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PLENARY LECTURES

Novel methods for predicting exotic compounds and new materials
Oganov A.R.
Skolkovo Institute of Science and Technology, Moscow, Russia
E-mail: a.oganov@skoltech.ru

Until mid-2000s it was thought that crystal structures are fundamentally
unpredictable. This has changed, and a special role in this was played by our
evolutionary method/code USPEX (http://uspex-team.org). This method can be viewed
as a type of artificial intelligence, and routinely allows one to predict stable crystal
structures for a given chemical composition], predict all stable compounds formed by
given elements, and even predict among all possible compounds the structure and
composition that have desired combination of properties. Here | will discuss:

1. Discovery of novel chemical phenomena at high pressure: transparent non-
metallic allotrope of sodium, counterintuitive novel sodium chlorides, chemical
reactivity of helium, prediction and discovery of new high-temperature
superconducting polyhydrides, approaching room-temperature
superconductivity.

2. Recent extension of crystal structure prediction to finite temperature, and first
results.

3. Development of coevolutionary methods — COPEX (to predict all stable
compounds in very complex systems) and Mendelevian search (navigating the
chemical space to find the material with desired properties).

This work is funded by Russian Science Foundation (grant 19-72-30043).

Computational materials discovery:
e QOganov A.R., Saleh G., Kvashnin A.G. (Editors). Computational Materials
Discovery. Royal Society of Chemistry. ISBN: 978-1-78262-961-0. (2018).

e QOganov A.R., Pickard C.J., Zhu Q., Needs R.J. (2019). Structure prediction
drives materials discovery. Nature Rev. Mater. 4, 331-348.

USPEX method:
e QOganov A.R., Glass C.W. (2006). Crystal structure prediction using ab initio
evolutionary techniques: principles and applications. J. Chem. Phys. 124,
244704.

e Lyakhov A.O., Oganov A.R., Stokes H.T., Zhu Q. (2013). New developments
in evolutionary structure prediction algorithm USPEX. Comp. Phys. Comm. 184,
1172-1182.

e Kruglov LA, Yanilkin A.V., Propad Y., Oganov A.R. (2021). Crystal structure
prediction at finite temperatures. Submitted.
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COPEX method:
Liu X., Niu H., Oganov A.R. (2021). COPEX: co-evolutionary crystal structure
prediction algorithm for complex systems. npj Comp. Mater. 7, 199.

Mendelevian search:

Allahyari Z., Oganov A.R. (2020). Coevolutionary search for optimal materials
in the space of all possible compounds. NPJ Computational Materials 5, 55.

Novel high pressure compounds and phases:

Dong X., Oganov A.R., Goncharov A.F., Stavrou E., Lobanov S., Saleh G., Qian
G.R., Zhu Q., Gatti C., Deringer V., Dronskowski R., Zhou X.-F., Prakapenka
V., Konopkova Z., Popov I., Boldyrev A.l., Wang H.T. (2017). A stable
compound of helium and sodium at high pressure. Nature Chemistry 9, 440-445.
Zhang W.W., Oganov A.R., Goncharov A.F., Zhu Q., Boulfelfel S.E., Lyakhov
A.O., Somayazulu M., Prakapenka V.B., Konopkova Z. (2013). Unexpected
stoichiometries of stable sodium chlorides. Science 342, 1502-1505.

Ma Y., Eremets M.I., Oganov A.R., Xie Y., Trojan I., Medvedev S., Lyakhov
A.O., Valle M., Prakapenka V. (2009). Transparent dense sodium. Nature 458,
182-185.

Semenok D.V., Kvashnin A.G.,...Troyan [.A., Oganov A.R. (2020).
Superconductivity at 161 K in thorium hydride ThH;o: synthesis and properties.
Materials Today 33, 36-44.

Troyan L.A., Semenok D.V.... Oganov A.R. (2021). Anomalous high-
temperature superconductivity in YHs. Advanced Materials, article 2006832.
Semenok D.V., Troyan I.A., Ivanova A.G., Kvashnin A.G., Kruglov LA,
Hanfland M., Sadakov A.V., Sobolevskiy O.A., Pervakov K.S., Lyubutin I.S.,
Glazyrin K.V., Giordano N., Karimov D.N., Vasiliev A.L., Akashi R., Pudalov
V.M., Oganov A.R. (2021). Superconductivity at 253 K in lanthanum—yttrium
ternary hydrides. Materials Today 48, 18-28.
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Combined method for precise electronic-structure modeling of compounds of
lanthanides and actinides based on the compound-tunable embedding potential

Titov A.V."?, Shakhova V.M. /, Lomachuk Yu.V./, Maltsev D.A.’, Mosyagin N.S.
L NRC "Kurchatov institute” — PNPI, Gatchina, Russia
2 St.Petersburg State University, St.Petersburg, Russia
E-mail: Titov_AV@pnpi.nrcki.ru

A combined method (periodic+cluster) for modeling materials using compound-
tunable embedding potential (CTEP) [1-3], which is formulated on the basis of the
generalized relativistic effective core potential (GRECP) theory [4], is discussed.

Fig. 1. Periodic study followed by cluster study with CTEP.
Prospects of this approach for studying materials both with point defects containing
transition metals (d-elements), actinides & lanthanides (f-elements) [1-2] and with
periodically arranged d,f-elements [3] are discussed as a tool for analyzing
experimental data describing local characteristics of such materials [5-7], and for

predicting the properties of materials at the level of accuracy of molecular studies.
YbF;
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References

[1] Lomachuk Yu.V. et al., PCCP 22, 17922 (2020).

[2] Maltsev D.A. et al., PRB 103, 205105 (2021).

[3] Shakhova V.M. et al., to be published (2022).

[4] Titov AV. etal., 1IJQC 71, 359 (1999); N.S.Mosyagin et al., IJQC 116, 301 (2016).

[5] Titov A.V.etal., PRA 90, 52522 (2014); LV.Skripnikov et al., PRA 91, 42504 (2015)

[6] Lomachuk Y.V. et al., PRA 88, 062511 (2013).

[7] Oleinichenko A.V.et al., in Supercomputing, Commun. Comp. & Inform. Science,
(Springer, Cham, 2020), 1331, 375; EXP-T code: [http://qchem.pnpi.spb.ru/expt].
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SECTION 1. PHYSICS OF MATERIALS

X-ray diffraction studies of single crystal triglycine sulphate deformation
behavior under uniaxial compression

Akkuratov V.1.12, Kulikov A.G.*?, Pisarevsky Yu.V.!? Blagov A.E.1?

! Shubnikov Institute of Crystallography, Federal Scientific Research Centre
‘Crystallography and Photonics’ of Russian Academy of Sciences, Moscow, Russia
2 National Research Centre ‘Kurchatov Institute’, Moscow, Russia
E-mail: akkuratov.val@gmail.com

Crystalline materials play an important role in the development of micro- and
optoelectronic industry. The reliability of the devices depends on materials behavior
under various influences, such as the temperature, vibrational and mechanical load,
pressure, radiation exposure, etc. Previously, a method was developed to study the
dynamics of the structure of crystalline materials with time resolution under conditions
of external mechanical and ultrasonic effects using double-crystal X-ray diffractometry
[1,2]. The technique proposed in this paper is for studying deformation characteristics
and defect structure of single crystals under uniaxial compression using the X-ray
diffraction topography (XRDT) with a laboratory X-ray source.

This technique is based on the registration of X-ray diffraction patterns in the
transmission geometry using a two-dimensional detector during a controlled uniaxial
mechanical load created with a compact hydraulic press. X-ray topography refers to
direct methods for studying the real structure of crystals and is sensitive to
deformations and defects that affect the periodic structure of the crystal structure. This
makes it possible to study the dynamics of a crystal structure with localization over the
volume at different values of uniaxial load.

For the model experiment, a single crystal of triglycine sulfate (TGS) was chosen
as a sample. TGS consists of light chemical elements and has a relatively low X-ray
absorption, which makes it possible to study rather thick samples (up to several mm
thick). During the experiments, a sample 7 x 6 x 3 mm in size was subjected to an
increasing elastic uniaxial load (up to 5 MPa). At the same time, a series of topograms
was recorded using a detector with a pixel size of 55 pum. Deformation behavior of TGS
crystals under mechanical compression along the [100] and [010] crystallographic
directions were established. Topograms from mutually perpendicular crystallographic
planes with the same direction of compression show a fundamentally different pattern
of strain distribution and have different sensitivity to macrodefects.

This work has been supported by the Russian Foundation for Basic Research,
grant No. 19-29-12037 (to MK), and by the Ministry of Science and Higher Education
of the Russian Federation, grant No. 075-15-2021-1362, as a part of the development
of X-ray techniques and in the framework of the work on the state assignment of the
Federal Research Center for Crystallography and Photonics, Russian Academy of
Sciences.
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Water absorption behavior of composite materials based on agro waste and
polyolefin

Arzumanova N.B., Kakhramanov N.T., Lalayeva R.N.
Institute of Polymer Materials of the ANAS, Sumgait, Azerbaijan
E-mail: arzumanova-nushaba@rambler.ru

The interest in agricultural waste as a reinforcing agent in polymer matrix has
grown rapidly in the last decade. But nevertheless, there are some disadvantages in
using agricultural waste as filler. Since the chemical composition of agricultural waste
is rich in cellulose, which is hydrophilic in nature, they are susceptible to water
absorption and, therefore, their use as a reinforcing agent is limited. As a result of water
absorption, the fibers swell, microcracks appear in the fiber-matrix space, and this can
lead to a decrease in the mechanical and dimensional properties of the composites. The
degree of water absorption of composites reinforced with natural filler depends on
temperature, filler concentration, filler orientation, filler permeability, void content,
hydrophilicity of individual components, etc. [1, 2]. In this regard, a study was carried
out on the water absorption of composites based on low density polyethylene and
peanut shells. The study of water absorption of composites was carried out in
accordance with ASTM D-570. The results of the study of water absorption of
composites showed that water absorption gradually increases with increasing filler
concentration, reaching a saturation point at which the moisture content remains almost
constant. Thus, a higher concentration of filler leads to a greater absorption of water. It
Is worth noting that water molecules can easily wet the peanut shell/LDPE composites,
as well as penetrate the composites through voids, resulting in a higher water
absorption index in a short exposure time. This phenomenon can be explained by
considering the mechanisms of water diffusion in polymer composites based on natural
fibers. Usually, water diffuses into polymer composites in three ways [3]. First, water
molecules diffuse into small spaces between polymer chains. Secondly, water
molecules diffuse through the pores and slots at the interface between the filler and the
matrix. Thirdly, water molecules diffuse through microcracks in the matrix, which
appear when the filler of plant origin swells. Peanut shells are naturally hydrophilic.
On the one hand, peanut shells contain a large number of hydroxyl groups. On the other
hand, it is a fibrous substance with many capillaries and a large surface area, so it easily
absorbs water. Thus, natural fibers are very promising materials that can be used in the
development of polymeric biocomposites using various fiber surface modification
methods to improve the water absorption of the composites.

References
[1] Akil H.M., Santulli C., Sarasini F., Tirillo J., Valente T. // Composites Science and
Technology. 2014. V. 94. P. 62-70.
[2] Sreekumar P.A., Joseph K., Unnikrishnan G., Thomas S.// Composites Science and
Technology. 2007. V. 67. P. 453-461.
[3] Zhang K., Liang W., Wang F., Wang Z. // Polymers and Polymer Composites.
2021.V. 29. P. 3-14.
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Resonant properties of PMN-PZT-PG solid solutions on a microstrip line in the
microwave range

Astafev P.A., Pavelko A.A.
Southern Federal University, Rostov-on-Don, Russia
E-mail: 1.6.e.9.w.4.a.9.p@yandex.ru

One of the topical areas of application of functional materials is microwave
technology. In this paper, 0.98(xPbTiO3 — yPbZrO3; — zPbNb;3sMg1/303) — 0.02PbGeO3
solid solutions are considered as a promising material for dielectric resonators or filters.

The dependence of the resonant frequencies and the absorption band width of
cylindrical samples 10 mm in diameter and 1 mm thick on the concentration of PbTiOs
in the frequency range 10 MHz — 20 GHz was studied. The measurements were carried
out using a P4M-18 «Mikrany» vector network analyzer, while the samples were placed
on a segment of a microstrip line (MSL). After obtaining the frequency dependences
of the S-parameters, the absorption coefficient of the material was calculated as the
difference between the scattering coefficient of the MSL with the sample and the empty
MSL, which were calculated taking into account Si; and Si2. Studies have shown that
compositions with an PbTiO3 concentration (ferroelectric phase) ranging from 0,4 to
0,5 mole fractions exhibit the weakest resonance behavior, but at the same time have
the widest absorption band (Fig. 1).
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Fig. 1. Dependences of dispersion of transfer coefficient (a) and absorption coefficient (b) on
PbTiOz concentration

The results obtained will help in future research and selection of compositions for
further development of microwave devices.

The study was carried out on the equipment of the Shared Research Facility
Centre of SFedU, Research Institute of Physics with the financial support of the
Ministry of Science and Higher Education of the Russian Federation (State task in the
field of scientific activity, scientific project No. (0852-2020-0032)/(BAZ0110/20-3-
071F)).
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Effect of temperature on the effective viscosity of polymer composites based on
polypropylene/ Mg(OH): blend and oligopropylene ester of salicylic acid

Dostuyeva V.M., Arzumanova N.B., Mamedov B.A.
Institute of Polymer Materials of the ANAS, Sumgait, Azerbaijan
E-mail: azeri-77@inbox.ru

The viscosity of polymer melts is called the effective viscosity. It depends on
temperature and decreases with increasing temperature. The effect of temperature on
the effective viscosity of polymer melts is usually expressed in terms of the activation
energy of viscous flow [1]. According to the Frenkel-Eyring theory, the viscosity of
the melt depends exponentially on temperature. The activation energy of a viscous flow
Is determined in accordance with the dependence Ign=f(1/T). In the case of a nonlinear
dependence of the logarithm of viscosity on the inverse temperature, the so-called
apparent activation energy of the flow is calculated.

In this regard, in Fig. 1 presents the results of studying the effect of the inverse
temperature on the effective viscosity of a mixture of PP/Mg(OH), and composites
based on it in Arrhenius coordinates. From a comparative analysis of curves (fig. 1a),
it can be seen that within the limits of loads from 3.8 to 21.6 kg, the dependences of
viscosity on temperature are predominantly linear, and at loads of 5 and 12.5 kg, the
dependences of viscosity on temperature are presented in the form of curves. And since
the dependence of viscosity on temperature is expressed as a curve, the activation
energy of a viscous flow will be a variable. In such cases, the “apparent” activation
energy of the viscous flow is usually determined. The apparent activation energy of the
viscous flow of the PP/Mg(OH), mixture varies in the range of 40.7-42.8 J/mol. It is
clearly seen from curves of 1b and 1c that in the region of non-Newtonian flow of
polymers, the dependence of viscosity on temperature is presented as a curved line.
The nonlinear dependence of Ign on 1/T, in our opinion, confirms the assumption about
a certain process of decomposition of macrochain associates.
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Fig.1. Dependence of melt viscosity of: a — PP/Mg(OH)2 (30/70); b — PP/Mg(OH). + 1.66 wt. %
OPESA; ¢ — PP/Mg(OH), + 3.33 wt. % OPESA, on the inverse temperature at different loads, kg: 1
—-3.8;2-5.0;3-10.0;4-125;5-216

Apparent viscous flow activation energy for PP/Mg(OH).+1.66 wt.% OPESA and
PP/Mg(OH)2+ 3.33 wt.% OPESA composites varies within 55.6-59.9 kJ/mol.
References

[1] Petford N. // Mineralogical Magazine. 2009. V.73(2). P. 167-191.
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Production of Si2N20-based ceramics by spark plasma sintering using SizN4 —
Y203 — Al2O3 nanopowder compositions

Drozhilkin P.D., Andreev P.V., Alekseeva L.S., Boldin M.S., Murashov A A.
Lobachevsky University, Nizhny Novgorod, Russia

Previously, it has been reported that SioN,O ceramics could be obtained from the
pre annealed in an atmosphere of air SizN4 nanopowder mixture with a precursor oxide
sintering additive [1]. It is assumed that the reason for the oxynitride formation, is the
oxygen adsorption on the surface of SisNs nanoparticles during the annealing at
1000°C.

The work considers the production of SioN,O ceramics by spark plasma sintering
(SPS) of powder composition based on SizN4 (99.5%, average crystallite size ~15 nm)
with a sintering additive Y,03 — Al,O3 in an amount not exceeding 5% wt. The
components were mixed in molar ratios: 3:5 (sample 1), 1:2 (sample 2), 1:1 (sample
3), which corresponds to Y3AlsO12, YAIOs, Y4AILOg9 phases. The additive was added
into the SisN4 powder by co-precipitation from the gel in the presence of citric acid.

SPS was carried out on a Dr. Sinter model SPS-625 equipment at 70 MPa, the
heating rate was 50°C/min until the end of shrinkage, at the end of shrinkage no
exposure was performed. The temperature at the end of shrinkage was 1640-1770°C.
The relative density of samples 1-3 was 94.8%, 95.5% and 96.4%, respectively.

The phase composition of the ceramic samples was investigated by X-ray
diffraction analysis (XRD) on a Shimadzu XRD-7000 diffractometer (CuKa, A =
1.5406 A). The microstructure was studied by scanning electron microscopy (SEM) on
a JEOL JSM-6490 microscope.

According to XRD and SEM investigations it was found that the Si,N,O crystal
phase prevails in the studied ceramics with the presence of a small amount of $-SizN4
(about 5% wt.). The average size of crystallites estimates is about 0.7 um according to
XRD and SEM. Phases containing Y and Al were not detected, which is probably due
to the amorphous sintering additive phase in the ceramic sample.

The reported study was funded by Council for Grants of the President of the
Russian Federation NeMK-4584.2021.1.3.

References
[1] Andreev P.V., et al. // IOP Conf. Ser.: Mater. Sci. Eng. 2021. V. 1014. P. 1-4
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Influence of epoxidized extender oil on properties of natural rubber compounds

Blagojevi¢ J.R., Govedarica O., Jovi¢i¢ M., Stojanov S., Bera O., Pavlicevi¢ J.,
Govedarica D.
Faculty of Technology, University of Novi Sad, Novi Sad, Serbia
E-mail: ogovedarica@uns.ac.rs

The selection of the best components for the rubber compounding process is
essential for obtaining rubber products that meet the requirements of the market. For
product properties, rubber process oil is, like reinforcing fillers and other additives,
highly significant blending component. Due to the toxicity of commonly used mineral
extender oils, there is a demand for usage of environmentally friendly oils in rubber
compounding. Although eco-friendly, vegetable oils have some less desirable
properties compared to mineral oils, such as lower thermal stability and lower
solubility parameter. These issues may be overcomed by chemical modifications of
vegetable oils such as epoxidation transesterification, etc.

The influence of epoxidized soybean oil on the natural rubber compounding
process is determined in this study. Properties of epoxidizes soybean oil as rubber
process oil, , which were experimentally determined or calculated, have been compared
to properties of soybean oil. The mixing phase of the rubber compounding process was
performed on a laboratory internal batch mixer, at 90°C and a rotor speed of 60 rpm.
The rheological properties of rubber compounds and rubber hardness were determined.
Power consumption during the rubber compounding mixing phase was calculated on
the basis of experimental data for voltage and amperage changes. Power consumption
and parameters related to compounding process, as well as parameters of obtained
rubber compounds, were determined for different content of epoxidized soybean oil.

The results showed that rubber compounds obtained with epoxidized soybean oil
were softer, while, as expected, power consumption during the mixing phase was
higher compared to soybean oil. Epoxidized soybean oil can be used as rubber process
oil during the compounding process at 90°C or above, to obtain rubber with desired
properties and prevent separation of unmixed extender oil from the product.

The authors are thankful to the Ministry of Education, Science and Technological
Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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Effect of zinc oxide nanoparticles on physico-mechanical properties of
hyperbranched polyester coatings

Jovici¢ M., Stojanov S., Govedarica O., Bobinac I., Pavlic¢evi¢ J., Blagojevic J.,
Govedarica D.
Faculty of Technology, University of Novi Sad, Novi Sad, Serbia
E-mail: jovicicmirjana@uns.ac.rs

The application of hyperbranched resins, as binders in environment-friendly
coatings, has an advantage due to less organic solvent content and lower viscosity than
conventional resins. The second generation of hyperbranched (HB) resin was
synthesized based on ditrimethylolpropane and dimethylol propionic acid. In order to
improve the properties of the coating, zinc oxide nanoparticles (average size 20 nm)
were added to HB resin. Three samples were prepared with ZnO nanoparticles in an
amount of 0, 1, and 3 wt% of the total weight of the resin. After homogenization, HB
resin with zinc oxide nanoparticles is crosslinked using commercial melamine resin. A
wet film layer of the resin mixture thickness of 100 + 2 um was applied on the steel
panel. The coatings were crosslinked in an oven for 30 minutes at a temperature of 120
°C. The thickness of the dry coating film was 60 + 2 um, measured according to ISO
2360, using the Defelsko PosiTector 6000 FSN2. The Cross-Cut Test was applied to
assess the resistance of the coating to separate from the substrate. Adhesion has been
assessed following 1SO 2409. The edges of the cuts are completely smooth, none of
the lattice squares is detached. The gloss of the coated film was determined at an angle
of 60° using a BIK-Gardner gloss meter. With the increase of the content of zinc oxide
nanoparticles in the system, there is a slight decrease in the value of the gloss of the
coating (from 98 % to 88 %, ISO 2813). At low concentrations of zinc oxide (below
three weight percent), it can be concluded that the well-dispersed particles in the
coating do not protrude above the surface and therefore do not have a significant effect
on surface gloss. Hardness was measured using a Konig Pendulum hardness tester
according to DIN 53157 standard. Impact resistance of the coating film was measured
following 1SO 6272 standard. The hardness of the coating and the impact resistance
increases slightly with the amount of zinc oxide nanoparticles in the system. It is
assumed that this is the result of improved coating curing in the presence of ZnO
nanoparticles.

The authors are thankful to the Ministry of Education, Science and Technological

Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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Computational search and plasma dynamic synthesis of tabtalum-hafnium high-
entripy carbides

Kvashnin A.G./, Nikitin D.S.?, Shanenkov I.1.>3, Chepkasov I.V./, Kvashnina Yu.A .,
Sivkov A.A.%, Bolatova Z.°, Pak A.Ya.’
Skolkovo Institute of Science and Technology, Moscow, Russia
2 National Research Tomsk Polytechnic University, Tomsk, Russia
3 University of Tyumen, Tyumen, Russia
“*Pirogov Russian National Research Medical University, Moscow, Russia
E-mail: A.Kvashnin@skoltech.ru

High-entropy carbides (HEC) of refractory metals are some of the most intriguing
compounds studied around the world having unique properties like high hardness, high
melting temperature, low thermal conductivity. Stabilization of such materials mainly
comes from the entropic contribution minimizing the Gibbs free energy [1-6]. Spark
plasma sintering techniques requiring presence of vacuum for synthesis of HEC are the
most widely used methods [1,2]. Here we demonstrate a unique plasma dynamic
technique to synthesize high-quality ternary Hf—~Ta—C compounds both as powders and
coatings that can be easily applied to various substrates. To discover new ternary Hf-
Ta—C compounds, we used the evolutionary algorithm USPEX [7-9]. After study of
thermodynamic stability of predicted phases, we selected 10 compounds for plasma
dynamic synthesis and comprehensive characterization. The application of the plasma
dynamic technique for the synthesis of Hf~Ta—C compounds results in formation of
both high-quality powders and protective coatings composed of nonstoichiometric
hafnium—tantalum carbides.

This work was supported by the Russian Science Foundation (Ne 19-72-30043).
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Currently, a popular method for sintering ceramics is Spark Plasma Sintering
(hereinafter referred to as SPS). The advantages of this technology are improved
mechanical properties, homogeneous and high-density nanostructure of products, and
reduced sintering time.

In this work, we studied the phenomenon observed in experiments on the
ballistic resistance of ceramic barriers made by the SPS method. There are
experimental data obtained at the NIFTI UNN, which show that for such materials it is
important which end the barrier is located relative to the striker. Depending on the side
on which the impact will fall, the data obtained can vary greatly. The effect was
observed on samples having the same chemical composition and also made under the
same temperature conditions.

Such a strong influence on the results of ballistic tests can be associated with the
microstructure of the obtained samples, or with the occurrence of residual stresses in
the process of ceramics manufacturing. The influence of both factors was tested using
mathematical modeling.

It was found that the phenomenon under study is not related to the heterogeneity
of the structure observed in the samples under study. However, there is a significant
asymmetry in the cooling rate of the sample upon completion of the sintering process.
The unevenness of the temperature fields leads to residual stresses, which can
significantly affect the processes of the final ballistics.

The method of taking into account the influence of internal residual stresses for
brittle materials under dynamic problems is associated with the representation of a
homogeneous material by a heterogeneous model, in which some areas with different
stress levels are introduced.

The hypothesis about the influence of internal residual stresses on the processes
of final ballistics, obtained as a result of the technological features of the technique of
electric pulse plasma sintering (asymmetric temperature distribution pattern), is
confirmed by calculations in the simulation process and correlates with the available
experimental data.

This work was supported by the Russian Science Foundation (Ve 20-73-10113).
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Tungsten carbide creep behavior at elevated temperatures
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The aim of the work is to study the high-temperature deformation behavior of
sintered tungsten carbide ceramics.

Powders of tungsten monocarbide a-WC with an initial particle size were studied:
nanopowder No. 1 with an initial particle size of ~95 nm, as well as powders No. 2 and
No. 3 of industrial production of the Kirovograd Hard Alloy Plant with an initial
particle size according to Fischer of 0.8 um and 3 um, respectively. Nanopowder No.
1 was obtained by plasma-chemical synthesis followed by reduction annealing in
hydrogen at a temperature of 1050°C (3 hours).

The compaction of cylindrical samples with a diameter of 12 mm and a height of
h =12 mm was carried out by the SPS method using the Dr. Sinter model SPS-625.
Samples were baked from powder compacts weighing 22.5 g in continuous heating
mode at a set speed of 50 °C/min to a baking temperature Ts, followed by cooling in
free mode. Sintering was carried out under conditions of uniaxial pressure of 70 MPa,
which was applied to the sample simultaneously with heating.

High-temperature deformation of sintered samples was carried out using the Dr.
Sinter model SPS-625. For creep tests, they were placed in a graphite mold with an
internal surface of 20 mm, which was larger than the diameter of the sintered ceramic
specimens.

To take into account the contribution of thermal expansion of molds, an
experiment was carried out on heating empty molds. The true shrinkage value (L) was
obtained by subtracting the thermal expansion of the mold from the experimentally
measured "effective” value Les(T, t).

It is shown that the magnitude of the creep activation power in ultrafine-grained
(UFG) tungsten carbide with a particle size of ~0.15 pm, sintered from plasma-
chemical nanopowders, is ~31 kTm. This value is 1.5-2 times higher than the creep
activation power in fine-grained samples of tungsten carbide, by the method of
obtaining SPS from submicron (~0.8 pm) and micron (~3 pum) industrial powders. It
has been established that the value of the coefficient of change varies from 2.4 to 3.1,
which corresponds to the appearance of lattice dislocations in the field of probability
of occurrence of point phenomena. It has been suggested that one of the reasons for the
increased creep activity during testing of UFG samples of tungsten carbide is an
increased volume fraction of W2C carbide particles formed during high-speed sintering
of plasma-chemical a-WC nanopowders with an increased concentration of absorbed
oxygen.

The authors wish to thank the Russian Foundation for Basic Research (grant No.
MNe20-33-90214).
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The crystallization of cesium pentafluorodistannate CsSn,Fs was performed using
SnF, (Sigma-Aldrich), CsF (pure) from an aqueous solution by the reaction
CsF + 2SnF; = CsSn,Fs. Cesium fluoride was pre-dried at 80°C. The plastic test tubes
with the fluorides weighted in a molar ratio were heated to 70°C in an ultrasonic bath
to obtain a concentrated solution and achieve supersaturation during cooling. An ice
bath was used to increase the crystallization product yield.

A novel nanocomposite CsSn,Fs@SWCNT was synthesized by capillary wetting
technique from the melt. A test charge of CsSn,Fs with a mass ~200 mg and ~5 mg of
SWCNT (OCSIAl) was ground in a jasper mortar and placed in a quartz ampoule. The
ampoule was subjected to thermo-vacuum treatment (250°C, 2.5 Pa) during 30 min.
Then the ampoule was sealed under the vacuum and placed in a muffle furnace, where
was heated at the temperature 380°C during five days with the subsequent cooling. The
sample obtained was investigated by means of transmission electron microscopy
(TEM), powder X-Ray diffraction analysis (XRD). TEM was carried out with the FEI
Osiris electron microscope, accelerating voltage 200 kV. XRD was carried out with
XRD-6000 Shimadzu diffractometer with CuKea radiation. Powder diffraction pattern
was recorded in the 20 angle range 10°-60° in 0. O2° ste .s

S
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Fig. 1. TEM mlcrophotograph of CsSnst@SWCNT nanocomposite.

There are bundles of SWCNT with diameter varying from 1.3 to 1.9 nm
continuously filled with ordered packing of atoms are observed on the TEM-
microphotograph (fig.1). Analysis of the XRD pattern proved the presence of single
phase: CsSn,Fs (a = 10.03(4) A, b =5.92(7) A, ¢ = 11.96(9) A, p = 107.4(5)°).

This work was performed using the equipment of the Shared Research Centre of
the FSRC «Crystallography and Photonicsy of RAS with support of the Ministry of
Science and Higher Education of Russian Federation (project no.
RFMEFI162119X0035).
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An analytical method has been developed for calculating the properties of binary
crystals of the type of AB substitution solid solutions [1]. The method makes it possible
to predict properties at any (corresponding to the solid phase) temperature (T), specific
volume (v = V/N) and pressure (P). The four—parametric Mie—Lennard-Jones potential
Is used to describe the interatomic interaction. When determining the parameters for
the interaction of dissimilar A-B atoms, the “average atom” method was used [2],
which takes into account the deviation of the interatomic distance A-B in solid solution
from the Vegard rule. The method allows calculating both the state equation P(v, T)
and P-T-v dependences of the following properties: Debye temperature, three
Gruneisen parameters, elastic modulus (Bt = — V(6P/dV)r), isochoric and isobaric heat
capacities, thermal expansion coefficient (o, = (0InV/0T)p), and specific surface
energy. The method also allows calculating the derivatives of these properties both by
temperature along the isobar and by pressure along the isotherm. The method was
tested when calculating the properties of Si-Ge, Au-Fe, and Mo-W solid solutions.
Both isothermal-isobaric concentration dependences of the properties and the
dependences of the properties of a binary crystal of equiatomic composition on P-T
arguments were studied. The results obtained showed good agreement with the
experimental and theoretical data of other authors. It was shown that there is a certain
temperature Tg, in which the product ap-Br = (6P/0T)yv does not change during
isothermal compression of the crystal. At T > Tg, the o,-Bt function increases, and at T
< Tg, the o,,-Br function decreases with an isothermal increase in pressure. It has been
shown that, at a certain pressure Pg, the isotherms of the baric derivative of modulus
(B'(P) = (0B+1/0P)1) intersect. At this pressure, the B'(P) function does not depend on
temperature. At P < Pg, the B’(P) function increases, and at P > Pg, the B’(P) function
decreases with an isobaric increase in temperature. Using the RP model of a
nanocrystal from Ref. [3], isothermal-isobaric changes in the properties of FCC-
AuosFeos were studied both with an isomorphic (with an unchanged shape) decrease
in the nanocrystal size, and with an isomeric (at N = const) deviation of the nanocrystal
shape from the most energy-optimal shape (for the RP model it is a cube). It was shown
that size dependences are more noticeable the higher the temperature, or than more
noticeable the nanocrystal shape is deviated from the energy-optimal shape.
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1/f2 noise as precursor of structure reconstruction in ionic crystals near the
melting point
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Nonequlibrium fluctuations nonlinear Brownian noise type have been occurred in
different systems near the phase transition points. As a rule, such nonequlibrium
processes appeared as precursors of materials fracture and degradation. Observation
near the melting point of transient premelting effect and anomalous behavior of
temperature dependence of some physical parameters indicate a change of solid state
structure and properties, which have nonlinearly dependence on heating rate. In present
work analysis of KCI premelting phases dynamic structuring has been carried out in
different kinetic regimes (dynamic — v=5,10 K/min; quasistatic — v=1 K/min). As it
revealed, premelting is nonequlibrium fluctuating processes, which is accompanied by
dissipative state formation and characterized by systems of thermodynamic and
structure parameters with nonlinear character of the heating rate. On X-ray data the
average size of coherent scattering region of KCI peremelting phases are calculated, it
varies between 65-90 nm [1]. Nonmonotonic peak intensity has been revealed in KCI
premelting phase, which connected with heat fluctuations in temperature area T > 0.85
Tm. Spectral analysis of fluctuation processes KCI in premelting phase was carried out
using continuous wavelet transform. As it revealed, heat fluctuations in KCI premelting
states are 1/f 2 type noisee (nonlinear Brownian noise), i.e., random process with
independent increments. At analyzing complex fluctuation signals, it is possible to
evaluate the degree of their randomness using such stochastic characteristic as Hurst
parameter (H). Hurst parameter is the measure of the process towards trend tendency
(in contrast to the usual Brownian motion). Evaluation of Hurst parameter of heat
fluctuations in KCI premelting states at dynamic regimes provides the values H ~ 0.4.
This indicates a system which is more prone to reconstructions when its development
tendency changes. Such fluctuation signals have been characterized by a lack of
stability (antipersistency). Their growth in the past means a decrease in the future, and
tendency to decrease in the past makes an increase in the future likely. Evaluation of
Hurst parameter at quasistatic regime gives H ~ 0.6. This indicates that this time
dependence has stable tendency to change (persistence). In other words, the presence
of 1/f? type fluctuations in the system indicate strucrural changes near the melting
point. In such case, as a rule, oscillatory change of “stability-instability-stability” type
occurs. This important phenomenon is known as ordering through fluctuations.
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Microcumulation at impact loading as a method of comparative evaluation of
dynamic plasticity of metallic materials: Case of copper
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A novel experimental laboratory technique for evaluating the dynamic plasticity
of materials, under the conditions of cumulative flow and without using explosives, is
described. To perform the microcumulative tests, miniature cylindrical specimens with
conical pits were used. The dynamic loading of the specimens was performed using a
gas gun with a striker accelerated up to speeds in the range of 600—-800 m/s. The optimal
specimen geometry and testing regimes, including the focal distance during
microcumulation testing, were then determined. The flow speed of the
microcumulative jet was found to be equal to its theoretical value calculated within the
framework of the Lavrent’ev hydrodynamic theory. The novel technique was
demonstrated to enable the study of the relationship between the initial specimen
microstructure and the dynamic plasticity magnitude at the cumulative flow using high-
purity copper as an example. The penetration depth of the cumulative microjet into a
steel barrier was shown to depend on the parameters of the copper microstructure. A
preliminary analysis of the effects of copper purity and processing regimes on the
dynamic plasticity characteristics was performed.

Fig.1. High-speed filming of the cumulative jet. The experimental scheme is shown in Figure 2. The steel
barrier was not installed while filming, and the jet was able to expand freely until destruction. The head
element of the CJ is marked by the blue dashed line
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Numerical investigation of thermal fields and melt pool behaviors for laser
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Laser surface treatment (LST) is a complex process in which the surface of a
material is melted with a laser, thereby changing its microstructure and properties. Due
to the features of the LST process, it is difficult to directly observe thermal fields and
predict the melt pool behavior, since they strongly depend on the laser process
parameters, such as scanning speed, laser power, hatch spacing, coating thickness, etc.
Therefore, numerical modeling is used to predict thermal fields and microstructures.

The objective of this study is to create a model that can be used to investigate
thermal fields and study the dimensions of the melt pool during LST process. The
Comsol Multiphysics 5.4. package and 3D finite element method are used to model
thermal effects.

In general, heat transfer can be described by the heat conduction equation. The
laser source is represented by a heat source with a Gaussian distribution. When the
laser interacts with the material, heat losses due to convection and radiation are taken
into account. The phase transition of melting and evaporation is considered in the
equation of heat capacity.

In the process of heating and cooling, the physical properties of materials change,
since they are temperature dependent. The model has the ability to set such properties
as thermal conductivity, heat capacity, density, as a function of temperature. Also,
before starting the calculation, it is possible to change the values of process parameters,
such as power, scanning speed, laser beam diameter, hatch spacing, sample dimensions
and coating thickness.

As a result of the study, a model that can be used to obtain a non-stationary
temperature distribution in the entire volume of the sample was created. Ten laser beam
passes were simulated for samples made of ST3 steel with different thickness of
aluminum coating. It is established that at a laser speed of 400 mm/s, 800 mm/s and a
power of 180 W, there is no mixing of components in the heat affected zone, since
energy input is insufficient. At a scanning speed of 100 mm/s and a power of 180 W
for a coating thickness of 20 um and 40 pm, the components are mixed in a ratio of 2:1
and 1:2, respectively. These modes will ensure high-quality adhesion of the coating to
the sample material and will not create strong composition gradients after mixing the
components.

The reported study was funded by RFBR and ROSATOM, project number 20-21-
00024.
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Study of the effect of high-temperature annealing on the resistance of fine-
grained titanium alloy PT-3V to corrosion-fatigue fracture
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The object of study is industrial pseudo-a titanium alloy PT-3V (Ti-4.73 wt.% Al-
1.88 wt.% V). The ultrafine-grained (UFG) structure in the alloy was formed by
rotational forging (RF). Fatigue tests were carried out on cylindrical specimens
according to the "bending with rotation” scheme in a 3% NaCl aqueous solution. Short
30-minute high-temperature annealings were carried out at temperatures of 500, 550,
600, and 700°C. Long-term (500, 1000, 1500, 2000 h) high-temperature annealings
were carried out at a temperature of 250°C.

Studies of the microstructure have shown that, after RF, an UFG structure with an
average fragment size of ~0.2-0.5 um is formed in the PT-3V alloy. After prolonged
annealing at 250°C and short annealing at 500, 550°C, the structure of the alloys does
not change; the first recrystallized grains are observed after annealing at 600°C.

It is shown that at annealing temperatures of 500 and 550°C the microhardness
does not change and amounts to ~2980 MPa. A significant drop in microhardness is
observed after annealing at temperatures above 600°C. The microhardness of the UFG
titanium alloy PT-3V after long-term annealing at a temperature of 250°C remains
unchanged and amounts to ~3100 MPa.

Carrying out corrosion-fatigue tests of fine-grained titanium alloy PT-3V showed
that short annealings at temperatures of 500, 550, 600, 700°C lead to a significant
decrease in the corrosion-fatigue strength of the UFG titanium alloy PT-3V.

An analysis of the results of corrosion-fatigue tests after long-term annealing at a
temperature of 250 °C shows that after 500 hours of annealing, there is a slight decrease
in the corrosion-fatigue strength of the UFG titanium alloy PT-3V, and after annealings
of 1000, 1500, 2000 hours there is a slight increase in corrosion resistance - fatigue
characteristics.

A fractographic analysis of fractures of samples of annealed UFG titanium alloys
after their corrosion-fatigue tests at various stress amplitudes has been carried out. The
main stages of crack initiation and growth are revealed.
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Physical and mechanical properties of phenolic plastics for technical purposes
using fibrous organic production waste
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One of the promising directions for the utilization of fibrous organic waste from
various industries is the production of polymer composite materials (PCM). A wide
range of technical phenolic products gives grounds for the possibility of their
production using these wastes and phenol-formaldehyde resins [1]. As the main
components of PCM, crushed wastes of fibrous cellulose fibers (fiber length 20+160
um, fiber diameter 5+30 um) and solid phenol-formaldehyde resins of the resole (RF-
342) and novolac (RF-010) types were used. Chemical substances were used as
technological additives: magnesium oxide, kaolin, calcium stearate, urotropine,
pigments. Chemical substances were used as technological additives: magnesium
oxide, kaolin, calcium stearate, urotropine, pigments. The main technological
processes for obtaining PCM were: grinding, mixing, plasticizing the mixture by
rolling, obtaining a press powder (with a particle size of 1+2,5 mm) and thermal
pressing with isothermal exposure of the product at a speed of 0,8+1 mm of its
thickness per minute at temperature 170°C and pressure 20 MPa.

Physical and mechanical properties (ultimate tensile strength o, , and bending o,
Impact strength a,, degree of moisture absorption &y , and mineral oil absorption &n) of
the obtained composites were determined taking into account the content of fibrous
cellulose filler (FCF). The most optimal characteristics of the properties of composites
were obtained at 40-50% filler content (table 1).

Table 1. Physical and mechanical properties of composites
Resin | FCF,% | o, MPa | oi, MPa | an, MJm? | &, % &, %0
RF -342 | 40-50 57-59 | 62,3-54,1 | 10,9-11,3 | 0,3-0,8 0,1-0,25
RF-010 | 40-50 59-6,2 | 56,2-485 | 13,9-13,1 | 0,4-1,1 | 0,16-0,24

The obtained experimental data have quite acceptable values for polymer
composite products (phenolic plastics) for technical purposes [1].

It should be noted that during the molding of products, a good fluidity of the press
powder and uniformity of coloring the structure of the obtained PCM samples with
powder inorganic pigments in black, raspberry, green colors are observed to obtain a
smooth shiny texture of their surface.
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The aim of the work was to study the tendency of carbon steel to strain aging after
various types of deformation.

The object of the study was U8 steel in a normalized state. The samples were
studied in the initial state, after quasi-static and dynamic compression for a given
degree of deformation. Impact loading was carried out with a steel flat impactor on the
test sample. The structure of the steel was studied by the methods of metallography
and scanning electron microscopy; the microhardness technique was used to certify the
mechanical properties. To visualize the changes in physical and mechanical quantities
in the process of high-grade deformation, modeling was carried out in the Ansys
Workbench.

Metallographic studies have shown that U8 steel in the initial state has the
microstructure of lamellar pearlite. After quasi-static and dynamic compression, the
microstructure of U8 steel does not undergo significant changes. It has been established
that dynamic compression causes a slight increase in hardness in the central part of the
specimens. The results obtained are consistent with the results of finite element
modeling, where the maximum value of the yield strength is reached in the central
region of the rear side of the sample.

It has been established that low-temperature annealing (150-500 °C) of the non-
deformed steel U8 leads to a monotonic decrease of hardness. Samples of steel U8
subjected to quasi-static compression and dynamic loading during annealing exhibit
the effect of strain aging, which consists in an increase in hardness during annealing in
the temperature range of 200-300 °C. An increase in the degree and rate of deformation
Is accompanied by an increase in the hardness of the annealed steel. The maximum
microhardness for steel after dynamic compression is observed at a lower annealing
temperature than in the case of specimens subjected to quasi-static upsetting.

The strain aging effect in U8 steel after quasistatic compression and dynamic
loading was suggested to originate from an increasing of the lattice dislocation density,
the long-range internal stress fields from which lead to the dissociation of the cementite
FesC plates and to increasing of the concentration of carbon atoms in the ferrite crystal
lattice. During annealing, the formation of Cottrell atmospheres occurs, blocking the
free slip of dislocations in the crystal lattice.

The work was carried out within the framework of project No. 0729-2020-0060
of the Russian Ministry of Education and Science.
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Two series of ceramic samples obtained by spark plasma sintering (SPS)
NaNd(WOa)2 (NNW) and NaNd(MoO.), (NNMo) were investigated. Previously, the
samples were subjected to radiation resistance tests by irradiating them with high
energy Ar (E =46 MeV), Kr (107 MeV) and Xe (160 MeV) ions with a fluence between
6-101° - 2-10*2 cm™.

X-ray studies were performed on a Bruker D8 Discover diffractometer (CuKa-
radiation). The diffractometer uses a parabolic Goebel mirror and a 1 mm collimator
to form a parallel beam, and Soller slits with a 0.2° angle aperture are positioned in
front of the detector. The angle of incidence of the X-ray beam a varied from 1° to 10°,
and the scanning was performed by rotating the detector by an angle of 26. The imaging
was carried out in the vicinity of the high-intensity reflection (112) of the NNW and
NNMo phases.

The analysis of X-ray diffraction experiments revealed an increase in the degree
of amorphization with increasing irradiation dose from 20% at a dose of 6-10%° for
NNMo ceramics to 85% at a dose 2-10% for NNW ceramics. NNMo ceramics, at lower
densities, showed greater resistance of the crystalline phase to external radiation
exposure compared to NNW at the same irradiation doses. The depth of the amorphized
layer was greater than the depth of X-ray penetration into the samples (2 um). The
disturbed layer is homogeneously amorphized within this depth range. The result of
modeling in the SRIM software package of the irradiation process of the materials in
question is consistent with the results of experimental studies.

X-ray diffraction studies of the samples before and after irradiation were carried
out at the laboratory for diagnostics of radiation defects in solid-state nanostructures
at the IPM RAS with the support of the Ministry of Science and Higher Education (g/z
MNe 0030-2021-0030).

The study was supported by the Russian Foundation for Basic Research under
scientific project No. 20-21-00145 Rosatom.
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Small-sized (with a diameter of less than 0.5 mm) composite wires are one of the
key elements of modern aircraft electric systems, they are thereby subject to stricter
requirements concerning electric conductivity, strength, and thermal stability. One of
the biggest challenges of modern electrical engineering is to replace copper wires with
aluminum ones while ensuring the same level of thermal stability, high electrical
conductance and strength at elevated temperatures. The research focused on the
structure of small-sized wires with a diameter of 0.2-0.5 mm. The aluminum alloys
with a varying content of REE and transition metals (TM) (Sc, Zr, Hf, Er, Yb) were
used as base materials. The cast alloys were subjected to Equal Channel Angular
Pressing (ECAP) and Rotary Swaging followed by recrystallization annealing in order
to eliminate the heterogeneity microstructure. The annealing conditions were selected
individually for each alloy to ensure a homogeneous recrystallized structure with a SER
(no more than 2.8-2.9 uQ-cm). The annealing at 320 °C leads to a fairly noticeable
increase in SER for most of alloys. This goes to prove that solid solution decomposition
begins, and Al3(REE, TM) precipitation starts. It should also be noted that solid solution
decomposition in scandium-containing alloys begins at a lower temperature (275 °C)
than in alloys with higher zirconium content. This result shows that Al;Sc and
Als(Zr,REE, TM) precipitates form independently in the alloys under consideration.
The workpieces were then scalped to remove oxides and subjected to multistage cold
rolling in grooves. Rolling was performed on copper-coated workpieces. As a result,
samples of composite aluminum wires with a diameter of 0.26 mm and a copper coating
approx. 10 um thick were produced. Mechanical tensile tests of wires at room
temperature demonstrate that they are quite strong — after rolling, the tensile strength
of wires made of the new alloys exceeds 500 MPa. Thermal stability of the structure
and mechanical properties of wires made of microalloyed fine-grained aluminum
alloys has been studied. It has been shown that the alloys have high thermal stability at
isothermal exposure within a temperature range of 100-500 °C. It has been confirmed
that annealing is accompanied by recrystallization processes that impair the mechanical
properties of the wire. The rate of copper diffusion into the surface layers of the
aluminum wire is negligible. The fracture analysis has shown that the annealed samples
after tensile tests demonstrate ductile failure. No detachment of the copper buffer layer
from the aluminum wire surface was observed.

The work was supported by Russian Science Foundation (grant 20-19-00672).
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Hot salt corrosion of fine-grained a- and near-a titanium alloy Ti-Al-(V,Zr)

Nokhrin A.V./, Chegurov M.K./, Kozlova N.A./, Likhnitskii C.V./, Andreev P.V./,
Berendeev N.N./, Murashov A.A./, Kopylov V.I./?, Chuvil'deev V.N/.
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2 Physical and Technical Institute, NAS of Belarus, Minsk, Belarus
E-mail: nokhrin@nifti.unn.ru

The o- and near-o-titanium alloys are extensively used today in nuclear
engineering and nuclear power industry to produce heat exchange equipment for
nuclear engineering. The hot salt corrosion (HSC) is considered to be one of the most
dangerous types of decay in titanium alloys.

The research has been conducted into the impact that structural-phase state of
grain boundaries in a-titanium alloy Ti-2.5%Al-2.6%Zr (Russian industrial name PT-
7M) near-o-titanium alloy Ti-5%Al-2%V (Russian industrial name PT-3V) and has on
strength, plasticity and susceptibility to intercrystalline corrosion (ICC). Ultrafine-
grained (UFG) structure was formed using the Equal Channel Angular Pressing
(ECAP) technology and Rotary Swaging (RS) technology.

Autoclave HSC tests were carried out in a mixture of NaCl and KBr salts at the
ratio of 300:1 at 250 °C. Corrosion electrochemical studies were performed using R-8
potentiostat-galvanostat in an aqueous solution of 0.2%HF+10%HNO:s.

It is found that increased resistance to ICC in UFG alloy PT-3V is related to
diffusion redistribution of vanadium on grain boundaries. It is found that a decrease in
average grain size along with a decrease in vanadium local concentration during high-
temperature ECAP leads to a reduction in the depth of intercrystalline hot salt corrosion
defects from ~500-700 pum to 100-150 pum.

It is shown that there are two types of corrosion defects observed on the surface
of a coarse-grained near-o-titanium alloy PT-7M after HSC tests: defects related to
stitched B-phase particles (defects of type I) and ICC defects (defects of type 1) related
to higher concentration of corrosive doping elements (zirconium, aluminum) along
grain boundaries. The nature of HSC-driven decay that occurs in UFG alloys depends
on testing time and changes from pit corrosion to ICC when testing time increases from
270 h to 500 h. Changes in the nature of corrosion decay affecting a UFG alloy PT-7M
occur when recrystallization starts, during which intensively migrating grain
boundaries bring forth corrosive alloying elements distributed in the crystal lattice of a
PT-7M titanium alloy.

Formation of a UFG structure is found to increase the resistance of a titanium
alloy PT-7M to electrochemical corrosion and hot-salt corrosion. During
electrochemical testing, corrosion damage to the surface of a coarse-grained specimen
occurs through etching interphase (a-f)-boundaries; active corrosion etching of
localized deformation bands is observed in a UFG alloy.

The work was supported by Ministry of Science and Higher Education (grant No.
0729-2020-0060).
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Study of the effect of small additives (ppm) of Y203 and MgO on the strength of
aluminum oxide grain boundaries

Shcherbak G.V., Vostokov M.M., Boldin M.S.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: kod.sherbak@yandex.ru

In this work, we investigated the crack resistance of grain boundaries as the most
vulnerable structural components for crack propagation.

The methodology presented in this work is based on measuring the fraction of
crack propagation along the grain boundary using scanning electron microscopy. This
approach allows a more detailed study of the crack propagation pattern, and it responds
more accurately to small additions of impurities segregating at the grain boundary.
Also, this method allows us to relate macro parameters, such as intergranular crack
fraction or boundary crack resistance, to the grain boundary energy, and use the grain
boundary as an additional tool in improving the strength of the ceramic product.

The addition of yttrium oxide improves grain boundary crack resistance by
forming stronger Y-O bonds and filling in the septagonal rings in the aluminum oxide
grain boundaries. Filling of the selective rings leads to a decrease in the relative free
volume of Al,O3 grain boundaries, hence, the boundary energy decreases, which leads
to an increase in the crack formation energy in the grain boundary.

The addition of magnesium oxide reduces the width distribution of dihedral angles
in Al,Og, the reduction of the dispersion of dihedral angles has a favorable effect on
the grain growth during sintering and the homogeneity of the final microstructure. A
more homogeneous grain boundary energy of Al,O3 avoids the preferential vulnerable
orientation for crack propagation.

This approach will further improve the ballistic resistance of ceramic barriers by
influencing fragmentation and abrasion processes. Also, these studies will assess how
much hardening additives should be added to Al,O3 in fractions of ppm to increase the
strength of the grain boundaries.

This work was supported by the Russian Science Foundation (Ve 20-73-10113).
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Phase transitions in intercalated titanium diselenides

Shkvarin A.S.”?, Merentsov A.L/, Titov A.A./, Postnikov M.S.??, Shkvarina E.G./,
Radzivonchik D.I1.7, Titov A.N./
!M.N. Mikheev Institute of Metal Physics of Ural Branch of Russian Academy of
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Layered titanium dichalcogenides exhibit interesting fundamental [1,2] and
practically important properties [3]. The crystal structure of such objects is a titanium
layer surrounded on both sides by chalcogen layers. Such association of three layers is
called a "sandwich™ and the bond between the atoms in a "sandwich™ is strong covalent.
"Sandwiches" are separated by interlayer space approximately equal to them in
thickness. This allows to consider such material as quasi-two-dimensional. Atoms and
even molecules can be intercalated into interlayer spaces. For most transition metals,
equilibrium with the metal is reached at 65 mol% of the intercalated metal per formula
unit. Such high concentrations of the intercalant lead to its ordering in the form of
monoatomic chains of intercalant and a decrease in symmetry from trigonal to
monoclinic. Chains are stabilized by chemical bonding between the atoms that make
up them.

In current work we systematically study the transition associated with the
formation of chains and their thermal destruction depending on the degree of filling of
the 3d shell of the intercalant. The homologous series TMgsTiSe; (TM=Ti, V, Cr, Fe,
Co, Ni) was studied during in-situ heating. The experiment was carried out on the MCX
[4] beamline of the Elettra synchrotron in the range of 50-1000 °C with a step of 25 °C
or less. It is established that the transition is described in the Ising model with the order
parameter depending on the electronic configuration of the intercalant. Increasing the
filling of the 3d shell changes the order parameter from the typical 2D case to the 3D
case. A systematic change in the ordering temperature as a function of the filling of the
3d shell is found. The results obtained are discussed together with previously obtained
data on the electronic structure of intercalated compounds.

References
[1] Morosan E. et al. // Nat. Phys. 2006. Vol. 2, Ne 8. P. 544-550.
[2] Rossnagel K. // J. Phys. Condens. Matter. 2011. Vol. 23, Ne 21. P. 213001.
[3] Trevey J.E., Stoldt C.R., Lee S.-H. // J. Electrochem. Soc. 2011. Vol. 158, Ne 12.
P. A1282.
[4] Rebuffi L. et al. // Zeitschrift fiir Anorg. und Allg. Chemie. 2014. Vol. 640, Ne 15.
P. 3100-3106.
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The phase composition features of tungsten carbide ceramics produced by spark
plasma sintering

Smetanina K.E., Andreev P.V., Lantsev E.A., Vostokov M.M.
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Spark plasma sintering (SPS) of powders is one of the most promising
technologies for obtaining high-density and fine-grained materials. SPS takes place in
a graphite mold. It has been shown that carbon diffusion from mold parts into the
sample surface layers can take place during sintering. It can lead to an inhomogeneous
distribution of crystal phases in different sample sections.

The aim of the work is to investigate the phase composition homogeneity in depth
of samples obtained by SPS of tungsten carbide (WC) powders. The study objects were
four WC ceramics prepared from powders of different phase composition and average
particle size. Powder 1 was obtained by plasma-chemical synthesis in Baikov IMET
RAS and contained 2.6% wt. of W (except for a-WC). Powders 2-4 were produced by
JSC «KZTS». Powder 2 (0.8 um) contained 1.7% wt. of W»C (except for a-WC),
powder 3 (3 um) — 2.5% wt. of W,C, powder 4 (14 um) — 1.0% wt. of W,C. The error
of the phase composition estimation is 0.2% wt. Each powder was sintered in a graphite
mold (12 mm inner diameter) until shrinkage was complete. SPS was carried out on a
Dr. Sinter model SPS-625 in vacuum. P=70 MPa, V=50°C/min. The phase composition
homogeneity of the samples was investigated by layer-by-layer X-ray diffraction
(XRD) analysis. The layers (up to 50 um thick — 1-7 stage of surface treatment, at least
200 um thick — subsequent stages) were removed by successive mechanical grinding
and polishing of the sample surface. XRD experiments were performed on a Shimadzu
XRD-7000 diffractometer (CuKa) after each layer removal. Quantitative phase
analysis was carried out by the reference intensity ratio method. The height of the
cylindrical samples did not exceed 6 mm. A total of 700-800 um was removed from
the surface of each sample. It has been demonstrated that the near-surface layer (80-
100 um) is graphite paper. W>C was detected in samples 1-3 at 100-150 um from the
surface and at 250 um from the surface in sample 4. This is probably due to the fact
that the carbon diffuses from the mold surface and reacts with W (in sample 1): 2W +
C — W,C and W-C (in all samples): W2C + C — 2WC. In addition, the W,C fraction
in each sample increases with distance from the surface. It is assumed that this is caused
by decarbonization of a-WC particles to W,C because of the adsorbed oxygen presence
on the a-WC particle surface. Thus, the phase composition of the studied WC ceramics
changes with the distance from the surface. The change consists in the W,C absence in
the surface layers and its presence at a depth of at least 100 um from the sample surface.

The study was supported by the Russian Foundation for Basic Research under
Scientific Project Ne20-33-90214.
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Temperature-dependent phase transition in TiZrNbH{fTaCs.
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Sotskov V.E., Kvashnin A.G.
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Recently, high-entropy alloys have attracted significant attention owing to their
exceptional mechanical strength, corrosion resistance and stability at high
temperatures. As a result, the number of theoretical and experimental research of high-
entropy materials increased dramatically over a past few years. Among them, a dozen
of studies is dedicated to a separate class of materials, known as high-entropy carbides
(HEC), which are based on group IV and V transition metals and form equimolar solid
solutions, where 4-6 metals occupy NaCl-type crystal structure. Usually, synthesis of
single- and multi-phase HEC requires a temperature regime which is not known a
priori. The aim of this work is to determine optimal temperature regime for HEC
synthesis theoretically, using materials modeling methods.

For modeling HEC phases at different temperatures, we used canonic Monte
Carlo (CMC) simulations combined with low-rank potential, which is a type of
machine-learning interatomic potential trained on density functional theory (DFT)
calculations. Simulations were performed within temperature range 300 — 2000 K on
865 atom (10 x 12 x 15) supercell with fixed face-centered cubic lattice. After
computational experiment phase transition between single- and multi-phase HEC was
observed at 900 K. Specifically, purely single- and multi-phase structures were
obtained at 2000 K and 500 K respectively. Calculated lattice parameters of both
phases are 0.45 nm. Experimental HEC synthesis was conducted accounting for the
temperature regime obtained with CMC simulations. As a result, our findings perfectly
matched experiment. Thus, single- and multi-phase HEC were obtained at 2200 K and
400 K, respectively, and measured lattice parameters of corresponding phases are 0.45
nm and 0.46 nm.

The developed method, based on machine-learning potentials, allows to predict
phases at different temperatures at much lower computational cost than any quantum
mechanical model and can be employed for selection of temperature regime during
experimental synthesis of HEC.

The study was funded by the Russian Science Foundation (grant No. 19-72-
30043).
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The influence of zinc oxide particle sizes and content on the crosslinking process
of composites based on natural rubber

Stojanov S., Jovici¢ M., Govedarica O., Blagojevié J.,
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Zinc oxide plays a significant role in the rubber industry for the vulcanization of
rubber with the help of sulfur. By improving the kinetics of the crosslinking process
and promoting short sulfide bridging between rubber macromolecules, zinc oxide is an
essential activator in the rubber industry. However, soluble zinc compounds are
classified as toxic to aquatic species, and from an ecological point of view, reducing
the ZnO content in rubber products is advisable. The release of zinc from rubber into
the environment occurs during the production, decomposition, and recycling of rubber
products and the use of rubber products because these products are prone to wear.
Given the great importance of zinc oxide for the sulfur vulcanization process, it is
necessary to investigate and study the possibilities of a reasonable reduction in ZnO
levels in rubber compounds. One solution may be to replace macro ZnO particles with
ZnO nanoparticles.

This paper aims to examine the influence of the size (macro and nano) and content
of nano zinc oxide particles on the crosslinking process of composites based on natural
rubber. Conventional micro ZnO is dosed in an amount of about 4 phr into a mixture
based on natural rubber. In addition to the standard macro ZnO used in the rubber
industry, mixtures with different nano ZnO content (0.5; 1 and 2 phr) were prepared.
All samples were mixed in a laboratory mixer at 90 °C. The crosslinking processes of
the rubber compounds were monitored using a rheometer at 150 °C for 15 minutes. It
was concluded that with the increase of the share of nano ZnO in the rubber mixture,
the value of the minimum torque increases, which tells us that the physical interactions
of filler-filler and filler-rubber in the system before the crosslinking process are more
pronounced. The maximum torque values, Mmax, increase with increasing ZnO
content, which indicates that the degree of crosslinking increases with increasing zinc
oxide content. Nano ZnO particles are more efficient than macro ZnO due to their
larger specific surface area, so 2 phr nano ZnO is enough to achieve relatively close
Mmax values in the system with 4 phr macro ZnO. The differences in the start time of
crosslinking are not significant.

The authors are thankful to the Ministry of Education, Science and Technological

Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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Composite materials based on intercalate compounds of titanium
dichalcogenides.

Titov A.N., Shkvarin A.S., Merentsov A.I., Shkvarina E.G., Titov A.A.
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The intercalation compounds MyTiX;, where M—intercalated metal, X =S, Se, Te,
may be considered as solid solutions with a limited stability range. When the boundary
of stability is exceeded, the decay of homogeneous state with extraction of intercalated
metal as an individual phase is observed. These layered intercalated compounds have
a notable feature - high anisotropic intercalant diffusion coefficients D. In the
temperature interval 400-800 °C the ratio Dy/D. is in order of 10°-103, where D; and
D, are diffusion coefficients along and across the basal planes of the lattice,
respectively. This circumstance causes the entire extracted metal remains within the
same interlayer space. Moreover, the host lattice dictates a specific flat shape for
inclusions with a few angstrom thickness within the interlayer space.

Anisotropy D also leads to anisotropy of the crystal growth rate along and across
the basal plane. This opens up the possibility of forming a “dynamic” composite
consisting of nanoinclusions of intermediate compounds trapped in the interlayer space
of the layers of the growing crystal of the host lattice.

In this work, variants of the formation mechanism of nano-composites obtained
by the decomposition of a solid solution and "dynamic™ composites are considered.
The results of studying such composites by scanning and transmission electron
microscopy, spectral microscopy (SPEM), and time-resolving X-ray diffraction
analysis (diffraction cinema) are presented. The results of a study of the macrophysical
properties, first of all, the magnetic susceptibility of the described composites, are
presented.

As an example, the formation of highly coercive Fes;Ses/TiSe; composites,
superconducting  FeSe/TiSe,  composites, and  "dynamic"  CrSe,/ZrSey,
NisSes/(Fe,Ni)o.25 TiSe; composites is considered.
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High performance n*-Ge/p*-Si(001) junction for near-infrared Light Sensing
formed using HW CVD
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In the present abstract we report on the growth of the n*-Ge:P layers on p*-Si(001)
substrates on fabrication of phototype LED’s based on these ones. The n*-Ge/p*-
Si(001) heterestructures were grown by Hot Wire CVVD. The Si(001) substrates heavily
doped with B were annealed at~1000°C for 10 min. After wards, the p*-Si buffer layer
of ~0.2um in thichness heavily doped with B were deposited at the substrate
temperature Ts=700°C. The B concentration in the Si buffer layer was =2-10%° cm,

The n*-Ge:P layers were grown at Ts=325°C letting monogermane (GeHy) into
the growth chamer up to the partial pressure of ~4-10* Torr. GeH,; was cracked
pyrolytically on the surface, of Ta strip hearted up to 1400°C. This way, a flow of Ge
atoms onto the substrate was formed. The Ge layers the thickness 0.6-1.0um were
doped with P from P, molecular beam obtained by the sublimation from the surface of
a GaP bulk placed inside a effusion cell.

The prototype mesa light emitting diode (LED) with rectangular mesas of
1800x1200um? in size windows for the light were fabricated. The mesa-LED’s
demonstrated the room-temperature electroluminescence with the pick emission
photon energies ~0.61 ¢V related to the indirect (photon- assisted) interband optical
transitions in the n*-Ge:P layers. The EL intensity increased with increasing P
concentration in the n*-Ge:P layers. The low-temperature of depolisition of the n*-Ge:P
layers in the HW CVD process (325°C) favors the Si-based QEIC’s monolithic
integration of such EDS.
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Electric and magnetic states of PrBaMn:0¢ double manganite under high
pressure
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Double manganites RBaMn,Os (R — rare earth) are built as a sequence of RMnOs
and BaMnOs cubic perovskite cells in c-direction forming resulting tetragonal cell. In
spite of ordinary manganites the temperatures of magnetic phase transition are much
higher; that makes these materials perspective magnetoresistors, sensors,
magnetocalorics etc. As for ordinary manganites the properties of double manganites
are formed as a result of competition between the AFM superexchange and the FM
double interaction in Mn-O subsystem. The temperatures of magnetic and electric
phase transitions changes when type of R-element varies, so some size effect is present.
The size effect may by tuned by applying of the external pressure. We performed
neutron diffraction in temperature range 50 — 320 K and pressure range 0 — 5.2 GPa for
PrBaMn,Os as magnetic and electric phase transitions at ambient pressure for this
compound were studied previously [1].

Only without external pressure single phase ferromagnetic state was observed.
External pressure leads to AFM insulating state already at 320 K. For the same sample
we measured ac-specific heat, magnetic susceptibility and electric conductivity in the
pressure range 0 — 5 GPa. The results show the presence of ferromagnetic conducting
state at high temperature for all pressure values. We explain the results as a presence
of ferromagnetic conducting clusters in antiferromagnetic insulator matrix at external
pressure.

The work is supported by RFBR, grant No 19-29-12013.

References
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Production of high-density ceramics based on aluminum oxide by free sintering
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The structure of powder blanks is always heterogeneous, which is due to the
presence of a certain proportion of agglomerated particles in the initial powder. When
sintering such workpieces, various types of heterogeneity of the structure lead to
selective compaction, the development of internal stresses and the appearance of crack-
like defects that reduce the strength properties of the manufactured ceramics.

The aim of the study was to obtain ceramics based on Al,Os; containing a
minimum number of structural defects. Ceramics were obtained by free sintering of
blanks obtained by uniaxial pressing of the initial powder and blanks obtained by
deposition of electrostatically stabilized suspensions. The sintering temperatures were
1100 °C, 1250 °C, 1400 °C, 1550 °C, the heating rate was 2.5 °C/min, there was no
isothermal exposure. For the preparation of suspensions, HNOj3; solution and Al,O3
powder with a dispersion of 200 nm were used. The resulting suspension was subjected
to ultrasonic treatment followed by centrifugation. The microstructure of ceramics was
studied by the SEM method using a Jeol JSM-6490 microscope, microhardness
measurements were carried out on an automatic Qness 60A+ hardness tester, density
was measured by hydrostatic weighing.

It is shown that the relative density of ceramics obtained by uniaxial pressing does
not exceed 97,02%, while the density of ceramics obtained by precipitation of
suspensions is 99,2% At different sintering temperatures, the density of the colloidal
sample is higher than the density of the pressed sample by 10,14% at 1100 °C and by
1,94% at 1550 °C.

The microhardness value of the sample obtained by uniaxial pressing is 18.2 GPa,
and that of the sample obtained by precipitation of suspensions is 18.9 GPa.

Thus, the removal of agglomerated powder particles by stabilization makes it
possible to achieve high uniformity of structure and high density values under free
sintering conditions.

The work was supported by the Russian Science Foundation (grant No. 20-73-
10113).
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Sro,61Ba0,30Nb206/MgO (001) film: determination of the refractive index and
thickness from the transmission spectrum

Zhidel K.M./, Pavlenko A.V./?
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This paper presents the spectrophotometric results for barium-strontium niobates
Sro1Bap39Nb,06 (SBN-61) thin films deposited on MgO (001) crystalline substrates.

To determine the optical parameters of transparent films, such as thickness,
refractive index and its dispersion, optical transmission spectra are used. SBN-61 films
were grown by RF-cathode sputtering of a ceramic target with a stoichiometric
composition of SBN-61 on single-crystal MgO (001) substrates. The deposition time
of SBN-61 on MgO was 115 min. The optical transmission spectra of the films were
recorded in the wavelength range 350—-1000 nm on a ELLIPS-1991 spectrophotometer
at room temperature. The optical transmission spectra of SBN-61 thin films, which
demonstrate the possibility of determining the order of interference at a wavelength
A =633 nm (m = 3), are shown in Fig. 1. At the points of maxima, the value of the
refractive index was estimated after finding the average value of the film thickness.
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Fig. 1. Film transmission spectra for deposition time 115 min

The refractive index value obtained from the transmission spectrum is 2.3, and
the film thickness is about 600 nm.

The work was performed with the use of equipment of the Center for Collective
Use «Integrated Centre of scientific-technological equipment SSC RAS (research,
development, approval)», the Southern Scientific Centre of the Russian Academy of
Sciences (No. 501994).

The study was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation (State task in the field of scientific
activity, scientific project No. (0852-2020-0032)/(BAZ0110/20-3-071F)).
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HccaenoBanue KOPpPO3MOHHOM CTOMKOCTH YJIbTPAMEJIKO3EPHUCTON ayCTEHUTHOM
craau 08X18H10T nmonyuennoit meronom PKY-npeccoBanus
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UccnenoBana MHUKpPOCTPYKTYypa, MEXAaHUUYECKHME CBOWCTBA W KOPPO3HOHHAS
CTOMKOCTh TpPU KOMHATHONM W  TIOBBIIICHHOM  TemIepaTypax  oOpasloB
ynbrpamenkozepauctorn  (YM3) craim  08X18H10T, mnomyyeHHONH MeTOAOM
paBHOKaHanbHOTO yrioBoro npeccoanusi (PKVYII) npu temneparypax 150 u 450 °C.
B pesynberate uccnemoBanuii mMerogom Tadens onpenensau 3HAYEHUS TJIOTHOCTH
TOKa KOPPO3UH (ixop), MOTEHIIHAT KOPPO3UH (Exop) U PACCUUTHIBAIIA CKOPOCTH KOPPOZHH
(Viop). HcmibiTaHHs Ha CTOWKOCTH MPOTHB MEXKPHCTAUIMTHON Koppo3uun (MKK)
POBOIUIH AIeKTpoxuMuideckuM Meto1oM 1o ['OCT 9.914-91, a Takke cTaHIapTHBIM
MetonoM kumnsueHuss no ['OCT 6232-2003. YM3 cranp o01agaer BBICOKMUMH
3HAQUEHUSIMU TIpelesia TEKy4eCTH M MpeAesia NIPOYHOCTH, a TaKXKE XOpOoIIen
wiactuyHocThio.  [lokazano, yro B  YM3 cranu HaOMIOJaeTCsd  CHIDKEHUE
koaddurnmenta Xoia-Ilerda, obycnoBieHHoe (parMeHTamnuedt yactuil O-peppura
npu PKVII. PKVYII npuBoauT K MOBBIICHUIO CKOPOCTH OOIIEHd KOPPO3UH, TIPU ITOM
obpaziel YM3 craneit obGnagaroT BbicOKoM ctoiikocThio k MKK (cMm. Tabm. 1).
VY CTaHOBJIEHO, YTO CHM)KEHHE KOPPO3HMOHHOW cTolikocTh YM3 cranu o0ycloBiIeHO

yBeJIU4YeHUEeM 00BeMHON 1otk MapTeHcuTa aedopmanmu npu PKVIIL
Tabmuma 1. Pe3yapTaThl 3JEKTPOXUMHYECKIX KOPPO3ZUOHHBIX UCIIBITAHUHM 00pa3IioB
KpyIHO3epHUCTOM U YM3 craiu

Pexum Pesynbrarsl ucneitanuit HcnpiTanus MeToa0M HcnbiTanus Ha
00paboTKHn no metoay Tadens MOTEHIIMOJMHAMUYECKON MKK o I'OCT
cTajan peaktuBaruu o ['OCT 9.914-91 6232-2003
METOIOM Exop, Ixops Vop, Kunae, 10 Xapakrep Xapakrep
PKVII MB | MA/cM? | Mm/ron KOPPO3UH KOPpPO3UH
Ucxonuoe -403 | 0.073 0.58 0.93 MKK MKK nnu
COCTOSTHUE MUTTUHTU

O | Npwn=1 | -402 | 0.072 0.56 1.64 Ob6mas koppo3us [lurTuHrK
?% Npwyn=2 | -403 | 0.083 0.64 1.96 O6u1ast Koppo3ust [TutTHHTH
T [ Npwn=3 | -404 | 0.084 0.65 2.07 O6u1ast Koppo3ust -

= | Npyn=4 | -404 | 0.084 0.65 2.34 O6u1ast Koppo3ust -

O | Npyn=1 | -404 | 0.092 0.71 2.78 O6m1ast Koppo3ust [TutTHHTH
é Npwn=2 | -406 | 0.084 0.64 3.25 O6u1ast Koppo3ust -

Y | Npeyn=3 | -406 | 0.099 0.77 241 O6u1ast Koppo3ust -

= | Npyn=4 | -403 | 0.097 0.75 2.22 O6m1ast Koppo3ust -

Paboma evinoanena npu nooodepowcxe Munobpuayku Poccuu (npoexm H-498-
99 2021-2023 6 pamkax I[Ipoepammut «IIpuopumem-2030» HHI'Y).
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IlepoBcKHTHI Kak 0a3a CMHTE3a KOMHATHOTEMIIEPATYPHBIX CBEPXIPOBOIHUKOB

Masos JI.C.
QUL «HlID PAH»: HOM PAH, Husxcnuti Hoszopoo, Poccust
E-mail: mazov@ipmras.ru

Bckope nociie oTkpeITHS siBIeHus cBepXnpoBoauMocTH (1911 1.) B MeTase (HQ) mpu
T ~ 4 K, Bcrana npo0ieMa oucka MaTepualioB ¢ 6osee BbICOKOM (BILIOTH 1O KOMHATHOM
T ~ 300 K) temmeparypoil cBepxmpoBojsiiero mnepexoga 1, OIrta mnpodiema
paccmaTpuBaiiach akajl. B.JL.I'uH30yprom kak BTopasi 1o Ba>KHOCTH TIOCJIE TEPMOSIIEPHOTO
CHHTE3a, T.K. €€ peuleHrue Aaio Obl BO3MOXKHOCTH MNEpelaBaTh SHEPIUI0 yepe3 JIMHUU
aNIeKTponepeaur 6e3 TEIIOBbIX OTEPh, BCJIEACTBUE OTCYTCTBHUS COITPOTUBIICHHS Y TAKMX
npoBOJIOB. XOTS MPEANPUHUMAINUCH AKCICPUMEHTAIBHBIE TIOMBITKM HAWTH TakKue
MaTepuabl, OJHAKO TEOPHUs 3TOrO SIBJIEHMSA NOSABWIACH TOJIBKO B cepenuHe 1950-x
(bapmun, Kymnep, Ilpuddep (BKII)). Oxkazanoch, 4TO 3JIEKTPOHBI MPOBOJUMOCTH,
o0ecrieurBaIMe MPOBOJUMOCTh MeTala B HOpMaibHOM coctostHumn (T > To),
O00BEMHSIOTCS B KyNIEpOBCKHUE Mapbl pH T < T 3a cyeT B3aUMOICHCTBUS C KOJICOAHUSIMU
aTOMHOM pereTku ((POHOHAMU), YTO MPUBOAUT K MCYE3HOBEHHIO CONIPOTHBIICHHUS METaJlIa
— cBepxmnpoBoaumoctH (CII). Takas kaptuna no3Bomuia Jlutray (1964 r.) BeLABUHYTH
UJIE0 O CUHTE3€ OPraHUYECKOI0 CBEPXIIPOBOHUKA C BBICOKOM 1 3@ CYET B3aUMOJCHCTBUSA
AJIEKTPOHOB IPOBOJMMOCTA C BOJHAMHU TMOJIAPU3ALMH (PKCUTOHAMH), XapaKTepHas
SHEPrusi KOTOPBIX CYIIECTBEHHO OoJIbIle Temiepatypsl Jlebas mpu poHOHHOM MeXaHu3Me
(BKIII). OTa unes O6bu1a OCHOBaHA Ha CTPyKType Mosekyisl JIHK — npoBojsimas HUTH,
OKpY>KE€HHasl CUIILHO-TIOJIAPU3YIOIIEHCS M30UPYIOLIeH 000I0UKOM. JTa uies mpuBJIeKIia
BHUMAaHUE MHOTMX XWMHUYECKUX Jabopatopuii B wmwupe. [lepBbIM OpraHMuecKUM
CBEPXIIPOBOIHUKOM CTalo COCTUHEHHE tetramethyl-tetraselenafulvalene-
hexafluorophosphate (TMTSF)2PF6, otkpsitoe B 1979 r. OgHako, HecMOTps Ha OO0JIbIIINE
yCHIINS, TOSIBJIEHHE HOBOTO KypHana «Synthetic metals», Benuunna 7, B opraHu4ecKux
Metaiax k 1986 r. ocraBanachk HeBbicokol (~ 15 K). TlosiBnenue B Tom ke roxy CII B
HEOPraHUYECKHUX COoeNnHeHnsX Trma rneposckuta npu 1, > 40 K (LSCO) (a 3atem u 77 K
(YBCO)) onpenenuino uHTEpec OONIBIIMHCTBA JadopaTopuii. Tpems rogaMu MMo3:Ke HaMu
OBbUTH MOJTY4EHBb! CBUIETEIHCTBA TOTO, YTO CBEPXIIPOBOIALIEMY MEPEXOTy MPH BBICOKOM
temnepatype (BTCII) B 3Tux cloucThIX Marepuaiax NpeAllecTByeT MarHuTHbId (AD
BCII) dazoBsiit iepexo, TpUBOASAIINN KaK K YaCTHYHOMN JTUAJIEKTPU3AIUH TIOBEPXHOCTH
depmu, Tak U K (HOPMUPOBAHUIO TIEPHUOIMUECKOIN CTPAHTI-HAHOCTPYKTYPBI B TIPOBOISTITIX
CuO,-mockoctsix. [lepBbiii MexaHNW3M MPUBOIUT K YMEPEHHOMY POCTY 1¢ 3a CUeT pocTta
IUIOTHOCTH COCTOSIHUM HA KpasiX JUAJIEKTPUUYECKON I (IICEBAOUIENN) Ha TOBEPXHOCTH
®epmu (Mexanu3m Kemnmpima-Komnaesa, 1964). Bropoit MmexaHm3M o0ecrieunBaeT pe3kuit
poct 7, 3a cueT peanu3alMd 3KCUTOHHOro Mexanusma Jlurrna-I'mu3Oypra B crTpaid-
HAHOCTPYKTYypE OKCHIOB Meau (MiaHapHbld «couaBuu ['HH3O0ypra). IlpencraBnena
BO3MOXXHOCTb KOMHATHOTEMIIEPATYPHOU CBEPXIIPOBOJMMOCTH B IEPOBCKHUTaX ¢ Oosee
BBICOKOM Temmnepatypoit Heess. [IpoBeneHO cpaBHEHHE MOCIIEI0BATEIBHOCTH MATHUTHOT'O
U TOJIBKO 3aTEM CBEPXIMPOBOJSIILIEIO MEPEX0Ja B OPraHUYECKUX CBEPXMPOBOAHHUKAX U
OKCHJaX MEH.
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IKCIEPUMEHTAIbHOE HCCIe0BAHNE TEPMUYECKOM CTA0MIBHOCTH
NPOBOJHUKOBBIX AJIOMHHHEBBIX CILIaBoB Al-0.5Mg-Sc

anpuna A.C., Hoxpun A.B., Konbsuios B.U., bo6pos A.A.
Hayuonanwuwiii uccnedosamenvckuti Huscecopoockuti 2ocyoapcmeeHnHtulil
yuugepcumem um. H.U. Jlobauesckoco, Huowcnuii Hoseopoo, Poccus
E-mail: yashadrina@nifti.unn.ru

B kadectBe 00BeKTOB HcciieqoBaHus BeicTynanu criaBel Al-0.5Bec.%Mg-XSc
(X =0.2, 0.3, 0.4 Bec.%), MOTyYCHHBIC METOAOM HMHAYKIIMOHHOTO JUThS (JIUTCHHAS
mamHa INDUTHERM VTC-200) c¢ nocnenytomeid aedopmanueit MeToaoM
opToroHanbHO-yrimoBoro mnpeccoBanust (OVYII) mpu Temnepatype 225°C u myrem
KOMOUHAIIMK METOJIa paBHOKaHaabHOTo yrioBoro npeccoanus (PKVYII) u OVII. B
IpoIleCCe HCCIENOBAaHUS ONPENeNssid CpeAHUN pasMep U  OO0BEMHYIO JIOJIO
PEKPUCTAIIITU30BAHHBIX 3€PEH, MUKPOTBEPIAOCTh U YACIBHOE AJIEKTPOCOTPOTUBICHUE
B 3aBUCUMOCTH OT TeMIiepatypsl 30-MUHYTHOT'O OTXKUTA.

[TokazaHo, 4TO yBenuUYeHUE COJEPKaHUs SC B CIUTaBax MPUBOAUT K YBEIUUCHUIO
mukpotBepaoct ¢ 350+10 MIla (0.2Bec.%Sc) mo 370+10MIla (0.4Bec.%Sc).
Ycranosneno, yto OVII mpuBOIUT K MOBBIMICHUIO MHKPOTBEpAOCTH B 1.5-2 pa3sa.
MuxkpotBepaocts obpasnoB mocie PKYII B mpepene morpenitHocTd COBMAAAET C
MUKPOTBEPIOCTHIO cIiaBoB nociie OVYII.

UccnenoBanuss YOC moka3pIBalOT, YTO MPU YBEIUYEHUU COJAEpKaHUS SC
BennunHa YOC mnoseimaerca ot 3.40 mxOm-cm (0.2Bec.%Sc) mo 3.82 mMxOwm:-cMm
(0.4Bec.%ScC). YcTaHOBIIEHO, B TMPOIECCe OTKUTA HAONIOJACTCS yMEHBIICHHE
YAEIBHOTO JEKTPOCONPOTHBIICHHS, YTO CBSI3aHO C PACMaloOM TBEPJOTO pacTBopa SC
U BBIJICTICHUEM YaCTHII.

[IpoBeneHbl 3KCIIEpUMEHTANTbHBIE MCCIEAOBAHMS MPOIecca PEeKPUCTATITH3AIUN
npu omkure (30 MuH.) maHHBIX Je(OPMUPOBAHHBIX ATOMHHHEBBIX CIUIABOB.
OO0HapyxkeHo, UTO TeMIepaTypa Hadajla peKpUCTaUIM3alliy TAHHBIX CIJIABOB BEChbMa
BbIcOKa U coctaBisieT 425-450°C. Tlocne orxkura (30 muH.) ipu Temmneparype 475°C
CpPEeIHUN pa3Mep PEKPHUCTAIUIM30BAHHOTO 3€pHA TMOpsaka 3 MKM, OoObeMHas JOJsS
PEKPUCTAIIIM30BAaHHOTO 3€pHa He mpeBbimaet 5%. OTMETHM, 4YTO 3TO JOCTATOYHO
HEOXKUJAHHBIN pe3yNbTaT, MOCKOJIbKY TeMIlepaTypa Hadalla PEKpPUCTAUIM3ALNU B
MeKo3epHHUCTHIX crutaBax Al-Mg-Sc o6sraHO He nipeBbimaet 300 °C.

boimu mpoBeneHbl MCCIEAOBaHUS OJHOPOJAHOCTH MaKpOCTPYKTyphl U Hy 1o
JUIMHE  3arotoBkd. OOHapyKeHO, 4YTO Kpass 3arotoBku ~20 MM HMEIOT
KPYITHO3EPHHUCTYIO CTPYKTYpY.

st oOBsICHEHUsT TONYYCHHBIX PE3yJbTATOB MPOBEICH aHAM3 MEXaHHU3MOB
pacrajia TBEpJIOro pacTBOpa MPU OTKUTE JUTHIX U MEIKO3EPHUCTHIX aTFOMHUHUEBBIX
CILJIaBOB.

Paboma sevinonnena npu noooepoicke epanma PHD No20-19-00672.
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SECTION 2. CHEMISTRY OF MATERIALS

Creation of new biomaterials based on biogenic collagen from fish skins
Al-azzawi H.S., Korokin V.Zh.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: alazzavik@bk.ru

Collagen is one of the most common fibrillar proteins and performs a large
number of mechanical functions, in particular in animals, as well as in representatives
of marine fauna, such as fish. It consists of the main part of tendons and ligaments,
most of the organic matrix in bones and dentin, is contained in the skin, arteries,
cartilage and, in general, in most tissues in the extracellular space. [1]. Despite the
rather large amount of experimental data, the technology of obtainig of fish products
requires the deepening and expansion of scientific data substantiating the functional
and technological properties of collagen substances, the conditions for obtaining
various forms and varieties of application in various sectors of the economy [2].

Fish collagen hydrolysate was isolated by pouring pre-cleaned skins with sodium
hydroxide, followed by neutralization with acetic acid. The collagen dispersion was
subjected to freeze-drying process for 24 hours at -70 C. As a result, collagen sponges
with high porosity were obtained.

A physicochemical study of the obtained samples was carried out using X-ray
diffraction and IR spectroscopy. A comparative analysis with a commercial sample
showed that the obtained collagen is not inferior in chemical properties to the products
presented on the market. In the future, it is planned to use fish collagen to produce
biocomposite materials with various inorganic compounds.

References

[1] Brinckmann J. // Top. Curr. Chem. 2005. V. 247. P. 1-6.
[2] Veit G., Kobbe B., Keene D.R., et al. // J. Biol. Chem. 2006. V. 281. P. 3494-50.
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Hydrolytic stability of ceramics based on CsZr2(POs)3 in various environments.
Study of the influence of the contact environment on the composition and
microstructure of the near-surface layer of ceramics

Alekseeva L.S.!, Yunin P.A.2, Nokhrin A.V.%, Otopkova P.A.2, Voronin A.V.1
! Lobachevsky University, Nizhny Novgorod, Russia
2 Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia
3 Institute of Chemistry of High-Purity Substances RAS, Nizhny Novgorod, Russia
E-mail: golovkina_lyudmila@mail.ru

One of the important tasks of modern radiochemistry is the management of high-
level waste accumulated over many years of nuclear power operation. The structure of
kosnarite is one of the most promising and studied matrices for the immobilization of
various high-level waste fractions. It is stable over a very wide range of cationic
substitutions in all crystallographic positions. In addition, compounds with the
kosnarite structure have high hydrolytic and radiation stability.

The aim of this work was to study the hydrolytic stability of ceramics based on
CsZry(PO4)s phosphate with the kosnarite structure at 90°C in various environments.

The CsZry(PO4); compound was obtained by the sol-gel method. The final
synthesis temperature was 900°C. Powder sintering was carried out in graphite molds
in vacuum (6 Pa) using the Dr. Sinter model SPS-625 at a temperature of 1200°C and
a pressure of 70 MPa without isothermal exposure. The phase composition of the
resulting powders and ceramics was studied by XRD using a Shimadzu LabX XRD-
6000 diffractometer. A JEOL JSM-6490 scanning electron microscope was used to
evaluate the ceramic microstructure parameters before and after testing. The near-
surface layer of ceramics before and after hydrolytic tests was studied using the SIMS
method on a secondary ion mass spectrometer TOF.SIMS 5 (Germany).

The hydrolytic stability of ceramics was studied in a static mode at 90°C in
distilled and mineralized water, as well as in slightly acidic and slightly alkaline media.
The content of elements that passed into solution during leaching was determined by
ICP-MS on an ELEMENT 2 high-resolution mass spectrometer (Thermo Scientific,
Germany) using external calibration. In the course of the work, the influence of the
contact environment on the rate of cesium leaching, as well as on the composition and
microstructure of the near-surface layer of ceramics was studied, and the mechanisms
of cesium leaching were determined.

The study of the surface of the samples before and after hydrolytic testing was
carried out in the laboratory for diagnosing radiation defects in solid-state
nanostructures of the IPM RAS with the support of the Ministry of Science and Higher
Education of the Russian Federation (state assignment No. 0030-2021-0030). The
equipment of the Central Collective Use Center of the IPM RAS "Physics and
Technology of Micro- and Nanostructures" was used.

The reported study was funded by RFBR and ROSATOM, project number 20-21-
00145.
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Thermodynamics parameters of complex formation between rutin and quercetin
with 2-hydroxypropyl-B-cyclodextrin in water-ethanol solvents

Alister D.A.’, Kushnir R.A./, Usacheva T.R./, Thi Lan Pham?
lvanovo State University of Chemistry and Technology, Ivanovo, Russia
?Institute for Tropical Technology, Vietnam Academy of Science and Technology,
Hanoi, Vietnam
E-mail: matchoaa@mail.ru

Natural polyphenolic compounds-flavonoids have antioxidant properties, which
mainly explains their biological significance and the importance of studying their
properties as well as widespread use in medicine. Rutin (Rut) belongs to the class of
flavonoids and, being a non-toxic and non-oxidizable molecule, has a number of
advantages when used in pharmaceuticals over other flavonoids similar in structure.
The low solubility of rutin in water imposes restrictions on its use. Such limitations can
be removed due to complexation with macrocyclic oligosaccharides — cyclodextrins
(CD). Unique solubilizing and selective properties, low toxicity and commercial
availability determine their large and promising use in pharmaceuticals, cosmetics, and
textile productions, bioorganic and analytical chemistry. The thermodynamic
parameters of the complexation between rutin (Rut) and hydroxypropyl-p-cyclodextrin
(HP-B-CD) in water-ethanol solvents (IgK, AH, A/G, TAS) were calculated from
isothermal titration calorimetry data in water-ethanol solvents with a content of ethanol
0.05 and 0.10 mol. fractions. Calorimetric experiments were carried out on a TAM IlI
calorimeter system (TA Instruments) with a 20 mL reaction cell (microcalorimeter)
and a titration module at T = 298.15 K. The values of IgK [RutcHP-B-CD] obtained in
this work decrease with an increase in the ethanol content in the solvent: IgK = 3.3
(Xeton = 0.05 mol.fr), IgK = 2.7 (Xeton = 0.1 mol.fr). The obtained enthalpy values are:
ArH = -16.0 kJ/mol (Xgion = 0.05 mol.fr), A\H =-11.0 kJ/mol (Xgon = 0.1 mol.fr). The
comparison of obtained data with thermodynamic parameters of complex formation
between flavonoid quercetin (QCT) with HP-B-CD was carried out. The stability of the
[QCTcHP-B-CD] complex varies from IgK 3.8 in water to IgK 3.3 in a solvent of 0.2
mol. fr. ethanol [1]. A decrease in the stability of both [QCTcHP-B-CD] and [RutcHP-
B-CD] was observed with an increase of EtOH concentration in the solvent and it is
controlled by the enthalpy factor. The increase in the entropy contribution to the change
in the Gibbs energy of the complex formation reactions is probably caused by an
increase in the number of free water molecules as a result of the desolvation of Rut,
QCT and HP-B-CD in aqueous ethanol solvents.

The study was carried out with financial support of Ministry of Science and
Higher Education of the Russian Federation (projects FZZW-2020-0009) using the
resources of the Center for Shared Use of Scientific Equipment of the ISUCT (grant Ne
075-15-2021-671), and with financial support of ISUCT grant 16-ISUCT-21.

References
[1] Usacheva T.R., etal. // J. Therm. Anal. Calorim. 2019. V. 138. P. 417-424.
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Research of Ho** coordination compounds with amino acids

Al-Karawi A.M.’, Knyazev A.V./, Alahmad A K./
!Lobachevsky University, Nizhny Novgorod, Russia
E-mail: muvafak@Dbk.ru

The interaction of lanthanide ions with biologically active ligands is of great
importance for the understanding and development of new organometallic frameworks
(MOFs). In general, hybrid compounds can be used as sensors, gas storages,
luminescent materials, catalysts, drug delivery systems, wireless charge transfer
systems, and in thin film devices [1]. The success of lanthanide-amino acid complexes
depends on stability, which is critical to ensure that the complex can reach the target
point without change. Secondly, the structure of the complex is very important in
determining the behavior of the agent in vivo. For example, the coordination number,
the presence of coordinated water, and the formation of multinuclear particles can
drastically change the usefulness of a compound. Significant progress has been made
recently in the coordination chemistry of lanthanides. In particular, our group obtained
a complex of holmium perchlorate with glycine with the formula
[Ho(Gly)s-2H20](Cl0.)s (fig.1) in the form of a single crystal, which crystallized in
the triclinic system with the space group P1. The crystal was obtained by isothermal

evaporation of a saturated aqueous solution of Ho,O3 oxide.
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Fig. 1. Structure of [Ho(Gly)s-2H20](ClO4)s, (i) - double bidentate bridge (uz-n™? ), (ii) -
quadruple bidentate bridge (uz-n'n%)a

In the future, it is planned to synthesize the complex of holmium chloride with
aspartic acid [Ho(Asp)(H20)s]Cl,-H20, obtained earlier [2], to study the thermal
stability in the temperature range 150 < T < 500 K in order to study the stability of
Ho3+ crystals. The obtained data will expand theoretical and experimental knowledge
in the field of obtaining and behavior of complexes based on lanthanides.

References

[1] Pettinari C. // Polymer International. 2017. V. 66. P. 731-744
[2] Csoregh 1. // Acta Chem. Scand. 1989. V. 43. P. 636-640
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The effect of carbon contamination and temperature gradient on the phase
composition of ceramics produced by spark plasma sintering

Andreev P.V./, Drozhilkin P.D.?, Smetanina K.E.?, Alekseeva L.S.?, Boldin M.S.?,
Vostokov M.M.?, Murashov A.A.?
L Institute of Chemistry of High-Purity Substances RAS, Nizhny Novgorod, Russia
2 Lobachevsky University, Nizhny Novgorod, Russia

The temperature gradient and overheating of the contact surfaces of the graphite
mold and the sample is possible during spark plasma sintering (SPS) due to rapid
heating.. It can lead to the carbon contamination from the surface of the mold into the
sample, which can cause significant changes in the phase composition and degradation
of the obtained material properties.

Ceramic samples produced from SizsN4 powder (purity: 99.6%, 90% wt. a-SisNa,
dispersity <5 um, Alfa Aesar, Germany) with Y03 — Al,O3 additive (molar ratio 3:5)
in the amount of 3 (sample 1), 5 (sample 2), 10 (sample 3) and 15% wt. (sample 4)
have been studied.

Ceramic samples were obtained by SPS method on Dr. Sinter model SPS-625
under 70 MPa and at heating rate 100°C/min until the end of sample shrinkage. It was
reached at 1900, 1890, 1710, 1630°C for samples 1-4 respectively. The relative density
of all obtained samples exceeded 95.5%.

The phase composition of the ceramic samples was studied layer-by-layer using
X-ray phase analysis (XRPA) on a XRD-7000 diffractometer (Shimadzu, Japan)
(CuKa, A =1.54 A). Investigation of each layer was performed in the range of 20 from
15° to 70°, scanning step was 0.04°, exposure time was 2s. Each surface layer was
formed by sample grinding with diamond disks on a Secotom-10 (Struers, Denmark).
The thickness of the removed layer (not less than 60 um) exceeded the depth when the
X-ray beam intensity decreases by e factor (~40 um for SizNa).

SiC phase was detected in the near-surface layers of the ceramics, which is
probably due to the carbon diffusion from the mold. Si phase was also detected, which
Is probably related to the overheating near the contact sample surface with the mold,
which caused the decomposition of SizN4 (> 1600°C) [1].

Only B-SizN4 phase was detected in layers exceeding 140 um in depth in samples
1 and 2/. In addition to B-SizN4 phase, a-SisN4 phase was detected in samples 3 and 4..
The o/B ratio for each sample is constant, which indirectly suggests an insignificant
temperature gradient.

The reported study was funded by RFBR, project number Nel9-33-60084.
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Three-phase region with a change of metatectic reaction for the peritectic one in
the system Cu-Ni-Mn

Baldanov V.D./, Zelenaya A.E.?, Lutsyk V.I.”2
!Institute of Physical Materials Science of SB RAS, Ulan-Ude, Russia
?Banzarov Buryat University, Ulan-Ude, Russia
E-mail: viuts@ipms.bscnet.ru

Three-phase equilibrium in the isobaric ternary system could be either a eutectic
type — with the both solid phases mass increasing, or a peritectic type — with the one
solid mass decreasing. First method to check the terms for the change of three phase
transformation type (Fig. 1) was named as a tangent method [1, 2]. Though it's
correctness was restricted for the cases with the solubility in solids yet in 1945 [3], for
the long time this method was preferable [4-8]. Some attempts were made to improve
the tangent method [8, 9].

a)

Bgl Blg Kgc

Fig. 1. 3-Phase region with a change of metatectic reaction for the peritectic one (in green —a
surface of 2-phase reaction) in the system Cu-Ni-Mn = A-B-C: x-y projection - a), axonometry - b)

This work has been performed under the program of fundamental research SB

RAS (project 0270-2021-0002).
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Synthesis and properties of phosphate-based ceramic materials of alkali,
2-valent metals and zirconium

Bedin V.Y., Kazachiner O.V., Lepulina Y.N., Asabina E.A.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: thesilantday@gmail.com

The development of materials with certain characteristics is an important branch
of inorganic chemistry and contributes to the success in the development of modern
materials science. Among them are compounds having the structure of the mineral
kosnarite KZr,(PQO,)s (synthetic analogue - NaZr,(PO4)s, NZP) and Sca(WO4); (SW),
forming large families of structural analogues due to the inclusion of various cations
in their composition in various crystallographic positions. Materials based on them
have high ionic conductivity, chemical and radiation resistance, low coefficient of
thermal expansion.

In the present work, we have studied the phase formation, thermal expansion, and
electrical conductivity of the phosphates A1+2xMxZr2-x(PO4)s (A — Li, Na; M — Zn, Mg,
Ni, Mn, Co). The compounds were synthesized by sol-gel method and studied by
powder X-ray diffraction, including studies in wide temperature range (298 - 473 K).
The electrical conductivity was studied by the impedance method in the interval 423 -
773 K.

The results obtained indicate the formation of limited solid solutions in the studied
systems. Li-containing phosphates Lii+2xMxZr2x(POs)3 (M — Zn, Mg) obtained at the
temperatures of 873 - 973 K, had SW structure, and the increase of temperature up to
1073 - 1373 K leaded to their transition to NZP structure. In the Naj«2xMxZr2-x(PO4)3
(M — Zn, Mg, Ni, Mn, Co) system, limited solid solutions of the NZP structure were
obtained. Temperatures of their synthesis were 873 - 1073 K. Solid solution limits were
established.

Thermal expansion of the phosphate NajsZno4Zr16(PO4)s was studied using X-
ray diffraction. The temperature dependences of its unit cell parameters were described
by linear functions. Significant expansion of the structure along the ¢ axis upon heating
Is characteristic of NZP compounds containing small cations in the cavities of the
framework. With increasing temperature, a decrease in cell parameters a is observed.
According to the value of the average coefficient of thermal expansion, the studied
compound belongs to the class of medium expanding substances.

The ionic conductivity of the Nai:2xZnyZro.x(POs4)s solid solution in the
temperature range 423—-773 K changes in accordance with the Arrhenius law. The ionic
conductivity due to the transfer of sodium cations in interconnected cavities increases
with an increase in the carrier concentration.
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Synthesis of ball-type u clam-shell magnesium phthalosyanines with oxy-
benzene fragments as a bridge substitutes and study of fluorescence properties

Belikova A.A., Erzunov D.A., Vashurin A.S.
Ivanovo State University of Chemistry and Technology, Ivanovo, Russia
E-mail: 89051065598 @mail.ru

Phthalocyanines have a unique structure that includes four isoindole fragments,
due to which these complexes exhibit linear and nonlinear optical properties. Based on
the above, compounds of this class can be used to create nonlinear optical materials
that protect human eyes and optical devices from laser radiation. Compared to their
monomeric counterparts, ball-type phthalocyanines show greater interaction between
macro rings, which is reflected in the properties [1]. Compounds of this structure
absorb light in the long-wave region of the spectrum, so they can be considered as
promising complexes for photodynamic therapy [2]. In addition, their absorption is
shifted to the red region of the spectrum, where the transparency of biological tissues
Is higher, which expands the therapeutic possibilities of the method. However, the
compounds of this structure are prone to uncontrolled aggregation, which makes it very
difficult to work with these compounds, since most studies are performed in organic
and aqueous solutions. In this work we present methods for the synthesis of
phthalocyanines with complex structures, such as clam-shell and ball-type
phthalocyanines, and study their fluorescent properties. The synthesis was carried out
in iso-amyl alcohol solution at the boiling temperature of the solvent using a reflux
condenser. Nitriles of various structures and four-water magnesium acetate were used

as starting compounds.
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Photocatalytic desulfurization of hydrocarbons in the presence of Bi-containing
layered perovskites

Belousov A.S., Parkhacheva A.A., Suleimanov E.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: belousov@ichem.unn.ru

The conventional technique to remove sulfur from fuel is hydrodesulphurization
(HDS), but this process requires harsh conditions (P = 3-6 MPa, T = 200-450 °C).
Another disadvantage is associated with the fact that HDS catalysts have difficulties in
the removal of some sulfur compounds, such as dibenzothiophene (DBT) and its
derivatives [1]. In this regard, the photocatalytic oxidation of sulfur compounds in mild
reaction conditions (ambient temperature and atmospheric pressure) is considered as
one of the promising methods to obtain fuels with sulfur content less than 50 ppm.
Nowadays, a significant number of photocatalysts, including TiO2, WO3, g-C3sNy, etc.,
have been proposed for the photocatalytic desulfurization [2].

In this work, the photocatalytic desulfurization of hydrocarbons was investigated
in the presence of layered perovskites Bi;,WOg and BioMoOg as well as their solid
solutions Bi;WxMo:1.xOs (x = 0.25, 0.50, 0.75). The photocatalysts were prepared by
hydrothermal method (160 °C, 12 h) using stoichiometric amounts of Bi(NO3)s-5H>0,
Na;,WOQO,-2H,0, and Na;MoO.-2H,0O. The model mixture for the desulfurization
reaction contained 200 ppm of DBT in n-dodecane (10 mL of the mixture, ambient
temperature, molar ratio H,O,/DBT of 10, catalyst amount of 10 g-L*, 30 W LED
lamp as the visible light source). Experimental results are shown in Figure 1. The best
desulfurization degree after 120 min of the reaction was obtained using solid solutions
Bi,WxMo01 xOg (X = 0.25 and 0.50) as photocatalysts.
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Fig. 1. Photocatalytic activity of Bi-containing perovskites: (1) no photocatalyst; (2) Bi;WOs
(no light); (3) BizM0Os; (4) Bi2WOs; (5) Bi2W0o.75M00.2506;
(6) BizWo,sMOo,sOs; (7) BixWo.25M00.7506.

This work was financially supported by the Ministry of Education and Science of
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Influence of epoxidized extender oil on properties of natural rubber compounds
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The selection of the best components for the rubber compounding is essential for
obtaining rubber products that meet the market requirements. Like reinforcing fillers
and other additives, rubber process oil is a highly significant blending component. Due
to the toxicity of commonly used mineral extender oils, there is a demand for
environmentally friendly oils in rubber compounding. Although eco-friendly,
vegetable oils have some less desirable properties compared to mineral oils. They have
lower thermal stability and lower solubility parameter. Chemical modifications of
vegetable oils, such as epoxidation or transesterification, may help to overcome these
issues.

The influence of epoxidized soybean oil on the natural rubber compounding
process is determined in this study. Properties of epoxidizes soybean oil as rubber
process oil, which were experimentally determined or calculated, have been compared
to the properties of soybean oil. The mixing phase of the rubber compounding process
was performed on a laboratory internal batch mixer at 90°C and a rotor speed of 60
rpm. The rheological properties of rubber compounds and rubber hardness were
determined. Power consumption during the rubber compounding mixing phase was
calculated based on experimental data for voltage and amperage changes. Power
consumption, parameters related to the compounding process, and properties of
obtained rubber compounds, were determined for different contents of epoxidized
soybean oil and soybean oil.

The rubber compounds obtained with epoxidized soybean oil were softer, while,
as expected, power consumption during the mixing phase was higher compared to
soybean oil. Epoxidized soybean oil can be used as rubber process oil during the
compounding process at 90°C or above, to obtain rubber with desired properties and
prevent separation of unmixed extender oil from the product.

The authors are thankful to the Ministry of Education, Science and Technological
Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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The influence of hempseed extender oil on natural rubber compounding process
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To obtain a product that meets the requirements of the market, proper selection
and ratio of natural rubber compounds are substantial in the rubber industry. Properties
of finished products based on natural rubber depend upon blending components, such
as additives, antioxidants, vulcanization agents, other reinforcing fillers, and especially
the nature of extender oil.

The potential use of hempseed oil as an environmentally friendly extender oil and
its influence on the rubber compounding process was examined. Blending was
performed by an internal batch mixer at the constant temperature of 90°C and the speed
of 60 rpm. Rubber compounds were prepared with a broad range of extender oil
content. Their hardness was determined according to ISO 7619-1 standard method. The
power consumption of the rubber compounding effective mixing phase was calculated
from the experimentally measured voltage and amperage. For the sake of comparison,
rubber blends with commonly used naphthenic process oil were prepared under the
same conditions.

Power consumption during the mixing process decreases with the increase of
extender oil content for hempseed and naphthenic oil. The results showed that
hempseed oil could be used in a wide range of oil content as extender oil in rubber
blending, even though it shows remotely higher power consumption than naphthenic
extender oil during the effective mixing phase. Rubber hardness was decreased by
adding extender oils, where samples with hempseed extender oil showed significantly
lower hardness at any content oil applied. The statistical method was applied to obtain
the equations for the reliable prediction of power consumption and rubber hardness.

The authors are thankful to the Ministry of Education, Science and Technological
Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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Phosphate-sulfate of eulytite structure as host materials for the immobilization
of radionuclides

Bokov A.l., Pet’kov V.1.
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The issue of managing spent nuclear fuel and other wastes from the nuclear fuel
cycle is an urgent and important task. The study of forms of immobilization of
fractionated components of radioactive waste, their use in the form of inorganic
crystalline mineral-like compounds is carried out by many scientific groups [1].
Silicates, germanates, phosphates and vanadates with the structure of the eulytite
mineral Bis(SiO4)3 are used as the basis for promising Low Temperature Co-Fired
Ceramic devices for high-frequency electronic devices, optical isolators — essential
components of modern lasers, matrices for solid-state phosphors, their use as
crystalline materials for localization of nuclear technology waste is also investigated.
We carried out a targeted synthesis of phosphate-sulfates MeSr,Eu(P0O4).SO4 (Me = K,
Rb, Cs) and BaySrs x(P04)2SO4 (0 < x < 4) with the structure of the mineral eulytite,
including fission products, lanthanides (imitators actinides) and technological
elements. The phase formation of phosphate-sulfates was studied, the structure was
refined, and thermal expansion was investigated. Phosphate-sulfates were obtained by
coprecipitation of salts from aqueous solutions followed by heat treatment. The
synthesis temperatures were 1173-1473 K. Phosphate-sulfates MeSr,Eu(PQO,4).SO4 and
BaySrs x(PO4),SO, were characterized by X-ray diffraction (Shimadzu XRD-6000
diffractometer), microprobe analysis (JEOL JSM-7600F microscope with energy
dispersive spectrometer), IR- spectroscopy (FTIR-8400 spectrophotometer). Thermal
expansion was studied on the same diffractometer using a temperature attachment with
a discrete mode of temperature change in the range from 173 to 523 K with a step of
50-100 K. According to XRD data, individual MeSr,Eu(PO4).SO4 compounds and an
continuous BaxSrs x(P0O4)2S0;4 solid solution with the eulitytite structure (sp. gr. 143d)
are formed. Their neutral framework is formed by wavy chains of distorted MeOg
octahedra connected by edges, and (P,S)O4 tetrahedra connected to octahedra through
vertices. Samples do not undergo polymorphic transitions. The IR-spectra of the
phosphate-sulfates by the position and shape of the absorption bands are typical of
sulfates and phosphates crystallizing in the eulytite structural type with sp. gr. 143d and
indicate the absence of X-ray amorphous impurities. Ceramics MeSr2Eu(P0O,4),SO4 and
BaxSra «x(PO4)2S0O4 with the eulytite structure expand isotropically with changing
temperature and have thermal linear expansion coefficients a, = (11+18)-107° K2,
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As part of the research, the properties of organophosphate particles characterized
by the presence of nitrogen-containing heterocyclic compounds included in the surface
layer were obtained and studied. It is expected that such surface-modified particles will
have the ability to selectively bind amino acids (including those with polar side chains)
of a certain stereochemical class on their surface, as well as the ability to subsequently
reproducibly polymerize bound amino acids into oligomeric macromolecules -
peptides with a certain sequence of amino acid residues.

Particles of phosphate minerals (whitlockite CazsMgos(PO4)2, meryllites
CagsMgNa(PO.)7 and CagMgK(POa4)7) with a branched internal structure providing
increased surface porosity and pronounced adsorption properties were obtained by
solid-phase synthesis. To study the binding processes of nitrogenous bases (guanine,
uracil, adenine) by phosphate particles, their interactions in solvents simulating the
abiogenic environment of the Earth’s volcanic geolocations of the early Archean era
(formamide, NHs) were considered, as well as the result of direct solid-phase
coexistence in the form of a homogenized mixture ( with mass ratio phosphate/base =
20/1), pressed at p= 3.5 atm under isothermal conditions (100°C).

The control was carried out by IR spectroscopy (Shimadzu FTIR 8400s). The
study of the obtained objects in liquid media did not lead to the discovery of any effects
due to the significantly higher intensity of the absorption bands of the solvent. The
spectra of dry mixtures recorded in KBr under standardized conditions showed a
change in the relative intensity of the absorption bands of nitrogenous bases with time,
which can be considered as an indirect confirmation of adsorption processes on the
phosphate matrix.

The research was carried out with financial support under a State assignment at
the Research laboratory “Chemistry of natural products and their synthetic
analogues” of the Research and Education Centre “Technoplatform 2035 (FSWR-
2021-014). B.E.N., S.N.E. & K.A.V. thank RFBR and Krasnodar Region according to
the research project Ne 19-44-230400-r_a.
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Creation of a composite material based on marine collagen and methyl
methacrylate by photopolymerization in the presence of complex oxides
CsTeMoOs and RbTe1.sWo.505
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The development of new biomaterials to replace damaged or lost organ tissues is
one of the urgent problems of regenerative medicine. The creation of composite
materials based on natural polymers and synthetic monomers solves the dilemma that
arises when developing biomaterials: the use of biopolymers leads to good
biocompatibility of materials, but to low strength characteristics, while synthetic
materials are characterized by good physical and mechanical properties, but do not
have biological activity. Photocatalytic reactions under the influence of visible light
attract attention due to compliance with the principles of green chemistry and a wide
range of possibilities for their use, namely the possibility of carrying out the reaction
at room temperature, the absence of fragments of an organic initiator in the system, etc.
Recently, oxides of a number of metals have become the most widespread, capable of
catalyzing reactions when irradiated with visible light, rather than ultraviolet [1]. The
purpose of this work is to implement MMA grafting on the surface of cod collagen
under visible light irradiation of a complex oxide CsTeMoOs and to compare the
characteristics of the most important properties of the resulted graft copolymer with
those for the graft copolymer MMA-collagen obtained earlier RbTe; 5Wo 506 [2]. Graft
copolymerization was carried out in an aqueous emulsion. Grafting onto a natural
polymer is carried out due to the reaction of radical substitution with a hydroxyl radical,
which is formed when irradiated with visible light (A=400-700 nm) of a complex oxide.
The obtained results of GPC and CHNS analysis, along with an increase in the polymer
mass after grafting in the aqueous phase of the emulsion by 5-7%, indicate the
production of the graft copolymer MMA-collagen in the case of using both complex
oxides. By scanning electron microscopy, when comparing lyophilically dried sponges
of samples, a similar structural and relief organization of composites was established.

This work was supported by the Ministry of Education and Science of the Russian
Federation (assignment 0729-2020-0053) on the equipment of the Collective Usage
Center “New Materials and Resource-saving Technologies” (Lobachevsky State
University of Nizhny Novgorod).
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Lanthanides are widely used in different fields of medical treatment and
diagnostics. They are considered to be the best contrast enhanced agents in medical
Magnetic Resonance Imaging and the Gd-complexes especially are routinely used in
clinics [1].

A group of lanthanides complexes with alanine where prepared by dissolving
lanthanides oxides (La203, Gd,03, Dy,03, H0,03, Tm,0s3, Yb,03) under stirring with
heating in a mixture containing concentrated aqueous solution of perchloric acid (0.5
mL) and deionized water.

Fig. 1. Molecular structure of [Gd(Ala)2-4H20)]2(Cl04)s.

The primary structure of gadolinium complexes was determined by structurally
invariant direct methods using SHELX. The position of the remaining atoms was
determined by differential electron density syntheses and refined by |F|?> by the least
squares method.

Single X-ray examination of monocrystals of gadolinium complex
[Gd(Ala)2:4H20)]2(Cl04)s which was obtained in the monoclinic system at a
temperature of 100 k and crystallized in the C 2/c space group, showed that the
structure has four bridges between two neighboring gadolinium atoms, and every atom
of lanthanide has a coordination number equals to 8, the four bridges are consisting of
two atoms of oxygen and one carbon atom by the order (-O-C-O-) formed form the
carbocyclic group of alanine.
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lonic liquids are one of the most promising materials for various branches of
industry due to combination of unique properties and ability of fine tuning by selection
different types of cations and anions. However the implementation of these compounds
in industrial processes needs the knowledge of their thermodynamic properties. The
latters are still very scanty, especially ion properties. This work is devoted to theoretical
determination of formation enthalpies of common anions of ionic liquids.

Bis(trifluoromethane)sulfonylimide [NTf,], trifluoromethanesulfonate [TfO],
ethyl sulfate [ES], and dicyanamide [DCA] anions were chosen as the objects under
study. Isodesmic reaction approach was applied to evaluate the formation enthalpies.
Both DFT (B3LYP, B98, M06, M06-2X) and composite G4 methods were used. Basis
set used in DFT calculations was Dunning’s aug-cc-pVTZ. All values were calculated

at 298.15 K. Results of calculation are summarized in Table 1.
Table 1. Calculated formation enthalpies, AiH°, and its standard deviations, c. All values in kJ-mol

NTf~ TfO~ ES™ DCA~

Method AH° o AfH° c AH° ) AH° )
B3LYP -1983 94 -1287 52 -845 32 71 21
B98 -2037 89 -1320 45 -878 26 90 16
MO06 -2027 63 -1357 43 -915 27 63 20
M06-2X -2092 58 -1329 80 -1117 85 78 22
G4 -2127 62 -1401 27 -957 11 109 17
Ref. -2103 [1] -1346+49 [2]

It was found that DFT/MO06-2X gave the best agreement between our calculations
and literature data. However this method has the largest uncertainties of values found.
Taking into account high accuracy of G4 the AsH° obtained by this approach can be
chosen as recommended.

This work was supported by the Russian Science Foundation under grant Mo 21-
73-00041. We also thank Prof. Anna Gudmundsdottir and Ohio Supercomputing
Center (project PES0597) for providing us access to the HPC resources.
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Biphenyl as a liquid organic hydrogen carrier: study of the hydrogenation
process on supported Pt and Pd catalysts
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Aromatic compounds, such as toluene, diphenyl, naphthalene, etc., are considered
as the most promising hydrogen carriers capable of chemically binding it by catalytic
hydrogenation. This concept of hydrogen binding and storage has been actively studied
in recent decades and is called liquid organic hydrogen carriers (LOHC) [1-2]. To
ensure a stable cycle based on LOHC, it is necessary to develop an effective "LOHC-
catalyst™ system that will be stable for many hydrogenation-dehydrogenation cycles
without loss of activity. The diphenyl-based system has a number of advantages, the
main of which are low volatility (compared to toluene) and higher stability (compared
to heterocycles like N-ethylcarbazole). It is well known that the properties of the
catalyst support directly affect its interaction with the metal, the dispersion of the active
component, which largely determines the properties of catalysts based on precious
metals. In this work, we studied Pt- and Pd-containing catalysts supported on SiO,
Al,O3 and mesoporous silicates SBA-15 and MCM-48. The synthesized catalysts were
investigated by the methods of low-temperature nitrogen adsorption, temperature-
programmed reduction, and high-resolution transmission electron microscopy. The
catalytic properties of the prepared catalysts were tested in liquid-phase hydrogenation
of biphenyl in a flow reactor. The results of the study showed that the nature of the
carrier has a significant effect on the dispersion, size and location of metal particles.
The use of mesostructured silicates (SBA-15 and MCM-48) as carriers makes it
possible to increase the dispersion of the active phase in comparison with traditional
silica and alumina. Apparently, the diphenyl hydrogenation reaction is structurally
sensitive and the higher dispersion of the active phase allows platinum and palladium
catalysts to show higher activity in the deep hydrogenation reaction of diphenyl to
bicyclohexyl. Pt-containing catalysts exhibit significantly higher activity than Pd
catalysts.

This research was funded by the Ministry of Science and Higher Education of the
Russian Federation (theme No. AAAA- A12-1111100072-9) as part of the state task of
the Samara State Technical University (creation of new youth laboratories).
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Natural cyclodextrins (CDs) are a class of cyclic oligosaccharides having
molecular cavities. CDs are widely used in pharmaceutics, cosmetics, food and textile
industry, catalysis, chromatography. Undoubtedly, such important substances as
cyclodextrins require accurate knowledge of fundamental thermodynamic properties:
melting points and corresponding enthalpies. Such data are essential for understanding
and predicting of properties based on structure-property relationships; for calculations
on the energy of the crystal lattice, which has a crucial effect on inclusion properties;
for evaluation of the limiting temperatures during the modification of drug complexes
by fast heating and cooling. At the same time, the melting points and corresponding
enthalpies cannot be measured by conventional methods, since solid CDs decompose
without melting at temperatures less than 300 °C.

The present study is focused on the determination of the melting parameters and
high-temperature behavior of natural cyclodextrins using fast scanning calorimetry
(FSC). Melting points of a-, - and y-cyclodextrin were determined for the first time
using FSC with heating rates up to 40000 K-s?, also as melting enthalpy of -
cyclodextrin. The activation energies of thermal decomposition of cyclodextrins were

calculated from the temperature dependence at wide range of heating rates.
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Fig. 1. Dependency of onset temperatures (T) of main exothermic peak for anhydrous a-
cyclodextrin on heating rate (p) in Flynn—Wall-Ozawa analysis coordinates.

The work was supported by Russian Science Foundation grant Ne22-23-00367,
https://rscf.ru/project/22-23-00367.
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Receiving materials with desired properties is the most important area of research
and development in nanotechnology. When receiving such materials, an important role
belongs to self-organization and self-assembly, which can be controlled by acting on
the system with an external force field. The interfacial layer of a heterogeneous liquid
system can be considered as an assembler, the possibilities of which for the synthesis
of structures with desired properties are great.

This report presents the results of studies on the effect of local vibration on the
properties of the material of interfacial formations (MIF) based on di-(2-
ethylhexyl)phosphates of d- and f-elements.

The method of material synthesis, its taken and determination of properties are
described in [1]. Synthesized in the field of mechanical vibration of the resonant
frequency, MIF has a higher density, melting point, and magnetic susceptibility. With
the local supply of mechanical energy of the resonant frequency, the primary contacts
between the particles of metal di-(2-ethylhexyl)phosphate are destroyed, which
immediately appear due to the thermodynamic instability of the disperse system. The
adhesion of smaller particles leads to the formation of a denser material. The x-ray
phase analysis data show that a material with a higher degree of crystallinity and a finer
crystallite size is synthesized in the vibration. The melting temperature, density, and
magnetic susceptibility of MIF based on f-elements are higher than in the case of
systems with d-elements, and for REE of the yttrium group they are higher than in the
case of cerium. Apparently, this is due to an increase in the proportion of crystallinity
and a higher molar mass of MIF. The electrical conductivity of the material of
interfacial formations based on lanthanide di-(2-ethylhexyl)phosphate is mainly due to
the presence of water in their composition.

Thus, the spontaneously arising material of interfacial formations based on metal
di-(2-ethylhexyl)phosphates, when exposed to vibrations on the interfacial layer, has
changed properties, namely, lower electrical conductivity and higher density, magnetic
susceptibility, and melting point.

Microscopic study of the structure MIF was carried out with the financial support
of the Ministry of Science and Education of the Russian Federation within the
framework of the scientific project of the laboratory "Laboratory of "smart" materials
and technologies" number FSSM-2021-0013.
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In,03-based nanomaterials are in high demand in modern industry, especially
electronics, due to In,O3 electrophysical properties. The conjunction of visible light
transparency and electrical conductivity makes In,Os thin films a key material for the
production of electronic devises. When such materials are required to be of high purity,
methods of physical vapor deposition are used. Evaporation techniques involve heating
of a target to transfer its material into the gas phase followed by deposition of the film
on a substrate. Thus, the thermodynamics of vaporization of the deposited substance is
very important for producing of functional materials using evaporation methods. The
In—In,O3 system was proposed as a low-temperature source of gaseous indium oxide
In,0O by analogy with other metal-oxide systems [1]. In the present work, vaporization
thermodynamics of the system was investigated by Knudsen effusion mass
spectrometry in the temperature range 930-1210 K. The system does not form any
compounds and there is a heterogeneous phase field [In(I)+1n,05(s)] in the composition
range between phases In(l) and In,Os(s). An original approach was developed to
interpret the mass-spectrum of the vapor over the system and the composition of the
equilibrium gas phase was determined. The main vapor species in the [In(l)+In203(s)]
heterogeneous phase field were In(g) and In,O(g) with the gaseous oxide
predomination. Partial pressures of the vapor species in the system and their
temperature dependences in the temperature range under study in the whole
composition range were found. The oxygen partial pressure in the vapor over the
[In()+In,05(s)] heterogeneous phase field occurred to be extremely low for
experimental determination and was calculated from the equilibrium constant of a gas-
phase reaction 2In + 1/20, = In,0, obtained from vaporization study of pure In,O3
oxide. The enthalpies of several reactions accompanying evaporation of the system
were calculated by the second- and the third-law of thermodynamics. The results of
these two ways of calculation were in good agreement. The standard enthalpy of
formation of the gaseous oxide In,O at 298.15 K was found to be —31.3 + 8.7 kJ/mol.
A p-x-section of the system phase diagram at 1060 K was constructed. The vapor over
the [In(I)+In,03(s)] heterogeneous phase field consists of 95% In,O at 1060 K.
Consequently, the In—In,O3 system can be used as a low-temperature source of highly
concentrated vapor of In,0.

This work was supported by the Russian Science Foundation (project No. 21-13-
00086).

References
[1] Adkison K.M., Shang S.L., Bocklund B.J., et al. // APL Mater. 2020. V. 8(8). P. 1-
18.

63



Materials science of the future

Phase formation and properties of phosphate ceramics with a high alkali metal
content
Grigoreva O.P.1?, Asabina E.A.}
!Lobachevsky University, Nizhny Novgorod, Russia
’Moscow State University, Moscow, Russia
E-mail: oksankagrigorevaa@mail.ru

An intensive study of framework and layered phosphates is associated with the
prospects for their use as ceramics for the immobilization of toxic (including
radioactive) wastes. Their important advantage is the possibility of strong fixation of
alkali metals in a hardly soluble stable structure.

The purpose of this work is to study the phase formation, crystal structure, thermal
and hydrolytic stability of complex iron phosphates and various alkali metals of the
form Naz.xAxFe(PO4), and Nasz.xAxFe2(PO4)s (A — K, Rb, Cs).

The samples were synthesized by coprecipitation of salts from aqueous solutions
(final annealing temperatures were 400-750°C) and studied by X-ray diffraction,
electron microscopy and microprobe analysis, IR spectroscopy, and differential
thermal analysis.

According to the results of the study, limited solid solutions with a structure
similar to the mineral glaserite (layered structure) were obtained in the Naz«AxFe(PO4)2
series. The limits of isomorphic miscibility decreased with increasing difference in the
ionic radii of alkali metals and amounted to 0 < x < 0.4 for the Na—K system and 0 <x
< 0.3 in the series of Na—Rb phosphates. For samples with A - Cs, isodimorphism was
observed with the formation of two rows of solid solutions in the intervals 0 < x < 0.2
and 2.5 < x < 3. Phosphates Nasz.xAxFe2(PO.)s crystallized in the kosnarite structural
type, framework-type solutions in all studied systems were almost the same (0 < X <
0.3).

The crystal structure of the individual compound CssFe(PO,), obtained for the

first time was studied by the Rietveld method using X-ray data (sp. gr. P3m, »* =1.21,
a = 5.832(1) A, c = 7.136(1) A, V = 210.2(1) A3). Two types of columns can be
distinguished in the crystal lattice of the compound under study: columns of alternating
phosphate tetrahedra and cesium ten-vertex columns and columns of FeO6 octahedra
and twelve-vertex structures built around the cesium atom.

Thermal expansion and hydrolytic stability of CssFe(PQOa), (glaserite type) and
Nay 7Cso3Fe2(PO4)s (kosnarite type) samples were studied. It is shown that the studied
phosphates are characterized by sufficiently high average thermal expansion
coefficients (25-200°C), however, a low degree of expansion anisotropy makes it
possible to ensure a uniform increase in the dimensions of finished ceramics. The
steady-state rates of cesium leaching from phosphate samples (dynamic mode, Soxhlet
extractor, 90°C) amounted to 10°-10* g/(cm?day), which corresponds to the
requirements for matrix materials for immobilization of the radioactive cesium.
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The compound EuErCuTes were prepared by mixing the elements copper,
europium, erbium and tellurium in stoichiometric amounts (1:1:1:3 molar ratios) along
with CsCl as flux according to the following scheme:

Eu + Er+ Cu+ 3 Te — EuErCuTes

The crystal structure of EUErCuTes telluride synthesized for the first time was
determined using single-crystal diffraction data. Compound is of the orthorhombic
system space group Cmcm. The compound belongs to the KZrCusSs structural type with
unit cell parameters a = 4.3069 (2) A, b=14.3093 (8) A, c = 11.1943 (7) A. The crystal
structure was refined by the Rietveld method using the SHELXL-93 software package.
The confidence factors were wR; = 0.0724 and R; = 0.0291. Data for the isostructural
compound EUErCuS; were used as the initial model. The Eu?*, Er®*, Cu* ions occupy
independent crystallographic positions (Fig. 1). Distorted tetrahedrons (pl) CuTey
jointed by apical Tel atoms form chains in a string along the a axis, between which the
octahedra’s ErTeg are located. The ErTes connecting by the ribs along the a axis and
by the peaks along the c axis form a two-dimensional grids in the a-c plane. The ErTes
and the CuTes pL, connecting by the ribs form parallel [ErCuTes] layer-blocks
perpendicular to the b axis. Trigonal prisms (TP) EuTes, connected by edges, form
chains along the a axis. Thus, the connection structure of the EUErCuTe; compound is
described by two-dimensional layers [EUErCuTes] in the a-c plane between which the
Eu?* ions are located.
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Fig.1. Structure EUErCuTes projections
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Selenides of the ALnBSes; type can be used as optoelectronic, thermoelectric,
semiconductor, magnetic materials. The crystal structure of EuScCuSes selenide
synthesized for the first time was determined using single-crystal diffraction data.
Compound is of the orthorhombic system space group Cmcm. The compound belongs
to the KZrCusS; structural type with unit cell parameters a = 3.9883 (2) A, b =13.2776
(10) A, ¢ =10.1728 (9) A. The crystal structure was refined by the Rietveld method
using the SHELXL.-93 software package. The confidence factors were wR> = 0.1040
and R;=0.0442. Data for the isostructural compound EuScCuS; were used as the initial
model. The Eu?', Sc**, Cu" ions occupy independent crystallographic positions.
Distorted tetrahedrons (pl) CuSes jointed by apical Sel atoms form chains in a string
along the a axis, between which the octahedra’s ScSes are located. The ScSes
connecting by the ribs along the a axis and by the peaks along the ¢ axis form a two-
dimensional grids in the a-c plane. The ScSes and the CuSes pL, connecting by the ribs
form parallel [ScCuSes] layer-blocks perpendicular to the b axis. Trigonal prisms (TP)
EuSe¢, connected by edges, form chains along the a axis. Thus, the connection structure
of the EuScCuSe; compound is described by two-dimensional layers [EuScCuSe;] in
the a-c plane between which the Eu?" ions are located.

The research was supported by the Tyumen region within the framework of the

grant agreement in the form of a grant to non-profit organizations no. 89-don dated

07.12.2020.
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Started in the 1950s, studies of organoboron compounds in radical (including
grafting) polymerization of a wide range of monomers have developed in recent years.
Interest in organoboron compounds is due to their ability to participate in all steps of
radical polymerization: initiation, chain growth, chain termination, and chain transfer.
The following initiating systems were used for the synthesis of copolymers:
azobisisobutyronitrile (AIBN) — tributylborane (TBB); AIBN — TBB — 2,5-di-tert-
butyl-p-quinone (2,5-DTBQ); TBB — 2,5-DTBQ. The obtained copolymers have
different compositions and molecular weight characteristics. These differences are
caused by different copolymer formation mechanisms. The common stage is the
interaction of gelatin with TBB:

O O
3 4 % 4
N C, N “n,
+Bu;B ——>
- BuH
H OH H

OBBu,

The resulting borated gelatin acts in further transformations as an organoboron
compound. IR spectra of copolymers include absorption bands characteristic of gelatin
and polymethylmethacrylate, and UV spectra indicate the embedding of 2,5-DTBQ
into the polymer chain.

The obtained copolymers were lyophilized and then examined by scanning
electron microscopy (SEM). The morphology of copolymers depends on the
composition of the initiator and consequently the mechanism of the formation of
macromolecules (Fig. 1). The most differences are observed for the product obtained

Fig. 1. SEM images of copolymers obtained by grafted polymerization of methylmethacrylate to
gelatin initiated by AIBN — TBB (a); AIBN — TBB - 2,5-DTBQ (b) and TBB - 2,5-DTBQ (¢)

This study was funded by the Russian Science Foundation (research project No
22-23-20091).
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Obtaining and studying the properties of materials based on isotopically modified
quartz glass is promising for various fields of science and technology [1, 2]. In
particular, the possibility of manufacturing quartz optical fibers is indicated, in which
28Gj160, and %°Si'80,, respectively, are used as the shell and core material to ensure the
difference in refractive indices. However, information about obtaining and studying
the properties of optical fibers based on such glasses in the literature is very limited.
When working with scarce and expensive isotopically enriched substances, it is
necessary to operate with small amounts of substances, which can provide the sol-gel
method, which is one of the promising methods for obtaining quartz glass. Isotopically
enriched 2SiF, was used as the initial silicon compound. The conversion of silicon
tetrafluoride to silicon tetrachloride was carried out under static conditions using AlCls.
To obtain 2Si0O, by the sol-gel method, the reaction of 2SiCl, (degree of enrichment
99.99 by 28Si) with dried ethyl alcohol and hydrolysis of the formed 28Si(OC,Hs), with
an aqueous alcohol solution in the molar ratio 2Si(OC;Hs)4:CoHsOH:H,0=1:4 was
carried out:4. Next, the solution was placed in molds and kept until a xerogel was
formed, which was then calcined. Determination of the impurity and isotopic
composition of the samples was carried out by the MS-ISP method. As a result,
transparent samples of 28SiO, (light transmission >90% in the visible region) with a
content of 28Si at the level of 99.99 at. % were obtained. According to X-ray phase
analysis, the samples are amorphous and do not contain crystalline inclusions. The
spectra of silicon dioxide samples of different isotopic compositions were obtained and
characterized by IR spectroscopy. To study the process of gelation and the formation
of monolithic samples, a study was conducted on the selection of a catalyst (HF, HCI,
HNO3) and the temperature regime of drying. The kinetics of the sol particle size
growth was determined by the DLS method (NanoBrook 90Plus Zeta). By the method
of hydrostatic weighing, the densities of the obtained images were determined, the
values of which ranged from 1.172 to 1.950 g/cm?. According to the data obtained, HCI
and HNOj catalysts are the most promising for these purposes.
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The application of hyperbranched resins, as binders in environment-friendly
coatings, has an advantage due to less organic solvent content and lower viscosity than
conventional resins. The second generation of hyperbranched (HB) resin was
synthesized based on ditrimethylolpropane and dimethylol propionic acid. In order to
improve the properties of the coating, zinc oxide nanoparticles (average size 20 nm)
were added to HB resin. Three samples were prepared with ZnO nanoparticles in an
amount of 0, 1, and 3 wt% of the total weight of the resin. After homogenization, HB
resin with zinc oxide nanoparticles is crosslinked using commercial melamine resin. A
wet film layer of the resin mixture thickness of 100 = 2 um was applied on the steel
panel. The coatings were crosslinked in an oven for 30 minutes at a temperature of 120
°C. The thickness of the dry coating film was 60 + 2 um, measured according to ISO
2360, using the Defelsko PosiTector 6000 FSN2. The Cross-Cut Test was applied to
assess the resistance of the coating to separate from the substrate. Adhesion has been
assessed following 1SO 2409. The edges of the cuts are completely smooth, none of
the lattice squares is detached. The gloss of the coated film was determined at an angle
of 60° using a BIK-Gardner gloss meter. With the increase of the content of zinc oxide
nanoparticles in the system, there is a slight decrease in the value of the gloss of the
coating (from 98 % to 88 %, 1SO 2813). At low concentrations of zinc oxide (below
three weight percent), it can be concluded that the well-dispersed particles in the
coating do not protrude above the surface and therefore do not have a significant effect
on surface gloss. Hardness was measured using a Konig Pendulum hardness tester
according to DIN 53157 standard. Impact resistance of the coating film was measured
following 1SO 6272 standard. The hardness of the coating and the impact resistance
increases slightly with the amount of zinc oxide nanoparticles in the system. It is
assumed that this is the result of improved coating curing in the presence of ZnO
nanoparticles.

The authors are thankful to the Ministry of Education, Science and Technological

Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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In the rubber industry, to obtain a product that meets the requirements of the
market, proper selection and ratio of natural rubber compounds are substantial.
Properties of finished products based on natural rubber depend upon blending
components, such as additives, antioxidants, vulcanization agents, other reinforcing
fillers, and especially upon the nature of extender oil.

The potential use of hempseed oil as an environmentally friendly extender oil and
its influence on the rubber compounding process was examined. Blending was
performed by an internal batch mixer, at the constant temperature of 90°C and the
speed of 60 rpm. Rubber compounds were prepared with broad range of extender oil
content. Their hardness was determined according to ISO 7619-1 standard method. The
power consumption of rubber compounding effective mixing phase was calculated
from the experimentally measured voltage and amperage. For the sake of comparison,
rubber blends with commonly used naphthenic process oil were prepared under same
conditions.

Power consumption during the mixing process decreases with the increase of
extender oil content, for hempseed as well as naphthenic oil. The results showed that
hempseed oil can be used in a wide range of oil content as extender oil in rubber
blending, even though it shows remotely higher power consumption than naphthenic
extender oil during the effective mixing phase. Rubber hardness was decreased by
adding extender oils, where samples with hempseed extender oil showed significantly
lower hardness at any content oil applied. The statistical method was applied to obtain
equation for reliable prediction of power consumption and rubber hardness.

The authors are thankful to the Ministry of Education, Science and Technological
Development of the Republic of Serbia for their financial support, Project No. 451-03-
68/2022-14/200134.
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In the last decade, studies in the field of targeted and controlled drug delivery
using polymer nanocontainers have received much attention from researchers around
the world. One of the promising options for drug delivery to diseased human organs
and tissues is the use of stimuli-responsive polymer micelles with a drug loaded into a
hydrophobic core. The ongoing research is aimed at developing thermo- and pH-
responsive polymers based on N,N-[(dialkylamino)alkyl](meth)acrylamides (DAA)
and alkoxy(oligoethylene glycol)methacrylates (AOEGM), promising for use as
micellar drug delivery vehicles. The study has been carried out on the synthesis of

copolymers of block structure, the general formula of which is shown in Fig. 1.
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Fig. 1. Copolymer structure.

Synthesis of block copolymers of DAA and AOEGM was carried out using
reversible  addition—fragmentation  chain-transfer ~ polymerization  (RAFT-
polymerization). 4-Cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]pentanoic acid
was used as a chain transfer agent and 2,2-azobis(2-methylpropionitrile) was used as
an initiator. In the course of the study, the influence of the composition of the solvent
(toluene, tetrahydrofuran) and the order of synthesis of copolymer blocks on the
characteristics of the obtained copolymers was evaluated.

The presented results were financially supported in the form of a scholarship of
the President of the Russian Federation to young scientists and graduate students
carrying out promising research and development in priority areas of modernization
of the Russian economy (C77-4129.2021.4).
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Currently, nanotechnology related to nanoparticles is one of the most important
interests in the world. This is due to the fact that such materials have new unique
properties compared to bulk materials, this is due to the high ratio between specific
surface area and volume (the smaller the size, the higher this ratio). Metal nanoparticles
have become of particular interest, since their application is possible in many areas of
science and technology. Such nanoparticles are mainly used as catalysts, creation of
biosensors, information storage, optics, in medicine for the treatment and diagnosis of
diseases, etc. In many areas of science and technology, copper nanoparticles are
attractive due to their low cost compared to precious metals and a wide range of
applications.

In this work, Cu, Cu@Cu20, and CuO nanoparticles were obtained by induction
flow levitation (IFL) from a bulk sample. This method has a number of advantages,
such as high productivity and continuity of the process of obtaining nanoparticles
(NPs), the ability to control the size of the obtained NPs in a wide range, non-contact
heating, which leads to high purity. Nanoparticles with a core-shell structure and
copper oxide were obtained depending on the area of oxygen supply to the quartz
reactor. The resulting nanoparticles were characterized by the following methods:
TEM (including electron diffraction on a selected area - SAED), XRF, BET, STSA,
BJH, DLS.

It was shown in the work that with a decrease in the gas pressure in the reactor,
there is a sharp decrease in the average size of the nanoparticles synthesized by the IFL
method, thus the copper oxide obtained at a pressure in the reactor of 0.5 atm had an
average particle size of 5 nm. This work shows that the IFL method can be used to
obtain high-purity NPs in the mode of continuous synthesis of copper NPs and their
oxides with controlled morphology.

The study was financially supported by the Russian Science Foundation (grant
no. 20-79-10097) and the Ministry of Science and Education of the Russian Federation
within the framework of the scientific laboratory of the project "Laboratory of 'smart"
materials and technologies" project no. FSSM-2021-0013.
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In the present study a systematic investigation of an influence of an amine and
salt concentration on the CO, absorbing capacity (mcoz), moles of CO, absorbed by 1
kilo of a solution) and amine efficiency (cco2), moles of CO2 absorbed by 1 mole of
amine) of the ternary mixtures composed of monoethanolamine (MEA), ethylene
glycol (EG) and choline chloride (ChCI) was carried out. We demonstrate that, in
general, the presence of a fixed amount of ChCl in a mixed {MEA+EG} solvent cannot
improve mcoz over an entire range of the solvent composition and weakly decreases
Ccoz With an effect more pronounced for the mixtures containing greater amount of
MEA (Fig.1a). An influence of ChCl concentration on the above properties was
analyzed for the mixtures with a fixed MEA/EG mole ratio but varying ChCI
concentrations. It was shown that a decrease in mco, observed with an increase of ChCl,
again, is rather caused by an overall decrease of MEA content in a mixture as its
efficiency cco does not change when ChCI concentration increases (Fig.1b).
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Fig. 1. CO; absorption capacity (Mco2, blue) and MEA efficiency (Cco2, red) of the ternary
{MEA(1) + EG(2) + ChCI(3)} mixtures containing constant mole fraction of ChCl (x3 = 0.1111, a)
and a fixed x1/x2 molar ratio of 0.3386 (b) as a function of MEA (x1 and ChCI (x3) mole fraction at T

= 313.15 K.

In addition, such properties as density (p) and viscosity () of the binary
{MEA+EG} and ternary {MEA+EG+ChCI} mixtures were obtained within a wide
range of temperatures for both neat and CO,-loaded samples. We show that regardless
of the {MEA+EG} mixed solvent composition the presence of ChCl increases both p
and 7. For CO»-loaded samples both properties increase significantly with a greater
contribution for the mixtures containing greater amount of MEA.

This work was supported by the Russian Science Foundation (Project No. 21-73-
00167).
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Analysis of the literature data [1,2] showed that some compounds with the
structure of double perovskite A.BWOg are stable in a reducing atmosphere, have
mixed electron-ion conductivity and demonstrate high catalytic activity for the
oxidation of hydrocarbons. So, they can be used as alternative anode materials for
SOFC. The samples A2NiWQOs (A=Ba, Sr) were synthesized by solid-phase method at
1250°C. The elemental composition was confirmed using a JEOL JSM-IT300LV
electron scanning microscope with EDX attachment.
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Figure 1 - X-ray patterns of A2NiWOg (a)A=Sr, (b)A=Ba

The temperature dependence of the total conductivity of the samples was
determined by the four-contact method at constant current on the Zirconia- M device
in the temperature range of 500 - 900 °C. The catalytic properties of SroNiWQOs and
Ba;NiWOs were studied in a flow-through tubular quartz reactor with a fixed catalyst
layer in the temperature range of 500 - 900 °C. The composition of the gas mixture was
analyzed using a chromatograph Chromatek "Crystal-5000.2". Additionally, the
samples were sintered together with YSZ and CeY at 900°C. During the X-ray phase
analysis, the presence of new phases was not detected. Thus, this work will demonstrate
the prospects for the use of double perovskites A2NiWOs (A=Ba, Sr) as anode SOFC
materials with internal hydrocarbon reforming. The study was carried out on the
equipment of the Collective Usage Center “New Materials and Resource-saving
Technologies” (Lobachevsky State University of Nizhny Novgorod).

This work was financially supported by the Ministry of Science and Higher
Education of the Russian Federation (Contract No. 0729-2020-0053)
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Electrochemical behavior of 2,2'-bipyridine and 4,4'-bipyridine in the hydrogen
evolution reaction in the presence of various acids
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Due to declining prices for electricity generated by alternative energy sources
water electrolysis can be suggested as a digestible way to produce hydrogen on an
industrial scale. One of the main obstacles to the active implementation of water
electrolysis in industry is the low efficiency of this process and the lack of available
catalysts for the hydrogen evolution reaction from water [1].

Studies conducted in recent decades suggest that catalysts based on organic
compounds, in particular those containing a heterocyclic fragment, can provide a
significant reduction in the costs arising in the process while maintaining high
economic efficiency in the production and storage of hydrogen [2, 3]. In addition, the
use of synthetic catalysts containing polyaromatic groups will allow efficient
immobilization of the catalytic system due to strong physical sorption on the surface
of carbon supports in order to obtain stable and highly efficient heterogeneous
electrocatalysts for the production of molecular hydrogen.

In the presented report, the electrochemical characteristics of organic heterocyclic
molecules, which are promising materials for the creation of electrocatalysts for the
production of molecular hydrogen - 2,2'-bipyridine and 4,4'-bipyridine, are considered.
Based on the results obtained using the method of cyclic voltammetry. Probable
mechanisms of the ongoing electrocatalytic reduction of molecular hydrogen,
including the possibility of realizing a synergistic effect, were proposed.
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It is known that the rapid growth of the Earth's population contributes to the
natural growth of needs in the field of heat and electricity. An equally rapid decline in
the reserves of fossil fuels that are actively used today poses a challenge for the
scientific community in the search for alternative energy sources, and molecular
hydrogen is rightfully considered a promising option [1].

The main method for obtaining environmentally friendly hydrogen is water
electrolysis, however this technological process is associated with many disadvantages,
such as high energy consumption and high cost of the resulting product, which
questioning the active introduction of electrolysis into industry. It is important to note
that the largest contribution is made by the cost of catalysts - platinum and platinum
group metals. Thus, their replacement with fully synthetic analogues will help reduce
the price of molecular hydrogen.

It should be noted that in recent years, significant progress has been made in the
development of electrocatalysts for the production of molecular hydrogen, however out
of the whole variety of molecular complexes, none of them combines sufficient
efficiency, stability under the conditions of the experiment, and low overvoltage values
[2,3].

To evaluate the efficiency of the catalytic process, it is necessary to calculate the
TON and TOF parameters, and within the framework of the presented report, the
calculated parameters for catalytic systems consisting of 2,2'-bipyridine and 4,4'-
bipyridine in the presence of acids of various strengths will be considered and
compared. The calculations were carried out according to the results of experimental
data obtained using preparative potentiostatic electrolysis.
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Nucleobases, vitamins and hormones - one of the most important representatives
of biologically active substances. They are vital and necessary compounds, each of
which plays an indispensable and very important role in the vital activity of the
organism. Vitamins - organic compounds that are necessary for the normal functioning
of almost all processes in the body. Most vitamins are involved in biochemical
reactions as coenzymes or their precursors. Hormones are the products of internal
secretion, which are produced by special glands or individual cells, are secreted into
the blood and spread throughout the body, causing a certain biological effect. These
substances have always been of interest to chemistry in terms of their synthesis.
However, not only the preparation of the compound is important, but also information
on its physicochemical properties and structural characteristics. The investigation
allowed a comprehensive study of the physicochemical properties and structure of B
vitamins, such as riboflavin (B2), nicotinic acid (Bs), myo-inositol (Bsg), folic acid
dihydrate (By), L-carnitine (B11) and cyanocobalamin (B12), and steroid hormones such
as hydrocortisone acetate, methylprednisolone, and methylprednisolone aceponate.
The calorimetric determination of the temperature dependences of the heat capacity of
these compounds in the range from 6 to 350 K is carried out and standard
thermodynamic functions are calculated: heat capacity, enthalpy, entropy and the
Gibbs function of heating in the temperature range of 0 - 350K. The type of topology
structure is determined according to the data of multifractal processing of low-
temperature heat capacity. The combustion energies of the studied samples were
determined at T = 298.15 K. Thermodynamic modeling of some biochemical processes
was carried out with the participation of these compounds. The enthalpies of
sublimation of the studied samples were determined using the Quartz-crystal
microbalance (QCM) technique. The thermal properties and features of thermal
expansion of compounds by differential scanning calorimetry and low-temperature X-
ray diffraction have been studied. Structural studies of steroid hormones and solvates
based on them were carried out by X-ray analysis. Recently, an ambitious task was set
to develop methods for the isolation and methodology for the study of crystalline
proteins from natural objects. For the first time, a low-temperature thermodynamic
study of crystalline protein was carried out using hevein as an example. Thus, a
practical and theoretical base has been prepared for the study of protein-peptide
hormones.

The work was supported by the Ministry of Science and Higher Education of the
Russian Federation (Project Part of the State Assignment No 0729-2020-0039).
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Chemoresistive materials for "electronic nose"
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An electronic sense of smell (electronic nose) is a device that can detect and
recognize smells and tastes using an array of sensors. In the last decade, the
development of chemoresistive materials for such a device has attracted considerable
interest, because it is necessary in such vital segments of the functioning of modern
society as health care, environmental monitoring, detection and prevention of man-
made threats, transport safety, storage and preparation of food products, and also timely
warning of chemical and biological threats during counter-terrorism and military
operations.

The goal of this study is to develop the scientific foundations for creating a new
generation of functional nanostructured polymer-inorganic chemoresistive materials
for further use as a sensor matrix in an electronic nose device. As universal inorganic
matrices will be complex oxide materials with a branched surface have been obtained
- double and ternary oxide systems - TeO,-ZnO, TeO,-Bi,0, TeO,-Zn0O-Bi,0, TeO,-
Zn0O-Cu,0 doped with both optical and electroactive impurities.

Speaking about sensitive materials and their properties, it should be noted that the
synthesis method is a determining factor, since it significantly affects their structure,
stoichiometry, the number of defect states, chemical purity and the possibility of
changing their physicochemical properties by doping. As part of the work on the
project, it is planned to develop a fundamentally new unparalleled universal direct one-
stage method of plasma chemical vapor deposition (PECVD) for the synthesis of
nanostructured complex oxide materials from the corresponding high-purity elements,
to achieve the best purity and, ultimately, the highest electron mobility in material.
Potentially, plasma initiation always has an advantage over thermal, since, other things
being equal; it provides two additional tools for influencing the process - the
temperature of electrons and their concentration. In addition, plasma initiation does not
require heating the substrate to any significant temperatures, which makes it possible
to use thermosensitive, for example, polymer substrates. In plasma initiation, the
substrate temperature plays an important role as an additional factor that sets the
required relaxation mode for excited particles, allowing additional control of the
growth process, achieving a particular phase composition of the final material. At the
same time, at pressures of 0.1-1 Torr, the temperature of the reactor wall, as a rule,
does not exceed 150-200°C, which excludes contamination of the final product by the
materials of the apparatus.

The work was supported by the Russian Science Foundation (grant Ne 22-13-
00053).
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Reversible  Addition—Fragmentation Chain  Transfer (RAFT) radical
polymerization is one of the most versatile processes for Reversible-Deactivation
Radical Polymerization in displaying superior flexibility with respect to monomers and
reaction conditions. A key feature of RAFT polymerization is that the thiocarbonyl
groups, present in the initial RAFT agent, are retained in the polymeric products [1, 2].
The retention of these groups is responsible for the polymers’ living character.
However, the presence of the thiocarbonyl functional groups also means that the
polymers are usually colored and their performance may deteriorate.

Synthesis of polymers based on alkyl methacrylates (C10-C1g) was carried out in
the presence of azobisisobutyronitrile and 2-cyano-2-propyl benzodithioate. The
course of thermolysis of poly(alkyl methacrylate) (PAMA) prepared with
dithiobenzoate RAFT agents was followed by thermogravimetric analysis (TGA) in
inert atmosphere, thermo-oxidative degradation in the presence of atmospheric oxygen
and gel permeation chromatography (GPC). The weight loss profile TGA observed
depends strongly on the nature of polymers. Thus, the effect of the chain end on the
temperature T2%, at which polymer thermolysis begins is most pronounced in the case

of stearyl methacrylate. The end group is lost at ~180°C (table.1).
Table 1. The results of thermogravimetric analysis

RAFT—agent,
Ne. Polymer Mo <102 | Mw/Mn | T206,°C | To0s,°C
molx]?
1 PAMA (C10-C14) - 109 2.3 261 353
2 PAMA (C10-Cu4) 0.01 46 1.2 263 376
3 PAMA (Cis) - 33 2.3 216 391
4 PAMA (Czs) 0.01 64 1.3 176 381

In the case of polymer degradation under isothermal conditions in the presence of
atmospheric oxygen, the effect of end groups is even more pronounced. In this case,
the molecular weight of the polymers decreases.

Thus, it was found that the end groups of RAFT agents have a significant effect
on the thermal stability of PAMA. These results must be taken into account in the
application of polymers in various fields.
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In the current work, a method for the preparation of zinc gallate was proposed and
an experimental study of its low-temperature heat capacity was carried out. The
ZnGa,0,4 powder was synthesized by gel combustion method using PVA as a fuel.
Phase purity and chemical composition of the powder obtained were confirmed using
X-Ray diffraction analysis and X-Ray fluorescence spectrometry.
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Fig. 1. Heat capacity of zinc gallate as a function of temperature.

The temperature dependence of the heat capacity of ZnGa,O, was measured using
relaxation and adiabatic calorimetry in the range from 8 K to 329 K. It was found that
the experimental heat capacity curve has no anomalies in the temperature range studied
(Fig. 1). Using the measured heat capacity values, the temperature dependences of the
standard thermodynamic functions of ZnGa,O. were calculated in the range from 0 to
329 K.
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Synthesis of verdazylium tetrafluoroborates and verdazyl radicals containing an
acridinyl fragment
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Verdasyl (tetrazinyl) radicals were first described in 1964 by Kuhn and Trishman
[1]. Since then, numerous works devoted to the synthesis, study of properties, and
application of verdasyls have appeared.

According to the reaction of acridine-9-carbaldehyde phenylhydrazone with
arenediazonium salts obtained from p-substituted anilines the corresponding
formazans la-c were synthesized. By the action of formalin in the presence of
tetrafluoroboric acid, formazans were converted into the corresponding bis-
tetrafluoroborates of the binuclear cation of verdazylium-acridinium 2a-c. When salts
2a-c are treated with D-glucose in a weakly alkaline medium (NH4,OH), stable verdazyl
radicals 3a-c are formed.
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Formazans la-c and tetrazinium tetrafluoroborates 2a-c were isolated in the
individual form and characterized by elemental analysis, IR, UV, 'H and **C NMR
spectroscopy. Thus, formazans la-c have two absorption maxima in the UV-spectra in
the region of 375-390 nm and 475-495 nm; IR-spectra confirm the presence of chelate
structures with an intramolecular hydrogen bond — absorption band 1500-1510 cm™
(C=N), weak absorption band 3020-3050 cm™? (N-H). In the UV-spectra of
tetrafluoroborates 2a-c, a bathochromic shift is observed in the region of 405-420 nm
and 567-590 nm; In the IR-spectra, there is a wide intense band ~1080 cm,
corresponding to vibrations of the tetrafluoroborate anion. Benzene solutions of
radicals 3a-c give time-stable EPR-spectra containing 9 broad lines caused by the
interaction of an unpaired electron with four nitrogen atoms of the tetrazine ring.
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Search for photocatalytic materials with a band gap value of 2.0-2.2 eV, which
corresponds to the maximum intensity of solar radiation, is an urgent task; however,
the most oxides have the light absorbance in UV range. Such promising
Rbo.9Nb1.625M00 3750562 compound with B-pyrochlore structure leads to almost 100%
methylene blue decomposition under UV irradiation for 10 hours. One of the ways to
improve the photocatalytic activity of complex oxides is to reduce the band gap value
by creating heterostructures [1,2]. In this work, the RbggNb1625M003750562/SNO-
heterostructure was prepared by hydrothermal method. The obtained sample was
characterized using scanning electron microscopy, X-ray microanalysis and X-ray
powder diffraction analysis (Fig.1a). We have found fine particles of amorphous SnO;
appear on the RbogNb1 625M00.37505 62 Surface (Fig.1b). The photocatalytic activity was
measured using decomposition of a methylene blue dye. The initial sample does not
show any photocatalytic activity on the visible light irradiation, whereas the
heterostructure begins to exhibit photocatalytic properties in the visible region of the
spectrum. The conversion of methylene blue using RbogNb1.625M00.3750562/SnO2 under
visible light was 30% in 3 hours.
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Fig. 1. Comparison of XRD patterns Rbo.gNb1.625M00.37505.62 and Rbo.gNb1.625M00.37505.62/SNO2 (a)
and EDX elemental map of Rbo.aNb1.625M00.37505.62/SNO2 (b)

This work was supported by the Ministry of Education and Science of the Russian
Federation (0729-2020-0053) on the equipment of the Collective Usage Center “New
Materials and Resource-saving Technologies” (Lobachevsky State University of
Nizhnii Novgorod).
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The electrosurface properties and aggregative stability of nanoparticles (NPs) are
key factors that determine their performance and biological or environmental fate.
However, there is still a lack of data on the stability of aqueous dispersions of some
important NPs for biomedical applications, such as tantalum oxide. Aqueous
dispersions of tantalum oxide nanoparticles (NPs) are used as X-ray contrast agents for
computed tomography (CT), drug delivery systems, radiosensibilizators, and
photocatalysts [1].

In the present work, surfactant-free Ta,Os and Ta;Os:Eu NPs were synthesized
via a solvothermal method. Stable hydrosols and powder samples were prepared on
their basis for a comparative study. The particle size, morphology, and amorphous
structure of samples were investigated by transmission electron microscopy and
dynamic light scattering. The laser Doppler electrophoresis was used to investigate the
pH and temperature dependence of zeta potential of NPs. Obtained results were also
discussed within the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory for the first
time for tantalum oxide NPs. A turbidimetry study was performed to investigate the
coagulation kinetics of Ta;Os NPs in NaCl solutions. The critical coagulation
concentration and stability factor were determined experimentally and via DLVO
calculations; the obtained results showed a good agreement. The acid-base surface
properties of samples were studied by potentiometric titration, and constants of surface
acid-base equilibria were determined within 2pK-modeling.

In vitro Cytotoxicity (MTT-test) and In vivo Acute Toxicity studies were
performed for the Ta;Os hydrosols. The usage of Ta2Os NPs for In vivo CT imaging of
the rat gastrointestinal tract was shown. The CT values of the rat stomach increased 9
times [1].
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Near infrared (NIR) spectra of wood and wood products contain information
regarding their chemical composition and molecular structure. Both influence physical
properties and performance, however, at present, this information is under-utilized in
research and industry. Partial least squares and principal component regression
methods to establish the relationship between lingin/cellulose content and NIR data
were used. All wood samples (particle size 80 mesh) were oven dried (105 &+ 2°C) for
12 hours prior to NIR analysis. After that, the samples were placed in glass cuvettes
made of slide and cover glass. Reflection spectra were recorded using a PerkinElmer
Lambda 950 FT-NIR spectrometer (Waltham, MA, USA). Each spectrum covered the
range from 1000 to 2500 nm (4000 to 10000 cm™!) with a spectral resolution of 4 cm-
1. Each spectrum is the average of 32 scans. In the spectral region between 1445 and
1450 nm and near 2134 nm, there are bands associated with the content of lignin and
extractives. The region from 1470 to 1490 nm is mainly related to cellulose and
hemicelluloses. The bands at 2267 nm are associated with lignin, and at 2270 nm the
bands can be assigned to cellulose components. Between 1800 and 1900 nm a greater
difference in peak absorption intensity between wood species could be tested. This
region is associated with all components of the cell wall, while the bands between 1916
and 1942 nm are associated with OH from water [1]. The NIR spectra of all types of
wood were similar (Fig. 1a). Analysis of the content of the main components of wood
was carried out on the basis of the transformed spectra (Savitsky-Golay transformation)
(Fig. 1b).
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Fig. 1. Near-infrared spectra (a) and second derivative near-infrared spectra (b) for wood samples:
pine, spruce, larch, birch, oak, aspen.
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With the rapid development of electric vehicles and large-scale energy storage
systems over the past decades, the conventional graphite anodes for lithium ion
batteries cannot meet the demand since the limited capacity (372 mAh g1). At the same
time, lithium metal anodes possess an ultra high theoretical specific capacity (3860
mAh g?) and the lowest negative standard electrochemical potential (—3.045 V).
However, lithium metal batteries cannot be applied before their safety and cyclability
issues can be well solved. In contradistinction to graphite anodes, which form a lithium
intercalated compound, lithium metal anodes store energy by plating/stripping of
lithium across the lithium/electrolyte interface. This situation results in the growth of
lithium dendrites, which causes low reversible capacity, poor cycling stability and
serious safety problems [1].

According to the Sand’s time model, low local effective current density and fast
anion mobility will delay dendrite nucleation. In this case, 3D matrices or current
collectors have attracted many attentions. Carbon materials with high specific surface
area and high electrical conductivity such as hollow carbon nanospheres, carbon fibers,
carbon nanotubes and reduced graphene oxide, can effectively regulate Li
plating/stripping [1, 2]. 3D matrices have ability to decrease the effective current
density for Li metal plating/stripping. As the result, a decrease in the lithium dendrites
growth rate was achieved in a lot of research works [1-4].

In our study, carbon nanotubes (CNT) were synthesized by CVD method on a
Co/MgO catalyst. Aqueous suspension of carbon nanotubes (0.4%) and NaCMC
binder (0.6%) was thoroughly dispersed with an ultrasonic homogenizer. The copper
foil as a hypothetical current collector was coated with the resulting suspension by a
doctor blade method.

The received layer possess a uniform structure with a thickness of about 20 pm
and resistance of 1.2 Q. These parameters are sufficient for further research of carbon
nanotubes as a precursor of an effective carbon network for modifying the surface of
the current collector of lithium metal batteries.
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1,3,4-Oxadiazoles and their derivatives have a wide spectrum of biological
activity [1]. Strongly pronounced spectral-luminescent properties make it possible to
obtain on their basis fluorescent and phosphorescent luminophores [2], organic
semiconductors and other materials for modern optoelectronics [3]. Thus, 1,3,4-
oxadiazoles containing an acridine fragment are undoubtedly of interest as substances
with potentially high biological activity. The development of methods for obtaining
them is a promising goal.
Oxadiazoles 1a-e were obtained by condensation of acridine-9-carbohydrazide 2
with the corresponding aromatic aldehydes 3a-e, followed by oxidation with the
I,/K2,CO3/DMSO system.

W, b W, W,
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2

3a-e e

R = H (a), Me (b), OMe (c), NO, (d), Cl ()

Compounds la-e were isolated in the individual form by recrystallization. They
are characterized by fluorescence, IR, UV, *H and *C NMR spectra as well as by
elemental analysis data. The resulting 1,3,4-oxadiazoles la-e luminesce with a high
quantum yield in polar and nonpolar solvents (A"max = 476-484 nm, ¢ = 0.38-0.91).
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titanoniobates
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Dion — Jacobson phases belong to the layered perovskite class of complex oxide
compounds with the general formula A’[An.1BnOsn+1]. The number n defines the quantity
of stacking octahedral perovskite-like layers separated by A’ cation. Since perovskite
crystal structure is flexible, many elements can be embedded in the structure: A’ = (Li™,
Na*, K*, Rb*, Cs*, H*, Ag*, NH4*, CuCl*, FeCI*), A = (Ca?* Sr**, Ba?*, Bi®**, Na*, Ln®")
and B = (Nb**, Ta>*, Ti*, Mn*). Dion — Jacobson phases exhibit a wide range of
practically useful properties, such as: high dielectric constant, high Curie temperatures,
hybrid improper ferroelectricity and ionic conductivity. Recently, however, the main
efforts of researchers are focused on photocatalytic properties of Dion — Jacobson phases
in decomposition reactions of water and organic pollutants. It was found that the band
structure of these semiconducting materials consists of Bnd orbitals in the conduction
band and O2p orbitals in the valence band. Therefore, one can tune the bang gap (and,
hence, the wavelength of absorbed light) by configuring atoms in B position of the
perovskite structure. It was found that Nb>* cation can be unboundedly isomorphically
substituted by Ta>* and Ti** while maintaining electroneutrality. In general, substitution
by Ta** leads to increasing of band gap energy, while substitution by Ti** leads to
decreasing of band gap. Dion — Jacobson phases RbNd,Tiz2NbO1o and RbPr,TizNbO1
were synthesized by solid-phase reactions between the corresponding oxides or nitrates.
Protonated forms of compounds HPr,;TizNbOip and HNd,Ti;NbO1o were obtained by
leaching the Rb-phase in 6M HCI solution. The crystal structures of the previously
unknown Dion — Jacobson phases RbNd,TizNbOo and RbPr,TioNbO;, were refined by
the Rietveld method for the first time. The crystal structures of the ion exchange products
were not refined due to their poor crystallinity. Tetragonal P4/mmm RbLa;TizNbO1g
structure was used as initial model for refinement. The outermost octahedrons in the
structure are distorted. In both cases, the Nb1/Ti2 atoms occupying 2g position are out of
the equatorial plane of the octahedron, while the Til octahedron is almost symmetrical.
Diffuse reflectance spectroscopy was used to determine the band gap energies of the
materials. The band gaps were calculated from the optical absorption spectra by the Tauc
method. Band gap energies for all synthesized compounds are greater than 3 eV, which
means that they cannot be used as photocatalysts under visible light, but rather only under
UV irradiation. Photocatalytic activity of obtained materials was studied in a methylene
blue dye decomposition reaction under UV-light. Rubidium-containing Dion — Jacobson
phases showed the highest degree of conversion; therefore, these samples were chosen for
kinetic studies of dye decomposition. The maximum degree of conversion was observed
for RbNd,Ti2NbO1o. The total methylene blue conversion (photocatalytic decomposition)
within 6 hours is about 61%.
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Study of the various RAFT agents effect on the controlled radical
polymerization of methacrylic acid
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One of the most significant problems of modern medicine is the high number of
people with cancer group of diseases. The high relevance of this issue determines a
wide range of studies aimed at the solution to this problem. Currently used anti-cancer
drugs are equally toxic to both tumor and normal tissues. The usage of polymer systems
containing anti-cancer drugs could become the appropriate response to this issue. When
delivered to the body along with antigens, such systems enhance the immune response.

It was found that the polymeric carriers used for injection, which are not
degradable in the body, should have a molecular weight value of not more than 40 kDa
in order to avoid their sedimentation in the reticuloendothelial system. To obtain
required polymer matrix, it is necessary to select the optimal polymerization
conditions. The main component that determines the molecular weight of the
synthesized polymer is a reversible addition-fragmentation chain transfer (RAFT)
agent. Thus, the aim of this work is to find the best conditions for the controlled radical
polymerization of methacrylic acid by selecting the optimal RAFT agent.

In the course of the research, a number of methacrylic acid polymers were
obtained. Dodecyl mercaptan (DDM) and 4-cyano-4-
[(dodecylsulfanylthiocarbonyl)sulfanyl]pentanoic acid (CDSPA) at concentrations of
0.01-0.1 mol/L were used as RAFT agents. 2,2'-azobis(isobutyronitrile) was used as
an initiator, and dimethylformamide as a solvent.

The polymerization was carried out in thermostatically controlled, pre-degassed
ampoules at a temperature of 70°C for 8 hours. The polymers were purified by
threefold reprecipitation with chloroform from ethanol solution. Analysis of molecular
weight characteristics was carried out by gel permeation chromatography in
tetrahydrofuran at 40°C on a high performance liquid chromatograph LC-20 AD
Prominence (Shimadzu).

For the obtained samples, conversions were calculated, and the dependences of
molecular weight characteristics on the concentrations of the introduced RAFT agents
were studied. Using CDSPA, polymers with lower polydispersity index were
synthesized compared to polymers obtained in the presence of DDM. The revealed
dependencies showed a higher efficiency of CDSPA in the obtained polymers
molecular weight control.

88



Materials science of the future
Preparation of nanostructured gallium sulfide by PECVD
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Nizhny Novgorod, Russia
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E-mail: mochalovleo@gmail.com

In recent decades, great interest has been riveting on study of the ionic
conductivity of chalcogenides and materials on their base both from scientific and
academic points of view due to their potential practical applications. Because of the
high polarizability of chalcogen - sulfur, selenium or tellurium - the chalcogenide
materials are more conductive than their oxide counterparts [1,2]. In addition, alkaline
(mainly lithium) chalcogenide glasses are being actively studied as potential candidates
for the development of an electrolytic base for solid-state batteries. In this work the
Ga-S materials have been synthesized by direct interaction of gallium and sulfur vapors
in non-equilibrium plasma discharge. Argon of high purity was also used as a career
gas for precursors transport to the plasma zone and as a plasma feed gas. The process
was carried out at the low pressure (0.1 Torr) in inductively coupled RF (40 MHz)
plasma. Optical emission spectroscopy (OES) was used to identify the exited species
and to assume the possible mechanisms of plasma-chemical reactions. The
stoichiometry, structure and morphology of the surface of the materials obtained was
also studied by deferent analytical techniques dependently on the conditions of the
plasma process. The obtained materials were studied by various analytical techniques.
The schematic diagram of PECVD installation is illustrated in figure 1.

Matching unit RF generator

Fig. 1. Scheme of the experimental setup
The reported study was supported by Russian Science Foundation, grant Ne 22-
19-20081.
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Effect of HO-EtOH and H.O-DMSO solvents on the
v-cyclodextrin solvation state
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Increasing the solubility, regulation of the rate and degree of drug release from
various carriers are topical tasks of modern pharmaceuticals. This problem can be
solved by including drugs in the "host-guest” type of complex with cyclodextrins. The
molecular structure of cyclodextrins can be described as a truncated cone, in the cavity
of which molecules of other substances can be placed, and with the help of hydrophobic
interactions and other bonds, the so-called “inclusion compounds” are formed. The
original properties of the included substances change in the process of such
complexation, while the cyclodextrin itself also serves as a protector of the “guest”
molecules. The scientific selection of the solvent composition can enhance the
solubilizing ability of cyclodextrins by changing the solvation of the reagents.

Thus, in this work, we studied the effect of solvents H,O-EtOH and H,O-DMSO
on the solvation of y-cyclodextrin (y-CD). The distribution coefficients of y-CD in
water and its mixtures with EtOH and DMSO were determined by the interfacial
distribution method of a substance between two immiscible phases (water or a mixed
solvent and n-hexane). Changes in the Gibbs energy of y-CD transfer from water to

mixed solvents are calculated. The data obtained are presented in the table 1.

Table 1. Distribution coefficients and change in the Gibbs energy of y-cyclodextrin during its
transfer from H20 to n20-EtOH and H.O-DMSO solutions, T=298.15 K

Xz, mol. fr. 0.0 0.05 0.10 0.15 0.2
K1 0.08 + 0.02 - - - -
H20-DMSO
Ks - 0.16+0.13 | 0.13%0.06 | 0.12+0.07 -
A«G(y-CD), kJ/mol 0 1.64 1.11 0.96 -
H,0-EtOH
Ka - 0.13+0.06 | 0.23 +0.07 - 0.37+0.14
A«G(y-CD), kJ/mol 0 1.04 2.48 - 3.62

The distribution coefficient of y-CD in mixed solvents is higher than in water.
Changes in the Gibbs energy during the transfer of y-CD from water to its mixture with
dimethylsulfoxide and ethanol demonstrate a weakening of the macrocycle solvation.

The work was carried out with financial support of Ministry of Science and Higher
Education of the Russian Federation (project FZZW-2020-0009) and grant ISUCT
(project 16-ISUCT-21).
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Phosphates belonging to the structural type of the kosnarite mineral KZr,(POy,)s,
which is isostructural to the synthetic NaZr,(PO4)s (NZP), and a large class of solid-
state superionic conductors NASICON (Nayj +xZr2SixPs - xO12), represent a series of
isomorphic compounds based on the modified structure Fe,(SO4)s. The substitution of
sodium and iron atoms in the known phosphate NasFez(PO4)s with the NZP structure
by elements in the oxidation state +3 allows the existence of yet unstudied phosphates
RR'2(PO,4); (R' = Fe, Al, Cr, Ga, Sc). In the synthesis of phosphates with R = Bi, Sb,
La, Ce, Pr, Nd and R' = Fe, Cr, it was assumed that they would be structural analogues
of NZP-phases. The purpose of this work is the synthesis and study of the crystal
structure of RCr,(PO4)3 compounds. According to X-ray diffraction data, all samples
of the composition RCr,(PO4)s crystallize in the new structural type a-CaMg2(SO4)3
for phosphates. The data of electron probe microanalysis showed the homogeneity of
the composition of their grains and the correspondence between the expected
(predicted) and actual compositions, taking into account the error of the method (table
1).

) Table 1. Results of electron probe microanalysis of RCr2(PO4)z compounds.

Substance Expected composition Actual Composition
LaCra(PO4)3 La1.00Cr2.00P3.00012 La1.023)Cr2.02(1)P3.002) 012
CeCra(POy)3 Ce1.00Cr2.00P3.00012 Ce1.02(3)Cr2.022)P3.001)O12
PrCra(POs)s Pr1.00Cr2.00P3.00012 Pr1.02(3)Cr2.02¢2)P3.002)O12
NdCry(PO4)3 Nd1.00Cr2.00P3.00012 Nd1.023)Cr2.02(3)P3.001)012

BiFe,(PO4)s single crystals were also obtained; preliminarily synthesized
polycrystalline phosphate was used as a batch. Single crystals were obtained by
lowering the temperature of the BiFe(PO4)3 melt from 1080 to 950°C at a rate of 2.7
deg/h. The sample was then cooled to room temperature for 24 h. Comparison of the
crystal structures of BiFex(PO.)s and isoformular phosphate NaZra(PO.)s reveals their
topological relationship. Although between sp. gr. R3c and P6s/m do not have a direct
group—subgroup relationship, the similarity is obvious in relation to chain linking via
PO, tetrahedra. The difference between the two structures lies in the nature and
placement of the columns. BiFe,(PO.)s contains chains of two types: infinite columns
of BiOg octahedra connected to each other by edges and columns of Fe;Og dimers. In
NaZry(POa)s, only one type of column with one NaOs and two ZrOs octahedra is
implemented. The IR-spectra are typical of complex anhydrous phosphates and,
according to factor group analysis, represent a complex superposition of a large number
of vibrations. The number of distinguishable maxima in the regions of stretching
(1245-900 cm™) and deformation (675-400 cm™?) vibrations reaches 12—13, which is
lower than theoretically predicted.

The reported study was supported by Russian Foundation for Basic Research,
research project Ne 20-33-90014.
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RAFT copolymerization of N-vinylpyrrolidone and fluoroacrylates with various
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One of the most convenient methods of controlled radical polymerization, which
shows high efficiency in creating materials with desired properties, is living radical
polymerization with reversible chain transfer (RAFT polymerization). Its advantages
are the tolerance of the compounds used to functional monomers, wide possibilities in
obtaining macromolecules of complex architecture, rather mild conditions for their
synthesis [1]. Interest in the study of fluorinated polymers is due to their ability to
significantly improve the properties of coatings used in modern products. Fluorine-
containing polymers have high chemical resistance, low surface energy, friction
coefficient and refractive index. N-vinylpyrrolidone (NVP) is a stable, hydrophilic
compound that shows good biocompatibility [2]. Based on these properties, NVP is
excellent for use as a second block of copolymers. This type of copolymer includes the
positive properties of both fluoropolymers (low surface energy) and N-
vinylpyrrolidone polymers (non-toxicity).

One of the main applications of such copolymers can be the creation of low
surface energy (hydrophobic) coatings with a slippery surface that prevents fouling.
Fluorine-containing thin polymer films are promising materials for the manufacture of
biosensors, artificial endoprostheses, mitral valves, and other implants, for which the
adhesion of thrombogenic components is unacceptable [3].

It can be expected that the resulting copolymers will exhibit amphiphilicity and
improved self-assembly ability due to the presence of hydrophobic and hydrophilic
units. The aim of this work is to study the features of the RAFT copolymerization of
1,1,1,3,3,3-hexafluoroisopropylacrylate  (HFIPA) and NVP; 2,2,3,3,4,4,55-
octafluoropentyl acrylate (OPPA) and NVP. In addition to copolymerization in the
presence of a low molecular weight reversible chain transfer agent (dibenzyl
trithiocarbonate), copolymerization in the presence of high molecular weight RAFT
agents based on PHFIPA and POFPA was studied. Other important tasks are obtaining
curves for the composition of copolymers, calculating the relative activities of
monomers, and studying surface pressure isotherms.
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Synthesis and evaluation of carbon nitride-based catalysts for hydrogen
evolution reaction

Li K.V., Parfenov V.E.
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Increasing energy consumption and depletion of fossil fuels reserves rise the
demand for new alternative renewable energy sources. Solar energy is of paramount
Importance as a free alternative energy source with a great practical prospect. One of
the approaches for solar energy accumulation is production of hydrogen — the known
prospective energy carrier and fuel. Today, special attention is paid to the production
of hydrogen by water splitting under visible light in the presence of catalysts. Graphitic
carbon nitride-based materials are of great interest as such catalysts.

In this work, we investigated the influence of synthetic conditions (type of
precursors, heat treatment mode, the amount of Ni, Co, Fe-based cocatalysts) on the
properties of g-CsNs-based catalysts. The optimized procedure for the synthesis of g-
C3N4 catalyst has been developed. The factors influencing the properties of g-CsNa-
based catalysts has been studied. The most promising results were achieved for the
samples with Co-based cocatalyst.

This research was funded by the Ministry of Science and Higher Education of the
Russian Federation (theme No. AAAA- A12-1111100072-9) as part of the state task
40f the Samara State Technical University (creation of new youth laboratories).
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Ruthenium-based functional materials have proven to be the best conductive
phases for the production of thick film resistors. Their advantage, in comparison with
other thermal power plants, in addition to electrical properties, is due to good thermal
and chemical stability.

However, the latter property requires additional study, since the products of
interaction with the participation of ruthenium conductive phases were discovered in
commercial TFRs by a number of developers of these microelectronic products [1, 2].
We studied the chemical properties of ruthenium functional materials (RuO.,
szRUzOe, BizRUzO7, RUOz—Nb205, C&RUOg, SI‘RUOg, BaRUO3) with respect to
common and promising modifiers of the electrical properties of thick film resistors
(CUO, NIO, BigOg, A|203, TiOz, Nb205, WOg, (NH4)0,2H0,2M€0,1W0,903 and KaxMeyW -
xOs, Where M is Ni or Co) and glasses used as constant binders, systems: SiO,—B,0s,
PbO-SiO; , PbO-SiO,-B,03, PbO-SiO,—B,03-Al;03, as well as more complex
composition in this work. It is shown that ruthenium functional materials during heat
treatment of resistive pastes can enter into chemical interaction with both modifiers
and constant binders according to the following schemes:

PboRu,06 + 2WO3 — 2RuO7 + 2PbWOy;
Pb,Ru,0¢ + 2NiWO,4 — 2RuO; + 2PbWO, + 2NiO;
Pb,Ru,0s + 2PbO + SiO, — no interaction;
2RuO, + 2(2Pb0' SiOz) — PboRU,Og + 2(PbO . SiOz);
Pb,Ru,O¢ + 2(PbO , ZSiOZ) — 2RuO, + 4(PbO . SiOz).

This interaction proceeds according to the mechanism of acid-base interaction,
when components with pronounced properties of a base and an acid are present in the
resistive paste. The obtained patterns are well described by the scale of acid-base

properties based on Milliken’s orbital electronegativity (Table 1) [3].
Table 1. Milliken’s orbital electronegativity (ym) Some compounds

Compo- : : 2PbO: | PbO+ |PbO*
und | PPzRUZOs | WOs | RuOz | POWOs | NIWOs | NIO | "G | 'airy | oeicy

M, EV 6,31 6,72 | 6,51 6,44 6,48 6,00 | 6,16 | 6,32 | 6,43

References
[1] Hrovat M., Belavi¢ D., Hole J., et al. // Inform. MIDEM. 2004. V. 34. N. 1. P. 7—
10.
[2] Lepikh Ya.l., Lavrenova T.I. // Inform. Telecom. Sci. 2016. V. 7. N. 2. P. 5-9.
[3] Lopanov A.N., Lozinskyy N.S., Moroz Ya.A. // Rus. Chem. Bull., Inter. Edit. 2020.
V.69.N.9.P. 1-7.

94



Materials science of the future

Indole derivatives as promising hydrogen carriers. Thermodynamic analysis of
hydrogenation-dehydrogenation reactions
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The idea of storing hydrogen in a chemically bound form by addition it to
unsaturated molecules, such as aromatic hydrocarbons or unsaturated heterocycles,
looks promising. This is due to the fact that the compounds used for hydrogen
accumulation do not differ much in their physical and chemical properties from
traditional fuels. Thus, the entire existing fuel infrastructure can be used for their
storage and transportation. Compounds capable of storing hydrogen are called liquid
organic hydrogen carriers (LOHC).

The addition of hydrogen to LOHC (hydrogenation) is a catalytic process, as is
the reverse reaction of dehydrogenation. In this case, dehydrogenation is an
endothermic process and requires significant energy. One of the methods of reducing
the enthalpy of the dehydrogenation reaction is to replace the carbon atom in the
cyclohexane ring with a nitrogen atom. Indole derivatives in this case are of particular
interest as LOHC. It is obvious that in order to evaluate the effectiveness of these
compounds, it is necessary to carry out a thermodynamic analysis of the
hydrogenation-dehydrogenation reactions involving all intermediate compounds.
While reliable thermodynamic data are available for initial and final structures, it is
absent for partially hydrogenated products.

In this study, indole and its derivatives are considered as promising liquid organic
hydrogen carriers. The aim of the work was to search for systems of reversible
accumulation and release of hydrogen and to study their thermodynamic and
thermochemical properties. For each system, a series of experiments was carried out to
study the equilibrium of the hydrogenation-dehydrogenation reaction. Extensive
thermochemical studies of these compounds have been carried out, including vapor
pressure measurements and combustion calorimetry. The obtained data are compared
with the results of a theoretical study of the same reactions by quantum chemical
methods. In addition, our work demonstrates the effectiveness of each system in terms
of the concept of hydrogen storage.

This research was funded by the Ministry of Science and Higher Education of the
Russian Federation (theme No. AAAA- A12-1111100072-9) as part of the state task of
the Samara State Technical University (creation of new youth laboratories).
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Calculation of the parameters of vacancy formation and self-diffusion in a
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Magomedov M.N.
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An analytical method for calculating the parameters of electroneutral vacancy
formation and self-diffusion of atoms in a single-component crystal is proposed. The
method is based on the four-parameter pairwise Mie—Lennard-Jones interatomic
interaction potential. The method allows calculation of all activation process
parameters, that is, Gibbs energy, enthalpy, entropy, and volume, for both the vacancy
formation process and the self-diffusion process. The method is applicable at any
pressure (P) and temperature (T). The temperature dependences of the activation
process parameters for gold have been calculated from T = 10 K to 1330 K along two
isobars, P =0 and 24 GPa. It has been shown that, at low temperatures, due to quantum
regularities, activation parameters strongly depend on temperature, and the entropy of
activation processes (si, where i = v — for the vacancy formation, i = d — for self-
diffusion) in this region has a negative value. The dependencies si(P, T) are shown in
Fig. 1. In the high-temperature region, the probability of vacancy formation and the
self-diffusion coefficient pass into classical Arrhenius dependences, with a weakly
temperature-dependent enthalpy and a positive value of the activation process entropy.
Good agreement has been obtained with estimated activation parameters for gold in the
literature. It has been shown that at T = 0 K the activation process parameters reach
their minima: the Gibbs energy, enthalpy, and volume of the activation process all
become zero, and the minimum of the activation process entropy lies in the negative
region.

-100 A
54

-200

-300

-400

-500 A

{P=24GPa

(6] 5IO 1(I)O léO 2(I)O ZéO 0 260 4(I)O GCI)O 860 ldOO 12I00 14IOO
T,K T,K
Fig. 1. Temperature dependences of the activation process entropy for gold. Curves 1 and 2 —
calculation of entropy for vacancy formation, curves 3 and 4 — calculation of entropy for self-
diffusion. Solid curves 1 and 3 — isobars P = 0; dashed curves 2 and 4 — isobars P = 24 GPa. The
left graph shows the dependences of si(T) < 0 in the low temperature region, the right graph shows
for the high temperature region.
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Quantification of cellulose lignin and hemicellulose in plant materials
by IR spectroscopy
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A method has been developed and tested for determining the content of cellulose lignin
and hemicellulose in plant materials using FT-IR spectroscopy. The determination procedure
is based on the use of ternary mixtures consisting of cellulose, hemicellulose and lignin in
various proportions. For the determination of lignin, the analytical band at 1510 cm™ (the area
integrated between 1535 and 1495 cm™) was chosen, for cellulose, the band at 1450 cm™ (the
area integrated between 1530 and 1397 cm™). The absorption band at 1113 cm™ (the area
integrated between 1142 cm-1 and 1092 cm-1) was chosen to normalize the analytical bands.
Indirect correlations were used to determine hemicellulose.
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The calculated values in wood samples of pine, larch, aspen, poplar, birch, oak
and willow fluctuate in the ranges of 40-55% cellulose, 15-25% hemicellulose, and
20-25% lignin, which corresponds to the literature data [1].
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Solid solutions based on layered transition dichalcogenides TCh, (T — 3,4d-
transition metal, Ch = S, Se, Te) are promising materials for use as a cathode in lithium
batteries. For example, the kinetics of electrode processes in LiyVxTi1xSe; drastically
differ from those in LiyTiSe; and LiyVSe,, despite the same crystallographic positions
of Li atoms in all the mentioned compounds. At the same time the morphology of the
single crystals of the TCh,-based solid solutions appear to be inhomogeneous and can
be responsible for this difference. To study the morphology of the single crystals we
used such X-ray photoelectron spectroscopy (XPS) methods as Scanning
PhotoElectron Microscopy (SPEM), resonant XPS (ResPES) and angle resolved XPS
(ARPES). For these purposes we used ESCA Microscopy and BACH beamlines at the
Elettra synchrotron facility (Trieste, Italy) and ANTARES beamline at the SOLEIL
synchrotron facility (Paris, France). To determine the stability limits of the substitution
phases we used the electromotive force (EMF) method. Using SPEM we found [1] that
the single crystals of CrxTii-xSez and CrTiixS; contain mesoscopic structural
fragments (SFs), which chemical bonding depends on the type of chalcogen atoms. The
CrSe,-based SFs are being formed in the CrxTi1-xSez system at x >0.75, but only CrTis-
xtyS2 SFs are formed in the CrxTiixS2 system with different concentration y of
superstoichiometric Ti. The SFs in the TiSe,.xSx system [2] are of the different type
and can be considered as S-Ti-Se Janus layers alternating with TiCh, (Ch = S, Se)
layers. Other systems under study demonstrating the formation of stable SFs of
different types are the VyTi1-xSez, NbxV1xSez and ZrcTi;«Se, ones. All the structural
fragments are electrostatically bonded with each other since the charge transfer
between them is clearly visible on the ResPES spectra.

The contribution of the surface tension of interfaces between SFs to the
thermodynamic free energy can be much higher in 2D materials than in ordinary 3D
materials. This discrepancy can lead to a redistribution of the components, which will
compensate for this spatial inhomogeneity of free energy. We believe that the
formation of turbostratic disordered structural fragments is expected to be a widely
observed phenomenon in low-dimensional materials.
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Photocatalytic properties of phosphates MgHPO4-:3H.0, MgKPO4-6H20 and
MgNH4PO4-6H20 as additives to mortars and concretes
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The development of photocatalytic additives to concretes that promote the
oxidation of various volatile pollutants (including aromatic hydrocarbons) is an urgent
material science problem in building technologies [1, 2]. In this vein, phosphate
additives are promising objects for research due to their good solubility in the base
material, the possibility of obtaining them without high-temperature firing, and varying
particle sizes (as a result, surface area) [3]. Double magnesium phosphates
(MgHPO,4-3H,0, MgKPO4-6H,0, MgNH4PO4-6H,0) with the structure of Newberite
and Struvite(-K) minerals were synthesized in the form of a powder by co-precipitation
at room temperature. The phase purity of the product, the surface morphology and
chemical composition homogeneity were determined by X-ray phase analysis (XPA)
and scanning electron microscopy (SEM). Using the method of static vacuum
volumetry, the specific surface area of the studied powders was determined: 7,35 m?/g
for MgHO,-3H,0 and 17,082 m?/g for MgKPO4-6H,0. The band gap and absorption
energy were determined by the method of optical diffuse reflection spectroscopy of
polycrystalline samples. For magnesium phosphate MgHPO,-3H,0 the absorption
energy was 3,10 eV, for magnesium-potassium phosphate MgKPO4-6H,0 it was 3,13
eV, for magnesium-ammonium phosphate MgNH4PO,4-6H,0 it was 4,17 eV, which
corresponds to absorption in the region of 400, 396, 297 nm, respectively. The obtained
results on the photocatalytic decomposition of toluene indicate the catalytic activity of
the obtained polycrystalline phosphates. During a two-hour experiment using visible
light and UV irradiation, the aromatic hydrocarbon concentration decreased by 12.2%
and 1.9% for magnesium phosphate MgHPO4-3H,0, by 9.8% and 9.1% for
magnesium-potassium phosphate MgKPQO4-6H0, by 3.2% and 4.7% for magnesium-
ammonium phosphate MgNH4PO4-6H-0, respectively.

The research was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation (the basic part of the State
Assignment, project 0729-2020-0053) and using the equipment of the New Materials
and Resource-Saving Technologies Central Collective Use Center (Lobachevsky
University).
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glass matrices for immobilization of lanthanide and minor-actinide fractions of
radioactive wastes in comparison with phosphate ceramic compositions.
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The problem of safe handling of nuclear waste is one of the most important tasks
of materials science, classical chemistry, physics and radiochemistry. The most
progressive, from the point of view of environmental safety and the concept of non-
proliferation of radioactive waste, is the idea of binding waste into inert, stable matrix
materials. Such matrices are subject to high requirements for physical and chemical
stability, high capacity for radioactive waste, thermal conductivity, mechanical
strength, etc. [1].

Now, for high-level radioactive waste of a wide elemental composition, it has not
been possible to create a single matrix that meets all of the above requirements. The
actual world concept is the fractionation and subsequent consolidation of groups of
cations with similar chemical properties in the form of separate inorganic matrices,
including ceramic, glass and glass-ceramic ones [2, 3].

In this work, studies were carried out to determine the limiting fraction of the
inclusion of various lanthanides (1-15 mass.%) in the composition of the base
aluminophosphate glass used in the current technology of radioactive waste
management (imitation of the lanthanide and minor actinide fractions). Also,
depending on the specific content of lanthanides (Nd, Eu, Gd, Y, La, Ce, Pr, Nd, Sm -
jointly and separately), the phase composition, thermal stability, microstructure,
hydrolytic stability of the resulting glass compositions in static and dynamic conditions
in distilled, mineral water, acid/alkali solutions. The results obtained were compared
with literature data and similar characteristics for phosphate ceramic matrices (with the
structures of kosnarite, langbeinite, garnet, pollucite, monazite, xenotime) with a
similar specific content of lanthanides, studied within the framework of this scientific
project by our research team.

The research was carried out with the financial support of the Russian
Foundation for Basic Research within the framework of a scientific project Ne 20-21-
00145 Rosatom.
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New bismuth-based catalyst for photocatalytic decolorization of RB19 dye from
polluted water

Kosti¢ M., Najdanovi¢ S., Petrovi¢ M., Velinov N., Radovi¢ Vuci¢ M., Mitrovié J.,
Boji¢ A.
Department of Chemistry, Faculty of Sciences and Mathematics, University of Nis,
Nis, Serbia
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The textile industry is one of the industries with the highest water consumption,
producing a huge amount of wastewater that can be toxic, carcinogenic, mutagenic, or
teratogenic [1]. Among several wastewater conventional treatment options (sorption
[2], electrocoagulation [3], microbial degradation [4]), heterogeneous photocatalysis
can be a method for a high level of dye removal from textile industrial wastewater.

In that purpose, the photocatalyst based on bismuth, concretely bismuth tartrate
(BiTar) for decolorization RB19 from water was synthesized. The BiTar was prepared
by sol-gel process from bismuth (111) nitrate pentahydrate, ethylene glycol and 2,3-
dihydroxybutanedioic acid. XRD, FTIR, SEM and EDX analyses were used to
determine the properties and structure of the BiTar. The BiTar had a smooth surface,
without pores (SEM), which was confirmed by BET analysis where the specific surface
area was not large and amounted 23.7 m? g. The structure and composition of BiTar
was confirmed using XRD, FTIR and EDX analyses. The decolorization process of the
RB19 was the most efficient at the optimal conditions: photocatalyst dose of 0.50 g
dm?3, stirring speed of 250 rpm, pH of 2.0 and with light intensity of 1750 uW c¢m™.
Complete decolorization of 50.0 mg dm= RB19 under optimal conditions was
performed within 6 minutes. The decolorization of RB19 follows the Langmuir-
Hinshelwood kinetic model well. BiTar has shown high photocatalytic potential for
application in purification of textile industrial wastewater contaminated with RB19
dye.

The authors would like to acknowledge financial support from the Ministry of
Education, Science and Technological Development of the Republic of Serbia
(Agreement No 451-03-68/2022-14/200124).
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nanostructured oxide matrices
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Nowadays the multifunctional nanostructured complex oxide materials are highly
demanded e.g. as multiporous nanosystems for creation of a new generation of highly
sensitive chemo resistors for «e-nose» [1]. The properties of these nanostructured
materials are mainly defined by the preparation technique. Traditional methods of
synthesis possess a number of disadvantages, including insufficient purity, a large number
of defects in the structure, the absence of the ability to vary the composition over a wide
range, etc. [2]. The aim of this work is to develop a novel plasma-based approach to
synthesis of these type nanostructured materials [3]. We utilized a modified plasma-
enhanced chemical vapor deposition method (PECVD), when the high-purity elements
were the starting materials. Zn and Te were delivered by a carrier gas to the reaction zone,
where they interacted with oxygen. RF non-equilibrium plasma discharge at low pressure
(0.01 Torr) was used for the initiation of the precursors oxidation. OES (optical Emission
Spectroscopy) allowed us to find out the reactive species formed in the plasma discharge.
The ZnO-TeO; were studied by various analytical techniques. The schematic diagram of
PECVD installation is illustrated in Figure 1a. The SEM image of the obtained sample is
shown in Figure 1b.

Fig. 1. Universal PECVD setup and SEM image of the nanostructured material
The reported study was supported by Russian Science Foundation, grant Ne 22-
13-00053.
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Surface modification of fiber materials with composites based on amorphized
calcium phosphates and phosphomolybdic acid
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Calcium phosphates in amorphous form have enhanced adsorption-structural
characteristics, which allows them to be used as carriers for active compounds [1].
Previously, it was shown that amorphized hydroxyapatite (HA, Caio(PO4)s(OH).) and
tricalcium phosphate (TCP, Ca3(PO4);) adsorb phosphomolybdic acid (PMA,
HsPMo012040°14H,0) from aqueous systems without changes in their phase
composition. It is known that the introduction of vanadium atoms into the PMA
structure leads to an increase in their oxidizing properties [2]. In this regard, it is of
interest to create calcium phosphate adsorption centers with vanadium-containing
PMA on the surface of fiber materials (cotton cellulose fabric, polypropylene
nonwoven fabric).

Modification of the surface of fiber materials was carried out by the immersion
method using a 2-4% calcium phosphate suspension (Caio(PO4)s(OH)2 / Caz(POa4)2)
and a 0.1-1% solution of vanadium-containing PMA (H3PMo012040-14H,0O /
(VO)3sP4013). The data of thermal, X-ray phase analysis and IR spectroscopy indicate
the appearance of calcium phosphate adsorption centers on the surface of the fibers as
a result of such treatment.

The presence of vanadium-containing PMA contributes to the partial oxidation of
cellulose and a decrease in its heat resistance. In the case of polypropylene fiber, the
temperature at which polymer degradation begins does not depend on the method of
modification.

Surface treatment of fiber materials with composites based on calcium phosphates
and vanadium-containing PMA is accompanied by structural transformations in
polymers and an increase in their moisture-binding capacity by 1.5-5.2 times
(maximum for a polypropylene fabric). The obtained cellulose and polypropylene fiber
materials contain up to 2-6% of modifying additives and can be proposed as model
systems for binding active biological structures.

This study was performed within the framework of Belarusian Republican Fund
for Fundamental Research (grant No. Kh21COVID-008).
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Influence of a compatibilizer on the crystallization regularity of a highly filled
composite based on aluminum hydroxide and polyethylene mixture
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The problems of the environment and human health arising from the combustion
of polymers lead to the search for new environmentally friendly flame retardants. Metal
hydroxides such as Al(OH)s; and Mg(OH); are alternative materials that are safer and
can be used instead of halogen additives. The purpose of this study was to evaluate the
effect of a compatibilizer on the crystallization regularity of a highly filled composite
based on an environmentally friendly flame retardant (AI(OH)3) and a mixture of
polyethylenes.

Industrial samples of high-density polyethylene (HDPE), low-density
polyethylene (LDPE), aluminum hydroxide, compatibilizer DuPont™ Fusabond ®
P353 Polimer Modifier were used as the object of research. Composite materials based
on a mixture of HDPE/LDPE in a ratio of 50/50, with a fixed concentration (50 wt %)
of AlI(OH); and 1, 3, 5 wt % of the compatibilizer were obtained by mixing the
components on laboratory rollers. Dilatometric studies were carried out on the 1IRT-1
device converted to a dilatometer during stepwise cooling in the temperature range
from 180°C to room temperature (load 5.3 kg).

When studying the influence of the compatibilizer concentration on the density
and temperature of the onset of crystallization, which characterizes the first-order phase
transition, it was found that with an increase in the amount of the compatibilizer, the
temperature of the onset of crystallization does not undergo any changes and
corresponds to 105°C. At the same time, the density values of the composites at room
temperature are almost equal. By crossing the upper and lower branches of the
dilatometric curves, the approximate values of the glass transition temperature of the
samples under study were found. The glass transition temperature of the initial LDPE
/ HDPE + 50 wt % AI(OH); and composites based on it containing 1, 3, 5 wt %
compatibilizer, respectively, are -35, -56, -56, -78°C. It has been established that the
value of the free specific volume of melts of compatibilized composites is higher than
that of the initial mixture of HDPE / LDPE + 50 wt % AI(OH)s. After crystallization,
the values of the free specific volume of the compatibilized composites approach each
other, and at a temperature corresponding to room temperature, they practically
become equal. The convergence of the values of the free specific volume of the
modified composites at room temperature can be explained by the fact that the
compatibilizer, in the given concentration range, to some extent contributes to the
uniform growth of crystalline formations.
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Application of bismuth oxo citrate for photocatalytic decolorization of textile dye
RO16
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Effluents from the textile industry are a significant concern for the environment,
because dyes are often non-degradable compounds and can be toxic, carcinogenic,
mutagenic or teratogenic [1]. During the last decades, photocatalysis has been widely
used as a "green” technique in the decomposition of various organic pollutants [2].

In this study, the synthesis of the photocatalyst bismuth oxo citrate and its
application for the decolorization of the textile dye Reactive Orange 16 (RO16) was
performed. The photocatalyst was synthesized by the precipitation process from an
acidic solution of bismuth nitrate to which citric acid was added and subsequent
thermal treatment at 200 °C. The obtained material was characterized by SEM-EDX,
FTIR, XRD and BET analyses. SEM images showed that the photocatalyst consists of
slightly sintered polyhedral particles of different shapes and sizes. The specific surface
area of photocatalyst was about 9 m? g=*. The chemical structure of bismuth oxo citrate
photocatalyst was determined by EDX, FTIR and XRD analyses. The results showed
that the photocatalyst are in form of BiOCsH;O- - H2O. The photocatalytic performance
of bismuth oxo citrate was determined by decolorization of textile dye RO16, which
was used as a pollutant model. Complete decolorization of the dye with a concentration
of 25.0 mg dm= was achieved in less than 6.0 minutes at native pH and with
photocatalyst dose of 500.0 mg dm=3, which shows that bismuth oxo citrate can be
successfully used as a photocatalyst.

The authors would like to acknowledge financial support from the Ministry of
Education, Science and Technological Development of the Republic of Serbia
(Agreement No 451-03-68/2022-14/200124).
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Computer simulation of chemical systems promising for materials science,
catalysis, and medicine: non-covalent interactions and reactivity
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Computer simulation of chemical systems is one of the most dynamically
developing areas of modern materials science and related natural science disciplines.
This kind of research serves as a starting point for the creation of innovative smart
materials applicable in catalysis and medicine.

This report is devoted to the presentation and brief discussion of the results of my
scientific research over the past 10 years in the field of theoretical study of various non-
covalent interactions in organic/inorganic/organometallic chemical compounds and
their reactivity. This report is based on more than 230 articles in high-ranking
international scientific journals, including Nat. Commun., J. Am. Chem. Soc., Angew.
Chem. Int. Ed., Chem. Commun., Chem. Eur. J., Chem. Asian J., ACS Catal., RSC
Catal. Sci. Tech., Crystal. Growth Des., CrystEngComm, Inorg. Chem., J. Org. Chem.,
Organometallics, Org. Biomol. Chem., Phys. Chem. Chem. Phys., Dalton Trans., J.
Phys. Chem. Lett., J. Comput. Chem. and others — for details and some recent
publications see [1-5] and my Scopus ID: 50262902200.

The results obtained in the course of my research contribute to the understanding
of the nature of compounds and materials that have a wide range of applications in
biology and medicine (in particular, in the neutron capture therapy of oncological
diseases), which are promising catalysts for the most important organic cross-coupling
reactions (in particular, the Suzuki and Sonogashira reactions), as well as having
valuable redox, magnetic and optical properties, promising for the manufacture of
LEDs and photocells for solar power plants.
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with the modifiers
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Today modern additives-modifiers are used in all production technologies. They
contribute to the emergence and development of new technologies, such as the
production of high-strength, self-compacting concrete, etc. Moreover, chemical
additives can significantly reduce the cost per unit of production, improve the quality
and efficiency of a large range of reinforced concrete structures, and extend the service
life of both structures and buildings, and structures in general. The introduction of
additives into the concrete mix in small amounts, usually tenths of a percent by weight
of cement, allows you to control the properties of concrete, physical and chemical
hardening processes, the morphology of neoplasms and its performance characteristics.
Previously [1] the effect of introducing superplasticizer into the concrete mix was
studied which allows modifying the concrete construction and technological indicators.
This work presents the results of studying the behavior of modified cement
compositions. Portland cement grade CEM | 42.5B was used as a binder with the
mineralogical composition of its clinker, %: C3S — 62; C,S — 14; C3A — 6,5; C4AF —
12. The additive "Polyplast PK type S" is produced by Poliplast LLC in the form of a
transparent aqueous solution with a density of at least 1.05 g/ cm? at 20 C and a pH of
at least 4 according to TU 5745-098-58042865-2016 with change Nol, 2 [2].
Registration of heat release during hydration of cement with and without additives was
carried out using a TAM 111 microcalorimeter of TA Instruments in isothermal mode.
Samples were prepared on the basis of cement paste with W/C=0.35. An analysis of
the data obtained when determining the hydration process of a binder system based on
cement and a regulator showed that the additive in the studied composition promotes
greater heat release with a more pronounced exo-effect and an increase in the induction
period of hydration. This effect can be presumably explained by the fact that type S PC
contributes to some heating of the cement composition, allowing earlier C,S reaction,
with acceleration of the mixture hardening process. Thus, further study of the hydration
process of cement with additives opens up prospects for the development of
composition design, structure adjustment and prediction of the properties of effective
road, hydraulic and other types of concrete.

The study was carried out using the resources of the Center for Shared Use of
Scientific Equipment of the ISUCT (grant Ne 075-15-2021-671)
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In [1] there are 4 variants of T-x diagram with 3 allotropes of the component A:
1) the only peritectic transformation; 2) closed loop of 2-phase region with 2 low-
temperature allotropes: 3) peritectic and evtectoid, divided by the eutectic; 4)
metatectic and peritectoid, divided by the eutectic. Two additional variants are offered
here: 5) metatectic and evtectoid, divided by the eutectic (Fig. 1,a); 4) peritectic and
peritectoid, divided by the eutectic (Fig. 1,c). They were elaborated by means of flow
diagrams (phase reaction scheme) [2]. Hypothetical variants of phase diagrams allow
to optimize the assembling of 3D computer models for the real systems [3-6].

a D L

Fig. 1. T-x diagram with metatectic and eutectoid transformation (a) and flow diagram (b) for the
variant with peritectic and peritectoid transformation (c)

In view of the widely spread use of computerized calculations of phase diagrams,
there was an attempt to introduce a strict definition of Scheil reaction scheme (flow
diagram) for the ternary systems [7]. As it was suggested that it be adopted for the
production of computer-plotted flow diagrams, it’s better to start with the T-x diagrams
of binary systems (like Fig. 1,b).

This work was been performed under the program of fundamental research SB
RAS (project 0270-2021-0002).
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Glasses based on germanium and gallium tellurides have a high transparency in
the near and mid-IR ranges. Due to their properties, these glasses find application in
IR-fiber optics and thermal imaging sensors.

The thermodynamically determined equilibrium compositions of thevapor phase
in the studied systems are shown in Fig. 1a and 2a. The content of tellurium in the
vapor phase is presented as the total amount of its intramolecular allotropes, taking into
account the number of atoms included in them.
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Fig. 1. Thermodynamically determined equilibrium composition of the vapor phase in the Gals-
GayTes-Ga.03 system (a); dependence of the amount of the transferred component of the vapor phase
on the T(750 °C)-T(x) temperature difference (b).
Fig. 2. Thermodynamically determined equilibrium composition of the vapor phase in the Gels-GeTe-
GeO; system (a); dependence of the amount of the transferred component of the vapor phase on the
T(700 °C)-T(x)temperature difference (b).

According to the results obtained in this work, loading gallium(l11) telluride into
a reactor by the chemical transport using gallium(lll) iodide as a transporting agent in

combination with loading germanium through GeTe is an effective approach for
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producing Ga-Ge-Te and Ga-Ge-Te-I glasses with low oxygen impurity content. This
Is due to the high values of the separation coefficient of oxygen-containing impurities
in chemical transport.

The reported study was funded by the Russian Science Foundation (project Ne
21-73-10104).
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Analysis of molecular weight characteristics of collagen during enzymatic
hydrolysis using different enzymes

Pegeev N.L., Chasova V.O., Valetova N.B.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: nikita.pegeev@mail.ru

There is a high demand for tissue engineering products, the main task of which is
to create cell matrices (scaffolds) with the subsequent formation of complex cellular
compositions similar to tissue or organ for further transplantation to the patient to
replace damaged or lost ones. Scaffolds are created using natural and synthetic
polymers, such as collagen, etc. with the use of proteolytic enzymes.

The purpose of this work is to analyze and compare the molecular weight
characteristics of fish collagen (FC) during hydrolysis in the presence of pancreatin
and trypsin enzymes.

The enzymes used in the work were pancreatin and trypsin. During enzymatic
hydrolysis, a 1% solution of FC was used [1]. 1M NaOH was added to the solution of
high molecular weight FC to achieve a neutral medium and brought to a certain volume
with distilled water. Hydrolysis in the presence of enzymes was carried out at the
enzyme-substrate ratio collagen : enzyme = 10 : 1, adding an enzyme to the resulting
mixture. Samples (1 ml) were taken from the reaction medium at certain intervals after
the addition of the enzyme. To interrupt hydrolysis, a 4 % AcOH solution was poured
into the samples. Molecular-mass characteristics of samples of FC hydrolysate were
determined by the GPH method.

Thus, enzymatic hydrolysis of fish collagen was carried out under conditions
close to those during the formation of scaffolds by different enzymes — pancreatin,
trypsin. Analysis of the molecular weight characteristics of collagen hydrolysates by
gel-penetrating chromatography during three days of the process showed that the
destruction of the protein occurs with the formation of two low-molecular fractions, so
the high efficiency of pancreatin and trypsin leads to the fact that there is no high-
molecular fraction in the solution immediately after the first minute. However, there is
a slight difference in the characteristics of hydrolysis products and their ratio, which is
due to the nature of the catalytic centers of enzymes. The data obtained are of interest
for the development of collagen-based matrices in the presence of enzymes of different
nature.

References
[1] Semenycheva L.L., Kuznetsova J.L., Valetova N.B., Geras'kina E.V., Tarankova
O.A. Method for Producing of Acetic Dispersion of High Molecular Fish Collagen.
Patent RF, no. 2567171, 2015.
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IR-transparent Y203-MgO (YMO) composite ceramics
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Recently, significant progress has been achieved in the manufacture and study of
the properties of nanocomposite materials based on magnesia and rare earth oxides,
such as yttrium oxide (Y203-MgO, YMO). The combination of the high optical,
mechanical and thermal properties of the composites determines the prospects for their
use as infrared windows, luminescent, and laser materials, as well as parts requiring
plasma resistance in the semiconductor processing industry.

The fundamental requirement for ensuring high light transmission of the YMO
composite in the near and mid-IR spectral region is the formation of a pore-free
structure while maintaining the submicron grain size of yttrium and magnesium oxides.
These characteristics require careful selection of the initial powders synthesis
conditions and applying an appropriate method for the ceramics consolidation without
significant grain growth.

In this work the Y,03-MgO nanopowders were synthesized by the method of self-
propagating high-temperature synthesis (SHS) using metal nitrates as an oxidizer and
glycine as a fuel. The powders have a composite nature and correspond to the target
materials in the crystal structure. The morphology of the powders is characterized by
the presence of loose agglomerates with a porous structure, which is a consequence of
intense gas formation during SHS.

Consolidation of YMO ceramics was performed by Hot pressing (HP) and Spark-
plasma sintering (SPS). Average grain size of the SPS-derived MgO-Y 203 ceramics
is about 150 nm up to temperatures of 1200°C, after which it increases rapidly. The
minimum porosity is observed for samples sintered at a temperature of 1150-1200 °C.
The transmission of the ceramics after SPS does not exceed 60% due to significant
contamination with carbon-contained impurities. Additional annealing in air at a
temperature of 1100°C leads to an increase in IR transmission to 80.9% at a wavelength
of 5 um for samples obtained at a temperature of 1150°C.

The optimal temperature for hot pressing of MgO-Y203 ceramics is 1400°C,
which is higher compared to SPS. At that, HP leading to the production of samples
with the transmission of 83.6% at a wavelength of 5 pm.

Thus, the chosen methods allow the sintering of ceramics with a density of more
than 99% while maintaining an average grain size of 100-150 nm. The transmission of
these samples in the infrared range corresponds to the best published results.

The study was funded by the Russian Science Foundation (research project No.
19-73-10127).
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Thermodynamic and Quantum Chemical Study of Bi>Os - B20s - BaO Glasses
for Optical Applications

Plekhovich A.D.!,Plekhovich S.D.2, Kut’in A.M.1
!G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod, Russia
2| obachevsky University, Nizhny Novgorod, Russia
E-mail: plekhovich@ihps-nnov.ru

The study of the structure, spectral and thermodynamic properties of the glass-
forming phase Bi,O3 - B,O3; — BaO, compatible in optical, thermophysical and chemical
properties with the crystalline phase of yttrium aluminum garnet, is an urgent task for
creating glass-ceramics for optical use.

In work by the method of dynamic calorimetry on the device DSC 404 F1 Pegasus
heat capacity of glass, supercooled melt and glass transition characteristics were
studied. Using the DFT/uB3LYP/Lanl2DZ method, the geometry of structural
fragments was established and the spectroscopic characteristics of glasses of the
composition 0.20Bi,03 - xBaO - (0.80-x)B,0s, containing x = 5, 10, 15 and 20 mol %
BaO.
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The results of quantum-chemical calculatlons which made it p053|ble to establlsh
the structure of bismuth-barium borate glass and calculate the spectrum of collective
vibrations, are necessary to establish its relationship with the low-temperature part of
the heat capacity.

The reported study was funded by the Russian Science Foundation (project Ne 20-
73-10110).
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Radiation studies of mineral-like ceramics - materials for the consolidation of
radioactive waste components

Potanina E.A., Nokhrin A.V., Popov A.A., Orlova A.lL.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: potanina@nifti.unn.ru

Mineral-like compounds are being studied as possible matrices for the
consolidation of radioactive waste components. Materials based on such compounds
must be resistant to various kinds of influences, including radiation.

In this work, ceramics SrMoQO, (scheelite structure) and PrPO, (monazite
structure) were irradiated with Ar (E = 46 MeV), Kr (E = 107 MeV), Xe (E = 160
MeV) heavy ions to fluences in the range 6x10%° — 2x10* ¢cm. The ceramics were
sintered by spark plasma sintering (SPS) using the “DR. SINTER model SPS-625
Spark Plasma Sintering System” (SPS SYNTEX INC. Ltd., Japan). Phase
compositions of ceramics before and after irradiation were studied by X-ray diffraction
(XRD) on a Shimadzu LabX XRD-6000 powder diffractometer. Radiation testing of
the samples was carried out on the 1C-100 cyclotron of the Laboratory of Nuclear
Reactions of the Joint Institute for Nuclear Research, Dubna.

According to XRD data, for samples of SrMoO, ceramics, a highly crystalline
state was observed even after irradiation with Xe ions with a fluence of 2x10'? cm (a
decrease in the intensity of diffraction maxima associated with partial amorphization
of the structure occurred by ~ 40%), which indicates a high radiation resistance of the
compound. The PrPO4 phosphate sample was resistant to the action of an ion with a
relatively low energy (Ar); upon irradiation with Xe ions at the maximum fluence, a
significant decrease in the intensity of diffraction maxima and their broadening are
observed, which indirectly indicates the formation of an amorphous layer on the
ceramic surface. At the same time, complete amorphization was not achieved.

Thus, the investigated ceramics are evaluated as radiation-resistant under the
conditions under study, capable of withstanding irradiation with high-fluence ion
fluxes without undergoing complete amorphization. The SPS method makes it possible
to obtain high-density ceramics, the proposed matrices for RW components, in a short
time, which is promising from an environmental point of view.

The authors are grateful to the staff of the Laboratory of Nuclear Reactions of the
Joint Institute for Nuclear Research, Dubna: Skuratov A.V. and Kirilkin N.S.

The work was funded by RFBR and ROSATOM, project number 20-21-00145.
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Structure and properties of high-entropy superconducting oxide R-123

Pryanichnikov S.V., Vedmid’ L.B., Uporov S.A.
Institute of Metallurgy UrB RAS, Ekaterinburg, Russia
E-mail: stepian@yandex.ru

High-entropy oxides where more than four substitutions on cation site coexist are
relatively new word in crystal chemistry. For YBa;CusOs+s superconducting oxides,
the substitution of yttrium by rare-earth elements is possible and leads to an increase
of critical current and chemical stability [1, 2]. We study crystal structure and magnetic
properties of the single-phase Y 2Ndo2Euq2Smo2H002Ba;,Cu30s+5 (R-123) compound
with different oxygen content (Fig. 1). Critical current was estimated by Bean method.
The temperature of superconducting phase transition coincides with results for pure Y -
123 compounds.
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Fig 1 — Unit cell parameters a (open circles), b (filled circles) and c/3 (starlets) (a) and critical
temperature T (b) as function of oxygen content & in Yo.2Ndo2EuUo2Smo2H00.2Ba2CusOe+s.
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Synthesis and investigation of thermal properties of sodium-chromium and
sodium-iron arsenate-phosphates

Piaterikov E.A., Pet’kov V.I.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: piaterikovegor@gmail.com

Mineral-like compounds with a garnet structure are notable for their chemical
resistance, ability to withstand high temperatures and radiation. The stability of the
garnet structure with respect to cation substitutions creates the prerequisites for the
wide use of materials based on them in the electronics, in the abrasive and construction
industries, in the field of radioactive waste management.

The size of the PO, tetrahedra does not allow orthophosphates to fix the garnet
structure. This type of structure is realized in compounds with larger tetrahedral anions,
for example, in arsenates NasM2(AsOa4)s (M = Cr, Fe) [1]. We can hope to obtain mixed
phosphates with the garnet structure, taking into account that the average value of the
radius of the "formal” anion formed by the combination of PO, and AsQO, anions is
equal to the radius of the anion SiO4: r[(ASo5P05)04] = r(SiOs).

The purpose of this work is the synthesis of arsenate-phosphates with the expected
garnet structure in the systems: NasCr2(AsO4)x(PO4)sx and NazFez(AsO4)x(PO4)s3-x.

Samples of limited solid solutions with the garnet structure NazCr2(AsO4)x(PO4)s-
x and NasFe2(AsO4)x(PO4)s-x Were obtained by co-precipitation of metal salts, arsenic
acid and ammonium hydrophosphate from an aqueous solution followed by heat
treatment. The samples were dried under 90—150°C and subjected to isothermal heat
treatment until synthesis was complete at 600—900°C.

According to XRD data (Shimadzu LabX XRD-6000 X-ray diffractometer) and
combined DTA-TG analysis (Shimadzu DTG-60H thermal analyzer), the received
solid solutions exhibit dimorphism: low-temperature modifications with garnet
structure are obtained at 800°C, and high-temperature rhombohedral modifications —
at 900°C.

The use of variable-temperature X-ray diffraction (on the same diffractometer,
using an Anton Paar TTK 450 temperature control chamber) allowed us to determine
the thermal expansion parameters of the synthesized materials in the range from —130
to 200°C. As the temperature is varied, the samples of solid solutions expand
isotropically and are classified as materials with low thermal expansion. Their thermal
expansion does not cause shear deformations and minimizes the possibility of cracking.

References

[1] Schwarz H., Schmidt L. // Z. Anorg. Allg. Chem. 1972. Bd. 387. P. 31.
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Phosphors based on aluminium-gallium garnets of rare earth elements for
LED lighting sources.

Zorina L.N., Lichmanova V.N., Salnikov S.V.
Scientific Research and Development Institute “PLATAN " with the Plant
Moscow, Russia

An industrial synthesis technology has been developed and the luminescent
parameters of LED phosphors based on aluminium-gallium garnets of rare earth
elements activated by cerium, such as Lnz(Al,Ga)sO1,- Ce3*, where Ln: Y, Gd, Lu,
have been studied.

Phosphors are designed for photoluminescent conversion of blue radiation (440-
460nm) of nitride heterostructures into the luminescence of phosphors from green to
yellow-orange, which makes it possible to obtain a total white glow from cold to warm
shades at the output in ready LED lighting sources [1].

The indicated compositions of garnet phosphors were obtained by the method of
solid-phase melt synthesis using nanosized initial components . Synthesis is carried out
in a reducing atmosphere at a temperature t 1300-1500°C for 3-5 hours.

One of the main requirements for LED lighting devices is a wide range of color
temperatures from 2600 to 6000K depending on the specific application. To solve the
problem of controlling the emission spectrum of phosphors, the possibility of using
various degrees of substitution of lanthanide ions in the basis of phosphors for a number
of homovalent solid solutions of Y3Als012 — GdsAlsO12 — LusAlsO12 is shown.
Obtaining a warmer shade of glow due to the shift of the spectrum to the long-
wavelength region, from 530 to 580 nm, is achieved by introducing into the
composition along with yttrium, additionally gadolinium garnet. The introducing of a
lutetium ion, LusAlsO1,, into the composition of a solid solution makes it possible to
obtain a shift of the maximum in the spectrum to the short-wavelength region up to 515
nm.

The possibility of a similar homovalent scheme is also realized for the anionic
component of the phosphor and instead of a 6-fold coordinated AI** ion, a gallium ion,
Ga®*, can be introduced into the sublattice, which leads to a shift in the emission of the
main activator Ce*" to the short-wavelength region.

According to the results of the study of a number of phosphors based on solid
solutions (Y,Gd.Lu)3(Al,Ga)sO12-Ce it was found that the variation of the ratio
Y/Gd/Lu/Ce in the cationic— and Al/Ga- in the anionic component of the compositions
allows controlling the main spectral-luminescent-color parameters of phosphors. The
obtained compositions of LED phosphors with a spectral maximum position of 515-
580 nm and with a range of color temperatures T,K 2700-5900 are offered for use in
lighting devices for various purposes.

References
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Influence of the composition and surface structure of poly(titanium oxide)-
containing organic-inorganic copolymers modified with fluoracrylate latexes on
material properties

Salomatina E.V., Riabkova O.A., Gorbunova M.S., Smirnova L.A.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: salomatina_ev@mail.ru

The development of materials with a switchable mode of surface wetting, when its
transition from hydrophobic to hydrophilic state takes place, is currently of particular socio-
economic importance in connection with the possibility of expanding environmentally
friendly ways of protecting the environment from the negative technogenic impact on it.
The usage of light irradiation (including solar) seems to be the most promising and
environmentally friendly impact for this task. One of the most common light-sensitive
materials are composites containing anatase polymorphic TiO,. The one-electron transition
Ti* + e — Ti* occurs when TiO, is exposed to light with A < 400 nm. This process results
in the reversible breaking of the Ti-O bond and the formation of electron-hole pairs, which
are the cause of surface hydrophilization. The wetting angle of the oxide surface decreases
from 72° + 1°to (0 + 1)°, the water droplet completely spreads over the material, removing
the contaminants in its wake. However, the polarity of the unirradiated TiO, surface is too
high to realize the maximum switching of wetting modes from "lotus effect" to
superhydrophilicity. The problem of reducing the polarity of TiO, while maintaining its
photosensitivity can be solved by using optically transparent organic-inorganic copolymers
containing nanostructured poly(titanium oxide). In this regard the hydrophobization of the
surface of films of binary organic-inorganic copolymers based on Ti(OPr'),; and
hydroxyethyl methacrylate by inclusion of butyl methacrylate, 2-ethylhexyl acrylate,
octafluoropentyl acrylate, vinyl butyl ether or by modifying their surface with fluoracrylate
latexes was performed in this resarch work. Optical transparency of terpolymers regardless
of the composition is ~90% in the visible region of the spectrum. The introduction of more
hydrophobic monomer units into copolymers leads to the decrease of PTO content on the
surface layer of films, the increase of surface roughness and contact angle of wetting by
water from 77° up to 93° in comparison with copolymers of binary composition. The
surface treatment of terpolymers with fluoroacrylate latexes containing poly(1,1,5 -
trinydroperfluoroacrylate) or copolymers(1,1,5 - trinydroperfluoroacrylate-styrene)
increases their hydrophobicity to 105° and does not affect their optical transparency. A
reversible photochromic one-electron transition of Ti** + e — Ti** occurs in the PTO chains
upon UV-irradiation of the terpolymers. The greatest depth of change in light transmission
- by ~ 60% for 180 min of UV-irradiation - is observed in terpolymers with butyl
methacrylate and octafluoropentyl acrylate units. All materials exhibit a switchable
hydrophobic-hydrophilic surface mode in which their water-wetting angle reversibly
decreases to 10° in several cycles of use.

This research was funded by Council of grant of the President of the Russian
Federation (grant number MK-2195.2021.1.3).
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Synthesis of nitrophenoxy-substituted magnesium zinc and aluminum
phthalocyanines complexes and investigation of their spectral-luminescent
properties

Sarvin I.A., Erzunov D.A., Vashurin A.S.
Ivanovo State University of Chemistry and Technology, Ivanovo, Russia
E-mail:sarvin2002@mail.ru

Phthalocyanines are a class of macrocyclic synthetic compounds, relatives of
porphyrins, their 18-n electron structure determines their special physical and chemical
properties. Intensive absorption in the visible area, gives them wide usage as dyes and
pigments. Aggregation is an important factor in studying the properties of
phthalocyanines, as complexes have a high tendency to form aggregated molecules.

This work describes the synthesis method (Scheme 1) of metal complexes of
nitrophenoxy-substituted phthalocyanines. For these compounds, the electronic
absorption spectra, the values of fluorescence quantum yields, Stokes shifts, and
fluorescence lifetimes were studied.

NO,
Scheme 1. Synthesis of tetra-4-(4-nitrophenoxy) phthalocyaninates of zinc and magnesium

The synthesis was carried out by the method of template fusion of phthalonitrile
with metal acetates in a molar ratio of 4: 1, in the presence of carbamide. Fusion took
place at 150°C and lasted for 20 minutes. The reaction mixture then was purified by
Soxhlet extraction with chloroform. The structure of the compounds was confirmed by
using *H NMR and IR spectroscopy, MALDI-TOF mass spectrometry and electron
spectroscopy.

Electronic absorption spectra were recorded in dimethyl sulfoxide and acetone.

The work was supported by the Russian Science Foundation, grant Ne 17-73-
20017.
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Phosphate ceramics containing rare-earth metals

Sedov V.A., Glyadelova Y.B., Petri G.I., Asabina E.A.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: airbox200@gmail.com

Studies of NaZr,(PO4)s (NZP) based ceramics have perspectives in materials
science due to a number of unique properties of this group of substances. High
resistance to the action of extreme environmental factors, ionic conductivity, catalytic
activity and other properties typical of NZP-phosphates can be complemented by
magnetic and optical activity with the introduction of rare-earth metal ions into their
structure. Within the present investigation we have studied phase formation and
thermal expansion of NZP complex phosphates containing rare-earth and I\VB group
elements of the compositions Na;-xRo33xD2(PO4)3 (R - Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
Dy, Er, Yb; D — Ti, Zr). Synthesis of phosphates was realized by sol-gel method
(including the Pechini technique), the final temperatures of annealing were 650-800°C.
According to powder X-ray diffraction (Shimadzu XRD-6000) and IR-spectroscopy
data (Shimadzu FTIR-8400S), it was found that the studied compounds belong to the
structural type NaZr2(PO4)s (NZP). Analysis of X-ray patterns of complex phosphates
of titanium and rare-earth elements in accordance with the laws of extinction of the
obtained set of reflexes showed that the studied solid solutions with a high
concentration of Na* were characterized by R3¢ space group. Titanium phosphates
with high content of rare-earth ions crystallized in R3 space group, and phosphates of
zirconium and lanthanides were indicated in P3¢ space group.

To estimate thermal expansion and NZP structure deformation upon heating, the
phosphates NaosRo.167Ti2(PO4)s (R — Y, La; x = 0.5) were studied by X-ray diffraction
in the temperature range from 25 to 200°C. Due to the negative ag value (Table 1),

yttrium-containing phosphate can be attributed to the mean expanding substances.

Phosphate with larger La®" cations in the cavities is characterized by a greater value

Olay.

Table 1. Thermal expansion coefficients of NaosRo.167Ti2(POa4)3 phosphate in the temperature range
from 25 to 200 °C

Coefficient Nao,5Y0,167Ti2(PO4)3 Na0,5Lao,167Ti2(PO4)3
og- 106, °C 4.5 4.1

ag 106, °C ! 24.0 20.6

lag—o|-106, °Ct | 28.5 16.6

0106, °C1 5.0 9.6
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High-temperature mass spectrometric study
of the Al,03-ZrO; and SiO2-ZrO; systems

Stolyarova V.L., Voroztsov V.A., Shilov A.L., Yuschenko D.A., Lopatin S.I.
Grebenschikov Institute of Silicate Chemistry, Saint-Petersburg, Russia
E-mail: shilov.al@iscras.ru

The reported study is a part of the research project on the development of
improved glass-ceramic luminophores retaining stability at high temperatures. The
samples for investigation were prepared by solid-state synthesis from pure oxides and
identified by X-ray microanalysis using TESCAN VEGA 3 LMH SEM equipped with
the Advanced Aztec Energy system. The thermodynamic properties were explored
using MS-1301 mass spectrometer designed for high-temperature Knudsen effusion
studies. The samples were vaporized from tungsten effusion cells. In the vapor phase
over the samples of the SiO,-ZrO, system SiO, O, WO,, WO3, and small amount of
Si02 molecular species were identified in the temperature range 1900-1950 K.
Vaporization of the sample containing 96 mol % SiO; at the temperature 1912 K
resulted in gradual removal of silicon oxide from the sample and allowed to determine
partial pressures over the system in the whole range of compositions (32 points). The
SiO; activity was nearly proportional to silicon oxide concentration demonstrating
small negative deviations from the ideal behavior. In the vapor phase over the Al,Os-
ZrO; system at T = 2340-2490 K Al, AlO, and Al,O species were identified. The partial
pressures of components determined during vaporization at T = 2500 K of three
samples (87, 77, and 55 mol % Al,03) accompanied by gradual change of the samples
composition provided the data on the Al,Os activity (75 points), which showed strong
negative deviations from ideality.

The obtained activity data were used for modeling of the thermodynamic
properties of the Al,O3-Si0,-ZrO, system on the basis of the generalized lattice theory
of associated solutions (GLTAS). Optimized concentration dependences of Al,Os,
Si0,, and ZrO; activities and the excess Gibbs energy, Fig. 1, were obtained.

The reported study was supported by RFBR: grant No 20-53-05013,

ZTOQ
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Fig.1. Excess Gibbs energy in the Al>-SiO2-ZrO, system at the temperature 2500 K calculated using
GLTAS approach from the data for two limiting binary systems.
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Catalytic systems based on copper (I) and (II) in polystyrene coupling reactions
in the presence of acyclic nitrons

Shoipova F.H., Kolyakina E.V., Grishin D.F.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: fatimahs@mail.ru

Radical Trap-Assisted Atom Transfer Radical Coupling (RTA-ATRC)
technology is the method for obtaining polymer materials with complex architecture
[1, 2]. However, this method of coupling has a number of disadvantages associated
with the need to use metal-containing catalysts that are unstable in air. Progress in the
development of the RTA-ATRC methodology can be associated with using much more
stable coupling catalysts and its environmentally-friendly reducing agents. The
technology called Activator Generation by Electron Transfer (AGET). In this work, on
the example of bromine-containing polystyrene (PS) synthesized using the Atom
Transfer Radical Polymerization (ATRP) technology, we studied coupling reactions
using two technologies at a temperature of 80°C in the presence of mononitrons of
various structures: C-phenyl-N-tert.butylnitrone (PBN), C,N-diphenylnitrone (DFN).
Molecular weight (MW) characteristics of modified PS in table 1. CuBr/Cu was used
as a catalyst in the RTA-ATRC process, and CuBr; for AGET RTA-ATRC, glucose
(Glu) and ascorbic acid (AA) were used as activators. It has been established the most
efficient coupling process with the preservation of PDI, leading to the production of
macromolecules with a double MW in comparison with the initial polymer, proceeds
with the participation of PBN (3,=0.95) using the RTA-ATRC technology; the
presence of AA, and for DFN in all cases of combination (y,=0.92-0.94). In both cases,
the presence of a labile nitroxide group in the middle of the PS chain allows subsequent
modification of the macromolecule to form block copolymers. However, the AGET
technology, when choosing optimal conditions and recovery system, is much more

effective then ATRC methods, more environmentally friendly and easier to implement.
Table 1. Molecular weight characteristics of modified polystyrene

Spin traps Method Catalytic system Mp Ap Mn PDI

ATRP CuBr 4710 - 4080 1.30

oH C"}s RTA-ATRC CuBr/Cu 8980 095 6180 1.28
EN H

CH3/C\T=C/ AGET CuBry/ AA 8830 093 8640 1.29

° @ AGET CuBr2/ Glu 4720 0.0 4100 1.24

Q RTA-ATRC CuBr/Cu 6440 0.53 5000 1.28
H

lil=C/ AGET CuBr2/ AA 8860 094 5700 1.36

© @ AGET CuBr2/ Glu 8690 092 5780 1.36
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The formation of compounds with B-pyrochlore structure type in the oxides
system A20-V,05-2TeO: (A = Rb, Cs)
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Compounds belonging to the B-pyrochlore structure type AB.Os are very
promising for study, because of exhibiting a large number of useful physical properties,
including the ability to photocatalytic oxidation of organic compounds and water
splitting [1]. In this work, we have studied the formation areas of 3-pyrochlore phases
in A20-V205-2TeO;, (A = Rb, Cs). We have found the B-pyrochlores with classical
cubic symmetry (Fd-3m) with compositions: RbV(75Te125056 and CsVo 75T€1.250s6.
The elemental composition was confirmed by X-ray microanalysis, which also showed
a reduced oxygen content relative to the stoichiometric one. It can be explained by the
structural defects due to the presence of polyvalent elements Te and V. In previous
works, we found that B-pyrochlore unit cell usually contains four Te** atoms, while all
the rest is Te®* [2 ,3]. Based on this, the chemical formula of the compounds can be
written as A*Vo75° Teos ' Teo75°*0s6 (A = Rb, Cs). The crystal structures of the
obtained compounds were refined by the Rietveld method; the cell parameters for
RbVo,75T€1,2505,6 and CsVo75Te1 25056 are 10.0412(27) A and 10.0912(23) A,
respectively. The unit cell for smaller Rb* possesses a decreased size that for larger
Cs™.
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Fig. 1. X-ray diffraction pattern of RbVo.75Te1.250s56 (a) and CsVo.75Te1.25056 (b)
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The Nature of Chemical Transformations
in the Process of Tellurite-Molybdate Glasses Synthesis
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Usually tellurite glasses are prepared through melting of binary oxides mixture
and melt quenching followed. This technique, as applied to tellurite-molybdate glass
preparation, provides glasses with low optical transparency in visual and near IR
spectral ranges due to partial reduction of Mo*® atoms into Mo™ oxidation state. The
Mo™*® concentration in glasses increases with the rise in MoOs3 content in the initial
charge and with the increase in temperature and duration of homogenizing fusion. The
use of oxidation agents in the solid charge and oxidative gaseous environment around
the melt are expected to be capable to hinder Mo™*® reduction.

Recently we have proposed to apply other kinds of substances instead of binary
oxides to compose initial charge. They are: 1) the precipitates isolated from the
solutions of the elements compounds; 2) the mixtures of inorganic acids and their salts
which are capable to decompose into binary oxides if taken in the individual state;
3) the mixture of complex oxides of elements.

This report presents the results of research on the chemical processes which take
place in the courses of charge preparation, of the thermal treatment of the solid batch,
and of batch melting that affecting the optical properties of the glass prepared.

The first kind of charge is the finely dispersed mixture containing particles sized
from tens down to a few nanometers. This feature reduces the duration of the
homogenizing fusion which contributes to decrease in melt contamination with
crucible material. The compounds of elements in the high oxidation state (Te*® in
telluric acid and N*° in nitrates) applied in the second kind of charge supply the
condensed phase with the oxidant at each stage of the process. The circumstance
interferes the reduction of Mo*™ atoms which are responsible for the decrease in the
glass optical transparency in visible and near infrared spectral ranges. The third kind
of charge is composed of the ternary and quaternary oxides which possess a lower
melting point as compared with that for the corresponding binary oxides. This property
provides a possibility of preparation of glasses of better optical quality with the high
content of refractory oxide.

Thus the use of the charge composed of the chemically reactive components of
oxidative nature allows to obtain tellurite-molybdate glasses of high optical
transparency in visible and near IR spectral ranges.

The research was supported by the Ministry of Science and Higher Education of
the Russian Federation, project No. 0729-2020-0039, within the framework of the
basic part of the state assignment.
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Obtaining a thermoresponsive amine-containing polymer grafted onto the silica
surface
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Silica gel modified with amine groups is of interest for use as catalytic systems
[1] and in separation processes [2]. Study was carried out to obtain a modified silica
gel surface with an amine-containing thermoresponsive methacrylic polymer.
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Fig. 1. Scheme for obtaining modified silica

The production of modified silica was carried out in two stages: grafting an
“anchor” methacrylic group to the silica gel surface by reacting the silica surface with
3-(trimethoxysilyl)propyl methacrylate (Fig. 1a); solution polymerization of
methacrylic monomers in the presence of silica gel with “anchor” groups (Fig. 1b).

The optimal conditions for carrying out both stages of the synthesis were
determined, which ensure the introduction of a thermoresponsive amine-containing
polymer onto the silica surface. In the course of the study, samples of silica modified
with a copolymer of dimethylaminopropyl methacrylamide and methoxyoligoethylene
glycol methacrylate were obtained.

The study was carried out within the framework of the state assignment in the
sphere of scientific activity (topic No FSWE-2020-0008).
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Spiropyrans are organic compounds with photochromic properties that have
recently attracted increased interest. They have one spiro-bond and a pyran heterocycle
in their structure. Spiropyrans have been extensively studied lately for their use in
specialized settings. They can be applied as high-density optical drives, image
processing, optical switches and signals. Due to its possible applications in different
technologies, spiropyrans are actively studied nowadays. This work is devoted to
thermodynamic study of indoline based spiropyran. The object of study: 1,3,3-
trimethyl-8'-methoxy-6'-formyl-spiro [indoline-2,2'-2H-chromene]. Methods used in
this work are thermal analysis, Knudsen effusion mass-spectrometry and quantum
chemistry calculations. Thermal analysis was used to determine the melting point (T
= 428 K) and decomposition temperature (Tq = 495 K) of spiropyran and to calculate
its enthalpy of melting (AnH® = 25.5 kJ-mol™). Mass-spectrometric measurements
showed that ions with masses over the mass of the molecule of monomer were not
found, indicating monomer molecule is neutral precursor of all ions. It was also
confirmed by calculated appearance energies (AE) of all main ions (Table 1) and

temperature dependencies of ion currents, which show the same slopes.
Table 1. Mass-spectrum and appearance energies of registered ions

m/z 159 320 335

Structure [C11H1sN]* [M-CHs]* [M]*

/Imax, % 30 16 100
AE, eV 14.240.5 14.340.5 10.8+0.5

Vapour pressures found by the Knudsen effusion experiment p(409 K) = 0.83 Pa
and p(388 K) = 0.11 Pa were used to calibrate the mass-spectrometric data and derive
temperature dependency of saturated vapor pressure in the range 350-385 K. The latter
in the form In(p) = f(1/T) was approximated by linear equation:

In(P) = (37.331 + 0.552) + (—15.347 + 0.203)-103-T1

The sublimation enthalpy at average experimental temperature 4sH° (368 K) =
128 kJ-mol was recalculated to the standard temperature (298.15 K) with the use of
thermodynamic functions obtained in this work. This value was found to be
AsH°(298.15 K) = 132 kJ-mol =,

This work was supported by the Ministry of science and higher education of the
Russian Federation in the framework of Government order (project No. FZZW-2020-
0007). The study was carried out using the resources of the Center for shared use of
scientific equipment of the ISUCT (with the support of the Ministry of science and
higher education of Russian Federation, project No. 075-15-2021-671).
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A-site substitution effect near multicritical point for double-perovskite
manganites
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The double-perovskite manganites LnBaMn,Og attracting much attention due to
competing interactions/orders, such as among ferromagnetism (F) and
antiferromagnetism (AF) or charge/orbital order (CO/O0) and metallic state [1]. The
competition between these interactions/orders in vicinity of the multicritical point at
region located near Ln=Nd remains unclear.

For the first time solid solutions Ndi.xLnxBaMn,Og, Ln= Sm, Pr were obtained by
topotactic reaction and attested by X-ray powder diffraction. Magnetization and
conductivity measurements were carried out in the range of 4-400 K. The data are

interpreted as a diagram of magnetic and conducting states (Fig. 1).
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Fig. 1. The diagram of magnetic and conducting states for NdixLnxBaMn,Os, Ln= Sm, Pr.

The complex interaction between the magnetic moments of Mn®* and Mn** ions
gives a ferrimagnetic structure rather than a purely AF state. Substitution of Nd with
Pr slightly affects the Curie (T¢) and Neel (Ty) temperatures. For Nd;-xSmxBaMn;Os
oxides, CO/OO transitions (Tco1) take place above room temperature in paramagnetic
state. Structural defects caused by Sm-doping lead to a strong influence on the Tco:
and Ty even for small Sm content 5 at.%.

The work is supported by RFBR, grant No 19-29-12013.
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Research of the effect of temperature conditions on the synthesis of
biocompatible graft copolymers of polymethyl methacrylate and fish collagen in
the presence of tributylborane
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Collagen is considered as an ideal raw material for regenerative processes and
tissue healing, being the most abundant protein in the body of mammals. Due to their
ability to bind to available tissues, collagen-based scaffolds have generated huge
interest in biomedical implants. The advantages of such scaffolds are biopolymer
nature, low immunogenicity, porous structure and permeability of collagen molecules.
However, purely collagen scaffolds have insufficient mechanical strength, which leads
to limited use in tissue engineering. We have synthesized hybrid copolymers of
polymethyl methacrylate (PMMA) and fish collagen, as possible precursors for
scaffolds, in the presence of tributylborane, a radical polymerization initiator. To obtain
these materials, it was important to preserve the structure of collagen, and
organoborane allows polymerization to be carried out in a wide range of temperatures,
including room temperature. We have studied the temperature regime for obtaining
copolymers at 25-60°C to achieve maximum grafting of a synthetic polymer, while
keeping the structure of collagen in the copolymer. Changes in the synthesis
temperature did not significantly affect the fraction and molecular weight of the grafted
PMMA. The obtained graft copolymers have one glass transition temperature,
determined by differential scanning calorimetry, close to the glass transition
temperature of PMMA. Micrographs obtained by scanning electron and atomic force
microscopy indicate the destruction of the fibrillar structure of collagen in the
copolymer at a synthesis temperature above 25°C. A decrease in the concentration of
methyl methacrylate (MMA) leads to its complete consumption. The morphology of
copolymers depends on the ratio of MMA and collagen. It is known that
hydrophobicity impairs cell attachment and division, and also increases the period of
scaffold decomposition in the body. Therefore, we analyzed the hydrophilicity of films
of PMMA and collagen copolymers. The tests performed showed that all samples of
copolymers are wetted by water, the values of the wetting corners are close to the
wetting corner of collagen itself.

The work was carried out as part of the implementation of the «PRIORITET-
2030» program.
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Investigation of the polishing processes of optical elements of CVD-ZnSe doped
with Cr?* ions
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Doping of CVD zinc chalcogenides with divalent transition metal ions (Cr?*, Fe?*)
using high-temperature gas-static treatment made it possible to obtain bulk samples
with high optical characteristics and predicted concentrations of the active component.
The use of these materials as optical elements in compact tunable lasers in the 2—5 um
range with high laser breakdown threshold and output power is impossible without
their high-quality processing. Thus, the problem associated with the study of the
processes of mechanical and chemical-mechanical polishing of optical elements based
on CVD-ZnSe doped with Cr?* ions is topical.

Polycrystalline Cr?*:ZnSe samples were obtained by diffusion doping of initially
clean plane-parallel CVD-ZnSe wafers. Comparative studies of the processes of
mechanical polishing of doped (type 1 samples) and annealed zinc selenide under the
same conditions as during alloying (type 2 samples) were carried out. The quality of
the obtained surfaces was compared using optical microscopy, as well as by the
roughness values, which were controlled using an atomic force microscope and a Micro
XAM-800 3D laser profilometer. During the measurements, the parameters of root-
mean-square (Rg, Sq) and arithmetic-mean (Ra, Sa) roughness were controlled. It has
been established that the degree of alloying affects the roughness of the machined
surface under the same machining conditions. For samples of type 1, the following
roughness values were obtained: Ra=1.63-4.81nm; Rq=2.04-5.36nm; Sa=1.42-
3.24nm; Sg=1.71-4.48nm. The existing scatter does not depend on the processing
conditions and is associated with the degree of doping of the samples, which leads to a
change in the surface properties of the material and the formation of a textured layer
on the surface, which is confirmed by X-ray diffraction experiments. For samples of
type 2, the following roughness values were obtained: Ra=0.39-6.51nm; Rq=0.49-
8.69nm; Sa=0.61-11.29nm; Sg=0.77-13.7nm. In this case, the spread is more
significant, because there are large crystallites on the surface of the samples, and
coarsening of the textured layer is observed, which leads to a change in the physical
properties of the surface, as evidenced by the change in the removal rate during
machining.

The results obtained seem necessary for the further development of a technique
for high-quality magnetorheological polishing of optical elements based on CVD-ZnSe
doped with Cr?* ions for laser applications.

This work was supported by the Russian Foundation for Basic Research, Grant
No. 20-53-00040Bel_a.
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Preparation of iron and cadmium sulfides films by spray pyrolysis
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The interest of researchers in the production of films of iron and cadmium sulfides
is due to the wide possibilities of their application in solar cells, luminescent devices,
and optoelectronics. In [1] the prospects for using Cr,Sz and CdS films doped by
chromium obtained by spray pyrolysis (SP) as sources of master alloys for obtaining
Cr?*:ZnSe laser media were shown for the first time. Thermodynamic calculations is
the basic stage in choosing the conditions for obtaining films, which affects their
composition and structure. This makes it possible to reasonably determine the process
temperature, the composition of the initial precursors, the ratio between them, etc. The
purpose of this work was to determine the thermodynamically optimal conditions for
the formation and preparation of films of iron and cadmium sulfides doped with iron
by spray pyrolysis.

For the thermodynamic analysis of the Fe-Cd-S-H,O system, the Chemical
Thermodynamic Calculator (CTC) software package was used, which combines a
computer implementation of the Gibbs method, including calculations of conditionally
equilibrium states based on the IVTAN TERMO data bank. The effect of precursors of
iron (FeCls, FeSO4, Fe(NO3)3), cadmium (Cd(NOs)s and CdCly), and thiourea CSN2Ha4,
and the ratio between them on the composition of the solid and gas phases in the
temperature range of 473-673 K was studied. The solid phase was calculated in the
approximation of individual condensed phases. It has been found that the precipitation
is preferably carried out with a twofold excess of thiourea. In this case, the use of ferric
chloride should lead to the predominant formation of CdS and FeS; at 533-583 K and
FesOsand CdClzat T <533 K and CdCly, Fe3O4, Fe;Oz at T > 583 K. When FeSO4 is
used CdS, FeS; and FeS are formed at 473-643 K and Fe,O3 is formed with a further
increase in temperature. The use of iron (I11) nitrate leads to the formation of CdS and
FeS; at 473-583K and at 603-673 K. In the temperature range from 583 K to 603 K
CdO and Fe,0O3 are formed.

Films of iron and iron-doped cadmium sulfides were deposited by the SP method
on quartz substrates. The conditions for their preparation were varied based on the data
of thermodynamic calculations. Based on the results of studies of the composition of
the films performed using SEM EDX and XRD and Raman spectroscopy, it is shown
that the composition of the deposited films is in good agreement with the results of
thermodynamic calculations.
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Black PEO coating with enhanced corrosion resistance on Al alloy
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Plasma electrolytic oxidation (PEO), which is also known as micro-arc oxidation
(MAO) is a relatively novel technique for producing ceramic coatings on valve metals and
their alloys [1]. The characteristics of the resulting coatings strongly depend on the nature
of substrates, electric regime, as well as the composition of the electrolyte. Generally,
alkaline solutions, which contain mainly aluminate, silicate, and phosphate are usually
employed in PEO process. Recently, much attention has been paid to the effect of various
additives on the characteristics and properties of PEO coatings. In particular, it has been
shown that some additives can be used for preparing PEO coating with uniform decorative
colors [2]. This work proposes a new approach to producing uniform black PEO coating on
AA2024 aluminum alloy, which consists in the addition of CoOOH-HO into an alkaline-
silicate electrolyte. Co-additive had no noticeable effect on coating growth kinetics. After
25 min of PEO treatment with and without CoOOH-H,O addition, typical two-layered
coatings with an average thickness of ~17 um were formed. It is interesting to note that for
black PEO coating, Co and Si rich regions surround the voids, separating the inner and outer
layers (Fig. 1). Potentiodynamic polarization was employed to study anticorrosion
behaviors of PEO coatings in 0.5 wt.% NaCl solution. As shown in Fig. 2, anodic and
cathodic currents significantly decreased for coated samples compared to the bare one,
indicating that PEO coatings offer good protection of AA2024 alloys again corrosion.
Moreover, it can be clearly seen that anodic and cathodic currents are much lower for the
black coating, indicating its better anticorrosion performance. The latter may be caused by
the formation of Co or Co-Si containing compounds during PEO treatment, which can fill
most of through pores, preventing the penetration of aggressive electrolyte to the substrate.
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Isothermal calorimetry as a tool for monitoring
the reactivity of substances in solutions and in the solid phase
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Isothermal calorimetry has found widespread application for thermal analysis of
chemical reactions in the context of fundamental research as well as process
development for a large brunch of industries.

This work reviews our experience in use an isothermal calorimetry system TAM
Il (TA Instruments) in the study of interaction in liquid phase as well as in monitoring
of stability of solid compounds in isothermal mode.

Isothermal titration experiments were carried out on a microcalorimeter unit with
a 20 mL reaction stainless steel cell and a titration module. A classic titration set up
experiment was applied to study the complex formation reactions between complex d-
metal ions with different ligand’s type in mixed solvents [1]. A modification of the
titration procedure was applied for the weak “host-guest” complexes of biologically
active molecules such as amino acids, peptides, polyphenolic compounds with crown
ethers and cyclodextrins [2, 3]. The thermodynamic parameters of complex formations
(IgK, AH, AG, TA,S) were calculated from isothermal titration calorimetry data by
TAM Assistant software of TA Instruments and by “HEAT” program elaborated by
Kozlovksy, et al. [4]. The results obtained represent a potential resource for the
development of biosimilar technologies and the pharmaceutical industry.

The monitoring of thermal activity in isothermal mode was applied to the study
of hydration processes of cements with various additives. Two identical glass ampoules
were used for the reaction cell and for the reference cell. During the experiment, the
ampoules were hermetically closed.

The elaborated procedure seems to be promising in the study of thermal activity
of biological substances in isothermal mode.

The study was carried out with financial support of Ministry of Science and
Higher Education of the Russian Federation (project FZZW-2020-0009) using the
resources of the Center for Shared Use of Scientific Equipment of the ISUCT (grant Ne
075-15-2021-671).
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The modern development of technologies presents new requirements to materials,
thereby forming new principles and approaches in chemical science and materials
science. Increasing relevance is not only modeling and predicting the properties of
materials, but also the possibility of varying their characteristics at all stages of
production, improving synthesis methods and the possibility of introduction into
industry.

Functional materials such as hexagonal ferrite oxides with the magnetoplumbite
(MP) structure deserve special attention. They have already found wide application as
permanent magnets in various industries, but their unique physical properties have led
to the use of these compounds also as phosphors [1], thermal barrier coatings [2], etc.
However, the direction that considers compounds with an MP structure as a matrix for
the immobilization of radionuclides and the stabilization of toxic metals remains poorly
studied [3].

For the Ba(Sr)Fe12019 synthesis, the Pechini method (citrate method; polymer
complex method) was chosen, which makes it possible to obtain a product with high
homogeneity and dispersion. As a result of optimizing the synthesis conditions, such a
ratio of citric acid, ethylene glycol, and metal ions was chosen, as a result of which
spontaneous combustion of the mixture occurred with the further formation of a finely
dispersed product, and a lower heat treatment temperature was required to obtain a
monophase product. The resulting target products, Ba-MP and Sr-MP, were
polycrystalline dark brown powders, crystallized in the structural type of
magnetoplumbite, sp. gr. P6s/mmc with cell parameters:
a=5.8960+0.0008/5.8884+0.0014 A and ¢=23.2305+0.0100/23.1418+0.0238 A,
respectively, which is in good agreement with literature data. The phase composition
of the obtained powders was studied by X-ray phase analysis on a Shimadzu LabX
XRD-6000 X-ray powder diffractometer using the JCPDS-ICDD PDF-2 Release 2004
crystallographic database, PhasanX2.0, Match!, KRIST software, and original
literature.
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Cooperative Jahn-Teller effect in solid solutions of Nd-xSrxMni.yFe,O3 (x = 0;
0.15) (y=0.1)

Vedmid’ L.B., Fedorova O.M.
Institute of Metallurgy of the Ural Branch of the RAS, Ekaterinburg, Russia
E-mail: elarisal0O0@mail.ru

Manganites, which have unique electronic properties have been extensively
studied in the last decades not only due to fundamental interest but to possible
applications of colossal magnetoresistance, magnetocaloric effect [1], ferroelectric
properties [2,3], also in the fuel cell research field [4,5]. Doping with divalent atoms
(Ca, Sr, Ba) in the A-site leads to the degeneration of eg orbitals of Mn3* ions in
manganese-based manganites. These systems are characterized by strong structural and
Jahn-Teller distortions. The transport properties, Jahn-Teller distortions and structural
transformations depend on the type dopant, and its concentration. Strontium-doped
neodymium manganites Nd;-xSrxMnOsz are characterized by a strong relation
connection between the structure, magnetic and transport properties. NdFeOs;
crystallises in the same crystal structure as NdMnOs. The Fe3* ion has the same ionic
radius and occupies the same crystallographic position as the Mn** ion. But the Fe®*
ion is not the active Jahn-Teller ion. Doping on both of A and B- sites leads to the
formation of substitutive solid solutions and allows us to study the evolution of the
Jahn-Teller effect with substitution. All solid solutions of Nd;xSrxMni.yFe,Os (x = 0;
0.15) (y=0.1) have orthorhombic crystal lattice described by the space group Pbma.
Orthorhombic deformation (D) rapidly decreases from D = 3.50% for x(Sr) = 0 to
D=1.37 for x(Sr)=0.15 and to D = 0.93% for y(Fe) = 0.1. The Jahn-Teller transition
temperature decreases significantly when doped with strontium x = 0.15. Additional
substitution of manganese with iron leads to a subsequent decrease in the temperature
of the Jahn-Teller transition.

References
[1] Chen S.S., Yang C.P., Dai Q.// J. Alloys Compd. 2010. V.491 P. 1-3.
[2] Tokura Y., Seki S. // Adv. Mater. 2010. V.22 P. 1554-1565.
[3] Goto T., Kimura T., Lawes G., Ramirez A.P., Tokura Y. // Phys. Rev. Lett. 2004.
V.92. art. no 257201.
[4] Wachsman E.D., Lee K.T. // Science. 2011. V.334 P. 935-939.
[5] Armstrong E.N., Duncana K.L., Wachsman E.D. // Phys. Chem. Chem. Phys. 2013.
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Plasma-chemical synthesis of thin films of cadmium chalcogenides for the
creation of highly efficient tandem solar cells

Vshivtsev M.A., Mochalov L.A., Logunov A.A., Kudryashov M.A., Prokhorov I.0.
Nizhny Novgorod State Technical University n.a. R.E. Alekseev, Nizhny Novgorod,
Russia
E-mail: mvshivtcev@mail.ru

Currently, the threat of global warming and a decrease in reserves of traditional
energy sources is forcing many countries in the world to increase the pace of production
of renewable energy sources, among which solar energy is the most promising.
However, in order to achieve grid parity with traditional energy sources, it is necessary
to further increase the efficiency of solar cells (SC) and reduce the cost of their
production. The deposition of cadmium chalcogenides is carried out from high-purity
elements Cd, S, Se and Te, which are fed into the plasma-chemical reactor by thermal
evaporation in vacuum, the reaction of interaction of volatile elements is initiated by a
plasma discharge, the synthesis of chalcogenide material is carried out under conditions
of non-equilibrium plasma of a high-frequency induction (or capacitive) discharge at
reduced pressure, and the solid reaction products are deposited on a cooled/heated
substrate. The installation diagram is shown in Figure 1 (Fig. 1)

Matching umt RF generator

Fig. 1. Scheme of the experimental setup

It should be noted that a-Si materials are very sensitive to high temperatures and
exceeding a certain temperature limit will lead to a sharp decrease in the efficiency of
such solar cells. For a-Si, this temperature limit lies in the region of 200-250 °C. At the
same time, the growth temperature of thin CdTe films in traditional methods exceeds
300—400 °C [1]. Thus, direct deposition of the upper CdTe cascade on a high-efficiency
a-Si/c-Si solar cell will lead to deterioration of its performance. Plasma initiation makes
it possible to significantly reduce the temperature of the reactor walls, and also makes
it possible to achieve 100% conversion of the initial substances due to the removal of
Kinetic difficulties in the course of plasma-chemical reactions.
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Assembling of the TiO2-Al203(Si02)-ZrO2 Phase Diagrams

_ Vorob'eva V.P., Zelenaya A.E., Lutsyk V.I. _
Institute of Physical Materials Science of SB RAS, Ulan-Ude, Russia
E-mail: zel_ann@mail.ru

Design of the TiO,-Al,03-Si0,-ZrO, phase diagram 4D computer model related
to the fact that it has to face with many contradictions in the initial data of binary and
ternary systems [1,2]. For instance, the congruently melting compound Al;TiOs may
have two polymorphous modifications (R u R1) [3] and second compound AlgTi,013,
incongruently melting, may be formed in a small temperature interval [4]. There are
two versions of ZrSiO,4 (R3) generation: by peritectic [5] or peritectoid [6] reaction. It
has not been fully investigated what is the lower temperature boundary of the
incongruently melting ZrTiO4 (R2). Assembling of phase diagrams from surfaces and
phase regions [1,2] opens up broad perspectives for designing of T-x-y diagrams 3D
models for different versions of initial binary systems. Then the R(R1) polymorphism
is taken into account by the reaction V: R[JR1+B+L and the kV curve (Figure 1a), and
the zircon (R3) formation by the form of its liquidus field (Figure 1b). After additional
experiments in dubious fragments of the phase diagram, the 3D model is refined, and
in its all volume, including the sub-solidus.

ALO~B

TiO,=A €are Poir: R2 Kpir: Zro=D TiO,=A €3r2 Poir: R2 K, Zr0,=D

Figure 1. X-Y projections of TiO2-Al203-Zr02 (a) and TiO2-SiO2-ZrO; (b) liquidus surfaces with
polymorphous modifications (R, R1) of aluminum titanate, zirconium titanate (R2), zircon (R3)

The work is founded by RFBR and ROSATOM according to the research project

No 20-21-00056.
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HccnenoBanne aHTUTPUOKOBBIX CBOICTB CONMOJIMMEPA aJLITHIOBOTO dpupa
CAJIMIIAJIOBO# KHCJIOTHI CO CTHPOJIOM
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Cymeauivim, Azepbatiodrcan
E-mail: leyla-abbasova-1982@mail.ru

Kak wW3BeCTHO, B KauyeCTBE COBPEMEHHBIX KOHCTPYKIIMOHHBIX  MaTepUajIoB
OonplIOe 3HAYEHHWE WMEIOT TIOJUCTHPOJ, TIOJUCTHPON OOIIero Ha3HAYCHHS,
MIEHOTIOJTUCTUPOJ, YAAPONPOUHBIH Tonmuctupoi u nomumep ABC (akpuinoHHTpHII-
OyTaIueH-CTUPOJI) HA OCHOBE CTHpOia. XOTs MOJUCTUPON COCTABISIET 6% MUPOBBIX
MOJINMEPHBIX MaTCPHUAJIOB B BUJIE IJIACTUYCCKON MacChl, OH IITMPOKO HUCIIOIB3YETCS B
Pa3IUYHBIX ~ OTPACIAX MPOMBIIIIEHHOCTH. OIHMM W3  HaumboJjiee IIHUPOKO
WCTIONB3yEeMbIX HaNpaBICHUN NPUMEHEHUS TOJHCTUPOJA SBISETCS MPOU3BOICTBO
YIaKOBOYHBIX m3enuil. [Ipy 3TOM BakKHO, 9TOOBI MOJTMMEPHBI MaTepHUal 3TOTO THIIA
ObUT ycTOWUMB K OakTepusMm U TpubaMm. Bxirouenwe ¢parmeHta MoHOMEpa C
AaHTUMHUKPOOHBIMU CBOWCTBAMH B MAaKpOIIeTlb BO BPEMs CHHTE3a IOJUMEPOB WU
WCTIONb30BaHUE aHTHOAKTEPUATBHBIX TIOJMMEPOB B Ka4eCTBE JOOABOK MPH CO3TaHUH
MOJUMEPHBIX ~ KOMIIO3WIIMOHHBIX ~ MaTepHallOB  SBISIETCS  OJHUM  HambOoJjee
pacmipoCTpaHEHHBIX METOAOB CO3/IaHUSI AaHTUMHUKPOOHBIX TOJTUMEPHBIX MaTEPHAIIOB.
[lenp0 MaHHOTO WCCIECNOBAaHUS OBIIO M3yYeHHUE AHTUTPUOKOBOW aKTHBHOCTH
COIIOJINMEpa aJUTHIIOBOTO 3(Upa CATHIMIOBON KHUCIOTBI CO CTUPOJIOM. B kadectBe
TECT - KyJbTyp HCIOJB30BaId TaKhe MHKpoMuIleThl, kak Aspergillus niger,
A.ochraseus, Penicillium cuclopium, Cladosporium herbarium, Fusarium moniliforme
u F.oxysporium. B npucyTcTBHE 00pa3IioB UCCIICAYEMBIX MOJIUMEPHBIX MAaTEPHAIOB
TECT-KyJbTYPhl BhIPAIIMBAIIA HAa MUTATEIBHOMN cpesie (0TOEICHHOM COJIOOBOM COKE)
B TeueHHe 6 MecsIeB. YCTAaHOBIEHO 4YTO, MCCIEAYyEeMbId COIMOJMMEp OO0JaaaeT
AHTUTPUOKOBOM  aKTUBHOCTHIO. bBbIIO  OOHapyxeHo, dYTO HU OJUMH U3
MPOTECTUPOBAHHBIX MOJUMEPHBIX MATEPHAIOB HE M3MEHWICA MO0 BU3YaJIbHBIM HIIU
MHUKPOCKOITMYECKUM U300pakeHHUIM (pHC. 1), 9TO MOYKHO OIEHUTD KaK MOKa3aTeslb UX
YCTOMYUBOCTHU K TpHOKaM.

Puc. 1. buosornveckas akTHBHOCTh COTIOJIMMEPA aJUTHIICATUIIIIIATA CO CTUPOJIOM: a- Tepe]
MOCa/IKo; ©O- yepe3 6 MecsIIeB MOCIIe MTOCAIKH
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KoMno3uTsl Ha OCHOBe MOJUAITHJIEHA HU3KOM IJIOTHOCTH M AJIOMHUHHUS

Annaxsepauena X.B., Kaxpamanos H.T.
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[IpuBonsiTcsT  AKCIEpUMEHTAJbHbIE  JaHHbIE 1O  (PU3MKO-MEXaHUYECKUM
cBoiictBaM komno3uToB Ha ocHoBe [IDHII u amomuuus. ComoctaBnsis AaHHbIE
MOKHO YCTaHOBHTb, YTO C YBEJIMYEHHEM KOHUEHTpauuu amomuuus ot 0.5 1o
30%Macc. HabmoAaeTCcsl 3aKOHOMEPHOE YBEJIMUEHUE Pa3pyIIAIOLIEro HAMpPSKEHUS U
MOJYJsl YOPYrOCTH Ha M3TMO KOMIIO3UTOB, @ OTHOCUTENIBHOE YJJIMHEHUE 3aMETHO
yxyamaerca. B To ke BpeMsi, BBeleHHE alOMHHMS B cocTaB kommno3uuuu [IOHII
KOMIIATUOWIIN3aTOpAa — COIMOJMMEpPA TMOJUAITHIEHA C MAJEHMHOBBIM AHTUIPHUIIOM
(IIDMA) Tarke COMPOBOXAACTCS BO3PACTAHHEM pa3pYIIAIONIETO HANPSIKCHUS U
npoyHocTh Ha wu3rub. Paznuume 3akiodaercs JUIIb B TOM, YTO 3HAYCHHS
pa3pyIIaoIIero HAMPSKEHUs, IPOYHOCTH HA U3THO U OTHOCUTENBHOTO YIUIMHEHUS Y
KOMITIO3UTOB, cojepkauux Komnatuounuzatop [IDMA HeckolbKO BhIIIE, YeM Y
HeMou(UITUPOBAHHBIX 00pa3ioB [1].

Cam (axT Bo3pacTaHus pa3pylIaloIero HaMpsHKEeHUsl y KOMITO3UTOB OJHO3HAYHO
CBUJIETENILCTBYET B TOJB3Y TOr0, YTO AJIIOMUHUN, KaK HAIOJHHUTENb SBISETCA
ycunurenem [IDHII. M3BecTHO, 4TO B pacmiaBe MOJMMEPHON MaTPHUIbI CYIIECTBYIOT
OJIHOBPEMEHHO TOMOTEHHBIE W TEeTepOTreHHbIE LIEHTPHI 3apOJIbIIIe00pa30OBaHUS.
['oMoreHHble LIEHTPBI 00Pa3yIOTCA B pE3yiIbTaTe B3aUMHOW OPUEHTAIMU MaKpolenen
B paciujiaBe, a TeTepOreHHbIe — B MPOIIECCE OPUEHTAIMU MAaKpOIENel Ha pa3BUTOU
MOBEPXHOCTH YacTull HarmoJHuTeNs [1]. EcTh ocHOBaHue mosaraTh, 4TO B pe3yJibTaTe
TAKOr0 OpHEHTAIMOHHOTO A dekra MPOYHOCTh AJTC3MOHHOW CBSI3M Oyner
ycwiuBatbesl B npucytctBur [I9MA. MHbIMU cloBamMH, yBEIMYEHHE MOJIIPHOCTH
nonudTHIeHa B pucyTcTBUM [IDMA Oyner 6e3yclioBHBIM 00pa3oM CKa3bIBAThCS Ha
YBEIIMYEHUH aATE€3MOHHON CBSI3M MAaKpOLIENM HAa MOBEPXHOCTH YAaCTHUIl AJFOMUHHSL.
OOpazoBaHHbIE B pacIjlaBe KOMIIO3UTA IIEHTPHI 3apOoIblIe00pa3oBaHus, B MPOLIECCe
OXJIAKJICHUS CTAHOBSATCS LIEHTPAMU KpUCTaUIM3auu. Takum o0pa3om, eciii 4acThb
ATIOMUHUSL YYaCTBYIOT B CO3JaHUM IIEHTpa 3apoJbIleo0pa3oBaHusi, TO JApyras ee
YacTh B MPOLIECCE OXJIAKIACHUS U POCTa KPUCTAJIIOB BBITECHAETCS B MEKC(HEPOTUTHOE
poCcTpaHCTBO (amMopdHYI0 00acTh), OIOKHPYs KOHPOPMAIMOHHYIO MOJABUKHOCTH
TIPOXOJHBIX» LEIEH.
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N3BecTHO, UYTO  LMKJIOMNPOINAH  COACPXKAIME  TMOJUMEPBI  SBISIOTCS
NePCIEKTUBHBIMU u OTHOCHUTEJILHO 0€30MacHBIMU OMOIIMTHBIMH,
(GOTOUYBCTBUTEIBHBIMY, MPO3PAYHBIMU MaTepuagaMu. DPUpbl aKpUIOBOTO psiia
OTHOCSITCSI K BaXHOMY KJacCy MOHOMEPOB, Ha 0a3e KOTOPBIX IMOJTYYarOTCs
MOJIUMEPHBIC MaTepHalibl C IIEHHBIMU JKCIUTyaTallUOHHBIMU CBOMCTBamMH. OjHAKO
METaKpHUJIOBBIC TTOJIMMEPHI UMEIOT PsiJT HEJIOCTATKOB: HU3Kasl TEMJIOCTOMKOCTb, HU3Kas
yAapOIPOYHOCTh, HU3KUH TIPE/Iesl MPOYHOCTH MPH PACTSHKEHUU U TIPU U3rude u T.1.
OTH HENOCTAaTKU YCTPAHSIOTCS CHHTE30M PA3IUYHBIX METAKPUJIIOBBIX 3(HUPOB,
UMEIOIINX B CBOEM COCTaBe pa3iudHbie (PyHKIIMOHATBHBIE GparMeHTh [1]. Hamuuue
B OOKOBOM IIETIM TaKWUX TPYII MOXET MPHUJIATh MAKPOMOJICKYJIaM OaKTepUIIUIHBIC U
(GbyHTUITUIHBIE CBOMCTBA.

Ilens HacTOsAmIed pabOTHI 3aKIIOYAETCSd B TOUCKE IMYTEH CHHTE3a HOBBIX
OUKJIONPONAHCOAEP/KAIMUX  METAKpPWIOBBIX ~ MOHOMEPOB, @  HUCCJIEJOBaHUE
3aKOHOMEPHOCTEN B PaAUKAIBHON MOJIMMEpPU3ALUN B U3yYEHUE HEKOTOPBIX CBOMCTB
NOJlyYeHHOTo mojumepa. B pabore mnpemioxkeHa HOBas CTpaTerwss CHHTE3a
(GYHKIIMOHAIBHO 3aMENIEHHOTO MOJIMMETaKpuiiaTa ¢ OOKOBBIMH ()YHKIIMOHATHHBIMHU
[IUKJIONPONIAHOBBIMHU (hparMeHTaMH, KOTOpbIE NPOSBISIOT MX OaKTepUIIMIIHBIE U
dbyHrUIUAHBIE CBOMCTBa. Takke H3ydeHa CTPYKTypa M HEKOTOPBIC CBOMCTBa
MOJIYYEHHOTO MOJIUMEPA.

CHUHTE3UpOBAaHHBIM  TIOJIMMEP  TPEACTaBIseT CcOO0OH  Oenblii  IMOPOIIOK,
pacTBOPUMBIH B apOMAaTHYECKUX M  XJIOPCOJAEPIKAIIMUX  YIVIEBOJOPOJAAX,
HEPACTBOPUMBIM B anu(paTUYECKUX YrIeBOAOPO/aX, B HU3KHUX CHOUPTaX U B
muatuinoBoM  3¢upe. Crpoenue mommmepoB Obuio  gokazano HWMK- wu  [IMP
crekTpockonueil. OTMETUM, YTO peaKIIMOHHAs! CUCTEMA OCTAETCSl TOMOT'€HHOM BILUIOTh
70 BBICOKOW KoHBepcuu. (OOpa3yroniyecss MOJUMEpPhl XOPOIIO PaCTBOPSIIOTCA B
xJiopodopme, arleToHe U HE PACTBOPSIOTCS B HU3KHUX CITUPTaX.

Hcnonp3oBaHue  IUKIONPOMAHCOAEPKAIMX  METAKpPWIATHBIX  MOJUMEPOB
o0ecreuynBaeT MojayuyeHne He TOJIBKO PACTBOPUMBIX aHTHOAKTEPHUATIBHBIX MTPENapaToB,
HO TaK)Ke OMOIMIHBIX TJICHOK U MOKPHITHHA. TakuM 00pa3om, OJTMMEPHBIE MAaTEPHAITBI
C UUKJIONPONAHOBBIMU TpyNIaMH SIBISIOTCS MHOT0OOENIAoNed OCHOBOM IS
pa3pabOTKU aHTUOAKTEPHUATIBHBIX CUCTEM.
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[IpyunHa CTOJML BHICOKOW TMOTPEOHOCTH B KOMIIO3UTHBIX IOJTUMEPHBIX
MaTepuajoB KPOETCS B UX BHICOKUX KAUECTBEHHBIX MOKA3aTENSAX U TEXHOJOTUYHOCTH
IPOU3BOJICTBEHHOTO o0OopyaoBaHusi. MMeHHO 53Ta OCOOEHHOCTH KOMITO3UTHBIX
MaTepuajgoB TO3BOJUIO HMX HCIOJIb30BaTh B KAYECTBE 3aMEHMTENICH IBETHBIX H
YEpPHBIX METAJJIOB, TEM CaMbIM CYIIECTBEHHBIM O0pa3oM JOOUTHCS CHUKEHUS
ce0eCTOMMOCTH W3JICJINM, TTOJIydyaeMbIX Ha UX ocHOBe. Ho, Hapsay ¢ ’TUM, BHUMAaHHE
YYEHBIX BCE OOJIBIIIE HAMPABJISETCS OJHOBPEMEHHO Ha PEIIeHHE U JIPYTHX Ba)KHBIX
npoOJjieM: CHIDKEHHE CEe0ECTOMMOCTH TOJIMMEPHBIX U3JCIUA W IKOJOTHYECKOU
HaIPSHKEHHOCTH, BO3HUKAIOIIEH B MPOIIECCE MPOMBIIIJIEHHOTO MPOU3BOACTBA. Tak,
HarpuMmep, Ha bamaxanckom mycoponepepabarbiBaroiieMcs npeanpusatuu r.baky B
pe3yabTate TepMooOpadboTKu 0TX010B Npu Temneparype 1200°C obpa3yeTcs oueHb
0osbII0e KoaudecTBo Tepmo30isl (T3) [1].

B nanHoii pabore HaMM B KauecTBE MOJMMEPHOW MATPHIIBI HCIIOJIb30BAIH
nonunpornuieH (I1I1), koTopsiif, B MeHBIIEH CTENeHH BOCHPUHUMYUB K PA3TMUYHBIM
HATIOJIHUTENSIM, CIIOCOOCTBYSI TEM CaMbIM MPOSBICHUIO XpYNKOCTU.  bombiieit
4acThlO0 ATO CBSI3aHO C IUIOXOM coBMmecTHMOCThbIO HemouisspHoro Il ¢ momsipHbIMU
HanoJsHuTesIMU. [103TOMY, CUMTaNU MPaBUIILHBIM HCTIOIb30BATh KOMIATHOMIN3ATOP
Ha ocHoBe comonuMmepa IIIT ¢ maneumnoBeiM anruapuaoM (IIIIMA), xotopsiii B
3HAYUTEIBHOM CTEMEHH CIOCOOCTBYET COXPAHEHHIO IPOYHOCTHBIX CBOWCTB
kommo3uToB. Mcmnonb3oBanue wactui, T3 1Mo cyTu jena OTKpPHIBAET HOBBIE
BO3MOXKHOCTH JIsl U3yUEHUS UX BIUSHUA HA CTPYKTYPHBIE OCOOCHHOCTU U M3MEHEHUE
TepMOe(HOPMAITMOHHBIX ~ XapPAKTEPUCTUK, KOTOPHIE OICHUBAIUCh 1O JaHHBIM
noinyyeHHbIM Ha npuOope KanaBma. IlpuBoasiTcs TepMOMEXaHUYECKUE KpPUBBIC
3aBUCUMOCTH JehopMarii OT TeMIIepaTyphl IJisi HAHOKOMMO3UTOB Ha ocHoBe [II1,
I[ITIMA u T3. Konuentpanuto T3 BapeupoBanu B npeaenax 5.0-40 %macc. Bo Bcex
HaHOKOMITO3UTax uctnojb3oBanu 2.0%macc. I[IIIMA. IlokazaHo, 4TO ¢ yBEeTUUYCHUEM
KOHIIeHTpaluu T3 nojMMepHble HAHOKOMITO3UTHI B Y3KOM TEMIIEpATyPHOM HHTEpBAJIE
13 TBEPAOrO COCTOSHUS MEPEXOJIAT B BA3KOTEKYyUEeE.
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[lenpt0  MPOBOAMMBIX  HKCCIECAOBAHUM  SIBIISIOCH HCCIIEIOBAHUE
TEPMOMEXAHUYECKUX CBOMCTB JIMHAMHUYECKH BYJIKAHWU30BAaHHBIX HAHOKOMIIO3UTOB C
y4€TOM COBPEMEHHBIX MOAXOJ0B IMPU OLEHKE MX CTPYKTYPHBIX OCOOCHHOCTEH U
dazoBeix mepexomoB. Ilepen TeM, Kak MOPUCTYNIUTh K  HCCIEIOBAHUIO
TEPMOMEXAaHUYECKUX CBOWCTB HAHOKOMITO3UTOB HEOOXOJMMO OBLIO, MPEXKE BCErOo,
pazo0paTbCsi C BONPOCAMH, CBS3aHHBIMHU C COBMECTUMOCTBIO CMEIIUBAEMBbIX
MOJIMMEPHBIX KOMIIOHEHTOB. B 1aHHOM ciiydae, B KauecTBe OOBEKTa MCCICAOBAHUS
UCIIOJIB3YIOTCSI HECOBMECTUMBbIE monuMmepHble cMecu Ha ocHoBe PIIII m CKH
pa3IUUHbIX Mapok. B cBs3u C ueMm, BO3HUKaIa HEOOXOIMMOCThH HCIIOIb30BaHUS
KOMITATHOMIIN3aTOPA-COBMECTUTENISI, CIIOCOOHOTO  00ECIEYUTh CMEIIMBAEMOCTh
KOMIIOHEHTOB CMECH M HMX TE€XHOJOTMYECKYH COBMECTUMOCTh. (C 3TOW 1LIENbIO0 B
Ka4yeCTBE KOMIATHOWIN3aTOpa UCMONIb30oBaau Exxelor- mnpuButoit comomumep
noyimnponuieHa ¢ MaienHoBeiM anruapuaom (IIIMIMA), BBeaeHUE KOTOPOro Jaxe
IpU HEOOJIBIIINX €r0 KOHIEHTPAIUSIX CIIOCOOCTBYET 3aMETHOMY YJIYUIIIEHUIO CBOMCTB
KOMITO3UIIMOHHBIX MaTepuanoB [1].  DkcnepuMeHTaIbHO HaMH OBLJIO YCTAHOBJICHO,
YTO IPEUMYILECTBEHHO 3TOT Mpolecc Bo3MoxkeH npu koHueHTpanuu CKH B coctase
PIIIT ne Huxe 40%mMacc. OcoOEHHOCTh TMHAMUYECKHU BYJIKAHW30BAHHBIX KOMITO3UTOB
3aKJII0YAeTCsl B TOM, YTO IPU HU3KUX KOHLEHTPALMAX MNEPEKUCHBIX CIIMBAIOIINX
areHTOB MEXIICMHAs CIIMBKA MPOUCXOAUT mpeumyiecTBeHHO B (paze CKH 3a cuer
OOJBIIOrO0 4YHCIA JIBOWHBIX CBSI3eéd W COOTBETCTBEHHO METHJIEHOBBIX TPYIII
PaCIONIOKEHHBIX B O-TIOJIOKEHUH K BHHWIBHBIM rpymmaMm. [Ipu OGosee BBICOKHX
koHneHTpanusax [1/] MexienHas ciMBKa MPOTEKaeT HE TOJIBKO B JUCIIEPCHOMN (baze
CKH, no u B xectkux nomeHax PIIII mo TpeTM4HBIM yIJIEpOAHBIM aTOMaM, YTO
0e3yCIIOBHBIM  00pazoM CIOCOOCTBYeT  OOpa30BaHUIO  TyCTOCETYATOM
MIPOCTPAHCTBEHHON CTPYKTYpbI, MPEJOTBPAIIAIONIAasi BO3MOXKHOCTH TMepepadoTKu
CHIMTOrO TEPMAJIACTOIIACTa HAa CTAaHJAPTHBIX oOopynoBaHusx. [losTomy, B 3agauy
HCCIIEIOBAHUSI BXOJWJIO OIPEIEIICHUE TOW MHUHUMAJIIbHOW KOHUeHTpauuu [IJ[, mpu
KOTOpOM (hopmMupyeTcs CTpyKTypa AMHAMUYECKH BYJKAHH30BAHHOTO KOMIO3UTa. B
ATON CTPYKType CIIMBKA MPOTEKAET MPEUMYIIECTBEHHO MO 3JacToMepHoi (aze. B
JaHHOM Ciy4dae CJlEeQyeT IMPUHIATh BO BHUMAaHHE M CaM HAIlOJIHUTEIb,
MPEICTABIAIONININ cOO0M HaHOpa3MepHBI OCHTOHUT. Poiih HaHOUYACTHUIT OEHTOHHUTA B
JAHHOM CJIy4ae 3aKJIOYAECTCS B YCUJIEHUH IPOYHOCTH HAHOKOMIIO3UTA.

Jlureparypa
[1] Kaxpamanos H.T., A3zuzoB A.T'., Ocumuuk B.C., Mameymm Y. M., Apsymanosa H.b.
Il TInacrnyaeckue maccel. 2016. Nel-2. C.49-57.
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du3nko-MexaHuyYeckHue CBOMCTBA HAHOKOMIIO3MTOB HA OCHOBeE conmojammepa
ITUJICHA C TEKCECHOM M B€3YBHAHOM

Kaxpamanos H.T., Baiipamosa U.B., Xamenosa JI.X.
Hncmumym IHonumepnovix Mamepuanos HAH Azepbaiioscana,
Cymeauivim, Azepbatiodcan
E-mail: najaf1946@rambler.ru

[IpuBoasTCS pe3ynbTaThl UCCICAOBAHUS BIHMSHUSA KOHIEHTPAIMU TPUPOTHOTO
MUHEpaja — Be3yBHMaHa Ha OCHOBHBbIE (DU3UKO-MEXaHHMYECKHUE CBONCTBA
HAHOKOMIIO3UTOB Ha OCHOBE corojuMepa dTuieHa ¢ rekcenoM (COI). B kauectse
CTPYKTYpOoOOpa3oBaTelis HCIOIb30BaIU nByokuch tutaHa (Ti0z). Bsibop
paccMaTpuBaeMbIX KOMIIOHEHTOB CMECH OCHOBBIBAJICS B HEOOXOIUMOCTH BBISIBIICHHS
UX CEJICKTUBHOTO BJIMSIHUS HA CBOWCTBA TMOJIMOJICPUHOB U COBMECTHOT'O BO3/ICUCTBUS
HAa KOMIUIEKC BaXHEHIIMX XapaKTePUCTHK HAHOKOMIIO3UTOB. Mcmonb3oBaHue
HAHOYACTHI] B KAU€CTBE HATIOJHUTEIISI OTKPHIBAET BO3MOXKHOCTD O0Jiee riy0Ke MOHATh
T€ MPOIECCHI, KOTOPhIE MPOXOJAT Ha TpaHuIle pasaena mMukpodas. I[IpuBomurcs
3aBUCUMOCTh Pa3pyILIAIONIETO HANPsHKCHHUS, MOAYJS YIPYrocTH Ha H3THO,
OTHOCUTEJIbHOTO yaiuHeHus U [ITP HAaHOKOMITO3UTOB OT KOHIIEHTpAIlMU BE3yBHUAHA.
VYBenuueHne KOHIEHTpAllMM HAHOYACTHI] Be3yBHaHa (pazMep HaHodactui — 17 -
1101M) B coctaBe COI" 1o 2.0%Macc. conpoBOKAAETCS MOBBIIIEHUEM Pa3pyIIAOLIErO
HanpspkeHus oT 37.4 po 39.3 MIla. MakcumanbHOE 3HAUYE€HHUE pa3pyIIaAIOIIETO
HanpspKeHust octuraerca npu 5.0%macc. comepkaHUM HAHOYACTHI] Be3yBHAHA U
coctabiisieT 41.5 MIla. /lanbHeliee MOBbIIEHUE KOHLIIEHTPAIUU HATIOJIHUTEIS CBBIIIE
5.0%Macc. MpUBOAUT K 3aKOHOMEPHOMY CHHKEHHUIO Pa3pyIIAIONIeT0 HaIPSKEHUS.
[Tpu 5TOM, MOAYJTH YIIPYTOCTH ITPU U3THOE TTOCTOSTHHO YBETUYHBAETCS C MTOBBIIICHUEM
KOHIIeHTpauuu BesyBuaHa [1]. Beegenue B cocraB COI'  2.0%macc. Be3yBHaHa
OPUBOJUT JaKe K HE3HAYUTEIBHOMY IOBBIINICHHIO OTHOCHUTEIBHOTO YJJIMHEHUS.
NHbIMU crioBamu, NMpU MUHUMAJIbHOM KOHUEHTpauuu Be3yBHaHa B coctaBe COI
(2.0%macc.), mocieaHHl TMOJOOHO CTPYKTYpooOpa3oBaTelio, CIIOCOOCTBYET
VIYYUIEHUIO  OJHOBPEMEHHO MPOYHOCTH UM  OTHOCHUTEIBHOTO  YIJIMHEHUS
HaHokomno3uTa. CTpyKTypooOpa3ytomiuii 3 ekT BeIpakaeTcsi B 00pa3oBaHUU €IIIe B
paciuiaBe KOMIIO3UTa TETEPOTCHHBIX IIEHTPOB 3apObIIe00pa3oBaHus, KOTOPHIC B
MPOLIECCE OXJAXKACHUS CTAHOBSITCA T€TEPOr€HHBIMU IIEHTPaMU KPHUCTAJLUIU3alNH,
CIIOCOOCTBYIOIUMH (DOPMUPOBAHUIO MEIKOCHEPONUTHRIX oOpazoBaHuii. B 3ToMm
Clly4yae JOCTUTaeTCs 3HAUYMUTENIbHOE YIydlleHHEe JePopMaIlMOHHO-IIPOYHOCTHBIX
XapaKTEPUCTUK KOMIIO3UTHOTO MaTepuala.

Jlureparypa
[1] Kaxpamanos H.T., Baiipamosa U.B., Mamemmu Y. M., Ucmannzane A.Jl., Ocumank
B.C. /] TInactuueckue maccol. 2019. Ne5-6. C.36-309.
[2] [Murtor /I.FO., Parmnckuit C.B., KpaBuenko T.II. // Ycmexu B XuMuu u
xumudeckor Texaogorun. 2011. T.XXV. Ne3 (119). C.102-106
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3aKOHOMEPHOCTH KPHUCTAIM3ANMHA HAHOKOMIIO3UTOB HA OCHOBE
MaJIEMHU3UMPOBAHHOTO0 MOJMITHJIEHA HU3KOH MJIOTHOCTH U ANNPETHPOBAHHOIO
TajlbKa
Kaxpamanos H.T. !, Kyp6anosa P.B. 2, Kaxpamansl F0.H. 2, Tamkxuesa P.111. 2
L Unemumym onumepnvix Mamepuanoe HAH Azepbatioxcana,
Cymeauivim, Azepbatiodcan
2 Asepbatioacanckuti I'ocyoapcmeennviti Ynusepcumem Hegpmu u
llpomvrunennocmu, baxy, Azepbatioscan
E-mail: najaf1946@rambler.ru

XUMHUYECKOE CBS3bIBAHME YACTHUI[ HATOJHUTENS C almpeToM M TOJUMEPHOU
MaTpulled B pe3yJbTaTeé MHUKPOCIIMBOK TIO 30JIb-T€JIb PEaKIMU BBbIJIBUTANIA
HEO0OXOMMOCTh yueTa 3TOro (pakTopa nMpu MCCIACAOBAHUU BIUSHUS TEMIIEPATyPHOTO
dakTOopa Ha 3aKOHOMEPHOCTh KPHUCTAUIM3ALMKM TOJMMEPHOTO MaTepuana, KOTOpoe
UMEeT MECTO TMpU HUX OXJaxIeHuu. M3ydeHue mporecca KpUCTATUIM3ANU
HAaHOKOMITO3UTOB OCYIIECTBIISUIOCH C TOMOIIBID METO/Ja JAWJIATOMETPHH,
MO3BOJISFOIINI OLIEHUTh 3aKOHOMEPHOCTh U3MEHEHHUS YACIHHOT0 00BheMa B IIUPOKOM
Jyaria3oHe Temrieparyp. B maHHOM paboTe 1 yIydIleHHus COBMECTUMOCTH YaCTHUI
HAIOJHUTENS (Talbka) ¢ moJmdTUieHoM Huskod tiotHoctu (IIDHII), B cocras
nocieHero ObUT BBeNEH 5.6 %Macc. MaJeMHOBOTO aHTUApHAAa C 00pa3oBaHHEM
IMPUBUTOTO COTOIMMEpPA MOJIMATHIICHA ¢ MAIEMHOBBIM aHTuapuaoM (IIDMA). Cuntes
[I9MA mno3BoJissl pemarh ABE OCHOBHBIE MPOOJIEMBI: YIYYIIHUTh COBMECTUMOCTH C
TaJIBKOM M TOJTYUYUTh (CIIMTHIN) XUMUYECKH CBSI3aHHBIN THOPU YaCTUI HATTOJIHUTES
C amnmpeToM U MoJMMepHON MaTpuliei. s moayuenus 6osee noaHoi nuHdopmaiuu o
npoleccax KpUCTAJIIU3ALNU KOMITO3UTHBIX MaTepuasgoB MPUBOASATCS
JTUIATOMETPUYECKUE KPUBBIE 3aBUCUMOCTH YIEIBHOIO 00beMa OT TeMIlepaTyphl IS
HaHOKOMII03UTOB Ha ocHOBe [IDOMA. [loka3ano, yto Hanmuuue B makpouenu [[OMA
MajenHoBoro anruapuga (MA)  cmocoOCTByeT HEKOTOPOMY  BO3PACTaHHIO
Temmepatypsl ¢azoBoro nepexoza mnepsoro poaa ot 88 (IIDHII) go 91°C. Beenenue
alnmnpeTUPOBAaHHBIX HAHOYACTHI] Talibka B mocienoBatenasbHoctu 1.0; 5.0; 10; 20 u
30%macc. conmpoBOXKAAETCS 3aMETHBIM HW3MEHEHHEM TEMIEpPaTypHOM 3aBHCUMOCTHU
yaenbHoro obnema. [Ipu sTom, (ha3oBBIN TEpexoj MEpPBOTO pojaa M3MEHSETCS B
cinenytomeit nocnenosarenbHoctu: 88°C  (ucx. II9HII), 90°C (ucx.IIDMA), s
KOMNO3UTOB Ha ocHOBe IIOMA— 90; 91; 94; 94 u 94°C. B manokommo3urax [IDMA
1o 5.0%Macc. comeprkanus Tanbka (a3oBbii nepexo nporekaeT npu 90-91°C, a mpu
0oJnee BBICOKMX KOHIIGHTPAIMSAX HAMOJMHUTENS €ro 3HadeHue cocTaBisier 94°C.
Y CTaHOBIEHO, 4YTO yBEIUWYEHWE KOHIEHTpaluuu Tajlbka B coctaBe [IDMA
CONPOBOXKJAETCSI M3MEHEHHWEM MEXaHU3Ma KpHUCTAIIM3allMd HAHOKOMIIO3UTOB OT
chepruecKoro TPEXMEPHOTO THIA pocTa KpucTaummdeckux (s ucX.IIDOMA wu
HaHOKOoMNo3uToB ¢ 1.0%Macc. comepxaHueMm Tajlbka) ¢ IUIACTUHYATOTO
(IByMEpHOMY) THIIAa POCTa KPUCTAJUIOB JJIs HAHOKOMIO3UTOB ¢ 5-10%mMacc. Tanbka,
70 JTMHEHHOTO (OJHOMEPHOr0) TUIIA POCTAa KPUCTAJJIOB JIJIi HAHOKOMIIO3UTOB ¢ 20-
30%wmacc. Tanbka NpU HEOPEPHIBHOM OOpPAa30BAHUM IEHTPOB KPUCTATUIU3AIIMH.
OrnpeieneHbl aHATMTUYECKUE BBIPAXKEHUS YpaBHEHUSI ABpaMHU JIJIsl pacCMaTPUBaEMbIX
HAaHOKOMIIO3UTHBIX MaTEPHUAJIOB.
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HuszkoremneparypHasi peHTreHOrausi 6-aMMHOTeKCAHOBOW KHCJI0THI

Kycyrkuna A.M., KuszeB A.B., Kusszesa C.C., I'ycaposa E.B., AMocos A.A.,
[Mununosa A.C.
Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo, Poccus
E-mail: kotovasya2017@gmail.com

OcoOy10 1, HECOMHEHHO, BaXHYIO POJb B JIOOOM >KMBOM OpraHU3ME HUIParOT
AMUHOKHCIIOTEI.  6-aMHUHOTEKCaHOBas (aMHUHOKAmpOHOBAsl) KHCIOTa  SIBIISIETCS
aHTH(PUOPUHOTUTHYECKAM CPEACTBOM, KOTOPOE HCIOIB3YETCS ISl MPOQUIAKTUKU
KPOBOTEUCHU TIpU OTepalysX, B TOM YHCIe Ha CepAle, B OPTOMEANH, a TAKXKE B
00J1acTH UCTIOIB30BAHUS MPU TPAHCIUTAHTALIMN TICUCHH.

Hcnons3yst METO[ HU3KOTEMIIEpaTypHOUl pEHTTeHOTpaduu ONEHWIN TEIUIOBOE
pacHIMpeHre MCCIeyeMOro BEIIeCTBa BIOJb PA3IUYHBIX KPUCTAIOTpadUyuecKux
HanpasieHuit. Onpeaenunau Kod(pPUIUEHT TErI0BOro PacUIUPEHHs] HUCCIEAYEMOro
COCMHECHMSI, YTO SBISICTCS KOJMYECTBEHHOW XapaKTEPUCTHKOW  TETUIOBOTO
pacmpenus. PentreHorpammel 00pasiia 3anucsiBainy Ha nudpakromerpe XRD-6000
Shimadzu (CuK,-u3nydenue, reomerpusi cheMku Ha orpaxenue) ¢ marom 0.02°, B
untepBaie 20: 10+-60° npu Temmeparype ot 150 K mo 450 K (mar 25K). Ilocne
00pabOTKH PE3yIbTATOB IKCIEPUMEHTA OBLIN MOTyUYeHbl KO3(POUIIUEHTHI TEIJIOBOTO

pacimiupCHUA 6-aMHUHOT'€KCAaHOBOM KHCJIOTHBI, IIPCACTABJICHHBIC B Ta6J'II/ILI€ 1.
Tabauna 1. KoaddummenTs! TemioBoro pacmmpeHus ucciaeayeMon 6-aMuHOreKCaHOBOM
KHCJIOTHI.
Coennnaenue T, K 010, KY ap10° K e 10° K? a/;~105, K1 a10° K1
6-aMHHO-
reKCaHoBas 300 -3,07 -4,34 10,17 -0,91 3,15
KHCJIOTa

beuto 0O0HapykeHO, YTO aHHM3O0TPOIHUS TEIUIOBOIO PACIIUPEHUS BO3PACTaET C
MOBBIIIEHWEM  TeMmriepaTypbl (puc.l), HauOosbplmue TEIUIOBBIE AedopMaIiu
HAONIOMAOTCS TO OCH C, YTO OOYCJIOBIEHO HAIWYUEM HHU3KOIHEPTeTHUECKUX
BOJIOPOJIHBIX CBSI3€ BJIOJIb ATOTO KPUCTAIIOTPAdUIECKOTO HAMPABIICHHUS, 110 OCH a U
b mpoucxoauT cxxaTUe CTPYKTYPHI.

Paboma ovina noooepacana Munucmepcmeom HayKu u vicuieco 0OpA308aHUs.
P® 6 pamxax npoexmmuou wacmu coczadarnus (npoexm Ne 0729-2020-0058).

Jlureparypa
[1] beroycos, P.H1. Anroput™ pacdeTa TeH30pa U IOCTpoeHUs GuUryp KodphuimeHTon
TeruioBoro pacmmupenus B kpuctamiax / P.U. benoycos, C.K. ®unatos // ®uszuka u
xumus crekia. — 2007. — T. 33. — Ne3. — C. 377-382.
[2] Maple 2016.0. Maplesoft, a division of Waterloo Maple Inc., Waterloo, Ontario,
2016.
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Coxpucraminzanus 33eTuMuda

JlorauéBa A.C., lInmumosa A.C., Kus3es A.B., Kussesa C.C., IlanoBa A.A.
Huoicecopoockuii cocyoapcmeennwii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo, Poccus

E-mail: 28_stasy@Dbk.ru

[IpoBeneH aHamm3 CIOCOOHOCTH K COKPUCTAIUTH3AINH JICKAPCTBEHHOTO BEIIECTBA
73eTUMHOa C [UTPAKOHOBOW KHCIOTOH. Llenmpro cokpUCTauIM3aIMK  SBISETCS
JaNbHEHIIIee W3YYCHUE CBOMCTB PACTBOPUMOCTH JICKAPCTBEHHOTO CPEJCTBAa B BHJIC
COKpHUCTAIIJIa ¥ MCCIIEOBaHNE PEe3yJbTaTOB aHAIN3a M0 CPABHEHUIO C BEIIECTBOM B
guctoM Bujae. OOmas MotuBamus JUIA  HWCCICIOBaHUSA  (papMaleBTHUYECKHUX
COKpPHCTAIIJIOB B KQ4eCTBE ATbTEPHATUBHOTO MOIX0/1a TIPU Pa3pabOTKe JIEKAPCTB - ATO
KOPPEKTHPOBKA (PU3UKO-XUMUUYECKUX CBONCTB ISl YIyUIICHUS 00IIel CTaOMIBHOCTH
U 3P(EKTUBHOCTH JICKQPCTBCHHOW (OpPMBI, a TakKe YJIYyYIICHUH CBOMCTB
pPacTBOPUMOCTH.

D3eTMMHO — BEIIECTBO, OTHOCAIIEECS K KIACCy THUIOJUIHIESMHUYCCKUX
NpernapaToB, KOTOpPbIe W30MpATEIIbHO WHTHOMPYIOT BCAaChIBAHHWE XOJECTEPHHA H
CBSI3aHHBIX C HUM (PUTOCTEPOJIOB B KHIIEYHUKE. DTO BEIIECTBO, HEPACTBOPHMOC B
BOJIE, 00J1a/1a10111e€ BBICOKOM CTEMEHbI0 OMOIOTUYECKON MPOHUIIAEMOCTH, CIIOCOOHOE
CylIecTBOBaTh B JABYyX mnoauMmopdueix Qopmax (dbopma A, dopma B). Ilpu
NepeTUpaHuu H3eTUMUOA B ATAHOJIE, BEIIECTBO MEPEXOIUT B CTAOMIBHYIO hopMy A.

[IpoBeneHO COBMECTHOE pacTHUpaHHUE I3€TUMHOA C IUTPAKOHOBOM KHUCIOTOW B
SKBUMOJISIPHOM COOTHOIIEHHUH B NPUCYTCTBUM H3TaHOJa. METOIOM TOPOIIKOBOU
peHTreHorpaduu ycTaHOBJICHa BEPOSTHOCTh 00pa30BaHUs COKpHCTAJIA 33eTUMUOA C
TeO(UJUTMHOM, Ha PEHTI€HOTpaMMe MPOU30IIET CABUT CIEKTpaibHbIX TuHUH (Puc. 1).
3anuch peHTreHOTPaMM OCYIIECTBIISUIA HAa PEHTTeHOBCKOM audpakromerpe Shimadzu
XRD-6000 (CuKq-u3nyuenue, cheMka Ha oTpakeHue 6—20) B untepaie ot 5—45°,

2400
1900
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g 1400 . -
F
S 900
)
=
g 400
=
= 100
g 10 15 20 25 30 35 40 45
-600 \ A M
-1100 - 20

Puc. 1. PenTrenorpamMmbl: IUTPaKOHOBOM KUCHOTHI (A), a3eTumubda B stanone (b), cokpucranna
33eTUMHUOA ¢ IUTPAKOHOBOM KUCIOTOM B aTanoine (B).
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Bausinue axcopOMpoBaHHBIX IpUMeceil HA IMUCCHOHHBIEC CBOMCTBA YIVIEPOIHBIX
OHOCTEHHBIX HAHOTPYOOK

Tomunun O.B./, Ponun E.A.”2, Kusses A.B.?, Ponuonosa E.B./
MI'Y um. H.II. Ozapesa, Capanck, Poccust
2 Huoicecopoockuii 2ocydapcemeennwiil ynusepcumem um. H.U. Jlobauesckozo,
Huoicnuii Hoseopoo, Poccus
E-mail: evg.rodin54@gmail.com

B kavectBe oOBbekTa HcchneoBaHUS ObLIM BbIOpAaHbI MOJIETbHBIE MOJEKYIIHI,
AHAJIOTMYHBIC OJJTHOCTCHHBIM yriepoaHbiM HaHOTpyOkaM (OCYHT) tuna «3ur3ar» c
pa3IUYHBIMU JUAMETpaMH U JUIMHOW. JlMameTp Monenu omnpeiessuics HHIECKCAMU
xupansHOoCcTH (N,0), e Nn=5-9, a nporskxenHoctb YHT cooTBercTBYyeT umciy
UKIHYeCKUX TpaHc-yriepoausix 1enodek (li) (i=3-9) B yrineponnom kapkace YHT
NEepIeHIUKYJIsIpHO ee ocu. Bee nccnenoBannsie cTpykrypsl Moaenupoasiu OCYHT ¢
OTKPBITBIMH KOHIIaMU. Bucsuue cBS3u P 3TOM HACBIIATNCh aTOMaMH BOJOPO/IA.

B kauecTBe npuMecHBIX aTOMOB OBLITM BIOpaHbI aTOMBI BOJIOpOJia U G Topa.

PacyeTpl ONTMMU3MPOBAaHHOM TIE€OMETPUHU  MOJEKyJd, Mouaexupyromux YHT
xupanbHOCTH (n,0) ¢ MpUMECHBIMU aTOMaMu Ha TpadeHOBOW MOBEPXHOCTH, U HUX
HHEPreTUYECKUX MapaMeTpOB ObUIH MPOBEIECHBI HEAMITUPUUECKUM METOAOM XapTpu-
doxka B 6asuce 3-21G ¢ HCMONB30BAHKEM IMaKeTa MPUKIATHBIX porpamm FireFly.

AHanu3 pe3ybTaToB:

1. 3nayeHuss dHepruM aacopOUMU OJHOTO ajJaroMa OTPHUIATENbHBI, YTO
CBUJIETENILCTBYET O MPOTEKAHWU B3aMMOJIEUCTBUS MOJIEKYN Bojaopona (¢propa) ¢
nBoiHON C-C CBSI3pI0 HE3aBUCUMO OT KOJIMYECTBA LHUKIMYECKUX TPAHC-YTIIEPOIHBIX
LEIMOYEK.

2. Benunuuna mis momeiabHbIX Mosekynmax Mp(l) mma YHT (n,0) ¢

E2
a7ICOPOMPOBAHHBIMU TPUMECHBIMM aTOMaMH YOBIBA€T C YBEIWYCHUEM HWHIEKCA
XUPATBHOCTH N, HO 3TO YMEHBIICHUE HOCUT AaCUMOTOTUYECKHM XapakTep, TO eCThb
paboTa BbIXOJ]a MaJIO 3aBUCHUT OT AMAMETPa HAHOTPYOKH.

3. Bennuuna E?gflo it MonelbHBIX MOJeKyl Mp(li) «aucterx» YHT (n,0) Tak ke
yOBIBaET C yBEIMUYECHUEM MHJEKCA XUPATBHOCTHU N.

4. Benuuuna Ecall)\flo mwis  monenbHbIX Modekyn Mp(li) mns YHT (n,0) ¢
Eop©

aZcoOpOMpPOBAaHHBIM aTOMaM Bojoponaa OoJsbllle, 4YeM BEIUYMHA c

aJIcOpOMPOBaHHBIM aTOMOM (hTOpa IPH BCEX 3HAYCHHSX N.

5. 3HaueHHne BETUYNHBI E?gflo it MoenbHBIX Mosiekyl My(li) «aucteix» YHT (n,0)
3MO

Ecp.

HAXOJATCS MEX]Y 3HAYCHUSIMU BEJIMYUH MOJEIbHbIX Mojekymnax My(l) s

YHT (n,0) ¢ ancopbupoBaHHBIMU aTOMaMu BOJ0poJa U (ropa.

Jlureparypa
[1] Tomilin O.B., Rodionova E.V., Rodin E.A., Muryumin E.E. // NANOSYSTEMS:
PHYSICS, CHEMISTRY, MATHEMATICS. 2018. V. 9 (1). P. 70-72.
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Ilepenoc nporoHa npu 00pa3oBaHUM KOMILIEKCOB € BOJ0M B TBepaAoH (pase

Coupun U.A., Kanyctun P.B., I'punBansn M. 1.
Hubowcecopoockuii 2cocyoapcmeennulii mexnudeckuti ynueepcumem um. P.E. Anexceesa
Huoicnuii Hoseopoo, Poccus
E-mail:ivan.sn.@mail.ru

Bona B3aumoneicTByeT €O MHOTMMH COEJUHEHUSIMU, 00pa3ysl KOMIUIEKCHI.
Bo3HuKkHOBEHHE BOAOPOJHOM CBA3M B TaKUX CHUCTEMax CTUMYJIHPYET NEPEHOC
OPOTOHA MEXJy MoJieKylaMu. JluTeparypHble JaHHbIE O B3aUMOJAECHCTBUHM BOJABI C
HEOpPraHMYEeCKMMHU M OPraHUYeCKUMH CyOCTpaTaMu OTHOCSITCS, IJIaBHBIM 00pa3oM, K
KUAKOM paze. BmecTe ¢ TeM, mepeHOoC MPOTOHA CYIIECTBEHHBIM 00Pa30oM BIMSIET U HA
MeXaHU3M TBep0¢a3HbIX peBpalleHuil (popmupoBanue Matpuilbl). Takum o6pazom,
OCHOBHOM 1EJbI0 JAHHOTO HCCIEOBaHUS OBLJIO YCTAaHOBUTH OOpa3oOBaHUE
KOMIUJIEKCOB C BOJIOM B MAaTPUUHBIX CUCTEMaX M BBISIBUTH OCHOBHBIE OCOOEHHOCTH MX
CTPYKTYpBI € Ucojib30BaHueM MeTo10B UK-cniekTpockonuu u KBaHTOBOM XUMUHU.

Br160op 00BbEKTOB OCYIIIECTBIIEH TAKUM 00pa3oM, 4TOOBI paCCMOTPETh OCHOBHBIC
TUIIBI CUCTEM C TIEPEHOCOM TMPOTOHA B TBepAoil ¢a3e U BBIABUTH 0OOIIUE
3aKOHOMEPHOCTH Takoro rmnepeHoca. [ns 3Toro ObLIM HCCIENOBaHBI CIEAYIOIINE
CHCTEMBI, COJIepXKaIiue MOJIEKYJbl Bobl: 1) ["anorenuap! menounsix metamios (Li,
Na, K, Cs); 2) ApoMaTudyecKHue COEIWHEHHUsS, KOTOpPhIe MIPAIOT BaXKHYIO POJIb B
KaTaJIUTUYECKUX IMpoIleccax TUAPOOUYUCTKH TOIUIMB Ha MOBEPXHOCTU TBEPAO(Da3HBIX
Kataiau3aTtopos. 1,2,4-Tpua3on U ero 3aMelIeHHbIE aHAJIOTH, B KOTOPBIX BOJOPOIHAS
CBsI3b 00pa3yeTcs ¢ y4acTUEM MOABMXKHOTO BOAOPO/1a FETEPOIUKINYECKON MOJIEKYJIbI
(Puc.1); 3) Oprannueckue aMuHOOOpaHbI, B KOTOPBHIX MOTYT BO3HUKATh CTPYKTYpPHBIE
(GhOopMBI ¢ BOJIOPOJTHOM CBS3bI0 MEXKIY MOJICKYJIONW BoAbl 1 BH3-rpymnmoii, urpatromue
CYILIECTBEHHYIO POJIb B 3JIEKTPOXUMUUYECKUX MPOIIECCaX.

T,%]
80
70-
60

50

40 *
30+
1/em

3000 2500 2000
Puc. 1. UK-criexktp Tpraszona (3Be3104koii otMedeHa nosjoca OH BasieHTHBIX KoneGaHui o JBUKHOTO
MPOTOHA) ¥ ONITUMU3UPOBAHHAS TEOMETPHS KOMILIEKCa TpUasoia ¢ BOAOH

Meromamu  MK-cnektpockonvu  ObUTM  BBISIBICHBI  (DAKTOPBI,  TIO3BOJISIOININE
YCTaHOBHUTH TIEPEHOC MTPOTOHA MEXKTY MOJIEKYJIAMH BOJIBI C ()OPMUPOBAHUEM THIPOKCOHHIA-
KaTHOHa B TBepAOH (paze. B paMkax KBAKTOBO-XMMHUYECKMX PACUETOB C UCIOJIb30BAHUEM
Teopyd (PYHKIMOHAJIA IUIOTHOCTU TMPEUIOKEH MEXaHW3M [epeHoca. NPOTOHA B
WCCIICOBAHHBIX CHUCTEMAX.
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KonTpoaupyemblii CHHTE3 CONOJMMEPOB HA OCHOBE CTEAPUJIMETAKPHIATA U HX
NpUMeHeHNe B KauyecTBe NMPUCAI0K K IM3eJ1bHOMY TOILIMBY

TBoporosa H./I., JIuzsaxuna O.C., Baranosa JI.b., [TaBnosckasa M.B., I'puminn J1.®.
Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo, Poccus

I'omo- u comonuMmepsl creapuaMerakpmiata (CMA) 3apekoMeHI0oBaId ceOs B
kKauecTBe d(PGEKTUBHBIX MPHUCAIOK JJISI YIYUIIEHUS] HU3KOTEMIEPaTypPHBIX CBOMCTB
auzenbHoro tormsa (JAT) [1]. [Toka3zaHo, YTO MOJIAPHBIA COMOHOMEpP CIIOCOOCTBYET
MOBBIIICHUIO JIeTIpeccOpHOTo A dekTa mosuMepHon npucaaku. [lens qaHHOM paboThI
- CpaBHUTEIbHBIN aHamu3 BIMsAHUA conojaumepoB CMA ¢ akpuinonutpuiom (AH)
PAa3JIMYHOMN CTPYKTYPBI HA HU3KOTEMIIEpaTypHbie cBorcTBa JT.

Jlnst cuHTe3a cTaTucTudeckux comnoaumepon nosin(CMA -co-AH) ucnions3oBana
katanutndeckas cucrema CuBr(l) / tpuc[(2-mupuaun)mernnJamun (TIIMA) / atii-
2-0pomuzo0ytupat (ABUB).

CuHTe3 JHMHEHHBIX OJIOK-COMOJMMEPOB TMPOBEAEH C HCMOJIb30BaHUEM
nosmCMA u nonmuAH, coneprkaniux Ha KoHile rienu atom rajoresa. [lomuCMA-Br u
noauAH-Br nmonydens! ¢ mpuMmenennem kataautuueckoit cucrembl CuBr(l)/ TTIMA /
DBUB, nuanazon momekymsapusix Mace (MM) cocramsn 10-85 xJla u 5-25 k/la
coorBeTcTBeHHO. [lomuCMA-I (MM 5-10 kx/la) m momuAH-I (MM 2-7 x/la)
CUHTE3UPOBAaHbI B MPUCYTCTBUM MOJUCTOTO ITMAHU3OIPOINIIA B YCIOBHUSIX O0TyUYEHUS
OenbIM cBeTOM. PeumHUIIMUpOBaHHE MOJUMEPU3ALMUHA TMPOBOJAUIOCH C TMOMOIIBIO
cucremblr CuBr(l)/ TTIMA.

Ycranosneno, uto ucnonb3oBanue CuBr(I) / TIIMA mno3BoisieT mony4yaTh
comoiumepbl MOMTUCMA-6-nonmuAH mmpokoro cmnektpa MM u coctaBoB BHE
3aBUCUMOCTH OT IPUPOJIbI MAKPOUHUIIMATOPA U KOHIIEBOTO TaJIOreHa.

B pesynpraTe wuccienoBaHHMs — BIUSHHE ~OOpAa3IOB  COMOJIMMEPOB  Ha
HU3KOoTeMmIiepatypaeie xapakrepuctuku JIT B konnentpammsx 200-1600 ppm
YCTAaHOBJIEHO, 4TO cTaTtuctuueckue comnonumepsl noau(CMA-co-AH) B mnnane
CHW)KEHHS Temnepatypsl 3acteiBanus [T oxaspiBaroTcs 6osee 3P heKTUBHBIMH, YEM
6nok-cononumepsl momuCMA-6-onuAH.

Paboma evinonnena npu gunancosoii noodepicke PODU (npoexm Ne 2(-03-

00150).

Jlureparypa
[1] Cumanckas K.YO., I'pumwa W.J1., [TaBnosckas M.B., I'pumua J1.®D. // Beicokomont.
coen, 2019, 61b, C.123-131.
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THE TRAINING OF HIGHLY QUALIFIED
PERSONNEL

Enhancing english language teaching at the unn chemistry faculty with ict and
edutainment
Kulikova E.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: e.kulikova@bk.ru
The paper raises issues of enhancing the educational process in teaching the English

language to meet all the requirements set in terms of the distinct language skills that must
be developed in students at the UNN Chemistry Faculty. The project-based method and
Vocabulary eBooks [1] have already been integrated into English teaching means of
developing both hard skills and soft skills which lead to learning process optimization.
Taking into account the knowledge gained and specific know-how from good practice
abroad under the Erasmus+ program at the University of Cordoba, Spain, in 2021, the
author’s attention is focused on the implementation of ICT and edutainment technology into
the English language course. An approach that combines traditional content and teaching
methods in the context of new ICTSs, has led to the development of edutainment teaching
technology which is based on the concept of “education + entertainment™ [2]. One of the
primary goals of edutainment is to ensure that the recipient enjoys the learning process. This
technology comprises emotional and motivational aspects, which create highly favorable
conditions for the involvement of digital generation into learning. There are many proven
benefits of using gamification in the classroom: higher engagement and concentration level;
fun learning; lower level of anxiety; intrinsic motivation for learning; thinking outside the
box; proactive learning. It is advisable to use various platforms and sites, guided by the
principle of novelty and diversity of educational and entertainment technologies. First of all,
the portal of Lobachevsky State University of Nizhny Novgorod can be used to stimulate
students’ written communication in English. It might also be used to engage chemistry
students in various foreign language marathons, e.g., a vocabulary booster marathon with
respect to students’ major. Then, free of charge game-based learning platform vznaniya.ru
which can be recommended to work on grammar and vocabulary. Finally, Kahoot! is a game-
based learning platform that makes it easy to create distinct types of questions, such as
multiple choice, true/false; the platform helps to cover any kind of content (e.g., grammar,
vocabulary, reading). This type of teaching and learning creates favorable conditions for
intensifying the process of forming foreign language competence. Furthermore, students
can consolidate knowledge and develop skills relevant for their professional development.

References
[1] Kulikova E.V. /I Materials science of the future: research, development, scientific
training. 2020. P. 82.
[2] Kulikova E.V. /I Variability and standardization of language education in a non-
language university. 2021. P. 158-161. [in Russian]
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