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MAGNETIC FIELD-ASSISTED ELECTROCATALYSIS 

Ping Xu 

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

Professor 
pxu@hit.edu.cn 

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

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

 

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

electrocatalysis. 
 

References 
[1] Yuanyuan Zhang, Ce Liang, Jie Wu, Han Liu, Bin Zhang, Zaixing Jiang, Siwei Li,* Ping Xu*. Recent 
Advances in Magnetic Field-Enhanced Electrocatalysis. ACS Appl. Energy Mater. 2020, 3, 10303-
10316. 
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GREEN PRODUCTION AND APPLICATION OF NANOCELLULOSE 

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

Tianjin University, Tianjin, China  
Professor 

surx@tju.edu.cn 
 

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

 

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

Pasquini D. 

Federal University of Uberlândia, Uberlândia, Brazil 
Professor 

daniel.pasquini@ufu.br 
 

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

     

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

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

Shtykov S.N. 

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

shtykovsn@mail.ru 
 

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

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

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

Oganov A.R. 

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

a.oganov@skoltech.ru 
 

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

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

Korableva O.N.1 

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

o.korableva@spbu.ru 
 

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

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

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

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

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

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

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

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

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

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

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

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

Postnikov P.S. 

Tomsk Polytechnic University, Tomsk, Russia 
Professor 

postnikov@tpu.ru 
 

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

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

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

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

Wang Lei 

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

leiwang_chem@hit.edu.cn 
 

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

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

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

Jianmin Sun*, Lin Liang, Yifei Ye 

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

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

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

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

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

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

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

 
References 

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

 
 

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

and Heilongjiang Touyan Team (HITTY-20190033) 
  

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


Invited speaker 
 

26 

 

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

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

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

Ph.D. 
kirillvalentinovich@urfu.ru 

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

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

 

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

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

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

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

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

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

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

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

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

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

 

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

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

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

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

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

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

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

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

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

 

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

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

 

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

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

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

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

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

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

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

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

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

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

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

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

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

This made it possible to create products with an SPF value of up to 8. Thus, the cerium titanate 
synthesized in our work can be considered as a promising pigment with high photoprotective 
characteristics, and the arginine salt of cetyl phosphate is currently considered the most promising 
emulsifier. 

References 
[1] Smijs T.G., Pavel S., “Titanium dioxide and zinc oxide nanoparticles in sunscreens: Focus on their 
safety and effectiveness”, Nanotechnol. Sci. Appl., 2011, 4, pp. 95–112. 
[2] Herrling T., et al. “Cerium dioxide: Future UV-filter in sunscreen?”, SOFW J., 2013, 139, pp. 10–14. 
[3] Shcherbakov A.B., Zholobak N.M., Ivanov V.K., Scire S., Palmisano L., “Biological, Biomedical and 
Pharmaceutical Applications of Cerium Oxide. In Cerium Oxide (CeO2): Synthesis, Properties and 
Applications”, Elsevier: Amsterdam, The Netherlands, 2020, pp. 279–358. 
[4] Zholobak N.M., et al., “UV-shielding property, photocatalytic activity and photocytotoxicity of ceria 
colloid solutions”, J. Photochem. Photobiol. B: Biology, 2011, V. 102(1), pp. 32–38. 
[5] Niu J., et al., “Cardioprotective effects of cerium oxide nanoparticles in a transgenic murine model of 
cardiomyopathy”, Cardiovasc. Res., 2007, V. 73, pp. 549-559 
[6] Das M., et al., “Auto-catalytic ceria nanoparticles offer neuroprotection to adult rat spinal cord 
neurons”, Biomaterials, 2007, V. 28, pp. 1918-1925. 

Acknowledgements 
This work was supported by the Russian Science Foundation (project No 23-73-10088).  

mailto:s-arb@mail.ru


 

35 

 

POLYMER / CARBON NANOTUBES COMPOSITES AS WATER-PROCESSABLE BINDERS FOR 
LI-ION BATTERY ELECTRODES  

Asharchuk A.A.1, Kubarkov A.V. 1, Sergeyev V.G. 1  

1 Lomonosov Moscow State University, Moscow, Russia  
Student  

asharchuk.artem@mail.ru 
 

Today, lithium-ion batteries are widely used. However, they have a number of disadvantages, 
including high manufacturing costs and high environmental impact. The development of water-soluble 
polymer binders for battery electrodes can serve as one of the ways to eliminate these shortcomings, 
since they make it possible to obtain electrodes without the use of organic solvents [1].  

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

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

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