affinity. Following precipitation, the interactome-bearing particles were 
separated and incubated in a HSP70 conformation opening buffer, thus releasing client proteins in the 
sample. Interactome isolates were investigated employing mass spectrometry analysis. 

The resulting nanoparticles were stable and exhibited superparamegnetic properties, which 
allowed their application in a rapid microvolume magnetic precipitation. Utilizing their HSP70 specificity, 
we were able to obtain reproducible quantities of protein sample from glioblastoma cells. Subsequent 
proteomic analysis of these samples revealed the presence of HSP70 as well as other  major chaperome 
members (including HSP90, BAG, DNAJ proteins) and associated GTPases. 

In conclusion, we synthesized nanoscale anti-Hsp70-mAbs@SPIONs particles for HSP70 
interactome isolation from tumor cells which can be potentially employed in cancer diagnostics and 
treatment. 
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Layered perovskite-like oxides is a family of compounds that consist of two-dimensional 
perovskite slabs interleaved with so-called interlayer space usually represented by cations or cationic 
structural units. They attract a great interest of researches due to their wide range of physicochemical 
properties and applications. For example, it was shown that these compounds have high catalytic and 
photocatalytic activity [1], which makes them promising materials used as photocatalysts for the 
production of hydrogen from aqueous-organic media, in particular, from biomass processing products. 
Another important feature of layered oxides is their ability to undergo ion-exchange and topochemical 
reactions, which makes it possible to obtain new compounds and nanostructured materials based on 
them by soft chemistry approaches, in particular, new hybrid organic-inorganic compounds, 
nanosheets and composite materials. 

The goal of the present work is the synthesis of organic-inorganic hybrids based on tantalate 
CsSr2Ta3O10 by ion exchange reaction (protonation) and subsequent modification of interlayer space 
with organic moieties by intercalation and grafting reactions. To characterize the obtained compounds 
and study their properties methods of X-ray phase analysis, IR spectroscopy, thermogravimetry, 
diffuse reflectance spectroscopy and scanning electron microscopy were used. 

In this work, tantalate CsSr2Ta3O10 was obtained by high-temperature ceramic method. The 
protonated form of the oxide was obtained by an ion exchange reaction using nitric acid. The 
possibility to synthesize organic-inorganic hybrids with n-amines, TBAOH and n-alcohols was 
investigated by solvothermal and microwave-assisted heating. In order to investigate the impact of 
topochemical modification on photocatalytic properties of obtained compounds, the starting fully-
inorganic tantalates and selected organic-inorganic hybrids were tested in the reaction of hydrogen 
production from water-methanol mixture.  
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Layered perovskite-like oxides are interesting objects of research. The relevance of this structural 
type of compounds is determined by a wide range of their physicochemical properties. Among them, the 
ability of layered oxides to undergo ion exchange and topochemical reactions is of great importance. 
Organic-inorganic hybrids based on protonated forms of layered oxides currently represent a new 
promising class of materials whose properties can be changed by targeted modification of both organic 
and inorganic components. The compounds thus obtained are considered as promising materials with 
photocatalytic, catalytic, magnetic, and luminescent properties [1]. 

The present work is devoted to the synthesis of organic-inorganic hybrids based on CsBiNb2O7 
niobate by its protonation, subsequent intercalation and grafting of the interlayer space with organic 
compounds and exfoliation of the obtained hybrids. The methods of X-ray phase analysis, IR 
spectroscopy, 13C NMR spectroscopy, CHN elemental analysis, thermogravimetry, scanning electron 
microscopy were used to characterize the obtained samples, the band gap values were calculated from 
diffuse reflectance spectroscopy data. 

Within the framework of this study, CsBiNb2O7 niobate was synthesized by ceramic high-
temperature method. The protonated form was obtained by ion exchange reaction using concentrated 
nitric acid. Organic-inorganic hybrids of HBiNb2O7 with n-butylamine, TBAOH and a number of alcohols 
and phenols were synthesized using solvothermal and microwave-assisted heating. It was found that 
grafting with phenols resulted in a change in the color and light absorption of the samples, from white, 
corresponding to absorption in the UV region of the spectrum to yellow corresponding to absorption in 
the visible region of the spectrum, as evidenced by a decrease in the band gap. Thus, this approach 
can be used to obtain new photocatalysts active in the visible region of the spectrum. 
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Albumin nanoparticles are used as targeted delivery for drugs (e.g. Abraxane, approved for 
clinical use) due to low toxicity and albumin capability to bind small organic molecules.  Moreover, 
fluorophore-loaded albumin nanoparticles can be used in vivo and in vitro diagnostics, homogeneous 
fluorescent immunoassays, and bioimaging [1-2]. Nanoparticles loaded with fluorescent molecules 
exhibit higher fluorescent signal intensity compared to single molecules. The aim of this work was to 
optimize the synthesis of albumin nanoparticles loaded with fluorescent europium complexes. A long 
fluorescence duration (over 1 ms), a narrow emission band, and a large Stokes shift are Europium 
advantages. These fluorescent characteristics are distinctive to lanthanides, that allows them to be used 
as detection agents in analyses of biological samples. We assume that the use of nanoparticles 
containing fluorescent europium complexes will reduce detection limits in homogeneous immunoassays 
and flow cytometry. Organic ligands, 1,10-phenanthroline and methyl 4-(4-methylphenyl)-2,4-
dioxobutanoate were used to capture excitation radiation and transfer it to europium. 

The desolvation method is one of the simplest and widest used methods of protein nanoparticles 
synthesis. The point of the method is a gradually adding a poor solvent (e.g. ethanol, acetone or 
methanol) to a water protein solution. In this case, the protein aggregates and forms spherical 
nanoparticles. Another advantage of the desolvation method is that the fluorescent complexes of 
europium chloride, 1,10-phenanthroline and methyl 4-(4-methylphenyl)-2,4-dioxobutanoate do not need 
to be synthesized and purified beforehand. The complexes were formed in situ during the addition of an 
ethanolic solution of europium and ligands to an aqueous protein solution. The formed fluorescent 
complexes were captured by the hydrophobic pockets of albumin and thus encapsulated into 
nanoparticles. After synthesis, nanoparticle suspensions were subjected to thermal cross-linking at a 
temperature of 70 оС for 2 hours. Then, the nanoparticles were washed with water from non-desolvated 
fluorescent complexes, BSA and ethanol using 20-minute-long centrifugation cycles at 20,000 g. After 
each centrifugation pellets were resuspended using ultrasound. After the final wash, nanoparticles were 
resuspended in a certain volume of deionized water and stored at +4 oС. 

The synthesis conditions of fluorescent nanoparticles were optimized by investigating the effects 
of various parameters (the pH of the water BSA solution, the concentration of europium cations, and the 
rate of addition of the alcohol solution). Our aim was to attain the maximum fluorescence intensity and 
minimum polydispersity. The fluorescence intensity was measured at wavelengths of 360 nm for 
excitation and 615 nm for emission. Nanoparticle sizes and polydispersity were measured by dynamic 
light scattering (DLS). 

These nanoparticles are planned to be used in homogeneous fluorescent immunoassays. 
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Photocatalysis is an environmentally friendly and safe method for the oxidation of organic 

substances. Therefore, it is a promising technology that could provide a «green» synthesis route for a 
range of industrially important chemicals. The main photocatalysts are transition metal oxides TiO2, ZnO, 
Fe2O3. Compared with other semiconductors, α-Fe2O3 has a narrow band gap (Eg∼2.1 eV) and 
excellent chemical stability1. It is non-toxic and environmentally friendly material. The main disadvantage 
of α-Fe2O3 is the high recombination rate of photogenerated electron-hole pairs. This process leads to 
a decrease in photocatalytic activity. 

In recent decades, organic photocatalysts such as carbon nitride have been developed. g-C3N4 
is a two-dimensional heptazine-based semiconductor with excellent photocatalytic properties. 

Its allotropic modification, poly(triazine imide) (PTI)2, showed better results in photocatalysis 
compared to melon or g-C3N4 due to its high crystallinity and low band gap. Like most carbon nitrides, 
PTI is usually prepared by sintering precursors (melamine, urea or thiourea) in a eutectic mixture. It is 
inexpensive and easy to manufacture. Unfortunately, the efficiency of pure graphitic carbon nitride g-
C3N4 and poly(triazinimide) is limited due to the high recombination rate of photogenerated e−/h+. 

Research has shown that by combining α-Fe2O3 with other catalysts to form heterojunctions, its 
catalytic performance can be improved. Most of the known carbon-based Fe2O3 composites have been 
applied in the field of photocatalysis3. That is why in this work it was proposed to create a composite 
material based on iron oxide and poly(triazine imide). 

Since selective synthesis of organic substances by visible light is a promising method for «green» 
synthesis, we decided to study the potential activity of the synthesized composite material for the 
photooxidation of benzyl alcohol to benzaldehyde. 

 

 
Scheme 1. (A) X-ray diffractometry of the samples with different PTI : Fe2O3 ratio; (B) with different 
temperature of HT treatment (100 – 180 °C); (C) FTIR-spectra of the samples with different PTI : 

Fe2O3 ratio; (D) with different temperature of HT treatment (100 – 180 °C). 
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Nanotechnology contributes to the development of science, energy, electronics and biomedical 
analysis. Nanoparticles based on rare earth oxides fluoresce, have insignificant toxicity compared to 
analogues as well as antioxidant properties [1-3].These nanoparticles affect biological systems due to 
their inherent high oxygen nonstechiometry. At the moment, the properties of luminescent cerium oxide 
nanoparticles have hardly been studied.  

In the presented work, the following properties of luminescent cerium nanoparticles were 
analyzed: the size of nanoparticles, wavelength of the luminescence maximum, quantum yield, width of 
the luminescence peak at half-height, colloidal stability, and distribution of the number of obtained 
nanostructures by fractions (table 1).  
 

Fraction Hydrodynamic radius, nm QY, % PLW, нм FWHM, нм Amount of 
precipitator, ml 

5 minutes of 
synthesis 

24 51 170 6 478 97 - 

35 minutes of 
synthesis 

87 6 481 102 - 

55 minutes of 
synthesis 

55 5 481 97 - 

1 fraction 51 2 486 113 - 

2 fraction 

3 51 69 2 483 116 5 ethanol 

3 acetone 

3 fraction 

24 108 2 484 110 5 ethanol 

6 acetone 

4 fraction 

3 660 2 480 103 5 ethanol 

9 acetone 

5 fraction 4 146 1 486 96 5 ethanol 

19 acetone 

10 isopropyl 
alcohol 

 

Table 1. Properties of cerium oxide nanoparticles.  
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Carbon nanotubes (CNTs) are promising materials, which can find application in different 
scientific fields because of its unique structure, physico-chemical properties, mechanical properties and 
control modification.  Development of CNTs research has been beginning since 1991 and by the 
moment there are a lot of synthesis methods of CNTs have designed. The most effective method is 
chemical vapor deposition (CVD). 

Postnov V.N. and et al. [1] stress a point about using of cobalt-containing silica in synthesis of 
CNT. Therefore, aim of this work is to carry out research about impact of adsorbed on silica 3d transition 
metals (Cu, Ni, Ag, Zn, Co) amminates on growth and yield of CNTs. Silica was coarse-porous column 

silica gel (CSC-2). Metal ions of amminates were Cu(Ⅱ), Ni(Ⅱ), Ag, Zn, Co(Ⅱ). 

Synthesis of CNTs was performed by CVD at 600 oC, carbon source was ethanol [1]. After 
synthesis, the product was dissolved with a mixture of concentrated hydrofluoric acid and nitric acid. 
The catalyst for CNTs growth was obtained by the reaction of chemisorption of metal amminates on 
CSC-2. The metal concentration in the catalyst was measured using the ICP-AES method with 
preliminary extraction of metal ions from the surface of the catalyst with concentrated nitric acid. The 
carbon yield was determined by the ratio of the mass of CNT to the mass of the catalyst. Identification 
of CNTs was perfomed by Raman spectroscopy, X-ray diffraction, X-ray photoelectron spectroscopy, 
TEM, SEM. 

The most effective catalyst in terms of carbon yield was observed in application of cobalt-
containing silica, exactly 4,2%. The lowest carbon yield – using nickel-coating silica. Metal 
concentrations in synthesized catalysts were 4.0 % (Co), 2.8 % (Cu), 0.4 % (Ag), 4.9 % (Zn), and 1.7 % 
(Ni). The largest adsorption on CSC-2 was observed in zinc. For example, on the Scheme 1 there is a 
TEM image of CNTs synthesized on zinc-coating silica. 

 

Scheme 1. TEM image of CNTs on zinc-coating silica 
 

Therefore, we synthesized and identified CNTs synthesized with silica-based catalysts contained 
some 3d transition metals amminates. Cobalt-congaing silica is the most effective catalyst in synthesis 
of CNTs with this CVD method. In further research we are going to carry out research about impact of 
other catalysts on morphology and yield of CNT. 
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Integrating biocompatible metal–organic frameworks (MOFs) with upconversion nanoparticles 

(UCNPs), capable of converting near-infrared (NIR) light into visible or ultraviolet emissions, affords 
unique UCNPs@MOFs heterostructures for nanomedicine. Alongside inherited advantages from parent 
UCNPs on imaging and parent MOFs with porous structure on chemodrugs delivery, upconversion 
Förster resonance energy transfer (FRET) from UCNPs to molecular moieties in MOFs offers unique 
abilities to probe or modulate intracellular and tumor microenvironments at high spatiotemporal 
precision.1  
 

 

Scheme 1. A schematic illustration of the mechanisms of synergistic photodynamic and 
immunotherapy for primary and distant tumors. 

 
Here, a core-shell UCNP@MOF (upconversion nanoparticle-metal organic framework) 

nanoagents is constructed for Type I and Type II photodynamic therapy under biocompatible near-
infrared light irradiance (at 808 nm) and utilize their pore loading capacity to further realize synergistic 
immunotherapy in solid tumors. The Cu2+ to Cu+ reduction at the nodes in the MOFs shell is 
demonstrated to promote the generation of reactive oxygen species via depletion of overexpressed 
glutathione (GSH) compounds, while tumor microenvironment-enriched hydrogen peroxide is found to 
substantially augment the PDT effects. Importantly, the MOFs pore-loaded indoleamine 2,3-
dioxygenase (IDO) inhibitor, along with s-nitroso-n-acetylpenicillamine (SNAP), upregulated tumor-
infiltrating lymphocytes and induced prominent immunotherapeutic effects in vivo.2 This core-shell 
UCNP@MOF nanoagents have demonstrated effectiveness against both primary and distant tumors in 
xenografted tumor models, holding promise for treating solid tumors in metastasis. 
 

References 
[1] Adv. Optical Mater. 2023, 2202122 
[2] Adv. Funct. Mater. 2024, 2401272 
 

Acknowledgements 
This work was supported by the grants from the National Natural Science Foundation of China 

(52272270 and 51972084) and the Young Scientist Workshop (Harbin Institute of Technology) 
(AUGA9803502318). 

 

  

mailto:dujiarui@stu.hit.edu.cu


 

71 

 

A NEW APPROACH FOR OBTAINING COMPOSITE CERAMIC MATERIALS IN THE Na2O-CaO-
SiO2-P2O5 SYSTEM FOR MEDICAL APPLICATIONS 

Kaimonov M.R., Safronova T.V. 

Lomonosov Moscow State University, Moscow, Russia 
PhD student  

M.R.Kaimonov@yandex.ru 
 

Modern trends in medical material science, particularly in the area of import substitution, are 
leading to the search for alternatives to obtaining biomaterials that are both effective and affordable. 
One such alternative is the use of silicate bioceramic materials, which have been shown to be more 
bioactive in in vitro and in vivo tests than calcium phosphate ceramics. Ceramics incorporating both 
calcium phosphate and silicate components also have a synergistic effect. Typically, these composite 
materials are created using bioglass powders. The application of an aqueous solution of sodium silicate 
(Na2O•nSiO2) acts as a binder allows for the creation of highly biocompatible ceramic materials based 
on synthetic calcium phosphates (CPs). This results in a unique combination of properties for the 
finished product. 

In this work, we studied a new approach to obtaining a composite biocompatible ceramic material 
based on synthetic calcium phosphates and an aqueous solution of sodium silicate for medical 
applications. 

In the research, highly concentrated suspensions consisting of a dispersion medium and a 
dispersed phase were prepared. Synthetic calcium phosphate powders (hydroxyapatite, tricalcium 
phosphate and pyrophosphate) were used as the dispersed phase. The aqueous sodium silicate 
solution with the silica module (SiO2/Na2O) of 2,87 was used as the dispersion medium. The initial 
powder mixture’s composition was adjusted by adding calcium oxide CaO and sodium carbonate 
Na2CO3.  

Pre-ceramic semi-finished products in the form of blocks were obtained by moulding in silicone 
moulds, and simple 3-dimensional layered geometric shapes were obtained by extrusion moulding using 
a syringe. The samples hardening occurred spontaneously both due to polycondensation of an aqueous 
sodium silicate solution and because of air-drying. 

Ceramic materials after firing at 1000°С consisted of sodium-calcium silicate Na6Ca3Si6O18 and 
β-rhenanite β-NaCaPO4. The relative density of these materials obtained after firing at this temperature 
was ≈ 28%. It has been determined that both the bending and compressive strengths correspond to the 
strength limit for spongy bone. In vitro tests confirmed biocompatibility. 

To sum it up, the highly concentrated suspensions based on synthetic calcium phosphates and 
the aqueous sodium silicate solution can be recommended for porous composite biomaterials 
preparation with both defined geometry and a porous architecture of implants using extrusion 3D 
printing. The approach proposed in the current work allows one to achieve a given phase composition 
of composite biocompatible ceramic materials in the Na2O–CaO–SiO2–P2O5 system. 
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Metal-organic frameworks (MOFs) are highly porous compounds that can accommodate drugs. 
To be used as nanosized drug carriers, MOFs must have several properties: low toxicity, 
biodegradability, biocompatibility, and water stability [1]. Currently, indium compounds are widely 
investigated in biological and medical applications. The antibacterial, antifungal, and antiviral potentials 
of indium (III) complexes have been comprehensively discussed [2]. Therefore, it can be considered as 
a potential drug delivery system for some amino acids. L-histidine itself has antioxidant and anti-
inflammatory properties. L-histidine has been shown in many studies to scavenge both hydroxyl radicals 
and singlet oxygen. Many recent studies have demonstrated the therapeutic efficacy of 
"pharmacological" doses of L-histidine in animal models of inflammatory conditions, particularly 
gastrointestinal disease and cardiac ischemia-reperfusion injury, and have specifically linked histidine’s 
anti-inflammatory properties to its ability to scavenge toxic oxygen species [3]. 

The new In-MOF was synthesized using the microwave method. The crystal structure of the MOF 
was analyzed by powder X-ray diffraction. FTIR spectroscopy and TGA analysis were also performed. 
Particle morphology was determined using transmission electron microscopy (TEM). UV–Vis 
spectroscopy and impedance spectroscopy were used to investigate the drug loading of In-MOF 
particles. 

As a result, the kinetics of L-histidine loading into the In-MOF was studied for the first time. 
Maximum loading was achieved 20 min after placing the In-MOF in the L-histidine solution. The 
possibility of L-histidine inclusion was confirmed by modeling using the TOPOS Pro program. 
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Ion transport in nanoporous membranes plays an important role in many technological processes 

such as desalination, water separation and purification. The ability of nanopores to transport ions under 
the influence of an applied electric field is characterized by ionic conductivity, which is the ratio of the 
ion current to the voltage difference.  

This work investigates ion transport in porous anodic alumina membranes with carbon nanotubes. 
Porous membranes were prepared by the two-step anodization followed by removal of aluminum and 
barrier layer with electrochemical detection of pore opening [1]. As a result, free-standing nanoporous 
membranes with a diameter of 10 mm and a thickness of 70 μm were obtained. The SEM image of 
typical membrane surface is shown in Fig. 1a. Carbon nanotubes inside the pores with an internal 
diameter of ~ 16 nm are clearly visible. The ionic conductivity was measured in KCl aqueous solution in 
a specially designed cell, where membrane was placed between two compartments with equal salt 
concentrations. The wire Ag/AgCl electrodes were used to apply voltage between the compartments 
(from –0.5 to 0.5 V) and to measure the resulting ionic current. 
(а) 

 

(b) 

 

Figure 1. SEM image of porous anodic alumina membrane with carbon nanotubes (a);  
The dependence of normalized current density on the applied voltage  

difference for different salt concentrations (b). 
 

The experimentally obtained current-voltage curves are shown in Fig. 1b. The polarization of 
electrically conductive surface by the applied electric field induces the surface charge, which leads to 
the increase of charge carries (cations or anions) concentration inside the nanopore resulting in the 
increase of conductivity. This polarization becomes stronger with increasing the voltage difference, so 
the observed current-voltage curves are non-linear. This effect is most pronounced at low 
concentrations, while at high concentrations, the current-voltage curves become linear. In conclusion, 
we have experimentally confirmed the effect of ionic conductivity enhancement in electrically conductive 
nanoporous membranes.  
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Nowadays, chemical technologies aimed at hydrogen production are rapidly evolving, with a 

significant focus being placed on the development of alternative methodologies, such as photocatalysis. 
A promising photocatalyst for hydrogen generation is graphitic carbon nitride g-C3N4 due to its narrow 
band gap (2.7 eV) and high reduction potential of photogenerated electrons [1]. However, pristine g-
C3N4 exhibits low activity in photocatalytic reactions, which is attributed to the high recombination rate 
of photogenerated electrons and holes, as well as low adsorption of reactants on the photocatalyst 
surface [2]. Thus, the present research is to elaborate synthesis of modified g-C3N4 and its visible-active 
composite photocatalysts (x wt.% g-C3N4/1 wt.% Pt/TiO2 (x=0-99%)) for hydrogen generation from 
glucose water solutions.  

The initial components used in the synthesis are samples of commercial TiO2 Evonik P25 calcined 
at 750 °C and g-C3N4, which has been obtained by thermal polycondensation (T=600 °C, 2 h) of 
melamine and then subjected to calcination at 500 °C for 1 h in air. The deposition of platinum particles 
on the surface of TiO2 and g-C3N4 has been carried out by chemical precipitation. The composites have 
been synthesized by mechanical dispersion of g-C3N4 and 1% Pt/TiO2 in acetone. The characterisation 
of the samples has been conducted using X-ray diffraction (XRD), X-ray photoelectron spectroscopy 
(XPS), high-resolution transmission electron microscopy (HR-TEM) and diffuse reflectance electron 
spectroscopy (DRS). 
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The photocatalytic activity has been measured in an aqueous solution of alpha-D(+)-glucose 

(C0=0.1 M) at 20 °C and 1 atm using LED radiation (440 nm). The results indicate the following 
dependence of the photocatalytic activity W(H2) on the mass fraction of g-C3N4 in the samples. With the 
increase of g-C3N4 loading up to 10 wt.% the hydrogen release rate increases and reaches 713 μmol 
H2·g-1·h-1, which is 1.5 times higher than the activity of 1% Pt/TiO2 (473 μmol H2·g-1·h-1). Further rise in 
the mass fraction of g-C3N4 leads to a smooth decrease of W(H2) to 50 μmol H2·g-1·h-1 for 1% Pt/g-C3N4. 
According to XPS data, the photocatalyst surface composition remains unchanged despite Pt2+ 
undergoing reduction to Pt0, suggesting that platinum nanoparticles act as electron sinks. 
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X-ray excited deep photodynamic therapy (XPDT) is based on the use of scintillation materials as 
photosensitizers (PS). This method addresses the challenge of treating deep-seated tumors, as 
classical PDT using lasers can only treat superficial formations [1]. 

Therefore, an urgent task of modern radiation biomedicine is to discover new pharmaceutical 
agents for XPDT. In this study, we propose a novel combination of scintillation nanoparticles (NPs) 
based on cerium fluoride (CeF3), which is functionalized with flavin mononucleotide (FMN). CeF3 is a 
highly effective scintillator that demonstrates X-ray fluorescence with a broad maximum around 325 nm 
(UV region). FMN exhibits strong absorption in the UV/visible spectrum (peaks at 220, 265, 375, and 
445 nanometers), suggesting the potential for energy transfer from CeF3 to FMN and activation of the 
latter [2, 3]. The aim of this study was to synthesize and characterize the physicochemical characteristics 
of the nanoparticles, as well as to investigate their cytotoxicity towards normal and transformed cells in 
vitro. 

CeF3 NPs were synthesized by precipitation in alcoholic media. The NPs were then functionalized 
by the addition of a FMN solution. CeF3 NPs were synthesized by the precipitation method in an alcoholic 
medium. The nanoparticles were then functionalized by the addition of a FMN solution. Transmission 
electron microscopy revealed that the resulting NPs had a predominantly spherical morphology. The 
study of the spectral characteristics using spectrophotometry and spectrofluorimetry indirectly supported 
the possibility of energy transfer between CeF3 and FMN in the synthesized nanosystem. Dynamic light 
scattering demonstrated that all nanoparticles have a hydrodynamic diameter less than 200 nm, which 
makes them suitable for biomedical applications. It has been determined that the fluorescence quantum 
yield of CeF3 NPs is 0,50, whereas for the CeF3+FMN complex, it is 0,16. Based on these findings, it 
can be concluded that in our nanosystem, FMN efficiently absorbs light emitted by excited CeF3. Using 
electrophoretic light scattering techniques, it has been shown that the charge of the NPs is in the range 
of +37 to +47 mV. This indicates a high level of stability and a low level of NPs aggregation in the system 
that we have synthesized. It has been determined that freshly prepared sol solution samples exhibit an 
acidic pH level. Given that these nanomaterials are intended for use in biomedical applications, it is 
essential to adjust the pH to a neutral value. To accomplish this, a dialysis procedure was employed, 
which, as demonstrated by the study, resulted in an increase in the pH value by approximately 1,5-fold 
within a 24-hour period. 

The cytotoxicity of the synthesized CeF3 and FMN-modified CeF3 NPs was evaluated using the 
MTT assay and the Live/Dead assay on mouse fibroblast (L929), mouse melanoma (B16-F10), and 
human epidermoid carcinoma (A431) cells. The cells were incubated with the samples at concentrations 
of 10-6, 10-5, 10-4, 10-3 M. It was found that within the tested concentration range, neither CeF3 nor 
CeF3+FMN nanoparticles exhibited cytotoxic effects on normal (L929) or transformed (B16-F10 and 
A431) cells, did not decrease their viability, and did not reach the IC50 value within 24-72 hours of 
incubation. 

These results are promising for potential research into FMN-functionalized CeF3 NPs in X-ray 
studies. 
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Manufacturing of the nanoparticle-based drug delivery systems (DDS) depend on a large number 
of technological parameters. The optimal conditions are usually selected empirically, which is a 
resource- and time-consuming process. At the same time, the R&D process can be optimized by using 
design of experiments methods, which allow to identify the most significant parameters (factors) 
affecting the properties of the product [1]. 

The aim of this work was to obtain the PLGA nanoparticles (NP) with slow release of curcumin 
(Cur) chosen as the model drug. The NPs were prepared by the nanoprecipitation method; the following 
parameters were varied: polymer structure (i.e. lactic and glycolic acid monomer ratio [LA/GA], end 
groups structure [EG], molecular weight [Mw]), polymer and curcumin concentrations (CPLGA and CCur), 
rate of addition of the organic phase to aqueous phase (υ), and stirring rate (ω).  

The fractional factor design of the experiment (DoE) was used to identify the process parameters 
exerting the most considerable influence on the Cur release and to determine the optimal conditions for 
the nanoparticle preparation. This method enables evaluating of the influence of more than five 
parameters (factors) and significantly reduces the number of experiments required to select the optimal 
technique [2]. The factors were varied at 2 levels. 

The curcumin release rate was investigated as described in [3]. The release profiles of Cur were 
evaluated in phosphate buffer saline (PBS, pH 7.4) containing 0.1% w/v of Tween-80 to prevent 
precipitation of Cur in the aqueous media. The NPs were resuspended in the model medium to achieve 
the total Cur concentration of less than 10 µg/mL, and then the mixture was incubated at 37oC under 
stirring at 150 rpm. The 1-ml aliquots of the mixture were withdrawn at 0 min, 30 min, 1h, 2h, 4h, 6h, 8h, 
and 24 h with the medium replacement. The samples were centrifuged at 16000 g and 4oC for 20 min 
to separate the nanoparticles. The Cur content was determined in the supernatant 
spectrophotometrically (425 nm).  

The data analysis using the factorial DoE indicated that the main influencer of the Cur release 
rate was the CPLGA. The method optimization of the particle preparation technique using DoE resulted in 
the significant decrease of the Cur burst release rate (0 min) from 95% to 60%. 
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In recent times, magnesium-based materials have emerged as a promising class of temporary 
implants due to their remarkable properties, including strength, biocompatibility, biodegradability, and 
bioactivity. However, the practical use of magnesium implants is constrained by a number of issues 
associated with accelerated biodegradation. In this context, it is crucial to regulate the rate of 
biocorrosion by implementing coatings. One of the most promising methods for preparing protective 
biocompatible coating is atomic layer deposition (ALD), which is based on surface chemical reactions 
between gaseous reagents and the substrate. This method allows the production of homogeneous, 
uniform, conformal coatings and the ability to control the thickness and composition of complex oxide 
coatings with high precision. 

In this work, simple zinc, titanium, aluminium, zinc-titanium (ZTO) and aluminium-titanium (ATO) 
oxide thin films were prepared by atomic layer deposition on a surface Mg-based MA2-1pch alloy with 
a thickness of approximately 40 nm. For ALD of complex oxide coatings, the supercycle approach was 
employed. This approach involves the synthesis of a sequence of several single ALD cycles of simple 
oxide systems, forming a supercycle. ZTO and ATO nanocoatings were deposited at 200°C using diethyl 
zinc (DEZ), trimethylaluminium (TMA), deionized water, and titanium tetrachloride (TiCl4) or titanium 
tetraisopropoxide (TTIP) as precursors. 

Scanning electron microscopy (SEM) data showed that the coatings obtained were homogeneous 
and uniform in thickness. However, particles with different morphology and size were found on the 
surface of some samples. The chemical composition of the surface and the volume of the nanocoatings 
were investigated using X-ray photoelectron spectroscopy (XPS) and energy dispersive X-ray 
spectroscopy (EDX), respectively. The results demonstrated that ATO and TiO2 coatings obtained using 
titanium tetrachloride do not contain chlorine at ALD on the surface of a model substrate—silicon—while 
chlorine-containing impurities are formed when similar samples are obtained on magnesium. 

The biocorrosion rate of the obtained samples was evaluated by potentiodynamic curves, which 
were measured in physiological Ringer's solution. The samples with ATO series coatings demonstrated 
the most significant reduction in biocorrosion rates, while the TiO2 obtained using TiCl4 exhibited minimal 
reduction in corrosion currents. 

The adhesion, viability, and differentiation of osteoblast-like osteosarcoma cells (MG-63) and 
human mesenchymal stem cells (FetMSC) were investigated to analyze the biocompatibility of the 
obtained coatings. The results demonstrated high adhesion and spreading of MG-63 and FetMSC on 
the surface of all samples. The samples of TiO2-TTIP and all aluminum-containing samples exhibited 
no cytotoxicity, while the TiO2-TiCl4 and zinc-containing samples exhibited slight cytotoxicity. The 
differentiation of MG-63 and FetMSC cells in the osteogenic direction was studied using the marker of 
early differentiation, alkaline phosphatase (ALP), after two weeks of cell cultivation on the surface of 
samples. The ALP activity of the MG-63 cell line on the surface of the ATO-TiCl4 and ATO-TTIP samples 
was found to be slightly higher than that of the control sample. This indicates that these samples may 
facilitate the differentiation of MG-63 in an osteogenic direction. 

Thus, the ATO oxide nanofilms obtained by the ALD have a great potential for use as anticorrosive 
and biocompatible coatings for magnesium-based implants. 

 
Acknowledgements 
This work was supported by the Russian Science Foundation grant (project No. 22-73-00093 and 

24-73-00115). The research was conducted using the equipment of the resource centers of the 
Research Park of the St. Petersburg State University “Innovative Technologies of Composite 
Nanomaterials”, “Center for Physical Methods of Surface Investigation”, “Nanotechnology 
Interdisciplinary Center”, “X-ray Diffraction Studies”, “Nanophotonics” and “Center for Molecular and Cell 
Technologies”. 

  

mailto:lada.kozlova.20@mail.ru


 

78 

 

LUMINESCENT SENSORS OF HUMAN BODY TEMPERATURE BASED ON COPPER(I) CLUSTER 
WITH THIAMAZOLE AND NATURAL POLYSACCHARIDES 

Kritchenkov I.S., Kritchenkova A.Kh. 

Institute of Technical Acoustics NAS of Belarus, Vitebsk, Belarus 
Senior Researcher, PhD 

ilya.kritchenkov@gmail.com 
 

Body temperatures, as well as its homeostasis, are critical for warm-blooded animals, and 
deviations of this parameter from the norm can be a cause or an indication of the presence of serious 
pathological processes. 

In many cases, the problem of non-contact determination of body temperature is solved using 
thermal imaging technology, but it is usually characterized by low accuracy (in common cases about 
1°C), and also cannot be used at the micro level, for example, in studying biological processes in cells. 

An alternative method for determining temperature is the use of temperature-sensitive phosphors. 
Currently, the most common luminescent temperature sensors are organic substances and lanthanide 
complexes[1]. The most promising compounds published in the literature[1] have a sensitivity of about 
3–4% per degree K in the temperature range of 32–42 °C, which is lower than that of our phosphorescent 
composite sensors. 

It is also worth noting that only a few phosphors (for example, fluorescein and indocyanine green) 
have proven to be biocompatible and approved for medical use. The composites we obtained contain 
only biocompatible components: copper ions, thiamazole (an approved drug) and polysaccharide 
biopolymers. 

We synthesized a copper(I) cluster with thiamazole using a modified procedure that has 
advantages over that published in the original paper (Figure 1). 

15 20 25 30 35 40 45

3

4

5

6

7

8

9

10

L
if
e

ti
m

e
, 
m

s

T, оС
 

Figure 1. Scheme of the synthesis of the copper(I) cluster (left) and temperature dependency of the 
excitation state lifetime of this complex (right) 

 
This cluster was found to have intense phosphorescence with a maximum emission band at a 

wavelength of 480 nm. The data we obtained on the luminescent and sensory properties of this cluster 
are new and have not previously been reported in the literature. 

Photophysical studies have shown that this compound has effective sensing properties to 
temperature fluctuations in the physiological range (32 to 42°C) with a sensitivity of about 5% per K. 

Using ultrasound, composites of this cluster with biopolymers such as chitosan, starch and 
pullulan were obtained. It has been established that the introduction of this phosphor into the biopolymer 
matrix does not affect the photophysical properties: the cluster in the composite retains effective 
phosphorescence and thermal sensitivity. 
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Owing to its extraordinary puckered and highly anisotropic structure, unique semiconducting 

properties, high charge mobility, and good biocompatibility, 2D few-layer black phosphorus (FLBP) finds 
applications in various fields, such as electro- and photocatalysis, Li-ion and Na-ion batteries, field-effect 
transistors, supercapacitors, biomedical materials, etc. However, low environmental stability severely 
limits its processing in ambient conditions. Chemical functionalization and modification of the structure 
of FLBP can significantly improve its oxidation stability and promote the tailoring of its chemical, optical, 
and electronic properties [1]. 

Herein, we report the first experimental approach for covalent functionalization of FLBP with 
carbene intermediates using dichlorocarbene as model reagent [2], as well as a facile one-pot approach 
for simultaneous electrochemical exfoliation and methylation of black phosphorus (BP) [3]. 
 

 

Figure 1. Schematic illustration of the preparation of BP–CCl2 (a) and BP–CH3 (b). 
 

Size, thickness, and morphology of the obtained materials (BP–CCl2 and BP–CH3) were 
characterized by the methods of atomic force microscopy and transmission electron microscopy. The 
covalent functionalization of BP–CCl2 and BP–CH3 were confirmed by IR, Raman, XPS and solid-state 
NMR spectroscopy methods. Additionally, the possibility of the application of functionalized FLBP as a 
metal-free electrochemical hydrogen evolution catalyst is also presented. 
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Modern industry needs new generation materials with improved mechanical properties 
compared to the known ones. In particular, in the space, machine-building and aviation industries, there 
is a need for materials that, in addition to improved mechanical characteristics, have increased heat-
resistance properties. Composite materials with a nickel matrix meet these requirements. 

To create the most durable composites with a Ni matrix, it is necessary to use a reinforcing 
phase – particles, filaments or sheets with high hardness and strength values. Carbon-containing 
compounds, e.g. metal carbides, as well as allotropic modifications of pure carbon, such as nanotubes 
and nanodiamonds, have proven well as such reinforcing phases. However, when such particles are 
introduced into the metal matrix, a difficulty arises – carbides and carbon particles are not wetted with 
metal. As a result of this, defects occur in the material, significantly reducing its functional properties. 
To overcome this, we decided to cover the reinforcing phase particles by Ni shell to improve wetting. 

The purpose of our work was to study the effect of the reinforcing phase of different composition 
and size on the mechanical properties of the composites obtained by us. Materials reinforced with 
particles of the micron order (titanium carbide coated with Ni) and nanoparticles (nanodiamonds and 
nanodiamonds coated with Ni) were studied. 

As a result of the work, series of composites with a reinforced Ni matrix were obtained. The 
materials have higher mechanical properties compared to pure Ni. Values of Vickers hardness of the 
materials obtained can be seen in Figure 1. 

 

 
Fig.1. Vickers hardness of materials with different reinforcing phases 

ND – nanodiamonds 
 

The highest hardness for TiC particles reinforced materials of the micron order and coated with 
a Ni shell is due to a more uniform distribution arisen from increased wettability between the metal matrix 
and carbide. The hardness of nanodiamonds-reinforced materials has increased less, since 
nanoparticles have high surface energy and are most prone to aggregation. Also, the coating of particles 
with a Ni shell affects the strength properties. Materials reinforced with Ni-coated particles have higher 
tensile strength and elongation, which is also due to a more uniform reinforcing phase distribution. 
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Modern science has been directed towards the development of nanotechnology for several 

decades. Nanocomposite materials are of particular interest. There is a possibility of their application in 
catalytic reactions and in separation membranes for liquid and air media. Inorganic nanotube 
magnesium-nickel hydrosilicates were chosen as precursors for the production of composite catalysts 
and pervaporation membranes. Magnesium hydrosilicate Mg3Si2O5(OH)4 with chrysotile structure is 
unique due to its structural feature and important properties for practical applications. Hydrosilicate 
layered particles can fold under certain conditions due to excessive strain energy and difference in 
chemical composition on the outer and inner side of the layer [1]. The high specific surface area 
becomes one of the results of the process of multiple folding of the hydrosilicate particle, which makes 
this material promising in adsorption processes and for catalytic applications. One of the most significant 
properties of this material is its resistance to high temperatures [2]. The obtained composite materials 
with the inclusion of a small amount of magnesium hydrosilicate nanoparticles showed increased 
thermal stability due to the nanotubes embedded in the polyamide matrix [3]. Materials based on nickel 
hydrosilicate Ni3Si2O5(OH)4 with chrysotile structure demonstrated thermal stability and good catalytic 
activity in carbon dioxide conversion of methane [4]. 

This study is devoted to investigate the thermal decomposition process of hydrosilicate nanotubes 
based on the Mg3Si2O5(OH)4-Ni3Si2O5(OH)4 system. 

Hydrosilicates of the composition (Mg1-xNiх)3Si2O5(OH)4 (x ϵ [0, 1]) were prepared using the 
hydrothermal synthesis method. The starting mixture contained co-precipitated hydroxides of the 
composition Mg1-xNiх(OH)2 (x ϵ [0, 1]) and silicon dioxide. The Ni3Si2O5(OH)4 sample was prepared from 
Ni(OH)2 and nickel metasilicate NiSiO3. Sodium hydroxide solution with a concentration of 0.38 M was 
the medium for synthesis. The suspensions were treated for 24 h at a temperature of 350 °C - 400 °C 
and a pressure of about 70 MPa. Electron microscopic study was carried out to determine the chemical 
composition of the products. X-ray diffraction analysis of samples was carried out before and after 
thermal treatment of all samples. TG/DSC analysis was performed on the compressed tablets, in the 
temperature range from 25 °C to 1000 °C. To determine the change in phase composition, heat 
treatment of samples of the composition (Mg1-xNiх)3Si2O5(OH)4, where x = 0; 0.3; 0.5; 0.7; 1.0 at 
temperatures of 500, 600 and 700 °C, for 2 hours, was carried out. 

Heat treatment of all hydrosilicate samples in the temperature range of 25-1000 °C initiated 
several processes accompanied by thermal effects and mass losses. The dehydroxylation of the outer 
surface of the hydrosilicate nanotube occurs at a temperature of 500-700 °C with the formation of a 
semi-amorphous sepiolite-like phase (Mg1-xNiх)4Si6O15(OH)2. In this regard, the endothermic effect of 
this process was found to be quite broad. The mass loss during dehydroxylation is about 7-10 %. The 
exothermic effect at temperatures above 800 °C corresponded to the crystallisation of Mg-Ni-forsterite. 
The crystallisation of the Mg-Ni-forsterite phase becomes more difficult with increasing nickel content in 
the hydrosilicate. The exothermic effect becomes less intense and its minimum shifts to higher 
temperatures. In the sample of Ni3Si2O5(OH)4 the effect completely disappears, and crystallisation of 
forsterite-like phase does not occur at all, instead NiO phase is formed, which is confirmed by the data 
of X-ray diffraction analysis. 
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Waste polymers are one of the available feedstocks for the preparation of novel materials [1]. 

Significant progress in the waste valorization has forced chemists to consider other applications of such 
feedstock especially in the design of smart devices for “Internet of Things” (IoT) [2]. 

Among other wastes, polyethylene terephthalate (PET) is promising polymer for functional 
upcycling due to the easiness of structure modification [3] and possibility to extract terephthalates for 
further preparation of metal-organic frameworks (MOFs). Recently, we have found that surface MOFs 
are able to form graphene-like conductive layers via laser-induced carbonization [4]. 

Here, we developed the pathway of functional upcycling waste PET by laser-induced 
carbonization of Ni-BDC on the PET surface for the bend sensor design (Figure 1A). The laser treatment 
of PET@Ni-BDC led to the formation of specific pattern on the surface distinguished by high mechanical 
stability and exceptional performance (more than 1000 bending cycles at the bending angle of 44°) 
(Figure 1 B-D). 
 

 

Figure 1. A) Laser-induced carbonization of Ni-BDC on the PET surface. Resistive and mechanical 
characteristics of PET@C(Ni): B) resistance response to the bending depth; C) long-term durability 

testing during 1000 cycles of stretch and relax; D) tensile strength PET and PET@C(Ni); E) image of 
the bend sensor 

 
The bend sensor demonstrated the reproducible response on bending (Figure 1E). The linear 

response was observed in the range of 32 ± 1% up to 44° (Figure 1B). Reliability and stability of the 
sensor during cyclic bending were steady with deviation less than 3% between the starting and the end 
point (Figure 1C). The tensile strength of the composite material PET@C(Ni) changed from 38.2 to 57.1 
MPa compared to pristine PET (Figure 1D). Thus, the composite material PET@C(Ni) is promising for 
the implementation as a bend sensor within the “IoT” concept. 
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Organic electronics is an actively developing area that allow fabrication of biocompatible devices with 
unique properties such as flexibility, light weight, stretchability, and transparency. The characteristics of 
such devices depend on the semiconductor properties of the active layer materials, which in turn are 
associated with the morphology of films. Morphology control can be achieved through various 
approaches, including thermal and vapor annealing [1,2], the use of additives and co-solvents. However, 
the most advanced method is the selection of the optimal solvent for film deposition [3]. Herein, we 
employ solvent engineering to investigate the morphology behavior and modulate the charge transport 
characteristics of TB-T, TB-Ph, TB-TPh, and TB-Tz small molecules (SMs) consisting of thiophene-, 
benzene-, di(thiophen-2-yl)benzene, and thiazolothiazole-bridged (4-octyl-5-(alkylsilyl)thiophen-2-
yl)benzothiadiazole moiety, respectively (Figure 1). As an eco-friendly counterpart to widely used 
chlorobenzene, we selected non-polar hexane.  

 

Figure 1. Small molecules TB-Ph, TB-T, TB-TPh, and TB-Tz. 
 
We systematically investigated optical properties, morphology, and charge-transport characteristics of 
four conjugated SMs in thin films with respect to the processing solvents. Employing AFM and GIWAXS 
techniques, we found that the hole transport in donor-acceptor SMs is drastically affected by the film 
morphology and that the longer the length of the orientational order of molecules, the higher the mobility. 
Particularly, the highly oriented texture of hexane-cast TB-TPh films allowed to achieve the highest hole 
mobilities as compared to those of films based on thiophene-, and thiazolothiazole-bridged molecules, 
which showed minor enhancement in mobility. The favorable morphological changes occurring in the 
case of TB-Ph when applying hexane resulted also in a remarkable boosting of hole mobility, although 
the transport of charge carriers was limited by the discrepancy of alignment of the valence band of TB-
Ph and the work function of ITO electrode.  
Our study paves the way toward replacing halogenated solvents with environmentally preferable 
solvents as a straightforward approach to control the morphology and improve the electrophysical 
properties of organic semiconductor materials. 
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Photodynamic therapy for cancer greatly benefits from the use of X-ray activated phosphors.[1] 
Low-temperature conditions are being investigated for the potential incorporation of rare-earth elements 
into the structure of scheelite-structured calcium tungstate. It is shown that scheelite nanoparticles can 
be synthesized using microwave, microfluidic, and ultrasonic techniques with varying particle sizes. 
Calcium tungstate doped with trivalent lanthanides Ln3+ (Ln = Eu, Nd, Ce, Pr, Sm) was subjected to X-
ray Excited Optical Luminescence (XEOL) and ultraviolet-visible (UV-Vis) spectroscopy. Doping 
scheelite with europium resulted in the most notable increase in luminescence, according to an analysis 
of the luminescent properties. Examining the X-ray absorption spectrum in the XANES region measured 
beyond the L3-edge of tungsten, it can be concluded that there is a significantly higher density of free d-
states on the W atom. This phenomenon corresponds to the p-d transitions. To calculate the defect 
energy resulting from aliovalent substitution, the Mott-Littleton method was employed. It is proven that 
the defect energies differ insignificantly when substituting with various lanthanides. 
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Lithium-ion batteries are widely used currently. However, there are some problems associated 

with their use. This is primarily due to safety, since the electrolyte uses volatile solvents that can be 
dangerous. The second problem is related to the increased power of the device. An electrolyte need 
have a wider electrochemical “window”. To solve these problems, an electrolyte based on organic ionic 
plastic salts can be used. These electrolytes are thermally stable over a wide temperature range, have 
a high ionic conductivity and a wide window of electrochemical stability. N-methyl-N-propylpiperidinium 
perchlorate ([N13pip]ClO4) is an example of this unique type of compound. The literature reports that a 
doping organic ionic plastic salts by lithium cations an electrolyte with high lithium-ion conductivity can 
be obtained [1]. As an ionic additive at this work lithium perchlorate was used. 

The possibility of using binary system [N13pip]ClO4 – LiClO4 as the main electrolyte component 
for lithium-ion batteries was investigated. During the study, the thermal, electrochemical, and structural 
properties of both pure N-methyl-N-propylpiperidinium perchlorate and the system [N13pip]ClO4 – LiClO4 
were investigated. The thermal properties were analyzed using differential scanning calorimetry (DSC). 
A phase diagram of the system is proposed. The structural properties were determined by X-ray 
diffraction (XRD). The formation of a new phase, which is a double salt, has been discovered. 
Electrochemical tests have shown that lithium perchlorate-based systems are electrochemically stable 
up to a voltage of 4.9 V (fig.1).  
 

 

Figure 1. The voltage curve of the system (1-x)[N13pip]ClO4 · xLiClO4. 
 

The long-term galvanostatic tests of a symmetrical cell with lithium electrodes were carried out. It 
was shown that ion transport in the systems under study is obtained by lithium cations. 
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Functional materials with controllable porous structures are seen as promising options for a 

variety of applications in materials science, such as energy storage, catalysis, purification technologies, 
and green chemistry [1]. Various facile and versatile solution methods have been developed to aid these 
applications, including solvothermal and sol-gel synthesis, selective leaching, self-assembly, and 
template methods [2]. Although, many of these traditional approaches are limited in their scalability. 

In contrast, liquid metal-mediated approaches offer a potentially valuable alternative for material 
production. For instance, gallium and gallium-indium alloy (GaIn) can serve as agents for creating 
porous structures from metals and oxides, as well as sacrificial templates and structure-directing agents 
for producing hollow-structured materials with different compositions and shapes [3, 4]. Unfortunately, 
these approaches are not suitable for producing most metalloids due to gallium's lower reduction 
potential. Recent studies have shown that sodium-potassium alloy (NaK), another liquid metal, could 
address this limitation as sodium and potassium have two of the highest reduction potentials among 
metals [5]. So far, this liquid-metal alloy has been used to create mesoporous carbon, silicon, and 
germanium. However, this synthetic approach still has limitations in controlling the structure, 
morphology, and porosity of the final materials. 

In this study, we are developing a novel method to suggest a potential solution to the issues 
mentioned above by utilizing the eutectic liquid NaK-78 alloy for simultaneous chemical reduction, 
structure directing, and pore formation processes. The formation of porous materials in our method is 
provided by NaK alloy emulsions acting as sacrificial templates. A wide variety of functional materials, 
such as carbon, silicon, germanium, tin, antimony, iron, ruthenium, tantalum, niobium, titanium, and their 
oxides, with well-organized pore structures and specific surface areas ranging from 10 to 2000 m2, were 
successfully produced using the developed technique. 

In the concluding step of the study, our aim was to showcase the potential application of the 
produced materials in the fabrication of energy storage devices. Therefore, the synthesized tin- and 
antimony-based porous materials were integrated as active components in anodes of sodium- and 
potassium-ion batteries since Sn and Sb are commonly known as alloying-type anode materials. 
Through the utilization of our materials, we achieved favorable cycling stability (91% after 50 cycles) 
and capacities up to 353 mAh/g, with an initial fading observed in the first 10 cycles at a C/20 rate. 

In summary, we have introduced a novel and versatile template-free method for the synthesis of 
metal- and metalloid-based porous materials. For the first time, we utilized NaK-78 emulsions as 
sacrificial templates to generate hollow nanostructured materials with customizable porosity, shape, and 
composition. Our research demonstrates that NaK serves as a multifunctional agent for chemical 
reduction, structure directing, and pore formation processes concurrently. The proposed method is 
simple, scalable, and highly variable, making it suitable for many applications, including energy storage, 
and catalysis. 

 
[1] Nat. Mater., 2021, 20, 1179 
[2] Adv. Mater., 2020, 32, 2002780 
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Food safety and quality control during transport and storage are major challenges for the fish 
industry. After fish death, biodegradation of tissues occurs, which is accompanied by the release of a 
number of specific chemical compounds that are considered biomarkers of fish spoilage, primarily 
biogenic amines [1]. 

The main methods used to assess the level of fish spoilage and to determine the concentration 
of harmful contaminants in fish are usually liquid and gas chromatography and mass spectrometry. 
These approaches have many disadvantages, such as the complexity of rapid analysis, the need for 
expensive equipment and highly qualified specialists [2]. Therefore, the development of more efficient 
and economically feasible technological solutions and approaches to implement sensor platforms for 
rapid qualitative and quantitative analysis of the quality and freshness of fish products is an extremely 
important task [3]. 

In this paper, a fast and efficient electrode fabrication approach is proposed for the development 
of electrochemical sensors for the detection of biogenic amines. It is based on the laser-induced 
deposition of metallic nanostructured materials from deep eutectic solvent systems. This method allows 
to obtain structures with a developed surface of a given geometry on different surfaces at a rate 500 
times higher than from aqueous solutions [4]. This work presents the laser synthesis of metal electrodes 
(Fig. 1a), their comprehensive characterization and their electrochemical analysis to study their sensory 
response to biogenic amines using cyclic voltammetry, chronoamperometry and differential pulse 
voltammetry methods (Fig. 1b). 

 
Figure 1. (a) Photos of the stages of laser synthesis from DES, (b) DPVs of Ni patterns recorded in 

solutions containing dopamine (DA) and acetaminophen (AP), (c) The linear dependences of the 
analytical signal on the concentration of AP and DA. 
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Nanomaterials based on plasmonic metal nanoparticles have great potential for medicine, 
pharmaceuticals and sensors. Their unique optical properties are due to the enhancement of local near 
fields under the influence of external electromagnetic waves upon the excitation of plasmon resonance. 
The optical properties of such nanomaterials depend on the characteristics of the nanoparticles: shape, 
size, material [1]. Therefore, the development of methods for the formation of new nanoparticles with a 
given shape is an urgent task. The plasmon resonance effect can be especially useful for studying the 
optical properties of chiral molecules, since they give very weak chiroptical signals due to the difference 
between molecular sizes and the wavelength of incident light [2]. One of the main methods for studying 
chiral molecules is circular dichroism spectroscopy (CD). It can be expected that in the field of chiral 
plasmonic nanoparticles, the CD signal of chiral molecules will also be enhanced. 

The authors achieved the formation of chiral plasmonic silver nanocrescents using a 
combination of colloidal lithography and ion-plasma sputtering methods. The new technique makes it 
possible to obtain chiral nanocrescents of various orientations and widths by controlling the angles of 
deposition and sputtering (Scheme 1).  

 

Scheme 1. SEM of chiral plasmonic nanocrescents of varying widths 
 

It was shown that the resulting nanoparticles are characterized by enhanced absorption and a 
CD signal in the visible and near-IR region.  

To sum up, a new formation method provides a rapid and inexpensive way of forming chiral 
nanocrescents. Along with the techniques commonly used to measure the optical properties of metal 
nanoparticles (extinction and fluorescence spectroscopy), we anticipate that CD will play an important 
role due to the number of effective ways it can be used to detect interactions between biomolecules and 
chiral plasmonic systems. Broader research is also needed to determine the relationship of crescent 
asymmetry with the CD signal and how to integrate such surfaces into functional commercial devices. 
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            PH value (hydrogen ion activity) is a very important chemical and biochemical property in many 
fields of science and industry sectors, such as medicine, biology, agriculture, environmental monitoring, 
etc. For example, the pH value of water is a significant parameter for aquatic animals and plants, which 
can only survive in the framework of the exact pH values or in an acidic or alkaline environment [1]. 
Flexible sensors are able to control changes of pH in small quantities of test samples, which is explained 
by microsizes of such systems. Thus, there is a demand for simultaneously manipulation and 
measurement of small amounts of analyte. The most appropriate option is to use magnetic cilia, which 
are actuated by using an external magnetic field. This has a number of advantages: it does not require 
any mechanical connection from the artificial cilia to the external source, flexible magnetic artificial cilia 
can be made using low-cost materials and techniques and most microfluidic components, cells and 
chemicals do not interact with magnetic fields, making it possible to treat magnetic artificial cilia and 
their external actuators as an auxiliary system, and providing a level of freedom in designing and 
integration of artificial cilia into an application environment [2]. 
            In this study have been investigated the potentiometric graphene-based sensor for pH 
measurement integrated with magnetic cilia platform. The fabrication of the sensor starts with a 
preparation of PET (polyethylene terephthalate) flexible substrate and making a required two-electrode 
pattern using a laser engraver. Further, the Ag/AgCl paste applied on the pattern to make electrodes 
with good conductivity [3, 4]. One of the electrodes is covered with graphene paste with mass ratio 
graphene: PDMS=3/7. To complete a working electrode, graphene dispersion is deposited onto the 
surface of graphene paste. Polyvinyl pyrrolidone (PVP) is introduced as a dispersant to separate sheets 
for its conjugated structure with the same π-π bond like graphene. The structure of dispersion was 
checked using a scanning electron microscope (SEM). The conductive tracks were then coated with 
PDMS (polydimethylsiloxane) to protect the electrodes from water. The pH sensor was tested in a water 
solution with different concentrations of H+ ions. The pH sensor showed an excellent sensitivity of about 
23 mV/ph. The recovery time was about 10s. The magnetic cilia was integrated to make the pH 
measurement in a controllable and automated manner. The fabrication of the magnetic cilia includes 
preparation of the magnetic ink (NdFeB particle and PDMS with mass ratio=3/7) and making a mold 
with 3D printing technology [2]. The magnetic control of cilia was quantified by 3D Helmholtz coil in a 
wide range of amplitude and frequency of magnetic field. 
           The pH sensor with good sensitivity and response time was received. It was integrated with 
magnetic cilia to make the process of measurement more convenient and automated. It is planning to 
optimize the sensor to increase sensitivity. We believe that integration of magnetic cilia will be beneficial 
for creation of the automated mini-lab for study of the properties of biological liquids.  
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Currently, the widespread and not always justified use of antibiotics has led to the emergence 
and increase in the number of bacteria resistant to antimicrobial drugs. The creation of new antibacterial 
dosage forms requires long-term time and financial costs for obtaining new compounds, their 
characterization and testing in vitro and in vivo. One of the promising approaches to solve this problem 
is the simultaneous use of inorganic nanoparticles of compounds with a pronounced bactericidal effect, 
as well as their combination with antibacterial drugs. Silver nanoparticles are optimal in terms of the 
ratio of antibacterial activity and cost. 

Recently, methods of green chemistry and green synthesis have been actively developed. This 
direction is associated with the use of environmentally friendly renewable natural resources, such as 
plant extracts, in the production of materials. Silver nanoparticles are obtained using extracts of aloe 
vera, green tea, rosemary and other representatives of the flora exotic to our region. Aqueous extracts 
of medicinal herbs such as chamomile, calendula, and oak bark are actively used as rinses in the 
treatment of otorhinolaryngological diseases. Colloidal silver-based drugs are also used for bacterial 
sinusitis: collargol and protargol.  

In this work, plant extracts and silver nanoparticles were combined. Aqueous extracts of medicinal 
plants are reducing agents, stabilizers of silver nanoparticles, and are also active components in the 
formed systems. To confirm the presence of silver nanoparticles in the resulting systems and establish 
their size parameters, methods of X-ray phase analysis, UV spectroscopy and dynamic light scattering 
were used. The composition of the organic component was characterized by UV and IR spectroscopy. 
The average size of the resulting silver nanoparticles was 30-60 nanometers, depending on the nature 
of the reducing agent extract, but did not depend on the concentration of precursors. During the work, 
the optimal conditions for the formation of colloidal solutions were determined. The resulting systems 
were active against E. coli and S. aureus, in contrast to plant extracts. 

The resulting nanoparticles were included in the particles of the antibacterial drug dioxidin using 
cryochemical modification. This method makes it possible to obtain hybrid nanosystems with a size of 
50-400 nm, which are particles of the drug substance inside and on the surface of which there are 
inorganic nanoparticles whose size corresponds to the size of the particles in the original colloidal 
precursor solution. 

 
Acknowledgements 
The work was carried out within the framework of the state assignment of M.V. Lomonosov 

Moscow State University, topic No AAAA-A21-121011590090-7. 
  

mailto:alinka.mak04@yandex.ru


 

91 

 

INVESTIGATION OF THE PERMEABILITY OF PAINT COATINGS FILLED WITH BASALT 
PRODUCTION WASTE 

Maliavina Y.M.1, Silaeva A.A.1, Romakhina T.R.1, Kukushkina E.A.1, Snimshchikova Y.O.1, Rodnikov 
D.T.1 

1D.I. Mendeleev University of Chemical Technology of Russia, Moscow, Russia 
Graduate student 

jonkey.moa@yandex.ru 
 

The protection of large-sized metal structures operated under atmospheric conditions is mainly 
carried out using protective paint and varnish materials [1]. Such compositions should prevent the 
diffusion of aggressive media, in particular water, to the metal substrate in order to protect it from 
corrosion. Thus, the permeability of paint coatings is one of the key factors determining the protective 
properties of such coatings [2]. 

In addition to the main components of the paint and varnish material, such as a film-forming 
substance and pigments, fillers are introduced into the composition of such materials in order to reduce 
the cost of the composition. Recently, waste from various industries has been increasingly used as 
fillers. The use of such waste is aimed not only at reducing the harmful effects on the environment, but 
also at giving the paint composition special properties [3]. 

This work is devoted to the study of the effect of mineral filler, waste from basalt production, on 
the permeability of paint coatings. The results of the conducted studies show that the introduction of the 
filler under study does not lead to a decrease in the physical and mechanical characteristics of the 
paintwork, there is an improvement in protective properties with a decrease in the permeability of 
coatings based on polyurethane and epoxy based with an optimal ratio of fillers. Microtalk, zinc 
phosphate and barium sulfate were also present in the compositions, which were partially replaced by 
the filler under study. Previously, the effect of another filler of a similar nature on the permeability of 
polyurethane and epoxy coatings was investigated. The results of the study showed the influence of 
basalt filler on the curing processes, leading to an increase in the degree of curing and a decrease in 
the permeability of coatings. The purpose of this work was to confirm the results obtained by examining 
another basalt filler. 

To assess the possible effect of basalt filler on the permeability of the paintwork, the acid-base 
properties of its surface were evaluated by potentiometric titration. Determination of the content of acid-
base centers is based on the use of the method of potentiometric titration of the suspension of the filler 
under study with aqueous solutions of p-toluene sulfonic acid and caustic potassium. Since the operation 
of the pH meter is based on measuring the electromotive force created by the electrochemical part of 
the device (electrodes), titration, in which a change in the pH of the suspension is recorded when a 
titrant is added, refers to potentiometric methods. Titration results showed the presence of the main 
centers on the filler surface in the amount of 97,28 mmol/g. The effect of the basalt filler content on the 
degree of curing of coatings by the gel-sol fraction method was also studied. The method for determining 
the degree of curing of coatings based on the content of the gel-sol fraction in the film is based on the 
ability of the soluble part of the films (sol fraction) to be washed out with a solvent during extraction in a 
Soxlet apparatus. The method consists in the quantitative determination of a sol fraction that is not 
bound into a three-dimensional polymer grid (gel fraction). Based on the results obtained, it can be 
concluded that the introduction of a basalt filler affects the degree of curing of coatings, which, in turn, 
may affect permeability. 
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The development of industry in recent decades has not only improved people's lives by making 

them more comfortable but has also led to the problem of water contamination [1]. Industrial activities 
on a large-scale result in the production of numerous unnatural substances and materials that can have 
unpredictable consequences when they find their way into water, air, or soil. One of the most dangerous 
water pollutants are antibiotics [2], which are extensively used not only for medical purposes but also in 
agriculture. The presence of antibiotics in water can lead to bacteria mutations and the development of 
resistance to many of them.  

Tetracyclines, which are broad-spectrum antibiotics commonly used to treat various infections, 
have become widespread in animal husbandry due to their effectiveness and low cost [3]. As a result, 
residues of these drugs end up in wastewater through animal urine, posing significant threats to human 
health and ecosystems. 

As a way utilization of the pollutant after its separation from wastewater, one can use the process 
of photodegradation - the destruction of molecules under the light. The second option is desorption with 
a smaller amount of solvent. This method allows to concentrate the pollutant for its further disposal. 

It is clear an efficient way to extract these contaminants from aquatic environments is needed. In 
this work we propose to use boehmite (γ-AlOOH) as such a substance. It is not-toxic and can be 
obtained on an industrial scale, which makes it a promising sorbent for wastewater treatment. 

Boehmite nanoparticles were obtained by a hydrothermal method using aluminum nitrate and 
sodium hydroxide. All samples were fully characterized by XRD, TEM, IR and SSA was obtained using 
BET method. Based on the experiments performed, the activation energies of particle growth were 
calculated.  

Sorption and desorption experiments were held for 3 tetracycline antibiotics: oxytetracycline, 
tetracycline and chlortetracycline. Experiment parameters like time, solvent pH and concentrations were 
optimized. Spectrophotometry was used for preliminary experiments and HPLC was chosen for 
quotative analysis of model solutions and real wastewater. 

As different crystallographic modifications of Al2O3 are widely used as a sorbent, some of the 
samples were calcined to establish their properties. It was shown that the optimal sample S240_500 
allows removing 90% of antibiotics from the solution, and also a high degree of elution is achieved for 
it, which indicates the possibility of its regeneration. A sorbent was tested to remove the antibiotics 
described above from real wastewater taken in the centre of St. Petersburg, and high results of pollutant 
sorption were shown. 
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Recently, one of the most serious environmental problems has been a sharp increase in the 
amount of non-recyclable waste from polymer materials. According to 2021 data from Plastics Europe, 
about 44% of plastic is used as packaging material. [1] They are most widely used in the food industry 
for long-term storage of products. The use of disposable packaging and personal protective equipment 
makes a significant contribution to the deterioration of the environmental situation, especially during the 
Covid-19 pandemic. One of the possible ways to reduce the burden on the environment is to create 
biodegradable packaging materials based on natural substances. Promising materials for this purpose 
are polysaccharides, such as starch (ST) and chitosan (CTS), due to their biocompatibility and the 
availability of raw materials. 

In order to be able to create a material from ST combined with CTS, the original polysaccharides 
were modified, since CR is soluble in alkaline media, and CTS in acidic media. Modification of ST was 
carried out by graft polymerization with acrylamide (AA) and CTS treatment with еnanthaldehyde (EA) 
to form Schiff bases. The conditions for combining modified CTS with ST in aqueous acid solutions in a 
mass ratio of 1 to 2 and 1 to 3, respectively, have been worked out. In order to increase mechanical 
properties and bactericidal properties, nanoparticles of titanium dioxide (TiO2) up to 5wt% relative to 
polysaccharides were introduced into the composition. Film samples were obtained using the casting 
method. The structure of the compositions was studied using IR spectroscopy, scanning electron 
microscopy and X-ray phase analysis. 

Introduction of nanoparticlesTiO2 helps to increase the strength characteristics of film materials 
based on polysaccharides. The dependence is extreme, the best indicators are observed when content 
of 2wt.% TiO2 relative to the mass of CTS and ST:AA. The highest value of the tensile strength of the 
films was 26.2 MPa and at a deformation of 8.1%, which is 3.2 times higher than that of the sample that 
does not contain nanoparticles. It should be noted that despite satisfactory tensile strength 
characteristics, they turned out to be brittle in bending. Therefore, the films were additionally modified 
with a plasticizer, which was glycerol (GL). 

The introduction of GL led to an increase in bending elasticity. The best results were shown by 
films containing 25wt.% GL and 2wt.% nanoparticlesTiO2. Surprisingly, it turned out that the introduction 
of GL does not lead to a decrease in tensile strength compared to a composition that contains only 
nanoparticles. The strength of the films reaches 30 MPa, the deformation increases to 12wt.%, which 
exceeds the corresponding indicators of films based on modified ST presented in the literature - 15 MPa 
and synthetic packaging materials - 22 MPa. 

In addition, the permeability of nitrogen, oxygen and carbon dioxide of the synthesized films was 
studied. For films based on ST:AA-CTS-EA in a ratio of 2 to 1, the permeability for N2 is 0.013 Barrer, 
for O2 – 0.019 Barrer, for CO2 – 0.41 Barrer. The permeability values show that the resulting films are 
medium barrier, and the barrier properties with respect to oxygen are superior to the main polymers 
(PET, LDPE, BOPP, etc.) used as packaging materials. The introduction of TiO2 nanoparticles does not 
affect the permeability of the films. 
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Some crystals don't bond in three dimensions. Layered crystals, for instance, have strong bonds 

within planes but weaker bonds between planes. This proper-ty enables them to be peeled apart into 
nanosheets, which are thin sheets, micrometers wide but less than a nanometer thick. This process 
yields materials with incredibly high surface areas, over 1000 square meters per gram, enhancing their 
surface activity significantly. This characteristic finds applications in various fields, like serving as 
electrodes in supercapacitors or batteries [1]. Also, nanolayers can be used to synthesize new, 
composite nanomaterials based on the reassembly process. In particular, layer-by-layer assembly of 
LDH nanosheets with other 2D materials has emerged as a widely employed strategy to preserve the 
nanosheet structure and ensure synergistic performance. 

The first stage of the work involved the development of a method for the synthesis of layered 
double hydroxides (LDH) and layered perovskite-like oxides (LPLO) intercalated with surfactant 
molecules. We selected 3 layered hydroxides: Mg2Al-LDH, Ni2Al-LDH, Co2Al-LDH and 3 layered 
perovskite-like oxides: KCa2Nb3O10, CsCa2Ta3O10 and K2La2Ti3O10. The precursors of organic-inorganic 
LDH derivatives were synthesized by a hydrothermal method to maintain maximum crystallinity and 
contained a carbonate anion in the interlayer space [2]. Next, a technique was developed for the 
preparation of nitrate derivatives of LDH by the anion exchange method. This stage is required to replace 
the more stable carbonate anion with the less stable nitrate anion, to facilitate the subsequent 
introduction of surfactants. For all nitrate hydroxide derivatives, organic derivatives containing 
pentanoate, octanoate and dodecyl sulfate anions in the interlayer space were obtained. The interlayer 
distances for the LDH data were 17, 21 and 25 Å, respectively, which indicates the arrangement of 
surfactant molecules in the form of a monolayer in the case of this synthesis procedure. The precursors 
of organic-inorganic perovskite-like oxides were synthesized by classical ceramic method. After this, 
protonated forms of layered oxides were synthesized by mixing the original alkaline form in a strong acid 
solution. The protonated form has been used to prepare organic derivatives of layered perovskite-like 
oxides with butylamine, octylamine, and dodecylamine in the interlayer space. All samples were fully 
characterized by XRD, SEM, IR and Raman spectroscopy, TGA and CHN-analysis.  

The second part of the work is to develop a technique for exfoliation and retaking of all obtained 
organic derivatives in a non-polar solvent . The use of nonpolar solvent is due to the opposite charges 
of oxide and hydroxide nanosheets. Oppositely charged nanolayers in stable suspensions in non-polar 
solvents, being attracted to each other, are capable of forming a new composite material in which layers 
of oxide and hydroxide alternate with each other. In this work, we report for the first time the possibility 
of decomposition of layered perovskite-like oxides in a non-polar environment, as well as the preparation 
of nanocomposites based on nanolayers of layered double hydroxides and layered perovskite-like 
oxides.  
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The study investigates the nonlinear optical properties of microcrystalline powders of the DAST 

dye and its supramolecular complexes, presenting a novel approach to optical materials science. 
Traditionally, the exploration of nonlinear optical phenomena has heavily relied on single crystals, which 
are often challenging and time-consuming to grow. However, this research proposes the utilization of 
microcrystals as a viable alternative. The primary aim is to demonstrate the applicability of this method 
and elucidate the optical behavior of the system. 

The use of microcrystals offers several advantages over single crystals, including simpler 
synthesis processes and enhanced versatility in experimental setups. Through comprehensive 
spectroscopic analysis and theoretical modeling, the study elucidates the nonlinear optical response of 
DAST microcrystals and their supramolecular complexes. Notably, the research showcases the 
feasibility of employing microcrystalline powders in diverse optical applications, ranging from nonlinear 
frequency conversion to optical switching and modulation. 
 

 

Figure 1. Second harmonic generation and cascade excitation of luminescence in crystalline powder 
DAST 

 
Furthermore, the findings underscore the potential of microcrystalline DAST as a promising 

candidate for the development of advanced photonic devices and integrated optical circuits. By 
harnessing the unique optical properties of these microscale structures, researchers can explore new 
avenues in optical materials science and pave the way for innovative technologies with applications in 
telecommunications, biophotonics, and beyond. Overall, this work contributes to expanding the scope 
of nonlinear optics and highlights the significance of microcrystal-based approaches in advancing the 
field of optical materials science. 
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Inorganic nanoparticles can act as precursors in the production of ceramics [1]. In this case, the 

advantage of using nanoparticles compared to powders of larger particles is the efficient occurrence of 
sintering, lower energy costs for this process, as well as the possibility of fine-tuning the composition, 
and therefore the optical/luminescent characteristics [2,3]. It is possible to produce ceramics from 
nanoparticles not only by standard hot sintering, but also by a number of other methods, among which 
stereolithography, laser sintering, technology of melting material in a layer, etc. are very popular. These 
methods make it possible to control the shape of the final ceramic element, which is important for such 
applied areas as instrument making, marking, etc. 

Among the methods for producing various structures, including ceramics, techniques using laser 
exposure have high potential. The ability to focus laser radiation into a small surface area provides a 
high degree of spatial localization of the process, and therefore high-precision shape control, which 
determines the advantage of laser-based technologies over analogues in the production of luminescent 
ceramics from nanoparticles.  

In this work, Al2O3 nanoparticles were used as a starting material for producing ceramics on 
glass substrates. Al2O3 ceramics was obtained as a result of laser-induced melting and/or 
recrystallization under wide range of laser parameters such as: laser radiation power, pulse repetition 
rate, processing time, number of laser scans. The results of X-ray diffraction analysis (XRD) 
demonstrated that the ceramics is characterized by the same characteristics XRD peaks as initial Al2O3 
nanoparticles. Morphology (SEM, optical microscopy) were obtained and analyzed. 

 

Scheme 1. XRD of Al2O3 nanoparticles and ceramics on a glass surface. 
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Liquefied natural gas (LNG) is one of the most important and reliable energy carriers; it possesses 

high energy capacity, eco-friendliness and excellent logistics capabilities. However, its storage in a 
cryogenic state (at a temperature of ~ 111 K) requires special techniques to protect from boil-off gases 
(BOG), which emerge due to external heat flow inside a cryogenic vessel or during the refueling process. 
BOGs are usually released into the atmosphere via protective valves or simply burned if their rational 
utilization or recovery is impossible, leading to the loss of valuable energy resource and strengthening 
the greenhouse effect. In this regard, the development of new methods for the LNG vapors capture and 
storage is an issue of scientific and practical interest. 

Adsorption-based capture and storage of the LNG vapors (ALNG) is a promising method for 
improving cryogenic methane storage systems [1]. One of the key objectives in this area is searching 
efficient highly-porous materials, such as metal-organic frameworks and microporous carbon 
adsorbents. However further improvement of the ALNG capacity can be achieved using the capillary 
condensation effect in mesopores at subcritical temperatures. 

In the present study, the molecular dynamics (MD) calculations and the Dubinin theory of volume 
filling of micropores (TVFM) were used for optimizing the parameters of micro- and mesoporosity of new 
adsorbents intended for the ALNG technology. The results of theoretical modeling were used for 
designing the synthesis routes for preparing novel adsorption materials with a tailored micro- and 
mesopore structure from various precursors. The textural properties of the adsorbents were investigated 
by x-ray diffraction, scanning electron microscopy, and low-temperature nitrogen adsorption and other 
methods. 

 
Scheme 1.  Values of the total volumetric capacity VF of the ALNG system (A) loaded with designed 

micro-mesoporous carbon composites (B) compared to the best samples of carbon adsorbents (AR-1) 
and MOF (MIL-101) at temperatures: 1 – 143, 2 – 178 and 3 – 243 K. 

 
Methane adsorption on novel adsorbents and was measured experimentally in the range of 

temperatures of 112−333 K and pressures from 5 Pa to 5 MPa using a custom-made adsorption unit. It 
was found that the capillary condensation of methane in mesopores ensured an extraordinary adsorption 
capacity of new composites, over 400 m3(NTP)/m3, which exceeds all known achievements in this area 
of research. 
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Due to its antibacterial properties and non-toxicity, zinc oxide is engaged in the cosmetic industry 

(foundation creams, sunscreens) and medicine. Besides, a new urgent task is the use of zinc oxide as 
a photocatalyst for the decomposition of cyclic organic compounds that polluting wastewaters. Being a 
semiconductor, ZnO can be used for photodegradation of molecules, but there is a problem of creating 
an effective catalyst. 

To solve this issue, it is worth referring to the fact that a feature of zinc oxide is the rapid course 
of the process of oriented attachment (OA) during synthesis. This topic has hardly been studied and 
opens up a lot of possibilities for regulating the structural and functional properties of ZnO. 

In this work, based on our understanding of the OA process, counterions were used in the 
synthesis of ZnO nanoparticles, since this is the most easily adjustable parameter in the control of OA. 
Sulfate anion and nitrate anion were utilized as counterions. It is worth noting that there is a certain 
minimum in the form of structural blocks (hereinafter referred to as blocks), which are able to assemble 
in different ways into larger structures (nanorods, plates, flowers, etc.). In addition, during the synthesis, 
the holding time of the reaction mixture (0 and 90 min) and the order of reagents injection (SEQ – 
separately and SIM – simultaneously) were varied. The obtained samples were characterized by XRD, 
FTIR, SEM, SSA, XPS, Raman spectra, absorption and reflection spectra. 

It was found out that the use of sulfate anions as counterions leads to the appearance of an 
additional phase of zinc hydroxide, therefore, zinc oxide nanoparticles obtained in cases of nitrate 
application were used for subsequent studies. The characterization also showed the presence of defects 
and oxygen vacancies in the ZnO structure. 

Quantum chemical calculation methods were used to calculate the band structure of the samples, 
the interaction of the blocks with each other and the interaction of the surface of the blocks with ions 
present in the reaction mixture. Calculations revealed that the band gap energy corresponds to that 
obtained experimentally by constructing absorption spectra in Tauc plot. Moreover, it has been 
demonstrated that the most effective interaction is between blocks which surfaces are expressed by 
faces (0 0 1), while other faces (1 0 0) are “closed” to interaction because of adsorbed ions. 

It is noteworthy, the OA process depends on which blocks are present in the reaction medium. In 
order to change the blocks and their varying connections, two procedures SIM and SEQ were used. 
Additionally, data analysis showed that holding the reaction medium for 90 min practically does not 
change the structural parameters of nanoparticles, which leads to the conclusion that the processes of 
block formation occurs directly while gaining the particles. The SEM data show the formation of grouped 
nanorods and flower-like structures using zinc sulfate. As for the use of the nitrate anion as a counterion, 
the formation of flowery clusters of nanoparticles in the case of the SIM procedure and nanoplates of 
the SEQ procedure was observed.  

Photocatalytic activity was screened for four samples: ZnO particles were kept for 30, 60 and 90 
minutes in a methylene blue (MB) dye solution, considered as a model of wasterwater, under the visible 
light radiation. The optimal sample turned out to be the one that was synthesized by the SEQ procedure 
using nitrate ions. The high efficiency of photodegradation is explained by the fact that this sample has 
a more accessible face (0 0 1) due to the assembly of blocks, which decomposes MB better under these 
conditions, which was also confirmed by quantum chemical calculations in our previous works. 

Thus, the control of the process of oriented attachment makes it possible to regulate not only the 
morphological, but also the photocatalytic properties of ZnO nanoparticles. 
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Phase change materials (PCM) are attracting increasing attention from researchers and 

engineers due to their potential to utilize the latent heat of phase transitions for various applications such 
as thermal energy storage, heat exchange processes, and thermal barriers. Interest in PCM continues 
to grow due to the need to develop efficient and environmentally friendly technologies as well as to 
improve the energy efficiency of various systems. 

Of particular interest is the study of the phase behavior of n-alkanes as potential components of 
PCM. n-Alkanes are simple organic compounds consisting of linear chains of carbon atoms that possess 
a number of unique physical and chemical properties. It is important to note that n-alkanes have specific 
phase behavior. Firstly, they exhibit rotator phases - quasicrystalline structures and transitions between 
them are possible, i.e. phase transitions of the solid-solid type. Secondly, they are characterized by the 
effect of surface crystallization – when a molten n-alkane is cooled, a crystalline monolayer appears on 
the surface of the liquid, at temperatures 2-3 degrees above the melting point [1, 2]. 

n-Alkanes have several advantages that make them promising candidates for use in PCM. They 
have a wide range of phase transition temperatures depending on the number of carbon atoms in the 
molecule, high heat capacity, are non-toxic, chemically inert, and are available in production [3]. Thus, 
studies of the phase behavior of n-alkanes are important both from the fundamental point of view for 
understanding the peculiarities of phase transitions in organic compounds and from the practical point 
of view for the development of new and improvement of existing PCM based on them. 

This work is devoted to the preparation and investigation of physicochemical properties of 
nanosized aqueous dispersion of n-eicosane (C20H42) with a characteristic particle size (radius) of 100 
nm (measured by DLS) and describes a method for obtaining such a stable dispersion without the use 
of surfactants. It is important to note that the studied dispersions can withstand multiple heating-cooling 
cycles while maintaining collodion stability, which is an important property for PCM. 

Using the ultramicroscopy method NP Counter (NP Vision, Russia) [4], the numerical 
concentration of n-alkane nanoparticles was measured for the studied samples. An estimate was made 
of the mass concentration of n-alkane in samples from such measurements, taking into account data on 
the average particle size by the DLS method. 

By means of new optical method, the temperatures of phase transitions during heating and 
cooling of the studied sample of a nano-sized aqueous dispersion of n-alkane were determined. This 
method is based on measuring the temperature dependence of the intensity of scattered light on the 
dispersion under study. During the phase transition of n-alkane particles in the dispersion, their refractive 
index will change abruptly, which will lead to a change in the intensity of the scattered light. In this way, 
optical changes in the system are measured, rather than thermal effects, as in calorimetry. The 
measured temperatures of phase transitions (melting, crystallization, rotator phases) in samples of 
aqueous n-alkane dispersions coincide with published data. 
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One of the ways to improve and control the solubility of ceramic material for bone tissue 
regeneration is to use biphasic ceramics based on high-temperature modifications of Ca3(PO4)2 (TCP) 
and CaNaPO4. A neutral pH of 7.4 is maintained in the human body, which, according to calculations, 
can be obtained for Ca(3-x)Na2x(PO4)2 with an approximate value of x = 0.273. The phase diagram of this 
system in the high-temperature region is insufficiently studied, therefore it is necessary to investigate it 
to determine the conditions for obtaining biphasic ceramics with a given (Ca+Na)/P ratio. Thus, the aim 
of this work was to study the phase equilibria in the system Ca3(PO4)2-Ca2.5Na(PO4)2 to obtaining of 
biocompatible ceramic materials. 

To clarify the quasi-binary section of the phase diagram of the Ca3(PO4)2-CaNaPO4 system in the 
high-temperature region, the fabrication of β-TCP and Ca2.5Na(PO4)2 phase «А» powders was carried 
out by solid-phase reactions. Next, mixtures based on TCP and phase "A" were prepared in 10 mol. % 
(11 compositions), which were subjected to heat treatment at temperatures 1000 – 1400 oC with slow 
cooling and quenching. To study the phase field boundaries, all the obtained mixtures were investigated 
by differential thermal analysis (DTA) and dilatometric analysis. The studies were carried out at different 
heating/cooling rates in the range from 30 to 1500 oC.  

The limits of existence of the two-phase region of β-TCP and «А» phase were determined, which 
lies in the range from 20 to 100 mol. % of «А» at temperatures from 1000 to 1150 oC. For compositions 
with x = 0.273, the formation of α-TCP and «А» phase was found in the high-temperature region. 
Biphasic ceramics based on the composition of 50 mol% α-Ca3(PO4)2 / 50 mol% «А» were obtained by 
sintering at 1300 oC with a 12-hour holding time and quenching to fall within the specified composition 
region in the phase diagram. In the heat treatment process for the pressings, shrinkage starts at 1100 
oC and is 11 % when heat treated with 12 hours holding time. As a result of this heat treatment, it was 
possible to obtain ceramics with a density of up to 92 %. Compressive strength of this ceramic was 103 
± 22 MPa. To obtain ceramics based on a composition of β-Ca3(PO4)2 and phase «А», it was decided 
to use a multi-stage heat treatment approach. Under such a regime, heating up to 1300 oC with a long 
holding time was carried out to ensure efficient sintering of the material, followed by cooling to 1100/1030 
oC and quenching to get into the specified range of compositions. According to SEM data for samples 
of selected compositions, effective adherence of individual crystallites is observed, accompanied by 
grain growth with their capture of individual pores. However, there are some cracks present in the 
samples, possibly arising during the quenching process. The presence of cracks can lead to low 
mechanical strength, so the proposed heat treatment mode requires further development. 
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Core-shell nanoheterostructures based on amorphous selenium nanospheres of 200 nm with 
Ag2Se shell of 2 nm exhibit pronounced dielectric Mie-resonances with high extinction cross-section, 
and low optical losses in the visible region [1]. Semiconductor nature, high monodispersity and 
amorphous structure in combination with strong Mie-resonances in the visible region make a-Se/Ag2Se 
nanoparticles (NPs) a promising material with enhanced photocatalytic activity. Here, we demonstrate 
the influence of dielectric Mie-resonances in colloidal a-Se/Ag2Se NPs of 200 nm on the rate of leuco-
methylene blue (LMB) photooxidation. 

We propose that Mie-resonance optical excitation in the spectral region of Ag2Se absorption 
provides enhanced e-h pairs photogeneration in Ag2Se shell due to Mie-scattering resonance energy 
transfer (MIRET) [2]. According to the energy diagram (Fig. 1a) photogenerated holes are able to oxidize 
LMB molecules near the surface of NPs, while photogenerated electrons are captured at trapping levels 
of a-Se core. 
 

 

Figure 1. Proposed mechanism of leuco-methylene blue photooxidation in the presence of a-
Se/Ag2Se NPs of 200 nm (a); extinction spectra of colloidal NPs and methylene blue solution before 
reduction, used in the kinetic experiments (b); kinetics of leuco-methylene blue photooxidation (c). 

 
To identify the influence of dielectric Mie resonances on the rate of LMB photooxidation we used 

reference sample without NPs and samples of a-Se/Ag2Se NPs of 50 nm (without Mie-resonances) and 

200 nm (with Mie-resonances at λ600 nm) (Fig 1b). Aqueous colloidal solutions of NPs (1.3 mL, pH=5), 
purified by dialysis, were studied under Ar in the presence of 0.5 wt% polyacrylamide (Mw=1000000) 
and 6.8 μM LMB, pre-obtained by MB reduction on Zn-amalgam. The total surface area of NPs in the 
solutions was constant in all experiments. Kinetic experiments were carried out with constant stirring in 

the dark or under LED illumination at λ620 nm, favoring e-h pairs photogeneration in Ag2Se shell and 
Mie-resonance excitation. The extinction spectra of the solutions under study were measured every 5 
min to determine the optical density at the maximum of MB absorption band (662 nm). The data obtained 
was used to plot kinetic curves (Fig. 1c). The rate of LMB photooxidation in the presence of 200 nm a-
Se/Ag2Se NPs is 2 times higher compared to 50 nm NPs, taking into account LMB photooxidation 
kinetics in the absence of NPs (reference sample). This fact clearly indicates photocatalysis 
enhancement provided by MIRET effect. Thus, a-Se/Ag2Se NPs of 200 nm can be considered as 
perspective semiconductor photocatalyst with high effectivity in the visible and near-infrared region. 
 

References 
[1] Appl. Surf. Sci. 2020, 513, 1 
[2] ACS Catalysis 2022, 12, 7975 
 

Acknowledgements 
This work was supported by the program 2.1.04.01 «Chemical processes, reagents and 

technology, bioregulators and bioorgchemistry». 
  

mailto:dmitry_murausky@mail.ru


 

102 

 

CRYSTALLIZATION CONTROL OF ANIONIC THIACALIXARENES ON SILICON SURFACE 
COATED WITH CATIONIC POLY(ETHYLENEIMINE) 

Muravev A.A., Botnar A.A., Skorb E.V. 

ITMO University, St. Petersburg, Russia 
PhD 

muravev@itmo.ru 
 

Surface modification of solid substrate with macrocycles and polyelectrolytes is a promising 
strategy towards advanced soft materials due to the control of molecular arrangement and 
supramolecular organization [1-2]; however, understanding the nature of interactions within the 
assembly is challenging. 

Here a facile approach to the control of the architecture of calixarene macrocycles on soft surfaces 
is presented through the interplay of weak interactions involving solid silicon substrate, cationic 
polyelectrolyte layer, and anionic sulfonatothiacalix[4]arene (STCA) (Scheme 1). Topological analysis 
of atomic force microscopy (AFM) images of STCA on silicon, as well as silicon wafers modified with 
neutral polyethyleneimine (PEI) and cationic PEI-H+ indicates different surface morphology and 
assembly behavior of STCA on such substrates. Drop-casting of calixarene solution onto silicon induces 
the formation of chaotically oriented needle crystals. When there is globular PEI, a nucleation point for 
the STCA crystals is formed on the polyelectrolyte surface, which grow into rosette structures. In 
contrast, protonated PEI with a chain-like structure alters the self-organization of STCA on silicon 
surfaces leading to a dense uniform fiber-like network. These results are promising for the development 
of ion-permeable biocompatible membranes suitable for tissue regeneration and other self-healing 
materials utilizing guest encapsulation behavior of thiacalixarene cavity and adaptive and responsive 
properties of flexible polyelectrolyte nanofilm. Density functional theory modeling of the system 
components self-assembly reveals thermodynamically favorable face-to-face antiparallel aggregation of 
STCA monomers and contribution of H-bonding into PEI(PEI-H+)–STCA and Si–STCA association. 
 

 

Scheme 1. AFM visualization and DFT calculation of self-assembly of sulfonatothiacalix[4]arene 
molecules on the PEI-coated silicon wafer 
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Biomass is a rich source of renewable carbon, which can be converted using a range of 

technologies into environmentally friendly fuels and chemicals. An important environmental problem is 
the large number of waste products from the production of biodiesel, in particular crude glycerol, the 
main by-product (about 10 wt.%) of the biodiesel industry. Utilization of glycerol with conversion to 
products with high added value is currently an urgent task in the direction of green, energy-saving and 
low-carbon development in the field of atmospheric ecology and the development of bioenergy. In this 
regard, effective methods of increasing conversion (dehydration, carboxylation and other processes) 
are highly required [1,2]. The effectiveness of glycerol conversion is determined by a catalyst and its 
sorption capacity in respect to glycerol. Moreover, the development of mesoporous structures is 
important for the kinetics of the sorption and chemical reactions. 

In this contribution we report results of the synthesis of mesoporous zeolites starting from 
microporous ones, results of the investigation of glycerol sorption for pristine microporous and 
mesoporous samples and results of testing efficiency of zeolites under investigation in reactions of 
dehydration and carboxylation of glycerol. The objects under investigation are series of catalysts with 
different type of structure – mordenite and ZSM-5, and different content in ratio of Al/Si. 

The procedure for the development of mesoporosity was carried out by treating microporous 
zeolites with a solution of sodium hydroxide under low heating in order to create disordered secondary 
porosity. Moreover, the protonated form was obtained by treating dried leached samples with ammonium 
nitrate, followed by calcination. Nanoparticles of Ag and other transition metals were precipitated from 
solutions of salts, for example, silver nitrate.  The change in Al/Si ratio was followed by EDX analysis 
(Shimadzu EDX 800 HS). Surface area, pore volume and pore size have been estimated by BET and 
BJH methods on the base of nitrogen adsorption experiments (QuadraSorb SI). 

The sorption of glycerol have been investigated by methods of thermogravimetry of desorption 
(Netzsch STA 449 F1) and by isothermal calorimetry of sorption (Setaram C80) for various microporous 
and mesoporous zeolites. A comparative analysis will be focused on the role of zeolite topology and 
secondary porosity as it was done in [2]. Finally, the amount of glycerol and heat effect of sorption have 
been obtained as specific values in respect to zeolite-base catalysts and glycerol molecules. As 
additional result of thermal analysis the preferable temperature for reactions of the glycerol conversion 
has been estimated. 

It will be present some results of catalytic efficiency of modified zeolites under investigation in 
reactions of glycerol conversion in value-added chemicals - dehydration to acetol in gaseous reactions 
and carboxylation to glycerol carbonate in liquid medium. 

The research was conducted using the equipment of the Saint Petersburg State University 
Research Park: Center for Thermal Analysis and Calorimetry, Interdisciplinary Center for 
Nanotechnology, Center for Diagnostics of Functional Materials for Medicine, Pharmacology and 
Nanoelectronics. 
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The problem of finding environmentally friendly sources of energy is acute today. One of the 

many ways to solve this problem is to develop methods, including the use of photochemical 
processes, in which part of the solar radiation can initiate chemical reactions, one of the most 
attractive being the reaction of water decomposition to produce hydrogen. With this in mind, an 
important task is to obtain the most active photocatalyst, i.e. a substance that facilitates the course of 
photoreactions. 

Among the others, the use of layered double hydroxides (LDHs) (compounds whose structure 
can be described as an alternation of positively charged layers consisting of double metal hydroxides 
and an interlayer space where anions are located) is attractive. Because of this layered structure, 
these substances have a significant potential for further modification, in particular the introduction of 
different molecules into the interlayer space [1], the formation of composite materials based on them, 
or the splitting (exfoliation process) into separate layers [2]. Subsequent changes in the structure 
make it possible to significantly increase the photocatalytic activity of the layered double hydroxide 
itself or a composite material based on it. 

The present research focuses on a new method of exfoliation of layered double hydroxides 
Ni/Al, Mg/Al and Co/Al and on the study of the photocatalytic activity in the hydrogen evolution 
reaction of their exfoliated form. Within the framework of this method, carbonate forms of these 
layered double hydroxides were synthesized by hydrothermal method, which consisted of mixing 
nitrates of the corresponding metals (in a ratio of 2/1 divalent and trivalent) with methenamine 
(concentration in solution = 0.15 M) in an autoclave, the hydrolysis of which at 150ºC for one day   led 
to the formation of the target carbonate form of LDH, which was separated by centrifugation and after 
have been washed to a neutral environment . Subsequently, a method for obtaining nitrate forms of 
these LDHs was studied, since at different concentrations of reagents and acidity of the medium, 
samples with different degrees of purity were obtained, in particular, it was found that the most single- 
phase samples are obtained when 200 mg of the carbonate form of LDH is placed in 20 ml of 
an acidic solution of sodium nitrate (104 μl of nitric acid and 2.55 g of sodium nitrate). The method 
itself consisted of mixing in a specific proportion LDH, sodium nitrate and a solution of nitric acid, 
after which the solution was stirred for two days with the replacement of the solution. In this work, the 
exfoliation of LDH in aqueous solutions of organic substances (DMSO, DMF, formamide, THF, 
isopropanol, N-methyl-2-pyrrolidone) was studied, carried out by forming a suspension under the 
influence of ultrasound for one hour at temperature control (10ºC) in a dispersing agent, after 
which the solution was centrifuged for an hour at RCF = 1000. The resulting nanolayers were 
separated from unexfoliated part by centrifugation and were studied by dynamic light scattering, UV-
Vi’s spectroscopy and scanning electron microscopy. The photocatalytic activity was studied for the 
reaction of hydrogen evolution from methanol solution, which consists in illuminating a given solution 
in the reactor with an ultraviolet lamp, where the target reaction took place during thermostatting, the 
gas products of which were recorded by gas chromatography. 

It has been found that the smallest hydrodynamic radii (46-60 nm) have LDH whose 
decomposition has been carried out in DMSO, DMF, N-methyl-2-pyrrolidone and especially in 
isopropanol, indicating their successful decomposition in these aqueous media, and has also been 
studied the photocatalytic activity of exfoliated forms in the reaction of hydrogen evolution from an 
aqueous solution of methanol. 
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One of the main obstacles in the delivery of chemotherapy is now the development of drug delivery 

systems (DDSs) with therapeutic selectivity and efficacy. Furthermore, the hydrophobicity of 

chemotherapeutic medicines hinders the efficacy of DDSs that are now under investigation. When 

multiple cancer treatment modalities, including photothermal therapy (PTT) and chemotherapy (CHT), 

are combined, the synergistic improvement of anticancer drug localization and therapeutic efficacy is 

accomplished. These multimodal approaches provide localized heat-assisted death and anticancer 

medicine administration at the same time as reducing the inadvertent systemic side effects of a single 

therapy. However, when CHT-PTT is utilized as a direct cancer treatment, its effectiveness is diminished 

due to its non-targeted effects. Considering the previously described limitations of CHT-PTT, we 

developed a GNRs-based nanoplatform that improved drug/dye accumulation by means of FR-targeted 

endocytosis. To sum up, GNRs were electrostatically coupled to amphiphilic PPEG-Folic acid (PPFA) 

that had already been produced. GNRs functionalized with water-soluble amphiphilic ligands form 

kinetically stable complexes when paired with hydrophobic drugs and dyes. The effective release of 

these medications and dyes into cells has been shown by cytotoxicity tests and fluorescence 

microscopy. Notably, the particles exhibit negligible or no cellular absorption, rendering these low-

toxicity particles highly attractive for use in delivery applications. The loading of three distinct 

hydrophobic anticancer drugs was greatly improved by the synthesized PPFAGNRs. Conversely, FA on 

the PPFAGNR moiety promotes the development of nanoplatform toward overexpressed FR. When 

exposed to near-infrared (NIR) radiation, the plasmonic characteristic of the GNR raises temperature. 

This causes all anticancer medications to release more readily and progressively reduces the viability 

of cancer cells. Our findings demonstrate that GNR-based nanoplatform may efficiently transport 

hydrophobic drugs to their target site and function remarkably well in conjunction. 
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Polyorganosiloxanes are a large and important group of diverse hybrid compounds and materials 

known as "silicones". They play a key role among other polymers due to their unique properties. One of 
the most important features of these materials is their minimal change in mechanical and dielectric 
characteristics under moderate temperature increase. It is known that PDMS has a very low glass 
transition temperature (-123°C), this fact is making these polymers highly promising for creating frost-
resistant materials. However, its crystallization temperature is relatively high (-40°C), significantly 
limiting the application of such polymers in low-temperature conditions without additional structure 
modification [1,2]. Phenyl, ethyl, and other groups can act as modifying fragments, which can suppress 
crystallization. Previously, it was shown that the introduction of 3 mol% benzyl fragments into the 
macromolecule chain suppresses the crystallization of PDMS. However, the synthesis process was 
poorly controlled [3].  

One of the main methods for obtaining polyorganosiloxanes of various structures is ring-opening 
polymerization (ROP). It enables the production of high molecular weight polymers with relatively well-
defined molecular weight compared to polycondensation methods [4]. The main substrates, which are 
using in such reactions are organocyclosiloxanes. The most important substances of this class are 
octamethylcyclotetrasiloxane (D4) and hexamethylcyclotrisiloxane (D3). Cyclosiloxanes, which contain 
fragment other than methyl, such as ethyl, fluoroalkyl, phenyl, etc., are used to obtain copolymers with 
desired performance properties (oil resistance, heat resistance, improved cold resistance). 
Organocyclosiloxanes of mixed composition are of particular interest because with such monomers, the 
necessary material properties can be incorporated at the molecular level [5]. 

In this regard, we decided to modernize the synthesis of methylbenzyl copolymers. For this 
purpose, we synthesized 1-benzyl-1,3,3,5,5,7,7-heptamethylcyclotetrasiloxane. The kinetics of its 
copolymerization were studied, and a series of copolymers based on it were obtained and their 
thermophysical properties were investigated (Figure 1). 

 
Figure 1. Scheme for obtaining polymer based on 1-benzyl-1,3,3,5,5,7,7-heptamethylcyclotetrasiloxane 
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Currently, the availability of clean water is becoming an important problem for all countries where 

exists a high level of pollution from industrial and domestic wastewater containing huge amounts of 
organic compounds. For this reason, water decontamination has attracted much attention. 
Photocatalysis is a green, simple, fast and economical method for water decontamination as it only 
requires a catalyst and light. Titania TiO2 is one of the most used photocatalyst due to its high activity, 
chemical stability, availability, low cost and environmental safety. However, TiO2 can only be activated 
using UV light irradiation. However, by modifying the composition and morphology of a given 
semiconductor, it is possible to shift the absorption zone to the visible region of light, thereby increasing 
the photocatalytic activity. For example, the doping of TiO2 by nitrogen and carbon leads to a decrease 
in the bandgap from 3.2 to 3.06 eV [1]. The use of a Ti-based metal-organic framework (MOF) as a 
precursor of TiO2 allows also to increase the specific surface area of the photocatalyst, and thus to 
improve its activity [2]. 

In this study, the Fe3+-doped MIL-125 Ti-based MOF was prepared and converted by thermolysis 
into porous Fe3+-doped TiO2. The influence of the Fe3+-doping on the photocatalytic activity of TiO2 
under visible and simulated solar light was investigated. Fe3+-doped MIL-125 was prepared by a 
solvothermal method conducted in a DMF/MeOH solution using terephthalic acid and titanium 
isopropoxide as precursors. The synthesis was carried out in a Teflon-lined autoclave at 150°C for 48 
h. Doping was carried out by adding FeCl3 (0.2 and 1 mol%) during the synthesis of MIL-125. The 
obtained samples were washed with DMF and methanol, dried and then calcined under air for 2 h at 
450°C in a tube furnace with a heating rate of 2°C/min. 

DRS results showed that the doping in Fe3+ ions allows to improve the visible light absorption. 
FT-IR spectroscopy and XRD demonstrate that upon calcination, all organic ligands are removed (single 
signal located at ca. 480 cm-1 of the O-Ti-O bond) and that pure anatase Fe3+-doped TiO2 was produced. 
The study of the photocatalytic activity of the obtained samples under visible light showed that the 
Fe(0.2%)-TiO2 showed significant improvement in efficiency for the degradation of the Orange II dye 
(Fig. 1). 

The results of the study confirm the potential of Fe3+-doped TiO2 as an effective photocatalyst 
under visible light region. This opens up new prospects for its use in water purification processes, which 
will help improve the environmental remediation. 

 

Figure 1. Photocatalytic performance of the 0.2 mol% Fe3+-doped sample for the degradation of 
Orange II under visible light irradiation. 
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Magnetic carbon-based aerogel is an emerging high-performance electromagnetic wave 
absorbing material due to its unique structural advantages, which lays a good foundation for 
electromagnetic wave propagation and attenuation [1-2]. However, the traditional post-processing 
methods of magnetic carbon-based aerogels have difficulties in maintaining the aerogel structure, 
adjusting the content of magnetic components, and dispersing the magnetic particles [3-5]. In this 
research, we first induce a topological deformation of bulky Ni-MOF particles to generate Ni-MOF 
aerogel assembled by crosslinked fibers, and then convert this intermediate aerogel into final Ni/C 
composite aerogels (NCCAs) through controllable high-temperature pyrolysis. This novel strategy 
achieves high loading and homogeneous dispersion of magnetic metal nanoparticles on the carbon 
skeleton. The best product (NCCA-2) exhibits the best electromagnetic absorption performance in this 
series of composites with strong reflection loss and wide effective absorption bandwidth. Subsequently, 
we emloy Ni-MOF as a precursor, induce topological deformation in the presence of graphene oxide 
(GO) nanosheets, and finally harvest the composite aerogels composed of GO nanosheets and Ni-MOF 
fibers. It is found that GO nanosheets can resist the thermal shrinkage of composite aerogels during 
high-temperature pyrolysis and endow the final Ni/C@rGO composite aerogels (NCGCAs) with 
extremely high porosity (96.4%) and low density (0.04 g cm-3). Electromagnetic analyses reveal that 
both the changes in structure and composition reinforce the overall loss capability of NCGCAs 
effectively, and thus generate obvious improvements in broadband response with a thin thickness (12.8-
18.0 GHz, 1.5 mm). The good EM absorption performance of NCGCAs is significantly superior to those 
of many reported Ni/C aerogels. In addition, the structural advantage of NCGCAs also demonstrates 
their potential application in thermal management. This GO-mediated MOFs deformation is a promising 
strategy for the formation of high-porosity magnetic metal/carbon composite aerogels, which may bring 
some unexpected benefits in different fields. 
 

 
Scheme 1. ToC figure this research. 
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Tungsten carbide WC, due to a unique combination of high hardness and strength that persist 

even at relatively high temperatures, is the main component of the most widespread hard alloys used in 
metal working, mining and oil and gas industries. One of the ways of improving the performance of these 
materials is to go from micro- to submicro- and nanostructure [1]. However, as the particle size is 
reduced, the surface area increases and is easily contaminated by atmospheric oxygen. During 
sintering, impurity oxygen partially decarburizes WC, being removed in the form of CO and CO2, which 
leads to a change in the phase composition and formation of a porous structure of the final material [2, 
3]. 

In this work, an attempt was made to prevent the decarburization of nanocrystalline WC during 
sintering by binding the impurity oxygen into a strong, hard and refractory oxide ZrO2 before it interacts 
with carbide carbon. 

For these purposes, ZrC was added to WC; its amount was calculated by the change in the phase 
composition (carbon loss) during sintering of nanocrystalline WC without additives. Nanocrystalline 

powders (Daver  20-30 nm) of WC, WC-ZrC and WC-ZrC-Y2O3 were prepared from microcrystalline 

powders (Daver  4-5 mm) of WC, ZrC and Y2O3 in a planetary ball mill Retsch PM 200 using 3 mm milling 
balls and 50 ml jars made of WC-Co hard alloy. The following milling parameters were used: 10 hours 
with 500 rpm rate; powder to balls ratio 1:10; volume of C3H8O – 10 ml. Compaction of the obtained 
powder mixtures was carried out at room temperature in a steel cylindrical mold with a diameter of 7.45 
mm by uniaxial pressing under a pressure of ~ 460 MPa. The green compacts were sintered in a high-

temperature laboratory vacuum furnace Centorr LF-22-2000 with 15 min exposure at 1400 С and 
vacuum ~ 10-2 Pa. After sintering, the samples were cut across the cross section. Then the internal 
surface was ground and polished on a BUEHLER MOTOPOL 8 facility using special grinding disks and 

diamond suspensions with particle size from 30 to 1 mm. 
The initial microcrystalline powders, nanocrystalline powder mixtures prepared therefrom, as well 

as their compressed and sintered samples were certified using X-ray diffraction, BET method, chemical 
analysis for carbon and oxygen content, scanning electron microscopy with EDS analysis, pycnometry 
and Vickers method. Simultaneous thermo-gravimetric analysis and differential scanning calorimetry 
(TGA-DSC) were used to study the chemical and physicochemical processes occurring in 
nanocrystalline powders during heating. 

The studies performed showed that the use of nanocrystalline powders makes it possible to obtain 
dense (up to 99%) and hard (11-26 GPa) ceramics by conventional vacuum sintering. The ZrC additive 
prevents the decarburization of WC during sintering of ceramics by binding impurity oxygen into 
monoclinic m-ZrO2 oxide, and when Y2O3 is added to the mixture, oxygen is bound into tetragonal t-
ZrO2 (YSZ). It was shown that the presence of oxide inclusions ZrO2 does not preclude intensive growth 
of WC grains during sintering, rather the opposite, it contributes to it. In addition, the presence of ZrO2 
in WC-based ceramics leads to a reduction in microhardness, but increases its crack resistance, 
especially in the case of the tetragonal phase t-ZrO2 (YSZ). 
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Lithium-ion batteries (LIBs) demonstrate many advantages, such as high energy density, low self-
discharge, long cycle life, and negligible memory effect, making them competitive in battery market [1]. 
LIBs have been used in mobile devices, electric vehicles, hybrid electric vehicles, stationary energy 
storage, and other fields. The electrochemical performance of LIBs depends on the positive electrode 
(cathode), therefore, the development of cathode materials with higher energy density, longer cycle life, 
and higher safety is one of the most important scientific and industrial issues [2]. Currently used positive 
electrode materials such as LiCoO2 (LCO), LiFePO4 (LFP), LiMn2O4 (LMO), LiNixCoyMnzO2 (x+y+z=1, 
x<0.6) [3], do not have sufficient performance characteristics for a confident shifting of from internal 
combustion engines to electric vehicles. In turn, layered transition metal oxides LiNixCoyMnzO2 with an 
increased nickel content (x ≥ 0.6), so-called Ni-rich NMCs, are the most promising materials for next-
generation LIBs. Increased nickel content in LiNixCoyMnzO2 provides both high specific capacity (≥220 
mAh/g) and high energy density (≥800 Wh/kg) as well as lower cost compared with the commercialized 
LCO. However, although the high nickel content in the NMCs can increase specific capacity, their low 
electrochemical and mechanical stability hinders their further application in commercial LIBs. During Li 
(de)intercalation, the crystal structure of Ni-rich NMCs is known to undergo a series of phase transitions, 
causing sharp changes of the unit cell parameters. It leads to the accumulation of mechanical stresses 
and consequent microcracks propagation along the grain boundaries of the polycrystalline NMC. It 
entails the parasitic reactions of the material with the electrolyte components, causing capacity fade as 
well as compromising the battery safety [4].  

The promising approach to mitigate these issues is the use of single crystal Ni-rich NMCs (SC-
NMC) with the size of about 1–2 μm. The SC-NMCs demonstrate reduced surface reactivity and 
transition metal dissolution towards electrolyte due to lower surface area and high structural wholeness. 
Moreover, the diminished porosity of the particles entails higher theoretical density as well as more 
mechanically stable through the calendaring process of the electrodes preparation. The significantly 
reduced number of intergranular boundaries in the bulk of the SC-NMC particles provides a reversible 
process of layer slip and self-healing of microcracks during prolonged cycling of the material, which 
affects a better resilience to the bulk changes during Li (de)intercalation. However, the problems of 
microcrack formation still exist since due to the near absence of grain boundaries, growth propagates 
along the movement of dislocations and irreversible planar gliding. Moreover, the kinetic characteristics 
of SC-NMC are worse than those of polycrystalline analogue, depending strongly on the state of charge 
(SOC) [5].  

To solve both problems, within this work two new approaches based on synthesis of composite 
SC-NMC materials with nanoinclusions and core-shell structured SC-NMCs were applied. The first 
approach includes obtaining crystals reinforced with nanosizes particles of non-isostructured 
compounds. In this case, the nanoinclusions act as a pinning center for microcracks, stopping their 
growth and improving the cyclic stability of the material during prolonged cycling at high current 
densities. The second method involves the synthesis of a core-shell structured SC-NMC, where Ni-rich 
SC-NMC acts as the core while Co-rich layered oxide is shell. The using Co-rich shell results in 
increasing the kinetics characteristics of the modified materials without losing the capacity retention.  
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The studies described in the work are devoted to the self-reinforcement of gypsum in the 

process of structure formation of the binder matrix. The development of the theory of hardening of 

gypsum composites provides a scientific basis for increasing performance characteristics and 

expanding the scope of their application. For example, in the field of 3D printing. The gypsum matrix, 

strengthened with crystals as a reinforcing element, is also the basis of structural materials. The use of 

fly ash with a high content of free calcium oxide increases the efficiency of the synthesis of composites. 
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During the last two decades novel emerging solar cell types based on brand new working 
principles have been extensively developed as an alternative to conventional crystalline silicon solar 
cells [1]. Among them, dye-sensitized solar cells (DSSCs) attract significant attention due to their 
potentially lower production costs, low toxicity and better performance under diffuse light conditions. 

State-of-the-art DSSCs have power conversion efficiencies (PCE) exceeding 13% under standard 
lighting conditions (AM1.5G, 1000 W/m2). It was shown previously that DSSCs perform well under low-
light intensities and under scattered lighting conditions, providing higher PCE values under light 
intensities in the 10 – 200 W/m2 range as compared to standard AM1.5G illumination [2]. Moreover, 
under LED indoor light DSSCs showed impressive PCE values exceeding 25%, making this solar cell 
type suitable for various Internet-of-Things applications [3]. Considering the fact that lighting conditions 
close to AM1.5G are not often reachable, optimization of DSSCs particularly for low-light operation is of 
great fundamental and practical interest.  

Conventional DSSCs based on TiO2 mesoscopic nanocrystalline layers sensitized by ruthenium-
based dyes (N719, C106) were used in this study. Optimized fast sensitization procedure using DMSO 
dye solutions was applied in order to decrease the TiO2 staining time up to 10 minutes. Photoelectric 
properties of DSSCs were measured under varied light intensities in the range of 10 – 1000 W/m2. 
AM1.5 solar simulator was used as a light source and a set of neutral density filters (Marumi, Japan), 
uniformly decreasing the intensity of the light flux in the spectral range from 300 to 1100 nm, was used 
to reduce the incident light intensity. PCE measurements for DSSCs were also performed under LED 
artificial illumination at 1000 lux imitating indoor lighting conditions. 

In this research particular attention was paid to the optimization of DSSCs performance under 
low-light conditions. The influence of several parameters, such as dye loading and the iodine 
concentration in the electrolyte on the photoelectrical characteristics DSSCs under low illumination 
conditions were studied. Obtained results showed that at reduced illumination intensities (10 – 100 
W/m2) the PCE for studied DSSCs is increased by 20% as compared to the values obtained at standard 
lighting conditions. This effect is more pronounced for the DSSCs based on low I2 electrolytes (I2 
concentration lower than 0.001 M). The physical processes which underlie the observed PCE 
enhancement in DSSCs under low illumination conditions were studied using EIS spectroscopy, open 
circuit voltage decay (OCVD) method and theoretical modelling. Observed effects were attributed to the 
decreased recombination at TiO2/electrolyte interface and increased charge collection efficiency. 

Obtained results could be of great practical interest as they show that DSSCs could be effectively 
used as power sources for various wireless sensors (Internet of Things) and portable electronic devices 
both under low light outdoor conditions and indoor artificial light illumination. 
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With the fast urbanization and industrial growth water resources are threatened due to a large 
chemical discharge of the textile and pharmaceutical industries, healthcare facilities, or agriculture. This 
global trend has led to the development of waste-free purification methods, such as photocatalysis in 
the presence of semiconductor SnO2 nanoparticles (NPs). It has previously been demonstrated that the 
photocatalytic activity of SnO2 nanoparticles is determined by two factors: the potential efficiency of the 
photocatalyst (determines the number of radicals that produce particles per unit time) and the ability of 
its surface to form an activated complex with pollutant molecules, which simplifies the process of 
pollutant degradation. The first factor is determined by the ratio of oxygen vacancies and defects - 
essentially, the ratio of the number of charge carriers to the number of "traps" they can fall when 
migrating to the surface. The second factor depends on the nature of the pollutant and surface 
composition, particularly the ratio of different crystal facets, i.e., the particle shape. 

In this study, obtained spherical nanoparticles with different ratios of oxygen vacancies and 
defects were obtained by varying synthesis conditions. Additionally, controllable shape transformation 
of samples towards rod-like nanoparticles were achieved by initiating oriented attachment (OA) 
processes using suspensions of the obtained spherical nanoparticles. OA mechanism based on the idea 
that two particles can combine into one if their crystallographic directions coincide, followed by the 
formation of a single crystal. 

All as-prepared nanoparticles were characterized using a combination of physicochemical 
methods. As expected, XRD data demonstrated only rutile SnO2 peaks (PDF 00-041-1445). According 
to TEM and SSA data, all samples demonstrate equal spherical shape and the average diameter below 
4 nm. A combination of original techniques was used for the regulation and estimation of SnO2 structural 
parameters. Defects and oxygen vacancies were determined using Raman spectroscopy and XPS, 
respectively, and their amount depends on the temperature and synthesis procedure. The evaluation of 
the oxygen vacancy concentration based on the combination of experimental approach and quantum 
chemical calculations, including solid-state UV-Vis absorption spectroscopy, modelling of band structure 
and density of states using DFT method.  

Initial spherical blocks of 4 types with varying amount of oxygen vacancies and defects were 
obtained for post-synthetical treatment in hydrothermal conditions. The mechanism of oriented 
attachment (OA) process was investigated in details, and it can be concluded that the formation of rod-
shaped particles of different sizes was determined by the favorable interaction of varying numbers of 
initial blocks along the 001 facet, which was confirmed by a decrease in parameter “c” for all samples 
after hydrothermal treatment. However, the different surface composition led to varying shielding 
capabilities of the components of the reaction medium. 

Photocatalytic test of spherical and rod-shaped nanoparticles was conducted using three dyes of 
different nature, the structure of which gradually becomes more complex - Methylene Blue, Rhodamine 
6G, and Congo Red. It was shown that spherical NPs exhibited higher photocatalytic activity for the 
dyes of simple structure, such as Methylene Blue and Rhodamine 6G, at the same time degradation of 
dyes of complex structure, such as Congo Red, rod-shaped NPs demonstrate higher photocatalytic 
activity. The optimal sample demonstrate over 90% degradation after 7 minutes under UV-irradiation. 
In this regard, a comprehensive study of photocatalytic properties was performed based on our 
developed protocol. Therefore, based on the results, it can be concluded that as-prepared samples after 
cycling test demonstrate stable high photocatalytic activity and reusable properties which makes it 
promising for efficient remediation. 
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Currently, the development of bioceramic materials for the treatment of bone tissue defect 
capable of resorbing in a biological environment is a pressing issue. This is because ceramic materials 
based on calcium phosphates such as hydroxyapatite (Са10(РО4)6(ОН)2) and tricalcium 
phosphate (Са3(РО4)2) have a low dissolution rate [1, 2]. Magnesium phosphates could be considered 
as potential candidates for the development of such materials. Therefore, the aim of this study was 
to create bioceramic materials based on Mg3(PO4)2 and Mg4Na(PO4)3, and to investigate the process of 
ceramic resorption in a simulated environment of citric acid solution. 

Mixtures based on Mg3(PO4)2 and Mg4Na(PO4)3 were prepared to obtain ceramic materials. For 
the synthesis of magnesium orthophosphate (Mg3(PO4)2), a solid-phase method was 
used. The precursors used were magnesium oxide (MgO) and magnesium pyrophosphate (Mg2P2O7), 
taken in a stoichiometric ratio. Double magnesium-sodium phosphates (MgNaPO4) were obtained by 
solid-phase synthesis according to a previously developed method [3-5].  Double magnesium-sodium 
phosphate, MgNaPO4, was obtained by two-stage heat-treatment of a mixture of magnesium 
pyrophosphate and sodium carbonate, Na2CO3, at 900 °C and 600 °C with exposure for 10 hours. 
Mg4Na(PO4)3 was obtained by a solid-phase method from mixtures of MgNaPO4 and Mg3(PO4)2. 
Ceramics based on these mixtures (Mg3(PO4) and Mg4Na(PO4)3) were produced by pressing tablets 
with a diameter of 8 mm. The mixtures were calculated based on the reaction: 

(1-3x)Mg3(PO4)2 + 2xMg4Na(PO4)3 → Mg(3-x)Na2x(PO4)2, where x = 0-0.25 
 

The resorption kinetics of magnesium-sodium phosphates ceramic granules was studied on the 
titrator with citric acid. In this work, pH=5 value was set to accelerate the resorption process.  

The solubility of magnesium-sodium double phosphates in a model medium (citric acid) was 
evaluated, and it was shown that ceramic granules based on Mg3(PO4)2 and Mg4Na(PO4)3 are resorbed 
while maintaining pH = 5 for 1 day. The developed ceramic material is promising for bone replacement 
in regenerative medicine. 
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Many different types of food products are subject to contamination by natural pollutants 
(ecotoxicants). The most common ecotoxicants are produced fungi. Fungi are capable of producing one 
to several ecotoxicants, the most frequent producers are members of the genera Aspergilli, Fusaria and 
Penicillia [1]. A significant number of fungal secondary metabolites are mycotoxins, which mostly are 
harmful to mammals. The issue of mycotoxin contamination is particularly prevalent in grains and cereal 
crops, given the favorable storage conditions for fungal growth. The work focuses on zearalenone 
(ZEN), which is the mycotoxin with the high prevalence compared to other mycotoxins. The presence 
of ZEN in animal feeds and food products leads to various cellular changes, infertility in animals, and 
estrogenic disturbances in humans. This necessitates to develop of efficient methods for concentration 
and inactivation of ZEN in natural matrices. 

Numerous studies have been focused on design ZEN specific sorbents. At the same time, the 
transition from non-specific to selective sorbents is a modern trend in separation chemistry. Molecular 

imprinting technique is approach for creating artificial recognition elements — molecularly imprinted 
polymers (MIP) [2]. Often, MIP syntheses are performed on a carrier surface to enhance sorbent 
properties. Practical interest is generation new binding sites at biopolymers (protein) structure. That 
approach called imprinting of proteins give a possibility to obtain biosynthetic recognition elements — 
imprinted proteins (IPs). The uniqueness of using protein molecules is due to the conformational 
changes that occur during the formation of the protein-molecule-template complex [3]. Compared to 
organic polymer–based MIP, IPs have greater biocompatibility as well as the inherent advantages of 
proteins and enzymes. This makes it possible to use IPs to create highly selective analysis systems, 
catalysts, and sorbents compliant with the principles of “green” chemistry. Immobilization of IPs on 
bioneutral carriers with highly developed surface has a number of advantages: an increase in the 
number of binding sites per unit mass of the carrier, increased stability and the possibility of creating a 
biologically neutral sorbent. 

This study optimized the procedure for synthesizing IPs specific to ZEN using bovine serum 
albumin. It explored the influence of pH during template addition, the optimal method of IP purification 
was chosen, and the influence of the concentration of template on the sorption characteristics was 
studied. The bioorganic sorbent was obtained by immobilizing imprinted bovine serum albumin on the 
surface of commercially available silicon dioxide particles (Aerosil® 200). The sorption capacity of the 
bioorganic sorbent was found to be enhanced compared to native Aerosil® 200 particles 
(1.70 ± 0.15 and 0.72 ± 0.26 mg·g−1, respectively). Furthermore, less than 5 % of ZEN was released 
from the sorbent, enabling the use of the created sorbent to combat mycotoxins directly in the digestive 
system of animals as a feed additive. 
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The introduction of green chemistry approaches is one of the promising directions in the 
development of technologies for the synthesis of nanomaterials for biomedicine [1]. Metal-polymer 
nanocomposites based on silver nanoparticles with pronounced antimicrobial activity are promising 
objects for medicine and pharmacology as a basis for the creation of multifunctional therapeutic and 
theranostic agents [2]. For these purposes, non-toxic biodegradable dendrite-like hyperbranched 
polyesters (HBPs) with 3D architecture and high stabilizing activity towards noble metal ions can be 
successfully used. The functionalization of these compounds with fragments that exhibit reducing 
activity towards silver ions under mild conditions makes it possible to avoid the use of additional reducing 
agents, which will increase the purity of the nanomaterial, reduce toxicity, and control the morphology 
and functional activity of the composite nanomaterial. 

As part of the work, the synthesis of derivatives of hyperbranched dendritic-like polyesters of the 
second generation, functionalized with 3[(2-aminoethyl)amino]propionate - G2-EDA (amino group 
content 14.7 ± 0.2 wt.%) and fragments of maleic acid monoester – G2-estMA (carboxyl content groups 
19.7 ± 0.1 wt%) was carried out. The synthesized hyperbranched polymers are water-soluble and have 
been used to synthesize silver-containing nanocomposites using synthetic green chemistry approaches. 

A one-step method was developed for the synthesis of composite nanomaterials consisting of 
silver nanoparticles stabilized in nano-sized polymer aggregates G2-EDA and G2-estMA in an aqueous 
environment. Silver nitrate (AgNO3) was used as a precursor salt. It has been established that these 
HBPs act as reductants and stabilizers of silver nanoparticles: G2-EDA - under standard conditions, G2-
estMA - under thermo- (60 - 100 ˚C) and photoinitiation (254 and 365 nm). Using UV/Vis and IR 
spectroscopy, the processes of formation of silver nanoparticles in nanocomposites were studied, and 
the influence of the molar ratios νAg+:νEDA and νAg+:νMA on the morphology of synthesized nanoparticles 
was determined. Based on UV/Vis and IR spectroscopy dates, the possibilities of controlling morphology 
and rate of formation of nanocomposite particles in the temperature range of 25 - 50˚C for G2-EDA were 
assessed. The ability to control the morphology and rate of nanophase formation by varying the method 
(thermo-/photo-) and initiation [Т, ˚С/λinit] parameters for G2-estMA was also studied. The aggregation 
activity of nanocomposites was studied using the nanotracking analysis method (NTA), and the 
concentrations and hydrodynamic diameters of metal-polymer aggregates were determined. Using 
transition electron microscopy (TEM) dates, the morphology and size distribution of silver nanoparticles 
were determined. In this work, the optimal conditions for the formation of Ag@G2-EDA (νAg+/νEDA = 1:5, 
1:4 и 1:2 at Тsynth = 25˚С; 2:1 – 4:1 at Тsynth = 50˚С) and Ag@G2-estMA (νAg+:νMA = 1:70, 1:50, 1:28, 
1:12, 1:4 at Т = 100˚С under thermal initiation conditions and λ = 365 nm for photoinitiation) were 
determined. 

The synthesized metal-polymer nanocomposites have plasmonic activity and can be used in 
medicine as theranostic agents with antibacterial and antimycotic activity, as well as SERS substrates 
for the selective detection of proteins. 
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The purification of industrial wastewater containing ions of toxic heavy metals (Cu2+, Co2+, Ni2+, 
Fe3+ and Pb2+), as well as various cyclic organic compounds, remains a great challenge in the point of 
view of modern pollution rates of natural objects. This problem leads to a decrease of the surface waters 
ecological status and a decrease in the quality of drinking water. 

To solve the stated problem various strategies were proposed such as membrane technologies, 
ion exchange and chemical precipitation followed by filtration are used to remove heavy metal ions from 
wastewater. However, these approaches are either too expensive or not effective enough at low 
concentrations of metal cations. In this regard, the use of cheap and effective sorbents for ion removal 
becomes a promising alternative. 

Nowadays, photocatalysis is considered one of the optimal methods for the decomposition of 
organic pollutants in water. Its advantages include cost-effectiveness, high efficiency and the ability to 
purify water without additional waste. However, most of the modern researches are devoted to studying 
materials photocatalytic efficiency on model systems. With transferring the proposed technology to real 
objects, it turns out that developed photocatalysts show low efficiency due to rapid contamination of the 
material surface with various ions, since real samples are complex multi-component systems. 

To solve the problem of removing heavy metal ions and cyclic organic compounds from 
wastewater, we propose the use of layered double hydroxides (LDHs) as a multifunctional material that 
combines the functions of a sorbent and a photocatalyst. LDHs consist of the positively charged brucite-
like layers and charge-compensating anions in the interlayer space. Due to their structure, LDHs can 
sorb ions in their interlayer space, preventing contamination of the surface of the photocatalyst, what is 
increasing the efficiency of wastewater treatment. 

This work is devoted to the development of new multifunctional sorbents and photocatalysts; for 
this purpose, 3 samples of bare and copper and chromium doped layered double hydroxides MgAl, 
CuMgAl and CrMgAl were synthesized. The synthesis was carried out by co-precipitation at pH 10, 
followed by aging of the precipitate. X-ray diffraction (XRD) patterns show that all samples are crystalline 
phases of Mg2Al(OH)7. It has been shown that doping leads to an increase in the distance between 
layers. FTIR spectra represents characteristic peaks of LDH with NO3

- in the interlayer space. SEM 
micrographs with EDX element distribution maps and X-ray photoelectron spectroscopy results proved 
the uniform distribution of the dopant in the structure of the samples. The optical absorbance and 
transmittance spectra were used to evaluate the bandgap values of the samples. 

Sorption of Cu2+, Co2+, Ni2+, Fe3+ and Pb2+ on LDH samples and the influence of various 
parameters (pollutants nature and concentration, pH, temperature, incubation time) on this process was 
studied. Optimal sorption conditions allow to achieved 90% removal of pollutants in an hour. 

The screening of MgAl, CuMgAl and CrMgAl samples photocatalytic activity was conducted using 
the widely used model dyes under Vis irradiation. The process optimization (temperature, time, amount 
of photocatalyst) for CuMgAl sample, demonstrated the best result of dyes decomposition, 
demonstrated 58% of degradation through 60 min of irradiation. 

Additionally, we demonstrated a possibility of simultaneous sorption of heavy metals and 
photocatalytic decomposition of an organic dyes.  
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At present, various types of portable electronic devices and electric vehicles widely use energy 
storage devices such as double-layer supercapacitors and lithium-ion batteries. However, due to their 
relatively short lifetime and hazardous use, it has become necessary to search for new energy storage 
materials, especially organic materials capable of reversible charge/discharge. 

 One such material may be polyNiMeSaltmen (N, N'-2,3-dimethylbutane-2,3-diyl-bis(3-methyl-
salicylideneiminato) nickel (II) - [-Ni(MeSaltmеn)-]n), which belongs to the class of transition metal 
complexes with Schiff bases of the ‘salen’ type.  Traditionally, the term ‘salen’ refers to a specific ligand 
prepared by condensation of two equivalents of salicylaldehyde and one equivalent of ethylenediamine, 
but it is now often used to refer to other similar ligands with different phenyl ring substituents and diamine 
backbones. 

Salen ligands can be readily coordinated to a wide variety of transition metal ions to form stable 
coordinatively unsaturated metal complexes. In the present work, it is shown that polyNiMeSaltmen, in 
contrast to other representatives of salen complexes, has enhanced electrochemical stability in both 
non-aqueous and aqueous electrolytes. This is explained by the presence of four methyl groups at the 
imine bridge (-C=N-), which create steric hindrance for coordination of water molecules with Ni2+ ions.  

Properties such as conductivity (in non-aqueous electrolytes and electrolyte containing 1% 
water), process kinetics have been studied using the CVA method.  The stability of the properties is 
proven by the results of the tests carried out (Scheme 1). 
 

 

Scheme 1. Conductivity in dry electrolyte (left) and electrolyte with 1% of water (right) (electrolyte – 
0.01 M polyNiMeSaltmen in 0.1 M TEABF4), E vs Ag/Ag+, 5 mV/s on Pt IDE 
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This investigation explores advancements in photocuring technology, distinguished by its 5E 
attributes: economical, efficient, enabling, environmentally friendly, and energy-saving. It utilizes 
ultraviolet light, visible light, or electron beams to swiftly convert photosensitive materials from liquid 
or semi-solid states into solid polymers through solidification and cross-linking. This technology is 
pivotal for fabricating advanced materials noted for their precision, rapid processing, and superior 
surface finishes. The study introduces a novel thioxanthone-based photoinitiator, TX-A4, which 
incorporates co-initiating groups to enhance the efficiency of LED-driven photopolymerization 
reactions and enable single-component polymerization. A comprehensive evaluation of its 
photophysical and photochemical properties, along with thermal stability and cytotoxicity, revealed 
that TX-A4 possesses a wide absorption spectrum, fast polymerization speed, high thermal stability, 
and low cytotoxicity. Moreover, both the polymerization rate and double bond conversion rate of TX-
A4 are superior to those of the commercial photoinitiator ITX. 

 

Scheme 1. a) The molecular structure and LUMO orbital of TX-A4; b) Schematic of the photocuring 
process; c) The double bond conversion rate of the monomer TPGDA initiated by TX-A4 and ITX. 
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The production of cement is an energy-intensive process that generates significant carbon dioxide 
emissions. To reduce these emissions in both the short and long term, the best approach is to partially 
replace cement clinker with supplementary cementitious materials (SCMs). This necessitates the 
development of complex components [1-4]. 

Natural pozzolans, especially raw clays are widespread and the most promising source of SCM 
to serve the cement industry sufficiently for a more sustainable future. Since there is a growing interest 
of applying calcined clays in the construction industry, many countries started to evaluate the pozzolanic 
potential of local clay deposits [5-10]. 

After conducting extensive laboratory examinations, it was determined that the local raw 
materials exhibited the most favorable physical and mechanical properties compared with the observed 
Persian, Russian, and Armenian clays (Armenia, Nubarashen). In the cement/lime complex mortar, 
calcined clay powder served as a pozzolanic material, and its characteristics are listed in Table 1. 
Notably, the addition of a sulfate activator (CaSO4 · 0.5 H2O) to the composition led to the formation of 
hydrosilicates, calcium hydroaluminates, and hydrosulfoaluminates through chemical reactions. 

 
Table 1.  

Physico-mechanical and physico-chemical properties of fired clay 

Temperatures of the 
calcined clay  

0C 

Density 
 g/cm3 

 

Water absorption 
 % 

Compressive 
strength  

MPa 

Flexural 
strength  

MPa 

7 days 28 days 7 days 28 days 7 days 28 days 
1. 400 1851 11.83 12.18 4.373 6.092 0.625 0.078 

2. 600 1930 12.76 7.92 7.145 10.482 1.757 2.134 

3. 1000 1914 12.52 10.31 6.445 8.638 0.834 0.976 

 

According to the experimental data presented in Table 1, it was observed that clay fired at 
6000C demonstrated the most favorable physical and mechanical properties. 
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The quality of ores has been continuously decreasing over the past decades. The solution to 

these problems is the development of new hydrometallurgical methods for ore processing. 
Thermodynamic stable nanostructured systems (for example, microemulsions) are promising materials 
for many branches of chemical industry, including hydrometallurgy. The method of microemulsion 
leaching was proposed, which involves selective extraction of metals from natural or anthropogenic raw 
materials by contacting them with an extractant-containing microemulsion. After leaching, the solid 
phase is separated and the target components are re-extracted by the introduction of mineral acid [1]. 
The main advantage of microemulsion leaching is the combination of the stages of leaching and 
extraction. In this work, the possibility of using reverse (water-in-oil) microemulsions in the system 
sodium dodecyl sulfate - extractant – 1-butanol - kerosene - water for metal leaching was evaluated. 

Among the extractants of non-ferrous metals, carboxylic acids occupy one of the first places by 
their efficiency and extraction ability. On the model system of metal oxides (CuO, NiO, CoO, MnO, 
Fe2O3) the influence of different carboxylic acids on recovery factor of non-ferrous metals was 
compared. The model system of metal oxides was obtained by precipitation of aqueous solutions of 
their salts with 1 mol/L NaOH solution followed by washing, drying and calcination, its composition 
(g/kg): Cu - 186; Co - 164; Fe - 99; Mn - 210; Ni - 208. Monocarboxylic acids with short (acetic acid, C2, 
butyric acid, C4), medium (valerianic acid, C5, caproic acid, C6, caprylic acid, C8) and long (lauric acid, 
C12, oleic acid, C18) hydrocarbon chains were taken as extractants. Leaching was carried out with a 
combination of ultrasound (22 kHz, 10 W) and mechanical agitation (1000 rpm) at T=80°C and 
solid/liquid=1:50, metal re-extraction from the microemulsion was carried out with nitric acid solution. 
The content of metals in the re-extract was determined by ICP-MS (Agilent 7900). 

The best results were shown by a microemulsion containing 2.0 mol/L caproic acid in the organic 
phase. The hydrodynamic diameter of the microemulsion droplets, determined by dynamic light 
scattering on a Zetasizer Nano ZS instrument (Malvern, UK), was 7.5±1.3 nm. The recovery of metals 
arranged as follows: Cu>>Mn>Ni≈Co>Fe, there is selectivity in the extraction of non-ferrous metals 
compared to iron, copper being extracted most effectively. The following recovery of metals, %, was 
achieved after 5 hours of leaching: Cu - 47.6, Mn - 12.8, Ni - 9.4, Co - 9.1, Fe - 4.3.  

As an example of practical application, leaching of Cu, Co, Ni, Mn, and Fe from oxidized cobalt-
copper concentrate using microemulsions containing caproic acid as an extractant was studied, as it 
showed high efficiency in metal leaching on the model system. The metal content in the concentrate 
was as follows (g/kg): Co - 87.0; Cu - 9.4; Ni - 4.0; Mn - 4.1; Fe - 107.0. The leaching results from cobalt-
copper concentrate are similar to those obtained for the model system: active extraction of metals during 
the first hour, followed by a process at a roughly constant rate. Copper and cobalt are extracted most 
effectively, with the following recovery of metals achieved after 5 hours (%): Cu - 60.0, Co - 51.3, Mn - 
16.5, Fe - 10.0, Ni - 9.3. According to these values, the metals are arranged as follows: 
Cu>Co>>Mn>Fe≈Ni, i.e., there is a separation of copper and cobalt from iron, nickel, and manganese. 
Increasing the concentration of caproic acid from 0.25 mol/L to 2.0 mol/L in the microemulsion resulted 
in increased extraction for copper from 12 to 60% and for cobalt from 17 to 51% (after 5 hours), while 
there was no change for nickel and iron. 

To assess the influence of ultrasound power, leaching from oxidized cobalt-copper concentrate 
using microemulsions containing 2.0 mol/L caproic acid was conducted at the following powers: 10 W, 
31.6 W, 63.1 W, 158.5 W. With an increase in ultrasound power, the extraction of manganese increased, 
while the extraction of cobalt, copper, and nickel remained practically unchanged. 

Microemulsions containing caproic acid can be recommended for leaching metals from ores due 
to their high efficiency, selectivity in the extraction of Cu and Co over Fe, and the cost-effectiveness of 
the extractant (caproic acid). 
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Crystalline ceric phosphates are regarded as a potential alternative to oxide materials employed 
in sunscreen cosmetics due to their biocompatibility and the high chemical and thermal stability of the 
phosphate matrix. The synthesis of crystalline ceric phosphates is typically conducted using methods 
that result in micron-sized particles. Given that the microstructure of materials can significantly influence 
their properties, including their photoprotective properties, this study explored the potential for directed 
modification of the material's structure, both through physical treatment (ultrasonication) and chemical 
modification. In the latter case, the method of homogeneous hydrolysis was realised in the process of 
hydrothermal synthesis of ceric phosphate ammonium-containing phases using 
hexamethylenetetramine (HMT) and urea as reagents. 

On the example of crystalline ceric phosphates of the composition (NH4)2Ce(PO4)2⋅H2O, 
NH4Ce2(PO4)3, KCe2(PO4)3 it was demonstrated that ultrasonic treatment of starting ceric phosphate 
gels with subsequent hydrothermal-microwave treatment allows the production of double ceric 
phosphates with the smallest crystallite sizes (approximately 60 nm) and the most narrow size 
distributions. For the first time, it has been demonstrated that the crystallite size of NH4Ce2(PO4)3 and 
KCe2(PO4)3 affects their UV-shielding properties. It was observed that the values of the sun protection 
factor and protection factor against UV-A radiation increase as the mean particle size of the samples 
decreases, reaching values of approximately 4, which exceed previously published values for ceric 
compounds. 

The potential for directional alterations in the microstructure of crystalline ceric phosphates of 
composition (NH4)2Ce(PO4)2⋅H2O and NH4Ce2(PO4)3 was explored by substituting the NH4OH 
electrolyte used for gelling the ceric phosphate solution with HMT or urea at comparable concentrations. 
In the case of using HMT, the formation of the NH4Ce2(PO4)3 phase was observed only at short synthesis 
times (up to 15 minutes) achieved by microwave heating of the reaction mixture. In contrast, under the 
conditions of conventional hydrothermal treatment (24 hours), the monazite phase was formed. The use 
of urea resulted in the formation of the NH4Ce2(PO4)3 phase at low electrolyte concentrations (0.5 M) 
under hydrothermal synthesis conditions. Furthermore, the coherent scattering region size of the 
products obtained by the method of homogeneous hydrolysis was less than 100 nm. 
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In recent years, much attention has been paid to reducing greenhouse gas emissions, in particular 
CO2. This interest is due to the increase in the concentration of CO2 in the atmosphere, which negatively 
impacts the environment and human health. CO2 can be removed from gas mixtures using a variety of 
sorption technologies. Nowadays, there are many absorption systems for capturing CO2, but they all 
have disadvantages, such as high volatility, high regeneration temperatures, and/or low CO2 absorption 
capacities. In this paper, we consider a CO2 chemisorbent devoid of these disadvantages based on the 
active component with a polymer structure, specifically, hyperbranched polyethylenimine (PEI). A large 
number of amino groups in the composition of PEI contribute to the high sorption capacity of the material 
(~365 mg(CO2)/g(PEI)), but this polymer is a viscous liquid, which results in a low rate of CO2 absorption 
and makes it difficult to use PEI in its pure form. To improve the dynamics of chemisorption, PEI is 
dispersed using porous supports. 

Porous Al2O3, SiO2, ZrO2-SiO2 aerogels, and polymer matrices (PMMA, SDVB) were used as 
supports for PEI. The aim of the work was to study the dependence of their absorption characteristics 
on the choice of the support and the mass content of the PEI for the obtained composite materials. We 
synthesized composite sorbents by wet impregnation of the support using an alcoholic solution of PEI 
with a given concentration. First, the materials were dried in an oven at 50°C, and then at 100°C in a 
helium flow. We studied the CO2 absorption and thermal characteristics of the obtained composite 
materials using the methods of thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC). The CO2 absorption capacity of the materials was determined at 30°C using a gas mixture of 
CO2 and He containing 15 vol% of carbon dioxide.  

The acceptable content of PEI in the pores of the support (silica gel) was previously identified. 
This value is about 40 wt% PEI, which corresponds to 50% filling of the support volume. For materials 
with higher PEI loading, the CO2 sorption efficiency decreases, presumably due to hindered gas 
diffusion. 

Next, CO2 sorption experiments were carried out for composite materials based on various porous 
supports with the same PEI content (40 wt%). The enthalpy of CO2 sorption for the studied composite 
sorbents ranged from 82 to 108 kJ/mol, which is typical for amine-containing CO2 chemisorbents. It has 
been established that the sorption capacity correlates with the proportion of free pore volume in the 
composite (measured by low-temperature nitrogen porosimetry). Materials with a high proportion of free 
pore volume demonstrate optimal distribution of the active component in the pore space, which makes 
it possible to obtain high sorption capacity values. Based on the results obtained, we can assume that 
the effectiveness of CO2 sorption depends on both the porous structure of the support and the chemical 
composition of its surface. Based on the results of the investigation, the most effective supports for PEI 
were determined: PMMA and SDVB. Thus, the efficiency of using the active component in SDVB pores 
reaches a value of 339 mg(CO2)/g(PEI), while the proportion of free pore volume in the resulting 
composite is 70%. 

Testing of the 40%PEI/SDVB material in adsorption cycles "sorption (30 ºC)/desorption (100 ºC)" 
showed its stability (99% of the initial sorption capacity is preserved in 10 cycles). The heat consumption 
for the regeneration of the sample, according to calculations, amounted to ~2.9-3.5 GJ/t(CO2), which is 
significantly lower than for traditional methods of water-amine purification (4.2 GJ/t(CO2) [1]). It can be 
concluded that the obtained materials are promising for use in CO2 capture technologies due to their 
high sorption capacity, stability, and low energy costs for regeneration. 
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MXenes are a novel class of two-dimensional materials with the general formula Mn+1XnTx, 
where M is a transition metal, X is either C or N, and Tx is a surface functional group, usually –OH, –O 
or –F; n is an integer index that typically takes the value from 1 to 3.[1] MXenes have found wide 
applicability in various fields (biomedicine, energy harvesting, environmental remediation, electronics, 
etc.) due to their unique properties: metallic conductivity, high hydrophilicity, large specific surface area, 
and its negative charge.[2] Moreover, MXenes can be controllably functionalized, which provides the 
possibility to enhance its existing properties or induce the new ones. Due to the negatively charged 
surface with multiple adsorbing centers, MXenes are used to adsorb heavy metals, dyes, and antibiotics 
from water while exhibiting giant sorption capacity.[3],[4],[5] Due to the fact that MXenes are hydrophilic 
they are difficult to remove from water, they can be placed into porous polymer matrices, or the purified 
water should be additionally filtered to remove MXenes. Functionalization of MXenes with magnetic 
nanoparticles makes it easy to purify water from the spent adsorbent, by means of magnetic decantation. 

In this work, a new method of functionalization of Ti3C2Tx MXenes with magnetite (Fe3O4) 
magnetic nanoparticles is employed, where multilayer MXenes are used as a nucleation sites for the 
nanoparticles growth.[3] As a result, single-layer Ti3C2Tx MXenes coated with magnetite nanoparticles 
are obtained. This method allows to increase the yield of single-layer MXenes, as well as to reduce the 
cost of their production. Such obtained nanocomposite material was used an adsorbing agent to 
eliminate the presence of methylene blue (MB) dye in water. To enhance the adsorptive properties of 
the composite, it was coated with polyacrylic acid, which demonstrated high selectivity towards MB. 
Coated nanoparticles exhibit perspective as potential candidates for sorption applications due to their 
water dispersibility, stability in aqueous environments, and significantly strong magnetic properties at 
room temperature. This is particularly important in water pollution control, where sorption is a critical 
process. The prepared Ti3C2Tx:Fe3O4 nanocomposite was characterized using XRD, VSM, FTIR, TEM 
and DLS. The theoretical capacity of 10000 mg(MB)/g(MXenes) was calculated. Further research will 
focus on the use of surface-functionalized magnetic nanoparticles for this purpose. 
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Zinc oxide-based compositions are widely used as bioactive materials, as they demonstrate anti-

inflammatory, antifungal, and antibacterial action and promote wound healing. The optical and 
semiconducting properties of the ZnO are in demand for the creation of transparent electrodes, gas 
sensors, solar cells, photocatalysts, electronic and electrochemical devices. Several applications require 
the material to have a large surface area. A significant increase in the value of a specific surface area 
is observed when moving from bulk to nanomaterials, primarily with 2D morphologies such as perforated 
nanosheets. In addition to an increase in surface area, materials with such morphologies often exhibit a 
change in functional characteristics, and new promising properties emerge [1]. 

A top-down approach based on block crystals splitting into separate layered fragments is widely 
used to produce nanosheets. High-temperature bottom-up synthesis methods, such as atomic layer or 
gas-phase deposition, are also used. At the present stage of development of science and technology, 
nature-like methods of "soft" chemistry, which make it possible to produce new nanomaterials at room 
temperature and atmospheric pressure, without energy-intensive facilities, are increasingly in demand. 
Earlier, during the synthesis of some metal oxides by the action of gaseous NH3 on the surface of an 
aqueous salt solution, it was shown that, when synthesis is carried out at the liquid-gas interface with a 
separate supply of reagents in the reaction zone, unique conditions can be realized that contribute to 
the production of materials with 2D morphology [2]. The developed synthesis method provides an 
opportunity to obtain complex metal oxides [3] and composite materials [4]. The prerequisite for the 
present work was the hypothesis that the interaction of organic reagents in the gaseous aggregate state 
with the surface of an aqueous salt solution can produce hybrid or complex compounds. This work aims 
to investigate the possibility of synthesis of zinc oxide nanosheets with the participation of reactions at 
the interface aqueous solution of zinc salt-gaseous ethylenediamine in an air atmosphere. 

The report presents the results of the synthesis and characterization of zinc oxide with the 
morphology of perforated nanosheets, as well as the results of their photocatalytic properties studies. 
For the first time, we found conditions for the interfacial synthesis of nanosheets of hydroxide zinc 
acetate containing ethylenediamine groups in its composition. The thickness of nanosheets does not 
exceed 10 nm, and as a result of heat treatment they become perforated.  

The obtained compounds may find application in the design of new biomedical materials and 
environmental protection technologies. The proposed synthesis method can serve as a basis for 
developing routes for obtaining new hybrid materials. 
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Porous glasses (PGs) comprise a distinct class of nanostructured materials, whose frame is 
formed by a glass skeleton, having distinct physical and chemical properties. The microstructure of PGs 
is characterised by the presence of branched channels. Depending on the synthesis method and the 
initial composition, their pore diameter varies from several angstroms to hundreds of nanometres. These 
can be used in the production of catalysts and electrochemical energy storage devices, employed for 
various sensing functions, and used as sorbents, membranes, matrices for nanocomposites, as well as 
in biomedicinal applications [1–4]. Nanoporous borosilicate glasses can also potentially be used as 
containers for the disposal of radioactive waste [5]. 

The main purpose of this work is to determine the effect of the SiO2/GeO2 ratio in the Na2O-B2O3-
SiO2-GeO2 system on the porous characteristics of glasses. To do this, is necessary to establish the 
influence of initial glass structure on the characteristics of the porous material. Here, the assessment of 
the pore diameter changing with replacing silicon oxide with germanium oxide in the absence of alkaline 
etching is of particular interest. The content of germanium oxide in the glasses varies from 14 up to 55 
mol.%. Germanium oxide completely replaces silicon oxide in the composition of the initial glass with a 
GeO2 content of 55 mol.%. 

As a result of the research, the substitution of silicon oxide with germanium oxide in the 
composition of the initial glass is shown to have a significant effect on the characteristics of the porous 
material obtained from it. The increase in the specific surface area and pore volume is associated with 
structural changes occurring in the initial glasses with the gradual replacement of SiO2 by GeO2. Raman 
spectroscopy demonstrated that an increase in the number of highly coordinated germanium atoms 
occurs in the system. The transition [4]Ge → [6]Ge leads to spatial changes in the grid, a decrease in the 
number of non-bridge oxygen atoms and consequent elongation of channels in the future porous glass. 
In addition, an increase in the coordination number of germanium atoms contributes to an increase in 
the density of the phase forming the skeleton of the porous material. When replacing silicon with 
germanium in the Na2O-B2O3-SiO2 system, an increase in the diameter of mesopores is observed when 
only acid leaching is used during synthesis; this is presumably due to the absence of secondary 
germanium. 

Based on the obtained results, it can be argued that the characteristics of porous materials, which 
depend on the composition and structure of the initial glass, can be controlled already at the synthesis 
stage. A change in the SiO2/GeO2 ratio leads to variations in both the specific surface area of PGs and 
porosity, as well as affecting the diameter of mesopores. 
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Lipid nanoparticles (LNPs) are spherical nanometer–sized particles widely used as delivery 
vehicles for bioactive molecules of various natures, including hydrophilic nucleic acids (RNA or DNA). 
Classic LNPs consist of four components: phospholipid, cholesterol, lipid conjugated with 
polyethyleneglycol (lipid-PEG) and an ionizable cationic lipid. The mixing of these components 
contributes to the formation of a stable dispersion of particles with a narrow monomodal size distribution 
and high RNA loading [1-3]. 

One of the promising areas of research for LNP is the search for new ionizable lipids that can 
improve the characteristics of particles. However, most studies are based on random selection of the 
lipid structure, or on minimal modification of existing ones. Therefore, the purpose of this work is to 
determine the necessary structural characteristics of cationic lipids for lipid nanoparticles. 

The lipid mixture used for siRNA delivery was selected for the investigation: C12-200 / cholesterol 
/ DSPC / C14-PEG = 50 / 38.5 / 10 / 1.5 (molar fractions) [1]. Cationic surfactants with different 
hydrocarbon tail structures were used to replace C12-200: oleylamine (OA), cetyltrimethylammonium 
bromide (CTAB), dodecyltrimethylammonium bromide (DTAB), dilauryldimethylammonium bromide 
(DLDMAB), distearoyldimethylammonium bromide (DSDMAB). Physico-chemical properties, such as 
size, surface charge and aggregation stability, of obtained LNPs were determined. LNPs were visualized 
using high-angle-annular dark-field scanning transmission electron microscopy (HAADF-STEM). 

 

 
 

Figure 1. HAADF-STEM image of LNP 
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Nanoparticles with enzyme-like catalytic activity and high stability, also known as nanozymes, 
have a huge advantage in eliminating the reactive oxygen species (ROS) therefore being attractive for 
applications in ROS-related disease therapy and engineering of drug delivery materials. To be 
applicable in therapy such nanozymes should be not only highly effective but also safe for the patient. 
Nanozymes based on Prussian blue combine both of these properties, unlike the numerous inorganic 
analogues described in the literature. Being highly effective mimetic of the peroxidase [1], which 
catalyzes reaction of hydrogen peroxide reduction, Prussian blue is also included in the list of medicines 
approved by the World Health Organization [2]. 

For the design of nanozymes based on Prussian blue the approach of catalytic synthesis is of 
greatest interest. The controlled reduction of the complex FeIII[FeIII(CN)6] with hydrogen peroxide 

promotes the growth of the most catalytically active structures and also makes it possible to  control the 
size of obtained nanoparticles precisely. We investigated the effect of the catalytic reaction conditions 
and nanoparticles size on the effectiveness of such nanozymes. 

Using approaches of steady-state kinetics the catalytic constants (kcat) of the hydrogen peroxide 
reduction catalyzed by nanozymes of different sizes were estimated. It was found that kcat calculated for 
a single active site decreases with increasing nanozyme size.  

The study was conducted for catalytic reactions in the presence of substrates with different redox 
potentials (E0’(SOx/SRed) from 0.21 V for K4[Fe(CN)6] to 0.50 for 3,3’,5,5’-tetramethylbenzidine). It is 
shown that the relative change of the catalytic constant depending on the size is the more significant 
the lower the redox potential of the substrate. For example, with increasing nanoparticle size from 30 to 
360 nm kcat decreases by an order of magnitude in case K4[Fe(CN)6] used as a substrate, but only twice 
in case of catechol. This result, on the one hand, indicates limited diffusion in the bulk of the largest 
ensembles of nanostructures, on the other hand, confirms that the catalysis proceeds under stronger 
mass transfer limitations when low-potential substrates are used. 

The catalytic activity of catalytically synthesized Prussian Blue nanoparticles was compared with 
the most common nanozymes described in the literature. It is shown that kcat of Prussian Blue 
nanozymes is more than an order of magnitude higher than for the transition metal oxides (Fe, Mn, Ce) 
and other Fe-NC catalysts. At the same time, the obtained activation energies of catalytic reaction, 
calculated according to the Arrhenius equation, are significantly lower than for other nanozymes 
described in the literature (up to 5 times lower compared to the Fe3O4 nanozymes). 

Such a high catalytic activity of Prussian blue-based nanozymes, in comparison with other 
materials, is of great interest for applications of ROS suppression. It has been demonstrated that 
Prussian blue nanozymes are not cytotoxic up to a concentration of 100 µM. By the method of flow 
cytometry, it was found that incubation of mouse macrophages cells in the presence of nanozymes 
leads to a decrease in the level of reactive oxygen species. Increase in the concentration of the material 
leads to the increase of ROS suppression effectiveness. The maximum level of ROS reduction is 65%, 
achieved when the Prussian blue concentration more than 11 µM. 
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During the last decade, science and engineering have seen a rapid increase in interest for 

nanoscale materials with dimensions less than 100 nm. Nanoparticles, due to their submicroscopic sizes 

intermediate between atoms and bulk (solid) materials, have unique characteristics, primarily, a large 

surface area per volume unit, a high proportion of surface and near-surface atoms. Magnetite and 

maghemite nanoparticles also possess the unique magnetic and thermal properties, easily separation, 

low toxicity and biocompatibility. Magnetic iron oxides nanoparticles currently have immense potential 

as magnetic vectors for directed drug delivery and carriers, magnetic agents for MRI and magnetic 

hyperthermia. They are used for magnetic cell labeling separation and tracking in tissue engineering 

and clinical diagnostic. If the size of these particles decreases below the critical size of the magnetic 

domain, they will transfer into a superparamagnetic state. Superparamagnetic nanoparticles are 

characterized by a high value of saturation magnetization, the absence of residual magnetism and a 

high magnetocaloric effect. In addition, superparamagnetic particles smaller than 10 nm are optimal 

agents for MRI, as they are T1 contrast agents, unlike larger particles [1,2]. 

Cryochemical technologies in the case of nanomaterials production make it possible to increase 

the environmental friendliness of the synthesis and obtain materials with different dimensional and 

structural characteristics. In the course of this work, particles of magnetic iron oxides of various sizes 

and structures were obtained, by varying the conditions of cryochemical synthesis. Spray freeze-drying 

methods were applied to aqueous solutions of iron salts (iron III acetylacetonate, iron II formate, iron III 

citrate, iron II glucognate) followed by thermal decomposition of the resulting precursors making it 

possible to obtain maghemite particles from tens of nanometers in size (in the case of iron II formate 

and iron III acetylacetonate), to micron lamellar (in the case of iron III citrate) and porous structures (in 

the case of iron II glucognate) structures. 

Cryochemical coprecipitation of divalent and trivalent iron salts makes it possible to reduce the 

average size of the resulting magnetic iron oxide nanoparticles from 17 (the case of classical 

coprecipitation) to 6 nm. However, in this case, in addition to the main metal oxide products, goethite 

with undesirable magnetic properties is also formed. The deposition of iron II sulfate from the surface of 

cryogranules makes it possible to obtain nanopowder of magnetic iron oxide, freed from the admixture 

of goethite particles. 

Low-temperature technologies make it possible to obtain not only nanoparticles, but also hybrid 

materials. Magnetite nanoparticles obtained by cryochemical method were included in chloramphenicol 

based nanoсcomposite. The resulting hybrid particles had an average size of 50-400 nm, including 

magnetite nanoparticles with an average size of less than 10 nm, as in the precursor used. The resulting 

systems showed higher dissolution rates and saturation solubility than for the original pharmacopoeia 

bulk preparation. For the nanosystems obtained the antibacterial activity against E. coli and S. aureus 

was determined both by kinetic methods determining the inhibition constants and minimal inhibition 

concentration (MIC). It has been established that the simultaneous presence of magnetite and 

chloramphenicol in the nanosystems leads to a synergistic increase in their antibacterial activity. 
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Organic semiconductor materials (OSM) have attracted a much attention from the scientific 

community due to their unique physicochemical and optoelectronic properties, which enable the 
fabrication of new generation of flexible electronic devices. OSMs have great potential as hole transport 
materials (HTMs) for perovskite solar cells (PSC) providing higher device stability by encapsulating 
unstable perovskite [1] as well as higher performance by improving charge extraction from the 
photoactive layer [2]. Generally, the efficiency and stability of PSCs is determined by the morphology of 
HTM films, which in turn depends on the structure of the compounds [3]. 

Herein, we designed three donor-acceptor small molecules consisting of benzodithiophene, 
benzothiadiazole and thiophene moieties and investigated them as hole-transport materials in n-i-p 
perovskite solar cells (Figure 1). 

 

Figure 1. Chemical structure of investigated molecules. 
 

The optoelectronic properties of materials indicate the prospects of their application in PSCs. 
The morphology, charge mobility, and charge extraction ability of developed molecules are shown to 
strongly depend on the shape and number of alkylsilyl side groups. The replacing Bu3Si groups with 
(i-Pr)3Si substituents ensured superior crystallinity and uniform surface morphology of films (Figure 2). 

 
Figure 2. 2D GIWAXS images for films TB-C10 (a) и TB-Si3-3 (b) and PL spectra for MAPbI3 and 

MAPbI3/HTM (c) 
 
As a result, the optimized PSCs with TB-Si3-3 comprising four peripheral (i-Pr)3Si-groups 

delivered the best power conversion efficiency of 16.8%. The results obtained suggest the great 
potential of alkylsilyl-substituted small molecules as dopant-free HTMs for perovskite photovoltaic 
applications. 
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The demand for high-energy density Li-ion batteries (LIBs) increases with expanding their application 
from portable mobile devices towards electric vehicles and stationary energy storage systems1. The 
positive electrode (cathode) plays a key role in defining cost, capacity, cycling and thermal stability of 
LIBs. Ni-rich layered oxides LiNixMnyCozO2 (x + y + z = 1, х≥0.6), so-called Ni-rich NMCXYZ, have 
become one of the preferred cathode materials for advanced LIBs due to their high reversible 
electrochemical capacity, energy density and relatively low cost. The current trend is increase of the 
Ni fraction in Ni-rich NMСs, which leads to layered oxides with ultra-high Ni content (x>0.85) 
demonstrating discharge capacity as high as 230 mAh/g2 and higher energy density (>800 Wh/kg). 
However, enhancing the Ni concentration not only boosts energy density, but also causes dramatic 
structure changes during electrochemical cycling compromising battery durability. Cracks are 
considered to be one of the main reasons for the rapid degradation of Ni-rich NMCs upon cycling3. 
These issues are mainly related to widely commercialized Ni-rich NMCs with spherical-like 
micrometer-sized agglomerates consisting of randomly oriented primary nanoparticles. In contrast, 
the radially oriented primary particles seemingly allow the cathode agglomerate to contract and 
expand uniformly, remarkably suppressing microcracks formation and, thereby, improving cycling 
stability4. This microstructure improves both rate capability by expediting Li migration and mechanical 
stability by alleviating the intergrain stress. Enhancing the concentration of Co on the surface of Ni-
rich NMC can stabilise the cathode surface, form a less rigid surface, prevent the appearance of 
microcracks and improve the mechanical stability of Ni-enriched NMC5. 
In this work, Co-modified Ni-rich NMCs with Ni >85% with remarkable electrochemical performance 
were obtained via combined gradient-composition and microstructural modification approaches. The 
synthesis route was based on microwave-assisted hydrothermal treatment of the 
Ni0.95Co0.025Mn0.025(OH)2 precursor with aqueous solution of CoSO4 and urea followed by a 
conventional high-temperature solid-state reaction with a Li source. The best electrochemical 
properties were observed for the material with the integral Ni:Co:Mn ~ 0.87:0.11:0.02 ratio delivering 
the initial capacities of 215, 210, 199, 189, 178 and 160 mAh/g at C/10, C/5, C/2, 1C, 2C, and 5C 
rates, respectively, comparable or even superior than those for unmodified LiNi0.95Co0.025Mn0.025O2 

(221, 210, 194, 180, 163, 138 mAh/g). At the same time, the modified material demonstrates three 
times better cycling stability (capacity fade per cycle is 0.04±0.01% for the Co-modified material vs. 
0.13±0.02% for LiNi0.95Co0.025Mn0.025O2). The boost in capacity retention is attributed to the synergetic 
effect of the compositional gradient and resulting microstructure organization of radially oriented 
plate- like primary particles, which improves mechanical integrity of both primary crystallites and 
agglomerates. 
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Currently, water pollution by cyclic organic compounds (COCs) such as dyes and antibiotics poses 
a significant environmental threat. Antibiotics enter wastewater through various technological processes 
and adversely affect the ecological state of water resources, since many of them are toxic and 
mutagenic. Additionally, without proper treatment, sulfonamides can persist in the environment for 
extended periods due to their stability, exacerbating their harmful impact. 

Cost-effectiveness, environmental friendliness, and the simplicity of implementation are crucial 
factors for effective water purification. In this context, the photodegradation of cyclic organic compounds 
(COCs) using wide band gap semiconductor nanoparticles (NPs) is gaining traction. Photocatalysis 
involves the accelerated degradation of complex COCs facilitated by reactive oxygen species generated 
in the aqueous medium when light interacts with the surface of wide band gap semiconductor 
nanoparticles. 

Despite the extensive understanding of the photocatalysis process, achieving optimal efficiency in 
practical applications requires identifying the specific factors and material characteristics that influence 
this process. However, the existing literature on this topic is limited. Semiconductor particles are 
characterized by a wide range of parameters that affect their properties. To determine the key factors 
influencing photocatalytic activity, it is sensible to begin by studying nanoparticles with similar 
morphology (i.e., the same size and shape). 

Among the numerous semiconductor materials that demonstrate significant activity under UV 
radiation, tin dioxide SnO2 stands out due to its rutile-type structure, n-type semiconductor properties, 
and a bandgap energy of 3.6 eV. This work focuses on developing an approach to regulate the structural 
parameters of nanoparticles and exploring their relationship with photocatalytic activity. 

Spherical NPs were synthetized by co-precipitation method. The synthesis temperature and reaction 
media composition were varied to change the rate of NPs formation. All samples were characterized by 
physico-chemical methods in a combination with quantum chemical calculations.  

The organic dye Methylene Blue (MB) solution was used as a model system to study the kinetics of 
photodegradation under UV radiation. The optimal sample demonstrated 95% MB decomposition in 7 
minutes. Consequently, this sample, exhibiting the best photocatalytic efficiency, was then used to test 
the photodegradation of a widely used sulfonamide antibiotic. The study revealed that a mixture of 
sulfonamides degrades less efficiently than individual antibiotics. However, more than 90% of all 
components in the mixture degraded within 35 minutes. It was shown that the rate of the photocatalysis 
process is determined by the energetic benefit of the interaction between antibiotics and the 
photocatalyst surface. 

Initial spherical blocks with various amounts of oxygen vacancies and defects were used for post-
synthetical treatment under hydrothermal conditions (HTT) and investigated via oriented attachment 
(OA) mechanism. Consequently, the size of the resulting rod-shaped particles was determined by the 
favorable interaction of different numbers of initial blocks, as evidenced by the decrease in lattice 
parameters. It was demonstrated, that the surface composition affects the shielding capabilities of the 
reaction medium components. The optimal sample demonstrate 75% degradation of MB after 7 min. 

In summary, the amounts of oxygen vacancies (Vo) and structural defects (D) were calculated using 
our original approach based on XPS and Raman spectroscopy data. The effect of the Vo/D ratio on the 
photocatalytic activity of the SnO2 samples was established for the first time. The results showed that 
samples with a higher number of vacancies and fewer defects exhibited improved photocatalytic 
efficiency. 
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Research related to the development of solid oxide fuel cells (SOFCs) is of great interest at 
present time. These devices produce electricity effectively without harming the environment. Decreasing 
the operating temperature from 800-1000 °C to 500-800 °C and choosing an electrode material with 
good performance characteristics are the main goals to improve the SOFC technology. In this respect 
the Ln2NiO4+δ (Ln=La, Pr and Nd) complex oxides belonging to the Ruddlesden-Popper series, 
Lnn+1NinO3n+1, where n = 1, have a number of advantages: high chemical stability, except for Pr2NiO4+δ, 
mechanical compatibility with solid electrolytes, good oxygen-ion and electronic conductivity [1-2]. Thus, 
the purposes of the present work are to synthesize new La2-xAxNi1-yCuyO4+δ (A=Pr, Nd), (x=0.5, 1.0, 1.5, 
y=0.4, 0.6, 0.8) complex oxides, which should be stable at operating temperatures 500-800 °C showing 
acceptable electrochemical activity in oxygen oxidation-reduction reactions; to study their crystal 
structure, oxygen content, electrotransport properties and to estimate their performance as cathode 
materials.  

The samples were synthesized by decomposition of citrate-nitrate precursors with the final 
annealing step at 900 °C for 12 hrs in air. All synthesized samples were identified to be single phase by 
X-ray powder diffraction and adopted the tetragonal K2NiF4 -type structure (sp.gr. I4/mmm). Crystal 
structure parameters were refined by the Rietveld method using a FullProf package. 

Oxygen content (4+δ) was determined for the LaPrNi0.6Cu0.4O4+δ, La1.5Pr0.5Ni0.6Cu0.4O4+δ, 
La1.5Pr0.5Ni0.4Cu0.6O4+δ samples by a thermogravimetric analysis which was implemented in the 
temperature range of 25-1100 °C in air followed by a reduction in hydrogen-nitrogen mixture. It was 
found that all samples showed excess in oxygen (δ>0) and no substantial changes in oxygen content 
were detected in the range of 25-350°C in air. The active oxygen release from the oxides to gaseous 
phase began at about 400 °C which could mainly be attributed to interstitial oxygen. 

Total conductivity (σ) and the Seebeck coefficient (S) of the La2-xAxNi1-yCuyO4+δ (A=Pr, Nd), 
(x=0.5, 1.0, 1.5, y=0.4, 0.6, 0.8) samples were measured by a DC four-probe technique and integral 
method respectively. Maximal value of 107 S/cm was obtained for the LaNdNi0.6Cu0.4O4+δ sample. In the 
series La2-xPrxNi1-yCuyO4+δ (x=0.5, 1.0, 1.5, y=0.4, 0.6, 0.8), total conductivity increases with the increase 
in x and the decrease in y. Positive values of the Seebeck coefficient and relatively high total conductivity 
values showed that the main charge carriers should be positively charged electron holes. In the lower 
temperature interval (25-350°C), where the concentration of the main charge carriers did not change, 
the linear dependencies of lg(σT) and S vs. 1/T were obtained. Positive values of activation energies Eσ 
and Es, which were calculated from the corresponding slopes of the log(σT)=f(1/T) and  S=f(1/T) 
dependencies, and their difference W= Eσ – Es, indicated that charge transfer was occurred by a small 
polaron hopping mechanism for all studied samples.  

Polarization resistance (Rp) of the La2-xAxNi1-yCuyO4+δ (A=Pr, Nd), (x=0.5, 1.0, 1.5, y=0.4, 0.6, 0.8) 

cathode materials in symmetrical cells with the Ce0.8Sm0.2O2- (SDC) electrolyte was determined by the 
Electrochemical Impedance Spectroscopy (EIS). It was found that the Rp value decreased with 
increasing x or y in the La2-xPrxNi1-yCuyO4+δ series, and its value was equal to 0.07 Ω cm2 for x=0.5, 
y=0.4; 0.05 Ω cm2 for x=1.0, y=0.4 and 0.03 Ω cm2 for x=1.5, y=0.4 at 800 °C. In the La2-xNdxNi1-yCuyO4+δ 

series, copper doping level (y) increased polarization resistance from 0.081 Ω cm2 (x = 1.0, y = 0.4) to 
0.093 Ω cm2 (x = 1.0, y = 0.6) at 800 °C. 
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Aluminum oxide is one of the most suitable materials for use as a catalyst support [1]. Methods for 
producing aluminum oxide make it possible to impart a developed porous morphology to its surface, 
which increases the activity of the catalyst [3]. 
Transition from the process of synthesis of a laboratory sample to the synthesis of a semi-industrial 
sample and obtaining a semi-industrial sample is an important intermediate step in the introduction of 
laboratory technology into industrial production. It is important to obtain a final product that satisfies the 
technical specifications and has the same characteristics as the laboratory sample. 
During the work, aluminum hydroxides were synthesized by controlled double-jet deposition with their 
subsequent decomposition to oxides. At the same time, the influence of variable synthesis parameters 
was studied, such as: precipitation pH, percentage and method of introducing the modifier (lanthanum 
oxide), firing temperature, and composition of the feedstock. 
The synthesis of an enlarged sample in the amount of 10 kg of the final oxide was carried out in a similar 
way; the synthesis parameters were chosen in accordance with the synthesis conditions of the 
laboratory sample. The essence of the process was to ensure that the characteristics of the resulting 
product from a large batch corresponded to the characteristics of the laboratory sample when scaling 
up the synthesis process. 
The resulting samples were subjected to further studies: the surface and porosity of the samples were 
analyzed by nitrogen adsorption/desorption, X-ray phase analysis, and the viscosity of the samples in 
the working suspension was analyzed. Next, the enlarged sample was transferred to Ecoalliance LLC 
for testing as part of an automobile catalyst: a coating adhesion test was carried out, as well as a test 
under real operating conditions when operating an internal combustion engine. 

 

Figure 1. The result of the adhesion test of the working coating with the content of a laboratory sample 
(left) and for an enlarged one (right) 
 
From the point of view of structure preservation (no cracks), the samples successfully passed the tests. 
The test results showed that the synthesis of a semi-industrial sample makes it possible to obtain 
samples of thermally stable aluminum oxide that meet the requirements of the technical specifications. 
The results obtained have practical application in the production of thermostable aluminum oxide at 
SAPFIR LLC - Chemical Technologies. 
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Self-cleaning materials are a promising technology for removing various harmful contaminants. It 

was shown that photoactive cotton fabric modified with nanocrystalline TiO2 can oxidize dangerous 
chemical and biological contaminants such as viruses and bacteria under irradiation in UV-A range [1]. 
However, the sunlight contains only 5% UV-radiation. Therefore, it is necessary to develop self-cleaning 
materials using photocatalysts that are active under visible light to increase the efficiency of light usage.  

The new method to obtain such materials included the following stages: preparation of a mixture 
consisting of nanocrystalline nitrogen-doped titanium dioxide [2], titanium (IV) isopropoxide [3] or silicon 
binder [4] fixing photocatalyst particles, and isopropyl alcohol as a solvent; addition of an acid and water 
to hydrolyze the binder; addition of copper (II) acetate to increase the charge separation; impregnation 
with the mixture; drying at room temperature to remove the solvent and washing with water. The 
obtained materials absorbed light up to 470 nm and had a thin-film coating of a binder with fixed particles 
of anatase-modified titanium dioxide. Also, photoactive coatings were applied to the surfaces of different 
materials such as fabric, glass, and metal. 

Contaminant destruction was investigated under visible light (450 nm, 160 mW∙cm-2). The 
acetone was completely oxidized to carbon dioxide and water. Additionally, DNA fragments were shown 
to be rapidly destroyed on the surface of such materials. An increase in the length of the fragment 
contributes to an increase in the efficiency of its destruction. Antiviral properties were investigated by 
titration in a two-layer agar method using the bacteriophage PA136 as an example. The virus was 
completely inactivated after 6 h of irradiation (Figure 1a). At the same time, a significant decrease in the 
amount of bacteriophage DNA was detected using polymerase chain reaction (Figure 1b), which 
confirmed the destruction of all virus structures. It is worth noting that copper enhanced the antiviral 
properties even without exposure to light. 

The obtained results show the prospects of using these materials for permanent surface cleaning 
from various chemicals, macromolecules, and biological objects under visible light.  

 
Figure 1. Inactivation of the bacteriophage PA136 (a) and its DNA concentration (b) over time 
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Recognition of organic molecules in the gas phase using compact and inexpensive devices is an 
important task in modern technologies. Living organisms solve this problem through biochemical 
reactions on olfactory receptors, providing unprecedented selectivity, which underlies odor recognition. 
In engineering, this task is addressed using semiconductor gas sensors based on metal oxides. 
However, the reaction of oxidation of organic molecules by chemisorbed oxygen, which is the basis of 
their operation, requires high temperatures and has low selectivity, fundamentally limiting the use of gas 
sensors. This study proposes a new concept for the operation of a gas sensor using photocatalysis on 
quantum dots (QDs) with photoexcited electrons transfer to the transport matrix of oxide semiconductor, 
resembling olfactory receptors. 

In this work, hybrid nanocomposites based on CdSe QDs with organic ligands and nanodispersed 
powders of SnO2 were studied. The photooxidation of aliphatic alcohols was chosen as a model reaction 
for photocathalysis. This is the reaction that does not require oxygen, oxidants, or heating, which are 
commonly used in the oxidation by chemisorbed oxygen in traditional gas sensors. CdSe QDs were 
synthesized using a colloidal method and the size of QDs was controlled with the time of the synthesis 
and optical spectroscopy. Native long-chain oleic acid ligands on the surface of CdSe QDs were 
exchanged for a series of short-chain molecules containing a thiol group for binding to the CdSe surface 
and a carboxyl group for binding to the metal oxide surface. The photocatalyst was obtained by 
immobilizing and chemically binding CdSe QDs on the surface of the ultra-dispersed metal oxide matrix. 
Photochemical reactions occurring on the system's surface were detected by monitoring the electrical 
resistance of the oxide matrix. The interaction of the photocatalyst surface with the gas phase was 
studied using methanol, ethanol, butanol-2, acetone, acetic acid, ethanal, methanal as examples. 
Device prototypes were fabricated by applying the photocatalyst to microelectronic chips to control 
electrical resistance. The photocatalytic reaction was provided under the yellow radiation with a 
wavelength of 595 nm. SnO2 samples modified with QDs have lower baseline resistance than pure 
samples of SnO2 due to electron transfer from QDs to the oxide matrix. An increased resistance 
amplitude is observed after introducing 100-1000 ppm of the analyzed organic molecule in gas phase 
compared to an inert atmosphere, attributed to the interaction of the photoexcited hole with alcohol 
molecules. Concentration dependence on different organic compounds ratios was also investigated. 
The sensor response dependency on the distance between QDs and the metal oxide matrix was studied 
by varying the length of the organic ligand chain, as well as evaluating the influence of ligand 
coordination (carboxylate and thiolate). The process of photooxidation of organic molecules by 
photocatalysts was established with a detailed analysis of photocatalysis products using FTIR, DRIFT, 
and NMR spectroscopy. 
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The quality of food is an important factor affecting public health. Food monitoring through active 

and intelligent packaging, with a focus on informing consumers about food quality, is expected to 
improve the effectiveness of foodborne disease control [1]. This research aims to develop an 
environmentally friendly and biocompatible sensor for food spoilage detection and monitoring of 
temperature storage to improve food safety. The sensor contains 90% water, the remaining components 
are latex particles based on biocompatible polyvinyl acetate, natural dye curcumin and NaCl. 

Previously, we demonstrated that for the mixture of oppositely charged latexes the state of 
colloidal systems depends on the temperature (T) at which experiments were performed and glass 
transition temperature (Tg) of the polymer [2]. At T<Tg latexes form colloidal gels with hard-hard contacts 
between particles, while at T>Tg they undergo phase separation with the formation of aggregates. In 
this work, we confirmed the presence of this effect for the colloidal systems based on positively charged 
latex and high ionic strength, i.e. changes in salt concentration. To study the formation of colloidal 
clusters and gels, we conducted an experiment using mixtures of positively charged polymer 
nanoparticles (NPs) based on polyvinyl acetate (p(VAc)+ NPs) and aqueous solutions of sodium 
chloride. Latex (p(VAc)+ NPs) were prepared by emulsion polymerization, the hydrodynamic radius of 
NPs Rh was 25 nm, and the electrokinetic potential ζ potential was +25 mV. 

The sensor was prepared by placing a colloidal system prepared at 0–3 °C based on 0.05 wt.% 
latex (p(VAc)+ NPs), 0.0028 M NaCl and 0.5 mg/ml curcumin into a dialysis bag. Cocktail shrimp were 
used to illustrate the sensor's operation (Scheme 1). 

 
 

Scheme 1. Illustration of sensor operation at different temperatures and product freshness - (a-d) 
experimental sample type of sol at different temperatures and type of freshness of cocktail shrimps, 
system at 0-3 ˚C, fresh (a) frozen system at -18 ˚C, fresh (b), defrosted system 4-25 ˚C, fresh (c), 

defrosted system and kept at 25 ˚C for 8 hours (d); Petri dish size is 60 x 15 mm.  
 

The developed sensor, based on the coagulation effect of colloidal latexes, provides an easy-to-
use, cost-effective and efficient platform for the development of smart packaging. This platform allows 
the customer to control the transport and storage conditions of temperature-sensitive components, 
including food, drugs and biological reagents. 
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Microemulsions find a wide range of applications to solve problems in chemical technology. 
Inverse (water in oil) microemulsions containing an aqueous acid solution in droplets can be used for 
chemical polishing of metals [1]. Using chemical polishing, you can process products of complex shapes 
with areas that are difficult to reach for mechanical polishing. It is assumed that droplets of 
microemulsion with acid will primarily interact with protruding surface irregularities, which will result in 
flattening of the surface. The use of a microemulsion allows for more precise control of the process, 
since the metal dissolves more slowly in comparison with reaction in an aqueous solution of the etchant. 
Microemulsion polishing does not use complex equipment and induce less corrosion on it compared to 
conventional chemical polishing. 

The range of suitable concentrations of nitric acid in the aqueous phase was selected based on 
data on its solubilization in various microemulsion compositions. A microemulsion in the system sodium 
dodecyl sulfate (SDS) – butanol-1 – kerosene – aqueous solution of HNO3 is a multicomponent system, 
its properties depend on many factors simultaneously. Therefore, two types of multifactor experimental 
designs were used for this study. Screening design was used to determine the significance of the 
influence of microemulsion composition on two responses - solubilization capacity for nitric acid and 
microemulsion droplet size. The correlation between these two response parameters was also tested. 
Response surface design was used to Inference a numerical dependence between microemulsion 
composition and maximum concentration of solubilized nitric acid. It was found that the size of 
microemulsion droplets does not directly correlate with the solubilization capacity for nitric acid, but it 
increases most strongly with a decrease in the ratio of butanol to SDS, as well as with a decrease in the 
mass fraction of water and an increase in the mass fraction of SDS in the microemulsion. The 
dependence surface has a saddle shape with an increase in maximum solubilization with a significant 
increase in the mass fraction of surfactants and cosurfactants and a decrease in the mass fraction of 
water. The electrical conductivity of the microemulsions ranged from 0.485 to 33.5 mS/cm; it increased 
with increasing content of the aqueous phase (0.5 mol/l HNO3 solution) in the microemulsion from 9.5 
to 35.9 wt.%. Based on the data obtained, a polishing composition with a possible content of nitric acid 
in the aqueous phase of 0.5–3.9 mol/l was selected. 

The effect of the concentration of nitric acid in the microemulsion aqueous phase on the kinetics 
of copper chemical polishing was studied. Surface roughness analysis was carried out using a 
microinterferometer (MII-4) based on the arithmetic mean profile deviation Ra and the largest profile 
height difference Rz. Before measurements, the surface was cleaned of microemulsion components 
successively in acetone, an aqueous soda solution with a concentration of 20 g/l, and boiling water. 

During the first minutes of polishing, the values of the Ra and Rz parameters change slightly. 
Then, both small and large surface protrusions dissolve, and a gradual decrease in both parameters is 
observed. After reaching a certain minimum in the curves of Ra and Rz versus time, the surface begins 
to be etched, which leads to an increase in Ra and Rz. At high concentrations, the roughness increases 
immediately, only etching occurs. Also, in addition to changes in the macrorelief, the dynamics of 
changes in surface texture (microrelief) were observed for nitric acid concentrations of 1.0-2.0 mol/l. At 
the beginning of polishing, single microdefects were observed, then only large rolling lines were visible 
on the surface, and at the end a uniform wavy texture was observed. The best polishing results were 
achieved at a concentration of 0.5 mol/l nitric acid in the aqueous phase of the microemulsion. The 
largest decrease in Ra 39.6% and Rz 27.3% was observed after 24 minutes of polishing. The reduction 
in roughness after polishing was confirmed by surface analysis using a optical profilometer (SuperView 
W1) and using atomic force microscopy (AFM). The AFM data are consistent with the 
microinterferometer results; the decrease was Ra 36.7% and Rz 18%. Analysis of the copper content in 
the microemulsion after the chemical polishing process confirmed that the copper plate dissolves and 
copper ions accumulate in the microemulsion. 

Based on the data obtained, a new process for chemical polishing of copper using reverse 
microemulsions containing nitric acid will be developed. 
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Nanoparticles exhibit a high surface area-to-volume ratio, making them more active and selective 
catalysts compared to bulk materials. This characteristic contributes to enhancing the efficiency of 
electrocatalysis and addressing issues related to energy barriers in reactions [1]. 

 
Three different catalyst materials were synthesized, each with distinct characteristics for CO2 

conversion. Initially, spherical copper(I) oxide nanoparticles were fabricated employing Ostwald ripening 
technology [2]. Subsequently, a catalyst featuring plate-like nanostructures was derived via 
electrochemical reduction of CuO using galvanostatic anodic oxidation [3]. Lastly, CuO plates with 
nanoscale defects were synthesized through the hydrothermal method in an alkaline solution [4]. 

For characterization purposes, the morphological and phase composition analyses of the particles 
were conducted employing scanning electron microscopy (SEM)  as shown in Figure 1, accompanied 
by energy-dispersive analysis, and X-ray diffraction (XRD) techniques.  

For testing of catalyst materials, particle dispersions were applied by impregnation method on 
copper and nickel foams and by drop-coating method on the carbon electrode and were tested in H-
type cells with different volumes. 

As result, Spherical copper(I) oxide structures showed the best performance with a faradaic 
efficiency of 63.96% for C2+ products. 
 

 

Figure 1. SEM image of nanoparticles deposited on nickel foam and SEM image of the surface 
morphology of hollow multilayer cloud-like structures of copper(I) oxide Cu2O 
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Nowadays, synthetic zeolites are widely used in many chemical industries due to their well-

developed pore and channel system.  
The zeolite framework, consisting of [SiO4]4- and [AlO4]5- tetrahedrons, has a negative charge, 

which is compensated by positively charged alkali or alkaline-earth metal ions. Due to the high mobility 
of positive metal ions, zeolites exhibit high efficiency in ion exchange processes. Thus, low-modulus 
zeolites are used as water treatment and water purification agents to reduce overall water hardness or 
remove heavy metal ions [1, 2]. In addition, the presence of molecular sieve properties in low-modulus 
LTA-type zeolites allows them to be used to produce zeolite membranes, which are widely used in 
pervaporation and vapour permeation processes for the separation of aqueous-organic mixtures [3, 4].  

Continuously growing demand for zeolite materials associated with the increasing use of LTA-
type zeolites as components of detergents and dehumidifiers raises the question of creating knowledge-
intensive technology with the use of secondary resources. The use of anthropogenic wastes as raw 
materials will allow to expansion of the production of zeolites and reduce the load on the environment 
by utilization of wastes. 

One of the promising silicon-containing resources for the production of LTA-type zeolites by 
hydrothermal synthesis is aluminium fluoride production waste - silica gel. Silica gel, which is a hydrated 
fine powder with a SiO2 content of more than 50 %, can be used to produce sodium silicate, a precursor 
of zeolites.  

The authors of the work considered the process of LTA type zeolites production using technogenic 
silica gel containing more than 30 wt.% of aluminium fluoride impurities. Silica gel was subjected to 
sulphuric acid purification in order to obtain amorphous silica with SiO2 content not less than 90 wt.%, 
which was used to obtain the silicate component of aluminosilicate gel. The molar ratios of 
aluminosilicate gel components for zeolite synthesis and optimal parameters of the crystallization 
process were established in the course of the study.  

Samples of LTA-type zeolites from aluminosilicate gel of a certain composition were obtained at 
a process temperature of at least 95 °C with a process duration of more than 1 hour. Based on the study 
of the phase composition and morphology of the obtained precipitates, the samples presented a phase 
of LTA type zeolite, the particles of which have a cubic shape, and the average particle diameter does 
not exceed 10 μm. 

Thus, the presented research results confirm the reliable possibility of obtaining LTA-type zeolites 
during the processing of technogenic waste-silica gel. In addition, the parameters of the crystallization 
process and molar ratios of aluminosilicate gel for synthesis were established experimentally. 
Characteristics of the obtained zeolites indicate their possibility for effective application in the processes 
of ion exchange and dehydration of organic mixtures. 

 
References  

[1] Koohsaryan E., Anbia M., Maghsoodlu M. Application of zeolites as non-phosphate detergent 
builders: A review. J. Environ. Chem. Eng. 2020. 8(5), 104287. 
[2] Tran H.N., Viet P. Van, Chao H.P. Surfactant modified zeolite as amphiphilic and dual-electronic 
adsorbent for removal of cationic and oxyanionic metal ions and organic compounds. Ecotoxicol. 
Environ. Saf. 2018, 147, 55–63. 
[3] Wu X. et al. Improved hydrothermal stability of LTA zeolite membrane by forming an acrylamide 
protective layer for pervaporation dehydration of water-rich acrylamide and ethanol solutions. 
Microporous Mesoporous Mater. 2024, 365, 112888. 
[4] Wang L. et al. Sustainable fabrication of large-scale tubular LTA zeolite membranes by a simple 
wet gel conversion. Microporous Mesoporous Mater. 2022, 329, 111541. 

 
Acknowledgements 
The investigation was conducted at the Scientific Center “Issues of Mineral and Technogenic 

Resources Processing” with the involvement of the laboratory base of the Center for Collective Use of 
Empress Catherine II Saint Petersburg Mining University. 
  



 

141 

 

HYBRID SYSTEMS BASED ON GOLD NANOPARTICLES, CHITOSAN AND PROTOPORPHYRIN 
AS AGENTS OF ANTIBACTERIAL PHOTODYNAMIC THERAPY 

Svinko V.O., Solovyeva E.V.  

St. Petersburg State University, St. Petersburg, Russia  
st077077@student.spbu.ru  

 
Antibacterial photodynamic therapy (APDT) is a method for treating complex cases of purulent 

infections and periodontal diseases that is rapidly gaining popularity. Modern APDT utilizes chlorin- and 
porphyrin-based photosensitizers. To enhance the effectiveness of APDT agents, hybrids of photoactive 
substances with gold nanoparticles are considered promising. Gold nanoparticles offer several 
advantages, such as the ability to significantly increase the amount of generated reactive oxygen 
species (ROS), excitation within the transparency range of biological tissues, low cytotoxicity and 
hematotoxicity, as well as relatively easy surface modification. Polyelectrolytes are often used for 
surface modification of nanoparticles to enhance their aggregative stability in complex environments 
with high salt concentrations. Natural amido polysaccharides, such as chitosan, which have high 
biocompatibility, are rational choices for coatings. However, there is still very limited data on the mutual 
influence of the individual components (photosensitizer, plasmonic particle, and biopolymer) on each 
other's properties in hybrid systems. Moreover, the effects observed depend on the nature of the 
individual components. This study is dedicated to establishing the influence of a gold core with a 
chitosan coating on the photophysical properties of protoporphyrin IX. 

In the first stage of the work, nanostructures consisting of gold nanorods covered with a polymer 
shell, including polyacrylic acid and chitosan, were obtained. The incorporation of the photosensitizer 
was conducted via three different methods: using electrostatic adsorption, covalent conjugation allowing 
direct binding of protoporphyrin IX to the coated metallic core, and binding the photosensitizer to 
chitosan followed by coating the nanoparticle. For the obtained systems, the efficiency of the conjugation 
was evaluated using infrared spectroscopy, the optical properties were studied, and the generation of 
ROS by the obtained nanohybrids was assessed. 

As a result of the work, ternary systems consisting of a metallic core coated with chitosan and 
protoporphyrin IX were successfully obtained. The resulting hybrids demonstrated high efficiency in 
generating ROS, which is currently a promising result. 
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More than 40 years ago, the first suggestions appeared that various tumor cells are sensitive to 
a lack of arginine. In recent years, due to the increase in the number of oncological diseases, the need 
for the development of new antitumor drugs has increased. In connection with this demand, the Institute 
of Experimental Medicine has begun to develop streptococcal strains capable of suppressing the growth 
of certain types of cancerous tumors by cleavage of L-arginine [1], [2]. But to determine the most 
effective strain, an assessment of the activity of the enzyme arginine deiminase, which is the basis of 
this new therapy, is required. Therefore, we have developed a technique that allows for a comparative 
analysis of the activity of this enzyme in various strains in a short time. 

 Arginine deiminase (ADI) is an enzyme that breaks down arginine to citrulline with the release of 
ammonia [3], [4], [5]. The lack of nutrients in the tumor triggers an evolutionarily conserved eukaryotic 
process called macroautophagy (autophagy), in which organelles and bulk proteins are processed by 
lysosomal activity [2].  

The method for determining the activity of arginine deiminase was based on the reaction of 
enzymatic deamination and subsequent detection of released ammonia using a voltammetric ammonia 
sensor based on copper (II) sulfate coated with a polymer membrane of the Nafion type. L-arginine 
acted directly as the substrate, the reaction product is citrulline (1:1). In the course of the work, the 
degrees of influence of the substrate, Todd-Hewitt broth (pure and in the presence of culture in it) on 
the analytical signal were determined. 

 

 

Scheme 1. The deamination reaction of arginine. 
 

Since copper ions can form stable complexes with ammonia (lgβ4 = 12.03), voltammetric 
detection of the released ammonia is possible using a complexation reaction underlying the operation 
of a voltammetric ammonia sensor based on copper (II) sulfate. But the phosphate buffer, which ensures 
maximum bacterial activity at pH = 5-6 [5], and, accordingly, the enzyme arginine deiminase, does not 
allow the determination of small amounts of ammonia, since complexes are not formed at these pH 
levels. As a solution, a scheme was proposed according to which measurements are made first at the 
direct activity of bacteria, and then after stopping the reaction by adding concentrated NaOH (since at 
pH > 9 bacteria are not viable). 
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Nowadays synthetic analogs of natural materials are widely introduced in biotechnology, 
biomedicine, bone tissue engineering, and cosmetology. Recently, a great attention has been attracted 
to hydroxyapatite, as it is the main mineral component of the bone tissue of living organisms and can 
be obtained synthetically with scalable methods. Hydroxyapatite (HAp) is widely used in various fields 
of technology such as environmental remediation, biomedicine, gases detection, applications in 
catalysis and protein separation. However, in order to improve properties, the surface needs to be 
modified. Surfactants are typical and widespread agent used for HAp surface modification. In addition, 
PVA, casein sodium salt, lactic acid and other can be used as capping agents. The main problem of 
modification is the impact of capping agents of different nature on nanoparticles morphology as well as 
the position of the agent on nanoparticle surface are out of consideration. 

Current work is dedicated to the synthesis of inorganic materials based on HAp NPs with different 
shape, size, and surface compositions and studying the impact of their morphological and structural 
parameters on the position of capping agent’s molecules on surface. Salicylic, tartaric, succinic acids, 
pyrocatechol, 1,10-phenanthroline, and Nitroso-R salt were used as capping agents with a different ratio 
of hydrophilic / hydrophobic regions. 

Two sets of HAp NPs samples were prepared. First set of HAp NPs were synthesized by 
hydrothermal procedure (2 h at 240 ℃). Second set of HAp NPs with a modified surface were 
synthesized by chemical wet precipitation method at room temperature. Morphological parameters of all 
obtained samples were characterized by complex of physical and chemical methods: XRD, IR 
spectroscopy, TEM, SSA, and DLS. All resulting NPs had a rod-like shape and structure of 
hydroxyapatite. The dimensions of HAp NPs from first set were in the range of 23-26 nm (thickness) 
and 48-81 nm (length). For the second set – dimensions were in the range of 7-12 nm (thickness) and 
18-32 nm (length). 

The position of modifiers on the surface of HAp NPs was determined based on quantum chemical 
calculations using an original approach. It was shown that synthesis technique is impact to the position 
of modifiers on the surface of HAp NPs. 

HAp NPs synthesized by hydrothermal procedure were used for dispersive micro-solid phase 
extraction of tetracyclines. It was shown that the coefficient of extraction of tetracyclines from a mixture 
by hydroxyapatite nanoparticles under optimal conditions can reach 98%. After determining the optimal 
conditions for sorption and elution processes, the efficiency of isolating and concentrating tetracyclines 
with sorbents based on modified hydroxyapatite nanoparticles under selected optimal conditions was 
demonstrated on real biological objects - human urine and animal feed. 

HAp NPs synthesized by precipitation method were used as stabilizer of Pickering oil-in-water 
emulsions. In order to study emulsions stability, the following parameters were varied: oil:water ratio, 
pH of the medium, and mass of modified nanoparticles. It has been shown that the best inorganic 
component for stabilizing emulsions is a sample of hydroxyapatite nanoparticles modified with salicylic 
acid. The Pickering emulsion remained stable for more than 28 days after preparation. It was also found 
that with increasing mass of nanoparticles, the size of droplets of the oil phase decreases, while the size 
of the droplets increases with increasing oil:water ratio. 

So, the directed modification can assist to produce HAp NPs for various application. 
 
Acknowledgements 
The work was financially supported by the Russian Science Foundation (project no. 24-23-00225, 

https://rscf.ru/en/project/24-23-00225/). 
The authors are grateful to the SPbSU Research Park, including resource centers «X-ray 

Diffraction Studies», «Chemical Analysis and Materials», «Nanotechnology», «Innovative Technologies 
of Composite Nanomaterials», «Optical and Laser Materials», «Diagnostics of Functional Materials», 
«Physical Methods of Surface Investigation», «Computing Centre», «Nanofabrication of Photoactive 
Materials (Nanophotonics)». 
  

mailto:evgenia.syukkalova@gmail.com


 

144 

 

MONITORING HYDROGEN PEROXIDE IN TUMOR METASTASIS: ACHIEVING TARGETED AND 
PERSISTENT LUMINESCENT SURVEILLANCE  

Tao Jia1, Guanying Chen2 

1St. Harbin Institute of Technology, China  
2 Harbin Institute of Technology, China 

chenguanying@hit.edu.cn 

 
Tumor microenvironment is rich in hypoxia and reactive oxygen species (ROS), including 

substantial levels of hydrogen peroxide (H2O2) and reduced glutathione (GSH). Precise spatial and 
temporal early diagnosis within this complex environment is crucial for advancing cancer treatments. 
Near-infrared dye-sensitized upconversion nanoparticles (UCNPs) are designed as luminescent probes, 
with controlled reactivity to ROS through self-assembled monolayers on their surfaces. Coupled with a 
passive implanted system, a 20-day monitoring of H2O2 in a rat model of ovarian cancer with peritoneal 
metastasis is conducted, overcoming challenges of limited light penetration depth and potential nano-
probe toxicity. These novel monitoring strategies hold promise for accelerating the clinical application of 
nano-probes and biochemical detection techniques. [1-2].  

 

Scheme 1. Our developed detection modes and relevant devices for in vivo H2O2 detection.  
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Currently, major cities worldwide are facing the problem of wastewater pollution by various 
organic contaminants. These include antibiotics and dyes, which enter water resources from light 
industry enterprises, livestock farms, medical facilities, and ordinary households. Current technologies 
do not allow for their complete elimination. Therefore, it is extremely important to find an effective and 
inexpensive method for treating wastewater contaminated with these pollutants. 

One promising solution is the photocatalytic degradation of cyclic organic compounds under light 
irradiation in the presence of photocatalyst nanoparticles. However, the problem of separating water 
and nanoparticles in the form of powder is still present. This leads to the necessity of developing new 
materials that combine properties of a photocatalyst and an easily separated matrix. 

Due to its non-toxicity, stability, and affordability, nano-sized ZnO is a promising candidate. On 
the other hand, Fe3O4 nanoparticles exhibit superparamagnetic behaviour, which leads to the possibility 
of magnetic separation. Therefore, core-shell Fe3O4@ZnO nanoparticles would be a promising material 
for wastewater treatment. 

However, shell formation leads to changes in the crystalline structure and, consequently, the 
properties of core-shell nanoparticles. Understanding this influence and how to predict it has defined the 
direction of this research. 

Fe3O4@ZnO nanoparticles with different thicknesses and crystallinity degrees of the ZnO shell 
were obtained. Regulation of these parameters was achieved by an original approach based on varying 
the synthesis temperature and the sequence of reagent introduction. The obtained samples were 
characterized using a complex of physicochemical methods, namely, XRD, FTIR, HRTEM, AES-ICP, 
XPS, Raman spectroscopy, absorption and reflection spectra, vibrational magnetometry. In addition, 
magnetic property modelling using the Monte Carlo method were conducted. 

The comprehensive analysis of all obtained data and modelled ZFC-FC curves has revealed that 
the shell influences the magnetic core by forming an intermediate layer. Its structure can be represented 
as a sequence of "magnetite—maghemite—goethite—zinc oxide," and the composition can be varied 
by changing the synthesis conditions. It has been established that it is the intermediate layer that 
determines the magnetic behaviour of Fe3O4@ZnO nanoparticles. 

The most effective photocatalyst in the series exhibited a naphthol green B degradation efficiency 
of 77% after 60 minutes of irradiation with a UV lamp. Separation using an ordinary magnet showed the 
same result as that using a centrifuge. Thus, Fe3O4@ZnO nanoparticles work as a promising 
photocatalyst that can be easily separated using an inexpensive method. 
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6S RNA is a small non-coding RNA that has a conserved secondary structure similar to DNA in 
an open complex with RNA polymerase. It competes with DNA for binding to the enzyme and acts as a 
global transcription regulator in bacteria cells. It is known that Bacillus subtilis cells have two 6S RNAs, 
which are 6S-1 and 6S-2. The hypothesis that small non-coding RNAs affect and participate in the 
regulation of surfactin biosynthesis in B. subtilis can be made based on some scientific papers results. 

Surfactin is a well-known and highly sought-after biological surfactant. Microbiological synthesis 
is the only way for producing significant amounts of surfactin. The knockout of the 6S-1 and 6S-2 genes 
in B. subtilis does not cause fatal consequences for the cell. Therefore, studying the role of 6S RNA in 
the metabolic pathway of surfactin could lead to the development of a new method for increasing the 
yield of surfactin formed by organisms.   

The object of this research is B. subtilis NCIB 3610 which is natural strain of B. subtilis. It has 
been observed that deletion of the 6S-1 RNA gene leads to the increase of the level of mRNA for all the 
genes of srfA operon, which encodes four subunits of surfactin synthase, during the late stationary 
phase of growth. To evaluate the effectiveness of surfactin biosynthesis in bacterial cells, the 
spectrophotometric method based on the disruption of the complex between a pH indicator, 
bromothymol blue, and a cationic surfactant, cetylpyridinium chloride, when a surfactin solution is added 
to it, was optimized We also used reversed-phase high-performance liquid chromatography (HPLC) to 
validate the results. Despite the increase in transcription levels of the surfactin synthase subunits genes, 
deletion of the 6S-1 RNA gene did not lead to increase of surfactin yield produced by B. subtilis NCIB 
3610. To explain this result, we investigated the effect of 6S-1 RNA gene deletion on the transcription 
efficiency of genes that have an indirect Influence on surfactin biosynthesis in B. subtilis. For instance, 
these genes encode synthetases of fatty acids and amino acids that are the parts of surfactin molecule, 
or synthetases of polyketides and exopolysaccharides that compete with surfactin synthetase for cellular 
resources. It has been observed that deletion of the 6S-1 RNA gene led to a significant increase in the 
expression of rocG and glnA genes. These genes are responsible for glutamine acid catabolism which 
is the first amino acid in the surfactin peptide fragment. So, a decrease in glutamine acid level inside the 
cell could negatively affect the yield of surfactin, leading to a lack of increased efficiency in mutant cells.  

Similar studies are being conducted on 6S-2 RNA. 
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Protection of water resources from pollution is the most important ecological task of our time. 

Adsorption occupies a special place among various methods of wastewater treatment from toxic 
components. However, the development of sorption technologies in solving environmental problems is 
constrained by the lack of available highly effective, easy-to-use sorbents. 

The presented work presents the results of investigation of the possibility of obtaining new 
adsorption materials based on polyindole and their derivatives obtained in the process of modification 
of polyalkenylanilines (Scheme 1) [1, 2]. 

 
Scheme 1. Synthesis of polyindole derivatives. 

 
The adsorption properties of polyindole derivatives (PIn1-PIn5) towards anionic dye methyl 

orange were investigated (Figure 1), and the influence of adsorbent amount, initial solution 
concentration, contact time and pH on the adsorption process was determined. 
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Figure 1. Influence of the adsorbent dose (a), initial concentration (b), contact time (c) and pH (d) on 

the adsorption process. 
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Photocatalytic decomposition of water and organic substrates under the action of sunlight is 
currently attract the attention of researchers due to the possibility of obtaining environmentally friendly 
hydrogen fuel. One of the well-known classes of heterogeneous photocatalysts is layered perovskite-
like oxides in the structure of which there is a sequential alternation of two-dimensional blocks (layers) 
with a perovskite structure, with layers with a different type of structure (interlayer space). Some of them 
are capable of entering into ion exchange reactions (replacement of interlayer cations) and splitting into 
nanolayers. It is possible to introduce organic molecules into the interlayer space.  

Three-layer perovskite-like titanate Na2La2Ti3O10 belongs to the Ruddlesden-Popper phases [1]. 
It is known that this compound and corresponding protonated form H2La2Ti3O10 exhibits photocatalytic 
activity under ultraviolet radiation [2] but are inactive under visible radiation. According to the literature, 
cation substitution in the structure of such photocatalysts can lead to light absorption in the visible region 
[3].  

This work is devoted to the development of a procedure for the synthesis of layered perovskite-
like titanates of the composition Na2La2MnxTi3-xO10 and its corresponding protonated forms with the 
degree of substitution of Ti for Mn in the range from 0.1 to 1.0, studies of the their structure, quantitative 
composition, light absorption region and photocatalytic activity of the protonated forms and nanolayers 
of these compounds in the reaction generation of hydrogen from an aqueous solution of methanol. 

 The compounds were synthesized by high-temperature solid state reaction. The optimal 
synthesis conditions were selected by varying the temperature, duration and number of calcination 
steps, and an excess of Na2CO3. Single-phase samples were obtained, which was confirmed by X-ray 
diffraction. It was found that the Mn-containing oxides are isostructural to the Mn-free compound, 
manganese is predominantly introduced into the central octahedron of the perovskite block. The data 
obtained by DRS indicate a decrease in the band gap and the appearance of light absorption in the 
visible region of the spectrum when manganese is introduced into the oxide structure. However, 
photocatalysts under ultraviolet, visible and simulated sunlight in aqueous solutions of 1% (mol.) 
methanol using Pt as a cocatalyst showed a decrease in the efficiency of photocatalysis when replacing 
titanium cations with manganese cations. 

 
Figure 1. The schematic structure of Na2La2Ti3O10 and Na2La2MnxTi3-xO10 compounds. 
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Spectral and kinetic characteristics of a luminescent material strongly depend on its morphology 
(particle size and agglomerate size), surface chemistry and deviations from stoichiometry. Oxygen-
deficient GeO1.61 aerogel exhibited strong blue luminescence at 425 nm (λexc.= 280 nm), which is 
uncharacteristic for germanium oxide in a less dispersed state [1].  

However, there are very few works dedicated to production of GeO2 aerogels despite is similarity 
to SiO2. Previously GeO2 aerogels were obtained by hydrolysis of tetraethyloxygermanium in ethanol 
with HCl acting as a catalyst. Gelation time was 3 days and the resulting aerogels were extremely brittle 
and completely opaque. Choice of alkoxide precursor, solvent, gelation catalyst and its concentration 
might help control hydrolysis speed [2], but this research has never been done for germanium 
compounds.  
In the present work the effect of various solvents and catalysts on the gelation speed of germanium 
alkoxides tetraethyloxygermanim (TEOG) and tetraisopropoxygermanim (TiPOG) is studied. Ethanol, 
butylacetate, acetone, dimethylformamide and acetonitrile were tested as solvents. Only the use of 
acetonitrile allowed to obtain stable transparent gels and aerogels both using TEOG and TiPOG. The 
gelation time mainly depended on the water content in the system and was 3 h for TEOG:Acetinitrile: 
H2O:HCl ratio 1:50:8:0.001 and 1 min  in case of 1:50:18:0.001. Concentration range of stable gel 
formation was determined for both of the germanium precursors and it was shown that TiPOG forms 
gels in a wider range of concentrations. 

 

 

 

Scheme 1. X-ray diffraction patterns of GeO2 aerogels obtained using TEOG and TiPOG as 
precursors, acetonitrile as solvent and HCl(aq) as gelation catalyst. SEM image of sample obtained 

using the ratio TEOG:Acetinitrile: H2O:HCl 1:50:15:0.001 (Red XRD line). 
 
 

Multitude of gelation catalysts was tested: HCl, HF, HNO3, CH3COOH, NH3. Strong acidic 
catalysts resulted in stable gels, whereas weak acids and basic catalysts lead to precipitation of the 
sols. Obtained gels were dried in supercritical CO2. All the obtained aerogels were highly crystalline, 
had particle size of ~1-5 nm (Scheme 1) and specific surface area of ~50 m2/g.  
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Corrosion destroys metal structures and degrades their properties, causing economic and 
production losses, as well as a threat to safety. Therefore, the development of effective anticorrosive 
coatings is an important task in industry and construction. The use of new materials such as 
tetramethylenediethylenetetramine (TMDETA) in these coatings can improve their protective properties 
and durability. 

Tetramethylenediethylenetetramine – 1,3,6,8-tetraazatricyclo [4.4.1.13,8] dodecane belongs to 
the group of macrocyclic aminals that attract great attention due to their fundamental importance and 
widespread use in perfumery, veterinary medicine, construction and the oil and gas industry [1]. 

TMDETA is an organic compound, forming stable complexes with many metals and at the same 
time has a high adsorption capacity and chemical stability. It also has inhibitory properties and can form 
passive films on the metal surface that protect metal structures from oxidation and reduce the rate of 
corrosion reactions. In addition, TMDETA has good adhesion, which ensures durability, durability of the 
coating and increases the service life of objects. All these properties allow 
tetramethylenediethylenetetramine in the composition of anticorrosive coatings to interact effectively 
with the metal surface and prevent self-destruction of the metal. 

The stability of TMDETA in solvents is an important parameter for the creation of coatings. To 
determine the solubility of tetramethylenediethylenetetramine, a quantitative analysis was performed 
using a gas chromatomass spectrometer PQ-2010s. 

The results showed that TMDETA is better soluble in isopropyl alcohol and water. This is due to 
the fact that isopropyl alcohol, as a polar solvent, has a greater ability to form hydrogen bonds and 
interact with tetramethylenediethylenetetramine molecules. And in water it is of particular interest 
because, on the one hand, it has a rather high solubility, and on the other hand, the combined presence 
of hydrophilic and hydrophobic fragments in the molecule, which have a great influence on the 
surrounding water structure [2]. 

The study of publications and the results of economic research made it possible to systematize 
problems, analyze foreign products and trends in the development of the Russian market of specialized 
anticorrosive coatings [3]. And the main problem of the domestic market is the lack of high-quality 
coatings against corrosion of Russian production, which is covered by imports. The creation of coatings 
based on tetramethylenediethylenetetramine is an innovative solution for the construction chemicals 
market, which will help expand the range, attract customers from different industries, and stabilize 
demand within the country. 
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X-ray luminophores can be used in X-ray photodynamic therapy for cancer treatment inside the 
human body. However, the optical properties and morphology of such substances strongly depend on 
the synthesis conditions. To control these properties, it is best to apply the design of experiments (DoE) 
together with microfluidic synthesis, as it allows many experiments under different conditions in a short 
time. 

To perform such an experiment, we used the Dohlert scheme [1] (scheme 1). This allows us to 
obtain objective results with the smallest number of experiments. 

 
Scheme 1. Dohlert scheme. 

Based on the experimental results, we constructed properties maps (scheme 2). Analyzing them, 
we came to the conclusion that the best conditions for synthesis are the speed of cations in the range 
5-6 ml/min and the speed of anions in the range 7-8 ml/min. 

  
Scheme 2. Mapping schemes of microfluidic design: a) UV-Vis peaks intensity; b) Average crystalline 

size. 
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One of the main trends of the 21st century is to pay special attention to the quality of cosmetic 
products and their compositions. In terms of material science, the challenge is to develop effective and 
safe materials for the beauty industry. 

Hydroxyapatite is the main component of human bone tissue, which determines the wide use of 
its synthetic analogue in various fields of medicine and biotechnology, as well as in the cosmetic 
industry. Hydroxyapatite has an anti-aging effect due to stimulation of collagen formation, and doping, 
in addition to color change, leads to pronounced UV reflection, which gives the proposed nanomaterial 
a third functionality - protection from UV radiation. In addition, hydroxyapatite is cheap to obtain, the 
method of production is scalable, and the final product is biocompatible and non-toxic. 

The natural color of hydroxyapatite is white. Introduction of 3d-element ions into the structure of 
hydroxyapatite will allow to obtain an ecological pigment palette, and varying the conditions of synthesis 
will regulate not only the color, but also its intensity. 

In the development of cosmetic products, green pigment, which is complementary to red pigment, 
is in great demand, which explains its ability to cover imperfections and inflammation on the face. 
Therefore, in this work, hydroxyapatite was doped with Cr3+ ions. 

It is known that the functional properties of a nanomaterial are often determined by the parameters 
of the nanoparticles themselves. An important but not fully understood issue for hydroxyapatite 
nanoparticles is the regulation of their size and shape. 

The main method of hydroxyapatite production is ‘wet’ chemistry, which has a large set of ways 
to regulate the morphological parameters of nanoparticles: pH of the reaction medium, temperature, 
duration of synthesis, concentration of dissolved substances. In addition, it is possible to direct the 
formation of final nanoparticles by one of two mechanisms: Ostwald ripening or oriented attachment, 
which also allow to set the morphology of the final product.  

Orientated attachment is a process where in the reaction medium under the influence of external 
conditions initiates the fusion of smaller primary nanoparticles with the formation of larger (final 
nanoparticles). The peculiarity of oriented attachment is that it is poorly studied and there is practically 
no information about the factors initiating it. 

Therefore, within the framework of this work nanoparticles of hydroxyapatite doped with chromium 
were obtained by co-precipitation method, which consists in mixing of initial reagents at room 
temperature and separation of the final product in the form of a sparingly soluble substance. In order to 
obtain hydroxyapatite nanoparticles with different morphological parameters, the synthesis was carried 
out with incubation of the reaction medium at room temperature and at 100ºC, and the reaction mixture 
was supplemented with regulating ions (K+, Na+). 

The obtained samples of doped hydroxyapatite were characterized by a complex of methods: 
XRD (determination of the phase composition of the product, lattice parameters and crystallite sizes), 
IR spectroscopy (identification of the surface composition), BET (calculation of specific surface area and 
pore size), TEM (determination of the shape and size of the obtained particles), WPPM (clarification of 
crystallite sizes), XPS (analysis of the elemental composition of the substance, determination of the 
dopant oxidation degree), ISP-OES (determination of the qualitative and quantitative elemental 
composition of the sample). 

The color of all samples was measured using a portable colorimeter and then expressed in the 
device-independent CIELAB color space. 
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Artificial tissues have structures and functions similar to those of natural tissues and are 
composed of one or more types of cells. They hold a wide range of biomedical applications as an in vitro 
model, to mimic the dynamic development of natural tissues, screen drugs for specific diseases, 
alleviate ethical issues in animal experiments, study cell-cell interactions, and be used for tissue 
transplantation. Tissues such as glomeruli, alveoli, and mammary glands in living organisms have a 
cavity structure. Although a variety of methods for constructing artificial tissues in vitro have been 
developed in recent decades, the lack of methods for constructing artificial tissues with cavity structures 
makes it challenging to study the aforementioned cavity tissues in vitro. Herein, we investigated the 
construction of various arrays of tissues with cavity structures using giant unilamellar vesicles (GUVs) 
and demonstrated the feasibility of constructing artificial tissues with cavity structures based on the 
magnetic Archimedes effect. 
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Stretchable electrodes prepared by conductive layer and elastomer were widely applied in sensors, 

flexible electronic devices and health detections [1].   The microcracks in conductive layer strained 
synergistically with the elastomer, achieving linearly changing of conductivity with stretch.   However, 
the interactions between the metal conductive layers and the substrates need to be enhanced for 
synergistical strain [2], [3].   In addition, the preparation of stretchable electrode with both high gauge factor 
(GF) and high stretchable conductivity is still a challenge [4-6].   The study reported the synthesis of lipoic 
acid functionalized polysiloxane elastomer (LFPSE), which adhered gold nanoparticles to prepare 
stretchable electrodes.   Elastomer were cured through thiol-ene click polymerization and stretchable 
electrode was prepared through evaporating gold nanoparticles on LFPSE in vacuum.   S-Au bond was 
characterized by Raman spectroscopy and XRD.   Tensile conductivity was performed through 
microcrack propagation of Au.  The study of UV curable polysiloxane elastomer based on thiol-ene with 
S-Au interaction provided a potential application in wearable flexible electronic devices and stretchable 
electrodes. 

 

Scheme 1. Schematic diagram of gold nanoparticles adhering to the surface of UV-cured 
polysiloxane. 
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The construction of artificial cells capable of mimicry of cellular structure and functions 
using a bottom-up strategy helps understanding the working mechanism of cells. Artificial 
photosynthetic cells can simulate photosynthesis to product ATP. However, it is challenging to 
achieve efficient energy supply and substance synthesis through a bottom -up approach. Here, 
we report the design of a bottom-up efficient energy-supplying artificial photosynthetic cell in 
chloroplast photosynthesis. ATP synthase and PSII were reconstituted on the phospholipid 
membrane as photosynthetic energy organelles, which integrated phycocyanin to enhance 
energy transfer efficiency. The production of ATP increase by 2.5 -fold. The artificial 
photosynthetic organelles pave the path to build artificial cells with more complex metabolic 
networks.  
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Perovskite solar cells (PSCs) have been a rapidly developing photovoltaic (PV) technology in 

recent years; for 14 years, they have achieved power conversion efficiencies above 26% [1], which is a 
record value among all emerging PV and even thin-film PV 1. PSCs can be considered promising 
candidates for next-generation thin-film solar cells due to their outstanding electronic properties, chip 
and simple fabrication process. However, poor long-term stability of PSCs in ambient atmosphere, 
caused by bad perovskite extrinsic stability [2-4], limits the widespread use of PSCs as commercially 
implemented devices. It is crucial to find a good encapsulation strategy to overcome this obstacle. 
Encapsulation should protect PSCs from such destructive environmental factors as oxygen and 
moisture, and it should also prevent the evaporation of volatile degradation products.  

 

 
Figure 1. Parylene-N formula, scheme of PSCs architecture, PSCs performance before and after 

3350 h shelflife in a dark ambient atmosphere. 
 

In this study, we investigated parylene-N film as an encapsulation material for PSCs based on 
MAPbI3 perovskite. Parylene-N film was deposited on the surface of devices with configuration by the 
chemical vapor deposition technique. We studied the thermal stability of MAPbI3 films coated with 
parylene-N film on a hotplate at 85 °C, the extrinsic stability of encapsulated PSCs in a dark ambient 
atmosphere, and their thermal stability on a hotplate at 85 °C. 

We have achieved minimal perovskite degradation and minimal loss of absorbance of parylene-
coated perovskite films after 246 hours of heating at 85 °C. PSCs based on MAPbI3 perovskite remained 
operational even after 29 hours at 85 °C due to encapsulation with parylene-N film. 

Solar cells, encapsulated with parylene-N and cover glass, showed stable characteristics for over 
3800 h in a dark ambient atmosphere. They retained almost 100% of their initial power conversion 
efficiency. There is only a slight degradation in J-V curves after the experiments (Fig. 1), which confirms 
the success of parylene-N in the dark ambient atmosphere stability test. 

Based on the results of our study, we can assume that the use of parylene-N as an encapsulation 
material can increase the operation lifetime of PSCs in ambient conditions.  
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Conventionally, zeolite LTA is a detergent builder, gas separator, and ion-exchanger for water 

purification. However, it has found novel applications as host for releasing anticancer drugs, 
luminescent-based humidity sensor, and hybrid photovoltaic solar cell [1, 2]. 

Zeolites are synthesized by hydrothermal method from pure sources of SiO2 and Al2O3, whose 
production is relatively expensive and associated with waste generation. Here, we use kaolin as a low-
cost alternative natural raw material for zeolite NaA (LTA) synthesis. The work aims to determine the 
conditions for obtaining the product with a relative crystallinity of more than 90 %. 

Metakaolin obtained by cosmetic kaolin calcination at 750 °C for 1 h, was taken for synthesis. It 
was mixed with NaOH and H2O to prepare a reaction mixture with the formula 2,1SiO2 : 1Al2O3 : xNa2O : 
100H2O, homogenized for half an hour at 400 rpm, and left for hydrothermal crystallization. Optimization 
of synthesis conditions has been performed using the response surface methodology (Box-Behnken 
design). Temperature and time, stirring speed, and Na2O : Al2O3 were varied in the experiments. The 
responses were relative crystallinity and yield of the zeolite NaA, product water capacity, average NaA 
agglomerates and cubes size, and average number of cubes in the agglomerate. Product properties 
have been derived from X-ray diffraction (XRD), scanning electron microscopy (SEM), laser diffraction 
analysis (LDA), classical chemical analysis, and material balance. 

As a result, we have obtained models for all responses. Figure 1 shows the response surfaces 
for relative crystallinity (R2 = 0.6794, adj. R2 = 0.6025, pred. R2 = 0.4184). The model for the average 
cube size has the best statistical values (R2 = 0.9961, adj. R2 = 0.9926, pred. R2 = 0.9039). The synthesis 
conditions for obtaining NaA with a relative crystallinity of 92.59 % are as follows: temperature of 80 °C, 
time of 5.95 h, stirring speed of 400 rpm, and Na2O : Al2O3 = 3. 
 

 

Figure 1. Derived response surfaces for relative crystallinity. Factors not shown on the axes have 
central values: 80 °C, 5 h, 200 rpm (no effect on relative crystallinity), and Na2O : Al2O3 = 3. 

 
The derived models are statistically satisfying, yet the product properties prediction without 

introducing additional constraints is difficult. Promising research is the synthesis of zeolite NaA from 
pre-formed metakaolin granules and kaolin purification technologies modernization to obtain pure zeolite 
for advanced applications. 
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Nanomaterials are widely used for the delivery of components to hard-to-reach places. Such 

materials are widely used in biology, medicine, agriculture, and industry [1]. Not only their size, but also 
their versatility makes them special. Thus, the nanocapsulation approach can be used for the delivery 
of active ingredients by controlling their release at the desired site or target point. 

Materials that can be used in a variety of ways are particularly important. Nanoporous aluminum 
and zirconium oxides with titanium dioxide are photocatalytic [2]. They can also act as sorbents. By 
combining such properties, nanomaterials can both expand the range of applications for such 
substances and increase the efficiency of their targeted application. 

Health care may also benefit from nanomaterial approaches. To prevent the spread of 
dangerous parasitic diseases, DEET repellent is especially important. However, it is currently only used 
in cream and liquid form. Another essential tool for the protection of people is protective clothing [3]. 
However, it is more aimed at the protection of people from arthropod bites and is not always widely used 
by the population. 

Therefore, the aim of the present study was to obtain textile materials with repellent properties, 
where nanoporous alumina and zirconia will be used as repellent carrier. 

In the present study, we prepared nanoporous aluminum and zirconium oxides using a glycol-
citrate synthesis method and studied their sorption properties towards the repellent N,N-diethyl-m-
toluamide (DEET). The results showed that the oxides have sorption capacity to DEET (118 mg/g and 
63 mg/g for aluminum and zirconium oxides, respectively) and can be used for transport to the target 
site. 

In the subsequent phase, the oxides were combined with a solution of polyacrylate (alkyl 
substituted organic acid copolymer) fixative, which is employed in the production of finished textile 
products. The analysis of the resulting solution indicated that the repellent desorbed into the polymer 
solution, thereby enabling the solution to be further utilized for the application to fabrics. A variety of 
textile materials with varying DEET content (up to 150 mg/m²) were produced by immersing a 5x5 cm 
piece of fabric in a solution for a period of five minutes, followed by drying at 170°C for a further five 
minutes. 

The results obtained indicate that aluminum and zirconium oxides can serve as nanocontainers 
for the delivery of substances, in particular repellents to various objects, such as on fabrics. Due to their 
sorption properties, these compounds overcame the difficulties in obtaining textiles with repellent 
properties because DEET has low solubility in water. This approach will produce materials that can be 
widely used by the public, thereby improving epidemiological protection and reducing the risks 
associated with the spread of dangerous infections. 
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 The search for new alternative sources of raw materials used in the metallurgical industry for the 

production of aluminum oxide against the backdrop of decreasing reserves of high-quality aluminum-
containing raw materials makes research in this area very relevant. Therefore, the processing of high-
silica aluminum-containing ores for the production of aluminum and its compounds is considered 
feasible. From this point of view, the use of local aluminosilicate raw materials, reserves of which in our 
republic reach tens of millions of tons, is of great importance.Until now, it has not been possible to 
process huge reserves of this raw material due to the lack of processing technology that would produce 
alumina of metallurgical quality. Experiments were carried out with aluminum-containing ores of the 
Chovdardag deposit in Azerbaijan, which were studied in their original and also in pre-calcined form. 
The results of X-ray phase analysis showed that the main minerals included in the clay consist of 
kaolinite (Al2Si2O5(OH)4 – 65 %), quartz (SiO2 – 31 %) and aluminum sulfate Al2(SO4)3 – 2 %).Currently, 
the most common method for producing aluminum oxide is the Bayer method. However, this method is 
used for ores with low silicon content (less than 5 %). In works [1-4], the decomposition of kaolin clays 
with sulfuric acid was studied. Studies were carried out on the dependence of the degree of extraction 
of aluminum and iron oxides from the composition of burnt rocks on temperature, process duration and 
sulfuric acid concentration. Leaching operations were carried out in a thermostated reactor—a jacketed 
vessel with a capacity of 0.20 L, equipped with a stirrer and a reflux condenser. 

The weight of the sample in the experiments was 5 g. The original clay was crushed in a laboratory 
ball mill to a particle size of 0.1 mm, then fired in the temperature range 400-700 0 C for 60-120 minutes. 
Calcined kaolin clay was leached with 20-60 % sulfuric acid for 60-150 minutes at a temperature of 80-
95 0 C. It was revealed that leaching of kaolin clay in order to extract aluminum oxide is achieved using 
samples of kaolin clay calcined at 700 0 C, 40 % sulfuric acid for 120 minutes at a leaching temperature 
of 95 0 C. The degree of extraction of aluminum and iron oxide under these conditions is 95.6 and 85.2 
%, respectively. 
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Supercapacitors are widely used as power sources in electric and hybrid vehicles, as well as in 

electronics. Various porous materials are utilized for manufacturing supercapacitor electrodes, but the 
most accessible are still known to be activated carbons (ACs). Renewable biomass is a promising type 
of the feedstock of ACs. Fruit pits and nut shell are of particular interest due to their increased density 
and hardness, that can be inherited by ACs being obtained. In Russia, only pine nuts are currently 
harvested on an industrial scale (mainly in Siberia and Far East), the annual production of which is 
estimated at 35000 tons [1]. The shell is a waste constituting more than 50% of the whole nut weight.  

The requirements to electrode materials for supercapacitors are the following: BET specific surface 
area (SBET) more than ~1500 m2/g, micro-mesoporous structure with high proportion of the effective 
surface area available for the electrolyte [2]. Phosphoric acid as an activating agent allows for achieving 
the required textural characteristics with the higher yield of ACs from biomass compared to other 
approaches [3].  

In this work, a series of activated carbons was obtained with the yield of up to 47% and SBET up to 
2500 m2/g. Their testing as supercapacitor electrode materials using 1M BMIMBF4/acetonitrile as an 
electrolyte showed that the electrode capacitance depends on both SBET and pore size. It reaches ca. 
120 F/g at a discharge current density of 0.2 A/g. 

The work was carried out with financial support from the Ministry of Science and Higher Education 
of the Russian Federation within the framework of a state assignment for the Novosibirsk State 
University (project No. FSUS-2022-022), as well as for the Federal Research Center of the Boreskov 
Institute of Catalysis SB RAS (project No. FWUR-2024-0038). 
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Currently, research is widely carried out on the development of various methods for obtaining 
materials based on lithium zirconate. The most advanced methods are the solid-phase and sol-gel 
method [1, 2]. However, these methods do not allow to control the properties of the final powders. The 
method of controlled double-jet precipitation (CDJP), in turn, allows fine-tuning the characteristics of the 
materials obtained.  

Lithium zirconate samples were synthesized by various deposition methods, namely direct, 
reverse and CDJP. The samples obtained using BWW and reverse deposition methods were 
synthesized at pH values from 3 to 8 units in increments of 1 unit. To obtain all samples, a solution of 
titanium chloride with a concentration of 0.5 mol/l was used as a source of titanium ions, and lithium 
hydroxide with a concentration of 2 mol/l was used as a precipitator. The resulting precipitates were 
subjected to heat treatment to obtain the required phase. The granulometric composition of all samples 
was measured by laser diffraction, the surface and porosity characteristics of the samples were 
determined by low-temperature nitrogen adsorption/desorption, and the phase composition was 
determined using X-ray phase analysis. The sorption properties of the samples were investigated by the 
potentiometric method. 

It is shown that samples with a porous structure, developed surface and small particle sizes 
absorb lithium ions to a greater extent during deposition. All this can contribute to the effective diffusion 
of Li+ ions. 
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The global demand for ammonia is growing with the universal development, as it is necessary in 

modern agriculture and industry. Currently, ammonia production is heavily dependent on the Haber-
Bosch process, which must be carried out at high temperature and pressure, consumes large amounts 
of natural gas and leads to serious energy and environmental problems. The electrocatalytic reduction 
reaction of NO3

-RR nitrates has been widely studied for many years as one of the alternative methods 
[1]. Electrocatalytic reactions can serve as a substitute in a number of processes [2]. As a result of this 
reaction, it provides not only a stable synthesis of ammonia, but also eliminates environmental pollution. 

 

(NO3
-RR):  NO3

– + 9H + + 8e- ⟶ NH3 + 3H2O, E0= - 0.12 V vs RHE 

 
The most effective electrocatalysts today remain based on nobles metals such as platinum, 

rhodium and especially ruthenium. The problem of replacing expensive such components with cheaper 
ones, such as nickel, titanium, and cobalt, is associated with a sharp decrease in catalytic efficiency. 
The task is to create electrocatalysts that could replace noble to inexpensive metals. In this case, copper 
is one of the most promising bases. 

In this work, the task was not only to test Cu-containing electrocatalysts in NO3-RR, but also to 
check the substrates so that the mass of catalytic copper was as low as possible. An array copper 
electrode and a graphite substrate were chosen as substrates. Electrochemically deposited copper 
microparticles served as sources of active catalytic centers. To compare the catalytic activity, a copper 
electrode containing no active layer of microparticles was used. 

Both the criterion of electrocatalytic activity and selectivity was the characteristic of the Faradaic 
efficiency (FE) for experiments that were conducted at a constant potential of the working electrode. 

 

where Q is the total spent charge and m is the mass of the released target product (ammonia). 
 
The experimental technique was used [3]. The tests were carried out at three constant potentials, 

which were selected using the method of cyclic and linear voltammetry. Electrocatalysts based on an 
array of copper with a deposited layer of copper microparticles showed the best results. The results for 
an electrocatalyst on a graphite substrate with a deposited layer of copper microparticles showed a 
comparable result (FE more than 20-25%). On an electrode without an active catalytic layer, the FE 
values did not exceed 13%. 

Thus, Cu micro-catalysts were synthesized; a catalyst based on a graphite substrate, that is, from 
the cheapest materials, showed a result compatible with a self-supporting catalyst based on a copper 
array and copper nanoparticles. It has been shown that copper microparticles have catalytic activity in 
NO3

-RR and can serve as a promising replacement for catalysts containing noble metals. 
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Indoor photovoltaics (IPVs) have attracted considerable interest for their potential to power small 
portable electronics, photonic devices and the fastest energy supplements for growing technologies like 
Internet of Things (IoT) under indoor light conditions [1]. 

Herein, we report the synthesis and study of a novel conjugated polymer (PTBT-Tz), which 
provided outstanding performance of perovskite solar cells as hole-transport material (HTM) when 
combining with a wide-gap perovskite CsFAPbIBr. The power conversion efficiency of devices reached 
of 19.31% under indoor conditions surpassing that of the reference cells with state-of-the-art 
polytriarylamine (PTAA) HTM (PCE = 9.63%). 

 

   
Figure 1. Conjugated polymer PTBT-Tz. 

 
Figure 2. Schematic diagrams of perovskite solar cells. 
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Mixed Ni-Co ferrites have been studied recently for their magnetostrictive, structural and magnetic 

properties. Synthesis of nano-scale ferrite materials are considerably the area of recent research as 
nano-ferrites have potential applications as catalysis, gas sensors, magnetic drug delivery and dye 
adsorbent. Approaches to synthesize nanoscale ferrites with spinel structure are diverse, but not all 
methods are suitable for scale-up due to the high cost, complex synthesis process, purity and quantity 
of the resulting substance. In this work, a solution combustion method characterized by high speed and 
productivity, simplicity and cost-effectiveness is used [1-2]. 

In the present work, synthesis ofmixed Nickel-Cobalt spinel ferrite samples. Citrate combustion 
method has been employed for the synthesis of ferrites.  

Mixed sobalt-zinc spinel ferrite was synthesized by mixing stoichiometric aqueous solutions of 
zinc nitrate [Zn(NO3)2].6H2O, cobalt nitrate [Co(NO3)2].6H2O, and iron nitrate [Fe(NO3)3].9H2O. At room 
temperature, citric acid was added to the solution, followed by ammonia until the pH value reached 7. 
The resulting solution was heated on a hotplate under continuous stirring at 60 °C for 30 min and then 
at 110 °C for 1 h until gel formation. The gel was additionally heated on a gas burner until the solution 
was completely burned off. The powder was annealed in a muffle furnace at 600 °C for 1 h, resulting in 
a nanosized ferrite nanopowder. 

 

 

Scheme 1. Diffractogram of Co0,5Zn0,5Fe2O4 nanopowder. 
 

The phase composition of the synthesized sample of mixed Cobalt-Zinc ferrite was determined 
by X-ray phase analysis (XRD, X-ray diffractometer Empyrean B.V. with Cu anode (λ = 1.54060 nm)). 
Imaging was performed in the angle range 2θ = 15-80° with a step of 0.0200°. 

According to XRD data, the nanopowder synthesized by the citrate combustion method contains 
target phases. The sample Co0.5Zn0.5Fe2O4 is single phase. 
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Polyurethanes are polymers with a fairly wide range of properties. However, an area is allocated 

for the modification of polyurethanes to increase their stability under conditions of thermal oxidative 
degradation [1-2]. An increase in durability is possible due to technological techniques (adjustable ratio 
of hard and soft segments, frequency of crosslinking, introduction of urea groups), as well as the use of 
stabilizers or antioxidants.  

. 
In this paper, the effect of commercially available antioxidants (Neozone D, antioxidant 165 and 445) on 
the resistance of polyurethanes in conditions of elevated temperatures in oxygen is considered. The 
samples were synthesized according to the classical 2-stage method [3] based on oligoester (based on 
adipic acid and ethylene glycol), isoforondiisocyanate and  MOCA for the standard sample and 1% 
antioxidant  for modified samples. After manufacture, the samples were exposed to exposure for 16 
days with control points, at which the strength level for the samples was determined according to 
Russian standards GOST 260-75. The results of the described tests are shown below (Figure 1.) 

Figure 1. Change in the strength level 

during exposure at 100⁰ C for samples 

with various antioxidants compared to a 
sample without an antioxidant(standard 
sample) . 
 
As can be seen from the results, the 
maximum strength after exposure is 
possessed by a sample containing an 
antioxidant 445.  When compared with a 
standard sample that does not contain an 
antioxidant, the strength decreases by 
31% with an 85% decrease in the 
standard one. The lower efficiency of 
other products is probably due to lower 
compatibility with the polymer base. Most 
likely, the effectiveness of 445 is related 
to its activity relative to free radicals 
produced during thermal oxidative 
degradation[4]. 
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          Anthracene-based organic semiconductors are attracting scientific interest due to their flexibility 
and easy-fabrication properties [1].  To date, it has been found that this type of semiconductor in its 
current form has a number of disadvantages. In particular, the semiconductor is highly susceptible to 
thermal degradation and aging. In this regard, a number of modifications have been proposed, where 
anthracene  
derivatives as well as copolymers in which it is a component have been chosen as a base.  
          In this work, the luminescent properties of a block copolymer consisting of an anthracene 
derivative and a polymer with internal microporosity (PIM) were investigated by fluorescence 
spectrometry. The excitation and emission spectra of the block copolymers at different fractions of 
anthracene (AN = 5%, 10% и 20%) were investigated.   In addition, spectra of pure PIM and anthracene 
(AN) were constructed. It was found that at a certain laser emission length, a transition of excitation from 
anthracene links to PIM links is observed at an excitation point of 350 nm. With the known values of the 
excitation point for anthracene (about 350 nm) and emission point for PIM (about 480 nm), it can be 
determined that under laser emission anthracene is excited and PIM fluoresces. The results obtained in 
this work may be useful for further development of organic semiconductors of the considered type. 
 

                                    
 

Sceme 1. (a) Chemical formula of anthracene derivative (AN), polymer with internal microporosity (PIM) 
and AN-PIM copolymer; (b) Excitation (Ex scan) and emission (Em scan) spectra of the corresponding 
compounds and copolymers of different composition. 
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The sustainable development of building materials calls for the birth of self-healing concrete 
composites, which has the built-in ability to autonomously repair narrow cracks. This work reviews the 
fabrication, characterization, mechanisms and performances of autogenous healing concretes. 
Autogenous healing materials such as mineral admixtures, fibers, nanoparticles, fillers and curing 
agents have been proven to be effective to partially or even fully repair small cracks (less than 150 
microns).  

The mechanisms of autogenous healing can be identified as follows: 1) carbonization of calcium 
hydroxide; 2) healing of cracks caused by impurities in water and loose particles of newly formed 
cementitious material due to cracking; 3) expansion of the hydrated cement matrix at the edges of the 
crack; 4) continued hydration of (residual) cement grains [1]. The dominant factors influencing the 
effectiveness of self-healing in cementitious composites are the chemical composition and quantity of 
additives introduced, crack characteristics, and curing conditions. 

The introduction of certain mineral additives (usually with high content), such as fly ash, blast 
furnace slag, carbonized steel slag, expansive agents, geomaterials, and chemical additives, 
contributes to the self-healing of cementitious composites. Practically all mineral additives are 
multicomponent, and the optimal combination would involve swelling substances and crystalline 
components based on silica. 

The introduction of fibers (polyvinyl acetate fiber (PVA), polyethylene fiber (PE), polypropylene 
fiber (PP), steel fiber, and carbon fiber) is also an effective means of creating self-healing cement 
concrete. On one hand, fiber can limit crack width, thus enhancing self-healing efficiency as less healing 
material will be required to fill the cracks. On the other hand, fibers can play a crucial role in bridging 
cracks by attaching to them the crystallization products, thereby facilitating self-healing. 

Numerous studies show that nanoparticles have significant potential for modifying cementitious 
composites due to their unique structure and properties [1]. Firstly, nanoparticles act as nucleation 
centers in the pore solution of hydration products, thereby accelerating hydration. Secondly, the 
introduction of nanoparticles improves the three-dimensional mesh structure of the cement matrix, forms 
finer cracks, and redistributes crack propagation direction. Thirdly, active nanoparticles, such as SiO2 
and TiO2-coated SiO2 with pozzolanic reactivity, can react with Ca(OH)2, inducing additional hydration 
of calcium silicate, thereby increasing the density of specimens. 

Internal curing, provided by expansive additives (hardeners), is another method aiding concrete 
in achieving self-healing properties. Expansive additives act as internal water reservoirs, absorbing and 
retaining water when there is excess, and gradually releasing the contained water into the unhydrated 
cement upon moisture gradient occurrence, sustaining continuous hydration. Consequently, 
autogenous and plastic shrinkage due to low water-to-binder ratio can be significantly reduced. Common 
hardeners include lightweight aggregates such as expanded clay and pumice, as well as chemical 
additives, for example, superabsorbent polymers. 

Self-healing technology provides concrete infrastructures with the ability to adapt and respond to 
the environment, exhibiting a great potential to facilitate the creation of a wide variety of resilient 
materials and infrastructures. 
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Up to 70% of OPEX in industry is associated with separation and purification steps, and the 

membrane processes enabling the separation on molecular can provide higher efficiency due to lower 
energy penalties and unit size. It will be shown how the membrane separation processes mimic the 
biological membranes and organs of our body. For instance, the production of fresh water by 
nanofiltration is acting as the membrane cell allowing one type of ions passing through, while other 
ions are rejected. The membranes can be also change the chemical processes such as crude oil 
fraction by replacing of distillation process. 
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The perspective technique of membrane modification is the introduction of hydrophilic polymers 
or polyelectrolytes into the coagulation bath during membrane preparation via non-solvent induced 
phase separation (NIPS). This technique can contribute to surface modification due to the embedding 
of hydrophilic polymers or polyelectrolytes into the selective layer, which yields changes in the 
hydrophilicity, roughness, charge and chemical composition of the membrane selective layer. It is 
known that structure (pore size, porosity, surface roughness) and surface properties (hydrophilicity, 
zeta potential) of porous membrane-supports significantly effects the formation and performance of 
the polyamide layer of thin film composite membranes prepared via interfacial polymerization (IP). The 
aim of the research was to study the influence of molecular weight and concentration of 
poly(diallyldimethylammonium chloride) (PDADMAC) used as an additive to coagulation bath during 
preparation of polysulfone substrate membrane via NIPS on the structure and performance of thin film 
composite membrane (TFC) for nanofiltration obtained via IP. PDADMAC with the molecular weight of 
100 kDa, 200-350 kDa and 400-500 kDa was used as an additive to aqueous coagulation bath during 
polysulfone membrane preparation. It was found that introduction of PDADMAC to coagulation bath 
and increase in its concentration up to 0.15 wt.% yielded in the decrease of membrane pure water flux 
from 280 L·m-2·h-1 down to 160 L·m-2·h-1 (at transmembrane pressure of 1 bar) and increase in  
polyvinylpyrrolidone K-30 (Mn=40 000 g·mol-1) rejection from 77% to 80-86%. It was shown that 
modification of membranes using PDADMAC led to hydrophilization of porous membranes-supports. 
However, the higher the molecular weight of PDADMAC resulted in the higher water contact angle of 
membrane selective layer. Thin polyamide layer was formed on the surface of polysulfone porous 
membrane supports via IP of piperazine aqueous solution and trimesoyl chloride solution in hexane. 
TFC membrane performance was studied in nanofiltration of salts (NaCl, Na2SO4, MgSO4, CaCl2, 
MgCl2), dye (indigo carmine) and antibiotic (sulfadimethoxine) aqueous solutions at transmembrane 
pressure of 5 bar. 

It was found that introduction of PDADMAC yielded the significant increase in water 
permeability (from 14 to 79 L·m-2·h-1 at 5 bar) and rejection of MgSO4 from 91 to 95% of nanofiltration 
membranes. It was found that increase in concentration of the additive of PDADMAC in coagulation 
bath increased the rejection of NaCl (0.5 g·L-1 aqueous solution) from 19 to 32-54%. Thus, 
introduction of PDADMAC to coagulation bath during membrane preparation via NIPS is an efficient 
tool to tune surface properties of membrane selective layer which significantly influences formation of 
thin polyamide layer via IP. 
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Many synthetic and natural polymers find their place in the development of products for 
biomedical research and applications [1]. However, objects based on pure polymers are limited to 
conceptual use and prototyping because they have unsatisfactory mechanical properties. In addition, 
they usually do not meet the required functional characteristics such as cell adhesion, bioactivity, etc. 
Therefore, combining two or more polymers to obtain interpolymer composites is an important task to 
achieve suitable characteristics due to the synergistic effect of the two polymers. The main purpose of 
obtaining such composites is to vary and improve the properties in terms of mechanical properties of 
the material as well as their suitability for the realization of a particular technology [2]. Currently, of 
importance are attempts to prepare polyesters composites with hydrophilic polymers, which should 
improve hemocompatibility and biointeractions of biomaterials.   

In current study we were aimed to obtain interpolymer composites combining relatively 
hydrophobic poly(lactic acid) (PLA), poly(caprolactone) (PCL) with hydrophilic polysaccharides. 
Hydrophobic modification of polysaccharides (cellulose, alginate, guar gum) with stearic acid and 
isoleucine allowed forming their stable mixtures with PLA/PCL. Such hydrophobic modifiers provided 
necessary cohesion forces between natural polymer and polyesters. 

Preparation of interpolymer biocomposites was carried out by two approaches: (1) mechanical 
mixing in the melt using rollers, and (2) formation of material from a mixed solution/suspension in a 
volatile solvent. Obtained materials were investigated by thermogravimetry, differential scanning 
calorimetry and X-ray phase analysis, in order to determine the microphase composition. The 
mechanical properties of the composites were evaluated, using a tensile machine and dynamic 
mechanical analysis. Optical and scanning electron microscopy methods allowed analyzing 
morphological features of interpolymer composites.  

Obtained results allowed us to form polyesters with different content of polysaccharides. Such 
composites will be further applied for preparation of 3D scaffolds for bone tissue engineering via 3D 
printing method. 
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Currently, cancer therapy efficiency is significantly limited due to high toxicity and low 

bioavailability of cytostatic drugs. Recently, the in vivo studies have shown that the use of polymeric 
systems for co-delivery of gene therapy agents and cytotoxic drugs enhances treatment efficacy. The 
development of such formulations involves the use of biocompatible and biodegradable polymeric 
carriers with the necessary charge and physicochemical properties. For successful loading and 
delivery of drugs of different nature, the polymeric system should include various polymer moieties 
with corresponding properties: (1) a hydrophobic block responsible for particle formation and 
encapsulation of hydrophobic drugs, (2) a cationic block responsible for electrostatic binding to 
negative chains of nucleic acids and (3) a hydrophilic block to ensure stability of delivery systems in 
vivo.  

Recently, we have developed and characterized mPEG-b-PCL block copolymer-based 
nanoparticles as delivery systems for the anticancer drug dioxadet (DOD) [1]. The aim of this work 
was to prepare the nanoparticles based on an amphiphilic block-copolymer of poly(ethylene glycol) 
(PEG) with poly(ε-caprolactone) (PCL) and poly(L-lysine) (PLys) and to test the suitability of developed 
nanoparticles for a combined delivery of DOD and siRNA.  

At first step, the mPEG-b-PCL-OH and H2N-PEG-b-PCL-OH block copolymers were obtained 
by ring-opening polymerization of ε-caprolactone using mPEG and H2N-PEG-OH as macroinitiators. 
The next step involved modification of the terminal hydroxyl group of mPEG-b-PCL-OH to an azide 
one followed by azide-alkyne 1,3-dipolar cycloaddition with the alkyne-containing linker bearing also a 
primary amino group. After that, PLys block was formed by two ways. The first one was based on the 

ring-opening polymerization of N-carboxyanhydride (N-CA) of Lys(Z)) initiated by а primary amino 
group of mPEG-b-PCL-DBCO-NH-Et-NH2 and CBZ-O-PCL-b-PEG-NH2 due to nucleophilic attack on 
the 5-carbonyl of N-CA. The second method involved the use of the hydroxyl group of mPEG-b-PCL-
OH as a nucleophile for the same polymerization. 

Molecular weights and dispersity of the synthesized copolymers were analyzed by size-
exclusion chromatography. The structure and degree of modification of the obtained block copolymers 
were confirmed by NMR and IR spectroscopy.  

Nanoparticles based on block copolymers were obtained by nanoprecipitation. The particles 
were characterized by narrow size distribution and positive surface charge. DOD was encapsulated 
into nanoparticles by nanoprecipitation technique. The stability study of empty and DOD loaded 
nanoparticles was carried out at 4 °C and RT. In addition, due to the positive surface zeta potential, 
both empty particles and DOD-loaded nanomedicines were tested for loading of the 23 b.p. duplex of 
oligothymidine and oligoadenine (oligo-dT-dA). The encapsulation efficiency of oligo-dT-dA into the 
developed nanoparticles was analyzed by dynamic and electrophoretic light scattering and agarose 
gel electrophoresis.  

The cytotoxicity of the obtained empty nanoparticles was evaluated by MTT assay. Human 
embryonic kidney cell line (HEK-293) was used for cytotoxicity study. 
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The creation of modern polymer-based film coatings designed to protect and treat wounds of 
various etiologies is a complex and multidisciplinary task. The modern market of protective wound 
coatings offers a number of materials, mainly based on chitosan and collagen. These materials have 
proven themselves well in the case of superficial burns and cuts, as well as uninfected wounds. 
Nevertheless, the development of new, improved materials is necessary for the treatment of deep 
burns, trophic ulcers and pressure sores. Thus, the purpose of this work was to create polymer film 
materials based on polycaprolactone (PCL) with chitosan and the addition of a medicinal substance. 
The choice of PCL as a base is related to its biocompatibility with body tissues and its ability to 
biodegrade. A biocompatible, biodegradable polymer chitosan was used as a hydrophilic filler, among 
the positive properties of which are bacteriostaticity and shortening of epithelialization time. A broad–
spectrum antibiotic, ceftriaxone, was used as a model drug. 

A sample of PCL of the Ecoplastic brand (China) was used in the work with a degree of 
crystallinity of 69% and a molecular weight of 63,000 Da, chitosan ("Bioprogress", Russia) with a 
molecular weight of 116,000 Da and an average particle size of 0.05 mm, ceftriaxone sodium salt 
("Biosynthesis", Russia). The compositions based on PCL were obtained on a laboratory plastograph 
(Brabener, USA) at a temperature of 80 ° C, a mixing time of 10 minutes and a rotor rotation speed of 
10 rpm. After the plasticization process, the composite samples were placed in an automatic hydraulic 
press (Carver, USA) to form 0.3 mm thick films. The temperature in the press was 80 °C, the pressure 
was 1000 kgf. The choice of processing conditions is due to the earlier optimization of the process [1]. 
The chitosan content in the film did not exceed 70 mass parts due to the difficulties of processing a 
composition with a large amount of non-melting filler by melt technology [2]. The ceftriaxone content 
varied from 2.5 to 10.0% of the total weight of the polymers in the mixture. A certain amount of 
medicinal substance was evenly distributed in the chitosan suspension, after which the mixture was 
introduced into the PCL. Tests of the resulting materials for rupture were carried out on a universal 
testing machine (Shimadzu, Japan). Experiments on the sorption of water by films were carried out at 
100% humidity under thermostatically controlled conditions (T = 37 °C). The degree of swelling was 
determined as the ratio of the mass of water absorbed by the film at the time to the initial mass of the 
film. The kinetics of the release of medicinal substances from films into an aqueous medium was 
studied by UV spectrophotometry in the region of maximum absorption of ceftriaxone at a temperature 
of 37 °C. The concentration of ceftriaxone in the aqueous medium was determined by the calibration 
curve. The proportion of ceftriaxone released from the film at the time was determined as the ratio of 
concentration to concentration of ceftriaxone introduced into the film. Microbiological activity was 
assessed by suppressing the growth zone with samples of the studied compositions with a diameter of 
0.5 mm of Staphylococcus aureus and Pseudomonas aeruginosa. To study the hydrolysis of polymer 
compositions, the studied samples of a known mass were placed in a saline solution and kept for a 
long time at room temperature. The degree of hydrolysis was determined by gravimetric method, 
measuring at certain intervals the mass of the samples relative to the initial mass of the films. 

In the course of the work done, it was proved that film materials based on PCL, chitosan and 
ceftriaxone are characterized by microbiological activity against Staphylococcus aureus and 
Pseudomonas aeruginosa at the level of the initial activity of the medicinal substance. It was found 
that the presence of chitosan in the composition leads to an increase in the moisture absorption 
capacity of the material and accelerated hydrolytic degradation. It has been proven that by regulating 
the content of ceftriaxone and chitosan in a PCL-based composition, it is possible to regulate the rate 
of release of the drug from the film coating. The more chitosan and ceftriaxone are in the composition, 
the faster the medicinal substance leaves the material. It is shown that the presence of chitosan in the 
composition is accompanied by an increase in the modulus of elasticity, a decrease in strength, as 
well as a significant decrease in the values of tensile elongation compared with films of individual PCL. 
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Prospective branch of sustainable power sources is hydrogen energetics, moreover, ongoing 
researches in the field focused on the developing of proton exchange membrane fuel cells (PEMFCs). 
Their significant advantage over the solar cells, wind and hydro power sources lies in the zero 
emission, independence from weather conditions, simple system construction and high energy 
efficiency (approximately 60%).  

Perfluorinated ionomers with short side chain, such as Aquivion®, exhibit unique properties, 
including high thermal stability, improved chemical resistance, and high ionic conductivity which make 
them promising candidate for fuel cell applications. The aim of this study was to investigate of the 
impact of the liquid media of ionomers dispersions on copolymer conformation and film structure.  

The perfluorinated copolymer with Aquvion type structure consisting from alternating 
hydrophobic tetrafluoroethylene blocks and hydrophilic blocks containing sulfonate groups were 
synthesized (Fig. 1a). Equivalent weight (EW) of the copolymer characterizes the concentration of 
sulfonic acid groups in the polymer volume and was 850, which according to the literature data is the 
most promising for obtaining high electrochemical characteristics. Next, polymer dispersions in 
different liquids media was obtained using high pressure homogenizer. Depending on the nature of 
liquid phase pressure was ranging from 50 MPa to 100 MPa with subsequent heating and, where it 
was nessesary, centrifugation at 20,000G to eliminate large particles. Received samples were stable 
for approximately several weeks, however, after 1 month storage of the dispersions precipitate was 
observed.  

 

 
 

Scheme 1. a) Chemical structure of the copolymer (Aquivion); (b) Bar chart of the particles size in 
different solvents 

 
Particle size in dispersion was studied by dynamic light scattering (DLS), and was from 3.6 to 12 

µm depending on the nature of liquid phase (Fig. 1b).  Small Angle X-ray scattering of the dispersions 
revealed nanoscale microstructure of the copolymer. Films from the dispersions were obtained by 
solvent casting and their ionic conductivity were studied. 
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Hydrogels are promising for medical applications due to their biocompatibility, suitability to 
additive manufacturing and variable mechanical properties. Introduction to this materials stimuli-
responsive properties makes them an ideal candidate for creating soft actuators and cellular scaffolds.  

The goal of the work was to obtain three types of stimulus-responsible hydrogels for biomedical 
applications based on nanocrystalline cellulose (CNC) and poly(N-isopropylacrylamide) (PNIPAM). 
Following systems were developed: i) physical gel based on PNIPAM/CNC as injectable drug delivery 
system (Fig. 1a) [1]; ii) thermoresponsive gel based on CNC grafted PNIPAM for brain implants (Fig. 
1b); and iii) covalent gels PNIPAM and CNC for fabrication soft actuators (Fig. 1c) [2]. 

 

Figure 1. a) state diagram for the mixture PNIPAM/CNC at 25oC; b) appearance of aqueous 
dispersion of CNC grafted PNIPAM at sol state at 25oC (left) and gel state at 37oC (right); c) rose-petal 

shape actuation scheme (left) and shape transformation of the material at 37oC (right). Actuation 
shape transformation inspired by Rosa odorata. 

 
In first direction, diagrams of the PNIPAM/CNC system state at 25oC and above the lower 

critical dissolution temperature of PNIPAM (32oC) have been studied (fig.1a). By varying the ratio of 
components, the mechanical properties of the gel can be controlled (to change the shear modulus, G', 
from 23 to 667 Pa). The hydrogels can reversibly change their transparency from translucent (25oC) to 
opaque (37oC). The fibrillar structure of the gel, its thixotropic properties, as well as biocompatibility 
with human epidermal cells (A-431), make it promising for the creation of implants and drug delivery 
systems [1]. 

Second direction was devoted to formation of materials with thermosensitive gelation for 
utilization as implants in surgically removed brain parts. This material consists of CNC grafted with 
PNIPAM synthesized by reversible addition−fragmentation chain-transfer polymerization with a 
molecular weight of 35,000 Da and a narrow molecular weight distribution. This system was capable 
to form thixotropic gels at temperatures >35°C at concentrations of 2-5 wt.% and demonstrated 
biocompatibility (astrocytes and endothelial cells). The concentration of the gel was selected to match 
its rheological properties to the parameters of the gray matter of the brain. 

The third direction was related with creation a soft actuator that can mimics the natural motion 
of plants. Two types of inks, magnetically and thermoresponsive, have been developed for 3D 
extrusion printing, from which a single-layer soft actuator with a predetermined inks distribution was 
made. The possibility of obtaining various shapes (roll, spiral, petal and grab), as well as the ability to 
move the actuator under the influence of a magnetic field, is shown. The biocompatibility of the 
components and the operating temperature of the activator make it promising for use in medicine at 
human body temperature [2]. 
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Miktoarm star polymers are a new promising class of polymers with arms of different chemical 
nature grafted onto a single branching center. Varying the structure of the arms in the amphiphilic 
macromolecules makes it possible to finely regulate their physicochemical properties, as well as their 
solutions behavior. However, the preparation of well-defined miktoarm star polymers is a complex 
process, which requires the application of highly efficient synthetic methods, such as click chemistry 
and controlled polymerization techniques. 

The present paper discusses a novel method for the synthesis of miktoarm star polymers with 
poly-2-alkyl-2-oxazoline and polyethylene glycol arms, as well as macrocyclic calix[8]arene core. The 
“grafting onto” scheme was used (Scheme 1). In the first step, α-amino-functionalized polyethylene 
glycol chains were attached to the upper rim of calix[8]arene sulfonyl chloride derivative. At the second 
stage, acylhydrazide groups introduced into the lower rim of calix[8]arene were used to terminate 
living poly-2-alkyl-2-oxazoline chains obtained by cationic ring-opening polymerization. 
 

 

Scheme 1. Structure of miktoarm star polymers with a calix[8]arene core. 
 

The synthesized samples of miktoarm star polymers were characterized by 1H NMR 
spectroscopy, gel permeation chromatography and light scattering. 
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The development of prolonged ocular dosage forms with anti-inflammatory activity is currently 
topical. The incorporation of drugs into nanoparticles of various types is one of the ways to improve 
the pharmaceutical properties of drugs (increase bioavailability, targeting of action, prolongation of 
action, reduction of degree and frequency of side effects). Polyelectrolyte complexes (PECs) as drug 
carriers are characterized by variability of properties (size, charge, pH or thermosensitivity) depending 
on the conditions of preparation (nature and molecular weight characteristics of polymers; 
concentrations, pH, order of mixing of polymer solutions). By varying the conditions of PEC 
preparation, it is possible to obtain nanoparticles with the required size, charge and drug release 
profile for different types of drug applications.   

The aim of this study is to investigate the kinetics and dynamics of interpolymer complexation of 
PECs based on non-toxic and biocompatible water-soluble natural polysaccharides for the delivery of 
dexamethasone phosphate (DexP) for use in ophthalmology. As objects of study, we have chosen 
water-soluble cationic derivative of chitosan, namely diethylaminoethylchitosan (DEAECS), and 
polyanions – chondroitin sulfate (CHS), hyaluronic acid (HA) and dextran sulfate (DS). These are the 
most promising biopolymers for medical applications due to their high biodegradability and excellent 
biocompatibility; HA also has a high affinity for CD44 receptors and is the major component of the 
vitreous of the eye [1]. 

The solution of this problem will lead to (i) improved efficacy and safety of drug administration 
due to increased bioavailability and prolonged release, reduced dose and frequency of administration, 
which will reduce recovery time and cost of treatment, (ii) increased stability (and therefore shelf life) of 
drugs due to incorporation of active pharmaceutical molecules into PECs, (iii) development of a simple 
and convenient method of nanoparticle production for drug delivery characterized by high speed, good 
reproducibility, soft conditions and high quality of nanoparticles. 

A series of polyelectrolyte complexes formed as a result of interpolymer interactions between 
HA polyanion and DEAECS polycation [2], CHS polyanion and DEAECS/CS polycations, and DS 
polyanion and DEAECS/CS polycations with simultaneous inclusion of zinc ions in the complex as a 
cross-linking agent were obtained. The developed PECs had hydrodynamic diameters ranging from 
200 to 700 nm and had both positive and negative ζ-potentials, which allowed them to be considered 
as different delivery systems. All particles had high encapsulation efficiency and high DexP content. 
The developed DexP delivery systems were characterized by both excellent mucoadhesion and 
prolonged drug release (for some systems about 70% of DexP was released within 10 h, for other 
systems about 60-70% of DexP was released within 14 days). In vitro experiments showed that 
encapsulation of DexP in polysaccharide nanocarriers did not reduce its anti-inflammatory activity 
compared to free DexP. Thus, polysaccharide-based dexamethasone delivery systems are promising 
for the development of anti-inflammatory dosage forms with improved pharmacological activity. 
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Hydrogels (HG) are an important class of materials with versatile properties. HG are hydrophilic 
bulk polymers obtained by crosslinking the monomer molecules. They contain a high amount of 
moisture, which makes them very soft and biocompatible. These properties allow HG to be used in 
biomedical, adsorption and electrochemical applications. However, traditional hydrogels do not have 
all the necessary properties. To expand the applications, additional components with attractive 
properties such as optical, electrical, magnetic and other properties, are introduced into hydrogels. 
The addition of nanoparticles gives hydrogels multifunctional properties. For example, fluorescent 
hydrogels have been obtained by introducing the organic dyes, lanthanides or semiconductor quantum 
dots into the hydrogel system. The emergence of carbon quantum dots (CQDs) has eliminated the 
disadvantages of traditional materials for photoluminescence (PL), such as poor photostability of 
organic dyes, high cost of lanthanides, and toxicity of semiconductor quantum dots [1]. 

CQDs are a new class of carbon-based nanomaterials with sizes less than 10 nm. Compared to 
other nanoparticles, CQDs have high photostability, low cost, good biocompatibility, high water 
solubility and tunable photoluminescence (PL). These properties give CQDs many potential 
applications in biomedicine, sensing, catalysis, optoelectronic devices and anti-counterfeiting. The 
disadvantages of CQDs include their tendency to aggregate in aqueous media, which causes a drastic 
decrease in PL intensity. The embedding of CQDs in hydrogels can't only solve the problem of their 
quenching effect, but also control the properties of hydrogels and even introduce some new properties 
[1]. 

In this work, we used CQDs obtained by citric acid pyrolysis [2]. The synthesised CQDs in the 
amount of 0.1 wt.% were used as fillers in polyacrylamide-based hydrogels (crosslinker - N,N'-
methylenebisacrylamide). After injection into the hydrogel, the CQDs were evenly dispersed in the 
hydrogel volume and retained their photoluminescent properties (Fig. 1). 
 

 

Figure 1. Digital images of HGCQDs (a) under UV irradiation (λex = 365 nm) and (b) at daylight  
 

The obtained nanocomposite hydrogels (HGCQDs) were used for detection of the Fe3+ ions in 
aqueous FeCl3 solutions. It was shown that an increase in the concentration of the Fe3+ ions leads to 
the weakening of the intensity (quenching) of PL of CQDs dispersed in the hydrogel. The investigated 
fluorescent hydrogels can be interesting as chemosensors for monitoring toxic metal ions in aqueous 
media. 
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Metal-organic zirconium-based frameworks (Zr-MOFs) are known in analytical chemistry for 

their selectivity, productivity, cost-effectiveness, and regenerative capabilities. These stable structures 
interact strongly with contaminants due to Zr-OH groups, forming robust bonds with carboxyl groups. 
They effectively extract dyes, antibiotics, and heavy metal ions. However, they have low adsorption 
values and slow equilibrium times. The use of mixed ligands in the synthesis allows for incorporating 
two types of organic ligands with different structures and configurations, enhancing metal ion 
coordination and chelation efficiency.  

This study aims to utilize a mixed-ligand Zr-MOF incorporating terephthalic acid and 1,10-
phenanthroline for solid-phase extraction (SPE) of organic dyes. The sorbent was synthesized by the 
solvothermal method by reacting ZrCl4, terephthalic acid, and 1,10-phenanthroline in DMF. The 
proposed structure of the synthesized compound is depicted in Figure 1 and is based on both existing 
literature and our experimental data. 

 
Figure 1. Structure of the compound synthesized by the solvothermal method 

 
Nitrogen adsorption analysis revealed a mesoporous structure with a high surface area, typical 

of quality MOF material. The sample shows type II adsorption behavior, exhibiting a remarkable 
nitrogen adsorption capacity of 561 cm3/g at 77 K and a 9.6 Å pore size.  

The ability of the sorbent to remove Congo red and methylene blue dyes from water was 
studied according to the method described in [1]. Factors such as pH, sorbent amount, and adsorption 
time were analyzed for their impact on removal efficiency. The sorbent initially shows rapid adsorption, 
reaching a maximum at 40 mg/g, and then decreases over time as adsorption moves from the surface 
to the pores. Higher temperatures accelerate adsorption equilibrium, allowing maximum removal within 
20 minutes.  

The sorbent emits blue luminescence under UV light upon Congo red extraction, indicating π-π 
interaction with the dye. It works well at 35°C for Congo red, but better at 18°C for methylene blue. 
Despite the low initial adsorption activity, a significant decrease in dye concentration is observed over 
time with a 64.5-fold decrease in 15 minutes and 7500-fold decrease in 60 minutes at room 
temperature. The adsorption process follows a pseudo-first-order kinetic model based on regression 
analysis of experimental data.  

To analyze the relationship between ln KD and 1/T, graphs were constructed that determine the 
thermodynamic parameters of dye adsorption on the sorbent. The negative values of ΔG0 at 283 K, 
291 K, and 308 K indicate the spontaneous nature of the adsorption process. A decrease in ΔG0 with 
increasing temperature suggests enhanced adsorption efficiency. Additionally, a positive ΔS0 value 
suggests increased freedom at the solid-liquid interface during dye adsorption, indicating the sorbent's 
affinity for dye ions and potential structural changes in the adsorbent.  

An important problem when using dyes in food products is the threat to human health due to the 
accumulation of dyes in food products [2]. Experiments were conducted to evaluate the sorbents 
effectiveness in removing artificial dyes from the low-alcohol drink like "Cherry" containing carmozine 
E122 dye and natural cherry juice. UV-visible absorption analysis confirmed the presence of the dye 
components in the drink.  
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Metal-organic frameworks (MOF) are a class of porous materials that includes two structural 
units: a metal cluster (secondary building unit) and an organic molecule (linker) [1]. Due to the 
possibility to adjust the properties for a specific task, these materials have great potential for 
applications in various fields [2-4]. One of the representatives of this class of materials are metal-
organic frameworks of the UiO-66 family. Their structure includes zirconium-oxygen clusters 
connected by various linkers. Functional groups within linkers play the role of active centers for further 
modification. 

This work presents a study aimed at introducing photoactive spiropyran molecules into the UiO-
66-NH2 framework. Two types of spiropyrans were used for this purpose - one with an aldehyde 
group, and the other with both an aldehyde and a carboxylic group. In the first case, the aldehyde 
group demonstrated the potential for the formation of C–N bonds with amino groups of linkers. In 
another case, spiropyran molecules with carboxylic groups demonstrated the ability to coordinate 
zirconium in defect pores of UiO-66-NH2. 

To confirm the formation of the C–N bond in the composition of the metal-organic framework, a 
complex salt of spiropyran and individual linkers (aminoterephthalate) was synthesized. The DFT 
calculations confirm our conclusions. FTIR measurements have shown that the introduction of a 
photoactive fragment leads to photoresponse of the UiO-66-NH2 framework. Powder X-ray diffraction 
data show that the obtained materials retain high crystallinity, demonstrating the isostructural 
characteristics of the UiO-66 framework. The measured nitrogen adsorption isotherms were classified 
as type I in accordance with IUPAC recommendations typical for microporous materials. TEM images 
have shown that all the obtained materials have typical well-crystallized octahedral crystals of the 
order of 70 nm in size. 

Experimental and calculated data have shown that both ways of including photoactive elements 
are viable in the process of functionalization. Thus, the studied mechanisms are promising for the 
synthesis of smart materials combining the porous structure of metal-organic frameworks and 
photosensitive elements of spiropyrane molecules. 
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The novel thin film composite polyamide/polysulfone (PSU) nanofiltration (NF) membranes with 
intermediate layer of polyaniline (PANI) were obtained. An intermediate PANI layer of composite NF 
membranes was formed during the oxidative polymerization of aniline on the surface of the substrate 
membrane at a low temperature (4-10°C) by physical adsorption from an aniline solution in 1M HCl in 
the presence of ammonium persulfate initiator (NH4)2S2O8. The formation of the polyamide (PA) layer 
was carried out by the interfacial polymerization (IP) technique during the reaction between aqueous 
solution of piperazine (PIP) and a solution of trimesoyl chloride (TMC) in organic solvent Nefras C2. 

It was found that formation of an PANI intermediate layer from a 0.1% aniline solution for 0.5 h 
on the porous PSU ultrafiltration membrane-support led to a decrease in the pore size of the selective 
layer and an increase in the degree of surface roughness. It was revealed that the formation of an 
intermediate layer based on PANI resulted in a significant increase in the permeability of composite 
NF membranes with polyamide (PA) selective layer from 21 to 45-47 L·m-1·h-1 (at ΔP=5 bar).  

It was shown that increase in time of the PANI layer formation from 0.5 h to 1 h yielded the 
looser PA layer organization due to the decrease in the rejection coefficient (R) for MgSO4 from 
99.99% to 93% for membranes with PANI intermediate layers applied for 0.5 and 1 h, respectively. 
Moreover, rise in the formation time of PANI resulted in the increase in R for NaCl. 

The effect of the concentration of reagents in the IP reaction during the formation of a selective 
PA layer on the structure and transport properties of NF membranes with an intermediate layer 
obtained by oxidative polymerization of a 0.1% aniline solution for 0.5 h was studied. It was found that 
an increase in the concentration of reagents in the IP reaction led to a monotonic decrease in J of 
membranes from 64 L·m-1·h-1 (at ΔP=5 bar) for a membrane with PA layer obtained by the reaction of 
1% PIP and 0.06% TMC, down to 45 L·m-1·h-1 in the case of NF membrane obtained by the reaction of 
4% PIP and 0.24% TMC. The decrease in permeability was likely due to the formation of a thicker 
selective PA layer. 

It was shown that R for MgSO4 did not change with varying composition of the PA layer and was 
99.99%. An increase in the concentration of PIP and TMC yielded in slight change in the rejection of 
Na2SO4 (69-76%), while the rejection coefficient of MgCl2, CaCl2, LiCl and the antibiotic 
sulfadimethoxine (M = 310.3 g·mol-1) increased from 74 to 93%, from 45 to 92%, from 4 to 25% and 
from 69 to 96%, respectively. However, increasing the concentration of monomers in the interfacial 
polymerization reaction causes a significant decrease in NaCl retention from 65 to 5%. 

The effect of the aniline concentration used to form the intermediate layer on the transport 
properties of NF membranes was studied. It was found that the formation of an PANI intermediate 
layer from a solution with a monomer concentration of 0.5% followed by application of a PA layer at a 
reagent concentration of 2% PIP and 0.12% TMC led to the preparation of an impermeable NF 
membrane at ΔP=5 atm. It was shown that the permeability of NF membranes passes through a 
maximum with increasing aniline concentration from 0.05 to 0.3% and reaches 64 L·m-1·h-1 at an 
aniline concentration of 0.1% and PA layer prepared from 2% PIP and 0.12% TMC solutions. The 
rejection coefficient for MgSO4 had a maximum value at an aniline concentration of 0.1% and was 
99.99%, while at the aniline concentration of 0.05 and 0.3% R(MgSO4) had lower values of 93 and 
71%, respectively. The rejection coefficients for Na2SO4 and MgCl2 decreased monotonically from 
84% to 53% and from 96% to 73%, respectively with increasing aniline concentration. It was revealed 
that R for CaCl2 passes through a minimum at an aniline concentration of 0.1% and lied within the 
range of 59-78%. R for NaCl and LiCl increased from 10 to 47% and from 5 to 22%, respectively, with 
increase in aniline concentration. The R for sulfadimethoxine did not significantly change with an 
increase in aniline concentration and was in the range of 78-80%. It should be noted that NF 
membranes with intermediate layer obtained from 0.1% aniline solution characterized by a higher 
water permeability (64 L·m-1·h-1, ΔP=5 atm) and R for magnesium sulfate (99.99%) compared to the 
NF membrane without intermediate layer (53 L·m-1·h-1, ΔP=5 atm, 82%, respectively). 
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In recent years, the development of new drugs and systems has been a major biomedical 

challenge. Differences between the extracellular and intracellular environments of pathologic and 
normal cells in pH make it possible to obtain and study materials for controlled drug release that 
respond to changes in the environment [1]. The most suitable in terms of physical, chemical and 
biological properties for the design of the materials is chitosan, which is often used as a delivery 
system for nucleic acids, various drugs or active substances due to its biocompatibility [2]. 

In the process of synthesis we used: low molecular weight chitosan ([С12H22O8N2]n), CaCl2, 
Na2HPO4*12H2O, bovine serum albumin (BSA) solution, NaOH, terephthalic aldehyde (C8H6O2), 
distilled water. 

First, a 10% wt solution of Na2HPO4*12H2O and 0.5% wt solution of chitosan in 0.5% wt 
aqueous acetic acid solution were prepared. Then 7.5% wt aqueous solution of BSA was added to the 
chitosan solution, and then afterwards this mixture was slowly dropped into the Na2HPO4*12H2O 
solution through a separating funnel under constant stirring. After mixing, the prepared solution was 
increased to pH=10 with aqueous NaOH solution and stirred for 20 minutes on a magnetic stirrer. For 
crosslinking, an aqueous solution of terephthalic aldehyde with a concentration of 2.5 mg/mL was 
prepared by heating and constant stirring, then added to the alkalinized chitosan solution, and the final 
solution was stirred for 1 hour at 50oC. The colloidal mixture was washed 4 times with distilled water 
and filtered on a vacuum unit. To precipitate hydroxyapatite (HA) on the surface, the particles were 
soaked in CaCl2 and Na2HPO4 solutions for 10 minutes, respectively, and the cycle was performed 
twice. 

The surface morphology of the obtained materials was investigated on a HITACHI TM-3000 
electron microscope at an accelerating voltage of 5 kV for all samples, in the low vacuum mode. The 
obtained images are presented in Scheme 1. 

 

Scheme 1. SEM images of the obtained chitosan particles with encapsulated BSA. A) materials 
without HA deposition on the surface B) materials with deposited HA on the surface. 

 
In this research, chitosan particles with BSA encapsulated as well as HA deposited on the 

surface were obtained. By comparing the SEM images, a transition from a film-like surface structure to 
a polycrystalline one with a monomodal distribution of particle fractions in the range from 322 to 635 
nm is obvious on the surface. 
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Environmental pollution is increasing worldwide due to population growth and industrial 
development. Some of the pollutants are personal care products found in surface and groundwater. 
Many of them can be harmful to human health due to potential carcinogenicity and toxicity. Among 
them, diclofenac sodium is a common non-steroidal anti-inflammatory drug, and chlorhexidine 
bigluconate is a widely used antiseptic. Most previously known water purification technologies are 
expensive and produce toxic by-products. Solid phase extraction technology as an effective water 
purification strategy has been used due to its low cost, ease of operation, and generation of few by-
products [1, 2].   

The purpose of this work was to study the nickel terephthalate-2,2'-bipyridyl complex for solid-
phase extraction of diclofenac sodium and chlorhexidine bigluconate from an aqueous solution. To 
achieve this goal, the following tasks were set: to test the adsorption potential of the metal-organic 
framework (MOF), to study the influence of various variables, such as the initial concentration of the 
test objects, temperature, pH and contact time. 

As a result of model experiments, it was found that the nickel terephthalate complex with 2,2'- 
bipyridyl has good sorption properties with respect to the studied substances. Adsorption decreases 
with decreasing initial concentration and increasing temperature. The regularities of the process of 
solid-phase extraction of personal care products using MOF were established using the Langmuir and 
Freundlich models. Analysis of Langmuir adsorption isotherms shows that the correlation coefficient is 
in the range from 0.8 to 0.98, which allows us to apply this model to describe solid-phase extraction 
under our conditions. The analysis of Freundlich adsorption isotherms shows that the experimental 
data obtained are in satisfactory agreement with this model, since the correlation coefficient is quite 
high. To determine the possibility of the spontaneous adsorption process and verify the experimental 
data obtained, three main thermodynamic parameters were used: changes in enthalpy (ΔH0), entropy 
(ΔS0) and Gibbs free energy (ΔG0). Negative ΔG0 values indicate a spontaneous adsorption process. 
Negative ΔH0 values confirm the exothermic nature of the adsorption process. A positive entropy value 
indicates an increase in the number of degrees of freedom at the solid-liquid interface during the 
adsorption of the studied objects and reflects the affinity of the sorbate for the sorbent surface. Kinetic 
models of pseudo-first and pseudo-second order reactions were used to analyze the data obtained 
during the study of the adsorption process. The pseudo-first order equation satisfactorily describes the 
patterns of adsorption at the initial stages of the process. Analyzing the dependence of the degree of 
adsorption on the pH of the medium, it can be concluded that the degree of adsorption is higher in 
neutral and alkaline media and lower in acidic media. In alkaline media, adsorption is satisfactory.  

Regeneration is an important aspect of the use of adsorbents. Solvent washing using 2-
propanol, dimethyl ketone, and an alkaline ethanol solution can be used to effectively regenerate 
MOFs. It was experimentally established that 92.7% of chlorhexidine bigluconate and 96.5% of 
diclofenac sodium were obtained by elution.  

It can be concluded that MOF with a mixed ligand based on nickel terephthalate and 2,2'-
bipyridine is an effective adsorbent for removing personal care products (diclofenac sodium and 
chlorhexidine bigluconate) from aqueous media. The maximum adsorption value is 153.6 mg/g for 
chlorhexidine bigluconate and 284.8 mg/g for diclofenac sodium.  
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Single ion partition coefficients are a function of standard Gibbs energy of transfer from one 
phase to another. They describe the ion affinity towards one of the phases under consideration. 
Partition coefficients between water and plasticized polyvinylchloride membranes are widely used for 
theoretical description of optode and ion-selective electrode response. Moderately lipophilic 
electrolytes can be added into these sensors in order to stabilize the interfacial potential. This enables 
to create solid contact reference electrodes and optical sensors, responding to a single ion activity  [1]. 
Knowledge of partition coefficients allows configuring analytical characteristics of optodes and helps to 
create sensors with required dynamic range and lifetime. However, there is few data on lipophilic 
organic electrolytes partition between water and plasticized polyvinylchloride membranes in the 
literature.  

The main approaches proposed for determination of the partition coefficients are based on 
voltammetric and potentiometric measurements as well as on solubility measurements and distribution 
of substance between phases. This research deals with the latter. Plasticized polyvinylchloride 
membranes were brought into contact with an aqueous phase. Equilibrium concentrations of the 
examined compounds were measured using spectrophotometry in ultraviolet and visible regions.  

 

 
Figure 1. Distribution of sodium tetraphenylborate (NaTPB) between phases. 

 
Obtained values of the partition coefficients are close to those presented in the literature for 

membranes with a different plasticizer [2]. In particular, for the tetraphenylborate ion is 

lgk = 5.03±0.10, which is close to lgk = 5.37 determined for a similar system. For the 

cetyltrimethylammonium cation lgk = 5.20±0.26 and for the tetrahexylammonium ion lgk = 3.49±0.13. 
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Polymerization reactions initiated by UV-Vis light has gained increasing interest as an approach 
which works on a wide range of monomers with good control. Combining reversible addition–
fragmentation chain transfer (RAFT) polymerization and photoinduced electron / energy transfer 
process, polymers with desired properties can be obtained. However, selecting a catalyst and 
increasing its efficiency is still an actual problem in macromolecular chemistry.  

Titanium dioxide is a cheap and renewable catalyst. Its efficiency depends on the particle size, 
so modification of its surface with polymer matrix is of interest. We chose a cross-linked copolymer of 
hydroxyethyl methacrylate and acrylonitrile, that allows to synthesize N-doped titanium dioxide [1]. The 
molar ratio of titanium to hydroxyethyl methacrylate and acrylonitrile is 1:5:1. Band gap of TiO2 in 
copolymer is 3.00 eV, its particle size is 8 nm, percentage of anatase is 100%. Cyano-4-
(((dodecylthio)carbonothioyl)thio)pentanoic acid (CDTPA) was chosen as the reversible chain transfer 
agent. It is relatively resistant to UV radiation, which allows for process control over time. 

Polymerization was carried out in quartz glass ampoules under an inert atmosphere. CDTPA 
(0.01 M) and a catalyst at the rate of 1 mg of titanium dioxide/ml were added to a mixture of methyl 
methacrylate and dimethylformamide in a volume ratio of 3:1. The mixture was irradiated with stirring 
for a certain time with a UV lamp (300W OSRAM ULTRA-VITALUX) at a distance of 30 cm. The 
conversion was determined gravimetrically. Molecular mass characteristics were determined by gel 
permeation chromatography. 

The conversion dependence has a linear form in semi-logarithmic coordinates, indicating a 
controlled process mode A faster polymerization process is observed, when TiO2 surface is modified 
with polymer (Scheme 1): 

 

Scheme 1. Semi-logarithmic conversion dependence of methyl methacrylate polymerization in the 
presence of unmodified and polymer modified titanium dioxide. 

 
Control over the process is maintained, as evidenced by the low PDI. The increase in 

polymerization rate is explained by the presence of nitrogen atoms, which presumably facilitate 
electron transfer. 
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The processes of self-assemble of matter into more highly ordered structures manifest 
themselves in many areas of life. Studying these processes opens up the possibility of managing them 
and, as a result, applying the acquired knowledge in practice. One of the well-known examples of self- 
assemble in chemistry is the process of micellization, which is based on the spontaneous association 
of amphiphilic molecules, so-called surfactants, in water. They are used everywhere, but thanks to a 
detailed study of their properties, it has become possible to use them as nanoreactors, which make it 
possible to transfer many organic reactions into the aqueous phase due to the ability of the non-polar 
fragment of the surfactant molecule to dissolve organic substances, increasing the degree of 
conversion and significantly accelerating them. 

The main parameters of the resulting micellar systems are the solubilization capacity of the 
aggregates and their ability to undergo ionic interactions. The evolution of surfactant catalytic systems 
has led to the use of comb-like polyelectrolytes, which are the polymerization product of the 
surfactants. These polymers were selected due to their increased solubilization capacity, low critical 
micelle concentration, and wide variability in functional substitution [1].  

In this work, it is proposed to use comb-like polyelectrolytes based on 11-(acryloyloxy)-
undecyltriethylammonium bromide (AUTEA-B) and its comonomer 2-(2-ethoxyethoxy)ethyl acrylate 
(Scheme 1). It has been noted that the latter, being a hydrophilic surfactant, can significantly increase 
the solubilization capacity of the micelle and accelerate the model reaction of alkaline hydrolysis of 
para-nitrophenylacetate.  
 

 

Scheme 1. Polymerization reaction of AUTEA-B and 2-(2-ethoxyethoxy)ethyl acrylate.  
 

In a micellar medium, almost all types of reactions are effectively reconstructed, such as: 
hydroformylation, Diels-Alder reaction, redox transformation, coupling reactions, regio- and 
stereoselective reactions, etc. [2]. In the future, it is planned to study the catalytic activity of 
copolymers AUTEA-Br and 2-(2-ethoxyethoxy)ethyl acrylate in cross-coupling reactions. 
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Growth in population and food production demands leads to the development of novel 

packaging materials. Various materials such as plastic, paper, metal, glass, etc. are used for 
packaging. The most widely used disposable packaging materials are non-biodegradable plastics, 
which results in the generation of millions of tons of waste that is harmful to the environment and 
human health. Therefore, the food industry is looking to replace non-biodegradable plastics with eco-
friendly and biodegradable ones that are useful in extending the shelf life of food products, improving 
their quality and minimizing harm to the environment and human health. Edible films based on lipids, 
proteins, polysaccharides and their composites can be alternative to plastic substitutes for food 
packaging. However, their physicochemical and mechanical properties still have limitations, which 
require further improvement. 

In the present work, films from carrageenan/starch/nanocellulose were developed and 
investigated for the promising application as edible food packaging materials. To enhance the 
mechanical properties of films, nanocellulose was incorporated into the carrageenan/starch matrix. 
Other plasticizers such as glycerin, myristic acid, sesame oil, and aloe vera gel were also used to 
improve film moisture resistance and flexibility and provide antibacterial properties. The structure and 
physicochemical properties of developed films were characterized by various methods of FTIR 
spectroscopy, scanning electron microscopy, thermogravimetric analysis, measurements of contact 
angles and other parameters (solubility, permeability, moisture absorption, etc.). By perspective using 
the developed carrageenan/starch/nanocellulose films for food packaging, the environmental, 
economic and social aspects of food storage may be improved. 
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The electrocatalytic properties of polypyrrole modified by 2,2,6,6,6-tetramethylpiperidin-1-oxyl 
(TEMPO) were investigated in this work as an example of anodic oxidation of alcohols. The principal 
convenience of such a system is the possibility of electrochemical regeneration of the oxidizing agent, 
oxoammonium ion, with its further chemical reduction to hydroxylamine. 

 
Scheme 1. Chemical structure of TEMPO-pyrrole 

In the course of this work, it was found that in aqueous buffer media, the electrochemical 
response of the TEMPO group strongly depends on the electrolyte composition. This effect was 
studied by taking CVA from a poly-TEMPO-pyrrole modified electrode using methanol and glucose as 
model substrates. The concentrations of the oxidizable substrates, pH, and electrolyte composition 
were varied during the experiment, including the addition of various extraneous ions, such as the 
single-charged lithium perchlorate ion. 

The presence of alcohol significantly affects the electrochemical response from the TEMPO 
group. It can be seen from the CVA readings that as the alcohol concentration increases, the oxidation 
current increases and the shape of the anodic peak changes significantly, becoming similar to a 
"wave". At the same time, the cathodic peak becomes less pronounced and the reduction current 
decreases in modulus. However, in the presence of a single-charged ion, this effect disappears.  

 
 

 
Scheme 2. CVA of poly-TEMPO-pyrrole at different glucose concentrations in the electrolyte 

composition: 200 mM phosphate buffer, pH = 7.4 (A),100mM NaClO4, 100 mM phosphate buffer, pH 
= 7.4 (B). Sweep speed 50 mV/s 
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Starch is a common macromolecular complex consisting of amylose and amylopectin. Starch is 
widely used in various areas of human life, such as food industry, pharmaceuticals, textile industry, 
etc. However, a number of disadvantages of native starch limits its application. It is possible to 
eliminate these disadvantages by means of modifications. Chemical modifications include the grafting, 
phosphorylation, the formation ethers and esters and cross-linking [1]. 

This work is devoted to one of the types of chemical modification of starch - the reaction of 
esterification with citric acid. The aim of the work is to synthesize and study the functional properties of 
starch citrates based on thermally treated starches. Since citric acid is a tricarboxylic acid and has the 
ability to form a cyclic anhydride, in addition to the formation of monoester bonds with anhydroglucose, 
it can act as a bridge molecule between polymer chains (Figure 1). 

 
Figure 1. Citric acid bridge molecule linking starch polymer chains 

Starch citrates were synthesized by a dry method, which involves holding a starch sample with 
sorbed citric acid at 140°C for 5 hours. The precursors for obtaining samples were native corn starch 
and starches that have undergone thermal pretreatment by the DHT ("dry heat treatment") [2] and 
SSP ("shells separation pretreatment") [3] methods. DHT involves holding dry starch at temperatures 
above 100°C for several hours. SSP is a relatively new specific thermal treatment method in which 
short-term exposure to specified temperatures of a low-concentration starch suspension results in the 
separation of starch granule shells. 

XRD-analysis has shown that starches after etherification irreversibly lose their crystalline 
structure. The samples showed an increased ability to absorb water compared to native starch. Also, 
the stability of starch citrates to the action of amylolytic enzymes reaches from 38% to 60%. It is 
noteworthy that the obtained samples, having practically the same degrees of substitution (about 0.3), 
have different properties. 
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Membrane technologies have emerged as a rapidly growing and highly promising field in 
modern science and industry. These technologies encompass a wide range of applications, from 
water purification and desalination to gas separation, biotechnology, and energy production. The 
development and advancement of membrane technologies hold immense potential for addressing 
crucial issues such as access to clean water, efficient resource utilization, and environmental 
sustainability. 

The creation of membranes for membrane reactors is particularly significant in the context of 
chemical processes and energy production. Membrane reactors combine the principles of membrane 
separation and chemical reactions, enabling efficient and selective separation of products while 
simultaneously facilitating the reaction process. These advanced systems offer numerous advantages, 
including enhanced conversion rates, improved product purity, and reduced energy consumption. By 
integrating membrane separation and chemical reactions into a single unit, membrane reactors 
eliminate the need for traditional separation processes, resulting in more compact and energy-efficient 
operations. Furthermore, the development of membranes with specific permeabilities and selectivities 
can drive the reaction equilibrium towards desired products, enabling the production of high-value 
chemicals and fuels in a more profitable manner.  

In recent years, the incorporation of advanced nanomaterials, such as metal-organic 
frameworks (MOFs), into polymer membranes has emerged as a promising approach to enhance 
membrane performance. MOFs are crystalline porous materials with exceptionally high surface areas, 
tunable pore sizes, and unique adsorption properties, offering new opportunities for membrane design. 
By incorporating MOFs into polymer matrices, researchers aim to create composite membranes with 
enhanced permeability, selectivity, and stability, unlocking new possibilities for various separation and 
reaction processes. 

The integration of Zn-based MOFs, porous modifiers, into the polymer matrix has led to 
enhanced transport performance. To comprehensively analyze the developed composite membranes, 
a multitude of characterization techniques were utilized, including Fourier-transform infrared 
spectroscopy (FTIR), thermogravimetric analysis (TGA), nuclear magnetic resonance (NMR), 
scanning electron microscopy (SEM), atomic force microscopy (AFM), and quantum chemical 
calculations. The hydrophilic-hydrophobic properties of the membrane surface were evaluated by 
measuring water contact angles using the sessile drop method. It was shown that improved transport 
performance can be ascribed to the modification of the hydrophilic-hydrophobic balance of the 
membrane surface and the creation of additional free volume between polymer chains. Furthermore, 
the influence of the modifying additive on the transport properties of the membranes was investigated 
through a hybrid process involving esterification reaction and pervaporation for the synthesis of ethyl 
acetate. 
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Progress in ceramic powder injection molding in past few years have led to increased interest in 

this method in various industries. Powder injection molding (PIM) overcomes limitations of injection 
molding and traditional powder compacts including productivity limits, drastically decreasing amounts 
of defects and improves mechanical strength.  Due to the demand in high performance materials and 
minimization of complex components in production, PIM market has doubled its size in the past 
decade. 

Our main goal was to investigate the properties and behavior of powder injection molded 
samples and decide if it is reasonable to use them for this technique. For this study, three 
compositions were prepared, each containing 75 wt.% aluminum oxide and 25 wt.% binder. The 
rheological properties of the compositions were analyzed using a rotational rheometer. Mechanical 
properties were tested using standard method for compressive strength determination. A filament with 
a standard diameter was obtained using a single-screw extruder. The testing samples were printed 
using the FFF method, followed by debinding and sintering. Cylindrical objects were printed and tested 
to determine their compressive strength. We have compared mechanical properties of FFF-printed 
samples with those, produced using classical methods. It appears that classical methods are still 
superior to the additive technologies in terms of mechanical strength but there is a growing body of 
research indicating that additive manufacturing techniques have great potential in certain applications 
and it is possible to enhance properties of products made with them. Moreover, it is extremely difficult 
or nearly impossible to use suspensions with a filler concentration exceeding 50 wt.% as a filament for 
3D-printing as they do not tend to melt and/or flow. Furthermore, there is no point in using materials 
with concentrations of 50 wt.% or less, as their mechanical properties are considerably lower than 
those of powder injection molded materials. 

The study demonstrated possibility of printing high-quality items with different types of 
geometries. The research suggests an idea of integrating PIM into the reforging of high-temperature 
polymers via FFF-technology. This choice is due to the fact that there is a number of polymers, the 
processing of which by traditional methods is difficult or practically impossible. First of all, we are 
talking about high-melting polymers, such as Polytetrafluoroethylene (PTFE), Polyether ether ketone 
(PEEK), Ultra-High Molecular Weight Polyethylene (UHMWPE), which have melting points much 
higher than 300-400°C, or do not melt at all and decompose when reaching these temperatures 
(UHMWPE for instance). At the stage of practical realization of the work it was possible to show the 
principal possibility of using powders of refractory or non-melting polymers in powder injection molding 
as a new way of their processing into products. The main idea is to unify PIM and Fused Filament 
Fabrication (FFF) methods and establish a hybrid technique possessing advantages of both 
technologies. Implementing PIM principles to FFF-technology allows the achievement of customized 
material characteristics, such as complex geometries, improved mechanical strength, superior thermal 
conductivity, and enhanced wear resistance. To successfully integrate these ideas, it is necessary to 
develop method to obtain filament from a highly filled feedstock and to bring it into the printing (layer-
by-layer deposition method) process. 
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The development of novel drug carriers which can increase the effectiveness of therapy due to 

the reduction of side effects, enhancing bioavailability and enabling prolonged and targeted delivery of 
a drug is an urgent task in terms of modern treatment strategies. Currently, systems for combined drug 
delivery which allow loading therapeutic substances of different nature are of a great importance, 
since the range of potentially applicable drugs is growing, as well as new approaches to the treatment 
of various diseases are being developed. Nowadays, growing attention is paid to polymeric drug 
delivery systems as perspective forms of drug carriers which offer the versatility and easy 
manipulation needed to address a wide range of therapy applications.  

Polypeptides are a class of synthetic polymers that have significant promise for being a 
constituent of a modern drug/gene delivery system due to their biodegradability, biocompatibility, ease 
of modification and others. Amphiphilic polypeptides can self-assemble in aqueous solutions over the 
critical micelle concentration to form structures of various morphology enabling encapsulation of drug 
substances into it. Recently, random polypeptides containing L-lysine, L-glutamic acid, L-
phenylalanine, L-isoleucine residues taken in different ratio were synthetized and studied in terms of 
drug and gene delivery properties [1, 2].   

In this research, in order to obtain dual-drug loaded delivery systems, the synthesis of poly(α,L-
glutamic acid) and poly(α,L-lysine) by ring-opening polymerization of α-amino acid N-
carboxyanhydride (NCA) monomers was performed. Post-polymerization modification of synthetized 
homopolymers with various hydrophobic and basic amino acids and D-glucosamine resulted in set of 
amphiphilic polyaminoacids of different structures and capable of encapsulation of hydrophobic drugs 
and negatively charged nucleic acids. At the same time copolymers of 2-deoxy-2-methacrylamido-D-
glucose and 2-aminoethyl methacrylate taken in different ratio were synthetized via RAFT-
polymerization and further grafted with polyaminoacids. 1H NMR and HPLC were applied to determine 
the copolymers' composition. Prepared from synthetized copolymers nanoparticles were characterized 
by dynamic and electrophoretic light scattering (DLS and ELS) and transmission electron microscopy 
(TEM), and studied in terms of their stability, cytotoxicity and encapsulation efficiency. The obtained 
copolymers were used for the preparation of single and dual delivery systems of Paclitaxel and 
Irinotecan or Paclitaxel and short double-stranded nucleic acid. The resulting systems were 
characterized in terms of their physicochemical and biological properties. 
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Modern technologies for the production of concrete mixtures use a variety of organic and non-
organic additives to improve the properties of the final product, such as: increased plasticization, water 
reduction, frost and corrosion resistance, as well as maintaining the mobility of the concrete mixture. 
One of the representatives of the additives used are polycarboxylate superplasticizers obtained by 
copolymerization of acrylic acid and its derivatives with alkenyl polyethylene glycols. Copolymers have 
a branched comb-like structure, which makes it possible to use them as dispersants.   

Currently known superplasticizers have high properties, but research continues on the 
development of more effective superplasticizers for use as additives in concrete. 

In this work, a polycarboxylate superplasticizer based on acrylic acid and polyethylene glycol 
metallyl ether was synthesized by free radical polymerization under conditions close to those 
described in [1] (Scheme 1). The initiating system was represented by ammonium persulfate and 
ascorbic acid, and mercaptopropionic acid acted as a regulator of chain growth. 
 

 

Scheme 1. Superplasticizer formation reaction 
 

To determine the effectiveness of the resulting polycarboxylate superplasticizer, an increase in 
the precipitation of the cone of the concrete mixture was measured in accordance with state standard 
10181. It was found that the draft of the cone of the mixture was 235/200/160 mm after 15/60/120 min. 
accordingly. The initial sample of the concrete mix, without the addition of a superplasticizer, had a 
cone draft of 50 mm. The data obtained indicate a significant effect of plasticizing concrete with the 
synthesized additive, which makes it possible to classify it as a superplasticizer according to state 
standard 24211. 
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Raman spectroscopy have been used to understand the structure and conformational changes 
of proteins. The advantages of this method are a small amount of sample, the ability to study 
multicomponent systems and complex structures, the negligible contribution of water to the spectrum, 
and the use of the substance in liquid or solid phase. A Raman spectrum of a protein provides unique 
signatures for various secondary structures like helices, beta-sheets, turns, random structures, etc., 
and various amino acid residues such as tyrosine, tryptophan, and phenylalanine [1]. 

 In this work, the structure of bovine serum albumin (BSA) in films obtained from aqueous and   
0.15 M NaCl solution is investigated by Raman scattering. The obtained spectra are shown in     
Figure 1. Vibration bands of different amino acid residues, including aromatic residues, can be 
identified. By the position and intensity of certain bands, we can judge the polarity of the environment 
of several amino acid residues. In particular, a decrease in the intensity of the band corresponding to 
Phe at 621 cm-1 occurs with increasing hydration. The ratio of the intensity of doublet (I1360/I1340) 
changes with the polarity of the solvent. When Trp is more solvent-accessible, I1360/I1340 < 1. Also, the 
intensity ratio of 850 cm-1 to 830 cm-1 (Tyr) should be considered a marker of the 
hydrophilic/hydrophobic environment around the residue [1]. The Raman spectra also show clearly the 
amide 1 band, which can be decomposed to reveal the contributions of vibrations of the peptide group 
involved in various forms of protein secondary structure. By deconvolution of this band, we obtained 
65% alpha helices for both samples, 1 and 4% beta sheets for BSA in water and NaCl, respectively. 
These results are in agreement with the literature data. 
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Figure 1. Baseline-corrected Raman spectra of BSA films  
prepared from the water and 0.15 M NaCl solutions. 
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Lithium is an important component for the electronics and energy industries, and demand is 

growing. One of the most promising ways of extracting it is from the associated waters of oil and gas 
condensate fields. The extraction of lithium is becoming increasingly important due to growing 
demand. Traditional methods of lithium extraction from water, such as solar evaporation, face a 
number of problems: process duration, use of large areas, dependence on weather, presence of other 
ions and low lithium concentration. Modern direct lithium extraction (DLE) methods using adsorption, 
ion exchange, solvent extraction, membranes and electrodialysis are more efficient and 
environmentally friendly. They provide the required extraction rate and removal of unwanted 
compounds.[1]  

An advanced technology for lithium extraction from brines is direct lithium extraction (DLE) 
based on the use of selective polymer membranes. The membranes used in DLE technology are 
made of cellulose acetate modified with 4'-aminobenzo-15-crown-5-ether (4AB15C5) to improve their 
functional properties. The application of cellulose acetate-based polymer membranes for lithium 
extraction from associated brines of oil and gas condensate fields has the following main advantages: 
high selectivity for lithium ions, efficient lithium extraction, resistance to aggressive media, relatively 
low cost and environmental safety. The modification of the cellulose acetate based polymer 
membrane is shown in Scheme 1. 4AB15C5 has the unique ability to selectively bind lithium ions due 
to its structure with two benzene rings connected by a 15-atom bridge. This makes the crown ether an 
ideal candidate for creating membranes with high selectivity towards lithium. The resulting membrane 
allows lithium ions to pass through while leaving other ions behind, resulting in a high degree of lithium 
purification. Crown ethers can be used to modify polymeric membranes. There are many crown ethers 
with different sizes and functional groups allowing the best option to be selected for a particular 
application, in this study 4AB15C5 showed good selectivity for Li+ in solution.[2] 

 

Scheme 1. Scheme for obtaining polymer membrane modification with 4AB15C5 
 
The use of direct lithium extraction (DLE) using cellulose acetate polymer membranes 

modified with crown ether compounds allows lithium extraction with high efficiency and selectivity. The 
unique properties of such membranes, which provide selective permeability for lithium ions while 
retaining other ions, make this technology highly attractive for industrial scale-up and implementation 
in lithium extraction processes. 
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Fluorinated polymers are of great interest due to their unique properties such as low refractive 

index, high chemical stability and high hydrophobic properties. Emulsion polymerization is a common 
way for obtaining fluorinated polymers and modify them by copolymerization with other functional 
monomers. For example, Aquivion® is commercial perfluorinated polymer which consist from 
tetrafluoroethylene hydropic blocks and sulfo-containing ionic blocks (Fig. 1a). Due to self-assembly of 
hydrophilic and hydrophobic blocks it demonstrates high ionic conductivity which is in a high demand 
for development of fuel cells (FC) (Fig. 1b). Aim of this study was to obtain by emulsion polymerization 
fluorinated polymers with different structures and investigate the possibility of their application as 
proton-conductive membranes for FC and as 3D printable electroactive actuators. In first direction the 
effect of annealing conditions on the mechanical properties and proton conductivity of the membranes 
based on a perfluorinated polymer with the Aquivion structure was investigated (Fig. 1c). Film samples 
obtained from polymer dispersions in N,N-dimethylacetamide (DMAA) and in an aqueous-alcohol 
mixture were studied. Annealing was carried out in vacuum in a temperature range from 140 to 160 ℃ 
for 3-8 hours.  

 
Figure 1. a) Chemical structure of the copolymer (Aquivion); b) Schematic representation of the 

copolymer microstructure;  c) The glass transition temperature of the samples obtained according to 
the DMA data. Samples cast from water-alcohol dispersion are highlighted in green, and samples from 

DMAA are highlighted in orange. Annealing conditions are signed at the top of the column, where 
"NO" means absence of annealing. 

 
By dynamic mechanical analysis (DMA) it was shown that membranes obtained from DMAA 

have, on average, greater strength with a Young’s modulus of 923±235 and 697±155 MPa at 35 and 
100 oC, respectively, compared with membranes obtained from ROH/H2O which demonstrates 
Young’s modulus of 588±194 and 398±142 MPa at 35 and 100 oC, respectively. Membrane electrode 
assemblies based on sample 6 demonstrates power density up to 400 mW/cm2. Fluorinated polymers 
based on 1H,1H,5H-octofluorupentyl methacrylate was synthesized and used as an additive to obtain 
3D printable electroactive actuators. Rheological properties of obtained ink were studied. Next stage 
of work will be related with optimization of electrochemical properties of printed materials. 
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Zearalenone (ZEN) is a non-steroidal estrogenic mycotoxin produced by numerous species of 
mould fungi of the genus Fusarium. It is a contaminant of agricultural crops and products based on 
them [1]. ZEN is toxic and wide distributed in Russian Federation and EAEU (control level in grain 
crops — 1.0 mg /kg). That’s require developing new low-cost test systems with highly stable receptor 
elements for ZEN determination directly at fields.   

Labour-intensive sample preparation is required for ZEN determination by instrumental 
methods. Molecularly imprinted polymers (MIPs) are synthetic receptors, are promising materials for 
ZEN extraction from grain samples. Nowadays MIPs are successfully used as receptors for ZEN 
determination at pseudo-ELISA format [2]. Aniline and its derivatives are one of the most common 
monomers used to form the MIPs polymeric network. Aniline self-assembly leads to the formation of 
polyaniline (PANI), which characterized by environmental safety, low-cost and long-term stability. The 
formation of selective cavities is due to association between aniline monomer and template through 
hydrogen bonding [3]. Toxic templates can be replaced during MIPs synthesis to safer dummy-
templates Coumarin derivatives and quercetin are dummy-templates in the case of ZEN. 

One of the main challenges of the MIPs design is selecting and optimizing of multitude 
parameters for affecting polymer matrix synthesis, binding site formation, template molecule extraction 
and re-binding to the analyte. Optimization using statistical design of experiment (DoE) is a fast and 
efficient method that allows to reduce experimental steps to achieve the best specificity of MIP. DoE 
takes into account interactions between parameters and provides a better understanding of the 
process [4,5]. 

The purpose of this work is to apply DoE for optimization of the synthesis PANI MIPs selective 
for zearalenone on the microtitration plate surface. Quercetin was used as a template molecule. 
Optimal conditions for crucial MIPs synthesis steps (template concentration, synthesis time and 
presence of enzyme) were selected by DoE screening experiment. The optimal synthesis conditions 
were chosen according to the matrix of the second order central composite plan. 
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Currently, more and more attention is being paid to the use of pyrotechnics for entertainment 
purposes. The main colors used in fireworks products were mainly the compositions of red, green, and 
yellow signal lights [1,2]. The development of compositions of blue fire with improved color 
characteristics is one of the most difficult tasks facing the developers of pyrotechnic compositions. [3]  

At the moment, the blue fire compositions produced by the through-pressing method are made 
on the basis of cellulose nitrates [4]. Of particular interest is the study of the effect of a polymer binder 
on the color characteristics and the possibility of processing these compositions. 

The purpose of the work is to study the effect of a polymer binder on color and rheological 
characteristics. 

The influence of polymer base on the emission spectrum and light characteristics of the 
standard pyrotechnic composition of blue flame was investigated. Samples were based on 
nitrocellulose (NC), vinyl chloride copolymer with vinyl acetate VA-15, butadiene-nitrile rubber SKN-40 
and fluorine-containing elastomer (with rubbers) SKF-32 (Figure 1). 
 

 
Figure 1. Dependence of emission spectrum composition of the blue flame based on the polymer 

used: 1 – VA-15; 2 – SKN-40; 3 – NC; 4 – SKF-32 
 
  It is shown that the use of polymer VA-15 has a negative effect on the full emission 
spectrum, as well as on color purity, which amounted to 38.89%. Addition of the SKF-32 polymer has 
a strong effect on the purity of the color, which increased from 38,89% to 58.29%. The rheological 
characteristics of the compositions depending on the used polymer base are studied in the work. 
Based on the results obtained, the coefficient of manufacturability was calculated depending on the 
temperature. The coefficient of manufacturability for compositions on all polymers has a value greater 
than 1 in the entire temperature range under study, which indicates the possibility of processing these 
compositions by the through-pressing method. 

References 
[1] Modern pyrotechnics / V. E. Melnikov, Moscow, 2014, 480  
[2] Fundamentals of pyrotechnics / A. A. Shidlovsky, Moscow, 1973, 280  
[3] Characteristics of a colored pyrotechnic flame. / Baturova G.S. [et al.], Kazan, 2012, 126  
[4] Patent No.2046122. Pyrotechnic composition of blue fire: No.4955448/21: application. 06/28/1991: 
publ. 10/20/1995/ Madyakin F.P, Tikhonova N.A., Tyutyunnik O.F. [et al.]; applicant, patent holder 
Kazan State Technological University. 

mailto:sonyagotfrid@list.ru


 

203 
 

DEVELOPMENT OF POLYMERIC CALIBRATION-FREE DEVICE BASED ON OPTICAL SENSORS 
FOR IN SITU ANALYSIS OF BIOLOGICAL FLUIDS 

Gryazev I.P., Peshkova M.A. 

St. Petersburg State University, St. Petersburg, Russia 
Student 

iv.gryazev@gmail.com 
 

The problem of personalization of medicine is becoming more and more relevant. One of the 
ways of advancement in this direction can be the development of cheap devices for rapid analysis 
based on polymeric optical sensors (optodes), already used in many fields of science as analytical 
tools, having low detection limits, insensitivity to electrical interference, and compactness. Calibration-
free optode arrays [1] (Fig. 1A), which contain a scale of optical signal standards that can level out the 
effects of illumination and changes in the sensor phase composition with time on the sensor response, 
are being actively pursued. However, the interaction of optode compositions with polymeric materials 
that can be used for analytical devices has not yet been studied. Material inertness and stability of the 
analytical performance of sensors are key aspects required to utilize such devices in practice. 

In this study, the applicability of the optode scale for calibration-free analysis was studied, and the 
results of preliminary experiments on the interaction of optode compositions with polymer substrate 
materials (Fig. 1B), the most suitable for the creation of devices for rapid analysis, are reported. 
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Figure 1. A — Response curves of the sensor composition and scale elements of different 

composition to Na+ content in the solution; B — Time dependence of the response amplitude of the 
sensors on different substrates 

 
References 

[1] Tyufyakov N.Yu. Development and experimental approbation of calibration-free multipurpose 
arrays of ion-selective optical sensors. St. Petersburg, 2021. 72 c. 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project №20-73-10033). 
 

mailto:iv.gryazev@gmail.com


 

204 
 

STUDYING OF THE INFLUENCE OF pH ON THE KINETICS OF RELEASE OF SULFANILAMIDE 
FROM POLYMER COMPOSITE MATERIAL BASED ON ACRYLIC HYDROGELS AND 

DETONATION NANODIAMONDS 

Gudkin A.V.1, Grigoriev D.V.2, Sivtsov E.V.1, Uspenskaya M.V.2 

1 St. Petersburg State Institute of Technology, St. Petersburg, Russia  
2 National Research University ITMO, St. Petersburg, Russia  

Student  
gudkinartur@gmail.com 

 
During the last decade, the leading direction in the development of medicine has been the use 

of polymer composite materials (PCMs) with controlled physical and mechanical parameters. An 
example of such materials are hydrogels, which are three-dimensional polyelectrolyte networks. These 
PCMs are widely used in medicine and cosmetology: in systems for the controlled release of drugs 
with a prolonged therapeutic effect, in tissue engineering, in wound dressings for the treatment of 
various skin lesions.  

Hydrogels based on acrylic copolymers can serve as PCM matrices. Acrylic hydrogels have a 
number of significant advantages: high sorption capacity, sensitivity to external conditions, lack of 
toxicity and relative low cost. However, they have disadvantages that limit their use: low physical and 
mechanical properties and the absence of their own biological activity. 

To eliminate these disadvantages, an active filler can be added to the structure of the hydrogel. 
The use of nanoparticles today has become a promising direction in the PCM chemistry. Detonation 
nanodiamonds (DND) have a combination of unique properties that distinguish them favorably from 
other nanoparticles. DNDs improve the mechanical characteristics of hydrogels due to the conjugation 
of functional groups on their surface with polymer chains. In addition, DNDs have an antifungal and 
antimicrobial effect, disrupting the growth of micromycetes and protein production by microorganisms 
[1]. Therefore, the use of DND as a filler may be the key to simultaneously improving the performance 
characteristics of the hydrogel and imparting the biological activity necessary for medical use to it. 

To impart targeted therapeutic activity to the gel, sulfonamide was introduced into its structure, 
which has a bacteriostatic effect and is widely used in the treatment of infected wounds and burns. 

Wounds are known to have different pH at different stages of healing. At the stage of the onset 
of the inflammatory process, the pH is shifted to the acidic region; at the stage of regeneration and in 
the case of chronic wounds - to alkaline [2]. 

The kinetics of sulfonamide release from PCM based on acrylic hydrogels filled with DND in 
water and in solutions of phosphate buffers with a given pH value: 7.9, 7.2, 5.8 has been investigated 
in the research. Using UV spectroscopy, the dependence of the proportion of released drug substance 
(DS) on time was obtained. Previously, a calibration direct dependence of optical density on 
sulfonamide concentration was constructed. The dependence of the proportion of released 
sulfonamide on time in all media was an exponential curve with a plateau around 90%. The release of 
sulfonamide had two stages. The first stage is rapid desorption of about 60% of the drug within 200 
minutes. The second stage is the release of the remaining sulfanilamyl within 24 hours. Constant 
(maximum) release was achieved 24 hours after the start of the experiment. With decreasing pH, the 
proportion of released drug increased and was maximum at pH = 5.8. Therefore, PCM is most 
effective in treating wounds in the initial stages of inflammation. To mathematically describe the 
release process, 4 widely used desorption models were considered: Higuchi, Korsmaier-Peppas, 
Baker-Lonsdale, and Hopfenberg. Based on experimental data (R2 = 0.96) and taking into account 
assumptions, the Korsmaier Peppas model was chosen, which best describes the release process. 

 The work also studied the effect of pH on the swelling of PCM: the highest degree of swelling is 
achieved at the highest pH. 

Based on the time of complete release of the drug from the hydrogel, we can talk about the 
possibility of a prolonged therapeutic effect using PCM as a wound dressing.  
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An important task of modern medicine is the restoration of damaged tissues in the human body. 
Tissue engineering has become a new approach, the purpose of which is the construction and 
cultivation of functional tissues or organs to replace or stimulate the regeneration of damaged organs 
or tissues. To achieve the goal, develop an optimal biomaterial (scaffold) that promotes skin cell 
adhesion, differentiation, proliferation, and viability [1]. Scaffolds are constructed using both natural 
and synthetic polymers, each with its own set of advantages and disadvantages [2]. Natural polymers 
exhibit biocompatibility and biodegradability and provide cell adhesion but may lose mechanical 
properties during scaffold formation. Synthetic polymers have good strength and elasticity but often 
decompose poorly, and their monomers are frequently toxic. In recent years, grafted copolymers 
consisting of a combination of natural and synthetic polymers have been developed. This research 
aims to synthesize and investigate the properties of copolymers composed of collagen, a 
polysaccharide (pectin or chitosan), and methyl methacrylate. The alkylborane amine complex, as well 
as the complex together with p-quinone, were used as an initiator in the synthesis of the copolymers. 
Alkylboranes enable the production of crosslinked copolymers of collagen and acrylic monomers [3]. 
p-Quinone promotes controlling the molecular weight of the grafted fragment [4].  

Copolymers consisting of collagen, pectin, and methyl methacrylate were synthesized using 
different ratios of the components. The obtained copolymers were studied using IR spectroscopy, 
scanning electron microscopy, and gel-penetrating chromatography. It was found that the molecular 
weight of grafted PMMA depends on the component ratio, and copolymer morphology correlates with 
the amount of grafted PMMA. A hydrogel was obtained with an increased concentration of the 
components in the polymerizing mixture. The MTT assay was used to evaluate cytotoxicity, and the 
sample was found to be non-toxic (Fig. 1). 
 

 

Figure 1. The hydrogel composed of collagen, pectin, MMA, and initiator (a); the results of the MTT 
assay (b). 

 
Collagen, chitosan with different molecular weights, and methyl methacrylate copolymers were 

synthesized at a mass ratio of 3:1:6 and studied similarly to previous samples. The morphology of 
copolymers varies depending on the molecular weight of chitosan. Additionally, the inclusion of p-
quinone causes a decrease in molecular weight, leading to a smaller pore size. 

The produced copolymers have potential applications in regenerative medicine. 
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Protein and their aggregates have been considered candidates for interface stabilization, such 

as in foams and emulsions, for several decades [1]. Despite that the data on surface properties of 
adsorbed and spread layers of protein aggregates is rather deficient. Furthermore, it has been just 
recently that plant proteins and their aggregates began to attract attention as a result of searching for 
more feasible and eco-friendlier materials. 

Cupin-1.1 is a domain of pea storage protein vicilin and it was expressed using previously 
constructed plasmid and E. coli strain BL21 [2]. In this work, the layers of amorphous aggregates of 
cupin-1.1 at the air/water interface are studied by the surface tensiometry, dilational surface rheology 
and atomic force microscopy. Due to its low solubility in water cupin-1.1 tends to form aggregates 
when exposed to water while they are dissolved, at least partly in 8M urea solution [2]. These 
aggregates at the water surface tend to undergo partial disaggregation to form a layer with unique 
dynamic properties, which were not discovered for the aggregate layers of other studied proteins. The 
dependency of the dynamic elasticity of the layer on surface pressure displayed two local maxima with 
the second peak being four times higher than the first one. The explanation of the first maximum is 
based on the similarity of the obtained results with the data for polymer microgels when a hairy corona 
of the microgel particle stretches along the surface at the beginning of compression and forms loops 
and tails at the further compression leading to a decrease of the surface elasticity [3]. The second 
local maximum of the dynamic surface elasticity is presumably caused by the interactions of the rigid 
cores of the aggregates leading finally to the formation of multilayer structures at high surface 
pressures. In this case the surface elasticity starts to decrease as a result of the segment exchange 
between different layers at the interface [4]. 8M urea influences the layer properties but the main 
features of the surface elasticity as a function of surface pressure are preserved indicating that the 
aggregation still occurs in such hostile conditions. 
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It is estimated that approximately 500,000 tick attacks occur annually in the Russian Federation. 
However, there are currently no effective means of preventing the majority of infectious diseases 
carried by ticks. The Ixodes ricinus and Ixodes persulcatus ticks are of the greatest epidemiological 
importance on the territory of Russia. Of these, the latter species is particularly dangerous, as taiga 
ticks are much more often carriers of infectious diseases. Protective clothing is an effective means of 
defence against attacks of ixodes ticks [1]. Pyrethroids, typically permethrin and cypermethrin, have 
historically constituted the primary active substances employed in this context.  

This work describes a new technology of creating materials based on textile materials from 
synthetic and natural fibres and polyacrylate films containing cypermethrin and permethrin. To create 
the materials, a laboratory analogue of a dryer-shear machine was developed, with the furnace used 
to initiate polymerization. A series of fabrics with concentrations of cypermethrin and permethrin 
ranging from 0.5 to 5.0 g/m² were obtained using the proposed technology. The active ingredient 
concentration in the obtained tissues was determined by gas-liquid chromatography with flame 
ionisation detection. The limit of detection (LOD) for cypermethrin in tissue was 0.210 g/m², while the 
limit of detection for permethrin was 0.206 g/m². The limit of quantitative detection (LOQ) values were 
0.624 g/m2 for cypermethrin and 0.635 g/m2 for permethrin. The obtained samples were also 
characterised by scanning electron microscopy. The durability of the materials was evaluated by the 
preservation of the active ingredient after washing. The manufactured samples retained more than 
90% of the active ingredient after 50 washes. 

The migration ability of pyrethroids from tissue to sweat fluid was evaluated. A model of sweat 
fluid was constructed, and the degree of diffusion of the active substance from the tissue for different 
times was estimated. To simulate real tissue conditions, the minimum time of the experiment was one 
hour, and the maximum time was eight hours. Despite the low water solubility of pyrethroids, the 
experiment demonstrated that only three out of ten formulations exhibited no detectable migration of 
the active ingredient. Comparative efficacy for textile materials with permethrin and cypermethrin was 
evaluated against taiga mites of the I. persulcatus species. The parameters evaluated were the 
maximum height of the tick on the treated textile, the knockdown time, defined as the time until the tick 
falls off the treated textile, and the tick bite rate [2]. 

In this study, materials based on textile and polyacrylate films with varying concentrations of 
cypermethrin and permethrin were produced and evaluated. The resulting materials exhibited high 
efficacy against I. persulcatus ticks, making them promising candidates for tick control. 
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 The secondary structure of DNA is determined by its interaction with solvent molecules. In the 
cell and in aqueous solutions, water and low molecular weight ions are immersed into the DNA 
structure. The high dielectric constant of water and hydrated counterions weaken the electrostatic 
repulsion of the phosphate groups of the complementary DNA strands. Hydrophobic nitrogenous 
bases move away from contact with water, grouping in the center of the double helix. The degree of 
DNA hydration G determines the form of the secondary structure of the macromolecule: with G≥20 
(water molecules)/nucleotide DNA is in the B-form, with G≤20 (water molecules)/nucleotide the 
secondary structure of DNA belongs to the A- or C-family, depending on the type of the counterion [1]. 
The secondary structure of DNA is the most important factor in its functioning. B-DNA form occurs 
under the conditions in cells and solutions. The A-form is found in partly dehydrated samples of DNA, 
and also in the cell it may organizing in hybrid pairings of DNA and RNA strands during replication and 
transcription, and in enzyme-DNA complexes [2]. 
 In this work, the secondary structure of DNA in a water-salt solution and films of different 
humidity is studied using Fourier transform infrared spectroscopy. The spectra were recorded 
continuously during the drying of a drop of DNA solution on the crystal of the ATR attachment with a 
flow of dry nitrogen. The amount of water in the samples under study is such that the IR spectra at the 
initial stage of drying contain only spectral bands characteristic of vibrations of the water molecule. In 
the IR spectra of films with a low water content, lines of the IR spectrum of DNA are observed, which 
change as the humidity of the films decreases. These changes can be interpreted as signs of a B-A 
transition in the secondary structure of DNA. One of the main markers of the B-A transition is the 
position of the peak caused by asymmetric stretching vibrations of phosphate groups PO2-: the 
position 1225-1220 cm-1 corresponds to the B-form, and 1245-1235 cm-1 to the A-form [3]. Each 
spectrum obtained was normalized to its peak intensity of (963 ± 2) cm-1 (caused by the C-C stretching 
vibrations of the sugar-phosphate backbone). C-C bonds do not form bonds with ions from solution, 
therefore the spectral changes in this peak are insignificant in the experiment under consideration. 
The normalization procedure eliminated the error in concentrations that occurs when samples are 
dried. During the dehydration of DNA films, a decrease in the intensity of the bands corresponding to 
the deformation and stretching vibrations of the water molecule (3000-3600 cm-1) was observed. Thus, 
as the humidity of the films decreases, a B-A transition is observed in the secondary structure of DNA. 
The work examines the influence of ionic conditions and defects in the structure of B-DNA on the 
features of B-A transition. 
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Stimulus-sensitive polymers characterized by the presence of a phase transition in the 

physiological temperature region have great potential for biomedical applications [1]. Tissues of the 
body are characterized by different temperature values. The values of this parameter are different for 
healthy and malignant tissues [2]. This allows the application of temperature sensitive polymers for 
targeted drug delivery and controlled drug release. For example of such polymer systems is a 
temperature-dependent copolymer of dextran and poly-N-isopropylacrylamide (DPNIPAm), which 
changes its structural state from a free club at low temperatures to a compact condensed globule at 
high temperatures (above 34-35 °C). 

Previous studies have shown that copolymers based on dextran and poly-N-
isopropylacrylamide can be used for the incorporation of nonpolar porphyrin and chlorin 
photosensitizers (PSs). The efficiency of drug incorporation depends not only on the structural state of 
the copolymer, but also on the degree of polarity of their molecules [3]. 

The ability to incorporate drug molecules into nano-carriers can be influenced by the use of co-
solvents. It has been shown that the degree of drug incorporation into poly-N-isopropylacrylamide 
hydrogel increases if organic solvents were used at the stage of formation of polymer-drug complexes 
[4]. 

In this work, the influence of organic co-solvents (ethanol and dimethylsulphoxide (DMSO)) on 
the efficiency of incorporation of hydrophobic photosensitizers molecules into the thermoresponsive 
copolymer was evaluated. 

The branched star-shaped DPNIPAm was synthesised at Taras Shevchenko National 
University of Kyiv. The value of the lower critical solution temperature for DPNIPAm is 34-35 °C [3]. 
The following PSs were studied in this work: 5,10,15,20-tetra-(4-hydroxyphenyl)chlorine (mTHPC), 
produced by Biolitec Research GmbH (Germany); 5-(4-hydroxyphenyl)-10,15,20-triphenylporphyrin 
(THPP), produced by Porphyrin Products (USA). 

The molecules DPNIPAm are in the condensed state at temperatures above the critical point. At 
temperatures between 34-35 °C, there is a phase transition, which leads to significant changes in the 
structure of the polymer molecule. mTHPC could be simply encapsulated into the DPNIPAm 
copolymers at the temperature above critical one. It was demonstrated, that the addition copolymers 
to the aqueous mTHPC solution is accompanied with complete monomerization of photosensitizer. 
When cooling to below critical temperatures, mTHPC molecules release from the complexes forming 
molecules aggregates in the aqueous surrounding. 

Chemical modification of the PS molecule by replacing part of the phenyl rings in the mTHPC 
macrocycle with benzene rings leads to a decrease in the efficiency of complexation with the 
copolymer in the condensed state compared to mTHPC. THPP in a copolymer solution at 
temperatures above the critical temperature only partially disaggregates. To increase the degree of 
immobilization of THPP, small amounts of organic solvents (ethanol and dimethyl sulfoxide) were 
added to the copolymer solution. It was shown that the presence of dimethyl sulfoxide leads to an 
increase in the amount and rate of incorporation of PS into the copolymer, while the presence of 
ethanol does not change these parameters. We believe that such effects are caused by differences in 
the processes of interaction of cosolvents with the polymer molecule in the condensed state. 
 

References 
[1] Progress in Polymer Science 2021, 131, 101578 
[2] Biomedicines. 2022, 10(8), 2024 
[3] Ukrainian Journal of Physics 2020, 65(7), 638 
[4] Journal of Applied Polymer Science 2021, 138(40), 51167 
 

Acknowledgements 
This work was supported by the Belarusian Republican Foundation for Fundamental Research 

(grant No. M24MP-024); state scientific research programmes “Convergence-2025” (task 3.03.7.2) 
and “Biotechnologies-2” (task 1.29.2); Ministry of Education of the Republic of Belarus. 



 

210 
 

MECHANISM AND KINETICS OF CYANATE ESTERS CYCLOTRIMERIZATION IN DIFFERENT 
MEDIA 

Kachmarzhik A.D.1, Nikolaev I.A.1, Galukhin A.V.1 

1 Kazan Federal University, Kazan, Russia 
Postgraduate student 

sasha.kachma@mail.ru 
 

Cyanate esters are valuable compounds that transform into widely appliable materials known as 
cyanate ester resins during curing. These polymers are extensively employed in various important 
industries like aerospace, electronics, and high-performance applications due to their exceptional 
high-temperature stability and low dielectric loss [1]. For example, they are commonly used in 
manufacturing of printed circuit boards, radomes and composite materials. 

It is currently believed that cyclotrimerization of cyanate esters might undergo only in the 
presence of catalysts. Phenol catalysis is the most widely observed and discussed [2], since the main 
option of cyanate esters synthesis is cyanogen bromide method [3], which implies the use of phenol 
as a precursor of cyanate ester. Some research indicates a preference for water catalysis instead of 
phenol one [4]. However, the nature of water catalysis remains undefined. It is reliably known that the 
key intermediate of the phenol-catalyzed cyclotrimerization of cyanate esters is imidocarbonate, 
formed by the addition of a phenol molecule to the molecule of cyanate ester. Finally, one of the most 
challenging aspects in the chemistry of cyanate esters is the mechanism of non-catalyzed 
polymerization, since the absolute cyanate esters purification is extremely difficult. 

The mechanism of non-catalyzed cyclotrimerization has been investigated using 4-biphenyl 
cyanate as a model compound. The reaction course was tracked using an HPLC analysis. As a result, 
the novel intermediate of 4-biphenyl cyanate trimerization was observed, then successfully isolated 
and characterized using an XRD technique. Its role in the cyclotrimerization process was proved by 
reaction with 4-tert-butylphenyl cyanate, followed by an ESI-MS analysis of products (Figure 1). 
 

  
 

Figure 1. Products of novel intermediate and 4-tert-butylphenyl cyanate reaction and their 
identification using an ESI-MS. 

 
In general, the reaction mechanism was identified as a set of reaction channels that differ in 

bonds cleaving at rate-limiting steps. The explored mechanism has been used to analyze the influence 
of imidazolium ionic liquids on the cyclotrimerization mechanism and to refute the widely 
acknowledged autocatalytic character of the reaction. 
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A vinyl-adddition (co)polymerization of norbornene and its derivatives is one of the promising 

approaches in the design of materials with specified application characteristics. Products of the vinyl-
addition (co)polymerization of norbornene derivatives are characterized by high glass transition 
temperatures, increased thermal stability, greater resistance to solvents, and unique transparency [1–
2]. In advance, the copolymerization of norbornene derivatives with ethylene, catalyzed by transition 
metal complexes, opens up the possibility of controlling the properties of polymeric materials through 
the controlled introduction of bicyclic polar comonomer units into the structure of the products. The 
development of highly efficient catalytic systems for (co)polymerization is one of the key conditions for 
the targeted synthesis of (co)polymers of the required structure. Previously, catalytic systems based 
on bidentate heteroatomic ligands, in particular, phosphine-sulfonate P-O ligands, demonstrated 
noticeable efficiency in the (co)polymerization of norbornene derivatives with ethylene [3]. As part of 
this work, a systematic study of related catalytic systems based on bidentate P-S ligands in the vinyl-
addition polymerization of norbornene and its derivatives was carried out for the first time.  

Two series of previously undescribed palladium complexes were synthesized. Namely, a series 
of cationic allylic complexes of palladium bearing bidentate phosphine-thioether ligands and various 
organometallic anions of the general form [(η3-C3H5)Pd+(P-S)]X- (where X = BF4

-, SbF6
-, BARF) was 

synthesized, along with a series of new neutral complexes with the general structure (P-S)Pd(CH3)Cl 
(Fig.1).  
 

 

Figure 1. Structures of the studied Pd-complexes with phosphine-thioether ligands.  
 

The activity of the new type of catalytic systems was studied in detail and the conditions for 
vinyl-addition polymerization of norbornene derivatives were optimized for both types of catalysts. The 
influence of steric bulk and the electronic effects of substituents at phosphorus and sulfur atoms in the 
ligand structure on the activity of the corresponding catalysts have been established. The most 
promising strategies for further optimizing the composition of catalysts for the (co-)polymerization of 
norbornene and its derivatives with ethylene were suggested. 
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This study investigates the synergistic effects of gamma radiation and the addition of epoxidized 

acrylonitrile butadiene rubber (ENBR) as a compatibilizer on the mechanical properties of acrylonitrile 

butadiene rubber (NBR) and ethylene propylene-diene monomer (EPDM) blends. The objective is to 

improve the compatibility and overall performance of the NBR/EPDM blend for potential applications in 

various engineering sectors [1,2]. 

The acrylonitrile butadiene rubber (NBR) and ethylene propylene-diene monomer (EPDM) 

based blend is exposed to different doses of gamma radiation (0, 30, 45, 60, 75 and 90 kGy) at room 

temperature.  

The NBR/EPDM blends were prepared with varying compositions, and the influence of gamma 

radiation on the blend's mechanical properties, such as tensile strength, elongation at break, and 

impact strength, was systematically investigated. Additionally, ENBR was incorporated as a 

compatibilizer to enhance the interfacial adhesion between NBR and EPDM phases. The chemical 

structure of ENBR provides functional groups that can form bonds with both NBR and EPDM, 

promoting better compatibility and intermolecular interactions. This reaction requires a 

peroxycarboxylic acid, such as m-CPBA.  

 
              Scheme 1. Reaction scheme of epoxidation reaction between NBR and m-CPBA 
 

The irradiated and non-irradiated blends with and without ENBR were characterized using 

mechanical testing, Fourier-transform infrared spectroscopy (FTIR), and scanning electron microscopy 

(SEM) to analyze the changes in morphology and chemical structure. The results reveal that gamma 

radiation induces cross-linking in the polymer matrix, leading to improvements in mechanical 

properties. Furthermore, the addition of ENBR as a compatibilizer contributes to enhanced interfacial 

interactions, resulting in improved mechanical performance. 

Overall, this study demonstrates the potential of gamma radiation and ENBR as effective 

strategies to tailor the mechanical properties of NBR/EPDM blends, offering a promising avenue for 

the development of advanced elastomeric materials with superior performance characteristics.  
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Polyetherimides (PEI) constitutes a subclass of polyimides that have increased solubility in 
organic solvents and the ability to be processed into products by injection molding and extrusion 
methods due to the high content of hinged ether bonds presented in the structure of their 
macromolecules [1]. Due to their high technological properties, heat and chemical resistance, PEIs are 
widely used in many areas of industry, such as aviation, automotive and medical, as well as in 
electronics, instrument making, 3D printing, etc. [2]. 

One of the ways to increase the heat resistance of PEIs and to expand their brand range is to 
introduce rigid-chain fragments into the composition of their macromolecules [3]. In the present work, 
PEIs of copolymer structure of the MAB line (Scheme 1) based on 4,4´-diaminodiphenylmethane, 4,4'-
bisphenol A dianhydride (BPADA) and 3,3',4,4'-benzophenone tetracarboxylic dianhydride (BPDA) 
and of the FAP line (Scheme 2) based on 1,3-diaminobenzene, BPADA, and pyromellitic dianhydride 
(PMDA) were synthesized. 
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Scheme 1. Copolyetherimides of the MAB line. 
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Scheme 2. Copolyetherimides of the FAP line. 

The synthesis of PEI was carried out using a two-stage procedure to obtain polyamide acid on 
the first step and its imidization on the second one. The completeness of the polyamide acid 
cyclization reaction was controlled by the method of Infrared Spectroscopy (IR). It was found using the 
methods of Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA) that the 
introduction of BPDA and PMDA in the amount of 10-30% mol. makes it possible to increase the glass 
transition temperature of copolyetherimides of the MAB and FAP series by 10-25°C as well as their 
thermal-oxidative resistance by 5-10°C. Furthermore, the synthesized PEIs retained the ability to be 
processed through the melt at temperatures of 350-370°C, which was shown by determining their melt 
flow index (MFI). Nonetheless, a further increase in the content of BPDA and PMDA fragments in the 
copolymers structure resulted in the creation of a crystalline phase with a melting point of 370-400°C, 
leading to the loss of solubility of PEIs, a decline in their melt flow index and, ultimately, to the 
impossibility of processing through the melt. 
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The study is devoted to the properties of adsorption and spread layers of amphiphilic 
copolyelectrolytes of styrene and vinylbenzyl chloride, modified by N,N-dimethyldodecylamine at the 
water – air interface. The kinetic dependencies of the dynamic surface elasticity of the 
copolyelectrolyte solutions at high ionic strength differ from the results for solutions of linear 
amphiphilic macromolecules. This may be due to the presence of styrene monomers in the polymer 
chain, which promote the formation of aggregates  in the surface layer [1,2]. The aggregate formation 
was observed by the atomic force microscopy. It was also revealed that the shape of the surface 
elasticity and surface pressure isotherms of spread layers of hydrophobized copolymers depends on 
the content of hydrophobic segments in the polyelectrolyte chain. For the layers of a polyelectrolyte 
without styrene groups, a surface phase transition associated with the formation of a dense two-
dimensional phase was found. 

 
. 

 

 

Scheme 1. Structural formula of the investigated polyelectrolytes 
. 
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Additive technologies allow using a 3D-printer to create physical objects based on a CAD model 
by layering the material in order to create a final object with high speed and resolution. 3D-printing 
with biocompatible materials is actively used in the field of biomedical engineering, biotechnology, 
pharmaceuticals, including in the field of tissue engineering and regenerative medicine. There are 
several types of 3D-printing technologies with gels that allow you to obtain personalized medical and 
biological products: SLA, 2PP, DIW, extrusion. One of the varieties of DIW 3D-printing is fresh printing. 
A special feature of this technology is the extrusion of hydrogel inks directly into a bath with a 
supporting gel until they are completely physically or chemically structured. Highly viscous solutions or 
gels of proteins and polysaccharides are most often used as inks. High-methoxyl pectin (unipectin) is 
a non-toxic, biodegradable, biocompatible polysaccharide, the degree of esterification of which affects 
the structure and functional properties of the final product. 

The aim is to select the conditions for the formation of a supportive gelatin matrix, to obtain 
hydrogel inks and functional products based on esterified pectin, as well as to expand technological 
approaches and conditions for fresh 3D-printing. 

The following research objects were selected: aqueous solutions of thermally reversible gelatin 
protein (2.5-3 wt. %) and UP (2-6 wt. %), as well as solutions of CaCl2, an ion-type crosslinking agent 
for UP, selected in a molar ratio. 

In the course of the work performed, cooling curves of hot gelatin and unipectin solutions were 
obtained, presented in Arrhenius coordinates, on the basis of which the values of the viscous flow and 
the gelation process were obtained. The concentration dependences of the gelation temperature and 
dynamic viscosity and their effect on the structure formation process in obtaining both support and ink 
have been studied. Concentration dependences of dynamic viscosity indices on pH have been 
obtained for equiviscid and equiconcentrated solutions. The working concentrations of the hydrogel 
bath and the unit have been established. The effect of the molar content of calcium chloride on the 
mechanism and rate of Ca2+ - induced gelation of unipectin has been studied. The physical and 
mechanical properties of highly hydrated systems and products based on them were measured using 
a rupture testing machine (RKM X.1.01 PS, Russia). A complex of biological tests of hydrogel inks for 
cytocompatibility and hemocompatibility was carried out to assess the possibilities of their use in the 
field of tissue engineering.  

Based on the complex of tests carried out, it was revealed that this approach to the adaptation 
of hydrogels based on esterified pectin opens up new opportunities for the production of scaffolds on a 
3D bioprinter (Fabion, Russia). 
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Plastic waste recycling is crucial for the environment, as it can significantly reduce the amount 

of plastic waste that ends up in landfills or in the oceans. About 20% of the annual plastic production in 
the world is poly(ethylene terephthalate), i.e. PET. It has been widely applied to produce disposable 
items due to its superior properties as consumer and industrial plastics such as processability, 
durability, flexibility, chemical resistance, waterproofing, and lightness [1]. Chemical processing allows 
the conversion of PET waste into high-quality materials such as purified terephthalic acid and 
monoethylene glycol. It can also reduce carbon dioxide emissions and energy consumption by 50% 
compared to the creation of a new PET [2]. 

The general chemical methods of PET recycling with the degrading agents consist of 
glycolysis, hydrolysis, methanolysis and aminolysis to yield monomers, i.e., dimethyl terephthalate 
(DMT), ethylene glycol (EG), terephthalic acid (TPA), and bis(2-hydroxyethyl)terephthalate (BHET). In 
the absence of a catalyst, the chemolysis reaction is a sluggish process, homogeneous catalysts 
based on transition metal salts are mainly used as catalysts for chemolysis processes. However, there 
are several disadvantages, for example catalyst recovery, recyclability, and product purity. In this 
regard, it is important to develop a catalyst that can easily be separated from the system, highly active 
and selective, as well as with the possibility of its reuse. 

This study involves depolymerization of PET by glycolysis and aminolysis processes. The 
transition metal-based heterogeneous single-atom catalysts were developed and successfully applied 
for degradation of PET bottles into monomers. The influence of the contributions of factors such as 
temperature, reaction time, amount of catalyst and nucleophilic agent have been studied. These 
catalysts showed high activity and selectivity. In addition, our catalysts showed high conversion under 
mild conditions, which had previously been obtained only under homogeneous catalysis conditions. 
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Epoxy resins are used to produce thermosetting polymers, and are also used: as part of 

adhesives, protective coatings, glues, coatings in rooms; for repairing cracks, chips and other damage 
in concrete, metal and other materials; in electronics and electrical engineering for the manufacture of 
printed circuit boards sealing and protection of electronic components; in the automotive industry to 
create bumpers, headlight housings; composite materials as a binder, which is reinforced with different 
types of fibers [1]. Epoxy resins have the following properties: low shrinkage, which is important in 
injection molding, moisture resistance, high adhesion to various surfaces, thermal stability, and good 
dielectric parameters. 

When curing epoxy resin, a three-dimensional mesh is formed, due to which it is possible to 
achieve high crosslinking density of the material and obtain a material with excellent physical and 
mechanical properties [2].  

Epoxy resins have low impact strength, crack resistance, and shrinkage, but they are brittle and 
fire hazardous, so various hardeners are used to eliminate these disadvantages. The best hardeners 
are phosphazene-based hardeners, which due to cooperative interaction of phosphorus and nitrogen 
atoms increase fire resistance and form a coke cap that prevents further flame spread [3].  

The purpose of this work was to develop a phosphazene-containing hardener based on 
commercially available cold-curing crosslinking agent isophorondiamine and aryloxyphosphazene, and 
to combine it with various grades of epoxy resins. As a result of the conducted work the fire-resistant 
epoxy compositions based on low-viscosity epoxy resins of UP-637 and DER-354 grades and 
isophorondiamine with different content of amine-containing aryloxyphosphazene were developed. It 
was found that the introduction of 10, 20, 30 wt.% of modifiers increased the flame retardancy for both 
grades of resins (Table 1). However, systems with low phosphorus content (less than 1 wt.%) based 
on UP-637 are more flame retardant compared to DER-354. 

Thus, the resulting compositions have potential application in the field of fire-retardant materials. 
Table 1. Burning rate of cured compositions, mm /min 

Modifier content in the composition, wt. % 
% % 

Resin included in the composition 

UP-637 DER-354 

0 50 17 

10 5 15 

20 5 15 

30 5 10 
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 Recently, membrane technologies have been widely applied in filtration processes, substance 
separation, water and gas purification as highly efficient and environmentally friendly methods.  
Pervaporation is considered the most promising technology for the separation of liquid low molecular 
weight substances (azeotropic mixtures and mixtures of isomers), attracting increasing attention as a 
renewable energy source. The advantages of pervaporation are simplicity, low cost, acceptable flow 
and high selectivity compared to other conventional liquid separation methods. Pervaporation has 
received special attention for dehydration purposes (the selective removal of water from other 
components, namely, alcohol and solvents). To improve the efficiency of this process, high-
performance membrane materials with specific properties are required. Currently, a promising way to 
enhance the transport properties of polymeric pervaporation membranes is to create mixed matrix 
membranes (MMMs) by modifying the polymer matrix with an inorganic and/or organic modifier. 
 In the present work a widely used water-soluble biopolymer, sodium alginate (SA), was 
chosen for the development of novel dense membranes for the separation of water/isopropanol 
mixture. Metal-organic framework ZnBIM was used for modification of sodium alginate polymer matrix. 
The developed membranes have been studied by a number of physico-chemical analysis methods, 
such as scanning electron microscopy (SEM), atomic force spectroscopy (AFM), Fourier-transform 
infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), and nuclear magnetic resonance 
(NMR) spectroscopy, as well as contact angle measurement and swelling experiments. Transport 
properties of the developed MMMs were evaluated in pervaporation dehydration of isopropanol in a 
wide concentration range. For the developed membranes, the positive effect of the introduced modifier 
on transport characteristics was noted. 
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Modern drug delivery systems are capable of enhancing the bioavailability of hydrophobic 
drugs, thereby increasing their efficacy and minimizing toxicity. These properties make drug delivery 
systems (DDS) one of the key research objects of chemical and pharmaceutical sciences. Amphiphilic 
polymeric macromolecules based on biocompatible substances are of particular interest for the 
creation of such systems. [1-2]. Amphiphilic polymeric macromolecules are capable of self-assembly 
in an aqueous environment, resulting in the formation of aggregates with a hydrophobic core and a 
hydrophilic shell. This enables them to immobilize a wide range of drugs. Therefore, the synthesis of 
such compounds represents an important task. 

In this study, amphiphilic copolymers of N-vinyl-2-pyrrolidone and oleic acid have been 
synthesized and characterized. Poly-N-vinyl-2-pyrrolidone is a highly biocompatible, non-
immunogenic, low-toxic and water-soluble polymer, rendering it a promising basis for drug delivery 
systems [3]. Oleic acid, in turn, is a non-toxic natural compound containing a long hydrocarbon radical 
that imparts hydrophobicity to the copolymer molecule.  The structure of the synthesized copolymers 
was confirmed by 13C and 1H NMR spectroscopy, and the aggregation processes of amphiphilic 
macromolecules were investigated by dynamic light scattering and tensiometry.  
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Scheme 1. Formation of amphiphilic copolymer of N-vinyl-2-pyrrolidone and oleic acid 
 

The use of dynamic laser light scattering (DLS) and tensiometry methods has demonstrated 
that amphiphilic copolymers of N-vinyl-2-pyrrolidone and oleic acid undergo self-assembly in aqueous 
solution to form aggregates with average hydrodynamic diameters in the nanoscale range (120-270 
nm). The effect of the monomeric composition on the critical concentration of aggregation and the size 
of aggregates has been shown. The aggregates exhibited a narrow diameter distribution and a 
spherical shape, as evidenced by transmission electron microscopy (TEM) data. It has been 
demonstrated that aggregates of amphiphilic macromolecules are capable of binding the model drug 
curcumin through hydrophobic interactions. Therefore, the synthesized amphiphilic copolymers are of 
interest for the development of new drug delivery platforms. 
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The combination of membrane separation methods is used for a wide range of separation and 

purification processes in the pharmaceutical, medical, biomedical, food, chemical and petrochemical 
industries, as well as for wastewater treatment. 

The advantages of membrane methods include high productivity, environmental friendliness, 
energy efficiency, the possibility of carrying out the process at ambient temperature, ease of 
implementation in production, the possibility of a continuous and automated process and waste-free. 

Pervaporation (evaporation through a membrane) is one of the most effective and widespread 
methods that allows us to economically solve very specific tasks at low temperatures, such as: 
fractionation of organic mixtures, purification and isolation of products of enzymatic catalysis, 
separation of azeotropic mixtures and mixtures of isomers. The following advantages can be 
distinguished: 

• High energy efficiency and cost-effectiveness of the process compared to traditional 
separation methods (distillation, rectification, crystallization); 

• Variability of separation characteristics; 
• High degree of flexibility regarding the separable mixtures used (multi-purpose systems, 

different separable mixtures can be separated in one installation); 
• Modular, compact design and factory assembly simplify adaptation to the required operating 

parameters and reduce the time required to install and start the system. 
Advanced membrane materials are required for the most efficient separation. There are 

different ways to improve the properties of porous and non-porous membranes. In the present work, 
new nonporous membranes with a mixed matrix based on well-known biopolymers (chitosan and 
carboxymethylcellulose) were developed. The transport and physico-chemical characteristics were 
improved due to volumetric modification (by introducing graphene oxide) and surface modification (by 
layering polyelectrolyte). The transport properties of the membranes were evaluated at the first stage 
of dehydration. The developed membranes have been studied by a number of physico-chemical 
analysis methods, such as scanning electron microscopy, atomic force microscopy, Fourier transform 
infrared spectroscopy, nuclear magnetic resonance, thermogravimetric analysis, as well as contact 
angle measurement and swelling experiments. It was confirmed that the applied modifications 
significantly change both the physico-chemical and transport properties of the developed non-porous 
membranes.  
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Pervaporation is a dynamically developing membrane technology with high potential for liquid 
separation in various industries. Its competitive advantage over conventional separation methods lies 
in its ability to separate azeotropic mixtures, mixtures of thermally unstable components, and isomers. 
Beyond its high selectivity, pervaporation is environmentally friendly and energy-efficient, utilizing 
inexpensive and compact equipment. Further development of pervaporation necessitates the search 
for novel membrane materials with tailored properties. A method of membrane modification has been 
developed that involves incorporating different modifiers to create mixed matrix membranes (MMMs). 
The development of MMMs entails modifying the polymer matrix by introducing an inorganic filler, 
resulting in materials with customized properties. MMMs combine the ease of preparation of polymer 
membranes with the superior properties of inorganic particles. 

In the present work the novel membranes based on biopolymer sodium alginate (SA) were 
prepared by introducing the three Zr-based metal-organic frameworks (Zr-MOFs): MIL-140A, MIL-
140A-AcOH and MIL-140A-AcOH-EDTA into the SA matrix. The improvement of the transport 
properties of polymer membranes occurs due to the porous structure of the metal-organic frameworks. 
The developed SA and SA/Zr-MOFs membranes were studied using Fourier-transform infrared 
spectroscopy, and nuclear magnetic resonance, scanning electron microscopy, atomic force 
microscopy, X-ray diffraction analysis, thermogravimetric analysis, and swelling experiments. The 
transport properties of the developed membranes were studied by pervaporation separation of the 
mixture water/isopropanol mixture. All developed membranes were highly selective for water (more 
than 99 wt.% water in the permeate). The introduction of Zr-MOFs into the SA matrix leads to 
significant changes in properties of membranes based on sodium alginate. 
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Polyurethane block copolymers consist of two types of blocks: polar rigid and non-polar flexible. 
As a result of the interaction of these blocks, a highly organized structure can be formed, consisting of 
domains of hard blocks distributed in the flexible block phase, or a poorly ordered structure with a 
chaotic distribution of hard blocks in the flexible phase [1]. By varying the ratio of blocks and their 
chemical structure, it is possible to create materials with various applications [2]. However, along with 
a valuable set of properties, they also have some disadvantages, including the formation of defects 
during their operation, which significantly reduces the service life of products based on them. 

Thus, an urgent task is to create self-healing polyurethane block copolymers for various 
applications [3]. In this regard, we have obtained polyurethane block copolymers with the ability to 
self-heal with block ratios of 40:60, 50:50 and 60:40 wt. % based on polytetramethylene oxide with a 
molecular weight of 1000 Da, adducts of the Diels-Alder reaction capable of implementing the self-
healing process, toluene diisocyanate and 1,4-butanediol (Fig. 1). 
 

 

Figure 1. Structure and self-healing properties of obtained polyurethane block-copolymers. 
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Perfluorinated membranes are used in the membrane-electrode assemblies of hydrogen-air fuel 
cells. However, their conductivity under the conditions of high temperature and low humidity are 
unsatisfactory. Insertion of hydrophilic dopants, such as zirconium hydrogen phosphate, into the 
membrane matrix improves the performance [1].  

The purpose of this work was to obtain composite based on zirconium phosphate and 
perfluorinated homogeneous membrane MF-4SK produced by Plastpolymer OJSC (St. Petersburg, 
Russia), study its physical-chemical and transport properties and evaluate the impact of each stage of 
modification on the resulting material. 

The modification was carried out by swelling-filling method. The membrane after oxidative-
thermal preparation (OTP) [2] was exposed to water-ethanol mixture for 1 hour, 60±5 ℃. After ethanol 
treatment the membrane enters an expanded state, which is described in [3]. Then, the membrane 
was held in 0.1 M ZrOCl2 for 9 hours, 70-85 ℃ and entered zirconyl-ion form. Saturation with the 
precursor is complicated by the relatively large size of the hydrated zirconyl-ion, which is why the 
membrane was previously conditioned with water-ethanol mixture. Lastly, it was exposed to 1 M 
H3PO4 for 8 hours, 70±10 ℃. At the last stage, zirconium hydrogen phosphate nanoparticles formed 
in the porous space of the membrane. Sample MF-4SKa underwent all of the above operations, apart 
from exposure to ZrOCl2 solution. Modified MF-4SK/ZrHP sample was compared to MF-4SKa and the 
initial MF-4SK after OTP to track the changes in its properties.  

For all three samples, their water content, ion-exchange capacity, thickness, diffusion 
permeability, specific conductivity and current-voltage characteristics in HCl solutions were 
determined. Microheterogeneous model [4] parameters were calculated based on the concentration 
dependences of specific conductivity and diffusion permeability.  

The water-ethanol treatment had the key influence on the structural changes of the resulting 
membrane. MF-4SKa has the highest water content, conductivity, diffusion permeability, proportion of 
internal solution (f2), counter- and co-ion mobility. The introduction of ZrHP mitigates aforementioned 
effects, except for co-ion mobility, due to modifier filling the porous space of the expanded membrane. 
Both MF-4SKa and MF-4SK/ZrHP has a higher thickness due to wedging effect of ethanol on the 
polymer chains of the membrane, which leads to higher electrical resistance in membrane-electrode 
assembly. However, the resulting composite has a significantly higher water content and conductivity, 
compared to the initial membrane, which are positive effects.  

Further changes to the modification technique are discussed due to negative effect of the water-
ethanol treatment on the properties of the composite. 
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The work is aimed at studying the anti-corrosion properties of polysulfide sealant containing corrosion 
inhibitors. 
To analyze the properties, 4 variants of polysulfide sealant were made: without a corrosion inhibitor, 
with zinc phosphate, with zinc tetraoxychromate, with cyclohexylamine chromate. Corrosion inhibitors 
were introduced into the sealant in amounts of 0.1, 0.5, 1 and 2% of the total composition of the 
components. The sealant was vulcanized by mixing a thiokol-based sealing paste and a MnO2-based 
vulcanizing paste, followed by a “hot” soak at 25°C and 50% humidity for 24 hours, then 70°C and 
10% humidity for 24 hours. 
To evaluate the anti-corrosion properties, samples of the sealant were applied to a contact metal pair 
consisting of an aluminum alloy and steel, followed by exposure for 14 days in a salt fog chamber. 

  
Scheme 1. Samples after exposure to a salt fog chamber 

 

Based on test results, it was found that polysulfide sealant containing cyclohexylamine chromate 
provides the best anti-corrosion protection. With zinc phosphate, the formation of small pockets of 
corrosion has been observed. The worst performers were sealants without an inhibitor and with zinc 
tetraoxychromate. 
In addition to the main corrosion tests, an additional study was conducted to change the mass of the 
sealant with inhibitors in distilled water for 90 days. Based on the results of the research, it was found 
that the sealant with zinc phosphate has the lowest moisture absorption. The greatest increase in 
weight was observed for the sealant without a corrosion inhibitor. 
Based on these results, it can be assumed that the sealant containing zinc phosphate acts as a 
barrier. While a sealant containing chromium, absorbing water, ensures that the inhibitor reaches the 
surface. Thus, when the inhibitor reaches the metal surface, a protective barrier can be formed that 
prevents the formation of corrosion. 
 

References 

[1] Materialy Vserossiiskoi nauchnotekhnicheskoi konferentsii Fundamental’nye i prikladnye 
issledovaniya v oblasti uplotnitel’nykh, germetiziruyushchikh i ogneteplozashchitnykh materialov (Proc. 
All-Russ. Sci.-Tech.Conf. on Fundamental and Applied Studies in the Area of Sealing and Fire- and 
Heat-Protective Materials), Pavlyuk, B.F., Bryk, Ya.A., Chaikun, A.M., Shein, E.A., and 
Zakrzhevskaya, M.S., Eds., Moscow: VIAM, 2019, pp. 24–34. 
[2] Rossina, N.G., Popov, N.A., and Zhilyakova, M.A., Korroziya i zashchita metallov. 
Uchebnometodicheskoe posobie (Corrosion and Protection of Metals: Textbook), Ekaterinburg: Ural. 
Gos. Univ., 2019, vol. 1. 
 

mailto:lab28@viam.ru


 

225 
 

TRIBOELECTRIC NANOGENERATORS DIFFERENT SHAPES BASED ON THE GALLIUM ALLOYS 
FOR ENERGY HARVESTING 

Malandina M.A.1, Mikhaylova P. A.1, Falchevskay A.S1 

1ITMO University, Saint Petersburg, Russia  
Master student 

yatsuk@scamt-itmo.ru 

 
The development of innovative energy harvesting technologies has become increasingly 

important in the quest for sustainable and renewable energy sources. One such innovative 
advancement is the triboelectric nanogenerator (TENG) based on liquid metal alloys. This 
contemporary technology is based on the power of friction and contact electrification to generate 
electricity [1]. It’s offering a promising solution for powering small-scale electronic devices and 
sensors.  

Composites materials based on liquid metal alloys and polymers offer a successful combination 
of properties that make them ideal for a wide range of applications. Principal advantages of using 
liquid metal alloys in combination with polymers is their typical flexibility and stretchability. This 
flexibility allows the composites to conform to different shapes and surfaces, making them suitable for 
applications where solid materials would be impractical. The compatibility between 
polydimethylsiloxane (PDMS) and gallium alloy further enhances the performance and durability of the 
composite material. PDMS is known for its excellent adhesion properties and chemical resistance, 
making it an ideal matrix material for encapsulating and stabilizing liquid metal droplets. This 
compatibility ensures good integration between the two components, resulting in a binder and strong 
composite structure.The main layer of a triboelectric nanogenerator is typically composed of the 
eutectic alloy GaInSn (Galinstan) or a paste mixture of GaInSnCu, which enhances adhesion with 
polymers [2]. By optimizing the adhesion of the alloy with polymers, the composite material ensures 
efficient energy conversion and improved performance in a wide range of environmental conditions. 

In the field of energy harvesting technologies, we have developed TENG of various shapes, 
including fibers and flat structures, which have become an important area of research. Structure in 
TENG is a significant factor for its performance and efficiency in converting mechanical energy into 
electrical energy. One of the key reasons highlighting the importances of structure is its capacitance. 
This parameter determines the system's ability to keep the charge generated during friction or 
contacting of materials. Capacitance in a TENG is typically defined as the ratio of accumulated charge 
to the potential difference between the electrodes. High capacitance allows for the accumulation of a 
larger amount of charge and provides more efficient energy storage. To increase the capacitance in 
TENG we have chosen to develop a fiber with a core structure like that of a supercapacitor. This 
innovative design aims to significantly enhance the energy storage capabilities of the nanogenerator, 
allowing for improved efficiency and performance in energy harvesting applications. As Regards of flat 
triboelectric nanogenerator, our developed method for manufacturing is simple and optimized to 
minimize time consumption, making it respectable for special attention. This simplified approach 
provides efficient production of the nanogenerators, allowing for quick and cost-effective scaling of the 
technology. By focusing on ease of fabrication, we aim to accelerate the adoption and integration of 
triboelectric nanogenerators in various energy harvesting applications. In the course of comprehensive 
performance studies, it has been demonstrated that these TENG are great performance indicators: the 
output voltage reaches 20 V, and the maximum current reaches 3 mA. The impressive electrical 
properties of these devices underscore their capability to efficiently power a wide range of applications 
and devices, making them ideal for integration into practical systems that promote sustainable energy 
production and utilization. 
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The protection of large-sized metal structures operated under atmospheric conditions is mainly 
carried out using protective paint and varnish materials [1]. Such compositions should prevent the 
diffusion of aggressive media, in particular water, to the metal substrate in order to protect it from 
corrosion. Thus, the permeability of paint coatings is one of the key factors determining the protective 
properties of such coatings [2]. 

In addition to the main components of the paint and varnish material, such as a film-forming 
substance and pigments, fillers are introduced into the composition of such materials in order to 
reduce the cost of the composition. Recently, waste from various industries has been increasingly 
used as fillers. The use of such waste is aimed not only at reducing the harmful effects on the 
environment, but also at giving the paint composition special properties [3]. 

This work is devoted to the study of the effect of mineral filler, waste from basalt production, on 
the permeability of paint coatings. The results of the conducted studies show that the introduction of 
the filler under study does not lead to a decrease in the physical and mechanical characteristics of the 
paintwork, there is an improvement in protective properties with a decrease in the permeability of 
coatings based on polyurethane and epoxy based with an optimal ratio of fillers. Microtalk, zinc 
phosphate and barium sulfate were also present in the compositions, which were partially replaced by 
the filler under study. Previously, the effect of another filler of a similar nature on the permeability of 
polyurethane and epoxy coatings was investigated. The results of the study showed the influence of 
basalt filler on the curing processes, leading to an increase in the degree of curing and a decrease in 
the permeability of coatings. The purpose of this work was to confirm the results obtained by 
examining another basalt filler. 

To assess the possible effect of basalt filler on the permeability of the paintwork, the acid-base 
properties of its surface were evaluated by potentiometric titration. Determination of the content of 
acid-base centers is based on the use of the method of potentiometric titration of the suspension of 
the filler under study with aqueous solutions of p-toluene sulfonic acid and caustic potassium. Since 
the operation of the pH meter is based on measuring the electromotive force created by the 
electrochemical part of the device (electrodes), titration, in which a change in the pH of the suspension 
is recorded when a titrant is added, refers to potentiometric methods. Titration results showed the 
presence of the main centers on the filler surface in the amount of 97,28 mmol/g. The effect of the 
basalt filler content on the degree of curing of coatings by the gel-sol fraction method was also 
studied. The method for determining the degree of curing of coatings based on the content of the gel-
sol fraction in the film is based on the ability of the soluble part of the films (sol fraction) to be washed 
out with a solvent during extraction in a Soxlet apparatus. The method consists in the quantitative 
determination of a sol fraction that is not bound into a three-dimensional polymer grid (gel fraction). 
Based on the results obtained, it can be concluded that the introduction of a basalt filler affects the 
degree of curing of coatings, which, in turn, may affect permeability. 
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Epoxy vitrimers are a class of polymeric materials integrating the advantage of thermosets and 
thermoplastic whose topology can be changed and controlled by the transesterification reaction. In this 
case, there is no decomposition of the polymer chains or a decrease in the integrity of the polymer. As 
a result, it is possible to obtain new “smart” materials, products from which can be reprocessed, 
repaired, and operational defects that arise in them can be “healed,” connected through “smart 
welding,” etc. [1]. The purpose of this work is to obtain network thermosets with a tunable polymer 
matrix based on an aromatic epoxy resin - the diepoxy monomer of bisphenol A diglycidyl ether 
(DGEBA). 

In the preparation of epoxy vitrimers, DGEBA was used as a monomer, as well as dicarboxylic 
acid anhydrides and dicarboxylic acids as crosslinking agents for curing reactions. To accelerate 
transesterification reactions, an interchain exchange catalyst based on metal salts was used [2]. The 
scheme for the synthesis of epoxy vitrimers and possible changes in the structure of macromolecules 
and demonstrating shape memory and reconfiguration are shown in Figure 1. 

 
Figure 1. a) Scheme of the synthesis of vitrimers and possible changes in the structure of 

macromolecules. b) Qualitative study demonstrating vitrimer shape memory. 
 

To obtain epoxy vitrimers, an interchain exchange catalyst and a hardener were added to 
DGEBA, the resulting mixture was stirred and heated in a time interval from 5 to 60 minutes at a 
temperature from 50 to 170 °C. The ratio of DGEBA to hardener varied from 2:1 to 1:2.5, and the 
amount of catalyst varied from 1 to 7 %. The prepared reaction mixture was poured into a PTFE mold 
and kept in a muffle furnace at a temperature of 120–200 °C for 1.5–4 hours. As a result of selecting 
the catalyst, initial components and reaction conditions, it is possible to obtain both high-strength and 
highly elastic materials with improved strength characteristics. The resulting epoxy vitrimers were 
analyzed using IR spectroscopy. The disappearance of the characteristic absorption band of the 
DGEBA at 915 cm-1 indicates complete consumption of the epoxy group. The appearance of new 
bands in the spectra of vitrimers (3422 and 1733 cm–1) is explained by the formation of hydroxyl and 
carbonyl groups as a result of the reaction [3]. The strength characteristics of the obtained samples 
(relative elongation 120–180 %, elastic modulus 2.97–6.95 MPa) were obtained on a GOTECH AI-
7000-M universal testing machine. Tests of samples for shape memory were carried out in the 
temperature range from 150 to 200 °C. The transesterification reaction is activated by temperature, 
and the ester and hydroxyl groups react with each other with the help of a catalyst, forming a new 
ester group and a new hydroxyl group, which will continue to react with other hydroxyl or ester groups 
until is achieved dynamic equilibrium. When cooled, the new geometric configuration is maintained 
(Fig.1b).The resulting epoxy vitrimers with reconfigurable shape memory will greatly simplify the 
processing of complex permanent shapes and expand the applications of shape memory polymers. In 
addition, they have high strength characteristics, which allows them to be used in various areas of 
modern industry. 
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There are several requirements for membranes used in a proton exchange membrane fuel cell. 

They are mechanical strength, high proton conductivity, low gas permeability and thermal and 
chemical stability [1]. It is possible to achieve a compromise of these characteristics by adding inert 
fluorocarbon polymer and zirconium hydrogen phosphate (ZrHP) in membranes structure [2, 3]. The 
purpose of the present study is to investigate the effect of adding the inert fluoropolymer and 
zirconium hydrogen phosphate to the perfluorinated membranes on their transport and mechanical 
properties. 

The objects of study are the series of experimental cation exchange perfluorinated membranes 
MF-4SK with various content inert fluorocarbon polymer polyvinylidene fluoride (PVDF) from 15 to 25 
% and zirconium hydrogen phosphate (ZrHP) from 4 to 8%. The membrane samples were obtained by 
casting. The diffusion permeability was studied for the membranes in free-standing state. The 
conductivity of the membranes was measured in temperature range from 40 to 90 ℃ and RH=40 %. 
The dynamic mechanical analysis of air-dry samples was performed by a tension testing machine with 
an extension rate of 5 mm/min at room temperature and humidity. 

The diffusion permeability of samples containing 4-8% ZrHP decreases with an increase in the 
content of inert fluorocarbon polymer in the membrane structure. However, varying the content of the 
inert fluoropolymer PVDF in the pure membranes from 15 to 25% does not lead to a significant 
change in diffusion permeability. The presence of ZrHP leads to the increase in membrane 
conductivity and reduction of activation energy. 

The addition of PVDF to the membrane leads to an improvement in strength and elongation. 
However, an increase in the content of PVDF in the membrane leads to a decrease in water content. 
The introduction of ZrHP into the membrane makes it possible, while maintaining increased strength, 
to ensure high water content values, conductivity and, possibly, a noticeable decrease in gas 
permeability, which will improve the operational characteristics of fuel cells. 
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In recent years (2021 - 2024), the global market of flexible electronics is gradually developing, 
and by 2032 its sharp increase is expected [1]. Due to its advantages (easy and cheap manufacturing 
processes, flexibility and stretching, compactness) flexible wearable devices may be used in the field 
of medicine to measure and monitor the health of the human body [2]. At present in the Russian 
Federation nanocarbon conductors, aluminum, copper and gold are often used in the field of flexible 
wearable electronics. We suggest replacing them with a gallium alloy GaInSn, because it has many 
advantages that allow it to be used in this field: biocompatibility, close Young’s modulus to the 
polymer, deformation resistance, optimal electro- and thermal conductivity, wettability and low melting 
point (-19 оC).  

In this work, we present a development of two components of wearable electronics for 
autonomous health monitoring: resistive strain sensors and triboelectric nanogenerators (TENG). For 
preparation, we took polydimethylsiloxane polymer (SYLGARD 184 Silicone Elastomer Kit) as a 
substrate and dielectric and GaInSn (Ga68,5%-In21,5%-Sn10%) alloy as a conductive layer. To 
analyze sensors and TENGs for efficiency and sensitivity, we used a Precision Source/Measure Unit 
Tonghui TH 1991B and a Universal Test Machine Ametek LS1 to test the sensors for compression 
and tension. The principle of strain sensor work is based on increasing the resistance of the conductor 
in response to its compression and stretching (the resistance is directly proportional to the length of 
the conductor and inversely to its cross-sectional area). To prepare the sensors, we applied a pattern 
of the future conductor onto a polymer substrate using a laser engraver LaserMan flying bear and 
sprayed the alloy using an airbrush JAS 1202. Using a laser engraver allows to vary conductor 
parameters such as depth/height (number of laser passes) and conductor length, which allows you to 
customize the sensitivity of the sensor. TENGs are devices that accumulate and convert mechanical 
energy into electrical energy. The mechanism of its work is based on the principles of electrostatic 
induction and electrification. They are a prospective source of autonomous power supply for wearable 
electronics. In our work, we have prepared vertical contact-separation TENGs using spincoater 
POLOS. The following work was taken as a basis for preparation [3]. Produced TENG has a 
“sandwich”-structure: between two layers of dielectric (PDMS polymer) there is a layer of GaInSn 
alloy. Testing the sensors for change in resistance showed an adequate signal in response to 
compression in the force range of from 0,1 to 50 N. Variation the conductor parameters (length and 
height of the cross-section area) gave the sensors with different sensitivity, which was recorded by the 
Precision Source/Measure Unit. The produced TENGs also demonstrated adequate results. The 
characteristics generated by TENGs with a diameter of D=75 mm were enough to ignite a diode with 
an operating voltage ~2,0 - 3,0 V and a current ~20 mA, which corresponds to the voltage for the 
microcontroller. 

In conclusion, we have developed autonomous components of the electric chain: strain sensors 
with different sensitivity and vertical contact-separation TENGs, that can be used for health monitoring 
devices (smart insoles, devices for blood pressure and pulse monitoring). 
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Introduction 
Nowadays, membrane technologies are considered as a sustainable alternative to traditional 

separation methods. Pervaporation has emerged as a promising membrane method for the separation 
of liquid mixtures with low molecular weight substances and thereby for the dehydration of bioalcohols, 
which are actively used as a renewable energy source. The advancement of pervaporation technology 
requires the development of novel materials for the creation of effective membranes with tailored 
properties. In this context, polyelectrolytes have attracted considerable interest as potential membrane 
materials. Membranes from polyelectrolyte complexes (PEC), consisting of oppositely charged 
polyelectrolytes, offer optimal functionality and improved selective water permeability attributed to the 
"salting-out effect" towards organic substances. Furthermore, the incorporation of nanoparticles into 
PEC membranes, namely, the creation of mixed matrix membranes, holds promise for enhancing 
membrane performance. 

 In this study, novel effective pervaporation membranes based on PEC, consisting of 
polyethylenimine (PEI) and sodium alginate (SA) and modified with graphene oxide (GO), were 
developed for enhanced dehydration of bioalcohols. The effect of varying the PEI/SA ratio and GO 
concentration in the PEC matrix on membrane characteristics was assessed. To improve the 
performance of dense PEC and PEC/GO membranes, supported membranes were created by 
deposition of a thin selective layer from the PEC and PEC/GO composite onto a developed porous 
polyacrylonitrile (PAN) substrate. To enhance the stability of these supported membranes in dilute 
solutions, chemical cross-linking with glutaraldehyde and H2SO4 was carried out. Microscopic and 
spectroscopic methods were used to study the structure of the composites and membranes from 
them. Physicochemical properties of membranes were investigated by measurements of water contact 
angles and thermogravimetric analysis. Transport properties of dense and supported membranes 
were evaluated in pervaporation dehydration of ethanol in a wide concentration range (4-90 wt.% 
water). It was demonstrated that the cross-linked supported membrane with a thin selective layer from 
PEC (50/50 ratio of SA/PEI) modified with 2.5 wt.% GO exhibited a  two-fold increase in permeation 
flux and improved selectivity compared to the pristine SA membrane. 
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Membrane technologies are rapidly developing, becoming more and more in demand in various 
industries. Their advantages over traditional separation methods are obvious: membrane processes 
consume less energy, reducing costs and making production more economical, do not require the use 
of hazardous reagents and organic solvents, which reduces the negative impact on the environment. 
The membranes are capable of separating substances with high selectivity, which makes it possible to 
obtain high-quality products. One of the promising directions in membrane technology is 
pervaporation. Using pervaporation, it is possible to separate mixtures of isomers, azeotropic mixtures 
and thermally unstable mixtures. The rapid development of pervaporation technology stimulates the 
search for new high-performance membrane materials. Special attention is paid to mixed matrix 
membranes (MMMs). MMMs are composite materials in which the polymer matrix is modified with 
organic and/or inorganic fillers. MMMs may have higher permeability, transport properties and 
selectivity compared to pure polymer membranes. The addition of modifiers allows you to adjust the 
characteristics of the membranes and create a unique material by combining the properties of the 
components. Further development of this area will allow solving many problems in various industries, 
as well as making production more environmentally friendly and energy efficient. 

In this work, it was possible to create a novel membrane for the pervaporation dehydration. 
These membranes are made on the basis of carboxymethyl cellulose (CMC), into the structure of 
which the metal-organic framework (MOF) was introduced. The production of such hybrid membranes 
with the inclusion of metal-organic frameworks as significantly improved their transport characteristics 
compared to unmodified membranes from CMC. This is achieved by changing the structure and 
properties of the polymer matrix when introducing MOF particles. To study in detail, the structural 
changes occurring in modified membranes, such analytical methods as scanning electron microscopy, 
atomic force microscopy, infrared Fourier spectroscopy, nuclear magnetic resonance, 
thermogravimetric analysis, swelling experiments and wetting edge angle measurement were used. 
The transport properties of the resulting hybrid membranes were investigated during the initial 
separation of the binary and multicomponent mixtures. The results showed that modified CMC-based 
membranes with the inclusion of MOF have significantly higher permeability compared to the pristine 
unmodified CMC membranes. This indicates the prospects of using such hybrid materials to create 
highly efficient membranes for the processes of initial separation of liquid mixtures. 
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Polycarbazole presents a versatile platform for covalently bonding with luminophores exhibiting 
thermally activated delayed fluorescence (TADF), owing to its high-energy backbone triplet state [1]. 
However, when employing blue luminophores, it becomes crucial to effectively localize the excited 
state within the backbone. Recently it was demonstrated that modification of the carbazole unit with 
methyl-substituted phenylene could lead to excellent conjugation disruption between a TADF moiety 
and a backbone, thereby preserving TADF’s optical properties [2,3]. These polymers necessitate alkyl 
groups in the TADF moiety to ensure solubility in toluene or chlorobenzene, commonly utilized in 
subsequent device fabrication steps. However, incorporation of long alkyl groups into the TADF moiety 
can pose challenges.  

 

300 400 500 600

 P-2 Abs

 P-2 PL

A
b
s
o
rb

a
n
c
e
 (

a
.u

.)

Wavelength (nm)

In
te

n
s
it
y
 (

a
.u

.)

300 400 500 600

 P-1 Abs

 P-1 PL

A
b

s
o

rb
a

n
c
e

 (
a

.u
.)

Wavelength (nm)

In
te

n
s
it
y
 (

a
.u

.)

 
Scheme 1. Synthesis of P-1 and P-2 and optical properties of solid films: (i) Pd(PPh3)4, K2CO3, Aliquat 

336, toluene/water, 100 °C. 
 

In the present study, P-1 and P-2 polymers were synthesized through Suzuki polycondensation, 
incorporating diBrCbz-Trz as the TADF moiety. To address solubility concerns, we developed a novel 
phenylene unit with two octyloxy groups, affording excellent solubility in toluene and chlorobenzene for 
P-2, while preserving the TADF unit's properties. Subsequently, the resulting polymers were 
characterized by gel permeation chromatography and their optical properties were studied in both 
solution and film states. 
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Polymer materials with a distinct nanostructure are widely used as gas separation and ion-

conducting membranes, drug delivery systems and cell scaffolds [1]. Self-assembly processes are 
among the most effective for obtaining nano- and microstructured objects [2]. In this work, two 
approaches for the fabrication of nanostructured polymer materials were utilized: i) control of self-
organization of a copolymer consisting of hydrophilic and hydrophobic blocks and its application for 
fuel cells and ii) formation of fibrillar structures due to the anisotropic nanoparticles of nanocrystalline 
cellulose (CNC) and use of the obtained colloids as drug delivery systems and cell scaffolds. 

Polymer membranes with an Aquivion type structure were annealed at temperatures of 140-150 
°C. It was shown that annealing led to a change in nanoscale hydrophilic channels in the membrane 
within 2-5 nm, which led to a change in the proton conductivity of the membranes (Fig. 1a). Testing of 
membrane-based electrode blocks has shown their effectiveness, which was comparable to the 
commercial Nafion211 membrane. 
 

 

Figure 1. (a) Top left: chemical structure of Aquivion copolymer; Top right: photo of annealed 
membrane; Bottom: proton conductivity of obtained membranes at r.t.. (b) Left: scheme of self-

assembly of CNC with polymer to form fibrillar hydrogel; Right: scanning electron microscopy image of 
obtained hydrogels. 

 
Methods for the production of nanocolloidal hydrogels were developed and implemented due to 

the reaction of CNC with aldehyde groups with various amino-containing polymers (gelatin [3], 
chitosan [4], copolymer of polyacrylamide and acrylic acid hydrazide) (Fig. 1b). It was shown that the 
obtained nanocolloidal gels have a fibrillar structure and possess nonlinear mechanical properties that 
mimic the mechanics of biological tissues [3]. 
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Dendrimers are macromolecules with regular branching, possessing unique properties such as 
a spherical shape, the ability to encapsulate drug molecules, and a large number of end groups. As 
shown in references [1-2], the rotational diffusion of carbosilane dendrimers is less sensitive to 
modeling conditions than translational diffusion. This is particularly true for size of the modeling cell. 
To accurately obtain the hydrodynamic radius (Rh) from translational mobility, the cell size should be 
at least 8Rg (Rg being the radius of gyration of the dendrimer). In contrast, Rh obtained from the 
rotational mobility of the dendrimer is almost independent of cell size, even at 4Rg. The aim of this 
study is to verify the conclusions obtained for carbosilane dendrimers for PAMAM dendrimers of 
different generations (G=2-4). [1-2]. Specifically, studying the effect of modeling cell size on 
translational and rotational diffusion. PAMAM dendrimers in methanol solution were simulated using 
the GROMACS package with the OPLS force field, employing a full atomistic model of the 
macromolecule and solvent. To investigate the impact of boundary conditions, modeling cells with 
linear dimensions ranging from 4 to 12 nm were used. Each system was equilibrated for 1 μs. 
Subsequently, simulations were carried out for 3 μs to obtain an equilibrium trajectory. In all simulated 
systems, Rg did not depend on the size of the modeling cell and was close to experimental values [3] 
within the margin of error. 

 

Figure 1. The final values of the hydrodynamic radius PAMAM dendrimers G2 for different cells 
 

Figure 1 shows the results after processing the obtained simulation trajectories. For PAMAM 
dendrimers G2, the hydrodynamic radius obtained from rotational diffusion analysis is independent of 
the linear size of the simulation cell. It was also found that for the PAMAM dendrimer, the 
hydrodynamic radius, obtained from translational mobility, decreases with increasing sizes of the 
simulation cell. Accurate values are achieved when the cell size is greater than 9nm. Correction 
according [2] to the size of the modeling cell yields low results, smaller than the radius of gyration Rg. 
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Dyes are widely used in the production of various products for everyday use - from paper and 
textiles to food and medicine. This is a growing concern due to the potential contamination of 
wastewater from dyes due to their persistence and potential carcinogenic and mutagenic effects on 
the human body. Various methods have been developed to remove dye molecules - physical, 
biological and chemical. However, such methods usually require complex systems, which come with 
high operating costs. On the other hand, an alternative, relatively inexpensive and effective method for 
pollutant removal is adsorption using metal-organic frameworks (MOFs) [1, 2].  

The goal of this work was to synthesize MOF based on nickel trimesinate and use it as a 
sorbent for the analysis of a wide range of dyes. To achieve this goal, the following tasks were 
formulated: to synthesize MOF, study the adsorption process of various dyes, study the influence of 
various parameters on the efficiency of dye removal, determine thermodynamic and kinetic 
parameters, and also determine the sorption process of organic dyes from artificial seawater.  

MOF based on nickel trimesinate was obtained by “green” synthesis in an alkaline medium. IR, 
XRD, and SEM analyzes were carried out, the results of which are consistent with the data obtained 
previously. First, the dependence of solid-phase extraction of the dye on the weight of the sorbent, 
initial concentration, contact time and pH of the medium in distilled water was studied. Equilibrium 
adsorption data were analyzed using two adsorption models: Langmuir and Freundlich. The results of 
determining the coefficients show that the adsorption process most accurately corresponds to the 
conditions of Langmuir isotherms. The values of thermodynamic parameters (ΔG0, ΔH0, ΔS0) obtained 
during the experiment indicate a spontaneous and weakly exothermic process. Low Gibbs energy 
values indicate the presence of physical adsorption. By studying the kinetic parameters, it was found 
that the pseudo-first order equation satisfactorily describes the patterns of adsorption at the initial 
stages of the adsorption process, when the phenomenon of film diffusion has a significant effect on 
the process. It can be assumed that an increase in the concentration of sorbate molecules on the 
surface of the adsorbent at the initial moments of the process at low degrees of filling of the adsorption 
space stimulates the movement of sorbate molecules inside the pores of the adsorbent under the 
influence of a concentration gradient, but subsequently this process slows down, which, in turn, 
potentiates other mechanisms.  

Currently, the marine environment is becoming more and more polluted due to the release of 
dangerous dyes into it. Therefore, we studied the adsorption characteristics of the sorbent in artificial 
seawater. The Lyman and Fleming formula was used to prepare an artificial seawater solution by 
dissolving analytical-grade reagents in bi-distilled water. Salinity was 34.481%; pH was adjusted to 
7.5, 8, 8.2, and 8.5 with sodium hydroxide (NaOH) or hydrochloric acid (HCl).  At this stage of the 
study, serial experiments were carried out on the adsorption of dyes chlorophenol red, methyl green, 
and eosin B in artificial seawater. Adsorption studies were carried out depending on the same 
parameters as in distilled water, observing similar dependencies. The presence of various inorganic 
salts in artificial seawater has less effect on the adsorption of low concentration dye solution compared 
to high concentration dye solution. The decrease in the adsorption capacity of the sorbent in artificial 
seawater compared to an ideal aqueous solution is only 3–6%. 

 The sorbent is effective for the extraction of cationic organic dyes at low temperatures. The 
maximum adsorption that the sorbent can achieve in distilled water is 224 mg/g, which is a fairly high 
indicator. The maximum adsorption that the sorbent allows to achieve in artificial seawater is 136.4 
mg/g, which is much lower than in distilled water. The decrease in adsorption capacity is associated 
with a deterioration in the solubility of dyes after the addition of various inorganic sites to the solution 
and the competition of SO4

2-, Cl-, F-, etc. ions with dye molecules for unsaturated areas on adsorbents.  
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One of the obstacles in the development of the Arctic and the Far North is low ambient 
temperatures, which limit the use of machinery and equipment in this region. Low temperatures lead to 
solidification of technical fluids, including motor oil. Therefore, one of the factors for the successful 
development of these regions is the creation of motor oils with moderate viscosity at low temperatures, 
allowing for safe “cold start” of an engine. As a rule, such oils are created based on branched 
poly(alpha-olefins) with long side hydrocarbon substituents [1]. We assume that it is the large number 
of the main chain branches and the presence of long side substituents that are the key factors that 
determine low freezing points of oils. Therefore, we decided to obtain similar branched compounds 
with side hydrocarbon substituents based on hydrogenated dimers, trimers, tetramers and pentamers 
of 5-n-butylnorbornene (ButNB), which could potentially be used as low-temperature synthetic motor 
oils. The purpose of this work is to develop a method for producing hydrogenated metathesis 
oligomers of ButNB based on the tandem synthesis of ButNB oligomers by ring opening metathesis 
polymerization (ROMP) - hydrogenation of the metathesis products without isolating unsaturated 
polymers at an intermediate stage. The synthesis of ButNB oligomers was carried out by ROMP of the 
corresponding alkyl-substituted norbornene in the presence of a first- or second-generation Grubbs 
catalyst and 1-hexene, acted as a chain transfer agent (Schem 1). To regulate the molecular weights 
of the resulting oligomers, the poly(ButNB) synthesis was carried out in the presence of 1-hexene and 
6-brom-1-hexene. Hydrogenation was conducted under different catalyst concentrations, 
temperatures, and pressures. 
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Scheme 1. Tandem synthesis of 5-n-butylnorbornene oligomers by ring opening metathesis 

polymerization - hydrogenation of the resulting products 
 

Subsequent hydrogenation was performed using three types of catalysts. In the case of using 
ruthenium compounds that catalyzed the metathesis reaction at the previous step of the synthesis, the 
inert atmosphere was changed by hydrogen atmosphere and the reaction temperature was increased. 
Metallic nickel was also applied as a catalyst and was prepared directly in the reaction mass in the 
presence of hydrogen atmosphere. In this case, hydrogenation was carried out under elevated 
pressures and temperatures. In the case of using Pd/C, the hydrogenation was carried out under 
hydrogen atmosphere at room temperature. 

The ratio of metathesis and hydrogenated dimers, trimers, tetramers and pentamers of ButNB 
was assessed using preparative gel permeation chromatography (GPC) and MALDI-TOF. The 
resulting components were separated by preparative GPC, their structure was confirmed by 1H, 13C, 
13C (DEPT-135) NMR spectroscopy, including 1H-1H COSY, 1H-13C HSQC-DEPT 135, 1H-13C HMBC 
correlation spectroscopy. Based on the signals of the terminal double bond protons on the 1H NMR 
spectrum was calculated the polymerization average degree of ButNB oligomers, which coincided with 
the GPC data. The conversion of double bonds was assessed by the disappearance of proton signals 
in the olefinic region in the 1H NMR spectrum. The thermal properties of ButNB oligomers were 
studied by DSC and TGA analysis. 
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The use of synthetic polymers in delivery systems not only enables the enhancement of drug 
bioavailability and circulation time in the bloodstream, but also the regulation of drug release profiles 
[1]. This latter objective can be achieved by using a specific class of "smart" polymer materials that are 
capable of responding to external stimuli. This class includes temperature-responsive or 
thermoresponsive polymers, which are macromolecules that react in response to temperature 
changes.  Due to their distinctive properties, thermoresponsive polymers are of interest for the 
development of drug and gene delivery systems, as well as tissue engineering [2].  

A series of thermoresponsive amphiphilic copolymers of N-vinyl-2-pyrrolidone (NVP) with 
glycidyl methacrylate (GMA) and acrylic acid (AA) were synthesized through radical copolymerization 
in solution in the presence of hydrophobic chain transfer agents (CTA). The structure of these 
copolymers was confirmed by 13C and 1H NMR and the processes of their aggregation in aqueous 
solution with temperature changes were studied through dynamic light scattering (DLS). 

The macromolecules of the synthesized copolymers were observed to undergo reversible 
aggregation in aqueous solution when the critical temperature was exceeded (scheme 1). It was 
demonstrated that the critical temperature, as well as the size of the aggregates, depended both on 
the monomeric composition of the copolymers and on their molecular weight. The lower critical 
solution temperature (LCST) of all synthesized copolymers was found to lie within the temperature 
range of 26-35 °C, which is close to the physiological temperature. 

 

 

Scheme 1. The reversible aggregation of macromolecules in response to temperature changes 
 

Consequently, the synthesized thermosensitive copolymers of N-vinyl-2-pyrrolidone are of 
interest for the development of biomedical materials, including drug delivery systems. 
 

References 
[1] Progress in Polymer Science. 2018, 87, 107-164 
[2] Polymers. 2011, 3, 1215-1242 
 

 

mailto:nechaeva.a.m@muctr.ru


 

238 
 

SOFT POLY(ε-CAPROLACTONE)-BASED CORE-SHELL NANOPARTICLES  

Orlov M.S.1, Baeva A.S.1, Sinitsyna E.S.1, Korzhikov-Vlakh V.A.1  

1 St. Petersburg State University, St. Petersburg, Russia  
Student  

st084341@student.spbu.ru   
 

 The development of new therapeutic approaches against tuberculosis represents the 
important task of modern medicinal chemistry. Both, development of more effective drug molecules 
and drug delivery systems are on demand to win the battle with this widespread disease [1]. 
Regarding advances in drug delivery systems, the development of formulations capable for 
encapsulation and controlled release of two or three antimycobacterial agents is on demand. Core-
shell nanoparticles (NPs) possessing a hydrophobic core and a hydrophilic hydrogel-like shell 
represents a perspective variant of nanoformulations for local treatment of lung tuberculosis with 
application of nebulizer. Such NPs may allow co-encapsulation of different molecules both into the 
core and shell. The shell can also be modified with peptide ligands necessary for targeting or 
mucoadhesion. Its was recently shown, that such shell could affect the drug release from the core of 
particles [2]. We also propose that the thickness of such shell could help to regulate particles stiffness, 
which is currently believed to be an important factor affecting biointeractions of particles with biological 
surrounding [3].  
 In present study we have obtained poly(ε-caprolactone) NPs (PCL NPs) and form the shell on 
their surface with application of biocompatible polyelectrolytes – chitosan (Chit) and hyaluronic acid 
(HA). Positively charged Chit was first covalently attached to the surface of NPs and then oppositely 
charged HA was attached (Figure 1). Further layer-by-layer addition of polyelectrolytes allowed us to 
control the thickness of the shell and particles stiffness.  

 

Figure 1. The strategy for shell formation on the surface of PCL NPs.  
 

We have tested the effect of particles charge on their biocompatibility. It was shown that 
addition of hyaluronic acid reduces the toxicity of particles for the cells. Moreover, first experiments on 
drugs co-encapsulation showed that obtained nanoformulations are able to entrap both hydrophilic 
and hydrophobic drug molecules. 
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The Diels-Alder reaction (DA) is a thermally reversible cycloaddition [4+2] involving diane and 
dienophile, which is often used to create stimulus-sensitive and self-healing materials. The 
introduction of DA-adducts into the polymer structure gives them the ability to heal damage 
repeatedly. It is quite easy to start the healing process by heating the damaged area or the entire 
sample.  

This paper presents a synthetic method for producing new chain extenders from glycidyl esters 
and amines with different contents of furan groups (mono-, di- and tri-furan diols), with which 
polyurethane (PU) can be given the ability to self-heal. The yields of the reactions amounted to more 
than 91%. Furanterminated prepolymers were obtained from synthesized diols. Polyurethanes with 
different ratios [Fu group]:[mal group] were obtained via Diels-Alder reaction between a furan-
containing chain extension and bismaleimide (Scheme 1). The synthesized polyurethanes were yellow 
transparent films. However, mono-furandiol based polymers turned out to be unsuitable for mechanical 
testing (brittle and sticky). The properties of PU were studied and the effect of the concentration of 
furan groups on self-healing ability and mechanical properties was evaluated.  

The ability of the polyurethane to be repeatedly processed without loss of mechanical properties 
is shown. It was found that the strength and effectiveness of self-healing of the resulting PU increases 
with a higher BMI content. Polyurethanes based on difuranediols have the best self-healing ability, but 
the greatest strength is observed in tri-furan diol samples. 

 

 
Scheme 1. Scheme of synthesis of self-healing polyurethanes and micrographs of the surface before 

and after self-healing 
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Today, the packaging materials industry is a constantly developing area. The ecological 
situation and changing consumer demands lead research to the development of more and more 
innovative materials for functional packaging (smart packaging) and low environmental impact 
(biodegradable materials, recyclable packaging with reduced size). Poly(lactic acid) (PLA) is one of 
the most promising materials by all of the renewable source-based biodegradable polymers by reason 
of it is thermoplastic, biodegradable, and biocompatible with superior mechanical properties, good 
processability, and low cost. Since PLA is a highly transparent and rigid plastics with high mechanical 
properties, it has been used for the fabrication of various products such as trays, cups, tubs, and films 
[1,2]. However, PLA has some limitations for food packaging applications due to its low gas and water 
vapor barrier properties, weak thermal stability, high rigidity, and low toughness and ductility [3]. To 
overcome existing shortcomings and produce films with additional functional properties, PLA is mixed 
with nanofillers such as nanoclay, nanocellulose and nanometals. Among the metallic or metal oxide 
nanofillers, zinc oxide nanoparticles (ZnO NPs) are interesting since they possess a large surface 
area and several unusual properties such as availability, stability, high ultraviolet absorption capacity, 
and strong antimicrobial activity [4,5]. Accordingly, ZnO NPs have been considered as a potential 
candidate for improvement materials of the polymer matrix in the food packaging applications. Zinc 
oxide nanoparticles were obtained by direct precipitation using aqueous solutions of ZnSO4*7H2O and 
KOH and subsequent calcination of the precipitate at a temperature of 500°C in an air atmosphere for 
3 hours. The resulting particles in a form of nanosheets were up to 100 nm. We obtained 
PLA/ZnONPs composite films using a solution casting method and characterized their properties using 
various analytical methods. According to SEM the surface structure of PLA films was smooth, while 
PLA/ZnO NPs films showed a higher population of white rough spots. The roughness of the film 
increased with increase in the concentration of ZnO NPs. The PLA film was highly transparent against 
both UV and visible light as observed high transmittance of light between 250 and 700 nm. However, 
the transmittance of light decreased significantly after incorporation of ZnO NPs. The decrease in 
transmittance of the PLA films was dependent on the content of ZnO NPs. The PLA/ZnO NPs 
composite films with UV screening capacity, especially for UV-B (280–320 nm) and UV-A (320–
400 nm), can be properly used for the application of UV-light prevention food packaging to prevent 
photocatalytic reactions in the packaged foods. 
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To date, it is difficult to imagine such an area of industry where there would be no need for 
separation of liquid mixtures. One of the most promising separation methods is membrane filtration, in 
particular, ultrafiltration. In this work, cellulose acetate was used as a polymer matrix, since it has a 
number of advantages such as biodegradability, hydrophilicity, and high resistance to surface 
contamination. At the same time, cellulose acetate membranes have low resistance to aggressive 
media and chemical influences, as well as extremely low mechanical strength. Improving these 
properties is an urgent task of membrane technology. One of the ways to improve the properties of 
porous membranes is their modification with additives and/or nanoparticles. In this study, to improve 
CA membrane performance, polysulfone (PS), Pluronic F127 (PL), polyethylene glycol (PEG), and a 
combination of PS-PL were chosen as additives. Also we chose such modifiers as carbon 
nanoparticles (single-wall carbon nanotubes (SWCNTs), multi-walled carbon nanotubes (MWCNTs), 
graphene oxide (GO), and fullerene C60). Their introduction into polymer matrices leads to significant 
changes in the morphology and mechanical and physicochemical properties of membranes due to 
their functional groups and structure, as a result of which the membrane performance and resistance 
to fouling are improved. 

Thus, the aim of this work was to study the effect of various preparation conditions, additives, 
modifiers, and combinations of them, on structural, physicochemical, and transport properties of a 
porous ultrafiltration CA-based membrane, and the development of ultrafiltration CA- based 
membranes with improved performance for water treatment. The structural and physicochemical 
properties of the developed CA-based membranes were studied by scanning electron microscopy 
(SEM), atomic force microscopy (AFM), Fourier-transform infrared spectroscopy (FTIR), X-ray 
photoelectron spectroscopy (XPS), and contact angle measurements. The transport properties of the 
developed CA-based membranes were evaluated in ultrafiltration of bovine serum albumin (BSA). 
Membranes with optimal properties were tested in the ultrafiltration of dextran 110 and 
polyvinylpyrrolidone (PVP) K-90. 
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Chemical processing into initial monomers (recycling) or into value-added products (upcycling) 

are the most promising areas of plastic waste disposal [1]. The nature of the polymer critically affects 
the efficiency of processing methods, therefore, polyesters – polyethylene terephthalate PET and 
poly(bisphenol A carbonate) BPAC are convenient objects for the application of catalytic 
approaches [2]. Catalytic glycolysis of BPAC looks very promising, consisting in chemical processing 
into bisphenol A (BPA) and cyclic carbonates (the so-called ‘extraction of carbonyl’) [3]. A cheap, 
effective and selective catalyst for such a process has not yet been found. 

In this work, we compared the catalytic properties of metal acetates (M = Li, Na, K, Mg, Ca, Zn) 
in glycolysis of BPAC and demonstrated high yields of BPA and ethylene carbonate using Mg(OAc)2 
or Zn(OAc)2 as catalysts (model reaction with ethylene glycol). The scope and limitations of these 
catalysts in the use of various 1,2-, 1,3- and 1,4-diols, as well as the proposed mechanism of such 
glycolysis, are also presented and discussed (Fig. 1). DFT modeling of metal complexes with 
components of the reaction mixture made it possible to explain the low catalytic activity of Li, Na, K 
and Ca acetates, in comparison with Mg and Zn acetates. 

Figure 1. M(OAc)2-catalyzed glycolysis of BPAC (M = Mg, Zn). 

 
The use of simple and low-cost complexes of nontoxic metals was evidenced to be a 

promising and efficient strategy for chemical recycling of waste polyesters. The further development of 
this strategy could will be based on simple and synthetically available complexes of nontoxic metals, 
currently used in the synthesis of biocompatible and biodegradable polyesters. The catalyst design 
can be assisted by quantum-chemical modeling, by comparison of the relative stability of metal 
phenolates and κ2-HOCH2CH2O– complexes for selected ligand environment. One of the goals of 
similar design is the development of fully recyclable catalysts as an alternative to highly efficient and 
low cost homogeneous catalysts presented in this work. 
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Many food proteins can be easily converted into fibrillar aggregates [1], which have been shown 
in recent years to be highly effective in stabilizing foams and emulsions [2]. Such stabilizing activity is 
mainly due to the dynamic surface properties of the fibril interfacial layers formed by the fibrils [3]. In 
this work adsorption films of β-casein fibrils at the air-water interface were studied. 

β-Casein fibrils were prepared at pH 2 and the temperature of 90°C. The kinetics of fibril 
formation was studied using thioflavin T fluorescence analysis. The dynamic surface tension was 
measured by the Wilhelmy plate method. The dynamic surface elasticity was determined by the 
oscillating barrier method. Atomic force microscopy (AFM) was used to determine the 
micromorphology of the adsorption layers. Dispersions of fibrils were purified by centrifugation, 
replacing the supernatant with triply distilled water and redispersion. 

 
Figure 1. AFM images of A) β-casein fibrils after preparation, B, C) adsorption layer of two-time 

purified fibrils dispersion. 
 

The aggregate dispersions may contain a large number of unreacted peptides. Their adsorption 
at the initial stage makes a significant contribution to the dynamic surface properties even after one-
time purification of the dispersion. In this case, at the low surface age the dynamic surface elasticity 
dependencies has a local maximum, which was previously obtained for adsorption layers of native β-
casein [4]. The fibril contribution to dynamic surface properties appears at high surface ages. For more 
purified dispersions, where the relative concentration of fibrils is higher, their effects increase. It was 
found that the dynamic surface elasticity of two-time purified dispersion of β-casein fibrils near the 
equilibrium reaches about 48 mN/m, and is four times higher than the results for the native protein 
solution. This behavior significantly differs from that of fibrillar aggregates of globular proteins, where 
the increase in the surface elasticity exceeds the values for native proteins only by 10 – 40% [5]. The 
presence of β-casein fibrils in the adsorption layer was confirmed by AFM images (Fig. 1B, C). 
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In modern water treatment processes, membrane technologies occupy a leading position, 
ensuring high efficiency, environmental safety and rational use of resources. Among the promising 
membrane processes, pervaporation stands out, which has proven itself to be an effective method of 
purification and separation of liquid substances.  This technology belongs to sustainable processes, 
which is due to a number of advantages over traditional separation methods: high energy efficiency, 
flexibility, mild operating conditions, ease of automation and environmental friendliness [1]. 

Improving water treatment methods using membrane technologies requires the development of 
new materials and the creation of highly efficient membranes. One of the key directions in this field is 
the modification of membranes aimed at improving their transport properties. Polyether block amide 
(PEBA) is considered as a promising material for creating membranes, the structural feature of which 
– the possibility of varying the ratio of blocks – allows to obtain polymers, and therefore polymer 
membranes with specified characteristics [2]. 

In this work, PEBA membranes modified with a metal–organic framework (MOF) MIL-125 have 
been developed. MIL-125 is a titanium–based MOF with high porosity, chemical and thermal stability. 
Methods of nuclear magnetic resonance, Fourier transform infrared spectroscopy, scanning electron 
microscopy, atomic force microscopy, thermogravimetric analysis were used to study the 
physicochemical properties of modified membranes, as well as experiments on swelling and 
measuring the angle of contact with water. The transport properties of the membranes were studied 
during the initial separation of the isopropyl alcohol/water mixture (5/95 wt. %). The composition of the 
initial mixture and permeate was analyzed by gas chromatography. The results showed that 
modification of the PEBA membranes using MIL-125 leads to an improvement in their transport 
characteristics. 
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Cathodic electrodeposition is an advanced method of applying paints to conductive substrates. 

Due to its environmental friendliness, the ability to paint objects of any configuration and other 
advantages, this method is widely used. The greatest application is in the field of car painting [1]. 

Polyacrylates derived from various derivatives of acrylic and methacrylic acids can be used as a 
polymer base. The use of different hydroxyl-containing monomers enables the production of weather-
resistant coatings using isocyanate hardeners. In order to utilize such compounds in aqueous 
environments, pre-blocking is carried out [2]. 

In this study, a copolymer of butyl methacrylate and glycidyl methacrylate was synthesised, from 
which an epoxy amine adduct was prepared. Copolymers with varying ratios of the initial monomers 
were synthesised, and the optimal ratios were identified. The coatings obtained following curing with 
isocyanates exhibited enhanced elastic properties and improved weather resistance. 

 

 

Scheme 1. Сopolymer structure 
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Studies of protein-based materials intended for use as biomaterials in medical applications have 
attracted great attention. Bombix mori silk fibroin (SF) is one of the most common proteins used for 
that purposes [1]. The ability to self-assembly on air—water interface opens new perspective for 
obtaining materials with the controlled morphology. Besides of self-assembly it provides unique 
mechanical properties and high biocompability [2,3]. Morphology and its relationship with the 
mechanical properties of SF adsorption layers, as well as understanding the mechanism of SF 
adsorption at the water/air interface, can play an important role in the design of biomaterials. The pH 
and ionic strength can regulate the processes of SF self-assembly and regulate the type of obtained 
film. The complex approach based on dynamic surface rheology, ellipsometry and various types of 
microscopy was applied to investigate the formation of SF films on air-water interface at different 
conditions. 

The change in the dynamic surface elasticity reflects the changes in surface layer structure. The 
increase of surface age and protein concentration results in high values of surface elasticity connected 
with a gradual formation of different types of morphology. It starts from formation of a connected two-
dimensional network and finishes when it transforms to the uniform film with the thickness of about 40 
nm. The highest values of 220 mN/m correspond to 0.005 – 0.02 mg/ml when one can observe the 
coexistence of two-dimensional network with a wide ribbons organized in a tree-like structure. 

The increase of ionic strength does not lead to significant changes of the dynamic surface 
elasticity. The obtained results are almost independent of the NaCl concentration in the range 0 - 0.1 
M. It can be assumed that the electrostatic barrier is negligible even without salt at SF concentrations 
higher than 0.02 mg/ml due to a relatively high protein concentration and the adsorption layer 
formation is diffusion controlled. 

pH change leads to the much more noticeable effects. The intermolecular interactions between 
silk fibroin molecules in the surface layer are sensitive to pH and consequently affects network 
formation and dynamic surface elasticity. At pH=4 near the isoelectric point, a decrease in electrostatic 
repulsion results in rapid formation of self-organized structures in the surface layer, providing high 
values of dynamic surface elasticity. With pH increase, the rate of change of the surface properties 
changes slightly, but the values of dynamic surface elasticity decrease by approximately 25%. After 
reaching a pH close to neutral, the values remain approximately constant and change slightly with a 
further increase in pH. 
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An important direction of modern pharmacological research is the creation of systems that 
provide controlled release of the drug in target organs and tissues. Such dosage forms can be 
prepared by binding pharmacologically active components to a biopolymer matrix. Biopolymers are 
non-toxic and biodegradable, which favorably distinguishes them from their synthetic counterparts. 

Low molecular collagen derivatives (LMCs): hydrolyzed collagen and gelatin are widely used in 
medical and food industries due to their good biological parameters [1]. Chitosan (deacetylated 
derivative of chitin) also has outstanding characteristics; it demonstrates hemostatic, mucoadhesive, 
and, among others, antibacterial properties [2].  

In the present work, controlled release systems of the antibacterial drug dioxidine based on 
LMCs and chitosan were obtained. Dioxidine was used as a test drug because it has a wide range of 
treatment (from ENT diseases to infected burns) [3] and is easily traceable by UV spectroscopy due to 
its yellow staining.  

Low-temperature methods were used to obtain dioxidine delayed-release systems. To 
determine the influence of synthesis conditions on the cryoforming of the systems, the following 
conditions were changed: the degree of hydrolysis of LMC, its concentration (1.5 - 4.5 wt.%), the 
concentration of chitosan (1.5; 3%), and the type of crosslinking agent (sodium tripolyphosphate and 
glutaraldehyde). 

The degree of influence of synthesis conditions on the structure, properties and composition of 
the obtained hybrid composites was evaluated by UV-, FT-IR spectroscopy and scanning electron 
microscopy (SEM). According to SEM micrographs, the hybrid matrices had a macroporous structure, 
unlike the single-component ones. For systems cross-linked with glutaraldehyde and containing 
gelatin and 1.5 wt.% chitosan, a tenfold (from tens to hundreds of μm) increase in average pore 
diameter was observed with increasing gelatin concentration in the precursor solution. The 
dioxidine/gelatin/chitosan-3% and dioxidine/hydrolyzed collagen/chitosan systems did not exhibit a 
marked change in pore size with changing the concentration of collagen derivatives. In the case of 
dioxidine/gelatin/chitosan systems cross-linked with tripolyphosphate, the average pore diameter 
increased 1.5-3 times with increasing gelatin concentration in the precursor solution. 

The introduction of chitosan into the targeted drug delivery system complicates the dependence 
of dioxidine release time on LMC concentration. The release time of the antibacterial component is 
independent of the concentration of hydrolyzed collagen in the dioxidine/hydrolyzed collagen/chitosan 
systems and increases with decreasing gelatin concentration in the dioxidine/gelatin/chitosan-1.5% 
(crosslinking agent glutaraldehyde) and dioxidine/gelatin/chitosan (crosslinking agent 
tripolyphosphate) systems. In the absence of chitosan in the system, the drug release time is directly 
proportional to the concentration of LMC in the precursor solution. 
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Recently, membrane processes have been experiencing rapid growth. At the same 
time, the industry requires effective materials based on biopolymers for separating mixtures used 
in various fields. Additionally, the issue of environmental sustainability is on the agenda, as the impact 
of industrial development on the environment becomes more and more significant. Therefore, industry 
is improving its manufacturing methods by utilizing novel technologies to enhance productivity and 
efficiency, while also making processes environmentally friendly and 
economically viable. Pervaporation is one such advanced and rapidly evolving membrane 
process used for separating low-molecular-weight components, azeotropic mixtures, and 
isomeric mixtures due to its outstanding characteristics: environmental friendliness, low energy 
consumption, and compact modular design. To enhance the transport properties of the membrane 
material, mixed matrix membranes (MMMs) have been developed. The process involves modifying the 
polymer matrix through the introduction of an inorganic compound, which leads to the crosslinking 
of the polymer fibers. 

In this study, chitosan, a biopolymer, was selected for the development of novel, dense 
membranes for the separation of a water/isopropanol mixture. To modify the chitosan polymer 
matrix, metal-organic framework (MOF) MIL-125 was utilized. The structure and physicochemical 
properties of the resulting membranes were investigated using Fourier-transform 
infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), atomic force spectroscopy (AFM), 
thermogravimetric analysis (TGA), swelling degree measurement, contact angle analysis, and nuclear 
magnetic resonance (NMR) spectroscopy. It has been demonstrated that the formation of 
MMMs results in a significant improvement in membrane transport properties, owing to 
significant alterations in the internal and surface structures of the membrane. 
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Development of effective techniques for water purification is an urgent task in the light of misuse 
and pollution of water resources. Membrane technologies represent a promising solution to 
successfully remove contaminants and pathogens, providing public access to safe sources of drinking 
water. Pervaporation is an effective method for the separation of mixtures of low molecular weight 
substances. This technology finds application in various industries including chemical, pharmaceutical 
and food industries as well as in scientific research. The advantages of pervaporation include the 
ability to concentrate and separate azeotropic mixtures that are difficult to fractionate by conventional 
methods. Ultrafiltration is a membrane process in which a liquid is filtered under pressure. The sieve-
based separation process can remove macromolecules whose hydrodynamic radius are more than 
the pore size of the membrane. 

The aim of this project is to develop novel membrane materials based on sodium alginate (SA) 
for pervaporation and polyacrylonitrile (PAN) for ultrafiltration for effective water purification. To 
improve the transport properties of mixed matrix membranes based on SA and PAN, d-metal oxide 
nanoparticles (ZnO and TiO2) were introduced into the polymer matrix. 

The principle of separation in pervaporation is based on the different rates of sorption and 
diffusion of the mixture components through the membrane. An environmentally friendly polymer, SA, 
was chosen as the material for pervaporation membranes because of its good mechanical properties, 
reproducibility of transport characteristics, and commercial availability. The transport properties of the 
developed SA-based dense membranes were investigated in the dehydration of isopropanol. PAN 
was selected as the membrane material for the preparation of porous membranes. PAN is 
characterized by high chemical and thermal stability, low cost, resistance to many organic solvents 
and reproducible transport properties. Disadvantages of PAN include easy fouling with soluble 
molecules. The transport properties of porous membranes based on PAN were investigated in the 
ultrafiltration of aqueous dye solutions. The modification of the membranes with nanoparticles 
increases the separation efficiency and selectivity, which confirms the possibility of using the 
developed membranes for more energy-efficient separation of mixtures of low molecular weight 
components, as well as for tackling the problem of wastewater pollution by dyes used in the textile 
industry. 
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The technique known as fast scanning calorimetry (FSC) on a chip enables rapid thermal 
measurements at high heating and cooling rates of up to 105 Ks−1. This method allows for the 
characterization of a sample's thermal behavior without inducing uncontrolled modifications during the 
heating process by kinetically bypassing chemical transformation of monomers. Additionally, FSC can 
distinguish processes such as phase transitions that occur close in temperature. Previous studies 
have demonstrated the effectiveness of this relatively new method in analyzing individual particles of 
energetic materials during rapid heating [1]. 

Significant progress has been made in recent years in the development of thermoplastic 
matrices for composite materials, with poly(aryl-ether-ether-ketone) (PEEK) emerging as a prominent 
polymer in this field. This polymer exhibits outstanding toughness, strength, and rigidity, along with 
exceptional resistance to chemicals and radiation. Its combination of properties, together with its long 
shelf life, imply that it could offer advantages over thermoset materials due to its ease of fabrication, 
reparability, and reprocessing capabilities [2]. 

 

Scheme 1. FSC-curves depending on the crystallization time at 210°C  
(1-2-3-10-80-640-3600s from up to down). 

 
The multiple-melting behavior observed in semi-rigid chain polymers like PEEK has been a 

topic of debate for over five decades, yet a definitive explanation for this phenomenon remains 
elusive. The double-melting behavior is observed for PEEK samples isothermally crystallized or cooled 
from the melt by classical DSC and FSC. The higher-temperature melting peak usually has an onset at 
280-310°C which is not strongly affected by the sample's thermal history, while the lower-temperature 
melting peak onset strongly depends on crystallization conditions (Scheme 1). One of the simplest 
explanations of the double-melting behavior of PEEK would be the existence of two different 
polymorphs. However, no polymorphs in PEEK have ever been observed by X-ray diffraction [3]. 
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The cathodic electrodeposition method for producing paint and varnish coatings is one of the 
advanced methods for painting products with complex configurations, since it has a number of unique 
advantages. With this application method, a product of complex configuration is uniformly painted, 
even in difficult-to-reach areas, the method is fireproof, non-toxic for operators, capable of full 
automation, and material losses are minimal. 

The coating is obtained in an aqueous solution when an electric current is applied due to the 
loss of solubility of the polyelectrolyte, which is the basis of the film-former for this material. Typical 
reactions are shown in scheme 1 [1]. 
 

 

Scheme 1. Reactions on the cathode a) electrolysis of water b) deposition of amine containing 
oligomer  

 
Resins used in cathodic electrodeposition materials differ significantly from standard resins for 

paint systems because they must meet a number of requirements. The film-forming agent must form a 
heterogeneous system in water, which is characterized by electrophoresis, and must also be capable 
of losing solubility in the cathode space. Equally important is the ability to form a corrosion-resistant 
coating, which is achieved with a certain structure of a three-dimensional mesh structure formed as a 
result of thermosetting. The most popular binders for e-coating obtained with acrylic or epoxy resins. 
This choice of resins is due to their excellent characteristics, in particular the high weather resistance 
and wear resistance of acrylic resins and the excellent adhesion and physical and mechanical 
characteristics of epoxy resins. 

Several directions of technology development in the field of film-forming agents for cathodic 
electrodeposition can be identified. Resins for producing materials with improved chemical resistance, 
increased hydrophobicity and wear resistance; resins and film-forming systems with low-temperature 
curing ability; resins with increased corrosion resistance; resins modified with nano-sized fillers. 

Coatings based on acrylic resins are used as a topcoat, so improvements in chemical 
resistance, hydrophobicity and weather resistance are desirable for such systems. Such effects are 
achieved by introducing monomer units containing fluorine and silicon, for example 
Dodecafluoroheptyl methacrylate, vinyltriethoxysilane beside classical monomers such as Butyl 
acrylate and methyl methacrylate [2-3]. The most common hardeners in cathodic electrodeposition 
materials are blocked isocyanates. Thus, the thermal curing process of coatings depends on the 
release temperature of the isocyanate hardener, which is usually in the range from 160 to 200 °C. An 
important goal in materials development is to reduce these temperatures. Thermal cure temperature 
reduction can be reduced in several ways: the use of highly active catalysts, the use of highly volatile 
blocking agents, and the use of isocyanate-free epoxy acrylate systems [4]. Modification of cathodic 
electrodeposition resins with nanosized particles is carried out by co-electrodeposition of metals or 
metal oxides together with polyelectrolyte reduction on the substrate [5]. Such compositions may have 
some special properties, including increased electrical conductivity and resistance to biodamage.  
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Alginates are natural linear anionic polysaccharides, that readily form cross-linked hydrogels upon 
coordination of their carboxylate groups with polyvalent metal cations. Due to their availability and 
biocompatibility these hydrogels founded a wide application as food products, industrial sorbents, 
drug-release systems, scaffold materials, etc.  

 

 
Scheme 1. Mechanism of photo-switching of alginate hydrogel 

 
Despite the fact that the Ca2+ ion is usually used for cross-linking alginate molecules, we see the 

potential in iron alginate for several reasons. Firstly, iron ions Fe3+ and Fe2+ crosslink alginate 
molecules in the different way: at the same concentration, Fe3+ ions form an alginate gel, while Fe2+ 
ions do not [1]. Thus, by changing the charge of the iron ion, it is possible to change the physical 
properties of the gel (gelation and dissolution). Method of dissolution of iron alginate through a light-
activated reaction (λ =405 nm) have already been described [2]. Recently, we managed to photogelate 
alginate with Fe3+ iron ions through a fast photochemical reaction using a water-soluble photoactive 
iron complex (λ =450nm) [3]. Since these two reactions are activated by light of different wavelengths, 
we were able to combine both properties in one system. Thus, we have obtained the novel alginate 
hydrogel, the degree of cross-linking of which can vary through light irradiation (Scheme 1). Moreover, 
in some cases, iron alginate is a more preferable medium for cells than more wide spread calcium 
alginate [4], which opens up the scientific interest of using this photochemical system for 
encapsulation of not only drugs, but also living cells with opportunity to liberate them after a short light 
treatment. 
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Among the various types of biodegradable polymers, poly(ε-caprolactone) (PCL) is the most 
promising and versatile. It is used to make suture threads and various fasteners for traumatology and 
orthopedics. The advantages of using such medical items are their biodegradability to non-toxic 
products, which are eliminated from the human body through metabolism. Production of PCL-based 
composites allows the improvement of the functional properties of the material and thus expands the 
prospects of their use, for example, for bone tissue engineering. 

Nanocrystalline cellulose (NCC) can be used as a filler for PCL to impart cell adhesive 
properties and improve the mechanical parameters of PCL-based materials. However, the use of such 
hydrophilic filler does not improve the functional properties of the material due to its poor compatibility 
with the hydrophobic matrix. NCC modified with hydrophobic fragments as well as polyanions can 
improve the distribution of NCC in the PCL matrix on the one hand, and give these composites 
osteoconductive properties on the other hand. Given this, the aim of this work was the preparation of 
composite materials based on PCL and NCC modified with different polyanions such as heparin (Hep) 
or poly(glutamic acid) (PGlu). 

In order to modify NCC with heparin (Hep), an amine-containing linker was first introduced into 
the heparin structure. Boc-ethylenediamine was chosen as the linker. Besides this, hexylamine was 
additionally introduced to heparin to impart amphiphilicity to this hydrophilic polymer. After the 
modification, the Boc protective groups of ethylenediamine moiety were removed. The success of the 
functionalization was confirmed by 1H NMR spectroscopy. The degree of modification of heparin with 
ethylenediamine and hexylamine was 16 and 6%, respectively.  

To modify NCC with poly(glutamic acid), Boc-ε-lysine units were first introduced into the PGlu 
structure to increase the content of amino groups necessary for modification of NCC. After the 
modification, the Boc protection was removed. The success of the modification was confirmed by 1H 
NMR spectroscopy. The degree of modification of PGlu with lysine (PGlu-Lys) was 18%. 

Prior to NCC functionalization, some of cellulose units were oxidized in order to generate 
aldehyde groups. In all cases, the NCC modification was carried out via reaction between the amino 
groups of functionalized polyanions and aldehyde groups of the oxidized NCC. Formed aldimine 
bonds and nonreacted aldehydes groups were reduced with sodium borohydride. The success of the 
modification of NCC with Hep and PGlu-Lys was confirmed by FTIR and solid-state 13C NMR 
spectroscopy. The amount of Hep and PGlu-Lys conjugated to NCC was 153 mg/g and 127 mg/g, 
respectively. 

Composite PCL-based films containing 10 wt% of modified NCC as a filler were produced. The 
surface morphology of the resulting materials was studied by optical and scanning electron 
microscopy. It was shown that better distribution of the NCC-Hep filler in films was observed, in 
contrast to NCC and NCC-PGlu-Lys. Mechanical properties in tensile tests showed a 15% decrease in 
elastic modulus for unmodified NCC used as filler compared to PCL films without filler. Similar effect 
was also observed for NCC-PGlu-Lys used as a filler to PCL. At the same time, the addition of 
NCC-Hep to the PCL matrix contributed to an 18% increase in elastic modulus. A study of biological 
properties demonstrated the absence of cytotoxicity of modified NCC towards osteoblast-like cells, 
improvement in adhesion and differentiation of mesenchymal stem cells (MSCs) towards the formation 
of calcium-containing deposits on the surface of the composite materials. Thus, NCC-Hep proved to 
be a promising filler for PCL-materials for bone tissue engineering, as it promotes the improvement of 
mechanical parameters of the composite, as well as adhesion of MSCs on the surface of composite 
materials and stimulation of biomineralization. 
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Self-healing polymers are capable of restoring their original characteristics after damage. One 
of the most promising materials in this aspect are metallopolymers due to the inclusion of additional 
reversible metal-ligand interactions. In the majority of works such systems are obtained by 
impregnation of the finished polymer with salts of various transition metals, because of which it is not 
possible to achieve high strength characteristics [1-2]. 

This work proposes a one-step method for the preparation of new types of self-healing 
copolymers of acrylamide (AAm), acrylic acid (AAc) and metal chelate monomer based on 4'-phenyl-
2,2':6',2"-terpyridine and acrylates of various transition metals [Co(II), Ni(II), Cu(II)]. The work presents 
a comparison of copolymers containing phenylterpyridine metal complex with copolymers containing 
metal acrylate, as well as with a model system (co-AAm-AAc). According to the results of mechanical 
tests, some samples have tensile strength over 120 MPa and elastic moduli over 5 GPA. The 
incorporation of the metal complex directly into the polymer chain has been shown to improve the 
mechanical properties of the final polymer films, as well as lead to intrinsic autonomous healing 
(Figure 1) [3]. 

 

 

Figure 1. Autonomous intrinsic self-healing. 
 

The self-healing properties demonstrated by all metallopolymer systems and the record values 
of maximum strengths, as well as the efficiency of mechanical properties recovery, demonstrate the 
prospect of using such materials as a basis for the creation of high-strength coatings of self-healing 
materials. 
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Filling and modification of polyorganosiloxanes is one of the most important areas of applied 
research. Currently, organosilicon liquids and rubbers make it possible to expand the temperature 
range of using materials based on them with prolonged exposure to temperatures from -90 to 350 ° C. 
Polyorganosiloxanes elastomers are widely used as insulating sealants and compounds due to their 
increased thermal and frost resistance, fire resistance, ability to ceramic formation, and high dielectric 
characteristics. The main disadvantage of silicone rubbers is their low strength characteristics. They 
can be increased by introducing reinforcing fillers into rubber [1,2]. 

In the present work, titanium dioxide was synthesized by hydrolysis of titanium tetrachloride in 
an alkaline medium in the ultrasonic field. Further, the resulting TiO2 was doped with the following 
compounds: HfO(NO3)2,Ce(CH3COO)3. These salts were dissolved in a mixture of hydrochloric acid 
and hydrogen peroxide with concentrations of 0.36% and 3.8%, respectively. The solutions were 
stirred for 1 hour on a magnetic stirrer, gradually adding titanium dioxide. After that, the solution was 
filtered under vacuum, rinsed with water, then the obtained samples were annealed at 450 degrees for 
2 hours. To characterize the obtained materials, the methods of IR-spectroscopy, laser diffraction, 
SEM, X-ray phase analysis, DTGA were used. The particle sizes of the initial TiO2 are 0.08-0.14 
microns, the average size of the doped particles decreases slightly and the fraction 0.05-0.07 microns 
prevails, the specific surface area of the particles is 15-25 m2/g. 

The obtained particles of the initial and alloyed TiO2 were studied as a reinforcing filler for 
polydimethylsiloxane rubber (SKTN) and their effect on thermal oxidative degradation and thermal 
stability of silicone uncured mixtures and rubbers based on them was studied. 

Synthesized TiO2 was introduced into rubber using a three-roll mixer so that its content in the 
system was 1-35%. A further increase in the filler concentration led to a deterioration in the strength 
characteristics of silicone rubbers. It was found that the stress at break (σ) increases with increasing 
TiO2 concentration from 0.7 to 2.5 MPa, the elongation (ε) increases from 110 to 145% (ω (TiO2)= 
25%), then decreases. 

 It was revealed that the synthesized alloyed TiO2 particles are inhibitors of thermo-oxidative 
processes occurring in polyorganosiloxanes at elevated temperatures. The TGA method determined 
the time of the onset of thermal oxidative degradation in filled crosslinked and uncured systems based 
on polydimethylsiloxane rubber with different filler content. The time of the beginning of gelation of 
SKTN was determined depending on the concentration of the modifying additive. It was revealed that 
synthesized TiO2-based systems significantly increase the thermal stability and thermal stability of 
polyorganosiloxanes. 
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Intelligent materials, which underpin many applications in various fields, are designed to 

possess properties that can be significantly modified in a controlled manner by external stimuli. In this 
work, two systems based on polyurea capsules with different activation mechanisms have been 
developed and characterized for use in gas and oil production, namely, drilling and cementing wells. 

The first system is a complex microcontainers (CMC) developed for cementing operations that 
consists of the polyol-containing polyurea microcapsules enclosed together with the isocyanate-based 
phase within the core of larger polyurethan e microcapsules [1-2]. The CMC architecture allows to 
transport compartmentalized reaction mixture of the adhesive monomer and crosslinking agent and to 
provide the control of self-healing process. Healing occurs upon rupture of both types of capsules and 
release of both components which then contact each other. The possibility of an autonomous reaction 
between the adhesive monomer and polyol and the formation of polyurethane foam in the presence of 
water traces in the cement crack are the main benefits of the proposed system. 

The second system consists of core-in-core morphological responsive microcapsules (RM). The 
inner part of the microcapsules consists of an epoxy resin hardener and a highly volatile solvent. The 
release of the epoxy resin hardener occurs under ultrasound trigger [3]. The RM is a component of 
"ACTIVISEAL," an advanced controlled technology for isolating fractures in drilling operations. 
Combination of on-demand activated material and the acoustic impulse generator is utilized for an 
effective sealing process in the fractured zone to reduce or prevent severe lost circulation while drilling 
[4].  

The CMC system was obtained in a two-step process using oil-in-oil and oil-in-water emulsions 
creation following interphase polymerization. The two-step procedure is also the basis of the RM 
system preparation method, but a microfluidic device was used to enable the execution of procedures 
and experiments that are not feasible on a macroscale because of more precise phase control. 

The synthesized materials were characterized by infrared spectroscopy and thermogravimetry 
to confirm the successful encapsulation of active agents and shell formation and to determine the 
core/shell ratio. Scanning electron microscopy was used to visualize the morphology of the systems. 
The analysis of the foam generated by the CMCs shows a significant initial volume increase, indicating 
the system's expandability. Examining the RM system breakdown under various ultrasound 
parameters reveals a high yield and efficient release of the curing agent. 

It is expected that the resulting materials with different activation mechanisms will not only be 
used in oil and gas industry, but also become prototypes of future self-healing systems for other 
applications. 
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Nanofiltration is a promising and environmentally friendly, rapidly developing method of liquid 
separation that does not require high-energy consumption and expensive equipment. The 
development of nanofiltration requires the search for new membrane materials, the transport 
properties of which are improved by creating mixed matrix membranes (MMMs) by modifying the 
polymer matrix with inorganic and/or organic filler. 

In this study, novel poly(ester block amide)-based membranes were prepared by incorporating 
of the holmium-based metal-organic frameworks (MOFs), such as Ho-1,3,5-H3btc, Ho-1,2,4-H3btc, Ho-
1,2-H2bdc, Ho-1,3-H2bdc, Ho-1,4-H2bdc, ZIF-67 etc. into the PEBA matrix. The properties of the 
obtained membranes were investigated by Fourier transform infrared spectroscopy (FTIR), scanning 
electron microscopy (SEM), atomic force microscopy (AFM) and thermogravimetric analysis (TGA), 
swelling experiments and measurement of contact angles. The transport properties of the obtained 
membranes were investigated during nanofiltration of dyes. It was found that the introduction of Ho-
MOFs into the PEBA matrix led to changes in the structural, physicochemical, and transport properties 
of membranes. The tailored membrane properties were achieved due to the unique physicochemical 
and structural properties of the MOFs modifiers such as particle shape and pore size, thermal and 
chemical stability, large specific surface area and its ability to change the surface roughness, 
hydrophilic-hydrophobic balance, and swelling characteristics of dense PEBA membranes. The 
introduction of MOFs led to an increase in the permeability and rejection coefficients of dyes, which 
could be explained by the structure of modifiers, containing both hydrophilic and hydrophobic parts in 
the structure. 
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Catalysts based on gadolinium compounds stand out among the variety of lanthanide catalysts, 
since in their presence it becomes possible to obtain extremely highly stereoregular polyisoprene [1], 
which is as close in structure as possible to natural rubber, i.e., containing only 1,4-cis units in the 
main chain. It has been shown that the involvement of a catalyst based on the solvate complex 
GdCl3×n(i-PrOH) in the polymerization of isoprene allows one to obtain polyisoprene containing up to 
99.2% 1,4-cis units, while the use of a neodymium catalyst prepared using the same technology 
allows one to obtain polyisoprene containing no more than 98% 1,4-cis units [2]. It is known [3] that 
changes in the size of solvate particles, among all other factors, significantly affect the activity of 
catalytic systems. At the same time, a change in particle size can be achieved by intensifying the 
process of complexation of the solvate using various methods - hydrodynamic impact in turbulent 
flows, ultrasonic irradiation, etc. Thus, establishing correlations between the method of preparing 
solvate complexes GdCl3×n(i-PrOH), the size of their particles and the activity of catalysts prepared on 
their basis determines the goal of this work. 

Solvation was carried out in a liquid paraffin environment at a molar ratio of GdCl3 : i-PrOH = 3 
and an initial particle size of GdCl3 = 181÷355 nm. The particle size of the solvate complex decreases 
for some time after the dispersing effect and reaches a certain constant value. Solvation both under 
the influence of mechanical stirring for 8 hours and under constant ultrasonic influence on the solvate 
for 8 hours leads to the formation of a homogeneous complex characterized by an average modal 
particle size of the solvate of 112 nm. Catalysts prepared on the basis of these solvates are also 
characterized by comparable activity - 65÷75% for 3 hours of polymerization ([Gd] = 5 mmol, Al/Gd 
molar ratio = 12, hereinafter - in all catalysts). 

The hydrodynamic impact on the solvate complex in a tubular turbulent apparatus after an hour 
of solvation leads to the formation of a heterogeneous complex characterized by a polymodal 
distribution, and the catalyst prepared on the basis of this solvate has low catalytic activity. Solvation 
for 4 hours followed by hydrodynamic impact on the solvate leads to the formation of two types of 
particles with sizes of 56 and 141 nm. Catalysts prepared on the basis of these solvates are 
characterized by higher activity - 80÷85% for 3 hours of polymerization. 

The multiplicity of hydrodynamic impacts on solvates also makes it possible to increase the 
activity of catalysts prepared on their basis. Thus, a single hydrodynamic impact on a solvation 
complex in a tubular turbulent apparatus leads to the formation of two types of particles characterized 
by different sizes - 71 and 141 nm. Double impact makes it possible to slightly improve the 
dimensional characteristics: in this case, particles with sizes of 56, 71 and 141 nm are formed. At the 
same time, the activity of the gadolinium catalyst prepared on the basis of this solvate is the highest 
and amounts to 90÷100% for 3 hours of polymerization. It is worth noting that a further increase in the 
multiplicity does not affect the activity of the catalyst. The combination of the “double hydrodynamic 
impact-ultrasonic irradiation” methods expectedly led to the production of solvates with higher 
dimensional characteristics, as well as to lower activity of catalysts based on them. 

Thus, the highest activity of gadolinium catalysts in the polymerization of isoprene is achieved in 
the case of using solvate complexes GdCl3×n(i-PrOH) twice subjected to hydrodynamic impact in a 
tubular turbulent apparatus, and a large multiplicity of hydrodynamic impact has no effect on the 
activity. 
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Environmental pollution by plastic is one of the most discussed environmental problems of the 
modern world. In this regard, the actual problem is the search and substantiation of optimal basic raw 
materials for the production of new types of universal biodegradable food packaging. The most 
promising in this respect raw material component for matrix formation is chitosan (CS) due to its high 
film-forming ability. However, films based on chitosan have low strength and strain at break compared 
to synthetic polymers. This problem can be solved by introducing a functional additive - photoactive 
TiO2 nanoparticles, which has biocompatibility and good physical and chemical properties. An 
important aspect in the creation of materials containing TiO2 particles is the size of oxide particles and 
the uniformity of their distribution in the matrix.  

In this work, CS films modified with TiO2 nanoparticles (NPs) of different sizes were obtained 
from polysaccharide solutions in aqueous solutions of various acid-solvents. Acetic, hydrochloric, and 
lactic acids were used as the latter. TiO2 NPs were synthesized by alkoxy sol-gel technology from 
titanium (IV) isopropoxide in isopropyl alcohol medium in the presence of water and HCl as catalysts. 
TiO2 dispersions were added to chitosan solutions at concentrations from 0.5 to 10 wt.% relative to CS 
mass, after which films were obtained. The non-monotonic dependence of the films strength on the 
TiO2 content in them was revealed. Optimal physical and mechanical properties, when high strength 
and deformation of samples are combined, are possessed by films with TiO2 content not more than 2 
wt.%. The observed effects are due to the change in the structure of the films when small 
concentrations of TiO2 are introduced. The increase in the amount of TiO2 leads to a violation of 
continuity, and, as a consequence, a decrease in strength characteristics, which is proved by methods 
of infrared spectroscopy, X-ray phase analysis, scanning electron and atomic force microscopy. At the 
same time, the film strength increases depending on the nature of the solvent acid in the series lactic 
acid ˃ hydrochloric acid ˃ acetic acid (Scheme 1). All samples contain less moisture after prolonged 
storage compared to pure chitosan film. The bactericidal properties of the films against 
Staphylococcus aureus were revealed. The materials are biodegradable and decompose by 50% in 28 
days under the action of the fungus Aspergillus Niger.  

 

 
Scheme 1. Mechanical properties of chitosan films in salt (a, c) and based (b, d) forms modified with 

different mass. % of titanium dioxide obtained from different acid solvents. 
 
Thus, further research and development in this area may lead to commercialization of chitosan-

TiO2 nanocomposites for their application as food packaging material. 
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Chitosan is a natural polysaccharide with unique properties, such as biocompatibility, 

biodegradability, and antimicrobial activity. These properties make it a promising polymer for creating 
polysaccharide-protein composites. However, one significant limitation for such systems is the loss of 
solubility of chitosan above pH 6.2-6.5. Partial homogeneous reacetylation of short-chain chitosan 
(RA-CHI), with an optimal degree of acetylation leading to a statistical distribution of acetyl 
glucosamine units along the chain not only increases its solubility and aggregative stability in slightly 
alkaline media, but also results in an enhanced antimicrobial activity at these conditions [1]. Therefore, 
the interaction between RA-CHI and bovine serum albumin (BSA) at pH 7.4 is of particular interest. 
Using isothermal titration calorimetry (ITC), we show that the process of protein-chitosan interaction is 
dependent on the heat of buffer ionization (figure 1). This observation suggests that electrostatic 
interaction plays a major role in the binding mechanism, which is accompanied by the transfer of 
protons from the buffer substance to chitosan. Increasing the ionic strength of the buffer to 0.15 M 
NaCl suppresses complexation. 
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Figure 1 . ITC results in buffers with different ionization enthalpies (ΔHi(TRIS) = 11 kcal/mol, 
ΔHi(PHOS) = 0.9 kcal/mol ).  

 
It has been shown by the methods of circular dichroism and micro-FTIR spectroscopy that the 

formation of a chitosan-protein complex does not cause a change in the secondary structure of the 
protein. Increasing the degree of acetylation of chitosan from 24% to 40% results in a decrease in its 
affinity to BSA and in a shift in the binding mechanism from predominantly electrostatic to 
predominantly hydrophobic. 
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Nanoparticles based on starch biopolymers are widely used in areas such as nanomedicine, 
polymer materials strengthening and emulsions stabilizing [1]. Despite the low cost of the starting 
material, renewability, biocompatibility and the ability to control electrokinetic properties, starch 
nanoparticles remain only a laboratory sample and do not have any industrial analogue. The main 
obstacle to the widespread use of starch nanoparticles is the labor-intensive method of their isolation. 
This method is based on the hydrolysis of native starch granules with mineral acids, while the acid 
selectively hydrolyzes the amorphous regions of the granules without affecting the nanocrystalline 
lamellae. The most attractive way to solve this problem is to replace acid hydrolysis with enzymatic 
hydrolysis. Enzymes are available and safe substances for the hydrolysis of starch. However, due to 
the large size of the enzyme molecule, it is not able to penetrate into the granule and provide selective 
hydrolysis of the amorphous phase; as a result, it has not been used previously. 
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Figure 1. The particle size distribution of native, thermally treated and enzymatically hydrolyzed maize 
starch (top down). 

 
This work proposes the use of two-stage thermal pretreatment of starch to partially dissolve the 

internal regions of native starch granules and destroy their native granular structure. We have 
developed a technique that allows the use of enzymatic hydrolysis to isolate starch nanocrystals. The 
study showed that starch nanocrystals can be obtained within 12 hours without the use of acidic media 
(Figure 1). The optimization of the pre-treatment technique was carried out, and the thermal stability of 
the crystalline phase of native and thermally treated starch was studied. The resulting starch 
nanocrystals were characterized by SLS, DLS, XRD and DSC methods. 
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The formation of a biopolymer delivery system based on polysaccharides with active functional 
groups, such as fucoidan and partially deacetylated chitin (nanochitin or chitin nanowhiskers), allows 
to increase the efficiency of local drug delivery due to high mucoadhesion to the mucosal surface as 
well as a modified drug release profile. Due to the electrostatic interaction between the functional 
groups of the oppositely charged fucoidan and nanochitin, a polyelectrolyte complex (PEC) is formed 
in the form of a microgel, which is a matrix for loading the antiprotozoal drug metronidazole [1-3]. 

In this study, we aimed to develop a vaginal metronidazole delivery system with enhanced 
mucoadhesion and prolonged drug release profile using fucoidan and nanochitin. The resulting 
systems in the form of PECs have hydrodynamic diameters of 244 and 816 nm and ζ-potential of 
about -22 mV. The mucoadhesion experiment showed that the different ratios of the system 
components affect the properties of the resulting microgel. The system prepared with a 1:2 polymer 
ratio has improved binding properties of free mucin and is thus better adsorbed to the mucosal 
surface. 

Metronidazole release data from the polymer matrix confirmed the hypothesis of modified 
release of the developed system in a low acid pH 4.5 environment. Sustained and uniform release of 
the antibacterial drug from the polymer matrix was also observed in a neutral pH 7.4 environment, 
suggesting that the developed system can be used in the physiological pH range. The incorporation of 
metronidazole into PEC particles promoted sustained drug release for 10 h and also maintained 
antiprotozoal activity against clinical isolates of Trichomonas vaginalis for 10 h.  

The sustained drug release rate, combined with pronounced mucoadhesive properties and 
improved pharmacological activity, make the developed biopolymer delivery systems promising 
candidates for further clinical trials. 
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Nano- and microgels are soft polymer particles with a network structure which combine the 
properties of solid colloids, polymers and surfactants, thus offering a wide range of applications 
including liquid purification, emulsion stabilization, pattern formation, and most notably, targeted drug 
delivery [1]. In the latter context, the crucial role lies in particles’ ability to change their shape, size, 
softness and porosity in response to external stimuli such as temperature or pH. Here the inclusion of 
various functional groups allows for the absorption and release of specific "guest" molecules. Although 
the effectiveness of microgels has been demonstrated in both in vitro and in vivo studies for many 
medications, there is still a challenge in encapsulating hydrophobic drugs within the polymer network.  

Amphiphilic microgels, containing both hydrophilic and hydrophobic monomer units, offer a 
solution by forming hydrophobic domains (“pockets”) for drug accumulation while maintaining overall 
hydrophilicity for colloidal stability and sensitivity to external stimuli. In turn, the biodegradability of the 
hydrophobic pockets enables a controlled release of absorbed molecules. Despite the apparent 
potential of amphiphilic stimuli-responsive microgels for biomedical use, currently there are only few 
examples available [2-3].  

This study aims to examine the properties of amphiphilic stimuli-responsive particles based on 
N-isopropylacrylamide and hydrophobic macromonomers. The latter is represented by biodegradable 
star-shaped oligo(ε-caprolactone) (starOCL) crosslinkers. Initially, an in silico synthesis of the 
amphiphilic networks mimicking the actual dispersion polymerization process was performed [4]. Then, 
the swelling behavior of the resulting particles was studied using molecular dynamics simulations. 
Finally, the ability to encapsulate hydrophobic guest molecules and to release them during crosslinker 
degradation has been demonstrated. Our results may be useful in the obtainment of biocompatible 
soft carriers for the efficient drug delivery. 
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Given the current environmental policy, the pulp and paper industry should focus on the use of 
secondary raw materials in the production of paper and paperboard. This entails some technological 
difficulties, such as reduced strength performance of paper and paperboard, low fiber retention on the 
screen table of paper machine, high cation demand of recovered paper pulp, poor forming quality and 
dewatering rate of paper web, etc. To solve the above problems, special polymeric materials are 
increasingly used, so their research and development is an urgent task at present. 

Polyacrylamides, specifically cationic acrylamide polymers, have long been known and widely 
used in this field. The cellulose fibers and impurities in recovered paper pulp have a natural anionic 
charge. The presence of cationic groups in the polymer allows it to attract as many anionic 
contaminants (impurities) as possible. Various monomers containing a positively charged ammonium 
group are used as a cationic co-monomer, in particular an allyl monomer such as diallylamine 

hydrochloride is of interest. A feature of allyl monomers is the presence of a labile C−H bond in the 

methylene group at the -position to the double bond, making them active chain transfer agents in 
radical polymerization [1,2].  

The purpose of this work is to develop the technology of acrylamide and diallylamine 
hydrochloride copolymer solution to improve the strength of waste paperboard. 

Laboratory samples of acrylamide copolymers with diallylamine hydrochloride of different 
compositions were synthesized by radical polymerization in aqueous solution. The molecular weight 
characteristics of the obtained samples were analysed by size-exclusion chromatography and the 
composition of the copolymers was confirmed by IR spectroscopy. A special place in the conducted 
studies was occupied by the analysis of the efficiency of synthesized polymer solutions in terms of 
hardening, dehydration and retention. The influence of molecular weight and copolymer composition 
on the strength characteristics of paper and paperboard, as well as on the paper moulding 
performance was studied. It was determined that in the range of monomer composition investigated, 
samples with 22,4 mol.% content of diallylamine hydrochloride in the initial monomer mixture had the 
highest efficiency. The polymer with this cationic monomer content showed the best paper pulp 
dewatering time, the highest retention on the mesh and a good increase in paper strength properties. 
The existence of a range of optimal molecular weight of the copolymer, providing the best moulding 
conditions and processability of this polymer, was also noted.  

The results of the conducted studies allowed to choose the optimal formulation and synthesis 
mode of acrylamide and diallylamine hydrochloride copolymer solution. Its use makes it possible to 
significantly accelerate the process of paper pulp dewatering, improve the retention of fine fibres, 
fillers and impurities on the screen table and increase the strength properties of paper and 
paperboard. 
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 Unique optical, electronic and catalytic properties of gold nanoparticles (AuNPs) are the 
reason for the ongoing interest in AuNPs-based materials. A common method for obtaining AuNPs is 
the reduction of Au(III) ions by various reducing agents. However, NPs tend to aggregate if they are 
not stabilized. Poly(1-vinylimidazole) (PVI) is a biocompatible, non-toxic and pH-sensitive polymer, that 
exhibits excellent ability to stabilize AuNPs. In this work, chemically pure PVI-stabilized AuNPs were 
synthesized in solutions of monomer (1-vinylimidazole) containing Au(III) ions in one step. An 
undoubted advantage of this approach is the possibility of preparation of PVI-AuNPs nanocomposites 
without the use of any chemical reducing agents and initiators of polymerization, since in our case, the 
reduction of Au(III) ions and polymerization of VI are provided by radical species resulting from the 
radiolysis of aqueous-ethanol medium [1,2].  

The current work is concerned with the effect of Au(III) concentration on the kinetics of 
radiation-induced formation of PVI and AuNPs. The samples were irradiated by X-rays using a 5-
BKhV-6W tube with tungsten anode (applied voltage was 45 kVp, anode current ca. 80 mA) at 293 K 
in polypropylene Eppendorf test tubes of 8 mm thick. Such conditions ensured uniform generation of 
radiolysis products in the volume (the dose rate was 1,4 kGy/min). The data of UV-Vis spectroscopy 
showed that the polymerization of VI and formation of AuNPs occurs in the same range of the 
absorbed doses for solutions with the [Au(III)]/[VI] ratio of 1/20, 1/40, 1/80. Based on the TEM results, 
we can conclude that the resulting PVI macromolecules effectively stabilize gold nanoparticles. 
Moreover, in each of the studied systems, the average sizes of nanoparticles do not exceed 5-7 nm 
(fig. 1).  

 

Figure 1. a-TEM image of 1/40 system, b-kinetics of AuNPs formation and polymerization of 
1/40 system 
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Reversible Addition-Fragmentation chain-Transfer (RAFT) polymerization, since its introduction 
in 1998, is proved to be effective and versatile method of conferring living characteristics to radical 
polymerization [1]. It shows good result in molecular characteristics control and stands out for high 
tolerance to functional monomers and provides great opportunities for macromolecular architecture 
[2]. 

In recent years, new direction of researches has emerged in the context of RAFT 
polymerization. Considering the fact that, in general, more activated monomers (MAM) and less 
activated monomers (LAM) require agents with different structures to support chain transfer 
mechanism of reaction, there were attempts to synthesize more versatile RAFT agents, which can be 
used in polymerization of both types of monomers and their copolymerization. pH-switchable RAFT 
agents can exist in neutral and protonated forms and show different activity in MAMs and LAMs 
polymerization [3]. 

pH-switchable RAFT agents 1-cyano-1-methylethyl (phenyl)(pyridin-4-yl)-carbamodithioate 
(CMPC) and 1-cyano-1-methylethyl (4-methoxyphenyl)(pyridin-4-yl)-carbamodithioate (CMPCM) were 
synthesized (scheme 1). Reversible addition-fragmentation chain-transfer (RAFT) polymerization of 
styrene, vinyl acetate, methyl methacrylate and methacrylate was carried out. It was shown that 
presence of considered compounds affects molar mass distribution and kinetic features, realizes 
supposed mechanism of RAFT polymerization and supports controlled chain grow of investigated 
monomers, except for methyl methacrylate (scheme 1).  

 

 

Scheme 1. (а) Structure formula of CMPC; (b) structure formula of CMPCM; (c) SEC curves 
normalized by the unit area for polymerization of styrene in presence of CMPC 

 
Different effect of agents on polymerization in presence of protic acids was investigated. It was 

shown that protonated form of both agents provides better control over polymerization of styrene and 
methacrylate (more-activated monomers), while neutral form more suitable for vinyl acetate 
polymerization (less-activated monomer). CMPC showed greater activity in all considered cases in 
comparison with CMPCM. 
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Amylose is a linear α-D-glucose polymer bound by α(1→4) glycoside bonds. One of the most 
important properties of this polysaccharide is the possibility of formation of inclusion complexes and 
further crystallization in the presence of various organic and inorganic complexing agents (V-amylose). 
Such amylose complexes have a spiral structure, due to which they are able to form crystals with 
unique properties such as resistance to enzymes, insolubility in water and others. Crystalline V-
amylose have potential applications in pharmaceutical industry for the encapsulation of bioactive 
molecules and also as prebiotics. 

Since about 20-30% of amylose is present in native starch, the most economical and scalable 
way to obtain this polysaccharide is to isolate amylose in an aqueous starch suspension at 
temperatures close to the gelatinization temperature (leaching). Preliminary infrared heating up to 200 
°C allowed to intensify the process of amylose isolation from potato starch. Analysis of gel penetrating 
chromatography data shows that the resulting amylose was effectively separated from amylopectin 
impurities (leached polymers had molecular weight does not exceed 800 kDa, which corresponding to 
amylose molecules). 

In this work, complexes of inclusion of amylose leached from heat-treated potato starch and 
stearic acid were obtained. The reaction was carried out at 90 °C for 24 hours, followed by cooling to 
room temperature, which ensured the maximum yield of V-amylose crystal complexes. X-ray phase 
analysis demonstrates the formation of complexes with a V-type crystal structure (Figure 1). 
 

 

Figure 1. X-ray diffraction spectra of amylose-stearic acid complexes (Va) and sodium stearate (NS). 
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Acyclic diaminocarbene (ADC) palladium(II) complexes showed great performance as catalytic 
systems for the Suzuki cross-coupling reaction [1, 2]. The key to such success is the combination of 
very high catalytic activity with good stability in the presence of both water and oxygen. In contrast, 
palladium(0) phosphine complexes, which are widely used in the Suzuki polycondensation reaction, 
require an inert atmosphere [3]. 

As long as ADC Pd(II) complexes show high catalytic activity in the model Suzuki coupling 
reaction, it is the matter of high interest to apply them in the Suzuki polycondensation reaction to 
obtain π-conjugated polymers.  

We studied the Suzuki polycondensation under microwave irradiation in one-phase (ethanol) 
and two-phase (toluene-water) systems. For the two-phase system, we used dibromo comonomers, 
which have different reactivity in the Suzuki reaction. As a result, a series of copolyfluorenes were 
obtained with high yields. Their molecular weight characteristics and photophysical properties were 
studied. 

We also compared the physicochemical characteristics and luminescent properties of 
copolyfluorenes obtained with the use of Pd(0)(PPh3)4 (under argon atmosphere) and ADC Pd(II) 
complexes (in the presence of oxygen) (Scheme 1). 
 

 

Scheme 1. Suzuki polycondensation. 
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Ionic liquids are molten salts based on organic ions. Due to their structural specificity, these 
substances are liquid in a wide temperature range. Some special physicochemical properties (such as 
high thermal stability, very low, almost zero, vapor pressure, high polarity, high electrical conductivity, 
etc.) determine a wide range of their applications. Polymerized ionic liquids, polyelectrolytes, whose 
monomers are ionic liquids, are of particular practical interest [1].  

The aim of this work is to study the structural behavior of aqueous and aqueous-salt solutions of 
polymerized imidazolium ionic liquid, poly-(1-butyl-3-vinyl imidazolium) bromide (p-BVImBr). The 
polyelectrolyte is synthesized in our laboratory by the reaction of free radical polymerization of the 
monomer, bromide 1-butyl-3-vinyl imidazolium (Scheme 1). The molecular weight of the polymer (100 
kDa) was estimated by static light scattering. The following properties of solutions have been 
determined: density, viscosity, surface tension, translational diffusion coefficient and hydrodynamic 
radius of macromolecules.  

n

 
Scheme 1. Synthesis of poly-(1-butyl-3-vinyl imidazolium) bromide 

 
The Wilhelmy plate method was applied to determine the values of surface tension at the 

solution-air interface. It has been shown that p-BVImBr is surface active polymeric compound, and the 
equilibrium value of surface tension changes in the presence of salt. 

By the method of dynamic light scattering (photon correlation spectroscopy), translational 
diffusion coefficients of macromolecules were determined and the hydrodynamic radii were calculated.  

Concentration dependencies for two series of water-salt solutions of p-BVImBr were studied. 
When considering the dependence of the reduced viscosity on the concentration of the polyelectrolyte, 
the equations of Huggins and Cramer were used. The values of characteristic viscosity proportional to 
the volume of particles were estimated. It has been found that the characteristic viscosity increases 
with decreasing salt concentration. At 0.1 M KBr, the dynamic viscosity values are significantly higher 
than in case of the solutions at 0.5 M KBr. At 0.1 M salt content, the diffusion coefficients decrease 
with a decrease in the concentration of polyelectrolyte in the solution (the hydrodynamic radius 
increases), what likely indicates an unfolding of the backbone. However, at 0.5 M KBr, the diffusion 
coefficients increase as the concentration of polyelectrolyte in the solution decreases. Furthermore, 
based on the viscosity data, the system can be characterized as an uncharged polymer in a good 
solvent. 
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Nanoparticles used in drug delivery systems are usually designed or selected based on their 

size and characteristics according to the pathophysiology of tumors [1]. 
One of the carriers of biological entities are polycations, where chitosan acts as one of the most 

commonly used ones. Polycations are high molecular weight compounds made of positively charged 
organic monomers. In solution, they spontaneously form complexes-nanoparticles with negatively 
charged nucleic acids - polyplexes. Polyplexes are able to enter the cell by endocytosis, where they 
destroy the lysosome membrane by shifting the pH inside the organoid. Despite the strong interaction 
of chitosan with biological molecules, in particular with RNA, modification of the polymer by hydroxyl 
group (C-3) and amino group (C-2) by hydrophobic molecules of fatty or bile acids increases the 
affinity of the polymer to the cell membrane and simultaneously weakens the interaction with RNA [2]. 

In the process of synthesis we used: low molecular weight chitosan ([С12H22O8N2]n), CaCl2, 
Na2HPO4*12H2O, bovine serum albumin (BSA) solution (ММ = 69 kDa), NaOH, terephthalic aldehyde 
(C8H6O2), distilled water. 

In the first stage, 10% Na2HPO4*12H2O solution and 0.5% low molecular weight chitosan 
solution in 0.5% aqueous acetic acid solution were prepared. and 0.5% solution of low molecular 
weight chitosan in 0.5% aqueous acetic acid solution. Then, the chitosan solution was slowly added 
through a separating funnel into the Na2HPO4*12H2O solution under constant stirring. After mixing, 
the prepared solution was brought to pH=10 with aqueous NaOH solution and stirred for 20 minutes 
on a magnetic stirrer. Terephthalic aldehyde was used for activation and rigid crosslinking of chitosan. 
An aqueous solution of terephthalic aldehyde with a concentration of 2.5 mg/mL was prepared under 
heating and constant stirring, then added to the alkalinized chitosan solution. The resulting solution 
was stirred for 1 hour at 50°C. The last stage of synthesis was selection of the obtained chitosan 
particles and soaking in an aqueous solution of bovine serum albumin (BSA) at an albumin to water 
ratio of 1 to 1. 

The surface morphology of the obtained materials was investigated on a HITACHI TM-3000 
electron microscope at an accelerating voltage of 5 kV for all samples, in the low vacuum mode. The 
obtained images are presented in Scheme 1. 

 
Scheme 1. SEM images of the obtained chitosan particles with chemisorbed BSA. A) materials 

without HA deposited on the surface B) materials with HA deposited on the surface. 

In this research, chitosan particles with chemisorbed BSA, when deposited on HA surface and 
without it, were obtained. By comparing the SEM images, it can be seen that the surface shows a 
transition from a film-like surface structure to a polycrystalline one with a dimodal distribution of 
particle fractions in the range of 365 to 480 nm and 510 to 965 nm. 
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Electrochemical energy sources include metal-ion batteries, fuel cells, and flow batteries. One 
of the key components is ion-conducting materials, which can serve as an ion-conducting membrane 
and binder in an electrode material.1,2 The performance of the battery is largely determined by the 
properties of the ion conducting membrane. Therefore, the development of new conductive polymer 
electrolytes is an urgent problem and plays a crucial role in the development of high-performance 
batteries. At the same time, it is necessary to maintain a balance between high ionic conductivity, 
which is characterized by low glass transition temperatures of polymers, and high strength 
characteristics, which require a high glass transition temperature. The aim of this work was to obtain 
membranes based on a crosslinked ionic polymer, which, due to the ionic structure, would have high 
ionic conductivity, and due to dense crosslinking, good mechanical properties. The general scheme for 
producing conductive polymer membranes is shown above (Scheme 1).  

 
Scheme 1. General scheme of ionic conductive membranes synthesis. 

 
The ionic monomer was synthesized by ion-exchange reaction with one of the most perspective 

counter ion for highly conductive membranes, namely, bis(trifluoromethane-sulfonyl)imide (TFSI) 
(Scheme 1, left) and then were polymerized in the presence of N,N'-methylenebisacrylamide as 
crosslinker and Li-salt (Scheme 1, right). The advantages of the proposed approach include the 
simplicity of obtaining ionic conductive membranes. The effect of the concentration of the crosslinking 
agent, lithium salt, temperature and polymerization time on the ionic conductivity of the obtained 
membranes was studied. The temperature dependence of the ionic conductivity was studied for the 
membrane with the highest lithium salt content. 

Future work will be related with testing of obtained membranes in Li-ion batteries. 
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One of the leading areas of VNIIA activity is the production of software and hardware means 
(TPTS) and complexes for automation of energy facilities, including nuclear power plants [1]. This 
equipment has applications in the countries with different climatic conditions. Therefore, even 
materials that do not work in the reactor core shall meet high requirements as for long aging stability. 
Automated control systems developed by VNIIA form software and hardware complexes built based 
on TPTS equipment. Electronic modules are assembled into instrumentation cabinets with mounting 
connections between them. To protect cables coming out of the cabinets, bushings made of polymer 
materials are applied to the outlet holes in the metal.  

The main task of this paper is choosing an optimal material for manufacturing plastic bushings 
for TPTS equipment. The constructors suggested one of the two materials, being processed by 
pressure casting method: urethane elastomer and PVC (polyvinylchloride) soft insulating material. In 
the course of the research of the polymer materials aging it was determined that the urethane 
elastomers are prone to hydrolysis of ester groups [2]. Primary aging mechanism of PVC material is 
dehydrochlorination (unventilated condition) and a plasticizer desorption (ventilated condition) [3]. 
Based on the research results as an optimal material for TPTS equipment, being used in humid 
climate countries, was recommended PVC soft insulating material. 
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Polymeric drug delivery systems play a critical role in optimizing the therapeutic efficacy of 

drugs by overcoming the limitations of traditional dosage forms. These limitations include low 
bioavailability, poor solubility, and short half-life, which can significantly affect drug efficacy and 
necessitate frequent dosing. However, controlled drug delivery systems such as polymer-based gels 
offer a promising solution by providing sustained drug release over a long period of time. This 
sustained release property helps maintain therapeutic drug concentrations within the desired range, 
avoiding sudden increases or decreases that can lead to suboptimal treatment results. Various 
polymers, both synthetic and natural, are used as gel components. Among natural polymers, the 
physiologically active polymer pectin is of interest. 

The formation of pectin-based gels occurs when a concentration equal to Cgel is reached. The 
Cgel concentration can be easily determined by the nature of the dependence of the storage and loss 
modulus on frequency from rheological data. In the region of semi-dilute solutions at concentrations 
C≈Ce, the values of the loss modulus exceed the values of the storage modulus in the region of low 
oscillation frequencies. This allows us to speak of pectin solutions as fluid liquids with weak elastic 
properties. As the polymer solution is concentrated, the nature of the dependence of the storage and 
loss modulus changes frequently. The loss modulus becomes larger throughout the entire frequency 
range studied Starting from a concentration of 12 g/dL. 

Despite the fact that at the concentration of Cgel polymer liquids do not flow; however, the 
formed gels have low yield stress values, which does not allow their use as the basis for soft dosage 
forms. The addition of a gelling agent, which is calcium ions, leads not only to an increase in viscosity, 
but also to the formation of systems with a yield stress even in the concentration range in which they 
were not formed in the absence of calcium ions. 

It is known that when polyanion molecules come into contact with divalent cations (eg Ca2+), the 
ionic interaction between the negatively charged macromolecules and the positively charged divalent 
calcium ions results in intermolecular cross-linking (known as “eggbox”). This process is known as the 
ionotropic gelation method. It is important that with this crosslinking method, compression of 
macromolecular coils and intensification of intramolecular aggregation processes does not occur, 
which occurs if the gel is formed only by increasing the concentration of the polymer in the solution. 
Consequently, the decrease in the availability of polymer units for interaction with the drug substance, 
which occurs with increasing concentration of the polymer in solution [1, 2], does not occur in this 
case, which means that the effect of prolonging the release of the drug substance can be expected. 

Analysis of the release curves of cefazolin from soft dosage forms showed that in the presence 
of calcium ions, the release of cefazolin from pectin solutions occurs significantly more slowly than in 
their absence. Increasing the concentration of pectin to 12 g/dl, in the presence of calcium sulfate, 
taken at a ratio of 100 mg per gram of polymer, makes it possible to obtain non-flowing, water-
insoluble gels with a pronounced prolonging effect. 

Thus, the study established that the effect of prolonging the release of the medicinal substance 
cefazolin from soft dosage forms based on pectin can occur when using additives capable of 
ionotropic gelation. 
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Nowadays nanoscale systems for targeted drug delivery are of growing interest. Nanoparticles 
allow increasing efficacy of drug. This is high-priority essential to enzymes and drugs that 
characterized low chemical stability in biological media and difficult to dosage. In addition, 
nanoparticles can provide patient-specific medical therapy. Encapsulation of drugs inside 
nanoparticles or nanocapsuls allows to increase their bioavailability and biodistribution, and promotes 
improved penetration of the biologically active substance into the target cell [1]. 

Currently known and are used variety types of different organic and inorganic origin 
nanoparticles. Great importance is also attached to polymeric nanoparticles (PNPs) as far as they 
exhibit easily variable properties [2]. PNPs have unique properties and are widely used in biomedicine 
as transport systems. The most relevant is the use of natural polysaccharides as a basis for the 
creation of nanoscale drug delivery systems. They are non-toxic, biodegradable, hydrophilic and safe. 
And due to the presence of a large number of functional groups throughout the macromolecular chain, 
polysaccharides can be easily modified to produce various derivatives. 

Hyaluronic acid is one of the most important polysaccharide composing the extracellular matrix 
of living beings. It is known far and wide, that hyaluronic acid is an essential component that provides 
such important functions of the body as regulation of cell differentiation and migration and wound 
healing [3]. It has been used in medicine, cosmetics, food and other biomedical applications. Despite 
of many advantages of hyaluronic acid such as non-toxicity, biodegradability, cytocompatability it has 
several drawbacks that limiting widespread application in biotechnology. These disadvantages include 
low stability in biological environments and absence of reactive groups that can easily interact with 
various bioactive compounds [4]. We can overcome all of these limitations and find more versatile 
application of hyaluronic acid using modification. It should be mentioned that introduction of 
crosslinking agent is one of the most promising technique to pristine hyaluronic acid modification [5]. 

In the present study, a new method for cross-linked with 1,4-butanediol diglycidyl ether 
hyaluronic acid gel nanoparticles synthesis in a two-phase polymer system has been proposed. We 
used 1,4-butadiol diglycidyl ether (BDDE) as the crosslinking agent of hyaluronic acid. The particles 
were prepared in a biphasic system formed by aqueous solutions of two immiscible polymers in a 
cooled reactor with continuous ultrasonic treatment. Polyvinylpyrrolidone aqueous solution was used 
as a dispersed medium. The chemical structure of the products was determined by 13C nuclear 
magnetic resonance spectroscopy and MALDI-ToF mass- spectrometry. The particle size and 
distribution were investigated via dynamic light scattering. According to the results obtained after 
MALDI-ToF-MS It can be concluded that the particles require pretreatment purification stage. This 
stage is aimed removing excess of polyvinylpyrrolidone. A series of peaks with the mass-to-charge 
ratio period m/z=111 were observed on MALDI-ToF mass-spectrum. This corresponds to molecular 
ions formed during the sequential elimination of constituent repeating units with a mass of 111 from 
polyvinylpyrrolidone. A signal with a mass-to-charge ratio of m/z = 1920.86 probably corresponds to 
two disaccharide fragments of hyaluronic acid interconnected by intermolecular cross-linking. The 
synthesized particles size ranged from 100 to 200 nm.  

In conclusion it may be summarized, that cross-linked with BDDE hyaluronic acid nanoparticles 
can be formed in two immiscible polymer-polymer media. Synthesized nanosized particles based on 
cross-linked hyaluronic acid can be consider as a promising candidate for modern biological active 
substances carrier development. 
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Ultra-high molecular weight polyethylene (UHMWPE) is one of the most promising structural 
materials. This material has a unique set of physical, mechanical, technical and operational properties; 
it is widely used due to its high wear resistance and stability in aggressive environments, low 
coefficient of friction, high specific viscosity at record temperatures (up to – 200°C). A significant 
disadvantage is the difficulty of processing UHMWPE [1]. 

To improve the processability of ultra-high molecular weight polyethylene, which has a MFI of 
less than 0.1 g/10 min, the method of mixing it with a low molecular weight and high-flow copolymer of 
ethylene with propylene brand ExxonMobil Vistamaxx 6202, which has a melt flow rate of 20 g/10 min, 
was selected using the screw extrusion method, which made it possible to process the material using 
a high-performance extrusion method [2]. 

This work examines the UHMWPE-Vistamaxx 6202 composition, into which high-density 
polyethylene modified with maleic anhydride Bondyram® 5101P (Polyram Plastic Industries LTD), 
hereinafter referred to as P/MA, was introduced, containing functional groups that increase its 
adhesion to various polymers, fillers and metals. Bondyram® 5101P is used as a coupling agent to 
improve the mechanical properties of polyethylene filled compounds, which can provide greater 
interaction between components of the mixture having different melt flow rates. 

The materials were produced using a twin-screw extruder at a temperature of 220°C. To assess 
the structural changes that occur in materials during their mixing, as well as during modification, the 
method of differential scanning calorimetry was used, the areas of crystallization peaks (ΔHc., J/g), 
melting peaks (ΔHmel., J/g), and temperatures were determined peaks Tc. and Tmel, based on the 
data obtained, the degree of crystallinity was calculated [3]. As a result of combining UHMWPE with 
an amorphous ethylene-propylene copolymer, a decrease in the degree of crystallinity, as well as 
melting and crystallization temperatures, is observed. 

The assessment of rheological properties was carried out by measuring the melt flow index 
(MFI) at a temperature of 220°C and a load weight of 7.6 kg. When P/MA is introduced into the 
UHMWPE-Vistamaxx 6202 composition, the MFI decreases. 

The deformation-strength characteristics were determined during tensile tests, an improvement 
in elongation and tensile strength was observed [4]. 

The introduction of polyethylene modified with maleic anhydride into the resulting composition 
leads to a decrease in the degree of crystallinity compared to the unmodified material, apparently due 
to the fact that as a result of partial grafting of materials with the introduction of reactive maleic 
anhydride, the crystallizing sections of macromolecules are located between the nodes of the resulting 
network. The formation of cross-links increases the viscosity of the system, reducing the mobility of 
macromolecules, which is confirmed by the results obtained when determining the MFI of materials. 
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Hoses, or flexible pipelines, are designed to transport various media. These are multilayer 
rubber-fabric and/or rubber-metal products, which are exposed to various factors depending on the 
operating conditions. First of all, the type of transporting media (gases, liquids of various chemical 
composition), transportation conditions (pressure, temperature) as well as external atmospheric 
factors has great influence. 

The purpose of this work was to develop a formulation of a rubber compound for the 
manufacture of the inner layer of high-pressure hoses of a braid and winding structure according to the 
requirements  

Properties of rubber compounds 
Requirements: Max. torque = 17 - 22 МН, dN*m; Min. torque = 2,9 - 3,9 МL, dN*m; Scorch 

period, Т10, = 0,45 – 1,0 min; Optimum curing time, Т90, = 2,2 – 2,5 min; Mooney viscosity  90 – 100 
°С; Scorch time, Т5, > 30 min. Developed composition: Max. torque = 25,0 МН, dN*m; Min. torque = 
3,0 МL, dN*m; Scorch period, Т10, = 0,68 min; Optimum curing time, Т90, = 2,2 min; Mooney  
viscosity 110 °С; Scorch time, Т5, > 35 min. 

Properties of vulcanizates 
Requirements: Tensile strength > 14 MPa; Elongation at a break > 160 %; Hardness 78-88 

Shore A; Density ≤ 1,49 g/cm3; Oil < 60; Water < 25; Aqueous liquids < 25; Adhesion to wire > 60 Н. 
 Developed composition: Tensile strength = 16,4 MPa; Elongation at a break = 185 %; 

Hardness = 79 Shore A; Density = 1,28 g/cm3; Oil = 9,9; Water = 6,2; Aqueous liquids = 4,4; Adhesion 
to wire = 104 Н  

The inner layer of hoses of the braided structure is in direct contact with the cavity of the 
reinforcing layer, which gives the products higher strength. In this case, a 0.30 – RML-3 steel latuned 
wire with a diameter of 0.3 mm was used. The arrangement of wire directly on the inner layer of the 
hoses determines the high value of the Mooney viscosity (90-110 units) as an important technological 
indicator of the composition being developed, since the use of less viscous rubber compounds can 
lead to «crumpling» of the raw layer or its cutting with wire.  

At this work the simultaneous influence of a number of factors on the properties of rubber 
compounds and vulcanizates was evaluated. So, different grades of nitrile butadiene rubbers with 
different content of acrylonitrile and Mooney viscosity, the possibility of their partial replacement with 
non-polar general purpose rubbers was studied; the type and content of fillers were varied as well as 
the composition of the curing system; special purpose additives were investigated to increase the 
adhesion to the latuned wire. 

It was found that required oil resistance could be achieved by using nitrile butadiene rubbers 
with an average content of acrylonitrile. High viscosity could be result of usage of a combination of 
carbon black and silica fillers, which are simultaneously capable of influencing the interaction at the 
rubber–latuned steel interface. The use of mineral fillers, even in small dosages, is undesirable, 
despite the slight effect on stress-strain properties, improvement of economic indicators of 
compositions and increasing of rubber compounds viscosity because its reduce the resistance of 
compositions to the effects of aqueous liquids sharply. An increase in the dosage of sulfur, which 
increases the adhesive strength of the rubber-latuned steel compound, reduces the scorch time and 
the optimal curing time, taking them out of the required range, and also reduces the resistance of 
rubber compounds to scorch. To achieve a balance of these indicators, a curing system composition 
was optimized. Also, it should be noted that the introduction of adhesion promoters, for example, 
cobalt salts, slows the curing rate. 

As a result, a formulation of rubber compound for inner layer of high-pressure braided and 
wound hoses was developed.  
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Of particular interest recently has been the creation of materials with an improved set of 
properties for use in high-tech industries. Heat-resistant rigid-chain liquid crystal polyesters occupy a 
special place in this field. Of greatest interest is the improvement of the chemical structure of rigid-
chain polyester by introducing fragments of dicarboxylic acids, naphthols, diatomic phenols, 
bifunctional derivatives into the structural unit and their effective combination. [1-2]. 

At the same time, there is a significant question about revising the method of synthesizing 
polyesters using alternative monomers, since current production methods have a number of 
disadvantages: the use of expensive precursors for the synthesis of monomers and the impossibility of 
reusing the step wise polymerisation by-product. 

The synthesis of polyester 4-HBA includes two stages: in the first stage, the phenyl ester 4-
HBA is formed with a slight excess of phenol. Then transesterification of the phenyl ether 4-HBA 
occurs with the elimination of phenol and the formation of poly(p-hydroxybenzoyl). [1-2] 
 

 
Scheme 1. Micrograph of a solution of polyester in DMAA in unpolarized (a) and polarized light (b), 

70°C, 500x magnification 
 

It is known from literature data that polyester undergoes a phase transition at a temperature of 
350 °C, associated with a reversible transition to the liquid crystalline state. Due to the high transition 
temperature of polyester based on 4-HBA into an isotropic melt, the study of its phase transitions 
when heated with polarized optical microscopy is difficult. However, the sample exhibited lyotropic 
properties when heated in dimethylacetamide (DMMA) starting at 55ºC. The solvent concentration was 
30%. 

When the sample was dissolved in DMAA, three phases were visible: the crystalline 
undissolved part of the sample, the solvent, and the swollen regions of the polyester. With further 
heating to 55ºC, the swollen part of the sample in the solvent became transparent, but had clearly 
defined boundaries with the solvent. In unpolarized light, this portion of the polyester appeared 
transparent. Scheme 1 shows that the dissolved part of the polyether exhibits optical activity in 
polarized light. 
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COMPOSITIONS BASED ON ULTRA-HIGH MOLECULAR POLYETHYLENE 

Stepanova Т.S.1, Kladovshchikova O.I.1, Tikhonov N.N.1, Khramova S.A.1, Komarova E.A.1 

 D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia 
Student 

toma.stepanova.01@inbox.ru 
 

Ultra-high molecular weight polyethylene (UHMWPE) has a unique set of physical, mechanical 
and operational properties; it is characterized by high strength and impact characteristics, chemical 
inertness, high frost resistance, low coefficient of friction and high wear resistance [1] etc. It is 
considered one of the most promising among HDPE brands. However, its low processability and 
characteristic absence of a viscous-flow state do not allow UHMWPE to be processed by methods 
usually used for thermoplastics and to widely use this material in those areas where its use is most 
promising. Therefore, an important task is to increase the technological properties of UHMWPE while 
maintaining the original properties as much as possible. 

In this work, we studied the features of combining ultra-high molecular weight polyethylene 
GUR 4120 (Celanese, Germany) with low-density polyethylene Snolen EP 0.26/51 with subsequent 
radiation exposure in order to obtain a technological material with a high complex of physical, 
mechanical and operational properties [2-3]. 

The components of the mixture were pre-mixed in a mixer and processed on a twin-screw 
laboratory extruder at a temperature of 220°C. Next, the materials were granulated and pressed, and 
then samples of the desired shape were cut out. To carry out radiation cross-linking, an ILU-8 pulsed 
linear electron accelerator was used, which uses the principle of linear acceleration. The radiation 
dose was 2.09*109 eV/kg [4]. 

The samples were tested for tensile strength and elongation at break using a Tinius Olsen 50ST 
tensile testing machine. The structure of the obtained materials was studied by differential scanning 
calorimetry using a DSC 204 F1 Phoenix instrument (NETZSCH, Germany). The degree of cross-
linking of polymer composites after irradiation was also assessed by the content of the gel fraction 
using a Soxhlet apparatus in xylene.  

When analyzing the data obtained using the DSC method, it can be concluded that the 
formation of a three-dimensional spatial structure during cross-linking does not have a noticeable 
effect on the structural characteristics of the material. As a result of combining UHMWPE with HDPE 
and subsequent irradiation with a flow of fast electrons, an increase in the strength and elongation at 
break of a composite based on UHMWPE-HDPE is observed; also, radiation exposure has a positive 
effect on the degree of cross-linking of the compositions under study, and, accordingly, on the shore 
hardness of the samples compared to non-irradiated compositions. 
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Currently, microencapsulation of seeds is attracting more and more attention from agriculture, 
as this technology increases yields, protects against stress and diseases, helps to adapt to changing 
conditions and improves resource efficiency [1]. 

This work is devoted to the microencapsulation of wheat seeds with the natural polymer gellan 
with the addition of a new synthesized biologically active substance - α-aminophosphonate based on 
pyrimidinylpiperazine (Kaz-20). 

To obtain α-aminophosphonate, a convenient method of the three-component Kabachnik-Fields 
reaction is used, which is carried out by boiling in benzene using a Dean-Stark trap to remove the 
resulting water. The target product is purified by column chromatography on Al2O3, eluting with a 
system chloroform:hexane (in a ratio of 1:1). 

Since a water-soluble form of the test substance is required for further biological screening, its 
β-cyclodextrin complex (Kaz-20+β-CD) was obtained, which showed good growth-stimulating as well 
as myelostimulating activity [2]. 

In order to prolong the action of BAS and obtain its controlled release, the immobilization of α-
aminophosphonate based on pyrimidinylpiperazine (Kaz-20) on a natural polymer gellan was carried 
out.  Gellan is a biodegradable, affordable polymer, and also has rheologically stable properties, which 
makes it suitable for use in various fields, including food, pharmaceutical, cosmetic and other 
industries [3]. To prepare the encapsulation solution, an aqueous gellan solution mixed with Kaz-20 
(1:0.01 wt.%) was formed by combining at a temperature of 30°C to achieve a homogeneous mixture.                                                          

Microencapsulation of wheat seeds Kaz-20 immobilized on gellan was carried out in the 
following way: the grain is immersed in a thick solution of "gellan+Kaz-20", then the grain covered with 
a layer of hydrogel immersed in a precipitation bath with a solution of 3M KCl, in which the wet 
deposition process takes place. At the moment of contact with the KCl solution, the grain surface is 
covered with gellan in the form of a thin shell. By germinating microcapsulated seeds, the optimal 
number of layers for germination was determined, which was 2 layers (dry shell thickness ~ 0.4 mm).  

The immobilization of Kaz-20 on gellan was carried out in two ways: the first - was dissolved 
gellan and Kaz-20  was added (gellan+Kaz-20), the second  Kaz-20 was first dissolved, and then 
gellan was added (Kaz-20+gellan). When germinating seeds encapsulated by both methods, the best 
result was shown by the first order of immobilization - gellan+Kaz-20.  

According to the results of this work, a new α-aminophosphonate based on 
pyrimidinylpiperazine was synthesized, its water-soluble β-cyclodextrin complex was obtained, which 
showed high biological activity. To prolong the action of α-aminophosphonate based on 
pyrimidinylpiperazine, its microcapsules based on natural polymer gellan (gellan+Kaz-20) were 
obtained. As a result of the study of microcapsules for the growth of stimulating activity for wheat 
seeds, gellan+Kaz-20 showed a better result than the control (water). 

 
References 

[1] Reviews in Chemical Engineering 2021,5,603-616 
[2] Application for Patent for invention of the Republic of Kazakhstan No. 2023/0319.1 dated 

05/11/2023 
[3] Biopolymers for Food Design 2018, 20,191-222 

 
Acknowledgements 

 This research was funded by the Science Committee of the Ministry of Science and Higher 
Education of the Republic of Kazakhstan (grant number AP19675500) 

mailto:tursynova_0101@mail.ru


Absentee participation 

281 
 

EFFECT OF MECHANICALLY ACTIVATED CARBON FIBERS WITH ZIRCONIUM OXIDE ON THE 
PROPERTIES OF POLYTETRAFLUOROETHYLENE 

Vasilev A.P., Lazareva N.N., Okhlopkova A.A., Struchkova T.S. 

North-Eastern Federal University, Yakutsk, Russia 
gtvap@mail.ru 

 
One of the current challenges in modern materials science is the development of polymer 

composite materials (PCM) for use in the cold climates of the North and the Arctic. The components 
most susceptible to failure in these climates are those in friction units. Consequently, increasing the 
durability and reliability of machines and mechanisms is a priority in both the scientific and economic 
sectors of the country. Extending their service life results in significant savings of material and financial 
resources. Among polymers, polytetrafluoroethylene (PTFE) is particularly relevant due to its chemical 
inertness, heat resistance, low friction coefficient, and wide range of operating temperatures, making it 
a versatile material for various applications [1]. However, it is extremely low wear resistance and poor 
creep resistance limit its use in friction units [2]. Therefore, the task of improving the mechanical 
properties and wear resistance of PTFE, especially under conditions of severe friction, remains a 
pertinent issue. 

The aim of this work is to study the influence of carbon fibers (CF) with zirconium dioxide (ZrO2) 
on the properties of PTFE.  

In this study, the mechanical and tribological properties of PTFE and PCM were investigated 
using standard methods [3]. It was shown that the introduction of CF into PTFE from 5 to 10 wt.% 
leads to a 57% increase in compressive stress compared to the original polymer. The strengthening of 
the polymer matrix upon the introduction of CF is connected with the reinforcing effect due to stress 
transfer from the matrix to the fibers. The Shore D hardness of the composites increased from 5 to 10 
wt% by 20%, with a further increase of 12% compared to the original PTFE. Differential scanning 
calorimetry, scanning electron microscopy, and X-ray diffraction analysis were conducted to explain 
this change in properties. Thus, the introduction of complex fillers into PTFE leads to the improvement 
of compressive strength properties and hardness of the polymer matrix, which is important for 
tribological materials. 

The results of tribological tests showed a significant improvement of PTFE wear resistance at 
introduction of complex fillers in all PCM. At introduction of 5 wt.% CF+1 wt.% ZrO2 in PTFE leads to 
decrease of specific wear rate by 860 times, at content of 10 wt.% by 580 times in comparison with 
polymer matrix. Further increase of fiber filler content up to 15 wt.% increases wear resistance 370 
times relative to polymer matrix and 2.3 times lower in comparison with PTFE+5%CF+1%ZrO2. In all 
cases, the friction coefficient of PCM increases relative to the polymer matrix. At the content of 5-10 
wt.% CF in PTFE the value of friction coefficient increased by 45%, and at the content of 15 wt.% CF 
by 63% in comparison with the initial polymer. Thus, the best results on wear resistance and friction 
coefficient were obtained in PCM of composition PTFE+5%CF+1%ZrO2 and PTFE+10%CF+1%ZrO2. 
The introduction of complex fillers in PTFE has a positive effect on the operational properties. The 
developed materials due to high wear resistance can be used in friction units of machines and 
equipment. 
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The growing demand from the automotive industry is one of the key factors contributing to the 
expansion of the furan resin market. Furan resins are often used to manufacture lightweight and highly 
efficient composite materials, which are increasingly used in the automotive sector to reduce vehicle 
weight and improve fuel efficiency. Brake pads and other components requiring high temperature 
resistance and chemical resistance are also manufactured using furan resins. Due to their exceptional 
qualities, including high thermal stability, chemical resistance and low shrinkage, furan resins are often 
used in the creation of composites, adhesives, putties and coatings. Furan resins are also used to 
modify epoxy resins. Epoxy resins, despite a number of excellent physical and mechanical properties, 
have negative properties - high viscosity, which worsens technological parameters, relatively low crack 
resistance and toughness of composites, flammability. In this regard, the development of new polymer 
materials based on mixtures of epoxy and furan resins, such as difurfulidenacetone (DFA), is of 
interest.  

Polyfuranepoxides were obtained by mixing ED-20 and DFA epoxy resin in different 
proportions. Polyethylene polyamine (PEPA) was added as a hardener. The amount of hardener was 
taken as 20% of the mass of ED-20 and DFA in the mixture. The curing of epoxifuranes was carried 
out stepwise: first at room temperature 20-25 ° C for 2 hours and 4-6 hours at a temperature of 80-100 

 C. This is due to the fact that at the first stage, DFA actively reacts with amines. Presumably, in the 
first stage, a reaction occurs between the ketone group of DFA and the amine with the formation of 
azomethine and the release of water. At the same time, unspent primary amine groups can react with 
epoxy groups of ED-20 resin. When heated, the amine groups of the PEPА  hardener can interact with 
unsaturated DFA groups to form aminofuran adducts. The stages of adduct formation are shown in 
scheme 1.   

 

 

                                                                                                                                                   , 
 

. 

Scheme 1.  Formation of an amifuran adduct. 
 
The curing of epoxy resins involves two stages: the formation of linear molecules and spatial 

crosslinking, which results in the formation of a three-dimensional mesh of meshes. Scheme 2 shows 
these stages. 

,           

 

Scheme 2.  The curing stages of the epoxy resin. 
 
The resulting polyepoxifuranes were glossy dark brown hard polymers with a glass transition 

temperature of 65-75 °C, tensile strength of 55-70 MPa, compressive strength of 112-139 MPa. 
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Gold and silver nanoparticles (NPs) as well as their nanocomposites have been widely 

proposed in recent decades for different purposes of analytical chemistry [1-2]. Among other metal 
nanoparticles, one of the most distinctive features of these objects is their surface plasmon resonance. 
It results in the non-classical optical properties, which have been utilized in numerous applications 
within the field of spectrophotometric/colorimetric analysis. Such tunable parameters of NPs as size, 
morphology, and aggregative state strongly affect their spectral characteristics in the visible range. 
This opens new possibilities, which are unavailable for classical analytical reagents, to develop simple 
and inexpensive quantitative analytical methods and semiquantitative tests [3-4]. 

This report aims to systematize some patterns in behavior of NPs, to outline their peculiarities, 
and to show the opportunities arising from them for the spectrophotometric/colorimetric methods of 
analysis. The emphasis is primarily done on the features of label-free NPs, i.e. neither cases where 
NPs play the role of passive labels, nor where they carry some selective reagents and functional 
groups are discussed here. 

Some peculiar effects of the nature of NPs and their stabilizers, charge, and morphology on 
their interaction with substances of different classes are considered. The behavior of both widespread 
citrate-capped NPs and some novel NPs stabilized with inert polymers are compared. The 
peculiarities of largely available spherical NPs as well as more sophisticated but easily prepared 
morphologies, such as nanorods and triangular nanoplates, are outlined. Finally, features of NPs in a 
colloidal solution are compared with the features of the same NPs in a nanocomposite with 
polyurethane foam. 

Such processes with participation of NPs as aggregation, morphological transformation, change 
in the state of their surface as a result of covering with a metal layer, formation, and destruction, 
leading to significant spectral and color changes, which can be monitored both by spectrophotometry 
and visually, are discussed. Relationships between the nature and structure of substances and their 
influence on these processes are indicated, reviling tools for adjusting sensitivity and selectivity of the 
chemical analysis using NPs. 

Finally, some opportunities of NPs in the determination of several classes of analytes (thiols, 
cationic compounds, anions, catecholamines, flavonoids, peroxides and some other compounds) are 
demonstrated. 
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Solid-phase microextraction is a sample preparation method in which the analyte is extracted 

from the liquid or gas phase using small amounts of sorbent. The advantages of the method are the 
rapid reach of equilibrium, saving time and reagents, environmental friendliness and wide optimization 
possibilities. The latter can be divided into two broad areas - optimization of analysis parameters and 
optimization of sorbent parameters. Thus, the microextraction process can be considered from two 
positions - from the position of a specialist in analytical chemistry and a specialist in the field of 
materials science. In the latter case, the sorbent is putted at the forefront and special attention is paid 
to the study of its characteristics and to the design of the approaches to their specified variation. 

If the efficiency of microextraction is considered from the point of view of the material, it is 
determined by the intensity of sorbent-analyte interaction, which can be realized through both physical 
and chemical adsorption. A distinctive feature of nanosorbents is the special surface composition and 
the presence of a large number of interaction centers. 

The microextraction process consists of three stages: interaction of the analyte with the sorbent 
surface, sorbent collection and separation, and elution. Each of these stages, the features of its 
implementation and approaches to optimization will be discussed in the report from the point of view of 
the used material. 

The work of materials scientists is aimed to develop a sorbent that would allow specialists in the 
field of analytical chemistry to achieve the required result. The sorption properties are controlled by 
varying the parameters of the material, which requires a specially designed synthesis. The most 
important parameters of nanosorbents are phase composition, size and shape, as well as surface 
composition. The origin of their impact on sorption properties and the ways to its optimization will be 
discussed in detail. 

The most promising methods for fast, cheap and easily scalable synthesis of nanosorbents with 
a high control of size and shape are “wet” chemistry methods. The report will discuss the main 
methods for nanosorbents producing and the ways to regulate their parameters, as well as the 
features of nanoparticles formation. 

The last part of the report will be devoted to a review of examples of the use of solid-phase 
microextraction for the determination of analytes of various natures, as well as a discussion of the 
challenges and problems facing scientists developing materials with improved sorption properties. 

Inorganic Nanosorbents for Solid-Phase Microextraction 
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Scheme 1. Schematic Illustration 
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Deep eutectic solvents (DES) are a special type of mixture formed from two or more low 
fusibility components that combine to form a liquid with a lower melting point than each of the 
individual components. These solvents have unique physicochemical properties and attract the 
attention of researchers in various fields. DESs are widely used in chemistry, biology, pharmaceuticals 
and other fields due to their ability to replace traditional organic solvents. Environmental safety, ease 
of preparation in the laboratory, and low cost of DESs have led to the fact that they have recently 
found increasing use in analytical chemistry. DESs are most widely used in analytical chemistry in 
microextraction methods for separation of analytes of various natures from various and complex 
objects. 

   The report will discuss both the analytical capabilities and limitations of DESs in 
microextraction approaches such as classical liquid-liquid microextraction, single-drop, dispersion, 
homogeneous, membrane and other types of microextraction, as well as issues of formation, 
decomposition and stability of DESs. The report will also present the latest trends in the field of 
automation of chemical analysis using deep eutectic solvents, as well as problems and limitations 
associated with the use of DESs in chemical analysis and the main prospects for the development of 
this area. 
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Determination of enantiomers of drug compounds is a topical issue for medicine and analytical 
chemistry. The use of voltammetric sensors modified with molecularly imprinted polymers (MIPs) is a 
cheaper and more efficient method [1]. Polypyrrole (Ppy) is a superconducting, chemically and 
physically stable polymer with high specific capacitance. This series of properties makes it a good 
material for the creation of MIPs. The process of creating of MIPs consists of template interaction with 
the monomer, polymerization and removal of the template, after which pores specific to the original 
analyte are formed [2]. 

In this work, a sensor based on a glassy carbon electrode (GCE) modified with molecularly 
imprinted Ppy was developed for the determination of drug enantiomers. The Ppy was 
electrochemically polymerized on the electrode surface using cyclic voltammetry in the potential range 
of 0 to 1 V in a solution containing 100 mM LiClO4, 1.5 mM Py and 0.5 mM of analyte. The sensor was 
used for further analysis of enantiomers of bioactive drugs such as tryptophan, propranolol, atenolol 
and clopidogrel.  

The thickness of the pyrrole film and its electrochemical properties can be controlled by 
varying polymerization parameters such as the scan rate and the number of cycles. The optimal 
parameters for the electropolymerization of Ppy were selected to achieve the highest sensitivity of the 
sensor and its stability. We chose a scan rate of 100 mV/s and 3 cycles of polymerization. The 
morphology of the resulting Ppy film was investigated using cyclic voltammetry, electrochemical 
impedance spectroscopy and scanning electron microscopy. The analytical performance of the 
sensor, including its selectivity towards structurally similar substances and in racemic mixtures of a 
single drug, as well as the reproducibility of results when analyzing biological fluids such as blood 
plasma and urine, were also studied. 

 

Figure 1. Cyclic voltammograms of electropolymerization of polypyrrole film. 
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We present the preparation and electrochemical evaluation of a vitamin B2-riboflavin (RF) 
sensor. Strategy for the synthesis of hierarchically structured ZnO in the form of microstars obtained 
by a simple hydrothermal method. Their physico-chemical properties were thoroughly studied using 
XRD, SEM c EDS, UV methods and PL, which made it possible to determine the crystallinity, the 
morphology of the sample, the elemental composition and defects ZnO. The lattice parameters for 
microstars ZnO are a=3.25 Å, c=5.21 Å, with the displaying a shift of peaks to the right side, indicating 
an increase in the crystal lattice and a volume change to 47.6 Å for microstars ZnO, suggesting the 
initial signs of defects in the wurtzite type ZnO structure. The band gap width was estimated to be 
approximately 3.07 eV using Taus graphs; some sources claim it to be 3.4 eV. The PL spectra of ZnO 
exhibit ultraviolet radiation from the near edge of the band along with a wide visible radiation band, 
with absorption bands at 667 nm and 777 nm attributed to oxygen vacancies (VO) and zinc vacancies 
(VZn), respectively. The sample morphology reveals that zinc oxide exhibits a "star" shape where each 
spike averages around 5 microns in length, with the overall "star" length averaging 10 microns. 

Hierarchically structured zinc oxide was used as a electroactive additive for carbon paste 
electrode which was studied with electrochemical impedance spectroscopy (EIS), cyclic voltammetry 
(CV) and differential pulse voltammetry (DPV). Hierarchical structure of ZnO improved electrochemical 
properties of the semiconductor toward riboflavin (RF) detection. Excellent charge mobility and low 
resistivity provided the CPE with an improved linearity range 0.1-0.8 and 1-10 µM and a low limit 
detection 0.057 and 0.248 µM respectively. It also demonstrated excellent analytical parameters such 
as an acceptable sensitivity of 0.9049 µA per µm−1 cm−2 for low concentrations and 2.9455 µA 
0.9049 µA per µm−1 cm−2 for high concentrations. The repeatability and stability of the developed 
sensor were at a satisfactory level. The sensor's functionality has been tested on real samples with 
good recovery rates 105 % for Complex Vitamins B and 111 % for Beer. Thus, the proposed ZnO/CPE 
sensor can be effectively used to detect riboflavin in food and water in real time. 
 

 

Scheme 1. Title of the scheme or figure. 
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Capillary electrophoresis (CE) is an actively developing method of separation and concentration 
that is currently undergoing significant evolution. The wide range of analytes determined in CE is 
primarily associated with the implementation of various separation modes by using modifiers of a 
capillary. That is why the urgent task is to create new modifiers, thanks to which it is possible to 
expand the analytical capabilities of the method. 

The purpose of the study was to synthesize new multifunctional cationic polymer modifiers and 
evaluate their analytical capabilities in the separation of biologically active substances with various 
functional groups, including enantiomers.  

The synthesis of the cationic micellar polymer poly-11-acryloyloxyundecyl-N-methylpiperidinium 
bromide (pAUMP-Br) was carried out according to the method [1]. Previously, for this group of 
substances it was established that both monomers and polymers have surface activity, can form 
stable micelles in solution at extremely low concentrations (0.001 M) and have a significant 
solubilization capacity, which allows them to be used for the implementation of various CE modes. A 
copolymerization reaction of the resulting AUMP monomer with acylated quinine was also carried out 

to obtain a modifier with a chiral tag (pAUMP-AQinHCl) to identify the possibility of enantiomeric 
separation in the micellar CE mode. The structures of the substances were confirmed by NMR 
spectra. 

Electrophoretic experiments showed that new substances modify the walls of a quartz capillary 
after it is washed with aqueous solutions of 0.01 M for an hour, generating an anodic electroosmotic 
flow (EOF). The micellar electrokinetic chromatography (MEKC) mode was implemented, which was 
confirmed by the separation of hydrophobic analytes - steroid hormones. Using the obtained modifiers, 
it was possible to significantly increase the efficiency and selectivity of the separation of 
catecholamines, aminoacids and steroid hormones. A special series of experiments on on-line 
concentration (field-enhanced stacking) was performed on model mixtures of catecholamines using 
modified capillaries.  

The chiral copolymer pAUMP-AQinHCl was examined for the possibility of separating 
enantiomers of ketoprofen. It was possible to separate the enantiomers using a double chiral system 
(quinine on the walls as a chiral selector, 2-hydroxypropyl-β-cyclodextrin in the background 
electrolyte). Research in this direction is actively continuing. 

Thus, it has been shown that new micellar polymers are promising modifiers of electrophoretic 
systems: they reverse the EOF, reduce analysis time, allow the determination of steroid hormones, 
catecholamines, and aminoacids with greater selectivity and efficiency, and can be used as chiral 
selectors for enantiomeric separation. 
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 Phenol and its alkaderivations are widely used as synthetic antioxidants for various materials, 

e. g. polymers. When polymers materials are ageing, the phenol escaping into the envirounment and 
water takes place. For alkaphenol determination in purified either waste or surface water, the 
development of preliminary phenol concentrating is necessary.For phenol concentrating the active 
coal MeKS (Scientific & production association "Neorganika", Electrostal) is proposed.  

The aim of the given research is the method development of sorptioned-spectrometric 
determination of phenol and alkaphenol in water.  

The objects of research are phenol, o-, m-, p-creasol of the  "h-ch" gualification, active coal(AU) 
of the Mark medical stone sorbent (TC 2568-302-04838763-2007, ESPA "Neorganika, Electrostal 
town), acetone nitrite gualification chrom, ch., etanol 95%of PCFC Join stock company" Medhimprom" 
and etanol. The phenol concentratlion in contact solutions was determined by spectrometric way 
(spectrometric UNICO Mode 2800). Phenol sorption and desorption on active coal medical stone 
sorbent  was done by the method described before. Value calculation of sorption and desorption, the 
received isotherms processing and sorption physic-chemical parameters were performed by computer 
programmes. 

 Phenol sorption and its alkaderivations under Vortexing conditions proceeds during five-six 
minutes (turbulance regime of mixing in static conditions). The kind of experimental phenol sorption 
isotherms corresponds to Lengmyur isotherms (physical sorption).On the base of the existing sorption 
theories thermodynamic parameters (Gibbs energy) were calculated. Phenol desorption was done in 
dynamic conditions, eluent water-acetonitrile, water-ethanol. Eluenting was carried out during 30 
minutes with phenol output of 73-83 %. 

Sorption-spectrometric method phenol and alkaphenol determination in water was developed. 
Five mlm of analysed water are put into centrifugal test-tube, acidulated to Ph 3-5, the 0,025 gr 
medical stone sorbent are added and mixed on the Vortex platform during 5-6 minutes with 15000 
r/min speed. After that the received solution is filtered, activated coal (AU) is put into the column and 
the phenol desorptionwith binary solution either water-acetonitrite or water-ethynol is carried out for 30 
minutes. The received eluate is spectrophotometriedin UF-region (analysed length of the wave is 
270nm, 274 nm). The developed method allows to determine separately phenol and creasol with the 
discovery limit  being 0,1 LAC. The duration of the isolated analysed is 45-60 minutes, the relative 
error of calculation is not more than 1,5 %. 
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The phenomenon of direct electron transfer (DET) or direct bioelectrocatalysis involves direct 
electron exchange between the enzyme cofactor and the electrode surface. Composed of dielectric 
polypeptide chain, proteins do not possess electronic conductivity. Accordingly, orientation of proteins 
at the electrode surface is essential to maintain the electroactivity of the cofactor. To date, several 
strategies have been applied to improve the efficiency of the direct bioelectrocatalysis: the use of 
conductive nanomaterials co-immobilized with the enzyme [1] to diminish the distance between the 
redox-active site and the electrode surface, thus facilitating the electron transfer, and the 
immobilization of enzyme on an electrode modifier with an affinity to the enzyme active site. For 
pyrroloquinoline quinone dependent glucose dehydrogenase (PQQ-GDH) polymers of azine dyes had 
been proved to be the most efficient anchors [2]. In this work, we proposed to combine both 
approaches – co-immobilize PQQ-GDH with poly(Methylene Green) (poly(MG)) nanoparticles [3] 
containing a phenazine group (co-substrate fragment) in its structure. 

The electrochemical synthesis of colloid of electroactive poly(MG) nanostructures with the size 
of 70-150 nm during long-term potential cycling on the surface of graphite electrode was proposed. 
The ratio of polymer NPs to monomer in the colloid is controlled by the number of polymerization 
cycles. The colloid of the nanostructures was drop-cast on the electrode surface, and then the enzyme 
PQQ-GDH was immobilized on the modified electrodes by adsorption.  

The potential dependence of the limiting electrocatalytic current of glucose oxidation was 
investigated for biosensors based on the formed poly(MG)ǀPQQ-GDH interfaces. The observed 
polarographic half-wave potentials of glucose oxidation by PQQ-GDH (-60 and 130 mV) adsorbed on 
the poly(MG) nanoparticles correspond to sequential pyrroloquinoline quinone redox transformations. 
On the one hand, within the precision of the reference electrode they equal those for the enzyme, 
covalently bound to carbon nanomaterial, the latter obviously assuming mediator-free electron 
transfer. On the other hand, the appearance of cathodic catalytic wave of glucose oxidation indicates 
that the direct bioelectrocatalysis occurs, since in case of mediated mechanism one would expect its 
anodic shift. Hence, bioelectrocatalysis of PQQ-GDH adsorbed over poly(MG) is determined by 
thermodynamics of the enzyme-catalyzed reaction, and thus can be referred to as the direct one. 

The analytical performance of the developed biosensors was studied by chronoamperometry in 
the presence and absence of freely diffusing mediator phenazine methosulfate (PMS). Using a colloid 
of optimal composition to create a sensor coating, limiting bioelectrocatalytic currents up to 120 
μA·cm-2 were achieved, while for the polymer film it was 70 μA·cm-2. The ratio of mediator to non-
mediator current of glucose oxidation reached values of 2-2.5, which is 2.5 times lower than for 
poly(MG) continuous films and order of magnitude lower than for the most sensitive sensors based on 
carbon nanomaterials. Thus, anchoring PQQ-GDH with poly(MG) nanostructures provides the most 
efficient direct bioelectrocatalysis for this particular enzyme.  

The high sensitivity (5.5 ± 0.5 mA·M-1·cm-2) and low detection limit of glucose (about 10 μM) 
makes it possible to use such biosensors for analyzing glucose content in sweat ([glucose]sweat =  20 ÷ 
400 μM). The biosensors were adapted to operate in a microcapillary cell in power generation mode. 
Glucose concentrations in undiluted sweat of 5 volunteers (including diabetic patients) were 
measured. The relative changes in glucose concentrations determined with the developed biosensors 
correlate with the reference values measured with the first generation biosensors using glucose 
oxidase. This makes it promising to use the developed biosensors for non-invasive diagnosis of 
diabetes by sweat analysis. 

 
References 

[1] Doklady Akademii Nauk SSSR. 1978, 240, 615 
[2] Anal. Chem. 2021, 93, 12116 
[3] Talanta 2024, 125219 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 24-73-10015). 

mailto:alexandrovichas@my.msu.ru


 

296 
 

A SMARTPHONE-BASED COLORIMETRIC DETERMINATION OF POLYDADMAC  

IN TREATED WASTEWATER 

Antonova A.N., Kochetkova M.A., Timofeeva I.I., Bulatov A.V., Shishov A.Y. 

 St. Petersburg State University, St. Petersburg, Russia 
Student 

alyonaant16@gmail.com 
 

Currently much attention is focused on quality of water which is being released into the 
environment and supplied to people as tap water. Treatment of waste water is an important 
technological process and it includes the usage of polydiallyldimethylammonium chloride 
(polyDADMAC). PolyDADMAC is a cationic polyelectrolyte which acts as a flocculant and coagulant 
and helps to purify water from suspended insoluble particles [1]. Despite its valuable properties, 
excessive content of polyDADMAC in treated water can cause undesirable consequences, such as 
formation of carcinogenic nitrosamines on later stages of disinfection when polyDADMAC reacts with 
chlorine-containing compounds or ozone [2]. Therefore, determination of polyDADMAC in purified 
wastewater is an important analytical task. At the moment, there is no suitable techniques to 
determine polyDADMAC at the maximum residue level of 0.1 mg L-1 [3]. 

Due to necessity in express on site determination of polyDADMAC in treated wastewater a 
smartphone-based colorimetric method has been developed. The method based on measuring the 
decrease in color intensity of an anionic dye, which reacts with analyte forming the colorless ion-pair 
associate. To increase the sensitivity, microextraction of the residual dye into a deep eutectic solvent 
is used that makes it possible to determine concentrations of polyDADMAC in a wide range. On site 
colorimetric analysis is ensured by smartphone with RGB application. The developed method was 
applied for the determination of polyDADMAC in treated wastewater samples. 
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γ-Aminobutyric acid (GABA) is one of the major inhibitory neurotransmitter in the central 

nervous system, plays a crucial role in human metabolism. GABA has been found to have a positive 
effect on reducing anxiety, decreasing depression, and strengthening immunity under stressful 
conditions. Moreover, GABA displays a variety of other physiological functions, such as regulating 
cardiovascular functions, antihypertensive and antidiabetic activity, inhibiting the metastasis of cancer 
cells, and normalization of kidney function. Therefore, development of the production of food additives 
and food products with a high content of GABA has paid considerable attention. One of such product 
is a special tea, GABA tea, which contains a large amount of GABA. The content of other amino acids 
and polyphenolic compounds in samples of this tea is also increased compared to traditional green 
tea.  The key difference between GABA tea and other tea products is the complicated anaerobic 
fermentation during withering operations. Currently, for the first time a technology of GABA tea 
production based on Russian raw materials, leaves of the tea cultivar 'Сolchida' grown in the 
Krasnodar region, has being developed. The quality of a GABA tea is determined by the GABA 
content (at least 150 mg GABA/100 g dried tea) and its flavor. Therefore, an important task is to 
sensitive and express assess the content of GABA and other amino acids at all stages of GABA tea 
producing. For this purpose, the usage of HPLC and HPTLC methods is preferable. 

So, this study aims to assess the levels of GABA and study chromatographic profiles of amino 
acids in various samples of GABA tea from leaves of “Colchida” cultivar tea growing in the humid 
subtropics of Russia. These tea products (black and green) were obtained under different conditions 
of anaerobic fermentation in inert atmosphere as well as the sequence of aerobic and anaerobic 
stages. They were provided by the All-Russian Research Institute of Floriculture and Subtropical 
Crops (Sochi).  

Amino acid determination was carried out using reverse-phase HPLC with diode array detection 
after after preliminary derivatization with dansyl chloride in the optimized conditions [1]. The resulting 
derivatives are stable and provide high sensitivity in detection by a spectrophotometric detector. 
Furthermore, a simple and selective method for determination of GABA and aminoacids profiles in tea 
extracts by HPTLC with videodensitometric detection on plates with microcellular was proposed. A 
qualitative reaction with ninhydrin was used for amino acid detection. The eluent composition was 
optimized to selectively separation of amino acids. The water content in both the mobile and stationary 
phases has a significant impact on the efficiency and selectivity of amino acid separation in HPTLC. 
This approach allows for rapid determination of GABA, crucial for quality control of the final product. It 
also serves as an alternative to traditional research methods in this field, such as assessing integral 
indicators like total amino acid content and total antioxidant activity. 

Chromatographic profiles of amino acids in GABA tea samples were studied by HPLC and 
HPTLC under optimized conditions. Green and black tea samples produced by classical technology 
were used for comparison. It was obtained the best conditions, in which GABA content ranged from 
100 to 160 mg per 100 g of tea. Additionally, GABA teas contain significant amounts of other important 
amino acids similar to green tea. The results of this research will be used by tea producer for further 
improvement GABA tea production technology. 
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“B”-group vitamins play a key role in the human body, actively involved in cellular metabolism 
and red blood cell synthesis, as well as facilitating cell growth and development [1,2]. Of particular 
significance within this group is vitamin B7, or biotin, which serves as a vital constituent of enzymes 
regulating protein and lipid metabolism, while also serving as a sulfur source crucial for collagen 
synthesis. It is imperative for the human body to receive a regular supply of biotin, however, its intake 
should be within the daily norm, since its deficiency or excess in the human body can lead to negative 
consequences: from deterioration of hair and nails to allergic reactions and increased blood sugar 
levels [3]. Biotin is predominantly sourced from various food products such as meats, eggs, yeast, 
grains and fish, with supplementary intake facilitated through nutritional supplements. Recently, more 
and more attention has been paid to its monitoring in various food products, especially those intended 
for infant consumption and animal feed. 

Taken into account the complexity of multicomponent food matrices, there is a need for sample 
pretreatment. Thus, to isolate and enrich analytes, various extraction techniques are used, in 
particular, liquid microextraction. The difficulty in extraction of biotin arises from its high solubility in 
aqueous media and its potential occurrence in protein-bound states within the food matrices. 
Therefore, it is also necessary to include the hydrolysis process (acidic, alkaline or enzymatic [4]) into 
the sample preparation scheme to achieve complete conversion of biotin from its bound state. Also, 
today an urgent task is to find an environmentally friendly extraction solvent that can provide effective 
extraction of biotin. Such promising extractants can be terpenoids, deep eutectic solvents, solvents 
with “switchable” hydrophilicity, surfactants, etc. In this study, the extraction abilities of “classical” and 
“latest generation” or “green” solvents were studied for the following chromatographic determination of 
biotin in animal feed and baby food. 
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MicroRNAs are short non-coding RNAs that regulate the expression of many eukaryotic genes. 

Nowadays, microRNAs are intensively studied as potential biomarkers for various diseases. This 
surge in interest is creating a growing need in analytical methods aimed to provide accurate and 
quantitative microRNA detection [1].  Using catalytic hairpin assembly (CHA) and the isothermal 
circular strand displacement polymerization reaction (ICSDPR) isothermal amplifications, two 
chemiluminescent plate-based methods for the detection of microRNA were developed. Overall, these 
detection systems comprise 3 steps of signal amplification (scheme 1): 1) isothermal nucleic acid 
amplification (CHA or ICSDPR), 2) streptavidin-polyperoxidase conjugate (SA-polyHRP) and 3) 
enhanced chemiluminescence reaction. For the first time, it was shown that the effectiveness of CHA 
reaction depends on the probe’s annealing conditions. The method based on CHA allows to achieve 
microRNA-141 and microRNA-155 determination up to 100 fM [2] and 400 fM respectively [3]. In the 
case of ICSDPR-based method, the LOD for microRNA-141 detection was 51 fM [4]. The developed 
methods were successfully applied for the quantification of microRNA-141 and microRNA-155 in 
lysates of HeLa, CaCo2, MCF7 and HEPG2 cell lines [3-4]. 

 

 
Scheme 1. Chemiluminescent plate-based methods for microRNA detection using  

a) ICSDPR and b) CHA. In the process of both isothermal amplifications microRNA catalyzes the 
formation of biotin-labeled duplexes on the plate surface that are further quantitatively measured using 

polyperoxidase conjugate (SA-polyHRP) and enhanced chemiluminescence.  
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 Ultramarine is a bright blue pigment used in art since the VI century. Natural ultramarine was 
available only to recognized masters of painting due to its high price, but the technology of its 
synthetic production, invented in 1828, made this beautiful pigment more affordable. Establishing the 
origin of ultramarine allows determining the later non-documented restorations and, most importantly, 
revealing the falsifications made with anachronistic dyes. Certainly, the development of nondestructive 
analytical methods is preferable due to the uniqueness and value of art objects under study. However, 
current methods imply taking of small probes of the pigments: for example, highly sensitive HPLC 
techniques [1], polarized light microscopy or IR spectroscopy in the middle spectral region. Energy-
dispersive X-ray spectroscopy is a noninvasive method, but its application is limited to the 
determination of elemental composition of the sample. Its sensitivity is not sufficient for classification of 
natural and synthetic dyes, since the differences between them are subtle [2].  

 Near-infrared spectroscopy (NIR) with chemometric data analysis is an interesting approach 
that allows using fiber probes to avoid the sample preparation step and is suitable for classification of 
multicomponent objects. This approach has shown promising results in various fields, for example, as 
a nondestructive method of counterfeit detection [3].  

 In this study, we report the results of a classification of different dyes based on their NIR 
spectra, measured on 14 samples of ultramarine pigments (9 natural and 5 synthetic). Three 
replicates were prepared for each paint with different binders: whole egg, yolk and linseed oil. The NIR 
measurements were performed by a fiber optic probe 1,8 mm in diameter (Optofiber, Russia), 
connected to the portable NIR spectrometer (Avantes, Netherlands) within the 939-1799 nm spectral 
range. Also, the proposed approach was applied to several real objects of art from different centuries 
(paintings of canvas, icon on wood). The results of PCA and other methods of multivariate spectral 
data analysis demonstrate that the proposed approach allows classification of the paints according to 
the binder and to the origin of the ultramarine pigment. 
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Nowadays the use of natural (sugars and sugar alcohols) and artificial sweeteners is increasing. 
High intake of these substances can have a negative impact on human health; therefore, monitoring 
their levels in consumable products is essential. Usually, the determination of sweeteners is carried 
out in reverse-phase chromatography. However, since sugar alcohols and artificial sweeteners are 
hydrophilic in nature, their determination or simultaneous determination with sugars is promising by 
hydrophilic interaction liquid chromatography (HILIC). Applying HILIC and hydrophilic adsorbents with 
evaporative light-scattering detector (ELSD) can be one of the better options for simultaneous 
determination of sugars and sugar alcohols to achieve great retention and selectivity. The use of 
mixed-mode adsorbents can also ensure the retention of sweeteners including artificial, due to the 
implementation of various interactions, provide alternative selectivity and, finally, simultaneous 
separation with sugars. 

The retention of sweeteners in HILIC mode on hydrophilic adsorbents based on silica [1, 2, 3] 
and mixed-mode adsorbents based on polystyrene-divinylbenzene [4] was investigated. The polymer-
based phases with covalently grafted polyethylenimine and polyelectrolytes showed high selectivity, 
but lower efficiency for sugar alcohols in comparison with silica-based phases. The possibility of 
simultaneous separation of 6 alcohols and 5 sugars in 24 minutes using ELSD and gradient elution 
was shown on the amide adsorbent based on silica obtained by the Ugi reaction. The separation of 
5 alcohols and 5 sugars in 14 minutes on the adsorbent modified with polyethylene glycol was 
demonstrated. Both adsorbents showed high efficiency for sugar alcohols (up to 46000 tp/m), while 
the efficiency for carbohydrates was almost twice higher on the adsorbent modified with polymer (up 
to 43000 tp/m) which made it preferable for simultaneous determination of sweeteners and sugars. 

The selection of conditions for separation of artificial sweeteners was carried out. The need to 
use buffer solutions was shown to ensure acceptable peak shapes. The retention dependences of 
artificial sweeteners in relation to the pH and concentration of the buffer solution were investigated. 
The best chromatographic characteristics in relation to artificial sweeteners were demonstrated by 
mixed-mode adsorbents based on polystyrene-divinylbenzene.  

The developed stationary phase based on silica and modified with polyethylene glycol was used 
for the determination of xylitol and sorbitol in oral hygiene products. 
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Nitrofurazone is an artificial broad-spectrum antibiotic that has good antibacterial activity against 

gram-positive and gram-negative bacteria. However, this antibiotic has carcinogenic, mutagenic and 
teratogenic effects, which necessitates the creation of an accessible method for detecting and 
preventing the release of nitrofurazone into the environment [1-2]. 

We have obtained lanthanum ferrite synthesized by simple annealing of a mixture of appropriate 
oxides. The crystal structure and purity of the lanthanum ferrite phase were determined by powder X-
ray diffraction. The morphology of the sample is represented by aggregated particles that do not have 
a regular shape [3]. 

The lanthanum ferrite modified carbon paste electrode showed improved charge mobility and 
lower electron transfer resistance compared to the pure carbon paste electrode. The resulting sensor 
has high sensitivity, reproducibility and stability. The linear detection range of nitrofurazone is 4 µM – 
370 µM, with a detection limit of 8.37 µM. The effectiveness of the electrode modified with lanthanum 
ferrite was tested on real samples - tap water. The electrode showed high accuracy in determining 
nitrofurazone in tap water, and it can be argued that the resulting sensor is suitable for analysis in real 
samples.  
 

 

Figure 1. (A) X-ray diffraction pattern of the sample LaFeO3, (B) DPV curves for different 
concentrations of nitrofurazone in Britton-Robinson buffer at pH 5 range from -1 V to 1 V (part of the 

graph with recovery peaks is shown)  
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Saturated fatty acids (SFAs) are the most important metabolites involved in the regulation of 
physiological processes in the body. According to the length of the carbon chain, fatty acids are 
divided into short-chain (C1 - C6, SCFA), medium-chain (C7 - C12), long-chain (C13 - C21) and very 
long-chain (≥C22) fatty acids. Numerous metabolic studies shown that SFAs can be potential 
biomarkers of many metabolic disorders, such as obesity and diabetes, inflammatory processes, 
diseases of the gastrointestinal tract. It has been found that cardiovascular, neurodegenerative and 
oncological diseases also closely correlate with changes in the level of free fatty acids. However, in 
most studies, only a limited range of analytes is determined. In addition, although all monobasic fatty 
acids have a similar chemical structure, the joint determination of low- and high-molecular fatty acids is 
a difficult analytical task: optimization of conditions is required for each group of analytes. The 
traditional method for determining fatty acids is gas chromatography. However, due to the high 
volatility of short-chain fatty acids, most of the proposed approaches to derivatization cannot be used 
in the determination of these analytes in biological objects due to losses during sample preparation. 
An alternative option for determining metabolites is the use of high–performance liquid 
chromatography (HPLC). Thus, the development of analytical approaches for the joint determination of 
SFAs with different alkyl radical lengths in biological objects by HPLC was the aim of this study. 

Condition for the selective separation of 18 fatty acids  
(C1-C18) by reverse-phase HPLC in the form of derivatives in the gradient elution mode was 
optimized. 3-nitrophenylhydrazine (3-NPH) was chosen as a derivatizing agent for the determination of 
carboxylic acids due to the mild reaction conditions, high degree of conversion, stability of the 
derivatives obtained and the possibility of their UV and MS detection. However, the formation of 
reaction by-products having similar retention parameters with SGFA makes it difficult to determine 
them during spectrophotometric detection. The problem was solved using MS detection. The main 
factors influencing the parameters of the separation of derivatives (pH of the mobile phase (pH 7.0, 
3.0), the nature of the solvent, the profile of the gradient regime) have been established. The 
conditions of MS detection in negative polarity in the monitoring mode of multiple reactions (MRM 
mode) have been optimized. Since the available information on the conditions for the derivatization of 
carboxylic acids with 3-NPH varies greatly, we carried out an independent optimization of the 
conditions of this reaction. The solvent nature of the reagents, temperature and reaction time were 
varied. The highest intensity of chromatographic peaks of the obtained derivatives was achieved using 
a 70% acetonitrile solution as a solvent for derivatization reagents, at a temperature of 600C, and a 
time of 20 min. An assessment of the metrological characteristics of the proposed approach has been 
carried out. The detection limits were 1-10 ng/ml. Chromatographic profiles of organic acids in the 
blood serume of patients with endometriosis and uterine myoma were obtained. It should be noted 
that the developed approach has great prospects, since it provides the determination of amino acids, 
aldehydes and ketones in a similar way, which also easily react with 3-NPH in the conditions found for 
carboxylic acids. 
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 Recently it was found [1] that LiCl-CsCl-H2O ternary aqueous solution is a promising 
electrolyte for batteries. To optimize the selection of the ratio of solution components, it is necessary to 
identify the mechanisms of microstructure formation as well as the main factors affecting the molecular 
mobility in the ternary systems. In the present study the molecular dynamics simulations method was 
employed for this purpose. In total, 8 systems: 6 ternary and 2 binary solutions, were simulated (see 
Figure 
1).

 
Figure 1. Solubility isotherm at 298 K of the LiCl–CsCl–H2O system [1] – the blue line, simulated 
concentrations – the red one. The concentration range of the greatest interest is highlighted. 
 In the present study, the MDynaMix v.5.0 package was used for modeling [2]. All systems 
were simulated in an isothermal-isobaric ensemble (25℃, 1 atm.) in a cubic cell with periodic boundary 
conditions. The SPC/E water model [3] was used to describe the solvent molecules. To model the 
interaction of Li, Cs and Cl ions, the potentials given in Refs. [4-6] were employed. The equations of 
motion were solved using Verlet algorithm with a time step of 2 fs. The coulombic interactions were 
calculated using the Ewald method. Constant temperature and pressure were maintained using the 
Nose-Hoover algorithm. The equilibration time for each model system was 1 ns, simulation time – 1 
ns.  
 The effect of changing the Cs to Li cation ratio on the composition and stability of ions 
solvation shells, the diffusivity of solution components, and reorientational motion of water molecules 
in LiCl–CsCl–H2O ternary solution was studies in detail. 
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Essential oils are mixtures of volatile organic substances produced by essential oil plants and 
have a characteristic odor, used to replace synthetic antioxidants and antimicrobials in phytotherapy. 
One of the most popular and safe floral-scented fragrance oils is lavender oil. When investigating the 
chemical composition of the aromatic parts of a plant, an extract is usually first obtained and directly 
introduced into a chromatographic system. However, not those substances that make up the aroma of 
lavender at room temperature can be extracted and it is advisable to use the method of passive 
sorption of volatile substances with their subsequent thermal desorption and determination by gas 
chromatography with mass spectrometric detection. One of the key issues here is the selection of a 
suitable sorption material. 

Recently we have synthesized and for the first time used for analytical purposes a composite 
monolithic material based on butadiene-nitrile rubber and silicon carbide [1].  

It is shown that this material captures almost the whole range of organic compounds and is not 
inferior to Tenax TA in sorption/desorption efficiency and superior to Tenax TA in thermostability. The 
chromatograms of lavender components obtained by passive sorption on Tenax TA and BNR-SiC 
composite are very similar and contain 33 and 39 peaks, respectively. The chromatograms obtained 
identified such classes of compounds as mono- and sequiterpenes, their oxygenated derivatives, 
terpene alcohols, aromatic hydrocarbons, heterocyclic compounds, phenols, glycerides, and fatty 
acids. A total of 37 compounds were identified (Match Factors over 700 and retention indices), some 
of them for the first time.    

This approach of passive sorption on BNR-SiC sorbent followed by thermal desorption GC/MS 
fingerprint analysis can help to approximate the compositional diversity/proximity for different multi-
herb samples containing several groups of volatile terpene compounds. 
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Organic electrolytes are promising candidates for application in redox flow batteries (RFB). 
Therefore, the number of studies of various organic substances, mainly water-soluble ones, is growing 
every year. Special attention is paid to anthraquinone sulfonic acids (AQDS), which have relatively 
high solubility in aqueous solvents, fast kinetics of redox reactions at electrodes, and a suitable redox 
potential for use as RFB negolyte. Since 2014, research has been actively conducted on 
anthraquinone-bromine RFBs, in which the negolyte is a sulfuric acid solution of anthraquinone-2,7-
disulfonic acid (AQDS-2,7), and the posolyte is a solution of bromine in hydrobromic acid [1]. Such a 
battery currently shows a maximum power of 1 W/cm2 and an energy efficiency of 88 % [2]. However, 
further commercialization of anthraquinone-bromine RFB is significantly complicated by the cost of 
pure sodium anthraquinone sulfonates and the relatively high content of toxic Br2 in the system. 

To eliminate the above-mentioned factors that prevent the further spread of RFBs based on 
anthraquinone sulfonic acids, a crude mixture of anthraquinone sulfo derivatives (ASM), obtained by a 
well-known anthraquinone sulfonation method by oleum, can be utilized as a battery negolyte. The 
use of ASM provides significant cost reduction while presuming the key characteristics of the battery. 
This approach was successfully demonstrated in our previous work [3]. In addition, the Br2/Br− pair can 
be replaced by the safer, well-studied and commercially used vanadium redox pair V5+/V4+. The 
applicability of this battery is already demonstrated on not only single cells of anthraquinone-vanadium 
RFBs [4], but also kilowatt stacks based on such electrolytes [5]. 

However, there reliable state of charge monitoring for this system has not been demonstrated 
yet. This work investigates the possibility of monitoring the state of charge of redox flow battery 
electrolytes with ASM-based negolyte and vanadium posolyte using coulometric sensors (fig. 1). The 
SOC values obtained using this approach were verified by the coulomb counting. In addition to 
information about the SOC (the estimation error was no more than 8 %), the results obtained make it 
possible to estimate the net of reagent flux of two half-cells, as well as the degree of self-discharge of 
electrolytes, which under unoptimized conditions reaches more than 4 %/day for ASM. 

 
Fig. 1. Configuration of coulometric sensor (1 – membrane; 2 – cathodic half-cell with electrolyte 

sample of interest; 3 – half-cell of ideally non-polarized anode; 4 – 3-way valves) [6] 
 

References 
[1] Nature 2014, 505 (7482), 195–198 
[2] J. Electrochem. Soc. 2016, 163 (1), A5010–A5013 
[3] Membranes (Basel), 2022, 12 (10), 912 
[4] J. Power Sources 2023, 569, 233015 
[5] Appl. Energy 2024, 353, 122171 
[6] J. Power Sources 2023, 553, 232242 

 
Acknowledgements 
This work was supported by the Russian Science Foundation (project № 21-73-30029; 

reference to the project information: https://rscf.ru/en/project/21-73-30029/). 

mailto:chikin.d.v@muctr.ru


 

307 
 

DEVELOPMENT OF A GC-MS/MS METHOD FOR ANALYSIS OF ENERGY-SATURATED 
COMPOUNDS 

Danilova D.A.1, Ignatovich Z.V.2, Rogachev A.A.2 

1Scientific and Practical Centre of The State Forensic Examination Committee of The Republic of 
Belarus, Minsk, Belarus 

2Institute of Chemistry of New Materials of the National Academy of Sciences of Belarus, Minsk, 
Belarus 

PhD student  
danilovad11@gmail.com 

 
Due to the increase in terrorist threats, the relevance of research devoted to the determination 

of energy-saturated compounds is increasing. A common method for detecting such compounds is 
gas chromatography with a mass spectrometric detector [1]. Recently, considerable attention has 
been paid to the development of methods for the analysis using a tandem mass detector. This 
technique allows to select an ion of interest (the precursor ion), subject it to further dissociation, and 
then capture one of the resulting ions (the product ion). To effectively detect compounds, it is 
necessary to select the precursor ion→product ion transitions used in the multiple reaction monitoring 
(MRM) mode. Although a large number of works are devoted to determination of energy-saturated 
compounds in various matrices [2], insufficient attention is paid to the development of the MRM 
method for electron ionization. 

This work is aimed at developing the parameters of the MRM method for the analysis of the 
following compounds: 2,4,6-trinitrotoluene, 2,4,6-trinitro-N-methyl-N-nitroaniline, 1,3-dinitrobenzene, 1 
,4-dinitrobenzene, picric acid, 2,4-dinitrophenol. Agilent 7890B gas chromatograph with a Xevo TQ-
GC triple quadrupole mass selective detector were used. The temperature gradient of the thermostat, 
the helium flow rate, the temperature of the injector, the interface line and the ion source were 
selected. From the obtained chromatograms, the mass spectrum of compounds was extracted. The 
most intense ions were selected for further fragmentation. Mass spectra were recorded at various 
energies in the collision cell. The energy in the collision cell was chosen for each of the precursor ions 
to obtain the highest intensity of the ion current. After fragmentation the product ions were analyzed. 
Based on the fragmentation of precursor ions MRM transitions were formed and used to record 
chromatograms in MRM mode. The GC-MS/MS method demonstrates effectiveness in the 
determination of substances in complex matrices at the trace level. The sensitivity of the determination 
increases due to a significant reduction in noise (Figure 1). 

 

Figure 1. Chromatograms of trace amounts of 2,4,6-trinitro-N-methyl-N-nitroaniline: total ion current 
(А), selected ion monitoring m/z 194 (В), MRM-transition 194→148 (C). 
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A current challenge in modern analytical chemistry, the solution of which is aimed at protecting 

health and improving the quality of life, is the determination of ethanol impurities in non-alcoholic 
beverages. Standard analytical methods are based on headspace gas chromatographic analysis, in 
which the gas phase in contact with the liquid sample is analyzed. However, in this case, the 
concentration of ethanol in the gas phase turns out to be almost 5-7 times lower than in the liquid, 
which limits the sensitivity of the analysis. In this regard, it seems more rational to analyze not the 
equilibrium gas phase, but the microdrop present in this phase – headspace single-drop 
microextraction - one of the recently proposed methods for isolation and preconcentration [1]. In this 
case, the concentrations in the analyzed liquid and in the water microdrop should be approximately 
the same, thereby enabling a multiple increase in the sensitivity of the analysis [2]. 

The aim of this work is to evaluate the analytical capabilities of headspace microextraction into 
an aqueous drop for the determination of ethanol in non-alcoholic beverages – kvass, non-alcoholic 
beer, and fruit juices. 

The influence of the distance between the drop and the surface of the analyzed liquid, the 
contact time of the phases, agitation, and the ratio of the geometric volumes of the aqueous sample 
and gas phase in the sample vial on the analytical signal were investigated. It was found that the 
maximum repeatability of the analysis results is ensured by using the internal standard method, with 
isopropanol being the most rational choice. The limits of detection of ethanol and the error in the 
analysis of various non-alcoholic beverages are relatively weakly dependent on the type of beverage. 
The limit of detection of ethanol when implementing the proposed analysis scheme was approximately 
10-5% v/v for all analyzed objects. 

 

 
Fig. 1. Setup for headspace single-drop microextraction. 

Fig. 2. Comparison of ethanol peaks at 0.1% v/v concentration in aqueous solution.  
a - headspace analysis; b - headspace single-drop microextraction. 

 
The practical implementation of drop microextraction is very simple (Fig. 1). To carry it out, a 

regular gas chromatography microsyringe, a stand, and a penicillin vial with a polymer septum are 
required. The microdrop (1 μL) is held for 6 minutes at the tip of the microsyringe needle, and then the 
drop is drawn into the microsyringe and injected into the gas chromatograph injector. As an illustration, 
Figure 2 compares the ethanol peaks in the case of the traditional HS variant and headspace single-
drop microextraction when analyzing non-alcoholic beer. 
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Fatty acids oligomers are common components of reagents in the petrochemical and oil refining 
industries [1], and therefore there is often a need to determine their content in a particular commercial 
product. To date, many different approaches to the quantitative determination of fatty acids oligomers 
have been proposed, but none of them is accessible for routine analysis due to increased instrumental 
and procedural complexity and cost, or does not provide the necessary measurement accuracy. 

In this work, we propose a gas chromatography (GC) on-column method with flame ionization 
detection for the quantitative determination of fatty acids oligomers. For the analysis of high-boiling 
components, this method seems promising, since such chromatographic separation does not require 
rapid complete evaporation of the entire sample volume [2]. It is important that the analysis is 
performed on a simple gas chromatograph, which makes the method accessible and suitable for 
routine analysis of chemical reagents. 

Analytical conditions and column parameters suitable for the separation and elution of fatty 
acids oligomers were selected. The analyzed samples are mixtures of monomeric and oligomeric 
components in the form of a solution in toluene. Before injection into the chromatograph, the samples 
were silylated. Peaks of the analytes were identified in the obtained chromatograms, and a linear 
dependence of the detector signal on the content of components in the studied concentration range 
was established. Quantitative determination of components was carried out using the absolute 
calibration method. 

When the ratio between the oligomeric components changed, the relative sensitivity coefficient 
of the detector turned out to be stable, which allows one to judge the applicability of the present 
approach to the quantitative determination of these components in various reagents. 

To confirm the correct identification of fatty acids and their oligomeric derivatives, samples 
containing only fatty acid monomers and samples containing oligomers were analyzed by gas 
chromatography with a mass spectrometric detector (GC-MS). Due to the low volatility of fatty acids 
oligomers, they are not determined by GC-MS; therefore, only monomers were identified in samples in 
which their presence was also determined by GC, and the results for their quantitative content 
obtained by both methods were comparable. Quantitative determination was carried out using an 
internal standard, which was n-hexadecane. 

Thus, an on-column gas chromatography method was developed for the quantification of fatty 
acids oligomers. The results for the content of fatty acid monomers were confirmed by GC-MS. The 
developed approach is sufficiently accessible for routine determination of the composition of various 
chemical reagents containing oligomers of fatty acids. 
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Environmental monitoring of natural waters is most effective in on-line mode with the shortest 

time interval from sampling to obtaining analytical information. From this point of view, the actual task 
of modern analytical chemistry is the development of automated and robotic analytical devices for 
continuous chemical analysis of natural objects. At the same time, from the point of view of mass 
analysis it is important to minimize the consumption, or complete abandonment of the use of toxic 
organic solvents at the stage of sample preparation. As an alternative, a new class of environmentally 
safe solvents - deep eutectic solvents - has recently been used in analytical practice. This work 
demonstrates for the first time the analytical capabilities of a new automated sample preparation 
device with a rotating disk modified with deep eutectic solvents based on natural compounds (natural 
terpenoids and fatty alcohols). The task of determining the content of polycyclic aromatic 
hydrocarbons in natural waters was chosen as an analytical problem.  

 
Polycyclic aromatic hydrocarbons (PAHs) are a large group of organic compounds with two or 

more condensed aromatic rings. Due to the growth of industrial activity, the degree of pollution of 
environmental objects by PAHs is increasing manifold. One of the main indicators of toxicity of 
polycyclic aromatic hydrocarbons is their carcinogenicity. In this work, a new device for on-line 
concentration and determination of PAHs in natural waters was proposed. For this purpose, a flow cell 
was fabricated by 3D printing method, inside which there was an inert rotating disk, the surface of 
which was modified with eutectic solvent. PAHs were retained on this disk while rocking a water 
sample through the device and after elution their concentration was determined by HPLC-FL method. 
The parameters such as cell topology, hydrodynamic parameters such as sample and eluent flow 
rates and volumes, the effect of the nature of the disk material and eutectic solvent were studied and 
optimized. Under optimal conditions, the procedures allowed the simultaneous determination of 10 
PAHs with a detection limit of 1 μg/L. 
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Photoluminescent semiconductor quantum dots (QDs) are the popular material for a wide range 
of analytical and labeling applications. But till this moment the most of concepts is not more than a 
laboratory prototypes [1]. This related to the complex multistage procedure for the synthesis and 
modification for the most existing QDs types. The key requirement for realizing the advantages of QDs 
as labels in analytical applications is the development of the set of simple, reproducible, and easily 
scalable procedures for obtaining QDs with desired properties. In connection with the above 
requirements, the alloyed CdZnSeS QDs are of particular interest. This type of QDs characterized by a 
narrow photoluminescence (PL) peak relative to other QDs types due to its structure. The procedure 
of alloyed CdZnSeS QDs synthesis is one-step and allows controlled production of nanocrystals with 
PL in almost whole visible spectral region from a single set of reagents by changing the procedure 
conditions [2-3]. 

The presented work demonstrates the procedure of PL label production from alloyed CdZnSeS 
QDs including synthesis, hydrophilization and approbation in a model analytical system. Nanoparticles 
with PL in the range of 530-620 nm were obtained. The factors influencing the PL peak position were 
revealed and the possibility of controlled tunability of optical properties was demonstrated. Two types 
of hydrophilization for QDs are presented: silica-coating and ligand exchange using thiols to provide 
different functional activities of the surface. A set of simple and effective techniques of hydrophilization 
by ligand exchange has been developed for alloyed CdZnSeS QDs. Described the non-typical effect 
of PL enhancement by ligand exchange, characteristic only for this type of QDs, to the best of our 
knowledge. The fundamental basis of the developed techniques and theoretical reasons of the PL 
enhancement effect are outlined. The obtained nanoparticles were used in a model medium for the 
determination of glucose oxidase in homogeneous and heterogeneous analysis formats. 
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When phosphates are used as fertilizers and components of detergents, they become 

components of wastewater, which leads to disruption of the biocenosis. Recently, phosphates have 
found wide application in various branches of industry. They are used as moisture-retaining agents, 
emulsifiers, stabilizers and acidity regulators (food additives E339, E340, E341, E343) [1]. Although 
these food additives improve the quality of food, their excessive consumption can lead to liver and 
kidney diseases [2]. Thus, exceeding the maximum residual limits of phosphate ions has an adverse 
effect on a human body and the environment. In this regard, monitoring the content of this analyte is 
an important analytical task. 

The traditional method of liquid-liquid extraction involves the use of toxic solvents, which does 
not satisfy the principles of “green” chemistry [3]. As an alternative, alkyl polyglucoside (APG) can be 
used to form a supramolecular solvent. APGs are naturally nonionic surfactants with low toxicity. In 
this research micellar microextraction based on using APG have been developed for fast and sensitive 
determination of phosphates in different samples. The procedure assumes the formation of reduced 
form of molybdophosphoric heteropolyacid followed by its microextraction into the micellar phase. A 
carboxylic acid was used as a coacervation agent. The developed procedure was applied for the 
photometric determination of phosphates in sea, river and well waters and colorimetric smartphone-
based determination of phosphates in baby food. The method for the photometric determination 
provides linear detection range of 0.02–0.40 mg L-1, the limit of detection is 0.005 mg L-1; for the 
colorimetric smartphone-based determination the limit of detection is 0.002 mg L-1, respectively. 
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Aluminium is one of the most abundant metal in the world. By mass, 8.8% (88 g/kg) of the 
earth’s crust is aluminum. Nowadays, the problem of enhanced intake of aluminium by human is very 
actual. Because it leads to different illnesses including Alzheimer’s disease[1]. The main source of 
aluminum intaking by human is food and cosmetics. Higher concentration of Al in food is associated 
with the use of food additives, containing aluminium compounds, and migration from food contact 
materials. The content of Al in food is varying from 1,11 mg/kg for beverages and 16,80 mg/kg for 
vegetables, because of the Al contained in the soils[2]. According to World Health Organization the 
permissible value of Al intake is 1 mg for 1 kg of human body per day[3]. That’s why the determination 
of aluminium in food is important. There are different methods for the determination of low level of Al3+ 

in food such as spectrofluorometry, spectrophotometry, flame atomic absorption spectrometry (FAAS), 
electrothermal atomic absorption spectrometry (ETAAS), ICP mass spectrometry (ICP-MS) and 
inductively coupled plasma atomic emission spectrometry (ICPAES). But most of these methods are 
relatively expensive, difficult in operation and consume hazardous reagents. In the attempt to adopt a 
greener chemical methodology, many analytical experiments have been explored that make use of 
green chemicals such as natural reagents that minimize consumption of more hazardous synthetic 
chemicals. That’s why in this work we would determine this metal by spectrophotometry using natural 
alizarin from extract of madder Rubia tinctorum. These roots belong to madder family as historical 
source of natural red dyes. It contains considerable amounts of the colouring principle 1,2-
dihydroxyanthraquinone (alizarin) in the form of its glycoside precursor ruberythric acid, purpurin 
(1,2,4-trihydroxyanthraquinone) and pseudopurpurin (1,3,4-trihydroxyanthraquinone-2-carboxylic 
acid)(Figure 1)[4].  

The ability of aluminium to form coloured compounds with madder is known from ancient when 
red pigments were made by precipitation with salts such as alum (KAl(SO4)2 ·12H2O). But the 
structure and mechanism of formation complexes are not yet fully identified.  

In this work extraction conditions of alizarin from root were studied, i.e. time extraction, 
temperature and solvent. The optimal pH range for spectrophotometry determination for forming 
complex was also studied. It was investigated the influence of deep eutectic solvent (DES) based on 
menthol/thymol with alcohols and acids on extraction of aluminium complex using spectrophotometry.  

 
Figure 1. Molecular structures of principal components found in madder roots 
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Paper-based microfluidic devices represent a relatively new class of test systems for screening 

analysis. Their advantages are ease of use and fabrication, low cost, and the ability to visualize the 
analytical signal without the use of expensive equipment. In such systems, liquid transport through 
paper from the input zone to the detection zone is carried out by capillary forces. There are various 
methods for manufacturing paper-based microfluidic devices, such as photolithography, inkjet or wax 
printing, and cutting out sensors of various configurations. These techniques make it possible to adjust 
the geometry of microfluidic devices to specific research tasks and also regulate their cost and 
production time. 

Analytical reagents applied to the detection zones of paper-based microfluidic devices play a 
crucial role in achieving required performance of the determination. Recently, silver nanoparticles 
have been widely used to enhance the analytical signal in molecular absorption spectroscopy 
methods. It is worth noting that the optical properties of silver nanoparticles are resulted from the 
localized surface plasmon resonance phenomenon. In particular, absorption and scattering spectra of 
silver nanoparticles contain a wide and intense band in the visible region, the position and shape of 
which strongly depend on the morphology of the nanoparticles and the state of their surface layer. 

One of the promising applications of silver nanoparticles is the determination of various 
biologically active substances, in particular, bioflavonoids. Bioflavonoids are natural heterocyclic 
antioxidants, which are present in higher plants. Bioflavonoids have a wide range of biological 
activities and exhibit immunostimulating, antithrombotic, antiallergic, anti-inflammatory and antiviral 
effects, which makes it important to determine them not only in food products, but also in 
pharmaceuticals and biologically active food additives. 

The purpose of this study was to create assemblable microfluidic paper-based devices modified 
with silver nanoparticles for colorimetric determination of bioflavonoids. 

The microfluidic devices were assembled from prefabricated paper parts on an adhesive 
substrate of double-sided tape and a polymer plate. The analytical signal was recorded using both the 
X-Rite i1 Pro2 monitor calibrator and iPhone 12 camera. It is worth noting that, unlike traditional optical 
color recording devices (such as smartphones, digital photo and video cameras, etc.), the monitor 
calibrator makes it possible to record the full spectrum of diffuse reflection in the visible region, which 
significantly increases informativity of the analysis. 

An alkaline solution of silver(I) nitrate, spherical silver nanoparticles in the presence of AgNO3 
and silver triangular nanoplates in the presence of AgNO3 have been proposed as reagents for the 
detection of bioflavonoids using assemblable microfluidic paper-based devices. The proposed 
mechanism of interaction includes the reduction of silver(I) nitrate to metallic silver under the influence 
of bioflavonoids and its deposition on the surface of seed nanoparticles, which leads to their 
enlargement. The type of nanoparticles effects remarkably on the intensity of the resulting spectral 
band and the colorimetric response. The observed spectral changes can be used as the basis for 
methods for solid-phase spectroscopic or colorimetric determination of bioflavonoids. 

The conditions for adding spectrophotometric reagents to the detection zone and carrying out 
the analytical procedure were selected. The analytical characteristics of the determination of 
quercetin, morin and taxifolin using the developed microfluidic systems were assessed. The detection 
limits of bioflavonoids, depending on the nature of the substance and method of recording the 
analytical signal, are 0.1 – 5 µg. The volume of sample sufficient for the analysis does not exceed 
20 µL. The approach proposed in this study was used to analyze hawthorn tincture, onion peel and 
samples of dietary supplements with satisfactory accuracy and reproducibility. 
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One of the important indicators of the quality of commercial oil is the amount of organochlorine 
compounds in it. The presence of organochlorine compounds is potentially dangerous for oil refining 
processes and is detected during the cleaning of technological equipment, pipelines or reservoirs. 
Currently, for the determination of organochlorine substances and inorganic chlorides, laboratory 
combined methods of X-ray fluorescence, chromatography and coulometry are used, combining 
sorption isolation of the components being determined by sorbents of various nature, as well as their 
determination directly in the solid phase by spectroscopy methods. This approach has shown 
effectiveness and allowed to increase the selectivity of detection, as well as reduce the detection limit. 
In addition, the solid-phase spectroscopy method eliminates the use of toxic solvents and ensured the 
environmental safety of the analysis. 

Combining the approaches of optical solid-phase spectroscopy and digital image processing of 
a colorimetric sensor gave birth to an out-of-laboratory method for monitoring organochlorine 
compounds. A short contact of the sensor with an oil sample and further image processing on a 
smartphone allows you to separately determine the amount of inorganic chlorides and the amount of 
organochlorine compounds after treatment with sodium biphenyl. A simple colorimetric sensor for the 
chloride anion is proposed, the color change of which is based on the destruction of the colored Hg(II) 
complex with diphenyl carbazone (DFC-Hg(II)). The essence of the claimed method lies in the fact that 
the inorganic halides contained in the oil, the content of which corresponds to organochlorine 
compounds in the initial oil sample, are extracted with a polymethacrylate matrix with immobilized 
DFC-Hg(II) with a change in sensor color from purple to pink. 

 

 
Scheme 1. Smartphone based determination of chlorides in oil using a transparent optode 
 
The transparency of the sensor allows the simultaneous use of three methods of signal 

registration (spectrophotometric, colorimetric and visual), which increases the reliability of the 
determination. The sensor belongs to the field of "green chemistry", since the mercury cation remains 
in the polymer volume and does not enter the environment. The solid-phase spectrophotometric 
technique allows the determination of chloride anions in the range of 0.3 – 60 mg/dm3 with a detection 
limit of 0.1 mg/dm3. Visual determination is possible with chloride anion content in the range of 3-15 
mg/dm3. A color image processing algorithm has been developed that calculates the average value of 
the RGB color coordinates in the selected optode image and converts it to the chloride concentration 
value. The analytical signal of the colorimetric method of signal registration has a linear region in the 
range 0.2-30 mg/dm3. In comparison with other methods, the modified polymethacrylate matrix is an 
out-of-laboratory colorimetric system with fast reliable results. 
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Metabolism products of tryptophan and catecholamines in the human body – phenyl-, 
indolecarboxylic acids – are biomarkers of various diseases: pancreatic adenocarcinomas and breast 
duct carcinomas, neuroblastomas, hypertension, kidney diseases, etc. The concentrations of these 
analytes in biological fluids are extremely low (~ ng/ ml and µg/ml). For early diagnosis and monitoring 
of such pathologies, it is necessary to develop highly sensitive, selective and rapid methods for their 
determination. 

Currently, the capillary electrophoresis method is in great demand for this purpose. The use of 
various modifiers makes it possible to control the selectivity of analytes separation similar structures, 
and intracapillary preconcentration significantly reduces the limits of their detection. Among the 
modifiers of different nature, imidazolium ionic liquids are of great interest. The formation of covalent 
quartz capillary coatings based on the imidazolium cation leads to the reversal of the electroosmotic 
flow, which allows for rapid analysis of acidic analytes. Additional interactions of analytes with the 
imidazolium ring (electrostatic, π-π interactions, formation of hydrogen bonds). lead to an increase in 
the selectivity of their separation. 

The purpose of study is to synthesize a covalent coating of quartz capillary walls based on an 
imidazolium cation and to identify its capabilities for selective separation and online preconcentration 
of phenyl– and indole carboxylic acids by capillary electrophoresis. 

An anodic electroosmotic flux was generated on the resulting covalent coating at pH = 2, which 
confirmed the formation of a covalent coating, that remained stable during more than 40 analyses (the 
synthesis scheme is shown in Fig. 1). 

 
Fig. 1. Scheme of synthesis of a covalent coating based on an imidazolium cation 
 
The conditions (preconcentration concentration and pH of the background electrolyte, nature 

and volume of the organic additive) for the separation of 10 acids – markers of various diseases – by 
capillary electrophoresis were found and optimized: 10 mM phosphate buffer solution, pH=4.2 with 
10% (by volume) acetonitrile additive. The resolution factors were 1.6 – 5.5, the detection limits 
ranged from 1.4 to 19 micrograms/ml. To reduce the software, various online concentration options 
are implemented. The best results were obtained with stacking with a large volume of the injected 
sample and electrostacking with concentration factors 39 - 77 and 106 – 512, respectively. 
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The widespread use of glucosamine and hyaluronic acid in dietary supplements for the prevention and 
reduction of knee osteoarthritis-related pain is common nowadays. It has been shown that 
glucosamine in any form contributes to the treatment of mild to moderate osteoarthritis after six 
months' use. Hyaluronic acid is also used as a food supplement and in cosmetic products as a 
moisturising and softening agent, including for joints. 
Biologically active supplements are not medicinal products, but they contain active substances such 
as vitamins, amino acids, minerals, etc. Therefore, an accurate analytical method is needed to control 
the content of active components in food supplements. Traditionally, the HPLC-UV method has been 
used for the determination of glucosamine in food supplements [1], but due to low sensitivity and weak 
UV absorption, the method is often combined with pre- or post-column derivatization [2]. A method 
using NMR spectroscopy has also been developed [3]. These methods require expensive equipment 
and are quite resource and time-consuming.  
This study focuses on exploring the possibility of using a potentiometric multisensor system as an 
express and cost-effective method for the quantitative determination of glucosamine and hyaluronic 
acid in food supplements. Calibration was performed for glucosamine and hyaluronic acid 
concentrations ranging from 10-3 to 10-1 M for glucosamine and from 10-4 to 10-2 M for hyaluronic acid, 
resulting in a linear relationship between potential and the decimal logarithm of concentration. The 
responses of the potentiometric sensor system represent a complex chemical fingerprint of the food 
supplement samples, which can be linked to their composition using multivariate regression modeling 
methods. The proposed approach was applied to analyze 37 types of food supplements, showing the 
potential use of multisensor systems for quantitative analysis of glucosamine and hyaluronic acid 
content with good accuracy, as well as the classification of samples based on active substances. 
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In general, active sites on the surface of a solid that have acid-base characteristics are formed 

by surface chemical structural groups. To obtain the distribution of acid-base groups, the indicator 
method is used. Unlike liquid systems, assessing the acid-base properties of a solid surface is a more 
complex task and cannot always be satisfactorily solved using averaged (integral) acidity indicators. 
Many processes associated with the interaction of solids are local in nature, and the direction and 
efficiency of these processes strongly depend on the acid-base properties of specific centers on the 
surface of the material. Therefore, it is important to study the distribution of active centers by type and 
strength of their acid-base properties, as well as changes in these properties depending on various 
conditions. [1] 

The indicator method is a branch of analytical solid surface chemistry based on adsorption 
from the liquid phase under static conditions followed by photometric measurement of the amount of 
adsorbed substance. In this method, the surface of the solid material acts as an adsorbent, and acid-
base indicators act as adsorbate probes in the form of indicator molecules. By describing the change 
in the number of centers during the adsorption process, it is possible to find the optimal composition of 
the sorbent by examining local maxima of synthesis conditions. This work presents the selection of the 
calcination temperature of LSLG (large porous silica gel large granular), which ensures maximum 
sorption capacity for Cd2+ ions.  

From Fig. 1 shows the effective calcination temperature for LSLG when using Cd2+ as a 
sorbent. The scheme itself corresponds to theoretical and literary concepts: upon calcination at 
temperatures above 300 °C, silanol groups transform into siloxane groups. At the same time, 
calcination at 250 °C makes it possible to modify the surface so as to release pores and thereby 
increase the surface energy, which leads to a decrease in the potential barrier to the interaction of 
molecules and ions from the environment. Using the resulting method, it is possible to determine the 
possible conditions of synthesis and post-processing for the further use of sorbents. 

 
Figure 1. Distribution of acid-base sites on the surface of LSLG before and after Cd2+ 

adsorption. 
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To identify the correlation between the initial composition of quartz and synthesized silicon, as 
well as to develop the technology for producing silicon of solar quality, it is necessary to accurately, 
correctly and quickly carry out their microelement analysis. The main features of determining the 
composition of such systems are the low content of trace elements (fractions of ppm) [1] and the high 
content of the major component (silicon). In this case, the concentration of micro traces is undesirable 
due to possible sample contamination. 

As part of this work, we determined 40 elements in quartz and synthesized silicon. The 
methods used included inductively coupled plasma mass spectrometry (ICP-MS) (NexION 300S, 
Perkin Elmer) for the determination of boron, beryllium, rare earth elements, and a number of 
transition and heavy metals, as well as phosphorus (in cold plasma mode using the molecular ion PO+ 
); inductively coupled plasma atomic emission spectrometry (ICP-AES) (Optima 8000, Perkin Elmer) 
for the determination of boron, phosphorus, iron, aluminum; HR CS ETAAS (ContrAA 700, Analytik 
Jena) for the determination of boron, phosphorus (by molecular lines), alkali and alkaline earth metals 
(by atomic lines). Methods for determining boron and phosphorus were compared in sensitivity. It was 
shown that when taking samples weighing 1.5 g, all methods can be used to control the quality of 
quartz and silicon (0.3 and 1 ppm for boron and phosphorus, respectively), however, it is advisable to 
determine lower contents using ICP-MS and ICP-AES. 

Sample preparation was carried out in cleanrooms and included preliminary treatment of 
reagents (double sub-boiling distillation of water and acids) and chemical glassware, acid digestion of 
samples in a mixture of nitric and hydrofluoric acids, and the preparation of resulting solutions for 
spectral determination of trace elements. To retain boron in the condensed phase during silicon 
distillation, we used mannitol. 

The mass spectral operating parameters were chosen taking into account the ionization 
characteristics of the elements, and the indium-115 internal standard characterized the behavior of 
rare earth elements in plasma. Reducing the plasma power to 600 kilowatts and increasing signal 
integration to 200 ms made it possible to determine phosphorus by the molecular ion PO+. The 
isobaric interference of 30SiH+ on the 31P+ atomic ion is more likely than 30Si17O+ on 31P16O+, however, 
the probability of the formation of molecular ions in the plasma is lower. 

The sensitivity of ICP-AES is sufficient to monitor the phosphorus, iron and aluminum content 
of solar grade quartz and silicon. The selection of conditions for determining phosphorus consisted not 
only in the choice of operational parameters, but also in the selection of analytical spectral lines, since 
the most sensitive of them are in the vacuum ultraviolet region. 

Using the HR CS ETAAS method, the content of boron and phosphorus was determined from 
the BF and PO molecules formed in the atomizer, respectively, while the optimized temperature-time 
program made it possible to increase the service life of the graphite furnace by lowering the 
atomization temperatures. We also carried out thermodynamic modeling of thermochemical processes 
in a graphite furnace (HSC 6.1 program), which made it possible to present model systems and 
determine the parameters and theoretical temperatures of the pyrolysis and atomization stages. 
Determination of alkali and alkaline earth metals was carried out according to the parameters 
recommended by the manufacturer and provided low detection limits. 
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Microcystins are the most widespread class of cyanotoxins and the one that has most often 
been implicated in cyanobacterial poisoning which is common issue during blooming processes. One 
of the main challenges in studying and monitoring microcystins is the great structural diversity within 
the class. Since 1980s more then 300 microcystins have been reported with different degree of 
structure evaluation. Main techniques for microcystins characterization are tandem mass spectrometry 
coupled to liquids chromatography (LC-MS/MS) and nuclear magnetic resonance spectroscopy 
(NMR). In cases of compounds low abundance or inability for preparative separation, LC-MS/MS 
becomes powerful tool for investigation of unknown’s molecule’s structure, due to high informativity of 
microcystins’s positive ions fragmentation spectra. Moreover, usage of high-resolution mass-
spectrometry (HRMS) in combination with fragmentation data analysis tools, such as molecular 
networking, simplifies the establishment of the putative structure as LC-HRMS data is often to 
complicated for manual analysis.  

The aim of present work was to describe microcystins profile in Microcystis sp. cell cultures and 
evaluate the effeteness of molecular networking in the process of unknown compounds identification. 
In this study we analyzed cell cultures derived from Microcystis samples gained at South China Sea 
(IPPAS B-2074). Cells were growing in BG-11 liquid and then were collected by centrifugation. 
Samples were then extracted using ultrasonic bath and concentrated on reversed phase solid-phase 
extraction cartridges. Samples were analyzed on HPLC-MS with an orbital-ion trap mass analyzer in a 
data-dependent fragmentation spectra accumulation mode with reversed-phase column-based 
separation. Several MS-detection conditions were applied in order to gain most informative dataset. 
Then, peak picking and alignment steps were performed, along with fragmentation spectra 
cluterization and database search. Resulting data was analyzed with GNPS service for molecular 
networks construction with different settings. Then, manual analysis of molecular networks was 
performed. In order to simplify the identification of unknows, theoretical m/z values for common 
peptide fragments were generated using in-house R script. 

As a result, conditions for molecular networking-based experiments in microcystins analysis 
were optimized. More then 50 microcystins, including previously unreported were found in analyzed 
samples. Present work demonstrates the efficiency of molecular networking in the analysis of complex 
mixtures.  
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Retention of analytes in hydrophilic interaction liquid chromatography (HILIC) is governed by 

partitioning, adsorption, and ion exchange mechanisms. The contribution of each one depends on the 
structure of the stationary phase, the nature of the analyte, and the mobile phase composition. 
Understanding the processes in chromatographic system is important for successful selecting of 
separating conditions for complex mixtures. Therefore, evaluation of the retention mechanism is an 
urgent task in HILIC. In other methods such as reversed phase HPLC or gas chromatography, the 
determination of the retention mechanism is based on the calculation of thermodynamic parameters 
using van’t Hoff equation. The dependence of the natural logarithm of the retention factor on the 
inverse temperature is described by the equation [1]: 

 
where ΔH⁰, ΔS⁰ is the change of standard molar enthalpy and entropy of substance transfer from the 
mobile to the stationary phase; Vs is the volume of the stationary phase; Vm is the volume of the 
mobile phase. At the moment there is the lack of works aimed at comparing the obtained 
thermodynamic values with the prevailing retention mechanism in HILIC. 

In this work, we determined the thermodynamic retention values for various test compounds 
(nitrogenous bases, quaternary ammonium salts, sulfonic acids, weak acids and bases) on 
3-aminopropyl silica in HILIC mode, varying the column temperature in the range from 25 to 55 °C. 
The experiments were performed at two eluting ion concentrations of 2.5 and 5 mM for each mobile 
phase composition: acetonitrile / formate (pH 2.85) or acetate (pH 5.76) buffer solution, 90/10 vol%. 
The aim of this work was to reveal the effects of mobile phase pH and concentration, and the analyte 
structure on thermodynamic parameters. 

When using formate buffer solution with pH 2.85, amino groups of the stationary phase were 
fully protonated, so the main contribution to the retention of negatively charged analytes (sulfonic 
acids) was made by ion exchange. It led to the increase of their retention times with enhancing column 
temperature. As the concentration of the eluting ion increased, an increase of the enthalpy of transfer 
was observed due to the decrease of the contribution of electrostatic interactions. Also, the enthalpy 
was affected by the hydrophobicity of the analyte. Zero enthalpy values were obtained for weak bases, 
indicating an entropy-controlled process. Negative enthalpy values were estimated for the other 
substances, indicating exothermicity of the transfer process from the mobile to the stationary phase 
and a contribution of partitioning and adsorption to retention. Using acetate buffer solution (pH 5.76) 
led to deprotonation of a part of amino groups of the stationary phase. It resulted in increased 
retention enthalpy values for most of the analytes. Nonlinearity of temperature dependences was 
observed for sulfonic acids due to changing retention mechanism with temperature increase. 

The different influence of column temperature on the retention times of the analytes resulted in 
the changes of separation selectivity for the mixture of test substances. Increasing the column 
efficiency with increasing temperature was also observed. Some critical pairs of compounds were 
better separated under higher column temperature.  
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Paracetamol (PAA) is widely used as analgesic and antipyretic drug. At present, there are 

various schemes for the synthesis of PAA, the last stage of which is the acylation of 4-aminophenol. As 
a side reaction, acylation of the phenolic hydroxyl group is possible, which leads to the formation of 4-
acetamidophenyl acetate (AAPA) (scheme 1). 

 
Scheme 1. Structural formulas of paracetamol (a) and 4-acetamidophenyl acetate (b) 

According to the requirements of the State Pharmacopoeia of the Russian Federation [1], the 
determination of related impurities in PAA is carried out by high-performance liquid chromatography 
(HPLC). The permissible content values are determined only for impurities of 4-aminophenol and 
chloroacetanilide, the content of other impurities cannot exceed 0.05%, the amount of unidentified 
impurities is not more than 0.1%. Thus, the existing methodology does not allow to perform the 
identification and quantification of the content of AAPA in PAA. 

The aim of this study was to optimize the conditions for the determination of AAPA by HPLC 
and micellar electrokinetic chromatography (MEKC). 

In preliminary experiments, it was found that PAA and AAPA have similar UV absorption 
spectra (λmax = 240 nm). Therefore, HPLC and MEKC detection was performed at a given wavelength. 
HPLC experiments were carried out on a Shimadzu LC-10 liquid chromatograph (column Luna 5 µm 
C18(2) 100 A, 4.6 x 250 mm, flow rate 1.0 ml/min, thermostat temperature 40 °C, sample volume 20 
µl). The effect of the composition of the mobile phase on the selectivity and efficiency of the analysis 
was studied. It was found that the best separation of the peaks of PAA and AAPA is observed at a 
ratio of acetonitrile and 0.1% phosphoric acid solution of 25:75.  

MEKC does not require the use of expensive chromatographic columns and is an alternative 
method for the determination of organic compounds. The experiments were carried out on a capillary 
electrophoresis device "Capel-105M" with a quartz capillary (inner diameter 75 microns, outer 365 
microns, total capillary length - 60 cm, capillary length to the detector – 50 cm). All analyses were 
carried out at positive polarity of 20 kV, the sample was injected at 30 mbar for 5 s. The effect of the 
composition of the working buffer solution (pH and sodium lauryl sulfate content) on the 
electrophoretic mobility of PAA and impurities was studied. It was found that 0.02 M phosphate buffer 
solution with pH = 10.6 containing 0.06 M sodium lauryl sulfate is optimal.  

METHOD 

RETENTION TIME, 
MIN N (AAPA) RS 

DETECTION LIMIT, 
% 

PAA AAPA 

HPLC 3.63 7.77 9700 14.8 0.01 

MEKC 4.43 6.67 25200 7.5 0.1 

Table 1. Comparison of analysis characteristics by HPLC and MEKC methods 

To increase the sensitivity of the determination of AAPA, the possibility of off-line concentration 
from PAA solutions with concentrations exceeding its solubility was studied. It was found that the 
impurity area increases in proportion to the increase in the amount of PAAs. The developed methods 
of determination were used to control the impurity content of 4-acetamidophenyl acetate in the 
intermediates of PAA synthesis provided by the Department of Chemical Technology of Medicinal 
Substances of SPCPU.  
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Tungsten carbide (WC) is widely used in industry nowadays. It’s one of the strongest 
compounds after diamond, which also has high density and wear-resistance. Based on these 
advantages, it’s advisable to further research and improve WC ceramic materials. One way to improve 
the properties of WC products is to produce them from nanocrystalline powders. One of the problems 
in WC is oxygen. Moreover, the nanocrystal powders have a large specific surface area which relates 
to increasing oxygen content. If the ceramics are sintered with high oxygen content, there is a phase 
change from WC to W2C with loss of expected properties. Based on this factor it was suggested to 
add the ZrC+Y2O3 mixture where ZrC binds adsorbed oxygen for converting to zirconia, and Y2O3 

dopes it. To control this process, it is necessary to measure oxygen in WC before and after sintering 
ceramics. 

Analysis was carried out using a system for determining oxygen and nitrogen Horiba EMGA-
620W/C. Nanosized powders and crushed ceramics were used for measurements. The oxygen 
content was determined under the following conditions: determination in graphite and nickel capsules 
at different temperatures including linear and pulse heating modes. 

Oxygen is determined by the carrier gas hot extraction method (CGHE): Oxygen from the 
sample interacts with the carbon from graphite crucible at high temperature melting in an extraction 
furnace. As the result, CO is released and directed to a non-dispersive infrared detector (NDIR) and 
the signal is converted into the oxygen content. 

Evalograms were obtained from the linear heating analysis for ceramics ZrO2+Y2O3 and 
WC+ZrC+Y2O3. The following phases were identified using XRD: 

1. ZrO2+Y2O3 in vacuum+1400 oC: ZrO2+Y2O3 – 54% (including tetragonal, Zr0,84Y0,16O1,92, 
Zr2Y2O7, Zr0,94Y0,06O1,88, Zr0,79Y0,21O1,89 phases), ZrO2 – 42% (including monocline and cubic phases); 
WO3 – 1%, Y2O3 – 1%, Y4C7 – 3%, W and ZrWC4 are less than 1%; 

2. ZrO2+Y2O3 air+1000 oC: ZrO2+Y2O3 – 90% and ZrO2 – 10%; 
3. WC+ZrC+Y2O3: ZrO2+Y2O3 – 3%, WC – 60%, WO3 – 12%, W2C – 4%; W – 21%. 
Based on these results, the ZrC+Y2O3 mixture binds oxygen into ZrO2+Y2O3, while the WC 

phase remains almost unchanged. 
Oxygen content by pulse heating mode and by XRD shown in Table 1: 
Table 1: Oxygen content results 

Ceramic 
sample 

Conditions 
Oxygen 

content, % 
Actual oxygen 

content, % 
Oxygen content 

by XRD, % 
Power, 

kW 

ZrO2+Y2O3 
Vacuum + 1400 oC 24,4 

25,6 
25,31 

6 Air + 1000 oC 25,09 25,7 

WC+ZrC+Y2O3 - 1,5 - 3,26 

The differences in the results of oxygen content determination by CGHE and XRD methods are 
due to the locality of the latter. 
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Essential oils are widely used in aromatherapy, food and pharmaceutical industries. They 
contain a range of electroactive components like eugenol and trans-anethole. Eugenol being primary 
component of clove oil can comprise up to 90% of its composition and is also found in cinnamon and 
nutmeg oils. Trans-anethole is found in large quantities in star anise essential oil. Both eugenol and 
trans-anethole have anti-inflammatory, antibacterial, antifungal, antiviral properties, and exhibit 
antioxidant activity. Therefore, they are perspective compounds in pharmaceutical industry and their 
quantification is essential oils is of practical interest. 

Novel modified electrodes have been developed for the eugenol and trans-anethole 
voltammetric determination using glassy carbon electrodes with layer-by-layer modification with 
carbon nanotubes and an electropolymerized coverages based on the phenolic dyes and acids 
(Fig. 1). 
 

 

Figure 1. Monomers used for the electrode surface modification. 
 

In the case of eugenol, pyrogallol red has been chosen as the monomer. For the trans-anethole, 
a copolymer of phenol red dye and p-coumaric acid has been obtained. Carbon nanotubes made it 
possible to increase the electroactive surface area and conductivity of the electrodes, while polymeric 
coverages provide high selectivity and sensitivity of the electrode response to target compounds due 
to the affinity effect. 

The working conditions of potentiodynamic electropolymerization (supporting electrolyte, pH, 
monomers concentration, number of cycles, electrolysis parameters) for the pyrogallol red and phenol 
red and p-coumaric acid combination have been found on the basis of the voltammetric characteristics 
of eugenol and anethole, respectively. The developed electrodes have been investigated by scanning 
electron microscopy, voltammetry, and electrochemical impedance spectroscopy. The effectivity of the 
electrode’s modification has been confirmed by significant increase of the electroactive surface area 
and electron transfer rate. The parameters of electrochemical oxidation of eugenol and trans-anethole 
have been calculated using cyclic voltammetry data at various pH and potential scan rate. 

Quantification of eugenol and trans-anethole has been performed in differential pulse mode. 
Adsorptive preconcentration for 120 s at the open circuit potential has been applied in the case of 
trans-anethole as far as its electrooxidation is a surface-controlled process. A linear dynamic ranges of 
0.75–100 μM for eugenol and 0.10–7.5 and 7.5–75 μM for trans-anethole with detection limits of 0.73 
and 0.095 μM. High selectivity of the electrode response towards target analytes has been achieved in 
the presence of common inorganic and organic compounds, including typical components of the 
essential oils. The approach has been tested on the commercial essential oils. Validation using an 
independent method demonstrated similar accuracy and the absence of systematic error in 
determinations. 
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Modern analytical chemistry following the green direction turn to synthesized materials with 
tuned properties, such as membranes and restricted access materials, MOFs and COFs, various 
nano-sized materials, ionic liquids (IL) and deep eutectic solvents (DES), surfactants, micellar 
polymers and some other. Recently, they have been called “smart materials” that means tailored, task-
specific, or designed materials, sometimes mimicking the nature, that provide significant enhancement 
of practical properties [1]. This improvement can be achieved through simplicity, increased selectivity, 
sensitivity and reduced analysis time. It is also important to effectively extract analytes from such 
complex matrices as serum, urine, plants and fungi, bacterial lysates, soils, natural waters etc., where 
analytes are often associated with other matrix components. The properties of deep eutectic solvents 
and ionic liquids are actively researching, but there is still a lot of white spots. The microextraction 
properties and selectivity of these phases are taking attention. On the other hand, to solve modern 
analytical problems, a simple and reliable synthesis of magnetic nanoparticles with the desired 
selectivity is required. The aim of current work is development of approaches with liquid (DES and IL) 
and solid (nanoparticles) smart materials for the analysis of real objects. 

Deep eutectic solvents, based on choline chloride (CC), and imidazolium ionic liquids were 
chosen as promising liquid smart materials and tested for microextraction from several plant objects (I. 
sibirica L., S. baicalensis L. and other). First tests showed that DES extraction phase is selective for 
polar compounds, such as glycosides, methylated derivatives of flavonoids. 1-hexyl-3-
methylimidazolium (C6MIm) ionic liquids, oppositely, extracted low-polar compounds selectively from 
water extracts of same plants. Best extractants were chosen - choline chloride-urea, 1:2 mol. (CC-Ur) 
and 1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (C6MImNTF2). Conditions for both 
were optimized using step-by-step approach and designs of experiment. Finally, methods were 
validated for rutin as DES standard (LOD 0,05 µg/ml) and thymol as IL standard (LOD 0,021 µg/ml). 

Designed nanoparticles are attractive due to their tunable properties that can effectively absorb 
the desired compound from complex matrix. Coated magnetic nanoparticles combine easy separation 
of extraction phase, chemical stability and selectivity to analytes. Polydopamine-coated ferrite 
nanoparticles (Fe3O4@PDA) were synthesized and its selectivity to several antibiotics was 
demonstrated. The co-precipitation and coating stages were optimized for maximum capacity and 
stability. Using of deep eutectic solvents as eluting solvent allows to reach better EFs than ones 
obtained for organic solvents. Compartibility for the analysis of several real objects was shown. 

 

 

Figure 1. Concentration of polar and low-polar compounds in DES and IL phases (comparing with 
MeOH) 
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Noninvasive diagnostic protocols allow glucose detection through sweat analysis that excludes 

skin injury and the risk of infection inherent in blood tests. Noninvasively collected sweat has proved 
its diagnostic value for hypo/hyperglycemia monitoring, providing positive correlations in metabolite 
variation rates with blood. The most suitable for noninvasive diagnostic purposes are enzymatic 
biosensors based on Prussian blue (PB) electrocatalyst because PB-based (bio)sensors are free from 
poisoning with sweat components and operate at low working potential (0.0 V vs Ag|AgCl), which 
ensures its selectivity for H2O2 reduction in the presence of other reducing agents. The most efficient 
way to set working potential is short-circuiting PB-modified electrode with Ag|AgCl reference resulting 
in nearly noiseless operation [1]. (Bio)sensors described above commonly operate in steady-state 
chronoamperometry mode with constant shorting the circuit. However, their application for monitoring 
of biological fluids is limited due to rather low sensitivity and operational stability, which may decrease 
because of hydrolysis of PB-electrocatalyst by hydroxide-anions generated during enzymatic reaction. 

To overcome these challenges pulse power generation readout, providing dramatic 
improvement of the analytical performance characteristics, is proposed [2]. Unlike steady-state 
chronoamperometry, when the circuit is permanently shorted and products of the reaction are 
generated continuously, the pulse regime is realized by periodic opening and shorting the circuit via 

programmable ammeter. Current registered at fixed sampling time (τ), generated within the short-

circuit period, is considered as the (bio)sensor response. Short-circuiting PB-modified electrode with 
Ag|AgCl reference results in equilibrating the working electrode at 0.0 V vs Ag|AgCl, providing PB 
reduction to Prussian white (PW). Opening the circuit leads to PW partial transformation to PB 
accompanied by an open-circuit potential increase. The fraction of reduced and semi-oxidized forms is 
determined by the period of short-circuiting (tSC) and open-circuiting (tOC).  

To investigate the effect of the pulse profile on the performances of the PB-based H2O2 
sensors, calibration graphs at fixed tSC (2 s), varying tOC in a wide range from 1 to 20 s and considering 
different current sampling times from 20 to 2000 ms, were registered.  Due to the enrichment of 
diffusion layer with analyte within open-circuit period the sensitivity grows with a tOC increase, reaching 

saturation at tOC ≈ 15 s, and is significantly higher at lower current sampling times. In optimal 

conditions (tOC = 15 s, τ = 20 ms), the sensitivity of the PB-based sensors exceeds 10 A·M−1·cm−2, 

while in the steady-state regime, it is 0.65 A·M−1·cm−2. Despite increase in background current of 

PB/PW recharge in pulse mode, sensitivity-to-background ratio is 2.5 times higher than for steady-
state regime.  

Improvement of analytical performance characteristics in pulse mode is even more pronounced 
for biosensors since H2O2 is generated during enzymatic reaction within the open-circuit period and 
accumulates in the diffusion layer. As found, in the pulsed mode sensitivity of glucose biosensors 

reaches a value of 3.9 A·M−1·cm−2, which is practically 100 times higher than in conventional steady-

state regime. The sensitivity-to-background ratio is increased 15 times, which is 6 times higher than 
that for the corresponding hydrogen peroxide sensor. 

The stability of the biosensor in steady-state and various pulse modes was assessed at a flow 

rate of 0.5 mL·h−1 (corresponding to the upper limit of the physiological sweating rates). Even on 

detecting a high glucose concentration of 0.5 mM, which can hardly be reached in sweat, the sensor 
response in the pulse power generation regime is absolutely stable within several hours (up to 6 h 
depending on the pulse regime), while the sensor operated in the conventional mode starts 
inactivating after 1−1.5 h of monitoring. 
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One of the promising methods for implementation of online control of chemical composition of 

spent nuclear fuel (SNF) reprocessing solutions is the use of multisensor systems based on arrays of 
potentiometric cross-sensitive sensors. Their advantages are resistance to radiolysis, high speed of 
measurements, wide possibilities for automation and miniaturization, and low cost [1]. Real practical 
implementation of this approach in the practice of radiochemical production requires the long-term 
stability of analytical characteristics of multisensor systems. Acidic hydrolysis of chlorinated potassium 
tetraphenylborate traditionally employed in polymeric membranes as a cation-exchanger is one of the 
sources of sensor response deterioration. The use of alternative cation-exchanger may improve the 
long-term sensor response stability.  For example, Bis(2-ethylhexyl ether)sulfosuccinate (AOT) seems 
promising for this purpose. When employed in solvent extraction with tetraoctyldiamide of diglycolic 
acid [2], AOT sharply increases the distribution ratios of rare earth elements (REE). Using N,O - hybrid 
donor diamide ligands [3-4] as typical extractants we have first explored the extraction of REEs by 
mixtures of AOT + N', N'-diethyl-N', N'-(4-methylphenyl)diamide pyridine-2,6-dicarboxylic acid 
(EtTlDPA) and AOT + tetra-(2-ethylhexyl) diamide of diglycolic acid (T2EHDA) in meta-
nitrobenzotrifluoride (F-3) to reveal the synergistic effect (Fig. 1).  
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Figure 1. Extraction of REEs: а) 0.1 M EtTlDPA in F-3; b) 0.1 M EtTlDPA + 0.01 M AOT in F-3  
 
It can be seen that when added to EtTlDPA, the REE distribution ratios (D) increase, however, 

with an increase in the acidity of the aqueous phase, the synergistic effect weakens. A similar 
relationship is observed for T2EHDA: when extracting 0.1 M T2EHDA from 0.1 M HNO3 D(Eu) = 0.8, 
with the addition of AOT – 40. While extraction from 3 M HNO3 shows an increase in D(Eu) by only 
1.25 times. 

At the second stage, the effect of the type of cation exchange additive on the potentiometric 
response of membrane sensors was studied. For this purpose, a number of membrane compositions 
based on EtTlDPA/T2EHDA and AOT, as well as a number of other cation exchange compounds, 
which could be successfully operated under specific conditions of radiochemical production has been 
studied. The electrochemical sensitivity of the new sensors in solutions of alkaline, alkaline-earth, 
transition metals, as well as REE was investigated. The results of these works will be presented in the 
report. 
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 Black shales are the main rocks processed by the Russian gold mining industry. Analytical 
support for such deposits discovering, with following their development and processing of ore relate to 
a number of problems. There is still no reliable method for acid digestion of the large (representative) 
mass of shale samples. Concentration of noble metals (NM) usually is very low (typically ng/g), and 
their direct determination is impossible because of a significant systematic error in the results of 
analysis due to spectral interferences caused by some macro components of the sample. 
 For example, when a reference sample of SLg-1 black shales is analyzed for Pd, Pt, Rh, the 
systematic error is more than 1000% due to the formation both polyatomic interferences and 
interferences caused by double-charged ions. The database of the iPlasmaProQuad program [1] 
contains more than 100 records of possible interferences for NM determination. It is about 10% of the 
whole interferences list of the database records. However, the probability of reactions of formation for 
polyatoms varies noticeably. 
 We have evaluated the yield of the main interfering reactions while analysis of the black shales. 
For this purpose, model solutions containing individual interfering elements were prepared. The yields 
of polyatomic ions were measured for three concentrations of interfering element that differ by an 
order of magnitude. Some results of the evaluation of the yield of interfering polyatomic ions presented 
in Table 1. 
Table 1. Some examples of polyatomic interference yield  

Interference element (isotope) The yield of polyatomic ions  with the mass 
corresponding to analyte, (as a percentage of the 

mass of the interfering element) 
181Ta 181Ta16O – 8,8% (197Au)  

181Ta16OH – 3,5% (198Pt)  
89Y 89Y16O – 6,0%(105Pd) 

89Y16OH –1.2% (106Pd) 
90Zr 90Zr16O – 5.3% (106Pd) 

 
  Based on the obtained values of the interference yield, the correction coefficients for the 
determination of some NM in black shales were calculated. It is shown that this approach does not 
provide results with an acceptable uncertainty, but can be used in some cases only to estimate the 
concentration of NM. Application just computational version for interference corrections does not result 
in acceptable results for the most cases. 
 The general way to eliminate the influence of interference is to carry out the procedure of pre-
concentration of NM. For this purpose, the NM preconcentration with sorbents based on 
nanostructured carbon materials modified with N,S-containing reagents was proposed. 
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Determining the age of a document through ink analysis is an important issue in forensic 

science, since current analysis methods do not always accurately date the handwriting. The main 
method of dating the examined writing is through analyzing changes in the chemical composition of 
the ink matrix that occur when the writing substance comes into contact with the paper. 

Ink consists of dyes, solvents, resins, and other compounds added to alter ink properties. Dyes 
and solvents are the most promising analytes, as their mass content is significantly higher than other 
components, and the processes that occur with them on paper (molecule breakdown for dyes, 
evaporation for solvents) are easier to analyze [1]. 

The most popular analytical methods for ink analysis are chromatographic methods due to their 
high efficiency and reproducibility of results. Gas chromatography (GC) with mass spectrometric 
detection is used for solvent analysis, and high-performance liquid chromatography (HPLC) with 
spectrophotometric detection is used for dye determination [2]. 

To assess the influence of natural (ink stored for a long time under room conditions) and 
artificial (ink exposed to UV light) aging on the clustering of blue ballpoint pen inks, hierarchical cluster 
analysis was applied. The relative areas of chromatographic peaks were used as initial data. 

As part of this work, a sample preparation scheme was developed. Experiments were 
conducted to determine the most reproducible method of cutting out a paper fragment, to identify the 
most effective extraction system, and to study the effect of pressure on a ballpoint pen. 

Finally, to improve the clustering accuracy, a special series of experiments on GC analysis of 
solvents in the matrices of the examined inks were conducted. Combining GC and HPLC data 
analysis increased inter-cluster distance, thus separating samples of blue ballpoint pens with similar 
dye compositions. 
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Determination of rare earth elements (REE) ultra-low concentrations in geological objects is a 
key analytical task. The most effective method for solving this problem is inductively coupled plasma 
mass spectrometry (ICP-MS). Geological objects are characterized by a complex matrix compound 
and high content of macro components, which determines matrix effects when signals recording. 
Spectral interference is also possible when determining ultra-low REE concentrations. Sorption 
preconcentration of rare earth elements by selective sorbents makes it possible to eliminate various 
influences during measurement, reduce detection limits by more than an order of magnitude, and 
increase the accuracy of analysis results. 

Carbon nanomaterials (CNMs) have a large specific surface area and a highly porous structure. 
The efficiency and selectivity of REE extraction significantly increased by modifying CNMs. Another 
advantage of carbon nanomaterials is the possibility of their acid decomposition in a microwave oven, 
which makes it possible to avoid desorption and determine REE directly in the sorbent phase. 

To obtain sorbents, mesoporous carbon (MPM) as well as carbon nanotubes (CNTs) were 
used: CNTs “Taunit” – multilayer, conical in shape and CNTs “G-183” – multilayer, short, cylindrical in 
shape (TSTU, Tambov). Specific surface according to BET – 90 m2/g (Taunit), 270 m2/g (G-183) and 
3000-3200 m2/g for MPM. We carried out carbon nanomaterials modification in two ways. Chemical 
oxidation significantly increases amount of oxygen-containing functional groups on the surface and 
ensures the extraction of rare earth elements from low acidic solutions with a pH of at least 2 [1]. The 
second method is the impregnation of CNMs with the complexing reagent N,N,N’,N’-
tetraoctyldiglycolamide (TODGA) in 3M HNO3 or dichloroethane. Such sorbents are stable and used 
for sorption in acidic environment, which significantly pruned sample preparation and increases the 
selectivity of REE extraction. 

Information about the structure and chemical purity were obtained for the modified sorbents. 
Their selectivity measured towards to a wide range of elements. Conditions for the group extraction of 
REE selected and the sorption capacity towards to lanthanum was determined. Additionally, for 
oxidized sorbents total of functional groups and the ratio of carboxyl groups in them installed, and for 
sorbents impregnated with TODGA we were determined the ligand content in the solid phase. The 
most effective sorbents were used for sorption from solutions of ultrabasic rocks standard samples: 
olivine-rich meymechite - DVM (RIAP; CRM: GSO 4317-88, Russia) and serpentinite - UB-N (ANRT, 
France). Acid mineralization of samples was carried out in an autoclave complex according to the 
method [2]. The MARS–5 microwave system was used for sorbents decomposition. Elements in 
solutions were determined on an X Series II quadrupole mass spectrometer (Thermo Scientific), and 
the iPlasmaProQuad program [3] was used for data processing.  

 
References 

[1] Ognev V. E., Khludneva A. O., Zakharchenko E. A. et al. Chemical oxidation and characterization of various 
types of carbon nanotubes in order to increase the efficiency of concentration of rare earth elements for their 
subsequent determination in geological samples // Journal of Analytical Chemistry . 2023. T.78. №. 5. C. 405–
419. 
[2] V. P. Kolotov, A. V. Zhilkina, V. I. Shirokova et al. A new approach to the mineralization of samples in an open 
system for the analysis of geological samples by inductively coupled plasma mass spectrometry with improved 
metrological characteristics. analytical chemistry. 2020. T.75. №. 5. C. 394–407. . 
[3] Kolotov V.P., Zhilkina A.V., Khludneva A.O. iPlasmaProQuad: A Computer System Based on a Relational 
DBMS  for Processing and Monitoring the Results of Routine Analysis by the ICP-MS Method. / Advances in 
Geochemistry, Analytical Chemistry, and Planetary Sciences: Special Publication commemorating the 75th 
Anniversary of the Vernadsky Institute of Geochemistry and Analytical Chemistry of the RAS / Kolotov V.P., 
Bezaeva N.S. Springer, 2022. 

 
 

mailto:717nasta34@gmail.com


 

331 
 

DETERMINATION OF ADULTERATION MARKERS USING 1H NMR SPECTROSCOPY 

Khrolenko R.A1., Kupriyanova G.S1. 

1Baltic Federal University by Immanuel Kant, Kaliningrad, Russia 

Student, bachelor 
roma.khrolenko.00@mail.ru 

 
NMR spectroscopy is one of the most effective methods for analyzing vegetable oils, providing 
detailed information about both the structure of the molecules and its dynamic properties of the 
molecules. 
This work explores the capabilities of 1H-NMR spectroscopy to determine the quality of vegetable oils, 
such as olive, sunflower, avocado, and walnut oils and to identify markers that would allow the 
identification of oils and the detection of counterfeit products [1-3]. 
To find markers, relaxation and chemometric 1Н NMR methods were used. Using data on line 
intensities, iodine numbers were determined for the studied vegetable oils, which made it possible to 
estimate the degree of unsaturation of fatty acids that make up the fat [2]. 

Calculated data on iodine numbers and literature data 
are given in the table. Analysis shows that iodine value 
can be used as one of the markers for identifying oils. 
Comparison of the data with literature data showed 
that for a number of samples the iodine numbers are 
outside the acceptable limits, which may indicate low 
quality oil. For example, the iodine value for avocado 
oil is 109, which significantly exceeds the limit value. 
The oil is likely mixed with oils high in fatty acids, such 
as walnut oil. It was also found that oil with an expired 
shelf life also has a lower iodine value, which is 
associated with oxidative processes in oils leading to 
degradation of fatty acids. 
In addition, analysis of relaxation data made it possible 
to identify a number of markers based on correlation 
data T1 /T2. 
 
  
 
 Table 1. Iodine numbers with literature data. 
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Sample name Iodine 
number 

Iodine 
number 
(literature 
data) 

Sesame Oil 126,7 100 - 120 

Sunflower Oil 87,6 110 - 145 

Turkey Olive Oil 90,5 75 - 94 

Borges_2021 72,8 75 - 94 

Kamili_olive_oil 74,0 75 - 94 

Yudum_olive_oil 71,4 75 - 94 

ITLV_refined 72,4 75 - 94 

Krakov_olive oil 73,6 75 - 94 

Beldi_olive 74,1 75 - 94 

walnut oil 127,7 120-133 

avocado oil 109,3 71-95 

Linen_oil 175,7 190 

Crit_olive 68,5 75 - 94 

ondoliva 68,0 75 - 94 

Beldi rescan 70,5 75 - 94 

Yudum rescan 74,7 75 - 94 

Borges_II 71,9 75 - 94 
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Ascorbic acid is a water-soluble compound that is naturally present in food products and is also 
widely used as a dietary supplement and antioxidant. This substance plays an important role in 
various biological processes, for example, it promotes the elimination of free radicals, improves iron 
absorption, normalizes metabolism and increases immunity. However, the excessive consumption of 
ascorbic acid leads to allergic reactions and gastric irritations [1-2]. Children are especially sensitive to 
this effect. Therefore, monitoring the content of ascorbic acid in baby food products is an important 
analytical task. 

Most of the existing techniques for the determination of ascorbic acid in food products involve 

using expensive equipment or time-consuming sample preparation. For on-site express simple and 

cost-effective monitoring of ascorbic acid content in food products, a portable digital image-based 

system with test stripes have been developed in this work. To perform the analysis test strip with 

"yellow" form of heteropoly acid is immersed in a sample. Then in the presence of ascorbic acid the 

heteropoly acid is reduced with formation of a "blue" form. The ascorbic acid content in the sample is 

determined by the color intensity of the reaction zone of the test strip. For instrumental analysis the 

image of the test strip is recorded using a smartphone camera and processed in a special application 

using the RGB color model. Also, the proposed technique allows to evaluate rapidly the concentration 

of ascorbic acid visually using a color scale. The test system was applied for the determination of 

ascorbic acid in baby food samples. The limit of detection of the proposed technique is 3 mg kg-1, the 

analysis time does not exceed 5 min. 
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Hypertension is a major factor in the development of cardiovascular diseases, such as coronary 

heart disease and myocardial infarction, and is a cause of cerebral circulatory disorders, including 
strokes [1]. Enalapril maleate, [(S)-1-[N-[1-(ethoxycarbonyl)-3-phenylpropyl]-L-alanyl]-L-proline] is an 
effective and safe antihypertensive prodrug [2] that is rapidly absorbed after oral administration. Given 
its high pharmacological significance, controlling concentration of Enalapril maleate in the human body 
via urine analysis is necessary for establishing effective treatment of hypertension [1]. 

A subgroup of rare earth cuprates with a K2NiF4 structure has attracted widespread attention as 
a promising electrocatalyst because of their high electronic conductivity and outstanding 
electrochemical properties [3]. Samarium derivatives are a class of semiconductors with proven 
applicability in solar cells, biochemical sensors and nanomagnets [22–24]. 

Samarium cuprate was tested as a modifier for the carbon-paste electrode in the 
electrochemical sensing of medically relevant antihypertensive pro-drug Enalapril maleate. Developed 
sensor has shown promising activity in real samples, low detection limits and significantly wide 
concentration range of analysis. 
 

 

Scheme 1. SWV curves of 10 wt% Sm2CuO4/CPE for Enalapril maleate variant concentration in BRBS 
at pH 6 (a); The linear plot for the Enalapril maleate concentrations versus Ipa (b). 

 
Pristine Samarium cuprate is yet another example of a material with multivalent functionality. 

With primary application in physics, it was successfully adapted for electrochemical sensing. EC-
analysis of drug for hypertension treatment with wide (20-380 µM) detection range and fairly low 
(6.0 µM) detection limit. Stable chemical structure and chemical resistance provided great 
reproducibility of results in time and from electrode-to-electrode. 
 

References 
[1] J. Anal. Chem. 2005, 60, 436 
[2] J. Mol. Liq. 2023, 386, 122470 
[3] J. Alloys Compd. 2020, 816, 152629 
[4] Int. J. Electrochem. Sci. 2018, 13, 6996 
[5] Nat. Mater. 2005, 4, 455 
 

Acknowledgements 
This work has been supported with Russian Scientific Foundation Grant № 24-13-20018. 

mailto:elena.korina@gmail.com


 

334 
 

MAGNETIC SOLID-PHASE EXTRACTION BASED ON MAGNETIC HYPERCROSSLINKED 
POLYSTYRENE FOR DETERMINATION OF FLUOROQUINOLONES IN MILK WITH HPLC 

Y.A. Kulinich1, V.V. Tolmacheva1, V.V. Apyari1 
 

1 Chemistry Department of Lomonosov Moscow State University, Moscow, Russia  
Student 

kulinich.yana@gmail.com 

 
Fluoroquinolones are a group of synthetic broad spectrum antibacterial drugs which are used in 

veterinary medicine, and there is significant concern about the impact of their residues on human 
health. For example, the presence of these substances in the environment can cause antibacterial 
resistance, and food products containing residues of these drugs can be toxic to humans. Therefore, 
the supervision and monitoring of fluoroquinolone residues have received great attention. In Russia, 
the Customs Union of the Eurasian Economic Union has approved maximum residue levels (MRLs) 
for the residues of fluoroquinolones in food products of 0.001–1.5 mg/kg.  

The determination of fluoroquinolones in environmental and food samples can be challenging due 
to their low concentrations and complex composition of analyzed matrices. To overcome this problem, 
sample preparation is performed to preconcentrate the analytes and remove matrix components. 
Among the different methods available, sorption methods, which are highly efficient and do not rely on 
large quantities of toxic organic solvents, appear to be the most favorable option. Magnetic solid-
phase extraction is a convenient approach to solid-phase extraction where target analytes are sorbed 
onto magnetic sorbents that can be easily separated from the sample matrix using an external 
magnetic field. Compared to traditional solid-phase extraction methods, magnetic solid-phase 
extraction offers such advantages as speed, cost-effectiveness, and ease of use. It allows for direct 
extraction of analytes from unpurified samples with suspended solids, eliminating the need for 
additional centrifugation or filtration steps.  

In our work we propose an approach to the determination of fluoroquinolones in milk, based on 
their sorption isolation and preconcentration on magnetic hypercrosslinked polystyrene. Magnetic 
hypercrosslinked polystyrene is of great scientific and practical interest, because it combines the 
unique sorption properties of hypercrosslinked polystyrene with the possibility of separating the 
sorbent from the solution using a magnet. To achieve the best extraction efficiency, various conditions, 
such as amount of the adsorbent, pH, extraction time, desorption time and the nature of eluent, were 
optimized. Under selected conditions, the extraction degrees of fluoroquinolones were in the range of 
93–96%. Sample preparation of milk was carried out as follows. At the first stage, direct sorption of 
analytes from milk on the magnetic hypercrosslinked polystyrene under static conditions was carried 
out, after that the sorbent was separated from milk using a magnet and washed with water, and then 
the analytes were eluted from magnetic hypercrosslinked polystyrene with methanol. The results 
showed that the recoveries of levofloxacine, lomefloxacine, and norfloxacine from milk were in the 
range of 86–103%.  
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Liquid-liquid extraction methods are widely used to concentrate and separate analytes from 
different matrices. However, most of the conventional extraction methods have sufficient drawbacks, 
for example, high reagents consumption, toxicity of most of the solvents, and prolonged extraction 
time. Supramolecular solvent-based microextraction methods are being developed in an attempt to 
address those issues. Primary amines are one of the known precursors for supramolecular solvent 
formation with the addition of a coacervation agent or environmental change [1]. It is known from the 
previous work of our group that terpenoids can cause coacervation [2]. Terpenoids such as thymol 
and menthol are natural components of deep eutectic solvents (DESs), which are multi-component 
mixtures of hydrogen bond donors and acceptors. In this work, the possibility of supramolecular 
solvents formation in the presence of primary amines and DESs as coacervation agents was 
investigated. New extraction systems were applied for microextraction and determination of 
enrofloxacin in milk. 

Hydrophobic DESs were prepared based on terpenoids (thymol and menthol) and 
primary alcohols and carboxylic acids. All prepared DESs caused phase separation in the primary 
amine solution. The influence of DES composition and nature of primary amines, molar ratio of 
precursors, phase volume ratio, extraction time, and sample volume on the extraction efficiency of 
enrofloxacin were studied. The developed microextraction procedure was coupled with high-
performance liquid chromatography with fluorescent detection. 
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Low molecular weight organic acids are the most important metabolites involved in the 

regulation of many biochemical processes in mammals. Dicarboxylic and hydroxycarboxylic acids are 
formed during the metabolism of amino acids, fats and carbohydrates; short-chain fatty acids (SCFA) 
are waste products of intestinal microbiota. It has been found that changes in their content in biological 
fluids can serve as a diagnostic criterion for various metabolic disorders, such as metabolic syndrome, 
obesity and diabetes, as well as for other diseases, for example, cancer, endometriosis, etc. Thus, it is 
necessary to control the content of carboxylic acids in biological fluids to deeper understand the 
relationship between the nature and concentrations of these analytes with specific pathological 
processes. Since low molecular weight carboxylic acids have higher volatility and hydrophilicity, their 
determination by traditional methods gas and liquid chromatography requires preliminary 
derivatization. An alternative approach in the case of highly polar biologically active substances is 
capillary electrophoresis (CE), which allows the separation of both organic (saturated, dicarboxylic and 
hydroxycarboxylic acids, amino acids, etc.) and inorganic acids (chloride, bromide, phosphate, sulfate, 
nitrate, nitrite etc.) in the form of anions in one analytical cycle. 

Thus, the aim of the study is to develop sensitive and selective approach for determination of 
low molecular weight carboxylic acids to obtain characteristic profiles of analytes in biological fluids 
from patients with various diseases. 

The possibilities of determining carboxylic acids both in the form of silyl derivatives and without 
derivatization were studied using the GC method with mass spectrometric detection. The first 
approach is traditional in metabolomics, provides low detection limits and the ability to determine 
amino acids, hydroxycarboxylic and dicarboxylic acids. However, the high volatility of short-chain fatty 
acids (up to C4) challenges current analytical method due to significant losses already at the sample 
preparation stage that leads to irreproducibility of results. In this study, a fast and reliable method GC-
MS without derivatization was developed for the analyses C2-C10 SCFA using polar stationary phase. 
The workflow for sample preparation of blood serum for GC analysis (precipitation of proteins and 
purification from lipids) and conditions for the selective separation of analytes (temperature gradient 
70-2300C) were developed. The detection limits of organic acids were 0.01-0.1 μg/ml, repeatability 
(precision and accuracy) and reproducibility were sufficiently accurate for most of the organic acids, 
making this method suitable for their fast determination in real samples. The application of the 
developed GC/MS method for the analysis of organic acids in blood serum samples has been 
evaluated. Characteristic profiles of organic acids (C2-C10) were obtained in the blood serum of 
patients with endometriosis and uterine myoma (as a control), followed by chemometric processing to 
identify potential biomarkers of the disease. 

On the other hand, the possibilities of simultaneous determination of organic and inorganic acid 
anions by capillary zone electrophoresis with indirect detection were studied. Factors affecting the 
separation performance of analytes have been established: the nature and concentration of the 
absorbing co-ion (benzoate and chromate) and the background electrolyte (BGE), pH value, and the 
presence of modifiers in the BGE composition. The conditions for on-line preconcentration of analytes 
(large volume sample stacking) were selected, which made it possible to determine acids of various 
natures in biological fluids. Electrophoretic profiles of organic and inorganic acids were obtained in 
urine samples of patients with prostate cancer using developed CE approach. 
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X-ray photoelectron spectroscopy (XPS) or electron spectroscopy for chemical analysis (ESCA) 

can provide information on the qualitative and quantitative composition, valence states of the elements 
of the samples under study. XPS provides depth information comparable to the size of nanoparticles 
and ultrathin films (up to 10 nm depth from the surface) and does not cause significant damage to the 
samples. 

Nanomaterials are materials that have linear dimensions up to 10-100 nanometers. Restrictions 
in different directions make it possible to divide nanomaterials into zero-, one-, two- and three-
dimensional. The chemical composition of the surface and interfaces determine the most properties of 
nanoparticles and nanostructured materials. 

So, analytical depth of the XPS is comparable to characteristic measures (sizes) of 
nanomaterials. Moreover, XPS doesn’t measure signal from the deeper layers of the samples, 
determining elemental quality and quantity composition and distribution of different oxidation states 
only in nano-depth layers. 

Of course, there are several restrictions and limitations of the method. XPS can determine very 
thin layers of the sample in vertical dimension, but much more lateral/horizontal areas of the sample 
(in relation to the depth resolution). While it can get information of upper layers of the sample (for 
example, layers of nanoparticles), it cannot distinguish the signal of a single particle, only the signal of 
the whole layer. It means the form and the size of nanoparticle cannot be determined by XPS. 

Using electron emission spectra as an analytical signal also leads to the problem of surface 
charging. Electrons leave the surface of the sample, and the surface becomes charged positively, 
which makes it hard for the next electrons leave it. This process can be critical for isolators, less 
harmful for semiconductors and negligible for conducting (metal) samples. 

Sample surface properties are hard to predict. Thin films and nanoparticles often show unusual 
features, not characteristic for the bulk material. It may be unusual oxidation states, conducting 
properties and everything depending on the electron structure of the particles and layers. It is hard 
sometimes to find out is it a binding energy shift depending on oxidation state or a surface charging. 
Some calculated characteristics, like Auger-parameter or Wagner plots, can make clear the state of 
the sample surface. 

New approaches to XPS allow not only to decrease size of the spot from which the information 
is being collected. They allow get a better resolution using synchrotron X-ray sources or UV-lamps. 
They also allow measurements at relatively high pressure and in liquid films and jets. They can 
measure even the separate nanoparticles in the stream (liquid jet). 

Although calculation of the surface composition may seem a routine task, it becomes much 
more complicated in case of non-homogenous distribution of the elements by depth. Similar 
compositions with different laying order give the spectra with different peak areas and background 
intensities. It is the task for special modelling programs which create artificial spectra to compare with 
the collected ones. 

So, all the new objects of analysis require new methods and techniques. XPS (ESCA) is not a 
new method itself, and all the focus now is on the data processing techniques, including background 
subtraction and deconvolution or peak fitting procedures. 
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Fluoroquinolones are broad-spectrum antibacterial drugs that are currently widely used in 

outpatient and inpatient settings for the treatment of respiratory and urinary tract infections, intestinal 
and ophthalmic diseases, tuberculosis and many others. They are prevalent in clinical practice due to 
their pronounced antimicrobial activity and high levels of penetration into tissues and cells of the body. 
In the context of personalized medicine, the monitoring of the content of fluoroquinolones in biological 
fluids is required to take into account the individual characteristics of the human body during 
pharmacotherapy and to increase its safety and effectiveness, thereby reducing the likelihood of 
serious side effects.  

In this study, a supramolecular solvent-based microextraction approach was proposed for the 
extraction and preconcentration of two fluoroquinolones (ofloxacin and moxifloxacin) from biological 
fluid followed by their determination by high-performance liquid chromatography with fluorometric 
detection. Di-(2-ethylhexyl)-phosphoric acid ammonium salt was studied as an amphiphile, and a 
number of strong electrolytes were studied as coacervation agents inducing aggregation of the 
micelles. It was revealed that the introduction of di-(2-ethylhexyl)-phosphoric acid and ammonia 
solution into the sample resulted in the formation of an isotropic solution of anionic surfactant 
(ammonium di-(2-ethylhexyl)-phosphate). Upon addition of an inorganic salt solution, a 
supramolecular solvent phase was formed, and the target analytes were extracted into it due to 
various interactions with the micelles. The performance of the developed approach was demonstrated 
by the analysis of real biological fluid samples. 
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Fluoroquinolone antibiotics are among the most widely used antibiotics in the fight against 

microbial diseases. These antibiotics have pronounced bactericidal properties and can suppress the 
biological activity of a wide range of bacteria. However, the use of antibiotics has a drawback: the 
production of microbial antibiotic resistance, which makes them immune to certain antibiotics. This can 
lead to the increase of drug-resistant bacteria in the aquatic environment and pose a potential threat to 
ecosystems. Therefore, it is essential to develop new methods for detecting traces of antibiotics in 
bottom sediments for environmental monitoring purposes. 

In this study, a method for microextraction of fluoroquinolone antibiotics (ciprofloxacin, 
moxifloxacin, enrofloxacin, ofloxacin) from sediments using deep eutectic solvent (DES) was 
proposed. These solvents have found applications in various fields of chemistry, including as efficient 
and environmentally friendly extractants. Depending on their solubility in water, DES can be divided 
into hydrophilic, hydrophobic, and quasi-hydrophobic types. Quasi-hydrophobic DES consist of 
hydrophilic and hydrophobic components that in an aqueous environment decompose with the 
formation of a new hydrophobic phase. A three-component quasi-hydrophobic DES based on choline 
chloride, propylene glycol and heptanoic acid was used to the separation and preconcentration of 
target analytes. After extraction of the target analytes from the sample, the DES was mixed with the 
aqueous phase, which led to the release of heptanoic acid, into which the analytes were concentrated. 
The developed method allowed for the efficient extraction of polar analytes from a complex matrix of 
sediment samples without the need for an additional purification step. The conditions for the 
microextraction procedure of fluoroquinolone antibiotics for their subsequent analysis by high 
performance liquid chromatography with fluorometric detection were optimized. The limits of detection, 
calculated from a blank test based on 3σ, were 1 μg kg-1 for ciprofloxacin, moxifloxacin, enrofloxacin 
and ofloxacin. 
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This research focuses on studying the long-lived room-temperature phosphorescence (RTP) 

characteristics of novel metal-free materials, which were created using a supramolecular approach. 
These materials contain ternary complexes involving naphthalene (Naph), β-cyclodextrin (β-CD), and 
three different hydrocarbons: cyclohexane (CyH), toluene (Tol), and p-tert-butyltoluene (p-TBT), which 
are capable of phosphorescence (Fig. 1). 

 
Figure 1. The structure of Naph–β-CD–CyH (a), Naph–β-CD–Tol (b), and Naph–β-CD–TBT (c) 

calculated in the gas phase. 
During the study, long-lived RTP with non-monoexponential decays was observed in all 

examined complexes (Fig. 2a, 2b). The average phosphorescence lifetimes are detailed in Table 1. 
The weak dependence of RTP decays of these complexes on excitation light intensity and the molar 
ratio of Naph to β-CD, as well as the observed delayed fluorescence with average lifetime of 1055 ms 
for the Naph–β-CD–CyH complex, indicate the presence of the triplet-triplet annihilation process.  
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Figure 2. (a) The RTP spectra of the Naph–β-CD–hydrocarbon complexes; (b) The RTP decay curves 
of the Naph–β-CD–hydrocarbon complexes; (c) The Stern–Volmer plots of RTP lifetimes of the Naph–

β-CD–hydrocarbon complexes 
Table 1. The key RTP characteristics of the supramolecular system Naph–β-CD–hydrocarbon 

 
 

The effect of O2 concentration on the intensity and lifetime of complexes RTP was investigated. 
The key RTP characteristics of the supramolecular Naph–β-CD–hydrocarbon systems are presented 
in Table 1. The RTP lifetimes of the studied materials plotted in Stern–Volmer coordinates are shown 
in Figure 2c. For the Naph–β-CD–CyH complex, the efficiency of RTP quenching remains consistent 
within the 0–21 vol. % oxygen concentration range. In contrast, for the Naph–β-CD–Tol and Naph–β-
CD–p-TBT complexes, the highest sensitivity to O2 is observed within the 0–5 vol. % range. However, 
with further increases in O2 concentration, the efficiency of quenching decreases, demonstrating a 
deviation from linearity in the Stern-Volmer coordinates. The nonlinearity of RTP quenching by oxygen 
for the complexes with Tol and p-TBT, unlike CyH, can probably be explained by the presence of 
complexes with varying degrees of accessibility to O2. 

Therefore, the possibility of adjusting the oxygen sensitivity of RTP materials through the 
manipulation of ternary complex composition, by altering the hydrocarbon component, presents 
promising opportunities for developing straightforward and effective oxygen sensors capable of 
detecting a wide range of concentrations. 
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Complex 
Average RTP lifetime, ms 

Ksv kq, s-1 
LOD, 
vol. % 0 vol. % O2 21 vol. % O2 

Naph–β-CD–CyH 1803 ± 3 578 ± 6 10,4 ± 0,2 5,7 ± 0,2 0,002 

Naph–β-CD–Tol 1164 ± 7 430 ± 9 48,8 ± 2,7 42,1 ± 3,0 0,001 

Naph–β-CD–p-TBT 1734 ± 4 1081 ± 5 9,3 ± 0,3 5,4 ± 0,3 0,002 
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Carbohydrates play a significant role in metabolic processes and their determination in complex 
biological matrices is applicable for solving diagnostic and food manufacturing problems. Capillary 
electrophoresis (CE) is an analytical method used for the separation of carbohydrates as well as other 
analytes with high efficiency, and separation selectivity. Besides, the method provides possibilities for 
lowering the limit of detection (LOD) for selected analytes using in-capillary sample concentration 
techniques and intracapillary derivatization. Still, approaches for the electrophoretic detection of 
carbohydrates aim to overcome the following limitations: absence of chromophore groups, high 
polarity, and low values of dissociation constants.  

Thus, it is possible to determine carbohydrates in the indirect detection mode using the 
absorbing “probe” ion introduced into the background electrolyte (BGE). The absorbing “probe” 
selection considers its stability in the BGE, high molar absorptivity, and mobility close to the mobility of 
analytes to improve separation efficiency. Indirect detection was used for the determination of sugars 
with the following BGE: 2.5 mM acridoneacetic acid as an absorbing “probe”, 75 mM KOH, 0.5 mM 
cetyltrimethylammonium bromide, and 5% (vol.) methanol. Organic acids and carbohydrates migrated 
as separate groups of analytes, and the separation of seven carbohydrates was reached. The method 
was applied for baby food analysis. 

Common pre-analysis derivatization methods, which add chromophore group to the 
carbohydrate molecule, are reductive amination and condensation with 1-phenyl-3-methyl-5-
pyrazolone (PMP). Reductive amination was performed using ethyl-p-aminobenzoate (ABEE), and 
separation conditions for the derivatives were selected. Derivatives were separated in the CZE and 
the MEKC modes. Sodium dodecyl sulfate (SDS) was introduced into the BGE to form micelles that 
could enhance the separation of the derivatives through hydrophobic interactions. The MEKC mode 
was used for the separation due to its higher efficiency and the separation selectivity: the efficiency 
ranged from 408 to 654 thousand t.p., the selectivity factors were 2.1 – 2.4, and the LOD were 0.75 – 
2.93 μg/mL. In-capillary sample preconcentration was performed using sweeping with the addition of 
micelles into the BGE without their addition into the sample. The sample enhancement factors 
reached ranged from 13.4 to 19.3. The capabilities of ionic liquids for the separation enhancement 
were tested as they were introduced into the BGE separately and along with SDS to form mixed 
micelles. 

Derivatization conditions were optimized for analytes separately using the central composite 
design. Optimal conditions for the derivatization were determined for each analyte using response-
surface methodology. Mutual optimization was performed with the desirability function, and 
experimental yields in the conditions selected complied with the predicted ones. The intracapillary 
derivatization procedure included the introduction of the sample, the reagent solution, and the BGE 
zone into the capillary with the following electrophoretic mixing. The SDS micelles were added into the 
reagent solution to provide its electrophoretic mobility. 

Condensation of sugars with PMP was used for the determination of reducing carbohydrates 
and the derivatives were separated in the CZE mode. The separation efficiency was 200 – 260 
thousand t.p., the selectivity factors ranged from 1.0 to 3.4, and LOD was from 0.30 to 0.49 μg/mL. 
The use of large-volume sample stacking enabled the lowering of LOD to 0.10 – 0.16 μg/ml. Linearity 
of both derivatization methods was established in the range of concentrations from 10 to 250 μg/mL. 
Both derivatization methods were adapted to the analysis of baby food.  

Therefore, indirect detection and two derivatization methods were used for the electrophoretic 
determination of carbohydrates. Analytical characteristics of each method were compared and all were 
applied for the analysis of baby food samples. Besides, the capabilities of in-capillary sample 
preconcentration and intracapillary derivatization for reductive amination were investigated. The 
MEKC mode for the reductive amination derivatives demonstrated high efficiency, separation 
selectivity, and low LOD among the tested ones. 
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The rapid industrialization alongside contemporary agricultural practices are the main causes of 
heavy metal contamination of the environment and, consequently, of food products, which are 
established as the primary source of human exposure to these substances. The impact of metals such 
as Pb, Cd, and Hg are considered particularly hazardous due to their ability to accumulate in the body, 
leading to the development of various diseases. The content of heavy metals in food products 
(depending on the product) should not exceed 0.01-10.0 mg kg-1 for Pb, 0.003-2.0 mg kg-1 for Cd, and 
0.001-0.1 mg kg-1 for Hg, respectively [1]. Therefore, the determination of these substances in food 
products is very important.  

Among the multitude of instrumental techniques developed for the determination of heavy 
metals in food products, inductive coupled plasma-optical emission spectroscopy (ICP-OES) is the 
most frequently utilized. Despite microwave sample decomposition being the most commonly used 
sample preparation method, the use of concentrated acidic mixtures often leads to a necessity for 
dilution of the resulting solution prior to analysis, which is undesirable due to the low concentration of 
analytes in some food products. To overcome this problem, concentration of analytes from the 
resulting solution can be used. Considerable attention is currently directed towards extraction 
approaches, with liquid-liquid extraction (LLE) being the most prevalent method. Nowadays, deep 
eutectic solvents (DESs) have gained widespread application as «green» extractants. Despite the 
effectiveness of such solvents for the extraction of organic analytes, only a few studies in the literature 
have focused on metal extraction. 

In this study, an automated microextraction procedure with the use a novel DES based on 
sulfur-containing compound (thionalide) and natural terpenoid (thymol) as both a chelating agent and 
an extractant for the determination of heavy metals in food products was developed. The analytical 
procedure involves the pre-application of the extractant onto a solid-phase carrier, passing through it 
the aqueous solution of the analytes obtained after microwave sample decomposition followed by their 
elution and quantitative determination using ICP-OES. Various parameters such as DES composition 
and the extraction conditions of heavy metals (pH, flow rate, volume of the aqueous solution, solvent 
for the subsequent elution of the analytes) were studied and optimized. Under these optimal 
conditions the detection limits for Pb, Cd, and Hg were determined to be 0.01 mg kg -1, 0.002 mg kg-1 
and 0.01 mg kg-1, respectively.  

 
Scheme 1. Schematic representation of the developed procedure. 
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Biodiesel, an alternative fuel, is produced through catalytic transesterification of vegetable 
oils or animal fats with alcohol, typically methanol, followed by purification to remove by-products such 
as glycerol, catalyst residues, and excess alcohol via water washing. However, residual amounts of 
methanol, glycerol, and water can pose several challenges, including metal corrosion, reduction in fuel 
flash point, and sediment formation in fuel storage tanks. According to the European Standard 
EN 14214, the maximum permissible concentrations of water, methanol and glycerol are 500 mg/kg, 
0.2 % (w/w) and 0.02 % (w/w), respectively. Therefore, there is importance of quality assurance in 
biodiesel production.  

 To streamline biodiesel quality control, spectral analysis methods, particularly infrared (IR) 
spectroscopy offering multicomponent analysis, are prevalent [1]. The complexity of the biodiesel 
matrix makes its direct spectral analysis difficult, therefore a sample pretreatment becomes 
necessary. The most common method for removing methanol, glycerol and water from biodiesel is 
liquid-liquid extraction, for which deep eutectic solvents (DES) have been widely used as effective 
extractants in recent years [2]. 

This study aimed to develop a simple, rapid and eco-friendly method for quantifying 
methanol, glycerol and water in biodiesel using IR spectroscopy combined with 
microextraction into a deep eutectic solvent. The proposed analytical approach (Scheme 1) 
involves adding a hydrophilic deep eutectic solvent, based on choline chloride and urea, to a biodiesel 
sample. The mixture undergoes vigorous vortex mixing, followed by phase separation. At the next 
stage, the IR spectrum of the extract is obtained, and quantitative analysis is executed employing a 
multivariate calibration chemometric model – partial least squares (PLS). 

 

 

Scheme 1. Schematic representation of the developed procedure. 
 

Throughout the investigation, optimal parameters for the extraction process, such as the 
sample-to-extractant ratio and extraction time, were scrutinized and optimized. Under these optimal 
conditions, the detection limits for methanol, glycerol and water in biodiesel were determined to be 
100 mg/kg, 10 mg/kg and 30 mg/kg, respectively. These values endorse the applicability of the 
developed method for biodiesel quality assurance, offering advantages like multicomponent analysis, 
rapidity, simplicity, and environmental benignity. 
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Food dyes allows you to enhance the natural color of a product or give a new and unusual 
look to a colorless substance. Today, coloring additives are used in many foods. Approval for the use 
of dyes in the food industry is subject to a wide range of toxicity tests and strict legal regulations in 
many countries. It is very important to determine the content of permitted dyes in food products, 
because their excessive consumption can lead to adverse health effects. However, along with the 
permitted dyes, there are also prohibited dyes, such as Sudan dyes [1], which are often illegally added 
to food products for deceptive purposes, leading to serious health problems as they are considered 
carcinogenic [2] and genotoxic. 

Most widespread methods for determining dyes in food products often have disadvantages 
such as labor-intensive sample preparation, low extraction efficiency, and the need to use hazardous 
organic solvents. Also, a significant limitation in this direction is the fact that there are both water-
soluble and water-insoluble dyes. This leads to the need for individual selection of the optimal 
extractant or mixture thereof for extracting a specific dye. This, in turn, complicates the sample 
preparation procedure. In the field of food chemical analysis, deep eutectic solvents (DES) have 
emerged as a promising alternative to traditional organic solvents due to their unique properties, 
including low toxicity, controlled polarity, and environmental friendliness. DES have found use in the 
extraction of various classes of both food dyes and prohibited Sudan dyes. However, the possibility of 
their use for the simultaneous extraction of both polar and non-polar dyes is limited. 

This study presents for the first time the possibility of using quasihydrophobic deep eutectic 
solvents in a new approach for the determination of dyes of different polarities in food products. These 
DES have a unique composition that includes both polar and non-polar components, allowing for the 
efficient extraction of a wide range of dyes from complex food matrices. A procedure was developed 
for the simultaneous extraction of three approved polar dyes (Sunset Yellow FCF, Azorubine, 
Ponceau 4R) and three non-polar Sudan dyes (Sudan I, Sudan II, Sudan III) in DES followed by 
HPLC-PDA analysis (Scheme 1). Five DESs were proposed based on polar (water, formic acid, 
tetrabutylammonium bromide) and non-polar components (thymol, menthol, hexanoic acid, n-
hexanol). According to the optimization results, the best extraction was shown by DES based on 
tetrabutylammonium bromide (TBAB) and hexanoic acid (1:2), which can be explained by the 
formation of ionic associates between dyes and TBAB; the optimal extraction time was 15 minutes. 
The proposed procedure was applied to the determination of dyes in different food samples. 

 
Scheme 1. Analysis of solid food products 
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Milk is one of the main products of the diet, ensuring the full functioning of the human body. The 
possible presence of antibiotic residues in milk can lead to allergic reactions, changes in the intestinal 
flora, and bacterial resistance, so this problem is a key one in food safety. Spectrophotometry is a 
universal method for monitoring the content of drugs in various objects, and promising in the analysis 
of dairy products in particular. Various variants of chromatographic, electrochemical, and test methods 
for milk analysis are described in the literature [1-2]. The purpose of this work was to study the 
possibility of determining ceftriaxone and cefotaxime in milk using the spectrophotometric method. 

The object of the study was drinking ultra-pasteurized milk with a mass fraction of fat 3.2% 
"Belaya Dolina", State Standard-31450-2013, manufacturer: Engels Dairy Plant LLC, Saratov region, 
Engels, Russia. The sodium salts of ceftriaxone (Ceft) and cefotaxime (Ctox), cephalosporin β–lactam 
antibiotics (β-lac) (Figure 1), were added artificially to milk, which are widely used in the treatment of 
various inflammatory processes in medicine and veterinary medicine. 
 

 
                                  A                                                                         B 

Fig. 1. Structural formulas of molecules of sodium salts of ceftriaxone (A) and cefotaxime (B) 
 

The selection of optimal conditions for the process of sample preparation and 
spectrophotometric determination of the studied antibiotics in milk was carried out. After completing 
the sample preparation stages, four phases of the system of the object of study were obtained, two 
liquid phases (aqueous and organic); a dense "tablet" of light beige color; a precipitate in the form of 
large transparent crystals. 

Next, the aqueous solutions of the studied "milk – β-lac" systems were studied. The electronic 
absorption spectra were recorded using a Shimadzu UV-1800 spectrophotometer in the range of 220-
350 nm with a registration step of 1 nm. For the calibration dependences of solutions of pure 
antibiotics, milk – Ceft and milk – Ctox systems, the correlation coefficients are close to one for the 
spectrophotometric determination of ceftriaxone and cefotaxime, which gives reason to use the 
proposed method to determine ceftriaxone and cefotaxime injected into milk. Verification of the 
correctness of the definition was carried out by the "entered-found" method. 

Thus, optimal conditions for milk sample preparation and spectrophotometric determination of 
ceftriaxone and cefotaxime in it were determined. Electronic absorption spectra of solutions of the 
studied "milk – β-lac" systems have been obtained. The role of acetonitrile, succinic acid, Trilon B, and 
ammonium sulfate in the study of systems with the object of study and the additives introduced has 
been established. The composition of the four phases obtained was previously confirmed by IR 
spectroscopy. 
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Cephalosporins differs in pharmacokinetic parameters, in the degree of absorption at different 

routes of administration, the rate of onset of effect and duration of action, and, consequently, the 
required frequency of administration of the drug, metabolism and elimination. The cephalosporins 
studied in this work belong to the II generation (cefuroxime), III – cefotaxime, cefixime; IV – cefepime. 
Determination of cephalosporin antibiotics in blood serum and plasma is carried out by liquid 
chromatography with UV detection, mass spectrometry, which requires complex expensive equipment. 
Rapid detection of antibiotics in biological media is necessary to study the pharmacokinetics of drugs 
and to select the optimal therapeutic dose. For these purposes, the use of potentiometric sensors is 
promising. 

In this study, planar potentiometric sensors have been developed that are sensitive to 
cephalosporin antibiotics of various generations. Cefepime, cefixime, cefotaxime are amphoteric 
antibiotics with carboxyl and aminothiazole groups: they exist as a cation in a strongly acidic medium, 
a zwitter ion in a slightly acidic or anion in a neutral and alkaline, cefuroxime is an acidic antibiotic. 
Tetradecylammonium associates with complex compounds silver (I) – beta-lactam; cefepim-
tetraphenylborate – cefepime-selective sensors were used as electroactive components. Optimal EAC 
contents of planar sensors – 2-3%; linearity intervals of electrode functions – 1·10-5 - 1·10-2 M, the 
angular coefficients of 48 ± 2 mV/pC,  response time of 20 s for unmodified cefepime-sensors; 1·10-4 - 
1·10-2 M, the angular coefficients 28 ± 3 mV/pC, response time of 17 s for cefixime-sensors; 1·10-5 - 
1·10-2 M, the angular coefficients 46 ± 6 mV/pC, response time 30 s for unmodified cefuroxime- and 
cefotaxime-selective sensors. 

The role of modifiers such as polyaniline, ZnO nanoparticles, copper oxides and magnetic 
nanoparticles in improving the electroanalytical properties of sensors is shown. Nanoparticles promote 
interaction with antibiotics due to their electronic, chemical, physical properties, as well as a large 
surface area. The role of polyaniline is associated with the presence of heteroatoms (-NH2 groups), 
which improve the electronic conductivity of ink. The introduction of a binary mixture of metal oxides 
and cetylpyridinium chloride into carbon-containing inks leads to an improvement in the 
electroanalytical properties of planar sensors sensitive to cephalosporin antibiotics: at the same time, 
the detection limit is reduced (1·10-5 M for cefixime-sensors, 1·10-5 - 1·10-6 M for cefepime-, 
cefotaxime-sensors, 1·10-6 - 1·10-7 M for cefuroxime-selective sensors), the angular coefficient 
increases (55 ± 4 mV/pC) and the linearity interval of the electrode functions (1·10-6 - 1·10-2 M), the 
response time is 10-15 seconds. The use of surfactants as a co-modifier of the electrode surface 
leads to stabilization of the dispersion of nanoparticles. 

The use of unmodified and modified screen-printed sensors for the determination of antibiotics 
in medicines and oral fluid is shown. 
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The determination of biologically active compounds is an actual problem in the field of 

analytical chemistry and medicine. One of the effective methods for this purpose is the use of 
voltammetric sensors based on molecularly imprinted polymers (MIPs). For example, poly(3,4-
ethylenedioxythiophene) (PEDOT) is a conductive polymer with unique electrochemical properties 
such as high specific capacitance, mechanical flexibility, chemical stability, and high conductivity. 
These features make it an excellent material for creating MIPs. The process of creating template 
molecules in MIP sensors involves the formation of complexes between the template molecule and 
monomers, which are then polymerized. After polymerization, the template molecule is removed, 
leaving pores that are specific to the target molecule. These pores allow MIP sensors to “recognize” 
and bind target molecules, providing them with high specificity and sensitivity [1]. 

In this work, we developed a voltammetric sensor based on molecularly imprinted PEDOT for 
the determination of biologically active compounds. The technology for creating MIP has been tested 
using the tryptophan (Trp) molecule as a “template” and analyte. Electrodeposition of the PEDOT film 
was carried out on a glassy carbon electrode (GCE) using cyclic voltammetry in the potential range 
from 0.0 V to 1.5 V in 10 ml of acetonitrile containing 0.1 M LiClO4, 0.001 M EDOT monomer and 0.1 
M Trp. It should be added that the polymerization kinetics and film thickness can be controlled by 
varying the scan rate and the number of polymerization cycles, which makes the method quite flexible 
in sensor preparation. We chose 100 mV/s and 5 cycles based on the experimental data on the 
resulting sensors, which showed the best RSD and analyte peak heights. The polymerization curves 
clearly show a peak at a potential of 1.1 V, which decreases from cycle to cycle until it almost 
completely disappears (Fig. 1). This indicates that the conductive film loses its electrochemical activity 
and the sensitivity of the sensor is significantly reduced. In order to compensate its influence on the 
analytical signal, it was decided to use mesoporous graphitized carbon black Carbopack X (CpX) as a 
substrate. The morphology of the resulting sensor, its electrochemical and analytical characteristics 
were studied. The developed sensor showed selectivity towards the selected molecule with a RSD not 
exceeding 7%. Tryptophan was also determined in the presence of interfering components - in blood 
plasma and urine. Due to the stability of the resulting surface, it was possible to determine the 
tryptophan with an RSD not exceeding 10%. In addition, the enantiomers of tryptophan in their mixture 
were determined, which has important practical applications. 

 
Figure 1. Cyclic voltammograms of electropolymerization of PEDOT film. 
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Polycyclic aromatic hydrocarbons (PAHs) are a class of organic compounds containing two or 
more condensed aromatic rings. The European Union and the United States Environmental Protection 
Agency (US EPA) have listed PAHs as priority pollutants — some compounds of this class are 
considered carcinogenic to humans, and their ability to accumulate in environmental matrices poses a 
threat to biota. Understanding the behavior of PAHs when entering various environmental matrices 
such as water or soil, as well as assessing their concentrations, are important analytical problems 
today [1-2]. 

Analytical procedures exist for the determination of PAHs in environmental objects, including 
sample preparation, which is often impossible under non-laboratory conditions. Moreover, toxic 
solvents are typically used in such procedures. However, the necessary enrichment factors are not 
achieved during the sample preparation stage, reducing the sensitivity of the analysis [3]. Currently, 
there is a trend towards green analytical chemistry, making it relevant to search for new, ecological 
safe extraction systems for PAHs. 

In this study, the use of a hydrophobic deep eutectic solvent (DES) based on menthol and 
hexanol with extraction cartridges was used. Water samples were pumped at a constant flow rate of 
50 ml/min using a hand pump at the sampling site, and then the analytes were desorbed into vials for 
subsequent determination by HPLC-FLD. This experimental setup allows up to 103 enrichments of 
analytes from the aqueous phase without the need to transport large sample volumes to the 
laboratory. The proposed procedure is rapid (sample preparation takes 20 minutes), accessible, and 
simple to implement. This approach also involves the use of safe extractants instead of classical 
organic solvents. During optimization, the following parameters were studied: DES composition, 
sample volume, eluent volume, and sample flow rate. The developed procedure was successfully 
tested on real samples of river water. Under optimal conditions, the proposed procedure allows for the 
determination of PAHs at a level of 10 ng/L.  
 

 

 
Figure 1. Graphical abstract. 
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The role of microRNAs in the development of testicular germ cell tumors (TGCTs), the 

diagnostic potential of these molecules and the possibilities of therapeutic modification of their 
expression are the subject of numerous fundamental studies [1]. In clinical studies, miR-371a-3p 
biomarker is used for diagnosis, monitoring the effect of chemotherapy, the quality of 
lymphodissection and assessing the risk of recurrence. TGCTs is a relatively rare pathology, the social 
significance of which is determined by the age of patients: the maximum relative incidence is observed 
in the age group of 25-29 years. Since molecules of this cluster circulating in blood plasma, in 
particular miR-371a-3p molecules, are promising markers of TGCTs, preliminary assessment of 
changes in their expression level in tumor tissue compared to the expression level in unaltered 
testicular tissue seems to be an important step in the development of new approaches to liquid biopsy 
[2]. 

Sensors obtained by stepwise surface modification of gold interdigitated electrodes (IDEs) using 
electrochemical detection techniques are promising tools for diagnostics. detection techniques are 
promising tools for diagnosing various diseases at early stages. 

The proposed gold-based IDE electrochemical sensors, through modification with an 
oligonucleotide trap and self-organizing monolayer, become selective to a specific analyte 
oligonucleotide, a biomarker of testicular germ cell tumors. Qualitative and quantitative characteristics 
of the proposed sensors were established using electrochemical methods of analysis – cyclic 
voltammetry, electrochemical impedance spectroscopy and alternating current voltammetry. 

In the course of the work, the optimal parameters for modification of gold IDEs were selected, 
which made it possible to achieve the analyte detection limit up to 0.83 fM. The dependence of the 
analytical signal on the logarithm of the concentration of the analyzed oligonucleotide was linear over 
the entire concentration range from 83 nM to 0.83 fM. In addition, the analytical characteristics 
obtained on different types of gold IDEs were compared. 
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Soft interfaces, such as liquid-liquid interfaces, offer a versatile platform to self-assemble 
nanoparticles and fabricate ordered nanofilms for diverse applications like sensors, transparent and 
conductive films, etc. [1] Since the discovery of metallic flexible films by Yogev and Efrima in their work 
in 1988 [2], many attempts have been made to improve the synthesis procedure and investigate the 
properties of such films. Recent studies have focused on the formation of metal liquid-like droplets, 
opening new avenues for research [1,3]. 

In this work, we present a straightforward approach to the self-assembly of silver nanoparticles 
(AgNPs) without surface functionalizing or covalent linkers. Self-assembly occurs due to 
tetrathiafulvalene (TTF) molecules in the organic phase placed in the contact with AgNPs synthesized 
by the Leopold-Lendl method [4] under vigorous stirring in an emulsion, resulting in the formation of a 
continuous silver film. Notably, the resulting AgNP assemblies exhibit self-healing properties after re-
dispersion. 

Characterization of the colloidal solutions via UV-Vis spectroscopy and dynamic light scattering 
reveals nanoparticles with an average diameter ranging from 66 to 84 nm, exhibiting stability with zeta 
potential values not exceeding -25 mV. Subsequently, the AgNP assemblies are transferred to silicon 
substrates for utilization in Raman spectroscopy as enhancing surfaces. Atomic force microscopy 
(AFM) analysis confirms the close-packing of nanoparticles, ensuring uniformity across the film.  

Initial investigations into enhancing properties, utilizing malachite green dye, demonstrate an 
enhancement factor of 104. Benchmarking using previously published protocols, [5,6] including Raman 
mapping of substrates, further underscores the efficacy of the prepared substrates. Finally, the 
superior substrates are employed for the detection of polyphenolic compounds, such as chlorogenic 
acid (CGA), caffeic acid (CA) and quinic acid (QA), demonstrating their versatility and sensitivity with 
minimal limits of detection (LOD). 

In summary, our study presents a robust method for fabricating enhancing substrates via the 
self-assembly of AgNPs at liquid-liquid interfaces. These substrates exhibit exceptional characteristics, 
including high enhancement factors and low limits of detection, promising broad applicability across 
various fields. 
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Herbicides are widely used agrochemicals to control weeds in gardens and fields. Glyphosate is 
one of the most popular non-selective herbicides in the world. It can be applied several times during 
the growth and maturation of the cultivated crops. This herbicide has a detrimental effect on the 
environment as it heavily pollutes soils and adjacent water bodies. Foods such as fruits, berries, 
vegetables, cereals and legumes are usually contaminated with it. Glyphosate is very dangerous to 
human health and can cause inflammatory bowel disease, cancer and metabolic disorders. Due to the 
toxic effect on humans health, maximum residue limits of this herbicide in products of plant origin are 
established in the Russian Federation (for example, 20 mg/kg for cereal grains and 0.3 mg/kg for 
potatoes). 

In this work, an approach for micelle-mediated extraction of glyphosate from a solid food sample 
into a solution of a biodegradable nonionic surfactant (alkyl polyglucoside) and subsequent 
derivatization of the analyte with the reagent 9-fluorenylmethylchloroformate in an alkaline medium 
was proposed. Preconcentration of the fluorescent derivative was carried out by the addition of a fatty 
acid as coacervation agent, which induced supramolecular solvent formation and phase separation. 
The extracts were then analyzed by high performance liquid chromatography with fluorometric 
detection. 

During the study, conditions for the chromatographic determination of the analyte derivative 
were found as well as extraction and derivatization parameters were optimized. The present approach 
was studied for the determination of glyphosate in different food matrices to demonstrate its analytical 
capabilities.  

 

 

Figure 1. Schematic representation of sample preparation steps. 
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One of the key problems of modern agricultural production is the violation of storage regulations  
of grain crops. This leads to their contamination with a number of ecotoxicants, including mycotoxins. 
Aflatoxins, for example zearalenone, exhibit high toxicity to poultry (e.g. Gallus gallus). The climatic 
conditions  change has led to significant contamination of grain crops with zearalenone in Saratov 
region. This requires  the development of low cost methods for in field determination of zearalenone 
using synthetic receptors.  

The most promising format for such test systems is pseudo-ELISA. One of the most common 
receptors for pseudo-ELISA are different types of molecular imprinted polymers [1].Imprinted proteins 
(IPs) are of particular interest among the large number of methods for performing molecular imprinted 
polymers, IPs are biosynthetic receptors, which are characterized by low cytotoxicity and labor cost  of 
synthesis, and the availability of reagents. Currently, IP has been successfully used to determination 
of low (aflatoxin B1, zearalenone, vomitoxin, kwakhurin) and high (ovalbumin, bacterial 
lipopolysaccharides) molecular weight compounds by pseudo-ELISA protocol [2]. However, a native 
antigen was used as a template in all known investigations. At the same time, the use of dummy 
templates instead of toxic or few available templates  is  well-known approach in molecular imprinting 
technique. 

In this work, the influence of the template on the analytical characteristics of the pseudo-ELISA 
based on IPs was studied. Bovine serum albumin and  glucose oxidase were chosen as matrix 
molecules, zearalenone and its dummy templates (coumarin derivatives) - as templates. A comparison 
of the analytical characteristics of the obtained IPs for determination of zearalenone in wheat extract 
was carried out. 
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Detection of lactate is an important analytical task in the fields of medical diagnostics and 
biochemistry. This compound is produced by organisms during anaerobic glucose oxidation, so 
abnormal concentrations of lactate in biological fluids can be used to detect several diseases, e.g., 
cancer. Suggested sensors are first-generation electrochemical biosensors, which are based on 
enzymatic oxidation of lactate and consequential electrochemical reduction of hydrogen peroxide on 
the electrode [1]. High selectivity of hydrogen peroxide detection is achieved with modification of 
electrode surface with electrocatalysts. One of them, Prussian blue, was used in this work. 

Immobilization of lactate oxidase can be achieved with different polymers, including chitosan 
and siloxane. For this work we used biopolymer chitosan. Immobilization was conducted with drop 
casting of water solution, containing the enzyme and the polymer on Prussian blue modified screen-
printed electrode. In flow injection amperometry mode maximal sensitivity of 346±71 mA∙M–1∙cm–2 is 
achieved in a range from 0.05 to 0.1% of chitosan in the casting mixture. Linear range of prepared 
biosensors is 1∙10–6–1∙10–4 M and they retain 90% of the initial current response on 1 mM lactate 
solution for 30 minutes. However, their stability is insufficient for continuous monitoring of lactate in 
biological fluids, so methods of stabilization were proposed. 

We have shown that stability of the biosensors can be enhanced with use of nickel 
hexacyanoferrate additional layer prepared as described in [2]. Modified biosensors retain 90% of the 
response for almost 3 hours, but their sensitivity is decreased to 85±7 mA∙M–1∙cm–2. These results 
indicate that, in addition to enzyme inactivation or washing out from the membrane, the electrocatalyst 
contributes to low stability of the biosensors. 

Another approach for biosensor stabilization is based on the additional perfluorsulphonated 
ionomer (PFSI) coating on the chitosan membrane. Drop casting of 0.2% solution of this polymer 
results in increase of stability up to 1.5 hours, but also in decrease of sensitivity to 97±22 mA∙M–1∙cm–2. 
Increasing polymer concentration leads to further improvement of stability of the biosensors up to 
9 hours. It is important to note that in case of additional membrane linear calibration range of the 
biosensor depends on PFSI concentration, as shown in scheme 1. This effect can be used to adjust 
biosensor applicability to different matrices, especially undiluted biological liquids, e.g., blood. 
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Scheme 1. Linear range dependence on PFSI concentration in additional membrane-forming solution. 
 

Thus, we have found the optimal chitosan concentration of 0.05% for lactate biosensors and 
have proposed modifying agents either for electrocatalyst or enzyme-containing polymer membrane to 
achieve sufficient stability for continuous analysis. 
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At present, there is a wide variety of classes of polymeric optical sensors in research practice, 
among which colorimetric optodes are the most commonly used due to the ease of signal acquisition 
and response interpretation. Their response mechanism is based on the establishment of 
heterogeneous equilibria with the participation of an optically detectable component (hydrogen 
chromoionophore), the protonated and deprotonated forms of which have contrasting colours. 
Nowadays, hydrogen chromoionophores are mainly derivatives of acid-base indicators lipophilized by 
introducing long-chain radicals [1]. However, this method of lipophilization can be cumbersome due to 
the complex structure of the parent compounds and intricacy of the product purification [2]. 

Acidochromic ionic liquids (ILs) may become a viable alternative to conventional hydrogen 
chromoionophores due to their ease of synthesis and tunable characteristics [3]. However, an 
overview of existing attempts to utilize acidochromic ILs as lipophilic hydrogen chromoionophores 
highlights the focus on exploring only a few specific applications of optical sensors based on such 
indicators.  

Here we report a systematic study of the optical properties of lipophilized acidochromic dyes 
and their behavior in a polymeric sensor matrix, with the aim of finding a path toward readily available 
chromoionophores with tunable acidity. Lipophilic ion pairs of several sulfonaphthalein dyes with 
quaternary ammonium cations are synthesized and used as chromoionophores in coextraction-based 
PVC–DOS optodes. It is shown that the nature of the acidochrome and counterion determine the 
lipophilicity (fig. 1A) and acidity (fig. 1B) of the resulting ion pair. The partition coefficients of the 
obtained dyes are in the range from 104 to 106. Finally, the possibility of utilising the previously 
reported theoretical description [4] in order to predict the properties of optodes based on such 
indicators was demonstrated (fig. 1C). 

 
Figure 1. A: Residual amount of lipophilized dyes in deprotonated form relative to their initial content 
in the polymeric film, versus time of contact with the aqueous phase. B: pH-response curves of 
optodes containing bromophenol blue and bromothymol blue ion paired with TOctA+ as pH-
chromoionophores. C: pH-response curves of optodes containing bromothymol blue ion paired with 
TOctA+ as pH-chromoionophores. Symbols: experimental data, dashed lines: prediction using 
conventional theory of the optode response, solid lines: prediction using generalized theory of the 
optode response [4]. 
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Tetracyclines are a class of antibiotics which are widely used in practical medicine as effective 
antibacterial agents since the middle of the last century. High antimicrobial activity and relatively low 
cost of tetracyclines lead to their widespread use in animal husbandry for the prevention and treatment 
of infections. Uncontrolled usage of these drugs in veterinary practice leads to their accumulation in 
animal-derived food products and environmental objects. The presence of residual amounts of 
tetracyclines in food, water and soil has a negative impact on human health and the ecological 
situation, causing the growth of antibiotic resistant microorganisms. Due to the low content of 
tetracyclines in these matrices and the complexity of their composition, the determination of these 
antibiotics is preceded by a compulsory sample preparation step.  

Matrix solid-phase dispersion (MSPD) is an up-to-date widely accepted technique for the one-
step extraction of organic analytes. It was introduced in 1989 for drugs extraction from animal tissues 
[1]. The essence of the method is to disperse the analyzed sample with a suitable sorbent, transfer the 
obtained homogeneous mass into a column or a cartridge and elute the target analytes with a selected 
solvent. The dispersing is carried out by manual blending of a sample and a sorbent with non-porous 
material pestle and mortar. Acids, bases and different salts can be added as blending modifiers, 
sodium sulphate is usually used as a desiccant. The rapid development of the method was facilitated 
by the fact that it does not require special equipment and presents a simple and cheap sample 
preparation procedure under mild conditions that can be easily implemented in any laboratory. 
Currently, MSPD is used to isolate organic compounds from solid and liquid samples of food products, 
fruits, plants, and solid environmental objects before their chromatographic determination. Nowadays 
the development of this method is aimed at modification by new energy sources (ultrasound, vortex, 
microwave radiation, magnetic field) and finding new dispersant materials [2]. Magnetic properties of 
dispersant sorbents allow for ease removal of a sorbent from matrix by simple application of an 
external magnetic field thereby eliminating the long and labor-intensive stage of packing the sample 
into a column or a cartridge. There is a limited number of works proposing magnetic sorbents usage in 
this method [3, 4]. This technique was named magnetic-assisted matrix solid-phase dispersion. 

Magnetic nanoparticles of iron oxide Fe3O4 were first proposed to be used as a sorbent in 
matrix solid-phase dispersion. Magnetite nanoparticles were obtained by chemical precipitation. The 
sorption of tetracycline, oxytetracycline, chlortetracycline and doxycycline on magnetic nanoparticles 
in a static mode was studied depending on the phase contact time, solution pH, and sorbate 
concentration. Conditions for quantitative desorption of tetracyclines were selected. When choosing 
the conditions for matrix dispersion, the mass of magnetic nanoparticles, the amount of drying agent 
(sodium sulfate), temperature, blending time, and the type of washing liquid were varied. The method 
was applied for the analysis of milk samples. 
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Detection of volatile organic compounds in exhaled breath is promising and effective tool for 
health monitoring [1]. Miniature and highly sensitive semiconductor metal oxide gas sensors can be 
effectively used for this purpose [2]. In this work, we demonstrate pronounced sensitization of SnO2-
based nanocomposites modified with La(III) towards short-chain fatty acids (formic, acetic, propionic 
and butyric acids).  

Materials were synthesized by flame spray pyrolysis technique from 0.2 M solution of precursors 
in toluene and characterized by XRD, BET, TEM with EDX-mapping and Raman spectroscopy. Acidic 
properties of pure and La(III) modified SnO2 were characterized by temperature-programmed 
desorption of ammonia (TPD-NH3) with mass spectral determination of desorption products. The La 
(III) modification leads to the decrease in crystalline grain size and increase in effective surface area of 
the materials; the formation of irregularly shaped particles of various sizes close to the calculated from 
XRD data; the segregation of La-containing phases in the case of material with higher content of 
lanthanum. It was demonstrated that decrease in the Lewis acidity of the SnO2 surface leads to the 
specific increase in sensor response towards gases with acidic properties like short-chain fatty acids 
(SCFAs) and H2S. For all acids the most noticeable sensor response is observed in the case of 
material with lanthanum content of 2 mol. %. The greatest increase in sensor response compared to 
pure SnO2 is observed for formic acid. The increase in the length of carbon chain requires additional 
activation of chemisorbed oxygen on the semiconductor surface, which leads to the shift in response 
maximum to higher temperatures. The obtained materials are capable of detecting short-chain fatty 
acids with sub-ppm concentrations at high air humidity (RH = 80%), which is promising for analysis of 
these biomarkers in exhaled breath. 

 

 

Figure 1. Temperature dependence of the sensor response of studied materials towards short-chain 
fatty acids. 
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Halitosis is a condition associated with bad breath. The basis of bad breath are Volatile 
Organic Compounds (VOCs) that accumulate in the oral cavity due to various causes. The main 
source of these compounds (volatile sulfur compounds, organic acids, amines and volatile aromatic 
compounds) is the anaerobic metabolism of proteinaceous food residues by oral bacteria. In some 
cases, halitosis may be a consequence of the development of more serious diseases (diabetes 
mellitus, renal failure, azotemia, etc.) [1] 

Currently, the main method of determining halitosis is the organoleptic method, which involves 
a trained professional evaluating the patient's exhaled air. The doctor gives a score between 0 and 5, 
where 0 corresponds to the absence of symptoms of halitosis and 5 corresponds to a very severe 
form of the disease. This method, although it has been in use for a long time, has a number of 
disadvantages. It requires a pre-trained specialist, whose training is a complex and nonstandard task, 
is subjective and inconvenient for both the patient and the doctor. A possible analog of this method is 
the use of automated gas analysis systems. "Electronic nose" multisensor systems have become a 
common solution in this field [3]. These systems consist of a set of cross-sensitive gas sensors, 
typically electrochemical or optical, providing responses to organic components of the analyzed air. 
Semiconductor metal oxide sensors have proven to be a very effective choice for the design of such 
systems due to their high cross-sensitivity to specific volatile organic compounds. Chemometric 
processing of response of these sensors allows constructing efficient air sample classification models, 
distinguishing various patterns. 

In this study we consider the use of a multi-sensor gas analyzer ARAMOS-7 based on 7 
semiconductor metal oxide sensors operating at 3 different fixed temperatures. Analyzed exhaled air 
samples were collected in clinical settings for 70 patients with the diagnosed halitosis and 30 patients 
with no complaints. The main idea of the study was to classify the patients into "normal" and 
"abnormal" groups based on the responses of the multisensor system. Various algorithms were 
employed for chemometric data processing: k nearest neighbors (kNN), logistic regression (LR), 
decision tree (DT), support vector machine (SVM), and projection on latent structures discrimination 
analysis (PLS-DA). All the employed classification methods have demonstrated their efficiency and  
yielded sensitivity, specificity and accuracy exceeding 85%. The feasibility of a combined classifier 
making a selection based on the responses of several algorithms was also demonstrated. with 
accuracy close to 100%. 
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Colorimetric pH sensors have been widely used over the past decade because they have a 
number of advantages such as low cost, high sensitivity, suitable selectivity, the ability to analyze real 
samples and remotely register a signal. Immobilization of various chromogenic acidic or basic 
indicators on solid matrices is a promising and inexpensive way to develop new sensors for 
colorimetry and solid-phase spectrophotometry, in this case, the fixation of the reagent on a solid 
carrier occurs through adsorption or covalent interactions.  

The new colorimetric pH sensor is manufactured using covalent immobilization of the thymol 
blue indicator (TB) in a polymethacrylate matrix (PMM) as a solid carrier. The solid-phase extraction of 
TB into PMM was studied, the molar absorption coefficients of two extractable forms H2R, HR- and 
acid-base properties of the indicator in the form of three ionic forms H2R, HR-, R2- were determined. 

 

A 
Scheme 1. Spectra signal reversibility (A), 
absorption and scanned plates of PMM-TB 
containing forms H2R (1), HR– (5) and mixed 
forms (2,3,4) TB after contact with solutions, 
pH: B. 1 – 0.5, 2 – 1.9, 3 – 2.1, 4 – 3.1, 5 – 
7.5; p. 1 – 9.1, 2 – 13.3, 3 – 14.0 

B 
 
 
 
 
 
 
 
 
 
C 

 

 

 
The factors influencing the sensor operation, including the pH of the dye binding to the PMM 

and the concentration of the dye, have been investigated. The sensor reacts to changes in the range 
pH 3.0–10.0 with a response time of 0.5 min and a reproducibility of RSD≤5.0%. No significant 
changes in the sensor response were observed after an increase in the ionic strength in the range of 
0.0–2.5 M of sodium chloride and in the presence of common oxidizing agents.  

The reproducibility of the sensor signal at multiple pH values was investigated to demonstrate 
the repeatability and reversibility of the sensor.  Buffer solutions with different pH values of 2.1, 7.5 
and 13.3 were placed as test solutions in a spectrophotometer cuvette containing a sensor plate for up 
to 120 minutes. The RSD values of the results are less than 0.3%. The results showed that the sensor 
response is repeatable and reversible. 

In this work, the acid-base properties of the triphenylmethane dye TB in PMM were studied by 
colorimetry and spectrophotometry. The advantages of colorimetry over classical instrumental 
methods for studying protolytic equilibria in dye solutions are shown. The colorimetry method, in 
contrast to spectrophotometry, allows us to determine the deprotonation constant of carbonyl groups 
of TB. The main spectrophotometric characteristics of the equilibrium forms of dyes were calculated 
and it was found that the anionic forms are the most intensely colored in PMM. The determination of 
pH using the proposed colorimetric sensor is fast, simple, inexpensive, selective and sensitive. 
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The results of the trace element analysis of rocks are the basis for the modelling and interpreting of 
many geological processes. Their scientific value is provided by a wide range of definable 
components, the accuracy of the analysis, comparability with international data and the necessary 
sensitivity.  
Existing methods of trace element analysis do not allow directly determining the amounts of some 
elements at the level characteristic of ultramafic rocks, even using the modern highly sensitive 
inductively coupled plasma mass spectrometry (MS-ICP) method. These are some siderophilic 
elements, particularly Re and Os, the content of ones in samples of this type is about 0.0x μg/g. In this 
regard, it is necessary to carry out additional preconcentration procedures for their reliable 
determination with the required sensitivity. 
When samples are dissolved in hydrochloric and nitric acids, rhenium transforms into negatively 
charged anions (aqua-, hydroxo-, and oxo-chloro complexes; chloro complexes or oxoanions) [1], 
which makes it possible to extract Re from solutions of complex composition using anion-exchange 
resins. Currently, there are procedures for the sorptive preconcentration of rhenium using imidazole 
resin [2,3], but ones were researched only in static mode. 
This project is devoted to developing of a new approach to sorptive preconcentration of Re in its joint 
determination with osmium (in the case of Re-Os isotope dating of ultramafic rocks). Polystyrene 
modified with imidazole groups is used as sorptive material (Fig.1). Using polymer sorbents allows for 
preconcentration of analytes from strong acid media in a dynamic mode, which is more user-friendly 
for routine analysis. 
 

 
Figure 1. The structural formula of repeating units of the experimental imidazolium sorbent used. 

 
In this research, optimal conditions of the sorption and desorption (pumping rate, acid concentration, 
column length, desorption solution composition) of rhenium by experimental imidazolium sorbent were 
determined. 
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Volatile Organic Compound (VOC) identification methods required in many medical applications. In 
fact, these techniques allow the detection of disease markers in exhaled air or gas mixture samples 
collected during surgical procedures. For example, one of the most important issues is the 
determination of tumor markers by analyzing samples taken during transurethral resectoscopy of the 
prostate (TURP) and bladder (TURB). On the other hand, during TURP and TURB, carcinogenic 
volatile organic compounds occur as a result of the interaction of the resectoscope with the tumor. The 
analytical methods available today (e.g., gas chromatography mass spectrometry (GC-MS)) have 
several drawbacks, including strict sampling requirements and low sensitivity for direct analysis of 
VOC mixtures. Recently, our research group has been developed approaches to the direct 
determination of VOCs and inorganic compounds in gas samples using pulsed glow discharge mass 
spectrometry (GD-MS) [1, 2]. This method provides the opportunity for direct, rapid, and highly 
sensitive analysis of gas samples. 
In the present work, we have developed an approach for the analysis of samples obtained before and 
during TURB using a mass spectrometer with a pulsed glow discharge “Lumas ITR-301” (Lumex LLC). 
Air samples were taken before and during surgery in the urology department of the Mariinsky Hospital. 
For comparative studies, we also collected samples before and during TURB into sorption tubes for 
analysis by GC-MS. As opposed to GC-MS, GD-MS analysis was performed using direct input. 
Discharge parameters were optimized for the most efficient ionization of VOCs. The background mass 
spectrum obtained from the analysis of the hospital sample before surgery was subtracted from the 
mass spectrum of the sample obtained at surgery. Mass spectra analysis of VOCs released during 
TURP and TURB was performed according to the list of bladder tumor biomarkers described in the 
literature [3–5]. As a result, we have provided a list of compounds (isobutylene, 2-butanone, ethanol, 
3-heptanone, hexanal, etc.) detected in air samples using both GD-MS and GC-MS analytical 
techniques. We would like to highlight that classical analysis using gas chromatography allow to detect 
a significantly smaller range of compounds. Thus, the proposed direct analytical methods allow to 
increase the sensitivity and accuracy of tumor biomarker detection in gas mixtures collected during 
surgery. In addition, the proposed GD-MS method requires a much simpler gas mixture collection 
procedure, which makes the proposed technique more applicable in hospital conditions. 
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Hydrophilic interaction liquid chromatography (HILIC) is a modern promising method for the 

separation and determination of polar compounds. This method attracts analysts’ attention due to its 
ability of simultaneous separation of positively and negatively charged analytes. It is necessary to 
understand the retention mechanism for various substances in order to select the optimal conditions 
for such analyses. The retention mechanism in HILIC is complex and still not fully understood. It is 
cosidered that adsorption, partitioning, and electrostatic interactions may contribute simultaneously to 
retention. In the case of mixed-mode stationary phases based on hydrophobic polymer substrate, 
additionally hydrophobic and π-π interactions take place [1]. Understanding the processes occurring in 
the chromatographic system makes it possible to develop the method. It allows to expand its 
theoretical basis, to find new approaches for characterization of adsorbents, and to control the 
separation efficiency and selectivity in HILIC mode. 

In this work, a set of test ions was selected: p-toluenesulfonate, alkylsulfonates, chloride, 
nitrate, single- and double-charged inorganic cations. Their retention mechanism was studied for 
silica- and poly(styrene-divinylbenzene)-based stationary phases with predominant anion-exchange 
properties. A universal evaporative light-scattering detector was chosen to provide the required 
sensitivity. Mixtures of ammonium-acetate buffer solution, pH 4.7 and acetonitrile were used as mobile 
phases. The contribution of electrostatic and hydrophilic interactions to the retention of model analytes 
was evaluated by varying the concentration of eluting ion and the fraction of organic solvent in the 
mobile phase. 

A decrease in the contribution of electrostatic interactions with decreasing hydrocarbon chain 
length was shown on silica phases for methane-, ethane-, propane-, and butanesulfonate anions. The 
opposite dependence was demonstrated for poly(styrene-divinylbenzene)-based adsorbents, with the 
lowest contribution observed for p-toluenesulfonate ion. This compound is used as a marker of anion 
exchange selectivity in the Tanaka HILIC test [2], but according to the data obtained and literature [1] 
it is not suitable for mixed-mode stationary phases due to the significant contribution of hydrophobic 
and π-π interactions into its retention. More hydrophilic anions like methanesulfonate may represent 
an alternative to this parameter. 

Varying the eluting ion concentration in the mobile phase, it was shown that electrostatic 
repulsion governed the retention of single-charged inorganic cations (Li+, Na+, K+) when using 
stationary phases of both types. Nevertheless, all the studied cations had reasonable retention factors 
on the anion-exchangers with the elution order opposite to that in cation-exchange chromatography 
due to partitioning. This process significantly prevailed over the repulsion of cations from the positively 
charged functional layer of the stationary phase [3]. As a result, it was possible to separate five 
monovalent inorganic ions both cations and anions using amino-modified stationary phases in a single 
run. 
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The development of new analytical devices complying with modern requirements of simplicity and 

cost-effectiveness is an important task. In recent years, there has been a growing interest in creating 

inexpensive analyzers based on consumer electronics devices, primarily mobile phone cameras, 

which allow reliable optical detection in numerous analytical tasks [1]. In this paper, a new scheme for 

using a mobile phone camera to register an optical signal in the chemical analysis of solutions is 

proposed. With the help of 3D printing technologies, we have made a specialized cuvette, the bottom 

of which is printed with a polymer modified by molecular emitters based on cyclometallic compounds 

of europium. When irradiated with an ultraviolet flashlight (365 nm), the lower part of the cuvette 

becomes a source of a light with a sharp maximum at a wavelength of 614 nm. This makes it possible 

to use such a cuvette to analyze solutions absorbing in this region of the spectrum, registering the 

intensity of the transmitted radiation using a mobile phone camera.  The report will present the details 

of the developed method and demonstrate its utility in quantitative analysis of aqueous solutions. The 

feasibility of the method was explored using model mixtures of inorganic salts, and real life 

applicability was shown for quantification of ascorbic acid in pharmaceuticals. 
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The demand for fast and accurate methods with the prospect of miniaturizing sensing systems 
for measurements in small sample volumes has prompted new options of optical sensors signal 
registration. The colorimetric response of the optodes is detected by spectrophotometry or 
macrophotography with subsequent digital color analysis (DCA). Compared to other traditional 
methods, digital color analysis has several advantages, including higher throughput, shorter analysis 
time, better capacity and reliability, and in situ analysis capability, since the signal can be recorded 
with consumer devices. To achieve such advantages, many features and issues of optode 
measurements in real samples should be taken into account (complex sample matrix, native sample 
color, lighting instability etc.). This contribution is aimed at comparing several optode signal 
registration systems, as well as at reporting our experimental results on introducing shielding agents 
into the optodes polymeric matrix to eliminate color interference from the measured samples.  

The comparison of various registration methods (spectrophotometry and photographing with a 
digital consumer camera, a smartphone or a microscope camera) using compositions with the 
combination of a chromoionophore, an ionic additive and an ionophore in plasticized 
poly(vinylchloride) membrane was performed. Composition 1 and 2 differed in the nature of the 
chromoionophore (lipophilic indicator), Fig. 1A. The recording devices were smartphone cameras, a 
digital camera and a microscope (Table 1). Illumination was provided by incandescent lamps (Philips, 
natural light, 60 W) and the flash of the phone 2. Photographing at an angle of 45° to the sample was 
also tested for phone 2. 
Table 1. Various recording devices. 

recording devices commercial names 

phone camera 1 (below the average price category) Xiaomi Redmi Note 8 Pro, 2019 

phone camera 2 (above the average price category) Huawei P60 Pro, 2023 

digital consumer camera 
Canon EOS 1100D Kit, equipped with a lens 

Canon EF-S 18-55mm f/4-5.6 IS STM  

research class microscope camera 
LOMO MSP-2, equipped with a digital camera MP-

5, software MS View 

The parameter “robustness” was used for comparison of the recording devices [1], where 
vectors in RGB color space were compared. This parameter was calculated as follows: 

 

(1) 

For another experiment, 3 compositions with the same ratio of active components but with different 
matrix constituents were prepared: PVC:DOS:TiO2 = 6:16.5:0, 6:16.5:3 and 6:16.5:6. A uniform optode 
composition without TiO2 was prepared in a 1 mL eppendorf, while 3 and 6 mg of TiO2 were put into the 
other two eppendorfs, respectively. Then the stock composition was divided into 3 parts and filled into 
appropriate containers. Before dropping each sensor, the mixture was shaken by the centrifuge-vortex 
BioSan Combi-Spin FVL-2400N. To validate the shielding effect of TiO2 inside the PVC matrix, all 
compositions were measured on polypropylene substrates with 3 different backgrounds - white, black and 
beige (Fig. 1B). 

A.  B.   

Fig. 1. The obtained results. A – parameter «robustness» for all recording devices; B – experiment 
on the introduction of a shielding agent on a beige background (E9C8BC);  
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The design of novel mixed-mode stationary phases is a current direction of development in the 
field of HPLC. In their structure there are various functional groups that make it possible to use such 
separation materials in different chromatography modes: reverse phase (RP HPLC), ion-exchange 
(IEC) and hydrophilic interaction liquid (HILIC) chromatography. Majority of mixed-mode stationary 
phases are based on silica, which is stable in a limited pH range (from 2 to 8). As a result, such 
phases can’t be used with strongly acidic or strongly basic mobile phases. A promising approach is 
the transition from silica to a copolymer of styrene and divinylbenzene (PS–DVB) with a high degree of 
cross-linking, which is stable over a whole pH range and is compatible with organic solvents [1]. 

One of the types of mixed-mode stationary phases for HPLC is zwitterionic stationary phases 
containing both positively and negatively charged groups. These stationary phases are highly 
hydrophilic, biocompatible, and can be used for simultaneous separation of anions and cations [2]. 

In this work, mixed-mode zwitterionic stationary phases based on modified PS–DVB were 
synthesized. The modification was carried out in two ways: acylation with reductive amination with 
methylamine and epoxidation followed by amination with methylamine. Polyelectrolyte chains were 
prepared from 1,4-butanediol diglycidyl ether (1,4-BDDGE) and iminodiacetic acid, as well as from 1,4-
BDDGE and methyl glycine. Additionally, positively charged chains formed from 1,4-BDDGE and 
dimethylamine were sequentially grafted to form an external functional anion-exchanging layer. 

The synthesized resins were investigated in three retention modes: RP HPLC, IEC and HILIC. 
It was noted that grafting of positively charged chains leads to a hydrophilicity increase of the 
stationary phases in the HILIC mode, but an efficiency decrease in the RP HPLC mode. A mixture of 
14 anions containing standard anions, lactate, bromate and anions of 5 phosphonic acids was 
separated in IEC mode in 32 min in a gradient elution mode. In the RP HPLC mode, the ability to 
separate a mixture of 7 alkylbenzenes in 20 min (with an efficiency of up to 15,000 tp/m), 3 fat-soluble 
vitamins in 15 min (with an efficiency of up to 3,000 tp/m), as well as a mixture of phenol and 5 of its 
derivatives in 15 min (with efficiency up to 9,000 tp/m) was shown. The stationary phases in HILIC 
mode made it possible to separate 5 water-soluble vitamins in 12 min in isocratic elution mode (with 
an efficiency of up to 14,500 tp/m) and 6 water-soluble vitamins in 9 min in gradient elution mode (with 
an efficiency of up to 13,500 tp/m), 4 nitrogenous bases in 3.5 min (with an efficiency of up to 10,000 
tp/m) and 10 amino acids in 24 min (with efficiency up to 21,000 tp/m) in isocratic elution mode. 

 
Figure 1. Separation of mixtures in different chromatography modes. 
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The distribution of organic matter (OM) in oil shales and its chemical composition is essential for 
the successful field development and hydrocarbon production. Fourier transform infrared microscopy 
(micro-FTIR) is a non-destructive method of analysis that can be used to study the structure and 
composition of a sample on a micrometre scale. Colour mapping allows the distribution of OM and 
minerals on the rock surface to be visualised. Scanning electron microscopy (SEM) provides 
information on the shapes, sizes and distribution of minerals and kerogen grains in shale, while energy 
dispersive X-ray spectroscopy (EDS) provides information on its elemental composition. 

The object of the study was a sample of oil shale taken from the Salym field, collected from a 
depth of approximately 3 km. The programmed pyrolysis data indicates that the sample is a high-
carbon rock (total organic carbon content TOC = 9.6 ± 0.5 wt.%), contains mature OM (Tmax = 432-

436С), and is in the active stage of HC generation (PI = 0.1, which corresponds to the main zone of 
oil formation). 

The results of the structural group analysis, based on the classification of the main rock types of 
the Bazhenov Formation, indicate that the sample belongs to a clay-carbonate-siliceous rock with a 
variable composition [1]. The characterisation stretch vibrations of C–H bonds of aliphatic fragments of 
OM were observed in the region 2910-2890 cm-1 [2, 3]. In the region 1450-1410 and 875-870 cm-1 the 
observed bands can be attributed to the stretch and bending vibrations of carbonate anion (CO3

2-) 
bonds of carbonate minerals; in the region 1100-1000 cm-1 – the stretch vibrations of Si–O–Si bonds 
of clay and siliceous minerals; in the region 850-750 cm-1 – the stretch vibrations of SiO2 bonds of 
quartz [2, 3]. 

The contents of OM and rock minerals were calculated by normalising the IR spectra. The 
average content of clay minerals in the sample is 65.0 ± 1.9 wt.%, carbonate minerals - 20.0 ± 2.1 
wt.%, quartz - 14.0 ± 1.4 wt.%. The mapping of the sample surface by the intensity of the absorption 
band of aliphatic fragments at ~2900 cm-1 revealed the following: blue zones with low band intensity 
and low content of OM (less than 1 wt.%); green zones, where the average content of OM is 1.0 ± 0.3 
wt.%; rare red zones with intense bands and high content of OM (up to 6 wt.%). The absorption bands 
of OM (violet zones) were not detected in all points of the investigated surface, which allows us to 
conclude that its distribution on the rock surface is extremely heterogeneous. 

The SEM-EDS data indicated that oxygen, silicon and carbon constituted the majority of the 
sample. Carbon (20 wt.%) was present in both the composition of carbonate minerals (e.g., aragonite, 
dolomite, calcite, etc.) and in the form of carbon-containing organic compounds (e.g., kerogen). 
Furthermore, the presence of carbonate minerals confirmed the presence of calcium (6 wt.%). The 
high silicon content (21 wt.%) corroborates the presence of silicate-type structural minerals (illite, 
coalinite, quartz) containing potassium (1 wt.%) and aluminium (4 wt.%). Sulphur (4 wt.%) and iron (6 
wt.%) indicate the presence of pyrite in the rock. The mineralogical composition of the rock was 
determined by SEM-EDS. In terms of oxide forms, the average values of mass concentrations were: 
Al2O3 – 17 wt.%; SiO2 – 49 wt.%; SO4

2- – 20 wt.%; K2O – 1 wt.%; CaO – 15 wt.%; Fe3O4 – 8 wt.%. The 
SEM-EDS results demonstrated a good agreement with the data obtained by micro-FTIR, confirming 
the homogeneous distribution of minerals on the rock surface. 
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Nowadays, one of the most significant challenges is the control of food, beverages, and 
hygiene products quality. The determination of the anionic composition of these samples is of 
paramount importance, for example, the determination of nitrates and nitrites in drinking water [1] or 
the active fluorinating component in toothpaste and oral rinses [2]. The most effective modern method 
for anion profile determination is suppressed ion chromatography (IC). Some simple tasks, such as 
water quality analysis, can be performed using a carbonate eluent, while for more complex problems, 
such as wine and juice analysis, gradient elution mode using a hydroxide eluent is required. The 
appropriate stationary phase and eluent need to be selected for each specific application [3]. In this 
context, the development of new selective and efficient stationary phases for IC is the most important 
challenge facing researchers. 

Novel resins based on styrene and divinylbenzene copolymer have been developed in the 
laboratory of chromatography at the Chemistry Department of Lomonosov Moscow State University. 
Stationary phase with polymerized glycidyl methacrylate on the surface of a polymer matrix were 
developed (Scheme 1, A). The anion-exchange layer was formed by the reaction of a tertiary amine with 
the oxirane ring of glycidyl methacrylate. The obtained sorbent was stable at pH < 12 and could be used 
with carbonate buffer solution as an eluent in suppressed IC. Such stationary phase with a simple 
functional layer was successfully applied for analysis of drinking water, soft drinks and oral rinses.  

 
Scheme 1. Activation of polymeric substrate via A) polymerization of glycidyl methacrylate; B) epoxidation 

of surface double bonds. 
 

To obtain anion exchangers with more complex functional layer stable over the entire pH 
range, a method of the polymer matrix activation by epoxidizing the surface double bonds with peroxy 
acid was used (Scheme 1, B). The obtained product was aminated with methylamine, then alkylated 
with diglycidyl ether with following covalent attachment of polyamine to the resin surface. For 
quaternization of the polyamine amino groups and crosslinking of the polymer layer, the obtained 
phase was finally treated with diglycidyl ether. The produced sorbent was suitable for use with 
hydroxide eluent, which allowed to determine the anionic composition of more complex soft drinks, as 
well as toothpastes. The methods for analysis of beverages and oral hygiene products using novel 
anion exchangers were developed and validated with respect to linearity, recovery, limits of detection, 
and intra-day and inter-day precision.  
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Russia, having advanced technologies for obtaining and purifying radionuclides, still does not 

make enough use of the capabilities of nuclear medicine. In recent years, certain advances have been 
made in the field of oncological diagnostics using positron emission tomography (PET), but the use of 
radionuclides in radiotherapeutic treatment is extremely limited. Significant progress, in our opinion, 
can be achieved using radiopharmaceuticals based on yttrium-90 for radiotherapy - the only medical 
radionuclide, the production of which does not require either a reactor or a cyclotron. The source of 
yttrium-90 – strontium-90 – is formed during the reprocessing of spent nuclear fuel from nuclear power 
plants. 

The high potential of radiopharmaceuticals based on yttrium-90 is due to its unique properties: 
the high energy of beta particles makes it suitable for irradiating large tumors, and the tendency to 
form complex compounds allows one to obtain a wide range of radiopharmaceuticals. 

An obstacle to the large-scale use of this effective and accessible radionuclide in nuclear 
medicine is the insufficiently effective and safe methods for separating yttrium-90 from the parent 
strontium-90 and the lack of a safe, simple and reliable yttrium-90 generator. 

The goal of our project is to create a radiation-safe two-circuit generator for producing high-
purity yttrium-90 trichloride without a carrier, which is used in the palliative treatment of bone 
metastases and is the initial pharmaceutical substance for obtaining radiopharmaceuticals for 
radiotherapy of oncological diseases. 
 

 

Scheme 1. 90Sr in equilibrium with its 90Y daughter (Emax= 2280 keV and t1/2= 64.10 hours). 
 

The scientific idea of the project is related to the use of carbonate media to separate the 
medical radionuclide yttrium-90 from the parent strontium-90. Carbonate media, in contrast to 
traditional nitrate media, make it possible to create a generator in which the parent strontium-90 is 
reliably fixed in a solid matrix, which significantly increases radiation safety. To control washability, a 
previously developed ion-selective strontium electrode will be used. 

During the work, chemical sensors with liquid polymer membranes selective for yttrium were 
obtained and tested. The matrix was PVC, the plasticizers were dibutyl and didodecyl phthalates, and 
the ionic conductor was methyltrioctylammonium carbonate. 8-hydroxyquinoylene and 
2,3-dihydroxynaphthalene were used as ionophores. 
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In many pharmaceutical companies, the number of production lines is limited and the same 
equipment is used to produce different drugs. Therefore, controlling the cleanliness of the production 
line remains an important drug quality and safety control issue.  

FDA recommends the use of direct sampling method from the surface of the equipment (swab 
method) for residue analysis [1]. Currently, commercially available swabs are used which do not 
provide complete extraction, so the results are always underestimated.  

In this work, we propose to use polymeric porous polyester material as swabs. Polyester swabs 
manufactured by us optimize sample preparation due to the absence of the stage of re-extraction of 
the substance from the cotton swab into solution. 

The analysis was carried out by UV- HPLC method. 
According to the analysis results, the extraction degree for our polyester swab was 83%, for cellulose 
swab – 57%.  
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Scheme 1. Chromatogram of a polyester swab sample. 
 

The use of polyester swabs reduces analysis time without compromising the quantification of 
surface residues. 
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Plants of the genus Primula are used in traditional medicine to treat various diseases. 
Commonly, plants are applied to treat eye diseases, respiratory tract infections, headaches, etc. 
Alkaloids, flavonoids, glycosides, tannins, terpenes, polysaccharides, essential oils, coumarins, fatty 
acids are important from a medical point of view phytocomponents of species of the genus Primula. 
Pharmacological studies have shown their outstanding biological activity, such as antibacterial, 
antioxidant, antiviral, decongestant, antitumor, cardioprotective and contraceptive properties [1]. 

Various methods are used to extract bioactive compounds (BAC) from plant matter. The most 
widespread method is liquid extraction using water or aqueous solutions, as well as organic solvents 
such as alcohols or acetonitrile. However, organic solvents are quite toxic and volatile, especially at 
elevated temperatures, which are used to intensify the extraction process, and therefore, there has 
recently been a tendency to switch to "green" chemistry, which means replacing traditional solvents 
with new extractants. For example, such eco-friendly solvents that have shown their effectiveness in 
extracting BAC from plant raw materials are deep eutectic solvents (DES). The extraction of BAC 
could be described as the following: the plant material, which has been dried and finely ground to a 
powdery form, is mixed with a suitable solvent; then the mixture is heated and treated with ultrasound 
or microwave radiation. 

In our work, we studied the following factors which impact the efficiency of BAC extraction from 
Primula: the DES composition, extraction time and temperature, as well as the solid-to-liquid ratio. 
Organic acids (lactic, malonic and malic), ethylene glycol, urea and sugars (glucose, fructose, sorbitol) 
acted as donors of the hydrogen bond in the composition of the DES, and choline chloride was used 
as an acceptor. The extracts were analyzed by HPLC-UV method. During the work, the flavonoid rutin 
was found and identified in plant raw materials, and the selectivity of extraction of polar and nonpolar 
compounds depending on the composition of DES was shown. 

 
References 

[1] Primula and its role in phytomedicine; a systematic review, Phytomedicine Plus 4, 2024,100510. 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 22-73-10039). 

Scientific research was partially performed at the Chemical Analysis and Materials Research Centre of 
Saint Petersburg State University. 

 
 

mailto:st106271@student.spbu.ru


 

370 
 

BETA-LACTAM ANTIBIOTIC STABILITY IN CHICKEN MEAT 

Usanova E.D.1, Melekhin A.O.2 

1 Moscow State University, Moscow, Russia  
2 Federal Centre for Animal Health, Russia  

Student 
usanova.e.d@gmail.com 

 
β-lactam antibiotics are widely used in human and veterinary medicine for the prevention and 

treatment of diseases, and also as growth promoters. A current problem is their contamination of food 
products as a result of improper and uncontrolled use, since even small quantities can cause allergic 
reactions. In addition, the possibility of the emergence of resistant strains of bacteria increases, both 
within animals and within humans, due to the ingestion of small doses of antibiotics from food, which 
can lead to outbreaks of diseases [1]. Therefore, it is necessary to monitor antibiotic residues in food 
products. 

According to Decision of the Council of the Eurasian Economic Commission No. 94, if the 
permissible content of antibiotics in food products is exceeded, the laboratory must preserve control 
samples for 3 months without changing their characteristics and composition. In order to meet these 
requirements, it is necessary to select optimal sample storage conditions. This is especially important 
for β-lactam antibiotics, since they are not very stable [2]. 

The purpose of this work was to study the stability of beta-lactam antibiotics (6 compounds) in 
chicken meat under various storage conditions: at temperatures of +4, -20, -86 °C without refreezing 
the samples and at -20 °C with re-freezing, and also when boiling at +80 °C 

Sample preparation and determination were based on GOST 34137 and 34533. Substances 
were extracted using liquid-liquid extraction with acetonitrile followed by purification with hexane. 
Determination was carried out by HPLC-MS/MS. The technique provided good reproducibility 
(sr≤18%). The matrix effect for various substances was in the range of 74-116%, and the detection 
limits were 5 μg/kg for ampicillin and 1 μg/kg for the remaining compounds. 

It has been established that when boiled for an hour, the content of antibiotics in minced 
chicken decreases by 55.2-96.7%. When stored at positive temperature, beta-lactam antibiotics are 
stable for no more than 3 weeks. When stored at -20 °C, by week 15 the concentration drops to 17-
76.2% of the initial value for various compounds. Periodic thawing/freezing has a significant effect only 
on cefotaxime, which is the least stable of all the antibiotics tested. Storage at -86°C has been shown 
to provide stability for β-lactams for at least 15 weeks, with the exception of cefotaxime. Accordingly, 
these conditions are best suited to meet the EEC requirements. 
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Figure 1. Cefotaxime concentrations in chicken meat samples stored at different temperatures 
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The problems of detection and identification of high-energy substances are covered by 
numerous scientific studies [1,2]. The main focus of which is the development of methods with a low 
detection limit and high selectivity. The high-performance liquid chromatography/mass spectrometry 
(HPLC/MS) can solve these problems. The capabilities of the method make it possible to detection 
energetic compounds at qualitative and quantitative levels. Tandem use with a mass spectrometric 
detector allows one to achieve a high level of reliability of the results obtained. However, the 
performance of this method can be reduced if unsuitable mobile phases are chosen, as well as 
additives. 

This study is focused on identifying the impact of mobile phase additives on the performance of 
HPLC/MS in the detection of HMX and RDX. During the experimental study, the only variable 
parameter in a series of analyzes was the composition of the aqueous eluent (the presence or 
absence of modifying additives). This study assessed the influence of modifiers such as formic acid 
(HCOOH), ammonium acetate (CH3COONH4), ammonium nitrate (NH4NO3), as well as their absence 
in the eluent. 

In the process of mass spectrometric fragmentation with negative-ion electrospray ionization of 
HMX and RDX, produced spectra are usually characterized by highly abundant adduct ions and the 
absence of molecular anions. This is an important difference between fragmentation process of 
nitramines and nitroaromatic compounds. Adduct ions such as [M+Cl]-, [M+CH2(OH)COO]- appeared 
even without adding the corresponding additives to the eluent, and their origin was explained by the 
presence of impurities in the solvents or eluents.  
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Scheme 1. Mass spectra of HMX and RDX with no additives in the eluent. 
 

Generally, the study of differences in ionization efficiencies and fragmentation pathways of HMX 
and RDX allowed us to conclude that mass spectra of RDX and HMX are very similar and in both 
spectra [M-H]- ions are extremely rare or completely absent.  Presumably, the most abundant ions 
[M+ONO2]- can formed by part of the RDX/HMX molecules decompose yielding ONO2

- species which 
in turn cluster with a second RDX/HMX molecule producing abundant [M+ONO2]- cluster ions. 
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The identified analytes are sex steroid hormones, which are biologically active substances that 
play an important role in regulating various metabolic processes in humans and animals. The 
analogues of natural steroid hormones - synthetic steroid drugs are used for the treatment of a 
number of diseases associated with endocrine pathologies. The control of the content of natural and 
synthetic steroids is an important task for both clinical medicine and ecological monitoring of 
environmental objects primarily natural waters. However, it is difficult to chromatographically separate 
natural and synthetic hormones due to their close chemical structure, low levels of steroid hormone 
concentrations in real objects (ng/ml) require the development of highly sensitive and selective 
approaches to their extraction, concentration and determination. Current trends in the development 
and evolution of sample preparation methods include miniaturization, a combination of liquid and 
solid–phase microextraction, and the search for new selective and environmentally friendly 
extractants. Special attention is paid to ionic liquids (IL) as extractants, due to their unique 
physicochemical properties.  

The purpose of this study is to identify the analytical capabilities of imidazolium ions for the 
extraction and concentration of steroid hormones from natural objects by methods of dispersion liquid 
microextraction (JJME and magnetic solid–phase microextraction (TFME) for their subsequent 
determination by HPLC.  The conditions for their separation by reverse-phase HPLC with diode-matrix 
detection were found on model systems of steroid hormones (estrogens, progesterone and 
testosterone). The possibilities of hydrophobic imidazole-based ionic liquids with various anions and 
alkyl radical lengths (1-butyl-3-methylimidazolium hexafluorophosphate ([C4MIM][PF6]), 1-hexyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide ([C6MIM][NTf2]), 1-hexyl-3-methylimidazolium 
tetrafluoroborate ([C6MIM][BF4]) and 1-methyl-3-octylimidazolium tetrafluoroborate ([C8MIM][BF4]) as 
extractants under the conditions of DLLME and SPME. The factors influencing the degree of analyte 
extraction (the content of IL and dispersing solvent, the pH value of the sample matrix, salt addition, 
extraction time, etc.) were established and optimized using the design of the experiment. The best 
results in terms of steroid extraction degrees were obtained for IL [C6MIM][NTf2] as an extractant 
under conditions of DLLME with vortex dispersion; the extraction recovery was 65-98%. Magnetic NPs 
based on magnetite coated with silica gel have been synthesized for magnetic SPME. The possibilities 
of IL [C8MIM][BF4] as a magnetic LNPs modifier providing high recovery of steroid also have been 
revealed. The possibility of determining steroids in selected conditions in natural objects is shown.  
The found mode is adapted to the analysis of real objects (natural water bodies).  
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Hops (Humulus lupulus L.) are perennial climbing plants of the Cannabaceae family cultivated 
by humans. The main consumer of hops is the food industry: hops are one of the main components of 
beer, used as a flavouring and preservative. The diversity of brewing hop varieties and technological 
approaches in brewing creates the possibility of forming unique flavour and aroma properties of beer 
products.  In addition, hops are a common component of bioactive additives. The unique profile of 
biological activity of this plant is formed by the variety of its secondary metabolites, which include 
alpha-, beta-bitter acids and flavonoids [1]. The most informative approach for the analysis of plant 
raw materials is the use of hybrid methods of analysis, especially chromatography-mass spectrometry. 
The main tool in the analysis of biologically active components of hops and products based on it is 
HPLC-MS in the version with reversed-phase chromatographic separation, and the informativeness of 
the analysis increases significantly with the use of high-resolution mass analyzers with the possibility 
of obtaining fragmentation spectra [2]. In the case of plants, the main challenge in characterizing the 
metabolome is the low informativeness of databases for both individual components and 
chromatographic-mass spectrometric characteristics of compounds, which necessitates the use of 
additional tools for identifying unknown components. One such strategy is the use of molecular 
networks, to analyze the fragmentation spectra of component samples.  

The aim of the present work was to characterize the metabolome of brewing hop varieties 
based on the results of sample analysis by HPLC-HRMS and further visualization of experimental data 
by means of automatic mass chromatogram marking and molecular networking. The object of the 
study was samples of pelletized brewing hops, from which methanol extracts were prepared using 
ultrasonic treatment to enhance analyte extraction. The analyses were carried out on HPLC-MS with 
an orbital-ion trap mass analyzer in a data-dependent fragmentation spectra accumulation mode. The 
obtained data underwent chromatographic peak labelling and filtering procedures, after which 
molecular networks linking components close in structure to the fragmentation spectra were 
constructed using the GNPS service. The resulting molecular networks were then analyzed. The 
components were identified based on the set of observed fragments, retention information, 
comparison with databases and literature sources. 

Based on the results, more than 50 components of the studied extracts were characterized, 
including proposed structures for compounds not previously described in the literature. The present 
work demonstrates the efficiency of using molecular networks in the characterization of complex 
samples. 
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Nanoscale particles have long established themselves as promising materials for analytical 
chemistry purposes. In particular, silica nanodots, due to a number of their properties, are becoming 
an increasingly studied tool to determine various substances: inorganic, organic compounds, as well 
as biologically active substances [1]. Catecholamines belong to one of the important groups of 
biologically active substances. There is a large number of different methods for determining these 
substances using metal nanoparticles, but there are practically no works devoted to the use of silica 
nanodots for solving this task [2,3]. 

The purpose of this work is to study the features of the interaction of silica nanodots with 
catecholamines and to evaluate its possibilities for the luminescent determination of catecholamines. 

As a result of the interaction of nanodots with catecholamines, the shapes of the excitation and 
luminescence spectra change. In the case of dopamine, the luminescence intensity decreases at 445 
nm. When nanodots interact with norepinephrine and epinephrine, a maximum at 500 – 510 nm is 
observed in addition to reducing the luminescence intensity at 445 nm, for norepinephrine this effect 
being observed at lower concentrations than in the case of epinephrine. 

The conditions for the luminescent determination of norepinephrine, epinephrine and dopamine 
using silica nanodots (SiNDs) were selected: pH 10 – 10.5, V(SiNDs) = 1.00 ml (Vtotal = 5.00 ml), the 
interaction time of SiNDs with dopamine is 20 min (when heated to 40oC), norepinephrine – 30 min, 
epinephrine – 60 min. The detection limits for norepinephrine, epinephrine and dopamine are 0.1 μM, 
0.7 μM and 2 μM, respectively. 

By the example of norepinephrine, the analytical characteristics of the determination of 
catecholamines using SiNDs synthesized using glucose and ascorbic acid as reductants were 
compared. It has been shown that the lower detection limits are achieved by the interaction of 
catecholamines with SiNDs prepared in the presence of ascorbic acid. 

The influence of foreign components was studied by the example of norepinephrine. It was 
shown that equimolar amounts of common inorganic ions (Na+, K+, Mg2+, Cl-, SO4

2-, NO3
-) do not 

interfere with the determination whereas Cu2+ ions interfere. The presence of L-methionine, L-
glutamine, β-alanine, glycerin, calcium gluconate, and glucose does not interfere with the 
determination of norepinephrine in a ratio of 1:1000, and DL-serine and L-histidine in a ratio of 1:100. 

The analysis of the drugs “Dopamine-Ferein” (“Bryntsalov-A”, Russia), “Epinephrine 
Hydrochloride – Vial" (VIAL, China) and “Noradrenaline” (“Ecofarmplus”, Russia) was carried out. The 
results of the fluorimetric determination using SiNDs are in good agreement with the data of HPLC 
analysis. 
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B group vitamins are necessary substances for human and animal health, they are water 
soluble and are found in many foods. This group of vitamins are widely used in cosmetology, 
pharmaceutical and food industry. Deficiency of B vitamins can cause inflammation of various types, 
anemia, diabetes. Excessive and uncontrolled consumption of these substances can also lead to 
serious problems with the gastrointestinal tract, harm the central nervous system and negatively affect 
the state of the body [1]. Thus, today the regulation of the content of B vitamins in various food 
products is a relevant task. 

Food samples have complex matrices, therefore usually require pretreatment step for the 
isolation and often preconcentration of target analytes. Thus, acid, base and enzymatic hydrolysis can 
be used for the destruction of the sample matrices, and liquid liquid extraction as well as solid phase 
extraction are applied for the concentration of vitamins [2]. Frequently, liquid liquid extraction turns out 
to be simpler and cheaper than solid phase extraction. However, much attention is paid to the 
extractant. Historically, "classical" solvents such as alcohols, carboxylic acids, aldehydes, etc. have 
been used for this type of extraction. Though, green extractants such as terpenoids, deep eutectic 
solvents, etc. have recently become popular. In this work, we compared the extraction abilities of 
"classical" and "green" solvents by evaluating the distribution coefficients of analytes between the 
aqueous and organic phases. The phases were analyzed by high-performance liquid chromatography 
with UV-detection. 
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Flavonoids are a group of polyphenolic compounds, which have a number of useful properties 
including antiviral, anti-inflammatory, cardioprotective, antidiabetic, anti-cancer, which are still being 
actively studied [1]. Due to the biological activity and all the advantages of flavonoids, there is an 
analytical task for their extraction and determination. One of the widely used methods for determining 
the total flavonoid content in plant extracts is photometric analysis with aluminum chloride, where Al3+ 
is used as a complexing agent [2].  

Organic solvents or aqueous solutions are usually used to extract flavonoids from plant raw 
materials, however, in modern analytical chemistry deep eutectic solvents are increasingly used to 
extract BAS from plant raw materials. It is possible that some components of DES, for example, acids 
or alcohols, can form stable complexes with aluminum or bind to the flavonoids, thereby interfering 
with the course of the main spectrophotometric reaction and reducing/overestimating the analytical 
signal. Since there is still no general approach to the spectrophotometric determination of flavonoids 
using DES, the purpose of this work was to find out whether these DES consisting of choline chloride 
as an acceptor of hydrogen bonds and different classes of compounds (alcohol, sugars, urea and 
acids) as donors have an interfering effect and, if there is such an effect, to propose elimination 
options, as well as to conduct a spectrophotometric analysis of real samples using DES. 

In this study, a photometric reaction was carried out under optimal conditions with various DES 
additives in such concentrations as can be expected when extracting flavonoids from plant raw 
materials (10-100 g/l) and the interfering effect of DES was counted. As a result, it was shown that in 
the entire studied range of DES concentrations, the use of DES in the determination of flavonoids 
without any additional procedures or without taking into account the interfering effect is not possible. 
Ways to eliminate the interfering influence were investigated, first of all, the acidity of the solutions. It 
is known that flavonoids in an alkaline medium are capable of forming colored forms, while a 
bathochromic shift in the absorption spectrum is also observed. Thus, the analysis procedure was 
simplified and the effect of pH on the spectral characteristics of both the rutin-aluminum complex and 
pure rutin was investigated. Finally, the analysis was carried out by changing the pH of the extract 
solution, without the addition of aluminum chloride. Total flavonoid content in three herbs - primula, 
hypericum and pyrola – was determined using the proposed method. The results of the analysis were 
compared with the results obtained by using the standard method with the addition of AlCl3. 

 

Scheme 1. Analysis of plant raw materials. 
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Deep eutectic solvents (DES) are compounds that consist of two or more components which 

are capable of self-association, often by hydrogen bonding, resulting in a eutectic mixture with a 
melting point lower than that of each original component. These solvents exhibit non-volatility, high 
thermal stability, and the ability to dissolve a wide range of organic and inorganic substances. They 
are considered “green” and inexpensive substitutes for ionic liquids. DES have recently appeared in 
analytical practice but have already found a broad range of applications; mainly as effective 
extractants [1]. An effective tailoring of DES properties (such as viscosity, conductivity, water content) 
to the requirements of a particular analytical task requires fast and simple methods for a numerical 
assessment of such properties.  

Recently, we have proposed a new type of contactless sensors based on the of high-frequency 
conductometry method [2,3]. The sensor consists of three simple components: an alternator              
(2-112 MHz), an inductance coil and a receiver (Fig.1). Once the sample is placed in the inductance 
coil, it becomes its core and changes the current flowing through the coil. The response spectrum for 
each particular sample is recorded, with the resulting signal depending in complex ways on the 
dielectric constant, magnetic properties, capacitance characteristics and conductivity of the sample. 
To date, it has been shown that the influence of these parameters on the analytical signal provides 
additional information about the sample compared to simple conductometric measurements. The 
resulting spectra are processed by chemometric methods to extract information. 
 

 
Figure 1. 3D model of the inductance coil [4]. 

 
In this study we focused on the assessment of water content in DES using this contactless 

sensor. DES based on choline chloride and 3 alcohols (ethylene glycol, propylene glycol, glycerol) and 
3 acids (malonic, malic, tartaric) were analyzed. The attained detection range of water content was 
approximately from 5% to 20% w/w. Phase diagrams for two different DES of choline chloride-urea 
and thymol-menthol were also obtained using the developed sensor. Furthermore, sensor response 
time is less than 100 ms, which allows monitoring the process of DES formation in the dynamic mode. 
The details on these studies will be provided in the presentation along with the discussion on possible 
perspectives of the device.  
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Ionic liquids are considered to be prominent candidates for electrolyte material in 

electrochemical devices. High conductivity, stability, low vapor pressure and melting temperature are 
the qualities that are sought for by researchers in this field. Moreover, the type of solid-liquid phase 
transition is of great interest. Some ionic liquids crystalize upon cooling, whereas others undergo 
vitrification. The vitrifying ionic liquids can exhibit the pronounced mobility of ions at the temperatures 
below melting point, which is beneficial for conductivity. Therefore, it is interesting to find out how 
various modifications of ionic liquid structure impacts the melting process.  

In this contribution we present ionic liquids based on carboxyalkyl pyridinium cation [Py-(CH2)n-
COOH]+ (n=1 ,2, 4, 6, 7, 9) and bis(trifluoromethanesulfonyl)imide anion [NTf2]- (Scheme 1). These 
ionic liquids show relatively low melting temperature and therefore are interesting for electrochemical 
applications. The variation of the hydroxyalkyl chain length of cation provides opportunity to adjust the 
magnitude of dispersive interaction between ions. These changes may have the impact on the melting 
transition. Moreover, the hydrogen bond strength can alter as well. 

We apply the solid state 2H NMR spectroscopy in order to characterize the strength and mobility 
of hydrogen bond between carboxyl group (cation is deuterated in carboxylic group) of cation and 
anion. The value of the quadrupole constant of deuterium correlates with the strength of the hydrogen 
bond (decreases for stronger hydrogen bond) [1]. 2H NMR spectra consist of two signals in the solid 
state indicating at the possibility of various surrounding of deuterium and, therefore, the presence of 
different hydrogen bond types. 

The transition of the 2H NMR spectrum from broad anisotropic pattern (typical for solid state) to 
the isotropic pattern (liquid state) unambiguously shows the melting transition. The evolution of the 
spectrum with temperature indicates at the type of the melting transition (liquid – crystal or liquid – 
glass). We show that the melting temperature varies with the length of carboxyalkyl chain only for the 
n<5. Further increase of the carboxyalkyl chain does not lead to the shift of the melting temperature.  
 

 

 

Scheme 1. Structure of [Py-(CH2)2-COOD][NTf2]. 
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Interest in the synthesis and creation of multifunctional nanomaterials is constantly growing, 
including for materials based on rare earth element (REE) orthophosphates. Due to their 4f-electron 
configuration, their compounds possess a wide range of functional properties: magnetic, luminescent, 
catalytic, thermal insulation, etc. Nanoparticles based on various REE compounds have found 
application for solving a number of problems, for example, in medicine as bioluminescent labels [1], in 
optoelectronics - to create laser materials, scintillators, light-transforming substances [2] or organic 
light-emitting diodes [3]. Soft chemistry techniques are commonly referred to as chemical methods for 
obtaining nanodisperse materials, which involve minimal use of high temperatures and pressures in 
the synthesis of solid-phase materials. There are precipitation, hydro- or solvothermal synthesis, 
microwave-hydrothermal synthesis, liquid-phase sol-gel synthesis, and others. Using soft chemistry 
methods and optimal synthesis conditions, particle size, morphology and crystallinity can be 
controlled. In addition, this ways to synthesis can produce not only thermodynamically stable but also 
metastable phases, which makes it possible to analyse the process of phase formation in the system 
and predict the properties of objects. 

Compounds with monazite and xenotime structures are perspective materials for creation of 
heat-resistant and luminescent materials [4] and for immobilisation of radioactive waste [5]. This work 
is focused on the preparation of nanoparticles using soft chemistry methods, determination of the 
conditions for the formation of phases with rhabdophane and xenotime structures and the influence of 
pH on average crystallite sizes and structure parameters of nanoparticles.  

The synthesis of nanocrystalline materials was performed by precipitation method by adding a 
thin stream of NH4H2PO4 solution to the solution of REE nitrates. The obtained suspension with pH=1 
and pH=10 was mixed on a magnetic stirrer for 15 minutes. The experimental procedure included 
three ways to change the pH of the suspension solution: 1) addition of aqueous ammonia solution to 
the initial solution of NH4H2PO4, 2) addition of aqueous ammonia solution to the prepared suspension 
formed at the stage of NH4H2PO4 solution addition, 3) addition of ammonia solution to the initial 
solutions of REE nitrates and NH4H2PO4. After precipitation, the reaction products were sedimented by 
centrifugation and washed with distilled water to pH=7, dried at T=80 °C and ground in the agate 
mortar. 

The obtained nanocrystalline materials were investigated by X-ray powder diffraction, scanning 
electron microscopy (SEM) with energy-dispersive X-ray spectroscopy (EDXS). Diffractograms were 
processed using the Rietveld method, the average crystallite size was calculated using the Scherrer 
and Halder-Wagner formulas.   
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The study of rocks and the processes of their formation provides an opportunity to approach the 

understanding of the history of geological evolution of the Earth's crust, and to relate different 
geological events. Rare earth elements (REE) act as geochemical indicators reflecting the degree of 
melt fractionation. Therefore, the correct interpretation of geochemical data requires reliability and 
accuracy of the results of elemental analysis of the studied rocks. 

Inductively coupled plasma mass spectrometry (ICP-MS) is now the leading method for the 
determination of trace elements. The application of this method in bulk analysis involves samples 
dissolution. Over the last 50 years, many methods for digestion of geologic samples have been 
proposed. Practice has shown that due to the diversity of rocks and the uniqueness of their mineral 
composition, it is not possible to create a single, unified approach for all types of rocks. 

The aim of the work is to develop a set of solutions for obtaining reliable information on the 
content of REE and other elements in rocks of different types by ICP-MS method with the results 
uncertainty of no more than 5%. 

A hardware complex for acid decomposition of geological objects at atmospheric pressure has 
been developed and manufactured. Acid digestion procedures for the developed hardware complex 
have been formulated [1]. The developed procedures have been tested using different types of 
certified reference material (CRM): basalt types - BCR-2 (USGS, USA); BIR-1 (USGS, USA); BHVO-2 
(USGS, USA) [1]; granite - GS-N (ANRT, France); urtite (nepheline syenite class)- MW-3 (IGEM; 
CRM:GSO 2123-81, Russia); serpentinite - UB-N (ANRT, France) and olivine-rich meymechite [2] - 
DVM (RIAP; CRM:GSO 4317-88, Russia). The elemental composition of the samples was determined 
by ICP-MS and ICP-AES methods. The obtained results of analysis were compared both with certified 
CRM values and with the updated data published in the GeoReM database (Max Planck Institute, 
Germany). The results of REE and other elements determination in basalts (BCR -2, BHVO-2, BIR-1), 
granites (GS-N), serpentenite (UB-N) [1] and meymechite (DVM) [3] have been published.  

Analysis of the data showed underestimation of the results for REE (from 10% and up) and 
some other elements for CRM granite (GS-N) and urtite (MW-3). In the case of CRM (GS-N) it is 
related with the fact that the rock contains hard-to-digest minerals. To increase the accuracy of granite 
analysis the method of solid-phase fluorination (with NH4HF2) followed by acid decomposition at 
atmospheric pressure in the developed hardware complex was developed. It is shown that the use of 
this method of sample preparation provides metrologically reliable results for REE determination.  

In the case of urtite CRM (MW-3), the presence of high content of Al in the sample leads to the 
formation of hard-soluble fluorides in the process of acid decomposition, which entails the co-
crystallization of trace elements [4], and as a consequence, underestimation of the analysis results. 
Based on the data of the article [4] it is confirmed that Mg addition noticeably improves the results of 
REE determination. Due to the absence of the majority of elements in the certificate of CRM MW-3, 
including REE, the method of CRM decomposition was additionally tested using autoclaves, after 
which the analysis results were compared with each other. The obtained REE contents can be used 
as a reference for analyzing rocks of urtite group.  
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Capillary electrophoresis (CE) is a rapid method for the separation of charged and neutral 
analytes. However, there are some limitations of the method related to low sensitivity, selectivity and 
insufficient reproducibility of analyte migration parameters. This problem can be solved by applying 
various modifiers of electrophoretic systems for formation of coatings on the quartz capillary walls.  

The creation of coatings can be carried out in two ways: by forming of covalent bonds, as well 
as, by physical adsorption. The latter method is characterized by simplicity of implementation. To form 
dense and stable coatings, the modifier must have a high density of functional groups, be adsorbed on 
the quartz surface and effectively shield silanol groups. Polyelectrolytes poly(diallyldimethylammonium 
chloride) (PDDA) and chitosan are studied as modifiers in this work (Scheme 1).  

 
Scheme 1. Structure of PDDA (A) and chitosan (B) 

 
PDDA is characterized by high molecular weight, its charge is independent of pH. It is widely 

used for the separation of inorganic anions [1] and short-chain fatty acids [2], as well as in the 
formation of multilayer coatings involving anionic polyelectrolytes for the separation of proteins [3]. 

Chitosan, on the other hand, is a less studied modifier compared to PDDA. Due to the 
presence of amino and hydroxy groups, it is able to interact with analytes through the formation of 
hydrogen bonds. Moreover, chitosan can act as a chiral selector due to presence of chiral centers in 
carbohydrates fragments. 

Thus, the aim of this study is to investigate analytical capabilities of chitosan based coatings at 
separation biologically active analytes and to compare results with PDDA as well-known modifiers of 
the capillary inner surface.  

The procedures of coatings formation for both polyelectrolytes were proposed. The obtained 
coatings were tested in the separation of analytes of different polarity: catecholamines, amino acids 
and carboxylic acids. It was found that in the case of catecholamines and amino acids, the PDDA-
based coatings provided higher efficiency. However, for organic acids, chitosan allowed achieving 
higher values of separation selectivity and resolution. 

One of the features of chitosan, unlike PDDA, is the presence of multiple chiral centers. 
Coatings based on it together (2-hydroxypropyl-β-cyclodextrin) in background electrolyte (double chiral 
system) provided separation of β-blockers enantiomers with high values enantioselectivity. 
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It is known from the literature that the efficiency of extracting microelements from solutions 
using polymer complex-forming sorbents using the sorption concentration method is relevant1-3. Since 
the method is convenient for the subsequent determination of the studied elements by various 
methods of analysis. For this purpose, based on a matrix of maleic anhydride with styrene, a chelating 
sorbent with an ethylenediamine chloride fragment was synthesized. The sorbent was identified using 
IR spectroscopy. The sorption of ions Pd(II), Co(II), Ni(II) on the surface of the sorbent was studied. 
During preliminary concentration, the dependence of the degree of sorption of Pd(II), Co(II), Ni(II) ions 
on time was studied and It was found that sorption equilibrium occurs with in 30 minutes and there 
after practically does not change. The results of sorption studies are shown in the table: 

 
Table 1. Results of studies of sorption of Pd(II), Co(II), Ni(II) ions 

Metals Optimal,  рН Ionic 
strength, 
mol/l * 

Maximum 
sorption capacity, 
mg/g 

Optimal eluent 

Со(II) 5 0,6 723 0,5 HCl 

Ni(II) 5 0,8 451 0,5H2SO4 

Pd(II) 4 0.8 640 0.5HCl 

*- μ value, which contributes to a significant reduction in the degree of sorption 
The developed method was used for the determination of Pd(II), Co(II), Ni(II) in catalysts based on 

sibunites. The results were verified by flame atomic absorption spectrometry. 
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Low production cost of precious metals, extracted from secondary raw materials, in comparison 
with traditional methods, combined with dramatic price increase for pure precious metals, force to pay 
more attention to alternative ways of precious metals production. Among them, using electronic waste 
(e-waste) as a source of precious metals, looks encouraging. E-waste is complex, multicomponent 
source of precious metals, which turnover rapidly increasing, due to excessive consumption of 
electronic and electric devices. This factor makes e-waste to become a renewable source of precious 
metals globally.  

In Russia electronic waste already considered as an alternative source of precious metal 
extraction. For instance, printed circuit board (PCB) and copper, collected from e-waste are sent to 
recycling plants, where copper cathodes are produced from these raw materials, and precious metals 
are also recovered. The precious metals obtained because of technological metallurgical processes 
are sent to specialized refineries. 

Based on chemical analysis, electronic waste shall be considered as heterogeneous, 
polymetallic source of precious metals which contains variety of elements with mass fraction from 
0.001 to 40 %. The most valuable elements for production are: gold, silver, platinum, palladium and 
rhodium.  

Technology of precious metals production from e-waste shall be developed to maximize an 
effect at every level of e-waste recycling process. The effect shall be measured by laboratory tests of 
multiple samples, collected from recycling process. The set of laboratory samples for chemical 
analysis, produced from initial sample, are used for a precious metal mass fraction analysis. 
Calculation accuracy highly depends on process of collecting samples, further process of sample 
preparation and ways of conducting chemical analysis. Considering that Russian government services 
control business of precious metals, it is important to develop standard method of quantitative 
chemical analysis of secondary raw materials. 

 While analytical control of pure precious metals, concentration in ore or alloys is widely used 
and well standardized, there is no any state standard to measure concentration of precious metals in 
e-waste materials. There are 15 (fifteen) certified methodologies to quantify concentration of a 
precious metal which can be applied to e-waste materials but all of them are confidential with limited 
public access due to commercial secret.  Brief examination shows that spectral analysis seems to 
have the largest potential due to focus on process of chemical preparation laboratory samples from 
secondary raw materials [1]. 

The purpose of the article is to develop standard spectral based method of measuring precious 
metals concentration in e-waste with preliminary assay concentration of the sample. 

We determine the following major steps of the method: 

• preparing initial sample from 1 to 5 mm by material crushing and attrition 

• thermal treatment 

• sample decomposition 

• testing and processing of results. 
Since shape of areas of gold as well as it`s distribution along e-waste sample highly influence 

measurement tolerance, we are examining optimal conditions of test samples preparation. A close 
look shall be taken to the initial and final fractions of samples, crushing & attrition modes. Results 
accuracy in depend on various factors was examined by using Isikawa diagram. For these purposes, a 
stock of material is created for the further production of certified reference material, which will be 
prepared using the developed technology and used as a reference for testing subsequent stages of 
the method. 
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Due to the development of new coatings for rolled electrical steel and the development of their 

application technology, the need to assess the following parameters increases: coating thickness, its 
chemical composition and morphology of surface layers. The most popular and rapid method of    
layer-by-layer coating analysis is the method of glow discharge optical emission spectrometry (GD 
OES). When analyzing coatings by the calibration curve method, the results of quantitative 
determination of the composition of electrical steel samples depend on the conditions for its 
preparation using a set of reference material (RM) with a known composition of impurities, the 
excitation conditions of low-temperature argon plasma, and the influence of matrix components. Due 
to the lack of universal requirements in the literature for the construction of calibration curves for 
determining the concentrations of Al, carbon, Cr, Mn, sulfur, Si in the analysis of samples of rolled 
products by the GD OES method, it is important to study the features of establishing functional 
dependencies of the emission intensities of the normalized elements on their concentration. 

A glow discharge spectrometer GD Profiler-2 (Horiba Scientific, France) was used in the work. 
The uniformity of cathode etching was assessed using a profilometer (HOMMEL ETAMIC T8000, 
Germany). To select the operating parameters of the glow discharge plasma, the power was varied in 
the range of 10-90 V in 10 V increments and the pressure in the range of 100-950 Pa in 100 Pa 
increments. In the study of RM, the uniformity of cathode etching at a pressure of 850 Pa and a power 
of 100 V was confirmed. A pulse mode with a pulse frequency of 400 Hz is recommended for 
measuring production samples of rolled steel. 

The calibration dependences of the emission intensity (I, B) on the concentration (C, %) of the 
type I=a·C+b were constructed taking into account the relative spray velocity after measuring 40 
reference steel samples. The Quantum spectrometer software allows you to automatically calculate 
the parameters of the calibration function using the weighted least squares method, which converts 
the equation to the form: 

   

Therefore, for each point of the calibration curve, the weight ωi was calculated using the 
formula: ωi = , where ni is the number of measurements (n=6). The main components of 

uncertainty  are: the standart deviation of the certified composition ( ), the standard 

deviation of the measured average intensity ( ), constant term, representing the minimum 

uncertainty in determination of a composition for the spectral line used ( ) and the coefficient of 

dispersion ( ). Using the software, the uncertainty was calculated using the equation: 

.  

The expediency of taking into account the interelement influence by adding a free term 
automatically calculated by Quantum to the calibration function: carbon (H=-0,37 V), sulfur (Ca=-1,47 
V), Si (Pb=-3,66 V). The results of the evaluation of the standart deviation calibration characteristics 
before (s) and after (s’) adjustments, performed in accordance with the requirements of MI 2175-91, 
confirmed the improvement in the precision of the determination Al (s=0,37; s’=0,26), carbon (s=0,50; 
s’=0,39), Cr (s=0,14; s’=0,09), Mn (s=0,15; s’=0,08), sulfur (s=1,05; s’=0,61), Si (s=0,13; s’=0,02).   
The graphs are linear (R2=0,993-0,999) in the ranges of determined concentrations of Al, carbon, Cr, 
Mn, sulfur, % by weight.: 0,0015-0,514; 0,0023-0,92; 0,008-1,82; 0,01-2,1; 0,0019-0,067. However, it 
is advisable to determine the Si concentration using a second-order polynomial equation with 
R2=0,999. 

The precision of determining the concentration of Al, carbon, Cr, Mn, sulfur, Si in CO according 
to the obtained calibration functions was confirmed by the Student's criterion. There is a decrease in 
the ratio error in determining the concentration (∆C) of carbon, sulfur and Si by 1,3-4 times. 
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Over the past few decades, layered perovskites have garnered tremendous scientific interest in 

the fields of materials science and chemistry, offering a variety of structures and properties that are 
applicable across numerous disciplines. Recently, Nb-based layered perovskites have become of 
great interest as active photocatalysts because they are wide bandgap semiconductors able to 
produce hole (h+) electron (e-) pairs under UV irradiation. The photoinduced hole electron pairs 
subsequently take part in the photocatalytic reactions such as overall water splitting into H2 and O2, 
fixation of CO2, photodegradation of hazardous organics, etc. [1] 
 

Herein to the work, KCa2Nb3O10 was selected as the host for intercalation of a wide variety of 
organic molecules. As we know KCa2Nb3O10 and HCa2Nb3O10 are lamellar Dion Jacobson compounds 
that consist of perovskite slabs interleaved by potassium cations or protons and water molecules. 
Their low charge density and low interlayer covalency, relative to the structurally related Ruddlesden 
Popper and Aurivillius phases, make them readily amenable to interlayer space modification as, for 
example, ion exchange(protonation), intercalation, grafting and exfoliation reactions. 

 
In the present work, primary attention is paid to the intercalation of bulky organic molecules 

(TBAOH, TMAOH) and grafting with phenols and naphtols into the perovskite slabs of HCa2Nb3O10 to 
develop organic-inorganic hybrids and nanosheets with enhanced photocatalytic activity and in some 
cases visible light absorbance. The resulting materials were systematically analyzed by XRD, FTIR 
spectroscopy, thermogravimetric and elemental analysis, diffuse reflectance spectroscopy and 
scanning electron microscopy (SEM) in detail.  
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An important task in the field of ecotoxicology is the development of effective and 
environmentally friendly methods for determining persistent organic pollutants in real samples. 
Researchers are highly interested in dispersive liquid-liquid microextraction (DLLME) methods, which 
contribute to the miniaturization of the extraction process, reduction of the volume of toxic extractants, 
and concentration of analytes [1, 2]. DLLME is often combined with other modern sample preparation 
methods of various compositions. For the analysis of solid samples, including soils, the use of the 
QuEChERS technique for the preliminary extraction of analytes from a complex matrix is promising. 
The combination of QuEChERS and DLLME techniques will reduce the influence of matrix effects and 
increase the preconcentration factors of analytes, which is of particular interest. 

In this study, the possibility of using a binary mixture of acetone and dichloromethane as an 
extractant and silica gel as a sorbent for purification was investigated. During the DLLME stage, the 
effectiveness of adding a mixture of chloroform and acetonitrile in various ratios to the obtained 
extract, as well as non-polar hexane, was studied to improve the dispersibility of the extraction system. 
The results showed low efficiency of such additional procedures for analyte extraction. For 
concentration, traditional separation of dichloromethane from acetone in an aqueous environment (n-
DLLME procedure) was preferred. The optimal volume of water for the proposed concentration 
method was determined. The analysis of the separated chloroorganic extract drop was carried out 
using gas chromatography-mass spectrometry in the selective ion monitoring mode on the "Shimadzu 
GCMS-QP 2020" instrument. The combination of the described techniques allowed for the extraction 
of priority PAHs of different structures from soils with high humus content with high efficiency (above 
80%). The application of dispersive liquid-liquid microextraction technique in soil sample preparation 
for analysis may contribute not only to analyte concentration but also to additional purification of the 
obtained extracts by transferring more polar interfering matrix components into the dispersant phase. 
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The efficiency of determination of lanthanides by coprecipitation from solutions in the form of 

their chelates with different organic reagents (arsenazo III-type, 8-oxyquinolin-type reagents, etc.) has 
been studied.   

In general, 2 systems of coprecipitation have been investigated. One involved the introduction 
of an organic cationic dye to block the groups that give solubility to the chelate (arsenazo III-type 
reagents), with the addition of an indifferent film-forming coprecipitant. In another system (derivatives 
of 8-hydroxyquinoline), only an indifferent coprecipitant was added. This technique ensures that 
almost all amount of analyzed elements will precipitate. All used indifferent film-forming coprecipitators 
allowed to prepare a solid-phase concentrate with an adjustable layer thickness and flat surface [1]. 

The effectiveness of polyvinylbutiral (PVB) and BF-6 glue in the coprecipitation procedure in 
various analytical systems was compared, and according to the results of the experiments, the optimal 
variant of preconcentration by coprecipitation with organic reagents using indifferent film-forming 
coprecipitants was selected. The use of BF-6 glue, which contains polivinylbytiral as well as 
phenolformaldehyde resin, has proven to be preferable due to the higher mechanical stability of the 
concentrate, improved surface quality of the emitter and signal-to-background ratio. The use of this 
technique makes it possible to achieve a concentration coefficient of 105 and significantly lower the 
LOD. The multi-element nature of the XRF in relation to lanthanides in this case makes it possible to 
fully use high selectivity in determining these elements in liquid environmental objects. 
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CLASSIFICATION OF III GENERATION CEPHALOSPORINS ANTIBIOTICS 

Shabunina A.Yu., Rusanova T.Yu. 

Saratov State University, Saratov, Russia 
Master's student, 2nd year of study  

E-mail: kalinichenkoau@mail.ru 
 

Antibiotics are a common and extremely important type of antibacterial agent: they can either 
kill or inhibit the growth of bacteria. However, the excessive consumption of antibiotics, their release 
into the environment, and the need to control drugs make the definition and identification of antibiotics 
relevant for the purposes of the pharmaceutical, food industry, and agriculture. There are spectral, 
chromatographic and electrochemical methods for the qualitative and quantitative determination of 
antibiotics in various media. Combinations of chemometric and spectral methods for the determination 
of cephalosporin antibiotics have been described in the literature [1-2], but the full potential of this 
approach has not been realized. The purpose of this work is to evaluate the possibility of using ATR IR 
spectroscopy in combination with chemometric algorithms for the identification of certain 
cephalosporin antibiotics. 

The object of the study were representatives of the third generation of cephalosporins in the 
form of powders for injection: cefotaxime, manufacturers: Biokhimik JSC, Russia, Saransk; JSC 
"LEKO", Russia, Vladimir region; DEKO COMPANY LLC, Russia, Moscow; ceftazidime, 
manufacturers: Rapharma JSC, Russia, Lipetsk region; PJSC Kraspharma, Russia, Krasnoyarsk; JSC 
"Sintez", Russia, Kurgan; ceftriasxon, manufacturers: Shreya Life Sciences Pvt Ltd, India; JSC 
"Biokhimik" Russia, Saransk; JSC "Rapharma" Russia, Lipetsk region; JSC "Sintez", Russia, Kurgan; 
JSC "LEKO", Russia, Vladimir region; PJSC Kraspharma, Russia, Krasnoyarsk; OJSC "Borisov Plant 
of Medical Preparations", Republic of Belarus, Borisov. 

 

 
                          А                                                       В                                                    С 
 

Fig. 1. Structural formulas of the molecules cefotaxime (A), ceftazidime (B), ceftriaxone (C)  
 
The IR spectra of these medicinal substances were recorded using an FT-801 Fourier transform 

IR spectrometer with a universal attenuated total internal reflection (ATR) attachment. The spectral 
bands were found to have similar bands in the spectra, making drug identification difficult. For 
classification, the principal component analysis, the k-means clustering, and the algomerative 
hierarchical clustering were used. Processing was carried out using Microsoft Excel with the XLSTAT 
add-in. 

The results of three chemometric approaches are the identification of three main classes of 
substances: cefotaxime, ceftazidime, ceftriaxone. 
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Amino acids and biogenic amines, which include catecholamines (epinephrine, norepinephrine 

and dopamine), serotonin and histamine, play a major role for clinical diagnostics of various diseases. 
For example, amino acids are used as biomarkers in newborn screening for inherited metabolic 
disorders [1], and dopamine is known as a major biomarker of Parkinson’s disease [2]. 

Several analytical methods can be applied for the determination of amino acids and biogenic 
amines in various biological matrices. To date, reversed-phase HPLC-MS becomes the most 
commonly used method due to its high sensitivity and rapidity [3]. Given the polarity of analytes, the 
application of this method requires derivatization, which allows to introduce a non-polar fragment into 
molecules. A lot of derivatization reagents, such as dansyl chloride (DNS-Cl), ortho-phthalaldehyde 
(OPA), 9-fluorenyl-methyloxycarbonyl chloride (FMOC-Cl) and others, have been developed for 
derivatization of amino group of various biogenic compounds. These reagents have a number of 
disadvantages, including inability to derivatize secondary amino groups due to steric hindrance, long 
reaction time and instability of derivatives in aqueous solutions. Since a load on clinical diagnostic 
laboratories are increasing due to annual population growth and it is necessary to develop more 
sensitive methods for the determination of biogenic compounds in biological matrices in order to 
improve the quality of diagnosis of various diseases, development of new derivatization reagents to 
overcome above mentioned disadvantages is needed. 

The application of phthalylglycyl chloride (PG-Cl) for derivatization of amino acids and 
catecholamines is discussed in this work. This reagent is widely used in organic synthesis, so its 
prevalence and availability make it a convenient candidate for the role of potential derivatization 
reagent. The derivatization scheme is shown in Fig. 1. 
 

 

Figure 1. The scheme of amino group derivatization with phthalylglycyl chloride 
 

Analysis of real urine samples was performed by UHPLC-HRMS method. The efficiency of 
amino acids and catecholamines derivatization with PG-Cl, DNS-Cl, OPA, FMOC-Cl was evaluated. 
The proposed approaches may be promising for further research. 
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State-of-the-art science advances necessitate a constant search for new organic materials with 
improved applied properties. From the point of view of the molecular structure of such organic materials, 
one of the most promising classes of compounds are conjugated polyheteroatom heterocyclic systems. 
As a rule, such structures have a number of advantages, including high thermal stability, an ability to 
stabilize the unpaired electron and a set of balanced physicochemical and functional properties. A broad 
potential of organic molecular systems constructed on the basis of nitrogen heterocycles explains their 
multipurpose use for various applications. Therefore, the development of new approaches to the 
oriented design of polynitrogen heterocyclic systems remains highly relevant. 

Herein, we present the latest achievements of our scientific group in the development of new 
methods for the synthesis of various nitrogen-oxygen heterocyclic structures. Over the past 5 years, we 
aimed to create promising synthetic strategies for the assembly of various nitroazoles, as well as related 
heterocyclic systems, which include 1,2,5-oxadiazoles and their N-oxides (furazans and furoxans), 
mesoionic sydnone imines and azasydnones, pyridazine- and tetrazindi-N-oxides. The practically 
significant properties of the synthesized heterocyclic assemblies and the prospects for their use as nitric 
oxide donors or energy-rich materials will also be presented. 
 

 

Scheme 1. Structures of the polynitrogen heterocycles presented in the report. 
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Organic boranes are widely used as versatile reagents and building blocks in synthesis. However, 
many functional boranes cannot be prepared by traditional hydroboration, transmetallation, and 
borylation reactions. In this talk we will discuss the insertion of carbenes into B-H bonds, which provides 
unique chiral boranes.[1-2] Design of the chiral rhodium catalysts and the asymmetric poison approach 
will be also discussed.[3]  
 

 

Scheme 1. Synthesis of chiral boranes. 
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Targeted proteosomal degradation is a young and promising field of pharmacology based on the 
ability of ubiquitin ligases to direct proteins for degradation by attaching a ubiquitin tag to them. The tool 
is a heterobifunctional chimeric molecule (PROTAC) consisting of a ligand of the protein of interest, a 
linker and a ligand for the ubiquitin ligase, most commonly cereblon. There are dozens of such 
molecules currently in clinical trials and, remarkably, the main optimisation in their design is focused on 
the linker and the ligand for the target protein. The standard ligand for cereblon is thalidomide or its 
closest analogues. 

Our study focuses on optimising a fragment that binds to ubiquitin ligase (glutarimide moiety), 
which is particularly relevant in the context of the known toxic effects of thalidomide. The first effective 
tool we developed for the design of potential cereblon ligands is diazoreagent 1 acting through insertion 
reactions into the X-H bonds of various substrates, including NH-heterocycles (Scheme 1) [1]. In 
particular, we synthesized a benzotriazole analogue of thalidomide 2.  

Noteworthy, the bioisosteric replacement of the phthalimide fragment with a benzotriazole one 
had a positive effect on both the affinity for cereblon and the physicochemical and cytotoxic properties 
of the new ligand [2]. Based on the new cereblon ligands, chimeric PROTAC molecules were obtained 
that exhibited high activity with respect to target cancer cell cultures. 

 

 

Scheme 1. Key precursors for developing a new chemical space of cereblon ligands. 
 

Our second developed approach is based on reactivity of α-methylideneglutarimide 3, specifically 
[3+2]-cycloaddition with nitrile oxides giving spirocyclic isoxazolines [3] and Michael addition with thiols 
[4] and azides. The latter was used to obtain a new substrate for the click reaction with acetylenes 
(CuAAC) affording triazoles.  
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The presentation will cover advanced approaches to developing bifunctional molecules that are 
crucial for targeted protein degradation. It will highlight the complex challenges involved in optimizing 
E3-ligase ligands and linker attachment points, with the aim of preserving or enhancing binding within 
the ternary complex. Special emphasis will be placed on the role of physics-based modeling, including 
enhanced sampling and Free Energy Perturbation (FEP). In particular, the presentation will consider 
retrospective and prospective models for predicting the affinity of classical glutarimide derivatives and 
new cereblon binders [1-3]. 

. 

 
 

Figure 1. An example of a retrospective FEP+ model for new cereblon ligands 
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Cyclometallated Pt complexes are a unique class of organometallic compounds that are actively 
studied around the world due to their wide range of properties. Due to the properties of the central metal 
atom and ligand, they have a planar geometry, which determines their ability to π-π and metal-metal 
interactions [1]. Due to these properties, the complexes are widely used in medicine, development of 
optoelectric devices and other functional materials. Their use in cancer chemotherapy is especially 
interesting [2]. One of the reasons reducing the effectiveness of Pt(II) antitumour drugs is side reactions 
of binding to proteins, as a result of which a significant part of the active substance is lost. One of the 
options to solve this problem is to change the geometry of the complex to octahedral by oxidation of the 
complexing agent, followed by reduction inside the cell. 

The objective of this work was to prepare chlorinated Pt(IV) complexes of arylbipyridines based 
on the previously studied compounds showing antitumour properties [3]. The usage of PhICl2 as an 
oxidizing agent allowed us to obtain the product 2a-d, which, however, was also substituted at the 
hydrogen atom of the aromatic ring. The use of stoichiometric ratios of reagents led to the formation of 
a mixture of products, which encouraged us to carry out a series of NMR experiments, in which it was 
found that the required ratio of the oxidizing agent to obtain substances 2a-d is 3eq. 

In order to obtain non-chlorinated on the aromatic ring analogues 3a-d, the oxidation reaction of 
the starting substances 1a-d in DMSO using concentrated hydrochloric acid was performed. 

 

 

Scheme 1. Synthesis of Cl substituted Pt(IV) complexes with arylbipyridinyc ligands. 
 

The structure of the complexes was proved by 1H, 13C, 195Pt, 2D NMR and IR spectroscopy, and 
elemental analysis. The obtained complexes are promising objects for further biological studies. 
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Oncological diseases remain one of the main causes of mortality in the modern world, so the 

development of effective drugs capable of disrupting the division of pathological cells and inhibiting 
tumor growth is relevant. Compounds that are able to selectively target cell components and disrupt 
their division are of particular interest. These include drugs that act on microtubules - inhibitors of tubulin 
polymerization and depolymerization. 

In our work, polyalkoxy-substituted 4,5-diarylpyridazines 1 were first obtained and their anti-
proliferative properties were investigated. 
 

 

Scheme 1. Synthesis and biological activity of compounds 1. 
 

Most of the starting compounds were obtained from natural polyalkoxyallylbenzenes contained in 
the essential oil of parsley and dill, and the key reaction in the synthesis of the target molecules was 
[4+2] Diels-Alder cycloaddition (EDDA) between donor diarylacetylenes 2 and unsubstituted acceptor 
1,2,4,5-tetrazine 3. The biological activity of compounds 1 was evaluated compared to podophyllotoxin 
and combretastatin A4 using a sea urchin embryo model, which allows for the determination of 
substances that act on tubulin and destabilize microtubules. [1]. It was shown that all compounds have 
moderate anti-tubulin activity, with the most promising being aniline 1l, which disrupts cell division at a 
concentration of 20 nM.  

Thus, a series of polyalkoxy-substituted 4,5-diarylpyridazines was first obtained and studied, 
among which structures displaying anti-tubulin activity were found. It was shown that the most active 
ones contain hydroxy and amino groups at the R4 position. Compound 1l is of interest for further 
research into its cytostatic activity. 
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β- And γ-lactams represent privileged azaheterocyclic motifs in medicinal chemistry and drug 
design, the introduction of which into a structure of a molecule can endow such compounds with a 
variety of biological activities, e.g. antibacterial, anticancer, etc, thus making them a key target for the 
development of effective synthetic approaches. One of the most well-established methods for the 
synthesis of β-lactams is the Staudinger [2+2] cycloaddition of ketenes and imines, with the former 
generated in situ via the Wolff rearrangement of α-diazocarbonyl compounds [1]. We envisioned that 
introduction of 3-diazopiperidine-2,4-diones into the corresponding reaction would deliver spirocyclic 
compounds bearing both β- and γ-lactam moieties [2]. However, 3-diazopiperidine-2,4-diones were 
surprisingly insufficiently studied and scarcely exemplified, though representing promising precursors 
for the ketene formation.  

 
Scheme 1. Synthesis of spirocyclic bis-lactams from 3-diazopiperidine-2,4-diones with imines. 

 
 In this work, we have developed an efficient and straightforward approach for the synthesis of 

the aforementioned spirocyclic bis-lactams, based on the tandem of metal-free microwave-promoted 
Wolff rearrangement of the diazopiperidine-2,4-diones and the subsequent [2+2] Staudinger 
cycloaddition of thus obtained ketenes with imines, furnishing polysubstituted target compounds with a 
diverse periphery in good to high yields. The introduction of 6,6-disubstituted (spirocyclic) and 5,6-
unsubstituted 3-diazopiperidine-2,4-diones into the reaction gave diastereomerically pure 
corresponding bis-lactams, whereas in the presence of a single substituent at the 6-position of the diazo 
reagent the formation of diastereomeric mixtures of products was observed. However, the relative 
configuration of three stereocenters in the target spirocyclic lactams can be controlled by employing 5-
substituted 3-diazopiperidine-2,4-diones in the reaction. The investigation of the synthetic potential of 3-
diazopiperidine-2,4-diones has been complemented by the study of their thermal decomposition in the 
presence of various nucleophiles to form derivatives of 2-oxopyrrolidine-3-carboxylic acids. 
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In recent years, there has been an increasing interest in modern supramolecular and organic 
chemistry in the search for technologically simple and cost-effective approaches to the separation of 
chiral compounds with potential biological activity. The aim of this work is to develop and optimize 
methods for the synthesis of racemic 2-substituted thiazolo[3,2-a]pyrimidine derivatives, as well as 
previously unavailable heterocyclic derivatives based on them (triazolo[4,3-a]pyrimidines, 3,5-diaryl-2,3-
dihydrothiazolo[3,2-a]pyrimidines, imidazo[2,1-b]thiazoles), and cytotoxic activity. In this paper, 
attention is focused on creating a hierarchical approach for tuning supramolecular syntones in order to 
implement chiral discrimination in the crystalline phase [1-8]. 
 

 

Scheme 1. Key reaction routes considered in the report. 
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Fungal 10-membered lactones (TMLs) represent an interesting and structurally diverse group of 

secondary metabolites with potent biological activity. Several TMLs are known as promising candidates 
for the development of nature derived herbicides [1]. Nevertheless, the rational optimization of their 
structures for use as plant protection products is complicated by poorly explored chemical properties of 
the functionalized lactone core.  

Previously we found that TMLs with an α,β-unsaturated keto group are prone to spontaneous 
rearrangement into hexahydro-4H-chromones. In particular, stagonolide A (1) rearranges to 
stagochromene A in a protic medium, and one of the by-products of pinolidoxone 2 hydrogenation is a 
saturated chromone with a hemiketal group. In this work, we demonstrate examples of tandem 
nucleophilic addition and rearrangement of 10-membered lactones. Thus, using this reaction based on 
natural phytotoxins, it is possible to obtain previously unknown fused bi- and tricyclic heterocycles with 
potential applications for plant protection. 

 
 

Scheme 1. Addition of amines to stagonolide A (1) and pinolidoxone 2. 
 

The addition of aniline to stagonolide A (1) does not afford the corresponding imine and instead 
occurs via 1,4-addition followed by simultaneous C1-C6 intramolecular Claisen condensation. As a 
result the hexahydro-4H-chromone 3 was formed with the isolated yield of 85%. The reaction of lactones 
1 and 2 with thiourea proceeds in a similar manner, but also involves the neighboring carbonyl group, 
forming tricyclic pyrimidinethiones 4 and 5 with isolated yields of 67 and 54%, respectively.  

The reported reactions can be classified as click-addition due to mild conditions, absence of a 
catalyst, stereospecificity. Stereocontrol of the reaction is determined by the conformation of the starting 
lactones as the intramolecular attack is possible exclusively from above of the ester group plane. The 
structures and composition of products 2, 4-5 were confirmed by spectral methods (1D/2D NMR and 
ESI-MS). Similar chromone with a hemiketal moiety called bellidisin A was recently isolated from Phoma 
billidis [2]. The above-described tendency of stagonolide A and its structural analogs to intramolecular 
rearrangement can be considered as a new mild method for obtaining fused aliphatic heterocycles from 
TMLs. 
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Azide-alkyne cycloaddition (AAC) reactions are broadly applied in medical chemistry for the 
introduction of biocompatible fluorescent and mass-spectrometric markers [1]. 1,2,3-triazole-based 
materials demonstrate excellent fire-retardant, anticorrosion and bactericide functions. Practice of AAC-
functionalized polymers includes adhesives, self-healing materials, composites, polyionic materials, and 
polytriazolium vitrimers [2-3]. 

To scale-up the production of triazole-based materials, it is essential to determine the optimal 
parameters of thermally induced AAC processes. High exothermic effect of AAC causes a potential 
problem of thermal runaway when thermal accumulation leads to fast temperature rise and progress of 
unwanted side reactions. AAC usually proceeds as a 2nd-order reaction so isothermal conditions may 
cause the decrease of the process yield at low and intermediate temperatures. These clues indicate the 
non-isothermal regimes of AAC should be applied. A constant heat rate regime allows one to execute 
the triazoles production at adequate rates since the decrease of reagent concentration is compensated 
by the temperature evolution. Solvent-free systems not only follow the green chemistry principles but 
also lead to higher reaction rates; however, such conditions require a strict control of temperature regime 
and heat flow of the desired reaction. 

 

Scheme 1. AAC of aryl propargyl ethers 
leading to the regioisomeric products. 

 
Figure 1. (A) DSC-curves of a single AAC set. Curve names 

show the applied heat rate. (B) DSC-curves of 
decomposition of isomeric triazoles at heat rate of 4 K min−1. 

BS stands for ‘bulky substitution’; F means ‘free’.
 

In this research, we have analyzed the influence of heating conditions and substituents in aryl 
propargyl ethers on the course of AAC reactions. For this purpose, the AAC of several synthesized alkyl-
substituted aryl propargyl ethers and 1-azidotetradecane has been investigated in non-isothermal 
variant. Detailed study of AAC kinetics has relied on the data obtained via differential scanning 
calorimetry (DSC; Figure 1A), UV-HPLC and NMR spectral analysis methods. Most of the studied 
reactions have proceeded uniformly as shown by kinetics. Instead, AAC of the most hindered aryl 
propargyl ether has specified atypical side processes at temperatures exceeding 200 °C. Further 
explorations have demonstrated (Figure 1B) a sufficient difference in thermal stability of regioisomers 
which has led to the enhanced decomposition of 1,5-adducts at high temperatures and decrease of their 
content in the product mixtures. This effect has been the most pronounced for the triazoles formed from 
sterically hindered aryl propargyl ethers. As a result, we have formulated the triazole syntheses should 
be conducted at low heat rates and temperatures below 180 °C. 
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The synthesis of compounds in which some cyclic system is peri-fused to the indole core remains 

an important challenge for the modern organic chemistry. Among the enormous range of natural and 
synthetic bioactive indoles, such compounds occupy a special place due to their importance for 
medicinal chemistry and pharmacology. In this work, we present a new approach to the synthesis of 
various types of polycyclic peri-annulated indoles starting from (3-formylindol-4-yl)-substituted donor-
acceptor cyclopropanes. Under the treatment with primary amines in the presence of ytterbium(III) 
triflate, they produce bridged tetracyclic scaffold containing peri-fused indole and tropane fragments via 
domino reaction; at the first step the corresponding imine is formed, which then is involved in (3+2)-
cross-cycloaddition with cyclopropane fragment [1]. 

Another type of domino reaction occurred when these cyclopropanes react with hydrazines. The 
first step is similar, i.e., the formation of the corresponding hydrazones. Unlike imines, they contain a 
nucleophilic NH group, its nucleophilic attack on cyclopropane leads to the opening of a small ring 
affording a tricyclic system, containing a diazepine moiety peri-annulated to the indole ring. Reduction 
of the C=N bond followed by cyclization produced another bridged tetracyclic system containing a peri-
annulated indole core. 

 
Scheme 1. Pathways of new types of peri-annulated indoles synthesis. 
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The central place in the synthesis of new biologically active substances is occupied by small 

organic molecules that easily penetrate cell membranes [1]. Thus, five-membered aromatic heterocycles 
are building blocks for synthesis of many drugs [2]. The introduction of a fluorine atom into molecules 
significantly affects their physical, biochemical and pharmacological properties [3]. For this reason, the 
synthesis of new fluoroorganic compounds containing thiophene seems to be current task in organic 
chemistry.  

We found that TMS esters 2a-c have two reactive centers on carbon atoms C1, C2. Thus, 
interacting TMS esters 2 with arenes in the presence of superacid CF3SO3H (TfOH) undergo various 
transformations (pathways a-e) depending on the used nucleophile and the structure of the original 
compound. In most cases, side chain arylation products 3, 4 are formed, but in the case of the reaction 
of monosubstituted thiophene ring arylation product 6c is formed. Reactions of TMS ester 2a with weak 
nucleophiles can form both alkene 5a and a product of ionic hydrogenation 7a. Alkene 5a can be used 
for the synthesis of compounds 4.  

 

 

Scheme 1. Transformations of TMS esters β-aryl-a-thiophenyl-trifluoropropanols with arenes under 
the action of acids. 
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Gold nanoparticles have been actively studied over the past two decades as components of new 
optical materials. Wide possibilities for surface modification, optical signal amplification, and conversion 
of light energy into thermal energy make them promising candidates at tools of chemical and biological 
analysis, diagnostics, and therapy. In particular, the potential of gold nanoparticles (NPs) for 
hyperthermal therapy, photodynamic therapy and optical tomography is currently recognized by 
scientific community [1-2]. 

The purpose of this work was to develop a biocompatible hybrids based on anisotropic gold NPs 
coated with chitosan as a component of a gel for photothermal therapy of superficial tumors. The 
objective of the study was to test various approaches to the synthesis and testing of hybrids for toxicity. 
Gold NPs of various shapes (nanorods, nanospheres and nanostars) were obtained on a preliminary 
step. The synthesis was carried out according to known methods [3-4], but with certain modifications. 
The resulting NPs were coated with high molecular weight chitosan using eight different techniques. 

The quality of surface coating was checked using analytical methods such as transmission 
electron microscopy (TEM) and zeta potential measurements. To analyze the nanoparticle size, dynamic 
light scattering and scanning electron microscopy were used. To verify the toxicity of the resulting 
hybrids on human blood, the following tests were performed: photo-induced and spontaneous 
hemolysis, platelet aggregation and test on mitochondrial activity. 

Resulting hybrids showed pronounced pro-oxidant properties. Even in low concentrations they 
significantly accelerate a speed of photohemolysis induced by photosensitizer – chlorine e6 (Fig. 1). 

 

   
Figure 1. (A) – TEM image of gold nanorods used, (B) – Photohemolysis curves of red blood 

cells induced with chlorine e6 without (blue line) and with (red line) gold NPs (2.5 mg/L). The structure 
of chlorine e6 is shown on the right part. 

 
The results of the work are: 

- well working synthetic technique of coating the gold nanoparticles in one-reactor mode; 
- the methodology for using gold nanoparticles coated with chitosan in photothermal therapy. 
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Recently a preparative approach to 3-aryl-4-nitroisoxasoles has been elaborated in our 
laboratory. This process is based on the heterocyclization reaction of aryl substituted vinylketones I with 
t-BuONO in a mixture of dioxane and water [1]. In this work 5-methyl-4-nitroisoxazoles II were used for 
the functionalization of position 5 of the isoxazole moiety. For this purpose 5-methylisoxazoles II were 
involved in the condensation reaction with dimethylacetal N,N-dimethylformamide to obtain a series of 
4-nitro-5-enamines III. It is known that enamines III are characterized by a variety of synthetic 
applications because they can react with electrophilic and radical agents [2]. We found that the reaction 
of enamines III with t-BuONO in the presence of BF3∙OEt2 proceeds with the formation of previously 
unknown 4-nitroisoxazol-5-carbonitriles IV. Using this general synthetic approach a large scope of 
substances IV was obtained in moderate to high yields.  

Scheme 1. Synthetic approach to 4-nitroisoxazol-5-carbonitriles IV. 
 

4-Nitroisoxazol-5-carbonitriles IV, as a new structural type of soxazole derivatives, are of interest 
to study their synthetic utilities. For carbonitriles IV two novel paths for modification were found with 4-
nitroisoxazol-5-carbonitrile Iva as an example. The reduction of the nitro group at position 4 of isoxazole 
ring leads to 4-aminoisoxazol-5-carbonitrile Va in a good yield (60%), while SNAr reactions of cyano 
group at position 5 with N- and S-nucleophiles provide a range of isoxazole derivatives VI in 30-94% 
yields. 

 

Scheme 2. Transformations of 4-nitroisoxazol-5-carbonitrile IVa. 
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One of the interesting applications of amino acid salts is their potent ability to catalyze oxidation 
processes of organic substances. In this sense, manganese salts of amino acids are of particular interest 
for catalyzing reactions of complex hydrocarbon mixtures.  

The use of manganese salts of organic acids has shown that they are also effective for the 
processes of interphase aerobic oxidation of hydrocarbons [1-2]. In the present work, the synthesized 
complex of manganese salt of aminoacetic acid [NH2CH2COO]2Mn∙2H2O was used as an active additive 
to iron-containing multi-walled carbon nanotubes (Fe@MUNT) in the model reaction of aerobic oxidation 
of isopropyl benzene. It was found that the compounds [NH2CH2COO]2Mn∙2H2O and (Fe@MUNT), 
taken separately as catalysts, have catalytic activity and accelerate the reaction by 10-12 times 
compared to a sample of non-catalytic reaction of isopropylbenzene, not containing additives. When 
their equimolecular quantities are used together, even greater acceleration of the process is observed, 
i.e. the reaction rate of isopropylbenzene oxidation increases significantly in comparison with the control 
sample.  

The figure shows the kinetic curves of oxygen uptake during aerobic oxidation of 
isopropylbenzene at 100oC in the presence of [NH2CH2COO]2Mn∙2H2O and Fe@MUNT iron-containing 
carbon nanotubes. From the kinetics of oxygen uptake, it can be seen that the Mn complex has 
significant catalytic activity and accelerates the reaction by a factor of 10 [Fig.1(2)] compared to the 
isopropylbenzene sample containing no additives [Fig.1(1)]. When the complex 
[NH2CH2COO]2Mn∙2H2O and iron-containing multi-walled carbon nanotubes (Fe@MUNT) are used 
together, an even greater acceleration of the process is observed, i.e. the oxidation reaction rate 
increases strongly and reaches 373 mm3O2/min [Fig.1(3)]. Consequently, at a total catalyst dosage of 
2g/l and a temperature of 100oC the reaction rate of isopropylbenzene oxidation increases 75 times 
compared to the control sample. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Kinetic curves of oxygen uptake during aerobic oxidation of isopropylbenzene in the 
absence (1) and presence of glycine salt [NH2CH2COO]2Mn∙2H2O (2) and a mixture of glycine salt with 

iron-containing MWCNTs [NH2CH2COO]2Mn∙2H2O+ Fe@MUNTs (3). The volume of the reaction 
mixture is 10cm3, temperature 100oC. Amount of additives:  

1. 0; 2. [NH2CH2COO]2Mn∙2H2O =2g/L; 
3. [NH2CH2COO]2Mn∙2H2O=1g/l+Fe@MNT=1g/l 

 
The obtained results indicate the manifestation of a strong synergistic effect and the prospects of 

using synergistic mixtures of complexes of amino acids with metal-containing carbon nanotubes as 
effective catalysts for redox processes in chain reactions of aerobic liquid-phase oxidation of 
hydrocarbons. Thus, it can be concluded that the use of such catalytic systems has an interesting 
prospect for further studies in the field of catalysis. 
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Pyrido[1,2-a]benzimidazole-fused porphyrazines represent a new class of phthalocyanine 
analogues. They consist of a porphyrazine core with four fused pyrido[1,2-a]benzimidazole moieties. 
Such compounds are considered promising photosensitizers for photodynamic therapy of cancer (PDT) 
due to the strong shift of the absorption maximum to the near-IR region. 
Firstly, pyrido[1,2-a]benzimidazole-annulated zinc porphyrazine 4 was obtained by a three-step 
approach starting from 4-bromo-5-nitrophthalonitrile 1. The possibility of quaternization for this complex 
was demonstrated by reactions with dimethyl sulfate and benzyl chloride. As a result, water-soluble 
photosensitizers 5 and 6 were obtained. 
 

 

Scheme 1. Synthesis and UV-Vis spectra of quaternized complexes 5 and 6. 
 

Then the aggregation behavior of quaternized complexes 5 and 6 in an aqueous medium was 
studied and triplet absorption spectra in water were measured. In addition, the quantum yields of singlet 
oxygen generation and fluorescence were determined in DMSO. 

Target pyrido[1,2-a]benzimidazole-fused porphyrazines 4-6 were characterized by MALDI TOF 
mass spectrometry, Fourier transform IR, and 1H NMR spectroscopy. In the UV/Vis spectra, a 
bathochromic shift of the absorption maximum to the near-IR region up to 746 nm was observed, which 
is in the range of high transparency of biological tissues. 

To determine the photodynamic activity of quaternized complexes 5 and 6, light and dark 
cytotoxicity were measured on the HeLa, HCT116, MCF7, WI38, A549 and A431 cell lines. Low dark 
cytotoxicity was found for both complexes, whereas light cytotoxicity values were found to be as high as 
180 nM. The obtained characteristics were better than those of chlorin e6, the active component of 
widely used PDT drugs. 
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The presence of an activated strained three-membered ring, in which the donor and acceptor 

fragments are located at the vicinal carbon atoms, makes DAC very attractive substrates in fine organic 
synthesis. In recent decades, numerous studies have been carried out on the reactivity of DA 
cyclopropanes towards various nitrogen-containing nucleophilic reagents, and the possibility of 
using these methods in the synthesis of aza-heterocyclic compounds has been explored [1-5]. The 
reaction of nucleophilic ring-opening of DAC allows for one-step synthesizing acyclic molecules 
containing several nucleophilic and electrophilic centers, the subsequent pairwise interaction of which, 
with activation under certain conditions, makes it possible to obtain diverse cyclic compounds, including 
polycyclic ones with a complex ring topology. Here, we present new approaches to the preparation of 
various cyclic derivatives of γ-aminobutyric acid (GABA), which are privileged structures in medicinal 
chemistry, based on the nucleophilic ring-opening of DA cyclopropanes with anilines, benzylamines and 
azide ion. Methods for the synthesis of polysubstituted pyrrolidin-2-ones, 
tetrahydrodibenzo[c,e]pyrrolo[1,2-a]azepin-7-ones (structural analogues of the alkaloid allocolchicine), 
and tetrahydropyrrolo[1,2-a]quinolinones have been developed. Also, we disclosed an approach to the 
preparation of γ-cyanoesters, where trimethylsilyl cyanide was used as a cyanide ion surrogate. These 
compounds can be used as intermediates in the synthesis of a number of bioactive molecules, e.g. 

derivatives of -aminovaleric acid, 3-arylpiperidines and a lot of substituted β-phenylethylamines. 
 

 
Scheme 1. Ring-opening of donor-acceptor cyclopropanes in the synthesis of heterocycles. 
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Transferring conventional chemical processes from organic solvents to water is a crucial step in 

the development of bioinspired and environmentally friendly chemical technologies [1]. Diarylethenes 
have a diverse photochemistry that involves both irreversible and reversible reactions, which are sought 
after for organic synthesis, materials chemistry, and photopharmacology [2,3]. A common method for 
the preparation of water-soluble DAEs is the introduction of positively or negatively charged functional 
groups into the structure of the molecule [1]. 

This work presents the first versatile class of diarylethenes, namely potassium 2,3-diarylmaleates 
2 (DAMs), which exhibit excellent solubility in water. DAMs 2 that originate from accessible substrates 
1, undergo either irreversible reactions (oxidative cyclization or rearrangement) or reversible 
photocyclization (switching) as per the aromatic substituents. The versatility and availability of the 
obtained class pave the way for wider application of diarylethenes in photopharmacology and 
biotechnology requiring aqueous media for photochemical reactions [4]. 
 

 

Scheme 1. Synthesis of the DAM salts and their photochemical reactions in water.  
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Peri-aryloxyquinones (PAQs) are a unique class of photoswitchable compounds that were 

discovered in the USSR in 1971. Isomerization of PAQs under the light occurs as a result of reversible 
transfer of the aryl group to form a metastable ana-quinone characterized by a high reactivity towards 
nucleophiles. [1]  

In our work, we used light-mediated activation of PAQ electrophilicity to realize dynamic C-O 
covalent bond for the first time. We found that the photogenerated ana-isomers of PAQs react with 
phenols via the oxa-Michael reaction to form previously unknown 4-hydroxy-10,10-diaryloxyanthracene-
9-ones. The latters are in equilibrium with the corresponding ana-quinones, forming a dynamic covalent 
system of a new type. Removal of colored ana-quinones from the equilibrium system by visible light 
irradiation leads to the formation of two para-quinones with fixed aryloxy groups. [2] This phenomenon 
could be used for controllable conjugation of light-switchable PAQs with phenol-containing materials. 

 

 
 

Scheme 1. Dynamic multicomponent system launched by the addition of 4-methoxyphenol (MOP) to 
ana-2. 
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Introduction: Currently, the search for highly effective and non-toxic antimicrobial drugs remains 

an urgent task [1]. It is known that the complexation of drugs with polysaccharides reduces the negative 
effect of the gastrointestinal tract and improve the organoleptic properties of the obtained substances 
[2]. In light of the aforementioned considerations, the development of novel prolonged-acting controlled-
release dosage forms based on pectin, characterized by high biological activity, prolonged action and 
reduced ulcerogenic effect, is of significant importance and relevance. This will ensure water solubility 
and reduce the side effects of the drugs used. 

Methods: A series of experiments was conducted with the objective of investigating the 
regularities of complexation of beet pectin with tetracycline hydrochloride. Consequently, it was possible 
to investigate the regularities of pectin complexation in relation to the tetracycline concentration, the pH 
value of the initial solution, and to determine the characteristics of the obtained products. The interaction 
of a 2% aqueous solution of sodium polygalacturonate (PGNa) with solutions of tetracycline 
hydrochloride in aqueous ethanol (varying the concentration of the drug) resulted in the synthesis of 
complexes I–III (Scheme 1). A preliminary aqueous solution of PGNa was obtained by treating a 2% 
solution of sugar beet pectin solution with a 0.625 M NaOH solution. Subsequently, the products (I–III) 
were precipitated with ethanol, centrifuged, and washed with ethanol to purify the complexes from 
physically sorbed tetracycline. They were then dried and reground. 

Results: Complexation of sodium pectate and tetracycline hydrochloride was established by 
methods of IR and UV spectroscopy, thermogravimetric analysis. The stoichiometry of the obtained 
complexes was found, antimicrobial (bacteriostatic and bactericidal) activity was assessed in relation to 
test strains: Staphylococcus aureus, Bacillus cereus, Escherichia coli. The analysis of experimental data 
indicates that the complexation of PGNa with tetracycline hydrochloride against B. cereus and S. aureus 
does not result in a reduction in the antimicrobial activity of the drug in the complex. The minimum 
inhibitory concentration (MIC) of the complex III pectins is comparable to the activity of the pure drug 
tetracycline against B. cereus and S. aureus.  

Conclusions. On the basis of this study, the possibility of complexation of pectin polysaccharides 
with the antimicrobial drug "Tetracycline" was shown to obtain non-toxic water-soluble complexes with 
antimicrobial action. 

Scheme 1. Complexes of sugar beet pectin with tetracycline hydrochloride. Here n = 49, m = 2–4. 
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Currently, the efficient production of fuels, polymers, energy, materials and agrochemicals cannot 
be imagined without catalysts, which are represented by heterogeneous catalysts by more than 80% for 
industrial applications. Heterogeneous or supported catalysts are becoming an integral component for 
both industrial and laboratory syntheses due to their ease of separation, reusability, and high efficiency. 
To further increase efficiency and consequently reduce the required quantities of catalytic noble metals 
for synthesis, a more precise understanding of the mechanisms of heterogeneous catalysts operation 
is required. One of these ways is to study the mechanisms of catalytic particles transformation on the 
substrate surfaces during reactions. 

Research into the heterogeneous catalysis mechanisms has not stopped since its widespread 
use. In particular, to describe the interconversions of catalytic particles and their interaction with the 
substrate, the concept of a “cocktail” type of catalytic systems was formed [1], by which means it was 
possible to solve a number of previously formulated fundamental problems of catalysis. Subsequently, 
this concept made it possible to describe the modern perception of heterogeneous catalysis as the 
dynamic transformation of catalytic particles in solution. 

When using a heterogeneous catalyst, a solid phase appears in the system, thus, for a better 
understanding of the processes involved, it is necessary to study not only the changes occurring in the 
solution, but also the influence of various factors on the metal particles deposition, as well as changes 
in their location on the substrate surfaces after the catalytic process. To do this, it is necessary to use 
not only methods for studying solutions, but also microscopic research methods (SEM, TEM, STEM), 
which make it possible to study the surface of catalysts at the nanometer level. 

Recent studies have shown that the high dynamic activity of particles on the substrate surface is 
directly related to catalyst efficiency [2]. Thus, studying the structure of catalysts before the reaction and 
then changes in their morphology during and after the reaction will provide important information about 
the properties of the catalyst. 
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Organic fluorides are widely represented on the pharmaceutical and agrochemical markets [1-2]. 

By the way, several conventional approaches couldn’t be applied for introduction of fluorine moiety in 
small organic molecules. Since then, fluorination is a synthetic problem of great importance. Direct C-H 
bond fluorination allows to introduce fluorine in small molecules in step-economic manner.  Recently, 
many catalytic approaches for C-H fluorination have been developed [3].   

 

 

Scheme 1. Graphical abstract. 
 

We have developed an approach for selective photochemical C-H bond fluorination without the 
addition of catalysts and additives, shorter times and lower solvent loadings. The substrates of the 
reaction are alkylaromatic ketones and aromatic aldehydes, compounds containing a photoactive Ar-
C(O)-fragment. For aromatic ketones it turned out, that we can obtain both monofluorination and 
difluorination products by varying stoichiometry of reagents. Reaction of aldehydes typically takes 15 
minutes with almost quantitative yields.  
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Hypoxia is one of the reasons for the formation of abnormal vascular networks and the disruption 

of drug delivery to tumors, leading to complicating the treatment of oncology disorders. Therefore, early 
detection of hypoxia is necessary to prevent the development of metastases. Hypoxia is characterized 
by an environment with low pH and increased activity of reductive enzymes, including azoreductases. 
Consequently, supramolecular complexes for visualizing hypoxia have been presented in the literature. 
These complexes are formed through the interaction between azo-calix[4]arene in the cone 
conformation and rhodamine dyes 6G, B, 123 [1,2]. 

 

 

Scheme 1.  
 

This work presents the synthesis of supramolecular complexes with rhodamine dyes based on 
tetrasubstituted azothiacalix[4]arenes in the 1,3-alternate conformation containing sulfo- and azo groups 
[3]. The potential for azo bond reduction under hypoxic conditions was investigated using confocal 
microscopy on cells of various cancer types (Scheme 1). 
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The selective hydrogenation of halogenated nitroaromatic compounds is the most widely used 

method for the synthesis of halogenated anilines. Haloanilines are used in the production of 
pharmaceuticals, dyes, pigments and agricultural chemicals as herbicides and pesticides. However, the 
process of reduction of nitro group may be complicated by the possibility of cleavage of a halogen [1]. 
There are many factors that affect this process, such as the nature of the catalyst, the method of its 
preparation, the substrate (the nature of the substituent and the position in the benzene ring) and the 
reaction conditions (T, P, solvent). The highest susceptibility to hydrodehalogenation is shown by iodine, 
and then by bromine, chlorine and fluorine, and depending on the position of the substituent, the 
selectivity decreases for meta-, para- and ortho-halo nitroaromatic compounds [1]. Catalytic 
hydrogenation is a very exothermic reaction, thus it is better to use a continuous-flow reactor, because 
it is able to provide high productivity per unit volume and per unit time, it also facilitates process 
optimization and reduces the risk of side reactions [2]. 

Heterogenous cobalt catalysts have been known to have moderate activity in the hydrogenation 
of substituted nitroaromatic compounds, due to which they are able to make the process selective, unlike 
noble metals, and also have a low cost [3]. When preparing a catalyst, special attention should be paid 
to temperature treatment, since it affects the degree of reduction, particle size, as well as the strength 
of the metal-support interaction [3], which in turn influence the catalytic activity. 

The purpose of this work is to study the influence of temperature treatment (calcination and 
reduction) on the catalytic properties of Co/γ-Al2O3 catalysts for the selective hydrogenation of 
p-iodonitrobenzene in continuous-flow reactor (Scheme 1). 

 
Scheme 1. Selective hydrogenation of p-iodonitrobenzene. 

The Co/γ-Al2O3 catalysts were prepared by impregnation of alumina granules with a melt of 
Co(NO3)2·6H2O at 60 °C. Further, the samples were calcined at various temperatures in the range of 
250-450 °С in increments of 50 °С. The reduction temperatures also varied, being 400, 500 and 600 °С. 
The cobalt content in the samples was ~20%. 

XRD analysis showed formation of Co3O4 after calcination and metallic Co after reduction. TEM 
showed similar particle size distributions with mean sizes of 6–9 nm. According to the results of a series 
of experiments conducted in a flow reactor under the same conditions (60 °C, 5 MPa,  LHSV=16 h–1, 
H2/feed=600 cm3/cm3), it was shown that 400 °C is optimal calcination temperature and 500 °C – optimal 
reduction temperature for obtaining the highest conversion (88%) of p-iodonitrobenzene. Selectivity to 
p-iodoaniline was >99% for all catalysts. Lower conversions after high calcination and reduction 
temperatures can be related to formation of spinel structures. Low temperature treatment may result in 
incomplete decomposition of precursors and lower reduction degree of Co. 
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Directed evolution is one of the most efficient approaches for protein engineering widely applied 

for the development of new enzymes and protein-based sensors [1,2]. To find the protein mutant with 
most favorable properties, two steps are performed iteratively during directed evolution: 1) generation 
of a population of protein mutants using random mutagenesis; 2) screening of obtained mutants to select 
the variants with the largest enhancement of desired properties. The best protein mutants are used as 
the starting proteins to create the next generation. Although directed evolution is a costly and time-
demanding technique, it allows the researchers to obtain improved proteins even when the mechanism 
governing optimized property is unknown. 

Here, we combined genetic algorithms and computational modeling to perform in silico directed 
evolution. Computational modeling methods were used to evaluate proteins properties starting from the 
corresponding amino acid sequences, and genetic algorithms were used to generate new population of 
protein mutants based on results of computational screening. We performed in silico directed evolution 
of archaerhodopsin-3, a protein with extremely dim potential-dependent fluorescent signal [3], to 
enhance its fluorescence. In our recent study it was demonstrated that fluorescence enhancement can 
be achieved by thermodynamic stabilization of protein conformation, which differs from the ground state 
conformation of the wild-type protein by protonation of two titratable residues – Asp222 and Glu214 [4]. 
Using this data, we performed in silico directed evolution aimed at increasing difference in the pKa 
values of Asp222 and Glu214. Based on the computational analysis of predicted mutants we selected 
most favorable amino acid replacements and performed their experimental verification. 
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5-(Alkylthio)-1H tetrazoles are widely used in organic synthesis for the preparation of various 
heterocyclic compounds. The possibility of their use as an activator of phosphoramiditide synthesis of 
DNA should be emphasized in a special way. In this process, the tetrazole fragment, due to the presence 
of an alkylthiol substituent, acts as a soft nucleophile capable of chemoselectively interacting with the 
phosphoramiditide fragment.  

The aim of this work is to develop a single-reactor method for the preparation of mono- and 
disubstituted 5-(alkylthio)-1H tetrazoles from the corresponding alkyl halide, allowing the preparation of 
target compounds in high yields. 

In the present work, a two-step method for the synthesis of mono- and disubstituted 
alkylthiotetrazoles based on the interaction of the corresponding alkyl halides with potassium 
thiocyanate in DMFA followed by [3+2] cycloaddition of hydrogen azide (see scheme) is proposed. The 
advantage of the method is the absence of the necessity to isolate the intermediate alkylthiocyanate 
from the reaction mixture. The composition and structure of the obtained compounds were confirmed 
by elemental analysis, 1H-NMR spectroscopy, IR spectroscopy, mass spectroscopy and X-ray diffraction 
analysis. The purity of the compounds was confirmed by gas-liquid chromatography. 

 
\\\ 

Scheme 1. Synthesis of 5-(alkylthio)-1H tetrazoles. 
 

The obtained compounds can be used as activators of phosphoramiditide-induced DNA 
synthesis. 
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Yield (reaction. 1), 
%: 

 80 85 87 97 90 99 

Yield (reaction. 2), 
%: 
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n:  2 3 4 5 6 10 

Yield (reaction. 1), 
%: 

 90 78 62 96 78 97 

Yield (reaction. 2), 
%: 
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Various approaches to the treatment of oncologic diseases are currently known. Among them, 
chemotherapy and PDT are interesting to consider within the framework of this article. These treatment 
methods have both unconditional advantages and disadvantages. 

The main advantage of the chemotherapeutic treatment approach is the generalized effect on 
tumor foci in various organs through the injection of the drug into the blood. At the same time, the 
disadvantages are multiple drug resistance, side effects of the chemotherapeutic agent on healthy cells 
of the body, and insignificant accumulation in the foci. 

The main advantages of PDT include the gentle nature of the treatment approach and the 
absence of serious complications. However, a significant disadvantage is that it is not suitable for the 
treatment of malignant lesions located in areas inaccessible to irradiation. 

The method of combined PDT and chemotherapy helps to overcome these disadvantages and, 
as a result, more effective treatment of tumor diseases.  

 

 
 

Scheme 1. Principle scheme of the research. 
 

In the course of research work, derivatives of natural chlorines containing a pyridine moiety were 
prepared for further chelation with cisplatin. Pyridine fragments were introduced through the formation 
of hydrazides and imines to confer lability in the acidic environment characteristic of the tumor cell 
region. 

The structures of the obtained conjugates were proved by confirmed by a complex of 
physicochemical methods. including ESI mass spectrometry and NMR spectroscopy. 
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In search of a new effective strategy to modify biopolymers to improve their adhesion to the 

mucosa, researchers have recently turned to the production of catechol-derived polymers. The use of 
this approach has been called mussel-inspired chemistry, because structures containing catechol 
moieties are responsible for the extremely strong adhesive ability of various marine animals (e.g. 
mussels), even in aqueous environments in the presence of competing water molecules, because the 
catechol fragment binds to mucins by forming hydrogen bonds due to the presence of hydroxyl groups 
in the ortho position [1].  

Chitosan was chosen as the polymeric carrier for catechol. Chitosan is a linear polysaccharide 
derived from chitin and consists of D-glucosamine and N-acetyl-D-glucosamine monomers. It is a non-
toxic biopolymer that can be used in the pharmaceutical, food and textile industries, etc [2]. Caffeic acid 
(3,4-dihydroxycinnamic acid) was chosen as the catechol component because it is readily available. 

The synthesis of chitosan-caffeic acid conjugates was carried out by two methods: the 
carbodiimide activation method and the acyl chloride method. The carbodiimide activation method 
involves catalytic processes using two reagents, EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) 
and NHS (N-hydroxysuccinimide), which activate the carboxyl group of caffeic acid for subsequent 
binding to the amino group of chitosan. The acyl chloride method is based on the nucleophilic attack of 
caffeyl chloride on the amino group of chitosan. The structure of the chitosan-caffeic acid conjugates 
was confirmed by NMR spectroscopy. The degree of substitution was compared between the two 
methods. The chitosan-caffeic acid conjugates were also found to have obvious mucoadhesion, 
oxidation resistance, chelating and coordinating abilities, and antibacterial properties. 
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Amines and their derivatives are widely used in the synthesis of various pharmaceuticals, dyes, 

agrochemicals, and polymers. Many of them are of great importance as fundamental building blocks for 
production in bulk and fine chemistry, as well as for the synthesis of numerous biologically active 
molecules such as alkaloids, amino acids, and nucleotides. Among the various types of amines, 
allylamines are of considerable interest because they are often structural fragments present in various 
biologically active compounds. Some examples of such compounds are antifungals (Naftiphine), 
calcium channel blockers (Flunarizine), components of advanced intermediates for ring-closing 
metathesis, asymmetric isomerization, and the general synthesis of several natural products [1]. 

Currently, a fairly large number of methods have been developed for the preparation of 
allylamines, most of which involve the interaction of amines with reactive electrophiles. Nevertheless, 
these processes of obtaining allylamines are frequently accompanied by side reactions such as 
overalkylation, elimination of unwanted products, isomerization, etc. [2] Among the methods for 
producing allylamines in last year’s transition metal-catalyzed allylic substitution reactions of allylic 
substrates have shown themselves to be some of the most versatile reactions. For example, the Tsuji-
Trost allylation reaction with allylic ethers turned out to be extremely effective and useful [3]. However, 
procedures involving activated allylic species generate stoichiometric quantities of waste material, thus 
making these procedures environmentally unsuitable. In recent years, the use of allylic substrate 
alcohols for substitution reactions has gained significant traction to counteract this problem. These 
methodologies avoid the generation of unwanted byproducts and thus provide more environmentally 
benign and economical procedures for the synthesis of target compounds. Nevertheless, the application 
of this approach is often limited by the choice of substrate. Often, only amine-aryl derivatives containing 
one, two, or more benzene rings enter the reaction. In addition, similar systems have disadvantaged 
such requirements as high heating, an inert atmosphere, a long time of reaction, and the use of 
expensive ligands [4]. In this connection, the development of new and improved catalysts for the 
synthesis of allylamines is still of constant interest. 

Herein, we wish to report the proof-of-concept for the use of allyl formates as transfer allylation 
agents in primary and secondary amines allylation. These compounds are easily accessible via an 
esterification of allyl alcohols with formic acid and as a waste product of allylation only CO2 is formed as 
a gaseous and traceless linker. 

 
Scheme 1. An example of secondary amines allylation with allyl formate. 

 
Allyl formate and its analogues highly selectively enter into the allylation reaction, giving a high 

yield of target products up to 98% and tiny amount of by-products. Reactions occur in mild conditions: 
in the air, at room temperature, in a short time. Allyl formates react indefinitely with both aromatic amines 
and branched linear amines, which allows the reaction to be used to obtain allylamines that were 
previously not used in production or research. For example, the first synthesized allyl-substituted 
derivatives of amino norbornenes and amino adamantanes were reported. 
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Carboranes are polyhedral boron-carbon molecular clusters that are attractive as ligands due to 

their unique geometry, electronic properties and wide functionalisation options1. N-heterocyclic 
carbenes (NHCs) are monodentate, strong two-electron donor ligands that have become popular due 
to the ability to fine-tune their steric and electronic effects by modifying nitrogen and framework 
substituents 2. 

Despite the worldwide popularity of N-heterocyclic carbene ligands, carboranyl-carbene ligands 
are rather poorly studied, although they can exhibit interesting catalytic and bioactive properties3,4. 

In this work, we have synthesised rhodium carborane-carbene complexes based on the 
icosahedral 1, 2-dicarba-closo-carborane (ortho-carborane) (Scheme 1) and 7, 8-dicarba-nido-
carborane. 

 

Scheme 1. The scheme of synthesis of one of the rhodium carborane-carbene complexes. 
 

All of compound obtained were isolated and fully characterized by 1H NMR, 11B NMR, 13C NMR 
spectroscopy, high resolution mass spectrometry and SCXRD. 
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Vitamin B12 is a key molecule in the synthesis of hemoglobin and the maturation of red blood 
cells. The deficiency of this vitamin among the population is, on average, 3-16%; in older people it can 
reach up to 93% [1]. A lack of vitamin B12 can lead to the development of anemia. Under hypoxic 
conditions, oxidative stress develops, during which oxygen-containing radicals are formed. 

In this work, we studied a model of oxidative stress - the interaction of cyanocobalamin (5·10-3 
mol/l) with Fenton's reagent - hydrogen peroxide (0.07 mol/l) and iron (II) sulfate (0.1 mol/l). Optical 
absorption at characteristic wavelengths of cyanocobalamin 361 and 551 nm for test solution No. 1 
(reagent ratio B12CN/H2O2/Fe2+ 40/40/20 μl) decreased by 72% and 22%, respectively. For test solution 
No. 2 (B12CN/H2O2/Fe2+ 40/20/20 µl) – by 16 and 9%, respectively. 

Chromatographic separation of the two reaction mixtures was carried out on a chromatograph 
(Thermo Scientific Vanquish Flex UHPLC) using an Acclaim RSLC 120 C18 column (2.2μm, 
2.1x150mm). There is a significant decrease in the main signal for cyanocobalamin and the concomitant 
formation of new signals forming peaks and groups of peaks. The main exit times were 0.970, 6.470, 
6.733, 7.890 minutes. 

Selected 7 fractions of test solution No. 2 (Scheme 1), which passed through a chromatographic 
column, were analyzed on an Agilent Technologies 7900 inductively coupled plasma mass spectrometer 
for the presence of elements such as cobalt, phosphorus and iron. It was shown that cobalt and iron are 
present in all fractions, but phosphorus is absent in fraction No. 4, which may indicate the detachment  
of the 5-deoxyadenosyl residue from the molecule. On the contrary, fractions No. 3 and No. 5 contain a 
sufficient amount of phosphorus. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Chromatographic spectrum of test solution No. 2. 
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Fluorescent switches are promising for biological imaging, including super-resolution 
fluorescence microscopy, the creation of anti-counterfeiting tools and fluorescent sensors. [1-3] During 
last years, a large number of such photo-functional compounds based on diarylethenes, spiropyranes, 
azobenzenes, dihydroazulenes, imidazole dimers and fulgides have been developed. 

In our laboratory, we study photochromic peri-aryloxyquinones (PAQs), which switch under the 
UV and visible light. [4] In the process of PAQs switching, the migration of the aryl fragment (arylotropy) 
occurs with the formation of ana-quinones. Two works are known in which the fluorescence is controlled 
by switching PAQs. [5,6] We obtain new fluorescent PAQs para-2 containing a fluorescent oxadiazole 
fragment. They were synthesized by the interaction of the available chloro-naphthacenoquinone 1 and 
the corresponding phenol derivatives. The photochromic and fluorescent properties of para-2 
compounds will be discussed in the report (including calculations of the quantum yield of 
photoisomerization and fluorescence). 
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Modern drug development involves the use of high-tech methods, including machine learning 
methods. In the last few years, there has been great progress in machine learning for de novo drug 
design. Although, a serious drawback of modern generative approaches is that proposed molecule 
structures cannot be experimentally tested due to problems with their synthesis, since the models don’t 
offer pathways for the synthesis of potentially successful molecules. In this work, we present an MCTS-
based tool for de novo design that can be used for prediction of the synthesis path of target compound, 
as well as prediction similar to target molecules. 

Scheme 1 represents a set of similar molecules that were predicted when it attempted to 
synthesize betaxolol and its analogues. 
 

 

Scheme 1. Similar products found for betaxolol - cardioselective beta blocking agent. 
 

Current implementation is based on a collection of 604785 commercially available building blocks 
from ZINC database and 2597 reaction transformation templates automatically extracted from the 
USPTO reaction database. 
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2-Azabuta-1,3-dienes are effective building blocks for the construction of a wide range of 

heterocyclic structures such as dihydroazetes, pyrroles and azines along with their fused analogues. A 
convenient synthetic approach to obtain 2-azabutadienes is the reaction of diazo compounds 1 with 2H-
azirines 2 or isoxazoles catalyzed by rhodium(II) complexes [1]. 

Previously, we have shown that 4-alkyl-2-azabuta-1,3-dienes 3 enter into 1,5-cyclization under 
the action of the base DBU to form 1-pyrroline derivatives 4. With the disclosed approach, we were able 
to obtain a series of 1-pyrrolines with high yields and a wide range of introduced substituents (Fig.1, 
path a). Substituents introduced in the positions 3 and 4 of the pyrroline ring are alkyl and aryl groups, 
ester and amide moieties and even hydroxyl; positions 2 and 5 can be substituted with aryl group. The 
mechanism of transformation was studied, and one of the intermediates on the way to pyrrolines is the 
1-azabutadiene, formed in the reaction of 2-azabutadiene with DBU. 

When the cyclopentyl substituent was introduced into the fourth position of azabutadiene 3', DBU 
promoted another cyclizations – instead of pyrroline, cyclopentapyridone derivatives 5 and 3-
hydroxypyrrole 6 were obtained as products of 7-exo-trig and 5-exo-trig cyclizations respectively (Fig. 
1, path b). In moderate yields, we synthesized a series of pyridone derivatives, but the reaction turned 
out to be limited in terms of the introduced substituents. The mechanisms of formation of pyrrolines 4, 
pyridones 5, and pyrroles 6 were proposed with the aid of control experiments and quantum chemical 
calculations. 

 

Scheme 1. DBU-mediated cyclizations of 4-alkyl-2-azabuta-1,3-dienes. 
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The important field of the application of organic fluorophores are their using in biology and 
medicine for the design and synthesis of photoprotecting group (PPGs) for targeted intracellular delivery 
of drugs, diagnostic agents and biomolecules. Fluorescent PPGs have a major advantage over non-
fluorescent ones because its can provide visualization and manage the molecules releasing in real time 
[1]. 

We obtained a series of hybrid molecules based on fluorescent 1,2,3-triazolylthiazole and 
biomolecules containing a carboxyl group. The alkylation of glycine, leucine, methionine, as well as 
biotin, gamma-aminobutyric acid and chloroambucil was carried out by 4-(chloromethyl)thiazoles in 
DMF in the presence of cesium carbonate. New photocage systems showed good photophysical 
properties in binary systems DMSO-water, DMSO-PBS and biological media. A study of 
photodissociation of the C-O bond showed fast and effective releasing of the biomolecule upon visible 
light. 
 

 
Scheme 1. Photodissociation of a photocourier based on 1,2,3-triazolylthiazole. 

 
The structure of the obtained compounds was confirmed by NMR (1H, 13C), mass and IR spectra. 
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At present, a fairly large number of five-membered metallocyclocumulene complexes with various 
Cp-ligands and substituents in the metallacycle have been obtained. Moreover, most methods for the 
preparation of such compounds are based on the interaction of active forms of metallocenes with 
diacetylenes. However, the use of terminal acetylenes instead of diacetylenes may increase the 
synthetic availability of these complexes. We have developed a simple method for the synthesis of five-
membered metallacyclocumulenes Cp2M(η4-RC4R) (M = Ti, Zr, Hf) starting from Cp2MCl2 and terminal 
acetylenes by UV-irradiation of metallocene diacetylides (Scheme 1). 

 

 
 

Scheme 1. Preparation of metallacyclocumulenes from terminal acetylenes and Cp2MCl2. 
 
We investigated some of the chemical properties of obtained metallacyclumulenes (Scheme 2), 

for example, protonolysis reaction [1-2]. The insertion reactions of various ketones and nitriles into the 
M-C bond upon heating or UV irradiation have also been studied. In the case of ketones, unsymmetrical 
nine-membered. The difference in the direction of these reactions for the presented methods of influence 
in our work is shown. In the case of ketones, unsymmetrical nine-membered 
dioxazirconacyclocumulenes were obtained. 

 

 

Scheme 2. Reactions of metallocyclocumulenes with acids, ketones and nitriles  
using the example of Cp2Zr(η4-tBuC4

tBu). 
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Cyclic organic carbonates have recently been widely used in industry, for example as organic 
solvents and reagents in organic synthesis and multifunctional components of electrical devices [1]. 
Interaction of carbon dioxide and oxirane derivatives is important method to obtain cyclic carbonates 
because it is both good yield of cyclic carbonates and effective carbon dioxide utilization method [2]. 

The aim of this research was to investigate catalytic activity of Russian industrial anion exchange 
resins in the reaction between epichlorohydrin – one of the most industrially significant oxirane derivative 
– and carbon dioxide.  

The interaction of carbon dioxide and epichlorohydrin was carried out in the stainless-steel high-
pressure reactor at different temperatures and pressures and number of anion exchange resins.    

   

 

Scheme 1. Reaction of epichlorohydrin with carbon dioxide.  
 

During the experiments, it was found that the most effective anion exchange resin in investigated 
reaction was AW-17-8 with conversion of epichlorohydrin to chloromethylethylene carbonate 86 %.  

In summary, we have presented that Russian industrial anion exchange resins could be good 
heterogeneous catalysts to obtain cyclic carbonates from carbon dioxide and oxirane derivatives. 
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Mesoionic compounds are one of the archetypes of heterocycles that, by definition, cannot be 
represented by any Lewis structure not involving charge separation and comprising a sextet of electrons. 
The most typical mesoionic compounds are five-membered rings such as sydnones, munchnones, etc 
[1]. However, examples of six-membered mesoionic compounds exist too, the most studied ones among 
them are pyridn-1-ium-3-olates. Here, we report a new method for the synthesis of underexplored 
representatives of six-membered mesoionic compounds, i.e., pyridazin-1-ium-3-olates [2].  

In this work, we developed a new effective approach for the synthesis of pyridazin-1-ium-3-olates 
4 via DDQ - mediated oxidation of the corresponding 3-oxohexahydropyridazines 3. The intermediate 
products 3 were obtained by the Lewis-acid induced reaction of donor-acceptor cyclopropanes 1 with 
arylhydrazines 2. This synthetic strategy features mild conditions, high functional group tolerance and 
high yields of pyridazin-1-ium-3-olates 4. 

To further simplify the synthesis of target mesoionic compounds, we studied the possibility of their 
preparation using one-pot procedure directly from DA cyclopropanes. We found that this synthetic 
protocol allows obtaining pyridazin-1-ium-3-olates 4 in high yields. 

 

Scheme 1. Synthesis of pyridazin-1-ium-3-olates. 
 

References 
[1] Adv. Heterocycl. Chem. 2003, 85, 67-171 
[2] J. Chem. Soc, Perkin Trans 1975, 1, 1506-1514 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 21-73-20095). 

 
 

  

mailto:ernal.gaiazov@chemistry.msu.ru


 

433 
 

CHALLENGING CROSS-COUPLING REACTIONS BETWEEN SENSITIVE PYRIDINE DERIVATIVES  

Gak A.S., Yan Liu, Yong Cui 

School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai, China 
PhD Candidate 

alexandrg03@gmail.com 
 

It is a known fact that pyridine derivatives are important components of many drugs, catalysts, 
biologically active compounds, etc. With the avalanche-like development of these fields over last years, 
acutely increasing necessity for more effective methods the formation of C-C bonds between pyridine 
derivatives. Unfortunately, pyridine derivatives have a low reactivity and their combination is difficult. 
Cross-coupling reactions of pyridine derivatives with sensitive groups is a challenge.  

Currently, the Suzuki-Miyaura reaction using pyridine-boronic acids and esters is considered the 
most effective method for the cross-coupling of pyridine derivatives and often used based on published 
papers over the past decades. The big disadvantage of this method is the multi-stage nature, the 
difficulty in obtaining of boronic pyridine derivatives (Scheme 1) and the need to use strong base salts, 
which is harmful to sensitive substrates (Scheme 2). In this work, we report new approaches to solve 
existing difficulties in the cross-coupling of sensitive pyridine derivatives based methyl 6-
bromonicotinate, methyl 6-iodonicotinate and 5-bromo-2-iodopyridine.  

  
Scheme 1. Synthesis of sensitive Py-B(OH)2 Scheme 2. Cross-coupling reaction with strong salt base 
 

One way to solve the problem can be to use softer base salts such as a mixture of sodium and 
potassium acetate but with a significant increase in the time required for the reaction complete (Scheme 
3). Another solution to use one spot reaction using Grignard reagent (Scheme 4) or tin-organic 
compounds (Scheme 5). Since to more kindly reaction conditions, unreacted initial components do not 
degrade and can be easily isolated and reused again. 

 

Scheme 3. Suzuki-Miyaura cross-coupling reaction of pyridine sensitive derivatives 

 

Scheme 4. Application of the Grignard reagent Scheme 5. Application of the tin-organic compounds  
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Since the first synthesis of phosphine selenides (R3P=Se, R= alkyl, aryl), a vast number of reports 
concerning their application in various fields of chemical research have been published in literature. One 
of the key features of phosphine selenides is the presence of two NMR-suitable nuclei isotopes: 31P and 
77Se. Together with the fact that phosphine selenides can directly participate in numerous non-covalent 
interactions [1], this makes phosphine selenides perfect probes for the NMR studies of these processes. 
Here we report unprecedently easy alkylation of phosphine selenides and NMR investigation of this 
transformation. 

It was found that treatment of phosphine selenides (R = Ph, n-Bu, Et) with excess of dimethyl 
sulfate or iodomethane leads to slow formation of corresponding alkylated products (Scheme 1). 
Comparison of the 31P{1H} NMR spectra of the initial phosphine selenide and the alkylated product 
demonstrates slight high field chemical shift ( from 35.3 to 36.3 ppm in the case of R = Ph), as well as 
a dramatic  change of J1(31P77Se) coupling constant from 730 to 453 Hz (Figure 1). The latter 
demonstrates the transformation of double P=Se bond into single one. 

 

 
Scheme 1. Alkylation of phosphine selenides 

Figure 1. 31P NMR spectra of Ph3P=Se (top) and the product of its alkylation with Me2SO4 (bottom), 
CDCl3, 298 K. 
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Bioorthogonal click reactions represent a convenient tool for the modification of molecules in vitro 
and in vivo. Strain-promoted azide-alkyne cycloaddition (SPAAC) is one of the most popular class of 
these reactions [1]. Functionalized strained cyclic alkynes, predominantly cyclooctynes and 
cyclononynes, are a highly attractive and useful class of reagents in this click reaction. Despite the 
extensive literature describing various cycloalkyne reagents, fluorescent cycloalkynes exhibiting C2 
symmetry are limited to bicyclononyne (BCN) derivatives [2]. At the same time, such cycloalkyne 
reagents are very promising as they provide a single regioisomer in SPAAC, which is important in the 
synthesis of biologically active compounds and other triazoles with useful properties.  

The aim of this work is to develop a method for synthesizing a fluorescent cycloalkyne with C2 
symmetry and demonstrate its use for identifying azido-amino acids. Diazacyclononyne [3], containing 
two dansyl fragments (DADS), was chosen as a target structure (Scheme 1). 

 
 

 

Scheme 1. The synthesis of symmetrical fluorescent diazacyclononyne DADS. 
 

The synthesis of the DADS involves the sulfonylation of propane-1,2-diamine 1 using dansyl 
chloride with the formation of bis(dansyl) derivative 2, the formation of Co-complex 3, the intermolecular 
Nicholas cyclization between complex 3 and bisdansyl derivative 2 with the formation of cyclic Co-
complex 4, and the final decomplexation of 4 to yield DADS. Despite the low yield observed at the 
Nicholas cyclization stage, which is assumed to be due to the presence of two basic Me2N groups 
capable of deactivating Lewis acid, the synthesis of DADS is fast, reliable, simple, and allows for the 
preparation of a symmetrical fluorescent cycloalkyne ready for further application in just four stages 
without any additional modification. The synthesized cyclononyne DADS is stable and active in SPAAC. 

The application of the developed fluorescent cycloalkyne will be demonstrated using click 
reactions with N3-amino acids. This concept can be further utilized for the identification of unnatural 
azido-amino acids, thereby providing a bioorthogonal alternative to the dansyl method for identifying 
classical proteinogenic amino acids. 
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The imadazole species is a structural fragment of natural products and biologically active 
compounds [1]. In particular, the metal-based combination of isocyanides with various organic 
substrates is one of the actively developing approaches in their synthesis [2]. Although, 4d and 5d metals 
catalysis has dominated metal-catalyzed isocyanide insertion reactions for years, there has been a 
recent surge in 3d metal catalysis [3]. However, the use of 3d metals is more economical and 
sustainable. In addition, the Ni-based catalytic system involves reactions NiI /NiIII and Ni0/NiI/NiII 
reactions behind M0/MII and MII/MIV transformations, respectively. This reactivity is not observed in 
palladium catalysis, and opens up new, mechanistically district reaction pathways for the synthesis of 
heterocyclic scaffolds 

  

 

Scheme 1. Synthesis of tetrasubstituted imidazole derivatives  
 

In this work we investigated a double oxidative coupling of isocyanides with guanidines, which is 
promoted by nickel(II) compounds. As result, a series of imidazoles 3a-3p were obtained with good 
yields under heating or visible light irradiations. The reaction proceeds in good yield, under thermal or 
visible light activation. In addition, the hydrolysis possibility of imidazoles 3a, 3n were demonstrated. All 
synthesized compounds are characterized by high-resolution mass spectrometry (ESI+-HRMS), 1H, and 
13C{1H} NMR spectroscopy. The solid-state structures of 3a, 3c–3f, 3i, 3j, 4a were studied by a single-
crystal X-ray diffraction. The testing of synthesized compounds against pathogens of the ESKAPE panel 
showed a high activity with MIC up to 0.38 μg/mL. 
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Substituted chalcones continue to captivate researchers' attention due to their promising potential 

in the development of novel pharmaceuticals and pesticides [1-3]. At the present moment, various 
methods for the synthesis of chalcones have been described. Furthermore, on the basis of the obtained 
chalcones, syntheses of various heterocyclic compounds have been described. In addition to 
conventional techniques, published works include synthesis methodologies involving ultrasonic [4,5] or 
microwave [6-8] irradiation. Among chalcones and their derivatives, compounds have been found that 
have anti-inflammatory, anticancer, antioxidant, antimicrobial, antiviral, anti-diabetic, anticonvulsant, 
antileishmania, antimalarial, analgesic and anti-neurodegenerative activities.  

In recent years, the one-pot synthesis method has been attracting more attention [9-11]. This 
method improves the efficiency of the synthesis. The reaction occurs in a single vessel, where all 
reagents are added consecutively without intermediate treatment. Elimination of the processing and 
cleaning process saves time and chemical resources. 

Тhe purpose of this study was the one-post synthesis of pyrazole derivatives using microwave 
irrigation and traditional methods, and further comparison of these methods. Synthes consists of two 
stages. The first stage is getting chalcone by Claisen–Schmidt’s condensation between benzaldehydes 
and acetophenones. In this way, 13 chalcones were produced. The second one is pyrazole derivative 
synthesis from previously obtained chalcones and added phenylhydrazine (Scheme 1).   

 

 
Scheme 1. One-pot synthesis of pyrazole derivatives based on chalcones. 

 
The method of one-pot synthesis with microwave irrigation allows for a decrease in reaction time 

by 7 times and an increase in reaction yield compared to conventional methods.    
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Nucleophilic addition reactions involving 1,3-dicarbonyl compounds provide a practical approach 
to forming carbon-carbon bonds. These transformations have a broad range of applications, including 
well-known processes such as the Michael reaction, Knoevenagel condensation, Hantzsch pyridine 
synthesis, and the Biginelli reaction, among others. The products of reactions often serve as precursors 
for further molecular modifications and are widely used in the synthesis of heterocyclic compounds and 
pharmaceuticals. 

The photoinitiated decomposition of aryl azides 1 leads to a sequential rearrangement of singlet 
nitrenes A into benzazirines B and then into cyclic ketenimines C. In the presence of nucleophiles 2, the 
electron-deficient carbon atom of the ketenimine fragment of intermediate C undergoes a nucleophilic 
attack, resulting in the formation of a 2-substituted azepine 3 [1-2]. Based on this, and taking into account 
the practical significance of dicarbonyls, we have developed a synthesis protocol for obtaining various 
1,3-dicarbonyl-substituted azepines through the nucleophilic addition of the active methylene fragment 
of the dicarbonyl compound to the sp-hybridized carbon of 1,2-didehydroazepine C (Scheme 1). 

 

.  
Scheme 1. Photoinitiated Transformation of Aryl Azides and Scope of Application of the Substrate for 

the Synthesis of 2-(1,3-Dicarbonyl)-Substituted Azepines. 
 
In order to select optimal reaction conditions and study the factors influencing the efficiency of the 

formation of the target product, screening of solvents and bases was carried out in order to select optimal 
reaction conditions. The optimal conditions for the synthesis of (E)-7-(1-ethoxy-1,3-dioxobutan-2-
ylidene)-6,7-dihydro-1H-azepine-4-carboxylate 3aa were achieved using a water-ethanol mixture of 
methyl 4-azidobenzoate 1a under mildly alkaline conditions, with a two molar excess of ethyl 
acetoacetate 2a and sodium carbonate in a 1:1 ratio. The optimal irradiation period was found to be 2 
hours, which corresponds to the complete decomposition of azide at its concentration of 8 mM. The 
capabilities and limitations of this methodology was investigated using ethyl acetoacetate 2a as a 
substrate. The yields of azepines 3 ranged from high to low. Data analysis revealed that enhancing the 
electron-accepting properties of the substituent leads to an increase in azepine yields, a characteristic 
of Michael addition reactions. In this context, electron-accepting substituents amplified the 
electrophilicity of the sp-hybridized carbon in 1,2-didehydroazepine C, rendering it more susceptible to 
nucleophilic attack. 

In conclusion, a methodology for the photoinitiated one-pot synthesis of 2-(1,3-dicarbonyl)-
substituted azepines by the reaction of aryl azides with both electron-donating and electron-withdrawing 
groups and 1,3-dicarbonyl compounds have been developed. 
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Thiocoumarins (2H-thiochromen-2-ones) are a structural analogue of coumarins in which the 

oxygen atom of the pyran core is replaced by a sulfur atom [1]. In general, thiocoumarins have received 
significantly less attention from the research community compared to coumarins, which is not least due 
to the complexity of the synthesis of thiocoumarins. Recently, there has been a significant increase in 
the interest of synthetic chemists and pharmacologists in thiocoumarins [2,3]. 

4-(Trifluoromethyl)thiocoumarins (4-trifluoromethyl-2H-thiochromen-2-ones) are not described in 
the literature. At the same time, 4-trifluoromethyl-containing coumarins, in particular 7-amino- and 7-
hydroxy-4-(trifluoromethyl)coumarins, as well as their derivatives, have found wide application in 
practice (fluorescent samples in various biological, analytical and photochemical studies) and in medical 
research. 

We have developed a convenient method for the synthesis of 4-(trifluoromethyl)thiocoumarins 
starting from 1-(2-(tert-butylthio)phenyl)-2,2,2-trifluoroethanones. The construction of the thiopyranone 
core of 4-(trifluoromethyl)thiocoumarins was carried out by the reaction of S-acylation of compounds 
with bromoacetyl bromide, followed by the formation of a phosphonium salt by treatment with 
triphenylphosphine and the subsequent intramolecular Wittig reaction. 3-Substituted 4-
(trifluoromethyl)thiocoumarins were synthesized by the S-acylation reaction of 2-tert-butylthio-
trifluoroacetophenones with acetyl chlorides having an active methylene group, followed by 
intramolecular Knoevenagel condensation (Scheme 1). 
 

 

Scheme 1. Synthesis of 4-(trifluoromethyl)thiocoumarins. 
 

The scope and limitations of the developed synthetic scheme, as well as the physicochemical 
properties of the newly synthesized 4-(trifluoromethyl)thiocoumarins are discussed. 
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One of the key areas of modern medicinal chemistry is devoted to the development of new drugs 
for the treatment of psychoneurological and neurodegenerative diseases. A very important biological 
target of such drugs is the glutamatergic system. Among the substances acting on the glutamatergic 
system, the most interesting are allosteric modulators of the AMPA receptor. The basis of the therapeutic 
potential of these compounds is their ability to influence synaptic plasticity, which ensures the formation 
of neuronal memory, and to increase significantly the expression of neurotrophic factors that stimulate 
the regeneration of nervous tissue, as well as their antidepressant effect. Positive modulators have 
cognitive-stimulating and neuroprotective effects; negative modulators are known for their antiepileptic 
activity [1]. 

It was previously shown that tricyclic derivatives of bispidine exhibit high activity towards the 
AMPA receptor [2]. In this regard, the synthesis and study of such compounds are very relevant. 

A virtual focused library of potential allosteric modulators of the AMPA receptor based on a 
tricyclic scaffold of bispidine was developed using molecular modeling methods. In this work, a series 
of new tricyclic bispidine derivatives with indane moiety was obtained through a 9-step divergent 
synthesis. 

 

Figure 1. General structure of tricyclic bispidine derivatives with indane moiety. 
 

The resulting compounds have demonstrated high modulatory activity, positive or negative, 
towards the AMPA receptor over a wide range of nanomolar and subnanomolar concentrations in in 
vitro studies using the electrophysiological patch clamp method. The results for one of the compounds 
with positive modulatory activity are presented below [3]. 
 

Table 1. The results of electrophysiological in vitro studies for one of the compounds. 

R =  

Concentration, M 10-12 10-11 10-10 10-9 10-8 10-7 10-6 

Current amplitude, 

% of control 110±3 131±7 180±11 131±8 111±9 105±6 131±8 
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Matrix metalloproteinases 2 and 9 (MMP-2 and MMP-9) (gelatinases A and B, respectively) 

belong to the family of zinc-dependent endopeptidases capable to hydrolyze the main protein 
components of the extracellular matrix (collagen, laminin, fibronectin, etc.) [1]. In the human body MMP-
2/-9 can have a destructive effect on the extracellular matrix, during inflammation and oxidative stress 
[2], which leads to the development of cancer [1]. Gelatinases are involved in the mechanism of tumor 
invasion and angiogenesis during tumor growth. To date, none of the MMP-2/-9 inhibitors are used in 
clinical practice for the treatment of cancer. In this regard, it seems relevant to create and study the 
antitumor activity of new gelatinase inhibitors.  

Taking into account the structural requirements for MMP-2 and MMP-9 inhibitors [3], the 
compound 1-({4-[(2,4-dichlorobenzoyl)amino]phenyl}sulfonyl-(2S,4R)-4-hydroxypyrrolidine-2-
carboxylic acid (GGM-27) was designed. By using the molecular docking method by dint of 3D-
structures of the proteins MMP-2 (PDB ID: 1HOV) and MMP-9 (PDB ID: 5CUH) the potential of GGM-
27 as an inhibitor of MMP-2 (docking score -7.161) and MMP-9 (docking score -6.788) was confirmed, 
based on the docking score values. 

The compound GGM-27 was synthesized in 3 stages using classical organic synthesis in solution 
with a total yield of 40%. 

Using the fluorogenic substrate Mca-Lys-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH2 and recombinant 
human MMP-2 and MMP-9, GGM-27 showed inhibitory activity towards MMP-2 (Ki 9.4*10-5 M) and 
MMP-9 (Ki 9.0*10-4 M). 

To study the antitumor activity of the compound GGM-27, the Ca755 breast adenocarcinoma 
model was chosen. 

As a result of the experiment in active control animals, the average tumor volume on the 9th, 15th 
and 21st days Ca755 adenocarcinoma’s growth was 302.9±79.1 mm3, 5353.8±930.9 mm3, 
10908.7±1307.8 mm3 respectively. In animals receiving GGM-27 in the dose of 1 mg/kg, a significant 
decrease in the average tumor volume was determined compared with the control (p<0.05) on the 9 th 
and 21st days of tumor growth: 90.8±50.4 mm3 and 4036.9±710.2 mm3, respectively. In the group of 
animals receiving GGM-27 in the dose of 10 mg/kg, a significant decrease in the average tumor volume 
was also determined compared to the control (p<0.05) on the 9th and 21st days of the growth of Ca755 
adenocarcinoma 84.5±56,34 mm3 and 4074.1±672.5 mm3, respectively. In animals treated with the 
antitumor drug, doxorubicin, in the dose of 4 mg/kg, a significant decrease in the average tumor volume 
was determined (p<0.05) compared to the control on the 9th, 15th and 21st days of tumor growth 7.5±6.2 
mm3, 462.4±122.9 mm3 and 2951.1±608.4 mm3, respectively. The experiment determined significant 
tumor growth inhibition (TGI) on the 21st day of tumor growth, 7 days after the end of drug administration. 
When administering GGM-27 in the dose of 1 mg/kg, TGI on the 21st day of the experiment was 63%; 
when administering GGM-27 in the dose of 10 mg/kg, TGI actually did not change and amounted to 
62%. When doxorubicin was administered on the 2nd and 4th days of adenocarcinoma’s Ca755 growth, 
TGI on the 21st day of tumor growth was 73%. 

The increase in average life expectancy when GGM-27 was administered in the dose of 1 mg/kg 
was 45% (p<0.05), when administered in the dose of 10 mg/kg increasing in average life expectancy 
was 47% (p<0.05) compared with active control. When the comparison drug doxorubicin was 
administered, a significant (p<0.05) increasing in average life expectancy was 58% compared to the 
active control. 

The data obtained indicate expressed antitumor activity of the compound GGM-27 in the Ca755 
breast adenocarcinoma model when administered for 14 days in the dose of 1 and 10 mg/kg. 
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Chemistry of 2H-azirines and diazo compounds is the focus of our research group [1]. It is well-
known, that diazo compounds are able to react with 2H-azirines under rhodium catalysis to form 
azapolyenes. These unsaturated compounds can be utilized as building blocks for a wide range of 
heterocyclic compounds, such as dihydroazetes, pyrroles, azines and their fused analogues [2]. 
Previously, we have shown, that under basic conditions 1-pyrrolines can be obtained from 4-
alkylazabutadienes [3]. It was recently discovered that 1,1-di(alkoxycarbonyl)-4-cyclopentyl-2-azabuta-
1,3-dienes 2 react with DBU to form two types of heterocyclic products: 1H-cyclopenta[c]pyrid-1-ones 4 
and 3-hydroxy-1H-pyrroles 5 (Scheme 1). These previously unknown transformations proceed through 
the formation of 1-azapentadienyl anion 3 which undergoes 1,6-shift of alkoxycarbonyl group to the 
cyclopentyl part followed by 1,6-cyclization to form the cyclopentapyridone (path a) and 1,5-cyclization 
with 1,3-shift of methoxy group followed by dialkyl carbonate elimination to form the hydroxypyrrole (path 
b). The possible reaction pathways of the reactions have been studied by using quantum chemical DFT 
calculations. Pyridones can be prepared in moderate yields in a one-pot three-step procedure via Rh(II)-
catalyzed isomerization of 4-cyclopentylisoxazoles 1 to 2H-azirines; the next step is the reaction of 2H-
azirine with diazomalonic esters; and the final stage is heating of the prepared 2-azabuta-1,3-dienes 2 
with DBU. 

Scheme 1. Experimental results. 
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Gallium is a chemical element known for its low melting temperature and low toxicity to humans 
in contrast to mercury. The metal has recently begun to be used in medicine: as an antagonistic agent, 
to increase osteogenesis, influence blood clotting and as a coating for titanium implants. The 
effectiveness of gallium as an antibacterial agent arises from its similarity to Fe3+ in terms of atomic 
radius, electronic configuration, and charge state, enabling gallium (III) to effectively mimic iron (III). 
Unlike Fe (III), Ga (III) cannot be reduced under physiological conditions to Ga (II), as reduction of Fe 
(III) to Fe (II) is a main step in many intracellular processes. In addition, many proteins require Fe (III) 
as a key cofactor. Thus, any binding of Ga (III) to Fe (III) protein binding sites may disrupt biological 
processes involving redox interactions. It can be concluded that gallium has the potential to work as an 
antibacterial agent with a very broad spectrum of activity. Moreover, gallium does not appear to be 
susceptible to classical resistance mechanisms commonly associated with antibiotics, such as 
decreased uptake due to restricted permeability of cellular envelope, drug efflux pumps, and detoxifying 
enzymes such as beta-lactamases [1].  

The pure metallic gallium-based dispersion systems (sols, emulsions) have antimicrobial 
properties at high concentrations (> 2 mg/ml). However, some sources consider Ga cannot demonstrate 
the full opportunity to be a protection from different microorganisms. The superior antagonistic activity 
reported in the literature may be related with the presence of trace heavy metals [2]. Thus, to confirm 
the antimicrobial activity of pure gallium, experiments with gallium with a high degree of purity should 
be performed. After that, the antagonistic properties of gallium-based composites or alloys can be 
proved. Besides, compounds with different metals can show the same features for decline concentration 
of individual substances. Therefore, this work is aimed to reduce concentration of the pure gallium to 
preserve its effect on microorganisms. The morphology and structure of particles was described using 
SEM (scanning electron microscopy), EDS (Energy-dispersive X-ray spectroscopy), XRD (X-ray powder 
diffraction). The viability of different microorganisms was analysed by counting colony forming units, the 
concentration of microorganisms in the suspension was determined using optical methods. 

Consequently, the following results were achieved: the antagonistic effect of pure gallium was 
confirmed on E. coli and other facultatively anaerobic microorganisms, a composite confirmed 
antimicrobial activity was obtained.  
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For a long time, it was believed that the metalation of 4-dimethylaminopyridine (DMAP) is possible 

only in the position 2(6), due to the conjugation of the NMe2 group with the ring and as a result, the 
absence of the DOM-effect. It was only in 2006 that DMAP metalation was achieved in the position 3(5) 
using sterically hindered Caubère's salt [1]. 

In the early work of our laboratory, it was shown that the introduction of bulky groups leads to a 
change in the direction of metalation reactions. Thus, the main idea of this work is to study the effect of 
various substituents on the direction of metalation. 

In our work, we have investigated the interaction of the DMAP molecule with weakly nucleophilic 
organometallic reagents such as lithium diisopropylamide (LDA) and lithium tetramethylpipyridine 

(LTMP). Usually, these reagents do not react with DMAP. For this reason, the nitrogen atom of the aza 
group was quaternized by various groups, such as BF3 and Alk3Si, to increase the acidity of the CH-
bonds. It was found that an increase in the volume of the substituent leads to a change direction of the 
metalation reaction from positions 2(6) to positions 3(5) (scheme 1).  
 

 
Scheme 1. Interaction of DMAP and its 1-derivatives with weakly nucleophilic organometallic 

reagents. 
 

In addition, the interaction of strong base organolithium reagents such as tert-BuLi with DMAP· 
Me3Si leads to an increase in conversion. Moreover, as theoretical calculations have shown, the 
organometallic reagent itself coordinates to the aza group and blocks positions 2(6), thus it leads to 
metalation at position 3(5). This made it possible to obtain a set of different products with high yields 
(scheme 2). 
 

 
Scheme 2. Interaction of DMAP with strong nucleophilic organometallic reagents. 
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Total synthesis of natural products can serve as a great source of inspiration for the development 
of novel synthetic transformations. Hasubanan alkaloids have recently become common target in total 
synthesis [1]. Their unique benzannulated aza-[4.4.3]-propellane core and yet unclear biological 
properties have attracted ours and many other research groups for the development of increasingly new 
and original approaches. 
 

 

Scheme 1. Three novel synthetic transformations towards total synthesis of hasubanan alkaloids. 
 

We have developed a series of three novel synthetic transformations on our way towards total 
synthesis of hasubanan alkaloids. They are: the tandem [3,3]/[3,3] Johnson-Claisen/Claisen 
rearrangement promoted by a unique catalytic system [2] (Scheme 1, in green); unexpected ring-
contractive oxidation of seven-membered lactones under Rubottom conditions (Scheme 1, in red) and 
rare dearomative Robinson-type cascade of 2-naphthols with methyl vinyl ketone (Scheme 1, in blue).  

A major attention would be paid to lactone ring contraction transformation, which could be 
regarded as skeletal editing of 1-tetralones towards 2-chromanols. Its high efficiency and tolerance to 
multiple functional groups has been demonstrated on more than 20 examples, including natural and 
drug molecules. 

Our latest achievements in the field of total synthesis of hasubanan alkaloids will be presented at 
the conference. 
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Organocatalytic activation of electron-deficient systems by a number of Lewis bases is currently 
successfully used to carry out transformations of various types (Scheme 1A). Yet, in the context of the 
synthesis of β-substituted Michael acceptors this approach is implemented only for the most active 
olefins, namely allenes and alkynes, which diminishes its synthetic applicability and utility (Scheme 1B). 
This work presents the possibilities of nucleophilic catalysis as applied to addition-elimination reactions 
in readily available electrophilic vinyl halides. 

The “gold standard” of nucleophilic catalysts, DMAP, allows couplings of sterically hindered vinyl 
chlorides and weakly acidic nucleophiles in good yields (Scheme 1C). A total of 16 types of nucleophiles 
were tested; in most cases (oxime, carbamate, NHPI and sulfonamides as nucleophiles) couplings 
unknown in the non-catalytic version were successfully performed. Organocatalysis allows use of non-
polar solvents and weakly basic conditions, which suppresses unwanted side processes and increases 
the efficiency of reactions. 

 

Scheme 1. Nucleophilic catalysis in nucleophilic addition-elimination reactions. 
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Benzo[b][1,6]naphthyridines constitute a family of heterocyclic compounds that have shown a 
wide range of biological activities. Among them, the derivatives of N-alkyl-10-chloro-1,2,3,4-
tetrahydrobenzo[b][1,6]naphthyridines attract particular attention in recent years, due to their ability to 
inhibit MAO-B in vitro [1]. Thus, this inhibitory activity suggests their potential efficacy in combating 
Parkinson’s disease and other neurodegenerative disorders. 

To expand the library of benzo[b][1,6]naphthyridine derivatives, nucleophilic substitution and 
cross-coupling reactions (Scheme 1) have been carried out. The derivatives 4-5 have been further 
studied in the reactions with electron-deficient alkynes. 
 

 

Scheme 1. Synthetically useful reactions for modification of tetrahydrobenzo[b][1,6]naphthyridines. 
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A graphite-like carbon nitride (g-C3N4) emerged in recent years as a promising metal-free 

semiconductor catalyst for heterogeneous photoreactions. The g-C3N4 is easily synthesized from 
readily available and inexpensive precursors, such as thiourea and melamine. Its high thermal and 
chemical stability, along with its narrow and tunable band gap, make g-C3N4 very attractive for 
photocatalytic applications [1]. However, heterogeneous catalysis is associated with well-known 
challenges. For example, catalyst particles tend to agglomerate therefore hindering mass transfer and 
reducing effectiveness and reproducibility [2]. 

To address these challenges, we present a novel approach involving incorporation of g-C3N4 in 
silica aerogel matrix (g-C3N4@SiO2) for oxidation reactions in a supercritical carbon dioxide (sc-CO2) 
medium. Ultra-porous, open-cell structure of the aerogel discloses the catalyst active cites and facilitates 
mass transfer, which enhances the effectiveness of the composite photocatalytic system. Additionally, 
it is reported that superoxide radicals could form on the silica gel surface, making the matrix 
advantageous for oxidation reactions [3]. Sc-CO2 was chosen as the photooxidation process medium 
since its application allows to preserve the composite 3D structure, i.e., provides the catalyst’s 
recyclability, which is impossible in organic solvents. Furthermore, sc-CO2 is beneficial for 
photooxidations processes: it is a non-flammable, non-toxic, transparent to visible light, green solvent 
that greatly dissolves molecular oxygen. 

The catalytic system was applied to thioanisole (1a) oxidation by molecular oxygen. In optimal 
conditions conversion of 1a reaches 90% with 80% yield of methyl phenyl sulfoxide (2a) (Scheme 1). 
Under the optimal conditions other sulfides (1b-1f) were oxidized with conversion of the substrates up 
to 100% and yields of the corresponding sulfoxides (2b-2f) up to 80%. 

 

 
Scheme 1. Photooxidation of sulfides and corresponding yields.  

 
The proposed photocatalytic approach paves the path towards the highly efficient, cost-effective, 

and environmentally benign oxidation processes both in laboratory and industrial scale. 
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The high toxicity and teratogenicity of asymmetric dimethylhydrazine (heptyl rocket fuel) caused 
the transition of rocket systems (in particular, Angara [1]) to gaseous fuel. However, the issue of 
recycling large amounts of "aqueous" heptyl does not lose its relevance. We propose its wide 
introduction into fine organic synthesis, in particular through the formation of hydrazones of unsaturated 
aldehydes, which are in great demand in medicine [2-4]. In addition, the latter were used by us for 
unusual reactions of 2+2 cycloaddition. For example, the reaction of tetracyanoethylene with 
dimethylhydrazine of croton aldehyde proceeds under standard conditions, without ultraviolet radiation 
or heating, with the formation of hard-to-reach cyclobutane. Below is the X-ray structure of the resulting 
white substance with a yield of 80%, i.e. - 103-105 °C.  The resulting compound is currently being tested. 
 

 

Scheme 1. The crystal structure obtained by X-ray diffraction analysis. 
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Boron subporphyrazines are tripyrrolic macroheterocyclic molecules. Low aggregation in solution 
and high quantum yields of singlet oxygen and fluorescence make subporphyrazines promising 
compounds for photodynamic therapy (PDT). The extension of π-system for subporphyrazines results 
in the shift of the absorption maximum to the range of high transparency of biological tissue (600-900 
nm).  

Thereby, the purpose of this study was to develop an approach to create new carbazole-
annelated subporphyrazine analogues with an extended π-system. 

 

Scheme 1. Synthesis of carbazole-fused boron subporphyrazines. 
 
The starting compound 4-phenyl-5-nitrophalonitrile 1 was synthesized by a six-step approach 

from commercially available phthalic anhydride. N-(2-ethylhexyl)-substituted carbazole dinitrile 3 was 
then prepared by a Suzuki cross-coupling reaction followed by Cadogan cyclization and N-alkylation of 
the resulting carbazole. 

At the next step the template condensation reaction of N-substituted carbazoledinitrile 3 was 
carried out in a boiling o-dichlorobenzene in the presence of boron trichloride. However, the target 
complex 6 was isolated in low yield due to poly- and oligomeric by-products formed by oxidative C-C 
coupling of carbazole moieties. Protection of the sixth position of the carbazole moiety by selective 
bromination prevents the formation of oligomeric by-products. 

Intense absorption in the range of 638-646 nm was found for novel carbazole-fused 
subporphyrazines. Moreower, target subporphirazines show high singlet oxygen (0.27 – 0.42) and 
fluorescence (0.17 – 0.24) quantum yields. 

All target compounds were characterized by FT IR and 1H NMR spectroscopy, and MALDI TOF 
spectrometry. 
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Microwave non-thermal plasma is generated by irradiating a mixture of electrons, ions, and 
neutral gas molecules with wavelengths ranging from 1 mm (300 GHz) to 1 m (300 MHz). It can be 
produced using various gases, at different power levels and system pressures. In the present work, we 
propose an original scheme of experimental setup and technology for microwave-activated plasma 
methane conversion into acetylene and benzene. Our microwave reactor feature a multimode resonant 
cavity that is illuminated through one sidewall using a rectangular transverse electric waveguide. The 
waveguide has an interior aspect ratio of 2:1 and contains a packaged cavity magnetron operating at 
2.45 GHz. No additional impedance-matching apparatus is used between the magnetron and the 
multimode resonant cavity. A system of two active plasma zones was evaluated in the reactor. One of 
these zones is the 'hot' zone, where plasma generates the active elements, and the other is the 
'relaxation' zone, where the synthesis of organic products occurs (Fig. 1).  

 

Figure 1. The 'hot' and 'relaxation' zones under different conditions: 
a) middle-divided same-volume zones; b) middle-relaxed 'hot' zone. 

 
The temperature of the blowing gas provides heat removal from the walls, and methane 

preheating controls the conversion process. These operating factors can be applied separately or in 
combination. The temperature of the gas has certain optimal points for the selective conversion of 
methane into the definite products. The pressure in the reactor is the main factor for achieving the 
highest yield (80% for acetylene), varying within a 30–40 mbar interval. The plasma burning time is also 
an essential factor in methane conversion, with an optimal time of 15 seconds in stationary mode. The 
application of flow-rate mode in 5–15 m3/h interval increases in some degree the yield of organic product, 
whereas providing the growth of its quantities at relatively low operating methane pressure in reactor. A 
general qualitative model of methane reforming in these conditions is suggested in the work, with 
methane dehydration in plasma flame and direct synthesis of acetylene from coal particles and hydrogen 
atoms in the relaxation zone playing the main roles. Benzene formation occurs through the trimerization 
of excited acetylene molecules under heat dissipation near the reactor walls. The highest benzene yield 
achieved was 50%, which is a highly encouraging result, as is the case with acetylene, particularly given 
that the conversion was performed using a non-catalytic method. Furthermore, this represents a unique 
accomplishment in that the simultaneous production of acetylene and benzene from methane with 
significant yields has never been achieved before. A low-temperature IR monitoring system, combined 
with a separation module, enables the identification, extraction, and purification of conversion products. 
The presented microwave-assisted plasma chemical technology has considerable potential for industrial 
implementation, due to its energy efficiency, high selectivity, environmental friendliness, straightforward 
scalability, and adaptability. 
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In recent years, gold catalysis has been recognized as a powerful tool for a rapid increase of 
chemical complexity [1]. In particular, gold-catalyzed transformations of alkynes, as convenient building 
blocks, are widely used in the syntheses of a plethora of molecular architectures [2]. Here we report on 
the gold-catalyzed cycloaddition of enynes and cyanamides. Depending on the conditions, this 
interaction leads to valuable azaheterocyclic systems, namely 2-aminopyridines, 1-aminoisoquinolines, 
and 2,6-diaminopyrimidines. 
 

 

Scheme 1. Gold-catalyzed cycloaddition of enynes and cyanamides. 
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Millions of reactions and compounds from patents are linked in a network that is as complex as 
the World Wide Web. Despite its visual randomness, the chemical network has a well-defined modular 
architecture. 

Organic chemistry analysis using graph theory tools can identify most “central” organic molecules 
and predict which and how many molecules will be formed in the future. Statistical analysis based on 
network connectivity is useful for optimizing parallel synthesis, assessing chemical reactivity, and more. 

 

Scheme 1. Transforming a set of chemical reactions into a directed graph representation. 
 

We harnessed the power of computer-assisted to map optimal synthesis pathways for a given 
molecule from commercially available substrates from the ZINC database (1.1 million molecules). This 
was done by parsing the USPTO patent database (3.6 million reactions), building a synthetic decision 
tree for the target molecule, and uploading the synthesis map in a convenient format. 

The resulting algorithm predicted many previously underestimated pathways for the synthesis of 
biochemically relevant compounds. A website was also developed for more convenient search of 
possible synthesis pathways. 
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Oxidative addition of small molecules (halogens and alkyl halides) to the metal center in 
organometallic complexes is a fundamental reaction in catalysis and new compounds design [1]. 
Deprotonated acyclic diaminocarbene (ADC) d8 platinum(II) complexes can easily attach new ligands to 
the apical positions. In addition, such complexes can be easily obtained by combining isocyanide 
complexes with N’N-diphenylguanidine [2]. Furthermore, a series of deprotonated platinum(II)-ADC 
complexes with good antitumor activity against triple-negative breast cancer cells was obtained in our 
research group [3]. 

In the present work, the oxidative addition of MeI, EtI, Br2 and I2 has been investigated, as 
platinum(IV) ADC-complexes have never been synthesized by the oxidative addition (Scheme 1). 
Furthermore, the protonation experiments have been carried out to symmetrize the structures and to 
explore the carbene atoms 13C chemical shifts, as in the deprotonated forms it was hard to determine 
which signal was carbene due to overlapping. The oxidative addition was found to shift the 13C carbene 
signals 20–30 ppm to the lower field compared to the original platinum(II)-ADC. All compounds were 
isolated as fine solids and characterized by means of physicochemical analysis. 
 

 
Scheme 1. The oxidative addition reactions. 
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At this moment, maskless photolithography is the most promising method of creating biochips. 
This method allows you to create micro devices using simple equipment, but has high requirements for 
the photochemical properties of the protective groups used. They must have a good ability to absorb 
ultraviolet radiation and provide a high quantum yield in photodeprotection reactions. At the same time, 
the synthesis of protective groups should be carried out simply and from available materials. Derivatives 
of 2-(2-nitrophenyl)-propyloxycarbonyl (NPPOC group) are most suitable for this task. Thus, using a 
photolabile protective group based on (3-ethyl-4-nitrophenyl)phenyl ketone (BzNPPOC), a method for 
synthesizing a high-density DNA chip was developed [1]. 

 

Scheme 1. The scheme of synthesis of aromatic nuclei. 

 
 The main disadvantage of photolabile protecting groups of such structure is the position of the 
absorption peak of electromagnetic radiation in the midwave ultraviolet region. For example, the 
absorption maximum of BzNPPOC is located at 300 nm [1]. It is known that the introduction of 
mesomeric donor substituents, as in the case of SPh-NPPOC, leads to a bathochromic shift of the 
absorption peak to the near-UV region [1]. At the same time, the insertion of a second nitro group into 
the aromatic system allows increasing the quantum yield of the photodeprotection process [2], and also 
contributes to the shift of the absorption peak to the long-wavelength region [3].  
 The aim of this work is to develop a method for the synthesis of aromatic nuclei of photolabile 
protecting groups capable of absorbing electromagnetic radiation in the near-UV region. 
 1,4-dimethylbenzene (1) was chosen as a starting compound. At the first stage of synthesis it 
was possible to obtain the bromo derivative 2 in good yield. The use of excess nitrating mixture during 
nitration of compound 2 allowed regioselective introduction of nitro groups into the aromatic system in 
ortho- and para-positions with respect to bromine, which significantly increased the reactivity of the 
structure in nucleophilic aromatic substitution reactions. At the same time, both nitro groups were 
introduced into ortho-positions with respect to one of the methyls, which should increase the quantum 
yield of the photodeprotection reaction of the oxycarbonyl derivative. The regioselectivity of the nitration 
process of structure 2 is due to the coordinated orientation of the substituents. The structure of 
compound 3 was confirmed by 1H NMR and IR spectroscopy and X-ray diffraction analysis.  
 The optimal conditions for the reaction of nucleophilic aromatic substitution of bromine by 
anilines in compound 3 were found to be heating of the substrate with 2 excess of amine in pyridine at 
80 °C for 10 h. The composition and structure of the obtained diarylamines were characterized by 
elemental analysis, IR- and 1H NMR spectroscopies. The electromagnetic absorption ability was studied 
by absorption spectroscopy. 
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Isoxazole derivatives are of increased interest to researchers due to wide range of their significant 

biological and photophysicsl properties. For instance, there are some drugs, which have the isoxazol 
ring as a key core [1-3]. 

Nitrile oxides reacts with iodine substituted alkenes to form iodisoxazoles, which can later be 
modified in cross-coupling reactions such as the Suzuki-Miyaura or Sonogashira reaction. As far as we 
know cycloaddition of iodo diacetylenes with nitrile oxides have not been described, therefore this study 
is devoted to the development of a technique for the synthesis of iodisoxazoles from iodo-substituted 
diacetylenes. The presence of an ethynyl fragment and an iodine atom as substituents in this five-
membered heterocycle can provide additional opportunities for modifying the isoxazole structure and 
creating compounds with potential useful properties. Hence, the possibilities of modifying iodisoxazoles 
in the Suzuki-Miyaura reaction have also been considered 

The purpose of this work is to study the possibilities of iododiacetylenes to enter into reactions of 
1,3-dipolar cycloaddition with nitrile oxides and further modifications of the obtained compounds. The 
synthesis scheme is shown in Scheme 1. 

 

Scheme 1. The synthesis scheme. 
 

It was found that iodobutadiynes are capable to react with 2,6-disubstituted aryl nitrile oxides 
without using catalysts giving 5-ethynyl-4-iodo-1,2,3-isoxazoles with from moderate to good yields. The 
use of microwave activation made it possible to suggest easily implementable and fast experimental 
procedure. It was shown that the resulting cycloadducts can be modified in Suzuki-Miyaura cross-
coupling reactions. 
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Nonalcoholic fatty liver disease (NAFLD) is a leading cause of liver disease worldwide. The global 
prevalence of NAFLD has been increasing over time, with a recent meta-analysis estimating that 32% 
of the adult population is afflicted by disease. The prevalence of NAFLD is projected to increase 
significantly in multiple world regions by 2030 if current trends are left unchecked [1]. To effectively 
control and treat this metabolic disorder, there are a limited number of drug options specific to NAFLD. 
If complications occur, such as fibrosis and cirrhosis of the liver, it is possible to provide only palliative 
care or transplantation. To that end, there is a need to develop a drug for the successful treatment of 
NAFLD.  

Thus, one of the best-characterized mitochondrial uncoupling agents is 2,4 dinitrophenol (DNP) 
might be an effective and safe approach for the treatment of NAFLD and insulin resistance. This 
molecule is a protonophore that shuttles protons across the mitochondrial membrane, dissipating the 
mitochondrial proton gradient and resulting in the conversion of the energy derived from mitochondrial 
substrate oxidation to heat. DNP was extensively used as a weight loss remedy in the 1930s but taken 
off the market by the FDA in 1938 due to the occurrence of fatal hyperthermia. Given that the toxicities 
of DNP are on-target effects related to systemic mitochondrial uncoupling, it is assumed that the safety 
and therapeutic potential of DNP could be increased by targeting DNP to the liver.  

Currently, there is little experimental work aimed at developing a dosage form of DNP for oral and 
invasive administration. Shulman et al synthesized and studied DNP ethers, considering them as 
prodrugs. This phenomenon promises to increase the therapeutic window for DNP methyl ester [2]. 
However, strict pharmacokinetic regulations limit its further use. 

In this work, a series of DNP derivatives with increased lipophilicity were designed and 
synthesized to reduce toxicity and target delivery to the liver. The activity of the obtained substances 
was confirmed during in vitro tests. 
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Acyclic enediynes are antitumour agents containing (Z)-3-en-1,5-diyne system. According to the 
previous studies, these compounds exhibit antitumour activity by inhibiting the expression of cyclin A 
and Cdc25C proteins; in addition, acyclic enediynes can induce apoptosis through the activation of 
caspases-3, -8 and -9 [1]. On the other hand, enediynes fused to maleimide were supposed to provide 
cytotoxic activity due to the formation of radicals through the maleimide-assisted rearrangement and 
cycloaromatization (MARACA) [2]. Some heteroindene-fused enediynes showed cytotoxic activity 
against NCI-H460 lung cancer cells [3]. Nevertheless, the precise mechanism of action of acyclic 
enediynes remains incompletely elucidated. Therefore, the synthesis of new acyclic enediynes and the 
study of their biological activity is an urgent task. 

 

 

 Scheme 1. Approaches to the synthesis of acyclic enediyne conjugates. 

To synthesize new acyclic enediynes conjugated to different ligands, we chose click reactions, 
namely CuAAC and the interaction of isothiocyanates with amine ligands. For aliphatic amines and 
azides, the reactions proceeded with good yields ranging from 53 to 88%. However, when we moved to 
p-azidophenol and p-aminophenol, the reaction yields of modified enediynes ranged from 20 to 42%. 

The cytotoxicity of the obtained acyclic enediynes was investigated for HEK293T and HeLa cell 
lines. Triazole derivatives of acyclic conjugates 3a-c showed quite low activity towards both cell lines. 

All synthesized thiourea derivatives of acyclic enediynes 5,6 showed cytotoxic effects on both cell 
lines at concentrations <10 μM. Compounds 5c and 6b displayed cytotoxicity at concentrations below 5 
μM. In addition, enediyne 6b showed some selectivity towards HeLa tumour cells compared to the 
normal human embryonic kidney cell line HEK293T.  

In conclusion, our findings indicate that acyclic enediynes fused to benzothiophene and indole 
represent a promising class of cytotoxic compounds for further development. 
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Strain-promoted azide-alkyne cycloaddition (SPAAC) is one of the most preferable biorthogonal 
click reactions, which play a substantial role in modern chemical biology [1]. The unique properties of 
the azido group, the absence of toxic Cu(I) and the rapid kinetics provide a wide range of SPAAC 
applications in chemistry and biology [2]. Therefore, development of new synthetically accessible 
SPAAC reagents with improved properties, especially SPAAC kinetics, is of crucial importance. 

As medium-sized cycloalkynes are difficult to obtain due to ring strain and the possible kinetic 
instability, the Nicholas cyclization has become a unique tool for the synthesis of cyclooctynes and 
cyclononynes, as the generated cyclic Co-complexes stabilize strained cycloalkyne geometry [3]. 

Recently, in our research group a new class of SPAAC reagents – heterocycloalkynes fused to a 
heterocyclic core – has been discovered [4]. In attempt to obtain more reactive yet stable members of 
this family, we turned to triazole-fused cycloalkynes. We investigated the synthetic accessibility and 
stability of two novel triazole-fused cyclooctynes and cyclononynes. 

Co-complexes of 8-membered cycles 3a,b were obtained by the intramolecular Nicholas reaction 
using an arene moiety as a nucleophile. The synthetic chain started from a proper alkyne 1 and included 
a four-step sequence of iodination, CuAAC, the Sonogashira coupling and the Nicholas reaction of 
intermediate complex 2. The stability of the corresponding free of Co cycloalkynes is under investigation. 

 
Scheme 1. Synthesis of Co-complexes of triazole-fused cyclooctynes. 

 
For the synthesis of 9-membered Co-complexes 6 we used N-Nicholas cyclization of triazole 4. It 

should be noted that these 4-unsubstituted triazole 4 can be obtained using a one-pot reaction of 
diazomethanesulfonamide, amine and aldehyde [5]. We were pleased to note that after Co-
decomplexation, the obtained cyclononyne 7 was stable under isolation and storage. Synthesis of 
corresponding 4-substituted analogues and SPAAC reactivity of triazole-fused cyclononynes is currently 
ongoing. 

 
Scheme 2. Synthetic approach towards triazole-fused cyclononynes. 
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The synthesis of cyclopentadienyl rhodium complexes typically follows a two-stage process. 

Initially, a substituted cyclopentadiene ligand is synthesized, followed by the coordination of this ligand 
to the metal center. In our research, we discovered that the cyclization of alkynes in the metal 
coordination sphere offers a potent one-step approach for synthesizing cyclopentadienyl rhodium 
complexes. Several rhodium catalysts with planar-chiral cyclopentadienyl ligands can be obtained by 
the reaction of cyclooligomerization of tert-butyl-acetylene in coordination sphere of the commercially 
available [(cod)RhCl]2. Depending on the reaction conditions, complexes comprising three (1) or four 
(2) alkyne molecules can be formed. Cross-cyclization reactions are also possible when internal 
acetylenes are added. The structure of the resulting products depends (3) on the nature of the 
substituents in alkynes 

 
Scheme 1. Synthesis of cyclopentadienyl rhodium complexes via cyclization of alkynes. 

 
The racemic complexes were resolved into pure enantiomers by crystallization with L-proline or 

chromatographic separation of their diastereomeric adducts with L-phenylglycinol. The chiral complexes 
catalyze C-H activation of arylhydroxamates to give valuable dihydroisoquinolones (4) in excellent yields 
with high regio- and stereoselectivity (>90% ee).  

 

 
Scheme 2. Catalytic performance of rhodium complexes in the annulation of O-pivaloyl-hydroxamate. 
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Nowadays, industrial enterprises around the world use the obsolete technology for production of 
di- and polyisocyanates used as components of polymeric materials, such as polyurethanes and 
polyureas. The key stage of this technology is the production of phosgene from carbon monoxide and 
chlorine with subsequent phosgenation of aromatic and aliphatic di- and polyamines. The technology 
not only requires the application of highly toxic phosgene, but also rely on chlorinated aromatic solvents, 
which in turn requires their large-scale production to ensure the economic feasibility of isocyanate 
production itself. Consequently, this require the establishment of multiple large-scale production 
facilities, which often have significant environmental implications. Furthermore, the phosgenation 
process releases substantial quantities of hydrogen chloride, accompanied by various organic 
impurities, demanding additional infrastructure for the management and disposal of these by-products. 
The presence of reactive chlorine-containing residues in isocyanates adversely impacts their quality and 
reactivity. Thus, the establishment of large-scale isocyanate production is currently justifiable primarily 
in regions where historical production frameworks exist, supported by a legacy of available chemical 
intermediates from the mid-20th century, or where environmental regulations are less strict.  

Innovative technologies for production of di- and polyisocyanates have emerged, utilizing recent 
advancements in metal complex catalysis and adhering to modern environmental standards. The 
second generation of production processes for aromatic isocyanates employs non-toxic and stable 
carbon monoxide precursors, such as organic carbonates or ureas. Reaction of these compounds with 
amines yields carbamates, which can subsequently undergo thermolysis to produce isocyanates. The 
third generation involves the direct reaction of carbon monoxide with nitro compounds, which serve as 
precursors for amines. Initial research was focused on the direct conversion of nitroaromatic compounds 
to isocyanates. However, this method is hampered by harsh reaction conditions and low selectivity due 
to the rapid transformation of the resulting highly reactive isocyanates to various side products. A more 
viable strategy has emerged, which includes the intermediate formation of carbamate from a nitro 
compound, carbon monoxide, and an appropriate alcohol. Current theoretical and experimental 
investigations are aimed at developing and implementing new industrially applicable methods for 
producing polyurethane components based on these innovative approaches. 
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Electrochemical reactions represent one of the most atom-economical and green approaches to 
the synthesis of various valuable compounds that are widely applied in pharmaceuticals and organic 
materials [1]. Direct C-H bond functionalization, especially oxidative C-H/C-H and C-H/N-H cross-
coupling through release of H2 of non-activated aromatic compounds has attracted many chemists 
because it does not require prefunctionalization of the substrates and it is a simple, efficient, atom- and 
step-economical way to construct C-C or C-N bonds.  

Biaryls are important structural motifs that widely exist in pharmaceuticals, natural products, 
materials, and are used as ligands for metal catalysts and asymmetric catalysis [2]. Compounds 
containing amide moieties are widespread in organic materials (polymers, dyes), natural and biologically 
active compounds (agrochemicals, pharmaceuticals) [3]. Thus, the importance of such compounds is 
obvious, and the search for new methods for the synthesis of biaryl and compounds containing amide 
moieties is an important objective. 

In this work we have demonstrated the formation of C-C and C-N bond at C(sp2)−H and C(sp3)−H 
of arenes to afford a direct synthesis of biaryls and anilides or N-benzylamides under mild 
electrooxidative conditions (room temperature, without metal catalyst, external oxidants or acid) [4-5]. 

 

Scheme 1. Electrooxidation of arenes to arylamides or biaryls. 
 

Aromatic substrates that oxidize less positive than +2 V or have bromine or iodine substituents 
undergo homo-coupling reactions and form biaryls (dimers) during anodic oxidation. Difficult to oxidize 
(more positive than +2 V) aromatic substrates upon electrooxidation preferentially form anilides and N-
benzylamides when nitrile is a solvent and a source of amidation fragment. 
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Porphyrins may produce reactive oxygen species (ROS) upon irradiation and singlet oxygen (1O2) 

is one of them. This method of generation of 1O2 is proved to be an efficient protocol for various oxidative 
transformations of organic substrates [1]. Our research group recently shown that heterocycle-
appended porphyrins can be used as photosensitizers for singlet oxygen-mediated oxidation of organic 
sulfides with impressive TONS up to 98 000 [2]. 

We decided to thoroughly study the reaction mechanism to understand fundamental principles 
lying behind the process for further improvement of catalytic efficiency. Indium(III) 5,10,15,20-tetra(4-
methoxycarbonylphenyl) porphyrinate (In(Cl)_TPP_CO2Me) was used as a source of 1O2 and 
thioanisole was used as a model sulfide. A large number of kinetic experiments were carried out to 
describe the role of alcohol and influence of catalyst loading on the catalytic process. Our previously 
developed approach for measurement of stationary concentration of 1O2 in solution was also applied [3]. 
Furthermore, DFT calculations were carried out to support the proposed reaction mechanism. 

Combined use of kinetics and DFT calculations allowed to develop a quantitative model of the 
reaction for further verification of the model with obtained experimental data (Figure 1). Variation of 
catalyst loading or methanol mole ratio in the reaction mixture was simulated and compared with 
experimental data. 

A 

 

B 

 
Figure 1. Experimental reaction rate (left axis) and theoretically derived normalized reaction 

rate (right axis) plotted against catalyst concentration. Catalytic experiments were performed in binary 
mixtures of toluene/methanol (A) and CCl4/methanol (B) (15:85 solvent to methanol mole ratio). 

 
A close agreement between experiment and theory was achieved which indicates good 

understanding of the reaction mechanism. We attempted to use the acquired theoretical data to boost 
the catalytic efficiency of existing tetrapyrrolic sensitizer. The widely studied 5,10,15,20-
tetraphenylporphyrin (TPP) is a reference compound for comparison of new porphyrin-based 
photocatalysts. Oxidation of dibutyl sulfide with TPP in acetic acid or acetic acid/CCl4 1:1 mixture (by 
volume) allowed to achieve TONs up to 300 000 with conversion up to 99% and high selectivity. It 
corresponds to enhancement of catalytic activity by ca. 2 orders of magnitude compared to existing 
literature reports [1]. The achieved results form solid base for further development of highly effective 
systems for 1O2-mediated oxidation of sulfides by selecting appropriate solvent mixtures and using 
intelligent catalyst design. 
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Recently a great number of 3-EWG-substituted pyrrole-based compounds found miscellaneous 
applications in pharmacy. In particular, 3-sulfonylpyrroles attracted significant attention as potent 
myeloid cell leukemia 1 inhibitors, hepatoselective statins and protein tyrosine kinase inhibitors [1,2]. 

Conventionally, preparation of various 3-EWG-substituted pyrroles is achieved by multi-step 
synthetic protocols [3] and therefore a search for modular one-step approaches is a challenging task. In 
the last decade, several step-saving approaches to 3-substituted pyrroles were proposed however, all 
these methods exhibit significant drawbacks, such as the use of difficult-to-obtain prefunctionalized 
substrates [4,5], expensive photocatalysts and irradiation sources [6], or aggressive oxidants, reducing 
a substituent’s tolerance.  

We developed a modular (3+2) annulation of α-aminoketones and electron-deficient alkynes 
leading to 3-EWG-substituted pyrroles. This reaction is catalyzed by the whole triad of coinage metals 
(Au, Ag, Cu). The optimal coinage metal-catalyzed conditions demonstrate good tolerance to functional 
substituents, and this feature allowed the synthesis of a library of diverse 3-EWG-substituted pyrroles. 
 

 

Scheme 1. Coinage (Au, Ag, Cu) metal-catalyzed (3+2) annulation of α-aminoketones and electron-
deficient alkynes.  
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Pyridoxal-5'-phosphate-dependent methionine-γ-lyase (MGL) catalyzes the reactions of β- and γ-
elimination of sulfur-containing amino acids, which suggests two strategies for its use in anticancer 
therapy – as an antitumor agent, and as a component of the pharmacological pair (MGL + S-alkyl-L-
cysteine sulfoxides) in enzyme prodrug therapy. However, the introduction of enzymes into the 
bloodstream is limited by their high immunogenicity and low bioavailability. One of the options to solve 
the problem of in vivo application of the enzyme is the encapsulation of MGL into synthetic 
polymersomes/vesicles based on polyion complexes (PICsomes). 
 

 

Scheme 1. Generation of PICsomes containing methionine-γ-lyase. 
 

The selection of the optimal ratio of enzyme and polymers, the study of the influence of the length 
of polymer chains on the degree of inclusion of the enzyme and the size of the resulting nanoreactors, 
and the assessment of the rate of MGL release from PICsomes were carried out. It was shown that the 
polymer shell is permeable to the substrate while MGL retains its activity inside the nanocapsule. The 
shape and size of PICsomes with the incapsulated enzyme were proven by AFM and TEM methods. 
For targeted delivery of nanoreactors to the surface of cancer cells we coupled the PICsomes with 
polylysine chains containing phytoestrogens daidzein (Dz) and genistein (Gn) which have high affinity 
for estrogen receptors. Dz/Gn nanoreactors were shown to bind to the surface of ER+ and GPR30+ 
adenocarcinoma cells and in the presence of sulfoxides they formed cytotoxic thiosulfinates in vitro and 
in vivo. The toxicity of nanoreactors and their individual components was studied in mouse embryos. 
High rates of blastocyst formation (>80%) were observed for all tested components and the 
nanoreactors themselves. 
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Over the past few decades, interest in spiropyrans (SPP) has been steadily increasing. The 
notable difference in geometrical and electronic structures between the Sp and Mc forms (Scheme 1A) 
renders them promising building blocks for various types of smart materials [1]. Moreover, the ease of 
synthesizing SPPs and the potential for fine-tuning their properties through minimal structural 
modifications are of great importance. Despite the extensive research in this field, certain aspects of the 
structure-properties relationship in SPPs remain poorly understood. For instance, halogenated SPPs 
are of particular interest due to their potential use as individual photoswitches, modification via cross-
coupling reactions, or incorporation into different materials. However, there is currently limited research 
in this area. For example, it has been observed that brominated cationic SPP 3 exhibits a tendency to 
form long-lived photoinduced Mc with near-infrared (NIR) fluorescence [2]. It is noteworthy that such 
cationic SPP derivatives is promising for bioimaging applications [3]. In the present study, we aimed to 
investigate the influence of cationic fragments, electron-donating methoxy groups, and types of halogen 
substituents on the spectral and kinetic properties of SPPs. Five new SPPs (5-9) with methoxy groups 
in the indoline and indolium fragments were synthesized and studied. Additionally, data on previously 
known SPPs (1-4) are provided for comparison [2,4] (Scheme 1B).  

 
Scheme 1. General scheme of SPP isomerization (A), structures of discussed compounds (B), 

spectral and kinetic parameters’ ratio for discussed compounds grouped by halogen type (C-E) or 
methoxy group presence/absence (F). 

 
According to the results obtained, elongating the conjugation chain by adding a vinyl-3H-indolium 

substituent leads to an increase in both Sp and Mc absorption maxima wavelengths (Scheme 1C-E). In 
two out of three cases, it also enhances the compounds' ability to undergo photochromic transformation, 
or significantly increases the photoinduced Mc lifetime in the case of SPPs 6 and 9. The addition of 
methoxy groups at the ends of the conjugation chain also stabilizes the Mc form (Scheme 1F). The 
cationic fragment’s effect on photochromic properties and the absence of photosensibility in some cases 
and were further investigated through TD-DFT calculations based on electron density distribution 
analysis. The crucial role of the heavy atom effect in the case of bromosubstituted species was 
illustrated. 
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The molecular hybridization may be an attractive technique where combines two or more 
heterocycles into new hybrid compounds as a new fluorescent integrity that can inherited photophysical 

characteristics and physicochemical properties from the parent molecules. From other side, the resultant 

hybrids can acquire another and new properties, for instance, spectrum of photophysical characteristics, 
physicochemical properties, and sensitivity to different chemical and biological stimuli, biological 
behaviour [1]. 

Based on this concept, we chose 2-aryl-4-cyano-1,2,3-triazoles 1 as an intensive blue fluorophore 
to adjust their photophysical and physicochemical characteristics and give rise to new properties by 
modifying and redesigning its structures that could expand the scope of their application [2]. On the 
other hand, thiazole represents another kind of an important heterocycle framework that is often used 

to fluorescent molecules design [3]. The wealth of information on the photophysical properties of the 

above-mentioned heterocyclic systems inspired us to design a new fluorophore scaffold by integration 
of these heterocycles. We synthesized and studied photophysical properties of the novel molecular 
hybrids containing an assemble of 1,2,3-triazole and thiazole rings in the molecule. 

 

Scheme 1. Preparation of triazolylthiazoles 3 and 5 and photographs of solutions in DMSO. 
 

A study of the optical properties of 4-aryl-2-triazolylthiazoles 3 showed that the introduction of a 
1,3-thiazole ring leads to a bathochromic shift of absorption bands (λabs = up to 400 nm) and excitation 
bands (λem = up to 495 nm). Addition of aromatic substituent R5 to the C5 atom of the thiazole ring in 
compounds 5 resulted in yellow and green fluorescence (λem = 501–538 nm). 
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The chemistry of s-tetrazine derivatives remains a relatively poorly studied area of organic 

chemistry despite that this heterocyclic fragment is very important for the preparation of practically 
important substances. Among the topical applications of s-tetrazine derivatives are photoactive 
elements, biological markers, pharmaceuticals and energy-rich materials. The development of new 
molecular systems containing the central core of s-tetrazine is one of the relevant tasks of synthetic 
organic chemistry. 

 

 
Scheme 2. General scheme for the preparation of ionic salts of 3-cyanamide-6-amino-1,2,4,5-

tetrazine-1,5-dioxide. 

In this work, we have developed an approach to obtain new high-energy tetrazine-based salts 
with different cations. Based on successive transformations of the available 3,6-bis(1,5-dimethyl-1H-
pyrazol-1-yl)-1,2,4,5-tetrazine, we have prepared energetic structures containing the 3-cyanamide-6-
amino-1,2,4,5-tetrazine-1,5-dioxide fragment as an anionic component. The proposed method, unlike 
the existing ones, has a small number of stages and is characterized by high conversions and yields. 
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The goal of this work was the synthesis and nucleophilic ring opening of donor-acceptor 
cyclopropanes containing a phosphonate group as one of the acceptors as well as subsequent 
modifications of the primary products. The presence of a phosphonate group allows, after ring opening 
by nucleophiles, to carry out the Horner-Wadsworth-Emmons reaction, that significantly expands the 
possibilities of post-modification compared to classical cyclopropane-1,1-dicarboxylates. To realize this 
goal, a wide range of phosphonoacrylates 2 were obtained by Knoevenagel condensation using 
modified reaction conditions, which were then converted to the corresponding cyclopropanes 3 by 
Corey-Chaykovsky reaction. The resulting cyclopropanes were opened with anilines; products were 
converted to the corresponding pyrrolidones 5 according to the previously described conditions [1]. 
Finally, the Horner-Wadsworth-Emmons reaction was performed to obtain arylidene-substituted 
pyrrolidones 6. It is worth noting that the resulting structures have pronounced biological activity and 
can be used as nootropics and antidepressants. 

 

Scheme 1. General scheme of the studied transformations. 
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A new method of chemical synthesis involving chemical reactions in micro and nanodroplets, 

including charged ones, under aerosol conditions is being actively developed at present. High efficiency 
of using microdroplets for chemical reactions in them is shown [1,2]. The efficiency is expressed in a 
significant acceleration of chemical reactions (up to a millions-fold in certain cases), as well as in the 
change in the nature of the reactions which makes it possible to obtain substances that are extremely 
difficult to synthesize using conventional synthesis methods [3]. However, the wide implementation of 
microdroplet chemical synthesis is hindered by its low productivity and high solvent consumption. 

It seems that the optimal approach to increase the productivity of microdroplet synthesis is the 
use of spray methods that allow the generation of electrically charged microdroplets. The presence of 
electric charge in the droplet is a significant advantage of these methods over alternative methods of 
microdroplet generation, because it opens up a wide range of possibilities for controlling microdroplet 
parameters such as lifetime, size, electric charge value, trajectory of motion, which, accordingly, will 
enable controlling such characteristics of chemical reactions as rate and selectivity. The use of these 
methods will increase the productivity of microdroplet synthesis by increasing the number of spray 
capillaries, as well as increasing (up to a certain limit) the volume of sprayed liquid per unit time (through 
a single capillary). 

To study the scale-up of microdroplet chemical synthesis, we have designed and fabricated the 
experimental setup - the microdroplet chemical reactor prototype, which is based on chemical reactions 
in charged microdroplets generated by multiplexed pneumatic/electrospray. The operation of the 
microdroplet chemical reactor prototype was tested on the example of the condensation reaction of 
phenylhydrazine with cyclohexanone. With the use of the device, both in conditions of electrospray of 
the reaction mixture and in conditions of its pneumatic spray it was possible to achieve a significant 
acceleration of the reaction with the formation of cyclohexanone phenylhydrazone relative to its 
occurrence in the bulk solution. Under electrospray conditions, the maximum value of the apparent 
acceleration factor AAF for this reaction exceeded 83×106, under pneumatic spray conditions, the 
maximum value of AAF, which was achieved for this reaction, was 80×106. The device sprays a liquid 
flow fed at a rate of up to 17 mL/min, while maintaining the effect of accelerating the chemical reaction. 
The productivity of the device can reach several grams per hour. The presented experimental setup – 
the microdroplet chemical reactor prototype will find application both in applied tasks of chemical 
synthesis and in fundamental research in the field of microdroplet chemical synthesis. 
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Heterocyclic quinoid compounds are theoretically interesting, this is justified by their high and 
unique reactivity, moreover, the compounds are of practical value as biologically active substances. 
Many heterocyclic quinoid structures are part of several antibiotics and phytotoxins and exhibit 
insecticidal and antitumor properties [1]. On the other hand, pyridobenzimidazole is a kind of 
pharmacophore base for a few drugs that exhibit analgesic, antiviral, antifungal, and antibacterial 
properties [2]. 

It was of interest to us to introduce an amino acid fragment into the molecule of the quinoid 
derivative of pyrido[1,2-a]benzimidazole. On the one hand, this can lead to a change in the biologically 
active properties of these compounds, and on the other hand, the introduction of a dipole will necessarily 
lead to an increase in water solubility, which is an important requirement for biologically active drugs. 
To introduce an amino acid fragment, it was decided to lead a nucleophilic reaction with an amino acid 
derivative, N-acetylcysteine (NAC), widely known for its mucolytic and antioxidant properties [3]. 
 

 

Scheme 1. Scheme of the interaction of quinoid derivatives of pyridobenzimidazole with NAC. 
 

Reactions of NAC with quinone monoimines, quinone diimines and methylene quinone imines of 
the pyrido[1,2-a]benzimidazole series were carried out. Mono- and di-addition products were obtained. 
Based on the studies, it was concluded that quinone imines react with NAC, forming products of 1,4-
nucleophilic addition to position 7 of the quinoid system and then to position 6. All products are water 
soluble. The compounds are currently being tested for biological activity. 
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Modern bioorthogonal chemistry exploits many ways to improve the reactivity and stability of 
cycloalkynes, which are employed in the strain-promoted azide-alkyne 1,3-dipolar cycloaddition 
(SPAAC). The introduction of endocyclic electron-withdrawing groups to the cyclic structure and strain 
activation are known as two main approaches to the fine-tuning of the molecular properties of 
cycloalkynes [1]. Sulfamate moiety has been successfully introduced into the cycloalkyne structure, 
allowing the activation by stereoelectronic effects [2]. The common synthetic pathway includes the Rh-
cyclization of TMS-allenes followed by the desilylation with ring expansion. 

This work suggests an alternative approach to the synthesis of sulfamate cyclooctynes using their 
Co2(CO)6-complex precursors, which are available via the Nicholas reaction [3]. Such synthetic 
protocols open the way to the synthesis of cycloalkynes under mild conditions without the need for gold- 
and rhodium catalysis [2]. 

 

 

Scheme 1. Cyclooctyne sulfamates: know approach vs Nicholas cyclization. 
 
We demonstrate that a variety of Co2(CO)6-complex precursors can be synthesized by this 

approach. We also show that sulfamate cycloalkynes can be modified with different agents in the form 
of Co-complexes (R’’X = acyl or alkyl halides, Scheme 1), which eliminates the need to employ 
somewhat harsh conditions on the sensitive cycloalkyne structure. Cyclic Co2(CO)6-complexes of 
alkyne-sulfamates can be easily converted to free of cobalt cyclooctynes using known TBAF protocol 
[3]. The stability and reactivity of corresponding cycloctyne-sulfamates will be discussed. 
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Brucellosis is zoonotic infection caused by Brucella spp. bacteria. Infection afflicts cattle and 

humans widely across the globe. Current veterinary standards of brucellosis eradication in livestock 
require culling of cattle that hugely impacts economy. Modern problems with brucellosis diagnostics, 
treatment and prevention cause the necessity for interdisciplinary studies of bacterial surface antigens, 
such as carbohydrates. One of the Brucella polysaccharides, cyclic β-(1→2)-glucan (CβG), still has 
controversial opinions about its applicability in diagnostics and immunization against brucellosis. Herein, 
the full synthesis of its linear fragments and their conjugates is described for the first time. For carrying 
out the full synthesis of oligosaccharides acetimidate donor was obtained. Acetyl group at O-2 plays 
double role as a neighboring group participating in selective 1,2-trans-glycosidic bond synthesis, and as 
temporary protecting group. Although the desired β-(1→2)-linked di- and trisaccharides can be easily 
obtained using standard methods, the synthesis of longer chains has appeared to be challenging. 
Effective glycosylation reactions was achieved only in toluene, but not in DCM commonly used for 
glycosylation.  
 

 

Scheme 1. Array of synthesized linear oligo-β-(1→2)-glucosides 2-5 and their use for profiling rabbit 
blood sera before and after immunization with synthetic penta-β-(1→2)-glucoside 5 glycoconjugate. 

 
NMR-studies revealed pentasaccharide as minimal size fragment for modeling CβG 

polysaccharide properties. It was used for ELISA screening of human donors sera which result in 
detection of antibodies specific to β-(1→2)-glucan in ~10% of samples, however no relation to Brucella 
infection was established. Profiling of highly-specific to β-(1→2)-glucan sera samples revealed complex 
dependency on oligosaccharide chain length, which can be explained by non-linearity of  
β-(1→2)-oligoglucosides secondary structures.  

To confirm the bioequivalence of the synthetic fragment and native CβG, antibodies against β-
(1→2)-pentaglucoside were raised by serial immunization of rabbits with the corresponding bovine 
serum albumin conjugate. Importantly, the antibodies obtained recognized not only linear synthetic 
oligoglucosides but also the natural CβG produced by Brucella. These results open new opportunities 
for veterinary and clinical diagnosis of brucellosis. 
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The [3+2] cycloaddition reaction between pyridinium ylides and unsymmetrical electron deficient 

alkenes represents a powerful and straightforward tool for constructing functionalized indolizines and 
indolizidines which are privileged pharmacophore scaffolds. Chemistry of this process is significantly 
influenced by the structures of both ylide and alkene and has asynchronous nature which sometimes 
causes the reaction to proceed along a pathway different from [3+2]. Our previous work explored the 
reaction between unsubstituted pyridinium ylides and nitrostilbenes, which yielded [3+2] cycloadducts 
with low yields, primarily forming isoxazoline-N-oxides. We proposed a strategic approach involving the 
simultaneous incorporation of a π-electron-withdrawing group in the meta-position of the ylide and the 
addition of an oxidant to obtain the desired indolizines [1]. 
Despite successfully addressing the synthetic challenge, the underlying reasons behind the atypical 
reactivity of nitrostilbenes remained unknown. Thus, the primary objective of this study was to reveal 
the fundamental factors responsible for the diversion of [3+2] cycloaddition with pyridinium ylides toward 
[4+1] upon the introduction of an aryl substituent at position 1 of nitroalkenes. To achieve this, we 
employed density functional theory calculations (DFT) to gain insights into the mechanistic intricacies. 
Furthermore, we explored the impact of a meta-π-acceptor group in the pyridine ring on the [3+2] 
cycloaddition reaction and an effect of a substituent at position 1 of nitroalkene. Additionally, effects of 
solvents and temperature were studied, theoretically and experimentally.  
 
 

 

Scheme 1. The influence of different substituents in nitroalkenes on the reaction with unsubstituted 
pyridinium ylide. 

 
We discovered that benzenes are able to level off the π-electron effect of para-substituents with 

donating and withdrawing properties, contrary to the generally accepted idea about their nature, which, 
in our case, led to redirecting the [3 + 2] cycloaddition reaction between pyridinium ylides and 1-
arylnitroalkenes toward [4 + 1] annulation. Additionally, we proposed the reason of the difference in 
behavior between meta-π-acceptor substituted and unsubstituted pyridinium ylides in [3 + 2] 
cycloaddition supported by DFT calculations.  
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Non-covalent interactions are weak interactions of atoms or molecules without a chemical 
reaction occurring. This type of interaction, leads to the formation of supramolecular assemblies [1]. 

A widely known types of such interactions are hydrogen bonding, cation – π interaction, π-π 
stacking, CH···π interaction, anion – π interaction, halogen bond (XB), chalcogen bond (ChB) and 
others [2]. Less studied is the combination of different non-covalent interactions. For example, donors 
of non-covalent interactions containing simultaneously sources of halogen and chalcogen bonds [3]. 

In our work, we proposed an approach to the synthesis of combined donors of non-covalent 
interactions using previously prepared diaryliodonium salts based on 1,4-diiodotetrafluorobenzene. In 
our work, we found optimized conditions of reaction between diaryliodonium salts and potassium 
thiocyanate. Next, we prepared compounds 2 in reactions with different nucleophiles as SCN–, NO2 –, 
N3

– and etc. 

 
Scheme 1. Synthesis of combined donors of non-covalent interactions. 

 
For some compounds, their crystal structure was determined using X-ray diffraction analysis 

(Fig. 1). 

 
Figure 1. Molecular structures of the obtained compounds. 
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Calcium carbide is a versatile reagent for organic synthesis. Reacting with water, it gives 

acetylene; and a wide variety of synthetic procedures is based on this chemical property of calcium 
carbide [1]. In this way, a range of substituted alkynes and alkenes, pyrroles, pyrazoles, triazoles, 
pyridines, pyridazines, and other heterocyclic compounds were successfully synthesized [1]. 

Our researches included an application of calcium carbide in the synthesis of five- and six-
membered heterocycles and some valuable building blocks with double or triple carbon-carbon bond. 
In particular, the use of calcium carbide – water (or D2O) mixture for acetylene and dideuteroacetylene 
generation in two-chamber reactor (Scheme 1, top and middle line) is a convenient synthetic path to a 
range of pyrazoles [2], triazoles [3], isoxazoles [4], pyridines [5], 3,6-disubstituted pyridazines [3,6] and 
their D2-labeled derivatives. Reacting with alcohols, thiols or nitrogen compounds, CaC2-H2O(D2O) 
mixture transforms to vinyl derivatives and their D3-labeled analogues (Scheme 1, left part) [7]. Calcium 
carbide-13C2 can be applied as a source of 13C2-acetylene or 13C2D2 in chemical reactions. So, Ca13C2 
was used in the synthesis of 13C2-vinyl derivatives [8], and 4,5-13C2-labeled triazoles [9], isoxazoles [9], 
pyridazines [8,9] and 4,5-13C2- or 4,5-D2-4,5-13C2-pyridines [5]. 

 

 

Scheme 1. Carbide chemistry in our work. 
 

References 
[1] (a) Tetrahedron 2023, 149, 133720; (b) Synthesis 2022, 54, 999; (c) Eur. J. Org. Chem. 2021, 2021, 
43. 
[2] J. Org. Chem. 2018, 83, 3819. 
[3] Eur. J. Org. Chem. 2021, 2021, 5640. 
[4] Org. Chem. Front. 2018, 5, 226. 
[5] Chem. Asian J. 2023, e202300781. 
[6] Chem. Asian. J. 2021, 16, 2286. 
[7] (a) Org. Chem. Front. 2020, 7, 1334; (b) Synthesis 2019, 51, 3001. 
[8] Org. Chem. Front. 2020, 7, 638. 
[9] Chin. J. Chem. 2023, 41, 2810. 
 

Acknowledgements 
This work was supported by the Russian Science Foundation and Saint Petersburg Science 

Foundation (project No 24-23-20144). 
 

  

mailto:m.s.ledovskaya@spbu.ru


 

477 
 

CHEMO- AND DIASTEREOSELECTIVE ENTRY INTO ALL-CARBON α-QUATERNARY 

ALDEHYDES VIA C−C INSERTION OF 4-DIAZOISOQUINOLIN-3-ONES INTO C−CHO BONDS 

Levashova E. Yu.1, Adamchik M.A.1, Dar’in D.V.1 

1 St. Petersburg State University, St. Petersburg, Russia 
PhD student 

levashovaekaterinayu@gmail.com  
 

1,4-Dihydro-3(2H)-isoquinolone (1,4-DHIQ) core is a privileged structural motif represented in 
many biologically active compounds and approved pharmaceuticals, therefore the development of 
straightforward and efficient synthetic routes to drug-like compounds bearing 1,4-DHIQ scaffold is of 
great importance. Taking into the account the wide range of synthetic transformations that diazo 
compounds are capable of undergoing, 4-diazo-1,4-dihydroisoquinolin-3(2H)-ones not unexpectedly 
have received considerable attention as versatile heterocyclic building blocks for assembling various 
1,4-DHIQ derivatives.  

In this study we have investigated the BF3-promoted reaction of 4-diazo-1,4-dihydroisoquinolin-
3(2H)-ones with aldehydes. The corresponding reaction between diazo reagents and aldehydes 
represents a valuable method for the synthesis of either ketones or one-carbon homologated aldehydes, 
formation of which proceeds via a two-step mechanism involving carbonyl 1,2-addition of the diazo 
compounds, followed by a 1,2-H shift (formal C-H bond insertion) or 1,2-carbon shift (formal C-C bond 
insertion), respectively. Directing the reaction along the latter pathway is considered to be challenging 
due to the competing more favorable C−H insertion process, hence utilization of the C−C insertion 
reaction as a synthetic method has been scarcely exemplified [1]. However, in our case BF3-promoted 
reaction of 4-diazo-1,4-dihydroisoquinolin-3(2H)-ones with aldehydes proceeded chemoselectively as 
the formal C-C insertion process delivering exclusively diastereomerically pure homologated aldehydes 
bearing a medicinally important 1,4-DHIQ core and an all-carbon α-quaternary center [2]. Though being 
sensitive to electronic and steric factors present in starting compounds, the reaction tolerated a wide 
range of functionalities in both the aldehyde and the diazo partner, thus allowing for a broad structural 
diversity of products. The synthetic value of the method developed has been illustrated by some 
transformations of the formyl moiety, showcasing the feasible utilization of the homologated aldehydes 
obtained as promising precursors in the medicinal chemistry pursuits. 
 

 

Scheme 1. The formal insertion of 4-diazo-3(2H)-isoquinolones and 4-diazoisochroman-3-one into the 
C−CHO bonds of aldehydes. 
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The formation of carbon-carbon bonds is one of the fundamental type of reactions in the field of 
synthetic organic chemistry. The discovery of catalyzed olefin metathesis has simplified the synthesis 
of pharmaceuticals and paved the way for the production of new materials from unclaimed petroleum 
by-products. 

Ruthenium benzylidene complexes have proven to be effective catalysts for various types of olefin 
metathesis reactions. Previously, our research group demonstrated the high potential for expanding the 
chelate cycle from five to six members. This study is aimed at the synthesis and study of the catalytic 
properties of Hoveyda-Grubbs type catalysts containing a tridentate benzylidene ligand (Scheme 1). 

 

Scheme 1. Preparation of target complexes. 

It was found that the described catalysts exhibit catalytic activity at elevated temperatures in low 
catalytic quantities (Scheme 2). 

 

 

 

Scheme 2. An example of a model reaction and the dependence of conversion on time. 

It was also surprising that catalysis can also occur in alcohol solutions, such conditions are 
unsuitable for catalysis of most known complexes of this type. 

In this way, it was possible to synthesize complexes that combine efficiency and increased 
stability to aggressive environments, for example, methanol solutions. 
  

Ru

N

NN MesMes

Cl

Cl

R

N

O
N

R
N

O

Ind III

PhMe, Ar, 100°C

R=Me,Et

mailto:n.a.log291003@gmail.com


 

479 
 

IN SITU GENERATION OF ACYL(1,3-BENZOTHIAZOL-2-YL)KETENES:  
THERMOLYSIS OF PYRROLO[2,1-c][1,4]BENZOTHIAZINE-1,2,4-TRIONES 

Lystsova E.A., Maslivets A.N., Khramtsova E.E. 

Perm State University, Perm, Russia 
PhD student 

liscova_ea@mail.ru 
 

Acyl(imidoyl)ketenes (AIK) are highly reactive compounds suitable for the development of 
diversity-oriented synthetic approaches to drug-like molecules [1]. 1H-Pyrrole-2,3-diones fused at [e]-
side (FPDs) are ready substrates for the generation of AIK under thermolysis conditions and the 
production of new heterocyclic molecules [1].  

We previously reported thermolytic transformations of FPDs, as a result of which the elimination 
of one CO molecule and the formation of the corresponding AIK were observed (a classic pathway of 
thermolysis of FPDs) (Scheme 1) [1]. 

 
Scheme 1. A classic pathway of thermolysis of FPDs. 

 
Our study of the thermolysis of sulfur-containing FPDs, pyrrolobenzothiazinetriones (PBTs) 1 and 

pyrrolobenzothiazolediones (PDs) 2, led to unexpected results [2]. The thermolysis of PBTs 1 followed 
a new transformation pattern – through double decarbonylation of the substrate, leading to the formation 
of AIK 3 and further pharmaceutically interesting pyrido[2,1-b]benzothiazol-1-ones 4 (Scheme 2) [2]. At 
the same time, the thermolysis of PDs 2 was accompanied by a mass loss exceeding the calculated 
mass loss during one CO elimination according to simultaneous thermal analysis; the reaction was not 
selective; the yield of the target product 4 was negligible (Scheme 2) [2]. 

 
Scheme 2. The thermolysis of PBTs 1 and PDs 2. 

 
The study was accompanied by DFT calculations [2]. The structure and purity of the products 

were confirmed by single crystal X-ray analysis, IR and NMR spectroscopy (1H, 19F, 13C NMR, solid-
state (ssNMR) and cryoprobe NMR techniques), thin-layer chromatography, HPLC-UV and elemental 
analysis. 
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Nowadays the problem of making anti-infective drugs is complicated by the emergence of new 

resistant strains, against which standard therapy schemes are inefficient. Yet the development of new 
classes of antibiotics has lagged far behind the growing need for such drugs. The continued emergence 
of drug-resistance to existing antibacterial agents represents a severe and ongoing public health 
concern. Evidently, there is an urgent need of new antibacterial drugs, which act on new targets 
and which are active against resistant strains [1].  

Previously, a series of N4-alkyl-2’-deoxycytidine and cytidine analogues obtained in our laboratory 
has demonstrated in vitro inhibitory properties towards some of Gram-positive bacteria including drug-
resistant strains as well as filamentous fungi, isolated from the paintings in the halls of Ancient Russian 
painting of the State Tretyakov Gallery, Russia, Moscow [2-4]. Moreover, it has been shown that the 
activity of these compounds fundamentally depends on the presence of a substituent at the C5 position 
of a pyrimidine base [4]. In current work, in order to further study the effect of structure on biological 
activity a series of N4-alkylcytidines with various substituents at the C5 position of cytosine residue were 
obtained (figure 1). 
 

 

Figure 1. Synthesized N4-alkylcytidines with antibacterial and antifungal activity. 
 

The antibacterial effect of the obtained compounds was studied by their ability to inhibit in vitro 
the growth of a number of microorganisms: 5 gram-positive and 2 gram-negative bacteria, including 
drug-resistant strains of Staphylococcus aureus and Mycobacterium smegmatis. The synthesized N4-
alkyl derivatives of nucleosides effectively inhibited the growth of gram-positive bacteria, but did not 
affect gram-negative bacteria. Some of these derivatives also showed antifungal activity. 
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The ribosome is a huge concerted molecular machine which primary function is a protein 

synthesis by the peptidyltransferase reaction (PTR) between a nascent peptide in the P site and a new 
aminoacid on a tRNA in the A site in the peptidyltransferase center (PTC). This reaction may be 
regulated or affected by antibiotics in cooperation with nascent peptides, remote mutations or 
modifications or other allosteric factors.  

The MD simulations of the 70S E coli ribosome enabled to obtain the pre-reactional structure of 
the PTC, which slightly differed from those observed in the Cryo-EM data. First, a hydrogen bond 
between C2063 nucleobase and terminal A76 of the P-tRNA (Fig. 1) is to facilitate a proton transfer from 
2O’ atom to 3O’. This transfer is crucial for the PTR and, according to the pH dependance picture, is to 
be catalyzed [1], but in the Cryo-EM structure only water molecules were proposed to carry out this 
catalysis [2]. Second, hydrogen bonds of the nascent peptide C-terminal carboxyl group with U2585 and 
U2506 that also would alleviate the PTR are originally observed in the MD simulation. 
 

 

Figure 1. Stable (A) and distorted (B) pre-reactional state of the PTC. Black dotted lines depict stable 
hydrogen bonds, while palecyan ones denote dissociated H-bonds in the distorted state. 

 
This pre-reactional state of the PTC appeared to be unstable during the MD simulations. However, 

a thorough optimization protocol alternated with short MD simulations provided stabilization of the newly 
found pre-reactional state. The PTC state was in tight coordination with the A-tRNA arrangement, and 
the latter was sensible to the A-site finder (ASF) position: formation of the stacking interaction between 
A896 of the ASF and the A-tRNA was able to pull the A-tRNA out of the pre-reactional interactions. To 
maintain the pre-reactional PTC structure, it was necessary for A896 to form hydrogen bonds with the 
very stem of the ASF. This is in line with the experimental fact, that the ASF cleavage does not damage 
the PTR, but affects frameshifting rate, so interactions with the ASF are required only for the A-tRNA 
accommodation previous to the PTR. 
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The selective conversion of propylene in oxidative ammonolysis is aimed at producing acrylic acid 

nitrile and largely depends on the composition and properties of the multicomponent catalyst. 
The process of propylene ammoxidation is based on a reaction occurring in a fluidized bed of a 

catalyst with the parallel formation of hydrocyanic acid and acetonitrile. By-products include acrolein, 
acetaldehyde and acetone. To reduce the formation of by-products that complicate the purification of 
acrylonitrile, ammonia is supplied in a slight excess. When propylene conversion is more than 90%, the 
optimal molar ratio of ammonia to propylene is in the range from 0.9:1 to 1.05:1. 

The ratio of the resulting target and by-products is determined by the conditions of the process of 
joint oxidation of propylene and ammonia, as well as the state of the surface of the catalyst operating in 
a fluidized bed at temperature of 420 - 450 ° C and pressure of 0.149 - 0.181 MPa. 

The mechanism of oxidative ammonolysis of olefins includes the abstraction of a hydrogen atom 
from the methyl group under the action of the catalyst, the formation of an adsorbed allylic complex, 
which, by adding oxygen, is converted into acrolein; the latter, when reacting with ammonia, forms 
acrylonitrile. And each act of this mechanism provides for the presence of a certain active center on the 
surface of the catalyst, which is formed on silicon oxide used as a carrier. The fundamental is the 
formation of metal oxide systems that generate oxygen for the ammoxidation of the starting reagents as 
a result of their redox transformation. 

In this work, physicochemical studies were carried out on a multicomponent catalytic system 
containing molybdenum, bismuth, iron, cerium, nickel, magnesium and cesium, obtained by 
impregnating a carrier (silica gel) with aqueous solutions of initial metal salts. 

The study of the surface condition was carried out using a Quantachrome NOVA 1200e gas 
sorption analyzer for nitrogen adsorption. The Barrett-Joyner-Halenda (BJH) method was used to 
determine the pore size distribution. The Brunauer-Emmet-Teller (BET) method is used to measure the 
surface area of solid materials. 
It has been shown that with a specific surface area of 44 m2/g, the pore volume of 0.180 cm3/g is 
characterized by pores of 30-400 Å with a significant number of pores from 30 to 75 Å. 

X-ray phase analysis was carried out using a multifunctional X-ray diffractometer DRON-8T. To 
record diffraction patterns, CuKα radiation, a parabolic Goebel mirror, and a Mythen 2R1D position-
sensitive detector with a resolution of 0.0144° were used. Registration was carried out point by point, 
with a step of 0.2°, in the angle range from 10 to 80°. 

X-ray phase analysis of the catalyst indicates the presence of the main phases: cerium(III) 
molybdate and a solid solution of nickel(II) and magnesium molybdates. Impurity phases are bismuth 
(γ-Bi2MoO6) and iron (III) molybdates, bismuth hydroxide-molybdate hydrate BiMo2O7(OH)(H2O)2. 

Analysis of the morphology indicates predominantly smooth, spherical particles with a diameter 
in the range of 5-50 μm. Elemental composition mapping shows that the catalyst particles operating in 
the process of propylene ammoxidation have protrusions in which silicon, oxygen, molybdenum and iron 
are concentrated. On the chip of a destroyed particle, the iron content is increased, the silicon and 
oxygen content is reduced. 

The activity of this catalyst was studied in the process of ammonolysis of propylene in a laboratory 
flow reactor of a fluidized bed of the catalyst with the possibility of adjusting the gas flow and pressure 
in the reactor. Analysis of the starting substances, liquid and gaseous products of propylene 
ammoxidation was carried out by chromatographic method. 

It was found that the catalyst provides a total propylene conversion of up to 96-98%, with a yield 
of acrylic acid nitrile of 77 wt.%, hydrocyanic acid and acetonitrile of 5.5% and 2.5 wt.%, respectively. 
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Molecular platforms of calixarenes (cyclic phenol tetramers linked by methylene bridges) provide 
opportunities for combination and spatial preorganization of several functional groups of different nature. 
The versatility of calixarenes as molecular platforms is due to the availability of polyphenolic 
macrocycles themselves and well-developed approaches to the modification of phenolic hydroxyl 
groups and/or aromatic p-positions to them. The developing of methods for obtaining and studying the 
properties of new supramolecular systems based on calixarene macrocycles could contribute to creation 
of controlled molecular switches. 

The enrichment of calixarene chemistry with the copper(I)-catalyzed azide–alkyne cycloaddition 
(CuAAC) approach has made available macrocycles having several 1,4-disubstituted 1,2,3-triazole 
groups attached to a common platform, which appeared to be efficient multidentate ligands for binding 
and sensing transition metal cations. Moreover, previously triazolated calix[4]semitubes consisting of 
two or three calixarene macrocycles were synthesized by two-fold CuAAC approach [1,2] and the 
peculiarities of the Ag+ cation binding by them was studied [3]. In this work, the impact of sterically 
hindered groups in the p-positions of aromatic calixarene units was assessed on both the assembling 
of bis(calixarene) semitubes and the ability of these compounds to form silver complexes.  

 Firstly, 1,3-alternate calix[4]arenes were prepared, having t-butyl, bromine or 1-adamantyl 
groups in the p-positions of two or all four aromatic units of the macrocycles and pairs of propargyl or 2-
azidoethyl groups alternating with n-propyl groups at the phenol oxygen atoms.  
 

 

Figure 1. Two-fold CuAAC reactions between propargylated and 2-azidoethylated calix[4]arenes.  
 

Then different combinations of calixarene azides/acetylenes were tested under the CuAAC 
conditions and several bis(calixarene) semitubes with bulky substituents, which provided additional 
shielding of triazole binding site, were synthesized. And, finally, the receptor properties of the triazolated 
semitubes towards Ag+ cations were studied and the dependence of the binding modes from the 
structure features was determined using NMR and preliminary X-ray data.  
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The development of nanocarriers based on various biocompatible materials is a topic of current 

research in medicinal chemistry. Improving the effectiveness of therapy requires the use of 
multifunctional systems that can be spontaneously formed and precisely distribute medication, 
selectively detect lesions, and release the medication at a controlled rate. [1] Pharmaceuticals have a 
greater therapeutic effect when they are delivered using nanocarriers containing physiologically active, 
receptor-specific fragments.  

This paper presents three novel types of polymer nanocarriers. Delivering an antidote for 
organophosphate poisoning is the goal of the first nanocarrier. It consists of histidine resorcinarene 
molecules bonded together by boronate linkages (Scheme 1A). This nanocarrier has been shown to be 
able to hydrolyze acetylcholine (Ach), by attaching to it and functioning as an acetylcholinesterase 
(AChE). During the hydrolysis process, acetic acid is produced, which attacks the boronate bonds of the 
nanocarrier, leading to its degradation and the release of the antidote.  

The second and third samples are glutathione-sensitive nanocarriers, obtained by microemulsion 
polymerization of 5-(3,6-dimethyluracil)pentyl acrylate with compounds containing disulfide bonds 
(Figure 1B). In the dispersed phase, containing diallyl disulfide or N,N’-bis-acryloylcystamine in DMSO, 
doxorubicin (DOX), a chemotherapeutic agent, and meso-tetrakis(N-methylpyridinium-4)-porphyrin 
(TMPyP), a photosensitizer, are encapsulated to form hydrophobic nuclei. DOX and TMPyP work 
together to produce reactive oxygen species that kill cancer cells, while the uracil groups on the 
nanocarriers surface help to increase the penetration of drugs into cancer cells. The thiol-disulfide 
exchange between the disulfide bonds in the nanocarriers and intracellular glutathione in cancer cells 
causes the degradation of the nanocarriers and the release of the drugs. The effectiveness of generating 
reactive oxygen species under irradiation has also been studied for these carriers with encapsulated 
photosensitizers. 

 

Scheme 1. The scheme of degradation of nanocarriers. 
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According to the IUPAC classification, medicinal chemistry is currently defined as a field of 

chemical science ‘associated with the detection, development, identification and investigation of the 
mechanism of action of biologically active compounds at the molecular level’.  

For all drugs without exception, the so-called pharmacokinetics (kinetic patterns of excretion of 
drugs from living organisms) and for some - pharmacodynamics (mechanisms of their action, including 
metabolism) must be established. The use of modern analytical methods is indispensable. 

In modern medicine analytical methods have found wide application. The most widespread are 
methods of analysing biological fluids and tissues, many of which have become routine. By combining 
complementary and independent physical and physico-chemical methods it is possible to analyse the 
activity of drugs without sample preparation and standard samples more economically, reliably, more 
accurately and faster than by pharmacopoeial methods GF RF XIII. 

The key factor of diagnostic value of new methods is the specificity of analytes as biomarkers of 
a certain biological process (in particular, pathology or risk of its occurrence). The concept of ‘biomarker’ 
is multifaceted, but in the context of analytical chemistry, biomarkers refer to changes in the profiles of 
certain substances in certain biological media that are registered by means of chemical analysis. As a 
rule, biomarkers of a disease or response to a certain effect that can provoke the development of a 
disease are established as a result of statistical processing of extensive but still limited arrays of 
experimental data. 

In this work we evaluated the activity of the preparation of aminodihydrophthalazindione 
lyophilisate by its ability to quench aggressive forms of oxygen, using biomarkers of oxidative stress - 
malonic dialdehyde (MDA), superoxide dismutase (SOD), fat-soluble vitamins. Concentrations of 
biomarkers were determined by chromatographic and optical methods at different methods of drug 
administration to aged primates and primates with impaired liver enzymatic activity. 

The dynamics of changes in the drug content in the blood of elderly primates was determined by 
the concentration of one of the dissociated forms in serum. The content of the drug 60 minutes after 
administration decreases threefold, and after 24 hours it becomes below the detection limit. 

The concentration of MDA and fat-soluble vitamins in the blood of experimental animals was 
determined by high-performance liquid chromatography (HPLC) in gradient mode.  The diode matrix 
detector allowed readings at several wavelengths. Application of HPLC method made it possible to 
record MDA concentrations for primates in a range inaccessible for classical ELISA methods. During 
the experiment, a pronounced decrease of MDA concentration in blood plasma was observed. This 
suggests a decrease in the activity of peroxidation processes and activation of antioxidant defence of 
the organism, which is especially important in ageing individuals.  

The group was monitored for a year, and it should be noted that the oxidative stress indicator 
remained low.  

SOD activity was determined by spectrophotometric method in the reaction of inhibition of 
adrenaline autooxidation in alkaline medium. When the drug was administered to primates with liver 
enzymatic activity disorders, an increase in the concentration of superoxide dismutase (SOD) was 
observed at the time of its administration with further return to background values. The concentration of 
malonic dialdehyde (MDA) changed extremely. 
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N-monoalkylated N-aminopropylphthalimides 3 and N-aminopropylphthalamic acids could be 

used like detergents and surfactants [1-2]. Moreover, some of them show interesting bioactivity [3]. 
However, there are no reliable and general methods for preparation of such compounds. 

 

Scheme 1. Synthesis of phthalimides 3 and phthalamic acids 4. 
 

We suggest simple and elegant synthetic route which leads to both phthalimides 3 and phthalamic 
acids 4.  

First stage is alkylation of dihydropyrimido[2,1-a]isoindol-6(2H)-one 1 to form quaternates 2. 
Reaction conditions depends on structure alkylation agent: RT and acetonitrile was used as a solvent 
for small molecules, and heating to 150°C without solvent – for long-chain molecules. 

To obtain phthalimides 3, quaternates 2 could be hydrolised. Reaction require heating 
quaternates 2 with water in neutral or acidic organic solvent, for example acetone or acetic acid. It is 
interesting to notice, that long-chain quaternates 2d-e partially hydrolyses with air moisture during 
storage. 

Phthalamic acids 4 could be prepared both from quaternates 2 and phthalimides 3. To obtain 
substances 4 an alkaline hydrolysis conditions should be used. Reaction goes when quaternates 2 or 
phthalimides 3 heated in water in the presence of bases like NaHCO3, Na2CO3 or NaOH. After the 
reaction is completed, solution is acidified to form a precipitate of phthalamic acid 4. 
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Cardiovascular diseases (CVDs) are the leading cause of death worldwide. One of the main 
factors in their development is a disruption in the production of an important regulatory molecule, 
nitrogen monoxide (NO) [1]. To compensate for its lack in medical practice, exogenous NO donors are 
widely used in the treatment of CVDs. In this work, several promising compounds were considered, 
nitrosyl iron complexes (NICs) with sulfur-containing ligands, which are sources of NO that do not require 
additional activation for its generation. Soluble guanylate cyclase (sGC) and adenylate cyclase (AC) are 
direct enzymatic targets of NO-dependent signaling. As a result of their interaction, the level of important 
second messengers’ increases: cyclic guanosine monophosphate (cGMP) and cyclic adenosine 
monophosphate (cAMP). Increased cGMP concentrations mediate the vasodilatory effect, and changes 
in cAMP levels affect heart rate, vascular resistance, and vascular contractility. Also, the intracellular 
concentration of cyclic nucleotides is regulated by the enzyme phosphodiesterase (PDE). Inflammation 
also can be an important risk factor for the development of CVDs. Correspondingly Cyclooxygenase 
(COX-2) may be a promising therapeutic target that should be considered.  

The purpose of this work is to study the effect of NICs with aromatic ligands on enzymatic targets: 
AC, sGC, PDE, and COX-2. For this purpose, solutions of the complexes (10-4M, 10-5M and 10-6M) were 
incubated with homogenates of mouse hearts (BDF1 line), and then the concentrations of cAMP and 
cGMP were assessed by competitive ELISA. In addition, since sGC and AC are direct targets of the 
action of NO, the NO-donor activity of NICs was studied according to the kinetics of nitrite accumulation 
using the Griess reaction. The inhibitory effect on PDE was assessed by the accumulation of inorganic 
phosphate as a result of a simulated enzymatic reaction. The influence on COX-2 was investigated by 
modeling enzymatic reaction. 

The greatest effect on changes in cGMP levels was exerted by a complex with 3,4-
dichlorothiophenolyls at a concentration of 10-4 M, causing its increase by 4.5 times compared to the 
control. The most significant change in the concentration of cAMP was caused by the complex with 4-
chlorobenzenemethanethiolyl ligands – 2.7 times; its effect on sGC led to an increase in cGMP by 1.7 
times. The complex with 4-methoxybenzenemethanethiolyls affected only AC (10-5 M): cAMP was 1.8 
times higher compared to the control. Complexes with 4-acetamidothiophenolyls, with 2-
methoxythiophenolyls, with benzenemethanethiolyls and 2-Phenylethanethiolyl showed less 
pronounced effects on AC and sGC. The reference compound is the thiosulfate complex of the 
composition Na2[Fe2(S2O3)2(NO)4] 4H2O; it is the most effective NO donor among the studied NICs. It 
(10-6M) leads to a 1.6-fold decrease in cAMP, and inhibits PDE activity completely by 100% (10-4M). 
The remaining complexes have a less pronounced effect on the functions of PDE.  

Thus, it was established that all studied complexes affect enzymatic targets. The most 
pronounced effect is demonstrated by NIC with 3,4-dichlorothiophenolyls. 
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The Nicholas reaction is a convenient synthetic tool for the propargylation of organic nucleophiles 

using stabilized Co2(CO)6-propargyl carbocations [1]. Nevertheless, under the Nicholas reaction 
conditions, alternative transformations may occur without the initially suggested propargylation. We have 
previously shown that the dihydrofuran ring can be obtained by BF3 OEt2-promoted O-cyclization at the 
triple bond at position C3 of the indole ring [2]. 

The aim of this work was to test the Nicholas cyclization conditions as a convenient non-metallic 
method to generate five-membered N-heterocyclic structures, indole-pyrroline dyads, which are 
commonly found in biologically active compounds [3]. 

Indole-fused acyclic enediynes 3a-e with the NHSO2Ar functionalities at the homopropargylic 
position at the C3 triple bond can be easily obtained by the Sonogashira reaction. These compounds 
being converted to the corresponding C2-Co2(CO)6-complexes underwent BF3 OEt2-promoted N-
cyclization at the unprotected C3-triple bond with the formation of pyrrolines 4a-e (Scheme 1). It is 
noteworthy that the anticipated Nicholas cyclization did not occur. Furthermore, when free cobalt 
enediyne 3a was treated with BF3 OEt2, the cyclization to pyrroline was not observed, and only the 
hydration of the C3 triple bond took place. 

 

 
Scheme 1. Preparation of indole-pyrroline dyads under the Nicholas cyclization conditions. 

 

This direction of the cyclization is probably related to the greater donor ability of the nitrogen atom 
in indole, compared to the S atom in benzothiophene [4], which makes the C3-triple bond more reactive 
towards BF3-activation and the subsequent intramolecular nucleophilic addition of the NHSO2Ar 
function. 

Based on the results of this work, a small library of indole-pyrroline dyads 4a-e with the cobalt-
protected triple bond was prepared. The obtained Co-complex 4a can be converted into the 
corresponding free of cobalt heterocycle 5 in a good yield. 
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1,2,3-Triazoles continue to occupy a leading position in various fields of fundamental and applied 
research due to their synthetic accessibility, the ability to vary the structure according to three positions 
of the heterocycle, as well as a wide range of biological activity [1]. In addition, it is known that 1,2,3-
triazoles have fluorescent properties and can act as fluorescent dyes for biological imaging and 
fluorescent sensors for metal ions, organometallic compounds, etc. [1, 2]. However, there are still 
unresolved issues to achieve the ideal fluorescent dye or sensor, which makes research in this area 
very promising. 

We have previously demonstrated that the 1,2,3-triazole ring can be used as a π-linker in the 
synthesis of push–pull fluorophores with high quantum yields and large Stokes shifts [3]. In this work, 
we have expanded the structural diversity of donor-acceptor type fluorophores (D–π–A) and studied 
their photophysical properties. 

 

Scheme 1. 
 

Emission and absorption spectra and quantum yields have been determined for the obtained 
compounds. Three peaks were observed in the absorption spectra in the region of 270-300 nm, 300-
350 nm and 370-430 nm, which most likely correspond to the π→π* transition. In the emission spectra, 
the maxima are in the range of 540-560 nm, which corresponds to the green and yellow-green regions 
of the visible spectrum. In addition, we investigated the solvatochromic effects of the synthesized 
compounds and found that for all compounds there is a decrease in fluorescence intensity with an 
increase in the polarity of the solvent. 
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The development of oxidation methods plays a significant role in fine and industrial organic 

synthesis since they allow to obtain value-added products such as nitrocompounds, aldehydes, ketones 
etc. However, common synthetic procedures might be dangerous due to toxicity of widely used oxidative 
reagents like hypervalent iodine compounds, sulfur and phosphorous ylides, metal oxides, nitric acid 
etc. Photochemical activation allows the use of less harmful reagents as oxygen in mild reaction 
conditions. It worth to mention that supercritical carbon dioxide (sc-CO2) is an excellent medium for 
processes under consideration owing to its unique properties. Carbon dioxide has high mass and heat 
transfer coefficients, it is absolutely resistant to oxidants, transparent for UV and visible light irradiation, 
and it appears as “green” and perspective reaction medium that dissolves gases and low polar organic 
substances well. 

In the present work, we developed the photocatalytic oxidation method of saturated alcohols with 
molecular oxygen in presence of organic catalyst 2-fluoranthraquinone-9,10 (2-FAQ) in sc-CO2 [1]. The 
efficiency of the process can be controlled by fine-tuning the properties of the reaction medium (T, °C; 
P, MPa; d, g/cm3). Thus, we found optimal conditions for the model reaction of cyclohexanol oxidation 
and spread the method on a wide range of aliphatic alcohols. Based on experimental data, the plausible 
reaction mechanism has been proposed (see Figure 1 below). 

 

 

Figure 1. Plausible mechanism of photocatalytic alcohol oxidation in sc-CO2. 
 

The method has been applied for oxidation of more complicated alcohols as menthol and aliphatic 
diols, benzylic hydrocarbons as toluene and cumene, and heteroatom containing substances. Recently 
it has been discovered that the oxidation of butandiol-1,4 in the proposed conditions leads to the 

formation of 4-hydroxybutanoic acid and -butyrolactone – commercially and synthetically valuable 
materials. Also, we have succeeded in a multicomponent oxidation of previously inactive diphenyl sulfide 
to sulfoxide and sulfon. These examples demonstrate the potential of our catalytic system for synthetic 
applications that deserves deeper investigation and further improvement. 
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Oximes are highly prized and versatile structures with significance in medicinal and materials 

chemistry, along with synthetic applications. Their distinctive characteristics encompass dual 
nucleophilic sites at both oxygen and nitrogen, coupled with an ambiphilic carbon, rendering them 
promising candidates for a wide range of reactive pathways. It is well known that in acidic media oximes 
undergo Beckmann rearrangement leading to the formation of nitriles and amides. In this study we 
demonstrate the possibility to tune the reactivity of aromatic oximes bearing ortho-dimethylamino group 
to produce valuable heterocyclic scaffolds: indazoles, indoles and benzoisoxazoles (Scheme 1). 

 
Scheme 1. Four ways of the transformation of sterically hindered ortho-dimethylamino aryloximes in 

acidic media: dehydration to nitriles, demethylation-assisted cyclisation in indazoles, NMe2 group 
substitution with the formation of isoxazoles and tert-amino effect induces pyrrole ring construction. 

 
Introduction of bulky substituents to the ortho- or peri-position of dimethylamino group on the one 

hand facilitates formation of nitriles, but on other hand activated NMe2 group for heterocyclizations. The 
direction of transformation can be precisely controlled by the reaction media. Thus, utilization of HBF4 
in acetone allows selective synthesis of nitriles. Transition to more nucleophilic HI in MeOH gives 
corresponding indazole as the only product. Heating of naphthalene-bases oximes in neat acetic acid 
provides selective synthesis of isoxazoles. Finally in the case of super strained naphthalene-based 
oximes realization of tert-amino effect allows moderately selective formation of indoles in alcohol media 
in presence of strong acids.  
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Genetically Encoded Voltage Indicators (GEVIs) found wide applications as molecular tools for 

visualization of changes in cell membrane potential. Among others, archaerhodopsin-3-based (Arch) 
GEVIs have proved themselves  promising  in molecular imaging studies. While voltage-dependent 
fluorescence of the wild-type Arch is extremely dim, directed evolution has allowed the researchers to 
obtain substantial signal enhancement [1-3]. To date, rational design approaches have not been applied 
for engineering of Arch-based GEVIs due to the lack of knowledge about the mechanisms that regulate 
fluorescence enhancement in these proteins. Here, we combined rational design and database analysis 
techniques to perform further optimization of GEVIs from the Archers class [4].  

We elucidated key structural factors that determine bright potential-dependent fluorescence in 
Arch mutants. The obtained data together with the main rules for spectral tuning in rhodopsins allowed 
us to perform rational design of new Arch-based GEVIs from Archers class. The obtained GEVIs with 
λmax in the range 640 - 648 nm are the most red-shifted GEVIs among reported by now. Obtained 
fluorescence quantum yields (up to 1.1%) are the largest among all previously reported Arch-based 
GEVIs. 
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Currently, hydrazones are promising building blocks for the creation of various supramolecular 
architectures, since they can undergo conformational and configuration changes under the influence of 
external conditions [1]. Thus, from the point of view of supramolecular chemistry, the potential use of 
compounds containing a hydrazone functional group for the design of molecular switches, as well as for 
the creation of new materials, has been demonstrated [2].This work is devoted to the synthesis (Figure 
1) and study of the 2-arylhydrazone thiazolo[3,2-a]pyrimidine derivatives structure in the crystalline 
phase (Figure 2a).  

 

 

 

Figure 1. Scheme of thiazolo[3,2-a]pyrimidine 2-arylhydrazones synthesis [3] and further 
rearrangements into triazolo[4,3-a]pyrimidines. 

 
It was established arylhydrazones are in Z-isomer form in the crystalline phase. Besides, it was 

showed the formation of racemic dimers and homochiral chains via non-covalent intermolecular forces 
(Figure 2b,c) [3-5]. 

 

 

 

a) b) c) 
Figure 2. a) Geometry; b) halogen-bonded homochiral chains; c) chalcogen-bonded dimers of 2-

arylhydrazone thiazolo[3,2-a]pyrimidine derivatives in the crystalline phase. 
 

A new unique methods were discovered for the synthesis of triazolo[4,3-a]pyrimidine derivatives, 
by the reaction of 2-arylhydrazone thiazolo[3,2-a]pyrimidine derivatives with a reducing system – 
vanadium(V) oxide and sodium borohydride and by the reaction under microwave activation conditions.  
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Finding the natural source of the bioactive compound is one of the key strategies for producing 
medicines. "Southern Night" rice is a rice variety developed in Russia with high levels of anthocyanins, 
which can be used as potential quorum sensing inhibitors against microbial biofilm formation. Extraction 
was carried out by maceration and with the addition of hydrochloric acid to the extractant until a 
concentration of 0.1% was obtained.  

Varying the ethanol-water ratio in the extracting mixture we found that the optimal extract’s 
consistency can be reached when 50% ethanol is used for at 18 °C (Table 1). Increasing both the water 
content in mixture and extraction time leaded to increase the mass of the thick extract. Probably, this is 
caused by the hydration of the crude extract. Using the HPLC-UV technique (Agilent-1220 YMC C18 
column, 250*5.4 and detection at 280 nm) total content of anthocyanins was determined. The mobile 
phase was 10% acetonitrile and 90% 0.1% formic acid solution. The results are presented in Figure 1. 
In order to establish the composition, the sample C and D were selected in accordance with their 
consistency. Each sample was re-dissolved in water and re-extracted by isoamyl alcohol to purify it from 
the oligosaccharides. Then it was dissolved in methanol and purified by C18-solid phase extraction from 
the endogenic admixtures like RNA, DNA and phospholipids. After purification methanol was removed 
and obtained sample was re-dissolved in water. The aqueous solution was analyzed by the HPLC 
coupled with mass-spectrometry (Xevo QTof UPLC). The analysis performed showed that the 
cyanidin:peonidin ratio in sample C was 60%:40% (Table 1). For sample D, the 
cyanidin:peonidin:pelargonidin ratio is 15%:57%:28%. The results obtained are important for the real 
application of the "Southern Night" rice for the production of anthocyanins. 

 
Table 1. The experimental conditions for the extraction of anthocyanins 

 

Temperature, ℃ Ethanol content in extractant, % 

20% 60% 100% 

Extraction time, 
day 

1 А (4℃) B(18℃) C(30℃) 

2 D(30℃) E(4℃) F(18℃) 

4 G(18℃) H(30℃) I(4℃) 

 

 

Figure 1. The dependency of the total anthocyanins content (S HPLC) on the time (hours) and ethanol 
fraction (0-1) during the extraction from "Southern Night" rice. 
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One of the important areas of modern medical research is the development of new effective 
methods for treating cancer. A promising approach to the diagnosis and treatment of malignant 
neoplasms is fluorescence diagnostics and photodynamic therapy (PDT). PDT is a method based on 
the interaction of light with a photosensitizer (PS), localized primarily in tissue affected by malignant 
neoplasms (MN), which leads to the formation of cytotoxic forms of oxygen and the death of cancer 
cells. To improve the properties of PS, various approaches are used, in particular, it is promising to 
create complexes based on PS, polymers and nanoparticles (NPs). In this case, the polymer acts 
simultaneously both as a stabilizer of nanoparticles in solution and as a nanocontainer for targeted 
delivery of PS. The generation of singlet oxygen is enhanced due to the intra-complex transfer of 
photoexcitation energy from NPs to PS molecules. One of the most promising pharmaceutical 
substances of the chlorine series is Radachlorin® (RCh), a domestic drug based on the di-N-
methylglucamine salt of chlorin e6. 

In order to create new highly effective PS for PDT, we synthesized a hybrid ternary nanosystem 
(HTN) Se0/Cell-graft-PMAA/PC based on RCh, selenium NPs (Se0) and a polymer stabilizer (PS) - an 
amphiphilic molecular brush with cellulose as the main chain and hydrophilic side chains of 
polymethacrylic acid (PMAA) (Cell-graft-PMAA). Initially, selenium NPs were stabilized with a polymer 
(Cell-graft-PMAA) followed by the introduction of RCh. The concentrations of Se0, Cell-graft-PMAA and 
RCh were fixed: cSe = 0.001 wt. %, cCell-graft-PMAA = 0.01 wt. %, сRCh = 0.002 wt. %, ν1 = cSe/cCell-graft-PMAA = 
0.1; ν2 = cRCh/ cCell-graft-PMAC = 0.2. 

Spectral studies of the synthesized HTN were carried out. Comparison of the absorption spectrum 
of HTN with the absorption spectrum of free RCh at the same concentrations allows us to draw a 
conclusion about the interaction of the components with each other. The weakly expressed RCh band 
with a maximum at λ = 280 nm in the ternary system “degenerates” into a plateau in the range λ = 250–
285 nm, which may indicate a connection between selenium NPs and RCh (selenium absorbs at λ = 
265 nm). In this case, the Soret band changes (the maximum of this band is at λ = 403 nm), which 
characterizes the interaction along the porphyrin ring of RCh: both a decrease in the intensity of the 
optical density and a change in the shape of the Soret band are observed. Changes are also observed 
in the Q-region, indicating the interaction of peripheral groups of RCh with the components of the ternary 
system. For HTN in the range of 490-575 nm, a twofold increase in optical density is observed. The 
characteristic band in the spectra for free RCh at λ = 650 nm, for HTN shows a shift to short wavelengths 
(hypsochromic shift) by 11 nm, which may indicate, in particular, a decrease in the size of the observed 
objects. 

The localization and accumulation of HTN in human bladder cancer tumor cells 587 BlCan TVV 
(patent RU 2742244 dated 02/04/2021) at the 12th passage was studied using confocal microscopy. 
PC was used as a positive control; bladder cancer cells without exposure to the test substances served 
as a negative control. The concentration of HTN introduced into the nutrient medium was 20 μg/ml. After 
incubation time (48 h + 24 h), the cells were washed from the nutrient medium with HTN, the cell nuclei 
were stained with Hoechst 33342 (Sigma Aldrich, USA) for 10 minutes, washed from the dye and 
visualized using a fluorescent confocal microscope (Olympus FV3000, Japan). A comparative analysis 
of the accumulation of the drug HTN and RCh in cells was carried out, based on the results of which it 
can be concluded that HTN, like RCh, is localized in the cytoplasm of cells and has comparable 
fluorescence. 

Thus, the synthesized HTN is promising for creating on its basis photosensitive hybrid compounds 
for the treatment and diagnosis of oncological diseases using PDT. 
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Aptamers have garnered significant interest in the 20th century as a promising alternative to 
antibodies for various applications due to their ease of production and cost-effectiveness. Their small 
size enables in vivo use by evading the immune system. However, a major challenge lies in their 
unstable binding in aqueous environments, limiting their effectiveness. The initial attractiveness of 
aptamers as a replacement for antibody therapy was their strong binding affinity, indicated by a low 
dissociation constant (Kd). However, their practical effectiveness is faced by a high dissociation rate 
(Koff) in aqueous environment, making it difficult to maintain stable interactions with target molecules. 
This drawback has motivated scientists to enhance aptamer design and enhance their efficacy for 
various applications in diagnostics, therapeutics, and biosensing. The research purpose is to optimize 
the affinity and the stability of already selected Aptamers for BSA. 
 

 

 

 

 

 

 

Scheme 1. Scaffold with the (short & long) aptamer in the middle. 
 

After conducting a thorough review of existing studies, we identified aptamers A and B as 
promising candidates for targeting bovine serum albumin (BSA). We developed scaffold designs to 
protect these aptamers in aqueous environments. Future plans: conducting experiments to investigate 
how well the aptamers we have can bind to the protein, and to see how our new designs affect the rate 
at which the aptamers dissociate from the protein (Koff). We will compare these results to the aptamers 
that do not bind to scaffolds to evaluate the effectiveness of our designs. 
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In biological systems, it is easy to observe the versatile activity of triazole compounds containing 
two carbon atoms and three nitrogen atoms in a five-membered aromatic azole chain. These 
compounds easily interact with various enzymes and receptors. The triazole nucleus, as a central 
structural component, is present in many classes of medicines, such as antibacterial, antifungal, 
antitumor, antioxidant, antiviral, anti-inflammatory, painkillers, antiepileptic, hypotensive, 
antidepressants, antidiabetic, sedatives and anti-tuberculosis drugs [1]. 

In this work, new representatives of triazoles were obtained using the interaction of aromatic 
azides and acetondicarboxylic acid diethyl ether (sсheme). The reaction is carried out for 48 to 72 hours 
in anhydrous methanol with the equimolar presence of triethylamine. As a result, the obtained triazoles 
2b-c precipitate in the form of white crystals, and triazole 1a requires purification by preparative 
chromatography. The structure of the new triazoles has been proven by 1H and 13C NMR spectroscopy 
and mass spectrometry. 

As a result of virtual screening using the «Pass Online» service, the obtained triazoles 3a-c 
showed a high probability of anti-asthmatic action (Pa = 0.79, Pi = 0.02), triazole 1a also showed a high 
probability of inhibition of Acrocylindropepsin, Chymosin and Saccharopepsin. Such predictions are of 
interest for further studies of the biological activity of this class of compounds. 

 

 
Sсheme 1. Scheme of synthesis of new triazoles. 1-3: R1 = NO2, R2 = H (a), R1 = H, R2 = CF3 (b), R1 = 

H, R2 = 1,2,3-thiadiazol-4-yl (c). 
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Antisense oligonucleotides (ASO) are approximately 15-30 nt long synthetic single-stranded 
oligonucleotides complementary to mRNA targets. ASO technology uses short oligonucleotides that 
bind to targeted RNA via Watson-Crick base pairing, causing RNase-H dependent degradation and 
suppressing its biological function. Despite their potential as therapeutic agents, ASOs face challenges 
in selectivity and efficiency which limits their clinical application [1]. On the other hand, Multivalent 
recognition and binding of biological molecules is a natural phenomenon that increases the binding 
stability without decreasing the recognition specificity [2]. 

The aim was to increase the efficiency and maintain high specificity of RNA cleavage using 
multicomponent associations of ASOs. To achieve this goal the next objectives were completed;(i) To 
design antisense oligonucleotide sequences complementary to selected target. (ii)To conduct 
experiments with designed ASOs in near physiological conditions. 

 

Figure 1. Principle of conventional (A) and Multivalent (B) ASO technology.  
 

Various ASO agents were designed (single oligonucleotide sequences as well as bivalent 
oligonucleotides) to target selected sequences of RNA-58, a fragment from a gene strA, coding protein 
strA responsible for streptomycin resistance [3]. RNA-58 (chosen due to its highly stable secondary 
structure with limited availability for DNA:RNA hybridization) was incubated with each ASO, individually 
and in tandems, to cooperatively and independently bind to RNA-58 and cleave it at two local sites. This 
combination is thought to significantly enhance their affinity for RNA, thereby increasing cleavage rate. 
The reaction time was 20 minutes. The concentration ratio of Dz/ASO to RNA was 1:10 (100 nM and 
1000 nM respectively), with the ratio of RNase H like the cleaving agent. The incubation was carried out 
in a near-physiological buffer solution (1 mM MgCl2+, 20 mM NaCl, 50 mM HEPES, and 150 mM KCl). 
Stop buffer (90% formamide, 25 mM EDTA) was added to the incubation mixture to stop the reaction. 
From the results, we obtained that some multivalent associations of ASO agents show improved RNA 
cleavage efficiency which was maintained at reduced concentrations. The highest cleavage efficiency 
(approximately 89%) was displayed by a bivalent ASO variant (BivASO) as compared to a bivalent 
DNAzyme variant (BDD-O) (71%). As a hypothesis, this difference can be attributed to the longer target 
binding sequence of BivASO, which gives more room for binding, as against shorter substrate arms of 
BDD-O.  

In conclusion, an analysis of the impact of multivalent associations on RNA cleavage efficiency 
was conducted. Improved efficiency from some variants shows great prospect in overcoming the low 
efficacy and selectivity associated with the use of ASOs in clinical applications. 
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The group of ichthyoses, in particular lamellar ichthyosis (LI), is characterized by a defect in the 

epidermal barrier, leading to hyperkeratosis, peeling of the skin and inflammation due to a deficiency of 
the TGM1 enzyme caused by a mutation of the TGM1 gene. Complications of ichthyosis can interfere 
with the physical development and growth of a child due to impaired heat transfer in early childhood. 
There is also an increased risk of skin superinfections and transepidermal water loss, which can lead to 
sepsis and death. The development of a therapy based on the use of genetic modification by the coding 
gene of transglutaminase 1 (TGM1) will restore the level of the deficient enzyme. 

Two modification methods were investigated: plasmid transfection and virus vector transduction. 
Experiments were conducted on primary fibroblasts and HEK293T, HaCaT cell cultures to analyze gene 
and protein expression. The effectiveness of the developed design was confirmed in in vitro studies 
using real-time PCR, Western blot and annexin V analysis.  

Fibroblast and HEK293T cell cultures after modification by the pAAV2-TGM1 plasmid contained 
1,6*10¹² copies of the gene and 2,59*10¹¹ copies of the TGM1 gene per 1 microgram of total RNA 
(tRNA), respectively. After transduction by the AAV2-TGM1 virus, the number of copies of the gene in 
fibroblasts and HEK293T was 8.25*10⁷ and 2.18*10⁶ copies of the gene per 1 microgram of tRNA, 
respectively. At the same time, when assessing the viability of the HEK293T cell culture, there were no 
differences in the control and experimental groups on day 3, and on day 7, there was an 8% decrease 
in viability in the group after viral vector transduction.  

In addition, real-time PCR was performed on genes that are expressed predominantly in basal 
(cytokeratin 5 (SK5)) and differentiated (cytokeratin 10 (CK10) and involucrin) keratinocytes and primary 
fibroblasts. Thus, in the experimental group of fibroblasts after transfection, the expression of SC5 was 
reduced by 99%, the involucrin gene by 94% and the CK10 gene by 99% compared with the control 
culture. The transfected keratinocyte culture showed no change in the expression of the involucrine 
gene and a decrease in the CK10 gene by 99.9% copies compared with the control group. 

Thus, it was demonstrated that the modification of fibroblasts and HEK293T using transfection 
and transduction methods allows the generation of cell cultures overexpressing the TGM1 gene. At the 
same time, there is a significant change in the expression of the genes SC5, SC 10, and involucrine. 
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Nitrosyl iron complexes (NICs) (complex 1 – Na2[Fe2(S2O3)2(NO)4]·4H2O [1], 
2 – [Fe(SC(NH2)(NHC2H5))2(NO)2]+Cl-∙[Fe(SC(NH2)(NHC2H5))Cl(NO)2]0 [2], 3 – [Fe2(SC6H3Cl2)2(NO)4] 
[3]) considered in this work are effective donors of nitrogen monoxide (NO). They have therapeutic 
potential for the treatment of socially significant diseases, including cardiovascular and oncological 
diseases. It is assumed that, in living organisms, NICs and their decomposition products can interact 
with Fe- (e.g. various forms of hemoglobin) and SH-containing proteins (mucin). Taking into account 
that NICs in solutions spontaneously release NO without additional photo-, thermo-, and enzymatic (as 
nitroglycerin) activation, we assume that the oral method of administration of potential drugs based on 
them is the most optimal since there is no contact with the solvent outside a living organism. Therefore, 
the purpose of this work is to study the characteristics of the transformation of NICs with various 
functional sulfur-containing ligands in biological systems in vitro and the biodistribution of dinitrosyl iron 
fragments in vivo. 

The physicochemical (UV-Vis spectrophotometry, EPR spectroscopy, Griess reaction), biological, 
and theoretical (quantum-chemical modeling) methods allowed us to draw the following conclusions. 

The level of NO generation by complexes 1 and 3 decreases in the presence of mucin in the 
reaction mixture. This can be explained by the adsorption of the complexes and their decomposition 
products on the protein surface due to weak intermolecular interactions [4]. 

Complexes 1 and 2 are adsorbed on oxyhemoglobin, deoxyhemoglobin, and methemoglobin, 
which affects their NO-donating properties. The EPR spectrum of the complexes in the presence of 
oxyhemoglobin show that an axial anisotropy of the g-factor is observed, which indicates that the rotation 
of paramagnetic centers is inhibited due to the binding of the decomposition products of the initial NIСs 
to the protein molecule [5]. Deoxyhemoglobin stabilizes complex 1 and 2. This occurs as a result of their 
interaction with oppositely charged amino acid residues of the protein. Moreover, deoxyhemoglobin is 
an endogenous NO depot due to its coordination with heme iron.  

It was also shown that the signal characteristic of the [Fe(NO)2]+ fragment with g~2.03 is detected 
in EPR spectra in organs (brain, heart, liver, kidneys, stomach, and duodenum), whole blood, and 
plasma of mice after intragastric administration of complex 1. 

Thus, we can conclude that when administered orally, mucin can interact with NICs and their 
decomposition products; they are successfully absorbed into the bloodstream, where, by binding to 
proteins and thiols in the blood, they are distributed throughout the organs. 
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Polymer conjugates control the release of an active pharmaceutical ingredient into tissues, reduce 
the severity of side effects, therefore this strategy is often and successfully used to improve the 
biopharmaceutical properties of glucocorticoids [1].  

In this work, prednisolone conjugates with chitosan were synthesized in two steps: (1) the 
preparation of succinyl-prednisolone and (2) its coupling with low molecular weight chitosan (MW 15000 
Da, degree of deacetylation 97%) using different carbodiimide reagents (Scheme 1): 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC∙HCl), N,N′-dicyclohexylcarbodiimide (DCC), and N-hydroxysuccinimide (NHS). The 
preparation method was optimized to adjust the degree of conjugation from 2.6 to 4.0 %. 

 

 
 

Scheme 1. Synthesis of prednisolone conjugate with chitosan. 
 

The resulting conjugates self-assemble into nanoparticles (hydrodynamic size of 500-600 nm and 
ζ-potential of 34-37 mV) and show modified drug release (up to 70% per month) while maintaining anti-
inflammatory activity. This makes them promising candidates for biomedical applications. 
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It is known that conditionally rigid molecules with an internal cavity - cavitands - can accommodate 

a “guest” molecule inside the cavity, forming an inclusion complex (cavitate). In this case, the local 
microenvironment of the “guest” molecule changes, and cavitate begins to exhibit new physicochemical 
properties [1,2], different from the properties of the original molecules. 

 a  b 
 

Scheme 1. (a). Structures of aromatic hydrocarbons with sp2 and sp-hybrid linkers (b). Structure of 
the supramolecular complex of tolane with cyclodextrin obtained by X-ray diffraction. 

 
The process of complexation of tolane, stilbene and terphenyl with α,β,γ-cyclodextrins in water, 

an aqueous-ethanol solution and a silicate hydrogel based on tetrakis(2-hydroxyethyl)orthosilicate was 
studied. Complexation in solutions was confirmed by electronic and 1H NMR spectroscopy data; the 
stability constants of the complexes were determined by spectrofluorimetric titration. The safety of the 
inclusion complex during the preparation of the gel was confirmed by electron spectroscopy data. 
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Polycarbonyl compounds have diverse applications in biotechnology, agriculture, and medicine. 
They are utilized as antimicrobial agents, anti-tumor drugs, plant fertilizers, and pesticides [1]. Our 
research focuses on the application of various polycarbonyl compound classes as enhancers of 
europium luminescence and plant growth stimulants. 

The ability of polycarbonyl compounds to coordinate metal cations has been harnessed to 
produce europium complexes with long-lived luminescence. These complexes are encapsulated within 
protein nanoparticles composed of bovine serum albumin and gelatin [2]. Europium-loaded protein 
nanoparticles serve as labels in fluorescent immunoassays. 

Another promising application of polycarbonyl compounds is the stimulation of microalgae growth. 
Microalgae, microorganisms with significant biotechnological potential, are sources of natural colorants, 
vitamins, proteins, sugars, and other valuable metabolites. Consequently, there is a growing need for 
chemicals that promote their growth and metabolite accumulation. 
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Domino and tandem Intramolecular Diels-Alder reactions are widely known in the scientific 

community and are valuable tools in organic synthesis that are frequently used for the creation of 
functionally substituted naphthalenes, indoles, isoindoles, quinolines and isoquinolines [1]. It is also 
worth noting that these reactions offer high regio- and stereo control. Additionally, they are quite simple 
to implement under experimental conditions and reliable in use. 

Building on our previous research on tandem Diels-Alder reactions between bis-furyl dienes and 
various dienophiles [2-4], this work focuses on the interaction of bis-furyl dienes and fumaric acid esters 
under various conditions was studied in detail.  

 

 
Scheme 1. General scheme of the Diels-Alder reaction between bis-furyl dienes and fumaric acid 

esters. 
 

Due to the absence of the formation of the main reaction products at room temperature and under 
heating, ultra-high-pressure conditions were applied. Pericyclic intermolecular reactions have a 
significant negative activation volume, therefore, in addition to thermal activation of the Diels-Alder 
reaction, activation by pressure is also possible. The interaction between difurfuryl ether and diethyl 
fumarate was chosen as a model reaction (Table 1). As a result of the reactions, according to NMR of 
the reaction mixtures, diastereomers 3a-g and 4a-g (Scheme 1) were obtained in good yields. 
 

Conditions Pressure, kbar Exposure time Bis-diene 1 conversion, % Ratio of 
isomers 3 and 

4, % 

1 15 2 days 88 85:15 

2 15 4 days 92 66:34 

3 15 1 day 75 67:33 

4 10 2 days 57 67:33 

5 5 2 days - - 

Table 1. Optimization of reaction conditions. 
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[3,3]-Sigmatropic rearrangements are quite versatile and convenient method for the synthesis of 
heterocycles [1-3]. In this work we present the transformation of 1-ethynyl-2-vinyl substituted 
tetra(di)hydroisoquinolines under microwave (MW) irradiation in the presence of different nucleophiles, 
Cu (I) salts or organic bases (Scheme 1).  

In toluene at 150 oC under the action of nucleophiles (DMAP, triphenylphosphine and 
tetrahydrothiophene) (path A) or at 210 oC (path B) 1-substituted 1-ethynyl-2-vinyldi- and 
tetrahydroisoquinolines undergo [3,3]-sigmatropic rearrangement providing pyrrolo[2,1-
b][3]benzazepines 3, 4 in good yields [4]. The replacement of toluene with acetonitrile directs the 
rearrangement towards the formation of pyrido[2,1-a]isoquinolines 6. 
 

 

Scheme 1. Approaches towards the synthesis of pyrrolo[2,1-b][3]benzazepines and pyrido[2,1-
a]isoquinolines. 

 
On the other hand, the use of Cu (I) salts or organic base (pyridine, Et3N) as catalyst in toluene 

leads to formation of 1H-pyrrolo[2,1-b][3]benzazepines. It is assumed that the formation of compounds 
3-5 occurred from the allene-bearing benzazecine (intermediate B) which is formed via [3,3]-sigmatropic 
rearrangement of the starting isoquinolines 1-2. 
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Drugs acting on tubulin have long been known as effective medicines for the treatment of 
oncological diseases, with their mechanism of action based on the destabilization of microtubules. 
These are intracellular structures consisting of α- and β-tubulin heterodimers and are part of the 
cytoskeleton. As a result of their destabilization, apoptotic cell death occurs [1]. 

Natural compounds such as colchicine, epothilone, vinblastine, and combretastatin A-4 (CA4) act 
on microtubules by disrupting the processes of polymerization and depolymerization of tubulin, which 
leads to disruption of mitotic cell division [2]. However, combretastatin A-4 has two main disadvantages: 
poor solubility in water, which results in low efficacy in vivo, and a tendency to isomerize into a more 
thermodynamically stable trans isomer, resulting in a complete loss of cytotoxicity [3]. 

The search for synthetic analogues of combretastatin that are water-soluble and stable to 
isomerization is crucial to enhancing drug efficacy, reducing toxicity, and ensuring consistent 
pharmacological activity. Previously, an analogue of combretastatin A-4 with an indazole ring was 
developed [4], but we decided to attempt to obtain a similar analogue, this time with a pyridine ring. 
Changing the indazole ring structure to a pyrazolo[4,3-b]pyridine ring in combretastatin analogues can 
improve pharmacological properties such as solubility, stability, and target binding, as supported by 
research studies. Researchers have shown high interest in developing tubulin polymerization inhibitors 
with a pyridine ring [5,6]. This modification can also enhance pharmacokinetics and reduce toxicity. 

We have proposed a new approach to the synthesis of combretastatin A-4 analogues containing 
a pyrazolo[4,3-b]pyridine core using Richter cyclization as a key step (Scheme 1).  

 

i)NaNO2, HCl, PnNHEt; ii) PdCl2, PPh3, CuI; iii)CH3SO3H, AcMe 

Scheme 1. Synthesis of pyrazolo[4,3-b]pyridine analogue of combretastatin. 
 
The synthesis consists of three stages starting with commercially available derivatives of 3-

aminopyridine. We obtained pyrazolo[4,3-b]pyridines, which were characterized by mass spectrometry, 
1H and 13C NMR, and melting point. The research results will be presented in more detail in the report. 
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Petroleum refining is one of the most important areas of modern industry. The process produces 
a wide range of chemicals. These can be used as individual compounds or as precursors for the 
production of other substances. One such compound is norbornene (NB) and NB derivatives (NB-R), 
which are obtained from unsaturated hydrocarbons. NB and some NB-R have a reliable resource base: 
large-tonnage products of oil refining, such as 1,3-cyclopentadiene and alkenes. The polymerization of 
norbornenes can be performed via three ways (ring-opening metathesis polymerization, addition 
polymerization (AP), and isomerization polymerization) depending on the catalyst to form polymers with 
different main chain structures. Addition polymers of NB and NB-R have a combination of unique 
properties that allow them to be used as sorbents, transparent materials for optics and medical products 
[1-3]. AP requires the presence of a Pd- or Ni-catalyst in the reaction mixture. Complexes based on 
palladium compounds are the most promising precursors of catalysts for the additive polymerization of 
NB and NB-R. Such as cationic methyl [4], benzyl [5] and η3-allyl palladium complexes [6;7] which are 
commonly modified with bulky organophosphorus or N-heterocyclic carbene ligands.  

Recently [8] our research group proposed a route for the synthesis of η5-cyclopentadienyl 
palladium complexes by the interaction of acetylacetonate palladium complexes with cyclopentadiene 
in the presence of boron trifluoride etherate. Palladium-based cyclopentadienyl complexes showed [8] 
catalytic activity in the polymerization of phenylacetylene. The complexes remain stable under heating 
and contact with air [8] and are promising for the polymerization of norbornene.  

This report presents the results of studying the catalytic properties of systems based on palladium 
complexes [Pd(Cp)(L)n]m[BF4]m (Cp = η5-C5H5 n=2, m=1, L = TOMPP, PPh3, TFP; n=1, m=1, L=dppf, 
dppp, dppb, dpppt, dpph) in the addition homo- and copolymerization of norbornene NB and NB 
derivatives (Scheme 1). It has been found that these complexes can be activated with Lewis acids 
(BF3∙OEt2 or AlCl3). The productivity of the [Pd(Cp)(PPh3)2][BF4]/BF3⋅OEt2 catalyst system in NB 
polymerization achieves 188800 (molNB)(molPd

-1). The homopolymerization of 5-
methoxycarbonylnorbornene and the copolymerization of NB with 5-methoxycarbonylnorbornene or 5-
phenylnorbornene in the presence of BF3⋅OEt2 and [Pd(Cp)(L)2][BF4] (L = PPh3 or TFP) has been 

studied also. Interaction of the [Pd(Cp)(PPh3)2]BF4 with 5 eq. of BF3⋅OEt2 has been studies by 1H and 
31P NMR, and a hypothesis for the formation of the catalyst are discussed. The structure of the 
[Pd(Cp)(TFP)2]BF4 complexhas been determined by X-ray diffraction (XRD) analysis. Based on the XRD 
data, the steric hindrance of the TFP ligand was estimated (the cone angle is 149°), which was found to 
be higher than previously reported in [9] (the cone angle is 133°). 
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The metal-organic frameworks (MOF) with large surface area are increasingly studied in the 21st 
century. Such promising materials are ionic compounds consisting of metal cations and rigid organic 
linkers. Linear bidentate phenylene aromatic ligands are of great interest to researchers [1,2] because 
long ligand can enlarge MOF pore size and area. Accordingly, we aimed to synthesize 
terphenyldicarboxylic acids and investigate their properties. 

Dimethyl-[11,21:24,31-terphenyl]-14,34-dicarboxylate (1) was synthesized by the Suzuki reaction, 
as a result of alkaline hydrolysis potassium [11,21:24,31- terphenyl]-14,34- dicarboxylate (2) was obtained. 
As a result of iodination of (1), the dimethyl 22,25-diiodo[11,21:24,31-terphenyl]-14,34-dicarboxylate (3) was 
synthesized. For all three compounds (Scheme 1a), single crystals were grown and investigated by X-
ray diffraction analysis. All three compounds have a layered packing motif. In compound (3), the middle 
benzene ring is rotated by an angle of 63.15° (Scheme 1b); there is a halogen bond O‧‧‧I–C between 
the molecules with a length of 3.146(3) Å, which is significantly shorter than the sum of the van der 
Waals radii. Compounds (1–3) have intense photoluminescence under UV illumination. The potassium 
salt (2) of terphenyldicarboxylic acid presents high thermal stability [3].  

 

 (a)  (b) 

Scheme 1. Terphenyldicarboxylic acid derivatives: 
(a) – structural formulas of compounds (1–3), 

(b) – structure of compound (3). 
 

A brominated derivative of terphenyldicarboxylic acid (4) was also obtained. During the 
solvothermal synthesis, a single crystal of MOF based on lanthanum cation, (4) and DMSO was grown. 
This framework has a porous three-dimensional structure. 

Thus, the presence of photoluminescent properties of the synthesized substances and the porous 
structure of the obtained metal-organic framework indicate the possibility of using MOFs based on 
terphenyldicarboxylic acids as gas-sensitive sensors and selective sorbents for pollutants. The wide 
range of properties of the obtained materials opens horizons for new physicochemical studies in the 
field of coordination polymers. 
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Previously, we discovered the antibacterial and antifungal activity of a number of modified 

pyrimidine N4-alkyl-2’-deoxynucleosides, containing extended alkyl substituents at the C4 position of the 
cytosine residue [1,2]. In our present investigation a range of N4-alkylcytidines, encompassing 
derivatives of 5- and 6-methylcytidine with elongated alkyl substituents, were synthesized to advance in 
research dedicated to antibacterial and antifungal agents based on nucleoside derivatives [3].  

Our findings demonstrate that N4-alkyl 5- or 6-methylcytidines effectively impede the growth of 
molds isolated from paintings housed in the halls of the State Tretyakov Gallery, Moscow, Russia. These 
innovative compounds exhibit efficacy comparable to that of standard antiseptics. Additionally, the 
activity of N4-alkylcytidines rivals that of certain antibiotics used in medical settings against various 
Gram-positive bacteria, including resistant strains of Staphylococcus aureus and Mycobacterium 
smegmatis. Notably, N4-dodecyl-5-methylcytidine emerged as the most promising compound, offering 
potential for broadening the spectrum of antiseptics employed in painting conservation, given that fungal 
and bacterial co-infections often contribute to the deterioration of painting materials. 

 

 

Figure 1. Synthesized N4-alkylcytidines with antibacterial and antifungal activity. 
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Taxifolin is registered as an active pharmaceutical ingredient in the Russian Federation. Despite 
having two chirality centers in its molecule, the pharmacopoeia monograph lacks an approach to control 
stereochemical composition. We observed that the content of cis-taxifolin increases over time in 
aqueous solutions. This study aims to investigate the kinetics of taxifolin isomerization using HPLC-UV. 

Taxifolin (Lavitol®, JSC "Ametis") was used as the research subject. Zorbax 3.5 µm SB-Phenyl 
4.6 mm × 150 mm (Agilent Technologies, Inc.) was employed as chromatographic column. The mobile 
phase contained an acetic acid solution (96%, "for analysis", Merck KGaA) in water with a pH of 2.7 
(solvent A) and methanol ("for HPLC", SPE "Aquametry") (solvent B). The concentration of solvent B 
was increased from 29% (0 min) to 42.3% (25 min). The flow rate was maintained at 0.464 mL/min, the 
column temperature was set to 30 °C, and analytical wavelength was 288 nm. 

The diastereomerization process was investigated using a model system prepared by dissolving 
5 mg taxifolin in 10 mL of a 1:1 aqueous methanol mixture and adding 0.5 mL of sodium hydroxide 
solution (0.1 M, "pure", Lachema, n.p.). Quantitative analysis of stereoisomers was performed hourly for 
a period of 5 hours (Fig. 1). 
 

 

Figure 1. The change of concentration of taxifolin diastereomers. 
 

When the aqueous methanol solution of taxifolin is standing, the amounts of the cis- and trans-
isomers increases and decreases, respectively. When the solution is alkalinized, the reaction goes 
faster, but isomerization stops in the methanol medium. 

Considering that the separation of stereoisomers was carried out on an achiral sorbent, peaks 
with retention times of 18.1 min and 19.2 min can correspond to diastereomers, which implies the 
reversal of the configuration of only one chirality center, C2 or C3, i.e., epimerization. According to the 
type of chalcon-flavonone isomerization, the C2 configuration can change. An alternative pathway, 
involving the formation of an endiol form, leads to a change in the configuration of C3. An in-depth study 
of the mechanisms of isomerization is a promising way of further research, for which it is planned to use 
the 1H NMR spectroscopy method. 
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Imidazolium salts have a wide range of applications in organic chemistry, including biological 
research or metal complex catalysis. Recently, we discovered a new reaction for the formation of 
imidazolium salts containing a chloromethyl group and also investigated the reaction with N-
nucleophiles (pyridine, methylimidazole) [1,2] However, reactions with aliphatic and aromatic amines 
have not been investigated. 

Compounds 1 proved to be inefficient in the reaction of nucleophilic substitution on various amines 
(scheme 1). Therefore, methods for the preparation of bromomethyl derivatives of imidazolium salts (2) 
were developed. 

 

 

Scheme 1. Formation reaction of compounds 2. DiPP - 2,6-diisopropylphenyl, Mes - 2,4,6-
trimethylphenyl, Xy - 2,6-dimethylphenyl. 

 
Compared to chloromethyl salts 1, their brominated analogs 2 exhibit enhanced reactivity towards 

nucleophiles. Due to this, it was possible to carry out amination reactions using various derivatives of 
alkyl and arylamines, as well as to show the possibility of using biologically active compounds 

 

 
Scheme 1. Reaction amination of compounds 2. p-Tol – 4-toluidine, p-Anis – 4-anisidine, DiPP 

- 2,6-diisopropylphenyl, Mes - 2,4,6-trimethylphenyl, Xy - 2,6-dimethylphenyl. 
 
Thus, a simple method for the synthesis of highly reactive 4-bromomethyl imidazole salts (2) is 

shown, which significantly expands the possibilities of using halogenmethyl imidazolium salts, as an 
example, the reaction for the preparation of alkylaminomethyl (3a-t) or arylaminomethyl (3u-aa) 
imidazole salts is shown. 
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Although there have been significant advancements in cancer therapeutic strategies, there is still 

a long way to go in terms of finding an effective long term solution. Traditional anticancer therapies have 
been proven to cause hurdles to the patients and their families, and to be a burden for the healthcare 
systems. More sophisticated and patient centered cancer therapeutics are currently being researched, 
with gene therapy being one of the leading approaches. However, only a few anticancer gene therapy 
agents have made it into clinical trials, with most of these being based on therapeutic nucleic acids 
(TNAs) such as antisense oligonucleotides (ASOs) and small interfering RNAs (siRNAs) [1]. 

Despite the significant potential of TNAs, there are still many challenges that prevent them from 
being utilized in clinic. Cell/organelle membrane barriers, lyso/endosomal entrapment, and nonspecific 
and insufficient activation of therapeutic tools lead to off target effects, resulting in toxicity for healthy 
tissues, which is a critical issue in achieving effective treatment via TNA agents. Moreover, usually the 
target genes chosen for cancer gene therapy, when suppressed do not eliminate the malignant cells but 
merely stop their proliferation. If cancer cells stay in the body, however, there is always the risk of 
metastasis and relapse.  

As a solution, we have previously proposed a new concept for a highly specific oncomarker sensor 
(HSOS). The sensor utilizes antisense oligonucleotides (ASOs), capable of efficiently targeting the 
desired mRNA inside cells. However, due to their length, ASOs do not always specifically bind to mRNA 
containing single nucleotide substitutions (SNSs) characteristic of cancer. To increase specificity 
towards SNSs, the developed HSOS consists of a long oligonucleotide divided into two shorter chains. 
This idea reduces the affinity to mRNA, preventing HSOS binding in the absence of SNSs. Both short 
chains will be bound to a DNA scaffold using hexaethylene glycol linkers (HEGs) to ensure their spatial 
proximity and increase the likelihood of binding to the same mRNA target. Additionally, both chains will 
be chemically modified to protect against nucleases and to cleave the mRNA target only at specific sites 
[2].  

HSOS has been used to further functionalize a previous development of our scientific group, the 
binary antisense oligonucleotide (biASO) [3], which main advantage is its ability to release therapeutic 
effect only in the presence of an oncomarker. However, biASO lacked efficiency in cell based 
experiments. The addition of the HSOS is expected to i) increase target suppression efficiency in cell-
based experiments by increasing target mRNA accessibility via secondary structure unwinding and 
fragmentation, and to ii) facilitate the differentiation of cancer from healthy cells via SNS or 
overexpression detection. To date we have developed two distinct designs, one directed to oncogenic 
SNS detection and the other directed to detection of an overexpressed oncomarker. The accurate 
detection will then activate the suppression of an essential gene that will cause cell apoptosis [4]. The 
application of classical TNAs is not feasible when targeting essential genes, due to their low specific 
nature, which would result in the apoptosis of all cells in the body, including healthy ones. Experiments 
in solution have confirmed the hypothesis of increased oncomarker dependency and SNS 
differentiation, with cell based experiments still needed to be done. 

To conclude, the HSOS’s high specificity against malignant cells will be achieved via recognition 
of SNS mutated or highly overexpressed markers that cannot be found in healthy cells. Therapeutic 
effects will be released only in the presence of such recognition, minimizing the off-target effects. This 
research aims to advance the field of cancer research and lay the foundation for the development of 
novel drugs for the individualized treatment of oncological diseases. 
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Among the 1,6-naphthyridine derivatives, compounds with antibacterial, immunosuppressive, 
antitumor, antiviral, anti-inflammatory, fungicidal and insecticidal activity were found, which is largely 
due to their ability to regulate the activity of various enzymes.1–10 

Taking into account the high pharmaceutical potential of this class of organic compounds, we 
have developed new methods for their synthesis, consisting of the condensation of aldehydes 1 with 
CH-acids 2, 3, alkyl halides 4 and amines B (method a), or reagents 1, 2 and nicotinonitriles 5 
(method b). 

 

 

Scheme 1. Multicomponent synthesis of substituted 1,4-dihydro-1,6-naphthyridines. 
 

The structure of synthesized compounds 6 was confirmed by mass, IR, and NMR spectroscopy 
data. Data from the PASS online web service11 make it possible to classify the synthesized heterocyclic 
systems as drug candidates. In particular, they are capable of exhibiting inhibitory activity against certain 
enzymes, for example, glutamate-5-semialdehyde dehydrogenase, trans-acenaphthene-1,2-diol 
dehydrogenase, pterine deaminase, chloride peroxidase, and also have antitumor properties and can 
be used in the treatment of alopecia. 
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Currently, solid-phase synthesis (SPPS) using Fmoc-methodology has gained the greatest 

popularity for the synthesis of peptides [1]. This approach offers the following advantages: speed, simple 
isolation of intermediate products through washing and filtration, and process automation. The stage of 
elimination of Fmoc protection from α-amino groups during solid-phase synthesis is very important, 
since the quality of the resulting products largely depends on it. The availability of piperidine [1], widely 
used to deprotection α-amino groups in SPPS peptides, is currently limited, because this reagent has 
the status of a certified substance [2]. The growing demand for synthetic peptides in the pharmaceutical 
market requires optimization and greening of the processes for obtaining these compounds. In this 
regard, this study focuses on the selection of an alternative deprotection reagent to piperidine suitable 
for use in SPPS. 

The goal of the work is to search for accessible, effective reagents for the cleavage of temporary 
Fmoc protection, suitable for the synthesis of physiologically active peptides of various structures, which 
would provide high yield and purity of the target product without the formation of by-products. The work 
discusses the use of deprotection reagents based on cyclic secondary amines in SPPS.  

 

 
Figure 1. Mechanism for removing Fmoc protection by secondary amines, where X is NH,  

C-CH3. 
 

The objects of synthesis were peptides of various structures: the cyclic peptide atosiban, methylin 
containing proline in the C-terminal part and ingramon containing an aspartic acid residue. It is known 
that the bases used to cleave protection during SPPS can promote the formation of DKP and 
aspartimides in aspartyl peptides. When synthesizing peptides, deprotection mixtures were used such 
as 25% 4-MePip/DMF, 20% Pyr/DMF, 5% PZ/ 2% DBU/DMF. 

The results were assessed by HPLC of technical products and the total yield of purified (up to 
98%) target products. 

It was shown that 4-methylpiperidine (4-MePip), pyrrolidine (Pyr) and piperazine (PZ) can be used 
interchangeably with piperidine, since in our experiments the change in deprotection reagents did not 
generally affect the quality of the target products. These deprotection reagents can find application in 
the development of schemes for the large-scale synthesis of physiologically active peptides. 

 
References 

[1] Fmoc Solid Phase Peptide Synthesis, Oxford University Press Inc., NY 2000, 9-37, 346  
[2] Drug Enforcement Administration (DEA), Department of Justice. Control of immediate precursor used 
in the illicit manufacture of fentanyl as a schedule II controlled substance 2010, 75(124), 37295-9 
 

Acknowledgements 
This work was supported by the Ministry of Health of Russia (project No 123020600073-4). 

  

mailto:maria.petropavlovskaya@yandex.ru


 

515 
 

PARTICIPATION OF ALBUMIN AND GLUTATHIONE IN THE BIOTRANSFORMATION OF 
NITROSYL IRON COMPLEXES 

Pokidova O.V.1, Emel’yanova N.S.1, Novikova V.O.1, Kulikov A.V.1, Sanina N.A.1,2,3 

1 Federal Research Center of Problems of Chemical Physics and Medicinal Chemistry, Russian 

Academy of Sciences, Moscow region, Chernogolovka, Russia 
2 Lomonosov Moscow State University, Moscow, Russia 

3 Scientific and Educational Center "Medical Chemistry" in Chernogolovka, Federal State Autonomous 

Educational Institution of Higher Education “State University of Education”, Moscow Region, Mytishchi, 

Russia 

Leading Researcher, PhD 
pov@icp.ac.ru    

 
NO is a unique signaling molecule involved in the regulation of cardiovascular tone, apoptosis, 

immune defense, and neural transmission [1]. Due to the discovery of the fundamental role of nitrosyl 
iron complexes (NICs) as natural NO carriers, their synthetic analogs are of considerable interest as 
promising prodrugs for the treatment of socially significant diseases [2]. 

We have investigated NICs with aliphatic and aromatic thiolate ligands, viz. 
[Fe(SC(NH2)2)2(NO)2]Cl·H2O, [Fe(SC(NH2)(NHC2H5))2(NO)2]Cl∙[Fe(SC(NH2)(NHC2H5))Cl(NO)2], 
[Fe2(S(C(CH3)2CH(NH3)COOH))2(NO)4]SO4∙5H2O, Na2[Fe2(S2O3)2(NO)4]·4H2O, [Fe2(C7H7OS)2(NO)4], 
[Fe2(C8H8NOS)2(NO)4], etc.. These complexes, in addition to vasodilator properties, in in vitro studies, 
depending on the structure of the ligand, demonstrated cytotoxic, antimetastatic, antidiabetic, 
antibacterial, and other activities [3-5].  

The purpose of this work was to study the mechanisms of interaction of these promising 

complexes with bovine serum albumin (BSA) and reduced glutathione (GSH) in aqueous solutions by 

experimental and theoretical methods. 

It was shown that the NICs react with GSH to form a new binuclear NIC with two GS-- ligands. 

The resulting complex is a more prolonged NO donor than the initial ones. The complex with 4-

acetamidothiophenolyls is an exception; in it, the ligands are not replaced by glutathione. 

It was found that the products of aerobic decomposition of NICs with aliphatic ligands, [Fe(NO)2]+ 

fragments, can bind in the hydrophobic pocket of the albumin. Because of this interaction, a high 

molecular weight complex is formed with Cys34 and His39 as ligands. For most of the studied NICs with 

aromatic ligands, we do not observe the formation of this product. However, all complexes are adsorbed 

on the surface due to weak intermolecular interactions, resulting in prolonged generation of NO. It is 

important to note that complexes with aromatic thioligands generate NO in these systems more slowly 

than aliphatic NICs. EPR- and UV spectroscopy data also confirm significant stabilization of complexes 

in the reaction mixture with protein. 

In experiments on animals, the EPR signal in the blood is given by the dinitrosyl iron fragment 

bound to albumin, which indicates its active participation in the biotransformation of nitrosyl complexes. 

We assume that NICs formed in the model systems are the pharmacologically active forms of original 

complexes in the body. 
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 The ability for photoinitiated generation of reactive oxygen species determines the use of 
porphyrins as photosensitizers for various applications. Our recent studies have demonstrated the 
exceptional photocatalytic activity of pyrazinoporphyrins in the oxidation of organic sulfides [1-2]. It was 
shown that targeted functionalization allows to control the photocatalytic activity and photostability of 
pyrazinoporphyrins. The introduction of electron-withdrawing groups and heavy metal atoms might 
increase the efficiency of porphyrins in photocatalysis. The resulting phosphonate-substituted In(III) 
porphyrinates showed significantly higher photocatalytic activity in the oxidation of thioanisole with TON 
reaching 200000 and TOF ca. 12500 h-1 (Figure 1), which is one of the highest values for 
photosensitizers, reported so far. 

  
Figure 1. Photocatalytic activity of phosphonate-substituted pyrinoporphyrins in solution. 

 
 In(III) porphyrinate was used for the preparation of photoactive hybrid material (13 mass% of 
porphyrin) through immobilizing the macrocycle onto mesoporous titania (Scheme 1). Initial experiments 
on the photooxidation of thioanisole showed the preservation of the photocatalytic activity of the material. 
The use of <0.015 mol% of the prepared heterogeneous photocatalyst provided complete and selective 
conversion of thioanisole (Scheme 1). TON of catalyst exceeded 7000, which is also one of the highest 
value among photoactive hybrids of this type. 

 
Scheme 1. Preparation of photoactive pyrazinoporphyrin-coated TiO2 and its photocatalytic activity 

under heterogeneous conditions. 
Thus, the functionalized pyrazinoporphyrins are expected to be an attractive platform for the 

development of new effective heterogeneous photocatalysts.  
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Photochromic diarylethenes continue to attract the attention due to the versatility and diversity of 
their photochemical reactions, as well as unexpected findings accompanying the corresponding studies 
[1]. In our work, we investigate the synthesis and light-induced transformations of oxazole-based 
diarylethenes as promising and readily available photoswicthes. 

We have synthesized previously unknown oxazole-substituted 2,3-dihetarylbut-2-enes, which 
exhibit an efficient photoswitching associated with reversible 6π-cyclization and cycloreversion. These 
compounds can be readily prepared from acetyl-substituted oxazoles via the McMurry reaction in the 
presence of low-valent titanium. For some of them, such as 2, we have found an interesting “self-tuning” 
effect of the switched system. Although 2 is formed as a mixture of E-/Z-isomers, its irradiation with UV 
light leads to the almost quantitative conversion to 2c and, after irradiation with visible light, to Z-2. The 
latter participates in the photochromic switching without the contribution of side Z-/E-isomerization. Up 
to date, this effect has not been described previously. 

 

  
Scheme 1. Reactions of oxazole derivatives. 

 
Another unexpected result was found during reduction of oxazole N-oxide 3 with zinc according 

to the method [2]. When the reaction temperature exceeded 15 °C, the formation of several side 
products with strong fluorescence along with the expected product 1 was observed. For one of them, 
structure 4 was proposed based on NMR spectroscopy and mass spectrometry. The mechanism for the 
formation of compound 4 will be discussed. 
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Derivatives of various 2,1,3-benzohalcogenediazoles and betadiketonate esters, such as ethyl-3-

oxobutanoate, are among the most promising compounds for the synthesis of polydentate ligands, which 
contain coordination centers of various natures, for example, heterocycles. Due to their electronic 
properties, their derivatives can be used to produce luminescent materials [1], molecular conductors [2], 
biologically active substances [3] and precursors to catalysts [4]. However, despite the fact that many 
different methods of synthesis and modification of one of the chalcogenediazoles, 2,1,3-
benzothiadiazole, are currently known, the coordination chemistry of tellurium containing benzodiazoles 
has not been adequately studied. Although the introduction of tellurium in place of sulfur in the cycle 
could give previously unknown properties or enhance existing ones. 

In this regard, the aim of the work is to develop effective methods for the synthesis of 2.1.3-
benzotellurodiazoles, as well as ketoimines containing acetoacetic ether. 

Substituted tellurium benzotriazoles were obtained using the following procedure. 
Diaminobenzene was introduced into a cycle closure reaction with tellurium (IV) oxide. With further 
nitration and reduction of the resulting benzodiazole. The resulting triaminobenzene was reintroduced 
into a cycle closure reaction with tellurium(IV) oxide. 

The resulting 4-amino-2,1,3-benzotelluradiazole reacts with substituted acetoacetic ether to 
produce ketoimines. All the compounds obtained were characterized by NMR spectroscopy and mass 
spectrometry.  

Compounds: 
1. NMR1H(CHCl3, 600 MHz): 8.11 м. (H, BTD), 7.95 м. (H, BTD), 7.43 м. (H, BTD); Agilent 7000A 

(HP-5ms): 279(100)[M]+, 277(93,42), 275(57.49), 271(7.62) ; Yield 80%. 
2. NMR1H(CHCl3, 600 MHz): 7.46 м.(H, BTD), 7.24 м.(H, BTD), 6.88 м.(H, BTD), 5.47 с.(2H, 

NH2); Agilent 7000A (HP-5ms): 249(100)[M]+, 247(93,55), 245(57.49), 241(7.62); Yield 62%. 
3. NMR1H(CHCl3, 600 MHz): 8.26 д.(2H, Ph), 7.97 д.(2H, Ph), 7.74 с. (H, NH), 7.56 м. (H, BTD), 

7,36 м. (H, BTD) 7.19 м.(H, BTD), 5.69с. (H, CH), 4.15 м.(2H, CH2), 1.27 д.(3H, CH3); Agilent 7000A 
(HP-5ms): 468.01 (100.0) [M]+, 466.01 (92.4), 464.00 (54.3), 463.01 (22.9), 469.01 (18.4); Yield 72%. 

4. NMR1H(CHCl3, 600 MHz): 7.67 с. (H, NH), 7.56 м. (H, BTD), 7.46 д.(2H, Ph), 7,36 м. (H, BTD) 
7.16 д.(2H, Ph), 7.19 м.(H, BTD), 5.65 с. (H, CH), 4.18 м.(2H, CH2), 2.33 с.(3H, CH3,Ph) 1.29 д.(3H, 
CH3); Agilent 7000A (HP-5ms): 437.04 (100.0) [M]+, 435.04 (92.4), 433.04 (58.4), 438.04 (20.5), 436.04 
(18.0); Yield 74%. 

 

Scheme 1. Synthesis of chalcogenediazoles by stages. 
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Favipiravir is proved to be effective agent for treatment of COVID-19. The synthesis of new 
cocrystals or polymorphs [1] is useful for the development of new pharmaceutical forms. Previously, 
several cocrystals of 6-fluoro-3-hydroxypyrazine-2-carboxamide (favipiravir) with GRAS coformers were 
reported [2]. In this research, we have chosen flat basic aromatic substances instead of acidic ones 
used in [2] to be the coformers such as 4-aminopyridine and 2-pyridone. As a result, five cocrystals were 
discovered and studied using X-ray diffraction, TGA and DSC. 

 

Scheme 1. Fragment of the crystal structure and snapshot of the crystal for the cocrystal of Favipiravir 
and 4-aminopyridine in methanol. 

 
Four cocrystals were synthesized due to interaction of favipiravir and 4-aminopyridine (1:1) in 

various solvents. Crystals containing two independent molecules of Favipiravir, 4-aminopyridine and 
water in Р21/c were crystallized from ethanol. Adding acetone allows crystallization in Cc cell containing 
three independent molecules of Favipiravir, 4-aminopyridine and four molecules of water.  

The usage of methanol as solvent lead to crystallization of the compound in the orthorhombic 
Pnc2 cell consisting of Favipiravir, 4-aminopyridine and methanol molecules (scheme 1). The structure 
containing two molecules of Favipiravir, one molecule of CH3CN and 4-aminopyridine was crystallized 
in orthorhombic Pna21 from acetonitrile.  

A cocrystal of favipiravir and 2-pyridone (1:1) was obtained by recrystallization from ethanol in a 
monoclinic P21/c cell. Due to strong NH(pyridine)···O(amide) and NH2(amide)···O(pyridone) hydrogen 
bonds, tetramers are formed. Crystallization from mixture of toluene and ethanol (1:1) results in 
formation of cocrystal in triclinic P-1 cell containing one molecule of Favipiravir and 2-pyridone. 

The stability of favipiravir-based multicomponent crystals could be achieved via combination of 
hydrogen bonding and stacking interactions. The main types of intermolecular interactions were 
characterized using quantum chemical calculations, also the thermodynamic stability of all synthesized 
compounds was studied. 
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Development of efficient approach to synthesis of oxindoles spiro-fused with bicyclic framework 

1-azabicyclo[3.2.0]heptane is promising direction of research. 1-Azabicyclo[3.2.0]heptane is the 
structural basis of carbopenem antibiotics, which have been widely used in medicine over the last 
decade [1]. And oxindole frameworks are found in a wide range of natural substances and 
pharmacological products [2].  

We have developed the first example of diastereo- and regioselective [3+2]-cycloaddition reaction 
of azomethine ylides generated in situ from isatins and azetidine-2-carboxylic acid to N-maleimides and 
N-itaconimides. As part of the study, the effect of N-maleimides and N-itaconymides with different 
electronic and spatial properties, as well as the effect of substituents in the structure of isatin on the 
efficiency of the reaction, was investigated. The reactions were carried out to obtain products with 
moderate or high yields (up to 93%), with moderate or excellent diastereoselectivity and excellent 
regioselectivity. Compounds relative configuration was determined by single crystal X-ray analysis.  

 

 

Scheme 1. Synthesis 1-azabicyclo[3.2.0]heptane-derivatives. 
 

The obtained products were examined for cytotoxic activity using a standard MTS-analysis, during 

which some compounds showed a comparable or stronger inhibitory effect (IC50 = 8-20 g/mL) 

compared with cisplatin (IC50 = 15-45 g/mL) against human leukemia cells (K562). The presented 
efficient synthesis protocol can potentially be used for medical chemistry. 
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Prop-2-ene-1-thiosulfinate (Allicin) has an antimicrobial effect, including application to methicillin-
resistant strains of Staphylococcus aureus [1,2]. Its non-selective effect on sulfur-containing proteins in 
pathogens is explained by the presence of the thiosulfinate group, which allows allicin to oxidize thiols 
and lowers the possibility of drug-resistance development. At the same time, the instability of allicin 
caused by the presence of the reactive allylic substituent prevents its application as an individual 
therapeutic agent. Thus, the search for new thiosulfinates with antibacterial and antifungal properties as 
alternative drugs can be considered relevant. 

We have synthesized a number of natural dialkylthiosulfinates, as well as synthetic derivatives of 
dialkyldicarboxylates and a representative of diarylthiosulfinates (Scheme 1). 

Halogenated alcohols were chosen for ester substituents based on the expectation of improved 
stability of the corresponding disulfides and thiosulfinates. The antimicrobial activity of the 
dialk(en)ylthiosulfinates and their synthetic analogues was assessed on S. aureus bacteria and Candida 
albicans fungus. It was found that natural thiosulfinates were insufficiently active, while some of synthetic 
compounds demonstrated profound antifungal properties, effectively inhibiting the growth of С. albicans 
in low concentrations (2.78-20 µM) [3]. 

Scheme 1. Thiosulfinates synthesis. Reagents and conditions: (i) H2O2, HCOOH, 0°C; (ii) m-CPBA, 

CH2Cl2, –78°→ 0°C; (iii) ROH, t, H2SO4.  

We have also developed an improved method for selective disulfide oxidation into thiosulfinates, 
avoiding sulfones as byproducts. This new method significantly increased yields of thiosilfinates and 
allowed to omit column chromatography in some cases. 

2,2,2-Trichloroethyl 3-({[3-oxo-3-(2,2,2-trichloroethoxy)propane]sulfinyl}sulfanyl)propanoate 
turned out to be the versatile promising drug candidate. Among all the obtained compounds it had the 
most expressed effect on both S. aureus and C. albicans strains, comparable to the drugs used in clinical 
practice. 
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Spiropyrans are one of the most interesting classes of organic photochromes [1]. They are 

characterized by reversible isomerization under the influence of activating radiation (usually UV) 
between the colorless spirocyclic and brightly colored merocyanine forms, which is accompanied by an 
extremely sharp change in properties. A distinctive feature of spiropyrans is a sharp change in the dipole 
moment of the molecule and fluorescent properties after phototransformation. As a rule, the maximum 
wavelengths of absorption and photoluminescence of spiropyrans lie in the region of 300 – 600 nm. 

When conducting bioimaging studies in the visible range, there is a significant drawback - a small 
penetration depth (about 100 µm). However, in the wavelength range of the “biological window” (650 – 
1350 nm) it can already reach 1–2 cm. This became possible due to an increase in the length 
conjugation chains by introducing a vinyl-3H-indolium substituent [2, 3]. In this study, a series of 
compounds were synthesized (Figure 1, left). The structure of the compounds was confirmed by NMR 
methods (Center for Collective Use "Molecular Spectroscopy of the Southern Federal University"). The 
fluorescence photoswitching diagram of one of spiropyran is shown in Figure 1 (middle). A toxicity study 
was carried out using lux-biosensors and biofilms. As a result, the selected compounds were 
successfully applied to visualize E. сoli bacteria (Figure 1, right).  

 

Figure 1. Structure of synthesized compounds, demonstration fluorescence "On-Off" cycles and 
visualisation of bacteia E.Coli using microscope. 

 
Bioimaging procedures were carried out using ZEISS LSM 880 microscope. The authors express 

their gratitude to the Southern Federal University Strategic Academic Leadership Program (“Priority 
2030”) for providing an experimental base for conducting research. 
 
 

References 
[1] Top. Curr. Chem. 2023, 381, 8 
[2] Photochem. Photobiol. Sci. 2023, 22, 2651 
[3] ChemistrySelect, 2024, 9, e202400058 
 

 
Acknowledgements 
This work was supported by the Ministry of Science and Higher Education of the Russian 

Federation; project FENW-2023-0020. 
 

 
 

  

mailto:apugachev@sfedu.ru


 

523 
 

INTERMOLECULAR GOLD-CATALYZED N-TRANSFER INVOLVING ARYLAZIDES: A ROUTE TO 
FUNCTIONALIZED 2-AMINOINDOLES. 

Puskov G.I., Dubovtsev A.Yu. 

St. Petersburg State University, St. Petersburg, Russia  
Student 

st075510@student.spbu.ru  
 

In the past decade, gold-based catalysts have demonstrated the effectiveness for a wide range 
of chemical transformations [1]. Specifically, gold-catalyzed nitrene transfer reactions (N-transfers) 
provide a diverse array of pharmacologically relevant nitrogen-containing heterocyclic compounds [2]. 

Gold-catalyzed reactions involving alkylazides as N-transfer reagents have been extensively 
studied [3]. At the same time, arylazide have not been previously used in relevant intermolecular 
reactions [4]. In this work, we demonstrate for the first time that arylazides can act as effective N-transfer 
reagents under gold-catalyzed conditions. Based on this finding, a new approach to functionalized 2-
aminoindoles has been developed. 

 

Scheme 1. Intermolecular Au-catalyzed N-transfer involving arylazides.  
Synthesis of functionalized 2-aminoindoles. 

 
References 

[1] Chem. Rev. 2015, 17, 115 
[2] Chem. Rev. 2021, 14, 121 
[3] Org. Lett. 2016, 18, 18 
[4] Chem. Eur. J. 2020, 15, 26 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 23-73-10008). 

  

mailto:i.ivanov@spbu.ru


 

524 
 

HALONIUM AND CHALCONIUM SALTS AS NONCOVALENT ORGANOCATALYSTS 
FOR ELECTROPHILIC ACTIVATION OF CARBONYL COMPOUNDS  

Putnin I.O., Sysoeva A.A. 

St. Petersburg State University, St. Petersburg, Russia 
1st Year Master’s Student 

st117584@student.spbu.ru 
 

Electrophilic activation of the carbonyl group is of great significance and widely used approach in 
modern organic synthesis. When classical Lewis acids such as metal-complex catalysts are used in 
these reactions, the metal electrophilically activates the carbonyl group making it a more convenient 
target for nucleophilic attack. Even though the entropy of activation (ΔS≠) of this reaction takes a more 
negative value due to the addition of the catalyst to the reaction substrate, the enthalpy of activation 
(ΔH≠) decreases more strongly due to the electrophilic activation of the carbonyl group, and therefore 
the reaction is accelerated. 

In this study, we investigated the kinetics of the reaction of para-methylbenzaldehyde with aniline 
catalyzed by organic Lewis acids, namely telluronium (TeIV) and iodonium (IIII) salts. Based on the 
obtained activation parameters (ΔS≠, ΔH≠), plausible mechanisms of the model reaction involving TeIV 
and IIII have been suggested (Scheme 1). 

 

 
Scheme 1. Plausible mechanisms of the model reaction. 

 
Based on the results of the conducted experiments, a number of thermodynamic and kinetic 

parameters of the reaction were calculated, including the ΔS≠ values [kJ mol–1 K–1] and ΔH≠ [kJ mol─1] 
for the non-catalyzed reaction [─0.262(3); 19(1)], for the reaction catalyzed by TeIV [–0.284(4); 8(1)] and 
IIII [–0.224(1); 22.9(1)]. The kinetic data indicated that the catalytic effect of TeIV is provided via decrease 
of ΔH≠ of the reaction. This indicates a classical mechanism of electrophilic activation of the carbonyl 
group through the formation of a chalconium bond under additional coordination by a water molecule. 
The catalytic effect of IIII unexpectedly was caused by decrease of the ΔS≠ absolute value. We assume 
that the reaction involving IIII proceeds through the formation of a zwitter-ionic transition state, the smaller 
stability and size of which increase ΔS≠ and ΔH≠. 

The data obtained on the kinetics of the model reaction make it possible to optimally select 
conditions for reactions involving carbonyl group catalyzed by chalconium and halonium salts. This study 
contributes to the theoretical understanding of mechanisms underlying electrophilic activation reactions. 
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Levulinic acid is obtained from hexoses under the action of dilute mineral acids. It is a promising 

molecule for the preparation of new organic compounds.   
The aim of this work was to obtain products of acylation of arenes with levulinic acid 1 under the 

action of Brønsted and Lewis acids, leading to the formation of diketones 2 or 4-methyl-4-aryl-tetralones 
3. 

The reaction of levulinic acid 1 with arenes under the action of strong Lewis acid AlCl3 results in 
the formation of acylation products, namely 1-arylpentane-1,4-diones (diketones) 2. 

 
Scheme 1. Acylation of arenes by levulinic acid under the action of AlCl3. 

 
Additionally, some diketones 2 can be obtained by reaction of levulinic acid 1 with arenes under 

the action of Brønsted superacid CF3SO3H (TfOH). 

 
Scheme 2. Acylation of arenes by levulinic acid under the action of TfOH. 

 
Interactions of levulinic acid 1 with arenes such as benzene, veratrole, and 2-fluoroanisole 

under the action of superacid TfOH lead to the formation of 4-methyl-4-aryl-tetralones 3. 

 
Scheme 3. Formation of tetralones from levulinic acid and arenes in TfOH. 

 
One may propose the following plausible reaction mechanism. Protonation of carbonyl oxygens 

in levulinic acid 1 affords dication A. Subsequent reaction of intermediate A with arenes leads species 
B, hydrolysis of the latter gives acylation products, diketones 2. Cyclization of dication B results in the 
formation of intermediate C. Subsequent protonation of hydroxyl group in species C followed by 
dehydration furnishes dication D, which is further attacked by arene to generate cation E. The hydrolysis 
of E finally gives rise to tetralones 3. 

 
Scheme 4. Plausible reaction mechanism. 
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Tetrazoles are among essential scaffolds in medicinal chemistry since they play a significant role 
as bioisosteric analogues of amide and carboxylic groups. Tetrazole derivatives perform various 
biological activities. There are a lot of examples of drugs containing tetrazole moiety [1]. Thus, the 
development of new effective methods for obtaining structurally diverse tetrazole derivatives is an 
important problem in organic and medicinal chemistry.  

One of the valuable ways to obtain N-substituted heterocyclic derivatives is to apply the N-H 
insertion reaction involving diazo reagents [2]. To our knowledge, this reaction has not been reported 
for tetrazoles yet. The key aim of this research is to study the synthetic potential of the insertion of diazo 
compounds into N-H bond of tetrazoles. 

 

 

Scheme 1. Optimal conditions selection and examples of products obtained. 
 

Primarily, we examined the scope of catalysts in the model reaction 1a+2a and found Rh2(OAc)4 
to give almost exclusively N(2)-regioisomer. Interestingly, TfOH treatment yields the mixture of 
regioisomers with almost equal ratio, although LED-lamp initiating gives twice N(1)-regioisomer excess. 
The latter opens up opportunities for N(1)-substituted tetrazoles production, which allows for 
intramolecular cyclizations. 

Then we used 2-diazo-2-phenylacetate 1a in N-H insertion reaction of diversly substituted 
tetrazoles. In most cases, N(2)-isomer 4b-f is the major one when catalyzing with Rh2(OAc)4. Also, we 
tested a variety of diazo compounds towards tetrazole 2a and obtained N(2)-isomers 4g-k in high yields. 

All structures were confirmed by NMR spectroscopy. For 4i X-ray analysis data was obtained.  
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The 21st century was marked by the rapid development and study of metal-organic frameworks 
(MOFs). These compounds have found wide application as sorbents, catalysts, gas-sensitive 
membranes [1]. We proposed and tested the idea of “anti-MOF” (Scheme 1): the metal cation is replaced 
by an anion, and the rigid carboxylate dianion is replaced by a rigid dication. Hexamethyl-[1,1'-biphenyl]-
4,4'-diammonium or hexamethylbenzidinium (HMB) was chosen as a such dication. 

Crystals were grown by slow evaporation of solvent; seven HMB salts were investigated by X-ray 
diffraction analysis: 4'-(dimethylamino)-N,N,N-trimethyl-[1,1'-biphenyl]-4-ammonium iodide (1), HMB 
iodide (2), HMB triiodide (3), HMB succinate (4), HMB tetravanadate (5), HMB terephthalate (6), HMB 
perylene-3,4,9,10-tetracarboxylate (7).  

According to the obtained results it was concluded that these seven compounds are not “anti-
MOF” since it have relatively small number of solvent molecules and structures does not represent open 
channels. In presented structures it is observed alternated cationic and anionic layers (Scheme 2). One 
may consider the torsional angle between the planes of the phenylene rings as a criterion of cation 
packing stress, then the least stressed packing is characterized by the compound (1) (19.34(0)°), and 
the most tense packing has the compound (4) (39.24(0)°). 

Most water content has HMB succinate. Still this compound do not related to coordination 
polymers. Coming soon are hexacyanoferrites of HMB, that have highly charged compact anions. 

 

 
Scheme 1. Schematic of MOF and “anti-MOF” structures. 

 

(a)  (b) 
 
 Scheme 2. Layered packing of ions in crystals 4 (a) and 7 (b). 
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The current research deals with the synthesis of 1,2,4,5-tetrazines and the study of their 
cycloaddition to vinyl sulfides under microwave and thermal activation in order to develop a new 
synthetic path for the construction of pyridazines. Pyridazines are an important class of heterocyclic 
compounds with great potential both in medicine and in organic and polymer chemistry, as well as in 
physics: such compounds demonstrate various biological activity, are used as ligands for the design of 
catalysts, and also exhibit interesting photophysical properties [1]. 

Calcium carbide easily transforms to vinyl derivatives. The latter can be used as acetylene 
surrogates for the construction of heterocyclic cores [2-4]. In this research, a two-step synthesis of 3,6-
disubstituted pyridazines was performed. On the first step, various vinyl sulfides were synthesized from 
thiols and in situ generated acetylene. Further, [4+2] cycloaddition of 1,2,4,5-tetrazines to vinyl sulfides 
allowed to synthesize 3,6-disubstituted pyridazines (Scheme 1). Using this method a wide range of 
pyridazines was synthesized. 

It was estimated that microwave activation can remarkably increase the product yield, as well as 
reduce the reaction time [2]. For example, under conventional heating the yield of 3,6-diphenylpyridazine 
was 73% in 24 days, while under microwave activation the yield was 93% in only 105 minutes. 
 

 

Scheme 1. S-vinyl derivatives as acetylene surrogate for the synthesis of pyridazines. 
 

Keywords: calcium carbide, acetylene, vinylation, cycloaddition, pyridazines, microwave 
activation. 
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Calcium carbide demonstrates high versatility in the synthesis of a wide variety of organic 
compounds [1]. The research of Sonogashira cross-coupling reactions involving halogen substituted 
polyheterocycles and in situ generated acetylene is of great interest to organic chemists, since the 
resulting products are suitable for the preparation of new fluorescent dyes. 

In our work, calcium carbide was used for the construction of a number of heterocycle-containing 
acetylenes. On the first step, 1,3-dipolar cycloaddition and [4+2] cycloaddition of in situ generated 
acetylene was used for the synthesis of halogen-substituted heterocycles [2-6]. On the next step of our 
investigation, Pd-catalyzed cross-coupling reaction of acetylene and halogen-containing 
poly(hetero)aryl compounds allowed to synthesize (hetero)aryl acetylenes (Scheme 1). 

 

 

Scheme 1. The synthesis of (hetero)aryl acetylenes. 
 

Keywords: calcium carbide, acetylene, cycloaddition, isoxazoles, pyrazoles, triazoles, pyridazines, 
Sonogashira coupling. 
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2H-Azirines are widely used as versatile building blocks in the synthesis of 3−7-membered 
nitrogen heterocycles and various acyclic nitrogen-containing compounds [1]. 2-Halogen-substituted 
azirines, which exhibit unique reactivity towards nucleophiles, are of particular synthetic interest. In such 
reactions, these compounds can retain the azirine system [2] or undergo ring opening, ultimately leading 
to the formation of either new acyclic [3] or heterocyclic structures [4]. 

The application of the azirine strategy for the synthesis of heterocycles with phosphorus-
containing functional groups comes down mainly to the use of hardly available azirinylphosphonic esters 
and azirinylphosphine oxides. In this work, the reactions of 2-bromo-2H-azirine-2-carboxylic acid 
derivatives with phosphites were studied as a more straightforward route to new heterocyclic systems 
with dialkoxyphosphoryl groups. It was found that azirine 1 reacts with trialkylphosphites when heated 
to form 2,4-bis(dialkoxyphosphoryl)-substituted 4-oxazolines 3 as main product. The data resulted from 
the experiments on 1H NMR monitoring of the reaction course under various conditions and determining 
the structure of the by-products, allowed to suggest a six-step mechanism for this domino reaction. The 
opening of the three-membered ring occurs in betaine 2, which is formed as a result of SN2' substitution 
of bromine, the Arbuzov reaction and the addition of a second phosphite molecule. The unexpected 
results of reactions of azirines 1 with triphenylphosphine, which proceeds through the formation of 
azirinylphosphonium salts, are also discussed. 

 

 
Scheme 1. Synthesis of 2,4-bis(dialkoxyphosphoryl)-substituted 4-oxazolines. 
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Organic dyes (such as indigo, thioindigo, etc.) are currently used not only as industrial dyes, but 
also as components for the creation of functional materials (for example, photo- and semiconductors). 
The molecules of these substances are capable of redox transitions, due to which it is possible to 
introduce unpaired electrons, capable of participating in the implementation of conductivity or magnetic 
ordering of spins, into their structure. Moreover, dyes that have heteroatoms in their structure (for 
example, oxygen of the carbonyl group) are able to coordinate atoms of various metals. However, the 
number of organic dyes studied in reduction and coordination complexes with transition metals is still 
very limited. Mostly, they are limited to indigo-type dyes or chemically modified molecules based on 
them (the so-called “N-indigo derivatives”). 

In the course of this work, a number of coordination complexes based on the reduced form of 
violanthrone were synthesized and obtained in the form of single crystals for the first time. The resulting 
compounds were studied and characterized by X-ray diffraction analysis, IR and electron spectroscopy, 
and SQUID magnetometry. 

Scheme 1. Molecular structures of coordination dianion complexes of violanthrone: (а) 
{Violanthrone•[MnII(acac)2]2}2‒; (б) {Violanthrone•[DyIII(TMHD)3]2}2‒; (в) {Violanthrone•[Cp3NdIII]2}2‒. 
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10B-neutron-capture therapy (BNCT) is a promising method for the treatment of malignant tumors. 

Currently, the only drug authorized for use is para-boronophenylalanine. Its disadvantages are low mass 
fraction of boron atoms in the molecule, as well as low solubility of the drug in water. In the course of 
the work, we proposed the preparation of alternative candidate structures, selected the conditions for 
maximizing the yield, solved the problem of conflict of solubility of the reagents, and studied the kinetics 
of hydrolysis of the protecting groups. We have also developed a methodology to prepare amino acid 
conjugates with free carboxyl and amino groups and closo-dodecaborate anion, which is the first 
[B12H12]2- derived drug targeting the LAT-1 receptor of a cancer cell. 

Figure 1. Scheme of preparation of conjugates of closo-borate anions and natural amino acids on the 
example of closo-dodecaborate anion. R = Me, nPr; R1 = H, Me, Bn, CH2OH, CH2SH, CH2Im, 

CH2COOH, CH2CONH2, 4-I-Bn; R2 = Me, Et, tBu, Bn. 
 
Thus, conjugates of cluster anions [B12H12]2- and [B10H10]2-, with natural amino acids, as well as 

their halogen and ester derivatives were synthesized. The obtained substances were characterized by 
multinuclear NMR, IR spectroscopy, and high-resolution mass spectrometry. The kinetics of hydrolysis 
of the protecting groups was studied for derivatives of amino acids, and in vivo biodistribution data were 
obtained for conjugates of closo-dodecaborate anion with ethyl ester of glycine and phenylalanine. 
 

References 
[1] Russ. J. Inorg. Chem. 2020, 65(6), 795 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 24-13-00295). 
 

  

mailto:ryabchikovaarita@gmail.com


 

533 
 

ORGANOCATALYSIS BASED ON CHALCOGEN- AND HALOGEN-BOND-DONATING 
CYANOBORORHYDRIDES 

Safinskaya Y.V., Il’in M.V., Bolotin D.S. 

St. Petersburg State University, St. Petersburg, Russia 
Student  

st095079@student.spbu.ru  
 

In modern organic chemistry, organocatalysts based on donors of halogen and chalcogen bonds 
are widely used, because they have low toxicity, resistance to air components, and high catalytic activity 
in reactions requiring electrophilic activation (Scheme 1). 

 

 
 

Scheme 1. Model donors of halogen and chalcogen bonds. 
 
In this work [1], we have investigated the possibility of accelerating the hydrogenation reaction of 

an imino group with a cyanoborohydride anion, which is a part of the salt based on a σ-hole donating 
cation. Kinetic studies have shown that the reduction of a model imine is significantly accelerated in the 
presence of halogen and chalcogen bond donors compared to sodium and tetrabutylammonium 
cyanoborohydrides (Scheme 2). 
 

 

Scheme 2. Imine reduction kinetic curves based on 1H NMR monitoring.  
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Oxadiazole heterocycles are widely known as privileged structure in synthesis of 

pharmaceutically important compounds due to being bioisoster for carboxylic groups [1]. 
 In course of our study dedicated to five membered heterocycles modification using iodonium 

compounds[2,3] we have developed new approach for selective N-arylation of 1,2,4- and 1,3,4-
oxadiazolones with diaryliodonium salts in the present of CuI catalyst (Figure 1) [3]. 

Further new synthetic pathway for obtaining the previously undescribed N-aryl-1,2,4-thiadiazol-
5(4H)-ones – analogues of N-aryl-1,2,4-oxadiazol-5(4H)-ones was developed in our research group. 

 

Scheme 1. Synthesis pathway for N-arylated 1,2,4-, 1,3,4-oxadiazol-5(4H)-ones and 1,2,4-thiadiazol-
5(4H)-ones. 

 
Herein we report the applicability of diaryliodonium salts as effective reactants for electrophilic C–

N coupling in synthesis of N-aryl-1,2,4-, N-aryl-1,3,4-oxadiazol-5(4H)-ones and N-aryl-1,2,4-thiadiazol-
5(4H)-ones. 
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Today, organic peroxides are an important part of the chemical industry. Members of this class 

of compounds are widely used in the polymeric industry as initiators of free radical polymerization [1], 
as well as in medicine and agrochemistry, as active agents of anti-parasitic, anti-malarial and 
bactericidal drugs [2]. So, research and development of methods of selective synthesis of new organic 
peroxides is a topical direction. 

The present work is devoted to the development of a method for the introduction of the tert-butyl 
peroxy fragment into the cyclic CH-acids (Scheme 1) and is a continuation of the research of the 
laboratory №13 team on the topic: peroxidation of β-dicarbonyl compounds and their derivatives. It was 
found that salts of Co(II) are able to catalyze the peroxidation of a wide range of alkyl/aryl substituted 
cyclic CH-acids, such as 4-hydroxy-2(5H)-furanones and Meldrum acids (Scheme 1). 

 

 
Scheme 1. Co-catalyzed peroxidation of cyclic CH-acids. 

 
The relevance of the work is supported by the possibility of obtaining useful substances. 

Derivatives of 4-hydroxy-2(5H)-furanonones could be used as the active substances in medicinal 
chemistry and agrochemistry, and the introduction of peroxy fragment can expand the field of application 
[3]. 
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Diarylethenes undergo various types of irreversible light-induced reactions, based on 6π-
cyclization with subsequent rearrangements and oxidations [1, 2]. In our work, we study photochemistry 
of semi-stiff-diarylethenes, hybrids of common diarylethenes and stiff-stilbenes [3, 4]. We found, that the 
presence of an additional cyclohexanone ring (in the enol form) in the structure opens new reaction 
pathways for photoactive diarylethenes.  

As a model semi-stiff-diarylethene we use compound 1, previously synthesized by one of us [5]. 
In various conditions, this substrate could form anthracene derivative 2, product of formal methane 
elimination 3 and product of formal [1,3]-hydrogen shift 4. In the presentation, we will discuss the impact 
of reaction conditions on the photoreactions of semi-stiff-diarylethene 1 and its analogues as well as 
molecular structure of the photoproducts. 
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Two approaches were proposed to the synthesis of dibenzo[b,h][1,5]naphthyridin-7(12H)-ones 

3a-e [1]. The one-step method based on the Pictet–Spengler reaction of 3-amino-2-phenylquinolin-
4(1H)-one 1 [2] with aromatic aldehydes requires heating in a strong acidic media, which leads to 
significant limitations on the possible products. The second approach is based on the conversion of 3-
amino-2-phenylquinolin-4(1H)-one 1 to 4-phenyl[1,3]oxazolo[4,5-c]quinolines 2a-e followed by 
rearrangement under the action of AlCl3. A significant advantage of the two-step synthesis is the 
possibility of obtaining a wider range of dibenzo[b,h][1,5]naphthyridin-7(12H)-ones, including those not 
available using the Pictet–Spengler reaction. 

Reduction of dibenzo[b,h][1,5]naphthyridin-7(12H)-ones 3a-e with NaBH4 in acetic acid [3] leads 
to 6-ethyl-5,6-dihydrobenzo[b,h][1,5]naphthyridin-7(12H)-ones 5a-e, which are fluorophores emitting in 
the yellow-green region of the spectrum with a fluorescence quantum yield of up to 0.25 and 
anomalously large Stokes shifts of up to 156 nm. 
 

 

Scheme 1. Synthesis of 6-ethyl-6,12-dihydrodibenzo[b,h]-1,5-naphthyridin-7(5H)-ones 5a-e.  
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Ferroelectrics induce spontaneous polarization in a crystal, capable of reorientation under the 
influence of external fields. More than 300 ferroelectrics are known, including inorganic materials, 
organic compounds, liquid crystals and polymers. Polar metal-organic coordination polymers (MOCPs) 
occupy a place between inorganic and organic materials [1,2]. As hybrid systems, they benefit from 
structural diversity and self-assembly capabilities from inorganic and structural blocks such as metal 
ions, ligands, clusters, templating molecules and solvents. The introduction of movable polar 
components that acquire mobility in an electric field, molecular rotors, makes it possible to configure 
reoriented electric polarization in the MOCP structure. We demonstrated the replacement of 
components in the crystalline structure of UiO-66 MOCP without disrupting its topological bond order. 
Thus, the terephthalate ligand was replaced with a 2,5-pyridinedicarboxylate ligand in various 
proportions. This complication and polarization of the framework leads to the development of a set of 
physical and chemical properties: the changing of adsorption activity (with the application of N2, CO2, 
metronidazole) and the emergence of a response to a constant and alternating electric field. Such a 
strategy of responsive vehicles design is promising for targeted drug delivery.  

Furthermore, the structural diversity of potentially polar perovskite-like MOCPs from the 
Cambridge Structural Database has been analyzed. 
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N-Heterocyclic carbenes (NHC) based on nitrogen-containing heterocycles have long been used 

as ligands for transition metal complexes as well as in organocatalysis [1,2]. The addition of NHCs into 
the photochromic system, in particular diarylethenes, will open access to catalysts with light-controlled 
activity and selectivity [3]. Previously, Bielawski showed that diarylethene containing a NHC fragment 
can be used as an organocatalyst and ligand for iridium(I) and ruthenium(IV) complexes, which further 
allowed the realization of light-controlled catalysis of various reactions [4,5]. 

In the works available so far, the N-heterocyclic fragment is as a linker between two aryl moieties 
[6]. In our work, we have integrated this fragment in replacement of one of the aryl rings. This 
arrangement of NHC will directly affect the electronic structure of such systems, and as a result of their 
photochemistry. 

We have developed a new synthetic methodology for the construction of photochromic precursors 
of N-heterocyclic carbenes I from which the corresponding transition metal complexes II and III were 
obtained. The synthesis and photochemical properties of photochromic imidazolium salts and their 
complexes with transition metals will be presented. 

 

 

Scheme 1. Photochromic imidazolium salts and their palladium complexes. 
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Porphyrins are a class of macroheterocyclic compounds possessing unique electronic and 

chemical properties. Their capability of energy or electron transfer under photoexcitation determined 
their intensive investigation as photocatalysts for organic reactions. Modification of the periphery of the 
tetrapyrrole macrocycle enables the precise tuning of its optical and redox properties, which 
consequently affects the catalytic perfomance of the resulting derivatives. In light of the increasing 
relevance of photocatalysis for various applications, there is a significant demand for strategies to 
enhance the efficiency of porphyrin-based catalysts. 

In response, a series of novel free-base pyrazine-appended porphyrins with an expanded 
aromatic system 2H-1 – 2H-5 and corresponding indium(III) complexes InCl-1 – InCl-5 were 
successfully synthesized, containing peripheral polycyclic (phenanthroline, phenanthrene, 
acenaphthene) fragments or ethyl, tolyl substituents. Photocatalytic investigations into the oxidation of 
thioanisole demonstrated that the indium(III) complexes, even at low catalyst loading of 5*10-4 mol.%, 
achieve complete substrate conversion within 16 hours with high selectivity (up to 99%) and a turnover 
number (TON) of up to 200,000. In contrast, similar performance with free bases required higher loading 
of 10-2mol.%, providing a TON of up to 10,000. This indicates that the expansion of the π-system of 
heterocycle-appended porphyrins and further incorporation of metal ion can effectively control the 
photochemical properties of the photosensitizers. 

 

 

Scheme 1. π-Expanded pyrazinoporphyrins in photocatalysis. 
 

Further enhancements were achieved by introducing phosphonate groups and forming indium(III) 
complex that markedly improved photocatalytic efficiency, achieving TON of 200,000 with just 5*10-4 
mol.% catalyst loading. The introduction of functional phosphonate groups into the periphery of the 
phenanthrene fragment further augments this efficiency, paving the way for the development of new 
hybrid catalytic materials based on π-expanded porphyrins. 
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The formation of a carbon-carbon bond is the fundamental goal of synthetic organic chemistry. 

The last three Nobel Prizes in synthetic organic chemistry (2022, 2021, 2010) were awarded especially 
for the development of methods for selective C-C bond formation. Whilst many of the recent advantages 
in this area have employed as both traditional electrophile-nucleophile coupling and reactive transition 
metal complexes, it important to remember that the formal functionalization of C-H bonds by reactive 
free radicals has a longstanding history in organic chemistry. 

Herein we focus on C(sp3)-C(sp2) bond formation. A major breakthrough in this field was achieved 
in the 1960s with the discovery of Minisci couplings, which have been widely used by chemists seeking 
to functionalize aromatic heterocycles in a rapid and direct manner, avoiding the need for de novo 
heterocycle synthesis.  

The selective alkylation of heterocycles with radicals generated from diacyl peroxides using a 
metal-containing catalyst was developed [1].  

 

Scheme 1. The concept of the work. 
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Isoflavones are non-steroidal diphenolic compounds isostructural to the endogenous gonadal 
steroid, 17β-estradiol. The similarity of chemical structure allows them to  

bind competitively with estrogen receptors α (ERα) and β (ERβ), that can be used in the treatment 
of estrogen-dependent tumors as well as an anchor for drug-delivery to the tumor cell surface. [1] 

One member of the isoflavone class – daidzein – has been selected for construction of “linker-
anchor” combination in our work due to its high affinity to ER.  

We propose an improved chromatography-free method for the synthesis of daidzein derivatives 
coupled with the commonly used linker groups containing carboxyl and amino residues. The yield of 
compound 6 (Scheme 1) was 51%, with overall yield on 8 steps of 39%. Chemical optimizations in the 
daidzein linker synthesis were summarized in our submitted article [2]. 

 
 

 

Scheme 1. Synthesis of daidzein derivatives. Reagents and conditions: i: K2CO3, BrCH2COOMe, 
DMF; ii: DMF-DMA, DMF; iii: I2, MeOH; iv: PEG 3350, Pd(OAc)2, Na2CO3, 4-OH-PhB(OH)2; v: 50% 

AcOH; vi: BocNH(CH2)6NH2, HBTU, DIPEA, DMF; vii: TFA. 
 

The final daidzein derivative 8 was coupled with the recombinant C115H methionine-γ-lyase 
(MGL) from Clostridium novyi. The resulting C115H-Dz conjugate were studied in vitro and in vivo in 
collaboration with Blokhin National Medical Research Center of Oncology and Gamaleya National 
Research Center of Epidemiology and Microbiology [3]. It was demonstrated that C115H-Dz specific 
binding to the ER+, HER2+, PR+, and basal breast adenocarcinoma cells allowed to produce in situ 
cytotoxic thiosulfinates from the infused S-(allyl/alkyl)-L-cysteine sulfoxides right at the surface of the 
breast cancer cells. Moreover, these conjugates of incapsulated C115H MGL with daidzein improved 
overall pharmacokinetic parameters compared to the native enzyme. 
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Merocyanines are neutrally charged donor-acceptor polymethine dyes that pay attention because 
of their photophysical properties and wide practical application in bioimaging and material science. 

We developed a new general method for the synthesis merocyanine dyes via enamination of 2-
methyl-4-pyrones [1], 4-methylene-4H-pyranes [2] and 4-methylene-1,4-dihydropyridines. The main 
advantages of this method are high chemoselectivity, availability of reagents and wide scope of involved 
substrates.  
 

 

Scheme 1. Synthesis mono- and bis-substituted merocyanines 2 and 3. 
 

N,N-Dimethylformamide dimethyl acetal was used as an enamination reagent. Variation of 
reaction conditions made it possible to obtain mono- and bis-enaminosubstituted products. Following 
conjugate addition of enamines 2 with C- and N-nucleophiles proceeded via the substitution of the 
dimethylamino group to form dyes 3. A feature of prepared merocyanines 2 and 3 is good photostability, 
large Stokes shift, wide absorption wave range, and tunable emission. The main the substituent effects 
on photophysical properties were determined for the targeted design of dyes. 

Thus, we found a novel method of the modification for conjugated pyrane derivatives and 
synthesized a wide range of new dyes with valuable photophysical properties.  
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Tungsten enzymes are found in anaerobic organisms and play a role in the transformation of the 

main biogenic elements, such as oxygen, nitrogen, and sulfur [1]. These enzymes transfer an oxygen 
atom between the substrate and themselves, this process is called the oxotransfer. The oxotransfer 
mechanism of these enzymes is currently being studied using model complexes that mimic the active 
enzyme centers. One of such model compounds is the maleonitrileditolate complex [Et4N]2[WO(mnt)2], 
where mnt2-

 = {S2C2(CN)2}2- [2]. 
In the present work the reaction between complex [Et4N]2[WO(mnt)2] and Me3NO in non-aqueous 

solution was studied. The model reaction was carried out in various molar ratios of the reagents. The 
composition of the reaction mixture and its evolution over time were monitored using UV-Vis and 1H, 13C 
NMR spectroscopy (figure 1). 
 

 

Figure 1. UV-VIS spectra of individual complexes and reaction mixtures with different component 
ratios. 

 
In this work we have shown that Me3NO undergoes reduction in the presence of 

[Et4N]2[WO(mnt)2]. Furthermore, the reaction proceeds completely, even in the presence of a ten-
fold excess of Me3NO, albeit it takes a relatively long time. Thus, we believe that the process in the 
[Et4N]2[WO(mnt)2]/Me3NO system constitutes a catalytic reduction of the substrate, with the tungsten 
complex acting as a catalyst (scheme 1).  

 

 
 

Scheme 1. The proposed catalytic cycle involving [Et4N]2[WO(mnt)2]. 
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Colchicine is a naturally occurring antimitotic drug possessing strong antiproliferative activity. 
Although the high systemic toxicity of colchicine significantly restricts its clinical application, due to widely 
spread natural sources of colchicine, and the convenience of its structure for chemical modification, this 
molecule still presents an attractive synthetic platform. One of the ways to overcome the toxicity of 
colchicine is to create analogue molecules with improved characteristics. The resulting 
dihydrofuranoallocolchicinoid 1 demonstrated high antiproliferative activity in the picomolar 
concentration range against a number of cell lines and reduced acute toxicity (LD50) compared with 
natural colchicine [1]. However, the resulting molecule isomerizes in an acidic environment and has 
insufficient bioavailability due to low solubility. 

An analogue of this colchicinoid 2 containing fluorine atoms in the −position with respect to the 
double bond, which prevent isomerization, demonstrated even more promising results in inhibiting the 
growth of tumor cells [1]. 

 

 
Scheme 1. Active dihydrofuranoallocolchicinoids. 

Based on the obtained colchicinoids 1 and 2, prodrugs 3 and 4 were synthesized, in which the 
active agents are colchicine derivatives bound by a triazole linker to maltose, which ensures the water 
solubility of this conjugates, thereby increasing their bioavailability. 

 
Scheme 2. Structures of the target prodrugs. 

Biological studies of the obtained target conjugates 3 and 4 were conducted in vitro and in vivo. 
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The Ras85D gene is the most well known proto-oncogene. Most research of carcinogenesis 

showed the participation of Ras family genes in the formation of malignant tumors. The Ras85D gene 
is an orthologist of human genes (N-ras, K-ras and H-ras) and belongs to the highly conservative gene: 
the nucleotide sequence is little variable from yeast to human. These genes were first discovered in rat 
sarcoma cells which led to the name of this group. RAS genes are involved in the regulation of cell 
division, normal and in pathologies. Mutation of these genes is found in nearly 15% of all cases of tumors 
of human tumor formation.  

The Ras85D gene and the protein produced by it belongs to the Ras superfamily. Their 
participation in signal transmission from cell receptors to the MAR-kinase cascade is shown. In addition 
to this function, proteins in this family affect the state of the actin cytoskeleton, malignant transformation 
and other processes. However, data on the regulation of the gene's own transcriptional activity are very 
little known. The involvement of miRNAs in regulating gene expression activity of orthologous Ras gene 
has previously been shown to man. This process includes the participation of 17 microRNAs. For 
Drosophila, the influence of miRNAs on the expression of oncogenes previously was not shown. For 
invertebrates, data were obtained only for Caenorhabditis elegans.  

1. Production of transgenic structures bearing the GFP reporter gene under the Heat Shock 
promoter, containing a 3'- untranslated region of the Ras85D gene with the presence / absence of the 
analyzed conservative sequence.  

2. Getting transgenic flies. 

3. Analysis of the degree of GFP reporter gene expression using a confocal laser microscope. 

4. Expression score 

Results: Were found sites of binding miRNA (mir-313, mir-92a, mir-312) with the investigated 
gene Ras85D in the region 3`-UTR.   

Made transgenic construct containing the GFP gene and the 3’UTR of the Ras85D gene in D. 
melanogaster with the presence / absence of the analyzed conservative sequence.  

Were obtained transgenic flies.  

Was analyzed the degree of gene expression.  

Ras85D is one of the most important housekeeping genes, functioning as a key component of 
the promitotic regulatory cascades. The gene product is involved in signal transduction from the receptor 
tyrosine kinases to transcription factors - the cell cycle regulators. Therefore, this gene is highly 
conserved, and most of non-neutral substitutions are discarded by selection leaving for analysis only 
neutral variability. 

It is shown that the change of the transcription start site and the nucleotide sequence of the 
regulatory region of the gene in the early stages of the evolution of species from around the subgenus 
Drosophila.  
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Currently, porphyrins are used in various fields.Hydrophilic and amphiphilic porphyrin derivatives 

are used as photosensitizing drugs for PDT. The introduction of hydrophilic peripheral substituents 
(carboxyl, hydroxyl and sulfogroups) into the tetrapyrrole macrocycle provides solubility of compounds 
in aqueous solutions. However, porphyrins are prone to associate formation and aggregation, which 
limits the use of these compounds in the processes of photooxidation, photoinactivation and bio-
visualization. Most of the research in this field has been conducted for symmetrical water-soluble 
porphyrins [1]. Asymmetric porphyrins may have higher selectivity in respect of pathogenic microflora. 
An important goal is to determine the conditions of existence of monomeric forms of asymmetric 
porphyrins in aqueous solutions under the influence of various environmental conditions, solubilizing 
and transport systems. 

In this work, a study of the state of 5-[4'-(1",3"- benzothiazole-2"-yl)phenyl]-10,15,20-tris(4'-
sulfophenyl)porphine, 5-[4'-(1",3"- benzoxazole-2"-il)phenyl]-10,15,20-tris(4'-sulfophenyl)porphine, 5-
[4'-(N-methyl-1",3"-benzimidazole-2"-yl)phenyl]-10,15,20-tris(4'-sulfophenyl)porphine in aqueous 
solutions under changing environmental conditions, and also in the presence of anionic surfactant - 
sodium dodecyl sulfate (SDS). The study of the state of porphyrins was carried out using spectral 
analysis methods. 

Previously, we showed [2] that in aqueous solutions, the studied sulfonated monoheteryl-
substituted porphyrins predominantly form acid-base type associates. To shift the associative equilibria 
of porphyrin – porphyrin self-association towards the monomeric form of porphyrin, SDS of various 
concentrations was introduced into the analyzed solutions. It was found that porphyrin remains self-
associated in the pre-micellar region (SDS concentration up to 0.002 mol/L). An increase in the 
concentration of SDS in porphyrin solutions contributes to an increase in the number of monomeric 
forms of porphyrin due to the deconstruction of porphyrin aggregates by surfactant molecules.It was 
revealed that the studied porphyrins are localized in SDS micelles. The studied porphyrins contribute to 
the formation of SDS micelles, reducing the CMC of SDS from 8∙10-3 to 2∙10-3 mol/L. The results of the 
work can be further used in the development of antimicrobial photodynamic inactivation techniques. 
 

References 
[1] Int. J. Mol. Sci. 2021, 22(2), 797 
[2] J. Mol. Liq. 2023, 383, 122181 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 21-73-20140). 

 

  

mailto:Irina.Sk.01@mail.ru


 

548 
 

A NEW CLASS OF CATIONIC PHOSPHINE LIGANDS CONTAINING A PHOSPHONIUM MOIETY: 
SYNTHESIS AND PHOTOPHYSICAL PROPERTIES 

Snetkov D.A.1, Grachova E.V.1 

1 St Petersburg University, St. Petersburg, Russia 
Bachelor student 

st084974@student.spbu.ru 
 

Cationic phosphine ligands are currently an interesting object in terms of organoelement, 
coordination chemistry and catalysis. The introduction of positively charged groups on the periphery of 
the phosphine molecule contributes to a significant change in electronic properties as well as 
physicochemical characteristics, such as water solubility, air stability [1], and catalytic activity [2]. On the 
other hand, the replacement of standard neutral phosphine ligands with cationic ligands should 
potentially be accompanied by significant changes in photophysical properties of a transition metal 
complex. 

The cationic phosphonium group ―PPh2Me+ has been shown in many studies to be a good 
acceptor fragment capable of influencing the emission characteristics and photoinduced charge transfer 
processes for various classes of organic and organometallic phosphors with  
Donor―π-linker―Acceptor dyads [3-4]. The additional possibility of application of phosphonium-
containing agents in bioimaging and biomedicine increases the interest in such objects [5].  

In the present work, a series of phosphonium-containing ligands PPL (L = 0―3) differing by the 
nature of the conjugated linker were synthesized via an unsymmetric quaternization reaction from 
corresponding bis-diphenylphosphines (Scheme 1). 
 

 

Scheme 1. Synthetic pathway of phosphonium-containing ligands PPL (L = 0―3). 
 

The compounds obtained were characterized by 1H, 31P, 19F, 1H-1H COSY NMR spectroscopy 
and high-resolution ESI+ mass spectrometry. To characterize the systems as 
Donor―π-linker―Acceptor dyads, the UV/vis electronic absorption and luminescence spectra in 
solution were measured. 
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Radical anion salts of fullerenes have been obtained through the reaction of CsC60 and CsC70 

with cationic dye (astrophloxine+)(I−) yielding crystalline salts (astrophloxine+)2(C60
•−)2C6H4Cl2 C6H14 (1) 

and (astrophloxine+)2(C70
−)2 (2). Salt 1 contains C60

•− radical anions arranged in 3D packing among 
which pairs of types I and II can be outlined. Strong antiferromagnetic coupling of spins is observed in 

the monomeric phase with Weiss temperature of -28 K. Partial dimerization of C60
•− is observed in the 

pairs of type I at 210-150K yielding a mixture of diamagnetic singly-bonded (C60
−)2 dimers and pairs of 

C60
•−. The reaction is accompanied by a decrease in the magnetic moment. Pairs of C60

•− of both types 

show no dimerization due to -stacking. Monomeric C60
•− radical anions in the pairs are also separated 

by cations which form short H(astrophloxine+)C(C60
•−) contacts and can hinder dimerization. Thus, 

despite close distances between C60
•−, they can dimerize only partially in 1. Strong antiferromagnetic 

coupling between C60
•− is observed below 140 K, estimated exchange interaction (J/kB) is -24 K. Below 

40 K antiparallel alignment of S = 1/2 spins in the pairs. Phase containing mixture of monomers and 

dimers demonstrate a lower Weiss temperature of -11 K. The C70
•− radical anions form singly bonded 

(C70
−)2 dimers in 2. The astrophloxine dye absorbs light in the visible range with maxima at 516 and 553 

nm, and these bands are red-shifted to 530 and 556 nm. Low-energy absorption at about 3300 cm-

1manifested by salt 1 is attributed to charge transfer within the -stacking pairs [1]. 

Scheme 1. Views on the packing of С60
•−, singly bonded (C60

−)2 dimers and the astrophloxine cations 

in (astrophloxine+)4(C60
•−)2(C60

−)2 (1) at 103(1) K: at the positions for type I C60 molecules (a) depicts 

dimeric (C60
−)2 with the 0.58 occupancy and (c) shows monomeric C60

−s with the 0.42 occupancy; (b) 

the chains formed by the С60
•−  pairs of type II. 
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Both purine nucleic bases contain an exocyclic amino group in the pyrimidine fragment of the 
bicyclic ring and a neighboring endocyclic nitrogen atom, forming a 1,3-dinucleophilic pair. Thus, 
cyclocondensation with a 1,3-dicarbonyl reagent should lead to the formation of new Azonia systems 
combining the structural moieties of nucleic bases and cationic alkaloids. At the same time, the reactions 
of purines with such dielectrophilic reagents as 1,3-dicarbonyl compounds are practically not studied.  

Here we report the results of a study of the reactions of adenine and guanine perchlorates with 
such a 1,3-dielectrophilic reagent as pentane-2,4-dione (acetylacetone). Surprisingly, the first mention 
of adenine perchlorate dates back to 2011, while guanine perchlorate is not known at all, despite the 
fact that both salts can be easily obtained by recrystallisation of the corresponding nucleic acid base 
from perchloric acid. 

The interaction of adenine and guanine perchlorates with acetylacetone was carried out in a small 
amount of DMF, at a temperature of 150 C° (temperature of the heating surface of the magnetic stirrer). 
The structure of the obtained compounds was established by NMR and mass spectroscopy.  

For adenine, the reaction proceeds in the stoichiometric ratio of adenine perchlorate: 
acetylacetone 1: 2 and is accompanied by opening of the pyrimidine cycle of the adenine molecule and 
loss of the one-carbon fragment. It was shown that adenine perchlorate reacts with acetylacetone to 
form a new heterocyclic compound, 8-(4,6-dimethylpyrimidin-2-yl)-2,4-dimethylimidazo[1,5-
a]pyrimidine. 

 
Scheme 1. The interaction of adenine perchlorate with acetylacetone. 

 
In the case of guanine perchlorate, the reaction proceeds in a 1:1 molar ratio and no opening of 

the pyrimidine moiety of the bicycle is observed. 

 

Scheme 2. The interaction of guanine perchlorate with acetylacetone.  
 

Obviously, the reaction proceeds with the participation of the nitrogen atom at position 3 of 
guanine and exocyclic amino group of the molecule and the reaction product is 7,9-
dimethylpyrimido[2,1-b]purine-4(1H)-one. 
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Amidoximes are widely used in medicine as sources of nitric oxide (II) [1]. They are also in 
demand in the development of adsorbents for the removal of heavy metals, in particular uranium [2,3]. 
In addition, amidoximes have great synthetic potential, being convenient starting compounds in 
heterocyclic chemistry [4]. 

It has previously been shown that the hydroxygroup of oximes easily attacks the 2-position of 
pyridine-N-oxides activated by bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP). In this 
case, the corresponding ethers are formed (О-pyridyloximes) [1]. We decided to test the possibility of a 
similar reaction for amidoximes. As a result of the work done, it was shown that due to the activation of 
PyBrOP, pyridine-N-oxides are able to react with amidoximes, while forming exclusively oxygen atom 
substitution products. Optimal process conditions were also selected and 14 previously undescribed O-
pyridylamidoximes were synthesized. 

 

 

Scheme 1. General synthesis scheme of O-Pyridylamidoximes. 
 
The purity and structure of the obtained compounds were confirmed by NMR spectroscopy (1Н, 

13С, 19F) and high-resolution mass spectrometry. In addition, X-ray diffraction studies were performed 
for three compounds. 
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Carrying out chemical reactions in solutions has its advantages and disadvantages. The presence 
of reagents in one phase helps to increase the rate of the process, meanwhile, interaction with the 
solvent appears to be an additional barrier. It has been shown that solvent content can be lowered to 1 
mass% without phase separation, which results in a 102 – 104-fold increase in the reaction rate.[1] Even 
greater acceleration effect was noticed in charged microdroplets of reaction masses, obtained with 
electrospray.[2] It is assumed that the acceleration effect, in both cases, is associated with the 
desolvation of the reacting substances, which happens at the interface of microdroplets or in the media 
due to solvent evaporation. [2]  

The application of this phenomenon in organic synthesis will provide both miniaturization and 
acceleration. Nevertheless, previously described methods have limitations concerning the collection of 
the product, cost-effectiveness of methodology and the optimization of reaction conditions.  

 

Figure 1. A Application of droplets array using the running droplet method. B Selective application of 
the reaction mass. C Time-conversion rates for Schiff reactions: blue graph – reactants in CHCl3 

applied on the wettability pattern, orange graph – reaction in CDCl3 at room temperature. 

Herein, we introduce an approach for the formation of a reaction mass droplet array. This 
approach is based on using photolithography of material with omniphobic surface properties to create 
wettability patterns. The new method resolves the main practical limitations of the known reaction 
acceleration methods. It allows to generate microdroplets of a reaction mass without using any additional 
equipment by simply wetting the pattern (fig. 1A, B). In addition, the proposed method represents a 
convenient model for the study and conditions optimization of reactions in oversaturated solutions due 
to variability of experiment parameters such as droplet size and solvent.  

The formation of Schiff bases was chosen as one of the model reactions for further method 
characterization, as it was previously studied in other reaction acceleration methods. To inspect the 
acceleration rate of the new method, we compared the kinetics of Schiff reactions performed on the 
wettability pattern and in CDCl3 solution at room temperature (fig. 1C). The reaction mass (2,4-
dimethoxybenzaldehyde 0.65 mmol/ml and p-toluidine 1.00 mmol/ml in chloroform) was applied onto 
the wettability pattern with circle wettable areas D = 15 microns, using the running drop method (fig. 
1A). The resulting array of microreactors (fig. 1B) was kept at room temperature. Next, microdroplets 
containing the product were collected from the pattern with CDCl3. Conversion of 50% was achieved on 
the pattern within 5 minutes of the reaction (NMR analysis). Interestingly, the reaction rate dropped 
sharply after 5 minutes, which we associate with the crystallization of the reactants. These observations 
confirm the possibility of the reaction acceleration on wettability patterns.  

To further characterize the new method, we plan to study the relation of Schiff reaction speed to 
the size of the wettable areas. We also plan to study the reaction kinetics in different solvents on 
patterns.  
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Chemical compounds from renewable natural sources (e.g., plant biomass) are promising 
material for production of practically useful products. Dihydroquercetin (taxifolin) I is a flavonoid 
extracted from the bark of various tree species. This compound comprises a benzopyran-4-one core 
with three hydroxyl groups and an additional aromatic substituent with two hydroxyls. Such a highly 
functionalized structure could undergo a variety of modification reactions. Currently, dihydroquercetin is 
a commercially available chemical that can be used as a promising starting material in organic synthesis.  

In our work, we study the chemical modification of dihydroquercetin to obtain various light-
sensitive derivatives. Isomerization of dihydroquercetin under certain conditions according to modified 
literature methods [1,2] allowed us to synthesize functionalized stilbenes and aurones, that were studied 
as photoswitchable compounds for the first time. By oxidation reactions, quercetin derivatives were 
obtained as promising polymerization initiators [3]. In the report we will discuss the synthesis of various 
dihydroquercetin derivatives and the results of the study of their photochemical activity. 

 

 

Scheme 1. Chemical modifications of dihydroquercetin. 
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Aromatics containing amide substituents are widely used in organic synthesis, medicinal 
chemistry, materials chemistry, agrochemistry, and catalysis [1]. The amide group is one of the most 
important fragments that form proteins, peptides and many other biologically significant compounds. 
Currently, approximately 25% of all commercial drugs and two-thirds of all drug candidates contain at 
least one amide moiety [2]. So, the search for the new ways to obtain arylamides is undoubtedly relevant. 

Organic electrosynthesis in which electrons are utilized as a traceless agent is of increasing 
interest in dehydrogenative C-H/N-H cross-coupling reactions. 

In this work we have developed an electro-oxidative metal-, oxidant- and acid-free straightforward 
approach to the synthesis of arylamides directly from arenes using nitriles as a source of an amide 
moiety. The established protocol features excellent yields of up to 87% under mild reaction conditions 
[3-4]. 
 

 

Scheme 1. Electro-oxidative amidation of arenes. 
 

Mechanistic studies (voltammetry, EPR, and quantum chemical calculations) revealed that the 
process is initiated by formation of hydroxyl radicals from residual water molecules on the anode, which 
attack nitrile solvent, and the resulting amide radicals add to the arene. 
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Due to the rapid depletion of fossil resources, there is an urgent problem of finding alternative and 

renewable sources for the production of raw materials. Many organizations around the world are working 
to solve this problem, with the chemical industry playing a leading role in this process. One of the major 
challenges for industry is to develop sustainable methods for converting biomass into valuable chemical 
compounds. One such compound is furfural, which can be successfully processed into a range of high 
added value substances (Fig.1). About 60-70% of the resulting furfural is processed into furfuryl alcohol, 
which is an important monomer in the synthesis of furan resins, and is also used as a solvent in a 
number of syntheses [1,2]. 

At the moment, the industrial process of hydrogenation of furfural into furfuryl alcohol is carried 
out in two modes: vapor and liquid phase. The first involves the use of lower pressure and temperature 
values, which simplifies the design of reactors [3]. In Russia, this process is at the stage of development 
and requires the selection of conditions. Currently, there are many industrial catalysts for the 
hydrogenation of furfural to furfuryl alcohol. In Russia, the most common are copper-chromium systems 
used for liquid-phase hydrogenation. Nevertheless, in the future, these catalysts can be used in the gas-
phase furfural processing, which can simplify the reactor and reduce the cost of production (Fig. 1). 

 
Figure 1. Scheme of furfural production and processing in an industrial reactor. 

 
In this work, the process of vapor-phase and liquid-phase hydrogenation of furfural to furfuryl 

alcohol in the presence of an industrial copper-chromium catalyst will be considered, optimal conditions 
for the process will be selected and life tests will be carried out for 100 hours. Fresh and spent catalysts 
will be studied using a complex of physicochemical methods to determine its composition, establish the 
causes of deactivation in the process, and predict catalytic activity.  
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Heteroaryl bromides are widely used in cross-coupling reactions to produce multifunctional 
structures, implementing a convergent approach in the development of compound libraries. However, 
direct bromination of heterocycles, especially of an acceptor nature, can be difficult. In our work, we 
investigated possible ways to produce 3-bromo-4-pyrones, which are planned to be converted into 
various condensed carbo- and heterocyclic compounds in the future. Three methods of obtaining target 
structures suitable are known from the literature. Direct bromination of the pyrone ring was possible in 
the case of donor 2,6-dimethyl-4-pyrone (1a) and ethyl comanate (1b). The bromination of triketone 2 
was accompanied by simultaneous cyclization under the action of released hydrogen bromide. 
Tribromodiketones 3 were converted into target pyrones by the action of the bases. The latter reaction 
was optimized, and it was found that the best yield is obtained when using DBU in DMSO at room 
temperature for a long time (7-10 days). 

During the Sonogashira reaction, it turned out that the donor 2,6-dimethyl derivative 4a reacts 
poorly, and only alkyne dimerization occurred. The remaining pyrones 4b–g having acceptor substitutes 
reacted under standard conditions. Also, during research, some properties of 3-alkynyl-4-pyrones were 
discovered. 
 

 

Scheme 1. Synthesis of 3-alkynyl-4-pyrones and their properties. 
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Halogen bond donors play a significant role in catalysis due to their low toxicity, sensitivity to air 
and moisture, and high catalytic activity, rendering them promising for applications in fields adhering to 
the principles of Green Chemistry. This study aims to systematically investigate the relationship between 
halogen bond donor catalytic effects, structural features, substrate properties, and reaction conditions 
to improve understanding and search for efficient catalysts. Additionally, using halogen bond donors as 
catalysts has optimized the functionalization of carbonyl group reactions in synthesizing biologically 
active compounds. 

The first part of this study used electrostatic surface potential analysis to assess the catalytic 
efficiency of halogen bond donors — azolium derivatives. A strong correlation (R2 > 0.97) was found 
between the positive σ-hole electrostatic potential on the halogen atom and the activation free energy 
of model reactions. The methodology was validated empirically, showing the effectiveness of halogen 
bond donors in the Knorr-type reactions for synthesizing N-benzoylpyrazoles (Scheme 1, i) [1]. 

The findings from the second part of the study illustrate that dibenziodolium triflates and 
diphenyliodonium triflates display significant catalytic efficacy in the Groebke-Blackburn-Bienayme 
multicomponent reaction, resulting in the formation of a series of imidazopyridines (Scheme 1, ii). The 
observations validate the overarching conclusion that both cyclic and acyclic diaryliodonium salts can 
serve as hybrid organocatalysts, functioning as hydrogen and halogen bond donors [2]. 

The third part of the investigation delved into the catalytic activity of a tandem system consisting 
of aniline and diphenyliodonium triflate in the Knoevenagel condensation process (Scheme 1, iii). 
Diphenyliodonium triflate and aniline exhibit a heightened synergistic catalytic effect when compared to 
zinc(II) triflate or triflic acid, which respectively act as Lewis acids based on metal cations and Brønsted 
acids. The presumed mechanism behind cooperative catalysis involves the stimulation of the amino-
carbonyl combination by the iodonium cation via electrophilic activation of the ligated carbonyl 
compound, and the hastening of the nucleophilic attack of the malonodinitrile anion on the coordinated 
intermediate imine [3]. 

 
Scheme 1. Carbonyl group modification reactions catalyzed by halogen bond donors.  

 
References 

[1] Org. Biomol. Chem. 2021,19, 7611-7620 
[2] J. Org. Chem. 2022, 87, 7, 4569–4579 
[3] ChemCatChem. 2024, e202301668 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 23-73-10003).  

mailto:a.a.sysoeva@spbu.ru


 

558 
 

DEVELOPMENT OF THE BiASO THRESHOLDER GATES MODULATED BY DIFFERENT 
CONCENTRATIONS OF THE CANCER MARKER 

Tafran L., Drozd V.S., Moustapha Y.N., Kolpashchikov D.M., Eldeeb A.A. 

Saint Petersburg National Research University of Information Technologies Mechanics and Optics, St. 
Petersburg, Russia 

Master student, nucleic acid and nanobiotechnology laboratory 
tafran@scamt-itmo.ru 

 
Gene therapy targeting vital housekeeping genes has emerged as one of the most promising 

approaches for cancer treatment, but it unfortunately lacks the necessary selectivity, impacting both 
cancerous and normal cells. In contrast, numerous studies have identified genes overexpressed in 
various human malignancies, such as HER-2 in breast cancer, B-Raf and MITF in melanoma, and 
KRAS, which is present in approximately 25% of tumors including lung, colorectal, and pancreatic 
cancers. Consequently, there is a growing demand for selective antisense oligonucleotide (ASO) 
therapy capable of distinguishing between cancerous and normal cells by targeting the overexpression 
of specific oncomarkers in cancer cells 

Antisense oligonucleotide technology is one of the most successful gene therapy approaches, 
targeting specific sequences with complementary strands to induce targeted RNA cleavage via RNAse 
H activity. This project focuses on developing antisense thresholder machines that target GFP-RNA as 
a model gene, activated by KRAS oncomarker. To delay activation in high concentrations of the marker, 
three designs of antisense thresholder machines were developed: (1) Yes gate Bi-ASO,consists of 2 
strands ASO-a,b with main oncomarker binding site to be activated. (2) 2-input gate Bi-ASO consists of 
2 strands ASO-a and ASOb with main marker-binding site and in absence of oncomarker, ASO-a forms 
a loop with itself and needs another KRAS molecule to unwind it . 2 input BiASO requires twice as much 
concentration. (3)3-input gate Bi-ASO consists of 2 strands ASO-a and ASO-b, both of them form a loop 
with themselves so it requires three times as much concentration. These designs were tested in vitro 
with recombinant RNase H enzyme, using 1 µM of targeted RNA and 50 nM of Bi-ASO in commercial 
buffer across a concentration range of 0-1000 nM of a 29-nucleotide KRAS fragment. Activation ratios 
were approximately 1:1 for Yes gate Bi-ASO, 1:2 for 2-input gate Bi-ASO, and 1:3 for 3-input gate Bi-
ASO, with no activation observed in the absence of the oncomarker. 

In conclusion, this new technology addresses fundamental and applied problems of low selectivity 
in cancer gene therapy. Antisense thresholder machines offer a novel opportunity in cancer treatment 
by increasing selectivity for cancer cells and enhancing treatment efficiency. This project marks the first 
attempt to create an original antisense thresholder machine based on conventional antisense 
oligonucleotide technology. 
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Diversity-oriented synthesis (DOS) is a synthetic strategy involving facile preparation of 

collections of structurally distinct compounds from simple starting materials [1]. In this work, we used 
the reaction of ortho-NHTs-aldehydes 1 with C-H acids under diverse conditions to obtain a variety of 
nitrogen-containing compounds. 

Firstly, we have developed a new three-component reaction of ortho-NHTs-benzaldehydes 1 with 
malonic esters and trialkyl phosphonoacetates under the reflux in toluene with amines and AcOH 
affording 2-aminoquinolines 2, which are known as bioactive compounds [2]. 

Alternatively, the condensation of the same aldehydes 1 with malonic ester under mild conditions 
in the presence of TiCl4 and pyridine produced alkenes as common Knoevenagel adducts. Their 
subsequent cyclopropanation results in a new, previously unexplored subclass of donor-acceptor 
cyclopropanes (DAC) 3. 

Finally, cyclization and subsequent cyclopropanation of the Knoevenagel adducts led to the 
formation of cyclopropa[c]quinolin-2-ones 4, which contain a structural motif found in HIV-1 reverse 
transcriptase inhibitors [3]. 

 

 

Scheme 1.  
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3-Amino-2-pyrons are of interest for medical chemistry as compounds with anti-inflammatory and 
analgesic activity. Besides, these molecules found application in organic synthesis for the construction 
of substituted benzenes and pyridones. 

Previously, our group developed a method for the synthesis of epoxides of ethyl  
5-acyl-4-pyrone-2-carboxylates 1, which can undergo opening of both pyrone and oxirane rings to form 
hydroxylated 4-pyrones, 2-pyrones or furans [1]. 

In this work, transformations of epoxides 1 with amines were studied for the construction of 2-
pyrones bearing the amino group. The reaction proceeded as a Michael addition with subsequent 
deformylation and the formation of corresponding 3-amino-5-hydroxy-2-pyrones 2. It was found that the 
optimal reaction conditions for aliphatic amines are stirring in EtOH at 0 °C for 2 h. Various  
N-nucleophiles, such as amino acids, aromatic and cyclic amines, can be used in the selective 
transformation. Product yields ranged from moderate to high, depending on both the structure of the 
amine and the acyl substituent. 

The prepared 5-hydroxy-3-amino-2-pyrones 2 are polyfunctional molecules and can subsequently 
be used to obtain nitrogen-containing heterocycles. 
 

 

Scheme 1. Reaction of epoxides of ethyl 5-acyl-4-pyrone-2-carboxylates with amines. 
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Vascular endothelial growth factor (VEGF) – is a protein that is the main regulator of angiogenesis 
in organisms. In case of pathological angiogenesis, uncontrolled expression of this protein is triggered, 
which leads to a number of diseases. In addition, pathological angiogenesis is often observed in the 
development of oncological diseases and contributes to the growth of tumors and their metastases [1-
3]. 

A number of modern publications show that modified cells can be used as highly specific delivery 
systems for pharmaceuticals. 

Our laboratory has proposed a method for the synthesis of biohybrids based on the strain-
promoted azide-alkyne cycloaddition, which is carried out by the incorporation of an alkyne into a 
stressed cyclooctyne system. 

To carry out this reaction, anti-VEGF peptide conjugates with dibenzocyclooctyne (DBCO) were 
first synthesized. N-azidoacetylmannosamine was used for cell surface modification. Thus, the obtained 
DBCO-peptide conjugate was used to create biohybrids by click-reaction (Scheme 1). 

 

 
 

Scheme 1. Strategy for creating biohybrids. 
 

In this study, we synthesized biohybrides based on VEGF-binding peptides Aib2 
(VUPNc[CDIHVnLWEWEC]FERL-NH2), kv114* (KUKKc[CDIHVnLWEWEC]FERL-NH2) and v114* 
(VEPNc[CDIHVnLWEWEC]FERL-NH2). The antiproliferative effect of biohybrids was evaluated using an 
MTT test with human lung adenocarcinoma cells (A549), a human embryonic kidney cell line (HEK-293) 
was used as a control cell line. 
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TEMPO (2,2,6,6-tetramethylpiperidine-1-yl)-oxyl) is a stable aminoxyl radical capable of 
reversible redox reactions, which makes it possible to use TEMPO to create organic cathode materials. 
In the work [1], the possibility of creating organic batteries based on polymers modified by TEMPO was 
demonstrated. For a more detailed study of the relationship between the structure of TEMPO-modified 
polymers and their electrochemical properties in order to create materials with improved characteristics, 
it is necessary to develop a library of variously functionalized aminoxyl radicals, which poses the task of 
developing the synthesis of these compounds. 

The research carried out includes the synthesis of new TEMPO derivatives potentially suitable for 
modification of conductive matrices. Thus, the a-d acids shown in Scheme 1 are potentially suitable for 
modification of carbon nanotubes, and oxime e and hydrazone f can be used to modify the graphene 
surface. 

 

Scheme 1. A new TEMPO derivatives. 
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Berberine 1 is an isoquinoline plant alkaloid which exhibits a variety of biological activities. 
Anticancer activity is one of the most important properties of berberine and its derivatives. A promising 
strategy to enhance the efficacy of anticancer therapy includes the inhibition of various DNA repair 
enzymes, which counteract the effect of many anticancer drugs. Tyrosyl-DNA phosphodiesterase 1 
(Tdp1) is a DNA reparation enzyme that removes adducts of various origins from the 3′-end of DNA. 
This enzyme is one of the reasons for the resistance of tumor cells to chemotherapy, and therefore is a 
promising target for antitumor therapy. Tdp1 inhibitors in combination with topoisomerase inhibitors can 
be used for cancer treatment. It was previously shown that berberine and tetrahydroberberine 9-O-
sulfonates and their brominated analogues have potential as inhibitors of Tdp1 [1]. 

We have synthesized a series of novel 9-O-berberine derivatives containing an amide substituent 
(scheme 1). Among the derivatives containing an acetic acid amide fragment at position 9, only 
derivatives 5 with aromatic substituents (R1, R2 = Ar) and hydrogenated ring C were active (IC50 = 0.33-
3.52 µM). For derivatives 4 with native isoquinoline moiety or an aliphatic amide fragment at position 9, 
the IC50 values are >15 µM.  

 

Scheme 1. Synthesis of novel 9-O berberine derivatives.  
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Synthetic transformations of natural compounds, particularly terpene alcohols, to create 

biologically active substances is one of the significant and fruitful fields of organic and medicinal 
chemistry. Recently, through the reactions of p-menthol, isoborneol, and allobetulin 1 with 5-aryl-1-
arylsulfonyl-1,2,3-triazoles 2, sources of azavinylcarbenes, we have obtained 2-terpenyloxy-2-
arylethenylsulfonamides 3. Previously, there was only one example of a p-menthol insertion reaction in 
the literature [1]. These compounds contain two pharmacophoric groups, terpenyloxy and 
ethenylsulfonamide. Unfortunately, many of the obtained products 3 turned out to be unstable, and 
therefore in this work we converted them into more stable derivatives 4 by hydrogenating the C=C bond 
of enamide fragment. N-2-aryl-2-terpenyloxyethylsulfonamides 4 are interesting as 
potential pharmaceutical agents. 

 
Sсheme 1. Synthesis of sulfonamides 4. 

 
The composition and structure of compounds 4, obtained in yields of 58-89%, were confirmed 

using mass spectrometry and 1H, 13C NMR spectroscopy, performed at the resource center of St. 
Petersburg State University.  

 
References 

[1] J. Am. Chem. Soc. 2014, 136, 195 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 22-73-10184). 

  

mailto:catherineshremzer@yandex.ru


 

565 
 

[3+2]-DIPOLAR CYCLOADDITION OF 1,2,3-TRIAZOLE N-OXIDES TO ARYNES 

Vasileva M.S. 1, Semenov A.V. 1, Baykov S.V. 1 

1 St. Petersburg State University, St. Petersburg, Russia 
Student 

marina02b@gmail.com 
 

Phenols with azaheterocyclic substituents in the second position have quite a wide range of 
application due to their antibacterial, anti-inflammatory, antiviral and antitumor properties [1,2]. 
Structures containing one or two nitrogen atoms are attractive because they have greater polarity 
compared to their diphenyl analogs. Such compounds are already actively used as biological agents 
because of the possibility of non-covalent interactions (hydrogen bonding or π-stacking). However, only 
one example of synthesis of phenol that contains 2-aryl-2H-1,2,3-triazole moiety at position 2 is 
mentioned in the literature [3]. 

In this work, we report a method for the synthesis of 2-(2-aryl-2H-1,2,3-triazol-4-yl)phenols via a 
[3+2]-dipolar cycloaddition reaction between 2-aryl-2H-1,2,3-triazol-N-oxides, they act as dipoles, and 
an aryne, which is formed in situ from 2-(trimethylsilyl)phenyl trifluoromethanesulfonate (Scheme 1). 
The methodology was developed on the basis of the most common conditions for a similar reaction 
involving the closest analogs of triazoles - pyridines and pyrazoles. The yield of 2-(2-aryl-2H-1,2,3-
triazol-4-yl)phenols under optimized conditions was 89%. A representative series of substituted phenols 
with yields of 45-75% was also synthesized and characterized. 

 

 
Scheme 1. Synthesis of 2-(2-aryl-2H-1,2,3-triazole-4-yl)phenols. 
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Bioluminescent earthworms Henlea sp. have been known since 2002 [1]. These species were 

found in Siberia and analysis of their bioluminescent system showed that it is unique, as none of its 
components cross-reacted with components of other systems. Some of the interesting features of this 
system is that one of its activators is calcium, and the light emitter is a cofactor structurally different from 
luciferin. 

During the study of the bioluminescent system of Henlea sp. we found that its low-molecular 
components are: luciferin (which has a tryptophan fragment), oxygen, calcium cations, activators H and 
S - light emitters, based on spectral data [2], and a large number of low-molecular compounds - Peaks 
300 (named so by the characteristic UV absorption maximum) [3]. The compounds in this series have 
different chromatographic mobility, but they have almost identical spectral data and all have tryptophan-
2-carboxylate in their structure. Because of some structural similarity with luciferin, we assumed that 
one of the peaks of 300 is oxyluciferin in this system. 

 

Scheme 1. Bioluminescent reaction of Henlea sp. 
 

To test the hypothesis that Henlea sp. oxyluciferin does belong to the Peak 300 group, we 
performed a bioluminescence reaction without the H activator. The luminescence maximum we 
observed coincided with the emission maximum of the simplest of the Peaks 300 - tryptophan-2-
carboxylate (Peak 300 Simple). Its emission maximum, in turn, coincides with the excitation maximum 
of the Activator H. All these observations in combination allow us to conclude that Henlea sp. oxyluciferin 
has tryptophan-2-carboxylate in its structure and belongs to the Peaks 300 group. During the 
bioluminescence reaction it carries out Förster resonance energy transfer to Activator H, which 
increases the luminescence intensity about 40 times and changes the bioluminescence maximum [4]. 

 
References 

[1] Doklady Biological Sciences 2002, 385, 310-312 
[2] Org. Biomol. Chem. 2023, 21, 415-427 
[3] ChemistrySelect 2020, 5(42), 13155-13159 
[4] Biochemical and Biophysical Research Communications 2024, 708, 149787 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 24-14-00421). 

 
 
  

mailto:vavmat1996@gmail.com


 

567 
 

DEVELOPMENT OF CYCLOALKYNE DYE REAGENTS: ROLE OF THE NATURE OF ALKYNE AND 
LINKER PART 

Vidyakina A.A.1, Silonov S.A.1, Danilkina N.A.1 

1 St. Petersburg State University, St. Petersburg, Russia  
PhD Student  

vidyakina.aleksandra@mail.ru 
 

Bioorthogonal chemistry is a modern field of research that aims to study complex biological 
systems using biorthogonal click reactions [1]. Strain-promoted azide-alkyne сycloaddition (SPAAC) is 
one of the most widely used bioorthogonal transformations that allows visualization of different 
biomolecules through fluorescent labelling in vitro and vivo [2]. Although a wide variety of cycloalkyne-
dye conjugates have been developed, the cycloalkyne nature and the nature of the linker unit for a dye 
attachment are often overlooked. However, neglecting the cycloalkyne and the linker nature by using 
only commercially available cycloalkyne-dye reagents can lead to nonspecific fluorescence response 
because of possible alkyne-thiol chemistry and, consequently, to the overestimation of the results. 

To demonstrate the importance of both the alkyne and the linker nature for the alkyne-dye probes 
for intracellular bioimaging, here we synthesized several conjugates of benzotiophene-fused 
azacycloalkyne BT9N [3] and BODIPY dyes using the amide (BT9N-BDP FL) and the thiourea linker 
(BT9N-TU-BDP FL, BT9N-TU-BDP Th), and compared the behavior of these reagents with known 
BODIPY-alkyne regents BCN- and DBCO-BDP FL in both N3-labeled and N3-non-labeled HeLa cells. 

 

  
Figure 1. A. Cycloalkyne core variation. B. Linker part variation. 

 
We discovered that for the visualization of intracellular N3-glycoconjugates the nature of 

cycloalkyne is dramatically important. While DBCO-BDP FL and BCN-BDP FL showed high non-
specific response during intracellular visualization of N3-labeled cells, the synthesized BT9N-BDP FL 
gave excellent N3-specific fluorescent signal (Fig 1. A). We also showed that the linker nature is of crucial 
importance too. Consequently, upon going from an amide linker to a thiourea linker, there was a notable 
decline in the N3-specificity (Fig 1. B). However, we proved, that both thiourea-linked alkyne-BODIPY 
conjugates accumulate in mitochondia in both N3-labeled and control HeLa cells. 

In summary, we have shown that BT9N-BDP FL dye conjugate through the amide linker, which 
is less active in SPAAC than common BCN and DBCO reagents, is more preferable for intracellular N3-
glycans visualization. On the other hand, the related thiourea-linked alkyne dyes BT9N-TU-BDP are 
highly promising mitotrackers, with potential applications in the development of new alkyne-based 
systems for the delivery of bioactive molecules to mitochondria. This work is submitted to ChemComm, 
2024.  
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Pyrazolo[4,3-c]pyridines are important substrates for medicinal chemistry [1] as anticancer and 
anti-HIV agents. However, methods for their synthesis remain rather limited. Therefore, there is a need 
to find new building blocks and efficient synthetic tools for the design and construction of the polycyclic 
structures. 

 

Scheme 1. Synthesis of pyrazolo[4,3-c]pyridines. 
 

In this work, we decided to use 5-acyl-4-pyridones as starting molecules. 4-Pyridones 1 are 
usually low-active compounds and there are scarce data on their nucleophilic transformations. The 
electron-withdrawing acyl substituent activates the pyridone ring, thereby promoting a variety of 
transformations. We found that the reaction of compounds 1 is accompanied by intramolecular 
amination of the pyridone ring and the formation of target pyrazolo[4,3-c]pyridines in 43–94%. 
Pyrazolopyridines can be modified by hydrolysis in the presence of hydrochloric acid to produce 
carboxylic acids 3. Bromination of pyridone 1a led to bromopyridone 4, which underwent the amination 
reaction to form bromo-substituted pyrazolopyridines 5. 

Prepared N-aryl-substituted pyrazolo[4,3-c]pyridines demonstrated antitumor activity.  
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Six-membered ruthenium chelate complexes exhibiting great catalytic activity in the metathesis 
olefin reaction have already been described in our previous works [1]. However, the air- and  
moisture-stable resulting complexes have an incomplete 16-electron shell. As previously reported [2, 3], 
there are Hoveyda-Grubbs type catalysts, containing in the arylidene ligand an additional heteroatom 
capable of forming an coordination bond and, as a result, a second chelate ring. The unusual structure 
of bichelate ruthenium catalysts not only attracts researchers even today, but also makes it possible to 
significantly expand the possibilities for catalyst design. 

The presented research is aimed at developing methods for the preparation of new 2nd 
generation Hoveyda-Grubbs type catalysts containing tridentate benzylidene ligands, as well as 
identifying the dependence describing the change in catalytic activity when varying such coordinating 
atoms of p-elements as O, S, N (Scheme 1). 
 

 

Scheme 1. Synthesis of target Hoveyda–Grubbs type catalysts. 
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According to results of quantum-chemistry calculation obtained from our colleagues, 3-phenyl-
4,5,6,7-tetrahydro-[1,2,3]triazolo[1,5-a]pyrazine is supposed to be a promising substrate for TAAR1-
receptor with satisfactory cell permeability and peroral intake. Inhibition of TAAR1-receptor is now 
considered as a possible way for treatment of range of neuropsychiatric and neurodegenerative 
disorders like schizophrenia, Parkinson disease and depression, what means that 3-phenyl-4,5,6,7-
tetrahydro-[1,2,3]triazolo[1,5-a]pyrazines can be used for small molecules based drugs against these 
diseases [1,2]. Here we are demonstrating a method for obtaining 3-(het)aryl-4,5,6,7-tetrahydro-
[1,2,3]triazolo[1,5-a]pyrazines based on azide-alkyne cycloaddition. 

The common protocol of synthesis is shown on Scheme 1. Firstly, amino group of propargylamine 
was protected with nosyl and then aryl or hetaryl group were inserted instead of alkynyl proton with 
Sonogashira reaction. To its product were added O-tosyl substituted 2-azido-ethanol, which was 
obtained with nucleophilic substitution of chlorine by azido-group in 2-chloro-ethanol with subsequent 
tosylation of hydroxyl. Substitution of proton in sulfonamide and cyclisation were performed in one step 
without usage of Cu2+ catalyst. Conditions for this reaction were optimized for 4,5,6,7-tetrahydro-
[1,2,3]triazolo[1,5-a]pyrazine. At the last step, nosyl protection was removed by thiophenol and desired 
3-(het)aryl-4,5,6,7-tetrahydro-[1,2,3]triazolo[1,5-a]pyrazines were obtained. 
 

 

Scheme 1. Synthesis of 3-(het)aryl-4,5,6,7-tetrahydro-[1,2,3]triazolo[1,5-a]pyrazines. 
 

Products thus obtained were characterized with 1H NMR spectroscopy and high-resolution mass-
spectrometry. Their binding affinity to TAAR1 receptor is now investigated. 
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2,7-Naphthyridine derivatives are interesting compounds in the field of heterocyclic chemistry also 

due to their interesting biological activities, as evidenced by recent reviews [1, 2]. Our investigations 
reveled that bicyclic 1,3-dihydroxy-2,7-naphthyridines could show antiarrhythmic activity [3], while 
tricyclic pyrazolo[3,4-c]-2,7-naphthyridines [4] and triazolo[3,4-a]-, triazolo[5,1-a]-2,7-naphthyridines 
displayed high neurotropic activity [5]. Herein we report the synthesis of new tetracyclic heterocyclic 
systems: pyrimido[4',5':4,5]furo[2,3-c]-2,7-naphthyridines 4. For the synthesis as starting compounds 1-
amino-3-hydroxy-2,7-naphthyridines 1 [6] were used. Compounds 1 were alkylated by various alkyl 
halides under the basic conditions and the corresponding O-alkylated derivatives of 2,7-naphthyridine 2 
were synthesized in high yields. In turn, the obtained alkoxyacetamides 2 were cyclized into 
aminoamides of furo[2,3-c]-2,7-naphthyridines 3 under the action of sodium ethoxide in ethanol. After 
compounds 3 by the cyclocondensation with triethyl orthoformate were converted into the aimed new 
heterocyclic systems: pyrimido[4',5':4,5]furo[2,3-c]-2,7-naphthyridines 4 (Scheme 1). 
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Scheme 1. Synthesis of new heterocyclic systems: pyrimido[4',5':4,5]furo[2,3-c]-2,7-naphthyridines 4. 
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Chaetopterus variopedatus is a marine polychaete worm that lives in U-shaped tubes. It is able 

to emit light and secrete luminescent mucus in response to mechanical stimulation [1].  
It was previously considered that the bioluminescent system of C.variopedatus includes 

photoprotein, oxygen, Fe2+ ions, hydrogen peroxide and 2 cofactors – additional protein and lipid-like 
substance [2]. Further kinetic studies have confirmed the luciferin-luciferase mechanism of the reaction 
[3], but luciferin has not yet been isolated, probably due to extremely low stability. 

Three compounds demonstrating bioluminescent activity with the luciferase fraction of 
C.variopedatus in the presence of Fe2+ ions were isolated from the algae Chaetomorpha linum. Analysis 
of NMR spectroscopy and HRMS spectrometry data revealed that all these substances are peroxides 
of polyunsaturated fatty acids. We synthesized a number of fatty acid peroxides, studied their 
bioluminescent activity and found that the presence of at least two double bonds in the acid structure is 
necessary for luminescence. We carried out a bioluminescent reaction of the synthesized substrates 
with the luciferase fraction of C.variopedatus and observed luminescence  with the spectrum coinciding 
with the bioluminescence spectrum of C.variopedatus [4]. 

 

 

Scheme 1. Bioluminescence reaction of C.variopedatus with synthesized substrates.  
 

HRMS analysis of the products of the bioluminescent reaction with various synthesized substrates 
did not allow us to find any components capable of fluorescence. Since no fluorescent cofactors are 
known for this bioluminescent system as in the bacterial or earthworm Henlea sp. systems [5], its 
mechanism is unclear and needs further investigation. 

We believe that our study of the bioluminescent system of C.variopedatus may lead to the 
development of new analytical tools for the analysis of reactive oxygen species in living cells. 
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If the pyridine gets on the skin, there are signs of irritation: redness, increased skin temperature 
and thickness of the skin fold, when inhaling pyridine vapors, there is an effect on the central nervous 
system, up to clouding of consciousness [1]. For these reasons, it is necessary to develop low-toxic 
sorbents, which can be represented by Metal-Organic Frameworks (MOFs) – materials consisting of 
inorganic clusters of metals bounding to bridging organic ligand molecules. The practical application of 
MOFs is often motivated by their ultrahigh porosity [2]. 

In this study we obtained by solvothermal synthesis method a metal-organic framework based on 
nickel ions and linker of 2-aminoterephthalic acid (C6H3NH2(COOH)2) – NiABDC. 

The NiABDC sample has a crystalline structure, but it has not been described in the literature yet, 
so we calculated the cell parameters of this compound using FOX software [3]. (Table 1). 

 
Table 1. Parameters of the unit cell of the NiABDC sample with indication of the profile (Rp) and 

weight (Rw) R-factors. 
a, Å b, Å c, Å α° β° γ° Rp, % Rwp, % 

 
9.99 10.99 11.99 95.77 101.47 107.16 1.70 

 
1.42 

An experiment on the absorption of pyridine was performed using adsorption spectroscopy (fig. 
1a).  

 

 

a b 
Figure 1. Pyridine’s adsorption isotherm (a). The schedule for determining the reaction order (b). 

 
The maximum adsorption was 27.0 µmol/kg. According to kinetic calculations, the adsorption 

process obeys a pseudo-first order equation. The reaction rate constant calculated from the graph was 
0.093 min-1 (1b). 

In conclusion, we can mention, that the maximum adsorption value was 27 µmol/kg we have 
adsorbed the chemical irritant pyridine on NiABDC, the graph shows that the process of fast and slow 
adsorption takes place, which means that pyridine is sorbed on two types of adsorption centers. 
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Conifers, including Abies sibirica Ldb. (Siberian fir), are known as a large reservoir of biologically 
active substances, in particular terpenoids [1], as well as carotenoids, fatty acids and their derivatives, 
triterpenic acids (TTAs), phenolic compounds, vitamins, etc. Coniferous extracts are used in medicine 
when treating the respiratory system diseases (bronchitis, laryngitis, influenza); musculoskeletal system 
diseases (rheumatism, gout, arthritis); genitourinary system diseases (cystitis, prostate gland 
inflammation); skin diseases (eczema, psoriasis, inflammatory and neurohumoral rash) and in 
agriculture owing to their fungicidal, bactericidal and growth-promotion properties. Intensification of 
technological processes aimed at isolating extractive substances, integrated approach to raw material 
processing, application of new technologies, and detailed study of chemical composition and biological 
activity contribute all together to the expansion of the range of obtained products. 

This work considers the methods of obtaining the samples based on plant extracts from the wood 
greens of Siberian fir conifers containing triterpenic acids as a main active ingredient and other related 
biologically active substances, the scheme of obtaining is presented (1). A method of the determination 
of the quantiitative composition of the samples by high-performance liquid chromatography using the 
mass-spectrometric detection (HPLC-MS) of TTAs was developed. 
 

 
Scheme 1. Methods of obtaining the coniferous extracts containing TTAs. 

 
The separation of triterpenic acids was carried out using the high-performance liquid 

chromatography with mass spectrometric detection (HPLC-MS) in the HILIC mode. Sample preparation 
included liquid extraction with ultrasonic processing, followed by filtration through PTFE syringe filters. 
The assessment of the total content of triterpenic acids was conducted using the external standard 
method. As an external standard, 3-hydroxy-23-oxolanostane acid was chosen. The content of 
triterpenic acids in the obtained samples was 44, 12, 67, 1 and 64 wt.%, respectively, for samples No. 
1-5. 
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The imidazole ring is frequently found in the structures of biologically active compounds with 
antitumor, anti-inflammatory, and antioxidant properties [1]. Naphtho[1,2-d]imidazole derivatives, in 
particular, represent an important class of compounds with a diverse spectrum of biological activities, 
such as non-acid anti-inflammatory, antihypertensive, etc. [2]. However, there are practically no methods 
for the synthesis of these compounds with substituents on the naphthalene ring. 

As part of our research aimed at developing diazo-azirine methods for the synthesis of 
heterocycles [1-3], in this work a new method for the synthesis of naphtho[1,2-d]imidazoles 3 was 
developed using a novel reaction between arylamidines and 2-(α-diazoacyl)-2H-azirines 1. This reaction 
makes it possible to obtain 5-aryl-4-(α-diazoacyl)-1H-imidazoles 2 with good yield under mild conditions. 
The imidazoles 2 then undergo Wolf rearrangement under thermolysis, followed by 6π-cyclization of 
transient ketene to form 3H-naphtho[1,2-d]imidazoles 3.  

 

Scheme 1. Synthesis of Naphtho[1,2-d]imidazoles. 
 

The strategy of benzene ring formation for the synthesis of naphtho[1,2-d]imidazoles makes it 
possible to obtain various substituents in the positions 2,3,4,5,7,8,9 of the target tricyclic structure from 
more accessible non-condensed systems. Substituents at the 5-position of methyl 5-hydroxy-3H-
naphtho[1,2-d]imidazole-4-carboxylates can be easily varied by converting the hydroxyl group into 
triflate and its cross-coupling reactions (5). 3H-Furo[3',2':3,4]naphtho[1,2-d]imidazole derivatives 6 were 
easily constructed in a one-pot mode using alkylation with phenacyl bromides followed by base-induced 
intramolecular acyl substitution. 
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Excessive activation of the PI3K-AKT-mTOR signaling pathway is associated with the Warburg 
effect and promotes the survival and proliferation of cancer cells. A number of new 2,4-
dimorpholinoquinazoline-based compounds were synthesized as potential inhibitors of the PI3K-AKT-
mTOR pathway (Scheme 1). 

 
Scheme 1. Synthesis of potential inhibitors of the PI3K-AKT-mTOR signaling pathway. 

 
The resulting compounds demonstrate antiproliferative activity towards the MCF7 and MDA-MB-

231 cell lines in the micromolar and sub-micromolar concentration range. For the most active 
compounds, inhibition of key kinases in the signaling cascade (Figure 1) and the effect on the cell cycle 
were assessed. In vivo studies demonstrated an inhibition of tumor growth in the colorectal tumor model. 
Further biological studies and optimization of the inhibitor structure is ongoing. 
 

 

Figure 1. a) Structure of the most active compounds 3a-c; b) Inhibition of phosphorylation of target 
cascade kinases. 
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Currently, the collection of expired drugs from the population is not organized in the Russian 
Federation; according to the survey, 82% of respondents dispose of drugs together with household 
waste [1]. The Russian Environmental Operator (REO) has taken the initiative to create a centralized 
system for the collection of expired medicines and their packaging by placing special containers in 
hospitals, clinics and pharmacies [2]. 

The extract prepared from two Favipiravir tablets and 50 ml of ethyl acetate showed the highest 
yield of the active substance (85.25%). The use of ethanol as a solvent also showed a high yield 
percentage for two tablets, Favipiravir (74.75%) and Umifenovir (73.50%). 

Purity of compounds was proved by 1H NMR spectra. Amount of of impurities were less than 5% 
(mol.) for all samples. 

An example of the synthesis of a potential fluorophore based on Favipiravir is represented in 
scheme 1. Thus, reaction with aryne generated in situ resulted in the isoquinoline 2. The structure of 
product was proved by the data of 1H, 13C NMR and mass-spectra. 
 

 

Scheme 1. Synthesis of a new fluorophore. 
 

The yield of the product 2 was 24%.  
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5-Arylpent-4-ene-1,3-diones 1 represent a scientifically important class of compounds due to the 
presence of highly reactive scaffolds in their structure – a double C=C bond conjugated with a 1,3-
dicarbonyl group. This combination allows enediones to take part in numerous chemical reactions as 
nucleophiles, electrophiles and ambiphiles, where their usage leads to formation of various compounds 
possessing a variety of biological and physical properties. However, their applicability in the synthesis 
of six-membered heterocycles remains largely understudied [1]. 

As one of the means toward the obtaining of heterocyclic systems on the basis of 5-arylpent-4-
ene-1,3-diones we have studied their derivatives – 2-((dimethylamino)methylene)-5-arylpent-4-ene-1,3-
diones 2. It has been determined that their consequent reamination by primary amines followed by an 
intramolecular cyclisation, results in the formation of dihydropyridones 4 in high yields. This process can 
also be performed via a one-pot procedure. Upon treatment of dihydropyridones 4 with p-chloranil, 
pyridones 5 are formed readily. 

Reaction of enaminodiones 2 with 1 equiv. of arylhydrazines leads to monopyrazoles 6 that can 
react with an excess of the arylhydrazine and form dihydrobipyrazoles 7. 
 

 

Scheme 1. Heterocycles obtained on the basis of enaminodiketones 2. 
 

It should also be noted that double bond of monopyrazoles 6 is conjugated with a carbonyl group 
and thus, such molecules are able to take part in the cycloaddition reactions. 
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Currently, reactions with electron-deficient internal alkynes are of significant interest for the 

synthesis of new heterocyclic compounds. [1]  
Previously, the possibility of obtaining indolizine and pyrrolo[2,1-a]isoquinoline derivatives from 

2-aroylpyridines and 1-aroylisoquinolines with an imino-ketone fragment, with the participation of 
electron-deficient  alkynes was demonstrated in the Department of Organic Chemistry of RUDN 
University.[2–3] In order to expand the synthetic boundaries of the domino reaction, we carried out an 
extensive study of the interaction in the series of 3,4-dihydrobenzo[h]isoquinolines, 6-
aroylphenanthridines, 6,7-dihydrothieno[3,2-c]pyridines, 4,9-dihydro-3H-β-carbolines, 6H-pyrrolo[1,2-
a][1,4]benzodiazepines with internal alkynes. In the process of research, optimization of synthesis 
conditions was carried out.  

Thus, a new method was developed for the construction of a pyrrole ring based on a cycloaddition 
reaction involving an imino-ketone fragment of heterocyclic compound and internal alkynes with 
electron-withdrawing groups (dimethyl-, diethyl- acetylene dicarboxylates, dibenzoyl acetylene). It has 
been established that transformations can occur in two independent directions accompanied with 
skeletal rearrangement, leading to the synthesis of heterocyclic compounds of various structures. 
Pyrrole derivatives 2 containing a lactam fragment with a geminal arrangement of ester groups are 
predominantly formed if the reaction is carried out in ester or dioxane at room temperature. The usage 
of microwave irradiation for transformation or acetonitrile as solvent makes it possible to obtain 
derivatives of pyrrole 3 with a vicinal arrangement of functional groups. The reaction is accompanied 
with the transfer of the aryl fragment. 

 

 
 

Scheme 1. Interaction of heterocyclic compounds with an imino-ketone fragment with internal alkynes. 
 

The structure of the obtained compounds 2, 3 was confirmed by a set of spectral data. Thus, it 
has been established that heterocyclic compounds of different structures can be obtained by varying 
the reaction conditions. 
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Polysaccharides have unique physicochemical and biological properties, such as biocompatibility 
and biodegradability, therefore modified samples prepared from these biomaterials have found wide 
application in pharmaceuticals and medicine, agriculture, food industry and other fields. In addition, rich 
natural resources and low production costs offer them great potential for development. 

Polysaccharides containing phosphoric acid groups are characterized by low toxicity parameters, 
and their structure is characterized by high sorption capacity and the ability to interact with low- and 
high-molecular biologically active substances with prolonged (controlled) release under in vivo 
conditions. 

One of the most technologically acceptable esterifying compositions for the production of 
polysaccharide phosphates for medical use are mixtures of orthophosphoric acid-urea and tributyl 
phosphate - phosphoric acid - phosphorus oxide (v) - chloroform, which is due to the relative ease of 
complete removal of these components from the reaction zone after the end of the phosphorylation 
process. 
 

 

Scheme 1. Scheme of the synthesis of pullulan phosphate (A) and dextran phosphate (B). 
 

The results of this work are the first step for further study of the physicochemical properties and 
the potential use of the obtained samples as a basis for the creation of antitumor drugs. 
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The kinetic model occupies a central place in the mathematical model of the process, which acts 
as the basis for its optimal design. For the successful solution of this problem, it is most appropriate to 
use theoretically based kinetic models based on the probable stepwise mechanism of the reaction. Such 
kinetic models retain their accuracy when extrapolating kinetic data to experimentally unexplored 
regions. 
As can be seen from the results, all Mn-Li-Ni-clinoptilolite compositions show relatively high activity and 
selectivity in the considered reaction. Clinoptilolite containing 8 wt.% Mn2+, 7 wt.% Li+ and 8 wt.% Ni2+ 
with a silicate modulus λ=10.8 is the most active for the considered reaction in all studied regimes [1]. 

In order to determine the mechanism of formation of reaction products and to design the kinetic 
scheme of the process, we conducted a series of experiments in single-stage quartz reactors with free 
volume after the catalyst bed: V1=25 cm3, V2=45 cm3 and V3=55 cm3, at temperature T=800oC, catalyst 
volume Vcat=0.5 cm3 and reagent feed rate =0.312 mol/h, =0.2 mol/s. 

It was determined that with the increase of the free volume of the reactor after the catalyst bed, 
the productivity of ethylene increases, while that of ethane decreases. At the same time, the conversion 
rate of methane and the efficiency of carbon dioxide practically do not change. This indicates that the 
oxidative dimerization reaction of methane to ethane proceeds at a relatively high rate on the catalyst 
surface, while the usual dehydrogenation of ethane to ethylene occurs in the free volume. The stability 
of the conversion and release of carbon dioxide in different free volumes after the catalyst bed, as well 
as the absence of oxygen in the reaction products after the catalyst, indicate that the carbon dioxide 
formation reaction proceeds with methane oxidation on the catalyst surface. Acetylene and 1,4-
butanediol were not present in the reaction products in single-stage reactors. Therefore, they are formed 
on the surface of the catalyst in the second stage of the reactor. 
Based on the above, the kinetic scheme of the catalytic oxidative conversion of methane to 1,4-
butanediol can be presented as follows. 
 
 
 
 

 
 

The proposed kinetic scheme for the formation of ethane, ethylene, carbon dioxide, acetylene 
and butanediol corresponds to the following general stoichiometric equations: 
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According to the general stoichiometric equations above, the reaction takes place on five 

independent general routes. We provide a description of each route and its flow rate. As a result, by 
integrating the rate equations of each route into the system with respect to common variables, we obtain 
a fully theoretically justified kinetic model of the of the process under consideration. 

According to the step-by-step mechanism, the reaction of the oxidative conversion of methane to 
ethane occurs as a result of the interaction of dissociatively adsorbed oxygen molecules with methane 
molecules, resulting in the formation of the oxygen-hydrocarbon surface complex ZOCH3, which leads 
to the formation of ethane in interaction with methane molecules. 
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In the present work the peculiarities of Si(OEt)4 (TEOS) gel formation in associated media of diols 
(AC) have been studied by DLS methods. The gels were obtained using both one-step and two-step 
sol-gel process. The following diols were used as diols: terminal diols OH(CnH2n)OH, oxyethylated diols 
OH(CH2CH2O)nOH and their esters OH(CH2CH2O)nOR, as well as mixtures of ACs in different ratios. 
The maximum size of aggregates bound by hydrogen bonds is observed for the terminal diols. For them 
not only the contribution of the slow mode to DLS is maximal, but also the diffusion coefficients in 
comparison with oxyethylated diols or their estersIn this case, the formed gel can be easily visualized 
as a three-dimensional network filled with solvent with a small amount of dispersed phase (1-3%) and 
possess a certain degree of rigidity and elasticity, which allows to obtain transparent form-stable gels. 

For the one-step process, the alkaline catalyst diethanolamine (DEA) in the system AC-Si(OEt)4 -
H2O (95:3:2) at pH = 8.5 - 9.1 was used. In the two-step process, the first step of TEOS used the acid 
catalyst citric acid in a similar system (95:3:2) at pH = 1.7 - 2.5 and the second step used DEA. 

The DLS spectra of pure diols and mixtures with Si(OEt)4 confirm the formation of associated 
aggregate structures in solution. The study of gelation kinetics during 1- 50 days by DLS method in 
general case showed the existence of two types of agglomerates in solutions - from associated diols 
<r> ~ 10 -50 μm and aggregates of siloxane links in the range of 60 - 400 nm. As the gelation process 
proceeds, the incorporation of the siloxane mesh into the diol mesh is observed, which leads to their 
destruction with the formation of a single uniform structure. In the alkaline process, two types of 

agglomerates are first manifested and with increasing time () from 3 to 9 days, an increase in the 
siloxane mesh of 100 nm to 400 nm is observed with a simultaneous decrease in the contribution of AC 

agglomerates from 77.4% to 13%. With further increase of , a structure with almost monomodal 
distribution of aggregates <r> = 1100 nm is observed. When the gelation time was further increased to 
32 days, the size of aggregates decreased and there is simultaneous depolymerization with an increase 
in the fast mode fraction and compression of the siloxane mesh to <r> = 140 -110 nm. The system again 
proceeds to the separation of AC aggregates and Si-O-Si mesh. 

The obtained result can be explained by the participation of diol molecules in the creation of the 
mesh during the AC esterification of silanol hydrolysis products and its transition to the siloxane mesh, 
i.e. partial internal syneresis. 

When the two-step process is carried out, marked differences from the one-step process are 
observed.  In the first stage in acidic medium at pH = 1.7 - 2.5, similar processes are observed, but there 
is a more noticeable effect on the structure of the aggregates in solution. A monomodal distribution of 

solution aggregates is observed at high , and <r> = 410 -480 nm, which confirms the formation of 

shorter Si-O-Si bond chains compared to alkaline gelation. However, when , is further increased up 
to 53 days, there is a marked increase in the size of the aggregates. In the second step, hydrolysis is 
completed by the absence of water. Condensation of the oligomeric and monomeric forms of 
alkoxysilanols resulting from the first step results in the formation of a condensed gel. Subsequent 
introduction of DEA into the system up to pH~9 initially leads to separation of the aggregates and 
subsequent monomodal distribution of smaller size aggregates compared to the one-step process up to 
<r> = 60 - 75 nm.  
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Pyrazole derivatives are of great importance in medicinal chemistry due to their high biological 
activity. Apart from that, pyrazoles are building blocks for creation of various drugs, dyes, agrochemicals 
and pesticides. They are used as bifunctional ligands for preparation of metal catalysts. As medicinal 
substances, they have antimalarial, antipyretic, antitumor, anti-inflammatory and antidepressant 
properties [1].  Antipyrine, analgin and propyphenazone are prescribed for headaches, neuralgia, 
arthritis and other diseases. Antipyrine has a moderate analgesic, antipyretic and anti-inflammatory 
effect; antipyrine is used orally for neuralgia, chorea and colds. Amidopyrine is used against headaches, 
neuralgia, arthritis, myositis, chorea and sometimes for acute articular rheumatism. Butadione is 
considered as one of the main representatives of non-steroidal anti-inflammatory drugs. It is used for 
the treatment of acute rheumatism, acute, subacute and chronic rheumatoid polyarthritis, infections 
nonspecific polyarthritis, ankylosing spondyllitis, etc. [2]. 

The development of methods for the synthesis of new compounds of the pyrazole series is an 
urgent task in organic synthesis. 

The goal of this work was the study on reactions of 1,3,5-thriphenyl-1H-pyrazole-4-carbaldehyde 
1 with arenes under superelectrophilic activation in Bronsted superacid CF3SO3H to synthesize novel 
derivatives of the pyrazole series. It has been found that compound 1 reacts with arenes to form 4-
diarylmethyl-1,3,5-triphenyl-1H-pyrazoles 2a-c as products of diarylation-deoxygenation in the very 
good yields (Scheme 1). The electrophilic aromatic substitution reactions proceed onto electroplically 
activated aldehyde group under its protonation in CF3SO3H. 

 

 

Scheme 1. Reactions of pyrazole 1 with arenes in CF3SO3H. 
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Substituted linear and cyclic acetals are widely used in petrochemical processes and exhibit anti-

corrosion, biocidal, oxygenate and anti-knock properties [1-2]. 
As part of the continued search for new corrosion inhibitors, we proposed the hydrogenation of 

α-phenylacrolein derivatives in the presence of a NiMo catalyst (nickel and molybdenum oxides 
supported on zeolite) in order to synthesize saturated acetals - promising substances with various anti-
corrosion activities. 

CH2

OR

OR

R= Pr (1, 3), i-Pr (3, 4) 

1, 2 3, 4

CH3

OR

OR

 
Scheme 1. Hydrogenation esters. 

Hydrogenation of olefins 1, 2 was carried out at a temperature of 200°C, olefin:hydrogen molar 
ratio = 1:6 and reaction duration 30 min. In this case, the yield of acetals 3 and 4 reached 95%. 

Compounds 3 and 4, synthesized using a well-known method [3], were studied as reagents 
capable of exhibiting anti-corrosion properties in an acidic environment. The maximum protective effect 
was achieved in the case of using compound 4 (75%), and the minimum effectiveness against acid 
corrosion was shown by substance 3 (52%). Probably, the obtained result is associated with different 
degrees of adsorption of the synthesized structures on the metal surface. The results obtained indicate 
that the substances under study have a protective ability and are promising additives to corrosion 
inhibitors. 

 
References 

[1] Proceedings of Universities. Applied Chemistry and Biotechnology 2018, 8(1), 19-34 
[2] Rev. and Adv. in Chem 2023, 13, 15-27 
[3] Bashkir chemical journal 2017, 24, 1, 15-17 
 

Acknowledgements 
«The work was carried out within the framework of the state assignment of the Russian Ministry 

of Education and Science in the field of scientific activity, publication number FEUR - 2022-0007 
“Petrochemical reagents, oils and materials for thermal power engineering». 
  

mailto:yulianna_borisova@mail.ru


Absentee participation 

 

586 
 

OBTAINING OF 12-ARYLDIAZOBERBERRUBINE: EXPERIMENTAL AND THEORETICAL 
RESEARCH 

Dryapak A.N.1, Zagrebaev A.D.2, Alyoshukina A.B.3 

1 Southern Federal University, Rostov-on-Don, Russia 
2 International Research Institute of Intelligent Materials of the Southern Federal University, 

Rostov-on-Don, Russia 
3 Rostov Scientific Research Institute of Microbiology and Parasitology, Rostov-on-Don, Russia 

1st year PhD student 
adryapak@mail.ru 

 

Berberine 1 is a natural isoquinoline alkaloid of the protoberberine series, found in various parts 
of many plants, including the root of barberry [1]. It is a biologically active molecule with such activities 
as anticancer, antitumor and antibacterial [2]. 

There are several ways to modify berberine, one of which is to obtain 9-substituted – berberrubine 
2, which also has a number of biological properties. The appearance of a hydroxyl group in this ring 
makes it possible to modify this compound at position 12 [3]. 

The purpose of this work is a theoretical and experimental study of the synthesis of berberine 
derivatives with an arylase group at the C-12 position of the berberine backbone. 

 

 
Scheme 1. Modification of the berberine skeleton according to the position of C-12. 

 
During the research, it was found out that the obtained compounds have extremely low solubility, 

therefore, it was further decided to introduce these structures into the 9-position acylation reaction to 
increase the solubility of the obtained 12-derivatives of 3a-f. 

The result of this work was the development of a new method for modifying berberine using 
diazonium salts as electrophiles by activating the berberine backbone (formation of berberrubine) with 
further confirmation of structures (NMR spectroscopy and HRMS method). 

Modification of 12-derivatives of berberine at the C-9 position was carried out, which made it 
possible to increase the solubility of the obtained derivatives, a structure-property analysis for the 
obtained compounds was carried out, which showed that derivatives containing donor substituents in 
the para position of the phenyldiazo group turned out to be the most biologically active. 
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Cyclic carbonates have wide application field as solvents in different chemical transformations 
due to low toxicity and biodegradability. They are used as electrolytes in lithium-ion batteries. 
Polyethylene- and polypropylene carbonates are raw materials for biodegradable packaging materials. 
Ethylene carbonate and its homologues are used for producing other dialkylcarbonates or glycerol 
carbonate. 

One of the safest ways to obtain cyclic carbonates is interaction of urea and alkylene glycols. 
Urea and glycols are safe, non-toxic and available compounds. 

Known, that Lewis acids have good catalytic effect to this reaction. Since 1991 many catalysts 
were studied, for example zinc salts, tin-containing catalysts (T-12), magnesium, calcium, lanthanum, 
lead compounds3,4.  

The series of experiments showed, that known catalysts are not so effective. Therefore, new zinc-
containing catalyst, precisely complex Zn with L-proline, was synthesized.  

 
Scheme 1. Catalytic activity of different catalysts in propylene carbonate synthesis; LA – lactic 

acid, LcZn – zinc complex with lactic acid, PrZn – zinc complex with L-proline 
 

The yield of propylene carbonate reached 55% under the following conditions: temperature is 150 
℃, pressure is 20 mm Hg., molar ratio of urea:glycol = 1:1,3, amount of catalyst is 0,006 mole, reaction 
time is 4 h. 
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Vitamin B12 is a key molecule in the synthesis of hemoglobin and the maturation of red blood 

cells. A lack of vitamin B12 can lead to the development of anemia. The hydroxyl radical is a highly 
reactive particle that is formed not only during the Fenton reaction during the interaction of H2O2 with 
Fe2+, but also in the HClO/Fe2+ system. Hypochlorite can form a hydroxyl radical when reacting with iron 
ions, and the formation occurs more intensely than in the Fenton reaction [1,2]. HClO is part of the 
immune system, produced in response to inflammatory processes. 

In this work, we studied a model of oxidative stress - the interaction of cyanocobalamin (CNCbl) 
with hydroxyl radical generated in the HClO/Fe2+ system. The order and rate of the reaction were 
determined graphically by the Van't Hoff method - pseudo-first order reaction (k = 1.13 s-1).  

Adding to a solution of cyanocobalamin at a concentration of 44 μM iron(II) sulfate at 
concentrations of 2, 4 and 6 mM and HOCl at a concentration of 298 μM (obtained by adding 1 ml of 
acetic acid (19.7 mM) to 1 ml of sodium hypochlorite (52.2 mM)) leads to a significant decrease in signals 
at characteristic wavelengths of 281, 361 and 551 nm. An increase in Fe2+ concentration leads to a 
decrease in the intensity of the main signals in the absorption spectra of the vitamin. A clear 
bathochromic shift is observed in the wavelength range 281–305 nm depending on the iron 
concentration, which may indicate a change in the structure of the 5,6-dimethylbenzimidazole fragment. 

Using high-performance liquid chromatography, one of the peaks was detected as a 
decomposition product of cyanocobalamin, the elution time range of which from the chromatographic 
column was 0.743-0.809 min. The fragmentation of the resulting product is presented in Scheme 1. One 
can notice the absence of the main signal at m/z 678.29 and m/z 1355.57, related to the cyanocobalamin 
solution. 

 

 
Scheme 1. Mass spectrum of the product found in the reaction mixture (retention time 0.743-0.809 

min). 
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Studies of the carbamate version of the Kabachnik-Fields reaction in recent years indicate its 

growing preference over the amide and classical versions of this method for construction of the α-
aminophosphorylic function [1-3]. Interesting targets for amidoalkylation are phosphonous carboxylic 
acids containing a structural isostere of a natural amino acid. This approach leads to phosphinic 
peptides, inhibitors of metalloproteinasese, structural isosteres of natural peptides, in the molecule of 
which the peptide NC(O) bond is replaced by methylene phosphorylic moiety CH2P(O)OH [4]. 

In this work, the phosphonous isostere of aspartic acid, containing protected amino group, 
phosphonous 2-acetamidopropionic acid 1, was taken as the hydrophosphorylic component of the 
reaction under study. 

Amidoalkylation of phosphonous acid 1 with alkyl carbamates 2 and aldehydes 3 or their 
interaction products, dialkyl alkylidene biscarbamates 4, gives functionally substituted phosphinic acids 
5 in accordance with the carbamate version of the Kabachnik-Fields reaction (Scheme 1).  

 

 

Scheme 1. Amidoalkylation of phosphonous isostere of aspartic acid 1. 
 

Hydrolysis of acids 5 followed by treatment with propylene oxide in aqueous alcohol leads to the 
formation of unusual α-aminophosphinic α-aminocarboxylic acids 6 in free form. Thеsе compounds can 
be considered as phosphinic structural isosteres of peptides, in which the N-component is 2,3-
diaminopropionic acid, involved in a number of important enzymatic processes [5]. 
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Effective compounds inhibiting platelet aggregation due to their ability to generate nitric oxide 

have been obtained on the basis of imidazo[4,5-e]benzo[1,2-c;3,4-c’]difuroxane. 
To optimize the production of C-nitroimidazo[4,5-e]benzo[1,2-c;3,4-c’]difuroxane [1], various ways 

of nitration reaction with 1 acetyl nitrate in the Gaussian09 software package by DFT B3LYP/6-
311G++(d,p) in the gas phase were analyzed. 

 

 
Scheme 1. Ways of nitration reaction. 

 
The results of quantum chemical calculations showed that reaction stages 1→3, 1→4, and 3→4 

are an acid-catalyzed process, unlike stage 4→2, thus, the most energetically advantageous chain of 
transformation is 1’→3’→4’→4→2 
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Currently, the generally accepted mechanistic hypothesis of the Mizoroki-Heck reaction in both 
“classical” (with aryl halides) and oxidative (with arylboronic acids) modes implies the formation of the 
reaction products according to the so-called linear mechanism of the catalytic cycle [1], which involves 
sequential transformations of palladium-containing intermediates. However, previously, in the 
competing experiments with a pair of alkenes and one common aryl halide in “classical” reaction mode 
(Scheme 1a), we obtained data indicating that the differential selectivity (DS) of competing alkenes did 
not depend of the nature of the aryl substituent and the halide counterion of the aryl halide [2]. These 
data were inconsistent with linear mechanistic hypothesis suggesting the interaction of competing 
alkenes with an aryl palladium intermediate (ArPdX), formed as a result of aryl halide oxidative addition 
to catalytically active Pd(0) complexes. In our opinion, the most likely explanation for the observed 
patterns was the formation of the reaction products according to the so-called cooperative (nonlinear, 
from kinetic viewpoint) mechanism of catalysis (for more details, see [2]).  

We verified a probable realization of the patterns observed in “classical” Mizoroki-Heck reaction 
with aryl halides in the so-called “oxidative” version of the process using arylboronic acids as arylating 
reagents (Scheme 1b). The differential selectivity of competing alkenes was again insensitive to varying 
the nature of the aryl substituent in the arylation reagent, i.e., arylboronic acid, which is consistent with 
the formation of the reaction products by a nonlinear cooperative mechanism of catalysis. 
 

 

Scheme 1. “Classical” (a) and oxidative (b) competing Mizoroki-Heck reactions with two alkenes. 
 

Note, that the patterns of the differential regioselectivity of the product of α- and β-arylation of one 
alkene were different for “classical” and oxidative modes of Mizoroki-Heck reaction. This allowed 
proposing distinct types of the conjunction between the elementary steps of the catalytic cycles 
determining the DS of competing alkenes and the differential regioselectivity of α- and β-arylation 
products when aryl halides or arylboronic acids were used as arylating agents in Mizoroki-Heck reaction. 
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The utilization of chlorinated derivatives of maleic anhydride in the heterogeneous catalytic 
oxidation reaction becomes interesting due to the fact that today one of the industrial methods for 
producing maleic anhydride is the oxidation reaction of benzene. In addition, chlorobenzenes are also 
both targeted products and waste in many industries, the recovery of which is an urgent task. The 
selective oxidation of chlorobenzenes into chlorinated derivatives of maleic anhydrideis also of 
theoretical interest in order to clarify the kinetic regularities and mechanism of the reaction. Mono-, di- 
and trichlorobenzenes were subjected to oxidation. Based on the compiled regression model, the 
influence of variable parameters on the oxidation reaction of chlorobenzenes was studied in the 
temperature range from 673 to 753 K, contact time from 0.2 to 1.0 s, and chlorobenzene:oxygen ratio 
from 1:5 to 1:50 mol. It should be noted that the catalytic systemV–P–O/SiO2, which previously showed 
good results in the oxidation of chlorinated C4 hydrocarbons, showed mediocre resultsin the oxidation 
of chlorobenzenes [1, 2]. 

V–Mo/Al2O3 turned out to be the most active and selective catalyst in the oxidation reaction of 
chlorobenzenes; although the degree of conversion was quite high, the yield of targeted products on it 
did not exceed 15 mole% and the total yield of all the resulting anhydrides was no more than 30 mole%. 
However, it should be noted that when studying the oxidation reaction of chlorobenzenes, good results 
were achieved specifically on vanadium-molybdenum catalysts. Taking this into account and the 
inexhaustible capabilities of these catalysts, research in this direction should be carried out in the 
futureusing various promoters to increase the yields and selectivity of the targeted products in the 
chlorobenzene oxidation reaction. 

Thus, the results of studying the kinetic regularities of the reaction of heterogeneous catalytic 
oxidation of chlorohydrocarbons make it possible to draw the following conclusions: 

− The targeted system of oxide catalysts that exhibits high activity and selectivity in the heterogeneous 
catalytic oxidation reaction of chlorohydrocarbons was selected and synthesized based 
onreasonable approach. It was revealed that the synthesized V–P–O/SiO2 catalytic system has high 
selectivity in the oxidation reaction of chlorohydrocarbon (ChH). It has been established that the 
nature and properties of the substrate, as well as the V:P ratio significantly affectthe activity and 
selectivity of the oxidation reaction. 

It has been established that the carrying out heterogeneous catalytic oxidation of carbon dioxide 
in a fluidized bed of catalysts is more effective considering its advantage over a stationary bed. 

The conditions for the oxidation reaction of ChH were optimized, the regression equations for the 
studied groups of ChH were estimated, the coefficients of the regression equation were calculated, their 
significance was assessed, and the adequacy of the resulting model to the experimental data was 
tested. 

The optimal variation intervalsof technological parameters for carrying out the reaction of 
heterogeneous catalytic oxidation of saturated ChH (C1–C4) have been determined. It has been 
established that the activity of the studied catalytic systems in the oxidation reaction of saturated ChH 
varies in the following order:Со–Mo<V–P–O/SiO2<V–P–O/SiO2+Mg<V–Mo/Al2O3<V–P–O/Al2O3. 
Selectivity: V–P–O/Al2O3<V–Mo/Al2O3<V–P–O/SiO2<Co–Mo<V–P–O/SiO2+Mg. 

Some correlations have been revealed between the number of chlorine atoms in the molecule 
and optimal parameters, as well as the conversion rate and selectivity of saturated ChH. 

It has been established that during the oxidation of C2–C4 chlorinated olefins on synthesized oxide 
catalysts with high conversion rate of the initial chemical compounds, the targeted products are obtained 
with low yields and selectivity. The position of the chlorine atoms and the double bond effects on 
selectivity of the products. 

It has been established that the oxidation reactions of chlorobutadienes (di-, tri-, tetra- and penta-
chlorinated) have common patterns. 
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Currently, electrosurgery is one of the most common techniques in laparoscopic or endoscopic 

surgery due to its advantages such as reduced blood loss and rapid tissue separation [1]. However, the 
use of electrosurgical methods is associated with the tissue carbonization and sticking to the electrode, 
which can lead to rupture and damage to adjacent tissue and disturbance in hemostasis [2]. One of the 
methods for increasing the efficiency of electrosurgical methods is the development of functional 
coatings based on metals and their alloys. A topical issue in this area is the application of coatings that 
not only will reduce tissue adhesion, but also have increased wear resistance, which will increase the 
service life of electrodes under conditions of periodic cleaning using abrasive materials. Very promising 
in this case are coatings based on the Ni-P alloy, which have high corrosion resistance, hardness and 
decorative properties. 

The purpose of this work is to evaluate the performance characteristics of electrosurgical knives 
with coatings based on Ni-P alloys. 

In this work an electrosurgical unit ARC 350 (BOWA, Germany) in monopolar mode «Cut» (100 
V) was used. A 5-cm-long incision of a tissue sample (muscle of the pelvic limb of a cow) was made 
using electrosurgical knife. The characteristics were assessed based on the results of a study of 
histological sections and the mass of carbon deposits on the electrode surface. 

It was shown that the application of coatings based on Ni-P alloys makes it possible both to reduce 
the mass of tissue sticking to the surface of the electrode during the procedure and the depth of thermal 
damage (Fig. 1). 
 

 

Figure 1. Histological sections of tissue exposed to an electrosurgical knife. 
 

In a number of cases not only was noted reduce the mass of tissue sticking to the surface (Ni-P-
Cu (25.5%/2.6%Cu), Ni-P-Mo (2.9%P/5.3%Mo)) or the depth of thermal damage (Ni-P-
W(12.5%P/3.3%W)), but also the improvement in both directions (for example, Ni-P (18.2%)), that 
requires additional research on the influence of their properties on the performance characteristics. 
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For many years, the chemical compound isatin, along with its various derivatives, has aroused 
the interest of the scientific community. This interest is related to their diverse reactivity and the wide 
range of biological activity [1] that they can cause, such as antiviral [2], antibacterial [3], including 
antituberculous [4]. 

Among the many isatin derivatives, those containing C-N and C=N bonds, such as Mannich 
bases, Schiff bases, and hydrazones derived from isatin, are particularly noteworthy. The biological 
activity of these classes of compounds further expands the potential of isatin derivatives for therapeutic 
use [5-6].  

The articles [7-8] describe schemes for the production of hybrid compounds including spatially 
hindered phenols and isatin, which have pronounced stabilizing activity during aging of chlorobutyl 
rubber and brombutyl rubber, as well as high bacteriostatic activity against Staphylococcus aureus, 
Pseudomonas aeruginosa and antimycotic activity against fungi of the genus Candida [9]. 

In addition, hydrazide derivatives of phosphorylacetic acid are highly appreciated for their 
extensive biological activity, as well as for their noticeable antioxidant effects, which are due to an 
unconventional mechanism of action. These derivatives are known for their potential nootropic, 
antidepressant, antiarrhythmic and anti-ischemic properties. 

This has caused a growing interest in the creation of new multi-faceted hybrid compounds in 
which these derivatives are combined with substituted isatins. There is growing optimism that such 
"hybrid" molecules, especially those that combine substituted isatins with 2- 
(diphenylphosphoryl)acetohydrazide and (diphenylphosphoryl)formohydrazide can become powerful 
agents in the fight against oxidative stress, having neuroprotective effects and other types of biological 
activity. Within the framework of this study, new phosphoryl carboxylic derivatives of isatin containing 
an acylhydrazone segment associated with a diphenylphosphine oxide fragment were synthesized. It is 
assumed that this arrangement of functional groups contributes to the manifestation of high antioxidant 
activity of the molecule. 

As a result of the interaction of isatines with hydrazides in solution and in the presence of a 
catalyst, acylhydrazones were obtained. The structure of the compounds was confirmed using IR and 
NMR 1H, 31P spectroscopy methods. Some compounds are obtained as a mixture of two isomers due 
to the Z and E isomerism of C=N bonds, or hindered rotation around the N-C(O) fragment.  

The proposed approach offers a promising way to obtain substances with antioxidant effects and 
other types of biological activity. 
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Organoantimony functionalized compounds are of great synthetic interest as "building blocks" for 

more complex supramolecular structures. The objects of our systematic study are derivatives of tris(2,6-
dimethoxyphenyl)antimony. A method for obtaining the tris(2,6-dimethoxyphenyl)hydroxyantimony 
perchlorate by interaction of tris(2,6-dimethoxyphenyl)hydroxyantimony bromide with sodium 
perchlorate in an aqueous solution is known [1]. 

We have established that the interaction of tris(2,6-dimethoxyphenyl)antimony dibromide with 
silver perchlorate in moist ethanol, in a ratio of starting reagents of 1:2, proceeds with the formation of 
tris(2,6-dimethoxyphenyl)hydroxyantimony perchlorate I according to the scheme: 

 

 
Scheme 1. Synthesis of tris(2,6-dimethoxyphenyl)hydroxyantimony perchlorate. 

 
The compound crystallizes as a solvate with ethanol. Structure I was first determined by single-

crystal X-ray diffraction and further confirmed by elemental analysis and infrared spectroscopy data. 
 

 
Figure 1. An ORTEP drawing of I, thermal ellipsoids drawn at 50% probability level, hydrogen atoms 

removed for clarity. Showing the numbering of principal atoms. 
 

According to X-ray diffraction data, crystal I is formed by cations [Ar3SbOH]+ and perchlorate 
anions ClO4

-, forming ion pairs. The coordination of antimony atoms in the cations is close to tetrahedral. 
The crystalline structure is additionally stabilized by the formation of weak hydrogen bond O-H…O 
interactions. 
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The process of catalytic dehydrogenation of propane is one of the effective ways to reduce the 
greenhouse effect, and in addition to its environmental importance, it also has industrial importance, 
since catalytic dehydrogenation of light alkanes is by definition considered an alternative petrochemical 
method for obtaining olefins from simple and affordable raw materials [2]. The product of 
dehydrogenation – propylene is extremely often used in polymerization reactions in order to obtain the 
main component of most plastics – polypropylene. Along with this, propylene is oxidized to convert into 
unsaturated aldehyde – acrolein, unsaturated acrylic acid and its nitrile, which are also fundamental for 
the synthesis of polymers [3]. In addition, propene is used as a fundamental link for the production of 
large-scale precursors for the further production of phenol and acetone: isopropanol and cumene. The 
annual production of propene amounted to about 130 megatons in 2019 [4] and, according to analysts, 
will increase to 191 megatons by 2030. 

It is known that in the process of thermal cracking of C3H8, the formation of products tarts at 
temperatures above 700°C, and at 750°C the conversion rate is 2%, and when the temperature rises to 
800°C, it reaches 20%. The main reaction products under these conditions mainly CH4 and C2H6. As a 
result of the studies, it was shown that when using catalysts based on synthesized YbxByOz systems, 
propane conversion also significantly depends on the cracking temperature. In the presence of the 
studied complex-oxide catalysts, an increase in the degree of conversion of C3H8 up to 99% at 700°C 
for YbCrO3 was observed (Fig. 1). 

In addition to the reduction in conversion temperature, there is also a change in selectivity towards 
propylene compared to thermal cracking. (Fig. 1). 

 

  

 
Figure 1. The degree of conversion of C3H8 and the selectivity to C3H6 at the optimal cracking 

temperature. 
 

Thus, the maximum yield of C3H6 belongs to the catalyst Yb2(Mo3O4)3. The selectivity for C3H6 is 
75% at a temperature of 700°C. Based on this, it can be concluded that complex oxides with such a 
crystalline structure as orthorhombic β’-phase are optimal for use in the dehydrogenation of propane in 
order to obtain propylene. 
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Fluoroquinolone antibiotics being effective drugs of a new generation are successfully applied to 
prevent and treat a range of microbial infections in surgical and medical treatment practice. In addition 
to medicine this group of antibiotics is used as farm animal feed premixes in veterinary. 

A method for determining fluoroquinolone antibiotics (norfloxacin, ofloxacin, ciprofloxacin) in 
blood samples by UV spectrophotometry has been proposed. 

Pig blood being similar in biochemical properties to human blood was taken as a model system. 
The following absorption maximums of antibiotic solutions were found: 270nm for ciprofloxacin, 

287nm for ofloxacin and 272nm for norfloxacin. 
A sorbent based on natural zeolite from the Chuguevsky deposit of Primorsky Krai was used to 

purify blood samples and plasma obtained. 
Zeolite was pre-washed with ethanol until non-UV absorbing elutriations were obtained. 
The degree of extraction of the studied antibiotics from blood was found by the spike-recovery 

studies, it amounted to: 85 ± 4% for ciprofloxacin, 74 ± 4% norfloxacin, 71 ± 3% for ofloxacin. 
The antibiotic content was measured by differential spectrophotometry; blood plasma was used 

as a comparison solution. 
The range of detectable concentrations of antibiotics has been found; for all drugs under the study 

is 0.001–0.1 mg/ml. 
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Widely known that polyheterocyclic derivatives of 1,2,5-oxadiazole 2-oxide (furoxan) are highly 
enthalpy and thermally stable heterocycles with an increased content of nitrogen and oxygen in the 
structure, which allows them to be used as a valuable structural element for the design of promising 
high-energy materials of a new generation. 

In order to improve the functional properties of these materials, it is often necessary to fine-tune 
their molecular structure. The combination of furoxan frameworks with fragments of 1,2,3-triazoles in 
one structure is a powerful tool for synthesis an optimal balance between the thermal stability of the 
target compound, its physicochemical characteristics and sensitivity to mechanical stress, which 
determine the possibilities of practical application of the material. 

In this work, simple and effective modifications of 4-azidofuroxans were proposed for the 
assembly of the 4- and 5-nitro-1,2,3-triazole fragment, as well as the 5-amino-4-cyano-1,2,3-triazole. It 
is believed that the described transformation proceeds through an eliminative azide-olefin cycloaddition, 
leading to its complete regioselectivity. The proposed protocol allows the introduction of a wide substrate 
range into the reaction and makes it easy to assemble the 1,2,3-triazole motif on both furoxan and other 
heteroaromatic substrates. Also in this work, a new unusual chemical reaction was discovered, where 
in the presence of monovalent copper the C—C bond of the ethyl fragment of the amine base DIPEA is 
broken (scheme 1). 

 

 

Scheme 1. Plausible synthetic ways to heterocycliazation of 4-azidofuroxans. 
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Dihydroquercetin (DHQ) is a natural chiral flavonoid compound (Fig. 1). The structure of this 
compound is characterized by two chiral centers in positions 2 and 3 of benzopyran cycle, which results 
in possible diastereomers: trans- and cis-isomer [1]. (2R,3R)-DHQ is registered as an active 
pharmaceutical ingredient in Russia, and other stereoisomers may be classified as biologically active 
impurities [2]. 

 

 

Figure 1. The progress of the increase in [αD
20] of DHQ water-alcohol solutions (1:1, vol.)  

at different concentrations of alkali and flavonoid. 
 
DHQ has shown isomerization ability in water-alcohol solutions, which was associated with an 

increase in the specific angle of optical rotation value ([αD
20]). This was discovered using an automatic 

digital polarimeter UniPol 2020 (Schmidt + Haensch, Berlin, Germany). The addition of alkali resulted in 
intensification of chemical reaction rate. The diastereoisomerization did not occur without water. The 
increase in [αD

20] followed the linear relationship equation and then steeped with a plateau (Fig. 2), which 
corresponds to zero order reaction. 
 

 

Figure 2. The progress of the increase in [αD
20] of DHQ water-alcohol solutions (1:1, vol.)  

at different concentrations of alkali and flavonoid. 
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Triarylantimony dicarboxylates have been well studied in terms of their manifestation of 
antileishmanial activity, their use in organic synthesis in cross-coupling reactions and their use in 
polymerization to produce organometallic polymers [1]. There is very little information available in the 
scientific literature about asymmetric triarylantimony derivatives, despite their practical significance. 

We have studied the possibility of obtaining compounds of the Ar3SbXY type (where X and Y are 
different carboxylate ligands) by the transacylation reaction. The presence of asymmetric 
tri-p-tolylantimony crotonate-chloroacetate in the mixture with the initial organometallic compounds was 
confirmed using NMR spectroscopy. Two products (in a 3:1 ratio) were detected by the interaction of 
“strong” dicarboxylate with weak acid, while the reaction between “weak” dicarboxylate and strong acid 
leads to three products (in a 2:3.5:1 ratio) in the resulting mixture. 

 

Scheme 1. Scheme of dicarboxylate synthesis with subsequent asymmetrization.  
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Epoxidized vegetable oils (EVO) are an important renewable chemical raw material for the 

production of polymer composite materials.  Usually, EVO are produced using the Prilezhaev reaction, 
which occurs by epoxidation of vegetable oils in the presence of percarboxylic acid formed in the 
presence of H2O2 and H2SO4 [1]. These reagents require special equipment and safety measures due 
to their corrosive and toxic nature. In addition, exothermic oxidation of percarboxylic acids makes it 
difficult to control temperature on an industrial scale and can lead to thermal release of the reaction 
mixture during production [2]. Moreover, the addition of inorganic acid as a co-catalyst to lower the pH 
leads to opening reactions of the formed epoxy groups, thereby limiting the selectivity of the reaction 
[3]. Therefore, there is a need to study safer, more economical and environmentally friendly production 
processes for the production of EVO. Hydrogen peroxide is an excellent oxidizer, which has received 
great attention in recent decades due to its non-toxic nature and low environmental impact [4]. In the 
oxidation of olefins, the weak oxidizing ability of hydrogen peroxide necessitates the search for catalysts 
with high performance [3]. Among the catalysts of the epoxidation process, peroxovolphram complexes 
are the most widely known [4].  Studies have shown that peroxolphram complexes are active for double 
bond epoxidation using hydrogen peroxide. To overcome the immiscibility of hydrogen peroxide with 
triglycerides, the active forms of peroxolphram complexes can be combined with cationic phase transfer 
agents [5]. This reaction system prevents the risk of overheating and provides higher selectivity and 
lower toxicity than the Prilezhaev system. However, such systems have been used to perform 
epoxidation of unsaturated compounds in organic solvents. It was of interest to test the process of 
epoxidation of vegetable oils in the absence of solvents. 

In this regard, in this work, studies have been conducted on the epoxidation of sunflower oil with 
hydrogen peroxide in the presence of an interphase transfer catalyst, the role of which is played by 
benzyltriethanolammonium chloride.  

The catalyst was obtained by mixing 50% H2O2 with 1 mmol of phosphorous tungstic acid 
H3PW12O40·xH2O, so that their ratio H2O2: H3PW12O40·xH2O was equal to 12:1. The mixture was stirred 
for 1.5 hours at 40 °C.  Then 3 mmol of benzyltriethanolammonium chloride was added in anhydrous 
ethanol and added to the mixture at room temperature, with constant stirring. In the resulting suspension 
solution, a white precipitate of the peroxolphram complex was isolated, the assumed structure of which 
is shown in Scheme 1. 

 

 
Scheme 1. The structure of the peroxovolphram complex. 

 
The epoxidation process was carried out as follows: sunflower oil (30 g) was mixed with the 

resulting catalyst (0.3 g) and 50% hydrogen peroxide (12.24 g) was added drop by drop for 15 minutes 
while stirring for 4 hours. Studies of the iodine number and concentration of epoxy groups have shown 
that during the epoxidation reaction, the iodine number of epoxidated sunflower oil became 11.2 g/100g, 
and the concentration of epoxy groups was 10.1%. 
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One of the general tasks of modern organometallic chemistry is the development of the 
compounds that can be applied in various fields of science and for practical using. In particular, such 
compounds are pincer complexes complexes of transition metals exhibiting antitumor activity, and the 
complexes with sigma-alkynyl ligands exhibiting luminescent properties [1, 2]. However, compounds 
containing both types of the POCOP-type and sigma-alkynyl ligands are rare and poorly investigated. 

Here we wish to report the results of studying methods for the synthesis of new POCOPPh-type 
pincer complexes of Pt(II) and Ni(II) with sigma- alkynyl ligands (Scheme 1): (POCOPPh)M-С≡С-R [M = 
Pt, R = COOMe (1), COOEt (2), CMe2OH (3), CPh2OH (4), CMePhOH (5); M = Ni, R = COOMe (6), 
COOEt (7), CMe2OH (8), CPh2OH (9), CMePhOH (10)], and the research of their chemical properties. 

Platinum compounds 1-5 were synthesized by the Cu-catalyzed reaction of chloride pincer 
complex with corresponding acetylenes. At the same time, two alternative synthetic approaches have 
been explored to obtain complexes of nickel 6,7: Cu-catalyzed coupling and exchanging of a labile TFA-
substituent at nickel atom of the initial compound (POCOPPh)NiOC(O)CF3. It has been established that 
nickel complexes 8-10 can be obtained only by substitution reaction with the corresponding propargyl 

alcohol HCCC(OH)R1R2
. 

 

 
Reaction conditions Initial reagents t, h Product Yield, (%) 

Cu-catalyzed coupling 
CuCl (0.3 eq.) + NEt3 (2 
eq.) 
 

[Pt]-Cl 

HCCCOOR 1 [Pt]-CCCOOR 
R=Me (97) (1); 
R=Et (94) (2) 

HCCC(OH)R1R2 2 [Pt]- CCC(OH)R1R2 
R1=R2=Me (86) (3); 
R1=R2=Ph (98) (4); 
R1= Me, R2=Ph (90) (5) 

[Ni]-I 
HCCCOOR 1,5 [Ni]-CCCOOR 

R=Me (97) (6); 
R=Et (90) (7) 

HCCC(OH)R1R2 No reaction 

Substitution of labile 
TFA substituent in the 
presence of NEt3  

[Ni]-TFA 

HCCCOOR 1,5 [Ni]-CCCOOR 
R=Me (59) (6); 
R=Et (70) (7) 

HCCC(OH)R1R2 2 [Ni]- CCC(OH)R1R2 

R1=R2=Me (95) (8); 
R1=R2=Ph (92) (9); 
R1= Me, R2=Ph (89) (10) 

Scheme 1. Preparation of Pt(II) and Ni(II) POCOPPh-type pincer complexes with sigma-alkynyl 
ligands. 

 
The interaction of 1-10 with halide coordination compounds (Pd(CH3CN)2X2 (X = Cl, Br), 

Pt(dmso)2Cl2) has been studied. It has been established that in these reactions such Pt(II) and Ni(II) 
POCOPPh-type pincer complexes with sigma-alkynyl ligands are exhibiting as transmetallic reagents. 
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The study of various derivatives of 2,1,3-benzohalcogenediazoles and betadiketonate esters, 
including, for example, ethoxy-3-oxobutanoate, is of considerable scientific interest for the creation of 
polydentate ligands with various coordination centers. Due to their electronic properties, these 
compounds have the potential for application in various fields, including the development of luminescent 
materials [1], active components for biological systems [2] and catalysts [3]. 

Therefore, the main purpose of this study is to develop effective methods for the synthesis of 
ketones containing benzoselenodiazole and to study their luminescent properties. 

The following method was used to synthesize substituted benzodiazole using selenium. The initial 
stage was the cyclization reaction of diaminobenzene with selenium (IV) oxide, followed by nitration and 
subsequent reduction of the resulting product. The resulting triaminobenzene was then reused in a 
cyclization reaction with selenium (IV) oxide. The resulting 4-amino-2,1,3-benzoselenediazole was 
introduced into a condensation reaction with substituted acetoacetic ether, forming ketoimines. 
Previously unknown ketoimines containing selonidazole were analyzed by NMR spectroscopy and mass 
spectrometry. 

Compounds: 
(Z)-ethyl 3-(benzo[c][1,2,5]selenadiazole-4-ylamino)-3-(p-tolyl)acrylate: NMR1H(CHCl3, 600 

MHz): 8.50 с. (H, NH), 8.26 д. (2H, Ph), 7,97 д. (2H, Ph) 7.75 м.(H, BTD), 7.54 м.(H, BTD), 7.40(H, 
BTD), 5.69с. (H, CH), 4.18 д.(2H, CH2), 1.22 м.(3H, CH3); Agilent 7000A (HP-5ms): 418.02 (100.0%), 
416.02 (50.9%), 420.02 (20.2%), 419.02 (20.1%), 415.02 (19.1%), 414.02 (18.8%); Yield 90%. 

(Z)-ethyl-3-(benzo[c][1,2,5]selenadiazole-4-ylamino)-3-(4-nitrophenyl)acrylate: NMR1H (CHCl3, 
600 MHz): 8.32 с. (H, NH), 7.79 м.(H, BTD), 7.46 м.(2H, Ph) 7.40 м.(H, BTD), 7.16 м.(2H, Ph), 5.65 с. 
(H, CH), 4.18 м.(2H, CH2), 2.31 с.(3H, CH3,Ph), 1.25 м.(3H, CH3); Agilent 7000A (HP-5ms): 387.05 
(100.0%), 385.05 (48.0%), 388.05 (20.8%), 384.05 (19.2%), 383.05 (18.8%), 389.05 (18.2%), 386.05 
(9.9%); Yield 92%. 

It was found that the maxima of the luminescence spectra of aminosubstituted selendiazole were 
shifted to the blue region by 100 nm relative to the initial ligand (Fig. 2. a- benzothiodiazole, b-
benzoselenodiazole). 

 

 
Scheme 1. Luminescence spectra of a-benzothiadiazole and b-benzoselenodiazole. 

 
References 

[1] J. Mater. Chem. C, 2018, 6, 1731-1737 
[2] Synthesis., 2006, 23, 3945-3947. Inorg.Chimica Acta, 2022, 538, 120973 
[3] Org. Lett. 2019, 21, 18, 7213–7217 
 
 

 

mailto:i.ivanov@spbu.ru
mailto:i.ivanov@spbu.ru


 

604 
 

 

ADVANCES IN COORDINATION 
AND INORGANIC CHEMISTRY 



 

605 
 

 

KEYNOTE & INVITED SPEAKERS 



 

606 
 

 

 

 

 

 

 

Dr. Sci., Prof. Irina Goryacheva 
 

Head of the Department of General and Inorganic Chemistry, 
Director of the Institute of Chemistry, Saratov State University, 
Saratov, Russia 

 

Semiconductor Quantum Dots for Bioanalysis 

 

 

 

 

 

 

 

Dr., Prof. Jefferson L. Ferrari 
 

Institute of Chemistry, Federal University of Uberlândia, 

Uberlândia, Brazil 

 

The Conversion of Energy into Inorganic Materials 

Containing Rare Earths for Possible Use in 

Photodynamic Therapy 

 

 

 

 

 

Dr. Sci., Assoc. Prof. Andrey Mereshchenko 
 

St Petersburg University, St. Petersburg, Russia 

 

Luminescent Heterometallic Rare Earth Based 
Terephthalate MOFs 

KEYNOTE SPEAKER 

INVITED SPEAKERS 



Keynote speaker 
 

607 
 

SEMICONDUCTOR QUANTUM DOTS FOR BIOANALYSIS 

Goryacheva I.Y. 

Saratov State University, Saratov, Russia  
Dr. Sci., Prof., Head of the Department of General and Inorganic Chemistry  

goryachevaiy@mail.ru 
 
Quantum dots (QDs) are semiconductor nanoparticles with optical and electronic properties that 

differ from bulk semiconductor. Quantum dots have been widely used in solar cells, photovoltaic devices, 
light-emitting diodes, displays, photocatalytical processes and as photoluminescent label for biomedical 
research. Small size, photo- and colloidal stability, bright turnable emission, high surface area and 
possibility to create desired design give prospects of wide QD application in bioanalysis as labels and 
nanosensors. The toxicity of the starting materials, multistage character, and laboriousness of some 
approaches to the synthesis of QDs are the main difficulties in the application of QDs. 

Despite considerable difficulties with the synthesis and hydrophilization, labels on the basis of 
semiconductor QDs are required in fluorescence analysis and visualization because of their high 
resistance to photobleaching and a possibility of the simultaneous excitation of several QDs by virtually 
any light source. Therefore, QDs development for application in chemical analysis is of special interest, 
and the detailed consideration of the factors affecting QD properties and also of particular stages of their 
synthesis and features of their use is required. 

Luminescent QDs can be applied in two modes: as passive labels, usually conjugated with natural 
or artificial receptors or as active nanosensors. While for the label the high quantum yield, narrow 
emission spectrum and colloidal stability are the most important properties, for nanosensors sensitivity 
for analyte presence in microenvironment become the key property.    

The presentation covers the main approaches to the synthesis, modification, and use of 
luminescence QDs in chemical analysis [1, 2]. Approaches to the sensitization and multiplicity of 
analysis and tools for regulating selectivity based on both the properties of QDs and, in addition, the 
receptors used are also described [3, 4]. 
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The use of photodynamic therapy (PDT) is an alternative in combating many types of cancer, both as a 
therapeutic method and in diagnosis. PDT requires a sensitizing agent that binds tightly by chemical 
bonds to cells. By absorbing a specific wavelength, the sensitizing agent allows the transformation of 
triplet molecular oxygen (3O2) to singlet molecular oxygen (1O2). The presence of 1O2 in biological 
systems can cause cell death through apoptosis. One of the needs of having an effective sensitizing 
agent is its physical and chemical properties such as a crystalline structure that allows excellent light 
absorption, spectroscopic property that allows an improvement in quantum efficiency, electronic band 
structure, so that the sensitizer presents a band gap of higher energy than the emission energy so that 
there is no self-absorption. Another important point is the characteristic of absorbing light in the near 
infrared region, around 980 nm, and emitting it in the green or red region. One of the ways to achieve 
this is the use of inorganic materials containing Rare Earths that allow the upconversion phenomenon 
to appear. The red emission can contribute to the therapy of the disease locally and the green emission 
to obtain the image, for example, of the cell in which the sensitizer is chemically bound. The absorption 
of radiation at 980 nm by the material is very interesting because in this region the absorption by 
biological tissue is very low. Consequently, the penetration of radiation into biological tissue is greater, 
activating the photosensitizing material in a further location and within the cell. In most commercially 
used sensitizers, the excited state lifetime is on the order of nanoseconds. The molecules to which these 
sensitizers are chemically linked often exhibit photoluminescence and excited state lifetimes on the 
order of ns. Therefore, when generating the image, the emission of light from the sensitizer and the 
chemically labeled molecule are superimposed, generating an accumulation of signal from different 
sources, resulting in a low resolution of the generated image, often making more accurate diagnoses 
difficult. Therefore, this presentation aims to show some possible inorganic materials containing Rare 
Earths that can act in photodynamic therapy, trying to solve some problems observed to this day. 
 
 
 

References 
[1] Front. Chem. 2022, 10, 1 
[2] Progress in Optical Science and Photonics, Springer-Nature 2013, 24, 369 
 

Acknowledgements 
This work was supported by the FAPEMIG, CAPES, CNPq and FINEP. 

  

mailto:jeffersonferrari@ufu.br
mailto:jeffersonferrari@gmail.com


Invited speaker 
 

609 
 

LUMINESCENT HETEROMETALLIC RARE EARTH BASED TEREPHTHALATE MOFS 

Mereshchenko A.S., Butorlin O.S., Petrova A.S., Toikka Yu.N., Badikov A.R.,  Bogachev N.A., Skripkin 
M.Yu. 

St. Petersburg State University, St. Petersburg, Russia 
a.mereshchenko@spbu.ru 

 
The effect of the joint presence of two rare earth ions on the optical properties in metal-organic 

frameworks (MOFs) possessing antenna effect will be discussed in this presentation [1-3]. The series 

of (MxLn1-x)2bdc3‧nH2O heterometallic terephthalate MOFs (M = Eu, Tb; Ln = Lu, La, Gd, Y; x = 0-1) 

were synthesized in the aqueous solution by the mixing of the EuCl3/TbCl3 and LnCl3 taken in 
stoichiometric ratios with the excess of Na2bdc (bdc2- = 1,4-benzene-1,4-dicarboxylic (terephthalate) 

ion). For the (MxLn1-x)2bdc3‧nH2O (M = Eu, Tb; Ln = La, Gd, Y) series, we have found the formation of 

terephthalates tetrahydrates (MxLn1-x)2bdc3‧4H2O corresponding to the crystalline phase Ln2(1,4-bdc)3

‧4H2O (Ln = Ce-Yb) [4]. On the other hand, the crystalline phase of Lu-containing MOFs (MxLu1-x)2bdc3

‧4H2O (M = Eu, Tb) depends on the lutetium content. At the lutetium concentration less than 70 at. % a 

single crystalline phase is formed, (MxLu1-x)2bdc3‧4H2O (M = Eu, Tb). At Lu content higher than 70 at. 

%, the numerous crystalline phases are formed depending on Lu content and the concentration of initial 

solutions, (MxLu1-x)2bdc3‧nH2O (n = 0, 2.5, 10). All the synthesized samples containing Eu(III) 

demonstrate bright red emission corresponding to 5D0→7FJ (J = 0-4) transitions of Eu3+ ion upon the 
300-nm excitation into 1ππ* excited state of terephthalate ion. All the synthesized samples containing 
Tb(III) demonstrate bright green emission corresponding to 5D4→7FJ (J = 3-6) transitions of Tb3+ ion 

upon the 300-nm excitation into 1ππ* excited state of terephthalate ion. For (MxLu1-x)2bdc3‧nH2O series 

luminescent properties significantly depend on the crystalline phase: excited state lifetimes of Eu3+ and 
Tb3+ are larger in Ln2bdc3 crystalline phase than the corresponding values for Eu3+ and Tb3+ in Ln2bdc3

‧4H2O, Ln2bdc3‧2.5H2O, and Ln2bdc3‧10H2O due to efficient luminescence quenching of Eu3+/Tb3+ by 

coordinated water molecules in Ln2bdc3‧nH2O phases. In (MxLn1-x)2bdc3‧4H2O (M = Eu, Tb; Ln = La, 

Gd, Y) series, photoluminescence quantum yields and excited state lifetimes in a much smaller degree 
depend on the concentration of optically-inert rare-earth ions (La, Gd, Y). The substitution of Eu3+ and 
Tb3+ ions for La3+ or Y3+ do not affect optical properties until very high concentrations of these ions, 
whereas Gd3+ doping increases photoluminescence quantum yield upto 1.5 times.  
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Usually, intramolecular charge transfer can be realized in organic compounds carrying a donor 
and an acceptor groups, which are connected to each other via pi-conjugated linker. Such compounds 
are known as ‘push-pull chromophores’ or ‘donor-π-linker-acceptor’ (‘D-π-A’) systems. Due to their 
properties, they find wide applications in fields related to energy conversion, in particular in 
optoelectronics or photovoltaics [1]. Such systems can also be used as ligands for transition metal 
complexes, which can lead to interesting photophysical properties of the organometallic luminophore 
[2]. 

Nowadays, cyclometallated iridium(III) complexes are widely studied due to their potential 
applications as phosphorescent materials for OLED devices. It is known that the diphenylphosphine 
oxide group can improve the electron injecting and transporting capabilities, which makes it attractive 
for modification of Ir(III) luminophores in host materials [3]. 

Herein we report the synthesis of two new bipyridine-based ligands decorated with phosphine 
oxide groups. It is expected that the presence of a donor bipyridine moiety and an acceptor phosphine 
oxide groups will contribute to the occurrence of intramolecular charge transfer. In the present work, bis-
cyclometallated Ir(III) complexes based on these ligands were synthesized (Fig. 1) and their 
photophysical properties were investigated. 
 

 

Figure 1. Ir(III) complexes synthesized in this work. 
 

The compounds obtained were characterized by 1H, 31P, 1H-1H COSY NMR spectroscopy, ESI+ 
mass spectrometry and IR spectroscopy. 
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Various derivatives of mono-aza-crown ethers are considered as prototypes of smart photoactive 

molecular devices, sensors for optical and electrochemical detection of metal cations [1]. 
In this work, the features of the complexation process and the specifics of the photoinduced 

recoordination in complexes of ditopic bis-aza-18-crown-6-containing dibenzylidenecyclopentanone (1) 
with alkali and alkaline earth metal cations of various stoicheometry 1*(Mn+), 1*(Mn+)2, (Mn+)* 1* (Mn+)2 
were thoroughly studied. Spectral-kinetic features of investigated complexes (1) with metal cations were 
obtained in MeCN (Table 1).  
 

Table 1. Spectral-kinetic features of investigated complexes (1) with alkali and alkali-earth cations 

 Cation Log[Ks(dm3*mol-1)] εa
max/ dm3*mol-1*cm-1 λа

max/nm Cation 
radius/Å (1:1) (1:2) (1:3) (1:1) (1:2) (1:3) (1:1) (1:2) (1:3) 

H+ 3.65 3.60 – 36400 45500 – 448 341 – – 

Li+ 2.10 – 1.30 63400 – 62600 463 – 500 0.68 

Na+ 3.00 – –0.30 59800 – 73900 459 – 489 0.97 

K+ 3.08 2.70 – 55300 44800 – 459 452 – 1.33 

Mg2+ 3.03 – 1.90 49700 – 54800 456 - 525 0.66 

Ca2+ 3.90 3.05 – 49600 40400 – 453 422 – 0.99 

Ba2+ 4.40 4.10 – 49600 39100 – 447 371 – 1.34 

 
In the process of investigation we found that the first stage of photoinduced recoordination takes 

place in complexes of (1) with Ba2+, Ca2+, K+. It was proved that the process of photoinduced 
recoodrination could be effectively blocked in the PrCN cold matrix (at 77K condition). It was found that 
photoinduced recoordination occurs in range of no more than 100fs. Quantum-chemically calculated 
conformation curves that describe the process of recoordination in ground and excited state signifies 
that the process of photoinduced recoordination has potential barrier in both states. Moreover, it was 
established that the process of photoinduced recoordination is conjugated with the process of changing 
the solvate shell of metal cation that coordinated by aza-crown cavity (1) (Scheme 1). 

 

Scheme 1. The process of photoinduced recoordination that takes place in complex (1) with Ba2+. 
Axial conformation of complex (left) proceeds to equatorial (right) – the result of the process of 

photoinduced recoordination 
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The use of extraction methods for the separation and concentration of rare-earth elements and 
radionuclides is currently in high demand. Thus, europium is actively used in microelectronics and 
nuclear power as a neutron absorber, and knowledge about the extraction of yttrium and its separation 
from strontium is necessary for the development of a 90Y isotope generator for use as a 
radiopharmaceutical. 

The purpose of this work is to study the kinetics of extraction of europium nitrate and yttrium 
carbonate by various organic extractants (triamylphosphinoxide (TAPO), carbomoyl phosphinoxide 
(CMPO), 2,3–dihydroxynaphthalene and 8-hydroxyquinoline) [1,2] by infrared spectroscopy with 
attenuated total reflectance (IR ATR). It is shown that the IR ATR method makes it possible to study the 
kinetics of the extraction process using small volumes of the studied solutions and gives good 
convergence of the extraction rate constant with the diffusion cell method (for the Eu3+ - TAPO system 
7.5*10-4 cm-1s-1 by the IR ATR method and 4.3*10-4 cm-1s-1 by the Lewis cell method). It is also shown 
that in systems using chelating extractants, the presence of two jumps is observed on kinetic curves, 
which can be explained by the sequential addition of metal ions to the binding functional groups of 
extractants (Fig.1). 

 

Figure 1. Kinetic curves constructed for a series of IR spectra during extraction of Eu3+ with CMPO 
solution in 1,2-Dichloroethane 
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The spectroscopic properties of the P=O acceptor group of phosphine oxides can be used to 
characterize intermolecular complexes with their participation. Phosphine oxides are used in 31P NMR 
spectroscopy as probes to characterize the electron withdrawing properties of solvents and other 
compounds with Lewis acidity (so-called Gutmann-Beckett acceptor number scale) [1] and proton 
donating ability of compounds with Brønsted acidity [2]. Previously, calculated 31P NMR chemical shifts 
of phosphine oxides were used to theoretically estimate the strength of non-covalent interactions, 
halogen bonds and hydrogen bonds [3 ,4 ,5]. 

In this work, hydrogen bonds between triphenylphosphine oxide and 24 substituted phenols were 
studied  using liquid-state NMR spectroscopy in a polar aprotic solvent (liquefied freonic mixture 
CDF3/CDF2Cl) and in the crystalline solid state. 

Two kinds of complexes were identified in low-temperature (100 K) 1H and 31P NMR spectra: 1:1 
complexes, and 1:2 complexes. For example, Scheme 1a shows the corresponding signals of 1:1 and 
1:2 complexes of triphenylphosphine oxide and 4-chlorophenol. 

 

Scheme 1. 1H and 31P NMR spectra of Ph3P=O complexes with 4-chlorophenol in solution in 
CDF3/CDF2Cl at 100 K. 

 
Using previously established correlation linking the 1H NMR chemical shift changes upon 

complexation, ΔδH, with the enthalpy of complexation, ΔH, we were able to estimate the enthalpy of 
complexation and thus to establish an empirical power relationship between the enthalpy of 
complexation with the change in the chemical shift of phosphorus ΔδP:  
 

ΔH(in kJ/mol)   17·ΔδP(in ppm)0.5 

 
Using X-ray diffraction analysis, we were able to study the complexes formed in the solid state 

(see example in Scheme 1b) and build experimental correlations between the hydrogen bond length 
and the change in the chemical shift of phosphorus ΔδP upon complexation in the solid state. 
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The optical properties of C^N-cyclometallated platinum(II) complexes [Pt(C^N)(L,L')]Z depend on 
the molecular structure of the compounds and supramolecular aggregation, causing polymorphs of the 
same compound to have different photophysical properties. It is a challenging goal to control the 
formation of polymorphic forms of platinum(II) complexes due to the multiple complex-complex and 
complex-solvent interactions during crystallization. 

A series of previously uncharacterized cyclometallated platinum(II) complexes with isocyanide 
ligands [(ppy)PtCl(CNR)] (R = C6H4-2-I 1, C6H4-4-I 2, C6H3-2-F-4-I 3, C6H3-2,4-I2 4, C6H4-C≡C–Ph 5) 
were studied [1, 2]. Crystallization of 1-4 under different conditions resulted in a number of polymorphic 
crystals and solvates (1I/1II, 2I/2II, 3I/3II и 4/4·CHCl3), with different photophysical characteristics. 
Crystallization of the 2 from the solution of CH2Cl2 leads to the formation of yellow needle crystals 2I, 
which are luminescent in the green region of the visible light. At the same time, crystallization of the 2 
from the hot EtCN solution leads to the formation of orange prisms 2II, which exhibit a shift of the 
luminescence maximum to the red region. While 2I is a weak emitter (0.5%), the 2II polymorph has a 24-
fold higher luminescence quantum yield (12%). The adduct 5·½(1,4-DITFB) was obtained by 
crystallization of 5 with 1,4-diiodetetrafluorobenzene (1,4-DITFB) and exhibits higher luminescence 
quantum yield compared to the complex 5 without changing the spectral parameters. The difference in 
the luminescence efficiency can be associated with the absence or presence of intermolecular 
interactions: Pt···Pt and C–I···Cl–Pt interactions (2II crystals) and π-hole(isocyano group)⋅⋅⋅dz

2[PtII] 
interaction (the adduct 5·½(1,4-DITFB)) increase structure rigidity, decrease vibrational relaxation, and, 
consequently, increase photoluminescence quantum yield. The remaining crystals 1I/1II, 3I/3II and 
4/4·CHCl3, as well as samples 2I and the adduct 5·½(1,4-DITFB), are luminescent in the green region. 

The report will summarize the results of the research on the impact of noncovalent interactions 
upon the luminescence efficiency of cyclometallated platinum(II) complexes with isocyanide ligands. 
 

 
Figure 1. Images of crystals of 2I and 2II in visible light and under UV radiation. 
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Low-dimensional magnetic systems with magnetically active ions anisotropically distributed in the 
crystal structure can form various types of groupings: isolated dimers, trimers, etc. (zero-dimensional 
magnets), chains, ladders (one-dimensional), as well as layers of various topologies (two-dimensional) 
[1]. The low-dimensional magnetic subsystem often leads to the fact that in such phases exotic basic 
quantum states may be observed, e.g. spin liquid, spin glass and spin ice, spin frustrations and others. 
This explains the increased interest in search for new low-dimensional magnets: firstly, the study of their 
quantum states is important for the fundamental foundations of condensed matter physics, and 
secondly, the relationship between low-dimensional magnetism and other quantum cooperative 
phenomena such as superconductivity and the behavior of supercooled gases has been noted, which 
has the potential for application in quantum measuring [2]. There are also ideas that on the basis of one-
dimensional magnetic materials, it is possible to create materials with controlled heat transfer [3]. 

But there is no systematic search for such phases. The synthesis of phases with low-dimensional 
magnetism is one of the hot topics in modern material science. From this point of view, the class of 
transition metal chalcogenides is of interest. Due to the fact that the selenite or tellurite groups of XO3

2- 
has a stereochemically active pair of electrons, their structures often reveal voids, channels or layers. 
The tendency to form such "loose" structures can be enhanced by introducing ions with small 
coordination numbers, in particular halides, into the composition. Among the selenite halides, a rather 
large family of phases with general composition A2B(SeO3)2Cl2 (A = Pb, Sr, Ba, B=d-metal) and mineral 
sarrabusite Pb5Cu(SeO3)4Cl4 [4] seems to be attractive. The aim of this work is to search for and 
synthesize phases from this family Sr2Mn(SeO3)2Cl2, Ba2B(SeO3)2Cl2 (B=Ni, Cu), Pb2Cu(SeO3)2Cl2, 
A5B(SeO3)4Cl4 (A=Pb, Sr, Ba, B=Mn, Co, Ni, Cu), as well as the study of their physical properties. 

The samples were synthesized using the solid-phase reactions in sealed silica tubes. Alkaline 
earth metal selenites ASeO3 and anhydrous d-metal chlorides BCl2 were used as starting materials. In 
the case of lead compounds, PbO, SeO2 and CuCl2 were chosen. Reactions was carried out at different 
temperatures. The purity of the samples was checked by powder X-ray diffraction (XRD). 

Optimal conditions were found for sample preparation, depending on their composition. Crystal 
structures of new compounds were determined by powder of single crystal XRD. It was established that 
new compounds show different structural types. The IR spectra of the samples indicate the presence of 
a selenite groups in the structures, as well as the presence of Me-O-Se oscillations. For 
Pb2Cu(SeO3)2Cl2 the structure was determined on a single-crystal XRD experiment. Unlike 
Sr2Cu(SeO3)2Cl2, in the structure of the new lead phase, the lead polyhedra are strongly distorted, 
presumably due to the presence of 6s2 lone electron pair. Thermal analysis showed that 
Sr2Mn(SeO3)2Cl2 is stable up to 500 °C, Ba2Cu(SeO3)2Cl2 – up to 550 °C, Ba2Ni(SeO3)2Cl2 – up to 640°C, 
and Pb2Cu(SeO3)2Cl2 – up to 530 °C. Primary measuring of magnetic properties for Sr2Mn(SeO3)2Cl2 
confirms the presence of a low-dimensional magnetic subsystem in the structure. At a temperature of 
TN = 3.01 K, the substance undergoes antiferromagnetic ordering, which is also observed in the 
temperature dependence of heat capacity. The structural parameters of the new phases and related 
ones are compared in the presented study. 
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Recently, prevention of atmospheric pollution from gaseous pollutants establishes great problems 

for chemists. The present study is aimed at providing measures to ensure protection of the atmosphere 
from automobile exhaust pollution due to carbon monoxide and for it are used some ferrospinel 
catalysts. The catalytic efficiencies of ferrite materials have been tested at various temperatures for the 
oxidative removal of carbon monoxide (CO). Carbon monoxide is an extremely poisonous gas. 
Therefore, catalytic oxidation of carbon monoxide is one of the most important processes. It is mentioned 
that ferrite materials are cheaper compared to the platinum group metals [1]. 

As known, CoFe2O4 is an interesting magnetic material and also, there are its high coercivity, 
moderate saturation magnetization, excellent chemical stability and mechanical hardness etc. The 
properties of ferrite nanoparticles are influenced by the composition and microstructure, which are 
sensitive to the preparation methodology used in their synthesis [2].  

CO oxidation was carried out by the flow method at a CO:O2 = 1: (0.4, 0.6, 0.8), a space velocity 
of 6000-12000 h-1. The analysis was carried out on an LKHM chromatograph, in two columns with CaA 
zeolite and poropak Q sorbents. 

The catalytic activity of cobalt ferrite prepared by the sol-gel auto-combustion method with the 
ratio Co-Fe = 1:2, Co-Fe = 1:1 and Co-Fe = 2:1 was investigated in the oxidation of carbon monoxide 
to dioxide. The temperature dependences of CO conversion for these cobalt ferrite samples are shown 
in Fig. 1. The results of CO oxidation on cobalt ferrite show that in the sol-gel method for producing 
ferrites affects the catalytic activity. The citric acid was used as an organic reagent. Figure 1 shows that 
all cobalt ferrite samples synthesized by sol-gel combustion method completely convert CO into CO2.  

 

 
Figure 1. Dependence of CO conversion on temperature for cobalt ferrite samples obtained sol-gel 

method with combustion; 1) Co: Fe = 1:2, 2) Co: Fe = 1:1, 3) Co: Fe = 2:1. 
 

Summarizing the above, we can conclude that in CO oxidation the influence of the ratio of cobalt 
and iron in ferrite on the catalytic activity of the synthesized samples was also studied. At 
hyperstoichiometric cobalt content Co:Fe = 2:1 is sample. The most active cobalt ferrite sample (Co-
Fe=2:1) prepared by the sol-gel method with combustion. On these samples, the complete conversion 
of CO into CO2 occurs at a range temperature of 200-2500C and conversion reaches 100%. 
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Also M2(CO)10 (M = Re, Mn) are precursors in many reactions, including the synthesis of metal 
cluster compounds, their analog, 99Tc2(CO)10, remains poorly studied. This is probably due to the 
complexity of its preparation: the synthesis of 99Tc2(CO)10 requires so far high pressure of a carbon 
monoxide (up to 350 atm) and a temperature of 220°C [1]. It is known that, salts of technetium acid - 
pertechnetates, as well as technetium dioxide are used as starting compounds for preparing 
99Tc2(CO)10. However, the yield of 99Tc2(CO)10 prepared from these precursors is not high probably due 
to their low solubility in organic solvents.  

In this work, we prepared ditechnetium decacarbonyl from a solution of HTcO4, in 1,4-dioxane, 
1,2-dimethoxyethane and tetrahydrofuran. The synthesis parameters (temperature, time) were 
optimized. The highest yield (70%) of 99Tc2(CO)10 was obtained with 1,2-dimethoxyethane. The product 
was characterized by IR spectroscopy.  

 

  

Figure 1. The IR spectrum of decacarbonyl ditechnetium in hexane and solvents used. 
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Bismuth-containing pyrochlores are characterized by a significant set of practically useful 

properties in demand, among which dielectric and photocatalytic properties are especially distinguished. 
Oxide bismuth-containing pyrochlores, having low dielectric loss tangent values and high dielectric 
constant, are promising as tunable microwave dielectric components and dielectric layer in multilayer 
ceramic capacitors. 

It has been shown that the modified sol-gel method (Pechini method) successfully synthesizes 
multielement oxides based on bismuth niobate, crystallizing in the pyrochlore structure type (space 
group Fd-3m). It has been established that for the synthesis of niobium-containing complex oxides by 
the Pechini method, the corresponding metal oxides can be used as precursors by wisely selecting an 
acid solvent for them. The synthesis temperature of a single-phase sample is 950 ○С, which is one 
hundred degrees lower than the calcination temperature in the traditional ceramic synthesis method. 
The average crystallite size, determined by X-ray diffraction, varies from 39 (850 ○С) to 48 nm (1050 ○С) 
depending on the sintering temperature. According to X-ray phase analysis, the unit cell parameter is 
10.4872(6) Å. The results of elemental mapping indicate a uniform distribution of metal atoms on the 
surface of the sample, and X-ray energy dispersive analysis showed that the chemical composition of 
the synthesized sample corresponded to the specified theoretical composition. 
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Nowadays compounds with low-dimensional magnetic properties are of increasing interest. 

These compounds exhibit magnetic properties due to the interactions between individual ions or clusters 
of ions. Heterometallic compounds containing magnetic 3d-cations and 4f-cations attract particular 
attention. Recently, new compound FeNd2(SeO3)4Cl was reported. In this compound Nd3+ cations form 
a distorted Shastry-Sutherland lattice and Fe3+ cations form a triangular lattice [1]. The temperature 
dependence of magnetic susceptibility indicates that there is no magnetic order down to 2K. However, 
a sharp peak at ~6.7 К on the temperature dependence of heat capacity was observed. Therefore, 
compound was supposed by authors to exhibit «hidden antiferromagnetic ordering». 

The purpose of this work is to search chloride and bromide analogs of FeNd2(SeO3)4Cl phase 
with other rare-earth elements and to study magnetic and thermodynamic properties of these phases. 

The samples were synthesized through hydrothermal and solid state methods. PXRD of samples 
showed that FeLn2(SeO3)4Cl phase was formed for Ln=La, Ce, Pr, Nd. FeLn2(SeO3)4Br phase was 
formed only for Ln=La. 

The single crystals of FeLa2(SeO3)4Cl, FeLa2(SeO3)4Br, FeCe2(SeO3)4Cl, FePr2(SeO3)4Cl were 
investigated via single-crystal X-ray diffraction. The experiments show that these compounds are 
isostructural and crystallize in a monoclinic space group C2/c. The [LnO10]17- polyhedra are connected 
via selenite groups to form layers. The layers of iron polyhedra are formed by chains in which [FeO4Cl]6- 
tetragonal pyramids are connected via selenite groups. 

The PXRD patterns of FeLn2(SeO3)4Cl (Ln = La, Ce, Pr, Nd) were indexed. In the La ― Nd row 
the unit cell volume decreases in accordance with the lanthanide contraction. For this reason, 
bromide phase is formed only in the case of La3+, because this cation has the largest ionic radius. 

The temperature dependence of magnetic susceptibility was measured for the compounds 
FeLn2(SeO3)4Cl, Ln=La, Ce, Pr. The temperature dependence of heat capacity was measured for 
FeLa2(SeO3)4Cl. These dependences show that lanthanum compound behaves differently than cerium 
and praseodymium compounds. Its properties may be described by the Heisenberg spin chain. This 
compound exhibits the magnetic order at 6.5 K. 
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The increase of the photoluminescence efficiency of lanthanide coordination compounds is one 

of the urgent tasks today. Coordination compounds of lanthanides attract much attention with a variety 
of their potential applications. They may be applied as sensors, diodes and lasers or in catalysis and 
biomedical imaging. The introduction of the d-block which consists of d10-metal ions and aromatic 
organic ligands may affect the photoluminescent properties of lanthanide complexes positively due to 
the antenna effect [1]. Using two types of anions of aromatic acids of different nature leads, on the one 
hand, to the stabilization of the crystal structure due to the occurrence of strong non-covalent 
interactions [2] and, on the other hand, to an improvement in their photoluminescent characteristics [3]. 
For instance, simultaneous coordination of benzoic and pentafluorobenzoic acid anions to a REE metal 
ion leads to the formation of supramolecular chains stabilized by π...π, C-H...F, C-F...π and other non-
covalent interactions, which can have a significant effect on photoluminescent properties.  

In this work mixed-carboxylate {Zn2Ln2} complexes [Zn2Ln2(bz)x(pfb)10-x(phen)2] (Ln = Eu(1Eu), 
Tb(1Tb), Gd(1Gd); bz – benzoate anion; pfb – pentafluorbenzoate anion; phen – 1,10-phenantroline; 
x=5,4; 1,2) and their benzoate and pentafluorobenzoate analogues [Zn2Ln2(bz)10(phen)2] (Ln = Eu(2Eu), 
Tb(2Tb)) and [Zn2Ln2(pfb)10(phen)2] (Ln = Eu(3Eu), Tb(3Tb)) were obtained. The obtained compounds 
were characterized by XRD, CHN analysis and IR spectroscopy. In the structure of compounds 1 the 
occupancy of four anions is non-integer and bz- and pfb-anions occupy the same position. The 
occupancy of hydrogen and fluorine atoms may change with varying synthesis conditions. It has been 
shown that simultaneous coordination of bz- и pfb-anions to the REE ion (Eu, Tb, Gd) with 1,10-
phenantroline leads to the emergence of non-covalent interactions which stabilize the crystal packaging 
of the complexes. In the case of compounds 1, an increase in luminescence efficiency is observed to 
50% and 54% for 1Eu and 1Tb, respectively, which is about 1,3 times more than for their benzoate and 
pentafluorobenzoate analogues 2 and 3. 
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Several series of REE fluorotrifluoroacetates have been synthesized and characterized. The 
crystal structure of each compound is based on a structural fragment studied in our laboratory, the 
rhombododecahedron {Ln6F8} [1]. Compounds containing this fragment are poorly illuminated in papers 
and are often synthesized by accident [2,3]. The metal ions in the rhombic dodecahedron are connected 
in pairs by twelve bidentate trifluoroacetate anions. These compounds are, firstly, of fundamental 
interest for crystal chemistry, and secondly, of practical interest - obtaining luminescent materials that 
are stable over a wide temperature range (up to 250–300°C) with outstanding characteristics (due to 
the rigidity of the structure and the absence of quenching bonds). 

This work demonstrates the potential existence of the {Ln6F8} fragment for a wide range of 
lanthanides (Pr – Yb). The use of cations of various alkali metals makes it possible to control the 
dimensions of the resulting compounds (1D, 2D and 3D). It has been shown that the use of pyridinium 
cation leads to the formation of 0D crystal structures. The possibility of replacing axial molecules of 
trifluoroacetic acid and water with molecules of pyridine and dioxane has been demonstrated. 
 

 

Figure 1. Connection between REE fluorotrifluoroacetates. 
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Yttrium, being a dispersed element, plays a significant role in industry, including nuclear medicine. 
To date, numerous methods have been developed for extracting yttrium from complex matrices, such 
as ion-exchange chromatography and liquid-liquid extraction. One of the most promising methods is 
membrane separation using a liquid membrane, which allows for the simultaneous extraction and 
stripping operations, effectively utilizing organic extractants. Such systems have also been proposed for 
use in yttrium-strontium generators [1]. 

 
Previous studies have shown that for the selective separation of trace amounts of yttrium from 

strontium in carbonate media, synergistic mixtures of methyltrioctylammonium carbonate (MTOAC) with 
aromatic alcohols such as 2,3-dihydroxynaphthalene (2,3-DHN) and 8-hydroxyquinoline (8-HQ) can be 
used as extractants [2]. 

 
In this study, liquid and membrane extraction of yttrium and strontium from carbonate media were 

investigated using solutions of synergistic mixtures of phenols with quaternary ammonium bases as the 
organic phase. It was shown that at a concentration of 0.005 M, both 8-HQ and 2,3-DHN exhibit 
distribution coefficients sufficient for membrane separation, as presented in Table 1.  

 
Table 1. Extraction characteristics of the studied systems. 

Extractants Solvent DY 
Stripping degree in 0,05 М 

HNO3 

2,3-DHN dibutyl phthalate 0,2 0,4 

8-HQ dibutyl phthalate 0,07 0,6 

2,3-DHN 
dibutyl phthalate with 
dichloroethane, 1:1 

0,2 1 

8-HQ 
dibutyl phthalate with 
dichloroethane, 1:1 

0,2 0,4 

 
Furthermore, the selectivity coefficients of these extractants for the Y/Sr pair exceed 104, making 

the studied systems applicable in Y/Sr generators. 
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Nowadays the lanthanide complexes possess structural flexibility and can be affected by 
structural or chemical transformations (e.g. hydrolysis) [1]. It is the fact that makes it difficult to stabilize 
the core of a certain shape, and it is the technique of self-controlled hydrolysis that provides the growth 
and stabilization of required core [2]. The chemical transformations of lanthanide carboxylates, including 
trifluoroacetates, in a presence of amines are being actively studied. Mono- and binuclear mixed-ligand 
complexes, polynuclear hydroxocomplexes and hydroxogels are known as products of these 
transformations reflecting the competition between complexation and hydrolysis processes. Other way 
to control the nuclearity of complexes is using polydentate organic ligands, such as polyatomic amines. 

In the present work the effect of diethylentriamine (deta) on crystallization of lanthanide 
trifuoroactetates was studied. The crystalline lanthanide tetrakis-trifluoroactates 
[(detaH2)[Ln2(tfa)8](Solv)x] for Ln = La–Eu, polymeric complexes with cubane core 
[Ln4(OH)4(tfa)8(H2O)4]n ∙ x H2O for Ln = Pr–Lu, Y, tetranuclear and nonanuclear complexes with cubane 
core [Ln4(OH)4(tfa)3(deta)4(detadcH)2](tfa)3 ∙ x Solv, [Ln4(OH)4(tfa)2(deta)4(detadcH)2](tfa)4 ∙ x Solv, 
[Ln9(OH)12(tfa)11(deta)6(detadcH)2](tfa)2 ∙ x Solv for Ln = La–Dy were isolated from gel-matrix in the 
deficiency of deta, while the excess of deta leads to viscous homogeneous gel-like solutions stable to 
spontaneous crystallization and suitable for preparation of inorganic materials. To study the processes 
occurring in solution during the formation of polynuclear rare earth clusters, the method of total X-ray 
scattering with analysis of the pair distribution function (PDF) was used. 

The structure of metal-oxo cores for all types of complexes are presented in Figure 1. 
 

 

Figure 1. The structure of polynuclear core: a – anionic chain, b – polymer with cubane core, c – 
nonanuclear cluster with three cubane core, d – isolated cubane core. 
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Noncovalent interactions play an important role in many advanced areas of modern science 
ranging from polymer chemistry to molecular biology. While amount of studies on hydrogen bonding, 
halogen bonding, and metallophilic interactions involving metal centers is gradually increased, many 
novel types of noncovalent forces including, e.g., metal-involving chalcogen bonding were recognized 
only recently thus providing a new tool for crystal engineering [1].  

Square-planar transition metal complexes bearing sterically available dz
2-orbitals are the most 

suitable objects for constructing supramolecular systems via noncovalent interactions involving metal 
centers [2,3]. In this work, two new platinum(II) complexes with chelating ligands, viz. 
[Pt(PPy)(S2CN(СH2)n)] (PPy – 2-phenylpyridine; n = 4 (1), 6 (2)), were synthesized. The complexes were 
co-crystallized with chalcogen bond donors, namely bis(perfluoropyridyl) telluride (FPy)2Te and 
bis(perfluorotolyl) telluride (FTol)2Te, to give three new cocrystals – 1·(FPy)2Te, 2·(FPy)2Te, and 
2·(FTol)2Te, respectively. The structures of the obtained adducts were studied by single-crystal X-ray 
diffraction (XRD; Fig. 1). 
 

 
Figure 1. Metal-involving chalcogen bonds in cocrystals: (a) 2·(FPy)2Te, (b) 2·(FTol)2Te, and 

(c) 1·(FPy)2Te. 
 

Upon analysis of noncovalent interactions in the XRD structures of the cocrystals, we identified 
various types of intermolecular contacts. In addition to previously known π-π stacking, LP(F)···π, and 
Te∙∙∙S interactions, we found rare metal-involving Te∙∙∙PtII chalcogen bonds (Fig. 1a and 1b) and 
recognized hitherto unknown bifurcated (μ2-Te)∙∙∙[PtII,S] contacts (Fig. 1c). The noncovalent nature of 
the revealed interactions was confirmed theoretically by DFT calculations via several computational 
tools. 
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This work reports the preparation an study of two ytterbium complexes based on qunaldine-2-

carboxylate ions (Q). The first compound has 1D-polynuclear nature and have formula [Yb(acac)2(Q)]n 
(1, acac- = acetylacetonate anion, Q- = quinaldinate anion). Structure of this compound is formed by 
{Yb(acac)2}+ moieties connected into chains via bridging Q--anions (Fig.1a). The addition of 1,10-
phenanthroline (Phen) as a bulky chelating ligand leads to the formation of a mononuclear 8-coordinated 
complex [Yb(acac)2(Q)(Phen)] (2, Fig. 1c). The coordination polyhedron of the ytterbium ion in 1 and 2 
is, respectively, a capped octahedron and a square antiprism. 

 

 

Picture 1. Fragment of the molecular structure of compounds 1 (a) and 2 (c). Coordination 
environment of the Yb3+ ion in 1 (b) and 2 (d,e). Hydrogen atoms are omitted for clarity. 

 
Investigation of the dynamic magnetic properties of 1 and 2 reveals presence of the single 

molecular magnets (SMM) properties. The experimental data fitting showed that relaxation proceeds via 
Raman and QT mechanisms. Although Orbach mechanism is typically not the case for complexes based 
on Yb3+ ions [1], it was involved in the fitting to compare SMM performance of 1 and 2 with that of 
reported Yb-based SMMs. The higher demagnetization barier, Ueff, for compound 1 is due to the more 
favorable geometry of the coordination environment, which positively affects the magnetic anisotropy of 
the Yb3+ ion. 

IR luminescence properties of complexes 1 and 2 also was studied. As a result of studying the 
kinetics of luminescence decay, the quantum yields were determined to be 2 and 4% for 1 and 2, 
respectively. Interestingly, 2 shows one of the highest quantum yields among ytterbium β-diketonate 
complexes despite on many C-H quenchers. This is probably due to the lower number of C-O-oscillators 
in the first coordination sphere of Yb3+ compared to 1 and reported tris-diketonates) coordinating Yb3+ 
and contributing to nonradiative luminescence quenching. Another advantage of compound 2 over 1 is 
its mononuclear structure with distant 10.13 Å between Yb3+ ions. This feature prevents cross-relaxation 
processes between neighboring Yb3+ ions. 
 

References 
[1] Inorg. Chem. 2015, 54, 7600 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 22-73-10189).  

mailto:agentneopentan@gmail.com


 

627 
 

TUNING OF CRYSTAL STRUCTURES OF ORGANIC-INORGANIC METAL HALIDES FOR 
REDUCING THE BANDGAP FOR LEAD-FREE PEROVSKITE PHOTOVOLTAICS 

Bykov A.V.1, Shestimerova T.A.1, Gontcharenko V.E.2,3, Shevelkov A.V.1 

1 Department of Chemistry, Moscow State University, Moscow, Russia 
2 Faculty of Chemistry, Higher School of Economics, Moscow, Russia  

3 Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia 
PhD Student 

bykov.andrey.sw@gmail.com 
 

In recent decades, the efficiency of solar cells based on hybrid lead halide perovskites (26.1%) 
has become equal to that of a single-crystalline silicon photovoltaic cell. [1] Nevertheless, there are two 
insurmountable problems for practical usage of halogenoplumbates(II) in photovoltaics: high toxicity of 
lead(II) and low stability of compounds. The most promising analogues without these disadvantages are 
the organic-inorganic halide complexes of antimony(III) and bismuth(III). [2] However, unlike lead 
compounds, hybrid metal(III) halides have significantly larger band gaps due to the smaller dimensions 
of the anionic substructures. This, in turn, determines lower values of the maximum theoretical efficiency 
of solar cells based on Bi(III) and Sb(III). [3] Therefore, the main challenge of lead-free photovoltaics 
today is the development of approaches to tuning the crystal structure to reduce the bandgap values. 

For hybrid antimony(III) and bismuth(III) halides, we have proposed the incorporation of 
polyhalide fragments into the crystal structure as a way to the bandgap narrowing. In this case, X2 
molecules (X = I, Br) or (I)n

- anions, due to the formation of halogen bonds, combine discrete metal 
halide anions into substructures of the higher dimension. np-X polyhalide states build minima of the 
conduction band or maxima of the valence band, depending on the nature of a metal, which leads to a 
decrease of the bandgap of metal(III) polyhalides. 

In this work, we apply diprotonated cyclic aliphatic amines – homopiperazinium (HpipeH2
2+) and 

piperazinium (PipeH2
2+), – as organic cations, which form N-H···X hydrogen bonds and serve as 

“structure-directing agents.” By varying the synthesis conditions, its was shown that both in acidic 
aqueous solutions and in non-aqueous media, the selected cations form a number of characteristic 
metal(III) halide anions: discrete mononuclear [MX6]3- and binuclear [M2X10]4-, as well as 1D polymer 
{MI4}- (M = Sb, Bi). A decrease in the organic cation/MX3 ratio and/or a decrease in the concentration of 
an aqueous solution of HX leads to an increase in the degree of condensation of MX6 octahedra in 
complex anions, which is accompanied by a decrease in the bandgap from 2.3 to 2.0 eV in the case of 
metal(III) iodides. The use of cation polyiodides as precursors or an addition of X2 to the reaction mixture 
made it possible to specifically incorporate polyhalide fragments into the structure. Along with the 
formation of discrete [MI6]3- octahedra, the formation of isolated (I3)- anions is observed. In the case of 
discrete [M2X10]4- anions, bridging X2 molecules link them into the {[M2X10](X2)}4- pseudochain due to the 
formation of weak X···X bonds (figure 1). It leads to the decrease in the bandgap of (Hpipe)2{[Sb2I10](I2)} 
down to 1.41 eV [4]. 
 

 

Figure 1. Formation of {[M2X10](X2)}4- pseudochain in (Hpipe)2{[M2X10](X2)}. 
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One of the most crucial aspects of nuclear energy advancement involves the design and creation 

of a molten salt reactor [1] and the pyrochemical processing of spent nuclear fuel [2]. In both these 
endeavors, high-temperature melts of alkali and alkaline earth halides are used.  

The electronic molar absorption spectra of Nd(III) and Ce(III) ions in mixtures of FLiNaK–(2 
mol.%)NdF3–(2, 32 mol.%)CeF3 and FLiNaK–(2 mol.%)NdF3–(2, 32 mol.%)LaF3 by transmittance-
reflectance setup in the spectral range of 330–950 nm at 1140 and 1300 K were obtained (Fig. 1, a). A 
cylindrical platinum crucible was used as the container for melting the salts, while a polished platinum-
rhodium plate served as the reflector. Salt samples were loaded into the crucible in a glove box, followed 
by heating in an induction furnace in an argon atmosphere (the moisture and oxygen content did not 
exceed 0,1 ppm). The thickness of the molten layer above the reflector did not exceed 2,1 mm. 

 

Figure 1. a is electronic molar absorption spectra of rare earth ions in the FLiNaK melt at 1140 and 
1300 K, b is the region of the 4G5/2  hypersensitive transition for FLiNaK-2NdF3-(2,32)LaF3 mixtures.  

 
The predominant contribution to all the observed absorption bands of neodymium ions arises from 

the induced electric dipole transitions from excited states to the ground state 4I9/2, except for the bands 
2H9/2 and 4G9/2 with minor contributions from magnetic dipole transitions. The highest intensity of molar 
absorption of Nd3+ ions in the FLiNaK melt corresponds to the hypersensitive transition 4G5/2 [3]. A 
broadening of this band is observed as the content of both LaF3 (Fig. 1, b) and CeF3 increases. The 
intensity of the transitions 4F5/2, 2H9/2 and 4S3/2, 4F7/2 is comparable to the intensity of the hypersensitive 
transition, which is not typical for chloride melts [4, 5].  

An assessment of the structural features of the FLiNaK melt was made based on the calculated 
oscillator strengths of hypersensitive transitions, as well as the Judd-Ofelt parameters. 
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Alkynyl complexes of Au(I) are of great interest to researchers due to their photophysical 
properties, which find applications in a wide variety of research areas, namely: in optoelectronics[1], 
catalysis, bioimaging, as anticancer agents and chemosensors [2]. The luminescent properties of Au(I) 
complexes depend on the nature of the ligand environment.  

In the present work, two series of Au(I) complexes were synthesized on the basis of D-π-A alkynyl 
ligands: heteroleptic phosphine alkynyl complexes[3] and homoleptic bis-alkynyl compounds[4]. The 
C≡C triple bond acts as the donor group of the alkynyl ligand, while phosphine oxide possesses the 
acceptor properties. The coordination of alkynyl ligands to a metal results in a system with intramolecular 
charge transfer. 

It was found that the luminescent properties of all the obtained complexes are sensitive to the 
nature of the alkynyl ligand, i.e., to the linker length between the donor and acceptor sites. At the same 
time, the photophysical properties of the complexes do not change by varying the phosphine ligand in 
heteroleptic compounds. Homoleptic complexes show brighter photophysical properties in contrast to 
heteroleptic ones. At the same time, complexes from both series show brighter photophysical properties 
in the solid phase compared to solution. 

 

Scheme 1. Schematic structures of Au(I) complexes 
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The variation of non-covalent interactions allows for directed influence on the structure, chemical, 

and physical properties of substances and materials. This is particularly critical in the formation of 
polymeric structures of coordination compounds with aromatic ligands [1]. 

This study investigates the structure and photoluminescent properties of heteroanionic europium 
complexes with anions of pentafluorobenzoic acid (Hpfb) and 2,4,6-trimethylbenzoic acid (HtMebz), with 
1,10-phenanthroline (Phen) and 2,2'-bipyridine (2,2'-bipy) in methanol (MeOH), ethanol (EtOH), or a 
mixture of methanol with benzene (C6H6). A series of compounds with varying compositions were 
obtained: 
- [Eu2(tMebz)2(pfb)4(Phen)2](MeOH)2   
- [Eu2(tMebz)1(pfb)5(Phen)2(MeOH)2]   
- [Eu2(tMebz)0.8(pfb)5.2(Phen)2(MeOH)2]   
- [Eu2(tMebz)2(pfb)4(Phen)2](C6H6)2   
- [Eu2(tMebz)1(pfb)5(2,2'-bipy)2]   
- [Eu2(pfb)6(Phen)2](EtOH)2   
The main structural motifs for all compounds are arene-perfluoroarene overlap systems and numerous 
H-F hydrogen bonds. 

 
Scheme 1: Structure of compounds [Eu2(3Mebz)2(pfb)4(Phen)2](MeOH)2 (a)  

[Eu2(3Mebz)2(pfb)4(Phen)2](C6H6)2 (b). 
 
Notably, using benzene changes the complex's geometry, resulting in triple-deck π…π interactions. 
Conversely, using the chelating 1,10-phenanthroline results in complexes where 3Mebz⁻ anions are 
oriented relative to the 1,10-phenanthroline. The photoluminescent properties of the obtained REE 
complexes were studied, with the highest quantum yield observed for the molecular complex 
[Eu2(3Mebz)2(pfb)4(Phen)2](C6H6)2, which amounted to 38%, indicating a significant influence of 
crystalline packing stabilization due to π…π interactions. 
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In the past five years, the demand for square-planar d8-metal complexes as sterically accessible 
sites involved in diverse noncovalent interactions (NCI) has increased dramatically. Despite their 
positive charges, these centers can function as dz

2-orbital centered nucleophiles toward various σ- and 
π-hole donors. According to our previous experience a substantial increase of dz

2-nucleophilicity can be 
achieved by employing strong electron-donating dithiocarbamate ligands [1-2]. Thus, Pt(II) 
dithiocarbamate complexes have been previously employed by us as multifunctional NCI acceptors: 
[Pt(S2CNEt2)2] was stacked with electron-deficient arenes via {dz

2-PtIIS4}···π-hole interactions [1], and 
also formed I···PtII halogen bonds with perfluorinated iodoarenes [2]. 

These studies stimulated our further interest in relevant systems and for the continuation of our 
project we addressed Pt(II) dithiocarbamates bearing mixed chelating ligands – [Pt(PPy)(S2CN(СH2)n)] 
(PPy – 2-phenylpyridine; n = 4 (1), 6 (2)). The complexes 1 and 2 were co-crystallized with tellurides 
TePyF

2 (PyF = C5F4N-4) and TeTolF2 (TolF = C6F4CF3-4) to form cocrystals 1·TePyF
2, 2·TePyF

2, and 
2·TeTolF2, whose structures were studied by single-crystal X-ray diffraction (XRD). In all three structures, 
we observed stacking interactions between the complexes and the tellurides, which involve a few types 
of NCI (Fig. 1). The stacking includes contacts between a metal center and Te and/or an arene of 
TeREWG

2. In the cocrystals, several atoms exhibit NCI acceptor abilities: Pt center, S-atom of the 
dithiocarbamate ligand, and a C-atom of the ppy ligand are involved in chalcogen bond with Te; the 
phenyl ring of the ppy ligand, C-atom of the dithiocarbamate, Pt donate electron density to π-holes of 
the PyF (or TolF) groups. The multiplicity of NCI centers in each of the coformers leads to a diversity of 
the formed noncovalent contacts. 

 

 
Figure 1. Identified metal-involving contacts. 

 
Our DFT analysis using QTAIM, NCIPlot, and NBO methods has elucidated the complex interplay 

of NCI within the cocrystals. These studies have highlighted the presence of significant chalcogen 
bonds, lone pair interactions, and π-stacking, all contributing to the stability of the dimeric assemblies. 
This research enhances our understanding of NCI and provides a foundation for the development of 
new materials leveraging these intricate chalcogen bond interactions. 
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Present days, the usage of intense fluorescence of molecules as a tool for visualization and 

improvement of optical properties is gaining increasing interest [1]. Such materials can be used as 
intensive lasers, in the field of solar energy, bioimaging, etc. Metal complexes of various nature have 
proven to be one of the promising types of compounds for these purposes. The presence of certain 
ligands in the composition of the compound can lead to a strong flare-up of the fluorescent properties 
[2]. Complexes of macrocyclic compounds are of particular interest in this regard [3]. Thus, the presence 
of a luminescent active metal ion and a structurally appropriate ligand in the complexes of macrocyclic 
compounds simultaneously leads to the partial removal of some forbidden transitions, providing 
extremely high yields of fluorescence quantum yields. 

This paper summarizes the data on obtaining and studying the spectroscopic and fluorescent 
characteristics of substituted phthalocyanine metal complexes. Cyanophenoxy-, nitrophenoxy-, 
phenoxy- and phenylthia-, alkyloxy- and other fragments were used as substituents (Fig. 1). For all 
phthalocyanine derivatives, the values of fluorescence quantum yields in organic media were 
determined. The patterns of changes in spectroscopic properties and photophysical characteristics are 
shown when substituents of various natures are introduced, as well as when the nature of the bridge 
spacer fragment is replaced. 

 

 
Figure 1. The structures of metal phthalocyanines studied. 
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Nowadays quantum dots (QDs) arouse an increasing interest of scientists due to the ability to 

control the wavelength of emitted light. The search for new effective methods for producing quantum 
dots is an important task both for fundamental chemistry and from a practical point of view. 

Particular attention is drawn to QDs based on nonmetals, including sulfur, which do not contain 
toxic heavy metal ions. The high antifungal and antibacterial activity and lack of cytotoxicity of sulfur 
nanoparticles gives promise for use in bioluminescent imaging and theranostics. In addition, the high 
sensitivity of sulfur QDs (SQDs) to the presence of d-metal ions enables the detection of trace amounts 
allowing their use in analytical purposes. 

The capabilities of cationic amphiphilic compounds capable of forming supramolecular structures 
with regions of different polarity in aqueous solutions were tested as stabilizers of SQDs. The positive 
charge in such organized media additionally electrostatically retains negatively charged sulfur 
nanoparticles to obtain stable transparent solutions. 

Preliminary experiments determined the sizes of sulfur particles (TEM, DLS) in micellar solutions 
of surfactants and polyelectrolytes. The following were tested as stabilizers for the synthesis of SQDs: 
tetradecyltrimethylammonium chloride (MTAB), polyethylenimine (PEI), and 
polydiallyldimethylammonium chloride (PDDC). The effectiveness of using different stabilizers was 
assessed based on measuring the photoluminescence intensity of SQDs. PEI and MTAB were found to 
be effective stabilizers for the preparation of SQDs. 

In this work, SQDs were synthesized using two methods: using elemental sulfur and sodium 
thiosulfate as starting reagents. Both syntheses occur when heated to 70C in an alkaline medium. When 
using elemental sulfur as a reagent, the synthesis takes 10-12 hours. When using sodium thiosulfate, 
the synthesis time is reduced to 4 hours. During the experiment, optimal conditions for obtaining QDs 
with high stable emission were found. The resulting compositions have prospects for use in medicine, 
cosmetology, and also as an antifungal agent for building materials.  

It is known that SQDs are able to effectively bind d-metal ions, so it was of interest to test the 
effect of additions of cobalt(II) and copper(II) ions on the photoluminescent characteristics of SQDs. It 
was found that the addition of metal ions leads to photoluminescence quenching. In the case of PEI, a 
process of complexation with d-metal ions was observed, which competed with the process of binding 
of metal ions to SQDs. 

 
Acknowledgements 
This work was supported by the Strategic Academic Leadership Program of the Kazan (Volga 

Region) Federal University (“Priority-2030”). 
  

mailto:annette_zb@mail.ru


 

634 
 

LACTATES AND PROPIONATES OF RARE EARTH ELEMENTS – SYNTHESIS, STRUCTURE AND 
APPLICATION FOR RARE EARTH NICKELATES FILMS DEPOSITION 

Gashigullin R.A.1, Kendin M.P.1,2, Tsymbarenko D.M.2 

1 Department of Material Sciences, Lomonosov Moscow State University, Moscow, Russia.  
2 Department of Chemistry, Lomonosov Moscow State University, Moscow, Russia. 

PhD Student 
tsymbarenko@gmail.com 

 
Rare earth orthonickelates (LnNiO3) have a distorted perovskite structure and, due to oxygen 

nonstoichiometry and the content of trivalent nickel, are promising for use in catalysis, sensors, as 
conductive layers, etc. One of the main properties of rare earth nickelates is the metal-semiconductor 
transition while temperature decreasing and vice versa - with pronounced hysteresis - explained by the 
charge transfer. The critical transition temperature primarily depends on the average radius of the cation 
in the Ln position. However, these features also cause the synthetic problems: the presence of trivalent 
nickel makes orthonickelates unstable at high (~1100 K) temperatures, oxygen nonstoichiometry leads 
to a great influence of the electrical resistance-temperature curve on the prehistory and morphology of 
the sample. Stabilization of the phase of rare earth orthonickelates is possible in the form of an epitaxial 
thin film on a coherent inert substrate. In this work, we develop a technique for chemical depositing thin 
films of rare earth nickelates from solutions. As starting materials, we used salts of propionic 
(CH3CH2COOH) [1] and lactic (α-hydroxypropionic) [2] acids. Ln and nickel coordination compounds 
were synthesized, and their composition, structure, and thermal behavior were studied. Rare earth 
lactates have the general formula LnLact3∙nH2O (Ln = La, Ce–Nd, Sm–Lu, Y; n = 2–3) and several 
structural types of chain and molecular di- and monomer structure. It has been reaveled that heating 
hydrates of the composition LnLact3∙3H2O (for Ln=La-Nd) leads to the complete elimination of water 
molecules in one stage and the formation of amorphous anhydrous compounds. At the same time, for 
Ln=Sm-Lu and Y, dehydration occurs in two stages with the formation of an intermediate crystalline 
dihydrate LnLact3∙2H2O of orthorhombic symmetry. Moreover, some LnLact3∙2H2O phases occur at 
elevated temperatures or from non-water solutions. For Ln=La-Sm, rare earth lactates and propionates 
(with the general formula LnProp3∙xH2O∙yHProp) were used to form gels with amines (mostly 
diethylenetriamine) and anhydrous nickel lactate. From the gels solutions in isopropanol, LnNiO3-δ films 
were deposited onto single-crystal substrates (001)LaAlO3, (001)SrTiO3 and substrate tapes 
LaMnO3/MgO/HC276 (nickel alloy). The films were characterized by atomic force microscopy, X-ray 
diffraction and the temperature dependence of electrical resistance. 
 

Scheme 1. A fragment of La2Lact6(H2O)5∙H2O structure (left); XRDs of LnNiO3/SrTiO3 films (right). 
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Currently, cancers provide considerable contributions to the people's mortality all over the world. 

Such a situation arises from many factors such as steady progression of these deceases, and acquired 
drug resistance of tumors. Thus, the continuous elaboration of new agents with a selective effect on 
tumor cells is of obvious necessity. As such agents, coordination compounds are of interest because of 
the capability to tune their bioactivity by combining bioactive Mn+ cations with appropriate core-forming 
and auxiliary ligands. In these cases, a certain synergism of anticancer activity along with selective 
toxicity can be achieved for resulting compound [1]. Moreover, these features can be further enhanced 
if several types of cations are involved. However, the ongoing elaboration of heterometallic complexes 
is accompanied by considerable difficulties because of crucial requirement to solubility in living systems 
based on H2O. This results in a general scarcity of studies involving complexes formed by rare earth 
elements (including yttrium) and d-metals. The second hindrance in this field is associated with the 
necessity of establishing components formed in diluted aqueous solutions in order to reveal components 
and interactions responsible for anticancer activity. 

With this in mind, we prepared a series of simple ionic complexes, namely [M(L)3][Y(NO3)5] with 
L = 2,2'-bipyridine/bpy (1-3), and 1,10-phenanthroline/phen (4-6), and M = Co (1, 4), Ni (2, 5), Zn (3, 6). 
The structures of complexes are shown on Figure 1. The sufficient solubility of 1-6 in water allowed to 
perform comparative in vitro study of their anticancer activity on several cancer cell lines, namely 
glioblastoma (T98G), renal cancer (Рпоч-1-KK), cutaneous melanoma (Mel IS), breast cancer (HBL-
100) and its doxorubicin-resistant subline (HBL-100/Dox). As a reference, normal skin fibroblasts (PBK) 
line was involved in this study. Mechanisms of cell death were revealed. The unequal toxicity of 
complexes 1-6 is discussed in the light of their transformations in diluted (0.5-4 μg/ml) aqueous solutions 
studied by 1H NMR, ionometry and ion chromatography. As a result of such study, M/L/Y combinations 
were revealed which show high and selective toxicity thereby being prospective for further in vivo 
investigations. Noteworthy, 1-6 represent the first series of yttrium-containing complexes with 
unambiguously demonstrated anticancer activity. 

 

 

Figure 1. Structure of the formula unit of 1 (a) and 2 (b). Hydrogen atoms are omitted for clarity. 
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Trispentafluorophenyl derivatives of group 13 elements exhibit strong Lewis acid properties, 
enabling them to interact with bases of varying strengths. For instance, complexes of E(C6F5)3 (E=B-In) 
with pyridine [1], acetonitrile [2], and diethyl ether [3] have been structurally characterized. The 
interaction of interhalogens, known as weak Lewis bases, with these strong Lewis acids has garnered 
significant interest in the field of synthetic chemistry. 

In this study, we synthesized complexes of group 13 element trispentafluorophenyl derivatives 
E(C6F5)3 (E=Al-In) with diethyl ether, followed by their reaction with ICl. The adducts E(C6F5)3·Et2O 
(E=Al-In) were obtained by reacting C6F5MgBr Grignard reagent in Et2O with a toluene solution of ECl3 
(E=Al-In). The compounds were purified through recrystallization. Subsequent interactions of 
E(C6F5)3·Et2O (E=Al-In) with ICl were carried out in CCl4, resulting in a color change from dark to light 
pink. Characterization of the products was performed using NMR spectroscopy and mass spectrometry. 

The liquid reaction mixture was subjected to mass spectrometry, where evaporation in the 
temperature range of 50-300 °C revealed the presence of C6F5I+ and E(C6F5)2Cl+ (E=Al-In) ions in the 
mass spectrum. This suggests the existence of E(C6F5)2Cl·Et2O (E=Al-In) and C6F5I in the analyzed 
solutions. NMR spectroscopy was conducted on the initial adduct with diethyl ether, the solution post-
interaction with ICl, and the solution after evaporation of volatile components and dissolution of residue 
in CCl4. Changes in the 19F{H} NMR spectra (Figure 1) in the latter two cases indicate successful 
reactions, with the absence of the C6F5I peak in the spectrum after evaporation, signifying its removal. 

 
Figure 1. 19F{H} NMR spectra of solutions in CCl4 (d8-toluene as internal standart): 

In(C6F5)3·Et2O (top), reaction mixture In(C6F5)3·Et2O + ICl (middle), reaction mixture In(C6F5)3·Et2O + 
ICl after removing volatiles (bottom). 

 
Based on experimental observations, it can be concluded that interaction of E(C6F5)3·Et2O (E=Al-

In) with ICl in CCl4 at room temperatures results in formation of the C6F5I and E(C6F5)2Cl·Et2O (E=Al-
In). In our opinion, reaction can be given by equation:  

E(C6F5)3·Et2O + ICl = E(C6F5)2Cl·Et2O + C6F5I (E=Al-In) 
Thus, the reaction of E(C6F5)3 (E=В-In) derivatives with interhalogens can be a convenient method 

for the synthesis of E(C6F5)2Х (E=В-In) halogen derivatives, which can be useful starting materials for 
the preparation of new unsymmetrical Lewis acids based on bispentafluorophenyl derivatives of group 
13 elements. 
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In the recent decades, metal iodates receive increasing attention due to both their unique 
structures and the promise of their use as nonlinear optical crystals to expand the ranges of solid-state 
lasers from infrared (IR) to ultraviolet (UV) regions [1, 2]. The iodate anions exhibit strongly 
stereochemically active lone electron pairs which are believed to underpin the formation of non-
centrosymmetric structures, a necessary condition for the occurrence of nonlinear optical properties, 
including second optical harmonic (SHG) generation. The easily polarizable I - O bonds contribute to 
the strong SHG response and do not exhibit absorption in a wide IR range, including the two important 
atmospheric windows (3-5 and 8-12 μm) [3]. It is also established that some of the oxygen atoms in 
these phases can be replaced by fluorine atoms with the formation of mixed-anionic metal fluoroiodates, 
as well as fluoride iodates. This enhances formation of essentially more diverse set of structural 
elements, and expands the range of optical transparency. On the other hand, this results in compounds 
with wider band gap, a necessary for the high resistance to laser radiation, as expected for e.g. rare 
earth iodates. The main contribution to the final SHG signal of the phases under consideration is made 
by the iodate groups, IO3, while that of the irregular metal polyhedra is smaller. It can be enhanced by 
formation of polycationic metal sublattices. 

In this work, we searched for new iodate fluorides of the general composition MICe(IO3)6-xFx (MI 
= alkali metal, x = 0 – 3). A single compound of the like, Li2Ce(IO3)4F2, has been hitherto reported [4]. In 
our studies, rubidium and cesium compounds were targeted, which so far resulted in successful 
synthesis of two new target compounds, Rb2Ce(IO3)5F (1) [5] and Cs2Ce(IO3)6 (2). 

Preparations were made by a hydrothermal method in 18 ml autoclaves with a Teflon or para-
polyphenol liner, using MF (M= Rb, Cs), CeO2, H5IO6, HIO3, H2O as starting components. The process 
was carried out at a temperature of 230 °C for 120 hours, followed by slow cooling to 207 °C, then to 
room temperature. The final solid products, which included transparent and colored (orange, green, light 
yellow) crystals, were filtered, washed with distilled water and air dried under mild heating. According to 
the XRD results, 1 crystallizes in the space group Cmc21 with unit cell parameters a = 11.1518(6) Å, b 
= 8.1187(4) Å and c = 17.1581(10) Å, while 2, in space group C2/c, with a = 14.0762 (10) Å, b = 8.1868 
(5) Å, c = 17.7177 (12) Å, β = 103.642 (7)o. In the structure of both new compounds, Ce4+ cations center 
eight-vertex polyhedra, comprised of only oxygen atoms (a distorted tetragonal antiprism) in 2, and a 
mixed-anionic antiprisms CeO7F in 1. The CeO8 oxide polyhedra in 1, share edges and vertices with the 
iodate groups to form layers parallel to the (ab) plane. The VCs+ cations reside in the interplanar space. 
Their polyhedra (CN = 12) share faces forming layers parallel to (ac) completing the framework. There 
are two types of crystallographically independent rubidium atoms in 1 which are characterized by CN = 
7; one is “purely oxygen”, Rb(1)O7, while the other is mixed-anionic, Rb(2)O6F. Sharing edges, these 
polyhedra form chains which share other edges and vertices with the CeO7F polyhedra, forming layers 
further linked by the iodate groups into a three-dimensional framework. 1 is SHG active, with the signal 
comparable to the KH2PO4 reference. According to DFT calculations, 1 is a semiconductor with a band 
gap of 2.33 eV. The new compounds are thermally stable in air up to 400 °C. 

Our results, together with the reference data on Li2Ce(IO3)4F2, permit to suggest existence of a 
wider family of compounds with the general formula MICe(IO3)6-xFx. 
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Spiroborate complexes are compounds with four coordinated atoms, featuring two pi-planes 

oriented perpendicular to each other [1]. These compounds are of interest due to their potential use in 
solid-state phosphors for optoelectronic devices, fluorescent sensors, and biomedical imaging 
applications [1]. Spiroborates are also used in laser-active dyes, fluorescence sensing, and solid-state 
luminescent materials due to their impressive photophysical properties and chemical stability [1-3]. 

The aim of this study is to synthesize and investigate the spectral luminescence properties of 
spiroborate complexes based on beta-diketones and beta-ketoimines with malonic acid as a co-ligand. 

The ketimine derivatives were prepared using solid-phase microwave synthesis, through the 
reaction of acetylacetone with ammonia and methylamine, respectively. 

All spiroborate complexes were obtained through the reaction of the corresponding diketone or 
ketimine with malonic acid and boric acid. The reaction was conducted by heating and stirring in a Dean-
Stark apparatus until the expected amount of water had been separated. 

 

Scheme 1. The general scheme of synthesis of compounds 1a-3c 
 
As a result, nine new compounds were synthesized. The mass fraction of the products varied 

from 70% to 94%, with six compounds being synthesized for the very first time. 
The molecular structures of the spiroborate complexes were calculated using quantum 

mechanical modeling techniques. 
The spectral-luminescence properties of the compounds in dilute and concentrated solutions, as 

well as in the crystalline form, were investigated. It was found that there was a significant shift in the 
spectrum towards the longer wavelengths and an increase in luminescence intensity when going from 
solutions to crystals. This can be attributed to the reduction in intramolecular rotational freedom, which 
causes non-radiative transitions in the aggregated state. 
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Tetrel bonds (TC), a non-covalent interaction, occur between group 14 elements and nucleophilic 
particles. These interactions are relatively poorly studied compared to other types of non-covalent 
bonds.[1] The interest in studying these bonds with CH3 groups stems from their abundance in biological 
systems and their involvement in the initial stages of organic reactions that proceed according to the SN2 
mechanism.[2] 

In this work Iridium(III) complexes with the formula [IrX3(CNXyl)2(THT)] (X = Cl, Br; THT = 
tetrahydrothiophene; Xyl = C6H3-2,6-Me2) have been synthesized. In the crystal structures of these 
complexes, shortened interatomic distances were observed between the carbon atoms of the CH3 group 
and the halogen atoms. The geometry of these intermolecular contacts corresponds to TC (Nc = d/∑vdW 
= 0.99–1.00, ∠(С–СН3···Х) = 171.6–175.2) 

 

 
Figure 1. Supramolecular structure of [IrCl3(CNXyl)2(THT)] according to the X-ray diffraction 

analysis, the contacts of CMe···Cl are highlighted with a dotted line. Only one of the three molecules is 
shown [IrCl3(CNXyl)2(THT)] (on the right), and for the other two molecules, only [Ir]–CNXyl fragments 

are shown (on the left). 
 

The results of the work were used to publish the preprint (doi.org/10.26434/chemrxiv-2023-c118j). 
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Salt melts and metallic alloys exhibit high thermal and radiation stability. This makes them a 

promising working environment for the development of pyroelectrochemical methods for reprocessing 
spent nuclear fuel (SNF) and the practical implementation of a short closed nuclear fuel cycle. One of 
the important tasks of radiochemical technology is phase separation. The literature [1] contains data on 
the behavior of uranium in binary alloys with a number of low-melting metals. Low-melting metals can 
be effectively used for the selective extraction of spent fuel components in the liquid metal–molten salt 
system [2]. 

Uranium and zirconium have similar electrochemical properties. This fact makes the separation 
of these metals during pyroelectrochemical reprocessing of SNF a challenging task. There is no 
information about the Ga–Zr–U ternary phase diagram. Of the corresponding binary systems, only Ga–
U alloys have been studied in detail [3]. 

In this study uranium and zirconium chlorides were dissolved in a melt of alkali metal chlorides. 
In this melt were crucibles containing molten gallium. The exposure time was 20 hours. Previously, this 
time was determined experimentally. 

The separation coefficients of zirconium and uranium in the “molten salt – liquid metal” system 
for gallium and alloys based on the Ga were experimentally determined. 

The working setup is shown in Figure 1. 
 

 

Figure 1. Figure one shows crucibles containing a melt of gallium and uranium metal. During the 
experiment, they are under molten NaCl-KCl-CsCl eutectic salt. 
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Pnictogen bonding (PnB) is analog of halogen bonds with pnictogen electrophilic sites, which was 
recently defined by IUPAC [1]. In most cases, PnBs involve nonmetallic nucleophiles. Nevertheless, a 
number of intramolecular [2] and interionic [3] metal-involving PnBs were recently described. In this 
work, we present the examples of intermolecular the intermolecular X–Sb∙∙∙Pt (X = Cl, Br, I) PnBs (Fig. 
1, A), which were found cocrystals of trans-[PtX2(NCNR2)2] (R2 = Me2, X = Cl, Br, I; R2 = (CH2)5, X = I) 
with SbCl3, SbBr3, and SbI3 by single-crystal XRD experiments and further confirmed by DFT 
calculations. 

 

 

Fig. 1. Common view of X–Sb∙∙∙Pt pnictogen bonds (A), the I–Sb∙∙∙Pt pnictogen bonds in  
trans-[PtI2(NCNMe2)2]∙2SbI3 (B), superimposition of frontier orbitals on heterotrimer with the same 

bonds (C), and one-electron potential projection for the same bonds with QTAIM topological analysis 
in crystal model with periodic boundary conditions (D). 
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Microbial infections caused by bacteria, viruses, or fungi pose significant health risks, with 
antibiotics being the primary treatment. However, their non-selective nature and overuse contribute to 
antibiotic resistance [1]. Inorganic nanoparticles (NPs) offer a promising alternative due to their ability 
to combat infections by disrupting bacterial metabolism, damaging cell membranes, and inhibiting 
biofilm formation [2]. At the same time, size, shape, roughness, surface charge, and other specific 
properties of NPs facilitate varied interactions with bacteria compared to antibiotics which have a specific 
mechanism of action. This diversity in mechanisms of action of NPs poses challenges in developing a 
generalized theory to predict the antimicrobial effects across various bacterial strains [3]. The need 
becomes more pronounced when considering selectively toxic nanoparticles tailored to exert 
antimicrobial activity exclusively against pathogenic bacteria. These challenges spur investigations into 
developing theoretical models based on a data-driven approach, allowing correlation among poorly 
formalized parameters. Although machine learning has been used for predicting antimicrobial activity of 
NPs, overall, to our knowledge, no study has evaluated its capability to discover selectively antimicrobial 
NPs.  

Our approach involved compiling comprehensive databases to characterize nanoparticles and 
their antibacterial activity. We trained CatBoost regressor model on unique datasets consisting of 489 
samples for minimal concentration prediction. The ML model achieved a mean cross-validation R2 score 
of 0.82 with RMSE of 0.46 respectively. Subsequently, we combined ML with genetic algorithm (GA), a 
screening platform that enables high-throughput identification of NPs with selective antimicrobial activity. 
With this platform we for the first time identified CuO NPs exhibiting selective antimicrobial against 
pathogenic Staphylococcus aureus. CuO NP with key parameters including NP synthesis with green 
methods, nanorods in shape, average NP size of 30 nm, and reaction time of 2 hours showed a minimal 
bactericidal concentration (MBC) of 62.52 µg/ml against Staphylococcus aureus whereas it achieved 
MBC of 455.37 µg/ml for non-pathogenic Bacillus subtilis. Hence, the selectively antimicrobial CuO NP 
demonstrated higher toxicity against pathogenic Staphylococcus aureus compared to non-pathogenic 
Bacillus subtilis, with a concentration difference of 392.85 µg/ml. The antimicrobial selectivity of NPs is 
attributed to a complex interaction between the NPs and diverse microbial strains. The findings of this 
study present a novel and promising methodology for identifying selectively antimicrobial NPs capable 
of eradicating pathogenic bacteria without harming non-pathogenic ones. 
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The proliferation of oncologic diseases requires the development of new complex approaches, 

including both early diagnosis and effective treatment, based on the use of bifunctional compounds - 
theranostics. The bis(BODIPY) luminophores with the properties of fluorescent biomarkers and 
photosensitizers necessary for promising theranostics in cancer treatment can be referred to such 
compounds. The problem of practical usage of the most BODIPY luminophores is related to their 
extremely high hydrophobicity. We have obtained the first water-soluble forms of bis(BODIPYPY) 
luminophores by encapsulating the luminophores in nanoscale micelles of the biocompatible amphiphilic 
block copolymer Pluronic® F127. 
 

 

 

 

Scheme 1. Structure of bis(BODIPY) and amphiphilic block copolymer Pluronic® F127 
 

Text The analysis of methods of bis(BODIPY) encapsulation into Pluronic® F127 (Pl) micelles 
showed that the "thin films" method gives the highest solubilization efficiency at low polymer content 
(CPl = 5.25 mM). The bis(BODIPY)@Pl micellar structures do not show eritotoxicity and do not affect 
platelet aggregation when subjected to adenosine diphosphate. Analysis of the effect of micelles on cell 
line survival showed no cytotoxicity, while cancer line survival was reduced by 2-fold or more after 
irradiation. Further in-vitro and in-vivo studies will be aimed at evaluating the prospects of practical 
application of bis(BODIPY)@Pl theranostics. eritotoxicity eritotoxicity. 

 
The study was funded by the Russian Science Foundation grant No. 23-23-00206 
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Many potassium salts are important industrial compounds. Potassium salts of sorbic and acetic 

acids are used in food processing, industry, and medicine. Despite their widespread use, there is no 
data on the solid-phase structure of these simple compounds. Moreover, without knowledge of the 
crystal structure, it is impossible to understand the mechanisms of phase transitions, information about 
which is inconsistent in the case of acetate, and for sorbate was obtained only few years ago. 

Using X-ray diffraction analysis, the crystal structures of potassium sorbate and acetate were 
studied for the first time (Scheme 1). It was shown that both compounds are 2D coordination polymers 
that form layered packings with alternating aliphatic and metal-oxygen regions. X-ray powder analysis 
at different temperatures in combination with differential scanning calorimetry and thermomicroscopy 
made it possible to unambiguously determine the number of polymorphs and the ranges of their 
existence. 

Potassium sorbate at 156°C undergoes a phase transition associated with the disappearance of 
the interaction between the potassium cation and the double bond of the sorbic fragment. This leads to 
a destruction of translational symmetry perpendicular to the layers and a sharp increase in the distance 
between layers in the aliphatic region. 

Potassium acetate forms three polymorphs. The high-temperature orthorhombic modification 
transforms into a monoclinic modification when the temperature drops to 156°C, and below 59°C, with 
the loss of the inversion center, the volume of the monoclinic cell increases eightfold. The reduction in 
symmetry is determined by the tilt angle of the acetate groups. In addition, the hydration-dehydration 
processes involving potassium acetate were investigated by DSC and X-ray technics. Three stable 
hydrates – the hemihydrate, sesquihydrate, and dihydrate – were structurally characterized by X-ray 
diffraction. 
 

 

Scheme 1. Fragments of crystal structures of potassium acetate and sorbate. 
 

In summary, this study reveals the structures and explains the thermal behavior of sorbate and 
potassium acetate including its hydrates. 
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The studies described in the work are devoted to the self-reinforcement of gypsum in the process 
of structure formation of the binder matrix. The development of the theory of hardening of gypsum 
composites provides a scientific basis for increasing performance characteristics and expanding the 
scope of their application. For example, in the field of 3D printing [1]. 
 

 

Figure 1. Structure of self-reinforced gypsum fly ash composite 
 

The gypsum matrix, strengthened with crystals as a reinforcing element, is also the basis of 
structural materials. The use of fly ash with a high content of free calcium oxide increases the efficiency 
of the synthesis of composites [2]. 
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Visible light-induced photocatalysis with the help of transition metal complexes has become a 

mainstay in organic synthesis.[1] Most of known catalytic systems of this type require blue light sources (400–
450 nm) to initiate the photocatalytic reaction, which can lead to substrate destruction or undesirable 
secondary transformations. Photocatalytic systems operating under milder green irradiation demonstrated 
successful applications with Ir(III), Ru(II), and Cu(I) catalysts, but green-light Pt catalysis have never been 
reported. Recently, our group has described Pt complex incorporating metalla-N-heterocyclic carbene 
(MNHC, MNHCs – NHCs containing a metal atom within the NHC skeleton) ligands working as self-
photosensitising photocatalyst of the hydrosilylation of alkynes under blue light.[2] Modification of the 
structure of this new Pt-MNHC catalytic species may impact on its light absorption properties to develop 
hydrosilylation photocatalytic systems working under green light.  

A series of new PtII-MNHC complexes was prepared via the nucleophilic addition of 2-aminoazines 7–
10 to metal-bound isocyanides in cis-[MCl2(CNR)2] (1–4, M = Pd, Pt) (Figure 1).[3] The reaction proceeds 
under mild conditions in CH2Cl2 at RT for ca. 1 d leading to binuclear Pt-MNHC species 12–23 in good 
isolated yields (84–95%). The 12–23, 22 are yellow or yellowish solids, so they demonstrate light absorption 
up to 450 nm which are in visible light range. According to the TD DFT calculations and FMO analysis, the 
absorption nature is assigned to 1L'LCT/1ILCT transitions, and are governed by the type of the azaheterocycle 
in MNHC fragment. The spectra of dark red compounds 21 and 23 show a broad absorption band extending 
to 510 nm in the green region of the visible spectrum. The results of IFCT method for 21 and 23 evidenced 
1L'LCT/1LMCT character of its long wavelength absorption.  
 

 

Figure 1. Synthetic route to 12–23 and UV-Vis absorption spectra for 17, 21 (right). 
 

Pt-MNHCs species (13, 15, 17, 19, 20, 23) were examined as potential hydrosilylation photocatalysts 
in the reaction of diphenylacetylene with Et3SiH. Under blue irradiation (λmax = 450 nm) for 6–12 h. with a 0.1 
mol% catalyst loading the highest catalytic efficiency was achieved with photocatalyst 17 (R = Mes, X = CH, 
98%), indicating the effect of R substituent and azaheterocycle on the catalytic process. With green-light 
(λmax = 500 nm), yellow complexes exhibited no noticeable activity, while red diaminopyridine derivatives 21 
and 23 led to 97–99% yield of E-1,2-(diphenylvinyl)triethylsilane. Ten-fold reduction of the catalyst loading 
for 23 (0.01 mol%) produced a negligible drop in activity (93%). Thus, we described the first photocatalytic 
system for hydrosilylation of alkynes based on Pt(II)-MNHC complexes operating under mild green light.  
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Crystalline solids exhibiting anomalous lattice dynamics–e.g., anisotropic or negative thermal 
expansion–represent significant interest as a versatile playground for the design of “smart” stimuli-
responsive materials. In particular, metal propionates (Prop–) were reported to exhibit structural phase 
transitions, which are primarily driven by the thermally activated rotation of aliphatic groups. The present 
work reports an extensive crystallographic study of polynuclear and polymeric metal propionates with a 
primary focus on their thermally-driven lattice dynamics. 

Within the rare-earth (RE, Ln) propionate system, a family of 2D-layered coordination polymers 
[Ln2(H2O)2Prop6]∞, which consists of two distinct structural types (I – Ln=Ce, II – Ln=Ho–Lu, Y)  has 
been revealed. As evidenced by powder- and single-crystal XRD, [Ce2(H2O)2Prop6] exists in the form of 
two polytypes (α and β), which differ from each other in the supramolecular arrangement of polymeric 
layers, the structure of these being identical for both structures. Given the pronounced crystallographic 
anisotropy of (α,β)-[Ce2(H2O)2Prop6], both polytypes exhibit a highly anisotropic thermal expansion, 
which additionally proved to be strongly packing-dependent. Indeed,  
α-[Ce2(H2O)2Prop6] demonstrate a non-monotonic temperature dependence of unit cell parameters with 
colossal positive (+899 MK–1) and negative (–427 MK–1) linear CTEs in the 190–210 K region  
(Fig. 1). On the contrary, β-[Ce2(H2O)2Prop6] exhibits a moderate positively defined thermal expansion 
with no pronounced anomalies in the 100–300 K range. Experimental data on the thermal expansion of 
(α,β)-[Ce2(H2O)2Prop6] are discussed in terms of supramolecular interactions based on periodic DFT 
calculations [1]. Similarly, [Ln2(H2O)2Prop6] of type II (Ln = Ho–Lu, Y) were also shown to form two 
distinct polytypes, which proved to be interconvertible upon thermal and mechanical treatment [2]. 

 

Figure 1. Colossal thermal expansion of α-[Ce2(H2O)2Prop6] [1]. 
 

Among heterometallic propionates, a 3D-coordination polymer [HKCu2Prop6] has been 
characterized. As revealed from the variable-temperature powder and single-crystal XRD experiments, 
[HKCu2Prop6] undergoes a martensitic phase transition, which, however, makes no impact on the 
magnetic exchange magnitude within discrete [Cu2Prop4] “paddlewheels” (2J = –333(4) cm–1) [3].  

In summary, the present work reports a large family of structurally flexible crystalline solids that 
might shed light on the peculiar structure-property correlations among metal-organic systems. 
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Uzbekistan is determined to meet its national economic demand for building materials, particularly 
ceramic materials. Achieving this goal entails ramping up production and expanding the raw materials 
base. Non-metallic minerals, notably rocks, are pivotal resources for the ceramic and construction 
industries within the country's chemical technology landscape. Uzbekistan possesses a wealth of 
accessible and promising raw materials, including various high-silica rocks, which are vital for the 
development and production of ceramic compositions [1,2]. 

To address this imperative, there is an urgent need to explore optimal compositions for ceramic 
bodies tailored for tile production, leveraging unconventional raw materials such as dune sands from 
the Yazyavan deposit. Concurrently, it's crucial to investigate the high-temperature sintering processes 
that occur during firing. Throughout this research endeavor, a range of raw materials, focusing on 
utilizing Uzbekistan's indigenous resources, and their chemical compositions have been thoroughly 
examined (Table 1). 

Table 1. Dune sands of Yazyavan Chemical Composition 

Sample 
Weight content of oxides, % 

SiO2 Al2O3 Fe3O4* TiO2 P2O5 CaO MgO SO3 Na2O K2O LOI** 

Precinct 4 62.16 7.14 3.40 0.35 0.29 7.10 4.05 0.30 1.85 2.01 10.86 
Precinct 5 42.24 7.42 2.05 0.38 0.08 18.99 3.42 0.10 2.95 3.15 18.51 

*Fe3O4 = FeO + Fe2O3. **Loss on ignition (LOI) includes: hygroscopic water H2O, water of 
crystallization, organic and volatile impurities, and CO2. 

 
The dune sands of Yazyavan, situated in the Fergana region, encompasses dune sands 

characterized by sandy rocks varying in colour from light to dark gray. These sands exhibit a poly-
fractional composition, with particle sizes ranging between 0.10 and 0.52 mm. 

 
Figure 1. X-ray diffractogram of dune 

sands of Yazyavan 
Thereafter, the parameters of crystal 

structures of the dune sands were determined 
according to the x-ray method, on a wide-
angle XRD-6100 "Shimadzu" (Kyoto, Japan) 
X-ray diffractometer, monochromated Cu-Ka 
was used as a radiation source (Hebbel 
mirrors, U=40 kV, I=30 mA and scanning 
speed of 2 deg/min). In calculations and 
identification of crystalline x-ray diffraction 
phases, generally accepted reference data 
were used [3]. 

 

X-ray diffraction analysis (Figure 1) of the dune sands reveals distinct diffraction lines 
corresponding to various minerals present within the sample. Notably, diffraction patterns indicate the 
presence of quartz, calcite, dolomite, muscovite, illite, chlorite, albite, microcline. These findings shed 
light on the mineralogical composition of the dune sands of Yazyavan, providing valuable insights for 
further research and industrial applications. 
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Bright luminophores and dyes based on iridium(III) complexes are highly valued by developers of 
modern high-tech devices such as organic light-emitting diodes (OLEDs) and solar cells due to their 
unique optical and electrochemical properties. Considering the fact that in optoelectronic and 
photovoltaic devices such complexes are in a solid (aggregated) state, it is necessary to establish 
relationships between the optical characteristics of compounds and the features of their organization in 
a solid. Moreover, it is of interest to study the influence of the central ion on the molecular packing 
features of cyclometalated complexes and, as a consequence, on the optical properties in solid form 
under the same ligand environment. 

In line with this, the aim of the work was to disclose how weak intermolecular interactions affect 
the optical properties of iridium(III) and rhodium(III) complexes. 

For this purpose, two similar sets of cyclometalated rhodium(III) and iridium(III) complexes with 
2-phenylpyridine and various aromatic β-diketones were synthesized. The resulting compounds were 
characterized by 1H NMR, high-resolution mass spectrometry, powder and single-crystal XRD. It was 
shown that 1,3-diketonate complexes form different crystal packings depending on the coordinated 
diketonate, while metal replacement does not significantly affect the packing. The π–π stacking 
interactions between the pyridyl rings favor the formation of an emissive metal-to-ligand–ligand charge 
transfer state, resulting in the enhanced emission of the corresponding solid iridium(III) complexes 
compared with that in solution. In contrast, the isomorphous rhodium(III) complexes do not show 
detectable photoluminescence, which is very likely the result of the thermal population of the non-
emissive d–d states. Moreover, the enhancement of the solid state emission of rhodium(III) 
cyclometalates can be achieved by assembling the molecules through π–π stacking interactions 
between the metalated phenyl and pyridyl rings, as evidenced by the case of a rhodium(III) complex 
with ancillary benzoyltrifluoroacetone, which is the first example of a cyclometalated rhodium(III) 
complex exhibiting aggregation-induced emission [1]. Surprisingly, the observed solid-state emission of 
this rhodium(III) complex is caused by the same crystal packing peculiarities, resulting in the 
luminescence quenching of an isomorphous iridium(III) complex. The addition of water to the acetonitrile 
solutions of the complexes leads to suspensions demonstrating almost the same emission properties 
as the solid complexes. The rapid sedimentation of the suspensions and analysis of the SEM images of 
the precipitates suggest that the observed aggregates are formed by the same intermolecular 
interactions as the corresponding crystalline complexes. 

 

 

Fig. 1. Synthesis of cyclometalated complexes of rhodium(III) and iridium(III) (left) and luminescence 
photographs of the complexes in CH3CN/H2O (1/3) solution at 298 K (λex = 365 nm).  
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Carbocations are important intermediates in many reactions. The structure of carbocations 

defines the possible reaction pathways and the structure of products formed. Determination of their 
structure is often difficult due to their high reactivity, and they can be observed or isolated only in a non-
nucleophilic medium. However, the reactivity of carbocations can be lowered by resonance stabilization 
of the cationic centre with one or several heteroatoms. One type of these cations is carboxonium ions 
which are resonance-stabilized by two oxygen atoms. These ions are often considered as intermediates 
in acid-catalyzed processes in carbonyl compounds. 

In the present work, a novel type of stable carboxonium ions was obtained. The formation of 
borylated carboxonium ions is based on electrophile-induced nucleophilic substitution in polyhedral 
boron anions (we used [B12H12]2– and [B10H10]2–). In case of closo-dodecaborate anion, we started with 
[B12H12]2– and boron trifluoride etherate was used as the electrophilic inducer. For closo-decaborate 
anion, the starting reagent was [B10H11]– (in fact, it is a complex of the cluster and the electrophilic 
inducer in a ratio of 1:1). In the studied processes carboxylic acids or its esters act as nucleophiles. 

 

 

Scheme 1. Preparation of carboxonium derivatives based on closo-dodecaborate (top) and closo-
decaborate (bottom) 

 
The obtained compounds were characterized by NMR spectroscopy (1H, 11B and 13C), IR 

spectroscopy, mass spectrometry and X-ray structural analysis. 
 

 

Figure 1. X-ray structures of [1,2-B12H10O2CCH3]– (left) and [2,6-B10H8O2CC6H5]– (right) 
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Supramolecular chemistry is a fast-growing discipline that studies chemical systems formed from 

molecules that are linked together by non-covalent interactions. 
 The palladium(II) and platinum(II) complexes with halogenated phenylisocyanides 

[MX1
2(CNC6H4-4-X)2L] (M = Pd, Pt; X1,2 = Cl, Br, I) have been proposed in our recent research as a new 

class of organometallic synthons for crystal-chemical design involving halogen bonds [1], [2]. In this 
work presented, the adducts of trans-[PtI2(CNC6H4-Cl-4)2]·I2, trans-[PdI2(CNC6H4-Cl-4)2]·I2 complexes 
of trans-[MI2(CNC6H4-4-Cl)2] (M = Pd, Pt) and molecular iodine obtained by co-crystallization of the 
complex and I2 (molar ratio 1: 1, 20-25 °C) solution in CH2Cl2. The formation of brown crystals of the 
composition trans-[PdI2(CNC6H4-Cl-4)2]·I2 and trans-[PtI2(CNC6H4-Cl-4)2]·I2 was the result. The 
complexes were characterized by X-ray diffraction. There was found the adducts are isostructural and 
there are short contacts of the following types: halogen bond between the iodine molecules and the 
coordinated iodide ligand, NCN···M contact between two neighboring complexes of the molecules and 
H···I–I hydrogen bond. In the both cases, the I–I•••I–M contact is 87% of the doubled of van der Waals 
radius of iodine according to Bondi, so the corresponding angle ∠I–I···I (about 172°) is close to 180°. 

The bond lengths NCN⋯M M for M = Pd, Pt are 3.454 and 3.491 Å. This value shorter than the sum of 

van der Waals radii and the values of angles ∠CN⋯M are close to 90° (equal to 88.4 and 89.7° 
respectively). The described structure-oriented interactions forming parallel heterolayers of 
noncovalently bound by molecules of the complexes. 

 

 

Scheme 1. The adduct of platinum(II) with molecular iodine trans-[PtI2(CNC6H4-Cl-4)2]·I2. trans-
[PdI2(CNC6H4-Cl-4)2]·I2 is arranged in a similar way. 
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Organic iodine-based species [1], especially those with electron-withdrawing substituents, are 
well-known as σ-hole donors or halogen bond (XB) [2,3] donors. Conversely, moieties possessing lone 
pairs or electron-rich π-systems serve as XB acceptors.  In our research, we investigate whether the 
coordination to a metal can make iodide electrophilic enough to participate in halogen bonding 
interactions. 

Cocrystallizations of trans-[PtI2(NCNR2)2] (R2 = (CH2)4, Et2) with diiodine lead to oxidative addition 
(Fig. 1, A, B). Alongside conventional I–I∙∙∙I–Pt XBs, where iodide atoms bound to platinum are XB 
acceptors, reversed Pt–I∙∙∙I–I interactions occur, where the electrophilic iodide in the coordination sphere 
of Pt(IV) forms halogen bonds with iodine molecules. The presence of  
non-covalent interactions and the philicity of participants are confirmed through DFT calculations. 

 

  

A B 

 

 

C D 

Figure 1. View of Pt–I∙∙∙I–I halogen bonds in [PtI4(NCN(CH2)4)2]∙2I2 (A) and [PtI4(NCNEt2)2]∙4I2 

(B) and corresponding electron localization function projection for the XB in crystal model with periodic 
boundary conditions (C and D). 
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Layered REE hydroxides (LRH) are known as excellent precursors of promising luminescent 

materials, which, in particular, are capable of converting UV radiation into radiation in the visible region 
of the spectrum [1,2]. Replacing anions in the interlayer space with organic ions of various compositions 
leads to a significant increase in the efficiency of conversion of radiation due to the sensitization effect. 
One of the important directions in the study of hybrid organic-inorganic materials based on LRH is to 
determine the influence of synthesis conditions and composition on their properties. In this work, 
Layered hydroxides of Gd-Eu and Y-Eu, as well as hybrid composites were obtained by intercalating 
terephthalate, salicylate and benzoate anions into a layered structure. To study the effect of processing 
temperature on the properties of hybrid composites, they were processed at 40, 100, 150, 250 and 400 
°C. 

The method of controlled double-jet precipitation was used, followed by the stages of filtration, 
washing and drying at 40 °C to synthesize LRH [3]. The precursors were collective solutions of Gd3+ 
and Eu3+, Y3+ and Eu3+ nitrates with a mole fraction ratio of Gd:Eu and Y:Eu = 0.95:0.05. The obtained 
LRH samples were assigned the codes GdEu and YEu. To synthesize hybrid composites, GdEu and 
YEu powders were processed in aqueous solutions of sodium salts of organic acids NamA, where Am- is 
the anion of terephthalate, salicylate or benzoate. Treatment was carried out at 90 °C for 6 h to intensify 
the ion exchange process. Then followed the stages of filtration, washing and drying at 40, 100, 150, 
250 and 400 °C. The obtained samples of hybrid composites were assigned LRH codes, supplemented 
by the designation of the organic ion (TA, SA, BA) and heat treatment temperature, for example, 
GdEuTA-40. 

The results of studying the phase composition of GdEu and YEu samples dried at 40 °C indicate 
the synthesis of layered structures, which were identified as layered hydroxide Gd2(OH)5NO3·nH2O due 
to the presence of corresponding 00l reflections. After hydrothermal treatment, the position of these 
diffractions changed towards lower angles, which indicates the introduction of large Am- anions into the 
interlayer space instead of NO3

- [4]. The conclusion about the successful intercalation of organic guests 
into the host layers was confirmed by observing the optical properties of powder hybrid composites, also 
dried at 40 °C: a red glow was detected – at 254 nm for samples GdEuTA, GdEuBA, YEuTA and YEuBA, 
at 365 nm for GdEuSA when exposed to UV radiation from a portable source. It is worth noting that the 
samples obtained by TA2- intercalation have the brightest luminosity. Based on a comparison of visual 
luminosity, organic sensitizers can be ranked in the sensitizing effect series as follows: TA2- > BA- > SA-

. Results of a study of the excitation spectra of hybrid composites at λem = 538 nm (transition 5D0 → 7F2 
of Eu3+) and radiation at wavelengths λexc, corresponding to the absorption maxima of the composites, 
confirmed and supplemented the conclusions made on the basis of visual analysis. 

The study of the phase composition of samples of hybrid composites heat-treated at 40, 100, 150, 
250 and 400 °C indicates a gradual destruction of the ordered structure of the layers. Hybrid composites 
can be arranged in the following order as the rate of destruction increases depending on the intercalated 
organic ion: SA- > BA- > TA2-. It was found that heat treatment also affects the fluorescent properties of 
powders. GdEuTA samples have visible luminosity after heat treatment at 250-400 °C, GdEuBA – after 
40-400 °C, and GdEuSA – practically none. In this case, the most intense radiation upon excitation with 
UV wavelength of 254 nm is observed for the hybrid composites GdEuTA-250, GdEuTA-400 and 
GdEuBA-250, and at 365 nm – for GdEuTA-400. Similar patterns can presumably be found for hybrid 
composites based on YEu. 
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M-type hexaferrites are a long-time well-known permanent magnets which are still mass-
produced. Besides that, they also have other potential applications based on their magnetic and 
radiation absorbing properties, such as electro-magnetic interference shielding. Another application is a 
ferrite circulator, where hexaferrites could be inserted as a self-biased magnetic material. While in the 
construction of circulator material with a desired ferromagnetic resonance (FMR) line should be placed 
in an external magnetic field. However, if such material has its own magnetic field, then need in an 
external field disappears, which leads the design of a circulator to miniaturization. M-type hexaferrites 
have a great potential in that area by having high coercive force (Hc), tunable FMR frequency. In addition, 
their high Curie point provides a wide temperature range for utilization, which complemented with their 
corrosive resistant. [1-2]. 

This work aims to investigate magnetic properties, such as Hc, saturation magnetization (Ms) and 
remanent magnetization (Mr) of Cr-doped strontium hexaferrites SrCrxFe(12-x)O19 (x = 0–6). 

Studied samples were prepared through ceramic synthesis. The iron oxide Fe2O3, chromium 
oxide Cr2O3, and strontium carbonate SrCO3 were used as an initial components. Components were 
weighed at a stoichiometric ratio and grinded in an agate mortar. Grinded samples were pressed into 
tablets and calcinated for 5 hours at the temperature of 1400°С. 

Single state of samples was verified via X-ray diffraction (XRD) analysis by comparing resulting 
XRD patterns of samples with the diffraction pattern of single-phase Sr hexaferrite (card in ICDD 
database №39-1433). All of the patterns are in good matching with each other, so obtained hexaferrites 
corresponds to single phase megnetoplumbite structure of Sr hexaferrite. 

Magnetic measurements were performed on vibrating-sample magnetometer on Quantum Design 
PPMS VersaLab. The increasement of temperature forces Hc to grow for all Cr concentrations, except 
of x = 2.5, where it decreases. Ferrite with Cr concentration x = 0.5 has the largest addition in Hc. the 
Ms and Mr values inversely depends on temperature (Fig. 1), however in undoped Sr hexaferrite (x = 0) 
Mr at room temperature has higher value than at 50K.  

 
Figure 1. Dependencies on Cr concentration of a) Ms and Mr; at 50K b) Ms and Mr at 300K 

 
In conclusion, single-phase solid solutions of SrCrxFe(12-x)O19 (x = 0–6) were obtained by ceramic 

method. While with the increasement of temperature, Hc is growing, or in case of x = 2.5 it’s slightly 
decreases, the Ms and Mr values are inversely depends on temperature. A promising area for future 
research of Cr hexaferrites, would be measurement of FMR frequencies.  
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Nuclear power industry, being one of the most robust “green” energy sources, is constantly 

developing to meet the most recent efficiency, non-proliferation and safety requirements. To satisfy 
these criteria, new types of fuel, reactors and related technological processes are continuously 
investigated. For spent nuclear fuel (SNF) reprocessing, only PUREX process is currently applied in 
industry, and numerous modifications (GANEX, Euro-GANEX etc) with advanced extraction systems 
are proposed to achieve better separation or avoid redox stages. An extensive research is focused on 
the development of more effective and selective systems for separation of minor actinides (Np, Am, Cm) 
and lanthanides. However, little is known about Neptunium chemistry even under the conditions of the 
most common and the only industrially used PUREX process. Initially, Np is present in SNF as 

neptunoyl-ion NpO2
+, which is thought to be an unextractable form [1]. Due to high redox sensitivity of 

Np, it can easily be transformed to Np4+ and NpO 2+, which are considered extractable in limited systems 
investigated [2]. Np chemistry is further complicated by its affinity to form heterovalent structures with 
cation-cation interactions (CCI) involved, which are hardly identified in solution. Assumptions of Np 
oxidation state in organic phase are generally made based on the expected regularities of the extraction 
efficiency of different valence states in experiments made at tracer scale Np concentrations, lacking a 
direct spectroscopic evidence and structural information. Here we report an extensive investigation of 

Np oxidation state and complexation in solvent extraction systems of 3 M HNO3 and N,N-diethyl-N,N-

di(4-ethyl-phenyl)-diamide in the organic phase, which have previously shown a good enough 
actinides/lanthanides separation factors [3]. Experiments were made at millimolar concentrations of Np 
at specified oxidation state (Np(IV), Np(V) and Np(VI)), and its redox behaviour and structural 
characteristics in organic solution were probed using a combination of advanced spectroscopic 
techniques (XANES, NMR, EPR) supplemented by theoretical calculations. Data on Np complexes in 
liquid phase were compared to the obtained solid-state crystal structures with analogous extractants. 
The results show that despite the high tendency of Np to undergo redox reactions and generally 
accepted unextractability of Np(V), it can be stabilized in the organic phase with an N,O-donor diamide 
of 2,2-bipyridine-6,6-dicarboxylic acid. 
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Transition-metal mediated white phosphorus activation and transformation have attracted 

increasing attention as an ecological alternative to P4 chlorination route to the important phosphorus 
products [1,2]. However, the properties of the complexes obtained this way are little studied. 
 

 

Scheme 1. Synthesis, reactivity, and electrochemical properties of cobalt complexes bearing 
polyphosphorus ligands 

 
We report a facile approach for P4 activation and transformation using cobalt complexes bearing 

PNP ligands.[3] The use of N,N-bis(diphenylphosphino)amine as a ligand allows one to transform P4 
tetrahedron into a zig-zag chain with the formation of complex 
[Co(Ph2PNHP(Ph2)PPPPP(Ph2)NHPPh2)]BF4 (1). This complex can readily be functionalized by means 
of the reaction with Ph2PCl leading to the formation of a new complex bearing unique P9-ligand. 
Moreover, complex 1 exhibits catalytic activity in hydrogen evolution reaction under the conditions of 
homogeneous electrocatalysis.  
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Approximately 15 years ago, the concept of Frustrated Lewis Pairs (FLPs) emerged in the field of 
chemistry [1]. The firs example was an FLP formed by trispentafluorophenylborane B(C6F5)3 and 
tritertbutylphosphine tBu3P [1]. FLPs are unique mixtures of a potent acid and a robust Lewis base that 
do not form traditional adducts due to steric hindrances. This distinctive property allows FLPs to exhibit 
exceptional abilities in activating small molecules and chemical bonds, such as H2, CO2, p-block oxides, 
alkenes, and alkynes as metal-free catalists. 

The reversible absorption and release of hydrogen at varying temperatures using FLPs have 
proven valuable, particularly in processes like the hydrogenation of olefins [2]. While FLPs based on 
monodentate acids have been extensively researched, those based on bidentate acids remain relatively 
unexplored. Bidentate Lewis acids offer the advantage of being able to coordinate two Lewis bases 
simultaneously, enabling reactions that were previously unattainable with monodentate acids [3]. 

In this study, we present a straightforward synthetic method for producing potent bidentate Lewis 
acids featuring the -OB(C6F5)2 group. Diols undergo quantitative reaction with B(C6F5)3 to yield the 
desired products through the elimination of pentafluorobenzene (Scheme 1). The reaction products of 
B(C6F5)3 with benzene-1,4-diol, benzene-1,3-diol, and ethane-1,2-diol were thoroughly characterized 
using NMR, IR, and mass-spectroscopy techniques. Bidentate Lewis acids structures were conformed 
by single crystal X-ray diffraction.  

 
Scheme 1. Synthesis of bidentate Lewis acid by interaction of benzene-1,4-diol with 

trispentafluorophenylborane. 
 

Testing was conducted to evaluate the activity of bidentate Lewis acids as a component of the 
frustrated Lewis pair (FLP). This was achieved through their reaction with tritertbutylphosphine tBu3P in 
the presence of molecular hydrogen. Notable changes were observed in the 1H and 19F NMR spectra, 
indicating the activation of H2. This study presents a unique example of an FLP incorporating a bidentate 
Lewis acid. 
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Metal solid solutions have found many applications in various fields and can be used as catalytic 
materials, to create electrodes, and to control and enhance the physicochemical properties of materials 
(e.g., increasing stability and strength). The creation of metastable solid solutions, i.e. such systems that 
should not exist in equilibrium conditions, leads to significant changes (improvements) in the 
physicochemical properties of the resulting bimetallic particles. Such systems can exhibit enhanced 
catalytic activity, which may be associated with excess surface energy in metastable solid solutions. 
Among the existing methods for the synthesis of solid solutions, the method of thermal decomposition 
of coordination precursors can be highlighted. This method allows to vary both the composition of the 
initial complex compounds and the conditions of their thermal decomposition (atmosphere, heating rate, 
final decomposition temperature), which opens a wide range of possibilities to obtain a variety of metallic 
nanoscale products. 

A series of complex precursors [M(NH3)5Cl][Cu(C2O4)2H2O] and [M(NH3)6]2[Cu(C2O4)2]3·6H2O (M 
= Rh, Ir) were obtained and characterized (PXRD, X-ray crystallography, IR spectroscopy, elemental 
analysis). The thermal decomposition process of the obtained compounds was studied in detail in 
reducing and inert atmospheres with the determination of the composition of intermediate and final 
products. Using in situ and ex situ PXRD methods, it was shown that during thermal decomposition in a 
reducing atmosphere all complex compounds decompose with the formation of the metastable solid 
solutions (Scheme 1). The composition of metastable solid solutions was determined by X-ray diffraction 
using a calibration curve plotted as a function of atomic volume and solid solution composition. In the 
case of the Rh-Cu system, it was possible to obtain a solid solution with a maximum copper content of 
28 at.%. And for the Ir-Cu system, a series of single-phase solid solutions were obtained with the ratio 
of metals given by the ratio of metals in the precursor compounds (2:3, 1:1). 
 

 

Scheme 1. In situ X-ray diffraction pattern of [Rh(NH3)5Cl][Cu(C2O4)2H2O] at 
different temperatures in a hydrogen atmosphere. 
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Ruthenium(II) polypyridine complexes have a wide range of applications. A great research 
interest in these compounds was aroused by their record efficiency in dye sensitized solar cells 
(DSSCs). Standard dyes for these cells use isothiocyanates as antenna ligands, making the complexes 
unstable. 

The introduction of a cyclometalated fragment at one time both increases the kinetic and 
thermodynamic stability of the complexes and introduces large changes in the electronic structure of the 
dye, which dramatically affects its properties. 

Due to the intense absorption of sunlight in the entire visible range, such complexes can be used 
in many processes that require photosensitization of semiconductor nanoparticles - in photooxidation 
and photoreduction of water, in the photocatalysis of various organic reactions. Therefore, an important 
task remains the development of approaches to the design of complex compounds for the directed 
change of the electronic structure of the dye.  

Ligands of the arylazole class are ideal from the point of view of studying electronic effects due 
to their synthetic availability, a large choice of introduced substituents in different fragments of the ligand, 
access to the extension of the conjugated system and introduction of various heteroatoms into it.  

In our work, we focused specifically on the modification of the antenna ligand. Such complexes 
typically utilize 4,4`-dicarboxy-2,2-bipyridine as the anchoring ligand. In our work the dimethyl ester of 
4,4`-dicarboxy-2,2-bipyridine was chosen rather than an acid, since this simplifies the study of the 
properties of the complexes in solution, and at the same time leaves the possibility of hydrolysis of ester 
groups (as a result of which the properties of the complexes do not change significantly) and application 
to the surface of the semiconductor.  

In this work, compounds of various modified 2-arylbenzimidazoles, 2-arylphenanthroimidazoles, 
2-aryloxazoles and 1-arylpyrazoles have been investigated [1,2]. 

 

 
Scheme 1. Scheme of the dye. 
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The cerium dioxide (CeO2) is of great interest among the cerium compounds. CeO2 nanoparticles 

(NPs) are greatly useful for a wide variety of applications, such as medicine, catalysis, abrasive 
materials, fuel cells, glasses, UV filters etc. It was estimated that the global release of CeO2-NPs in the 
environment will be 1000 t per year, which may have a negative impact on nature [1]. In the research 
devoted to the environmental fate of CeO2 NPs, the transformations of CeO2 under the influence of 
phosphates are noted [2]. However, there is still a lack of information about the structures, morphology, 
and properties of the resulting substances. On the other hand, Ce(IV) is a non-radioactive analogue of 
the dangerous Pu(IV) because of the similarity of their ionic radii and hydrolysis constants. Also, cerium 
and plutonium dioxides crystallize into the structural type of fluorite and have close lattice parameters. 
Therefore, the data on cerium transformations in phosphate-containing solutions may be helpful for 
reliable modelling Pu(IV) speciation in the environment and predicting radionuclides migration pathways. 

Thus, the present work aims to investigate the structure and properties of phases obtained after 
CeO2 NPs interaction with sodium phosphate buffer solutions under different conditions. The analysis 
of the phase transformation mechanism is also conducted in the present study. 

First, the synthesis of CeO2 NPs was carried out using a chemical precipitation method from 
Ce(IV) ammonium nitrate as a cerium source. The obtained CeO2 NPs were subjected to hydrothermal 
(HT) treatment at 150°, 170° and 200°C in 1M sodium phosphate buffer solutions at pH=4,4 and 7,7. 
The resulting products were characterized by X-ray powder diffraction (XRD) with pair distribution 
function analysis (PDF), scanning electron microscopy (SEM), transmission electron microscopy 
(TEM), energy dispersive X-ray spectroscopy (EDX) and X-ray absorption near L3 edge Ce 
spectroscopy (XANES). The solubility of resulting Ce phosphate phases in 0.01M NaClO4 at different 
pH values was investigated by inductively coupled plasma mass spectrometry (ICP-MS). 

According to XRD data of samples obtained after hydrothermal treatment in sodium phosphate 
buffers, new phases have formed. Two completely different phases were obtained after treatment at 
various pH values, while the synthesis temperature's influence on the samples' structure and 
morphology was not detected. The structure of the sample obtained at pH=7.7 is close to the 
Na2Ce(PO4)2·xH2O phase known from literature data [3].  

In the case of HT synthesis at pH 4.4, a double cerium-sodium phosphate with a structure 
previously unknown in the literature was formed. According to XANES data, cerium in the structure of a 
new phase is predominantly in tetravalent form. EDX data confirmed the presence of sodium and cerium 
in the phosphate structure. SEM and TEM data showed that the morphology of the samples obtained at 
pH=4.4 are aggregated crystalline nanorods around 15 nm in width. PDF analysis revealed that the 
structures of the new Na-Ce(IV) phosphates have a framework motif similar to NaTh2(PO4)3 [4], formed 
by cerium atoms and phosphate groups with channels occupied by sodium ions in the ab plane. 

The solubility of double Na-Ce(IV) phosphates of different structures in 0.01M NaClO4 at pH 2-10 
was determined. As can be seen from the ICP-MS data, increasing the pH value from 2 to 4 leads to a 
decrease in cerium concentration in solution from 3*10-6 to 8*10-8 M. The solubility of Na-Ce(IV) 
phosphate is lower than the solubility of original CeO2 NPs in solutions of similar composition [5]. Based 
on this, we can assume that the CeO2 transportation to double Na-Ce(IV) phosphates occurs because 
of the phosphate's greater thermodynamic stability. 
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Anthracene-based conjugated systems are widely studied due to their high luminescence 
quantum yields.[1] There are numerous examples of the use of anthracene derivatives to obtain 
luminescent platinum(II) [2] and gold(I) [3] complexes, while comparatively little attention has been paid 
to gold(III) complexes. 

 

 
Figure 1. Structures of the obtained gold(III) complexes bearing anthracene moieties 

 
The use of phosphine oxide groups is a promising area of research due to their function as 

electron acceptor groups, which can trigger a charge transfer mechanism affecting the luminescence of 
the system. Additionally, they can act as Lewis bases that can lead to the formation of intermolecular 
contacts and influence the photoluminescence of complexes in the solid state. 

In this work, we present the synthesis of gold(III) complexes bearing a bis-cyclometallated C^N^C 
ligand as well as a ethynyldiphenylphosphoryl group on the periphery of the ligand environment 
connected with the metal centre using an anthracyl or ethynylanthracene linker. We also discuss the 
photophysical properties of these systems. 

 
References 

[1] J. Chem. Soc. Perkin Trans. 1992, 7, 755 
[2] Polym. Chem. 2016, 7, 1070  
[3] New J. Chem. 2019, 43, 13741  

 
Acknowledgements 
This work is supported by the Russian Science Foundation (project No 24-13-00024). The studies 

were performed using the equipment of Centres for Magnetic Resonance, for Chemical Analysis and 
Materials Research (Research Park of St. Petersburg State University). 
 
  

mailto:st085893@student.spbu.ru


 

662 
 

SYNTHESIS OF NEW ORGANOMETALLIC COMPLEXES Re(I) WITH DIIMINE LIGANDS 
APPLICATION IN PHOTOACOUSTIC IMAGING 

Madieva S.G.1, Shakirova J.R.1, Tunik S.P1  

1 St. Petersburg State University, St. Petersburg, Russia 
Student 

svetamadieva@gmail.com 
 

Photoacoustic imaging (PAI) is a modern imaging method that can provide a high-resolution 
picture of absorption zones inside an object. The method also has a greater penetration depth compared 
to optical imaging [1].  

The optical properties of bis(diimine) Re(I) complexes and the intensity of the photoacoustic signal 
depend on the pH of the medium, which allows them to be used for contrasting acidified areas and 
tissues using the PAI method. [2] In addition, the introduction of oligoethylene glycol fragments makes 
the complexes water-soluble. Thus, in this work, a series of complexes of the [(NN)Re(CO)2(NN*)]+ type 
was obtained, where NN is neocuproine and NN* is a variable ligand. 
 

 

Scheme 1. Scheme of synthesis.  
 

The synthesized Re(I) complexes were characterized by 1D (1H) and 2D (1H-1H COSY, NOESY) 
NMR spectroscopy and ESI+ mass spectrometry. In addition, absorption spectra of solutions of the 
complexes were recorded and data from photoacoustic imaging experiments were obtained. 
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All solid-state batteries (ASSBs) based on ceramic solid electrolytes are considered as the 
promising alternatives to conventional liquid organic electrolytes because of their potentially high 
specific gravimetric and volumetric energy density and increased safety [1]. One of the main features of 
ASSBs is the absence of flammable components, which increases the safety and the ability to 
accommodate high power density electrodes, such as Li-metal as an anode and Li-rich NMC cathodes, 
which results in a boost of specific energy density. However, the formation of Li dendrites remains a 
significant obstacle to the advancement of ASSB, as it invariably leads to short circuit and battery failure. 
Solid electrolytes are usually polycrystalline ceramic materials containing a substantial amount of grains 
and grain boundaries. The promising approach for suppressing lithium dendrite growth and propagation 
along the grain boundaries is their modification via mechanoactivation techniques and/or sintering 
additives. In turn, Li6.4Ga0.2La3Zr2O12 (Ga-LLZO) is considered as promising solid electrolyte for ASSBs 
due to its high Li-ion conductivity (~10-3 - 10-4 S/cm at 25 °C), wide electrochemical stability window 
(0.05 – 5 V vs. Li/Li+), and chemical stability against metallic lithium [2]. 

This work aims to study the influence of synthesis parameters and sintering additives on the 
microstructure and electrochemical properties of Ga-LLZO solid electrolyte with cubic garnet-type 
structure. Li3BO3 (LBO) and PVDF were used as sintering additives because they promote liquid-phase 
sintering and increase the ohmic resistance of the Ga-LLZO grain boundaries [3]. In this work, single-
phase Ga-LLZO solid electrolyte pellets at different LBO (0.25% wt. – 8% wt.) and PVDF (1% wt., 2% 
wt.) concentrations were synthesized by conventional solid-state synthesis usig ball-milling and isostatic 
pressing. All samples exhibit high ionic conductivity and relative density > 90% relative to the 
crystallographic one. The influence of LBO and PVDF concentration on the microstructure organization 
of Ga-LLZO solid electrolyte membranes and their electrochemical properties were investigated. 
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Alkali metals chlorides are necessary components of natural water, which are complex 
multicomponent equilibrium water-salt systems. Currently, there is a question of extraction of alkali 
metals from natural brines, seawater and subsequent separation of components. The most relevant 
question is the extraction of lithium salts, which are widely used in lithium-ion batteries [1]. Equally 
important is the isolation of rubidium and cаesium salts contained in low concentrations in natural water.  
For the above reasons, it is important to study solution-solid phase transition, namely thermodynamic 
characteristics of salt dissolution processes.  

The purpose of this research was to study the thermal effects of double salts dissolution in the 
LiCl-RbCl-H2O system using the calorimetric method. According to the literature [2], the solubility 
isotherm of the LiCl-RbCl-H2O system at 25˚C was plotted (figure 1). In the system two joint compounds 
with different molar ratios of components are formed: Rb:2Li and 3Rb:Li. Both salts contain crystalline 
water, which is typical for compounds containing structure-making cations (such as Li+, Mg2+, Ca2+, etc.) 
and are formed by cations of different nature - structure-making Li+ and structure-breaking Rb+. 

Figure 1. The solubility isotherm of the LiCl-RbCl-H2O system at 25℃ 

In this work, double salts RbCl·2LiCl·4H2O and 3RbCl·LiCl·2H2O were obtained from the ternary 
system LiCl-RbCl-H2O. The composition of the obtained salts was characterized by FTIR spectroscopy, 
argentometry, atomic emission spectrometry (ICP-AES). The enthalpy of dissolution of double salts was 
measured. Using the reference data and the experimental values obtained, the standard enthalpy of 
double salts formation and thermal effects of compounds formation from individual components were 
calculated. The results were compared with the previously obtained effects of double salts dissolution 
in the LiCl–CsCl–H2O system.  
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Cyclometalated Ir (III) complexes have attracted a widespread attention as effective 

luminophores, being thoroughly exploited as electrophosphorescent materials in organic light-emitting 
diodes, possessing ultimately high quantum yields along with excessive stability [1]. Still, complexes 
emitting in the NIR spectral region often suffer from low quantum yields due to ease of vibrational 
relaxation. In this work we aim to explore donor-acceptor aryl-quinoxaline moieties as cyclometalated 
ligands to yield low-energy emitting bis-cyclometalated iridium(III) complexes. Additional rigidity can be 
added to this ligand scaffold by construction of phenazine moieties. 

Herein, we present a joint experimental and theoretical research (X-ray, NMR, MS, UV-Vis and 
luminescent spectroscopy, cyclic voltammetry, DFT/TDDFT) of several series of iridium (III) complexes 
with (di)benzophenazine and aryl-quinoxaline ligands (Scheme 1).  

A methodological survey for quick and proper (MAD ~ 10 nm) prediction of phosphorescence 
maxima position is reported. The methodology is based on experiential data derived from luminescence 
spectroscopy for complexes of 4 types with different electronic structure. The influence of solvation 
effects, functionals and basis sets on the results of calculation is announced.  

It is shown that dibenzophenazine bis-cyclometalated chloride dimer exhibits unexpected narrow 
(FWHM – 40 nm) and relatively intensive phosphorescence (30% quantum yield in toluene) at room 
temperature. Quantum chemical calculations (energy of frontier orbitals, distribution of electron and spin 
density) were done to explain the phenomenon. Spin density localization at organic part of metallacycle 
prevent phosphorescence for the most of Ir(III) dimeric compounds. The corresponding mononuclear 
bis-cyclometalated iridium(III) complex with an ancillary acetylacetone ligand also demonstrate long-
wavelength absorption and red-to-NIR emission. 

 

 

Scheme 1. The complexes presented in this work  
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Chemotherapy is currently one of the most common cancer treatment methods. However, drugs 

used in chemotherapy have their drawbacks, such as low specificity to tumor cells and a limited 
therapeutic index, which can lead to side effects. That is why alternative cancer treatment methods, 
such as photodynamic therapy (PDT), are actively being developed. This method is based on the use 
of photosensitizers that are activated by light and destroy cancer cells through photochemical 
processes. The mechanism of PDT involves reactions with reactive oxygen species. Given that many 
tumor tissues are hypoxic, there is interest in oxygen-independent methods, such as 
photochemotherapy (PCT).  

Studies of platinum metal complexes have shown that during the photochemical reaction 
compounds are formed that have a mechanism of action similar to cisplatin [1]. Dirhodium complexes 
Rh(II,II)-polypyridyl, which have a double light-induced cytotoxic effect, both oxygen-dependent and 
independent. These complexes have shown the ability to exhibit anticancer properties and are 
potentially inhibitors of DNA transcription [2]. 

In this work the photophysics and photochemistry of the dppn ligand (benzo[i]dipyrido[3,2-a:2',3'-
h]phenazine) and the dirhodium complex [Rh2(μ-O2CCH3)2(dppn)2](O2CCH3) were studied, using 
stationary photolysis, laser flash photolysis, ultrafast laser spectroscopy. The photophysical 
characteristics of dppn solutions in acetonitrile were measured. For aqueous solutions of the complex it 
was shown that the primary photoreaction is the exchange of an acetate ligand for a water molecule. 
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The study of phase equilibria is among the key topics on the agenda of chemical science, and is 
of interest not only for subtle theoretical studies of heterogeneous equilibrium solution – solid phase, but 
they are also a key aspect of studying both the effect of additives on the properties of solutions, 
traditional examples of which are cryoscopy and ebullioscopy methods, and the effect of the ratio of 
solution components on the composition of the crystallizing phase, starting from the already classical 
methods of studying phase equilibria in water-salt systems, including the young directions, such as, for 
instance, synthesis of organometallic skeleton structures, some of which are promising materials for 
electrodes in the case of the possibility of MOF formation both with oxidized and reducer forms of the 
metal cation, provided the stable half-reaction potential. 

The purpose of this work is to attempt to reveal the effect of the ethanol-water ratio of the water-
ethanol solvent used on the composition of the phase crystallizing from a 4-component solution (metal 
nitrate – 4,4`-bipyridine – ethanol – water) and to construct a phase diagram for these ratios in the form 
of a Gibbs triangle using the Roseboom method. 

The study of the system was undertaken along several cross-sections of the composition prism 
in quasi-ternary systems containing 95 and 90 mol. % of alcohol. The result for 95 mol% is presented 
on the figure below. 

  

 

Scheme 1. Phase diagram for the system containing 95 mol. percent of alcohol. 
 
For clarity, the mole fraction of cobalt nitrate is increased by 1000 times, the mole fraction of bipyridine 
is increased by 100 times. 
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The nature and properties of supported palladium catalysts modified with elemental phosphorus 
and elemental sulfur were studied in the direct synthesis of H2O2 and side processes of direct synthesis: 
decomposition and “hydrogenation” of H2O2 under mild conditions in ethanol and aqueous-ethanol 
media in the presence of various medium modifiers [1-2]. 

As a result of studying the influence of acid and halide modifiers on the properties of nanosized 
Pd–P catalysts supported on the Na- and H-form of ZSM-5 zeolite, in the direct synthesis of H2O2, the 
opposite effect of acid modifiers and salts on the yield of H2O2 was discovered. It has been shown that, 
unlike HCl, potassium chloride, potassium sulfate, and sodium citrate have an inhibitory effect on the 
activity of the catalyst, partially suppressing the formation of H2O2. However, they have virtually no effect 
on the rate of H2O2 hydrogenation. Moreover, in the presence of the Pd–P catalysts, an acid modifier 
(for example, H2SO4), even in the absence of halides, increases the yield of H2O2 by 2 times. A 
hypothesis has been put forward about the different nature of the active centers responsible for the 
formation of H2O2 in direct synthesis and in the hydrogenation of H2O2. 

The main functions of the acid modifier are considered. It is assumed that Brønsted acid not only 
suppresses the deprotonation of H2O2 to more reactive HO2

– ions, thereby increasing the selectivity of 
the process. It is probably also involved in the catalytic process itself, facilitating proton-electron transfer. 
In addition, HCl, promoting the corrosive dissolution of Pd0, causes partial deactivation of the catalyst 
during a long process at high acid concentration. Unlike hydrochloric acid, H2SO4 does not have such 
an effect on the Pd–P/HZSM-5 catalyst. 

Based on a combination of XPS, XRD, HRTEM and ICP-MS data, the main reasons for the 
promoting effect of phosphorus on the properties of the Pd-P/ZSM-5 palladium catalysts in the direct 
synthesis of H2O2 from H2 and O2 under mild conditions are considered. It has been shown that the 
addition of phosphorus to the catalyst affects the dispersion, the electronic state of palladium in the 
surface layer and the surface concentration of phosphate and phosphite ions. An increase in the yield 
of H2O2 is favored by an increase in the dispersion of the Pd-P catalysts, inhibition of the side process 
of H2O2 decomposition by surface phosphate and phosphite ions, and a decrease in the solubility of 
hydrogen in solid solutions of phosphorus in palladium. It has been established that, along with 
phosphorus and acid modifiers, the use of a zeolite support in the H-form favors the inhibition of the side 
process of H2O2 decomposition. 

The interaction of Pd(acac)2 with elemental sulfur in an inert atmosphere and in hydrogen under 
mild conditions was studied using UV spectrophotometry, HRTEM, EDS, and XRD. It has been shown 
that the composition of Pd-S containing nanoparticles formed in hydrogen, their size and degree of 
crystallinity depend on the ratio of the initial components. As the S:Pd ratio increases, the dispersion of 
the catalysts increases and a transition of Pd-S particles to an X-ray amorphous state is observed. The 
properties of Pd-nS/NaZSM-5 catalysts in the direct synthesis of H2O2 were studied, and the influence 
of the S:Pd ratio on the activity, selectivity and yield of H2O2 was examined. A comparative analysis of 
the influence of the nature of the p-element on the properties of palladium catalysts in direct synthesis 
was carried out. 
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Ruthenium(II) complexes are used as sensitizers in the Grätzel solar cell and currently show 
record values of cell efficiency. The "champion" dyes use 4,4`-dicarboxy-2,2`-bipyridine as anchoring 
ligands and monodentate -NCS groups as donors, complexes with which are labile, leading to a rapid 
drop in cell efficiency. Replacement of isothiocyanate by bidentate cyclometalated ligand allows to 
increase the inertness of complexes, but at the same time leads to deterioration of optical and 
electrochemical properties of the dye, so the design of ligands remains an urgent task.  

2-arylimidazoles are chosen as donor ligands in this work due to their synthetic availability and 
the ability to introduce various types of substituents. In order to increase light absorption of complexes 
we decided to enlarge conjugated system of antenna ligand and use 2-arylphenanthroimidazoles. 

 

  
Scheme 1. Structures of complexes with 1-phenyl-2-arylbenzimidazoles (left) and 1-phenyl-2-

arylphenanthroidazoles (right). 
 

A series of complexes of the composition Ru(dmdcbp)2(L-X)PF6, where X is various substituents 
in the aryl fragment of 1-phenyl-2-arylbenzimidazole (-H, -Me, -CF3, -F, -Cl, -NMe2, -CN, -NO2, -OMe), 
have been studied. The structure and composition of the obtained complexes were established by NMR, 
MALDI, and SC-XRD methods, and the optical and electrochemical properties were studied by CV, UV-
vis spectra, and luminescence spectroscopy. Upon increasing the donor substituent, a bathochromic 
shift of the absorption and emission maxima and a decrease in the redox potential occur, with the σ-
donor substituent -Me having a greater effect than the π-donor -OMe. The complexes exhibit 
phosphorescence in the near infrared region, and the excited state lifetime decreases upon increasing 
the donor substituent. Photoanodes sensitized with some compounds were tested in a Grätzel cell [1]. 

To study the influence of the conjugated ligand system on the properties of the dyes with different 
substituents in the aryl fragment of 1-phenyl-2-arylphenanthroimidazole (-H, -NO2, -OMe, -Me, -F) have 
been investigated. The increase of the conjugated system does not lead to an increase in the extinction 
coefficients of the compounds; however, it results in a slight shift of the absorption and emission bands, 
an increase in the redox potential by 0.04 V, and a twofold decrease in the excited state lifetimes. 
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Cerium dioxide nanoparticles are of a great interest due to their unique physical and chemical 

properties. Due to the high concentration of oxygen vacancies in CeO2 it can be used as a catalyst in 
oxidation reactions. Using nanoscale CeO2 as a support for active phase, for example Pd, allows one 
to obtain catalysts for diverse applications. One of the most important challenges is the ability to control 
particle size distribution and specific surface area of the obtained nanoparticles. This problem can be 
solved using cerium pre-organized metal-organic compounds as precursors for CeO2 nanoparticles 
synthesis. Polynuclear cerium carboxylates, namely Ce6O8(piv)8(deta)4 and Ce6O4(OH)4(piv)12(deta)2 
(Hpiv = pivalic acid, deta = diethylenetriamine), are of the most interest due the fluorite-like structure of 
[Ce6O8]8+ or [Ce6O4(OH)4]12+ cores, which are isomorphous to CeO2 [1]. One of the most promising 
methods of obtaining catalysts, supported on CeO2, is pyrolysis of metal-organic frameworks, 
impregnated with active phase precursors. It provides more uniform distribution of active phase on the 
surface of CeO2.  

In this work nanodisperse CeO2 was obtained in solvothermal conditions from Ce6O8(piv)8(deta)4 
and Ce6O4(OH)4(piv)12(deta)2 precursors with SBET = 97 m2/g and particle size of ~2 nm. The process of 
Ce6O8(piv)8(deta)4 hydrolysis was for the first time investigated in situ using laboratory equipment in an 
experiment of total X-ray scattering and pair distribution function (PDF) analysis [2]. It was found that 
heating the precursor up to 120˚C leads to gradual growth of a [CexOy] core size and crystallization of 
nanosized CeO2 instead of thermal decomposition of the precursor.  

Pd  nanoparticles were deposited on the obtained nanoscale CeO2 using incipient wetness 
impregnation using H2PdCl4 solution. The obtained Pd/CeO2 catalyst was tested in a reaction of selective 
phenylacetylene hydrogenation. Selectivity towards styrene was 92% at 66% conversion of 
phenylacetylene, which is higher than in Pd/CeO2 catalysts, in which CeO2 was obtained from Ce (III) 
and Ce (IV) inorganic salts. 

CuO/CeO2 and Fe2O3/CeO2 catalysts were obtained from cerium anionic MOF, namely Ce-MOF 
([(CH3)2NH2]2[Ce2(BDC)4(DMF)2] (H2BDC = terephthalic acid, DMF = N,N-dimethylformamide [3])), 
impregnated with solutions of Cu(NO3)2 and Fe(NO3)3 in DMF. The presence of dimethylammonium 
cations in the MOF’s voids allows conducting cation exchange reactions and absorb metal cations more 
effectively. According to the EDX data CuO and Fe2O3 contents in the CuO/CeO2 and Fe2O3/CeO2 
catalysts were 5,85 wt% and 5,81% respectively, which is close to the intended content of 6 wt% of 
active phase. 
 

References 
[1] Eur. J. Inorg. Chem. 2019, 26, 3103 
[2] J. Appl. Crystallogr. 2022, 55(4), 890 
[3] ACS Omega 2023, 8(50), 4839 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 22-73-10089). 

  

mailto:Nikita_nikandrov@inbox.ru


 

671 
 

COPPER(II) COMPLEXES AS PRECURSORS OF EFFECTIVE HYDROGENATION CATALYSTS  

Novikov D.V.1,2, Koshenskova K.A.2, Nebykov D.N.3, Eremenko I.L.2, Lutsenko I.A.2 
1 Mendeleev University of Chemical Technology of Russia, Moscow, Russia 

2 Institute of General and Inorganic Chemistry of the Russian Academy of Sciences, Moscow, Russia 
3 Volgograd State Technical University, Volgograd, Russia 

Student 

dima.novikov.2004@mail.ru 

In the chemical industry catalysts based on platinum group metals with high activity, but at the 
same time high cost are mainly used for hydrogenation processes, therefore, the search for more 
affordable analogues, for example, based on d-metals such as Zn, Co, Cu, Fe [1,2], is an urgent task. 

The purpose of this study was to develop approaches for the synthesis of copper(II) coordination 
compounds with furan (Hfur)- and thiophene (Htio)-carboxylic acid anions in combination with N-donor 
ligands (4-phenylpyridine (phpy), imidazole (Im)), to determine their structure and study their catalytic 
activity in hydrogenation processes bonds –C=C– using the example of dicyclopentadiene (DCPD). 

In the case of using imidazole as an N-donor ligand, mononuclear complexes of the composition 
[Cu(fur)2(Im)2(H2O)]•solv (fur- = 2fur- (1, 2), 3fur- (3); solv = MeCN (1)) were obtained. When using 4-
phenylpyrine in various synthetic variations, it is possible to form as a mononuclear [Cu(L)2(phpy)2H2O] 
solv (L= 2fur- (4), 3fur- (5), tio- (6)); solv = phpy (4, 5)), binuclear [Cu2(L)4(phpy)2] (L= 2fur- (7), 3fur- (8), 
tio- (9), and mixtures of both reaction products (Fig. 1). All compounds are isolated as single crystals, 
their structure is determined by the XRD method, purity is confirmed by the methods of elemental 
analysis and XRD. The catalytic activity of 1-3. 5 was investigated during the restoration of the DCPD 
double bond. 

 
Figure 1. Scheme of synthesis of complexes 4-9. 

 

According to the results of the experiments, it was found that all the studied catalysts based on 
the obtained complexes exhibit high selectivity (up to 100%) under conditions of continuous 
hydrogenation, even at high conversion values (up to 96%) and an excess of hydrogen. It should be 
noted that for the CuCl2 comparison sample, the DCPD conversion did not exceed 7%. 

This work was financially supported by the Russian science foundation (project 22-13-00175). 
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The chemistry of cobalt and manganese coordination compounds is interesting not only for the 
architectural variety of compounds, but also for the functional properties that these compounds exhibit, 
for example magnetic. Scientists are paying close attention to the switchable or tuned magnetic 
properties that appear as a result of external influence on the sample. For example, during UV 
irradiation, when the [2+2]-photocycloaddition reaction occurs between the unsaturated bonds of the 
ligands [1,2].  

We obtained a series of cobalt(II) and manganese(II) coordination polymers: 
{[Co(H2O)(bpy)(Cinam)]∙H2O∙DMF∙MeCN}n (1), [Co(H2O)(bpa)(Cinam)]n (2), 
[Co(H2O)(bpe)(Cinam)]n (3), {[Co2(H2O)4(bpe)(Cinam)2]∙2H2O}n (4): 
{[Mn(CinAm)(bpa)(H2O)]·DMF·2H2O}n (5) и {[Mn2(H2O)4(bpe)(Cinam)2]∙2H2O}n (6) with 
cinnamylidenemalonic acid anions (H2CinAm) and bridging N-donor ligands 4,4'-bipyridyl (bpy), 1,2-
bis(4-pyridyl)ethane (bpa), 1,2-bis(4-pyridyl)ethylene (bpe).  

 

 
Figure 1. The fragment of {[Co2(H2O)4(bpe)(Cinam)2]∙2H2O}n (4) 

 

Compound 4 was stepwise prepared from compound 3 by solvothermal synthesis by adding 
excess of acid and lithium hydroxide hydrate. The remaining compounds were synthesized by slow 
mixing at room temperature in air. It is interesting to note that despite the difference in synthesis 
procedures, compounds 4 and 6 are isostructural. 

With anions of allylmalonic acid (H2Amal), the compounds of cobalt(II) [Co2(H2O)2(Amal)2(bpy)]n
 

(7) and manganese(II) [Mn2(H2O)2(Amal)2(bpe)]n (8) were obtained.  
For all the obtained compounds, studies were carried out to establish the possibility of the [2+2]-

photocycloaddition reaction. The magnetic properties of compounds 1 and 8 were studied. 
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In recent decades cyclometalated iridium(III) complexes have attracted interest of researchers 

due to their outstanding photophysical properties. In particular, such complexes can be widely applied 
as anticancer agents in medicine, as emitters in OLEDs, in sensor systems, as catalysts and as 
photosensitizers in solar cells.  

In a previous work, cyclometalated benzimidazole complexes with different substituents were 
investigated [1]. It was shown that these ligands allow to vary photophysical properties through the 
rational selection of substituents. Selection of ligands makes it possible to obtain complexes with the 
desired solubility/absorption/emission properties.  

In this work, a bis-cyclometalated iridium (III) complex containing 4 carboxyl groups that endow 
its relatively high solubility in water (compared to analogues) was synthesized (scheme 1). The complex 
was characterized by single-crystal and powder X-ray diffraction and 1H NMR spectroscopy. The 
influence of acid and base on its absorption and emission properties was studied. In particular, addition 
of TBAOH results in a blue shift of absorption maxima by approx. 30 nm. The fully protonated form of 
the complex shows high luminescence efficiency (QY=37.8% rel. to Ru(bpy)3). Increased solubility in 
water along with its high sensitivity to acidity support the potential application of the complex in 
bioimaging. 

 

 
Scheme 1. Absorption and emission spectra and molecular structure of the studied complex.  
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Pt(II) complexes are widely studied nowadays due to their rich photoluminescent properties. One 
of the ways to vary the luminescence is introduction of donor-linker-acceptor systems with intramolecular 
charge transfer as ligands for platinum(II) metallocenter. This approach was used in our previous work 
on bis-alkynylphosphonium complexes in cis-configuration, leading to stimuli-responsive and non-linear 
optical properties 1. 

According to the literature 2–4, the trans- arrangement of alkynyl ligands in the bis-alkynyl Pt(II) 
systems is more favorable for π-conjugation along the molecular axis. In the case of 
alkynylphosphonium ligands Pi, that belong to the donor–π-linker–acceptor (D–π–A) systems, this can 
promote emission characteristics of corresponding Pt(II) complexes. 

Herein we report the synthesis and photophysical properties of two Pt(II) complexes series of 
general formula trans-[Pt(Pi)2(PPh3)2]OTf2, 1P–3P and trans-[Pt(Pi)2(CN)2], 1CN–3CN. 

 

 

Scheme 1. Alkynylphosphonium salts and complexes based on them. 
 

Introduction of neutral or negatively charged ancillary ligands lead to the different charge of the 
final complex. Moreover, together with strongly accepting phosphonium moiety they influence the 
photophysical properties of yielded compounds. Synthesis, crystal structures and luminescence both in 
solution and solid state are discussed. 
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In this work, two nickel(II) coordination compounds, [Ni(LI)2] (1) and [Ni(LII)2] (2) (HLI = N-
cyclohexyl-3-methoxysalicylideneimine; HLII = N-cyclohexyl-3-ethoxysalicylideneimine), were obtained 
from a one-pot synthetic procedure by reacting cyclohexylamine, 3-methoxy- or 3-ethoxysalicylaldehyde 
and Ni(OAc)2 in EtOH (Scheme 1) [1] The final products were obtained as single crystals suitable for 
single-crystal X-ray diffraction. 

 

Scheme 1. Synthesis of the complexes (R = Me (1), Et (2)). 
 

Both complexes were probed in silico as potential inhibitors of a series of the SARS-CoV-2 
proteins using a molecular docking approach. It was established that both 1 and 2 can potentially inhibit 
of the applied proteins. The best results (–10.6 kcal/mol for 1 and –9.5 kcal/mol for 2) were found for the 
Nonstructural protein 14 (N7-MTase) (Fig. 1). Thus, both complexes 1 and 2 are of interest as potential 
agents against COVID-19. 
 

 
Figure 1. Intermolecular interactions in complexes of 1 and 2 with SARS-CoV-2 proteins with the best 

binding energies. 
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Bismuth-containing pyrochlores exhibit a wide range of practically useful properties, among which 
are dielectric properties (low dielectric losses and high dielectric constant, adjustable temperature 
coefficient of capacitance), catalytic properties in the UV and visible range. A useful addition is the 
relatively low synthesis temperature and thermal stability of bismuth pyrochlores. In the crystal structure 
of pyrochlore A2B2O6О’, two interpenetrating and weakly interacting sublattices are distinguished. The 
cationic sublattice А2O’ is similar to the structure of anticristobalite, the second     B2O6 forms a three-
dimensional framework of vertex-linked octahedrons. Octahedral positions B are occupied by relatively 
small cations (Ta+5, Ru+4, Zr+4, Sb+5), larger ions (Bi3+, Sm+3, Pb+2) are distributed in eight-coordinated 
positions A. The flexibility of the pyrochlore crystal structure to cation substitutions in the 
bismuth/tantalum sublattices and to oxygen vacancies in the А2O’ sublattice makes it possible to control 
their functional properties. Currently, pyrochlores based on bismuth tantalate and niobate are being 
actively studied due to their promising dielectric and catalytic properties. A feature of the pyrochlores 
under consideration is the unfilled bismuth sublattice due to the 6s2 electron pair and the ability of 
transition element ions to simultaneously reside in the cationic sublattices of bismuth (А2O’) and 
tantalum (niobium) (B2O6), causing relaxation processes in ceramics. Studies of pyrochlores based on 
bismuth tantalate containing 3d transition ions (Cu,Ni,Fe,Cr,Co,Zn) have shown that porous ceramics 
are formed with low dielectric losses and moderate values of dielectric permittivity.  

It was established by XRD, that the ceramics of the nominal composition 
Bi2Cr1/6Mn1/Fe1/6Co1/6Ni1/6Cu1/6Ta2O9+Δ.contained trace amounts of bismuth orthotantalate impurity, 
regardless of the synthesis conditions. The phase-clean sample was obtained with a deficiency of 
bismuth atoms in the Bi2-xCr1/6Mn1/Fe1/6Co1/6Ni1/6Cu1/6Ta2O9+Δ bismuth sublattice. The complex oxide 
crystallizes in the pyrochlore structural type (sp. gr. Fd-3m, а=10.48106 Å). The study of the process of 
phase formation of multicomponent pyrochlore in the course of solid-phase synthesis showed that the 
precursor of the pyrochlore phase is bismuth orthotantalate. Of all the precursors, cobalt and nickel 
oxides are the last to enter the chemical reaction (at 850-900 °С). Intermediate phases in the course of 
synthesis are complex oxides Bi16CrO27, Bi25FeO40, BiTaO4, Bi3TaO7, СoTa2O6. During the evolution of 
the pyrochlore phase, a nonmonotonic change in the unit cell parameter is observed. Phase-clean 
pyrochlore is synthesized at a temperature of 1000-1050 °С. Ceramics is characterized by a porous, 
loose microstructure with an average grain size of 0.5-1 microns; the porosity of a sample calcined at 
1050 °С is 19 percent. According to the XPS data, the transition element ions in pyrochlore are 
predominantly in the Cr(III), Fe(III), Mn(II), Co(II), Ni(II), Cu(II) states. At room temperature, the 
permittivity and dielectric loss tangent of Bi2-1/3Cr1/6Mn1/Fe1/6Co1/6Ni1/6Cu1/6Ta2O9+Δ are ~46 and ~0.004 
at 1 MHz, respectively. An equivalent circuit is proposed that simulates the electrical properties of the 
sample. 
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Low-dimensional (LD) magnetism is one of the most interesting and promising fields of current 
research in inorganic chemistry and condensed matter physics because of formation of exotic electronic 
states (e.g., spin glasses and liquids) due to the possible spin frustration. LD magnets-based materials 
are proposed as a new generation of electronic devices and spintronic application in perspective [1]. 

Copper (II) selenates PbCuSeO4(OH)2, M2CuSeO4Cl2 (M = K, Rb) representing selenate 
analogues of natural minerals with LD magnetic behavior linarite PbCuSO4(OH)2 and chlorothionite 
K2CuSO4Cl2 correspondingly have been synthesized by the hydrothermal method for the first time. Their 
crystal structures have been determined by the single crystal XRD method [1-2]. The main goal of the 
study was investigation of the influence of structural changes (e.g., replacement SO4

2-→SeO4
2- or 

K+→Rb+) on the magnetic properties. 
Selenate linarite PbCuSeO4(OH)2 turns out to be isostructural to PbCuSO4(OH)2. Both 

compounds contain chains of edge-sharing CuO4 corrugated squares (Scheme 1) with slightly different 
Cu-Cu distances and dihedral angle α which affect magnetic interaction between copper ions. The new 
substance has been investigated in measurements of magnetic susceptibility, magnetization, heat 
capacity, dielectric permittivity. This quasi-one-dimensional compound evidences formation of a short-
range correlation regime at ca. 8 K and experiences a long-range magnetic order at TN = 4.3 K likewise 
its sulfur prototype. Moreover, both chalcogenates are apparently multiferroic systems [1, 3]. 

 

 
Scheme 1. Chains of CuO4 squares in PbCuChO4(OH)2, Ch = S, Se. 

 
A different picture is observed in the case of selenate chlorothionites M2CuSeO4Cl2 (M = K, Rb). 

K2CuSeO4Cl2 proves to be isostructural to K2CuSO4Cl2 whereas Rb2CuSeO4Cl2 differs from its 
prototype although keeps main structural features like chains of CuO2Cl2 trapezia (Scheme 2). 
Measurements of magnetic susceptibility, magnetization and heat capacity have showed that 
synthesized chalcogenates are paramagnets, so in this case structural changes turn out to be crucial 
for magnetic subsystem. EDX and IR spectra of the substances have been collected as well. 

 

Scheme 2. Comparison of structural peculiarities of K2CuChO4Cl2, Ch = S, Se. 
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In recent years, complex transition metal oxides have been interested due to its unusual magnetic 
properties [1-2]. Modification of such materials by iso- or heterovalent substitution can cause to structural 
transformations that can change the type of interaction in magnetic sublattices, lead to the appearance 
of competing exchange interactions and, as a result, to the emergence of important and non-trivial 
results. This work is devoted to the synthesis of solid solutions based on Y2FeTaO7, the study of their 
structural and magnetic properties. 

A number of layered solid solutions of Y2-xFe1+xTaO7 were synthesized by the co-precipitation 
method followed by annealing of the precipitate. It has been established that a solid solution of Y2-

xFe1+xTaO7 exists in the region x = 0-0.2. Previously it was shown that Y2-xFe1+xTaO7 is a layered 
compound with a pyrochlore-like structure, sp. gr. R-3. Analysis of the synchrotron X-ray diffraction data 
showed that the entry of additional iron ions into Y2-xFe1+xTaO7 leads to a structural transition of sp. gr. 
R-3 → sp. gr. P3121 at x=0.1 (fig. 1). Unlike structure with sp. gr. R-3, there are three nonequivalent 
positions in the Fe/Ta–O layer of polyhedra over which iron ions can be distributed in structure with sp. 
gr. P3121. By the method of Mossbauer spectroscopy, it was found that the iron ions in Y2-xFe1+xTaO7 

enter only into the positions of the Fe/Ta–O polyhedron layer, and the vacant positions of Y3+ are 
occupied by Ta5+ ions. 

a b 
Figure 1. Layers of Fe/Ta–O polyhedra in Y2FeTaO7 (a) and Y2-xFe1+xTaO7 (b). 

 
The synthesis of pyrochlore-like compounds in the Y-Mg-Fe-Ta-O system was carried out by the 

sol-gel method. It is shown that the solid solution exists in a wide range of compositions: Y2-xMgxFeTaO7-

δ (x=0-0.15), Y2-xMgxFe1-x/2Ta1+x/2O7-δ (x=0-0.15), Y2Fe1-xMgxTaO7-δ (x=0-0.3), Y2Fe1-3/2xMgxTa1+x/2O7-δ 

(x=0-0.3). The LeBel method established the affiliation of these compounds to the same sp. gr. P3121. 
Analysis of X-ray diffraction data showed that despite the ionic radii difference, Mg2+ enters the 
octahedral positions of Fe3+/Ta5+. 

The analysis of the Raman spectra confirmed the similarity of the structures of solid solutions with 
iso- and heterovalent substitution (sp. gr. P3121) and Y2FeTaO7 (sp. gr. R-3). The presence of Fe4+ 
along with Fe3+ in Y2Fe1-xMgxTaO7-δ and Y2-xFe1+xTaO7 was confirmed by the XANES method. The study 
of XANES spectra at the LIII-edge of Ta has shown the presence of some fraction of Ta4+ along with 
Ta5+. 

The magnetic properties of solid solutions with a different deviation from the stoichiometric 
Y2FeTaO7 have been studied. It was found that frustrated 2D-sublattices of kagome-type are formed in 
which in Fe3+ ions are coupled by short-range order antiferromagnetic interactions and a transition to 
spin glass state is observed at Tg > 5 K. The existence of a ferrimagnetic transition above room 
temperature has been established. 
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This work describes the solid-state synthesis method and methods for studying the structure of 
barium hexaferrite doped with indium. Compared to iron ions, indium ions are larger, which can affect 
the crystalline lattice and magnetic properties of the resulting material. The iron substitution degree “x” 
was range from 0 to to 1 with a step of 0.25. The structure analysis was conducted using the powder 
diffractometer Rigaku Ultima IV with X-ray phase analysis method. The results of electron microscopic 
analysis showed the production of monophasic samples. Magnetic permeability parameters were 
obtained using an E7-30 impetance meter. 

 

 
Scheme 1. Experimental magnetic permeability 
parameters for BaFe12-xInxO19 samples 

The graph shows that as the indium content 
increases from sample to sample, the magnetic 
permeability decreases evenly, which indicates the 
influence of indium on the magnetic properties of the 
hexaferrite lattice. The resulting typical structure to 
the structure of pure barium hexaferrite. The crystal 
lattices were calculated (table). The volume 
increases with increasing substitution due to the 
larger ionic radius of In3+ ions compared to Fe3+ ions 
with the same coordination number, for example CN 
= 4, r(In3+) = 0.76 Å; r(Fe3+) = 0.63 Å [3]. Using the 
solid-state synthesis method, it is possible to select 
the degree of substitution of BaFe12-xInxO19 from x to 
1 and control the indium content by varying the initial 
indium concentration in the mixture. 

 
Table 1. Lattice parameters for BaFe12-xInxO19 samples 

Lattice 

parameters 

Iron substitution degree “x” 

0 [1] 0 [2] 0.25 0.5 0.75 1 

a(Å) 5.8945(5) 5.8929(4) 5.9035(2) 5.9177(4) 5.9266(19) 5.93213(18) 

c(Å) 23.215(3) 23.1943 23.2652(12) 23.3384(16) 23.4171(9) 23.4402(10) 

V(Å3) 698.5 697.54 702.19(5) 707.81(8) 712.32(4) 714.35(4) 
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Polynuclear carboxylates of copper (II), in which copper ions are connected via bridge ligands, 
are of interest from the point of view of studying the phenomena of intramolecular magnetic exchange 
and obtaining magnetic structural correlations. Magnetic interaction in such complexes can be carried 
out in various ways and depends on the coordination geometry of copper ion, the distance Cu ··· Cu, 
on the valence corners of the bridge atoms and bond lengths between them, the total length of the 
metal-ligand bridge. The combination of the coordination capabilities of copper (II) and ligands gives 
rise to high variability in structural terms. So, compounds both on the basis of insulated copper ions and 
3D-extended structures can be obtained. 

The structure of haloacetate complexes depends on the synthesis methodology. For example, 
the authors of [1] obtained Cu2(CCl3COO)4(CCl3COOH)2 – its structure consists of dinuclear «paddle 
wheel» fragments. In [2] was investigated the compound Cu(CCl3COO)2(H2O)3, which has a 
mononuclear molecular structure. An increase in the pH of the reaction mixture leads to partial hydrolysis 
of copper ions, as a result of which the formation of additional ways of the metal centers bonding. So, 
our work [3] describes the compound Cu2(CCl3COO)3(OH)(H2O)4·H2O, which crystallizes in the absence 
of acid. The structure of this compound consists of molecular and chain fragments. 

When the reaction mixture is dilute, the processes of hydrolysis prevails, then not solvation, and 
the new compound Cu3(CCl3COO)2(OH)4 are formed. In its structure the copper (II) ions are connected 
into layers through μ3-OH- and μ2-RСОО-ligands (Fig. 1). The structure includes two crystallographically 
independent copper atoms – Cu1 and Cu2. 
 

                       

Figure 1. A fragment of the structure of Cu3(CCl3COO)2(OH)4 (left) and [Cu1Cu1] «dimers» having a 
supposed magnetic exchange (right). Trichlorometyl groups are hidden. 

 
Thus, we developed a methodology for obtaining a single phase polycrystalline sample of the new 

compound Cu3(CCl3COO)2(OH)4, its crystal structure was refined. The temperature dependencies of 
magnetic susceptibility were measured. The characterization using X-ray diffraction and spectral 
methods, as well as the analysis of the thermal stability, were carried out. 
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Supramolecular heterometallic systems with outstanding photophysical properties can be used 
as a substrate for the creation of new phosphorescent materials, which can find their application in 
OLED devices as organometallic emitters. Nowadays, there is a number of described heterometallic 
transition metal complexes[1,2]. However, cyanido-bridged Pt(II)-Au(III) compounds have not been 
described so far. Pt(II) and Au(III) are isoelectronic ions, compounds with d8 configuration are square 
planar and, in the case of platinum(II), have rich and tunable photophysical properties particularly 
because of the ability to participate in Pt-Pt and π-π-stacking interactions. Au(III) is known for its poor 
photophysical properties, so it is interesting how the presence of such an important class of 
chromophores as square-planar platinum(II) complexes will affect the photophysical characteristics of 
Au(III) in heterometallic complexes. Such complexes can exhibit supramolecular aggregation due to 
metallophilic interactions and/or π-stacking, which helps to tune the photophysical properties of the 
aggregates in the solid phase. The aim of the present work is to develop a methodology and synthesis 
of a series of heterometallic cyanido-bridged complexes of Pt(II)- Au(III) with cyclometallating tridentate 
ligands and explore their photophysical properties. 
 

 

 
Scheme 1. General scheme of synthesis of heterometallic cyanido-bridged complexes with different 

tridentate ligands. 
 
The research was carried out using the equipment of the resource centers of the St Petersburg 
University Research Park “Magnetic Resonance Research Methods” and “Methods of Analysis of Matter 
Composition”. 
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The ferrocene Fe(η5-C5H5)2 chemistry dates back more than six decades. Since its discovery, 

ferrocene has demonstrated great synthetic opportunities and turned out to be attractive for chemists, 
biologists and physicians due to its stable sandwich structure and the capacity for reversible oxidation 
at physiological pH values [1]. The ability of ferrocene to cause the formation of reactive oxygen species 
through its oxidation is the most important feature of ferrocene, which can be used in the development 
of drugs for the treatment of malignant neoplasms. 

The investigation of metallocenes antineoplastic activity, especially of ferrocene-containing ones, 
is on top of its relevancy [2]. Inasmuch as metal-based clinically approved drugs (cisplatin and its 
derivatives) possess severe side effects and patients often become resistant to chemotherapy, the 
development of less toxic anticancer medications based on essential metals is of great interest. The 
ferrocene derivatives are of importance for their stability in a biological medium, lipophilicity, nontoxicity 
and are known to exhibit antitumor, antimalarial, antifungal properties [3]. Many reports by Goswami et 
al. have shown that ferrocene-conjugated copper(II) complexes are efficient photocleavers of DNA in 
red light [3-5]. However, safety profile (selectivity indexes for non-tumor cells) of these compounds is 
unknown. 

In the present study, the ferrocene is modified to ferrocenylmethyl-L-methionine in two steps, with 
formyl-ferrocene being the product after the first step [6-7] (Scheme 1). The obtained molecule has 
been used as a secondary ligand in the synthesis of mixed-ligand copper(II) complexes with 1,10-
phenanthroline or 2,2’-bipyridine derivatives, namely, 1,10-phenanthroline, 4,7-dimethyl-1,10-
phenanthroline, 5-chloro-1,10-phenanthroline, 2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine. The 
complexes have been characterized by elemental, single-crystal and powder X-ray diffraction analyzes, 
IR spectroscopy. Cytotoxic activity of complexes and ligands has been evaluated on tumor and non-
tumor cell lines by means of IN Cell Analyzer 2200 using dual staining with Hoechst 33342/propidium 
iodide. 

 

 

Scheme 1. Synthetic route of ferrocenylmethyl-L-methionine. 
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Application of external pressure to a system serves as an additional degree of freedom, 

expanding our knowledge about stable chemical compounds and chemical reaction pathways under 
extreme conditions. In the presentation, I will review 10 years of research on the chemistry of polyhydride 
materials synthesized at high pressure from a few to hundreds GPa using diamond anvil cells. 

During the 20th century, the formation of compounds between metals or nonmetals and hydrogen 
was thought to be limited to covalent and molecular-ionic compounds with a composition determined by 
the element's usual valence. For example, calcium forms the hydride CaH2 with a maximum hydrogen 
content of 2, and lanthanum forms LaH3, with a maximum H-content of 3. The record for the maximum 
atomic hydrogen content was held by the CH4 molecule, which is critical for energy industry. Numerous 
attempts to build a hydrogen battery using lithium, magnesium, nickel etc. hydrides have still not reached 
the level of efficiency that the methane molecule has. 

But at high pressure of hundreds of thousands and millions of atmospheres, the situation changes 
dramatically. Many metals react with hydrogen to form stable polyhydrides containing 4 (ThH4) [1], 6 
(YH6) [2,3], 8 (UH8) [4], 9 (PrH9) [5], 10 (CeH10) [6], 12 (BaH12) [7], 22 (SrH22) [8] or even more hydrogen 
atoms per each metal atom. Of course, it is technically difficult to create and maintain such high 
pressure. But in recent years, there has been a tendency to reduce the stabilization pressure of these 
compounds, which makes it possible to see the prospects for practical applications of polyhydrides to 
improve the characteristics of known hydrogen batteries. 

 

 
Scheme 1. Compression of hydrogen with alkali and alkaline earth elements (Sr, Cs, Rb etc.) leads to 

obtain molecular polyhydrides with extremely high H-content. 
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Polynuclear heterometallic 3d-4f complexes may act as ion sensors, molecular magnets and 
precursors for creating 3d-4f mixed oxides. A series of 32 heterometallic ionic complexes 
[CeNi6(Ala)12][(LnxCe1–x)(NO3)3(OH)3(H2O)] (Ln = Tb, Ho, Er, Tm, Yb, Lu) have been synthesized and 
characterized by XRD and IPC-MS [1]. The dependence of the degree of substitution of lanthanides in 
the anionic position on the nature of Ln3+ and precipitation conditions has been determined. The 
processes occurring during the formation of the complexes have been studied by UV-Vis, diffuse 
reflectance electronic spectroscopy, and ICP-MS. Based on these data, a model of equilibria in the 
system was proposed to explain the increase in the degree of substitution of Ln in the anionic position 
in the lanthanide series and with a decrease in the concentration of Ce and Ln in the solution from which 
precipitation is performed. 

 

 

Figure 1. Dependence of the degree of substitution of Ln3+ in the anionic position on the nature of 
lanthanide and precipitation conditions. 
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Single molecule and single ion magnets (SMMs and SIMs, respectively) are atomic scale objects 
that show slow magnetization relaxation at low temperatures. Most modern SIMs are represented by 
metalorganic complexes of transition element ions and lanthanide ions with low coordination numbers 
providing strong axial anisotropy. Such molecular complexes are often unstable, so transition metal ions 
may be introduced into positions with crystal field anisotropy in crystal structure of inorganic solid forming 
magnetic centers with bistable ground states (inorganic SIMs or ISIMs) [1]. 

High-spin Fe3+ free ion possesses a half-filled 3d-level without orbital momentum in its ground 
state. However slow relaxation of magnetization was observed in several compounds of iron(III) 
exhibiting low Ueff [2]. In addition, the reduced electron-phonon interaction of such electronic 
configuration may provide a longer spin coherence time required to create qubits for quantum computers 
[3]. 

In the present work imbedding of iron in an inorganic solid and possibility of forming the first Fe3+ 
based ISIM are considered. Mayenite Ca12Al14O33 was chosen as a crystalline host. It represents an 
anti-zeolite structure with positively charged cages partially filled with oxygen-based anions. Al atoms 
are found in two types of distorted tetrahedra of oxygen atoms (Al1 and Al2). Fe3+ can partially substitute 
Al3+ at the trigonally distorted tetrahedral site Al1 keeping its high-spin configuration. Such distortion 
may provide a crystal field anisotropy required to form a SIM unit [4]. 

Ceramic samples with nominal compositions Ca12Al14-xFexO33, x = 0, 0.05, and 0.25 (1, 2, and 3, 
respectively) were prepared via annealing of pellets in oxygen flow at 1400 °C. According to X-ray 
powder diffraction data samples represent cubic mayenite phase. The crystal structure was refined by 
Rietveld method. From 1 to 3 slight increasing of unit cell parameters is represented suggesting the 
replacement of a smaller Al3+ by a large Fe3+. 

According to dc magnetization measurements 2 and 3 show paramagnetic behavior down to 2 K. 
1 also reveals weak paramagnetic response detectable at low temperatures. For the further analysis, 
magnetic response of 1 was subtracted from that of 2 and 3. It’s worth noting, that paramagnetic 

behavior of 1 corresponds to that of a high-spin Fe3+ with its content x=0.009. -1(T) is fitted well with 

the Curie-Weiss equation, demonstrating eff of 5.64 and 5.73 B and a very small  of 0.0 and -0.1 K 
for 2 and 3, respectively. These parameters also correspond to high-spin Fe3+ ions diluted in a 
diamagnetic matrix with very small inter-ion interactions. For 2 and 3 temperature dependence of 
susceptibility-temperature product at 4 kOe and field dependence of magnetization at 2 K are in great 
agreement with model suggesting zero-field splitting axial parameter D = -0.67 cm-1. 

Ac susceptibility measurements (ac) under a dc magnetic field of 4 kOe reveal slow magnetization 
relaxation (SR) in all the samples. The undoped sample 1 also demonstrates similar SR. At low 

temperatures for 2 and 3, two maxima on ’‘(f) were observed corresponding to two relaxation 
processes. The lower frequency relaxation process (LSR) represents a minor fraction of slowly relaxing 
magnetic centers.  The LSR fraction decreases with increasing temperature and disappears at 10 K. 

For the major SR process,  decreases fast with increasing Fe3+ content. In 3 at temperatures above 5 

K,   becomes too low to be estimated. For 1 and 2, relaxation time temperature dependences are 
obtained. For these samples practically the same values for Ueff are calculated. The refined Ueff is in 

good agreement with the energy gap 6D = 4.2 cm-1, derived from the dc-magnetization data.  
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The study comprehensively investigated a new structural type of lanthanide-organic frameworks 
[(CH3)2NH2]2[Ln2(bdc)4(DMF)2](H2O)2 called LMSU-1 (Lomonosov Moscow State University). The 
existence of the LMSU-1 structural type from La to Er has been established according to the low-
temperature SCXRD experiment. The Ln-LMSU-1 consists of binuclear centrosymmetric anionic 
structural blocks [Ln2(bdc)4]2-, connected by terephthalate linkers, the packaging voids contain guests 
such as water and dimethylformamide molecules, and dimethylammonium cations [1]. The lanthanide 
contraction has a noticeable impact on the linker structural function, leading to a division within the 
framework family into La-type (CN(Ln) = 9) and Dy-type (CN(Ln) = 8). To investigate structural stability 
of the LMSU-1 family, we have performed a charge density analysis for all known Ln-MSU-1 according 
to Bader’s “Atoms in Molecule” (AIM) theory.  

Using VT-PXRD (Variable Temperature PXRD), we uncovered that even a subtle change in the 
structural function of the linker significantly influences the thermal behavior of the framework (Figure 1). 
For La-type frameworks, the elimination of guest molecules occurs in two successive isothermal stages, 
leading to the formation of stable intermediate forms. Conversely, the thermal behavior of Dy-type 
frameworks is entirely different, as the detachment of guest molecules is prolonged. For instance, for 
Dy-LMSU-1, the detachment process continues from 140 to 250°C. In addition, it was found that the 
greater the lanthanide compression, the lower the temperature at which large guest molecules are 
eliminated. 

 

Figure 1. VT-PXRD patterns of La-LMSU-1 (left picture) and Dy-LMSU-1 (right picture) upon heating 
in capillary on air. Semi-transparent dashed lines divide the temperature range into several stages of 

the sample evolution (elimination of a water molecule, dimethylformamide and dimethylamine 
molecules, and a terminal terephthalic acid molecule), λ = 0.71073 Å (Mo Kα radiation). 

 
Furthermore, we researched the luminescent properties of the EuxTb1-x-LMSU-1. During the 

study, a remarkable change in the luminescence signal was observed as the framework underwent 
structural transformations upon heating, which could pave the way for using the luminescent signal in 
structural studies. Additionally, these frameworks show great potential for luminescent thermometry. 
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A distinctive feature of materials with a spinel structure is the ability to form an extremely wide 
range of solid solutions. This means that the composition of a given ferrite can be greatly changed, while 
the type of crystal structure remains unchanged. The properties of ferrite can be significantly modified 
by partially or completely replacing matrix cations with others that differ in magnetic moment and radius. 
This change in structure makes it possible to effectively vary the properties of ferrites and ensure the 
adaptation of the material to specified requirements. In previous experimental work, it was possible to 
synthesize all samples of the concentration triangle of the NixZnyCo1-x-yFe2O4 solid solution system, 
where x and y = 0-1 (step 0.1). The paper presents the results of a study of the Curie temperature of a 
solid solution system.  

All samples of the system were obtained by solid-phase synthesis with a temperature and 
isothermal holding time of 1150°C and 5 h, respectively. As a result of X-ray phase analysis, it was 
established that all images are single-phase. Elemental analysis showed stoichiometric agreement. In 
Scheme. 1. The dependence of the unit cell parameter on the degree of substitution is presented. It can 
be seen that the dependence obeys Vegard's law. The Curie temperature was determined by analyzing 
the temperature dependence of magnetic permeability. The measurements were made by measuring 
the self-induction a core of a coil with a core at a frequency of 1 MHz. 
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Scheme 1. Unit cell parameters (a), Curie temperature (b) of NixZnyCo1-x-yO4 (x=0-1) system 
 

According to Néel's theory, the Curie temperature depends on the strength of the exchange 
interaction between the AB sublattices in ferrite. An increase in the unit cell parameter leads to a 
decrease in the strength of exchange interaction with an increase in the degree of substitution of cations 
and, accordingly, to a decrease in the Curie temperature. In the system NixZnyCo1-x-yO4 (x=0-1), the 
value of the unit cell parameter changes in the following form a(NiFe2O4)<a(CoFe2O4)<a(ZnFe2O4), 
because r(Ni2+) = 0.55 Å (CN4) < r(Co2+) = 0.58 Å  (CN4) < r(Zn2+) = 0.6 Å (CN4), which affects the 
change in Curie temperature from 596°C (NiFe2O4) to temperature values Neel, which lie well below 
room temperature (black corner of the triangle) - these temperatures could not be determined. The 
revealed pattern of changes in the Curie temperature depending on the composition makes it possible 
to optimize the compositions of the system under study for use in thermistors, magnetic sensors and 
pyroelectric detectors. 
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The replacement of iron with chromium in barium hexaferrite leads to a change in the structural 

and magnetic properties of this material. Barium hexaferrite, which has the formula BaFe12O19, is a class 
of hard magnetic materials and is widely used in various applications. The introduction of chromium into 
the structure of barium hexaferrite can lead to a change in the size of the crystal lattice cell and possibly 
to the formation of new phases or defects in the structure. 

The introduction of chromium into the composition of hexaferrite increases the ferritization 
temperature of the material, which causes great difficulties in obtaining ferrites with a high degree of 
substitution by solid-phase synthesis. Typically, with a degree of substitution x = 6-7, a secondary 
hematite phase appears in the BaFe12-xCrxO19 composition. The current work presents the results of the 
synthesis of chromium-substituted barium hexaferrite obtained at three different temperatures. 

  
Scheme 1.XRD patterns of BaCr5Fe7O19, BaCr6Fe6O19, BaCr7Fe5O19 

 

         
Scheme 2. SEM images of BaCr7Fe5O19 synthesized at 1400, 1500, 1600 °C 

 
As a result of X-ray phase analysis, it was established that the BaCr5Fe7O19, BaCr6Fe6O19, 

BaCr7Fe5O19 samples synthesized at temperatures of 1400, 1500 and 1600 °C are single-phase with 
space group 167: R-3c, hexagonal P6 3 /mmc, with the exception of the BaCr7Fe5O19 sample at 1400 °C, 
in which the impurity phase Fe2O3 was detected. Of particular interest is the dependence of changes in 
unit cell parameters, which change not only with increasing chromium content in the composition, but 
also with increasing synthesis temperature. 

The surface morphology of the samples is a multitude of differently oriented hexagonal particles 
welded together. As expected, the average particle size increases with increasing synthesis 
temperature. In a sample sintered at 1600 °C, grains grow and agglomerate, which leads to a decrease 
in porosity within the particles. This barium hexaferrite sample with degree of chromium substitution = 7 
has an average particle size of 5.607 μm, which is twice that of the sample sintered at 1400 °C. Samples 
of the composition BaCr5Fe7O19, BaCr6Fe6O19, synthesized at 1500 and 1600 °C, were melted along 
the grain boundaries. 
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Molecular iodine forms nσ-donor-acceptor complexes with nitrogen-containing donors (L). The 
composition and structure of the complexes are determined by the donor nature and the synthesis 
conditions [1]. For instance, the reaction of ethanol solution of iodine with pyridine (py) in the 2:1 molar 
ratio leads to the formation of the ionic compound [I∙py2]+[I3]-∙2I2 [2], whereas in the excess of ligand the 
molecular complex I2∙py is formed [3]. Pyrazine (pyz) forms with iodine the coordination polymer (I2∙pyz)∞ 
synthesized by co-sublimation of equimolar quantities of reactants [4]. Recently in our laboratory the 
adduct 2I2∙pyz was obtained by reaction of pyrazine with iodine in CH2Cl2 solution. With stronger donor 
4,4’-bipyridine (bipy) only 2I2∙bipy [5] is formed both from solution and gaseous phase. 
Thermogravimetric studies of complexes show that the mass loss of (I2∙pyz)∞ starts at the melting point 
of pyz (54-55 °C), whereas 2I2∙bipy decomposes at much higher temperature (163 °C) with the evolution 
of gaseous iodine [5], but no thermodynamic data of the processes is specified. 

In the present work the I2-L (L = pyridine, 4,4’-bipyridine, pyrazine, 2-aminopyridine) systems were 
investigated using the static tensimetric method with membrane null-manometer [6]. This method allows 
to study both heterogeneous and homogeneous processes that involve gaseous phase. For reversible 
processes it is possible to estimate their equilibrium constants at different temperatures and their 
thermodynamical characteristics. 

For the studied I2-L systems it was shown that the ligand nature plays crucial role in their thermal 
behavior. It was found that in the I2-py and I2-bipy systems irreversible processes proceed at the 
elevated temperatures. We suggest that the result of them is the formation of iodinated ionic species. In 
the I2-pyz system in the 1:1 molar ratio at the room temperature 2I2∙pyz is formed. At 90ºC it reacts with 
the excess of pyrazine to give polymeric (I2∙pyz)∞ which further reversibly dissociates into gaseous 
components. With 2-apy we suggest the formation of the low volatile ionic complex due to the relatively 
low pressure measured in this system. For all reversible processes found in the systems we have 
estimated the values of ∆r.H°T and ∆r.S°T using the lnKeq.=f(1/T) dependence. 
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Many platinum (II) complexes with pincer ligands are potentially applicable for the creation of 
highly effective sensors for bioimaging. However, in addition to adjusting the photophysical parameters 
of such compounds, an important task is to make the sensors water soluble and biocompatible, since 
bioimaging is impossible without those processes. 

In this work, the approach of copolymerization of platinum complexes with a water soluble polymer 
(polyvinylpyrrolidone - pVP) was used. Thus, a vinyl group was introduced into the structure of the 
complex, and the group was then used to perform a polymerization reaction. 

 

 
Scheme 1. A. Structure of the Pt (II) complexes. B. Illustration of the block copolymers aggregation. 

C. Temperature dependence of the copolymer’s absorption spectra in 0,01 М NaCl solution 
(R = OCH3) 

 
As a result, a series of products, which molecules are arranged as follows, was obtained. Those 

molecules consist of a hydrophobic block containing fragments of the Pt (II) complexes and a hydrophilic 
block containing polyvinylpyrrolidone. That structure leads to the ability of the obtained copolymers to 
form micelles in aqueous solutions, which leads to a change in the color of the solutions (i.e. the 
absorption spectra), depending on the solvent used, and on the concentration and temperature: a new 
absorption band at 600 nm appears as the solution is concentrated or cooled. 

Also, it was found that aggregation shifts the emission of the compounds to the red and infrared 
region and increases the quantum yields of luminescence. This is a vivid example of the “Aggregation 
induced emission” effect. 
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Ferroelectrics induce spontaneous polarization in a crystal, capable of reorientation under the 
influence of external fields. More than 300 ferroelectrics are known, including inorganic materials, 
organic compounds, liquid crystals and polymers. Polar metal-organic coordination polymers (MOCPs) 
occupy a place between inorganic and organic materials [1,2]. As hybrid systems, they benefit from 
structural diversity and self-assembly capabilities from inorganic and structural blocks such as metal 
ions, ligands, clusters, templating molecules and solvents. The introduction of movable polar 
components that acquire mobility in an electric field, molecular rotors, makes it possible to configure 
reoriented electric polarization in the MOCP structure. We demonstrated the replacement of 
components in the crystalline structure of UiO-66 MOCP without disrupting its topological bond order. 
Thus, the terephthalate ligand was replaced with a 2,5-pyridinedicarboxylate ligand in various 
proportions. This complication and polarization of the framework leads to the development of a set of 
physical and chemical properties: the changing of adsorption activity (with the application of N2, CO2, 
metronidazole) and the emergence of a response to a constant and alternating electric field. Such a 
strategy of responsive vehicles design is promising for targeted drug delivery.  

Furthermore, the structural diversity of potentially polar perovskite-like MOCPs from the 
Cambridge Structural Database has been analyzed. 
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Hexarhenium octahedral complexes with the cluster core {Re6Q8}2+/3+ (Q = S or Se) have attracted 

much attention during the last few decades. These compounds, which are phosphorescent in the red 
region of the spectrum, have potential applications in photodynamic therapy, in catalysis, and as 
components of various luminescent materials, bioimaging agents, and X-ray contrast agents. Their 
general formula is [{Re6Q8}L6]m, where L is the organic or inorganic external (apical) ligands. The cluster 
core is a relatively inert part of the complex, but the apical ligands can be substituted or modified during 
various chemical reactions. This feature allows not only to obtain new cluster compounds by ligand 
exchange reactions, but also to change their physicochemical properties, since the apical ligands 
significantly affect their luminescence properties. 

To date, two precursors (and their modifications) were mainly used in ligand exchange reactions 
carried out in solutions: hexaacetonitrile [{Re6Se8}(MeCN)6]2+ [1] and hexahydroxo [{Re6Q8}(OH)6]4– (Q = 
S or Se) [2,3] complexes. Despite their several advantages, they have synthetic limitations. For example, 
the hexaacetonitrile complex was obtained only for the {Re6Se8}2+ cluster core, and hexahydroxo ones 
are insoluble in classical organic solvents. Therefore, it seems to be an urgent task to obtain a precursor 
combining the positive aspects of these two compounds: the presence of labile apical ligands and 
solubility in organic solvents. 

We found that the hexahydroxo complexes at room temperature slowly dissolve in methanol, and 
at the same time there is a substitution of OH– ligands on MeO–. A series of compounds 
[{Re6Q8}(MeOH)n(MeO)6–n]n–4 (n = 0, 2, 4, or 6 for Q = S; n = 0 or 4 for Q = Se) were obtained. We also 
demonstrated that heating a methanol solution of [{Re6Q8}(MeO)6]4– with PPh3 produced cis- and trans-
isomers of the four-substituted forms of [{Re6Q8}(PPh3)4(MeO)2]. By further modification of the ligand 
environment of trans-[{Re6Q8}(PPh3)4(MeO)2], complexes of trans-[{Re6Q8}(PPh3)4(MeOH)2]2+ and 
trans-[{Re6Se8}(PPh3)4(CF3COO)2] were obtained, which is the first example of a hexarhenium cluster 
complex with perfluorinated carboxylate apical ligand. 

As a result of this work, 12 new hexarhenium cluster complexes were obtained, 11 of which were 
characterized by single crystal X-ray diffraction. Luminescence spectra were recorded for the 
compounds and quantum yields were determined. The possibility of MeO-ligand substitution was 
demonstrated, which makes it possible to use the methoxy complexes as precursors for solution 
reactions of ligand exchange in organic solvents. 
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Iridium cyclometalated complexes have received considerable attention in recent years owing to 

favourable photophysical properties such as good stability, high photoluminescence quantum yields, 
short triplet state lifetimes, and the ability to participate in outer sphere electron-transfer reactions [1, 2]. 
These complexes have been successfully applied for oxygen sensing, biological labelling, 
photosensitization, and emissive materials in electrochemiluminescent and organic light emitting diodes. 

In this work, we report a detailed study of the cyclometalated iridium(III) complexes 
supported by acyclic diaminocarbene (ADC) ancillary ligands, which display phosphorescence 
in the green spectral region. A panel of new IrIiI-ADC complexes was prepared via the metal-
mediated coupling of various arylisocyanides with aminoheterocycles. Our investigation 
revealed that substituent changes on the aryl in the ADC ancillary ligand can affect emission 
quantum yields and excited state lifetimes without any significant changes of the emission 
energy and spectral profiles. It is suggested that the ancillary ligand has minimal orbital 
contribution to the lowest emitting excited state but can influence the excited state dynamics. 
Analysis of frontier molecular orbital character, energy gaps, and UV/vis spectra by density 
functional theory (DFT) and time-dependent DFT (TD-DFT) approaches provide insights into the 
character of these processes. In addition, the obtained results show that the phosphorescence 
quantum yields and the triplet state lifetimes are substantially higher in the PMMA film and in the 
solid state than those in solution. These observations are a manifestation of substantially 
reduced nonradiative decay rates in solid state and in polymeric matrix. A series of OLEDs have 
been fabricated using these phosphors that paves the avenue for further exploration of 
cyclometalated complexes bearing acyclic diaminocarbene ancillary ligands as efficient emitting 
components of OLED devices. 
 

 

Scheme 1. Synthesis of Ir cyclometalated complexes with aminopyridine  
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Iodonium polyoxometalates are relatively new types of compounds, but already find application 
in polymer chemistry and synthesis of new material. [1,2] Previously structure of iodonium 
polyoxometalates was poorly studied and do not include analysis of noncovalent interaction. Analysis 
of halogen bonding between iodonium cations and polyoxometalate anions are essential for follow 
application in chemical engineering. 

In this work, we prepared several examples of iodonium beta-octamolybdate and study of their 
crystalline structure. We found that iodonium cation preferably interact with lacune of octamolybdate 
anion with the formation of tetrahedral pyramidal assembly. Analysis of halogen bonding show that this 
assembly is the result of a combination of three types of halogen bonding: regular two-centered XB and 
bifurcated XB that in agreeing with the IUPAC definition of XB, and unconventional “orthogonal” XB. The 
“orthogonal” XB is not related to interaction with σ*(C–I) orbital and determined only by the geometry of 
molecules. Nevertheless, similar interactions can be found in large numbers of iodonium salts. 
  

 

Scheme 1.  Classification of halogen bonding in iodonium beta-octamolybdate. 
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Halogen bonding (XB) — together with other types of noncovalent interactions — has exponentially 

emerged as an important concept in polymer science, supramolecular design, and crystal engineering. 
Modern XB-based crystal engineering mainly utilizes monovalent halogen organic compounds, 
exhibiting one σ-hole per one halogen(I) site. In the vast majority of cases, these atoms form two-center 
XBs. A suitable alternative to the polyhalogenated compounds is a diaryliodonium salt bearing I(III) site 
as a double σ-hole donor. A suitable XB-accepting synthon for these species should provide a number 
of nucleophilic sites. In this work, we chose the dichromate anion as such XB-accepting building block. 

 Complex [Ph2I]2[Cr2O7] (Ph = C6H5) was obtained by ion exchange reaction between water 
solutions of potassium dichromate and diphenyliodonium triflate. Single crystals of the complex suitable 
for X-ray diffraction (XRD) were released from the water by slow evaporation of the solvent at room 
temperature in air. Inspection of the XRD data of the obtained crystals revealed the presence of 
interionic C–I∙∙∙O XBs between iodine atoms of the cations and nucleophilic oxygen atoms of [Cr2O7]2– 
anion, where the latter acts as XB-accepting synthon forming XBs by two O-centers (Fig. 1a). The 
distances between the iodine and oxygen atoms are shorter than the appropriate sum of the van der 
Waals radii, and the angles ∠(C–I···O) around I centers fulfill to the IUPAC criteria for XBs. Other 
noncovalent interactions are presented by C–I∙∙∙С XBs between the iodine centers and CAr atoms of the 
cations. The observed contacts together form 2D chains in the crystal structure of [Ph2I]2[Cr2O7] (Fig. 
1b).  

 
Figure 1. The C–I∙∙∙O XBs (a) and 2D chains (b) in the crystal structure of [Ph2I]2[Cr2O7]. The XBs are 

given by dotted lines and thermal ellipsoids are shown with the 50% probability. 
 

We examined the geometric and energetic features of the detected contacts using the combined 
experimental and theoretical approaches. The noncovalent nature of the interactions was confirmed 
theoretically by the DFT calculations via several computational tools (QTAIM, DFT energies, NCI and 
EDD plots, MEP surfaces, ELF analysis). In this work, we found the first example of the XB that involves 
oxygen atoms of the dichromate anion acting as XB acceptor toward iodine(III) centers of the 
diphenyliodonium cations behave as σ-hole donors. 
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Fluorescent nanoparticles based on oxides of rare earth elements have low toxicity, and their 
surface is easily functionalized, which opens up prospects for the use of such structures in optics, energy 
and bioanalysis [1]. Nanoscale cerium dioxide is a well—researched system for various applications, 
but the luminescent properties of these particles have not been practically studied [2]. At the moment, 
many approaches to the production of cerium nanoparticles have been described, but for the most part 
they are complex, lengthy and time-consuming. High-temperature organometallic synthesis is a suitable 
alternative for the production of high-quality CeO2 nanoparticles [3]. The use of rare earth elements 
such as samarium opens up prospects for the use of the resulting nanoparticles in MRI [4]. However, 
the methods of doping cerium nanoparticles obtained by the high-temperature method are currently 
practically not described. 

The obtained images also allow us to confirm the dependence of the shape of the obtained 
nanocrystals on the synthesis conditions. With a ratio of calcium acetate: oleic acid of 1:2, we obtained 
nanoplates, and with a ratio of 1:4, nanorods (Scheme 1). 

 

 
Scheme 1. TEM images of the obtained cerium oxide NPs: nanoplates (A) and nanorods (B) 

 
The synthesized cerium nanoparticles have a maximum emission wavelength of approximately 

500 nm, a photoluminescence quantum yield of 6% on average, a size of 4 nm, a hydrodynamic diameter 
of 35 nm, and a period of colloidal stability in nonpolar solvents of over 6 months. The low size dispersion 
of synthesized nanocrystals reveals the advantage of high-temperature organometallic synthesis. It is 
noted that the size of the obtained nanoparticles increases with an increase in the amount of added 
cerium precursor (while maintaining the amount of stabilizer). After purification of the obtained 
nanostructures, a decrease in the quantum yield of photoluminescence is noted. 
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The development of molecular systems capable of intramolecular electron transfer is a key idea 

of advanced concepts for the creation of ultra-dense information storage devices, molecular switches 
and other materials [1]. An example of such systems are transition metal complexes (including 
polynuclear ones) containing at least two redox centres that are connected by a bridge, which makes it 
possible to transfer the electron of the ligand to the metal. Such complexes are capable of exhibiting the 
properties of a molecular magnet, ferromagnetic/antiferromagnetic interactions [2]. Due to a possible 
spin transition, they can be used as molecular switches in the case of using 3d4-3d7 metals ions. Such 
spin crossover will create several magnetic states in this system, between which it will be possible to 
switch [3]. 

In our work, a hydrobenzamide ligand (L) of the N2O3 type was synthesized, capable of binding 
two transition metal ions (for example, Mn3+ scheme 1), forming binuclear complexes with the 
implementation of propeller geometry (Scheme 1). 

 

  
Scheme 1. Synthesis of a binuclear complex M2L2. 

 
The obtained binuclear complexes were characterized by X-ray diffraction analysis, cyclic 

voltammetry and magnetometry. For the manganese complexes, the structure of the obtained crystals 
includes not only molecules of the Mn2L2, but also a cluster of manganese acetate (Mn6(µ-
O)2(OAc)10(DMF)4) in a ratio of 2:1, which makes it possible to regulate the magnetic properties of the 
resulting crystalline material. A similar approach can be transferred on the complexes of related 
geometry. 
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Among metal-based catalysts, complexes with Schiff base ligands belong to a very important 
group because of their multifunctionality and versatility. Particular attention has been directed toward 
nitrogen-donor late transition metal complexes as a result of Brookhart’s report on Pd(II) and Ni(II) 
diimine catalyst systems [1,2] for polymerization of olefins. Later, the discovery, made by Brookhart and 
Gibson, that iron and cobalt complexes bearing bis(imino) pyridine ligands are also effective catalyst for 
converting olefins to high molecular weight polymers [3–5] led to the development of a number of 
nitrogen-donor ligands belonging to the family of iminopyridines. 

This report presents the results of the synthesis of new cationic acetylacetonate palladium and 
nickel complexes bearing pyridinylimine ligands. Palladium(II) complexes of the form 
[Pd(acac)(N^N')]BF4 were synthesized via nitrile displacement in [Pd(acac)(MeCN)2]BF4 by the 
bidentate ligands L of type 2-C5H4N–CH=N–(CH2)nOMe or 2-C5H4N–CH=N–Ar, as depicted in Scheme 
1. Nickel(II) complexes of the form [Ni(acac)(N^N')]CF3SO3 were synthesized by reacting waterless 
nickel acetylacetonate with trifluoromethanesulfonic acid in the presence of the bidentate iminopyridine 
ligands L, as depicted in Scheme 1. 

 

 

Scheme 1. Synthesis of acetylacetonate palladium (1a-5a) and nickel (1b-6b) complexes bearing 
pyridinylimine ligands (L1-L6). 

 
The structures of palladium complexes were analyzed by X-ray crystallography, IR, NMR, DFT, 

ESI-MS, and elemental analysis. NMR spectroscopic studies showed that the chemical shift δ values in 
1H and 13C NMR spectra of complexes 1a–5a are consistent with NMR data for the ligands presented 
in the literature. IR spectroscopic data proved the coordination of the imine and pyridine fragments of 
the corresponding ligands to the palladium atom. X-ray crystallography data for single crystals for 3a 
and 5a confirmed the formation of four-coordinate palladium(II) centre with a non-coordinating [BF4]− 
anion. The overall geometry around Pd in the complexes is approximately square planar. The complexes 
1a-5a catalyze hydroamination of phenylacetylene with aniline to give the Markovnikov imine product 
as well as polymerization of norbornene. In addition, the report contains the results of the synthesis of 
cationic nickel complexes and the results of their catalytic tests. 
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Nowadays there is a necessity to create advanced technologies for compact hydrogen storage in 
portable energy devices based on fuel cells. Taking into account a high hydrogen capacity, a chemically-
bonded form of hydrogen such as sodium borohydride is of primary interest [1]. Water addition to this 
hydride immediately leads to the H2 generation according to the following reaction: 

NaBH4 + 4H2O → NaB(OH)4 + 4H2 
 In the presence of catalysts this process can be carried out even at negative ambient temperatures, 

making the hydride interesting for H2 production in Russian different climatic conditions. Among other 
catalysts, a specific attention is paid towards systems with Co3O4, as they possess high activity and 
stability in the hydrolysis of NaBH4 [2]. Recently, we have noted [3] that the synthesis method influences 
the catalytic properties of cobalt oxide. Developing this tendency and taking into account the principles 
of Green Chemistry, we propose a new approach based on a solvent-free synthesis of cobalt catalysts 
by a solid-state combustion (SSC) of cobalt-organic complexes. The complex compounds contained 
energy-rich N-containing ligands (imidazole, pyrazole, and ethylenediamine) and nitrate- or perchlorate-
anions as oxidizers. The formation of the complexes under study was confirmed by ATR-FTIR, XRD, 
etc. 

The synthesized cobalt complexes were heated in the air above the critical temperature of the 
thermal explosion to initiate their gasification with the formation of highly-dispersed condensed phase, 
i.e. cobalt oxide particles [4]. The mechanism of SSC was described by thermal analysis. 

The obtained samples were tested in the hydrolysis of NaBH4, the kinetics of the process was 
investigated with temperatures range of 20-60 °C. It was shown that initially there was an induction 
period with slow hydrogen generation. At this stage there was a cobalt reduction with the formation of 
active catalyst phase. The duration of this stage was defined by the cobalt state, depending on the 
gasification conditions and the composition of the initial complex. After the activation, the rate of 
hydrogen evolution sharply rose, and the kinetics of the reaction was described by the zero order 
equation. At the same time the calculated values of activation energy were similar for all samples tested, 
in spite of the different rate of H2 generation (Fig. 1). It should be noted that all of the catalysts, 
synthesized by SSC, were characterized by a higher activity, compared to the commercial Co3O4.  

 
Figure 1. H2 evolution rate per time at 40 °C for catalysts under study 

 
Thus, we have demonstrated the perspective of this approach to the synthesis of Co-containing catalysts 
from energy-rich complexes to obtain hydrogen by the catalytic hydrolysis of NaBH4. 
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Photo- and electroluminescent coordination compounds based on d-metals have been intensively 
studied in the recent years due to their application in OLED devices The luminescence of Mn(II) 
compounds is sensitized by antenna ligands, and emission occurs from 4T1→6A1. Phosphine oxides 
(P=O ligands) can be a promising class of such antennas for synthesis of highly luminescent Mn(II) 
compounds. Mn(II) complexes with P=O ligands usually show PL and can be alternative to common 
Ir(III)-based emitters. There is quite simple method for synthesis of polydentate P=O ligands, it is a 
reaction between amino derivatives R-NH2 (R is a nitrogen-containing heterocycle) with P(Ph)2Cl under 
mild conditions and an oxidation reaction; compounds L1, L2 and L3 were prepared by this method (see 
scheme 1). Despite the fact that the synthesis is quite simple, only Cu2+ and Co2+ complexes with L2 
have been published, complexes based on L1 and L3 are unknown. 

 
Scheme 1. Synthesis of L1, L2 and L3. 

The aim of the current work is to synthesize manganese(II) complexes based on L1, L2 and L3 and to 
study the influence of different anions on structure formation and PL properties. Five new coordination 

compounds have been synthesized by a reaction of MnX2‧4H2O (X = Cl, Br, Sal – salicylate-ion) and Ln 

in organic solutions. The manganese(II) bromide complex with L2, manganese(II) chloride complex with 
L2, and manganese(II) salicylate complex with L1 were structurally characterized by X-ray single crystal 
diffraction. The coordination polyhedron around the Mn atoms can be described as a strongly distorted 
octahedron. The ligands L1 - L3 are both ambidentally and bidentally coordinated to the manganese 
atoms by N atoms of a heterocycle and O atom of the P=O group. According to X-ray single crystal data, 
the manganese(II) chloride complex with L3 has a polymeric structure. The manganese(II) bromide 
complex has a tetranuclear structure and the manganese(II) salicylate complex has a trinuclear 
structure. 

 

Fig.1. From left to right [Mn4Br8(H2O)4(L2)4]‧EtOH‧H2O, [MnL3Cl2]n, [Mn3(L1)2(Sal)6]‧MeCN. 

The complex [Mn(L3)2Cl2]n exhibits strong red phosphorescence in the solid state with a quantum yield 
of 15%. The PL properties of other complexes are being investigated. 
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Cyclometalated iridium(III) complexes comprise one of the most diverse classes of chromophoric 

molecules. Their efficient phosphorescence along with high stability predetermine their extensive 
exploration as emitters in organic light-emitting diodes and bioimaging agents. Still, one of their major 
drawbacks for their use as dyes in solar cells or as photocatalysts for hydrogen generation is relatively 
low light absorption in the visible and NIR spectral regions. The present work is devoted to the study of 
various approaches for obtaining intensively absorbing complexes for their subsequent application in 
photovoltaic devices and for various photoactivatable processes. 

Firstly, it was shown that tailoring of the size and position of the π-conjugated system in 
cyclometalated benzimidazole ligands leads to formation of stable complexes with improved, but still 
limited to a region 400 600 nm, light absorption [1]. Fine-tuning of the electronic properties of 
substituents in both cyclometalated and ancillary ligands allowed us to increase the efficiency of the 
corresponding solar cells, yet the absorption of the studied complexes remained limited [2]. 

The use of rigid anthracene fragments in a cyclometalated benzimidazole ligand leads to 
formation of a non-trivial mono-cyclometalated complex, which turned out to be extremely labile for 
photovoltaic applications, though its absorption maxima were shifted bathochromically. Thus, classical 
approaches of ligands modifications were shown to have several limitations in terms of absorption 
wavelengths of the resulting complexes. 

Therefore, we decided to explore a number of other ligands classes in order to further increase 
molar extinction coefficients and absorption wavelengths of the complexes. In particular, 
cyclometallation of a compact yet rigid polyaromatic monobenzophenazine ligand leaded to formation 
of an unexpected bis-cyclometalated acetate complex, which, however, demonstrated long-wavelength 
(600 nm+) absorption and can act as a precursor for red and near-infrared emitters. Finally, the use of 
redox-active catecholate ancillary ligands leaded to formation of stable radical complexes with 
absorption bands tailing up to 800 nm. 
 

 

Scheme 1. Main strategies for tuning absorption in cyclometalated iridium(III) complexes probed in 
this work 
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Copper(I) halide cubane-like clusters Cu4I4L4 have received continuous research attention due to 
their significance as catalysts for organic reactions, development of new materials with photo- and 
electroluminescent, sorption, and sensor properties [1]. However, the features of Cu4I4-clusters with 

dialkylcyanamides (on example NCNMe2) [2] such as ability these clusters to form co-crystals with -
/π-hole or halogen bond(HB) donors - perfluoroarenes, their crystalline structure that is determined by 
various types noncovalent interactions and luminescent properties that depend on kind of donor 
molecule, was poorly studied yet. 

Cocrystals of cubane copper(I) clusters, namely [Cu4I4(NCNMe2)4] (1) with such combined -/π-
hole donors as 1,4-diiodotetrafluorobenzene (1,4-FIB), 1,4-dibromotetrafluorobenzene (1,4-FBrB), 
iodoperfluorobenzene (IFB), 4,4’-diiodoperfluorobiphenyl (4,4’-FIBP), 4-bromoperfluorobenzonitrile (4-
BrFBN) and 4-iodotetrafluoropyridine (4-IFPy) were previously prepared and characterized by single-
crystal X-ray diffractometry (XRD), IR and luminescent spectroscopy [3]. All cocrystals display different 
structural parameters expectedly in view of their different composition. In the all structures of cocrystals, 
we verified weak hydrogen intramolecular contacts H···I, π-stacking occurred between electron deficient 
aromatic systems and iodide ligand(s) (or the Cu4I4 fragment) of the clusters and halogen bonds 
I(Br)···I(Cu4I4). An interplay between these two types of noncovalent interactions along with other 
noncovalent forces, determine the crystal structure of the co-crystals. In addition, in 1·2(IFB), 1·4,4’-

FIBP, 1·4-BrFBN, arene π-hole···I contacts, NCN··· arene π-hole contacts were found and described.  
The prepared clusters luminesce at room temperature in the solid state with an emission 

maximum in the range of 540-600 nm upon excitation at 330-365 nm. The lifetimes of this range of 
cocrystals changed little, but the quantum yields of cocrystals were significantly reduced compared to 
compound 1. 
 

 

Figure 1. Different types of noncovalent bonding - halogen bond and π-hole interactions in compound 
1·1,4-FBrB. 
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Metal-organic frameworks (MOFs) are an emerging class of microporous solids that, due to their 

structural and functional diversity, have been intensively studied over the past two decades, which 
subsequently led to their potential use as gas adsorbents, luminescent sensors, catalytic, optical and 
magnetic materials [1]. 

In the synthesis of MOFs, carboxylates are most often used as bridging ligands. A greater variety 
of structures can be achieved by introducing an additional N-donor bridging ligand. The use of a third 
bridging ligand in the synthesis of MOFs rarely leads to its inclusion in the coordination polymer due to 
the low probability of self-assembly of a complex polymer complex consisting of metal ions and three 
bridging ligands. Nevertheless, two series of new three-dimensional (3D) MOFs based on three types 
of bridging ligands (carboxylate, N-donor ligand and glycols: ethylene glycol, 1,2-propanediol, 1,2-
butanediol, 1,2-pentanediol and glycerol) were recently obtained in our laboratory [2, 3]. This work is a 
continuation of these studies. Here, we have obtained two series of new 3D MOFs based on carboxylate 
rings {Zn12} or {Zn10} linked to each other by 2,5-furandicarboxylates (fdc2-), 1,4-
diazabicyclo[2.2.2]octane (dabco) and deprotonated glycols GlO2

2-. 
The first series of compounds [Zn12(fdc)6(dabco)3(GlO2)6]·xDMF·yH2O (DMF =N,N-

dimethylformamide, GlO2
2- = 1,2-ethanediolate, 1,2-propanediolate, 1,2-butanediolate and 1,2-

pentanediolate) is isostructural to compounds of the NIIC-20 series [3] and has mesopores with a size 
of 25 Å, the entrances to which are realized through carboxylate rings {Zn12} functionalized by glycolate 
residues. The second series of compounds [Zn10(fdc)4(dabco)(GlO2)6]·xDMF·yH2O (GlO2

2- = 1,2-
propanediolate, 1,2-butanediolate and 1,2-pentanediolate) is completely new, obtained with a high 
[Zn2+]:[dabco] ratio and has elliptical cavities of size (14×14×18) Å3 connected to each other. 

The first series of the compounds has a sufficiently large pore volume (up to 0.562 cm3/g, CO2, 
195 K), therefore, they showed high values of adsorption capacity for volatile organic compounds (up to 
0.47g/g for benzene at r.t.), which makes these materials promising for air purification. It also 
demonstrated a luminescence response for some inorganic cations in solutions, which can be used for 
their luminescence detection.  
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Despite the fact that the analytical reaction to ruthenium with thiocarbamide has been known for 

a long time, only very few structures of ruthenium thiocarbamide complexes have been characterized 

by x-ray structure analyses. Thiocarbamide is capable of breaking down in solutions to form sulfur, which 

probably contributed to the formation of a new thiocarbamide complex of ruthenium (II) with a disulfide 

bridge. 

Yellow-green crystals (Fig.1) of [(SC(NH2)2)5RuIIS-SRuII (SC(NH2)2)5]Cl4 were obtained by the 

reaction of «RuCl3» with SC(NH2)2 in HClaq.  Structure was established by x-ray structure analyses: the 

compound crystalizes in triclinic syngony, space group P1̅,  a = 8.4533(2), b = 11.4113(2), c = 

11.5068(3)Å, V = 1062.19(4) Å3, Z = 1. 

 

 

 

 

 

In the cation the S-S bond is single 

(2.0037(17)Å), Ru-S(6) distance is 2.2289(9)Å and  Ru(1)-S(1-5) are amount to 2.4050(8)-2.445(1)Å, 

respectively. The cation adopts the most energetically advantageous gauche conformation, and the 

thiocarbamide fragments retain a flat structure. Protons of thiocarbamide molecules are involved in the 

formation of hydrogen bonds N–H∙∙∙S with sulfur atoms inside the [(SC(NH2)2)5RuS-

SRu(SC(NH2)2)5]4+cation and N–H∙∙∙Cl with Cl- anions in the outer sphere (Fig.2).  

 

  

Figure 1. Photo of crystals 
Figure 2. Structure of [(SC(NH2)2)5RuS-SRu(SC(NH2)2)5]Cl4 
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Previously we showed that the heart uptake of «2+1» tricarbonyl complexes of technetium with 
1,10-phenanthroline and 2,2’-bipyridine is comparable to that of MIBI [1]. We also found that isocyanides 
form strong complexes with technetium(I) [2]. These data suggest that «2+1» tricarbonyl complexes of 
technetium with 1,10-phenanthroline and 2,2’-bipyridine show promise for introduction of technetium via 
the isocyanide group into fatty acids [3] with the aim to develop a new technetium radiopharmaceutical 
for heart metabolic process. In this work we developed a procedure for preparing «2+1» tricarbonyl 
complexes of technetium-99 and rhenium with a combination of the bidentate ligands and fatty acid 
isocyanides (CN(CH2)4CH(COOMe)SC10H21, CN(CH2)10COOMe). The complexed were isolated and 
characterized by IR and NMR spectroscopy. The IR spectrum of the complexes contains three bands 
typical for the tricarbonyl fragment. The coordination of the isocyanide group is confirmed by the 1H 
NMR. Based on the results obtained we developed the procedure for preparing «2+1» tricarbonyl 
complexes of technetium-99m,99: 
 

 

Scheme 1. The procedure for preparing «2+1» tricarbonyl complexes of technetium-99m,99 
 

These complexes were obtained and characterized by HPLC using technetium-99 analogs as the 
reference. The lipophilicity of the technetium-99m complexes was measured. 
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Electrolytes based on solutions of aluminum salts in ionic liquids (ILs) can be used in metal-ion 

batteries. These salts exist usually in a form of the crystalline hydrates, i.e. contain sufficient amount of 
water. As a result, one has mixed “IL – water” solvents, and water cannot be removed from the aluminum 
solvation shell by standard dehydration procedures [1, 2]. Earlier the mixtures of IL [bmim]Cl (1-butyl-3-
methylimidazolium chloride, C8H15N2Cl) and aluminum chloride (AlCl3) with different water amount were 
investigated [3]. The existence of different solvate complexes of Al3+ with Cl– in considered systems was 
detected. In addition, the characteristic times of exchange processes were estimated according to NMR 
data. It was demonstrated that the Al3+ cation can strongly hold more than 6 H2O molecules in its nearest 
surroundings.  

This work is an extension of the study of the state of water molecules in triple systems "aluminum 
salt/IL/water", namely: Al(NO3)3*nH2O in EAN (ethylammonium nitrate) and AlCl3*nH2O in EACl 
(ethylammonium chloride). 

 
Figure 1. The 1H spectrum (300 MHz) for the “Al(NO3)3 – EAN – H2O” mixture at 298 K. 

 
The samples were prepared by mass method using crystalline hydrates of aluminum chloride and 

aluminum nitrate. Due to low commercial availability, EAN and EACl ionic liquids have been synthesized. 
The composition and purity of the synthesized ILs were controlled by 1H and 14N NMR. Water content 
in the solutions was changed using a standard drying procedure under low pressure at 80oC and 
controlled by 1H spectra. 

NMR measurements were carried out using Bruker Avance III 500 MHz Spectrometer at 500 MHz 
for 1H nuclei, 130 MHz for 27Al nuclei, and 36 MHz for 14N nuclei in the temperature range between 293 
and 363 K (with increment 10 K). Some preliminary measurements of 1H spectra were also made by 
Bruker DPX 300 MHz Spectrometer at 300 MHz. In all studied solutions several water lines were 
recorded (see the example in Fig. 1). In order to interpret the obtained experimental data quantum 
chemical calculations were performed by Gaussian 09 Revision D.01 [4].  
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Ru(II) polypyridine complexes are used as photosensitizers in dye sensitized solar cells, and show 
excellent results. Standard dyes containing monodentate -NCS ligands are labile, so the operation time 
of the cells is not enough for their commercial use. To increase stability, cyclometalated complexes 
(containing a five-membered cycle with a covalent Ru-C bond) may be used. However, such a significant 
change in the structure of the complex entails a change in its characteristics and a loss of operating 
efficiency in the cell. Therefore, an urgent task remains to study the influence of the cyclometalated 
ligand on the properties of the complex. 

Earlier, in the study of Ru(II) complexes with 1-phenyl-2-arylbenzimidazoles [1], we found that 
with an increase in the donor content of the substituent in the aryl fragment of benzimidazole, a large 
contribution of intra-ligand transfer from the aryl fragment to the acceptor benzimidazole fragment of the 
ligand appears. This process is parasitic, and as a way to solve this problem, we propose to introduce 
donor substituents (methyl and methoxy groups) into the benzimidazole fragment. 

 

 
Scheme 1. The conflict between ILCT and LMCT in the donor ligand 

 
The objects of this study are ruthenium(II) complexes of the composition [Ru(dmdcbp)2L]PF6, 

where dmdcbp = dimethyl ester of 4,4`-dicarboxy-2,2`-bipyridine, L = 1-benzyl-2-(4-R-phenyl)-5-R`-
benzimidazole (R = -H, -NO2, -NMe2, -OMe, R` = 5-CH3, 5-OCH3, 5,6-(OCH3)2). The ester of 4,4`-
dicarboxy-2,2`-bipyridine was used as an anchoring ligand in standard dyes. We used ester instead of 
the acid in order to increase solubility of complexes for easier investigation in solutions. 

The obtained ligands and complexes were characterized by NMR spectroscopy and mass 
spectrometry. Optical absorption and luminescence were studied, the redox-potentials of the obtained 
complexes were determined, and X-ray diffraction analysis of single crystals of some of the complexes 
was carried out. It was found that the introduction of donor substituents into the aryl fragment of the 
ligand results in a bathochromic shift in the absorption and emission maxima. All the obtained 
compounds exhibit phosphorescence in the near-infrared region (800-950 nm), as confirmed by 
recording luminescence decay curves at room temperature and at 77K [2]. 
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Copper(I) complexes attract the constant attention of researchers and are widely used in various 

fields – in metal complex catalysis, crystal engineering, as new fluorescent materials. Copper isocyanide 
complexes are promising objects for studying their supramolecular organization and creating new 
materials. Copper(I) coordination compounds contain several centers capable of participating in the 
formation of non-covalent contacts (metal center, CN group of isocyanide ligand, additional functional 
groups in isocyanide ligands, anionic ligands), which opens up many possibilities for fine-tuning the 
properties of compounds. 

We have obtained a series of [CuX(CNR)3] complexes (X=Cl, Br, I; R=(C6H3-2,6-Cl2, C6H3-2-Cl-
6-Me, C6H3-2,6-Br2, C6H3-2-Br-6-Me). The compounds were characterized by 1H NMR and IR 
spectroscopies, mass spectrometry and atomic absorption analysis (Cu). The structures of the 
compounds in the solid phase were determined on the basis of XRD data (Figure 1). 

 

 
Figure 1. The molecular structure of the [CuBr(CNC6H3-2,6-Br2)3] complex. 
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In this study, we employ both the PO (phosphorus-oxygen) and OH (hydroxyl) vibrational modes 

to assess the strength of OHO hydrogen bonds. We investigate three phosphine oxides—
triphenylphosphine oxide, tributylphosphine oxide, and hexamethylphosphoramide—as proton 
acceptors. Our experimental IR analysis focuses on 30 complexes formed by these phosphine oxides 
with various substituted phenols or CF3CH2OH in CCl4 solution at room temperature. We demonstrate 
that both the PO and OH vibrational frequencies exhibit non-linear changes upon hydrogen bond 
formation and strengthening. Moreover, we propose that the shifts of these vibrational bands could serve 
as valuable indicators for estimating hydrogen bond strength in complexes involving phosphine oxides. 
Additionally, we discuss the accuracy of these estimations and the influence of solvation effects on the 
primary characteristics of the complexes. 

 

 

Figure 1. The general structure of 
complexes formed by phosphine oxides and 

substituted phenols. 
 

Figure 2. The correlations between –ΔνOH 

and –ΔνP=O based on IR 

The correlation between ΔνP=O and ΔνOH could be described reasonably well by the power function 

–ΔνOH = a×(–ΔνP=O)b 
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Cobaltites of rare-earth and alkaline-earth metals have received great attention due to their 
properties such as high conductivity and cobalt atoms spin transitions. Mentioned properties determine 
usage of cobaltites in different electrochemical and magnetic devices. Nowadays double perovskite 
PrBaCo2O6-δ is the most studied oxide in system Pr – Ba – Co – O. At the same time properties of other 
oxides in mentioned system are studied poorly. Present work is dedicated to synthesis and studying 
properties of praseodymium-barium cobaltites with general formula Pr1-xBaxCoO3-δ. 

Synthesis of complex oxides was carried out by using a standard ceramic technique. Pr6O11, 
BaCO3 and Co3O4 were used as starting materials. Phase composition of prepared samples was studied 
by using an X-ray diffraction method (diffractometer Equinox 3000). Thermal expansion of cobaltites 
was studied by using a high-temperature X-ray diffraction method (diffractometer XRD 7000) and 
dilatometry method (dilatometer DIL 402 C). Electrophysical properties of oxides were studied by using 
a four-probe method. Oxygen nonstoichiometry of praseodymium-barium cobaltites was studied by 
using a thermogravimetric analysis method (thermobalances STA 409PC Luxx). 

It was shown that cobaltites Pr1-xBaxCoO3-δ can be synthesized in air atmosphere at 1200 °С. 
Synthesis at lower temperatures leads to formation of PrCoO3-δ and PrBaCo2O6-δ mixtures. Single-phase 
oxides can be synthesized only if x is no more than 1/3. If 1/3 < x < 0.5 mixture of PrBaCo2O6-δ and 
Pr2/3Ba1/3CoO3-δ is formed. It didn’t manage to synthesis oxides with 0.5 < x < 1, mixture of BaCoO3-δ 
and PrBaCo2O6-δ was formed. All single-phase samples have the similar structure with orthorhombic 
Pbnm elementary cell. All single-phase samples are stable in air atmosphere: decomposition of complex 
oxides wasn’t detected after annealing at 1100 °C during a month. For samples with 0.05 ≤ x ≤ 0.15 
additional high-temperature phase transitions were detected. Temperature of phase transition 
decreases with barium atoms concentration increasing. It was shown that for sample with composition 
Pr0.95Ba0.05CoO3-δ orthorhombic modification transforms in rhombohedral one.  

All prepared samples can take part in reversable oxygen exchange process with atmosphere. 
Increasing of barium concentration in oxide leads to increasing of oxygen exchange intensity between 
oxide and atmosphere. Also, it was shown that for oxides with x < 0.3 oxygen content is equal to three 
can be reached in air atmosphere.  

For oxides with relatively low barium atoms concentration (x ≤ 0.1) spin transitions of cobalt atoms 
dramatically influence on properties of oxides. For example, that transitions lead to increasing of oxide’s 
thermal expansion coefficient and conductivity activation energy. Effect of spin transitions decreases 
with barium atoms concentration increasing. For oxides with high barium atoms concentration (x > 0.1) 
oxygen exchange process determines properties of oxides. As an example, oxygen exchange leads to 
increasing of oxide’s chemical expansion at high temperatures. Reason of observed effect is change of 
cobalt atoms concentrations in different oxidation state with oxygen content change. It was shown that 
barium atoms concentration increasing leads to decreasing of oxide’s thermal expansion coefficient in 
oxide’s constant composition temperature range. In temperature range 25 – 1000 °С praseodymium-
barium cobaltites have thermal expansion coefficient is about (20 – 25)·10-6 K-1. Increasing of barium 
atoms concentration in oxide leads to increasing of general conductivity at room temperature caused by 
hole’s concentration increasing. Temperature dependences of conductivity for prepared oxides are 
characterized by maximum. Maximum temperature significantly decreases with barium atoms 
concentration increasing. Such behavior of oxides was explained by influence of two effects: increasing 
of charge carriers’ mobility with temperature increasing and conductivity decreasing caused by oxygen 
exchange process with atmosphere. Seebeck coefficients measurements allowed to conclude that holes 
are dominating charge carriers in prepared oxides. Also, it was shown that conductivity activation energy 
decreases with barium atoms concentration increasing.  
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Tetracoordinated boron complexes can be used as optical sensors, laser active dyes and other 

luminescent materials [1]. 
Complexes 1a and 2a (fig. 1) were obtained by reacting in the presence of base between boron 

difluoride acetylacetonate and benzaldehyde or furfural, respectively. Compounds 1b–1d and 2b–2d 
were obtained by reacting 1a and 2a with the corresponding organic acid in the presence of an aluminum 
chloride catalyst. 

 
Figure 1. Structures of the studied compounds 

A study of the luminescence spectra of solutions of the obtained compounds showed (fig. 2) that 
for compounds 1a–1d, the position of the maxima of the excitation spectra does not change depending 
on the soligand and is at a wavelength of 450 nm. At the same time, the luminescence spectra differ 
slightly. For spiroborate 1d, there is a slight hypsochromic shift relative to 1a due to volumetric 
substituents in the citric acid structure, which most likely affect the geometry of the molecule, making it 
less flat, violating quasi aromaticity. The bathochromic shift of the maxima of the luminescence spectra 
of complexes 1b, 1c is explained by the smaller size of the soligands. For complexes 2a–2d, similar 
shifts of maxima are observed depending on the soligand. The largest bathochromic shift of the 
maximum luminescence spectrum for a complex with phthalic acid is explained by the possibility of 
formation of additional stacking interactions. 

With an increase in the concentration of solutions of the studied complexes, a bathochromic shift 
of the maxima of the excitation and luminescence spectra (about 50 nm) is observed. The largest 
bathochromic shift of the maxima for the complex with oxalic acid is explained by its smaller size, 
increasing the overlap of molecules in the condensed state. 

 
Figure 2. Normalized luminescence and luminescence excitation spectrum of concentrated 

2b-2d solutions 
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Nuclear magnetic resonance (NMR) is one of the most powerful methods for determining the 

structure of chemical compounds. Its importance in organic chemistry is enormous, while in the study 
of solids the role of NMR is less due to broadening of NMR signals. Despite this, the solid-state NMR 
allows to obtain a lot of information about the physical processes occurring in a substance. An example 
of such a field, in which solid-state NMR plays a major role, is superconductivity (SC). 

Lanthanum hydride LaH10 is a SC polyhydride with the highest critical temperature (TС ≈ 250 K) 
among known compounds [1,2]. For this reason, the La-H system is one of the most attractive objects 
for solid-state NMR research. In this work, the formation of La polyhydrides was studied in diamond 
anvil cells at pressures up to 165 GPa in a temperature range from 5 to 300 K. To detect nuclear 
induction signals from the hydrogen spin-system in our micros samples (d ≈ 30 μm, t ≈ 5 μm), we used 
a system of Lenz lenses [3,4] sputtered on pavilions of diamond anvils. La metal and LaH3 were used 
as a starting material, while ammonia borane complex (NH3BH3, AB) served as a hydrogen source. 

After high-temperature high-pressure synthesis of lanthanum polyhydrides, we observed a sharp 
weakening of the 1H NMR signal below 227 K in a magnetic field of 7 T, corresponding to the screening 
of radiofrequency field by LaH10±1 in the Meissner state. At the same temperature the NMR frequency 
shift, width of peaks and their intensity demonstrate a pronounced leap, whereas the spin-lattice 
relaxation time T1 exhibits the Hebel-Slichter peak, characteristic of the Bardeen–Cooper–Schrieffer 
superconductors. Finally, an exponential decrease in the relaxation rate 1/T1 as the temperature 
decreases below TC, allowed to estimate the superconducting gap in LaH10 as Δ(0) = 36.8 ± 4 meV, and 
RΔ = 2Δ(0)/kBTC = 3.76 ± 0.42 which serves as strong arguments in favor of conventional electron-
phonon superconductivity in LaH10. 

 
Scheme 1. 1H NMR in La polyhydrides. (a) Photographs of the anvil culet with sputtered Lenz lenses 

before and after loading and compression to 165 GPa. (b) Stack of 1H NMR spectra recorded in a 
cooling cycle from 300 K to 10 K in steps of 10 K. The curves correspond to the signal magnitude. (c) 

Zoom in of the 1H NMR signal as a function of temperature. 
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Ferrites with a magnetoplumbite structure deserve special attention due to their unique properties 
and crystalline structure [1]. Of great interest is the replacement of iron with chromium ions, since 
chromium has a lower magnetisation and a radius close to iron, due to which it is possible to modify the 
structure and vary the magnetic properties [2]. However, it is difficult to obtain strontium hexaferrites 
with high degree of substitution. The problem is the controlled production of single-phase material with 
high degrees of substitution of iron for other ions.  

Thus, our work aims to investigate synthesis, structural and morphological properties of Sr 
hexaferrites of M-type with wide range of Cr substitution SrFe(12-x)CrxO19 (x = 0-6) with a step x = 0.5. 

Solid-state synthesis was chosen to achieve the aim of the work. Solid-state synthesis was lasted 
for 5 hours at the temperature of 1400ᴼС. The phase composition and unit cell parameters of the 
obtained samples were determined through X-ray diffraction. Scheme 1 show the X-ray patterns of 
single-phase samples. When strontium hexaferrite is substituted by chromium, the values of the 
parameters a, c, V change monotonically (scheme 2). Since the ionic radius of Cr3+ (0.615 Å) is smaller 
than that of Fe3+ (0.645 Å), the unit cell and its parameters decreased with x. 

 

 

Scheme 1. XRD patterns of SrFe(12-x)CrxO19 

 

 
Scheme 2. Cell parameters a, c, V dependence on Cr concentration 

 
Thus, single-phase samples of strontium hexaferrite doped with chromium with high degrees of 

iron substitution have been successfully synthesized by the solid-phase method with a promising study 
of their magnetic properties for application in modern technology. 
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A detailed studies of manganese(II) and carboxylate ligands bonding have continued over the 
past several decades. Interest in the topic is primarily related to a bioinorganic aspect: manganese 
catalases, superoxide dismutase, Photosystem II contain coordination nodes including manganese 
coordinated with carboxylate groups. Coordination polymers are also a subject of particular structural 
interest. Lability of Mn(II) cations allows to synthesize a great variety of coordination polymers in similar 
conditions, what is actually demonstrated in this work: this factor facilitates the development of synthesis 
of manganese coordination polymers and makes it harder to choose the optimal conditions of synthesis. 
 Two acetate and one succinate anionic polymers, containing sodium and potassium cations, 
were synthesized: K2Mn3(CH3COO)8, NaMn2(CH3COO)5, K4Mn8(C4H4O4)9(HC4H4O4)2. The first two are 
one-dimensional chained polymers containing manganese in an octahedral surrounding, the last one is 
two-dimensional layered polymer that may be considered as MOF (pic.1). The forming of polymers is 
mainly regulated by the size of alkali metal cation, what is consistent with literature information about 
synthesis of (N(C4H9)4)2Mn3(CH3COO)8 in similar conditions, The large N(C4H9)4+ cations do not seem 
to allow polymer assembly, potassium cations contribute to polymer assembly with the same 
stoichiometry, and even smaller sodium cations allow smaller anionic circuits of different composition to 
be assembled. Succinate polymer is held not only by coordination and ion interactions, but also by 
hydrogen interlayer bonds. Succinate ions in the composition of the polymer are coordinated both as 
interlayer binding and as intralayer tri- and tetradent bridge ligands. 

 

                       
 

Scheme 1. Structures of polymeric (a) K2Mn3(CH3COO)8, (b) NaMn2(CH3COO)5, (c) 
K4Mn8(C4H4O4)9(HC4H4O4)2. 
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The pursuit of sustainable development has led to a global movement towards reducing 
greenhouse gas emissions and mitigating climate change. This makes it essential to develop 
environmentally friendly chemical processes that are more cost-effective, energy efficient, and resource-
conserving than current methods. The increasing need to address the problem of carbon dioxide (CO2) 
accumulation in the atmosphere has prompted the development of new methods for its disposal. 
Catalytic processing of CO2 into valuable chemical products is one promising approach. Direct 
hydrogenation of CO2 using heterogeneous catalysts produces products such as synthesis gas, 
hydrocarbons, and light olefins [1-3]. 

In this work, a comprehensive study was conducted for the first time on the regularities of direct 
hydrogenation of a mixture of CO and CO2 using catalytic systems with a perovskite structure  
Gd1-x(Ca/Ba)xFeO3, where x=0; 0,01; and 0,05. Ca/Ba promoted Fischer-Tropsch GdFeO3 synthesis 
catalysts were prepared by sol-gel method and characterized by nitrogen adsorption, X-ray diffraction, 
and Fourier-transform IR spectroscopy. Their acid-base properties and oxygen non-stoichiometry were 
also investigated. The non-isovalent partial substitution of Gd by Ca2+/Ba2+ led mainly to an increase in 
the basicity of the surface (q increase at pKa=9.4) and a slight increase in the number of acid centers 
(pKa=3.8). 

Their performances of modified (СО+CO2) Fischer-Tropsch synthesis were evaluated in a fixed 
bed reactor. The result indicated that Ca/Ba promoter can promote oxygen vacancies and the growth of 
both acidic and basic centers. Ca/Ba increase the CO conversion rate and ethylene-propylene selectivity 
of Fischer-Tropsch reaction, while decreases the production of methane. Correlations between the acid-
base and catalytic properties of the doped samples were found. The introduction of Ca/Ba into the ferrite 
lattice leads to an increase in the activation energies of methane formation for all samples except 
gadolinium ferrite with 1%Ca (26 kJ/mol). The minimum value of the activation energy of ethylene 
formation was obtained for gadolinium ferrite with 1%Ca (44 kJ/mol). Compared to GdFeO₃, an increase 
in the apparent activation energies of ethylene formation is observed for all other samples. 

The involvement of CO2 in the hydrogenation process led to a decrease in methane production 
for all catalysts, except for Gd0,99Ca0,01FeO3. A similar trend was also observed for the activation energy 
of ethylene production. For all samples studied, an increase in the amount of CO2 added to the reaction 
mixture led to a suppression of methane production and an increase in selectivity for olefins. Under 
Fischer-Tropsch synthesis conditions, surface carbonates are formed on Gd atoms (A-site of the 
perovskite structure), and atomic radicals of hydrogen and CHx are formed on Fe (B-site) atoms [4]. 
The CO2 molecule can be initially reduced to CO by H2 via RWGS at the Gd sites, followed by 
hydrogenation of CO to olefins via the FTO reaction at the Fe sites. 

All the studied ferrite samples showed high stability. The catalytic characteristics did not change 
after 50 hours of process and remained stable during repeated experiments. 
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Synthesis of hydrocarbons from CO and H2 makes it possible to efficiently utilize resources of 

coal, natural and associated gas, biomass for production of motor fuels, base oils, petrochemical 
intermediates. Synthetic hydrocarbons are characterized by almost complete absence of sulfur- and 
nitrogen-containing impurities, aromatic compounds, and better environmental characteristics [1, 2]. For 
preparation of Fe and Co-catalysts for this process, oxide carriers with developed surface - alumina, 
silica gel, aluminosilicates - are usually used. However, their disadvantage is the strong metal-carrier 
interaction at the preparation stage, which leads to the formation of mixed oxides inactive in catalysis. 
We propose to carbonize the surface of the carrier (Mg-Al spinel) to reduce the cobalt-carrier interaction 
and to use the metal more efficiently. 

Carbonization was carried out by impregnating the carrier with aqueous glucose solution followed 
by drying and calcination in nitrogen atmosphere. Cobalt in an amount of 10 wt.% was applied from 
nitrate solution by impregnation on the carrier with subsequent drying and calcination in nitrogen 
atmosphere. The catalysts are designated Co/xC/MA, where x is the mass fraction of carbon in the 
carrier. The carbon-free comparison sample is designated Co/MA. 

Carbonization led to a significant increase in the specific surface area of the catalyst: from 14 for 
Co/MA to 103 m2/g for Co/40C/MA due to the formation of micro- and mesopores. The crystallite size 
of Co3O4 according to XRD analysis decreased proportionally to the specific surface area. 

X-ray phase analysis showed the presence of Co3O4 phase (ICSD 98-002-4210) in all catalysts, 
and in addition, in the most carbonized samples Co/20C/MA and Co/40C/MA also Co(II) oxide (ICSD 
98-024-5324). Obviously, the carbon of the substrate acts as a reducing agent for cobalt during 
calcination of the catalytic precursor. 

The rate of cobalt reduction during high-temperature activation by hydrogen was determined by 
magnetization of the sample [3]. It increased in proportion to the amount of carbon in the sample: 
Co/40C/MA > Co/20C/MA >> Co/4C/MA ≈ Co/MA. Under standard activation conditions of Fischer-
Tropsch synthesis catalysts (1 atm, H2 current, 450°C), cobalt was completely reduced to metal in 2 
hours. 

Catalytic tests were carried out in a flow reactor under the following conditions: CO:H2 = 1:2, P 2 
MPa, T 210°С. Synthesis gas flow rate was regulated, maintaining CO conversion at the level of 9-
11%. Carbonization had a positive effect on the catalyst selectivity for the target higher hydrocarbons: 
it increased from 85% for Co/MA to 89% for Co/40C/MA. The selectivities for methane were 6 and 4%, 
respectively. The maximum specific activity was shown by Co/4C/MA sample – 1004 μmolCO molCo

-1 s-

1, for the others it was 750-900 μmolCO molCo
-1 s-1. 
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Benzimidazoles and complexes are based on them have found their application in many fields of 
science and technology. The most important property of benzimidazoles is their biological activity, as a 
result of which highly effective drugs used in medicine, veterinary medicine and agriculture have been 
created on their basis. 

A special place among benzimidazole’s derivatives is occupied by 2,2’-bibenzimidazole (BBI, 
H2X), which is a recognized pharmacological agent with antiviral and antitumor effects. Complex 
compounds promote better and more complete absorption of drugs in the body. 

In this regard, it is of interest to study the complexation of Co(II), which is a biometal, with 2,2’-
bibenzimidazole. 

The study was carried out in a dimethylformamide’s (DMF) solution using spectrophotometric 
methods and in an aqueous solution using conductometric and potentiometric titration methods.  

The electronic absorption spectrum of a solution of BBI in DMF contains two bands – at 325 and 
340 nm. When a cobalt salt is added to the BBI solution, the spectrum changes - the band shifts 
hypsochromically to 325 nm, a hyperchromic effect is observed, and an unresolved band appears in the 
region of 355 nm, which was chosen for further research. These changes indicate the presence of 
complexation in the Co(II) – BBI – DMF system. 

By spectrophotometric titration of mixture a Co(II) solution with a BBI in DMF, it was established 
that the coordination sphere of the complex includes two BBI molecules. The curve was processed using 
the Beneschi-Hildebrand method. On the base of calculation we found out a stepwise formation of a 
bisligand complex through the stage of formation of a monoligand complex. Stability constants 
calculated: lgβ1 = 4,70; lgβ2 = 10,00.  

The molar ratio of complexing agent and ligand in complex particles formed in an aqueous 
medium was determined using the method of conductometric titration of an aqueous solution of Co(II) 
salt with a solution of BBI in DMF. The breaks in the curve (Fig. 1) correspond to the Co(II) : BBI ratios 
equal to 1:1, 1:2 and 1:3.  

 

 
Figure 1. Conductometric titration curve of Co2+ 

with BBI solution СCo(II) = 1∙10-3  М, СББИ = 0,01 М 

 
Figure 2. Potentiometric titration of solutions of 
BBI and Co(II) – BBI with a ratio of 1:2 and 1:3, 

 = 0,1 (KCl) 

Based on the results of potentiometric titration (Fig. 2), the stability constants of complex particles 

were calculated [Co(HX)2] (lg = 10,76), [СoX2]2- (lg = 12,18), [Co(HX)3]- (lg = 14,98). 
Thus, the presence of the complexation process in an aqueous medium and in a DMF solution 

was proven. In the DMF medium, the formation of mono- and bis-ligand complex particles was revealed; 
in water, complexation proceeds until the formation of the Tris complex. The stability constants of 
complex compounds are calculated. 
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Earlier studies have shown the ability of microorganisms, mainly the black aspergillus fungi 
Aspergillus niger, to oxidize to harmless phosphate ions a substance of the first hazard class white 
phosphorus. Red phosphorus is much less toxic, but more thermodynamically stable, and this makes it 
difficult to metabolize enzymatically. Nevertheless, more recent studies have shown that red phosphorus 
serves as a source of a nutrient for the same fungi that neutralize white phosphorus. The descriptions 
of the experiments, however, were mostly qualitative in nature. Quantification of biodegradation is 
essential, and the present work shows the first quantitative data on the biodegradation of red 
phosphorus by A. niger F-4815D. These data indicate a significant increase in the rate of red phosphorus 
oxidation, expressed through the accumulation of phosphate ions, the final product of oxidation, under 
the influence of the metabolism of Aspergillus growing in culture medium. Compared with the control, 
sterile medium containing red phosphorus, the rate increases by a factor of 1.25. The difference is 
insignificant, but reliable and appearing in each repetition of the experiment. We can assume that this 
difference would have been even higher. But the red phosphorus under study turned out to be originally 
contaminated with phosphoric acid. Probably it oxidized during storage. Because Aspergillus originally 
grew in phosphate-enriched medium, the activity of the red phosphorus biodegradation process was 
reduced compared to what was theoretically possible. Nevertheless, the presented work is the first 
documented study confirming red phosphorus biodegradation. 
 

 
 

Figure 1. Growth of Aspergillus niger F-4815D in the presence of red phosphorus, 2 days after 
inoculation. 
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Carbon quantum dots (CQDs) are attracting more and more attention as they have a number of 

advantages over quantum dots (nanoparticle-semiconductors). CQDs have found applications in 
engineering, environmental protection, biomedicine and energy due to their low toxicity, high 
biocompatibility, solubility, and good chemical inertness [1]. 

CQDs are semiconductor materials, their size does not exceed 10 nm. The core of CQDs consists 
of sp2 and sp3 hybridized carbon atoms, the surface of which is formed by various organic functional 
groups: amine, carbonyl, hydroxyl and others. The presence of a particular functional group depends 
on the synthesis method and leads to a change in luminescent properties. 

There are two main approaches for the synthesis of CQDs: top-down and bottom-up. The top-
down approach refers to the breaking of larger carbon structures using electrolysis, ultrasound, laser 
ablation and acid treatment. In the bottom-up approach, bulk carbon nanoparticles are formed from low 
molecular precursors using chemical and physical methods including hydrothermal, solvothermal, 
microwave and thermal pyrolysis [2]. 

The aim of this work is to synthesize and investigate the luminescent properties of CQDs obtained 
by different methods. 

A mixture of 0.4 g of citric acid and 0.4 g of urea was used as carbon sources, which were 
dissolved in 10 ml of distilled water and treated by three different methods: heating in a microwave oven 
at 170 W for 90 s, heating on a hotplate at 200 °C for 60 min, and treatment in a muffle furnace at 200°C 
for 60 min. The obtained yellow-orange product was dissolved in a small amount of NaOH with a 
concentration of 4 g/L. The resulting solution was then transferred into 20 mL of 4 g/L NaOH with 
vigorous stirring using a syringe. After that 0.1 M HCl solution was added to obtain neutral medium of 
the solution (pH = 7.1). 

Further, the luminescence spectra of the obtained solutions were recorded using Fluorate-02-
Panorama in k-10 quartz cuvettes at an excitation wavelength of 350 nm. As can be seen in Figure 1A, 
the maximum luminescence intensity was observed for the CQDs solution obtained by the hydrothermal 
approach under microwave irradiation (Figure 1A, curve 3). Figure 1B shows a photograph of the CQDs 
solution when exposed to UV light at 340 nm. This photo confirms the formation of CQDs with 
luminescent properties. 
 

 

Figure 1. CODs luminescent spectra obtained from citric acid and urea: 1 - in a muffle furnace for 60 
minutes at 200 °C; 2 - on a heating plate for 60 minutes at 200 °C, 3 - in a microwave oven at 170 W 

for 90 seconds. 
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Metal complexes have become of interest as antimicrobial agents due to the lack of novel potent 

antibiotics for the eradication of multidrug resistant microorganisms. As an endogenous metal ion 
possessing biochemical detoxification pathways, Cu(II) is well tolerated by the human organism. Cu(II) 
functions as a metalloenzyme cofactor in superoxide dismutase, cytochrome с oxidase, tyrosinase, lysyl 
oxidase, and is capable of displacing zinc in its metalloproteins, rendering their structure inactive [1]. 
The redox transition between Cu(I) and Cu(II) may lead to the formation of reactive oxygen species, 
which are known to damage genomic and plasmid DNA, lipids, and proteins. Schiff bases constitute a 
group of synthetically accessible compounds bearing azomethine nitrogen atoms that may disrupt 
cellular homeostasis by forming hydrogen bonds with cell constituents. They have been found to exhibit 
antimicrobial, antiprotozoan, anti-inflammatory, anticancer, and other biological activities [2].  

4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde-derived Schiff bases and their Cu(II) complexes 
were obtained and characterized by means of NMR, FT-IR, UV-Vis spectroscopy, elemental analysis, 
XRD analysis, EPR spectroscopy, thermogravimetric analysis, electrochemical measurements, and 
quantum chemical calculations. Schiff bases were synthesized by the reaction of 1,2-, 1,3-
diaminoalkanes, 4-aminopyridine, p-anisidine and sulfanilamide with 4,6-di-tert-butyl-2,3-
dihydroxybenzaldehyde using ethanol and anhydrous methanol as solvents. Enhancement of the 
antimicrobial activity as well as reduction in the toxicity of the Schiff base ligands are observed upon 
their coordination with Cu(II) ion. For the ligands, minimal inhibitory concentration (MIC) values fall within 
the range of 0.124-0.306 μmol/mL, whereas the corresponding Cu(II) complexes demonstrate more 
potent antimicrobial effects characterized by the MIC values of 0.057-0.140 μmol/mL. This occurs due 
to the electron delocalization and reduced polarity of Cu(II) ion interacting with N,O-donor binding sites 
that result in increased lipophilicity and facilitated cell membrane permeation of the system. The Cu(II) 
complexes have displayed a remarkable binding affinity towards bovine serum albumin (logKh = 4.24-
5.62), which indicates their high bioavailability upon potential medical applications. Furthermore, 
hemolytic activity of the Cu(II) complexes has been shown to decrease compared to the parent ligands. 
Therefore, Cu(II) complexes of Schiff bases show promise for the development of effective therapeutic 
agents for medicinal chemistry. 

 

Scheme 1. Plausible coordination modes of the synthesized Cu(II) complexes. 
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Information entropy was introduced in the theory of communication and information sciences by 
C.E. Shannon in 1948 [1] and then found applications in natural sciences [2]. The interest in information 
entropy grows due to the trend for digitalization in chemistry [3]. In the lecture, basic applications of this 
concept to chemical objects are discussed, such as quantifying structural and electronic properties of 
molecules, crystals and molecular ensembles, signal processing etc. [4].  

We focus on the information entropy as a structural descriptor, which is used for assessing 
molecular complexity in the discrete mathematical chemistry [5–7]. This point is important for 
understanding the applications of information entropy in QSAR/QSPR studies and computational 
protocols for automated classification of chemical structures [8].  

The information entropy of molecular ensemble is not additive value [9, 10] being not a simple 
sum of the information entropies of its molecules. It includes the additional term, which is called 
cooperative entropy, and depends only on the size of the molecules. The peculiarities of the ensemble 
entropy in the context of this emergent contribution are considered [10]. This feature causes special 
rules for calculating the information-entropy changes at chemical reactions and allows separate 
assessing the size-dependent and structure-dependent changes in molecular complexity [11]. The 
relation between the information entropy of a complex chemical reaction and the stage parameters is 
introduced and exemplified with parallel [12], catalytic [13] and successive reactions [14]. 

We mention works of Russian scientists [15–18], who were pioneers in chemical applications or 
considered the title quantity for novel chemical concepts. Links of the information-entropy-based 
structural-chemistry studies with mineralogy [19, 20], thermodynamics [21] and information sciences 
[22, 23] are considered. Recent advances in the mentioned areas make information entropy a central 
concept in interdisciplinary studies on digitalizing chemical reactions, chemico-information synthesis, 
crystal engineering, as well as revisiting basic chemical notions in terms of informatics. 
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Numerous applications of strong bases in organic synthesis [1,2] led to increased interest in 
various kinds of new molecular bases [3]. However, none of them significantly exceeded the strength of 
Schwesinger’s polyphosphazenes (Scheme 1) that have been a gold standard for more than 30 years 
[4]. Consequently, a challenge arose to design new molecular bases theoretically [5]. Unfortunately, 
although some predictions have found excellent experimental confirmation, the vast majority of 
theoretically proposed structures remain far from real life [6]. 

 
Scheme 1. The most basic known azene 1 (Schwesinger, 1993), phosphine 2 (Sundermeyer, 2019), 

carbene 3 (Bertrand, 2021), and borylene 4 (Kong, 2023) along with computed pKa values of their 
protonated forms in hexamethylphosphoramide (HMPA). Protonation sites are shown in bold. 

In this work, the 25-year history of quantum chemical design of strong molecular bases is briefly 
reviewed. The existing approaches to strong bases design are systematized yielding a general five-step 
guide to superbasic molecules construction. More importantly, the unsuccessful cases are deeply 
analyzed, and the main instability reasons of theoretically predicted structures in superbasic media are 
identified. Explicit examples of step-by-step design are used to illustrate the possible problems using 
sample structures as well as the examples from literature. As a result, another five-step guide to 
checking the stability of bases with quantum chemistry methods is developed. 

Successful design cases are introduced to demonstrate the future prospects of molecular 
superbases design (Scheme 2). Structure 5b is predicted to be stronger than Schwesinger’s tBu-P4, 
while having a metal atom as the protonation site. Structure 6b is predicted to set the practical basicity 
limit in the solution, while its protonated form 6bH+ appears to be a robust weak-coordinating cation. 

 
Scheme 2. New designed superbases and computed pKa values of their protonated forms in HMPA. 
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Coordination compounds of rare-earth and other f-element nitrates with amides can be used as 
precursors for various materials, including nanosized oxides, which are widely used in science and 
industry [1–3]. Therefore, extensive study of these complexes, as well as the study of their structural 
chemistry is of interest. 

DFT methods are the fast and cheap way to theoretically quantum-chemical studying a variety of 
compounds, including the complexes considered in this work. Among many programs that implement 
this method, the “PRIRODA” program [4] can be considered as the best. 

In this work, on the basis of the geometry of a single crystal, we perform geometric optimization 
and calculation of normal vibration frequencies for [Ln(AA)4(NO3)3], [Ln(AA)3(H2O)(NO3)3] and 
[Ln(AA)3(NO3)3] (Ln = La—Lu, Y; AA = CH3CONH2) by DFT/PBE/L1 and [UO2L2(NO3)2] (L = CH3CONH2, 
C2H5CONH2, n-C3H7CONH2, C6H5CONH2, CH3NHCONH2 and CH3CON(CH3)2). 

Comparison of experimental and calculated geometries as well as IR-spectra confirms the 
correctness of the used methods. Differences in numerical values provide insight into the nature of 
intermolecular interactions in the crystals of the complexes. The novel structures of [UO2L2(NO3)2] (L = 
n-C3H7CONH2, C6H5CONH2 and CH3CON(CH3)2) correlate with the single-crystal X-ray diffraction study; 
moreover, the structure of the benzamide complex was first calculated and later confirmed by the 
experiment. Additionally for [UO2L2(NO3)2] (L = CH3CONH2, C6H5CONH2) was provided PES in 
coordinates of their angles and torsions, which made it possible to evaluate the role of intramolecular 
bonding on the molecular structure of these compounds. 
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One of the modern and rapidly developing methods is processing of natural raw materials using 

the controlled influence of powerful electromagnetic radiation in the microwave range [1]. Currently, peat 
is a promising natural raw material for processing. Furthermore, it is considered as a complex 
multicomponent system, which includes several groups of chemical compounds, such as lignin, humic 
and fulvic acids, cellulose. 

Humic acids are a mixture of macromolecules of various compositions and structures. 
Establishing the relationship between structures and physicochemical properties and behavior under 
various conditions is one of the fundamental problems of chemistry. Due to modern quantum chemical 
methods, it is possible to correctly describe geometries, electronic structures, and enthalpy values. 

In this article, the structures of humic acids are optimized and thermodynamic parameters are 
calculated: the values of the total enthalpy H°, the total correction for the temperature of 298 К and the 
vibrational energy 0°K – Zero-point energy (ZPE) and the difference between the Gibbs free energy of 
the transition state and the calculated on their basis the initial molecule of humic acid Go, as well as the 
dipole moment characterizing the interaction of the molecule with microwave radiation. The calculation 
results are shown in Table 1.  

 
Table 1. Calculations results of humic acid using quantum chemistry methods. 

Method 
Ho,  

Mcal·mol-1 
So,  

kcal·mol-1·K-1 
ZPE, 

kcal·mol-1 
Go,  

Mcal·mol-1 
Dipole moment, 

D 

BP86 -1730.988 96.5 570.8 1731.084 8,97 

B3LYP -1729.909 94.8 588.3 1730.004 8,49 

BP86/B3LYP -1730.988 96.5 570.8 1731.084 9,56 

ωB97X-D3 -1730.517 90.4 596.5 1730.607 24,5 

 
To carry out the calculations, a wide range of quantum chemical methods were used. The initial 

approximation was computed on the basis of the second-order Möller-Plesset perturbation theory 
(MP2). Subsequent calculations were conducted using hybrid methods B3LYP, BP86, a combination of 
BP86/B3LYP, ωB97X-D3 [2]. The computation was carried out using the ORCA 4.2 program. The 
geometric parameters determined using the above methods differ slightly. The resulting optimized 
structures of humic acid molecules were used in the calculations of their thermodynamic parameters. 

The thermodynamic parameters such as the enthalpy of formation and the Gibbs function using 
the above methods are comparable, while the results of the most energetically favorable state of humic 
acids were obtained using the BP86 method, which allows calculations to be carried out in a shorter 
period of time, unlike other methods used in this work. As can be seen from Table 1, there is a difference 
in the dipole moment values obtained using different methods. Thus, when calculating using the ωB97X-
D3 method, a high value was obtained, which is 24.5 D. 

Thus, the results of this work contribute to the development of microwave pyrolysis of peat [3]. 
Thermodynamic calculations make it possible to determine the optimal parameters for the process and 
further increase the efficiency of pyrolysis. In particular, such modeling of this process allows the 
selection of appropriate catalytic systems with high activity and low cost. 
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Bisphosphonate compounds are common concomitant medications used in the treatment of many 

types of cancer that metastasize to the bone. At the moment, one of the main compounds of this class 
is zoledronic acid, which preserves bone mineral density by suppressing the activity of osteoclasts [1] 

This work is devoted to a machine search for analogues of zoledronic acid with a similar effect on 
osteoclasts, as well as those with their own high activity against cancer cells. 

To generate compound structures suitable for this task, an evolutionary algorithm was used [2]. 
The estimators were 3 trained kSVR models predicting the ic50 value of compounds for the FPPS 
enzyme (r2=0.76) and cancer cell lines (r2=0.74, 0.66). We also used 3 auxiliary penalty functions for 
synthetic accessibility, large cycles, and new compounds. This choice of auxiliary functions ensures 
satisfactory connection generation. 

 
 

 

Figure 1. Scatterplots of predicted and true log(ic50) values, and histograms of model feature 
importance. 

 

 
Figure 2. Example of generated compounds. 
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Computational methods offer important ways to describe and understand molecular phenomena in 
many systems. These methods are widely used in chemical [1] as well as biological sciences [2]. It is 
argued that the development of computer software and programs has allowed great advances in the 
prediction of several important molecular interactions that transfer protein and ligand to the binding site, 
as well as in the design and subsequent discovery of several drugs [3]. In this work, computer molecular 
dynamics and experimental studies of the enzyme alcohol dehydrogenase (ADH) in aqueous solution 
were carried out. MD simulation data are discussed in conjunction with experimental observations of the 
effect of solution pH on protein conformation and its orientation on the adsorbent surface. The issues of 
orientation of protein sorption on matrices of various sorbents are also covered. The numerical 
experiment implemented in the study using the AMBER pmemd.cuda package provides mapping of the 
orientational adsorption of the ADH enzyme with a significant expansion of the original basic model, 
thereby allowing the change in protein conformation in the region of the titratable amino acid residues 
of ADH to be observed in detail. Detection of the characteristic conformation of key titratable amino 
acids may become a necessary stage in further research and implementation of a numerical experiment, 
which will be carried out by varying the pH values and water-salt balance. Subsequently, this discovery 
may clarify the ways of surface modification with positively or negatively charged groups, thereby 
simulating the properties of real sorbents used for protein immobilization. 
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Transition metal oxides are considered highly perspective materials for cathodes in various lithium 

battery applications. Using the methods of group theory, crystallography, crystal chemistry and 
thermodynamics, phase transformations in one of the most promising cathode materials LixNiO2 were 
studied. 

Group-theoretical analysis of phase transitions in LixNiO2 not only explains the existence of 
experimentally discovered modifications but also predicts new phases that may form under different 
synthesis and operating conditions. This analysis is based on the concept of a "parent phase" with a 
rock-salt structure, where lithium and cobalt atoms are randomly distributed in the 4a Wyckoff's position, 
and oxygen occupies the 4b Wyckoff's position. This parent phase gives rise to the diverse 
experimentally observed low-symmetry phases and phase transitions in LixNiO2. 

The analysis shows that the four-dimensional representations  k9(1) and k9(4) of the Fm3m group 

(notations according to Kovalev [1]: k9 - wave vector star,1, 4 - numbers of the corresponding irreducible 
representations for this star) are the critical irreducible representations inducing the variety of phases. 

Irreducible representations k9(1) and k9(4) are connected by an external automorphism and generate 
low-symmetry phases with pairwise identical space groups. Among the ten predicted types of low-

symmetry modifications, two pairs of rhombohedral modifications with symmetry mR3  and one pair of 

phases with the same space group as the parent phase (Fm3m symmetry) are predicted. This list of 
possible low-symmetry LixNiO2 modifications raises questions about which phases are realized in 
experimental studies and how they form from the parent phase. To answer these questions, the 

mechanisms of formation of low-symmetry LixNiO2 phases, namely Fm3m, mFd3 , , and C2/m, 

were investigated. 
It is shown that all these phases are formed due to the ordering of lithium and nickel cations, as 

well as the ordering and displacement of oxygen anions in the initial NaCl-type rock-salt structure. The 
structures are visualized and their structural features are described. 

Possible phase diagrams are constructed theoretically, and it is established that the most stable 
LixNiO2 modifications (spinel-like and rhombohedral) can transform into each other through a first-order 
phase transition. 
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Molecular dynamics algorithm (MD) is a well-known computational method that has many 
different applications, such as polymorphic modifications search and solid-state reactions simulation. 
However, large periodic systems usually require MDs with long simulation times (1ms - 1s) to change 
their states. In this work we propose a method of diffraction pattern-based biased molecular dynamics 
that propels a system into yet unsampled regions of the configurational space.  

In our method the diffraction pattern of the periodic system is generated on every step of MD 
and then the difference between the current pattern and the reference pattern is evaluated [1] and 
differentiated with respect to atomic positions to provide additional forces (bias) to be added to the 
atomic forces. After applying these forces, the system is pushed to change its diffraction pattern to 
become more similar or different to the reference system. There are two main choices for the reference 
pattern: 

• Specific pattern. This mode can be used to drive the system in the MD to a specific diffraction 
pattern in order to determine the structure that corresponds to this pattern. We show that this 
mode can be effective with crystals of simple organic compounds. 

• A pattern corresponding to one of the preceding snapshots in the MD. In this case the system 
will try to “escape” its current state at every step. We show that in this mode the system will 
change its structure drastically in a short simulation time. 

Furthermore, we show that it is possible to design a crystallinity measure based on diffraction 
pattern, which allows one to push a crystal structure to become more or less symmetric. 

Thus, our approach can be used to finely control molecular dynamics of any 3D periodic molecular 
system. It is useful in the polymorphic modifications search and crystal structure prediction from X-ray 
diffraction patterns.  
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Bayesian optimization on Gaussian Process is a powerful machine learning approach for 
efficiently locating global minima of expensive-to-evaluate black-box functions. In his recent work Lucian 
Chan described the use of Bayesian optimization for solving conformational search problem [1]. 
However, Bayesian Optimization and Gaussian Process has no idea about chemistry and dependencies 
of predicting values. So, we came up with the idea of creating a conformational search method with 
Bayesian optimization based on Gaussian Process, where the kernel function has a component that 
“has knowledge” about torsion angle potentials. This trick should keep the model from wasting time 
figuring out dependencies of energy on torsion angle rotation and quickly locate all low-energy 
conformers. Our conformational search method consists of the following steps:  

⚫ The next-to-calculate structure is selected based on the input, or acquisition function, which 
designates the Gaussian Processes’ best guess of the next lowest-energy conformer. 

⚫ This structure is optimized using any appropriate quantum chemical method to provide an 
optimization trajectory, which is clusterized in the torsion angles’ space, and from each cluster 
a structure with lowest energy is selected to be added to the Gaussian Processes Regression 
model.  

⚫ After the end of the search, all located structures are clusterized together, providing a set of 
located unique geometries. 

We show that adding the component, that “has knowledge” about torsion angle potentials, 
significantly diminishes the number of quantum chemical calculations required to localize the global 
minimum.  

Furthermore, we designed our own acquisition function (sampling strategy). Bayesian 
optimization is created for efficiently locating global minimum, but in our task we want to not only find 
the global minimum, but also to acquire all low-energy conformers. Our acquisition function helps 
Bayesian optimization to shift the focus from exact global minimum locating to efficient exploration of 
low-energy regions of conformational space. 

Thus, our approach allows one to efficiently locate low-energy conformations of organic 
molecules, an extremely important step in obtaining reliable results with molecular modeling. 
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 Photodynamic therapy is one of the most promising methods for cancer treatment. Reactive 

oxygen species (ROS) could be considered as the agents of such therapy, and fluorescent proteins and 
their chromophores can be used to generate them [1]. One such protein is miniSOG, a small flavin-
containing fluorescent protein that generates singlet oxygen when excited by blue light [2]. There have 
been several studies on creating protein mutants with a higher quantum yield of singlet oxygen 
production [3, 4]. Under intense irradiation, the flavin mononucleotide (FMN) bound to miniSOG 
degrades, leading to an increase in singlet oxygen production. It is thought that this occurs because 
FMN degrades into lumichrome (LC), freeing up the chromophore cavity from the ribityl tail and making 
it more accessible to oxygen. Based on this, miniSOG mutants could potentially be used as 
photodynamic therapy agents, contributing to the degradation of FMN into LC and binding the newly 
formed LC chromophore with high affinity. Therefore, it would be beneficial to investigate not only the 
generation of singlet oxygen in the FMN-oxygen system but also the decomposition of the chromophore, 
which could lead to the production of an even more effective ROS generator. 

In this study, we characterized possible ways of FMN degradation in miniSOG in the presence of 
oxygen. They can be divided into two categories depending on the initial stage of the reaction: whether 
proton-coupled electron transfer to the isoalloxazine ring of the chromophore occurs from the hydroxyl 
group of the ribityl tail or from Cα atom of the hydroxyl group. In addition, the crucial role of the 
chromophore conformation and the protein environment for the choice of the preferred reaction pathway 
was determined. 

In our work, we used a combined quantum mechanics/molecular mechanics (QM/MM) method to 
study the potential energy surface of the selected system, as well as molecular dynamics with QM/MM 
potentials (QM/MM MD) to calculate Gibbs free energy profiles. The molecular mechanical part of the 
system was described using the parameters of the CHARMM36 force field; the quantum mechanical 
part was described with density functional theory (PBE0/D3). 
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Bioluminescence is the unique natural phenomenon, by which living beings produce light. It is 

widely used both in biotechnology and biomedicine [1]. The most characterized bioluminescent system 
to date is firefly luciferase [2]. Despite a great deal of experimental and theoretical research in this area, 
the exact mechanism behind its bioluminescence remains unclear. 

The generally accepted scheme of firefly catalytic activity represents a three-stage process 
(scheme 1): 1) the reaction between D-luciferin (the luciferase substrate) and ATP to form D-luciferyl 
adenylate, which is then deprotonated; 2) the oxidation of the deprotonated intermediate to dioxetanone; 
and 3) the decomposition of dioxetanone into excited oxyluciferin, which is the light emitter in firefly 
bioluminescence. While most theoretical works have focused on steps 2 and 3, step 1 has not received 
as much attention, particularly due to impossibility of the fixation of luciferin-ATP complex crystal 
structure. 

 

 
Scheme 1. The generally accepted firefly luciferase bioluminescence mechanism. 

 
In this study, we focused on modeling the preoxidation stage of firefly bioluminescence. To 

describe it, a joint approach combining classical molecular dynamics simulations and hybrid quantum 
mechanics/molecular mechanics (QM/MM) calculations was used. We found that this process consists 
of two steps. The first involves the cleavage of the Pα-Oβ bond in ATP, associated with the formation of 
a bond between the Ol1 atom of luciferin and the Pα atom of ATP. This reaction step proceeds via 
association mechanism. The second step involves the deprotonation of C1 atom of luciferyl adenylate, 
which is coupled with the proton transfer to either His244 or PPi. Thus, a reactive species is formed, that 
is able to activate the oxygen molecule in the upcoming oxidation reaction.    
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In this work we continue systematic studies of the thermodynamic properties of solutions based 
on an aprotic dipolar solvents [1,2]. Data on the properties of the N-methylpyrrolidone (MP)–water 
system [3] are evidence of specific interactions of its components with the formation of associates of the 
composition MP·2H2O, which should influence the properties of ternary systems.  

The heat capacities Cp of solutions of potassium, rubidium and ammonium iodides in a mixed 
solvent N-methylpyrrolidone (MP)-water were measured with high accuracy over the entire range of 
compositions at 298.15 K. Heat capacity measurements were performed on the LKB 8700 calorimetric 
unit with an error of 2·10-3 J/g·K. 

On the basis of the data obtained, the apparent molar values of Фс were calculated, extrapolating 
the concentration dependences of which to the state of infinite dilution the standard partial molar heat 

capacities 
2

0

pС of KI, RbI and NН4I in the mixed solvent MP-water at 298.15 K were determined. The 

values 
2

0

pС  are listed in Table.  

Table. Standard partial molar heat capacities 
2

0

pС  J/mole·K of KI, RbI and NН4I in the mixed 

solvent MP-water at 298.15 K 

2

0

pС , 

J/mole·K 

ХМП 

0,00 0,10 0,33 0,50 0,75 0,90 1,00 

KI -130 -109 -24 17 63 72 74 

RbI -144 -124 -26 18 76 87 85 

NН4I -69 -76 12 58 110 121 104 

As follows from the data in the table, compared with alkali metal halides, where the values 
increase monotonously, for NH4I the dependence on the composition of the mixed solvent is extreme: 
at low concentrations of MP, a minimum is observed, and at high concentrations a maximum. In the 
entire range of compositions of the MP-H2O mixture, NH4I values are higher than alkali metal halides, 
and the inversion of values occurs with a lower MP content. This indicates the complex nature of 
intermolecular interactions in the studied solutions, which is significantly influenced not only by the 
properties of the MP-water binary system, but also by the structural behavior of the ammonium ion. 
More valuable information about interparticle interactions in the studied solutions is provided by the 

values of the standard partial molar heat capacities of individual ions 
i

0

pС . To separate the values 
2

0

pС  

into ionic components, the literature data on iodide ion in MP and MP-water mixtures [4,5] and the 

condition of additivity of partial molar quantities were used. The value 
i

0

pС  is represented as the sum of 

four contributions: electrostatic, cavity formation, structural changes in the solvent and specific ion-
solvent interactions. Based on experimental data and model representations, the contribution values 
are calculated. The dependence of the obtained values on the composition of the mixture is discussed 
in connection with the structure of the mixed solvent. 
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In the Biginelli reaction involving chiral 4-hydroxyprolinium inductors, modeling of the pro-S : pro-

R ratio of pre-reaction complexes using the balanced metadynamics method showed that the greatest 
contribution to stereoselectivity comes from the stages of interaction of the 4-hydroxyprolinium inductor 
with benzaldehyde and the ternary adduct of the 4-hydroxyprolinium inductor - acetoacetic ester - 
benzaldehyde with urea. At the same time, it is not just one step that leads to the observed enantiomeric 
excess of R-dihydropyrimidinone, but a combination of them, which, in turn, depends on the form of the 
chiral inductor [1]. To identify the relationship between the contributions of the pre-reaction stage and 
kinetic factors, we solved the problem of assessing the reaction barriers at the stage of interaction 
between urea and the ternary adduct of 4-hydroxyproline inductor - acetoacetic ester - benzaldehyde in 
the E,Z configuration, which was previously identified as the most energetically probable [3]. 

4-hydroxy-2-[(o-methoxyphenyl)carbamoyl]pyrrolidinium was studied as a 4-hydroxyproline 
inducer. The IRC reaction paths were calculated using DFT methods at the B3LYP/6-31G(d,p) level [2]. 
The approach of urea was carried out from different diastereotopic sides of the ternary adduct (scheme 
1). Structures located in energy minima obtained in metadynamics were used as pre-reaction complexes 
leading to different stereoisomers (figure 1). 

 
Scheme 1. Bond C-N formation when urea approaches to the re and si prochiral center in the ternary 

adduct 

   
a)                                                               b) 

Figure 1. Pro-S (a) and pro-R (b) pre-reaction complexes of urea and ternary adduct 
 

The forming diastereomeric transition states are close in energy, and the small difference in the 
reaction barriers is formed due to the non-equivalence of the approach from the re and si sides of the 
prochiral center of the ternary adduct due to different H-bonds. 
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Single-walled carbon nanotubes (SWCNTs) demonstrate outstanding mechanical and electric 
properties that emerges interest in their applications in creating new materials for implanted devices. 
The significant postpone on the way for their application is their impact on living cells so they are usually 
essentially modified for biomedical purposes. One of the ways to increase SWCNTs biocompatibility is 
their surface modification with biopolymers. Although the most reliable route to modify SWCNTs surface 
with biopolymer is covalent grafting, adsorption modification is the simplest technique. Chitosan is a 
mucopolysaccharide that is well-known for its high biocompatibility properties. Adsorption modification 
considers non-covalent interaction between chitosan and SWCNTs that is weaker than covalent one but 
allows creating of smart complexes that are able to release their constituents so it is of great interest to 
study the mechanisms of non-covalent adsorption interactions between chitosan and SWCNTs. The 
composition of chitosan-SWCNTs adsorption complex has been quantified earlier with the use of 
[3H]chitosan [1] but mechanism of interaction and structure of the complex were unclear. 

We have carried out supercomputer simulation of chitosan-SWCNT interaction in aqueous media 
with molecular dynamics. Chitosan was taken in form of a linear molecule consisting of 50 glucosamine 
fragments, 33 of them were carrying NH2-group in protonated form while other 17 were N-
acetylglucosamine according to the real structure of polysaccharide with deacetylation degree of 66%. 
SWCNT was simulated as C1960F148 with fluorine content of 6% (mol.). Surface of SWCNT model was 
available for all functional groups of polysaccharide. Pre-optimization of the models under consideration 
was carried out with molecular mechanics in CambridgeSoft ChemBio3D software in force field 
FFMM94. Partial charges of atoms were calculated with semi-empirical quantum chemistry simulation 
in MOPAC2016 software with the method PM7 with the Eigenvector-Following algorithm. The following 
simulation was carried out with Gromacs software using topology files of chitosan and SWCNT prepared 
with gmx x2top command. Simulation time of each trajectory was 200 ns; simulation area was a cube 
with a side length 27 nm; solvent molecule quantity was 617223, solvent type was water (TIP3P); force 
field was OPLS-AA. We were considering four different starting conformations of polysaccharide 
respectively to SWCNT surface. Thermostat (300 K) and barostat (1 bar) were of Berendsen algorithm 
and of the pair Nose-Hoover & Parrinello-Rahman. 

Adsorption complexes of chitosan with SWCNT were simulated. H atoms of NH2- of chitosan and 
OH-groups of D-glucosamine fragments are involved in H-bonds with fluorine atoms of SWCNT surface. 
Hydrophobic interactions make even more significant contribution in the whole binding energy as non-
polar CH3-group in N-acetyl and non-polar –CH- fragments in glucosamine cycles of chitosan interact 
with non-polar surface of SWCNT consisting of sp2-hybridized carbon atoms thus strongly attaching 
chitosan to SWCNT surface. The obtained complex structure may be referred to as a capsule capping 
SWCNT from the both ends. No significant difference between Berendsen and Parrinello-Rahman 
thermostats and barostats was noticed for simulation of this complex. 
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The quantum nature of hydron, namely, proton and deuteron, plays profound role in hydrogen 

transfer processes and hydrogen bonding (H-bonding). A firm cooperation between experimental and 
theoretical methods is required in order to achieve deep insight into both phenomena. H-bond mediated 
acid-base interactions of coupled homoconjugated selenate anions with nitrogen-containing 
heterocycles in hybrid compounds are challenging, as they represent key features for their appealing 
physicochemical properties [1-3]. 

We have studied novel H-bonded complexes of selenic acid with pyridine and quinoline in the 
crystalline state using density functional theory calculations with periodic boundary conditions. 
Particularly, we have addressed the synchronous (coherent) process of the bridging hydron tunneling 
within the asymmetric double-well and single-well one-dimensional potentials of the SeO–L···OSe 
bonds (L = H/D transfer process) in order to assess the influence of the isotope mass on the bridging 
particle localization and dynamics essential for charge relay and H-bond cooperativity effects (Fig. 1). 
Since the zero-point energy depends on the nuclear masses, one observes an isotope dependence of 
the H-bond distances, i.e. the H-bond strength is modified as evidenced by the shapes of squares of the 
zero-point vibrational wave functions or hydron density distribution functions, Ψ0(H)2 and Ψ0(D)2. We 
conclude that, within the quasi-adiabatic approximation envisaging the continuous change of the overall 
O…O (r1 + r2) distance upon the hydron transfer process, the intertwined zero-point energy effect and 
anharmonic O–L stretching mode coupling gives rise to a quantum-mechanically induced strengthening 
of the SeO–L···OSe bonds, i.e. quantum correction to the “classical” equilibrium geometries. 
 

 

Figure 1. Coherent motion of SeO–L···OSe bridging hydrons along (a) the infinite HB chain and (b) 
two links of the HB chain according to the quasi-adiabatic pathway represented by 1D potentials. 
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The structural, electronic and mechanical properties of various nanotubes, in particular carbon 

and boron nitride nanotubes, are being actively studied. These nanotubes are isoelectronic to each 
other and have the same hexagonal structure, so they can be compared with each other. 

Carbon nanotubes have been the object of research since the 1990s [1]: progress in their 
synthesis and their unusual properties have determined the relevance of their theoretical studies. BN 
nanotubes also have unique properties due to thermal and chemical stability compared to carbon 
nanotubes [2]. Recent advances in the synthesis of boron nitride nanotubes have increased the attention 
of researchers to them. Studying the mechanical properties of these nanotubes is especially important 
because they are particularly stiff materials and can be used as a component of composite materials.  
Previous theoretical studies of the mechanical properties of nanotubes have been limited by the effect 
of axial strain on the nanotubes. Torsional and bending deformations were practically not taken into 
account [3]. 
Within the framework of an approach based on line symmetry groups, we quantum-chemically studied 
changes in the structural, energetic and electronic properties of single-walled carbon and BN nanotubes 
under axial and torsional deformations [4]. The Crystal17 program was used for the study [5]. 

 

Figure 1. Axial and torsional deformations of single-walled BN nanotubes. 
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As part of the commitments under the Paris Agreement on Climate Change, industrial leaders 
around the world are currently actively developing and implementing technologies for producing, 
storaging and transporting hydrogen.  

The main industrial method of hydrogen production today is the steam conversion of methane, 
however, due to the significant release of carbon dioxide (up to 13.7 kg of CO2 per 1 kg of H2), this 
technology does not fit into the modern paradigm of low-carbon energy. Further use of steam conversion 
of methane leads to the need for the use of CCUS technologies (carbon capture, utilization and storage) 
and the search for alternative ways to produce hydrogen.  

The decarbonization process in the oil and gas industry system implements a reduction in its 
carbon intensity and energy in general, including by reducing natural gas emissions. Scientific and 
technical transformation is accompanied by fundamental changes in the strategic priorities of oil and 
gas companies.  

According to the Energy Strategy of the Russian Federation for the period up to 2035 (Decree of 
the Government of the Russian Federation No. 1523-r), one of the priorities is the development of the 
hydrogen production and consumption sector, including through the monetization of methane. From the 
set of key measures aimed at solving this task, it is worth highlighting the need to develop domestic low-
carbon hydrogen production technologies. 

Currently, there are several directions for the development of technologies for producing 
hydrogen from methane: 

– Thermal; 
– Catalytic; 
– Plasma chemical; 
– In liquid media (melts of metals/salts). 
Among the various methods of hydrogen production, the catalytic pyrolysis of methane deserves 

special attention due to three important factors. The catalytic nature of the reaction ensures high energy 
efficiency of the process, which allows the process to be carried out at relatively low temperatures. The 
absence of greenhouse gas and CO2 emissions makes the process attractive from an environmental 
point of view. As an additional product, a structured carbon material is formed during the catalytic 
decomposition of methane, which is a sought-after product with high added value. Given the rapid 
development of the carbon materials market, the production of carbon with specified properties is a very 
attractive direction. 

Among transition metals, nickel-containing catalysts exhibit the greatest activity in the process of 
methane decomposition, and also demonstrate high quality of the resulting carbon. The main problem 
with the use of such catalysts is their rapid deactivation due to the formation of encapsulating carbon 
covering the active areas of the catalyst.  

The introduction of promoters into the catalyst composition, the selection of the catalyst synthesis 
method and the process conditions such as pressure, temperature and volumetric velocity can 
significantly influence the main indicators of the process. The addition of promoters makes it possible to 
stabilize the active centers of the catalyst, provide the necessary dispersion, which forms a sufficient 
number of active centers on the surface of the carrier. 

The paper considers nickel-containing catalysts promoted with copper, cobalt, and potassium. 
The critical influence of the catalyst formation method (salt fusion method, solution combustion method, 
impregnation method) on methane conversion and hydrogen yield is shown. 

It has been demonstrated that the proposed approach allows obtaining nanosized carbon fibers, 
while their structure and size can be controlled by selecting the process conditions. 
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In recent years, the problem of plastics in the ocean has become one of the most significant 

challenges of the global ecology [1]. Plastics debris undergo fragmentation under various impacts 
resulting in formation of microplastics – small particles that have been found not only in sea water all 
around the globe, but also in fish, other animals and human body. It is not clear yet whether these 
particles have negative impact on human health. However, there is a suggestion that microplastics may 
adsorb contaminants from water, transfer and release them into the organisms. Although some 
experimental work has been performed in this field, there is no generally accepted theory of this and 
related phenomena. Hence, it is of interest to develop and test a theoretical model of adsorption of 
contaminants on the particles of microplastics. 

In this work, the microplastics particle is represented as a solid core covered with dense polymer 
brush. This picture is akin to the model of a copolymer micelle with the glassy core in the strong 
segregation limit. Therefore, we may employ the theoretical approach for the polymer brushes and 
micelles by Semenov [2] and by Zhulina, Birshtein, et al. [3]. The self-consistent field acting on the 
polymer chain in such systems depends parabolically on the distance from the grafting surface. The 
Euler-Lagrange equations that control the equilibrium distribution of species in the brush can be solved 
analytically in few cases. Regrettably, there is no analytical solution of these equations for the case of 
bad solvent containing an additive.  

In the original theory [2,3] the interactions are treated in the Bragg-Williams approximation, hence 
this theory is not suitable for systems with specific interactions. To consider possible specific interactions 
with contaminants, we decorated the theory by taking into account correlations in the Guggenheim 
quasi-chemical approximation. To solve the Euler-Lagrange equations numerically, we developed an 
algorithm and a code in C#. This code gives the concentration profiles of solvent, contaminant and the 
polymer depending on the interaction parameters, the size of the contaminant molecules, the elasticity 
of the polymer, and the geometry of the micro/nano-plastics particle. 

Since the brush in a bad solvent is typically in a globular state, it is necessary to take into account 
the third and the higher order virial coefficients. This is done by introducing an interaction parameter that 
depends on the polymer concentration, which makes it possible to describe phase separation inside the 
polymer brush [3]. For bad solvents, the profiles obtained in our work demonstrate two microphases in 
the brush: a polymer-rich microphase located next to the core of the particle, and a solvent-enriched 
microphase in contact with the surrounding solvent. We tested our approach for a number of model 
systems and compared the results with available experiment and simulation data. 

Within our model, the contaminant’s concentration profile depends on a number of factors, 
including the quality of solvent and the presence of specific interactions between the contaminant and 
microplasitcs: this profile may gradually increase to the outside of the particle but it may also show a 
maximum inside the brush. 
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The study of peptide helices using quantum chemistry methods plays a vital role in in-depth 
understanding of their properties and structure. These helical structures are essential for living 
organisms and may be responsible for various biological processes. The comprehension of these 
processes at the molecular level may facilitate the development of novel methodologies for the treatment 
of diseases, the creation of more efficacious drugs, and even the generation of new materials with 
enhanced properties. Helical peptides are promising targets for the fabrication of new materials with 
distinctive properties, due to their capacity to form stable three-dimensional structures (aggregates) [1] 
and interact with metals [2]. These characteristics render helical peptides useful for the development of 
biocompatible materials, nanotechnology and drugs. Consequently, the study of helical peptides has 
broad prospects in both science and industry. 
 

 

Figure 1. a) Obtained dependence of the relative energy on the torsion angle; b) Structure of 
polyalanine in the obtained energy minimum. 

 
In this work, we have conducted a comprehensive theoretical analysis of the structure and 

properties of helical peptides. We have constructed torsion curves from which it is possible to determine 
with high accuracy the structural and electronic characteristics corresponding to the energy minimum. 
Additionally, we have obtained data on the transition of pi- to alpha- helices. All calculations have been 
carried out with full symmetry consideration, by means of using the theory of line groups symmetry [3]. 
Extensive work has been carried out on the choice and verification of the computational scheme. The 
obtained data not only correlate with the available experimental data, but also extend our understanding 
of the properties of these structures. 
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In this paper, the possibility of using highly dispersed nickel obtained by chemical reduction of 

nickel salts with sodium borohydride as a catalyst is studied. Metallic nickel was obtained by reducing 
NiCl2 [1]. The rate constant is calculated and the order of the hydrolysis reaction of sodium borohydride 
on synthesized particles is determined. Comparative characteristics of nickel catalysts of different 
structure and composition are given, the advantage of the obtained nickel powder over catalysts of 
similar structure is substantiated, as well as the prospects for using the obtained particles as a catalyst 
for the hydrogen production reaction. Kinetic studies were carried out using the volumetric method. 
Hydrogen is released in the NaBH4 hydrolysis reaction, the measured volume of which was further 
recalculated for the concentration of borohydride at each moment. 

The authors of the article [2] studied the kinetics of the hydrolysis reaction of sodium borohydride 
on particles of the Ni-B structure and used the following equation: 

r = k1[MBH4][MOH] = , 

where k1 is the rate constant of the rate-limiting step in the process mechanism; M is the active center 
of the catalyst; KBH4, KOH are the adsorption constants of borohydride and hydroxide ions on the 
surface of the catalyst. It was found by carrying out experiments that this equation is applicable to our 
system (Fig. 1). 

 
Figure 1. Comparison of experimental and theoretical data on changes in NaBH4 concentration during 

hydrolysis reaction on synthesized nickel particles  
 

Based on the results of the study and calculations, the following conclusions were made: 
The synthesized highly dispersed nickel catalyst has high catalytic activity. The calculated rate 

constant is 2,545 · 10-4 mol0.75 · l0.75 · s-1 – an order of magnitude higher than. Also, it is necessary to 
consider the concentration of OH-ions in the system in the case of analyzing the kinetics of the process 
on the obtained nickel particles. The proposed method of manufacturing of the catalyst is quite simple 
in execution, but at the same time it allows to obtain nickel, which can intensify the reaction of 
borohydride hydrolysis to a level that allows it to be used for producing of hydrogen. The values of the 
constants and orders of the borohydride hydrolysis reaction will allow calculating the constants of 
nucleation and particle growth rate during the synthesis of the catalyst, which, ultimately, will open way 
to optimization of the reaction conditions. 
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A crucial component of RNA metabolism, antiviral responses, and m6A recognition is heterogeneous nuclear 

ribonucleoprotein A2/B1 (hnRNPA2/B1) [1]. Overexpression of HNRNPA2/B1, abnormal RNA levels, and m6A 

depositions are evident in cancer [2]. This study focuses on two major nonsynonymous single nucleotide 

polymorphisms (nsSNPs) F66L and E92K in HNRNPA2/B1 (Scheme 1). According to our structural study these 

mutants show lower stability, with E92K likely to undergo destabilizing post-translational methylation. In addition, 

our extensive examination of 44,239 tumor samples from the COSMIC database reveals that amino acid position 

92 within HNRNPA2/B1 has the second-highest mutation frequency, which is specifically linked to lung and 

breast cancers. The stability and functioning of HNRNPA2/B1 are significantly impacted by the nsSNP at position 

92, as demonstrated by the experimental results that supports our theoretical study [3]. Considering the 

dysregulation that has been seen in cancer, specifically with regard to m6A disposition, RNA levels, and 

HNRNPA2/B1 overexpression, examining F66L and E92K nsSNPs may provide important information for 

developing epigenetic drugs that target RNA metabolism in cancer. 

 

 
 

Scheme 1. Outlook of the study. 
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In our study the influence of substituents on the process of [3+2] and [4+1]-cycloaddition between 

the nitroalkenes and pyridinium ylides was investigated. Using a combination of the theoretical and 
experimental methods, we gained insights into the mechanistic intricacies of the reaction and 
established that the [3 + 2] cycloaddition between pyridinium ylides and 1-arylnitroalkenes can be 
diverted toward [4 + 1] annulation in a process shown on Scheme 1.  

We observed that a group of substituents behaves in a way that clashes with the classical 
understanding of electronic effects. The substituents which contain an aromatic ring or a different 
unsaturated hydrocarbon fragment have the ability to both donate and withdraw electrons depending on 
the demands of the connected atoms, which invokes the concept of the electron buffers1. To the best of 
our knowledge, this concept was never applied to the regular organic substituents. 

 

 

Scheme 1. The calculated energy profile of the [3+2] → [4+1]-product transformation. The entries with 
non-buffering substituents (Me, NMe2, CO2Me) show higher values of activation energy. The buffer 

effect only influences the energies of transition states.  
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Aptamers are short, single-stranded RNA/DNA sequences that have the ability to bind to specific 
molecular targets with high specificity and affinity. This makes them a promising solution for creating 
sensitive sensors that can quickly and reliably detect unwanted compounds, for example in food 
products [1]. However, the development of aptamers using traditional methods, such as SELEX, often 
requires significant time and resource costs, limiting their application in diagnostics. 

To overcome this problem, a new approach is proposed based on the use of artificial intelligence 
and machine learning methods to predict aptamer sequences based on the physicochemical and 
structural properties of molecular targets. 

In the initial phase of our project, we developed a comprehensive database of unique aptamer-
target pairs by compiling data from scientific articles and existing databases. After excluding unsuitable 
targets like proteins, lipids, and viruses, we curated a dataset consisting of around 1000 aptamer-target 
pairs with associated dissociation constant (Kd) values. Most of the aptamers in the database are 
canonical, and from the data collected manually, 80% of all sequences relate to DNA, while the aptamer 
databases predominantly contain data on RNA. This diverse sourcing approach enabled us to create a 
dataset that is balanced in terms of nucleic acid type. 

Descriptors were computed for each pair to characterize the nucleotide composition using the 
repDNA[2] and repRNA[3] packages, as well as rdkit[4] and Mordred[5] descriptors to represent small 
molecules. During the initial screening of machine learning models to predict pKd values, separate 
datasets divided by nucleic acid type were analyzed. Models based on tree-based and boosting 
algorithms demonstrated the highest accuracy, with a coefficient of determination R2>0.65 achieved. 

In future steps, it is planned to use generative neural networks to create high-affinity and 
selective aptamers for given molecules. The transition from the experimental SELEX method to digital 
screening and subsequent validation of the best candidates will significantly speed up the production 
process. 

 

Scheme 1. Scheme of aptamer candidate generation 
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Kinase profiling is an essential step in both hit identification and selectivity evaluation. However, 

in vitro testing of big compound libraries is costly and time-consuming, but computational approach can 

be a solution. Here we present a new in silico method for activity profiling of potential kinase inhibitors 

that utilizes the SMILES information to calculate physico-chemical properties, molecular fingerprints, 

and ensemble of 3D-pharmacophores of a small molecule. 

The method operates via an ensemble of 3D pharmacophore representations. 3D 

pharmacophores are obtained based on conformations generated using an in-house method. The 

algorithm processes 3D pharmacophores with a graph neural network as a connected graph. Then, the 

responses of the network on the ensemble are averaged and concatenated with molecular fingerprints 

[1] and 11 calculated physico-chemical descriptors. The resulting vector is then passed to series of 

linear layers. Resulting model predicts the probability of a molecule to inhibit (IC50 < 1 µM) each of the 

75 kinases it has been trained on. Scheme 1 demonstrates the process.  

 

 

Scheme 1. Pipeline of kinase profiling algorithm.  
 

To examine the performance of the method and the impact of the addition of 3D features, a 
baseline gradient boosting model (using CatBoost[2]) was trained, using only physico-chemical 
descriptors and Morgan fingerprints. The proposed approach has shown to be more accurate on the 
independent test set compared to the baseline model, with macro average F1 measure of 0.45 across 
all targets, compared to 0.38 F1 measure demonstrated by the CatBoost model. The work shows that 
combination of diverse features and processing it using graph neural networks can be a promising 
solution for in silico kinase selectivity profiling. 
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Methane hydrates are known to be a potential alternative source of natural gas. In-depth 
understanding of hydrate behavior is desirable for the improvement of hydrate-based processes. Gas 
hydrates naturally occur in sedimentary soils, where they are typically confined in various porous media. 
Therefore, the investigation of gas hydrates in confinement can be a valuable contribution to the 
development of advanced industrial and environmental technologies.  

 Molecular dynamics simulations in NVT-ensemble were used to study the decomposition of 
carbon dioxide and methane hydrates in amorphous silica and carbon slit pores. The stability of 
spherical nanoclusters of CO2 and CH4 hydrates (sI structure) with a diameter of ca. 3 nm surrounded 
by supercooled water was considered at temperatures from 190 K to 270 K. Simulation of hydrates 
without confinement was also carried out for use as a reference.  

 

Figure 1. Snapshots of CO2  hydrate in carbon pore before (190K) and after (270K)  
its decomposition.  

 
The melting point of each gas hydrate was determined based on the observed changes in  

thermodynamic, structural (Fig. 1) and dynamic properties, such as  the potential energies of hydrates, 
radial distribution functions and diffusion coefficients for the gases and hydrate water. The distribution 
of gas molecules in pores was examined by means of partial density profiles. Another useful descriptor 
is the F4φ order parameter, which allows one to assign any H2O molecule to either liquid water or hydrate 
water [1], thus providing an accurate description of gas hydrate decomposition process. Based on the 
simulation results, the molecular mechanism of confinement effect on the stability of gas hydrate 
nanoclusters can be proposed. 
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In recent years, there has been an increasing focus on green technology and the advancement 
of safer, more efficient, and environmentally friendly processes. This trend has resulted in a surge of 
publications highlighting eco-friendly engineering principles, particularly concerning the use of solvents 
that are safe for both humans and the environment. Deep eutectic solvents (DESs) are seen as a 
promising alternative to traditional organic solvents, which are known for their detrimental effects on the 
environment. 

These DESs are created by combining hydrogen bond acceptors and hydrogen bond donors to 
form an eutectic system with a lower melting point than its individual components and a lower 
temperature than an ideal liquid mixture. The viscosity of DESs plays a critical role in their potential 
applications and process design. Despite their potential advantages, DESs face challenges such as low 
diffusion coefficients, slow gas absorption rates, and low electrical conductivity due to their high 
viscosity. Viscosity is a crucial parameter for engineering calculations and scaling up DES applications, 
affecting factors like equipment dimensions, pump and heat exchanger efficiency, and the viability of 
mixing, separation, and product utilization. 

In the study, regression models were developed to forecast the temperature-dependent dynamic 
viscosity of DESs. A dataset containing 3440 data points representing 252 unique DESs was utilized to 
train machine learning models. The preferred model was constructed using the CatBoost algorithm with 
CDK molecular descriptors. The models underwent evaluation using both random and artificial data 
divisions, with outcomes indicating that only a rigorous separation of data can effectively demonstrate 
the predictive power of the model. Moreover, it was noted that models developed solely on mixture data 
outperformed those developed with pure mixture components included.  

A quantitative structure-property relationship model for viscosity prediction in DES based on 
choline chloride was also established. By building a linear model from this data set using four molecular 
descriptors, satisfactory predictive performance was achieved, with R2 = 0.82, RMSE = 0.25, and AARD 
= 14.6%. Finally, the viscosities of two new choline chloride-based DESs were measured, and the 
predictive ability of the models was confirmed. We have created an online version of the model: 
http://chem-predictor.isc-ras.ru/ionic/des/. 
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Selenium is one of the health-important natural occurring elements. Considered as an important 
micronutrient in low doses, it is becoming dangerous in higher doses [1].  Also, 79Se radioactive isotopes 
are considered as a major dose-determining radionuclide which can affect the biosphere over geological 
timescale [2]. They are highly solvable in water and, therefore, highly mobile. There are many 
experimental studies on selenium oxyanions adsorption and solubility [3,4]. At same time, computational 
studies are limited, as there are no well-known classical forcefields developed for these molecules and 
mostly ab initio methods were previously applied to these molecules [5,6].   
In this study we have developed a classical forcefield for SeO4

2–, SeO3
2–, HSeO3

– oxyanions, 
comparable with the ClayFF potential [7]. This potential will allow to better study selenium mobility in 
aqueous solutions, as well as better understand its interaction with sorbents at the nano-scale. 
 The initial approximation for the force constants and charges were taken from double-hybrid DSD-
PBEP86 density functional theory calculations with a SMD implicit solvent. The initial values were used 
in classical molecular dynamics calculations for further optimization, based on an algorithm described 
by Williams and Carbone [8]. The solvation energy estimation and Se-O bonds length were chosen to 
fit the force field parameters. 
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The invariance of the measured equilibrium potentials of aluminum and stationary potentials of 

alloys over time indicates the stability and stability of the system as a whole, if it is isolated from the 
influence of external factors: the entry of air or moisture into the system, large local overheating and 
other influences. 

Thermodynamic calculations show that the presence of oxygen and moisture is unacceptable in 
the reaction medium. Therefore, it is necessary to remove oxygen and moisture from argon and prevent 
contact of the reaction medium (gas and liquid, salt phases) with air. Argon must be purified from oxygen 
and moisture by passing it over a titanium sponge heated to 750 - 800 °C and zirconium shavings heated 
to 850 - 900 °C. To dehydrate argon, it is possible to use desiccants in front of the getters: silica gel or 
phosphorus pentoxide [1]. 

It is necessary to purify potassium chloride from oxygen and moisture impurities by repeatedly 
flushing the system with purified argon. Then evacuate the system, slowly heating it to ~ 800 – 850 oC 
for 5 – 6 hours. After melting, continue pumping for another 20–30 minutes. Fill the system with argon 
and purify with pure oxygen for 1.5 - 2 hours. 

Maintain the synthesized melt of chloroaluminate in contact with high-purity aluminum metal at a 
temperature of 350 – 380 oC for a certain time. It must be taken in the form of granules, immersed in 
chloroaluminate [2]. 

 

Scheme 1. Primary polarization current-voltage curves for calculating corrosion currents of structural 
materials (Hastelloy G35) in a sodium chloroaluminate melt depending on temperature. 

It has been established that the values of the stationary potentials of the G35 alloy practically 
do not change with temperature, remaining constant relative to the reference CSE with an accuracy of 
± 1 mV. The graph shows that when the anodic current starts, corrosion occurs, and then reaches a 
plateau, where inhibited corrosion occurs and this plateau is called passivation [3]. 
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Molecularly imprinted polymers play a very important role in all areas of contemporary technology 
and science. Besides mainstream, molecular imprinting based on man-made synthetic polymers or 
silica-imprinted materials, proteins can be considered as a matrix to prepare artificial molecular 
recognition systems. Nowadays, imprinted proteins (IPs) can be used as biosynthetic recognition 
element in immunoassay. They are characterized by lowered affinity and specificity toward their target 
compared with antibodies, however, their production is significant cheaper and faster [1,2]. Moreover, 
IPs-based test systems can detect a number of analytes at a level comparable to commercially available 
antibody-based test systems. Despite the obvious promise of their application, no structural information 
about IPs formation to assist researchers to precisely control their properties. In this regard, 
computational modelling is a powerful tool for studying mechanisms behind the imprinting process, that 
provides enormous opportunities for the rational design of IPs. 

The technique of IPs creation is based on reversible changes in the three-dimensional structure 
of a protein induced by noncovalent interactions with a ligand in mild denaturing conditions such as pH 
change. After these changes, a protein shows altered binding properties, with enhancement of its 
sorption capacity and affinity of template molecules. Theoretical molecular modelling in the present 
study explores the origins of altered binding properties of protein matrix at the level of atomistic 
interactions prior to IPs formation. 

In this work, various molecular modeling approaches, including molecular docking and molecular 
dynamics, were used as a tool for the retrospective mechanistic analysis. Bovine serum albumin (BSA) 
was used as a matrix for generation of specific binding cavities with mycotoxins (naturally occurring 
toxicants, produced by several species of fungi). Combination of experimental and theoretical 
techniques was used for more exhaustive characterization of the structural changes in the protein matrix. 
The results from this study provide insights into IPs formation and may form the basis for further 
prospective design of IPs. 
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Recently, a broad field of study has been developed in the realm of chemistry, focusing on the 
development of luminescent materials. For determining the suitability of a molecule as a phosphor, the 
knowledge of its photophysical and photodynamic properties, including excitation wavelength and 
fluorescence wavelength, is considered essential. Currently, the demonstration of machine learning 
applications is limited exclusively to organic molecules devoid of metal atoms. The objective of this 
research is to devise a model that can predict the photodynamic properties of organometallic complexes. 

A combination of a 12x12 Coulomb matrix, which describes the coordination environment of most 
metal atoms, Morgan FingerPrints, which describe the ligand environment, and persistence Barcodes, 
which describe the topology of the complex as a whole, was used to encode organometallic compounds. 
Additionally, good results were shown by the SLATM descriptor. 

Acceptable predictive ability was shown by gradient boosting CatBoost; the best results were 
obtained with neural network architectures such as CNN and RNN, which were found capable of 
predicting the photodynamic properties of organometallic phosphors with high accuracy. The resulting 
metrics to predict absorption and emission wavelengths are shown in Figure 1. For comparison, the 
results of quantum chemical modeling of absorption wavelengths at the TD-DFT/PBE0-D3BJ/def2-
tzvppd/CPCM(Acetonitrile) level in the Orca software package are presented. 

As a result, machine learning models that are capable of predicting photodynamic properties at 
the level of quantum chemical modeling and higher for organometallic compounds were able to be 
created. 

 

Figure 1. Photophysical properties prediction metrics. 
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NMR spectroscopy is the bread and butter of any researcher aiming to characterize non-covalent 
interactions, such as hydrogen bonds. Combined with quantum-chemical calculations 1H NMR 
spectroscopy provides valuable information about strength and geometry of hydrogen bonds in 
disordered media such as soft matter and solutions.[1] However, there is a little sense in a direct 
comparison of the experimental spectroscopic parameters and computed ones by stationary electronic 
structure methods. The later takes into account only indirect solvent effects by implicit models or at least 
considers explicit solvent molecules in the first coordination sphere. Moreover, real solutions are highly 
dynamic, and observed chemical shifts or spin-spin coupling constants in NMR spectra are ensemble 
averages of the system configurational space at a finite temperature. At the same time common practice 
in quantum chemistry is the approximation of the whole configurational space by only one stationary 
point and totally ignore quantum properties of proton, such as ability for tunneling. 

In our work we test a computational protocol that takes into account explicit solvation effects and 
quantum corrections to the hydrogen bond potential in which protons move (Scheme 1). We considered 
several hydrogen-bonded model complexes for which experimental NMR spectroscopic data are 
available. Using molecular dynamics techniques, we investigated configurational spaces of the 
complexes and compute average NMR spectroscopic parameters for direct comparison with 
experiment.  

 

 
Scheme 1. Proton transfer double-well potential energy profile (black curve) and the 

corresponding proton density distribution (red curve). 
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The aggregative behavior of immiscible liquids, such as hydrocarbons and water, can be 

controlled by addition of surfactants. However, many common surfactants tend to accumulate near the 
liquid-liquid interface, while the aggregative behavior in confinement is heavily influenced by the 
presence of the solid-liquid interface. Therefore, specially designed surface-active substances are 
desirable for efficient control over the properties of the systems under investigation. On the practical 
side, the studies of such systems can provide a valuable contribution to the development of enhanced 
oil recovery techniques. 

 
In the present work, we employ an in silico screening approach to search for efficient modifiers of 

aggregative behavior of immiscible liquids in confinement. Molecular dynamics simulations are carried 
out for n-decane/water systems confined in hydrophobic carbon pores and containing up to 10 vol.% of 
surface-active additives. These additives are represented by a series of polyalcohols and polyacids 
sharing a common aliphatic framework (n-octane).  

 
Figure 1. Simulation snapshot for 30:70 n-decane/water system containing 10 vol.% of sebacic acid. 
Color legend: carbonaceous surface is grey, n-decane is green, sebacic acid is red, water molecules 
are shown as blue dots.  

 
Simulation data provide information on the aggregative behavior of the systems with surface-

active substances. The behavior observed for these mixtures is be compared to that for the systems 
without additives, which are used as reference. The distribution of the additives between both bulk 
liquids, the liquid-liquid-interface, and the solid-liquid interface provides another clue to the relative 
efficiency of the surface-active components in the role of aggregative behavior modifiers. The analysis 
of computational data provides an overall evaluation of the applicability of oxygen-containing substances 
based on linear hydrocarbons and suggests possible means for optimizing their efficiency. 
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When choosing an effective surfactant, it becomes important to study the dependence of 
interfacial tension on the adsorption value, the so-called Gibbs adsorption isotherm. The molecular 
dynamics (MD) method can be used to study interfacial layers. MD allows one to obtain the structural 
characteristics of the formed monolayer, study dynamic processes, and calculate the interfacial tension 
in the system [1]. 

Due to three-dimensional periodic boundary conditions, there are two interfaces in the 
simulating system, each of which has its own adsorption value. Thus, there are a number of difficulties 
encountered when modeling heterogeneous systems containing surfactants. One of these problems is 
the transition of surfactant molecules from the interphase layer to the adjacent bulk phases; often this 
transition is accompanied by the formation of aggregates (micelles). This leads to a decrease in the 
actual adsorption value and to a difference in interfacial tension at the two interfaces. Modern studies 
do not take into account the asymmetry of adsorption values.  

In the current work, molecular dynamic simulations of both anionic (SDS, CTAB) and nonionic 
(CnEm) surfactants in two-phase water-dodecane system using the coarse-grained Martini 3.0 force field 
[2] are performed. We propose a methodic for recalculating of adsorption and interfacial tension values 
in the cases of the surfactant transition from interface the adjacent bulk phases. In the case of uneven 
distribution of surfactants between two interfacial layers, the values of interfacial tensions on each layer 
were obtained by calculating the local stress tensor (Fig. 1). Interfacial tension values were recalculated 
by using the third-party software GROMACS-LS [3]. The Gibbs adsorption isotherms for all the 
surfactants have been recalculated, and significant changes in the type of graph for the dependence 
of surface tension on adsorption have been observed (Fig. 2). 

 
Figure 1. The difference of normal (pn) and tangential (pt) local pressure in the system: yellow color 
corresponds to the bulk phases, brown color corresponds to the localization of the interfacial layers. 

 
Figure 2. Gibbs adsorption isotherm calculated by simple and advanced methods. 
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Accurate prediction of all significant molecular conformers is a crucial step in many computational 
chemistry pipelines. As an example from in silico drug development, molecular docking requires 
exhaustive conformational ensemble for potential drug candidates to generate favorable ligand-receptor 
poses and, ultimately, identify the prime drug candidates [1]. However, conformational sampling of 
molecules with flexible cycles presents an even bigger challenge, since traditional random and 
systematic torsional searches are inefficient for cycles, whereas molecular dynamics-based methods 
have severely limited exploration due to kinetic trapping. 
 
Inverse kinematics is a mathematical framework for enforcing geometric constraints on complex flexible 
systems, thus, can be employed for conformation space exploration of (poly)cyclic molecules [2]. Here, 
we introduce inverse-kinematics-based Monte Carlo with Refinement (MCR) algorithm (Scheme 1), 
which autonomously identifies rotatable dihedral angles in (poly)cyclic molecules and utilizes them to 
conduct comprehensive global conformational sampling. Our benchmarks demonstrate that MCR 
outperforms established methods such as MacroModel, CREST, and RDKit in terms of both speed and 
diversity of the resulting conformer ensembles. Furthermore, we show that MCR can quickly and 
accurately recover naturally occurring conformations of the majority of considered biologically-relevant 
macrocycles. 
 
Overall, MCR solves the problem of broad conformational sampling of small- and middle-sized cyclic 
molecules, being able to quickly discover bioactive macrocycle conformations and those observed in 
crystal structures. In perspective, integration of MCR into various geometry prediction pipelines, e.g., 
molecular docking, crystal structure prediction or single-molecule conformation search, can supply task-
specific algorithms with an extensive set of conformations that encapsulate essential molecular flexibility 
information. Thus, paving the way for more reliable and efficient computational biochemistry pipelines, 
crucial for expediting drug development in silico and advancing our understanding of complex cellular 
processes. 
 

 

Scheme 1. Core concepts and advantages of the new Monte-Carlo with Refinement sampling 
algorithm.  
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In this work, the cleavage of the phosphodiester P–O bond in an RNA molecule by the enzyme 
ribonuclease A was investigated[1]. To study this process using computational chemistry, we performed 
geometry optimization, electron density topological analysis, PES scans, and simulations using 
molecular dynamics and metadynamics techniques. In this work, non-covalent interactions in the 
complex of ribonuclease A active center and phosphate substrate were detected and described 
quantitatively. It is shown that these non-covalent interactions play different roles – they are responsible 
for electron density or proton transfer processes, or keeping the substrate-enzyme complex together.  
 

 

Scheme 1. Catalytic P–O bond cleavage mechanism. 
 

Due to the detailed analysis of non-covalent interactions in the studied system, we were able to 
clarify the details of the generally accepted acid-base mechanism presented in Scheme 1[2]. It is worth 
noting that in our work we have discovered for the first time the existence of a chalcogen bond between 
the oxygen of the phosphate ligand and the nitrogen of His119, which plays a primary role in the electron 
density transfer from the phosphate. 
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Interactions of molecular iodine with a Lewis acid (LA) allows the generation of an Iodenium ion 
(I+) species. Iodonium ions [IR2]+ are effective metal-free catalysts in many chemical reactions, 
especially in organic synthesis [1]. This makes molecular iodine the focus of attention for studying its 
properties. Amphoteric nature of the molecular iodine in terms of Lewis acid – Lewis’s base (LB) 
interactions was highlighted by Roald Hoffman, who compared I2 with two-faced Janus [2].  

Quantum chemical computations at M06-2X/def2-TZVP level of theory were employed to 
compute structural and thermodynamic properties of gaseous donor-acceptor complexes between I2 
and Lewis acids B(C6F5)3 and Al(C6F5)3. Theoretical investigation of thermodynamic stability and 
bonding features of possible isomers of the molecular and ionic complexes of I2 with LA reveals that 
complexes in the singlet electronic state are more stable. Reaction of I2 with an Al(C6F5)3 without LB 
instead of the molecular complex (1) results in the reaction (2). The introduction of a LB makes it possible 
to stabilize the resulting I+ complexes (process (4)). 
 
 

 
 
 
 
 
 
 

 
 
  
 
 

 
 
 

 
 
 

 
 

 
 

Scheme 1. Optimized geometries of the selected reaction products. Standard enthalpies Δ(r)Ho
298 and 

standard Gibbs energies Δ(r)Go
298 (both in kJ·mol-1) for the selected processes. 

 
 The reaction of molecular iodine with Al(C6F5)3 with formation at Al(C6F5)2I and C6F5I is 
exothermic, while analogous reaction with B(C6F5)3 is endothermic. It is recommended for 
experimentalists to use boron-containing derivatives as Lewis’s acids for constructing catalytic systems, 
since they are resistant to the side reactions (2). 
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Carbon-based nanomaterials doped with heteroatoms (N, S, B, F, etc.) are promising catalysts 

for various electrocatalytic processes due to their unique physical and chemical properties. Recently, 
there has been an increased interest in silicon as a dopant for N-doped carbon-based electrocatalysts 
for oxygen reduction reaction (ORR) [1,2], since it is the second most abundant element in the Earth's 
crust. Pyrolysis of multiwalled carbon nanotubes (CNTs) in the presence of silicon dichloro-
phthalocyanine resulted in a composite with high ORR activity, Eonset and E1/2 being 0.98 and 0.86 V vs. 
SHE [2], respectively. The mechanism and thermodynamics of ORR on active centers (Si and Cx=Cx+1, 
where x = 1, 3, 4 and 5) were studied theoretically on model tri- and tetracoordinated silicon-doped 
nitrogen anchored (6,6)-armchair single-walled CNTs using UrevPBE0(C-PCM,Water)/Def2-
TZVP//UrevPBE(C-PCM,Water)/Def2-SVP approach, Fig. 1a.  

The chemisorption of O2 on the active Si center of model catalysts is highly exoergonic (Fig. 1b, 
c) resulting in the formation of O2* Griffith-type adsorbate (*OO*) and increases with decreasing the 
coordination number of Si. Depending on the value of potential U, the rapid reduction of O2* affords 
stable oxo O* and hydroxy HO* adsorbates on Si-N4/CNT, as well as oxohydroxy O*HO* and dihydroxy 
2HO* adsorbates on Si-N3/CNT and Si-N3+3/CNT model structures via the dissociative ORR pathway 
(Fig. 1d, black arrows). Further electroreduction is impossible because it proceeds with a significant 

increase of G, so that the silicon center is irreversibly poisoned.  
Further investigation revealed the C1=C2 vinyl fragment of stable Si(O)-N4/CNT as the most active 

site for ORR (Fig. 1e). The formation of *OO* intermediate on the C2 site is the rate-limiting step. The 

predicted overpotential ORR value is equal to 0.31 V (O*HO* + [H+ + e-] → 2HO*) in agreement with the 
experiment (0.25–0.37 В) [2]. 
 

 

Figure 1. Model structures of silicon doped nitrogen anchored carbon nanotubes, Si-Nx/CNT (a), 
free energy profiles for ORR on Si (b,c) and С2 (e) active centers, ORR catalytic cycle (d) 

 
References 

[1] Int. J. Hydrog. Energy 2022, 47, 30187 
[2] J. Electroanal. Chem. 2023, 950, 117859 
  

mailto:kuzmin@lin.irk.ru


 

764 
 

THEORETICAL STUDY OF NEW MAGNETIC JUNCTIONS FOR SPINTRONICS APPLICATIONS 

Larionov K.V.1, Mochalova E.A.1, Pais Pereda J.J.1, Sorokin P.B.1 

1 National University of Science and Technology MISIS, Moscow, Russia 
Researcher, PhD 

konstantin.larionov@phystech.edu 
 

In this work, the properties of magnetic heterostructures based on various nonmagnetic 2D films 
and half-metallic Heusler alloy Co2FeGe1/2Ga1/2 (CFGG) have been theoretically studied. Two 
terminations of the CFGG film surface are considered: by cobalt atoms or iron/germanium/gallium 
atoms. The preservation of ferromagnetism in the half-metal film was shown, and the effect of the 
magnetic moment enhancement near the surface was revealed. Analysis of the density of electronic 
states demonstrated a rapid recovery of CFGG half-metallicity near the interface. Moreover, in the case 
of Co-terminated heterostructures, 100% value of spin polarization at the first atomic layer of CFGG can 
be obtained. Among studied magnetic junctions, several 2D spacers including WX2 (X = S, Se, Te) are 
found to be promising for spintronics applications. 

 

Scheme 1. a) Atomic structure of WX2/CFGG heterostructure with Co-termination. b) Layer-resolved 
magnetic moments for Fe and Co atoms in CFGG; (c) Layer-resolved DOS of CFGG. The inset shows 

corresponding spin polarization level. 
 

 
References 

[1] Advanced Materials 2019, 32, 1905734 
[2] Physical Chemistry Chemical Physics 2022, 24, 1023 
[3] ACS Applied Materials & Interfaces 2022, 14, 55167 
 
 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 23-79-01298). 

  

mailto:konstantin.larionov@phystech.edu


 

765 
 

MOLECULAR MODELING OF THE PHOSPHORYLATION REACTION IN THE ACTIVE SITE OF 
PROTEIN KINASE A 

Leonova M.S.1, Krivitskaya A.V.2, Mulashkina T.I.1, 2  

1 Moscow State University, Moscow, Russia 
2 Emanuel Institute of Biochemical Physics, Russian Academy of Sciences, Moscow, Russia 

Student 
mikaellaleonova@gmail.com   

 
Protein phosphorylation plays a huge role in cell signaling and its regulation. Protein kinases are 

enzymes that catalyze the phosphorylation reaction of serine, threonine, or tyrosine residues. Among 
human kinases, the cAMP-dependent protein kinase (PKA) was the first to be characterized, and since 
then it has also been subjected to the most thorough analysis, becoming the backbone of the entire 
family of kinases [1]. Knowing the mechanism of cell signaling between cAMP-PKA-K+ [2], it is possible 
to identify the causes of cognitive dysfunction and neurodegenerative diseases in order to discover 
potential therapeutic targets. 

Phosphorylation reactions are followed by the cleavage of the P-O bond. Depending on the extent 
of bond formation between phosphorus and nucleophilic oxygen and the cleavage of the P-O bond, 
dissociative and associative mechanisms may be recognized. In the dissociative mechanism, 
nucleophilic attack occurs before the P-O bond is broken, while in the associative mechanism, the P-O 
bond is split before the formation of a new bond between phosphorus and nucleophile. 

Hence, the aim of this study was to determine the type of mechanism in the reaction of serine 
phosphorylation of the substrate SP20 in the active site of PKA. The geometric and electron-density 
criteria of structures corresponding to possible conformations of the enzyme-substrate complex were 
analyzed. In addition, the Gibbs energy profile of the serine phosphorylation reaction in the active center 
of PKA was predicted using molecular modeling methods. 

In the present study, molecular dynamic trajectories were clustered, and three possible 
conformations of the enzyme-substrate complex were found, distinguished by the mutual arrangement 
of the substrate's serine and the phosphate tail of ATP. Representative structures were selected from 
these clusters, and molecular dynamics calculations were performed with the potentials of the combined 
quantum mechanics/molecular mechanics (QM/MM) method: for analyzing the state of the enzyme-
substrate complex — without adding a bias potential, and for plotting the Gibbs energy profile — with 
the addition of a bias potential using the umbrella sampling method. The quantum subsystem included 
side chains of residues Lys72, Asp166, Lys168, serine of substrate SP20 and 7 molecules of water, as 
well as two magnesium cations and their coordination spheres represented by side chains of residues 
Asn171 and Asp184, phosphate groups of ATP and 3 molecules of water. To describe the quantum-
mechanical subsystem the density functional theory method was used: PBE0 functional with Grimme's 
dispersion correction D3 and 6-31G** basis; to describe magnesium cations we used LANL2DZ 
pseudopotential. The CHARMM force field was used to describe the MM subsystem. The difference 
between the distances of the breaking bond (P-OATP) and nucleophilic attack (P-OSer) was chosen as 
the reaction coordinate: Δ = d(P-OATP) - d(P-OSer). 

The mean value of the breaking bond length and the value of Laplacian of electron density along 
the line of the breaking P-O bond can be used as criteria for determining the type of mechanism. 
Application of these criteria to the cleaved P-OATP bond of ATP in the active site of PKA showed that, 
regardless of the conformation of the enzyme-substrate complex, the phosphorylation reaction in the 
active site of PKA occurs by a dissociative mechanism. Analysis of the Gibbs energy profiles computed 
for the phosphorylation reaction of serine in the active site of PKA also showed that the reaction 
proceeds by a dissociative mechanism. In addition, the Gibbs energy profile for the conformational 
transition of the detected conformations was obtained, and it was determined which of the conformations 
is the most reactive. 
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Compound LiCoO2, a prominent cathode material in lithium batteries, exhibits several structural 
transformations that have defied a unified interpretation despite extensive research. Three modifications 
of LiCoO2 are reported in the literature: a low-temperature form with a spinel-like structure (space group 

mFd3 ) formed at 400°C, a high-temperature form with a layered α-NaFeO2-type structure (space group 

mR3 ) formed at 800°C, and an unstable phase with a rock-salt structure. The composition and structure 

of LiCoO2 phases vary depending on the synthesis technology, temperature, and electrochemical 
operating conditions. 

This study examines the structures of all LiCoO2 phases as a result of atomic ordering in a parent 
phase with a rock-salt structure (space group Fm3m), where lithium and cobalt atoms are randomly 
distributed in the 4a Wyckoff's position and oxygen occupies the 4b Wyckoff's position. Symmetry 
analysis of existing experimental data identified the possible critical irreducible representations inducing 

all phase transitions as representations k9(1) and k9(4) of the Fm3m group (notations according to 
Kovalev: the first number indicates the wave vector star k, the second - the number of the corresponding 

irreducible representation within this vector). Irreducible representations k9(1) and k9(4) are connected 
by an external automorphism and generate 10 pairs of low-symmetry phases with pairwise identical 
space groups. 

This work constructs a phase diagram based on the theory of second-order phase transitions, 
models the structural mechanisms of low-symmetry phase formation, and calculates the structures of 
possible LiCoO2 modifications. This comprehensive theoretical analysis provides a unified framework 
for understanding the complex structural transformations in LiCoO2, offering valuable insights for 
optimizing its performance in lithium batteries. 
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One way to increase the affinity of epoxy matrices to carbon fibers consists in creating oxidative 
defects on the surface of the latter by treating it with oxidizing agents. However, experimental study of 
the structural organization of the epoxy binder and the interface between it and carbon fiber is 
complicated by the lack of long-range order in such systems. However, molecular dynamics modeling 
methods make it possible to study the structure and resulting properties of such composite materials 
[1]. We investigated the interaction between one common matrix, triethylenetetramine-cured epoxy resin 
ED-20, and graphene sheets containing oxidative defects (Figure 1A). We simulated four systems using 
molecular dynamics methods: with normal graphene (GP) and with graphene bearing hydroxyl (GP/OH), 
carbonyl (GP/2O) and carboxyl (GP/COOH) groups. The epoxy resin was cured in their presence in the 
same way as in [1] so that the epoxy resin formed one large aggregate. 

The epoxy matrix densifies near the surfaces of the graphene sheets, forming a mesophase 
enriched in bisphenol A and epichlorohydrin residues (Fig. 1B), due to the fact that they are able to form 
π-stacking interactions with graphene. It is worth noting that the presence of an oxidative defect 
increased the density of the hydrogen bond network inside the epoxy matrix. The dependences of the 
free energy of the systems on the gap between the graphene sheet and the surface of the ED-20 resin 
were calculated by the metadynamics method (Fig. 1C). Introduction of an oxidative defect of any kind 
more than doubles the free energy of graphene sheet detachment—that is, the affinity for the epoxy 
matrix, with hydroxylation being the largest (Figure 1D). We believe, that the nature of this phenomenon 
is that the introduction of even a point defect on the surface of a graphene sheet leads to the propagation 
of the electron density disturbance over a significant area, increasing its ability to undergo polar 
interactions with the matrix. 

 

Scheme 1. A: Modeled cell of ED20 resin with graphene sheets. B: Density distributions of the system 
components along the Z axis. C: Dependence of the free energy on the distance between the ED-20 
resin surface and the graphene sheet. D: Free energies of a graphene sheet liftoff from ED-20 resin 

depending on the defect type. Values are given per atom of the graphene sheet. 
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Nanotubes based on tungsten dichalcogenides have the promising ability to serve as 
photocatalysts in water-splitting process [1]. It was shown that mechanical deformation has a strong 
effect on the nanotube’s structure and electronic properties [2]. Although there are experimental works 
on the synthesis of WS2 and WSe2 nanotubes, Janus-nanotubes WSSe have not been synthesized yet. 
However, according to recent advances in nanomaterials technology, it might occur in the nearest future. 
It is relevant to understand how does torsional deformation influence stability and properties of Janus-
nanotubes. 

In this work we conducted first-principles calculations of several chiral (8, 2), (12, 3) Janus-
nanotubes (Se inside the cylinder and outside) under torsional deformations. These deformations can 
be modeled with the assistance of line symmetry groups theory. In previous works [3] it was shown that 
quasi-1D-systems possess energy minimum that differs from the energy of non-deformed structure. Fig. 
1 represents relative energy for (8, 2) nanotubes of different composition with respect to torsion angle. 
Energy minimum corresponds to twisted Janus-nanotube (Se outside) with symmetry L7446. 
 

 

Figure 1. Relative energy of WXY (X, Y = Se, S) nanotubes dependance on torsion angle 
 

The effect of torsional deformation on the diameter changes and band gap value was also studied 
for Janus-NTs. Electron band structures of distorted nanotubes were calculated in this study. We 
showed that the nature of transition can be changed from indirect to direct as the deformation is applied, 
because the positions of valence band top and conduction band bottom change. This fact suggests that 
nanotube’s electronic structure can be tuned by applying certain mechanical twisting. 
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The esterification reaction, which is a widely used for synthesis of various esters both in laboratory 

and for industrial purposes, has been widely studied in terms of chemical kinetics. A lot of information 
on its rate, yield and mechanism under different conditions is presented in literature. At the same time, 
most of the kinetic research consider only concentration parameters depending on time, without 
discussing thermodynamic properties such as activities and, consequently, chemical potentials. Works 
on comprehensive analysis of thermodynamic and kinetic properties for multicomponent reactive 
systems remains rather limited. That is why the relation between thermodynamic properties of a reactive 
system and the rate of a proceeding reaction remains not clear enough, with only a thermodynamic 
equilibrium constant seeming to be the only link between chemical thermodynamics and chemical 
kinetics. 

In this work we present our result on investigating the kinetics of the ethyl acetate synthesis 
reaction in terms of both concertation (liquid and vapour phase compositions) and thermodynamic 
(chemical potentials and chemical affinity) properties. In our previous paper [1] we reported experimental 
thermodynamic and kinetic data for the n-butyl acetate synthesis esterification reaction together with the 
theoretical analysis of the relation between chemical affinity and reaction rate. Now we focus our 
attention not only on obtaining experimental data for the ethyl acetate, but also on the implementation 
of the thermodynamic approach (classical and non-equilibrium) to obtain more general relations 
describing connection between reaction rate and chemical affinity.  
 Kinetics of the ethyl acetate synthesis reaction was studied at 313.15 K. The dynamic flow still 
was used to investigate vapour-liquid equilibria (VLE). Compositions of both liquid and vapour phases 
were measured by gas chromatography. Activity coefficients were calculated based on the experimental 
VLE data, when the components in the vapour phase, except acetic acid, were considered as ideal 
gases. For acetic acid vapour the associated ideal gas approach was applied. The activity coefficients 
were used to estimate chemical affinity values along the stoichiometric line. The obtained dependence 
of the esterification reaction rate was compared with one for the n-butyl acetate synthesis reaction. 

Chemical affinity may be correlated to the reaction rate [2]. However, it is believed by some 
researchers that chemical affinity cannot be considered as the driving force of a reaction. Our results 
showed that the relation between the rate and chemical affinity could be expressed in a linear form (as 
given in the well-known linear approximation of non-equilibrium thermodynamics) with the kinetic 
coefficient being the function of the system composition along the stoichiometric line. 
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Metal complexes of tetraphenylporphyrin (MTPPs) are widely used in catalysis and in the 
development of the gas sensing materials. Reliable theoretical modeling of physico–chemical processes 
involving these compounds is based on their fundamental thermochemical properties, such as enthalpy 
and Gibbs energy of formation, entropy, and heat capacity. However, experimental gas and solid–state 
enthalpies of formation have been only reported for ZnTPP.[1] In this work, we critically evaluate the 

gas-phase ∆f𝐻𝑚
0 (ZnTPP) and for the first time predict enthalpies of formation for other MTPPs with M = 

Ni, Cu, Pd, Ag, Cd. Our theoretical verification is based on the high–level calculations using local 
coupled cluster method, DLPNO–CCSD(T) in conjunction with complete basis set (CBS) extrapolation. 
Enthalpies of formation of the target MTPPs are predicted via the reaction–based approach[2,3] and 
several thousand balanced model chemical reactions, automatically generated using a special program 
previously developed in our group. [4]   Only compounds with the enthalpies of formation accurately 
known from experiment and/or confirmed by independent calculations were selected as reactants. 
Particularly, small reference species containing Groups 10–12 metals were recommended in our recent 
work.[5]  

The gas–phase enthalpy of formation of ZnTPP obtained using the above-described procedure 
is  227.0 ± 3.4 kcal mol–1, which does not support the experimental value of 132.0 ± 2.0 kcal mol–1.[1] 
Additional evaluations based on the model reactions ZnTPP + 2HX = H2TPP + ZnX2 (X = F, Cl), ZnTPP 
+ H2Y = H2TPP + ZnY (Y = O,S) and various DFT functionals (PBE0-D4, B3LYP-D4, ωB97M-V) paired 

with cc-pVQZ basis sets yielded the ∆f𝐻𝑚
0  values in the range of 220.2 – 231.8 kcal mol–1.  

Gas–phase enthalpies of formation were derived for other MTPPs and combined with 
experimental enthalpies of sublimation[6] to yield the corresponding solid–state values. Besides, the 
results of the calculations were used to evaluate relative stabilities of the studied metalloporphyrins 
previously described by Feixas et al.[7] on the basis of the energy decomposition analysis.   
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Ion-selective optodes are based on the same lipophilic compounds as ion-selective electrodes 
(ISEs) and their response is based on electrochemical processes: ion-exchange or co-extraction 
between the sensing phase and the contacting solution. However, optodes can only detect either a ratio 
or a product of the two ion activities: of the analyte ion and the reference ion, similarly to the electrolyte 
activity measurement in a galvanic cell without liquid junction. The first attempt to generally solve the 
problem of assessing individual ion activity optically was introduced in [1,2]. 

It was shown that the single ion optical sensor can be considered as an analogue to the galvanic 
cell with a liquid junction. In order to assess individual ion activities with an optode the Galvani-potential 
at the interface between the polymeric optode membrane and aqueous solution must be stabilized. This 
can be achieved by introducing into the membrane phase a moderately lipophilic electrolyte which 
distributes between the phases and stabilizes the interfacial Galvani-potential by building a virtual 
“reference chamber” in the solution in the vicinity of the membrane. Similar approach was implemented 
in order to solve well-known potentiometric problem of an all-plastic reference electrode [3]. 

For Na/pH-selective polymeric optical sensors containing lipophilic electrolyte a wide-scale 
computational simulation of response patterns is carried out in Maple 2023. Dependence of inflection 
point on wide range of parameters such as lipophilicity of ionic additives, ion-ionophore and 
ion-chromoionophore stability constants, and concentration of membrane components is theoretically 
discovered (Fig. 1A). For the first time, a theoretical model suggested optimal parameters of the optode 
components a priori in order to stabilize the interfacial potential at the polymeric optode/aqueous solution 
boundary. This became possible due to new approaches to the analysis of optode response. As 
example, for PVC/DOS-based optode containing ionophore Na VI, chromoionophore III and lipophilic 
Q+B- electrolyte, interfacial potential is stabilized by Q+ cation with distribution coefficient of 106.47. The 
results of this model are not limited to the cationic nature of the optical response and plausible for all 
types of polymeric optical sensors. To confirm the theoretical results, six optode compositions were 
studied in detail. The pH-calibrations of all compositions were carried out with five different sodium 
chloride concentrations (0.1, 0.01, 0.001, 0.0001 and 0.00001 M). Experimental response curves are in 
complete agreement with the developed theoretical model with minor deviations due to 
chromoionophore leaching (Fig. 1B). 
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Figure 1. Theoretical dependance of inflection point pH0 on Q+ lipophilicity constant (A); comparison of 
experimental data with theoretical response pattern for PVC/DOS-based optode containing ionophore 

Na VI, chromoionophore III, THxA+BARF- ionic additive at -lg CNaCl = 3. 
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This article is devoted to clarifying the general regularity of the theory of the spectra of large 

polyatomic molecules, which follows from the multiple degeneracy of atomic levels. In the molecules of 
any chemical substance, there are groups of atoms of the same type that enter the functional groups of 
atoms in the molecule. 

The spectra of molecules are complex sequences of levels, the theory of which is formulated as 
solutions to the Schrodinger wave equation, taking into account additional conditions on the form of 
solutions and the behavior of solutions with an infinite radius of particles from the center of mass of the 
molecule. Usually, the spectral patterns of molecular spectra are derived based on models of the 
structure of the electronic shells of atoms and their modification when the latter are combined into a 
molecule. 

The main method for calculating the spectrum of electronic states is the MO LCAO method, which 
implements the idea of representing the electronic state of a molecule in the form of combining atomic 
orbitals of free atoms with corrections of orbital parameters for the mutual influence of electron charges 
and atomic nuclei. The distances between different atoms of a molecule are enclosed in the range from 
the value of the length of chemical bonds for neighboring atoms to the sum of the bond lengths of atoms 
distant from each other. The result is a very complex structure of the electronic spectrum of the molecule, 
which is loaded with the oscillation levels of the nuclei. 

At the same time, the presence of identical atoms in a molecule, say, ligand atoms in inorganic 
compounds, cluster atoms in metals, carbon and hydrogen atoms in organic compounds, etc. leads to 
a kind of degeneration of the initial atomic states, which, when atoms are combined into a molecule, are 
transformed into molecular terms of a multi-electronic polyatomic system. 

This identity of the spectra of atoms of the same kind should lead to a certain structure of the 
electronic spectra of large molecules, which is discussed in this article. The presence of spectral features 
of such molecules correlates with the physical consequences of the behavior of molecular systems when 
interacting with each other and with external electromagnetic fields. 
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When absorbing a quantum of ultraviolet radiation, DNA bases form covalent adducts that disrupt 

DNA functions. The most common adducts are cyclobutane dimers and pyrimidine–pyrimidone (6-4) 
photoproducts of pyrimidine bases. Enzymes photolyase, activated by a photon in the visible spectral 
region, repair such damage facilitating the rupture of covalent bonds between the bases. The quantum 
of light is absorbed by the enzyme's cofactor flavin adenine dinucleotide (FADH–) present in the reduced 
anionic form. Photoexcitation activates the transfer of an electron from a cofactor to the DNA 
photoproduct affording a radical-pair state susceptible to the rearrangement of covalent bonds which in 
turn produces two separate DNA bases. While the quantum yield of the CPD photoproduct repair 
reaches 40-100% the yield of the (6-4) photoproduct repair does not exceed 20% [1]. The decrease is 
due to the fact that in the 6-4 photolyase the speed of the bond rearrangement in the radical state is 
about 10 times slower than the decay of the radical state back into the initial state [2,3]. Despite many 
years of research, the mechanism of reducing the quantum yield in 64 photolyase remains controversial.  

In this work, we investigate how the dynamic environment of the active site causes the quantum 
yield decrease of 64 photolyase in comparison to CPD photolyase. Our analysis is based on estimates 
of electron transfer rates according to Marcus theory. To this end, energies of electronic states and 
dipole moments were computed by means of multi-configuration quantum chemistry SA-
CASSCF/XMCQDPT2 method. The non-adiabatic electronic-state couplings were estimated using the 
generalized Mulliken-Hush scheme [4]. The calculations were performed for cluster models of the active 
sites of the 64 and CPD photolyases. The influence of reorganization energies on the electron transfer 
rates was considered. Our results indicate that adenine of FADH plays crucial role in affording fast decay 
of the radical state in 64 photolyase. 
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Over the last few decades, crown ethers have become an important class of macrocyclic 

compounds, which found its application in different branches of chemistry and technology, e.g. analytical 
chemistry, electrochemistry, organic synthesis and medicine. Due to possessing of certain size inner 
cavity, crown ethers can selectively bind different metal ions to form «host-guest» complexes with high 
stability constants. In the industry, this phenomenon is widely used in radionuclides’ separation from 
high-level waste (HLW), mainly radiocesium 137Cs and radiostrontium 90Sr. That elements can easily 
accumulate in water and therefore provide high damage on humans’ health and environment. Although 
a lot of various separation technologies were proposed in recent years, selective removing of 137Cs 
and 90Sr from wastewater still remains a challenge task. 

In this work we provided theoretical study of dibenzocrown ethers complexation properties 
towards different alkali and alkaline-earth metals in unusual solvents. As complexing agents we 
considered 4,4’(5’)-di-tert-butyl-dibenzo-18-crown-6 ethers and as organic media we considered bis-
(2,2,3,3-tetrafluoropropyl)carbonate (BK-1), bis(2,2,3,3-tetrafluoropropoxy)methane (FN-1) and 1-
fluorooctane (FO-1).  

Our first main goal was to obtain the most possible structures of alkali and alkaline-earth 
complexes with crown ethers in water and organic solutions and evaluate their geometrical and 
electronic parameters.  The second main goal was to study the thermodynamics of complexation 
process by determining stability constants of metal-crown complexes in different solutions.  

 

 
 

Scheme 1. Complexation of substituted dibenzo-18-crowns-6 with metal ions in fluorinated solvents. 
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Spironaphthoxazine/Cu2+ complexes have been investigated by means of quantum chemistry, 

electron paramagnetic resonance (EPR), and optical spectroscopy. 
Quantum chemical calculations have been mainly performed by means of the unrestricted density 

functional theory method using the ORCA 5.0.4 program package [1]. R2SCAN-3C functionals together 
with the full-electron mTZVPP basis set have been used to calculate the geometry of potential energy 
surface (PES) minima. Geometries at minima have been additionally checked for the absence of 
imaginary vibration frequencies. The spin-Hamiltonian parameters have been calculated using the 
B3LYP functional together with the full-electron def2-TZVP basis set. CPCM was applied to take into 
account the influence of the solvent on electronic structure of complex. Comparison of experimental 
Electron Spin Resonance and optical spectra with modelled ones were made in this work. 

 
 

 
 

Figure 1. Geometry of complex of spiropyrane with copper. 
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There is considerable interest in the processing of industrial waste to extract valuable 

components. Spent cracking catalyst is a potential secondary source of rare earth elements. For the 
processing of aluminosilicate materials, which include zeolite-containing cracking catalysts, thermal 
treatment with ammonium fluoride (hydrofluoride) is the most promising. The process of 
hydrofluorination of cracking catalysts is complex and includes both parallel and sequential stages. To 
understand the processes occurring as a result of hydrofluorination of the catalyst, the stages of 
interaction need to be examined using model samples that are constituents of the catalyst. The process 
of hydrofluorination of silicon oxide was studied by the authors in work [1]. In this study, a similar 
approach was applied to the process of hydrofluorination of aluminum oxide. 

To obtain kinetic data for the hydrofluorination process, kinetic analysis was applied using the 
method of nonlinear model fitting [2]. Thermogravimetric (TGA) curves of the hydrofluorination of γ-Al2O3 
were obtained at different heating rates of the mixture: 1, 2, 5, and 10 °C/min (Figure 1-а). 

 

Figure 1. a - TGA curves of mixtures of aluminum oxide with NH4F at heating rates; b - graphical 
dependencies of conversion on temperature obtained by the method of fitting nonlinear regression 

models 

TGA curves were divided into temperature intervals and converted into integral kinetic plots, to 
which the model fitting method was applied (Figure 1-b). By comparing the calculated curves (red lines) 
with the experimental curves (black lines), the values of the kinetic triplet were calculated: activation 
energy, reaction rate constant, and kinetic equation for the sequential stages: 

Al2O3 + NH4НF2 → (NH4)3AlF6 → (NH4)AlF4 
The Flexible single step (ePT) equation (ePT) [3] was used for model fitting. The thermokinetic 

open-source software "THINK" was used for data processing. The kinetic triplet for the reaction forming 
(NH4)3AlF6 has the following values: Eа - 84.1±0.44 kJ/mol, ln(k) - 14.6±0.11 s-1, f(α) = (1-α)1.31α0.69; for 
the reaction forming (NH4)AlF4: Eа - 107.3±0.4 kJ/mol, ln(k) - 15.3±0.01 s-1, f(α) = (1-α)0.55α0.16. Similarly, 
a parallel stage of ammonium fluoride decomposition to ammonium hydrofluoride was identified (Eа - 
84.1±0.44 kJ/mol). 
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Highly accurate ab initio molecular dynamics (MD) methods are the standard for studying physical 

and chemical properties of liquid electrolytes. However, such methodology is frequently too expensive 
to capture some key properties that converge slowly with respect to simulation length and time scales, 
for example, thermal and electrical conductivities. Machine learning (ML) approaches, which reach the 
accuracy of ab initio simulation, and which are, at the same time, sufficiently affordable hold the key to 
bridging this gap. In this work we present a robust and accurate machine-learned potentials (Moment 
Tensor Potential [1]) for the LiF-NaF-KF (FLiNaK [2]) melt and EC:EMC (Ethylene Carbonate/Ethyl 
Methyl Carbonate) solvent.  

FLiNaK is a system that demonstrates significant potential for applications in next-generation 
nuclear reactors, necessitating a comprehensive understanding of their thermophysical properties for 
technological advancements. Experimental measurement of the properties of FLiNaK poses challenges, 
due to factors such as impurity control and corrosion. We performed molecular dynamics (MD) 
simulations of several thermophysical properties of the FLiNaK melt, including density, self-diffusion 
coefficients, viscosity, and thermal conductivity. Our results on thermophysical properties calculations 
exhibit strong agreement with experimental data.  

The EC:EMC mixture is a key component of liquid electrolytes in rechargeable Li-ion batteries. 
We identify the necessary ingredients needed to successfully model this liquid mixture of organic 
molecules. In particular, we address the challenge posed by the separation of scale between intra- and 
inter-molecular interactions, which is a general issue in all condensed phase molecular systems. An 
important aspect of our methodology is the incorporation of an active learning scheme [3], which enables 
the generation of a robust and accurate potential, while maintaining a moderate-sized training dataset. 

In addition to liquid electrolytes, we are going to present how moment tensor potential method 
can be used to predict polymorphs of molecular crystals. We will show the methodological developments 
and benchmarks for benzene and glycine. 
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Molecular iodine forms numerous donor-acceptor complexes, but usually functions as a Lewis 
acid. Complexes in which iodine is acts as a Lewis base are possible, but quite rare [1] so a great 
interest to them arises. Al[OC(CF3)3]3 and Al[OC(C6F5)3]3  are acids of the AlRF

3 type, where RF stands 
for bulky perfluorinated substituents and those are Lewis superacids [2,3]. Therefore, in complexes with 
those acides, iodine can exhibit donor properties. Within the scope of this work, the interactions between 
stated acids with iodine will be carried out observed in various solvents as well as without solvent. It is 
expected that formation of either 1:1 molecular complexes or ionic complexes [AlRF

3I]-[I(solv)n]+ will be 
observed. 

According to quantum chemical computations, iodine can not displace donor solvents such as 
diethyl ether from complexes with acids, so those will not be used. It is currently known that in a toluene 
solution, the acid Al[OC(C6F5)3]3  does not form a complex with iodine, so other solvents will be used 
instead. It is also planned to use fluorobenzene and liquid SO2 as a solvents. 
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Imidazole is a five-membered nitrogen-containing aromatic heterocycle, combining in its structure 
two types of nitrogen atoms: «pyridine-like» and «pyrrole-like». That’s why, the imidazole molecule can 
participate in the formation of various non-covalent interactions: hydrogen bonds with proton donors and 
acceptors, NH-π and π-π interactions, bonding with metals, and so on.  

Various non-covalent interactions into which the imidazole ring enters can interact with each other 
[1]. Of particular interest is the effect of the coordination of imidazole by the «pyridine-like» nitrogen on 
the metal (Figure 1, blue colour) on its proton-donor properties: the formation of hydrogen bonds through 
the «pyrrole-like» NH-group (Figure 1, red colour). For example, in hemoproteins, the amino acid 
histidine, due to coordination along the iron, varies the strength of hydrogen bonds and oxygen affinity 
of iron (Figure 1, green colour), which changes the biological activity: electron transfer and oxygen 
transport processes [2]. The most common pattern of such molecules based on X-ray diffraction data 
[3]: imidazole complexes with an iron as part of a porphyrin heterocycle, which was chosen as model 
complexes in the study (Figure 1). 
 

 

Figure 1. Model complexes: imidazole, coordinated to iron in the porphyrin fragment. 
 

In this research quantum chemistry methods were used to study the dependence of the structure 
of complexes of imidazole on coordination to iron and also the oxygen affinity of iron in various charge 
(+2, +3) and spin (singlet, doublet, triplet, quartet and quintet) states. Quantum mechanical calculations 
were performed on PW6B95-D3/jorge-TZP-DKH level of theory including scalar (spin-free) relativistic 
terms in electronic Hamiltonian.  
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An important part of technological processes in modern industry is the management of carbon 
dioxide emissions via post-combustion treatment of flue gas. Non-reactive techniques based on gas 
adsorption and diffusion in porous media are a promising class of methods for the separation of gas 
mixtures. 

Molecular dynamics simulations with dual control volume were used to investigate the adsorption 
and permeation of N2/CO2 gas mixtures of various composition in zeolite membrane. All-silica zeolite A 
was used for model membranes. To implement a non-equilibrium MD simulation protocol, the simulation 
cell was divided into several zones (Fig.1). The gas mixture with a given composition and pressure is 
located in the control volume 1. During the classical NVT-MD simulation, the molecules penetrate the 
membrane and reach the control volume 2, where a desired pressure value is maintained, while the 
composition of the gas stream leaving the membrane is allowed to vary. Composition/pressure 
limitations in both control volumes are applied periodically with a time step of 50 ps: the required number 
of molecules is added or subtracted to maintain the composition and pressure (density) in the control 
volume 1 and the required number of gas molecules is removed from the control volume 2 to provide 
the required value of pressure. 

In the present work, the effects of the pressure gradient (determined as the pressure difference 
between the control volumes) and the composition of the input gas stream (control volume 1) were 
examined. Calculations were carried out at 298 K and 318 K. The total simulation times required to 
reach the stationary state of the systems were up to 2 μs. The results obtained under different conditions 
were compared. 
 

 

Figure 1. A snapshot (a) and the general setup (b) of the simulation cell: 1 – barrier wall and technical 
volume 1; control volume 1; 2 –buffer zone 1; zeolite; 3 –buffer zone 2; control volume 2; 4 – barrier 

wall and technical volume 2. 
 

 

Figure 2. Zeolite filled with N2/CO2 gas mixture (14% CO2 in input stream) at 298 K.  
 

The analysis of computational data provides information on the selectivity and permeability of the 
membrane along with the capacity and selectivity of the porous zeolite material. A typical snapshot of 
the zeolite filled with gas can be found in Fig.2. Based on the results obtained, the optimal conditions 
for the separation of gas mixtures by zeolite membrane can be proposed.  
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The solubility of compounds in water plays a key role in various fields, including but not limited to 
drug development, agrochemicals, fertilisers, development of paints, coatings and battery materials. 
This property is a strategically important parameter in synthetic and medicinal chemistry as it affects 
bioavailability. A better understanding of this property will improve success in drug development. 
However, measurement of water solubility is not always possible in the early stage of discovery of new 
compounds. For this reason, in silico predictive approaches have become very valuable for prioritising 
potential drugs and reducing the number of experimental trials, and predicting water solubility remains 
a challenging and relevant chemistry problem [1]. 

The objective of our study was to gather extensive experimental water solubility data from all 
available public sources, including scientific articles and chemical databases, and to develop the most 
effective model based on the collected data. Solubility data were obtained for 145,185 compounds. 
Among these, thermodynamic solubility data were available for 63,128 compounds, while kinetic 
solubility data were available for 82,057 compounds. After cleaning and standardizing data, 40,913 
compounds remained in the thermodynamic dataset, and 75,900 in the kinetic dataset. A comparison 
of these datasets revealed that both kinetic and thermodynamic solubility data were available for 1,994 
compounds. These compounds were compiled into a separate dataset.  

An artificial neural network (ANN) was chosen to model the solubility of organic compounds in 
water due to the large volume of data, enabling the use of deep learning methods. Quality metrics such 
as the coefficient of determination (R²), RMSE, and MSE were used to evaluate the results. Developed 
ANN had two outputs and two hidden layers. Fragmented hashed atom-centered descriptors of 1024 
bits in length were used for training. Both thermodynamic and kinetic solubility for all compounds were 
predicted simultaneously. The training results for the best model were as follows: overall R² = 0.71 and 
overall RMSE = 0.68. These results indicate a good quality model, although further improvement and 
optimization of the existing ANN are planned. 
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Deep eutectic solvents (DES) are the most promising alternatives to volatile organic solvents and 
ionic liquids in the chemical production processes. Their low volatility, biodegradability and non-toxicity 
make them environmentally friendly solvents [1]. There are plenty of works, where DES are used as an 
extractant for the separation of the systems which difficult to separate by other methods, for example, 
alcohol – ester systems [2-3]. To evaluate the effectiveness of this separation, a study of liquid-liquid 
equilibrium (LLE) in alcohol – ester – DES systems is carried out.  

The non-random two-liquid (NRTL) equation is the most proven and popular model for describing 
the thermodynamic properties of heterogeneous solutions. This equation was used to correlate 
experimental data on liquid−liquid equilibrium [4]. The NRTL model is based on Wilson’s theory of local 
compositions [5]. The model is based on the calculation of the activity coefficients γi of component i in 
phase xi by the following equation: 

 

,  (1) 

,       (2) 

,                                                           (3) 

where x is the mole fraction of the component in the system gji is the energy parameter, which 
characterizes the interaction between the components j and i, α is the “non-randomness” parameter of 
the system, associated with the degree of order of the distribution of molecules in a solution.  

Parameters Δgji were calculated using the selection method by minimizing the objective function 
(OF):  

,                                   (4) 

where aij
org, exp – the calculated component i activity in the organic phase of the experimental tie-

line j. aij
DES, exp – the calculated component i in the DES-rich phase of the experimental tie-line j. 

For the investigation several alcohol – ester systems were chosen (ethanol – ethyl formate, 1-
propanol – 1-propyl formate, 1-butanol – 1-butyl formate). As DES four solvents based on choline 
chloride with different hydrogen bond donors (urea, glycerol, glutaric acid, ethylene glycol) were chosen. 
Calculations of LLE for all pseudo-ternary alcohol – ester – DES systems were carried out. Comparison 
of calculated and experimental data demonstrated pretty well consistency. Standard deviation σ did not 
exceed 1.27 %.  
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Today, nuclear reprocessing (chemical separation of fission products and actinides from spent 

nuclear fuel) is an important direction of nuclear power development. Currently, Russia has adopted the 
concept of closing the nuclear fuel cycle (NFC), according to which spent fuel is processed with 
extraction of uranium and plutonium in the PUREX process and further solidification of liquid high-level 
radioactive waste (HLW) [1]. However, according to Rosatom State Corporation, at the end of 2022 
about 330 thousand tons of spent fuel have been accumulated in the world, including about 26.2 
thousand tons in Russia, while the percentage of spent fuel reprocessing from the volume of annual 
production in our country is only 25% [2]. More complete use of the energy potential of nuclear fuel will 
not only solve the problem of HLW storing, but will also accelerate implementation of a closed NFC. 

Various chemical elements are present in spent nuclear fuel in a wide range of oxidation states. 
During spent fuel reprocessing, it becomes necessary to separate these elements. One can use 
selective oxidation or reduction of cations mediated by small (with a weight of ≤1000 daltons) redox-
active organic molecules. 

Recently, deep learning models, including Graph Neural Networks (GNNs), have been widely 
used to solve Quantitative Structure-Property Relationship (QSPR) problems, such as predicting redox 
potentials and solubility. These models represent molecules as 2D graphs with atoms as nodes and 
bonds as edges [3]. Such networks automatically learn chemical patterns by aggregating feature 
representations of neighboring atoms (Figure 1). The required input information is only the molecular 
graphs, which can be easily obtained by converting the widely used SMILES (Simplified Molecular Input 
Line Entry System) strings. 

The aim of this work is to develop an algorithm that, when given information about a molecule 
and a solvent, predicts the redox potential in that solvent as accurately as possible. A Graph 
Convolutional Neural Network (GCNN) was trained for this purpose (Figure 1). 

 
Figure 1. Aggregation of information in the molecular graph in GCNN. 

 
The training dataset consisted of 450 molecules with experimentally determined oxidation 

potentials (V) relative to the calomel electrode in acetonitrile. The following metrics were obtained: R2 
0.80 V, RMSE 0.32 V. Efforts are ongoing to improve the model's performance through the application 
of transfer learning, with the model being pre-trained on large volumes of theoretical data. 
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Nowadays, enhancing the efficiency of hydrocarbon production is a pressing and crucial issue. 
One of the most effective methods to achieve this goal is by introducing a chemical reagent into the oil-
water system that helps reduce interfacial energy. Typically, mixtures of surfactants and alkalis are 
commonly employed as such reagents. The composition of oil is intricate and varies across different 
oilfields, underscoring the significance of optimizing the reagent composition and production conditions. 
Determining the optimal composition of a surfactant reagent through experimental techniques is a 
complex process that demands considerable time and effort. The advancement of molecular modeling 
tools and computer technology presents exciting prospects for evaluating the efficacy of surfactant 
mixtures utilized to lower interfacial tension in the oil-water system. [1] 

To predict properties of large molecular systems, one highly effective approach is based on 
dissipative particle dynamics (DPD) simulations. [2] The primary advantage of the DPD method over 
Molecular Dynamics simulations and DFT methods lies in its use of fewer computational forces while 
still delivering precise results. In DPD simulations, all particles are depicted as soft beads that interact 
through weak repulsive forces. The key parameters defining the chemical properties of these beads and 
their interactions are the repulsion parameters, which can be derived from experimental data or 
computed using DFT. 

In this study, DPD simulations and the method of moments were employed to predict interfacial 
properties and microemulsion stability at various conditions for a model octane-C10E4-water system. 
The 'method of moments' involves calculating the first moment of surface tension, allowing one to 
estimate the tendency of a system towards the ‘oil-in-water’ or the ‘water-in-oil’ emulsion type.[3] The 
repulsion parameters were fine-tuned based on the experimental values of surface tension. The results 
demonstrate the capability of this approach to predict conditions for creation the Windsor III type 
microemulsion. 
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The significance of studying metal dichalcogenide nanotubes is based on their physical 
properties, which are determined by the diameter of the tubes, chirality and atomic composition [1]. It is 
possible to study their physical properties using atomic potential modelling. However, due to the lack of 
satisfactory force fields in the literature data, there is a need to create them. 

An improved method of constructing force fields based on the previous experience of the authors 
is proposed [2]. The fitting procedure was enhanced through the utilization of machine learning 
methodologies, enabling the generation of superior-quality force fields. The stages of parameterization 
of the force field are illustrated in Scheme 1. The properties of layered polytypes of bulk crystals, 
monolayers, bilayers and nanotubes of small diameters were employed as the training data. At the main 
stage, genetic optimization of potential parameters was carried out based on the properties of calibration 
systems. Subsequently, the CatboostRegressor [3] machine learning model was trained on the final 
population, which was then re-optimized to obtain the final force field. In parallel, a Self-Organizing Map 
(SOM) algorithm was employed to identify the regions with the highest quality force fields [4]. 
 

 
Scheme 1. The method of parameterization of the force field. 
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Bis-azacrown-containing dienes are of considerable interest as optical molecular sensors due to 

their ability to provide an optical response when binding organic and inorganic cations [1-2]. The 
photoinduced recoordination of cations has a great influence on the spectral properties of 
supramolecular complexes of these compounds, which allows them to be used as photo-switchable 
molecular devices prototypes [3]. 

The phenomenon of metal cations recoordination in the cavity of the crown-ether macrocycle, 
both in the ground and in the excited states, was detected in complexes of monocrown-containing 
styrene dyes of the guest-host type and investigated by the density functional method [4]. It was shown 
that the recoordination is associated with a change in the conformation of the macrocycle, because of 
which the cation is either bound to all heteroatoms of the azacrown-ether residue, and the crown-ether 
nitrogen atom is excluded from the conjugation chain, or is bound only to oxygen atoms, and the crown-
ether nitrogen atom remains in the conjugation chain. The first type of conformations leads to a 
hypsochromic shift of the absorption band of the complex, and for the second type, the absorption 
spectrum differs little from the spectrum of the free dye. It has also been shown that the tendency to 
coordinate depends on the size of the cation and the cavity of the macrocycle, as well as on the ion 
charge. The solvation of the cation has a key effect on coordination. 

In this work, bis-aza-18-crown-6-containing dienones (Scheme 1) and their complexes with K+, 
Mg2+, Ca2+, EtNH3

+ cations were studied by DFT and TDDFT. 

 
Scheme 1. The structure of bis-azacrown-containing dienones of the cycloalkane series 

 
Various solvate forms of their complexes with 1:1, 1:2, 1:3 stoichiometry have been studied. 

Coordination was studied both on the surface of the ground S0 and excited S1 states. It was found that 
the relative depth of the minima of both types of conformers is determined by the surface charge density 
on the cation and the geometric correspondence between the cation and the macrocycle cavity. 

It was found that the mechanism of recoordination changes when the ammonium cation binds. 
The ammonium cation can be coordinated by the N and O atoms of the macrocycle (NH), or only by the 
O (OH) atoms. Both options can be combined with the orientation of the chromophore group and the 
ammonium cation on one or on different sides relative to the cavity of the macrocycle. The driving force 
of the process is a decrease in the energy of the system due to the transition between NH and OH forms 
with the same steric orientation of the cation, while maintaining the axial conformation of the macrocycle. 
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Oxygen reduction reaction (ORR) catalysts based on non-precious metal (Fe, Co, Cu, Sn, etc.) 

doped nitrogen anchored carbon nanomaterials (NCMs) attract much attention due to their low cost, 
high activity and selectivity [1]. Currently, iron,nitrogen-doped NCMs are considered as one of the most 

promising catalysts for ORR in both acidic and alkaline media, where the overpotential ORR can be as 
low as 0.35 V at 0.05 at. % metal content [2,3]. The present theoretical study devoted to the influence 
of active center structure on the reactivity of FeN4-doped graphene and carbon nanotubes (CNTs) in 
ORR, as well as the stability of Fe center to carbon monoxide poisoning. 

The (6,6)-armchair and (12,0)-zigzag CNTs with different orientation of FeN4 fragment along CNT 
axis of symmetry were chosen as model structures. The reactivity and mechanism were studied using 
UrevPBE0-D3(C-PCM,Water)/Def2-TZVP//UrevPBE-D3(C-PCM,Water)/Def2-SVP. It is found that the 
binding energy of O2 with Fe atom correlates well with the radical susceptibility indices of the iron atom 
fFe

0 (r = -0.904, n = 5, s0 = 0.02) and the positive charge on it (r = -0.844, n = 5, s0 = 0.04). The adsorption 
of CO on the Fe center of zigzag CNTs was found to be endothermic due to weak electron-acceptor 

properties of the metal. The values of the charge change on Fe (q < 0) and the Mayer bond order of 
Fe-C in *CO adsorbate for all studied Fe-N4/NCMs indicate the predominance of σ-bonding over π-
backbonding as a result of carbon lone pair donation to the metal, which is in agreement with the metal 
electrophilicity indices, fFe

- (r = 0. 991, n = 5, s0 = 0.07), and nucleophilicity, fFe
+ (r = 0.329, n = 5, s0 = 

0.04) [4]. 
The analysis of ORR free energy profiles revealed the activity of Fe center increases from zigzag 

to armchair CNT as the support, and is maximal for CNTa2 with the skew oriented FeN4 fragment relative 

to the CNT axis of symmetry (ORR = 0.39 V, Fig. 1). The potential-determining step (PDS) for all CNT-
based structures is the reduction of HO* intermediate (O2* in case of graphene as the support). The 
catalytic activity of the vinyl group carbon atoms covalently bonded to the FeN4 motif is limited by 
chemisorption of O2. As the result of irreversible CO poisoning of Fe center of the most active FeN4-
doped armchair CNTs, O2 electroreduction may take place at the C2 site. Depending on the orientation 

of Fe(CO)N4 motif along CNT axis of symmetry, the overpotential ORR decreases from 0.71 (CNTa1) to 
0.49 V (CNTa2), the potential-determining step is the reduction of epoxy O** or dihydroxy 2HO* 
adsorbates to HO*, respectively. 
 

 

Figure 1. Model structures of Fe-N4/NCM (ORR active centers are highlighted in red) 
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Reducing agents with a low first ionization potential (IP1) play an important role in the chemical 
industry and materials science. In 1982, G. L. Gutsev and A. I. Boldyrev showed that in some polyatomic 
compounds IP1 can be lower than IP1 of alkali metals (3.89 eV) due to collective effects, such structures 
are called "superalkalis". Strong reducing properties of superalkalis can be used to activate CO2 and N2, 
to store hydrogen, and to capture inert gases [1]. 

The stability and electronic structure of superalkalis studied in this work was reported earlier [2]. 
In addition, the possibility of activating CO2 molecules using homoligand superalkalis was considered in 
[3]. There are also works devoted to the study of the interaction of superalkalis NM4 (M = Li, Na, K) with 
a carbon dioxide molecule [4]. This paper presents the results of the study of the interaction of 
superalkalis NK3M (M = Li, Na, K) with CO2 molecules. 

Using the DFT approach wB97X-D3/6-311+G(d,p), the equilibrium geometric configurations of 
NK3M+CO2 complexes are calculated, which are characterized by the change in the bond angle C−O−C 
and the C−O bond length atoms in the CO2 molecule to values characteristic of the CO2-anion 
(compared with non−interacting NK3M and CO2). Two isomers of superalkalis with a carbon dioxide 
molecule of the form NK3M+CO2 have been obtained (Fig. 1). In addition, the equilibrium configurations 
of the studied superalkalis and their cations have been calculated. The results of calculating the charge 
and spin density distribution before and after the interaction are presented, showing the transition of an 
electron from a superalkali to a CO2 molecule. The energy of the interaction of superalkalis with CO2 
was also estimated using the IGMH method. It has been shown that the interaction between superalkali 
and CO2 is weaker than the bond of atoms inside the superalkali. The stability of the complexes at 
temperatures of 77 K and 300 K has been estimated using the AIMD method. Based on the calculation, 
conclusions have been drawn about the possibility of using superalkalis NK3M to activate carbon dioxide 
molecules without destructive consequences for the superalkali itself, which is especially important from 
the point of view of minimizing the human carbon footprint and solving environmental and energy issues. 
 

  

Fig. 1. Calculated geometries for the two isomers of the NK3M+CO2 complexes;  
here M = Li, but for M = Na, K the same structure is obtained 

 
References 

[1] Chemistry–A European Journal. 2019, 25, 9568-9579 
[2] Physics Letters A. 2019, 383, 125952 
[3] International Journal of Quantum Chemistry 2018, 118, e25598 
[4] Молодежный Вестник ИРГТУ 2023, 13, 576-582 
  

mailto:nik-svinkin@mail.ru


 

789 
 

METHOD DEVELOPMENT IN TAAR1 AGONIST STRUCTURE-BASED DRUG DESIGN  

Tatarinov I.A.1, Kalinin S.A.1, Dar’in D.V.1 

1 St. Petersburg State University, St. Petersburg, Russia 
st094545@student.spbu.ru 

 

TAAR1 (Trace Amine-Associated Receptor 1) has emerged as a significant drug target due to its 
role in neuromodulation and potential implications for treating psychiatric and neurodegenerative 
disorders. Several promising compounds targeting TAAR1 are currently in clinical trials, underscoring 
its therapeutic potential [1]. Historically, the lack of high-resolution crystallographic data has hindered 
structure-based drug design for this receptor. However, the recent publication of the cryo-EM structure 
of TAAR1 has marked a pivotal advance, enabling us to explore the design of new ligands with enhanced 
specificity and efficacy [2]. 

Utilizing this newly available structural information and building on our experimental data, we have 
developed a refined model employing a suite of computational techniques, including Glide Docking 
Score, Induced Fit Docking Score, MM-GBSA, metadynamics, QM/MM-PBSA, and FEP+. These 
methods are critical for accurately predicting the binding poses and ligand-receptor interactions, which 
are challenging with current force fields or DFT. Moreover, quantifying pi-pi stacking and dispersion 
interactions requires the use of more sophisticated, albeit costly, methods [3]. These techniques have 
been instrumental in correlating the experimental results with our theoretical models, significantly 
enhancing our understanding of ligand-receptor interactions. 

Our findings have enabled us to rank virtual ligand libraries and guide the optimization of 
experimental hit compounds. This work represents an early rational approach to discovering TAAR1 
agonists, offering a novel pathway for the development of innovative therapeutic agents for the CNS. 

 

 

Scheme 1. QM/MM optimized pose for one an investigational TAAR1 ligand RO-688945. 
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Introduction. 

Antitumor drugs based on nitrogen-containing heterocycles with styryl substituents are promising 
objects in medicine; they can interact with various biological targets of tumor cells [1]. Such drugs can 
be thiadiazolo[3,2a]pyrimidin-4-ium derivatives, which have pronounced cytostatic properties and are 
also luminescent sources. This paper presents the results of a study of the physicochemical properties 
of 2-amino-5-(4-(dimethylamino)styryl)-7-methyl[1,3,4]thiadiazolo[3,2a]pyrimidin-4-ium perchlorate 
(thiadiazolo derivative [3,2 a]pyrimidin-4-ium). 
Purpose. 

The purpose of the work is a quantum chemical calculation of the electronic structure, which made 
it possible to obtain the distribution of electron density, as well as an experimental study of the binding 
of the compound to human serum albumin (HSA) and DNA. 
Materials and methods. 

To calculate the electronic structure, the ORCA software package with the O3LYP functionality 
and the 6-31g basis was used. 

The binding of the compound to HSA was studied by isothermal titration calorimetry (ITC) using 
a TA Instruments Nano ITC 2G microcalorimeter (USA) equipped with a 1 ml gold measuring cell. 

The study of binding to DNA was carried out using the spectrophotometric method at a 
temperature of 298.15 K. The concentration of the test substance varied in the concentration range of 
1–150 μM, the DNA concentration was 3.1 μM. Binding experiments were performed in saline. 
Results. 

Using quantum chemical calculations, the geometry was optimized and the spatial distribution of 
the charge density surface was obtained, which are presented in Figure 1. 

 
Fig. 1. Molecule of thiadiazolo[3,2 a]pyrimidin-4-ium derivative (left) and electron density distribution 

(right). 
As can be seen from the results, a significant negative charge is concentrated on the atoms to 

which the perchlorate ion is close. 
As a result of the DNA binding experiment, the binding constant is 5,7·105 M-1. 
As a result of the binding experiment with HSA, we can say that this experiment is consistent with 

molecular dynamics and the binding constant is 1,48·107 M-1. 
Conclusions. 
As a result of the work performed, the electron density distribution was calculated; The binding 

constants of the compound to DNA and HSA were obtained. 
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Hydrogen bonds are often used for association of polymer blocks in design of modern 
supramolecular materials [1]. Important and perspective types of such polymers are materials with 
adaptive properties, for example, recovering ability after changes in temperature or pressure. It’s 
necessary that double hydrogen bonds, unlike single hydrogen bond, have a mutual influence – show 
cooperative (enhancing) and anti-cooperative (weakening) effects [2]. Besides that, different electron-

donating (EDG) and electron-withdrawing (EWG) groups located in the proximity of hydrogen bonds 
also affect the physical and chemical   properties of polymers. 

So, before synthesis of adaptive materials with non-covalent interactions, it’s necessary to 
estimate cooperative/anticooperative effects and consider influence of substituents theoretically. The 
simplest examples of association using multiple hydrogen bonds are dimers of substituted amidines, 
in which NH‧‧‧N hydrogen bonds are realized (Figure 1). Such type of hydrogen bonding is quite 
common and has moderate strength. The investigation of these hydrogen bonds can be done 
systematically using quantum chemical calculations. 

 

 

Figure 1. Examples of chemical structures of investigated dimers and oligomers with various 
substituents (-F, -CF3, -CH3, -OCH3, -CN etc.).  

 
Our main goal was to analyze changes in the geometry, topology and NMR parameters of NH

‧‧‧N «head-to-tail» hydrogen bonds in investigated dimers and oligomers, which can be potentially 

used as building blocks in polymers. Also, we estimated the influence of the different substituents and 
identified the cooperative/anticooperative behavior of the hydrogen bonds.  

Quantum chemical calculations of geometry and NMR parameters of dimers and oligomers were 
performed with Gaussian16 software. All structurers were optimized and checked for the absence of 
imaginary frequencies. NMR parameters were calculated at the same of level of theory using GIAO 
approach. 
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Liquids are often characterized by the presence of a homogeneous distribution of atoms at large 

distances and short-range order at small distances. However, liquid antimony is an unusual system due 
to its structure, which exhibits anomalies in the form of shoulders in the radial distribution function and 
static structure factor [1, 2]. The reason for the existence of this anomaly is not yet fully understood [3, 
4]. The radial distribution function is a characteristic of the probability of finding a particle at a certain 
distance from another particle. Therefore, we can conclude that this feature can only occur if atoms form 
at least quasi-stable structures [4]. To reproduce the structural features of liquid antimony, ab-initio 
molecular dynamics simulations were performed in the VASP package [5] using density functional theory 
(DFT) methods at temperature T = 923 K and pressure P = 1.0 atm. 

To determine the possibility of the existence of stable structures in liquid antimony, the distribution 
of particles by neighbourhood times was calculated from the obtained results of ab-initio molecular 
dynamics simulations. In the framework of the Williams-Landel-Ferry model, it was shown that in the 
regions bounded by a sphere of radius 5 Å there are stable formations with a lifetime greater than 1.6 
ps [6]. In order to identify such structures, the order parameters q4 and q6 were estimated and the 
structures were characterized. The results demonstrated the formation of triangular structures with 
lengths a = 3.07 Å, b = 4.7 Å and angles α = 45° and β = 90° in liquid antimony (Figure 1). Furthermore, 
the quasi-stable formations were observed to exert a direct influence on the presence of a shoulder in 
the radial distribution function and the static structure factor. 

 

Figure 1. Example of triangular structure and chain formed by antimony atoms. 
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In a diatomic molecule, the properties of parity violation (PV) are determined by nuclear-spin-
dependent interactions (NSD-PV). Studying these will aid in refining the theory of interactions in atomic 
nuclei that break spatial invariance. In recent years, experiments to detect PV properties have been 
initiated — effects were measured in the atom 133Cs [1] and in the molecule 138Ba19F (limitation obtained 
for the nucleus 19F) [2], and a series of experiments is planned [3—5]. A characteristic feature of diatomic 
molecules is the presence of closely spaced rotational levels of opposite parity [6,7], which among other 
factors influenced the choice of 29Si16O+ cation as the system under study for the upcoming experiment 
[5]. 

In the current work, based on a fully relativistic description of many-electron systems, the value 
of the molecular parameter characterizing NSD-PV in the cation 29Si16O+ was calculated, which is 
necessary for the interpretation of the experiment [5]. In solving this problem, various contributions and 
their accuracy stemming from the variation in basis sets of the single-electron wave function, the 
number, and the degree of electron correlation were considered. Non-adiabatic contributions are 
currently being studied. 
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Previously, the three-dimensional model of the Mendeleev’s table of chemical elements in the 

shape of cylinder (displaying information on periods and s-elements) and three planes (displaying 
information on p, d and f-elements) was presented by the authors at the International Scientific Forum 
"Lomonosov-2024" [1]: 
 

 

Scheme 1. The three-dimensional model of the Mendeleev’s table of chemical elements.  
 

In this report the full compatibility of the geometry of the three-dimensional model to the 
conclusions of the IUPAC Group 3 project on the possibility to add Lu and Lr to Sc and Y into the group 
3 basing on the quantum mechanical considerations [2] was demonstrated. Also, the full compatibility 
of the geometry of the three-dimensional model to the quantum mechanical classification of He as s-
element [3] was discussed. 
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X-ray photoelectron spectroscopy (XPS) is an indispensable technique for the quantitative 

determination of sample composition and electronic state of elements applied in different research fields. 
Current methods of analyzing XPS spectra rely on experience and knowledge of spectroscopists and 
usually are conducted manually. Improvements of X-ray sources advance the quality of experimental 
data and allow one to obtain larger datasets. However large datasets are quite difficult to process 
manually. Despite becoming XPS instruments more automated to fit both the inelastic scattering and 
the line shapes of the peak regions is a challenge, that generally involves task of peak detection. 
Classical algorithms of spectra analysis may cause a significant error in peak detection and fitting, and 
therefore cannot be used in automatization task. Recently, machine learning based algorithms have 
been successfully applied to data analysis in wide range of physical methods [1, 2]. This work is 
dedicated to development of framework based on convolutional neural network (CNN) model for fast 
XPS data analysis. 

The task of XPS spectrum analysis in the present work is split to several phases (figure 1). At first 
stage CNN model detects peak areas and maxima in XP spectra. The next stages are calculating 
background in detected peak areas and fitting line shapes according to detected maxima. Data for 
training was obtained by the scientific group at the BIC SB RAS. Additional algorithm was developed to 
generate artificial spectra. The design of model architecture, training and testing was performed using 
PyTorch in Python. 

 

 
Figure 1. Phases of detecting maxima (left panel) and fitting peak shapes and background (right 

panel). 
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Cyclocarbons represent a new form of carbon molecules that are formed by combining sp-
hybridized carbon atoms into a ring. The first synthesis of cyclo[18]carbon aroused interest in studying 
the properties and structure of molecular ring with different numbers of carbon atoms, including those 
with an odd-number of atoms [1, 2]. 

The aim of this study was to investigate the structure and electron delocalization of a series of 
cyclo[n]carbons with an odd-number of carbon atoms (n=11-29). The optimized molecular structures of 
the studied cyclo[n]carbons were obtained at the ab initio complete active space self-consistent field 
(CASSCF) level. The 6-31G(d,p) basis set was used in the optimization of the molecular structures. The 
(14,12) active space (14 electrons in 12 active orbitals) were used for all of the studied molecules in 
CASSCF calculations. Magnetically induced ring-currents were calculated to investigate the electron 
delocalization and aromaticity of cyclo[n]carbons. Calculations of magnetically induced current densities 
were carried out using the gauge-including magnetically induced currents (GIMIC) method at the 
BHandHLYP/6-31G(d,p) level of theory. 

Calculations show that odd-number cyclo[n]carbons have a singlet ground state. The lone pair of 
electrons of the carbene atom is located in the plane of the molecular ring. The structures are 
characterized by two conjugated systems: 𝜋in and 𝜋out, each of which involves an even number of 

electrons. The global aromaticity is determined by electrons from 𝜋out-conjugated system resulting in an 
alternating aromaticity of odd-number cyclo[n]carbons. Molecular rings with n=4k+1 are antiaromatic 
and sustain a net paratropic ring-current, whereas structures n=4k+3 are aromatic with a net diatropic 
ring-current (Figure 1). The ring-current strength decreases for large rings. For large k (k≥6) values, the 
studied cyclo[n]carbons are nonaromatic. 

 

Figure 1. a) Mixed aromatic and antiaromatic character of C17 and C19; b) Magnetically induced 
current density: the green and blue isosurfaces denote the diatropic and paratropic current densities, 

respectively. 
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Diamane, a quasi-two-dimensional carbon film with a diamond-like structure boasts extraordinary 
mechanical properties rendering it a promising as a filler for composite materials. Its electronic properties 
also hold potential application in optics and electronics [1]. 

The synthesis of two-dimensional diamond-like films directly from multilayer graphene requires 
high temperatures and pressures. However, the thinnest films, such as bilayer diamane, prove 
challenging to stabilize and require precursor materials for synthesis. This process, known as chemically 
induced phase transition entails alterations in the surface energy of two-dimensional carbon structures 
through the adsorption of various functional groups onto graphene surface. These groups induce a 
transformation in the hybridization of carbon atoms from sp2 to sp3, leading to the formation of carbon 
bonds between graphene sheets and the production of a diamond-like film.  

The bonding of the bigraphene sheets  and the resulting geometry of the film, whether cubic or 
hexagonal diamond structure, hinge upon the initial orientation of the sheets relative to each other and 
the arrangement of deposited functional groups on the surface. 

In this work, we examined the structure, stability and electronic properties of diamane films 
functionalized with hydroxyl and peroxide groups as well as hydrogen atoms [2]. We considered the 
deposition of these groups on AA' stacked bilayer graphene, and the deposition of hydroxyls and 
hydrogen atoms on AB bilayer graphene. It was shown that the deposition of oxygen in the epoxide form 
did not contribute significantly to the surface energy changes, thereby preventing further binding. The 
stability of such films under different temperature and pressure conditions was studied, revealing that 
diamond films coated with a mixture of hydrogen and hydroxyl groups are stable at low temperatures 
and pressure of about 35 GPa, aligning well with the available experimental data [3,4]. Additionally, we 
examined the electronic properties of these diamond films and elucidated how they vary with changes 
in coatings stoichiometry. 
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In the 4-dimethylaminopyridine (DMAP) molecule, conjugation of the NMe2 group leads to 

suppression of the DOM-effect, as a result of which lithiation occurs only at position 2(6) [1]. In this work, 
we showed that the introduction of a bulky substituent makes it possible to sterically block positions 2(6), 
which opens the way to selective lithiation of positions 3(5). 

Altogether, quaternization of the pyridine nitrogen atom in general leads to the strengthening of 
the conjugation of the dimethylamino group with the heteroring and disables its ability to coordinate the 
organometallic reagent, which leaves no room for the manifestation of the DOM-effect. Thus, chemical 
interactions of DMAP and its 1-substituted derivatives (F3B-DMAP, Me3Si-DMAP, i-Pr3Si-DMAP, etc.) 
molecules with organolithium reagents are controlled only by acidity and steric accessibility of 
corresponding CH-bond. 

We have developed a new method for assessing the steric accessibility of various positions of 
the pyridine ring. This method consists of calculating the isosurface region of electron density 0.001 
a.u., limited by the electron density basin of the atom under study. The boundaries of the basin are set 
by the conditions of zero flux of the electron density gradient (Fig. 1). Thus, in DMAP and F3B-DMAP 
molecules protons at positions 2(6) are more accessible for organometallic reagent. When moving to 
Me3Si-DMAP and i-Pr3Si-DMAP, position 3(5) becomes more sterically accessible. In general, the larger 
the substituent at position 1 becomes, the more preferable position 3(5) becomes. Moreover, the 
organolithium reagent (t-BuLi∙THF2) is able to coordinate to the aza group of DMAP, thereby sterically 
blocking the 2(6) positions for the metalation reaction. 
 

 
Figure 1. The accessible surface area of pyridine protons in DMAP and its 1-derivatives. The relative 

ratio of accessible surface areas of C2-H and C3-H is given. 
 

Finally, in addition to steric accessibility, the strength and polarity of CH bonds plays a key role in 
metalation reactions. CH-polarity has been estimated by the distance between the minima of electron 
density and electrostatic potential, along the bond path. It has been shown that quaternization of the 
pyridine nitrogen atom increases the polarity of all CH bonds, especially the C2-H bond. 
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Currently, one of the actively researched phenomena in medicine is the polymorphism of drugs, 

which determines their properties and pharmacotherapeutic effectiveness. The solubility of different 
polymorphic modifications may differ significantly, which may lead to a difference in the kinetics of their 
dissolution in vivo and, as a result, different bioavailability of drugs. In this paper, a theoretical method 
for evaluating the solubility of polymorphic modifications is proposed using the example of the 
polymorphism of the antibiotic succinylsulfathiazole (Scheme 1). 

 

 

Scheme 1. Chemical structure of succinylsulfathiazole. 
 
The paper considers the method of molecular Voronoi-Dirichlet polyhedra to identify the 

dependencies between the volumes Vm corresponding to intermolecular (noncovalent) contacts in 
crystals of polymorphic modifications of succinylsulfathiazole and the solubility S relative to the solubility 
of polymorph I (SI). 

The calculation of the volume Vm and the number of contacts N of noncovalent interactions was 
carried out using the TOPOS (InterMol) program. The experimental values of the relative solubility S/SI 
of polymorphic modifications (III), (IV) and (V) are 1.9, 2.9, 3.9, respectively [2]. A linear dependence 
was obtained of the ratio S/SI on the number of intermolecular contacts to the volume of intermolecular 
interactions with the quadratic deviation R2 = 0.9702 (Scheme 2). 
 

 

Scheme 2. The dependence of the relative solubility S/SI on the ratio N/Vm. 
 

Based on the obtained dependence, previously unknown solubilities of polymorphic modification 
(VI) and succinylsulfathiazole solvates with acetone, dioxane and tetrahydrofuran were calculated 
relative to the solubility of polymorphic modification (I), which amounted to 3.1, 2.8, 3.0 and 3.5, 
respectively [3]. 
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PRODUCED JET-FUEL FROM RENEWABLE HYDROCARBON FEEDSTOCK 

Zaikin M.A. 

In 2016 the Council of International Civil Aviation Organization (ICAO) implemented a program to reduce 
greenhouse gas emissions by using aviation fuels produced from renewable raw materials in the Carbon 
Compensation and Reduction System for International Aviation (CORSIA). The purpose of this program decrease 
CO2 emissions with an annual increase in air traffic. These requirements it is challenge for processing industries in 
Russia, because they are completely focused on the processing of petroleum raw materials, unlike European and 
Asian countries, which are more effective in recycling of household, food and industrial waste. One of the alternative 
types of raw materials, including those belonging to the “renewable” category - fat-and-oil raw materials, 
represented by used cooking oil (UCO), animal and technical fats, tall oils of the timber processing industry. 
Vegetable oils (sunflower, rapeseed oil, etc.) cannot be classified as “renewable”, since they do not provide a 
sufficient level of reduction in greenhouse gas emissions over the entire period of their existence. 

Jet aviation fuel produced from renewable raw materials turn into component of sustainable aviation fuel 
(SAF). Commercial fuel produced by mixing fractions of petroleum fuels and renewable fuels, which is called SAF. 
The regulatory framework for the production of SAF in European countries is the ASTM D7566 and D1655 
standards, which describing both methods of producing fuels from renewable raw materials and the permissible 
proportion of mixing with petroleum fuels.  

One of the most affordable methods for Russian industry it is the hydrotreating of fat-and-oil raw materials. 
At the same time, hydrogenation of esters and acids, which are part of vegetable oils and fats, has long been familiar 
abroad in the production of biodiesel or hydrogenated vegetable oil (HVO). Diesel fuel obtained from fat–and-oil 
raw materials has some limitations - low low-temperature properties and high cost of raw materials for this 
production. At the same time, the production of kerosene fuel look like more positive with the assistance of creation 
a new regulatory framework by CORSIA. 

At this moment, there are two main problems in the domestic processing industry – the lack of a regulatory 
framework for this type of fuels and lack of technological solutions for new production facilities. In this connection, 
advanced achievements were studied in this way, carried out research work on the processing of all types of fat-
and-oil raw materials and prepared a basis for national standards and for new production facilities. 

The hydroprocessing process can be done sequentially from the stages of hydrogenation or 
hydrodeoxygenation of oxygen-containing compounds and then follow hydrocracking stage (Fig.1) 

 

 
Figure 1. Block-scheme of conversion fat and oil raw materials 

 
At the first stage received the maximum yield of paraffin compounds cracking C-O bonds. Hydrocarbon gas 

and water are also formed. Tested industrial catalyst for hydrotreating diesel, which containing Co and Mo 
molecules on Al2O3. Hydrogenation of fat-and-oil raw go on with good conditions - temperature not more than 360 
° C and a pressure not more than 5 MPa. The main difficulty in processing fat-and-oil raw materials at this stage is 
the high content of alkaline and alkaline earth metals with large quantities.  

After second stage received a mixture of hydrocarbons, characterized by high low-temperature and 
operational properties due to a high proportion of hydrocarbons of an isomeric structure, as well as corresponding 
to the criterion of renewability, i.e. it has lower greenhouse gas emissions. Various catalytic systems can be used 
for hydroisodeparaffination, both containing platinum in their composition and zeolite catalysts for the 
isodeparaffination of diesel fuel. The choice of a catalyst for the second stage of the process determines the degree 
of cracking and, as a result, the fractional composition of the resulting mixture. The research work was based on a 
platinum-containing catalyst of its own design, which allows to obtain the maximum yield of the kerosene fraction, 
provided that the high selectivity of the isomerization reaction is maintained. The technological parameters of 
waterproofing are close to the first stage – the temperature does not exceed 360 ° C, and the pressure does not 
exceed 5 MPa. 

Gasoline, kerosene and diesel fractions obtained after the rectification of this mixture can be used as 
environmentally friendly additives to petroleum fuels obtained from crude oil at domestic refineries. A distinctive 
feature of the resulting fuel is the absence of aromatic compounds, as well as the exclusion of sulfur and nitrogenous 
compounds in processed products, due to their absence in the raw materials. 

Based on the above, it can be said that the hydroprocessing of fat-and-oil raw materials into fuel has a high 
level of technological readiness and can be considered for implementation at the processing facilities of domestic 
enterprises as an environmental project. The fuels produced by this technology are characterized by high 
environmental and operational properties and are not inferior to fuels obtained from petroleum raw materials. 
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The extremal compression of solid benzene and pyridine was shown to yield polymerization 
products which consisted of one-dimensional carbon and carbon nitride nanothreads [1, 2]. These 
substances exhibited interesting properties, so the experimental and theoretical studying of them would 
be fruitful for the development of new materials.  

The polytwistane structure was revealed to be the most stable of the structures proposed for sp3 
carbon nanothreads. A quantum chemical study of polytwistane showed that its symmetry should be 
described by line groups [3]. 

 

 
Scheme 1. Polytwistane structure (in the middle) and two possible options of nitrogen substitution. 

(white, grey and blue balls denote hydrogen, carbon and nitrogen atoms correspondingly)  
 
We quantum-chemically investigated the electronic and mechanical properties of nitrogen-

substituted polytwistane analogs using the approach based on the line symmetry groups [4]. The 
CRYSTAL17 program [5] was used for calculations. 
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In recent years, quantum chemical calculations have been periodically used in works devoted to 
the extraction of metals of various groups. Most often, quantum chemistry is used in the extraction of 
lanthanides and actinides, but there are works in which such calculations optimize or explain extraction 
processes for alkali metals, 3d-transition metals and noble elements [1-2]. Since quantum chemical 
calculations help researchers predict the extraction recovery of metals, explain and improve the results 
obtained, the number of such works will increase in the future. 

In this study, it was found that all four studied classes of terpene-containing ligands (alpha-
aminooximes (I), Aza‐Oxa‐Based Macrocycles (II), D2-Symmetric Macrocycles (III), 
dipinodiazafluorenes (IV); Scheme 1) are capable of selectively extracting some noble elements (Pd, 
Au, sometimes Pt and Ru) from a mixture with 3d transition metals, noble and alkaline elements. 
Moreover, the percentage recovery of palladium and gold in some cases reaches quantitative (>99%) 
or close to it. 

 

 

  

 

 
Scheme 1. Terpene-containing ligands (alpha-aminooximes, Aza‐Oxa‐Based Macrocycles, D2-

Symmetric Macrocycles, dipinodiazafluorenes). 
 

All calculations were performed using the ORCA 4_1_0 program and Gaussian 09. The authors 
of this work quantitatively assessed affinity the complexes of L×PdCl2 and (L×AuCl2)+ to the organic 
phase by the difference in the free energy of the complexes in water and chloroform by DFT and HF. In 
the case of DFT (RKS), we used the PBE0 functional. The authors used various basis sets: def2-SVP, 
def2-TZVP, def2-TZVPP and def2-QZVPP. Simplifications for calculating the Coulomb and exchange 
interactions were specified using RIJCOSX and RI-JK. TightSCF and VerytightSCF were used as criteria 
for iterative convergence of a self-consistent field. There are also two models used for accounting for 
solvents: CPCM and SMD.  

For the PdCl2 complex with the simplest dipinodiazafluorene and its analogue with one keto 
group, the authors managed to achieve a flat geometry of the diazafluorene fragment and metallocycle 
based on the sum of deviations of the moduli of intracyclic torsion angles (HF def2-TZVP def2/JK 
TightSCF RI-JK Opt).  

As molecular studies have shown in the case of macrocycles, the formation of a chelate complex 
with only one PdCl2 molecule is possible (unlike alpha-amino oximes), and bis-chelation is impossible, 
since the remaining pair of nitrogen‐containing groups has an extremely unfavorable orientation for the 
additional metallocycle formation. 

In the course of calculations of the Gibbs free energy (∆∆G˚), it was found that it takes negative 
values for all complexes of L×PdCl2 and positive for the L+ and LH+×PdCl2 forms, which explains the 
extraction of palladium and is consistent with the experimental results. Interestingly, despite the 
hydrophilicity of the (L×AuCl2)+ complex and the positive ∆∆G˚ calculated, extraction of Au was 
observed experimentally. This fact can be explained by shortcomings in the models CPCM and SMD 
and also by the inability to correctly take into account all ion pairs for this type of complexes. 
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Amino acid metal complexes play an important role in various biological systems and are involved 
in catalytic chemical reactions. Magnesium glycinate is a biologically active complex that has many 
useful properties and is widely used in medicine, pharmacology and sports nutrition. Magnesium plays 
a key role in the formation of artificial synapses between nerve cells, which improves the transmission 
of nerve impulses and helps maintain normal nervous system function. Due to its low stability, this 
compound is poorly understood [1]. 

The structure and IR spectra were calculated with the standard quantum chemical modelling 
software package GAMESS (USA) using the DFT (B3LYP) method in the 6-31G basis [2]. The 6-31G 
basis includes one basis function for the inner shell, grouped from six Gaussian functions, and a set of 
an inner function grouped from three Gaussian functions and an outer ungrouped Gaussian function for 
the valence shell of each atom. The 6-31G basis was chosen for the model construction because of the 
balance of accuracy and calculation time. The structural and dynamic model of magnesium glycinate 
was constructed, the energy of the magnesium glycine model was minimised, the structure, and the 
frequencies of normal oscillations in the harmonic approximation were calculated. 

The synthesis of magnesium glycinate was carried out at a molar ratio of metal to amino acid of 
1:1. The methodology for the synthesis of similar compounds from article [3] was taken as a basis. A 
suspension of Gly (0.1125 g) was dissolved in 2 mL of distilled water (pH~5.46). Then a suspension of 
MgCl2*6H2O (0.3048 g) was added. The solution was left in a dark place, and with the passage of time 
the chemical reaction of the amino acid with Mg2+ ion takes place and the obtained compound 
crystallises. After 7 days, a crystalline precipitate was obtained. The precipitate was filtered and washed 
with a small amount of water, dried to remove excess moisture. 

The method of IR spectroscopy was used to determine the group composition of the synthesised 
compound. The IR spectrum was obtained on a spectrophotometer FMS 2202. The spectra were 
recorded with a resolution of 1 cm-1. The spectrum of the investigated sample was recorded in the range 
of 500 to 4000 cm-1. The experimental IR spectra were compared with the calculated ones and 
conclusions were drawn about the adequacy of the obtained data and consequently about the structure 
of the synthesised compound. 

X-ray phase analysis was performed to calculate the parameters of the unit cell on an X-ray 
diffractometer DRON-3M using the Debye-Scherrer method. Diffractograms were taken in the angle 
range 2-4°-80°. The measurement was carried out in increments of 0.050 °. Step execution time: 576 s. 
Anode: Copper (1.541874Å). Generator voltage: 40 kV.. Data processing was carried out using the 
following programs: OriginPro 2021, QualX2.0, Excel. The XRD spectra Crystallography Open 
Database (POW_COD) was used. The unit cell parameters were calculated using the FullProf Suite 
software package using the dichotomy method [4]. 

 
Scheme 1. Magnesium Glycinate: 3D model and structural formula. 
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The development of the range of medicines in the pharmaceutical market over the past few years 
has been mainly due to domestic companies.  

This trend is a consequence of both import substitution processes and the localization activity of 
foreign companies that expand the range of products manufactured in RF.  

The import substitution process of Russian pharmaceutical market has been going on for more 
than 10 years and affects all steps of R&D and production. 

The government-approved plan for the implementation of the «Pharma 2030 Pharmaceutical 
Industry Development Strategy» is aimed at providing the population with the necessary high-quality 
medicines and focuses on creating full-cycle production, including pharmaceutical substations in the 
territory of the Russian Federation. 
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A promising approach to lithium extraction is its recovery from associated waters (brines) of oil 
and gas condensate fields. The lithium production market is constantly growing, and according to 
preliminary expert estimates, it may grow by an average of 20% annually over the next decade. One of 
the promising approaches to lithium extraction is its recovery from associated waters of oil and gas 
condensate fields, the so-called brines [1].  

The work proposes a method for lithium extraction using a two-layer polymer membrane made of 
cellulose acetate, modified with 4'-aminobenzo-15-crown-5 ether (4'AB15C5) and a metal-organic 
framework (ZIF-8). These compounds have selective properties towards lithium ions due to the size of 
the crown ether ring and "windows" in the ZIF-8 structure. 

 

 
 

Figure 1. Passage of lithium ions through polymer membranes modified 4AB15С5 and ZIF-8. 
 

The project aims to extract lithium from associated waters of oil and gas condensate fields using 
membrane technology (Direct lithium extraction or DLE). Traditional methods using adsorbents have 
several disadvantages, such as the need for large volumes of solutions for lithium desorption, leading 
to additional costs and negative environmental impact. The use of selective membranes allows avoiding 
these problems and reducing the overall duration of the process. 

 

 
Figure 2. DLE lithium mining scheme. 

 
In this work, we modeled the process of lithium extraction using membrane extraction, for which 

formation waters obtained from deposits in Eastern Siberia were initially purified and studied. 
The membrane module will be integrated into the hydrocarbon production process, providing oil 

companies with the opportunity to generate additional revenue from the processing of associated 
waters. This is particularly relevant, considering the significant lithium reserves in water sources in 
Russia, estimated at around $70 billion. 
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Chemical industries confront challenges, principally entailing the provision of import-supplanting 
commodities for the internal market. Nonetheless, to fully capitalise upon the emerging opportunities, 
the indigenous chemical sector necessitates an influx of highly proficient individuals. In connection with 
the expansion of the chemical industry in Russia, the role of management in this area is increasing. 
Therefore, there is an urgent need to form an innovative team of employees, to quickly allocate 
resources, or, in a word, these employees must be a change manager. The problem is that chemical 
enterprises are an industry that requires different resources and technologies, but the use of traditional 
personnel management in the mechanism of personnel quality management is still carried out, the 
scientific and rational mechanism of personnel quality management is often not studied and applied. 
According to enterprise monitoring conducted by the Central Bank, the chemical industry has 
experienced the lowest level of personnel in the last 25 years since the beginning of 2023 [1]. 

Scheme 1. Factors causing problems in the mechanism of personnel management in the chemical 
industry. 

The goal of this work is to find and describe strategies that will help optimize new approaches to 
improve the quality of personnel through the production process. Based on existing programs in Russia, 
such as the federal project "Advanced Engineering Schools" (2022) or the Titan Group project "Orbit 
Titan" (2024), several personnel management strategies can be identified [2-3]. 

 

Scheme 2. Strategies of personnel management. 
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The principal feature of pulverized coal fuel (PCF) is that, it is in a dispersed state unlike other 

components of the blast furnace charge. The size of individual particles R does not exceed 80-100 
microns. The specific surface area of the PCF reaches 3.2-3.5 m2/g. It was determined by us using the 
BET method on the SORBI MS device. This value of the specific surface determines the physical and 
chemical properties and behavior of the material. Reactions of reduction or combustion on the surface 
of solid particles at temperatures above 900-1000°C are carried out in a diffusion mode. The reaction 
time t is proportional to R2, which dramatically increases the rate of chemical interaction. For example, 
if a substance with 7.4 mm granules reacts for 600 seconds, then a suspension with a particle size of 
74 microns is 104 times faster (in 0.06 s). 

To determine the drying temperature of the PCF and the conditions of its combustion in the tuyere 
zone, the heating time of individual particles was estimated. The estimation was made using the 
example of coals and peat with a particle diameter of 80-100 microns. The heating was carried out to 
the temperature at which the drying and grinding of the PCF is carried out (250°C) and the blowing 
temperature in the tuyere zone. To do this, the parabolic differential equation of thermal conductivity 
(nonstationary case) was solved numerically in the Matlab package under Dirichlet boundary conditions. 
The heating time of peat particles is on the order of 4-6 × 10-2 s, for coal t is 10-1 s. It is comparable to 
the time spent by the PCF particles in the tuyere zone, which leads to incomplete combustion. 

New results have been obtained on the thermal destruction and combustion of a wide range of 
possible components of the PCF. These data were obtained using the STA 449 F5 Jupiter synchronous 
thermal analysis device combined with the QMS 403 Aeolos Quadro mass spectrometer (Netzsch). It is 
established that experimental data on the kinetics of coal destruction during heating are described by 
the Yander diffusion kinetics equations. 

A method for selecting components of the PCF for blast furnaces has been developed. This 
method based on experimental laboratory studies (including the study of thermal degradation and 
combustion processes) and industrial experiments. The possibility of using previously unused milling 
peat as part of the charge has also been established.  
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Today, Russia is under unprecedented sanctions pressure from the "collective West." It should 

be noted that despite the loud statements of politicians, sanctions have affected almost all spheres of 
public production (except, perhaps, the "peaceful atom") and sanctions pressure is constantly increasing 
(moreover, even to the detriment of those countries that impose these sanctions). However, there are 
areas where the imposition of certain sanctions can seriously undermine the security of society – this is 
pharmaceuticals.  

In these conditions, great importance is attached to the protectionist import substitution policy and 
its variations – import conservation and export-oriented import substitution. Indeed, the sanctions policy 
quickly led to a ban on the supply of a number of medicines to the Russian market. There was a need 
to implement an import substitution policy, which became possible only thanks to the successes of the 
chemical industry, which created the basis for the implementation of this policy in the pharmaceutical 
industry. 

An analysis of the specifics of the pharmaceutical market in Russia shows that this market has 
some features that complicate the use of strategic management tools in it. According to the conducted 
research, there is a weak use of modern marketing tools, which is due both to the specifics of the market 
and to the insufficient level of marketing knowledge among the heads of pharmaceutical enterprises. 
This leads to the choice of inadequate strategic decisions and insufficiently effective positioning of 
Russian drugs, and, as a result, their insufficient evaluation. The solution to this problem may be related 
to the use of such a modern strategic marketing tool as breakthrough positioning.  

The breakthrough positioning strategy was proposed by J. Cagan and C. Vogel. This tool allows 
us to identify promising areas of positioning for Russian pharmaceuticals and develop a successful 
market entry strategy for them. 

Рисунок 1. Modified map positioning of Cagan and Vogel 
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The goal of this work is to identify the policies being implemented by HR managers in the chemical 

industry enterprises under sanctions. The object of the research is a labour-market of the chemical 
industry. The subject of the research is certain measures which will be taken by HR-managers so as to 
search and nurture the most valuable and skilled personnel in organisations. 

In order to uncover the talent acquisition policy, lists of the chemical companies that left Russian 
chemical industry in 2022, as well as Russian companies with their total revenue of 2022, were 
analysed, which were represented by raex-rr.com. The main consequences, which had essential impact 
on the Russian chemical industry, along with a list of vacancies, which are now highly demanded among 
chemical enterprises, were also reviewed. 

Despite the ongoing imposition of sanctions against Russia, the chemical industry continues to 
develop and maintain one of the highest positions in the world, proceeding to export downstream 
operations, towards which Russian chemical industry orients. The share of its export amounted to 
70.8%. In 2022 the Russian chemical industry increased by 12.9% compared to 2021, expressed in 
monetary terms. In section for chemical substances growth rates were 13.4%, for rubber and plastic 
products it amounted to 11.3%. The Russian chemical industry leaders such as “MCC EuroChem”, 
“SIBUR Holding” and “UralChem” have posted lists of most popular vacancies. In this list a tendency in 
the increasing demand for technologists, engineers of various profiles, HR managers and procurement 
managers can be seen. 

Due to the necessity in recruiting the best specialists for the further development of the Russian 
chemical industry, the issue of nurturing own professionals-generators of new ideas, who will be able to 
elevate national discoveries to a global level, becomes crucial. Another obstacle to advancing a strong 
chemical base is connected with the difficulty of retaining such talented workers within Russian 
companies to prevent the “leakage” of intellectual value into the hands of foreign competitors. 

In the light of these two stated issues, a possible arises: employers should suggest attractive and 
favourable conditions for the most skillful employees. Due to their unique mindset, such talented 
individuals often require someone equal to them, who can meet their demands on a professional and 
personal level, someone whom the employee can rely on and who also possesses a high level of 
emotional intelligence. Therefore, the importance of individual management is emphasised, where 
behind each talented worker stands an intellectually developed partner-entrepreneur who can nurture 
them through an exceptional connection between each other building during professional interactions. 
The concept of “first among equals” emerges as one of the key principles in the management of such a 
type. 
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Today, the pharmaceutical market is the leading direction of the innovative chemical industry. 

Under the conditions of sanctions from Western countries, the Russian pharmaceutical industry has 
faced serious problems, in particular, caused by a large volume of drugs requiring prompt replacement 
with Russian analogues. To a certain extent, the industry has already increased its potential through the 
effective implementation of major innovative projects during the COVID-19 pandemic and the 
subsequent recovery period. During this period, it became clear that regional pharmaceutical clusters 
are coping best with the increasing burden on the industry during a period of shortage of imported drugs. 
The analysis shows that the further development of regional pharmaceutical clusters will allow the 
pharmaceutical industry to best implement the policy of import substitution and start working on import 
conservation, creating world-class drugs and correctly positioning them on the market. 

Indeed, increasing the efficiency of the pharmaceutical industry can occur according to the cluster 
principle, which implies the nomination of the flagship regions of Russia in which pharmaceutical clusters 
are being formed. The development of regional pharmaceutical clusters requires the application of a 
well-thought-out strategy that takes into account the choice of promising strategic solutions in the field 
of positioning and promotion of manufactured drugs. The choice of the right strategic approaches can 
be carried out using a breakthrough positioning model modified by the authors to assess the 
competitiveness of pharmaceuticals sold by a regional cluster. This marketing strategic tool allows us to 
identify promising areas of positioning of Russian drugs produced by regional pharmaceutical clusters.  

With this tool, all drugs can be divided into four groups, depending on the severity of their 
production and promotion of the technological and stylistic component. Each product group has its own 
long-term strategic solutions. However, the risks of choosing different types of strategic decisions will 
also vary greatly. Thus, using another strategic analysis tool based on the use of matrix mechanisms, 
in particular, the McKinsey matrix and the hierarchy analysis method, it is possible to develop models 
of competitiveness of pharmaceutical products for different product groups in accordance with the 
breakthrough positioning tool. The construction of such models makes it possible to identify the most 
attractive strategic positioning zones for pharmaceuticals and high-risk zones that can be minimized 
when choosing another method of positioning a pharmaceutical product. 

A promising strategic policy for the development of the pharmaceutical industry requires building 
a balanced portfolio of pharmaceutical products within a regional cluster. This will make it possible to 
support innovative drugs being brought to the market through successful products that have achieved 
widespread fame and popularity. Moreover, the formation of a regional data bank on drugs launched in 
development, as well as the accumulation of a regional fund to support innovative projects in the bio-
chemical and pharmaceutical fields, will create opportunities for the successful innovative development 
of pharmaceutical enterprises of all types of the cluster, including small and medium-sized ones. 
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The current stage of energy development is characterized by the dominance of energy 

conservation and environmental priorities. In order to optimize global resource consumption a strong 
emphasis has been put on wastes, substandard fuels and renewables as possible energy carriers, 
alongside more traditional options, such as fossil fuels. The conventional use of high-temperature 
combustion (usually about 1000-1200 °C) does not provide safe and efficient processing of most 
substandard fuels and wastes. Moreover, high temperature combustion is among the leading sources 
of heat and harmful substances pollution. Other well-known combustion approaches have similar 
disadvantages: abundant emissions of toxic products into the atmosphere, increased capital costs due 
to large equipment dimensions, explosion and fire hazard of systems and harsh requirements for 
structural materials due to high temperatures of the process [1]. 

The unsuitability of conventional furnaces for substandard fuels combustion necessitates the 
creation of new technologies. Combustion of solid fuels and wastes in a fluidized bed has been widely 
implemented since the mid-70s. Initially, this approach involves the use of an inert material for heat and 
mass transfer. However, the process temperature remains at high level (800-1000 °C).  In this regard, 
high levels of harmful emissions remain, requiring additional gas purification. 

An innovative fluidized bed combustion technology, capable of processing various substandard 
fuels in an economically efficient and environmentally safe manner was developed in the Boreskov 
Institute of Catalysis SB RAS [2]. The main advantages of the technology were achieved by the use of 
a deep oxidation catalyst which eliminates most of the problems, plaguing established combustion 
techniques [3]. 

Nevertheless, currently available deep oxidation catalysts have low mechanical strength and 
requires constant additional loading of the bed material. In addition, toxic chromium compounds are 
often used in the production of deep oxidation catalysts for fluidized bed processes. 

This work is devoted to the synthesis and investigation of a chromium-free, Cu-containing catalyst 
based on magnesium-hardened spherical aluminum oxide granules. To achieve this goal, experiments 
were conducted to optimize the preparation conditions, as well as to study the physico-chemical 
properties of the resulting copper magnesium catalyst. In the study of mechanical, structural and textural 
characteristics, the following analysis methods were used: low-temperature nitrogen adsorption, 
abrasion, crushing, X-ray phase analysis (XRF), scanning electron microscopy (SEM), determination of 
the 50% CO conversion temperature, elemental analysis. 
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Recently, the number of cases of butter adulteration has increased due to the fact that the 
production of vegetable fats is cheaper than the production of animal fats, which significantly reduces 
the cost of the final product [1]. However, unlike animal fats vegetable fats, do not contain cholesterol 
[2]. Literature shows that the cholesterol content of milk fat varies from 204.3 to 382.4 mg/100 g [3]. In 
butter, this indicator averages 220-350 mg/100 g [4]. High-performance liquid chromatography is usually 
used for the qualitative and quantitative determination of cholesterol in oils; however, this method is 
relatively expensive and time-consuming. As such, it is necessary to develop a quick and cost-effective 
method for the determination of cholesterol in butter. One such approach is based enzymatic cholesterol 
oxidation to produce hydrogen peroxide that can then be detected. 

The main producers of cholesterol oxidase enzyme are various microorganisms, including fungi 
of the genera Aspergillus, Colletotrichum, Myrothecium, Penicillium, Pleurotus and bacteria of the 
genera Arthrobacter, Bacillus, Glutamicibacter, Pseudoarthrobacter, Sporosarcina, Metabacillus, 
Paenarthrobacter, Brevibacterium, Corynebacterium, Cellulomonas, Lactobacillus, Pseudomonas, 
Rhodococcus, and Streptomyces. As a result of screening various strains, it was found that 
Cellulomonas and Streptomyces bacteria exhibit the highest productivity in cholesterol oxidase [5]. A 
Streptomyces lavendulae strain capable of producing both intracellular and extracellular forms of the 
enzyme was selected for further work. Initially cultivation was carried out on Chapek's medium; however, 
over the course of the study, the optimal nutrient medium of the following composition was selected: 
yeast extract - 1.2 g, malt extract - 0.6 g, peptone - 1.5 g, MgSO4×5H2O - 0.1725 g, NaCl - 0.15 g, 
KH2PO4 - 0.3 g, agar - 8 g, potato starch - 4.5 g. Such medium results in maximum productivity of S. 
lavendulae strain on the target enzyme. 

Thus, in this work the producer of cholesterol oxidase - Streptomyces lavendulae - was selected 
and the nutrient medium for its cultivation was optimized. This will allow us to obtain the enzyme for the 
creation of an express method for the determination of cholesterol in butter, as an alternative to 
expensive HPLC.  
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Emissions of carbon dioxide into the atmosphere, along with methane emissions, are the main 

cause of enhancing the greenhouse effect. To reduce the CO2 content in the atmosphere, its injection 
into depleted gas fields and chemical binding with hydrogen to produce various valuable chemical 
products, including higher hydrocarbons and alcohols, are proposed. 

In a two-stage reaction of CO2 hydrogenation, carbon monoxide is formed in the first stage, and 
Fischer-Tropsch synthesis products are formed in the second stage. Iron-containing catalysts are the 
most active in this reaction and can be modified with potassium to reduce methane selectivity, cobalt to 
increase hydrocarbon yield, and manganese to increase selectivity towards light olefins [1,2]. 

The aim of this work is to determine the optimal composition of an iron-containing catalyst for the 
synthesis of higher C5+ hydrocarbons. Samples were synthesized by impregnation method with varying 
iron content (wFe = 2.5-10%), potassium (nK/nFe = 0-0.60), cobalt (nCo/nFe = 0.07-0.21), and manganese 
(nMn/nFe = 0.11-0.38). Aluminum oxide γ-Al2O3 was used as a carrier, which is readily available and has 
a high specific surface area. 

Tests were conducted at a pressure of 2 MPa, 300-360°C, in a gas mixture of CO2+3H2. Pre-
reduction was carried out in an H2 atmosphere at a temperature of 450°C. The gas mixture flow rate 
was adjusted so that the CO2 conversion rate on all samples fell within the range of 20-40%. 

Catalytic tests showed that increasing the potassium content in the iron-containing catalysts 
reduced methane selectivity to as low as 10.2%, while selectivity towards higher hydrocarbons C5+ 
increased, reaching a maximum at a ratio of nK/nFe = 0.6. Manganese modification led to a slight increase 
in selectivity towards olefins (up to 6.5%), accompanied by a sharp rise in selectivity towards undesired 
methane and carbon monoxide. Manganese modification using the chosen method proved to be 
ineffective and did not lead to an increase in selectivity towards desired products. Cobalt modification 
turned out to be the most promising. With a low cobalt content, a significant decrease in methane 
selectivity (7.1%) and an increase in selectivity towards higher hydrocarbons C5+ were observed, 
reaching a maximum at nCo/nFe = 0.07. However, with an increase in cobalt content, methane selectivity 
significantly increased. The optimal ratio was found to be nCo/nFe = 0.07. The specific catalytic activity of 
cobalt- and potassium-modified samples was twice that of samples modified with potassium alone. 

The influence of the active component content in the sample on catalytic properties was 
investigated. A decrease in the active component content in samples modified with potassium alone led 
to a predominance of carbon monoxide in the products, as the preferential reaction on iron-containing 
samples is the first stage of CO2 hydrogenation. For samples modified with potassium and cobalt, a 
decrease in the active component content led to an increase in selectivity towards higher hydrocarbons 
C5+. The research showed that the most effective catalyst for CO2 hydrogenation to obtain higher 
hydrocarbons C5+ is one deposited on γ-Al2O3, containing potassium with nK/nFe ≥ 0.30, cobalt with 
nCo/nFe = 0.07, and an active component content of around 3%. 
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Originating at the Japanese enterprise TOYOTA, the concept of lean manufacturing, which is 
based on maximizing quality and minimizing waste, can serve as a tool for improving the quality of 
products of chemical enterprises and reducing the likelihood and damage from man-made disasters. In 
particular, to reduce the likelihood of man-made disasters and minimize damage when they occur, two 
main groups of methods can be distinguished: control and optimization of materials. 

- andon - a tool used to warn and inform managers about problems associated with the production 
process; 

- jidoka - a technique aimed at stopping equipment when a malfunction is detected; 
- khorenso – regular reports between workers and all levels of management. 
This leads to one of the core concepts in lean manufacturing: the gemba - the actual place where 

the work process occurs. In other words, in lean manufacturing the core part of the organization is the 
production units. One of the features of large Russian business is high power distance. This leads to 
difficult communication between production employees and decision makers. In Russian practice, it is 
common that senior management receives information about the situation in a production unit not from 
employees, but through a number of managers. In addition to raising management's awareness of 
production-related problems, Khorosen is also a tool for grassroots initiative, which will allow workers to 
propose their ideas for improving efficiency and safety in the enterprise.  

In addition, lean manufacturing involves delegating most of the control of the production process 
to production workers. Thus, andon and jidoka suggest that any worker should be able to personally 
stop the work process without management approval, which will help avoid defects and disasters. 

Material optimization includes: 
- Kanban is a system for ordering materials, in which an organization, when a material is used up, 

immediately orders a new one. This method requires high integration with the supplier; 
- muda - waste that takes time, but does not bring benefit, in this case the most important are: 

overproduction and excess inventory. 
These techniques are especially relevant for the chemical industry, since it involves working with 

hazardous substances. This imposes a number of requirements for the storage of materials and waste 
disposal. The use of lean manufacturing will minimize the amount of hazardous substances stored in 
the enterprise, which also reduces the likelihood of disasters and damage if they occur. However, to 
implement these mechanisms, testone requires cooperation with the supplier, which requires continuous 
contact and long-term cooperation. 
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Removing asphalt-resin-paraffin deposits (ARPD) is a very important task, since deposits consist of 
highly dispersed mixture of paraffin, asphaltenes, resins, mineral impurities, etc. They can accumulate 
on oilfield equipment walls. Also, deposits can’t fully dissolve and disperse in crude oil streams during 
its production, causing clogging of oilfield equipment, which leads to anthropogenic disasters, because 
the ARPD compounds have a toxic effect on the soil, changing its water-physical properties.  
One of the asphaltene-resin-paraffin deposits diluting methods is usage of chemical solvent. It is rational 
to use a mixture of petrochemical production wastes and surfactants as solvents The mixture of these 
can reduce the negative impact on the ecology and significantly reduce the cost of deposits utilization. 
In addition, the use of petrochemical wastes products  will reduce the value of an effective ARPD solvent. 
The purpose of this work is choosing an effective solvent for the ARPD removal. The effectiveness of 
solvent, obtained from petrochemical wastes, is defined based of its technological properties: dissolving, 
detergent and dispersing ability.  
There are a number of requirements to the solvent. One of the main is the absence of corrosive-active 
impurities, in particular, organochlorine compounds. Therefore, the first stage of work was to study the 
properties of the solvent. The results showed that it is non-toxic, has a very low pour point, low viscosity 
and high boiling point. Also it is corrosion resistant to metals. These properties indicate the possibility of 
using the solvent in oilfield equipment. But to determine the efficiency of solvent, we need to be sure in 
its technological properties. 
The effectiveness of the solvent depends on the composition of ARPD. The second step of research is 
to determine the composition and properties of a number of sediment samples, such as content of water, 
mechanical impurities, asphaltenes, resins and paraffin. According to the composition of ARPD we 
determined the types of deposits. Some of them are paraffinic, other are asphaltenic. 
For each ARPD type the solvent is selected individually according to its technological properties, 
obtained during laboratory analysis. The main criteria of solvent efficiency is its detergent ability. 
Obtained results shoved, that the analyzed solvent shows its high efficiency against paraffinic ARPD.  
Therefore, the analyzed solvent is efficient in washing out asphaltene-resin-paraffin deposits. The usage 
of petrochemical wastes as a main component of solvent can decline the value of solvent. It is also a 
great way to reuse raw materials prepared for utilization, lower environmental damage and effectively 
remove ARPD. 
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Today, thanks to the reasonable policy of the state and the increasing sanctions pressure from 

the "collective West", the Russian pharmaceutical market is on the rise, which makes it possible to 
develop new mechanisms for managing economic entities. The development of new management 
mechanisms requires a thorough analysis of the specifics of the pharmaceutical market, which directly 
affects the level of market uncertainty and the potential risks of choosing a specific management 
mechanism. Important features of the pharmaceutical market include, among others:  

• very high costs for product research and certification;  
• the complexity of developing drugs "from scratch" when implementing an import substitution 

strategy; 
• high proportion of both innovative and pseudo-innovative products;  
• a significant proportion of "niche" products; 
• significant legal restrictions on the use of marketing tools in the promotion of goods; 
• high information asymmetry, which negatively affects the assessment of quality and customer 

loyalty; 
• high dependence on both plant and mineral components (and the quality of their processing) 

and the efficiency of chemical enterprises synthesizing raw components of pharmaceuticals; 
• high dependence on the fashion factor; 
• market participants tend to follow "opinion leaders" who are not always competent in medical 

matters. 
One of the most important issues to be resolved in the pharmaceutical market is the level of 

government support for both the industry as a whole and its individual representatives. In the era of 
sanctions, there is a need to apply the tools of proactive industrial policy. It should be noted that setting 
priorities for industrial policy requires an adequate assessment of both competitiveness and the 
possibility of achieving a certain level of economic security, which requires the development of an 
appropriate methodology. The research conducted by the authors of the article makes it possible to 
assess the competitiveness of products and assess the possibility of achieving global competitiveness 
by various products of the pharmaceutical market. 
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Currently, the development of reverse engineering methods is becoming increasingly important. 
The task of reverse engineering is to study the finished product in order to determine its components 
and reproduce the technology for its production. At the same time, reverse engineering is used not only 
in cases where the technology is not available, but also for a deeper understanding of the properties 
and functions of the object under the study. Reverse engineering has applications in various industries. 
The manufacturing technology of many high-tech products is a commercial secret and industrial 
enterprises try not to reveal it. In addition, in the current world political situation, states are trying to limit 
the joint use of goods and developments by sanctions. Reverse engineering makes it possible to reduce 
the dependence of industries on imports and ensure the industrial sovereignty of the state. Reverse 
engineering is a powerful tool that can be used to both evade sanctions and reveal trade secrets [1]. 
One of the important tasks of reverse engineering in the chemical industry is determining the ratio of 
initial solutions in complex mixtures. Such tasks are relevant for cosmetic products, auto chemicals, 
paints, oilfields chemistry, etc. In the case when the finished product is prepared by mixing several 
complex solutions, the main way to determine the ratio of the initial solutions is to use a system of 
equations based on their chemical composition. But when researching real complex technological 
mixtures, during the preparation of which the chemical composition of the initial components can change 
as a result of chemical reactions, or in the process of storage and transportation, the use of a system of 
equations is often unable to give the correct result, and sometimes even has no solution at all. 

The purpose of this work was to develop a mathematical approach based on multivariate 
statistical methods of analysis, which will allow to reliably determine the ratio of initial solutions in 
complex natural and technological mixtures based on their chemical composition. 

It is known that cluster analysis is used to establish relationships between objects. Cluster 
analysis is designed to divide objects into homogeneous groups based on their characteristics. 
Clustering is carried out based on the statistical distance between objects [2]. We discovered that 
statistical distances can be used to determine the ratio of initial solutions in the mixture. For example, 
when mixing two solutions, their ratio becomes proportional to the Euclidean distance between them. 
When three solutions are mixed, the proportions of the components are defined as the ratio of the areas 
of the triangles that form the mixing pyramid, whose faces are the Euclidean distances between the 
mixing solutions. This method was tested at one of the oil producing companies in Russia in order to 
determine the ratio of miscible formation and injected waters in the production of wells. Calculations 
were carried out using the Statistica 12 software package based on the following water parameters: pH, 
TDS, content of Cl-, Na+, K+, Ca2+, Mg2+, HCO3

-, Fe3+, Sr2+, Ba2+, SO4
2-.  

The results obtained by this method have been shown to correlate well with other markers that 
are commonly used in oil production. It is important that no obvious correlation with the chemical 
composition of the investigated aqueous solutions was observed. In oilfield chemistry this is due to the 
fact that in the process of oil extraction, the oil production waters components are involved in various 
chemical processes, including the scaling, interaction with the reservoir, microbiological processes etc. 
This shows that in this case it would not be possible to solve this problem without using cluster analysis. 
An important advantage of the cluster analysis method is the ability to evaluate the statistical significance 
of parameters, which makes it possible to reduce the influence of components that do not correlate with 
the mixing. Thus, we propose to use the method of cluster analysis in similar tasks of reverse 
engineering to determine the ratio of solutions in complex mixtures, because it is able to take into 
account a wide range of parameters and find out non-obvious relationships between objects. 

References 
[1] Technovation. 2023, 125, 102791. 
[2] Neftegaz.RU. 2022, 5-6 [125-126], 77. 

 
Acknowledgements 
The work was carried out with the financial support of the Ministry of Education and Science, state 

assignment number 0265-2019-0002, using the equipment of the Center for Collective Use of the Far 
Eastern Center for Structural Research of the IC FEBRAS.  

mailto:truhin.ivan.91@gmail.com


 

823 

 

RUSSIA'S CHEMICAL INDUSTRY DURING THE PERIOD OF SANCTIONS PRESSURE: A 
COMPREHENSIVE REVIEW 

Voronin V.A.1, Khayrullova A.V.2 , Pashkus V. Y. 3 

1 St. Petersburg State University, St. Petersburg, Russia, Student 
2 St. Petersburg State University, St. Petersburg, Russia, Student 

3 St. Petersburg State University, St. Petersburg, Russia, Doctor of Economics, Professor 
sevvy@inbox.ru, mega.khayrullova@mail.ru 

 
 

Introduction. The chemical industry in Russia until 2022 was one of the most dynamic industries, 
with production growth of about 80 percent over the decade from 2011 to 2021, but after the imposition 
of sanctions, production decreased. In 2022, another Western sanctions were imposed on Russia, which 
included restrictions, on the one hand, on the purchase of Russian goods, on the other, on the supply 
of machinery, equipment and other products to Russia. This has affected, among other things, the 
chemical industry. Thus, a comprehensive review of the chemical and petrochemical industry is currently 
an urgent topic for research. 

Structure. The contribution of the chemical industry to the GDP of the Russian Federation, 
according to preliminary data, increased by 1 percentage point last year, rising to the level of 1.3%. 

The chemical industry, which is under the jurisdiction of the Ministry of Industry and Trade of the 
Russian Federation, includes the production of basic chemicals (mineral fertilizers, soda ash, caustic 
soda, other chemicals), paints, chemical fibers and yarns, plastic products, other chemicals, including 
special chemicals, as well as tires and rubber products, as well as pharmaceutical production.  

Domestic production and market. Domestic production in the chemical industry decreased by 
about 3.8% in 2022, mainly due to a decrease in exports of chemical products, especially mineral 
fertilizers. In 2023, the production of chemical products (excluding pharmaceuticals) increased by 4.6% 
compared to 2022.  

Foreign trade. In recent decades, Russia has been an exporter of petrochemical products 
(polymers, rubber, plastics), chemicals (dyes, acids, alkalis), fertilizers, as well as other important goods. 
In return, the country bought raw materials and equipment. The sales market for Russian companies 
was represented by states from almost all over the world. In 2022, the trade turnover with Europe related 
to the chemical industry has significantly decreased. Russia partially solved the problem of a shortage 
of supplies of high-tech industrial products through an import substitution policy, and also expanded its 
sales market in Asia and Latin America, which contributed to maintaining the stability of trade in chemical 
and related products.  

Stock Market. At the end of 2021, the Russian stock market is falling. This happened against the 
background of statements by the Western media about Russia's plans towards Ukraine, as well as the 
general political situation. The fall also affected the stock market of Russian companies producing 
chemical products. The Moscow Chemical and Petrochemical Exchange Index (MOEXCH) fell by more 
than 13% from December 2021 to February 2022. However, by April, the market valuation of the 
companies had declined again. The fall also occurred after the announcement of partial mobilization in 
Russia. This was followed by almost a year of continuous growth, after which the entire Russian stock 
market, including chemical companies, went into correction. 

The main trends. Now, the chemical sector of the Russian Federation, like the entire Russian 
economy, is in the process of restructuring. The decline in production in one area occurs against the 
background of the rise in production in another. While one company is operating at a loss, the other is 
increasing revenue. Some companies have found new investors, suppliers and sales markets, have 
been able to make changes in the personnel and management system, and some have not yet. Also, 
the chemical industry is actively supported by the state through additional subsidies during a difficult 
period. 

Conclusions. The chemical industry has withstood the first two years of large-scale economic 
sanctions from the West. There was no serious decline anywhere – production, trade, as well as the 
stock market quickly recovered to previous levels, and somewhere they were surpassed. New trends 
are just being formed, so it is impossible to say exactly which trend of the industry's development will 
become long-term. However, based on the latest news and statistics, it can be argued that the state of 
the chemical industry is currently in a satisfactory state. 
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Disperse-filled polymer composite materials (DFPCMs) are widely used due to their low density. 

Their physical and mechanical properties can be regulated over a broad range through changes in the 
structure type and characteristics of filler particles. The cost of final products made of DFPCMs is usually 
lower than those made of polymer materials without adding the filler, as there is a significant difference 
in cost between fillers and the majority of conventional thermoplastics and thermosets. 

In order to calculate the maximum possible economic value, it is necessary to determine the 
maximum filler content parameter (φm). The cost of the product would decrease with the reduction of 
the polymer matrix proportion, which could be achieved by increasing the number of the filler particles. 
To increase the value of the parameter φm, a special dense structure has been developed by adjusting 
the grain size distribution. These close-grained structures usually consist of two or three fractions of 
fillers with different particle sizes. 

The generalized parameter ϴ made it possible to classify all DFPCMs into the types of structures 
(diluted (DS), low-filled (LFS), medium-filled (MFS; MFS-1 up to the yield point and MFS-2 with a yield 
point), highly filled (HFS) and ultra-high-filled systems (UHFS)). It takes into account the parameter φm 
and the filler’s characteristics. The generalized parameter ϴ determines the proportion of the polymer 
matrix (binder) for organizing a continuous layer between dispersed filler particles in the DFPCM. 

The aim of this research is to assess the economic efficiency of two-fraction polydisperse polymer 
composite use. 

Micronized silica sand flour SIKRON SF800 with a size of 2 µm (Quarzwerke Group Ulyanovsk, 
Russia) and quartz sand grade 10 with a size of 10 µm (Batolit, Russia) were used as a filler, with 
granular polyethylene LDPE (Technoimpex, Russia) being applied as a polymer. 

In order to calculate the maximum economic possible benefit, the parameter φm was determined 
using the compaction curves obtained by means of the I11M universal testing machine 
(TOUCHPRIBOR-KB) in compression mode (according to GOST 4651-2014). The cost of the final 
product is calculated using formula 1 [1]. 

𝐶𝐶𝑀 = 𝜑𝑝𝐶𝑝 + 𝜑𝑚𝐶𝑓 (1) 

where CCM is the cost of a composite material; φp and Cp represent the content and cost of the polymer 
matrix respectively; φm is the maximum content of mixture of dispersed fillers in different sizes, Cf 
represents the average cost for two types of fillers. 

Figure 1 shows that it is more cost-efficient to use DFPCMs instead of the unmodified polymer. 
The two-fraction systems with increased parameter φm are cheaper as compared to the one-fraction 
systems. 

 
Figure 1. Relation between generalized parameter ϴ and price of: 1 – the polymer without filler; 2 – 

the polymer with SF800; 3 – the polymer with quartz grade 10; 4 – the two-fraction polydisperse 
polymer composite 

Research [2] recommends using MFS-1 in order to increase mechanical properties. In the 
structures concerned, the value of the two-fraction polydisperse polymer composite is lower by ⁓5% as 
compared to the price of the polymer with SF800 and it is lower by ⁓14% as compared to the cost of the 
polymer without a filler. 
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