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Plenary speaker

THE MOLECULAR BASIS OF TETRAPYRROLE ACTION
AS NANOPHOTOTHERANOSTIC AGENTS

Gorbunova Yu.G.?!

1 Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences,
Moscow, Russia
Professor of the Russian Academy of Sciences, Academician of the Russian Academy of Sciences,
Doctor Sci. (Chemistry)
yulia.gorbunova@gmail.com
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Plenary speaker

THE WONDERFUL WORLD OF ORGANIC PEROXIDES
Terent’ev A.O.1

IN.D. Zelinsky Institute of Organic Chemistry Russian Academy of Sciences, Moscow, Russia
Corresponding Member of the Russian Academy of Sciences, Professor of the Russian Academy of
Sciences, Doctor Sci. (Chemistry)
terentev@ioc.ac.ru
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Plenary speaker

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!*2, including hydrogen
evolution reaction (HER), oxygen evolution reaction (OER), oxygen reduction reaction (ORR), and CO:
reduction reaction (CO2RR), will be covered. Examples include our own studies on OER behaviors of
nickel-based catalysts (Ni(OH)2, NiO, and Ni)i® and NiFe-LDH/Co0304 p-n heterojunction supported on
nickel foaml* 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—
1.47T).
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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
Nickel-Based Materials. J. Mater. Chem. A 2022, 10, 1760-1767.
[4] Yuanyuan Zhang, Ping Guo, Siqi Niu, Jie Wu, Wei Wang, Bo Song, Xianjie Wang, Zaixing Jiang, Ping
Xu*. Magnetic Field Enhanced Electrocatalytic Oxygen Evolution of NiFe-LDH/Co03z04 p-n Heterojunction
Supported on Nickel Foam. Small Methods 2022, 6, 2200084.
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Plenary speaker

GREEN PRODUCTION AND APPLICATION OF NANOCELLULOSE
SuR., 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.

Microfibril bundle
D:1-3 um_

Cellulose fiber A
D: 20-50 p.

Mircofibril
D: ~200 nm

Marine antifouling
B’

Edible coating

Elementary fibril

D:|~5 nm %%

Scheme 1. Production and application of cellulose nanocrystals and nanofibrils.
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[2] ACS Sustainable Chemistry & Engineering 2022, 10, 13266-13276
[3] Journal of Cleaner Production, 2022, 345, 131073
[4] Green Chemistry 2023, 25, 5041-5050
[5] Carbohydrate Polymers 2022, 294, 119803
[6] ACS Sustainable Chemistry & Engineering 2022, 10, 8876-8884
[7] Carbohydrate Polymers 2023, 304, 120504
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[9] Chemosphere 2023, 313, 137647
[10] Water Research 2023, 243, 120420
[11] Carbohydrate Polymers 2023, 312, 120807
[12] Separation and Purification Technology 2022, 295, 121266
[13] Cell Reports Physical Science 2023, 4, 101511.
[14] Chemical Engineering Journal 2022, 450, 138256
[15] Carbohydrate Polymers 2023, 320, 121211
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Plenary speaker

LIGNOCELLULOSIC BIOMASS AS A SOURCE TO PRODUCE BIOFUELS, CHEMICALS, AND
POLYMERS, IN THE CONTEXT OF BIOREFINERY

Pasquini D.

Federal University of Uberlandia, Uberlandia, 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.
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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
[1] Catalysts 2021, 11, 309
[2] Bioresour. Technol. 2022, 344, 126241
[3] Handbook of Biomass 2024, chapter 5, 105
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Plenary speaker

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 hanoobjects. 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 nanoobijects, 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.

References
[1] Nanoanalytics, S. Shtykov (Ed.), De Gruyter, Berlin, 2018, 3
[2] Analytical Chemistry. Vol. 3, A.A. Ischenko (Ed.). FIZMATLIT, Moscow, 2020, 96 (in Russian)
[3] Pure Appl.Chem. 2023, 95, 133
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Plenary speaker

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. | 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 | 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.

Acknowledgements
This work was supported by Russian Science Foundation (grant 19-72-30043).
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Plenary speaker

SCIENCE-INTENSIVE ECONOMY AND SYSTEMIC TECHNOLOGICAL TRANSFORMATION IN THE
MODERN DEVELOPMENT OF THE CEMICAL INDUSTRY

Korableva O.N.1!

1St. Petersburg State University, St. Petersburg, Russia
Professor, Doctor Sci. (Economics)
0.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.

19


mailto:o.korableva@spbu.ru

A

ADVANCED MATERIALS
AND TECHNOLOGIES

20



7

KEYNOTE & INVITED SPEAKERS

21



KEYNOTE SPEAKERS

Dr. Sci., Prof. Pavel Postnikov

_ Research School of Chemistry & Applied Biomedical
pg Sciences, Tomsk Polytechnic University, Tomsk, Russia

Plasmon-Assisted Chemistry: From Mechanisms to
Application

Dr., Prof. Lei Wang
Harbin Institute of Technology, Harbin, China

Construction of Artificial-Cell-Based Micromotors
and the Investigation of Their Life-Like Behaviors

INVITED SPEAKERS

Dr., Prof. Jianmin Sun
Harbin Institute of Technology, Harbin, China

Design of Lewis Acid-Base Bifunctional Catalyst for
Chemical Conversion of CO2 to Cyclic Carbonate

Dr. Kirill Grzhegorzhevskii

Head of Laboratory of Nanocluster Polyoxometalates
Functional Design, Institute of Natural Sciences and
Mathematics, Ural Federal University named after the First
President of Russia B.N. Yeltsin, Yekaterinburg, Russia

Hybrid Nanocluster-Embedded Hydrogels for The
Controlled Drug Release and Bioink Application

22



Keynote speaker

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.

Plasmonic catalytic systems Controlled polymerization (NMP, RAFT)
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Figure 1. The applicability of plasmon-initiated reactions in chemistry and materials science.

References
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Prog. Polym. Sci. 2023, 144, 101726
[2] J. Phys. Chem. Lett. 2020, 11, 5770; Chem. Sci., 2021, 12, 4154; ACS Catal. 2023, 13, 2822
[3] Nanoscale, 2020, 12, 14581; 2D Mater., 2021, 8, 045037; Chem. Eng. J., 2023, 476, 146399
[4] Nanoscale, 2024, 16, 5313
[5] J. Mater. Chem. A, 2021, 9, 8462
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Keynote speaker
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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.

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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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 CO: 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 CO:2 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 CO:2 activation and conversion, a series of Lewis acid-base binary
catalyst systems, including N-heterocyclic compound/ZnBrz, melamine/Znlz and dicationic ionic liquids
(ILs)/znl2 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 CO2z 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 CO: capture capacity under ambient conditions due to the cooperative effects of the surface
area and quantitative anchoring Lewis base units.
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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) {M0132}, 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 interactions-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.
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Scheme 1. The preparation of the hybrid hydrogel with embedded Keplerate {Moz132} for controlled
drug release.

The adaptive behaviour of the POM-embedded polymer system can be extended to bioink
production, where the other Keplerate {Mo72Feso} 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 (0%, 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.

o P % EQo>
°“Q y o ° 00’ 0{69 ©
o @ a, Qo &
ABO; EYPRO
g 0 %
AA’BO,

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

In 2015, the transfer of O? 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 BaLalnOa4,
which has the same structure [3,4]. In order to research the processes of ion transfer (0%, H*) and to
increase the conductivity, isovalent doping of La®* ions onto REE®* ions was carried out. Doping with
Sms* ions has been shown to increase the proton conductivity by up to 2 orders of magnitude at 420 °C.
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 (I0T) [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-TiOz2)
as for CHaNHzsPbls [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 Cso.17FA0.83Pb(lo.6Bro.s)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, Cso) 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).
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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 SnO: 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.
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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 nanopatrticles 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 decompaosition
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 SnO:2 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.
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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 nanopatrticles 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.
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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 -
NO:2 (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 patrticle 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]. CeO:2 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 (lll) 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 CezTi2O7, Ce23TiO3, CeO2 phases. During the washing procedure, the composition
of the samples, changes: the content of CeO: increases, while the content of Ce:Ti2O7 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 CHs3COOH and H3PO4 than in HCI, 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 ' was achieved, which is close to the
theoretical value for LiFePO4 of 170 mAh g™. 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).

TESCAN MIRA

Figure 1. Transgranular fracture of “Ildeal” ceramics.

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

Consequently, «ldeal» 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 215t 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 BisNbTiOg with different morphology in the process of the
decomposition of methylene blue as target organic pollutant.

Two sampales of BisNbTiOs have been synthesized by two methods: solid state high
temperature synthesis (900°C, 5 h) and molten salt method (800°C, 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 BisNbTiOg 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 BisNbTiOg 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.
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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 ¢Co or 37Cs 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 Cso.17FA0.s3Pbl1sBri2 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 Csoi7FAocssPbligBriz 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 1°°Mo, which benefits from high
decay energy and natural abundance. Projects such as AMoRE-II [1] and CUPID-Mo [2] use the Li2M0oOa
scintillation crystal to study neutrinos in underground laboratories, where space is an important aspect.
Therefore, we became interested in the scintillation crystal NasM011O3s due to the higher mass content
of molybdenum, lack of hygroscopicity and possibly higher light output due to larger density and [MoQOa4]*
and [MoOgs]? 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 NasMo01103s crystal is shown in Figure 2.
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Figure 1. Scheme of the low-thermal-gradient Figure 2. NasM0110ss crystal.
Czochralski technigue.

The NasMo01103s 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.

References
[11 Yoomin Oh, AMORE-Il preparation status, PoS (TAUP2023), 2024, 441, 214,
https://doi.org/10.22323/1.441.0214.
[2] C. Augier et al., Final results on the OvBp decay half-life limit of 1®Mo from the CUPID-Mo experiment,
Submitted to Eur. Phys. J. C. 2022, 82, 11, 1-20, https://doi.org/10.1140/epjc/s10052-022-10942-5.

Acknowledgements
This work was supported by the Russian Science Foundation Ne 23-23-10068 and Novosibirsk
Region Grant Ne p-49 (https://rscf.ru/project/23-23-10068).

41


mailto:a.bondareva04@mail.ru

PHARMACOKINETIC STUDY OF NANOPARTICLE-BASED PACLITAXEL FORMULATIONS
AFTER PRE-TREATMENT WITH RITONAVIR

Boyko S.A.1, Esefieva T.Yu.%, Kovshova T.S.1, Malinovskaya J.A.1, Abakumov M.A.%, Gelperina S.E.1

1 Mendeleev University of Chemical Technology of Russia, Moscow, Russia
2Pirogov Russian National Research Medical University, Moscow, Russia
Postgraduate
718bsvetlana@gmail.com

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, {-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, ¢ 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 H202 (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
NisSi20s(OH)4 hydrosilicate hanotubes 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 Co203z and
Nio.sC00.5(OH)z2, silicon was introduced as nickel metasilicate NiSiOs and SiO2 oxide in agueous solutions
of NaOH and Na:SOs. 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 C0304 is
formed while preserving the nanotubular phase of the hydrosilicate (component ratio
NizSi205(OH)4:C0304 = 55,5:44,5 wt%).

When introducing cobalt compounds in situ, the use of Na2SOz 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 C020s3
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.
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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 um and 225-250 um) - 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 — “ldeal” 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 p, glcm? E, GPa v, km/s Owar, MPa Kic, MPa -m¥/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
B4C 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
Tiae.2Niso.s 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 uym in size, whereas in the
UFG structure specimen, the pittings are larger, reaching 2 um. 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.
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Scheme 1. Polarisation curves of Tis2Niso.s 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% NacCl, 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 HCa2Nb3010 and H2La2Ti3010. It was found that the
sequence of procedures for modifying layered oxide H2La2Ti3010 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 H2La2Ti3010/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 superpaosition 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 BizOs-TiO2—Fe203 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.
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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) SnO. samples were
obtained from ammonium hydroperoxostannate sol by annealing for 24 hours at 300 and 500 °C.
Reference samples were obtained by annealing of B-SnO2*xH.O at same temperatures. Different
morphology of the obtained materials was confirmed by SEM images. For 3D SnO3, 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 Hz methods revealed oxygen deficiency in 3D SnO:2 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 SnO: synthesized at 300 °C (Sn02-2D-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 SnO: 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 SnO:2
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 SnO:2 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 SnO: crystalline
structure. In this case, in contrast to the low-temperature range, the absence of chemisorbed oxygen on
the surface of 2D SnO:2 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 SnOz-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 NHs 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 SnO: structure.
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Figure 1. Sensor signals for different reducing gases CO (left), NHs (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 MeFe204 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 CoFe204, MgFe204 and C0o.5Mgo.sO4
were studied using a model reaction of DNP oxidation with hydrogen peroxide. The dye concentration
was measured using a photocolorimeter "KFK-3-01 "30M3™. The irradiation was performed using a

UVb UVC-E27, 20W UV lamp and a LightBest UVC-E27, 25W UV lamp.
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Scheme 1. Kinetic curves of the DNF oxidation reaction under UV irradiation.

The photocatalytic activity of nanoscale MgFe204 in the process of phenton-like oxidative
degradation of DNF is higher than that of CoFe204 and C00.5Mg0.504 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 H202. Monitoring H202 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.

A npobenbl Mmexay ab3auamu — 3To Tak no wabnoHy?

The suggested system is based on electrochemical sensors with Prussian blue (PB) as the most
selective and sensitive H20:2 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 H20: contents in the aerosol is determined by the potential step: at a potential step of 0.7 V —
from 0.05 pM to 0.5 pM, 0.65 V — from 1 yM to 15 pM, 0.6 V — from 5 pyM to 20 pM. 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 H202 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, H202 concentrations in exhaled aerosol range from 0.5 to 10 yM, 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 (“ldeal” ceramic) was synthesized from
diamond powders of different fractions (20—28 uym and 225—-250 um 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].
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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 Cso,17(CHsN2)o,s3Pbl1gBr1,2
WBG perovskite (Eq = 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 (f=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?) and bending (1490-1350 cm?) vibrations of branched fragments —CH, —CH., —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°C) and the organic part (154 — 505°C) of the AS structure. With further increase in
temperature (>505°C), 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.
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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)z:Al2Gaz012
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 NH4HCOs. 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%H:), 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
JSM 7100 F was used in back-scattered (BSE) mode to analyze the samples (Scheme 1).
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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 (Hz2PtCls, PdCl2, Cu(OAc)z2) 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 Hz evolution was observed for all samples. No release of Oz into the gas
phase and H20: 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% H20:2 solution were also analyzed.
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Figure 1. IR spectra of 1%Pt/TiO2 P25 after reaction and treated with H202 (+ H202) 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 H20:2 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 m?/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 10* 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 x 102 s, for coal t is 101 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@ SPIONSs 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.

This work was supported by Ministry of Science and Higher Education of the Russian Federation
(Agreement No. 075-15-2022-301).
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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
CsSrzTasO10 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 CsSr2TasO10 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 CsBiNb207
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, ¥C 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, CsBiNb207 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 HBiNb20O7 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 °C 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, nanopatrticles were
resuspended in a certain volume of deionized water and stored at +4 °C.

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 TiOz2, ZnO,
Fe203. Compared with other semiconductors, a-Fe2Os has a narrow band gap (Eg~2.1 eV) and
excellent chemical stability®. It is non-toxic and environmentally friendly material. The main disadvantage
of a-Fe203 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-CsN4
is a two-dimensional heptazine-based semiconductor with excellent photocatalytic properties.

Its allotropic modification, poly(triazine imide) (PTI)?, 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-
CsN4 and poly(triazinimide) is limited due to the high recombination rate of photogenerated e~/h*.

Research has shown that by combining a-Fe203 with other catalysts to form heterojunctions, its
catalytic performance can be improved. Most of the known carbon-based Fe2Osz composites have been
applied in the field of photocatalysis®. 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.
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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, Hm | FWHM, HMm Amount of
precipitator, ml
5 minutes of 24 51 170 6 478 97 -
synthesis
35 minutes of 87 6 481 102 -
synthesis
55 minutes of 55 5 481 97 -
synthesis
1 fraction 51 2 486 113 -
3 51 69 2 483 116 5 ethanol
2 fraction 3 acetone
24 108 2 484 110 5 ethanol
3 fraction 6 acetone
3 660 2 480 103 5 ethanol
4 fraction 9 acetone
5 fraction 4 146 1 486 96 5 ethanol
19 acetone
10 isopropyl
alcohol

Table 1. Properties of cerium oxide nanopatrticles.
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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( Il), Ni(Il), Ag, Zn, Co( Il).

Synthesis of CNTs was performed by CVD at 600 °C, 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.

S,

u

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
unigue UCNPs@MOFs heterostructures for nanomedicine. Alongside inherited advantages from parent
UCNPs on imaging and parent MOFs with porous structure on chemodrugs delivery, upconversion
Forster 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.t
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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 | and Type Il 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 Cu?* 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.? 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).

70


mailto:dujiarui@stu.hit.edu.cu

A NEW APPROACH FOR OBTAINING COMPOSITE CERAMIC MATERIALS IN THE Na20-CaO-
SiO2-P20s5 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
(Na20°+nSi0Oz2) 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/Na20) 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
Na2COs.

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°C consisted of sodium-calcium silicate NasCasSisO1s and
B-rhenanite B-NaCaPOa. 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 Na20O—-CaO-SiO2—P20s system.

71


mailto:M.R.Kaimonov@yandex.ru

INDIUM METAL-ORGANIC FRAMEWORK AS A POTENTIAL DRUG DELIVERY SYSTEM
Kalmakhelidze M.V., Mukhanova E.A.

International Research Istitute of Smart Materials of the Southern Federal University, Rostov-on-Don,
Russia
PhD Student
kalmahelidze @sfedu.ru

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 (Ill) 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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lon 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 um 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 agueous 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.
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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-CzNs due to its narrow
band gap (2.7 eV) and high reduction potential of photogenerated electrons [1]. However, pristine g-
CsNa4 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-CsN4 and its visible-active
composite photocatalysts (x wt.% g-CsNa4/1 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-CsN4, 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-CsN4 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
(Co=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(Hz) on the mass fraction of g-CsN4 in the samples. With the
increase of g-CzN4 loading up to 10 wt.% the hydrogen release rate increases and reaches 713 pmol
Hz-g1-ht, which is 1.5 times higher than the activity of 1% Pt/TiO2 (473 pmol Hz2-g1-h'1). Further rise in
the mass fraction of g-CsNa4 leads to a smooth decrease of W(Hz) to 50 pymol H2-g*-h-Xfor 1% Pt/g-CzNa.
According to XPS data, the photocatalyst surface composition remains unchanged despite Pt?*
undergoing reduction to Pt%, 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 (CeFz), which is functionalized with flavin - mononucleotide (FMN). CeFs 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 CeFsz 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.

CeFs NPs were synthesized by precipitation in alcoholic media. The NPs were then functionalized
by the addition of a FMN solution. CeFs 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 CeFz 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 CeFz NPs is 0,50, whereas for the CeFz+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 CeFs. 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 CeFs and FMN-modified CeFs 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 106, 105, 104, 10 M. It was found that within the tested concentration range, neither CeFs nor
CeFs+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 CeFsz 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 (CpLca and Ccur),
rate of addition of the organic phase to aqueous phase (u), and stirring rate (w).

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 ug/mL, and then the mixture was incubated at 37°C 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 4°C 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 CpLca. 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 (TiCls) 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 TiCls 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-TiCla 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-TiCls 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.
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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, whichis 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(l) cluster with thiamazole using a modified procedure that has
advantages over that published in the original paper (Figure 1).

104
9
2 8
N o 71
4 [CuNCMe)PFs /1 \ .- Cu/)l\\ % 6
. + NEt, \s N\ = 5]
M82CO \
N 44
RT: 1h 4
L—="" @N \// 0
N /k """ Cu \r 15 20 25 30 35 40 45
\ /N S// \Nl\) T, OC

Figure 1. Scheme of the synthesis of the copper(l) 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].
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Figure 1. Schematic illustration of the preparation of BP—CClz (a) and BP—CHzs (b).

Size, thickness, and morphology of the obtained materials (BP—CCl. and BP—CHs) were
characterized by the methods of atomic force microscopy and transmission electron microscopy. The
covalent functionalization of BP—CCl2 and BP—CH3s 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 (hanodiamonds 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.

Hardness (HV)

200~

Pure Ni ND/Ni ND TiC/Ni

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 MgsSi2Os(OH)4 with chrysotile structure is
unigue 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 NisSi2Os(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 MgsSi20s5(OH)s-NisSi2Os(OH)4 system.

Hydrosilicates of the composition (Mg1-xNix)3Si20s(OH)a4 (X € [0, 1]) were prepared using the
hydrothermal synthesis method. The starting mixture contained co-precipitated hydroxides of the
composition Mg1xNix(OH)z (x € [0, 1]) and silicon dioxide. The NisSi2Os(OH)4 sample was prepared from
Ni(OH)2 and nickel metasilicate NiSiOs. 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 (Mgi1xNix)3Si2Os(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 (Mgi-xNix)aSisO15(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 NisSi2Os(OH)a 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).

S

n
::.Nil‘ O

. G £ @’(v /‘

] N = 4 GG
7| MO, (9BwtH) N\ - y 4 ey A =405 nm
75 °C, 1 min / 7 Pachil 638 mW, 9.4 mm/s
[ PET 4 PET PET |

PET waste PET-H PET@Ni-BDC PET@C(Ni)

.

. _E=382MPa

ARIR,, %

o 300 600 900 1200 1500 ) 1000 2000 3000 4000 0 5 10 15 20
Time,s Time,s Stretch, %

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 38.2to 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 “loT” concept.
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Organic electronics is an actively developing area that allow fabrication of biocompatible devices with
unigue 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.
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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 Lz-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]ClOa4) 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 — LiCIO4 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).
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Figure 1. The voltage curve of the system (1-x)[N13pip]ClO4 - xLiClOa.

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 (Galn) 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 m?, 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.
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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).
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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.

References
[1] Maier S.A. Plasmonics: Fundamentals and Applications / New York, NY: Springer 2007
[2] Paiva-Marques W.A. et al. Chiral plasmonics and their potential for point-of-care biosensing
applications // Sensors (Switzerland). MDPI AG 2020. 20(3). 944-963

Acknowledgements
This work was supported by the Russian Science Foundation (22-13-00126).

88


mailto:katerina.m.lobanova@gmail.com

MAGNETIC CILIA PLATFORM FOR PH SENSING BY FLEXIBLE SENSOR
Lyashchuk V.K.1, Kladko D.V.?

HTMO University, St. Petersburg, Russia
Student
lyaschuk@scamt-itmo.ru

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/AgClI 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 -1 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 nanopatrticles 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 nanopatrticles, 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 nanopatrticles 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 patrticles of the drug substance inside and on the surface of which there are
inorganic nanopatrticles whose size corresponds to the size of the particles in the original colloidal
precursor solution.
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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 agueous 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 (y-AIOOH) 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 Al203 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 enanthaldehyde (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.% TiO: 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.

References
[1] Plastics Europe. Plastics — the Facts 2022

Acknowledgements
This work was supported by the Russian Science Foundation (grant No. 23-74-10069).

93


mailto:masrita1414@gmail.com

PREPARATION OF NANOCOMPOSITES BASED ON EXFOLIATED ORGANIC-INORGANIC
DERIVATIVES OF LAYERED DOUBLE HYDROXIDES AND LAYERED PEROVSKITE-LIKE OXIDES

Matsenko R.O.%, Silyukov O. I.1, Kurnosenko S.A.2
1St. Petersburg State University, St. Petersburg, Russia
Student
st092192 @student.spbu.ru

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: Mg2AI-LDH, Ni2Al-LDH, Co2Al-LDH and 3 layered
perovskite-like oxides: KCaz2NbsO10, CsCazxTaz010 and KzLazTisO10. 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 A, 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.
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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, technigues 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 nanopatrticles.

In this work, Al203 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.
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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.
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Scheme 1. Values of the total volumetric capacity Vr of the ALNG system (A) loaded with designed
micro-mesoporous carbon composites (B) compared to the best samples of carbon adsorbents (AR-1)
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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 nanopatrticles.
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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
agueous n-alkane dispersions coincide with published data.

References
[1] J. Chem. Phys. 1994, 101, 10873
[2] J. Chem. Phys. 1993, 98, 5809
[3] Int. J. Heat Mass Transfer 2020, 161, 120285
[4] [website] URL: http://npcounter.ru/ (Cited May 11, 2024)

Acknowledgements
This work was supported by the Russian Science Foundation (project No 24-29-00563).

99


mailto:danamrachkovskaya@yandex.ru

BIOCOMPATIBLE CERAMIC MATERIALS BASED ON Cas3(P0O4)2-CaNaPOs4 SYSTEM
Murashko A.M.1, Filippov Ya.Yu.l

1Lomonosov Moscow State University, Moscow, Russia
Student
murashkoam@my.msu.ru

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 Cas(PQOa)2 (TCP)
and CaNaPOua. A neutral pH of 7.4 is maintained in the human body, which, according to calculations,
can be obtained for Ca-xNazx«(POa4)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 Cas(POa4)2-CazsNa(POa)2 to obtaining of
biocompatible ceramic materials.

To clarify the quasi-binary section of the phase diagram of the Caz(POa4)2-CaNaPO4 system in the
high-temperature region, the fabrication of B-TCP and CazsNa(POa4)2 phase «A» 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 °C 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 °C.

The limits of existence of the two-phase region of 3-TCP and «A» phase were determined, which
lies in the range from 20 to 100 mol. % of «A» at temperatures from 1000 to 1150 °C. For compositions
with x = 0.273, the formation of a-TCP and «A» phase was found in the high-temperature region.
Biphasic ceramics based on the composition of 50 mol% a-Caz(PO4)2 / 50 mol% «A» were obtained by
sintering at 1300 °C 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
°C 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 3-Cas(PO4)2 and phase «A», it was decided
to use a multi-stage heat treatment approach. Under such a regime, heating up to 1300 °C with a long
holding time was carried out to ensure efficient sintering of the material, followed by cooling to 1100/1030
°C 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
Agz2Se 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/Ag-Se
nanoparticles (NPs) a promising material with enhanced photocatalytic activity. Here, we demonstrate
the influence of dielectric Mie-resonances in colloidal a-Se/Ag-Se 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.
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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/Ag=Se NPs of 50 nm (without Mie-resonances) and
200 nm (with Mie-resonances at A>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 uM 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 A>620 nm, favoring e-h pairs photogeneration in Ag=Se 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/Agz2Se 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.
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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.
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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 Sl).

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 150°C 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
anacidic solution of sodium nitrate (104 pl 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 (10°C) in a dispersing agent, after
whichthe 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 PPFAGNRSs. 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).
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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 TiO:z 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 FeCls (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! 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 Il 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.
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Figure 1. Photocatalytic performance of the 0.2 mol% Fe3®*-doped sample for the degradation of
Orange Il 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). 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.
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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 COz2, 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 ZrO: 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-Y203 were prepared from microcrystalline
powders (Daver ~ 4-5 um) of WC, ZrC and Y203 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 C3sHsO — 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 °C and
vacuum ~ 102 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 um.

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-ZrOz oxide, and when Y203 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 ZrO:
in WC-based ceramics leads to a reduction in microhardness, but increases its crack resistance,
especially in the case of the tetragonal phase t-ZrO:2 (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), LiMn204 (LMO), LiNixCoyMn;O2 (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 LiNixCoyMn:O2 provides both high specific capacity (2220
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 um. 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/m?). 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/m? 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 Iz 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 TiOz/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 SnOz 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 SnO:z 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 (Cai(PO4)s(OH)2) and tricalcium
phosphate (Cas(PQOa4)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 Mgs(POa4)2 and MgaNa(POa)s, and to investigate the process of
ceramic resorption in a simulated environment of citric acid solution.

Mixtures based on Mgs(POa4)2 and MgsNa(PQOa4)s were prepared to obtain ceramic materials. For
the synthesis of magnesium orthophosphate (Mgs(POa4)2), a solid-phase method was
used. The precursors used were magnesium oxide (MgO) and magnesium pyrophosphate (Mg2P207),
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, Na2COgs, at 900 °C and 600 °C with exposure for 10 hours.
MgaNa(POas)s was obtained by a solid-phase method from mixtures of MgNaPO4 and Mgs(POa)2.
Ceramics based on these mixtures (Mgz(POas) and MgsNa(POa4)s) were produced by pressing tablets
with a diameter of 8 mm. The mixtures were calculated based on the reaction:

(1-3x)Mgs(POa)2 + 2xMgaNa(POa)s — Mg(s-xNazx(POa)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 Mgs(PO4)2 and MgsNa(POa4)z 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 unigqueness 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™2, 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 nanopatrticles 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 vag+:vVepa and vag+:vma 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 marphology and rate of nanophase formation by varying the method
(thermo-/photo-) and initiation [T, “C/Ainit] 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 (vag+/Vepa = 1:5,
1:4 n 1:2 at Tsynth = 25°C; 2:1 — 4:1 at Tsynth = 50°C) and Ag@G2-estMA (vag+:vma = 1:70, 1:50, 1:28,
1:12, 1:4 at T = 100°C under thermal initiation conditions and A = 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.

References
[1] Current Research in Green and Sustainable Chemistry 2021, 4, 100205
[2] Drug Resistance Updates 2023, 68, 100935

Acknowledgements

The work was carried out with the support of the academic leadership of the Kazan (Volga region)
Federal University “Priority-2030”. This work was supported by the Russian Science Foundation (project
No 22-73-10036).

116


mailto:vaaprytkov@gmail.com

MULTIFUNCTIONAL SORBENT/PHOTOCATALYST MATERIALS BASED ON Mg-Al LAYERED
DOUBLE HYDROXIDES

Rashitova K.I.1, Gerasimov S.A.1, Bobrysheva N.P.%, Osmolowsky M.G.1, Osmolovskaya O.M.!

1St. Petersburg State University, St. Petersburg, Russia
Student, First-Year Master's Degree
rashitovaki@gmail.com

The purification of industrial wastewater containing ions of toxic heavy metals (Cu?*, Co?*, Ni?*,
Fe3* and Pb?*), 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 Mg2AI(OH)z. It has been shown that doping leads to an increase in the distance between
layers. FTIR spectra represents characteristic peaks of LDH with NOs- 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 Cu?*, Co?*, Ni?*, Fe3* and Pb?" 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 (ll) - [-Ni(MeSaltmen)-]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).
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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.
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Scheme 1. a) The molecular structure and LUMO orbital of TX-A4; b) Schematic of the photocuring
process; ¢) 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 H20) 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 Density Water absorption Compressive Flexural
calcined clay glem3 % strength strength
oC MPa MPa
7 days 28 days 7days | 28 days | 7days | 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
600°C 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,
Fe203) 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(POa4)2-H20,
NH4Ce2(PO4)3, KCe2(POa4)s 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)s and
KCe2(PO4)s 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 (NHas)2Ce(PO4)2:H20 and NH4Ce2(PO4):s 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(PQOa4)s 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 NH4+Ce2(POa)s 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
COs.. This interest is due to the increase in the concentration of CO: 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 Al203, 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 CO:2 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 CO:2 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 CO:2 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(COz)/g(PEIl), 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 °C)/desorption (100 °C)"
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(CO3) [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 T« 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 TisC2Tx MXenes with magnetite (FesOa)
magnetic nanoparticles is employed, where multilayer MXenes are used as a nucleation sites for the
nanoparticles growth.[3] As a result, single-layer TizC2Tx 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 TisCzTx:FesO4 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
agueous 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/GeO: ratio in the Na20-B20s-
SiO2-GeO:2 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
GeO: 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 “iIGe — [6lGe 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 Na20-B203-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/GeOQ: 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 / 385/ 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 Fe[Fe"(CN)s] 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 (Eo'(Sox/Sred) from 0.21 V for K4Fe(CN)e] 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 nanopatrticle size from 30 to
360 nm kcat decreases by an order of magnitude in case Ka[Fe(CN)s] 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 FesOs hanozymes).

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 uM. 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 uM.
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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 MRl 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 Ill acetylacetonate, iron Il formate, iron Il
citrate, iron Il 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 Il formate
and iron Il acetylacetonate), to micron lamellar (in the case of iron Il citrate) and porous structures (in
the case of iron Il 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 Il 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 nanoccomposite. 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).

CgHiz TB-Cyp: R4= Ry=R3 = CqgHyy;
TB-Siy.3: Ry= . Ro=Si(i-Pr)3, Rz = H;
Ry TB-Si3.3: Ry= Ry= Si(i-Pr); Rz = H

R Ry

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 BusSi groups with
(i-Pr)sSi substituents ensured superior crystallinity and uniform surface morphology of films (Figure 2).

b)* c)
1.0x10* —— MAPbDI,
—T8B-C,
7.5x10° —TBSi,
——TB-Si,,

Counts

5.0x10°

2.5x10°

0.0

T T R T J
F5 3 o 600 700 800 900 1000
Sy 1a Wavelenght, nm

Figure 2. 2D GIWAXS images for films TB-Cio (a) n TB-Siz 3 (b) and PL spectra for MAPbIs and
MAPDIs/HTM (c)

As a result, the optimized PSCs with TB-Siszz comprising four peripheral (i-Pr)sSi-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 systems?. The
positive electrode (cathode) plays a key role in defining cost, capacity, cycling and thermal stability of
LIBs. Ni-rich layered oxides LiNixMnyCo:02 (x +y + z = 1, x20.6), 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
Nifraction in Ni-rich NMCs, which leads to layered oxides with ultra-high Ni content (x>0.85)
demonstrating discharge capacity as high as 230 mAh/g? 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 nanopatrticles. In contrast,
theradially oriented primary particles seemingly allow the cathode agglomerate to contract and
expand uniformly, remarkably suppressing microcracks formation and, thereby, improving cycling
stability*. This microstructure improves both rate capability by expediting Li migration and mechanical
stability byalleviating 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 NMCS.

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
Nio.95C00.025Mno.025(0OH)2 precursor with aqueous solution of CoSOs4 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 LiNio.9o5C00.025Mno.02502
(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 LiNio.05sC00.025Mn0.02502). 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 agueous 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 SnO:2 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 V./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+s (Ln=La, Pr and Nd) complex oxides belonging to the Ruddlesden-Popper series,
Lnn+1NinOzn+1, Where n = 1, have a number of advantages: high chemical stability, except for PraNiOaxs,
mechanical compatibility with solid electrolytes, good oxygen-ion and electronic conductivity [1-2]. Thus,
the purposes of the present work are to synthesize new LazxAxNi1yCuyOas+5 (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 Ka2NiF4 -type structure (sp.gr. 14/mmm). Crystal
structure parameters were refined by the Rietveld method using a FullProf package.

Oxygen content (4+0) was determined for the LaPrNio.sCuo0.4Oa+5, La1sProsNio.sCuo.4Oa+s,
LaisProsNio.4CuosO4+s sSamples 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 (6>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 (o) and the Seebeck coefficient (S) of the LazxAxNiiyCuyOas+s (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 LaNdNio.sCuo.404+5 sample. In the
series LazxPrxNi1-yCuyOa+5 (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 iny. 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 Ig(aT) and S vs. 1/T were obtained. Positive values of activation energies Eq
and Es, which were calculated from the corresponding slopes of the log(oT)=f(1/T) and S=f(1/T)
dependencies, and their difference W= E, — Es, indicated that charge transfer was occurred by a small
polaron hopping mechanism for all studied samples.

Polarization resistance (Rp) of the LazxAxNi1yCuyOa+s (A=Pr, Nd), (x=0.5, 1.0, 1.5, y=0.4, 0.6, 0.8)
cathode materials in symmetrical cells with the Ceo.sSmo.202-5 (SDC) electrolyte was determined by the
Electrochemical Impedance Spectroscopy (EIS). It was found that the R, value decreased with
increasing x or y in the La2xPrxNiiyCuyOa+s series, and its value was equal to 0.07 Q cm? for x=0.5,
y=0.4; 0.05 Q cm? for x=1.0, y=0.4 and 0.03 Q cm? for x=1.5, y=0.4 at 800 °C. In the La2-xNdxNi1yCuyOa+s
series, copper doping level (y) increased polarization resistance from 0.081 Q cm? (x = 1.0,y = 0.4) to
0.093 Q cm? (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 (Il) 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=). 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.
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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 NacCl.

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>T4 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 Rn was 25 nm, and the electrokinetic potential ¢ 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).
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Scheme 1. lllustration 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 agueous 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 HNOsz 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 HNOs 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 agueous phase on the kinetics
of copper chemical polishing was studied. Surface roughness analysis was carried out using a
microinterferometer (MlI-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/I. 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(l) 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(l) oxide structures showed the best performance with a faradaic
efficiency of 63.96% for C2+ products.

~
SEM HV; 5.0 kY WD: 828 mm
View field: 225 ym 3 0 View fleid: 14.0 um r se 2um
SEM MAG: 1.84 kx _ Date(midry): 121823 | SEMMAG: 296 kx  Date{miary): 12/19/23

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(l) oxide Cu20
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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]* and [AlO4]> 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 agueous-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 ym.

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.
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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 nanopatrticle. 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 1X 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 (Il) 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.

NH, H,0  NH, NHs

H,N N N A H,N s
—
4 ADI 2
COOH COOH

NH arginine o citrulline

Scheme 1. The deamination reaction of arginine.

Since copper ions can form stable complexes with ammonia (IgB4+ = 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 °C). 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 hanoparticles 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 nanopatrticles, 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.
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Tumor microenvironment is rich in hypoxia and reactive oxygen species (ROS), including
substantial levels of hydrogen peroxide (H202) 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 (UCNPSs) 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 H202 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 biochaemical detection techniques. -2,

Eleetromagnetic
ive

P s ,

Iy i s
UU” i— Long-Term Mode Real-Time Mode

(& SE s )
- Detection Cell Laser“
Micropump e =N
B < &7 Detector
n Vivo

Skin

—— Spectrometer Probes Modified Detection Cell

Scheme 1. Our developed detection modes and relevant devices for in vivo H202 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, FezO4 nanoparticles exhibit superparamagnetic behaviour, which leads to the possibility
of magnetic separation. Therefore, core-shell Fes04@2ZnO 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.

Fes04@Zn0O 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 FesO4@Zn0O 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, Fe3:04s@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 mMRNA 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 gInA 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].
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Scheme 1. Synthesis of polyindole derivatives.

The adsorption properties of polyindole derivatives (PInl-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 NazLa>TizO10 belongs to the Ruddlesden-Popper phases [1].
It is known that this compound and corresponding protonated form HzLa2TisO10 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 NazLa2Mn«TisxO10 @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 Na2COs. 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 NazLazTisO10 and NazLa2MnxTiz-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 GeOu161 aerogel exhibited strong blue luminescence at 425 nm (Aexc.= 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 GeO:2 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:
H20:HCI 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.
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Scheme 1. X-ray diffraction patterns of GeO: aerogels obtained using TEOG and TiPOG as
precursors, acetonitrile as solvent and HClag) as gelation catalyst. SEM image of sample obtained
using the ratio TEOG:Acetinitrile: H2O:HCI 1:50:15:0.001 (Red XRD line).

Multitude of gelation catalysts was tested: HCI, HF, HNOs, CH3COOH, NHs. 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 patrticle size of ~1-5 nm (Scheme 1) and specific surface area of ~50 m?/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.
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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.
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Scheme 2. Mapping schemes of microfluidic design: a) UV-Vis peaks intensity; b) Average crystalline
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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 100°C, 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 (GUVSs)
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 .  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 [ B, In addition, the preparation of stretchable electrode with both high gauge factor
(GF) and high stretchable conductivity is still a challenge [#-¢l. 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.
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Scheme 1. Schematic diagram of gold nanopatrticles 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 PSIlI 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.
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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
MAPDbDIs 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 MAPDbIs 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 Al203, 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 H20 to prepare a reaction mixture with the formula 2,1SiOz : 1Al203 : xNaz0 :
100H20, 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 Na20 : Al203 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 (R? = 0.6794, adj. R? = 0.6025, pred. R? = 0.4184). The model for the average
cube size has the best statistical values (R2=0.9961, adj. R? = 0.9926, pred. R? = 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 Naz0 : Al203 = 3.

Relative crystallinity (%) Relative crystallinity (%) Relative crystallinity (%)

| EED 0 | EEn 0 | © R
4 " |
y ,/ - /
I/ I ’/
/ i {
/ / {
o ( o ‘/
5 35 \
E 4 £ \
B \ ] B
= kY N\
° \ : 3 \ e B ™
F < \q =
Q, < o, ‘\\\
2 \\\“ - 2 \\\\- - .
. : = sl
b !
o 2

w s ) s s
Temperature (*C) Temperature (°C) Time (h)

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 : Al203 = 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/m?) 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 (Al2Si205(0OH)s — 65 %), quartz (SiO2 — 31 %) and aluminum sulfate Al2(SO4)s — 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 ° 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 °C, 40 % sulfuric acid for 120 minutes at a leaching temperature
of 95 9 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 (Seer) more than ~1500 m?2/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 Sger up to
2500 m?/g. Their testing as supercapacitor electrode materials using 1M BMIMBFs/acetonitrile as an
electrolyte showed that the electrode capacitance depends on both Sger 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.

(NOsRR): NOs~ + 9H * + 8e- — NHz + 3H20, E°=- 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.

8 x 96500 x m(NH
FE(NH;) = o g( 3)

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 nanopatrticles. It has been shown that copper microparticles have catalytic activity in
NOsRR 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 (loT) 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 CsFAPDIBr. 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%).
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Figure 1. Conjugated polymer PTBT-Tz.
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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(NOs3)2].6H20, cobalt nitrate [Co(NOs3)2].6H20, and iron nitrate [Fe(NOs)s].9H20. 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.
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Scheme 1. Diffractogram of Coo,5ZnosFe204 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 (A = 1.54060 nm)).
Imaging was performed in the angle range 26 = 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 CoosZnosFe204is 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
Strength, MPa during exposure at 100° C for samples

35 with various antioxidants compared to a
sample without an antioxidant(standard
30 sample) .

25 A pntioxidant 445 As can be seen from the results, the
maximum strength after exposure is
20 possessed by a sample containing an
antioxidant 445. When compared with a
15 - Antioxidant 168 standard sample that does not contain an
antioxidant, the strength decreases by
10 - Neozon D 31% with an 85% decrease in the
standard one. The lower efficiency of
5 - — other products is probably due to lower
standard sample compatibility with the polymer base. Most
0 ' ' ' likely, the effectiveness of 445 is related
0 > 10 15 to its activity relative to free radicals
Thermal oxidation time, day 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% 1 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.
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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 TiO2z-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 oll
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-m2-h"? down to 160 L-m-2-hl (at transmembrane pressure of 1 bar) and increase in
polyvinylpyrrolidone K-30 (Mn=40 000 g-mol?) 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 agueous solution and trimesoyl chloride solution in hexane.
TFC membrane performance was studied in nanofiltration of salts (NaCl, Na2SO4, MgSQOs4, CaClz,
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-m2-h! 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! 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 maodifiers 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 compaosites.

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(e-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 e-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 Na-carboxyanhydride (N-CA) of Lys(Z)) initiated by a primary amino
group of mMPEG-b-PCL-DBCO-NH-Et-NH2 and CBZ-O-PCL-b-PEG-NH: 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.
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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
pum 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 (Flg 1c) [2].
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Figure 1. a) state diagram for the mixture PNIPAM/CNC at 25°C; b) appearance of aqueous
dispersion of CNC grafted PNIPAM at sol state at 25°C (left) and gel state at 37°C (right); c) rose-petal
shape actuation scheme (left) and shape transformation of the material at 37°C (right). Actuation
shape transformation inspired by Rosa odorata.

In first direction, diagrams of the PNIPAM/CNC system state at 25°C and above the lower
critical dissolution temperature of PNIPAM (32°C) 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 (25°C) to
opaque (37°C). 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, a-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.
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Scheme 1. Structure of miktoarm star polymers with a calix[8]arene core.

The synthesized samples of miktoarm star polymers were characterized by 'H 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 {-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 (Aex = 365 nm) and (b) at daylight

The obtained nanocomposite hydrogels (HGCQDs) were used for detection of the Fe3* ions in
aqueous FeCls 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 ZrCls, 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.
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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 Il adsorption behavior, exhibiting a remarkable
nitrogen adsorption capacity of 561 cm3/g at 77 K and a 9.6 A 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 -1
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 In Kp and 1/T, graphs were constructed that determine the
thermodynamic parameters of dye adsorption on the sorbent. The negative values of AG° at 283 K,
291 K, and 308 K indicate the spontaneous nature of the adsorption process. A decrease in AG° with
increasing temperature suggests enhanced adsorption efficiency. Additionally, a positive AS°® 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-NHz 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-NH-.

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 | 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) nandfiltration (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 HCI in
the presence of ammonium persulfate initiator (NH4)2S20s. 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-m1-h1 (at AP=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 MgSOa4 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 AP=5 bar) for a membrane with PA layer obtained by the reaction of
1% PIP and 0.06% TMC, down to 45 L-m1-h 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
Na:SOs (69-76%), while the rejection coefficient of MgCl2, CaClz, LIiCl and the antibiotic
sulfadimethoxine (M = 310.3 g-mol?) 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 AP=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-m1-ht 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(MgSOa4) 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-m1-h-l, AP=5 atm) and R for magnesium sulfate (99.99%) compared to the
NF membrane without intermediate layer (53 L-m1-h-1, AP=5 atm, 82%, respectively).

Acknowledgements

This work was supported by the Russian Science Foundation (project No 22-73-10034).

185


mailto:e.burt@spbu.ru

DEVELOPMENT AND STUDY OF PHYSICOCHEMICAL PROPERTIES OF PH-SENSITIVE
DELIVERY SYSTEMS OF ENCAPSULATED BSA BASED ON CHITOSAN AND HYDROXYAPATITE

Chernikova E.E.*,Zagvozkin M.D.1, Brussevich A.2

1 Tomsk State University, Department of Chemistry, Tomsk, Russia
21TMO University, Infochemistry Scientific Center, St. Petersburg, Russia
Student, Master’s degree
abby.wade@mail.ru

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 ([C12H220sN2]n), CaClz,
Na:HPO4*12H20, bovine serum albumin (BSA) solution, NaOH, terephthalic aldehyde (CgHsO2),
distilled water.

First, a 10% wt solution of NazHPO4*12H.O 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 Na:HPO4*12H20
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 50°C. 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 CaClz and NazHPO4 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 (AH?), entropy
(AS®) and Gibbs free energy (AGP®). Negative AG? values indicate a spontaneous adsorption process.
Negative AH° 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.

3,5 7

; a solution before contact with the membrane
3,0 -

2,51

2,0 +

a solution after contact with the membrane
0,5 -

0,0 5

-0,5

0 50 100 150 200 250
C(NaTPB), mkM
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

Igk = 5.03+0.10, which is close to Igk =5.37 determined for a similar system. For the
cetyltrimethylammonium cation Igk = 5.20+0.26 and for the tetrahexylammonium ion Igk = 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 TiOz 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):
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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.

AAPH, 60°, 1h (CH3]11

—_—
NEI3+Br

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.

7 N.
W
6.
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.
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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(a,L-
glutamic acid) and poly(a,L-lysine) by ring-opening polymerization of a-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. *H 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.
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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 occurs with increasing hydration. The ratio of the intensity of doublet (l13s0/11340)
changes with the polarity of the solvent. When Trp is more solvent-accessible, l13s0/l1340 < 1. Also, the
intensity ratio of 850 cmt to 830 cm? (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]

NH2 NH, £ ‘
Dopamine NH: N Crown ether (4AB15C5) > 30 f ¢ P,
pH=8.5 Glutaraldehyde (GA) K
/ _—
NH2 ’//” 3 =
> < (=) /'/)
Cellulose acetate CA/PDA CA/PDA@4’A§1 5C5/GA

membrane (CA)
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
unigue 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. 1¢). 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 °C
for 3-8 hours.

C) 140°C No 150°C 160°C No 160 °C 150°C 140°C 150°C 150°C
3h 8h 3h 3h 3h 3h 3h 8h

1 2 3 a4 5 6 7 8 9 100 11 12 13
Sample number

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 °C, respectively, compared with membranes obtained from ROH/HO which demonstrates
Young’s modulus of 588+194 and 398+142 MPa at 35 and 100 °C, respectively. Membrane electrode
assemblies based on sample 6 demonstrates power density up to 400 mW/cm?2. 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).
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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.
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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
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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 (R? = 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).
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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/m? 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/m?, while the
limit of detection for permethrin was 0.206 g/m?. The limit of quantitative detection (LOQ) values were
0.624 g/m? 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 |. 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 POZ: the
position 1225-1220 cm-! corresponds to the B-form, and 1245-1235 cm™ to the A-form [3]. Each
spectrum obtained was normalized to its peak intensity of (963 + 2) cm! (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) 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 (DPNIPAmM), 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 (DMSQ)) on
the efficiency of incorporation of hydrophobic photosensitizers molecules into the thermoresponsive
copolymer was evaluated.

The branched star-shaped DPNIPAmM 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 DPNIPAmM
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.
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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).
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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 [(n3-CsHs)Pd*(P-S)]X- (where X = BF4, SbFs, BARF) was
synthesized, along with a series of new neutral complexes with the general structure (P-S)Pd(CHz3)CI
(Fig.1).
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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.
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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, PEls 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,
PEIls 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 PEls 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 Kkinetic 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.
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Scheme 1. Structural formula of the investigated polyelectrolytes

References
[1] Macromolecules 2004, 37, 2519
[2] Russian Chemical Reviews 2015, 84, 634
Acknowledgements
This work was supported by the Russian Science Foundation (project No 24-13-00261).

214


mailto:st076362@student.spbu.ru

PRODUCTION OF HYDROGEL INKS FOR FRESH 3D PRINTING BASED ON ESTERIFIED PECTIN
Koltsova D.M., Zacharova V.A., Karshieva S.Sh.

NUST MISIS
Student
dasha.koltsova05@mail.ru

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 CaClz, 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 madifiers 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 (MMMSs) 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 2C and 'H 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 framewaorks.
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).
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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, 6015 °C. After ethanol
treatment the membrane enters an expanded state, which is described in [3]. Then, the membrane
was held in 0.1 M ZrOCI2 for 9 hours, 70-85 °C 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 °C. 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 ZrOCI2 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 HCI 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 (f,), 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.

gk

Scheme 1. Samples after xposure 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.
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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 GalnSn (Galinstan) or a paste mixture of GalnSnCu, 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 agueous 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.

References

[1] Drinberg, A.S., ltsko E.F., Kalinskaya T.V. Antikorrosionnye gruntovki [Anticorrosive primers].
Saint Petersburg, NIPROINS LKM and P with OP, 2006, 168 p.

[2] Reitlinger S.A. Pronitsaemost’ polimernykh materialov [Permeability of polymer materials].
Moscow, Chemistry, 1974, 270 p.

[3] Kovrizhkina N.A., Kuznetsova V.A., Silaeva A.A., Marchenko S.A. Sposoby uluchsheniya
svoistv lakokrasochykh pokrytii s pomoshchyu vvedenia razlichnykh napolnitelei (obzor) [Ways to
improve the properties of paint coatings by introducing various fillers] (review). Aviatsyonnye materialy
i tekhnologii, 2019, no. 4 (57), pp. 41-48.

226


mailto:jonkey.moa@yandex.ru

EPOXY VITRIMERS WITH A RECONFIGURABLE POLYMER MATRIX

Manapova E.E.

Tomsk Polytechnic University, Tomsk, Russia
Student

eem20@tpu.ru

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.
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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! indicates complete consumption of the epoxy group. The appearance of new
bands in the spectra of vitrimers (3422 and 1733 cm1) 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 Al-
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 °C 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 GalnSn, 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 °C).

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 GalnSn (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 GalnSn
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 H2SOs4 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.
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Scheme 1. Synthesis of P-1 and P-2 and optical properties of solid films: (i) Pd(PPhs)s, K2COs, 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.
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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 ps.
Subsequently, simulations were carried out for 3 ys 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.
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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 Kkinetic
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 (AG°, AH°, AS°) 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 (HCI). 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%, CI, 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 H, 13C,
13C (DEPT-135) NMR spectroscopy, including *H-*H COSY, 1H-13C HSQC-DEPT 135, *H-13C HMBC
correlation spectroscopy. Based on the signals of the terminal double bond protons on the 'H 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 TH 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 'H 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.

& o
N ._,j .
& T°C increase 2 T°C increase
/‘( ~ N ==
= — ] +——
“ T°C decrease TeC decrease

— hydrophilic copolymer chain MW — hydrophobic moiety (CTA residue)

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.
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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(e-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 patrticles stiffness.
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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.
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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*7H20 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 Ceo0). 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):
or Zn(OAc)z 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.
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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 k>-HOCH2CH20- 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 B-casein fibrils at the air-water interface were studied.

B-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.

40 nm B) 40 nm C) i 10 nm
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Figure 1. AFM images of A) B-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 [3-
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 B-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 B-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.
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Scheme 1. Copolymer 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 ym) 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 TiOz) 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 maodification 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 10° 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].

1exo

220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355°C

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].

a) H,0+e~ —0,5H,+0H"
b) N*HR; +OH™— NRy+ H,0

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.
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Scheme 1. Mechanism of photo-switching of alginate hydrogel

Despite the fact that the Ca?* ion is usually used for cross-linking alginate molecules, we see the
potential in iron alginate for several reasons. Firstly, iron ions Fe®* and Fe?* crosslink alginate
molecules in the different way: at the same concentration, Fe3* ions form an alginate gel, while Fe?*
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 (A =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 (A =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(e-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 maodified 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 'H 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-¢-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 'H
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 3C 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(ll), Ni(ll), Cu(Il)]. 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].

Copolymer 1 Copolymer 2 Copolymer 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(CH3sCOO)s. 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 m?/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 (o) increases with increasing
TiO2 concentration from 0.7 to 2.5 MPa, the elongation (g) increases from 110 to 145% (w (TiO2)=
25%), then decreases.

It was revealed that the synthesized alloyed TiO:2 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-Hsbtc, Ho-1,2,4-Hsbtc, Ho-
1,2-Hz2bdc, Ho-1,3-Hzbde, Ho-1,4-Habde, 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
GdClsxn(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 GdClsxn(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 GdClz : i-PrOH = 3
and an initial particle size of GdCls = 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 GdClsxn(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 TiO:2 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 HCI 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.
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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.

Acknowledgements

This work was financially supported by RCF (No. 23-74-100-69)

259


mailto:sundareva2002@mail.ru

INTERACTION BETWEEN CHITOSAN AND ALBUMIN IN WEAKLY ALCALINE MEDIA

Tishchenko N.A.%, Vyshivannaya 0.V.12, Tikhonov V.E.1, Bezrodnykh E.A.%, Piskarev V.E.1,
Aysin R.R.%, Antonov Y.A.3, Orlov V.N.4, Blagodatskikh I.V.1

1 A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
Vavilova St. 28, bld. 1, Moscow, 119334 Russia
2 Faculty of Physics, Lomonosov Moscow State University, Leninskie Gory 1-2, Moscow,
119991 Russia
3N.M. Emanuel Institute of Biochemical Physics, Russian Academy of Sciences, Moscow,
119334
Russia
4 A.N. Belozersky Research Institute of Physico-Chemical Biology MSU, Leninskie Gory, 1-40,
Postgraduate
nik 1456 @mail.ru

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 (AH(TRIS) = 11 kcal/mol,
AH(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.

References

[1] Biomacromolecules. 2017, 18, 1491

Acknowledgements
This work was supported by the Russian Science Foundation (project No. 23-23-00198).

260


mailto:nik_1456@mail.ru

ENZYMATIC HYDROLYSIS AS A NEW WAY FOR STARCH NANOCRYSTALS PREPARATION

Tryakhov D.E.!

IInstitute of Solid state chemistry and mechanochemistry, Novosibirsk, Russia
PhD student
tryakhovd@gmail.com

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 -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(e-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 a-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,
filers and impurities on the screen table and increase the strength properties of paper and
paperboard.
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Unigue 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(lll) 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(lll) 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(lll) 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(lll) concentration on the kinetics of
radiation-induced formation of PVl 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(lIN]/[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).
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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).
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Scheme 1. (a) 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 a-D-glucose polymer bound by a(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
unigue 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 vyield of V-amylose crystal complexes. X-ray phase
analysis demonstrates the formation of complexes with a V-type crystal structure (Figure 1).
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Figure 1. X-ray diffraction spectra of amylose-stearic acid complexes (Va) and sodium stearate (NS).
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Acyclic diaminocarbene (ADC) palladium(ll) 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(ll) 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 1T-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)(PPhs)s4 (under argon atmosphere) and ADC Pd(ll)
complexes (in the presence of oxygen) (Scheme 1).

Pd(ll) or Pd(0)
O O K,CO.
> o BroA—8 _Q_ —
B r ji i 98+2°C, 80 W

CgH1z CeHys PhMe/H,0

oo gh \

CgHiz CeHis

Scheme 1. Suzuki polycondensation.
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lonic 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
24 h, 65°C, N,
N o

R Q-

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 ([C12H2208Nz]n), CaClz,
Na:HPO4:12H20, bovine serum albumin (BSA) solution (MM = 69 kDa), NaOH, terephthalic aldehyde
(CsH602), distilled water.

In the first stage, 10% Na2HPO4*12H20 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*12H20 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.

A E o

B)

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.

References
[1] Artif. Cells Nanomed. Biotechnol. 2018. 46. 295.
[2] Mol. Pharmaceutics. 2015. 12. 301.

270


mailto:maximprimakv4@gmail.com

ION-CONDUCTING POLYMERIC MATERIALS FOR ELECTROCHEMICAL STORAGE DEVICES.
Zakharova D.V., Morozova S.M.t

IMoscow Institute of Physics and Technology, National Research Institute, Institutsky Lane, d 9,
Dolgoprudny, Russia
Zakharova.dv@mipt.ru

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.>:?> 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).

N TFSI

Scheme 1. General scheme of ionic conductive membranes synthe3|s.

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 Ca?*), 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 2C 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 (AHc., J/g),
melting peaks (AHmel., 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 MH, dN*m; Min. torque = 2,9 - 3,9 ML, dN*m; Scorch
period, T1o, = 0,45 — 1,0 min; Optimum curing time, Too, = 2,2 — 2,5 min; Mooney viscosity 90 — 100
°C; Scorch time, Ts, > 30 min. Developed composition: Max. torque = 25,0 MH, dN*m; Min. torque =
3,0 ML, dN*m; Scorch period, Ti, = 0,68 min; Optimum curing time, Too, = 2,2 min; Mooney
viscosity 110 °C; Scorch time, T5, > 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 H.

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 H

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]

of polyester in DAA‘in unpolarized (a) and polarized light (b),
70°C, 500x magnification

Scheme 1. Micrograp of a solut

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 55°C. 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 55°C, 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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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*10° 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 - a-aminophosphonate based on
pyrimidinylpiperazine (Kaz-20).

To obtain a-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 Al2Os, 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
B-cyclodextrin complex (Kaz-20+B-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 a-
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 KCI, in which the wet
deposition process takes place. At the moment of contact with the KCI 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 a-aminophosphonate based on
pyrimidinylpiperazine was synthesized, its water-soluble (3-cyclodextrin complex was obtained, which
showed high biological activity. To prolong the action of a-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).
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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 (ZrO32)
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.% ZrO: 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%ZrOx.
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
O 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 PEPA hardener can interact with
unsaturated DFA groups to form aminofuran adducts. The stages of adduct formation are shown in

scheme 1.
I
/W \ C\/\[/ \§ + NH,—R—NH, 2025°C
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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.
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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 nhanosorbents 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.
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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 0to 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.
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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 A, ¢=5.21 A, 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 A 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 yM and a low limit
detection 0.057 and 0.248 uM respectively. It also demonstrated excellent analytical parameters such
as an acceptable sensitivity of 0.9049 pA per um=* cm= for low concentrations and 2.9455 pA
0.9049 pA per um™t 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.
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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-HCI) 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-AQIin-HCI 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-B-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 mim 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)IPQQ-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 pyrrologuinoline 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
MA-cm2 were achieved, while for the polymer film it was 70 pA-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-M1'cm?) and low detection limit of glucose (about 10 yM)
makes it possible to use such biosensors for analyzing glucose content in sweat ([glucose]sweat = 20 +
400 pM). 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.
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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 [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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