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FOREWORD 
 

The XVI International Conference on Thermal Analysis and Calorimetry in Russia (RTAC-2020) 
was scheduled to take place in Moscow on 5–9 July 2020. The main organizers of the event are 
the Moscow State University (Lomonosov MSU), The Institute of General and Inorganic 
Chemistry (IGIC RAS, Moscow) and The National University of Science and Technology MISIS 
(NUST MISIS). 
The conference aims to provide an international forum for the worldwide community to meet, 
present and discuss fundamental and practical aspects of Thermal Analysis and Calorimetry, with 
special focus on the discussion of modern scientific and technological advances and 
methodological developments in this area of science, as well as the selection of the most promising 
methods & instruments and new directions of research. One feature of RTAC-2020 is that a 
significant part of the meeting will deal with computational methods, including Calphad and 
ab initio calculations. 
The Conference Sessions are presented below: 

1. Inorganic Substances and Materials Including Complex compounds and Natural Minerals 
a. Calorimetric methods (dissolution calorimetry, direct reaction calorimetry, 

adiabatic calorimetry, heat capacity determination, thermal analysis) 
b. Phase equilibria and Phase transformations  
c. Computational methods including Calphad and ab initio calculations 

2. Organic and bio substances and materials  
a. Calorimetric methods (dissolution calorimetry, direct reaction calorimetry, 

adiabatic calorimetry, heat capacity determination, thermal analysis) 
b. Phase equilibria and Phase transformations  
c. Computational methods 

3. Equipment, methodology and Standards of Thermal Analysis and Calorimetry.  
Most of the lecturers are leading scientists in different areas of calorimetry, thermal analysis and 
chemical thermodynamics. Representatives from Algeria, Australia, Azerbaijan, Belarus, 
Bulgaria, China, France, Germany, Greece, India, Kazakhstan, Russia, Sweden, Tajikistan, 
Ukraine and USA have submitted abstracts, and of course, intended to be present at the meeting 
this year. We had hoped that our Conference would be a good platform for discussion and to offer 
the opportunity to start new collaborations. But as the COVID-19 outbreak has resulted in the 
cancellation of many events, RTAC-2020 is no exception. Therefore, the Organizing Committee 
has decided that the XVI International Conference on Thermal Analysis and Calorimetry in Russia 
cannot be performed in the traditional form. Nevertheless, the RTAC-2020 conference was opened 
on-line on 6th of July 2020 for one day, and participants of Conference were able to see the 
excellent talks given by Dr Alexander Pisch, Prof Igor Abrikosov, Prof Alexandra Navrotsky and 
Prof Christoph Schick. The recording of the plenary session is available on the Conference 
YouTube Channel: https://www.youtube.com/channel/UClkNvrQSBogQzpa7FUHH7ew. 
The Book of Abstracts of RTAC-2020 has been published on the Conference site 
(https://rtac2020.chem.msu.ru) as originally planned, thanks to the generous financial support of 
Thermo-Calc Software AB. The Organizing Committee expresses its gratitude to the Editorial 
Board of the Russian Journal of Physical Chemistry for its understanding and the assistance in 
publishing selected articles of RTAC-2020. The papers published as "Selected articles of RTAC-
2020" are a good example of the broadness of the topics covered during the Conference as well as 
of its high scientific level. 
On behalf of the Organizing Committee, 

Vladimir K. Ivanov and Stepan N. Kalmykov, co-chairs 
Konstantin S. Gavrichev, Alexandra V. Khvan and Irina A. Uspenskaya, deputy chairs 

Nikita A. Kovalenko, scientific secretary  
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INFLUENCE OF CROSS-LINKING  
ON CRYSTALLIZATION KINETICS OF POLYAMIDE 6 

A.R. Abdullin, T.A. Mukhametzyanov, I.A. Sedov, C. Schick 
Kazan (Volga region) Federal University, Russia 

abdullinalbert98@gmail.com 

Crystallization of cross-linked polymers is rather poorly studied. We are trying to understand how 
the spatial density of cross-links influences kinetic parameters of crystallization and nucleation 
processes in different polymers. 
A series of cross-linked polyamide 6 samples was prepared by treatment with different amounts 
of a radical initiator at melting temperature. Non-isothermal crystallization kinetics experiments 
were performed using a Mettler Toledo Flash DSC 1 fast scanning calorimeter. The samples were 
heated above the melting temperatures, then cooled at different rates (from 0.5 to 1000 K/s) and 
heated again at 1000 K/s. The total melting enthalpy measured upon heating is proportional to the 
crystallinity of the sample after cooling, which decreases with an increase of the preceding cooling 
rate. The cooling rate v1/2 at which the enthalpy reaches half of its maximum value can be 
considered as a measure of the crystallization rate. 
It was found that the crystallization rate of the cross-linked polyamide decreases with an increase 
of the amount of radical initiator used to prepare the sample, suggesting that increasing density of 
cross-links allows down crystallization. Similar tendency was previously observed for cross-linked 
poly(ε-caprolactone) [1], which has a completely different spatial organization of polymer chains. 
Acknowledgements The work was supported by the Ministry of Science and Higher Education of 
the Russian Federation, grant 14.Y26.31.0019. 
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Ab initio electronic structure theory is known as a useful tool for prediction of materials properties, 
for their understanding, as well as for determination of parameters employed in higher-level 
modeling. Moreover, the theory is constantly developing, allowing for a solution of increasingly 
challenging tasks. In this talk, we present new methodological solutions, which explicitly take into 
account magnetic and finite temperature effects in solid solutions. Basic ideas behind the 
generalization of the Temperature Dependent Effective Potential (TDEP) method for the treatment 
of substitutional alloys, as well as its combination with Disordered Local Moment Molecular 
Dynamics (DLM-MD) are introduced. Considering multicomponent bcc Fe-Cr-based alloys, we 
show that state-of-the-art computer simulations can be used for predictions of materials properties 
relevant for design of steels for the next generation nuclear reactors. Particular attention will be 
devoted to theoretical modeling of alloys with dynamical instability at zero temperature, which 
are stabilized by anharmonic effects of lattice vibrations. 
Acknowledgements The work was carried out with the financial support of the Ministry of Science 
and Higher Education of the Russian Federation (unique identifier of PNIER 
RFMEFI60719X0323). 
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CATALYTIC UPGRADING OF HEAVY OIL DURING STEAM STIMULATION 

A.A. Al-Muntaser1,2, M.A. Varfolomeev1,2, M.A. Suwaid1,2, D. Garayeva1, R. Djimasbe1,2 
1Department of Petroleum Engineering, Kazan Federal University, Kazan, Russia 

2Department of Physical Chemistry, Kazan Federal University, Kazan, Russia 
aalmuntaser1991@gmail.com 

The notable feathers of high viscosity oil (often referred as heavy oil in the international) and 
bitumen are high resins and asphaltenes contents, and low wax content. With high viscosity (hard 
to migrate), it is difficult for recovery [1]. 
Thermal recovery, such as steam huff and puff and steam flooding, is the main method to improve 
recovery of heavy oil. In the process of steam injection, a series of chemical reactions occur 
between steam and heavy oil or organic compounds, which is called “aquathermolysis” [2~3]. In 
aquathermolysis, the severing of C-S bonds of sulfides in heavy oil would reduce the number of 
high molecular weight molecules and asphaltenes content would decrease [2]. H2 generated from 
water gas shift reactions (WGSR) in aquathermolysis can be used for hydrodesulphurization 
(HDS), besides it can hydrogenate to some other unsteady molecular groups in heavy oil to become 
hydrocarbons. The H2 generated by WGSR in upgrading heavy oil process is less, so it cannot 
meet the needs of HDS, the degree of viscosity reduction of modified heavy oil is low.  
In this study, the catalytic aquathermolysis of Ashal’cha heavy oil (Tatarstan-Russia) in a 350ml 
autoclave is investigated with a nickel-based oil-soluble catalyst and decalin, tetralin and 
cyclohexane as hydrogen donors at 250 °C and 300 °C for 24 h in N2 atmosphere, with initial 
pressure 2 atm. 
The results were compared as the changes in the density/API gravity, viscosity, chemical 
composition (SARA analyses), Fourier Transform Infrared Spectra (FT-IR), elemental analysis 
(EL) and molecular weight analysis of heavy crude oil before and after experiments, to evaluate 
the effect of different hydrogen donors with nickel-based oil-soluble catalyst in hydrothermal 
catalytic system and their potential for upgrading of heavy oil. In general, we can conclude that, 
after the process of catalytic aquathermolysis with different hydrogen donors leads to a percentage 
viscosity reduction (PVR) of 70.02 % and more. With remarkable changes in quantity of SARA 
fraction (increase of saturates, aromatics and decrease of the percentage of resins and asphaltenes). 
The average molecular weight of heavy oil is reduced after hydrothermal catalytic process. 
Thus, these results indicated that using nickel-based oil-soluble catalyst in hydrothermal catalytic 
system have a great potential for upgrading of heavy oil. 
Acknowledgements This work was supported by the Russian Government Program of Competitive 
Growth of Kazan Federal University. 
 
[1] W. Liu, The development model of heavy oil reservoir with thermal recovery, 1998, 
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METAL-CARBON COMPOSITES AS PROMISING MATERIALS  
FOR ELECTROANALYTIC DETERMINATION OF HEAVY METAL IONS  

Sh.K. Amerkhanova, R. Shlyapov, A. Uali, D. Belgibaeva 
L.N. Gumilyov Eurasian National University, Kazakhstan  
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Carbon materials have represented an area of increasing interest in recent years. It relates to a fairly 
wide range of applications (for example, in nanoelectronics, for storage and storage of hydrogen, 
as reinforcing and anti-friction materials, carriers for heterogeneous and electrocatalysts, etc.). 
Modification (reinforcement) of carbon materials with metal nanoparticles allowed to significantly 
expand the possibilities of their application in electroanalysis of metal ions. The metal-containing 
carbon material obtained by the carbonization of the wool impregnated with the copper sulfate 
solution. The thermal stability of the metal-carbon composite was examined by the differential 
thermal analysis method. The results are presented in figure 1.  
 

 
Figure 1. Thermal analysis results of composite materials. 

 
The sample mass intense decrease in the range between 400 °C and 900 °C. It is due to the copper-
catalyzed oxidation process of carbon matrix or interaction with copper oxide. The endothermic 
peak of DTA-curves located at 700 °C refers to the reduction of copper (II) oxide and the 
exothermic peak (900 °C) refers to the oxidation of CO to CO2 in the presence of a copper catalyst 
[1]. Table 1 presents the results of kinetic calculations.  
 
Table 1. Kinetic characteristics of thermal transformations in a metal-carbon composite sample.  

№  T1, K  T2, K  lgA  Ea, kJ/mole  
1  766  953  -1.31  34.58  
2  953  1126  -2.39  18.55  

 
One can observe that the activation energies of the thermal transformation process are similar to 
Coots-Redfern method used. The given table data present information about the interaction of 
copper oxides with carbon to form elemental copper (rate-limiting stage). Therefore, this material 
would work as a reversal copper electrode in a solution of copper ions [2].  
 
[1] E. Cyganova, I. Didenkulova, Thesis Conf. "Catalysis in biotech., chem. and chem. 

technol". 2002, 4, 90. Tver, Russia.  
[2] L.Yu. Martynov, A.O. Naumova, N.K. Zajcev, and I.Yu. Lovchinovskij, Tonkie 

himicheskie tekhnologii, 2016, 11, 26.  
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Cu2-xSe–Sm2Se3 SYSTEM PHASE DIAGRAM 
 DETERMINED BY DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

O.V. Andreev, M.A. Shtykova, D.D. Disengulova, K.A. Mazaeva  
FSAEI HE “Tyumen State University”, Tyumen, Russian Federation 

o.v.andreev@utmn.ru 

Cu2-xSe–Sm2Se3 system formed by the compounds that are promising as the thermoelectric 
materials [1, 2]. For the synthesis of materials based on Cu2-xSe–Sm2Se3 system alloys it is 
necessary to have data on phase equilibria based on the phase diagram of the system. However, 
the phase diagram data, presented by the authors of [3] are not quite reliable, as the dimensions of 
solid solutions (SS) were determined approximately. Therefore, the subsequent phase diagram of 
the system with special attention to this aspect is required. The experimental phase diagram curves 
were constructed by means of differential scanning calorimetry (DSC) (fig.). Phase composition 
of the samples was determined by X-ray powder diffraction (XRD) and microstructural analysis 
(MSA). Cu2-xSe–Sm2Se3 (x = 0.005–0.01) is a system with a ternary compound and eutectics. The 
formation of expanded solid solutions based on initial components (Cu2-xSe and Sm2Se3) has not 
been determined. According to XRD and MSA two complex selenides are formed in the system. 
Bertollide-type solid solution area with Cu2Gd0.67Se2 is of hexagonal lattice type [4] with the unit 
cell parameters a = 7.17(76), b = 6.97(52), c = 33.(19), α = 90°, β = 125.(357)°, γ = 90°, 
V = 1358 Å3 is designated here as Со. The longest dimension of SS is detected in the temperature 
range of 1000-1045 °C and composition area of 8-18 mol.% Sm2Se3. High temperature bertollide-
type SS region Со formed by heating at 470 °C has melting point maximum. The formation of the 
phase is accompanied by heat absorption, that allows to classify it as endothermic. CuSmSe2 has 
a CuLnS2-type monoclinic lattice (SG Р21/с) with the unit cell parameter a = 6.667(1) Å, 
b = 7.383(2) Å, c = 7.076(2) Å, β = 97.14(2)°, V = 345.6(1) Å3, that is in a good agreement with 
literature data [5]. CuSmSe2 does not form marked areas of solid solutions and melts incongruently 
at 1000оС. There are two eutectic points in the system: between Cu1.99Se and Co at 1087 °C , 
4 mol.% Sm2Se3; between Co and CuSmSe2 at 1072 °C, 22 mol.% Sm2Se3. It was found out that 
Cu1.99Se doesn’t form distinct SS areas. 

 
Figure. Cu2-xSe-Sm2Se3 phase diagram. 
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[3] N.Y. Pribyl'skij, R.S. Gamidov, Zh. Neorg. Khim., 1983, 28(3), 719 (in Russian). 
[4] M. Julien-Pouzol, M. Guittard, Ann. Chim., 1972, 7(4), 253.  
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GROWTH AND DISSOLUTION OF CRYSTAL NUCLEI IN POLY(L-LACTIC ACID) 
(PLLA) IN TAMMANN’S DEVELOPMENT METHOD 
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J.W.P. Schmelzer3,4, C. Schick1,3,4 

1Department of Physical Chemistry, Kazan Federal University, Kazan, Russian Federation  
2Interdisciplinary Center for Transfer-Oriented Research in Natural Sciences, Martin Luther 

University Halle-Wittenberg, Halle/Saale, Germany 
3Institute of Physics, University of Rostock, Rostock, Germany 

4Competence Centre CALOR, Faculty of Interdisciplinary Research, University of Rostock, 
Rostock, Germany 

5National Science Center, Kharkov Institute of Physics and Technology, Kharkov, Ukraine 
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Properties of many crystalline and semicrystalline materials strongly depend on crystal 
morphology. Crystal nucleation, as the primary step, is of particular importance [1,2]. Tammann’s 
nuclei development method allows for a detailed study of crystal nucleation by letting the nuclei 
formed at some nucleation temperature grow to measurable sizes at a higher development 
temperature. In this method, however, the problem occurs to what extent the crystal nuclei formed 
in nucleation retain their stability in the course of transfer to the development temperature [3]. By 
fast scanning calorimetry (FSC) [4], the influence of the transfer of nuclei from the nucleation 
stage at low temperature to the growth stage at higher temperature was systematically studied. 
Poly(L-lactic acid) (PLLA), a slowly crystallizing polymer, was chosen for the experiments 
performed in a wide transfer-heating-rate range. At heating rates between 1 K s-1 and 20,000 K s-1, 
there occurs stabilization/growth of crystal nuclei at low heating rates and their dissolution/melting 
at high heating rates. Heating rates above 1000 K s-1 are sufficient to prevent growth of crystal 
nuclei at the transfer from 60 °C to 125 °C and to higher temperatures. The critical heating rate for 
preventing nuclei growth is about 1000 times higher than the critical heating rate to prevent crystal 
growth in a nucleated sample on heating. In a second experiment, from the remaining fraction of 
crystal nuclei after a short (1 ms) exposure to a temperature above the development temperature, 
the cluster size distribution after isothermal nucleation of PLLA at 60 °C for 1000 s was estimated. 
In the temperature interval from 125 °C to 145 °C, the density of critical nuclei decreases from the 
initial value ~4×1024 m-3 to zero, as nuclei with R > 2 nm, the critical radius for 145 °C, were not 
formed at the nucleation temperature [5]. 
Acknowledgements The financial support from the Ministry of Education and Science of the 
Russian Federation, grant 14.Y26.31.0019 and by the Deutsche Forschungsgemeinschaft, grant 
AN212/20 is gratefully acknowledged. 
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CALORIMETRIC STUDY OF TI0.9ZR0.1MN1.3V0.6–H2 SYSTEM  

E.Yu. Anikina, V.N. Verbetsky 
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Mitrokhin and co-workers had established [1] that the metallic system Ti(Zr)–Mn–V with 
hexagonal Laves phase structure C14 had the wide homogeneity region. This phase exists in the 
concentration range (Ti,Zr) – 22–45 at.%, Mn – 36–65 at.%, V – 0–26 at.%. The present work is 
extension of our calorimetric study of the (Ti,Zr)(MnV)2±X–H2 system where (Ti,Zr)(MnV)2±X are 
intermetallic compounds (IMC) with Laves phase structure C 14. For the present study we chosen 
Ti0.9Zr0.1Mn1.3V0.6 compound. It is known [2] that in the nonstoichiometric compounds of AB2-X 
Laves phase C14 the atoms of A-component in structure of alloy occupy crystallographic position 
of B-component. So in this alloy A position are occupied by atoms of Zr and Ti, and Mn, V and 
over-stoichiometric Ti atoms are distributed in the B positions. In other words Ti0.9Zr0.1Mn1.3V0.6 
can be written as Ti0.9Zr0.1Mn1.34V0.62 Ti0.04. 
The starting intermetallic compound Ti0.9Zr0.1Mn1.3V0.6 was prepared by arc melting and 
subsequent annealing in a fused silica tube under residual argon pressure 0.01 atm at about 1070 K 
for 240 h to ensure homogeneity. X-ray analysis of starting alloy and its hydride were performed 
on Guinier camera Huber 670 IP (Cu Kα radiation, Ni filter). The data of X-ray analysis indicated 
that the starting sample was single-phase material with the hexagonal Laves phase structure C14 
(MgZn2). The hydrogenation of starting IMC resulted only in the increase of the lattice parameters 
(DV ≈ 22.5 %) but its crystal lattice did not change. Hydride of Ti0.9Zr0.1Mn1.3V0.6H3 was single 
phase material with the hexagonal Laves phase structure C14 (MgZn2). 
As it was determined Ti0.9Zr0.1Mn1.3V0.6 had a good hydrogen capacity (H/IMC = 3.163 or 
2.01 wt.% at 298 K and hydrogen pressure P = 40 atm). The Ti0.9Zr0.1Mn1.3V0.6–H2 system has 
been studied in the temperature range from 333 to 403 K and hydrogen pressure up to 50 atm. We 
carried out the calorimetric study using the calorimeter of a Tean-Calvet- type connected with a 
Sieverts-type volumetric apparatus. The apparatus scheme and the method of measurements are 
described elsewhere [3]. The absorption and desorption processes were studied and as results we 
obtained the P = f(C), DH = f(C) and DS = f(C) dependences (C= H/AB2, P – equilibrium hydrogen 
pressure, T – the reaction temperature, ΔH – enthalpy, DS – entropy) for 333, 353, 373 and 403 K. 
We calculated the partial molar enthalpy values of hydrogen desorption from Van’t Hoff plots 
based on the measured P-C-T relations.  
The obtained data showed that the partial molar enthalpy values increase in absolute magnitude 
with increasing of hydrogen concentration in the metallic matrix. Such tendency is observed for 
every experimental temperature but the values of the thermodynamic parameters change at the 
transition from one temperature to another. Compared the results obtained by direct calorimetric 
measurements and calculated on the base of Van't Hoff equation one can note that the calorimetric 
method gives more complete and exact picture of processes taking place in the IMC-system. 
The obtained data permit us to suppose that the hydrogenation of the Ti0.9Zr0.1Mn1.3V0.6–H2 system 
at definite conditions results in the rearrangement of the crystal structure of initial IMC.  
 
[1] S.V. Mitrokhin, T.N. Bezuglaya, and V.N. Verbetsky, J. Alloys Compd., 2002, 330-332, 

146. 
[2] D. Fruchart, J.L. Soubeyrouz, and R. Hempelmann, J. Less-Comm. Metals, 1984, 99, 307. 
[3] E. Yu. Anikina and V.N. Verbetsky. J. Alloys Compd., 2002, 330-332, 45. 
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Ti0.9Zr0.1Mn1.4V0.5 was prepared by arc melting of a stoichiometric mixture of pure metals and then 
annealed at 1073 K for 240 h in the sealed quartz ampoule to ascertain homogeneity. The initial 
intermetallic compound (IMC) and its hydride Ti0.9Zr0.1Mn1.4V0.5H2.8 were analyzed by X-ray 
powder diffraction method (Huber G 670 Image Plate Guinier camera, Cu Kα radiation) at room 
temperature. The observational results of X-ray analysis showed that Ti0.9Zr0.1Mn1.4V0.5 was 
single-phase compound crystallizing in hexagonal C14-type Laves phase (space group P63/mmc). 
Hydrogenation of the initial sample resulted in only the expansion of the unit cell (about 22.5 %), 
the crystal structure type of Ti0.9Zr0.1Mn1.4V0.5 remained unchanged. The calorimetric study of the 
hydrogen reaction with Ti0.9Zr0.1Mn1.4V0.5 was carried out applying of the installation composed 
of the calorimeter Tian-Calvet type connected to a conventional Siverts’-type volumetric 
apparatus. The apparatus scheme, the experimental procedure and analysis of the collected data 
were described elsewhere [1]. The calorimetric measurements were carried out in the temperature 
range from 323 to 373 K and a hydrogen pressure up to 50 atm. Absorption (desorption) partial 
molar enthalpy ΔHabs(des) was determined from the heat effect of the reaction: 
Ti0.9Zr0.1Mn1.4V0.5HX + y/2 H2↔ Ti0.9Zr0.1Mn1.4V0.5HX+Y     (1) 
In ref. [2] it was shown that the measured heats correspond to enthalpies of reaction when 
expressed per mole H2 or ½ H2. 
On the basis of the partial molar enthalpy values and the equilibrium hydrogen pressure we 
calculated the partial molar entropy values for absorption and desorption processes for each 
experimental temperature. As a result we obtained the dependences of Peq. = f(C), DH = f(C) and 
DS = f(C ) for both hydrogen absorption and desorption processes for the studied temperature 
range (see Table 1).  
 

Table 1. Temperature dependence of reaction enthalpy for the Ti0.9Zr0.1Mn1.4V0.5–H2 system. 
Temperature, K Range 

(absorption) 
ΔHabs,kJ/mol H2 Range 

(desorption) 
ΔHdes,kJ/mol H2 

323 0.9–2.0 -31.0±0.2 1.2–2.0 30.3±0.2 
 2.3–2.7 -38.9±1.5 2.3–2.7 39.3±0.3 

333 1.1–2.0 -30.7±0.2 1.5–2.0 30.1±0.4 
 2.4–2.7 -37.6±1.7 2.3–2.7 38.7±0.7 

353 1.5–2.2 -31.2±0.4 1.4–2.2 31.1±0.4 
 2.3–2.7 -37.7±1.2 2.3–2.7 38.3±0.8 

373 1.1–1.9 -29.0±0.3 1.1–1.9 30.3±0.3 
 
We assume that hydrogenation of IMC at definite conditions (temperature, pressure and hydrogen 
concentration) may result in lattice distortion of host lattice of Ti0.9Zr0.1Mn1.4V0.5 and formation of 
some new different interstitial sites which are more energetic efficient for hydrogen. 
[1] E.Yu. Anikina, V.N. Verbetsky, J. Alloys Compd, 2002, 330-332, 45-47. 
[2] G. Boureau, O. Kleppa, J. Chem. Thermodymamics, 1977, 9, 543-548. 
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The Fe–Co–W subsystem is involved in the design of new alloys, with improved mechanical 
properties through precipitation hardening phenomenon during tempering treatments. Therefore 
the need of accurate experimental information has been emphasised in order to improve the 
thermodynamic description [1], on which the calculations of new interesting compositions are 
based. 
In a previous study, experimental results have been established to accurately define phase 
boundaries at the solid state, in the temperature range of interest for the heat treatment, typically 
between 800 and 1400 °C [2,3]. This work reports the investigation of phase relationships 
involving a liquid phase.  
For this, the most frequently used experiments are based on identification of primary phase 
solidified in as-cast alloys and evaluation of invariant reactions and liquidus temperatures by 
means of heating/cooling thermal analysis experiments supplemented by microstructures 
interpretation. The strategy applied in this study also combines long time annealing treatments at 
high temperature by using electromagnetic phase separation technique, an efficient procedure to 
achieve the constitution of solid and liquid phases in equilibria at selected temperature and 
composition [4].  
By applying this methodology on key alloys of the Fe–Co–W system, phase field boundaries have 
been established in the liquid/solid domains at selected temperatures. By determining tie-triangles 
involving the liquid phase, points of monovariant lines on a liquidus projection are defined. By 
determining the three-phase equilibria involving a liquid phase which precedes or follows the four-
phase equilibrium, the liquid+gamma+alpha+mu invariant equilibrium is specified in temperature 
and composition. 
 
[1] A.F. Guillermet, Z. Metallkde., 1988, 79, 633. 
[2] P. Galimberti, Ph.D. thesis, SIMAP, INP Grenoble, 2007. 
[3] P. Galimberti, S.Lay, A. Antoni-Zdziobek, S. Coindeau, M. Veron, F. Bley and M. de 

Boissieu, Intermetallics, 2011, 19, 556. 
[4] A. Antoni-Zdziobek, M. Gospodinova, F. Bonnet and F. Hodaj, J. Alloys Compnds., 2016, 

657, 302. 
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This research focuses on the first accurate determination of enthalpies of solution of 9-
ethenyl-14-ethyl-21-(methoxycarbonyl)-3-{(O-methylcarbamoyl)ethyl}-4,8,13,18-
tetramethyl-20-oxo-phorbine (Methyl-pheophorbide а, 1 see Figure), [3-(hydroxymethyl)-1-
oxido-4-oxoquinoxalin-4-ium-2-yl]methanol (Dioxidine, 2), and their conjugate 9-ethenyl-14-
ethyl-3-{[2-(3-hydroxymethyl)]-1-oxido-4-oxoquinoxalin-4-ium-2-
methyleneoxy}carbamoyl}ethyl)-4,8,13,18-tetramethyl-20-oxo-phorbine (Conjugate, 3) in 
pure chloroform (CHCl3) in the temperature range of 298-318 K. Standard enthalpies of 
solution ∆solH0 have been computed and found that they are well described by the following 
linear equations:  

∆solH0(1) = 29.44(0.12) + 1.148(0.01) (T–298.15), sf = 0.25 kJ mol-1  (1) 
∆solH0(2) = 30.38(0.10) + 1.159(0.01) (T–298.15), sf = 0.22 kJ mol-1  (2) 
∆solH0(3) = 17.35(0.17) + 1.867(0.01) (T–298.15), sf = 0.38 kJ mol-1  (3) 

where the first term is the standard enthalpy of solution at the reference temperature of 298.15 K, 
the second one is the heat capacity of solution DC0р; values in brackets represent the standard 
deviation of the mean, sf is the standard deviation of the fit. Standard heat capacities of solution 
and partial molar heat capacities of the solutes are computed and compared with those for other 
solid and liquid non-electrolytes in chloroform and in N,N-dimethylformamide. 
 

1 

2 

3 
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SPECIFIC HEAT FOR SOLID AND LIQUID ZIRCONIUM CARBIDE  
(ZrCx) UP TO 5000 K 

N.M. Aristova, S.V. Onufriev, A.I. Savvatimskiy 
Joint Institute for high temperatures Russian Academy of Sciences, Moscow, Russia 

aristo2012@yandex.ru 

The authors presents a brief review of studies devoted to the refinement of the phase diagram of 
the ZrC system: parameters of solidus and liquidus lines, temperature and composition of 
congruently melting carbide, temperature of eutectic ZrC–C. Experimental data on the specific 
heat for liquid ZrCx were obtained by pulsed electric heating (presented previously only in 
graphical form). Numerical processing of the CP(T) curves is performed and an equation is 
presented, approximating the temperature dependence of the specific heat for liquid zirconium 
carbide ZrCx (C/Zr = 0.95) from the melting point to 5000 K.  
Previously, reference books and review articles provided only estimates for the liquid phase of 
ZrС obtained by calculation or by extrapolation. The total number of publications cited is 48. But 
the experimental data for liquid ZrC (for example, [1]) have appeared. The general issues of 
elaboration of phase diagram for ZrC are also considered, including the results obtained during 
rapid heating by pulse current. The specific heat in the liquid state was studied in detail, starting 
from the melting point (3820 K), and up to 5000 K. Tabular data were also obtained. This will 
allow us to calculate the thermodynamic functions (specific heat, entropy, enthalpy, reduced Gibbs 
energy) of zirconium carbide in the crystalline and liquid states. The updated results will be 
included in the information and reference database IVTANTERMO. 

 
Figure 1. Cp specific heat for liquid zirconium carbide.  
1 – Experiment at fast (microseconds) heating. In the upper part of the figure-specific heat has non-
equilibrium state (1). 2 – Approximation of equilibrium values of the specific heat. Dotted line-
extrapolation of the same dependence from 4200 K to the end of melting (3820 K – star is shown). 
3 – The junction point of the non-equilibrium heat capacity (1) and the equilibrium value (2). 

 
At the melting point, Cp = 123.7225 J/(mol×K) is shown by star. The approximation in the range 
4200-5000 K is given by the equation (number of points 719): 

Ср = -4250.0 + 1.16787´T – 9.0000×10-5´T2 + 1.7887×1010/T2, J/(mol×К) 
Acknowledgements The studies were fulfilled with the financial support of RFBR, scientific grant 
№ 19-08-00093. 
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Properties of oxide materials containing transition metal ions are diverse. This is due to the fact 
that transition metal ions have different valence states, and when they are introduced into oxide 
matrices, electrons transfer from a low-valence state to excited high-valence states. The 
incorporation of rare earth oxide into the oxide material can improve the optical properties of the 
material. In some materials, the refractive index, optical band gap, and laser gain are increased. In	
this	work,	we	studied	phase	 interaction	and	crystal	growth	conditions	 in	 the	Li2O×2B2O3–Yb2O3×B2O3	 system.	As	 initial	materials	 for	 the	

sample	preparation	of	 the	Li2O–B2O3–Yb2O3	 system,	pure	chemicals	were	used:	Li2CO3	 (chemically	pure),	Н3BO3	 (OSCh12-13)	and	

Yb2O3	with	a	purity	of	99.99%.	Samples	of	specified	compositions	of	the	Li2O–B2O3–Yb2O3	system	were	synthesized	in	platinum	crucibles.	

Thermal changes of the obtained samples were characterized by differential thermal analysis 
(DTA; Jupiter STA 449 Netzsch). The individuality and phase composition of polycrystalline 
samples were monitored using X-ray phase analysis (XRD; diffractometer DRON-2, Cu Kα-
radiation). 
The T-x phase diagram of this section Li2O×2B2O3–Yb2O3×B2O3 according to the XRD and DTA 
data is characterized by eutectic equilibrium and the system is quasibinary (Figure 1).  
 

 
Figure 1. T-x phase diagram of Li2O×2B2O3–Yb2O3×B2O3 

 
Coordinates of the eutectic - ~17 mol.% Yb2O3×B2O3 and 765 °С. On the basis of Li2O×2B2O3, 
solid solutions (α) are formed, the length of which is ~10 mol.% Yb2O3×B2O3 at ~800 °С. The 
temperature of the polymorphic phase transition with the V-YbBO vaterite structure to the low-
temperature modification of L-YbBO3 at 577 °C in two-phase α + L-YbBO3 alloys decreases to 
463 °C. With a decrease in temperature to 463 °C, the region of solid solutions narrows to 
~5 mol.% Yb2O3×B2O3. X-ray reflections in the diffraction patterns of the samples corresponded 
to reflections of solid solutions based on Li2O×2B2O3 and L-YbBO3. 
The data on the thermodynamic and physical properties of samples of the Li2O×2B2O3–
Yb2O3×B2O3 system were also obtained. 
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Determination of 2D materials properties [1], in particular, graphene, is relevant from the point of 
view of their use in nano- and microelectronics. For example, determining the nature of the defects 
formed during the formation of graphene fragments is an important problem. Doping of graphene 
Si and Ge can give the material the properties of a semiconductor and change the electronic 
structure. 
Within the framework of nanothermodynamics, taking into account surface effects and entropy, 
the interaction energy and defect formation in 2D materials are analyzed. 
Using the density functional theory (DFT) method, taking into account the generalized gradient 
approximation (GGA), we studied the electronic and magnetic properties of Si and Ge-doped 
graphene. Modeling of the effects of vacancies was carried out using supercells consisting of 96 
and 18 atoms. The ferromagnetic spin ordering of carbon atom vacancies is considered. Band 
structure (BS) and density of states (DOS) are calculated. Near graphene vacancies, the magnetic 
moment of carbon is noticeably greater than that of other carbon atoms. In addition, BS and DOS 
for 18 Si and Ge-doped graphene atoms were calculated. 
The calculations have been performed using Atomistix Tool Kit (ATK) and the periodic plane 
wave VASP (https://www.vasp.at) code, implementing the spin-polarized DFT, PAW (projector-
augmented wave method) and the PBE (Perdew–Burke–Ernzerhof exchange-correlation 
functional). 
Our calculations were performed for the primitive cell of Graphene and for a number of supercells 
with as many atoms as 96 by implementing the density functional theory (DFT) method within the 
Generalized Gradient Approximation (GGA) and using the Atomistix Tool Kit software. Perdew-
Burke-Erenzhorf (PBE) exchange-correlation functional (PBE) and Double Zeta Polarized basis 
sets were used in our calculations. The kinetic cut-off energy was 150 Ry. The primitive cell of 
Graphene was relaxed and optimized with force and stress tolerances of 0.01 eV/Å and 0.01 eV/Å3, 
respectively. 

[1] S.M. Asadov, S.N. Mustafaeva, V.F. Lukichev, Russian Microelectronics, 2019, 48,422.  
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In this work, we present the results of a study of the phase behavior and solubility of the 
components of the CO2 – ethane – asphaltene (I) and CO2 – propane – asphaltene (II) systems. 
High molecular weight hydrocarbons contained in heavy Baku oil (³900 kg/m3) were used as 
asphaltene. 
The phase behavior of (I) and (II) systems was approximated using the Peng–Robinson type 
equation of state. The volatility of the liquid phase for component i near the p-T-x critical point of 
the phase diagram was estimated by the equation 
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where 𝜑!%  – the volatility coefficient of component i in the mixture, fi is the volatility of component 
i, Z is the compressibility coefficient, the constants a and b are given by the mixing rules. 

 
For system (I) in the p-T projection, the results of calculation and experiment (points) of three-
phase equilibrium S-L-V are shown, where S is the solid phase, L is the liquid, V is the vapor. The 
thermobaric parameters were varied in the range p = 6–15.5 MPa and T = 327–340 K. The molar 
fraction of the gaseous phase of CO2 mixed with ethane before dissolution of asphaltene in system 
(I) was	𝑥/∗ = 0.418–0.425. The critical line (1) L = V was calculated according to equation (1), 
p = 17 MPa and T = 328 K. Curve 2 characterizes the three-phase equilibrium  
S-L-V. System (I) has a minimum in the p-T phase diagram. 
The calculated three-phase S-L-V curve of system (II) crosses the critical line L = V at 
p = 14.9–15.1 MPa and T = 328 K. In this case, the upper and lower critical points are formed, 
respectively. The molar fraction of the gaseous phase of CO2 mixed with propane, before 
dissolution of asphaltene, was 𝑥/∗ = 0.85–0.84. Comparison of the calculated phase lines according 
to equation (1) and the solubility of asphaltene with the experimental data of systems (I) and (II) 
showed that discrepancy between them does not exceed 10%.  
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Modeling in industrial problems of crystallization technology is limited mainly to the 
consideration of crystallization processes in pure substances or binary solutions. At the same time, 
phase transformations in multicomponent and multiphase devices underlie new methods for high-
quality material production, semiconductor single crystals, and structures. Nonlinear 
crystallization processes are difficult to control. In present work we considered nonlinear processes 
at multicomponent growth of 2D crystals of closed GaS–GaSe system. It was accepted that the 
crystallization process is carried out in two stages. The first stage is the emergence of a nucleus of 
a crystalline phase capable of further growth. The second stage is the further growth of the obtained 
nucleus. It was taken into account that the probability of nucleation depends on the degree of 
supercooling: if this degree is insignificant, then the probability of the nucleation of a new phase 
may be small and then the nucleation will not start. 
 Considered the nonlinear properties of the formed xGaS–(1-x)GaSe crystals. The size distribution 
of the crystals, can be attributed to the appearance of crystallization centers and their fluctuating 
growth. In the directional crystallization of multicomponent system GaS–GaSe, crystals of various 
shapes are formed, which are distributed by size. This can be associated with the formation of 
metastable intermediate phases and the slow maturation of particles of these phases at the end of 
the process. Nonlinear models allow us to describe and explain the patterns of metastable 
transformations and properties of the crystallization process. 
This work presents the numerical study results of the influence of fluctuations on the nonlinear 
crystallization process of phases of GaS–GaSe system. Physico-chemical and mathematical 
models of crystallization have been built using the Fokker-Planck equation. For the numerical 
solution of equation, we used a uniform grid with step in size and in time (difference scheme). 
To conduct a computational experiment in the Delphi environment, we wrote a program. To 
describe the crystallization process of xGaS–(1-x)GaSe, the dependences of the distribution 
density of crystals at different times and of the concentration and number of crystals on time were 
plotted. 
A method for the numerical solution of the nonlinear crystallization process of a multicomponent 
system is proposed. Taking into account the Fokker – Planck equations and the finite-difference 
scheme, a non-linear crystallization process in a xGaS–(1-x)GaSe solid solutions was studied. The 
dependence of the distribution density of crystals on time is constructed. The dependences of the 
concentration and the number of crystals on the nucleation time show that the main part of the 
xGaS–(1-x)GaSe crystals is formed for a short time (5×10-4 s), while supersaturation of the solution 
decreases by a factor of 4. The average size of the resulting crystals increases with time of 
crystallization. These dependences are consistent with experimental data [1]. An increase in the 
average crystal size of xGaS–(1-x)GaSe is proportional to the square root of the number of 
iterations of the computational experiment. 
Acknowledgments This work was carried out by financial support of Science Development 
Foundation under the President of the Azerbaijan Republic (grant EİF-BGM-3-BRFTF-2+/2017-
15/05/1-M-13). 
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Ferrites play an important role as key elements in most electronics and radio engineering devices. 
There are widely used as phase shifters, filters, memory elements and permanent magnets due to 
the combination of magnetic and dielectric properties. The industrial production of ferrites, as a 
rule, is carried out by ceramic technology. According to this technology, the initial reagents are 
mixed and then synthesized in industrial furnaces at high temperatures (~900–1000 °C) for a long 
time (sometimes tens of hours). It is known, that one of the effective methods to activate the initial 
reagents immediately prior to synthesis is the method of mechanical activation of powder reagents 
in high-energy ball mills. More than once this method was shown to significantly homogenize and 
accelerate solid-phase reactions of complex compositions, including ferrites [1, 2]. 
In this study, the synthesis of Ni1-xZnxFe2O4 ferrite (xZn = 0.1, 0.3, 0.5), obtained from 
commercially iron oxide (Fe2O3), nickel oxide (NiO) and zinc oxide (ZnO) was investigated. In 
accordance with the chemical formula, the initial reagents were weighed and then mixed in an 
agate mortar to provide uniform distribution of the initial reagents. 
After that, the mixture of the NiO–Fe2O3–ZnO initial reagents was divided into two batches, one 
of which was mechanically activated (milled mixture) in a high-energy ball mill (Emax, Retsch) 
using stainless steel vials and balls at room temperature for 60 minutes. The drum rotational speed 
attained 500 and 1000 rpm. Then, the initial and milled mixtures were synthesized in a laboratory 
furnace at a temperature of 950 ° C for 240 minutes. Moreover, the synthesis of nickel-zinc ferrites 
was carried out in a thermal analyzer furnace (in isothermal mode) to establish the mechanisms of 
the reaction of solid-state interaction. 
The phase composition was determined by X-ray phase analysis using ARL X’TRA diffractometer 
(Switzerland) with a semiconductor Si (Li) Peltier detector and СuKa radiation. The Powder Cell 
2.4 software was used for a full-profile analysis of the X-ray diffraction patterns. Thermal analysis 
of the test samples was carried out using a synchronous thermal analyzer STA 449C Jupiter 
(Netzsch, Germany) with a sensitivity of weights of ~0.1 μg. The studies were conducted in air by 
using corundum crucibles (Al2O3). Heating was carried out to 900 °C with the speed of the 
dynamic stage in the range of (2.5–20) °C/min. Proteus Analysis software was used to process 
thermal analysis data. 
The Curie temperature and saturation magnetization of synthesized ferrites were estimated. It was 
established that preliminary ball milling of the initial mixture allows to accelerate the reaction of 
the solid-phase synthesis of nickel-zinc ferrite. 
Acknowledgements This research was supported by the Russian Science Foundation (Grant no. 
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Thermoelectricity in recent years is one of the most actively developing areas in science and 
technology. The works directed on the creation of the miniature flexible thermoelectric devices 
for the transformation of the heat with low intensity (with gradients of temperatures less than 20 
and even 10 ºС) into the electricity are actively developed now. However, the effectiveness of such 
devices is relatively low, which restrains their wide utilization. The efficiency of thermoelectric 
generators is primarily determined by the efficiency of the thermoelectric materials [1]. Bi–Te–Se 
and Bi–Sb–Te compounds are widely use for the fabrication of thermoelectric devices [2], and 
suspensions on the basis of such materials can be used for the fabrication of flexible thermoelectric 
generators. However, information about thermal properties of thick films of such materials is very 
limited. 
Thus, in this work thermal properties of the thick films on the basis of Bi–Te–Se and Bi–Sb–Te 
materials for the application in flexible thermoelectric generators were investigated. 
Materials were synthesized by direct alloying in sealed quartz ampoules. Thermoelectric materials 
of n- and p-type were obtained (Bi2Te3–Bi2Se3 + CdCl2 and Bi2Te3–Sb2Te3 + 3 at.% Te, 
respectively). For suspension creation two types of binders were used: zinc-phosphate cement and 
aqueous alkaline sodium silicate solution. To create thick films, the thermoelectric material 
powder was mixed with the binder. 
Differential scanning calorimetry method was used for the investigation of thermal properties. 
Measurements were carried out at DSC-50 (Shimadzu) from ambient temperature up to 300 °C 
with heating rate of 10 °C per minute in a nitrogen flow (20 ml per minute). Al pans were used. 
Masses of the samples were about 10 mg. At least 5 measurements were carried out for each 
sample.  
No thermal effects were observed for multiple DSC measurements of synthesized n-type Bi2Te3–
Bi2Se3 + CdCl2. For synthesized p-type Bi2Te3–Sb2Te3 + 3 at.% Te exothermal effect above the 
temperature of 250°C was fixed, but at lower temperatures such material was stable after first 
measurement. 
Thermal property measurements of all investigated suspensions showed the presence of 
endothermic peak at the temperature about 100 °C for the first measurement, which can be due to 
the removal of moisture from the samples. Following measurements showed no thermal effects 
over the entire temperature range, and the DSC curves are close to each other. This indicates a 
high thermal stability of the samples in the studied temperature range after the first heat treatment 
and moisture removal. 
Thus, in this work the thermal properties of the thick films on the basis of Bi–Te–Se and  
Bi–Sb–Te materials were investigated. It was shown that these materials are stable at temperatures 
up to 200 °C and can be used for flexible thermoelectric devices. 
Acknowledgements This work was supported by the Russian Science Foundation (project number 
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Ceramics based on polymorphs of the ZrO2, TiO2, and ZrTiO4 
have received much attention due to their excellent thermal 
and chemical stability as well as outstanding electrophysical 
properties [1]. Especially, zirconium titanate possesses high 
dielectric performance in the wide range of microwave 
frequency, but it is metastable below 1200 °C. Even though 
the development of the synthesis route of such materials has 
motivated the research of the ZrO2–TiO2 phase diagram [2, 3], 
its low-temperature region is still not enough studied [4]. In 
this work, pure phase nanocrystals of metastable ZrTiO4 were 
synthesized at low temperature of 700 °C through the heat-
treatment of co-precipitated hydroxides. A complex of in-situ 
thermal studies, such as simultaneous thermal analysis 
(DTA/TG) and high-temperature X-ray powder diffraction 
(HTPXRD), was carried out to understand the formation 
processes. Additional EDX, SEM, adsorption-structural 
analysis and helium pycnometry were used to characterize 
both the initial sample and its heat-treated products. 
The results of HTXRD (Fig. 1) show that up to 700 °C the 
sample stays amorphous and no noticeable crystalline phases 
of the ZrO2–TiO2 system observed. At temperature above 

700 °C phase of ZrTiO4 with the structure of α-PbO2 (Pbcn space group) crystalizes. The finding 
was confirmed by the DTA/TG data. While the region of thermodynamically stable existence of 
zirconium titanate is above ~1100 °C [4], one can see the absence of reflexes of any other 
crystalline phases. The appearance of impurity phases was not observed both under heating and 
cooling regimes. In [2] and [4], the order-disorder phase transition occuring at slow cooling from 
the temperature above 1200 °C with position exchanges of Ti and Zr atoms, and resulting in the 
formation of ZrTi5O7, or ZrTi2O6, was observed. However, it was not observed in this study. The 
average crystallite size of prepared ZrTiO4 vary from 13 to 26 nm depending on the temperature.  
In this work, the simple and effective approach was proposed for the synthesis of pure phase 
nanocrystals of metastable ZrTiO4. As a result, ultrafine nanopowders of ZrTiO4 with a high 
surface area and a narrow crystallite size distribution were obtained, that further could be 
potentially used as the basis for functional ceramics. 
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Figure 1 - HTPXRD patterns of 
co-precipitated titanium and 

zirconium hydroxides. 
 * - corundum cuvette (α-Al2O3) 
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New thermodynamic descriptions of data for pure elements should cover the most recent 
experimental data, be based on physical models and provide reliable data over a large temperature 
range: from 0 K to temperatures well above the melting point. An extended Einstein model [1] for 
the crystalline phases and a two-state liquid model [2], used as a basis for third-generation 
CALPHAD assessments, have been applied to the critical assessment of data for a number of pure 
elements and some compounds. These models have been shown to be very effective. 
The present work is devoted to an evaluation and application of the third-generation CALPHAD 
models to the description of the thermodynamic properties of pure silicon and germanium, and the 
binary system Si–Ge. The pure crystalline phases were evaluated with the extended Einstein model 
[1]. Additionally the values for the standard entropies were reassessed using a Planck-Einstein 
model [3]. For the first time we included descriptions of the properties of pure Si and Ge in the 
amorphous forms from 0 K. The reliability of new descriptions of the data for the pure elements 
was tested in an assessment of data for the binary Si–Ge system. 
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Science and Higher Education of the Russian Federation in the framework of Increase 
Competitiveness Program of NUST “MISiS” (№К2-2019-003), implemented by a governmental 
decree dated 16th of March 2013, N 211. 
 
[1] Chase M. et al. Calphad, 19(4), 1995, 437.  
[2] Ågren J. et al., Calphad, 19(4), 1995, 449. 
[3] G.F. Voronin and I.B. Kutsenok, J. Chem. Eng. Data, 2013, 58, 2083. 
  



 

 36 

DSC STUDIES ON THE THERMAL BEHAVIOR AND STRUCTURE PECULIARITIES 
OF SEMICRYSTALLINE POLYMER – LOW MOLECULAR MASS SUBSTANCE 

SYSTEMS 

A.V. Basko1, K.V. Pochivalov1, G.A. Shandruyk2, T.N. Lebedeva1, Y.V. Kudryavtsev2 
1G.A. Krestov Institute of Solution Chemistry RAS, Russia 

2A.V. Topchiev Institute of Petrochemical Synthesis RAS, Russia 
avb@isc-ras.ru 

Differential scanning calorimetry (DSC) is a powerful tool for the investigation of semicrystalline 
(SC) polymers and their blends with low molecular mass (LM) substances. Although the DSC 
technique is rather simple and universal, unambiguous interpretation of thermograms should 
account for the high molecular mass nature of the polymeric component. The melting temperature 
(Tm) of a polymer is usually attributed to the endotherm maximum position rather than to its onset, 
which is commonly used to determine the Tm of LM substances. Most of researchers are also aware 
that the thus found Tm cannot be interpreted as its equilibrium value because the endotherm peak 
position depends on the heating rate. There exist several approaches to determine the equilibrium 
Tm, for example, by extrapolating the peak position to zero heating rate or using the Hoffman–
Weeks method. 
At the same time, other peculiarities of the SC polymer – LM substance systems are often 
neglected. For example, a broad range of SC polymer melting endotherms is often interpreted as 
the melting of crystallites with different lamellae thicknesses. However, it was shown a long ago 
by Alfrey and Mark [1] that the crystallites are gradually destroyed by pulling out chain subunits. 
It was assumed in [2] that this process is promoted by the swelling of amorphous polymer regions 
and/or the increase of temperature. As far as we are aware, there was no attempt in the literature 
to separate the thermal effects of dissolving an LM component in the amorphous regions of a SC 
polymer and of polymer crystallite melting, which makes it impossible to detect at what 
temperature the dissolution is over for a chosen system composition. 
In spite of these limitations, DSC allows one to construct the dynamic phase diagrams that are of 
great practical utility. It also supports optical observations of the formation of LM crystals within 
the polymer matrix when a pre-homogenized mixture is cooled down [3-5]. These small crystals 
melt at a temperature that can be evaluated using the Thomson–Gibbs relation. DSC is capable of 
measuring glass transition and polymorphic transformation temperatures, obtaining information 
on the defects in polymer crystallites, and so on. 
We present a detailed discussion on the above peculiarities for different SC polymer –LM 
substance systems, such as low-density polyethylene – p-xylene, low-density polyethylene – 
thymol, low-density polyethylene – dimethyl terephthalate, isotactic polypropylene – dibutyl 
phthalate, isotactic polypropylene – camphor, poly(vinylidene fluoride) – camphor, poly-3,3-
bis(azidomethyl)oxetane – 2,4-dinitro-2,4-diazapentane. 
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It is believed that in non-aqueous media, especially, in solvents with hydrogen bonding systems, 
the phenomena associated with the solvent ordering around non-polar objects and the 
corresponding tendency to aggregation of apolar species may occur [1, 2]. To study this topic, we 
have continued the comparative study of solutions of hydrophobic tetramethyl urea (TMU) and 
hydrophilic urea (U) [2]. Having studied the solutions of these substances in water and ethylene 
glycol (Eg), here we have studied formamide (F) solutions. In our study, U solutions were chosen 
as an appropriate comparison systems characterized by the absence of solvophobic effects. The 
enthalpy parameters of the interaction between U molecules in F (hUU, hUUU) at 298.15, 308.15, 
and 318 K have been computed from the experimentally determined enthalpies of dilution of U 
solutions in F containing 1, 1.3, and 1.6 moles of U in 1 kg of F in terms of the approach described 
elsewhere [3]. The temperature dependences for the enthalpy coefficients of the paired U–U 
interaction in various associated solvents are shown in the Figure 1. For water, the results obtained 
earlier by us and the authors of the work [4] are presented. 
 

 
Figure 1. The temperature dependence of the parameters hUU in different associated solvents. 

 
The influence of the solvent and temperature on the h22 parameters is discussed in the report. 
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Urea and some of its cyclic and N-alkyl-substituted derivatives, being the important participants 
in the metabolic process occurring in living organisms, are of great interest for the creation of 
high-efficient low-toxic multifunctional drugs in the future. In particular, the N-tetramethylated 
bicyclic bisurea of the octane series (glycoluril) has found a successful use in the clinical practice 
as a day-time coronary-active tranquilizer (the drug “mebicar” or “adaptol” [1]). The causes and 
nature of bio- and physiological activity of these compounds in aqueous media are related to the 
competition of the contributions from pharmacophore (hydrophobic and hydrophilic) moieties of 
their molecules in the course of hydration and to their joint action on the solvent structure and 
other solute bioactive molecules. However the specific features of intermolecular interactions in 
aqueous solutions containing mebicar (or any other glycoluril) have not virtually been studied. 
Such data would be useful for targeted screening and synthesis of other compounds of this class. 
In the present report, the role of the above contributions in the hydration (interaction) process is 
clarified by analyzing the enthalpy-related coefficients, hxx and hxy, for the pairwise interaction 
between solute and/or co-solute molecules. For these purposes, the enthalpies of dilution of 
aqueous solutions containing urea (U), 1,3-dimethylurea (1,3-DMU), 1,1,3,3-tetramethylurea 
(TMU) and mebicar or tetramethylbisurea (TMbM) as well as glycine (Gly) and α-alanine (Ala) 
were measured calorimetrically. Being presented in Table 1, the hxx and hxy coefficients were 
calculated on the basis of the formalism of the McMillan–Mayer theory using the procedure [2]. 
 
Table 1. Homotactic and heterotactic enthalpy-related coefficients of pairwise interaction, hxy and 
hxy (in J·kg·mol-2), for the studied compounds in the aqueous solution at T = 298.15 K (δ is the 
uncertainty half-width interval with the 95% confidence level) 

Solute x hxx δ  Solute x Solute y hxy δ 
TMbU –1956 43  U TMbU –940 70 
U –330 10  1,3-DMU TMbU –510 60 
1,3-DMU 190 60  TMU TMbU 225 45 
TMU 2060 50  Gly U –422 14 
Gly –445 8  Ala U –248 24 
Ala 208 9  Gly TMbU –458 34 
    Ala TMbU 642 15 

 
The influence of the structure peculiarities of a solute molecule on the obtained parameters of 
pairwise interparticle interactions in aqueous media of interest are discussed in this report. 
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Bimetallic oxide CdMn2O4 with a spinel structure is a well-known material for gas sensors [1] and 
supercapacitors [2]. Therefore, preparation of the compound in various morphologies is a 
challenging but important task. As well as for all bimetallic oxides, ordinary routes to obtain 
CdMn2O4 are ceramic (from corresponding simple oxides at high temperatures) and sol-gel 
synthesis. Since dealing with solid-state interactions, the first one is usually very long and 
laborious. The other one may yield spinel samples with violated Cd to Mn ratio and contaminated 
with some other oxide phases (e.g., MnO2).  
Decomposition of heterometallic complexes is an effective alternative approach to rapid 
preparation of monophasic bimetallic oxides. An advantage of this way is principal possibility of 
one-pot preparation of oxides in various morphologies. Herein, we studied a series of Cd 
cymantrenecarboxylates, namely [Cd2(OOCCym)4(EtOH)4)] (I), [Cd(OOCCym)2(bpy)(H2O)] 
(II) and [Cd(OOCCym)2(phen)2]∙EtOH (III) (Cym = (η5-C5H4)Mn(CO)3), with Cd:Mn ratio (1:2) 
as possible precursors for polycrystalline CdMn2O4. 
However, thermal decomposition of I-III in a furnace in air yielded CdMn2O4 with CdO admixture 
irrespective on the conditions. In order to explain this phenomenon, it was necessary to understand 
in which ways the complexes decompose. Heat effects and mass loss during decomposition were 
measured on DSC 204 F1 NETZSCH and TG 209 F1 NETZSCH in both oxidative and inert 
atmosphere. The results for complex I at HR 10 K/min are presented in Fig.1. The evolved gases 
analysis was performed on QMS 403C Aёolos.  

 
Figure 1. TG (left) and DSC (right) curves of the complex I under Ar (dot) and air (solid) flow. 

 

For I-III, thermal decomposition begins from a removal of EtOH/H2O which did not depend on 
the atmosphere. The start of decomposition of the solvent-free complexes is also the same in both 
atmospheres. For II and III involving N-donating phen/bpy ligands, the decomposition begins 
with its partial removal. Then degradation of the carboxylate part and of the cymantrene radical 
occurs. In all three complexes, the former process is very similar to that of cadmium oxalate, when 
both Cd and CdO are formed in an inert atmosphere. Both DSC (melting effect) and XRD confirm 
the Cd presence at this stage. Even in air, Cd is formed (and only after that – it is oxidized). In 
case of samples treated under Ar, metallic Cd (b.p. 767 °С) partially evaporated when heated 
further than 800 °C. 
Thus, possible application of Cd complexes like I-III as precursors for one-pot preparation of 
CdMn2O4 requires further optimization (varying heating rate, etc.). 
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In this work, we studied the influence of three polycarboxylate superplasticizers of different 
manufacturers (SP1: Aeternum-3, SP2: Viscocrete Tempo12 and SP3: Medaflow145) on the 
hydration process of four different types of cement (C1: cement sulphate-resistant, C2: cement 
with pozzolane addition, C3: cement with blast furnace slag addition and C4: cement with 
limestone addition). For this, a thermogravimetric study was carried using the technique of 
differential thermal analysis (DTA-TGA). Thermal analysis techniques such as differential 
thermal analysis (DTA) and thermogravimetric analysis (TGA) were used to give more qualitative 
and quantitative information .This analysis technique is to follow the loss weight of a sample of 
material heated to a temperature high enough to cause its complete dehydration. In practice, the 
maximum temperature is imposed between 950 and 1100 °C. The results obtained by the 
thermogravimetric study showed that polycarboxylates used act differently on the cement 
hydration of same type, and each type of cement. Also, a supplementary study was carried on the 
physical and mechanical properties of mortars based on four different types of cement with three 
superplasticizers mentioned (with W/C ratio of 0.35). The results of this study have shown that: 
- SP1 has increased the strength mechanical of four cements and all curing ages. This reflects its 
good interaction with the cement. 
- SP2 also gave good strength with all cements used. 
- SP3, did not improve strength mechanical and contrary to other superplasticizers has decreased 
strength of C1 and C2. This is due to its poor compatibility with these cements. 
All the results obtained through this study clearly show that the action of three types of 
polycarboxylate superplasticizers on the rheological and physico-mechanical properties of cement 
differs from one provider to another and from one type of cement to the other. For a rational use, 
tests are necessary before use. 
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Tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedionato)europium (Eu(C10H10F7O2)3 or 
Eu(fod)3) belongs to metal beta-diketonates and crystallizes in molecular lattices. This 
coordination compound is used primarily as a shift reagent in NMR spectroscopy. In addition, of 
great interest is the possibility of using these complexes as light-emitting materials in color light-
emitting devices. This work presents the results of experimental determination of Eu(fod)3 heat 
capacity in a temperature range of 9 to 308 K using the adiabatic method. These studies were 
performed for the first time. 
The investigated sample Eu(fod)3 is a yellow crystalline powder. IR spectra of the complexes were 
recorded on a SCIMITAR FTS-2000 IR Fourier spectrometer, in KBr pellets, in a wavenumber 
range 400–4000 cm-1. Thermogravimetric measurements were performed using a NETZSCH TG 
209 F1 Iris® micro-thermobalance. The derivatogram and the examination of IR spectra show the 
obtained compound to correspond to the investigated class of compounds [1]. The elemental 
analysis for C, H was conducted using vario MICRO cube CHNS-analyzer (Elementar 
Analysensysteme GmbH, Germany). Chemical analysis of the purified compound showed that the 
composition of C and H corresponds to the calculated one within the accuracy of the analysis (C, 
H – 0.3 %). The purity of the final compound was better than 99%. 
The heat capacity Cp,m(T) of the sample Eu(fod)3 was measured by the adiabatic method on the 
installation described in [2,3]. A sample of 5.1202 g was loaded into the calorimetric ampoule. 
The molar mass used in the calculation of the molar heat capacity was determined from the formula 
EuC30H30F21O6 as 1037.5 g·mol-1. The heat capacity has been measured in the range (9 to 308) K. 
The smoothed Cp,m(T) dependence was used to calculate the thermodynamic functions (entropy, 
enthalpy and reduced Gibbs energy). In the interval of 130–140 K a λ-anomaly with a maximum 
at T ~ 136 K was detected, which indicates a second-order phase transition in the complex. The 
anomalous part in a maximum accounts for ~ 7 % of the regular heat capacity. The nature of the 
detected phase transition will be studied in the future. 
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The batch-to-glass conversion is a major step in the glass-melting process and a key component 
of the heat and mass transfer models of glass-melting furnaces. The chemical and physical 
characteristics of the glass batch determine the energetic and kinetic aspects of the conversion 
process and changes in this heat/mass source affect the heat balance within the furnace. Models of 
glass-melting furnaces are being used to optimize furnace operations with regard to energy 
efficiency, gaseous emissions, and quality requirements, but the limited information on the batch-
to-glass conversion prohibits an evaluation of the impact of material substitutions [1]. 
In this work, kinetic analysis methods are used to elucidate the complex multi-step reactions 
occurring in the glass batch during the batch-to-glass conversion process. The complexity in the 
kinetic analysis arises from the concurrent/consecutive release of gases from the carbonate 
materials, solid-solid reactions, phase transformations, and liquid formation. This approach is 
applied to conventional soda-lime-silica glass batches–consisting of soda ash, limestone and silica 
sand–to develop a batch-to-glass conversion model and establish a suitable baseline to evaluate 
new glass batch formulations. A further application of these methods would allow to 
systematically characterize the measured changes in the glass batch behavior after substitution of 
standard materials by sustainable, carbonate-free alternatives. 
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Rare-earth metals are used in the production of optical materials for various purposes like 
luminophores etc. The advantage of europium compared to other dopants is its wide charge pass 
band in the region close to ultraviolet radiation, a low cost, and environmental friendliness. 
We synthesized two compounds with the general formula of Sr(La1-xEux)2WO7 doped europium 
at 1 and 3 at.% by the solid-phase method. The crystal structure of the samples was confirmed by 
X-ray powder diffraction. X-ray phase analysis carried out using Match! v.2.3 and the PDF-2 
database, showed that the composition of the samples besides the main phase isostructural to the 
compound SrLa2WO7 [1] contains another phase isostructural to the compound Sr5Re2O12 [2] with 
hexagonal structure (sp. gr. R3̄c). A full-profile refinement of the structure of compounds related 
to monoclinic syngony with the space group P1121/b was performed, and proportion between two 
phases was determined. The ratio values were used to introduce a correction into experimental 
heat capacity of the samples for the presence of admixture phase Sr3Ln2W2O12 in accordance to 
its mass fraction. 
Their thermodynamic functions in the range of 5–320 K were investigated. The heat capacity of 
the obtained samples was measured from the temperature of liquid helium to 320 K with using of 
adiabatic calorimeter [3]. At low temperatures, abnormal deviations from the usual course of the 
heat capacity curve were detected, indicating the possible presence of the second-order phase 
transitions. Anomalies were detected in the heat capacity of the samples below 15 K, and we 
calculated the excess and lattice heat capacity for these anomalies.  
 

   

Figure 1. Experimental molar (left) and abnormal heat capacity (right) of Sr(La0.99Eu0.01)2WO7. 
 
The standard thermodynamic functions are: Cp,298=219.5±1.1 J/(mol·K), S°298=235.3±2.5 
J/(mol·K), H°298−H°0=37.64±0.30 kJ/mol – for Sr(La0.99Eu0.01)2WO7, and Cp,298=219.5±1.6 
J/(mol·K), S°298=240.0±2.6 J/(mol·K), H°298−H°0=37.98±0.35 kJ/mol – for Sr(La0.97Eu0.03)2WO7. 
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Furan derivatives can be used as biological active compounds and the components of drugs in 
medicine [1]. This fact actualizes the study of their thermodynamic properties. 
The results of experimental and theoretical thermodynamic study of ethyl-2-cyano-3-(furan-2-yl)-
prop-2-enoate (ECFP) and its phenyl derivative (PhECFP) were represented. The compounds were 
obtained by the reaction shown in Figure 1. 

 
Figure 1. Synthesis scheme of ECFP and PhECFP 

 
The heat capacities of ECFP and PhECFP in the condensed state (Figure 2) were measured in an 
automatic vacuum adiabatic calorimeter TAU-10 (Termis, Moscow, Russia) [2] between (80 and 
370) K. The relative expanded uncertainty of the measurements was determined to be 0.4 %. One 
anomalous region due to the fusion in the interval (313 – 341) K was found on the heat capacity 
curve for ECFP. The thermodynamic parameters of the fusion were determined to be DfusH = 
(29.35 ± 0.02) kJ·mol–1 and DfusS = (80.61 ± 0.06) J·mol–1·K–1. The temperature of fusion Tfus = 
(364.09 ± 0.02) K and the purity of sample of ECFP x = (99.58 ± 0.02) mol.% were obtained by 
fractional melting method. There were no anomalies on the heat capacity curve for PhECFP. The 
molar heat capacities at 298.15 K were (251.5 ± 1.0) and (333.5 ± 1.3) J·mol–1·K–1 for ECFP and 
PhECFP respectively. The standard thermodynamic functions of the compounds in the condensed 
state in the temperature range of (80 to 370) K were evaluated. 
The method of isodesmic reactions was proposed to calculate the gas-phase enthalpies of 
formation of ECFP and PhECFP. The geometry optimization of the molecules was done using the 
DFT on B3LYP, 6-311G (2df, p) level of theory. The thermodynamic functions of the compounds 
in the ideal gaseous state between (100 and 1000) K were obtained using statistical 
thermodynamics with the molecular parameters computed by quantum chemical methods. 

 
Figure 2. The temperature dependences of the heat capacity of ECFP and PhECFP 
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The thermal behavior and thermodynamic properties of poly-5-vinyltetrazole (PVT) and its Cu(II)- 
and Ag(I)-containing derivatives (CuPVT and AgPVT respectively) were investigated. 
The particular and increasing interest is attracted now to tetrazole-containing polymers and some 
of their metal-containing derivatives as binders of solid propellants and precursors of a wide 
variety of products with unusual properties [1]. The methods for preparation of tetrazole-
containing polymers and their metal-containing derivatives, as well as catalytic properties of their 
thermolysis products have been studied extensively [2]. Nevertheless, there is only limited data 
about thermodynamic properties of PVT and there is no such information about their metal-
containing derivatives. 
PVT was obtained through polymer-analogous transformation of polyacrylonitrile. CuPVT and 
AgPVT were synthesized via reaction between aqueous solutions of sodium salt of poly-5-
vinyltetrazole and copper(II)- or silver(I) nitrates. Such approach allows to prepare at definite 
conditions the target products with close to the theoretical metal contents (33 mass.% Cu and 35 
mass.% Ag respectively). Using TG and DSC methods, it was found that the thermal 
decomposition of the polymers occurs at temperatures of 510 K for CuPVT and 630 K for AgPVT 
with exothermic effects. 
The heat capacities of the polymers in the condenced state (Figure 1) were measured in an 
automatic vacuum adiabatic calorimeter TAU-10 (Termis, Moscow, Russia) [3] between (80 and 
370) K. The relative expanded uncertainty of the measurements was determined to be 0.4 %. 
A solid-phase low-enthalpy reproducible anomaly was observed between (287 and 327) K for 
PVT. There were no anomalies on the heat capacity curves for CuPVT and AgPVT. The specific 
heat capacities at 298.15 K were equal to (1.143 ± 0.005), (1.084 ± 0.004) and (0.6451 ± 0.0026) 
J·g–1·K–1 for PVT, CuPVT and AgPVT respectively. The standard thermodynamic functions of 
the polymers in the condensed state in the temperature range of (80 to 370) K were evaluated. 
 

 
Figure 2. The temperature dependences of the heat capacitiy of PVT, CuPVT and AgPVT 

 
[1] P. Gaponic, O. Ivashkevich, V. Karavai et al, Angew. Makromol. Chem., 1994, 219, 77. 
[2] A. Zuraev, Y. Grigoriev, V. Budevich et al, Tetrahedron Lett., 2018, 59, 1583. 
[3] A. Blokhin, G. Kabo and Y. Paulechka, J. Chem. Eng. Data, 2006, 51, 1377. 
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Crandallite – CaAl3(PO4)2(OH)5(H2O) – a mineral with trigonal syngony, widely distributed on 
coastal-marine plaines, on Islands, and in hydrothermal veins. Crandallite is called a cave mineral 
and its genesis is associated with deposits of guano (a source of phosphorus) and clays (a source 
of aluminum) [1]. We found crandallite in bauxite-bearing laterites in the Central and Chuktukon 
deposits (the Chadobets uplift, the Siberian platform), where it forms local druses of microscopic 
crystals in the form of colorless transparent trigonal pyramids (Fig. 1). Its chemical composition 
(mass.% ): CaO – 8.24, SrO – 2.23, Al2O3 – 38.06, P2O5 – 32.28, SiO2 – 0.66, H2O – 18. Parent 
rocks are quartz-muscovite-feldspar slates, alkaline ultrabasic rocks, kimberlites and carbonatites. 
They contain apatite and are permeated with chlorite-apatite veins. Crandallite occurs in the zones 
of kaolinitization and gibbsitization and associates with other supergene phosphates: monazite, 
rabdophane, florencite and others.  
Simultaneous thermal analysis (STA) was performed on the STA 449 F1 Jupiter "Netzsch" device. 
The survey took place at a speed of 10 o/min in an atmosphere of air in closed corundum crucibles. 
When heated to 250 °С, 2.53 % of the adsorbed water is gradually lost. From 250 to 800 oC, three 
endothermic effect are observed on the DSC curves with maxima at 349, 457.5, and 527.7 °С 
associated with crandallite dehydroxation. At the same time, the mass loss is 13.64 %. The loss of 
hydroxyl groups is accompanied by the destruction of the mineral structure. An exothermic effect 
with a maximum temperature of 834.7 °С is associated with recrystallization of the material. 
Endothermic effect with maxima at a temperature of 886 and 920.6 °С reflect the dissociation of 
the carbonate (Fig. 1). 
 

 
Figure 1. Crandallite crystals (SEM) and its thermal curves 

 
Thus, the thermal curves of crandallite, both previously published and obtained by us, are an 
excellent diagnostic tool and can rightly be used for the diagnosis of phosphate minerals. 
Acknowledgements The financial support of state task of IGEM RAS 0136-2018-0025 
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The issue of polymorphism is important problem of modern pharmaceutical industry. 
Polymorphism is the ability of solid materials to exist in two or more crystalline forms. These 
polymorphic forms of a drug differ in the physicochemical properties like dissolution and 
solubility, chemical and physical stability. Solubility and, as a consequence, biological activity 
largely depend on the polymorphic modification for many drugs. In accordance with the rules 
governing the requirements for the production and use of food and drugs for each medicinal 
substance should be necessarily contains the information about all the available polymorphs. This 
makes all studies on finding polymorphic modifications, studying thermal stability, as well as 
possible transformations during storage and at different stages of the processing chain very 
popular. Polymorphic modifications can be obtained in various ways: by varying the conditions of 
crystallization or storage, by varying temperature and pressure, by various solid-phase 
transformations – phase transitions and chemical reactions, and also by mechanical action.  
It should be noted that most of the works on the polymorphism of drugs try to identify of various 
polymorphic forms and describe their biological activity. At the same time, the development of 
methods for stabilizing certain thermodynamically unstable modifications is practically neglected, 
which makes this work relevant. 
Thus, this work is devoted to studying the influence of the method of preparation of polymorphic 
modifications on the stability of polymorph. In the course of the work, metastable β-glycine was 
obtained by a method of rapid removal of the solvent, as well as by crystallization with various 
co-crystallizators, such as glycose, sodium chloride and potassium iodide. Crystal structure of 
polymorphs and their stability were studied by differential scanning calorimetry and X-ray powder 
diffractometry. It was found that β-glycine obtained by co-crystallization with glycose is more 
stable form than simple β-glycine. It was discovered that β-form of glycine has bigger dissolution 
rate than α-form by dissolution kinetics studies.  
Acknowledgements The reported study was funded by RFBR according to the research project № 
18-315-20029. 
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The DCS melting temperatures of polymethylene and a number of the long-chain aliphatic 
molecular crystals (LCMCs) (n-alkanes, diols, n-alcohols, mono- and dicarboxylic acids) [1, 2] 
are compared. 
In all the melt- and solution-crystallized samples the piles of elementary lamellas are formed. The 
thickness of the elementary lamellas L is proportional to the number n of the methylene CH2-
groups in the LCMCs molecules, which varies from n = 6 (dicarboxylic acids) to n = 44 
(n-alkanes). Unexpectedly it turned out that with the same thickness L of the lamellas the melting 
temperature of the samples can differ by several tens of degrees.  
The analysis of melting peak profiles using the theory of the heterogeneous diffuse phase 
transitions [2, 3] allowed one to conclude that this effect is caused by the presence of the 
“effective” structural formations L* consisting of a number N of the neighboring elementary 
lamellas L (L*=LN). They behave as a whole during the phase transition. The number N for the 
definite LCMCs depends on relationships of the correspondent lateral and the end surface energies. 
It ranges from N = 2 (for n-alkanes) to N = 7 (for dicarboxylic acids). 
Based on the data received the universal linear dependence of the sample melting temperatures Tm 
on the inverse thickness of the lamellas L* was obtained (Fig.1). It can be seen that the 
experimental points lie on a straight line, described by equation Tm = 414.2∙[1–6.27/L*)±0.8 K. 
 

  
Figure 1. Melting point as a function of lamella thickness L* for LCMCs (1 - alkanes, 

2 - alcohols, 3 - carboxylic acids, 4 - diols, and 5 - dicarboxylic acids) and polyethylene (6; data 
from [4]). 

 
One should emphasize that, as expected, the experimental values Tm0 at L* ® ¥ correspond to the 
theoretical value of equilibrium melting temperature of the ideal polymethylene crystal. 
Acknowledgements This work was supported by program no. 13 of the Presidium of the Russian 
Academy of Sciences. 
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Vanadium phosphates compounds have focused great interests during the last decades due to their 
interesting properties, mainly in the field of catalysis [1] but also magnetic behaviour [2] and 
porosity [3]. More recently vanadium phosphate compounds have also been studied as cathodic 
materials for lithium batteries [4]. Hybrid compounds mixing phosphate and oxalate groups have 
also been evidenced and, in the vanadium oxalatophosphate system, the structures can be described 
as vanadium oxalatophosphate layers sandwiching cationic species and water molecules [5]. Some 
of these compounds, have been tested as materials for lithium batteries [6]. They showed 
reasonable performances in term of ionic mobility and thermal stability.  
This work deals with the structural study and the thermal behaviour followed by TGA experiments 
and variable temperature X-ray powder diffraction of an original vanadyl phosphate-
oxalatophosphate incorporating lithium ions. After interlayer water elimination, the structure 
collapse along with the oxalate decomposition. The crystallization of LiVOPO4 is then observed 
and different phase transitions between different LiVOPO4 polymorphs are evidenced. 
 

 
Figure 1. Thermal behaviour of Li4(VO)4(PO4)2(HPO4)2C2O4·6H2O under air and nitrogen. 
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The modern oil transportation system is characterized by mixing of different type of crudes such 
as heavy resin-asphaltenic and light paraffinic crude. The obtained blend is typically described as 
incompatible and leads to structure formation, blocking pipelines and equipment. 
The goal is a comparative assessment of structural properties and thermodynamic activation 
parameters for viscous flow in crudes of various composition in a broad range of temperatures and 
shear rates and determination of incompatibilities of crudes of different nature. 
Crudes from Timan-Pechora region were used. Crudes of Yarega and Usinsk fields are heavy 
naphthene-aromatic resin-asphaltenic and Kharyaga crude is light paraffinic. West-Tebuk and 
Ukhta (oil mixture transported in the main pipeline “Usinsk-Ukhta”) crudes are naphthene by K 
factor and paraffinic by paraffin wax content; crudes are of medium gravity. Standard instruments 
and methods corresponding to requirements of GOST’s were used to study physical and chemical 
properties of Timan-Pechora crudes. Rheology was determined using rotary rheometer Rheotest 
RN 4.1 with “cylinder-cylinder” measuring system in thermostated cell in shear rate range from 0 
s-1 to 300 s-1 and temperature range from 10 to 70 °С. 
It was found that type of liquid depends on temperature and shear rate and goes from pseudoliquid 
with yield point to Newtonian at temperature above temperature of phase transition and shear rate 
higher than 10 s-1. Thixotrophy energy depends both on content of resins and asphaltenes and 
amount of light fractions. Thixotrophy energy is non-additive parameter and sharply decreases for 
compound of heavy and light crudes. Mixture of heavy yarega crude and light west tebuk crude 
has a potential range for structure formation. Temperatures of phase transition for each oil sample 
and thermodynamic activation parameters for viscous flow in a broad range of temperatures and 
shear rates are investigated in accordance with Arrhenius equation of viscosity and theory of 
activated complex (table 1). In general, structure of activated condition is less organized that of 
the initial condition at the increasing of T and shear rate. Process is related to destruction of 
supramolecular structures and sharp decreasing of the number of activated complexes. Paraffin 
crudes have the largest number of activated complexes at temperatures below phase transition. 
Structural changes are conditioned by enthalpic factor - strength performance. 
Results can be used for predicting and preventing structure formation during production, transport 
and storage of crudes with various content of solid paraffins, resins and asphaltenes. High 
temperature or fluid flow velocity can be used to decrease structure formation in paraffin crudes 
for the purpose of optimizing their production and transportation; while use of blending with light 
crude is optimal for heavy naphthene-aromatic crudes, but in this case incompatibility of mixture 
should be tested. 
 
Table 1. Activation energy of viscous flow at different shear rate, kJ/mole 

Crude 
Phase 

transition 
ТL, °С 

0.15 1/s 100 1/s 200 1/s 300 1/s 
Below 

ТL 
Above 

ТL 
Below 

ТL 
Above 

ТL 
Below 

ТL 
Above 

ТL 
Below 

ТL 
Above 

ТL 
Yarega - 57.9 57.9 55.4 52.1 

W.Tebuk 30 215.6 30.5 96.2 20.2 83.8 19.4 76.4 19.0 
Kharyaga 40 247.2 33.7 104.9 25.3 94.6 22.9 85.4 22.3 

Usinsk - 37.8 36.9 36.6 36.5 
Ukhta 23 352.9 24.3 129.7 23.4 106.4 23.4 96.3 23.1 



 

 51 

PHASE TRANSITIONS IN ORGANIC-INORGANIC HYBRID NANOSTRUCTURES 
BASED ON VxTi1-xO2  

O.V. Boytsova1,2, A.A. Sadovnikov1, N.K. Orlov2, A.G. Sobol2, A.I. Gavrilov1, A.A. Eliseev2 
1IGIS RAS, Leninskii av .31, Moscow, Russia  

2Lomonosov MSU, Leninskie Gory 1, Moscow, Russia 
boytsova@gmail.com 

Oriented particles of TiO2–VO2 compounds with unique electron structure could be applied to 
photocatalysts, electrode materials and optoelectronic materials. TiO2–VO2 thin films are well-
known, but film fabrication is technologically complex due to precise control of oxygen partial 
pressure and necessity of qualitative substrates. Oriented attachment of nanoparticles in solution 
and formation of so-called mesocrystals in polymer presence is a much easier way to obtain 
ordered assemblies of desired material with controlled composition. Titania mesocrystals have 
only recently been described and are best viewed as an entirely new class of materials [1]. 
Microstructural features of TiO2 mesocrystals have been investigated thoroughly by several 
research groups. Obviously, to picture a full story, it is necessary to supplement these data with 
the crystallographic information on precursor NH4TiOF3 crystals that would help to explain 
correctly physical and chemical properties of TiO2 mesocrystals. Here, we provide a first report 
on the full structural cascade from NH4TiOF3 to pure anatase TiO2 mesocrystals prepared using 
Brijs and polyethyleneglycols with the different weight [2]. Results supporting these observations 
were obtained by XRD, XPS, SEM and FTIR spectroscopy. TEM data clearly show well-oriented 
assemblies of TiO2 nanoparticles with average sizes of between several and tens of nanometers. 
Both single and powder XRD data were firstly collected and realised with synchrotron irradiation. 
Moreover, in-situ Raman spectroscopy and in-situ TGA-MS, during heat treatment, allowed the 
evolution of NH4TiOF3 MCs undergoing transformation into anatase MCs to be followed so 
shedding light on the dynamics of MC formation. 
Here at first we present the possibilities of obtaining mesocrystals Ti1-xVxO2, the study of their 
microstructure, composition and functional properties. Synthesis of mesocrystals Ti1-xVxO2 was 
performed by annealing the mechanical mixture of the previously obtained precursor NH4TiOF3 
and NH4VO3 with a variable ratio of reactants (from 0.005 to 0.95). The solubility limit for Ti1-

xVxO2 mesocrystals is first reported. Samples have anatase crystal structure according to XRD and 
Raman spectroscopy. Anatase to rutile transformation was investigated. Vanadium doping 
decreases anatase to rutile transformation temperature from 1200 to 800 °С. Microstructure and 
composition of all samples were studied. Suggested method allows obtaining vanadium-doped 
TiO2 mesocrystals with enhanced photocatalytic activity regarding pure anatase samples.  
Acknowledgements O.B. gratefully acknowledges the support of the RSF (project #18-73-10212).  
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Imidazolium-based ionic liquid (IL) surfactants can self-assemble into various structures in 
aqueous solutions and are widely used in many fields [1,2]. However, the kinetics and phase 
transition mechanism of IL surfactants are far from completely clear. In the present work, the 
phase behavior of [C16mim]Cl aqueous solutions was studied by differential scanning calorimetry, 
time-resolved synchrotron small- and wide-angle X-ray scattering, and time-resolved Fourier 
transform infrared spectroscopy techniques. Using an aqueous solution containing 33.3 wt.% 
[C16mim]Cl, the two phase transitions, namely the transition from micelle to lamellar gel and the 
subsequent transition from lamellar-gel to lamellar-crystalline, were investigated. Particularly, the 
kinetics and mechanisms of the two transitions under isothermal condition at designed 
temperatures were studied in detail. A lamellar intermediate structure was found during the phase 
transition process from micelle to lamellar-gel. The Avrami model was used to elucidate the 
kinetic mechanisms of lamellar-gel and lamellar-crystalline phase formations [3]. The rate-
determining steps for both gelation and crystallization processes under isothermal conditions were 
the growths in the vertical direction of IL surfactant membrane surface (i.e., layer-by-layer 
direction). In the gelation process, an ordering rearrangement of the alkyl tails was found along 
with a dehydration in the head region of [C16mim]Cl. In the subsequent crystallization process, the 
alkyl chain showed a further ordering rearrangement and a tighter packing state. The findings in 
the present work could uncover the underlying isothermal phase transition mechanism of IL 
surfactants and further promote the development and expand applications of IL surfactants. 
Acknowledgements The financial support of National Natural Science Foundation of China 
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Studying of the influence of the salt nature and temperature on the liquid-liquid equilibrium in the 
ternary salt + water + organic solvent systems is of great importance for further development of 
the salting-in – salting-out theory and giving practical recommendations on the selection of salts 
for effective processes of selective extraction of organic solvents from aqueous solutions, and the 
choice of solvents for extractive crystallization of salts. The present paper is devoted to our 
polythermal study of the phase behaviour of the ternary ammonium sulfate + water + isopropyl 
alcohol system to reveal the topological transformation pattern of the phase diagram of the system 
as temperature changes, to determine the formation temperature of the critical tie line of the 
monotectic state and the isopropyl alcohol distribution coefficients between the equilibrium liquid 
phases of the monotectic state. There are no practically data on the solubility of components and 
critical phenomena for this ternary system in a wide temperature range in the literature. The binary 
water + isopropyl alcohol subsystem is homogeneous over the entire temperature range of its liquid 
state. 
Phase equilibria and critical phenomena in component mixtures of the ternary system were studied 
by means of the visual polythermal and liquid phase–volume ratio methods under saturation 
pressure within 0–90 °C. The following phase states are realized in the system (by eight sections 
of the composition triangle): unsaturated solutions, saturated solutions, delamination and 
monotectic state. The solid phase in each saturated solution at any temperature was pure salt. The 
temperature dependence of the mixture composition corresponding to the critical solubility point 
in the delamination field has been established within 0.0–90.0 °C. It was established that the 
temperature of formation of the critical tie line of the monotectic state will be below 0.0 °C. The 
procedure for treating of the results from polythermal studies and plotting the isothermal phase 
diagrams of the ternary systems was described in [1]. 
Phase state isotherms were drawn at 0.0, 25.0, 50.0, 70.0, 90.0 °C and enabled the topological 
transformation of the ternary system’s phase diagram with temperature to be revealed. In the entire 
temperature range of the study, no qualitative changes on the isothermal phase diagrams of the 
system are observed, but the fields of monotectics and delamination expand while the fields of 
saturated solutions shrink. 
The distribution coefficients of isopropyl alcohol between the organic and aqueous phases in the 
monotectic state at 0.0, 25.0, 50.0, 70.0, 90.0 °C were calculated. The salting-out effect of 
ammonium sulfate relative to isopropyl alcohol from aqueous solutions increases with 
temperature. At 25 °C the distribution coefficient of isopropyl alcohol is 65.6 when its content in 
the organic phase of the monotectic state is 78.7 wt.%. 
To assess the efficiency of the use of isopropyl alcohol in extractive crystallization of ammonium 
sulfate, we calculated the mass of the salt in the precipitate using the triangle center of gravity rule 
using a designed computer program, which allowed us to find the optimal conditions for extractive 
crystallization of (NH4)SO4. To calculate the salt mass precipitated under the action of the alcohol, 
an unsaturated water-salt solution containing 42 wt.% of ammonium sulfate was chosen. It was 
established that the salt yield increased with increasing alcohol content at any temperature. The 
salt yield at 25 °C reaches 65.7 wt.% with the introduction of 60 wt.% alcohol. 
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The influence of salts on the phase behavior of binary water – amine systems with a lower critical 
solution temperature (LCST) in a wide temperature range has not been adequately studied. Earlier, 
we revealed the salting-out effect of sodium and potassium nitrates on mixtures of water with 
diethylamine [1, 2], triethylamine [3, 4] and dipropylamine [5]. No literature has been found on 
the effect of salts with a salting-in effect (e.g., potassium iodide) on water – amine systems over a 
wide temperature range. 
Phase equilibria and critical phenomena in component mixtures were studied by the visual 
polythermal method with fourteen sections of the composition triangle of the ternary system 
potassium iodide – water – triethylamine (LCST = 18.3 °C [3]) in a range of 0.0–60.0 °C. The 
temperature of formation of the critical node of monotectic state (1.9 °C), which is the minimum 
temperature for the existence of delamination, was determined. It was established that two-liquid 
and three-liquid phase states, monotectics and saturated solutions occurred in the component 
mixtures. In a range of 10.0–20.0 °С, a sharp kink on the salt solubility line upon transition from 
the monotectic state to delamination was found for a number of the polytherms, i.e. a sharp change 
in the temperature coefficient of salt solubility was observed. 
The plotted isotherms of phase states of the ternary system potassium iodide – water – triethylamine 
at 0.0, 1.9, 5.0, 10.0, 12.0, 13.0, 14.0, 15.0, 17.0, 18.0, 18.3, 20.0, 21.0, 23.0, 25.0, 40.0 and 60.0 °C 
have allowed us to reveal the topological transformation of the phase diagram of the system studied 
with temperature. Small salt concentrations (below 1.3 wt.%) were found to have a strong salting-
in effect upon aqueous triethylamine solutions in a wide concentration range, causing their 
homogenization within 18.3–21.0 °C. Further introduction of potassium iodide into these 
homogeneous ternary mixtures and an increase in temperature lead to their heterogenization, i.e. 
the salt has a salting-out effect at high concentrations. This system features the presence of a range 
of three liquid phases inside the field of two-phase state in the phase diagram in the range of 10.1–
18.3 °C. The appearance of a third phase and its subsequent disappearance can be assumed to be 
caused by the salting-in – salting-out effect of potassium iodide upon strong amine hydrates. The 
stability of amine hydrates in the presence of the salting-in salt may even increase in a certain 
temperature-concentration range, and they are able to form a separate third liquid phase. The 
temperature dependence of the distribution coefficient of triethylamine between the equilibrium 
liquid phases of monotectics was determined. Potassium iodide was found to effectively salt out 
triethylamine from aqueous solutions in the range of 20.0–60.0 °C, and the studied system could 
be used as an extraction system to isolate substances of different polarity from their aqueous 
solutions. 
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[4] D.G. Cherkasov and K.K. Ilin, Rus. J of Applied Chem., 2011, 84, 768. 
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Geothermal energy is a clean, renewable and cost-effective energy source that exploits 
underground heat for electricity production and space heating or cooling. Ground source heat 
pumps systems serve heating and cooling applications using the geothermal energy where the 
efficiency of these systems depends on the piping materials used. High density crosslinked 
polyethylene (PEX) is a new type of polyethylene used as a piping material with superior 
properties such as increased elastic modulus and impact resistance and high molecular weight [1]. 
Nevertheless, the performance of geothermal heat pumps systems can be affected by the low 
thermal conductivity of PEX, which can be improved by the addition of carbon filler materials in 
the polymer matrix. Polymer composites with carbon fillers such as graphite, graphene, graphene 
nanoplatelets (GNPs), and carbon nanotubes have been widely studied, due to their superior 
mechanical, electrical and thermal properties [2]. In this work, PEX/spherical graphite (SG) and 
PEX/graphene nanoplatelets (GNP’s) composites were prepared by the melt mixing method, at 
0.5, 1, 2.5 and 5 wt.% filler’s loading. The degree of crystallinity and the melting and 
crystallization temperatures of PEX composites were studied using Differential Scanning 
Calorimetry (DSC). The thermal stability of the samples was examined by Thermogravimetric 
Analysis (TGA) and the thermal conductivity of the PEX and its composites was estimated using 
Laser Flash Analysis (LFA). Finally, the crosslinking degree of neat PEX and its composite was 
evaluated using the Gel Content method. LFA results showed that the PEX/GNP’s composites 
exhibited higher thermal conductivity while the crosslinking degree of PEX was reduced in the 
case of PEX/GNP’s composites which eventually affected the thermal stability of PEX. 
 

 
Figure 1. DSC diagrams of neat PEX and PEX/GNP’s composites. 
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A constant interest in the search for new materials for the use in different devices, the purposeful 
producing of substances with useful magnetic properties and various types of magnetic ordering 
is one of the important problems.  
RGaTi2O7 belongs to a series of compounds of the ABTi2O7 system (A = rare earth element; B = 
Ga, Fe) with a layered perovskite structure.  
It is known that the GdGaTi2O7 compound is isostructural to the spin glass SmFeTi2O7 [1]. 
However, in this time properties of compounds RGaTi2O7 is not investigated, information about 
optical, magnetic and thermodynamic properties are absent. The thermodynamic data are 
necessary for the development of a theory about the interaction of the components in the 
substances and to guide the selection of the optimal conditions for their synthesis and application. 
Thus, the aim of this work was the synthesis of RGaTi2O7 (R = Gd, Lu) and the research of the 
thermodynamic properties.  
The complex oxides GdGaTi2O7 and LuGaTi2O7 were prepared by the solid-phase reaction from 
TiO2, Ga2O3, R2O3 (R = Gd, Lu). Stoichiometric mixtures of the oxides were ground in an agate 
mortar, pelletized and heated at temperature 1550 K in air for 20 h with four intermediate grindings 
and pressings. Compositions of the samples were controlled by X-ray phase analysis (PANalytical 
X’Pert Pro MPD). According to the results of the X-ray investigation, GdGaTi2O7 and LuGaTi2O7 
crystallize at room temperature in the centrosymmetric orthorhombic space group Pcnb. The unit 
cell parameters are presented in Table 1 compare with the result of [2]. 
 
Table 1. Lattice parameters of RGaTi2O7 (R = Gd, Lu) 

The compound The unit cell parameters 
a, Ǻ b, Ǻ c, Ǻ V, Ǻ3 

GdGaTi2O7 [this work] 
[2] 

9.7807(7) 
9.7804(3) 

13.6023(11) 
13.605(4) 

7.4275(6) 
7.4186(2) 

988.16(13) 
987.16(1) 

LuGaTi2O7 [this work] 9.7466(5) 13.4586(9) 7.2895(7) 956.21(12) 
 
The heat capacity was measured by differential scanning calorimetry (NETZSCH STA 449 C 
Jupiter) in the temperature range 320–1000 K. The experimental data of heat capacity were 
described by the equation Cp = f(T), that allowed to calculate the thermodynamic properties (the 
enthalpy change, the entropy change, and the reduced Gibbs energy) of this compounds. 
 
[1] G.A. Petrakovskii, T.V. Drokina, A.L. Shadrina, D.A. Velikanov, O.A. Bayukov, M.S. 
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The actual problem of materials science is the development of modern compounds and the creation 
on their basis of multifunctional materials. Such materials are apatite-like compounds M5(AO4)3X: 
M – cations (Na +, K +, Ca2 +, Sr2 +, Ba2 +, Y3 +, RE3 +, Th4 +, Mn2 +, Cd2 +, Tl +, Pb2 +, Bi3 +). A are 
cations (Si4 +, Ge4 +, P5 +, V5 +, As5 +, S6 +, Cr6 +) surrounded by oxygen tetrahedra, and X are anions 
(F−, Cl−, Br−, I− OH−, O2 -, S2- Se2-, N3−, CuO−) or a vacancy [1]. 
Studies of apatites with vacancies, especially those in which X positions are unoccupied, have 
shown that the studied systems are phosphate lead systems with the general formula Pb8M2 (PO4)6, 
where M is a monovalent ion (Na, K) or lead vanadatogermanates Pb5(GeO4)(VO4)2, in which lead 
can be replaced by a rare-earth element. Substitution of lead in the Pb5(GeO4)(VO4)2 with rare-
earth elements allows to obtain Pb10-xRx (GeO4)2+x(VO4)4-x compounds (R = RE; x = 0–3). Thus 
far such compounds have been sufficiently studied. The purpose of this work is to synthesize 
Pb9R(GeO4)3(VO4)3 (R = La, Pr, Nd, Sm, Eu) apatites, to study their high-temperature heat 
capacity, and to determine the thermodynamic properties. 
Polycrystalline samples of Pb9R(GeO4)3(VO4)3 (R = La, Pr, Nd, Sm) were prepared by a high 
temperature solid-state reaction method. The powder diffraction data of Pb9R(GeO4)3(VO4)3 for 
Rietveld analysis were collected at room temperature with a Bruker D8 ADVANCE powder 
diffractometer (CuKα radiation) and linear VANTEC detector. Almost all peaks were indexed by 
hexagonal cell (P63/m) with parameters close to Pb5(GeO4)(VO4)2 [2]. The lattice parameters of 
the synthesized apatites are given in Table 1. 

 
 
 
 
 
 
 

Table 1. Unit cell parameters of Pb9R(GeO4)3(VO4)3 (R = La, Pr, Nd, Sm) 
(space group P63/m; a = b) 

 
The heat capacity of apatites in the range of 350–1000 K was measured by differential scanning 
calorimetry using a Jupiter STA 449 C thermal analyzer (NETZSCH, Germany) in platinum 
crucibles with a lid. The obtained data on the effect of temperature on the heat capacity of 
Pb9R(GeO4)3(VO4)3 (R = La, Pr, Nd, Sm) can be described by the equations: 
Cp = (900.9 ± 1.81) + (110.0 ± 1.91) × 10-3T – (48.62 ± 1.99) × 105T-2, 
Cp = (818.4 ± 0.12) + (224.6 ± 5.28)×10-3T – (1.54 ± 0.50)×105T - 2 
Cp = (805.8 ± 5.56) + (250.8 ± 6.00) ×10-3T – (2.84 ±0.58) ×105T -2 

Cp = (816.4 ± 3.30) + (250.2 ± 3.40)×10-3T – (7.53 ± 0.46)×105T - 2. 
 
[1] B. Hamdi et al, Solid State Ionics, 2006, 177, 1413. 
[2] S. A. Ivanov, Journal of Structural Chemistry, 1990, 31(4), 594. 
  

R a, Å c, Å V, Å3 

La 
Pr  
Nd 
Sm 

10.0937(2) 
10.0917(1) 
10.0918(2) 
10.0922(1) 

7.3850(2) 
7.3653(2) 
7.3535(2) 
7.3410(1) 

651.6 
649.6 
648.5 
647.5 
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The carried out study on the upgrading of oil shale in the supercritical water condition (SCWC) is 
focused to to upgrade and also to evaluate the products of hydrothermal destruction of low 
permeability shale oil (sandstone) by thermogravimetrie analysis (TGA) method. In this work, the 
experiements have done in the high temperature and pressure reactor at 400 °C and 2, 3 and 8 h. 
To estimate the efficience of the process and evaluate qualite of products, the TGA method, 
SARA-analysis, the method X-ray diffractometer Bruker D2 Phaser, and the GC-Chromatography 
have been used to determine respectively the initial oil saturation, the yield in synthetical oil, oil 
fractions of Saturate, Aromatics, Resins, Asphaltenes, the minerals composition of shale, the 
molecular distribution of n-alkanes in the saturate fraction, and as well as the material balance 
calulation. At the temperature of 400 °C, and due to hydrothermal destruction of kerogen, and 
bitumen cracking in severals reactions times resulting the gaseous products, synthetical oil and a 
very little coke. The results reveal that increasing the time, the destuction of minerals and heavy 
hycrocarbons increase to genrrate 7.02, 7.45 and 8.16 % of 2, 3 and 8 h of the respective reaction 
time. The SARA results show the drast decrease of asphaltenes and resins lead the increase of 
saturate and aromatics fractions rate in the synthetical oil. Therfore, the use of thermogravimetric 
analysis remain the primary method used in this study. The SCWC of upgrading of low 
permeability shale oil with several reaction times show a benefical results of synthetical oil yield 
at the reaction time, increasing the time, increase the synthetic oil yield and decrease the oil 
viscosity.  
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The possibility of applying the supercritical fluid (SAS) method for the production the complex 
oxides with garnet structure (YIG) is shown. The stages of the process are experimentally 
investigated and thermodynamically described. A solid solution based on yttrium acetate and iron 
(III) acetate obtained by the SAS method in a stoichiometric ratio of 3:5 were used as precursors. 
The synthesis was carried out in the experimental setup “SuperParticle SAS 50 system” (“Waters 
Corp.”) [1]. The study was performed using the methods DSC / TG (Netzsch STA 449) and X-ray 
(Shimadzu XRD-6000), electron microscopy (FEI Osiris). 
It was established that there are X-ray amorphous nanosized acetates of the corresponding 
elements or their solid solution. The results of a calorimetric study of the thus obtained and 
characterized samples are presented in Table 1. DSC curves are a superposition of several 
exothermic and endothermic peaks. 
 

Table 1. DSC / TG results of studied samples. 
Temperature 
Range, °C 

Mass 
loss, % 

Thermal effect, 
μW/mg 

Process description 

130–175 40 - Removal of organic solvent and water 
320–500 14 - The destruction of the inorganic complex and the formation 

of an amorphous solid solution of oxides 
578–595 2.48 47.07 The formation of YFeO3(am.):FeOOH(am.) + 3/2 

n·Y2O2CO3 + 5n·FeO(OH) → 3n·YFeO3 + 2n·FeO(OH) + 
3/2 n·CO2↑ + 3/2 n·H2O↑  

735–784 0.5 31.53 The formation Y3Fe5O12 proceeds in two stages: 
3n·YFeO3 + 2n·FeO(OH) → n· Y3Fe5O12 + n·H2O↑(1) 
n· Y3Fe5O12am. → n·Y3Fe5O12cr. 

 

The study showed that the use of an X-ray amorphous solid solution as a precursor reduces the 
temperature of obtaining crystalline garnet by half. To justify the mechanism, thermodynamic and 
kinetic calculations were performed. 
The calculation of Gibbs free energy showed that the chemical feasibility of the formation of the 
YIG structure is preferable in comparison with YFeO3, since its thermodynamic stability increases 
with increasing temperature, and the entropy factor contributes to the process according to reaction 
(1).When using a metastable amorphous solid solution based on two acetates obtained from a 
supercritical fluid, the onset of interaction is significantly shifted to lower temperatures due to a 
decrease in the energy barrier and the active state of the phase, which is confirmed by the 
calculation of the excess Gibbs energy and activation energy by the Kissinger method. 
Thus, the effect of supercritical CO2 on the mechanical mixture of acetates causes an abnormally 
high mobility of structural elements, contributing to the direct formation of the phase of the YIG 
solid product at much lower temperatures; this can be justified by a significant decrease in the 
activation energy and the active state of the solid solution obtained as a result of SAS. 
Acknowledgements The financial support of The Ministry of Education and Science of the Russian 
Federation (project of the Russian Foundation for Basic Research No. 18-29-06013). 
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The report discusses changes in the thermal pressure coefficient  in {water (1) + 1,3-dioxolane 
(2)} mixtures. It is known that these values can be measured directly experimentally using a 
constant volume thermometer. But we carried out experimental measurements of the PVTX 
properties of this binary system. And from the calculated compressibility and expandability, the 
thermal pressure coefficients were determined. 

  

Due to technical difficulties, a change in this thermodynamic quantity in systems, unfortunately, 
is considered very rarely. It is known that this coefficient is sensitive to changes in intermolecular 
associative equilibria in liquids. The thermal pressure under isochoric conditions is determined 
both by the intensity of molecules thermal vibrations and the system structural variability under 
external parameters change. The value of  in a liquid mixture depends on the force of 
intermolecular interactions and on the system packing density;  able to change strongly with 
external parameters variation. In the case of strong structural transformations in a liquid, as, for 
example, it occurs in water at temperatures from 273.15 K to 277.13 K at atmospheric pressure, 
the thermal pressure coefficient able to possess the negative values. 
It is shown that when adding the first portions of 1,3-dioxolan (1,3-DOX), the thermal pressure 
coefficient increases sharply, reaching a maximum at compositions up to ≈0.3, and a further 
increase in the concentration of 1,3-DOX leads only to its decrease. Small  values of water and 
mixtures with low 1,3-DOX content are connected with the skeleton structure of their H-bond 
network and with the presence of empty cavities [1-4]; within this concentration range the increase 
of temperature, pressure and 1,3-DOX concentration results in the thermal pressure coefficient 
rising. 
Acknowledgements The authors are grateful for the financial support from the Russian Foundation 
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Hydrocarbons consumption is growing rapidly every year. As a result of the rapid recovery rates, 
the internal pressure of the reservoir as well as temperature decreasing related with the rate of oil 
formation from kerogen (the main oil-generating biopolymer) and resulting in the amount of light 
available oil. Recovery of heavy bitumen oil with the usage of traditional displacement 
technologies is problematic and not cost-effective. In addition, bitumen oil contains a significant 
amount of heavy metals in the form of salts, which in case of water flooding can be harmful to the 
ecology of the region. 
One of the promising technologies for the extraction of high viscosity oils is the in situ combustion 
method (ISC). This technology is studied by researchers [1-5] for different types of unconventional 
oil resources. The main meaning of this process is the supply of heated to a relatively high 
temperature accessible reagent – air into the well. As a result of this impact, when certain 
conditions are reached, the heavy oil deposited begins to oxidize and ignites. The heat generated 
during such exposure warms up heavily buried heavy oil, pyrolise the nearby deposits and change 
rheological properties (viscosity, density). Heat generation directly inside the oil reservoir means 
that there are no heat losses on the surface and in injection wells, which makes this method the 
most thermally efficient. In order to achieve better stability and higher efficiency of the 
combustion process in the reservoir some specific substances may be used, such as oil soluble 
catalysts. In order to study the changes in thermal properties for the extracted oil with and without 
the catalyst the DSC method of high pressure was used. The objects of the study were the system 
of pure bitumen oil and a mixture of this oil with the catalyst. After the experiments the calculation 
of non-model kinetic methods was prepared according to Friedman and OFW methods and the 
effect of the catalyst on the effective activation energy observed.  
The experimental conditions were in the following temperature and mass ranges: dynamic heating 
at high pressure (80 bar) to 600 °C in aluminum crucibles with a pirced lids at a speed of 4, 6, 8, 
10 K/min in a dynamic atmosphere of air with the purge gas flow of 30 ml/min, 0.5 mg of sample 
were used. Before the experiments the calibration procedure of the instrument were performed 
according to the ASTM E967. 
Acknowledgements This work was supported by the Russian Science Foundation Project No. 19-
73-10189. 
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The Al2O3-based materials were suggested as ceramic filter for steel and Al-alloy filtration. The 
aim of this study is to investigate the systems relevant to ceramic filters experimentally and derive 
correspondent thermodynamic descriptions. The Al2O3-MnO system is essential for steel industry. 
According to available experimental results, manganese is the main reactive alloying element in 
steel in combination with oxide ceramics. 
The phase relations and thermodynamic properties of the Al2O3–MnO system were experimentally 
studied (the detailed review can be found in [1]) and several thermodynamic descriptions are also 
available. The advanced modelling of spinal phase assuming different valent states of Mn and 
distribution of Al+3, Mn+2, Mn+3 and Mn+4 between tetragonal and octahedral sublattices was 
published by [2]. However, the melting character of the MnAl2O4 spinel phase is still uncertain to 
be congruent or peritectic by reaction L + Al2O3 ↔ MnAl2O4. 
The MnAl2O4 compound has been prepared by co-precipitation routine described well in Ref. [3] 
and then annealed at 1100 °C followed by air-quenching. XRD confirmed the presence of MnAl2O4 
spinel single phase. Melting behavior of the MnAl2O4 has been verified using DTA followed by 
SEM/EDX. Heat capacity measurements of the MnAl2O4 have been carried out in the temperature 
range between –70 °C and 600 °C using DSC. Obtained data were fitted using Maier-Kelley 
equation: Cp, J·mol-1·K-1 = 160.69 + 0.01444·T – 3.52381·106·T-2 and agree with results of Navarro 
et al. [3]. In the present work non-congruent melting of the MnAl2O4 at 1992 K was indicated. 
Temperature and composition of eutectic reaction L ↔MnO+ MnAl2O4 were determined as 1804 
K and 78 mol.% MnO, accordingly. The experimental data obtained in the present study were used 
to derive thermodynamic description of Al2O3-MnO system. 
Phases of the related Al2O3–MgO–TiO2 system were considered as the candidate materials for 
ceramic foam filters for steel and aluminum melt filtration [4, 5]. The thermodynamic description 
of the MgO–Al2O3–TiO2 system was published in Ref. [6]. Silicon is one of the steel components 
which can be oxidized to SiO2. Therefore the systems including SiO2 are also of interest to model 
interaction between steel, inclusions and filter material. The phase relations in the Al2O3–TiO2–
SiO2 system were experimentally studied in this work. The isothermal sections at 1213, 1449, 
1474 and 1517 °C were constructed based on the experimental results. The solid-state invariant 
reaction of a transitional type, TiO2 + Al6Si2O13 ↔ SiO2 + Al2TiO5, was indicated at 1470 °C for 
the first time. The melting relations in the system were investigated using DTA and SEM/EDX.. 
The obtained results and literature data were used to derive the thermodynamic description of the 
Al2O3–TiO2–SiO2 system. 
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Rare-earth (R) and transition metals (TM) based compounds have become popular in recent years 
and are of interest from both fundamental and applied points of view. The RNi5 (R = light rare 
earth) compounds are exchange enhanced Pauli paramagnets at all temperatures [1]. The R–TM 
alloys are also widely used as materials for the storage of hydrogen in engines and automobiles 
[1]. 
Phase equilibria in the La–Ni and La–Ni–Fe systems were studied using DTA, X-ray diffraction, 
SEM and electron probe microanalysis. The La–Ni phase diagram was plotted. Liquidus (Fig. 1) 
and solidus projections and melting diagram for the La–Ni–Fe system over the whole 
concentration range and a Scheil diagram for solidification were constructed.  
The compounds of the binary La–Ni system containing less than 50 at.% Ni do not dissolve Fe, 
while those at higher nickel content show large solubility of iron. Among binary compounds, 
LaNi5, La5Ni19 and La2Ni7 have the widest homogeneity regions at solidus temperature and 
dissolve 21, 15 and 15 at.% Fe, respectively. The homogeneity regions of the remaining phases 
are smaller. The solubility of Fe in LaNi3 and La2Ni3 is about 2 at.% at solidus temperature. The 
solubility of iron in LaNi, La7Ni3 and La3Ni does not exceed 1 at.%. The solubility of Fe in the 
La7Ni16 phase is less than 0.5 at.%. The maximum solubility of lanthanum in the (γFe,Ni) and 
(αFe) phases does not exceed 1 at.%. 
 

 

The liquidus surface of the La–
Ni–Fe system is characterized by 
the 13 primary solidification 
fields of the component based 
solid solutions (γFe,Ni), (δFe), 
(βLa), (γLa), (αFe) and solid 
solutions based on binary phases 
LaNi5, La5Ni19, La2Ni7, LaNi3, 
La7Ni16, La2Ni3, LaNi, La7Ni3 
and La3Ni. The (gFe,Ni)-phase 
has the widest area of primary 
crystallization.  
The solidus surface of the La–
Ni–Fe system is characterized by 
ten three-phase fields, which 
result from invariant four-phase 
equilibria, three are of eutectic 
type (E) and seven of transition 
type (U). 

 Figure 1. Liquidus projection of La–Fe–Ni system. 
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The intermetallic compounds formed by rare earth elements (R) and transition metals (TM) are of 
particular interest regarding their potential usage as high value functional materials, such as 
permanent magnet and hydrogen-storage materials [1]. The Fe–Ni alloys are widely applied as 
magnetic functional materials [2]. Doping R into Fe–Ni alloys can significantly improve the 
magnetic properties. Therefore, the phase diagram of Fe–Ni–La system is an important theoretical 
basis for new materials design and processing. 
Phase transformations in the Fe–La–Ni ternary system have been studied using X-ray diffraction, 
scanning electron microscopy and electron probe microanalysis. Isothermal sections at 500, 600 
and 750 °C for this system over the whole concentration range were constructed. In the Ni-rich 
region the isothermal section at 750 °C is similar in character to the solidus surface. The isothermal 
sections at 500 (Fig. 1) and 600 °C differs from the solidus surface. In addition to a change in the 
solubility of the third component in each of the phases and, thus, a shift in the angles of three-
phase regions, alternative character of the equilibria of the solid phases is observed. The main 
difference involves the fact that the equilibrium La2Ni7 + La2Ni3 which is present in the Fe–Ni–
La system at solidus temperature, is absent at 500 and 600 °C. Instead, the alternative equilibrium 
(αFe) + La7Ni16 is present at 500 and 600 °C. In addition, at 500 and 600 °C the three-phase field 
(αFe) + (γFe,Ni) + LaNi5 appears. In the La-rich region at 600 and 750 °C there is a liquid phase 
domain. Among binary compounds LaNi5 and La2Ni7 have the widest homogeneity regions at 
500°C and dissolve up to 20 and 15 at.% Fe, respectively.  
 

 

The (αFe)-phase, which is located in 
the Fe-corner of the Fe–Ni–La system, 
defines the character of the phase 
equilibria at 500 °C because its co-
exists with almost all phases, LaNi5, 
La2Ni7, La7Ni16, La2Ni3, LaNi, 
La7Ni3, La3Ni, (γFe,Ni) and (βLa), 
forming eight three-phase regions: 
(αFe) + (γFe,Ni) + LaNi5, (αFe) + 
LaNi5 + La2Ni7, (αFe) + La7Ni16 + 
La2Ni7, (αFe) + La7Ni16 + La2Ni3, 
(αFe) + LaNi + La2Ni3, (αFe) + LaNi 
+ La7Ni3, (αFe) + La3Ni + La7Ni3 and 
(αFe) + La3Ni + (βLa). Two more 
three-phase regions without (αFe)-
phase are formed in the Fe–La–Ni 
system at 500 °С: La2Ni7 + LaNi3 + 
La7Ni16 and La2Ni7 + LaNi5 + La5Ni19. 
Only the phases LaNi3 and La5Ni19 are 
not in equilibrium with (αFe)-phase. 

Figure 1. Isothermal section of La–Fe–Ni system 
at 500°C 
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An important goal of modern materials science is the development of new thermal barrier materials 
that exceed the functional properties of yttria-stabilized zirconia (YSZ). One of the promising 
substances are pyrochlore Ln2Zr2O7 (Ln = La, Pr, Sm, Eu, Gd) and fluorites Ln2O3·2ZrO2 (Ln = 
Tb, Ho, Er, Tm) structured RE zirconates [1-4].  
In the present work, 9 Ln2Zr2O7 compounds and Ln2O3·2ZrO2 solid solutions were synthesized 
and characterized by XRD, SEM, and STA(DSC/TG) methods. Molar heat capacities were 
measured by adiabatic and differential scanning calorimetries. Temperature dependencies of 
enthalpy, entropy increment and Gibbs reduced energy in the range of ~ 10–1400 K are calculated 
from smoothed values of heat capacity. It is shown that pyrochlores Ln2Zr2O7 and fluorites 
Ln2O3·2ZrO2 have no anomalies of heat capacity associated with structural transformations in the 
studied temperature range. The contribution to entropy and reduced Gibbs energy of low-
temperature magnetic transitions has been taken into account for pyrochlores (with the exception 
of europium zirconate). The effect of a Schottky anomaly contribution to the molar heat capacity 
of the lanthanides zirconates was analyzed. 
The data obtained can be used in thermodynamic calculations of phase equilibria with the 
participation of the studied high-temperature substances and evaluation of their stability in 
aggressive environment, as well as technologies for design of new materials based on RE 
zirconates. 
 

Compounds Cp0(T) S0(T) Ф0(Т) Н0(Т)–Н0(0) 
J/(mol·K) J/mol 

La2Zr2O7 223.2±0.4 237.6 108.9 38360 
Pr2Zr2O7 242.0±0.5 254.0 118.9 40260 
Nd2Zr2O7 233.0±0.5 260.5 126.4 39980 
Sm2Zr2O7 224.7±0.4 254.1 124.0 37185 
Eu2Zr2O7 236.5±0.4 247.1 112.0 40340 
Gd2Zr2O7 221.5±0.5 266.1 141.5 39832 

Tb2O3·2ZrO2 224.7±0.4 242.2 112.8 38580 
Dy2O3·2ZrO2 229.9±0.5 249.4 115.3 39980 
Ho2O3·2ZrO2 224.7±0.4 249.1 117.2 39320 
Er2O3·2ZrO2 214.1±0.4 245.1 120.1 37270 
Tm2O3·2ZrO2 227.2±0.5 249.4 117.9 39220 

Table 1. Standard thermodynamic functions of the studied substances at 298.15 K 
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Numerous natural objects are multi-component systems. Extraction of valuable components for 
the production of electrolytes of chemical current sources, for the electrolytic production of 
molybdenum, tungsten, is associated with the modeling and research of systems that include 
halides, molybdates and tungstates of alkaline and alkaline earth elements. Molybdenum and 
tungstates MEО4 (M – Ca, Sr, Ba, E – Mo, W) are used as phosphors. Solid solutions based on 
them are used to transform the radiation of existing lasers using the forced Raman scattering effect 
[1,2]. 
The first stage of studying multicomponent systems is the division into simplexes. The second 
stage is the prediction of simplexes with the presence of eutectic with the formation of continuous 
series of binary solid solutions, in particular, between molybdenum and tungstates of alkaline and 
alkaline earth elements [3]. 
Geometric and computer modeling of the series of systems including М’2EО4 and МEО4 (where 
M’ is an alkaline element), as well as the halides М’Hal and МHal2 were performed. Computer 
modeling was performed in the KOMPAS 3D [4] environment for the following systems: 
Na+, Sr2+ || WO42-, MoO42-; NaCl–Na2MoO4–Na2WO4; LiCl–Li2MoO4–Li2WO4. The computer 
simulation uses data on the facet elements and some additional internal cross-section data (stage 
3). From 3D models, it is possible to construct polythermal and isothermal sections, obtain the 
isotherms of the liquidus surface, and calculate the material balance for various figurative points 
of the phase diagram compositions. The comparison of calculated data with experimental data has 
shown that 3D modeling gives results that are satisfactorily consistent with experimental data [5]. 
It is important to study the chemical interaction in reciprocal systems of powdered mixtures of 
initial reagents under programmed heating. The interaction of Na2EО4 + SrCl2, which are unstable 
salts of the triple mutual systems Na+, Sr2+ || Cl-, EO42- and are included in the four-component 
reciprocal system Na+, Sr2+ || Cl-, MoO42-, WO42-, was studied. The chemical interaction between 
the conversion method and the ion balance method in these reciprocal systems is described. Data 
on the phase diagrams of systems Na+, Sr2+ || Cl-, EO42-;  
Na+, Sr2+ ||MoO42-, WO42-. Na+, Sr2+ ||Cl-, MoO42-, WO42- can be used for growing single crystals 
of МEО4 и SrMoxW1-xO4. The latter are used in devices using the forced Raman scattering effect. 
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The series of three–component systems С6Н12–n-С14Н30–n-СnH2n+2where n = 18÷23; С6Н12–n-
С15Н32–n-СnH2n+2 where n = 20÷23; С6Н12–n-С16Н34–n-СnH2n+2 where n = 22 and 23 were studied 
experimentally using a low-temperature differential thermal analysis unit. All systems are the 
eutectic type, crystallization isotherms are constructed. The maximum crystallization fields 
correspond to the most refractory component [1]. 
The coordinates of triple eutectics are calculated. A series of systems with the participation of 
cyclododecane was experimentally studied: n-CnH2n+2–C12H24–n-CmH2m+2 (n, m = 2k, k = 5…12) 
using the installation of a medium-temperature scanning heat flow calorimeter. Most systems of 
the series are consistent with the calculated data. For alloys of eutectic compositions, specific 
enthalpies, melting entropies, and specific heat were calculated, and flash points in a closed 
crucible were also determined [2]. 
The coordinates of two- and three-component eutectics were calculated and the series from two-
component systems (Ph)2–n-СnН2n+2, (Ph)2О–n-СnН2n+2 and from three-component systems (Ph)2–
(Ph)2О–n-СnН2n+2 (n = 12…17) were experimentally investigated on a DSC installation. For alloys 
of the eutectic compositions of the systems, the melting enthalpy, boiling point, density at 25 °С, 
flash point in an open crucible were experimentally determined, and the melting entropy was 
calculated. The kinematic viscosity and refractive index of eutectic composition melts were found 
to depend on temperature in the temperature range from 25 to 50 °C and from 25 to 40 °C, 
respectively [3, 4]. 
Eutectic mixtures of the studied two-component and three-component systems can be 
recommended for use as coolants, which will expand the temperature range of operation. and heat 
storage substances. 
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Currently, much attention is paid to design of new materials that can increase the efficiency of 
power plants, which will reduce the consumption of hydrocarbon fuel and reduce the amount of 
exhaust gases. One way to achieve this goal is to use thermal barrier coatings (TBC) applied to the 
surface of turbine blades [1]. Promising candidates for TBC are mixed lanthanide oxides, 
characterized by high melting points, low vapor pressures in the operating temperature range [2], 
and compatibility with the turbine blade superalloys. The goals of this study was to determine the 
thermodynamic properties by various calorimetric methods in a wide temperature range (adiabatic, 
relaxation and differential scanning calorimetries) and changes in the lattice parameters at high 
temperatures by X-ray powder diffraction. 
Synthesis of mixed lanthanide oxides (monoclinic orthotantalates LnTaO4, pyrochlores Ln2Zr2O7 
and Ln2Hf2O7, solid solutions Ln2O3·2ZrO2 and Ln2O3·2HfO2) was performed from high purity 
initial substances by reverse sedimentation followed by annealing at high temperature [3]. The 
samples were characterized by X-ray powder diffraction, XPMS and SEM methods. The process 
of phase formation during the heating of precursors was studied. The DSC studies of thermal 
behavior show the absence of phase transformations of the obtained ceramic materials in the range 
from room temperatures to 1700 K. 
Obtained results on the temperature dependence of the heat capacity in the temperature range 10–
1273 K along with the literature data for region below 10 K allowed us to identify anomalous 
components of the heat capacity and calculate thermodynamic functions (entropy, enthalpy 
change, and reduced Gibbs energy). High-temperature heat capacities of all studied substances 
were presented using the Maier–Kelley equations. 
Thermal expansion coefficients were determined in the temperature range from room temperatures 
to 1200 K as a result of measuring the parameters of the crystal lattice of the studied oxide 
compounds. 
Acknowledgements The financial support of Russian Science Foundation (project 18-13-00025) is 
highly appreciated. Experimental studies were carried out using the facilities of Joint Research 
Center of IGIC RAS.  

[1] R.Vaßen, M.O. Jarligo, T. Steinke, D.E. Mack, D. Stöver, Surface and Coatings 
Technology, 2010, 205(4), 938. 

[2] P.A Arsen’ev, V.B. Glushkova, A.A. Evdokimov et al, Rare earth compounds. Zirconates, 
hafnates, niobates, tantalates, antimonates. Nauka Publ. Co. Moscow. 1985. 261.  

[3] P. G. Gagarin, A. V. Tyurin, V. N. Gus’kov, et al, Inorganic Materials, 2017, 53, 64. 
  



 

 69 

INVESTIGATION OF NEW SIMPLE HETEROMETALLIC La-Ni COMPLEXES AS 
EFFICIENT PRECURSORS OF HEXAGONAL LANTHANUM NICKELATE LaNiO3 

 
A.V. Gavrikov1, A.V. Khrushcheva1, E.V. Belova1, 2, N.N. Efimov1 

1Kurnakov IGIC RAS, Russia 
2Lomonosov Moscow State University, Russia 

penguin1990@yandex.ru 

Lanthanum nikelate LaNiO3 having hexagonal structure is a well-known material for gas sensing 
[1], heterogenous catalysts of important industrial processes such as CO2-reforming of methane 
[2], etc. which obviously inspires ongoing development of approaches to prepare this compound 
in various morphologies. Similarly to other bimetallic oxides, common routes for LnNiO3 
preparation are ceramic synthesis from corresponding simple oxides and sol-gel synthesis. The 
former one is usually very time-consuming due to known diffusion hindrances during solid-state 
interactions, whereas sol-gel routes may afford samples contaminated by soot-like residues which, 
in turn, may provoke formation of Ni(II) admixtures. As alternative to these methods, 
decomposition of heterometallic complexes is under intensive study. Besides rapid preparation of 
LnNiO3, this approach may allow one to prepare samples in various morphologies due to favorable 
properties of particular complexes-precursors, i.e. their good solubility. 
This study deals with comparative investigation of two simple ionic complexes, 
[Ni(bpy)3][La(NO3)5(MeCN)], I, and [Ni(phen)3][La(NO3)5(MeCN)]·2MeCN, II (bpy = 2,2'-
bipyridine; phen = 1,10-phenantroline), as possible precursors for polycrystalline LaNiO3due to 
appropriate La:Ni ratio. Due to a presence of internal oxidants (NO3-) and involvement of 
comparatively volatile organic ligands, LnNiO3 may in principle form even under inert 
atmosphere. In order to investigate such possibility, comprehensive study of thermal behavior of 
complexes under Ar flow was performed. Namely, DSC (DSC 204 F1 NETZSCH, 35–500 ºC, 
10 °С/min) and TGA (TG 209 F1 NETZSCH, 35–950 °C, 10 °С/min) with mass-spectrometric 
analysis of evolved gases (QMS 403C Aёolos) were applied. Results for I are given in Fig. 1. 
 

 
Figure 1. TG and DSC (left) curves and mass-spectra of gaseous products (right, masses indicated 

in square brackets) upon solid state thermal decomposition of complex I under Ar flow. 
 

Thermal decomposition of both I and II begins from a removal of lattice and/or coordinated 
MeCN. Resulting intermediates, [Ni(bpy)3][La(NO3)5] and [Ni(phen)3][La(NO3)5], remain stable 
up to 320 and 375 °С, respectively. Then, rapid mass loss accompanied by significant sharp 
exothermic effects occurs in both the cases. For I, resulting mass loss corresponds with a formation 
of LaNiO3, but besides hexagonal LaNiO3, final solid product contains La2NiO4 spinel, and cubic 
NiO. 
However, the presence of two bimetallic oxide phases in a product prepared from I inspires further 
thorough investigation of thermal decomposition of both the complexes on air, i.e. in excess of 
external oxidants. Results of that study are discussed in the report as well. 
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The thermal stability (TS) of more than three hundred complex compounds of elements of the 
titanium subgroup with alkaline elements was determined by TA methods in an atmosphere of 
undrained air at a heating rate of 9–10 °C/min [1, 2]. Thermal effects, caused not only by the 
removal of components, but also the reconstruction of the structure, taken as the destruction of the 
parent compound. Low-temperature effects associated with the removal of water from the point of 
view TS were not considered, despite the fact that they can be due to the removal of coordinated 
water. Data for compounds with significantly different sample masses are not compared. 
TS depends on the element-complexing agent. Comparison is carried out relative to 
Fluorozirconates (FZ). For fluoro- (FM), oxo(hydroxo) fluoro- and anhydrous 
fluorosulfatometallates (FSM), a row of Ti>Zr>Hf stability is observed, but for aqueous FSM, 
fluorophosphate (FPM), and compounds with Rb or Cs, TS of hafnium compounds are higher than 
that of zirconium (Ti>Zr<Hf). Small effects that are difficult to account for can lead to an inversion 
of the pattern, but in general, anhydrous hafnium compounds should be more stable than their 
zirconium counterparts. 
TS is affected by external monovalent cations, apparently due to the polarizing effect of the cation 
on the anion. For heptafluorotantalate having an island structure, the potassium compound is stable 
than that of rubidium. For hexafluorometallates and FSM of the same type, the TS changes in the 
series Li>Na>K<Rb<Cs. For quadrivalent Ge and Sn, this series is close to the series for 
compounds with Zr (Hf) Li<Na>K<Rb<Cs. However, it is not adequate for hexatitanate 
(Li<Na>K<Rb>Cs). 
Depending on the anions (F -, PO43 -, SO42 -, and C2O42 -) the TS, of the compounds are arranged 
in a series of FZ > FPZ > FSZ > SZ > FOxZ (fluorooxalatozirconates). The Zr –F bond is stronger 
than Zr–O in other compounds with mixed ligands (F- and O2-), which are less stable than 
compounds with only one type of ligand. The exception is SZr. Replacing the F-ion with SO42- in 
medium fluorosulfates leads to a decrease in TS. While for other types of compounds, SO42-, 
C2O42-, PO43-, OH-, and oxygen ions increase the stability of the compounds. For compounds where 
all SO4-groups cannot be associated with an alkaline element, SO3 is removed. It is usually 
accompanied by endothermic effects, and the temperature of the latter to FST of potassium is lower 
than for oxosulfatotitanates. The greater the decrease the more fluorine in the original compound. 
Substitution of SO4-groups for fluorine and coordination of KnA (A – F, SO4) molecules to sulfates 
cause, in general, a decrease in the temperature of the effects. 
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The phosphorous industry is one of the sources of pollution of atmospheric air of the environment, 
as in gas emissions contain toxic gases such as РН3, P2O5, Н2S, etc. 
Activated carbons are universal adsorbents and supports of catalysts due to their high chemical 
and heat resistance, strength, high sorption capacity in relation to various substances, stability of 
its structure under the reaction conditions. 
The aim of this work is to obtain and study the physical and chemical properties of the carbon 
support and catalyst based on the special coke "D" of the Shubarkol field the republic of 
Kazakhstan for cleaning the furnace gas of a phosphorous plant from toxic substances.  
Impregnating salts must meet the following requirements: 
• Decompose to oxides at a relatively low temperature; 
• Decomposition products should be easily and completely removed from the impregnated carbon 
carrier; 
• Do not contain sulfur, as it is a catalytic poison for most known catalysts. 
The preparation of the catalyst was carried out as follows.Special coke previously crushed to a 
fraction of 1.5–4 mm, then activated with water vapor at a temperature of 850–950 °C. The 
impregnation of the sorbent was carried out with solutions of Zn(CH3COO)2, (NH4)2[Cr(C2O4)2], 
Cu(NH4)2[Cu(C2O4)2]. The obtained coke was calcined in air at 260–300 °C for ~ 10 hours. As a 
result, a carbon-metal composition was obtained with the following average content of metal 
oxides, wt.%: CuO – 10, ZnO – 0.5, Cr2O3 – 1. 
The resulting catalyst has high thermal stability and does not explode when heated after 1000 °C. 
This simplifies its storage and transportation. The sample is finely porous. The volume of 
mesopores (15–50 nm) is not more than 0.0118 cm sm3/g, the volume of micropores (0–15 
nm) 0,1380 sm3/g. The specific surface area determined by the BET method is 504.425 m2/g, 
which is 1.4 times greater than the activated coke. This increase is due to the release of a large 
amount of gases during the thermal decomposition of 3d-metal complexes. 
Catalytic test results showed that the impregnated adsorbent exhibits high sorption characteristics 
in the purification of furnace gas LLC “Kazphosphate” Novo-Dzhambulsky phosphorus plant 
(table 1). The furnace gas flow rate is 500 dm3/min, the gas sampling temperature is ~30 °C. 
Sorption exchange capacity for phosphine is ~130 mg/g. 

Table 1. Results of research on the catalyst to oxidation furnace gas 

Defined 
compo-
nents 

MPC 
mg/m3 

0–12 h investigation 12–24 h investigation 

Before 
cleaning, 
mg/m3 

After 
cleaning, 
mg/m3 

The 
purification 
efficiency, 

% 

Before 
cleaning, 
mg/m3 

After 
cleaning, 
mg/m3 

The 
purification 
efficiency, 

% 
P4 0.1 372.83 traces 100 280.87 traces 100 

P2O5 1 905.37 traces 100 734.28 traces 100 
PH3 0.1 1588.21 2.84 99.5 1206.59 9.29 99.3 
H2S 10 492.22 380.72 22.7 503.35 402.78 20.0 
SO2 10 937.86 539.64 42.5 974.18 872.37 10.5 
HF 0.1 1.21 traces 100 traces traces 100 
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Mixtures of Cu0+Fe0 and their oxides are widely used in сatalytic wet air oxidation. Thermolysis 
of double complex compounds (DCS) is one of the ways to obtain a such mixture. In this work, 
DCS [Cu(tn)2]3[Fe(CN)6]2∙Н2О (tn is 1,3-diaminopropane) was synthesized and its thermal 
behavior was studied. The specific surface area (SBET) is an important indicator of the effective 
operation of the catalyst. Establishing the influence of ultrasonic (US) treatment on the structure, 
thermolysis of DCS, the value of SBET of the formed powders was the aim of this work. 
The crystal structure of the compound consists of three [Cu(tn)2]2+cations, which interact with two 
[Fe(CN)6]3- anions due to the Cu-NC-Fe bridging cyanide ligands. The Cu-Ntn bonds for the cation 
are 2.028(2) –2.060(2)Å, and the Cu–NFe(CN)6 bonds are 2.219(3)–2.314(3) Å. 
US treatment of DCS was carried out at a frequency of 35 kHz for 6, 12, 18 h. IR spectra of US-
treated samples DCS show a decrease in the number and intensity of vibrations υ(NH2). The 
absorption bands of CN- vary significantly. This can probably be explained by a change in the 
structure of DCS and the way CN- is coordinated. Most of the absorption bands are retained (table 
1); therefore, it can be considered that the of tn and CN--groups aren’t destroyed due to the 
processing of US. Thermograms of US-treated and untreated DCS in air and Ar are compared with 
each other. The smallest mass residue is observed for not US-treated samples. The difference in 
mass residues reaches 3.6 wt.% (air) and 4.8 wt.% (Ar). 
 

Table 1. IR spectra and XRD investigated DCS samples 
 ν(Fe-CNterm) ν(Fe-CNbrid) ν(Fe-С) XRD 
Initial DCS 2116, 2044 2108  586, 489 The initial DCS 
DCS+US 6 h  2042 2108 585, 490 The initial DCS + small amount of 

unidentified crystalline phase 
DCS+US 12h  2042 2106 584, 494 The init. DCS + unidentified crystalline phase 
DCS+US 18h 2033 2097,2060 584, 493 Unidentified crystalline phase 
 
Treated US samples of DCS were calcined for 1 h in air (425 °С) or in Ar (500 °С). All products 
of calcination in air consist of Fe3O4 and CuO. The composition of the products practically does 
not change in Ar. The main part of the product is the fcc phase with a unit cell parameter close to 
the Cu0 parameter. Low-intensity raflexes Fe0 and Fe3N1.107 are present in the thermolysis product 
obtained from untreated DCS, in addition to the main fcc phase. The average SBET of products of 
calcination in air is 15.5±1.8, in Ar – 32.6±2.0 m2/g. On average 15.4 wt.% carbon is contained in 
residues from thermolysis of DCS in argon. No atomic groups corresponding to tn and CN- can be 
detected using IR spectra. Consequently, carbon is in a free, unbound, and X-ray amorphous state. 
Thus, a new unidentified crystalline phase was obtained as a result of US treatment of DCS for 18 
hours. Whereas, a significant influence of US treatment on the change in the course of the thermal 
analysis curves, the value of SBET, the carbon content in the residue was not found. 
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Solid state samples of yeast ribonucleic acid (RNA) and its sodium salt (Na-RNA) have been 
studied by TGA and DTA using a standard test method ASTM E 1131-08 for compositional 
analysis by thermogravimetry. All the measurements were performed in nitrogen atmosphere at 
the heating rate of 20°C/min using Du Pont - 9900 instrument. 
The data obtained reveals a similar thermal decomposition pathway for all the Na-RNA samples 
(1)–(10) except sample (9), which corresponds to the pure RNA (Fig. 1a). Below 200 °C the yield 
of volatiles was 15–20 mass% with the mass loss rate of 3.6–4.6 %/min. Between 200 and 500 °C 
thermal destruction of the samples occurs with the mass loss of 40–50% and the mass loss rate of 
6.5–9 %/min with the temperature maximum of 295–300 °C. Above 500 °C a very low rate of 
pyrolysis (1.2–0.2 %/min) is observed. 
For pure RNA sample (9) in the temperature range below 500 °C there are three distinct stages of 
thermal destruction with the maxima at 90 °C, 225 °C and 300 °C, and the corresponding thermal 
decomposition rates of 1.2, 2.8 and 4.5 %/min. Above 500 °C there is also a very low pyrolysis 
rate of 1.2–0.3 %/min. After changing the inert N2 atmosphere to air, the carbonized fraction which 
differs in different samples undergoes oxidation with different rates (Fig. 1b). According to DTG 
curves, a different nature of the sample oxidation is observed at 800 °C. 
 

a  b  
Figure 1. a – TG (1) and DTG (2) curves of the initial RNA samples for compositional analysis; 

b – TG (1) and DTG (2) curves of carbonized RNA sample oxidation at 800 °C. 
 
The difference in thermal decomposition behavior observed between RNA and Na-RNA samples 
in a solid state has been proved by NMR spectroscopy and scanning electron microscopy. The 
possible applications of the results obtained towards the problem of the origin of life and chemical 
evolution of biomacromolecules in prebiotic conditions (RNA world) are discussed. 
Acknowledgements This work was carried out in the framework of the State Assignment of 
Ministry of Science and Higher Education of the Russian Federation (project 0082-2018-0006, 
registration code AAAA-A18-118020890097-1). 
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This work presents results of calorimetric, potentiometric and spectrophotometric investigations 
of acid-base interaction processes and homo- and heteroligand complex formation processes for 
zinc(II), cobalt(II), nickel(II), copper(II) ions and some amino acids and complexones in aqueous 
solutions Among the objects of this investigation were serine, homoserine, threonine, valine, 
alanine, glycine, glutamine, asparagine, arginine, lysine, ornithine, histidine, dipyridyl, 
phenanthroline, aspartic, iminodiacetic, nitrilotriacetic, and hydroxylethyliminodiacetic acids. 
The equilibrium concentration of hydrogen ions was determined by measuring the electromotive 
force of a glass electrode and a silver – silver chloride reference electrode using a P-363/3 
potentiometer with a pH-340 pH-meter-millivoltmeter as the null-instrument. The calorimetric 
measurements were performed in an isothermal jacket ampoule flow-mixing calorimeter equipped 
with a thermistor sensor and an automatic recorder of the temperature–time curve. The unit was 
tested against the heat of solution of crystalline potassium chloride in water. The visible electronic 
spectra of the solutions investigated were recorded on Specord M-400 IENA and KFK-3 
spectrophotometers. 
Thermodynamic parameters (log K, DG, DН, DS) of protolytic and coordination equilibria in 
systems of metal ion + aminocarbonic ligand have been determined at 298.15 K and ionic strength 
values from 0.1 to 1.5 (KNO3). The influence of “background” electrolyte concentration on the 
relevant equilibria was under consideration. The data obtained were extrapolated to the zero ionic 
strength. The corresponding thermodynamic quantity values have been calculated for the standard 
solution (log Kº, DGº, DНº, DSº). 
Thermodynamic parameters for addition of some aminocarbonic ligands to zinc(II), cobalt(II), 
nickel(II), copper(II) iminodiacetates and nitrilotriacetates have been evaluated at 298.15 K and 
an ionic strength of 0.5 (KNO3). The log K, DG, DН, DS values for the mixed complex formation 
reactions were discussed together with the corresponding thermodynamic parameters of similar 
formation reactions for the simple binary complexes. 
The ESR method and NMR method have been used to study the heteroligand complex formation 
in the systems of copper(II) complexonate + amino acid and zinc(II) complexonate + amino acid, 
respectively. ESP spectra were recorded using a Brucker ELEXSYS II-500 spectrometer. 1H and 
13C spectra were recorded on a Brucker AVANCE-500 spectrometer. The relationship between 
the probable coordination modes of the aminocarboxylate molecules in the mixed-ligand complex 
and the thermodynamic parameters obtained has been discussed. 
The results have been compared with the corresponding data on related compounds (amino acids, 
complexones, dipeptides and diamines) investigated earlier. A plausible explanation of changes in 
the thermodynamic quantities has been proposed in view of the metal ion and ligand structures 
(type of coordination, denticity, presence of hydrophobic and hydrophilic fragments, solvation 
features of the zwitter ions). As ancillary part of this study, the spatial, electronic and energy 
parameters for isolated molecules and ions of these complexones have been computed. 
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Triple and quadruple chalcogenides of rare-earth elements have been intensively studied in recent 
years due to their specific properties, which make them promising materials in the field of infrared 
and nonlinear optics [1]. They are important as refractory materials with semiconducting 
properties and promise high temperature superconductors [2]. 
Compounds AScCuS3 (A = Eu, Sr) of rhombic syngony, sp.gr. Cmcm, structural type KZrCuS3, 
parameters u.c..: a = 3.83066(8) Å, b = 12.7721(3) Å, c = 9.7297(2) Å (EuScCuS3); a = 3.83413(3) 
Å, b = 12.8625(1) Å, c = 9.72654(8) Å (SrScCuS3). The absence in the literature data on thermal 
properties of the compounds AScCuS3 (A = Eu, Sr) limits the definite anticipation of potential 
fields of them practical application. 
Thermal analysis in argon flow was carried out at Simultaneous Thermal Analysis (STA) 
equipment 499 F5 Jupiter NETZSCH with using a software package “Proteus 6 2012”. The 
equipment was calibrated with use of standard substances, such as In, Sn, Bi, Zn, Al, Ag, Au, Ni. 
Polycrystalline samples of AScCuS3 compounds (A = Eu, Sr) were heated in graphite crucibles 
with a volume 300 μl. Samples for thermal analysis, weighing 77.1–113.1 mg. The purging gas 
flow rate during an experiment was 25 mL∙min-1. The samples completely converted to melt upon 
heating to 1700 K. 
Compounds AScCuS3 (A = Eu, Sr) thermally stable up to 1520 K in an inert atmosphere. On 
heating curves are recording by two high endothermic effect, which are reproduced under cooling. 
The first peak in the differential thermal dependencies characterizes the incongruent melting of 
the compounds: Тmelting = 1524 К, ΔHmelting = 2.5·10-1 J∙mol-1 (SrScCuS3) и Тmelting = 1539 К, 
ΔHmelting = 1.5·10-1 J∙mol-1(EuScCuS3, fig. 1), the second thermal effect characterizes the melting 
of primary crystals of SrS or EuS. The phase conversion occurs according to the scheme: AScCuS3 
→ AS + liq. Kinetic parameters of incongruent melting of AScCuS3 compounds (A = Eu, Sr) were 
established at different heating rates: 5, 7, 10, 15 K/min. The kinetic parameters determination was 
based on Kissinger formula in linearized form: 
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 where T is the temperature with maximum reaction rate; b – the heating rate, dps; E – activation 
energy; A – preexponential factor. The relation of heat-absorption efficiency maximum peak 
temperature with heating rate is linear. The values of the kinetic parameters: A = 5.04·10107, Ea = 
3226 kJ∙mol-1 (SrScCuS3), A = 5.70·1076, Ea = 2326 kJ∙mol-1 (EuScCuS3). The SrScCuS3 
compound is kinetically more stable in an inert atmosphere than EuScCuS3 sulfide. 

 
Figure 1. Differential thermal dependence of EuScCuS 3 (vheating = 5 К/min) 
Acknowledgements The scientific research was completed by the "UMNIK" program as part of 
scientific project No. 14977ГУ / 2019 
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An analysis of the sublimation enthalpies is important in modern organic crystal chemistry because 
atom-atom potentials are parameterized mainly on the basis of these values [1]. Despite the 
empirical nature of these potentials, they are widely used in the crystal chemistry investigaions, 
and the possibility to make calculations with one of the parameters sets (UNI [1]) was implemented 
in the Mercury program [2] several years ago. This program is frequently applied for visualization 
and structure description of organic crystals because it is a part of Cambridge Structural Database 
software. In recent years, quantum-chemical calculations are increasingly used to estimate the 
energies of intermolecular interactions, including these in crystals, however, relation between 
crystal packing energy and sublimation enthalpy (which should be roughly equal) is not discussed 
as a rule. The aim of this work was to compare the crystal packing energies calculated using 
assumptions about energetic coordination spheres [3] at different quantum-chemical levels of 
theory with those obtained using UNI potentials and with experimental values of sublimation 
enthalpies. 
It was pointed out in [1] that “the measurement of enthalpies of sublimation is still an art rather 
than a consolidation technique”, and therefore “it is not surprising that there are very few 
sublimation energy standards”. In [4], three substances were indicated as primary standards: 
benzoic acid, naphthalene, and ferrocene. In the present work, the first two of them were analyzed, 
as well as three crystals formed by molecules similar to “standard” (1- and 2-naphthoic acids and 
benzene) and several other organic substances. Quantum-chemical calculations were made using 
DFT and MP2 methods as realized in Gaussian 09 program. Both methods were applied with 
several bases; among the DFT functionals were B3PW91, B3LYP, B3PW91+GD3 (GD3 means 
Grimme’s dispersion term) , B3LYP+GD3, B97D3, ωB97X-D. 
It was found that for two standard and three analogous substances the better agreements between 
the sublimation enthalpies and the crystal packing energies were achieved at the MP2/6-
31++G(d,p) level of theory. For other substances were several almost equally accurate methods as 
a rule including some variants of DFT. 
 
[1] A. Gavezzotti, Molecular aggregation: structure analysis and molecular simulation of 

crystals and liquids, 2007. Oxford University Press. 
[2] C.F. Macrae, I. Sovago, S.J. Cottrell et al., J. Appl. Cryst., 2020, 53, 226. 
[3] O.V. Grineva, J. Struct. Chem., 2017, 58, 373. 
[4] J.S. Chickos, W.E. Acree, Jr., J. Phys. Chem. Ref. Data, 2002, 31, 537. 
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Liquid crystalline poly(propylene imine) dendrimers of the second generation [1] and their metal 
complexes (Cu, Fe, Co, Ni, Zn, Cr, Ga) were synthesized and structural characterized by elemental 
analysis, FT-IR and NMR spectroscopy, mass-spectrometry (MALDI-ToF). The phase behavior 
of the all compounds was studied using polarization microscopy and differential scanning 
calorimetry. The decomposition temperatures were obtained on a NETZCH TG 209 F1 analyzer 
as onset gravimetric reduction point of TG curve. The sample inserted in a platinum crucible was 
heated in argon flow with rate of 10 K/min to terminal temperature of 700 °C. Differential scanning 
calorimetry measurements were carried out on a NETZCH DSC 204 F1 Phoenix device with μ-
sensor in the aluminium capsules, weight of the sample 10 mg, heating rate 10 °C/min in argon 
atmosphere. 
In some cases a pseudofocal conic texture was detected, being a distinctive feature of columnar 
phases. The mesophases are strongly viscoelastic, flow slowly under mechanical shearing or 
pressure and readily contract when the exerted forces are with-drawn. This behavior is found in 
columnar phases of different compounds, Figure 1. 

 
Figure 1. DSC and POM results of dendrimer complex 2K2.10–(ZnCl2)4. 

 
The presence of multiple paramagnetic metal centres close to each other may lead to materials 
with cooperative magnetic properties. The organization in liquid crystalline phases should assist 
this behavior. 
Acknowledgements The financial support of Russian Foundation for Basic Research, grant № 18-
03-00081_a. 
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In industry, "magnesite" is understood as a carbonate rock consisting mainly of the mineral 
magnesite with admixtures of hydromagnesite, dolomite, calcite, talc, chlorite, clay and 
carbonaceous matter. The products of its processing have high refractoriness, slag resistance, 
astringent properties, heat capacity, and the ability to maintain volume constancy under prolonged 
exposure to high temperatures, etc. 
In the practice of studying rocks, thermoanalytical methods are used to record phase 
transformations, for a comparative assessment of physicochemical, lithological, structural and 
technological characteristics, as forecast criteria for the quality of mineral products. 
In studying the technological properties of magnesite-hydromagnesite ores of the Halilov 
prospective area (Orenburg region), along with other analytical methods, the thermal methods TG-
DTG, DSC were used. The study of thermal behavior in dynamic conditions was carried out on a 
synchronous thermal analyzer STA 409 PC Luxx manufactured by Netzsch. 
For the entire array of samples studied, thermal activity is observed in the entire study interval, 
which manifests itself in a series of endothermic effects that follow one after another.  
Given the different decomposition mechanism of the mineral components of magnesite-
hydromagnesite ores, typification was carried out based on the difference in the configuration of 
their thermoanalytical effects. Such characteristics as the number of thermal effects, the difference 
between the temperatures of the maximums of the endothermic effects, the presence or absence of 
a break, or an additional endothermic effect were considered. For several samples from each group, 
additional studies were carried out by chemical, X-ray diffraction analysis. 
The proposed methodological methods made it possible to evaluate the mineral composition of 
hydromagnesite-magnesite ores, their typification by thermal activity, and to conduct a precise 
quantitative assessment of not only the main component of magnesite, but also thermoactive 
impurities present in the ores (Fig. 1 a, b). 
 

 
Figure 1. Thermoanalytical curves TG-DTG, DSC: a) serpentine with impurities, b) serpentine 
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Dry grinding mechanical activation at the Fritsch Pulverizette high-energy planetary mill with a 
tungsten carbide headset was used to disintegrate natural sphalerite (Zn,Fe)S from the Dalnegorsky 
deposit (Russia), containing, %: 60.4 Zn, 3.4 Fe, 30.4 S, 3.2 Pb, 0.2 Mn, 0.3 SiO2. The total 
grinding time for sphalerite was 20 min. The values of the coherent scattering regions for crushed 
particles were estimated by X-ray diffraction analysis. According to the electron microscopy data, 
the size of mechanically activated particles was 100–50 nm (Fig.). The oxidation processes of 
mechanically activated sphalerite occurring during heating in an air stream were studied by 
methods of combined thermogravimetry, calorimetry, and mass spectrometric analysis of the 
resulting gases. It was established that an increase of the dispersion of sphalerite particles as a 
result of mechanical activation, in comparison with non-activated samples [1], leads to 
intensification of sulfate formation, a change in the temperature and the enthalpy of transformation 
towards lower values, and also to the release of sulfur dioxide as a product of interaction with 
oxygen starting at a temperature of 150 °C. The new data obtained for effect of the mechanical 
activation duration on phase formation during the sphalerite oxidation in an air stream can be used 
to regulate the processes of sulfide raw materials processing. 
 

a  b  
Figure. Type of particles of mechanically activated sphalerite (a), data of thermal and mass 
spectrometric analyzes during heating in air (b) of sphalerite samples without (1) and after 

mechanical activation for 20 min (2). 
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Ionic liquids (ILs) have become essential players in the fields of biotechnology due to their 
biological activity especially their antimicrobial properties. ILs as an amphipathic molecule could 
interact with bacteria cytoplasmic membranes rich in negative curvature lipids such as 
phosphatidylethanolamine (PE) lipids and then cause the content leakage of bacteria. However, a 
molecular level understanding of the mechanism how ionic liquids enhance the permeation of 
membranes consisting of PE lipids is still unclear.  
In this study, the effect of imidazolium-based ionic liquids with different alky chain length on the 
phase behaviors and structures of 1-palmitoyl-2-oleoyl-phosphatidylethanolamine (POPE) as a 
model membrane has been investigated. By employing differential scanning calorimetry, 
synchrotron small- and wide-angle X-ray scattering techniques, we found that ILs with longer 
alkyl chain at higher molar ratio of POPE to ILs could change membrane structures by inducing 
phase separation when POPE is at lamellar liquid crystalline phase or non-lamellar inverted 
hexagonal phase while [C12mim]Cl shows a difference. It exhibits a stronger disturbing effect on 
the POPE bilayer structure than [C16mim]Cl. The new lamellar or non-lamellar structures induced 
by ILs both have a smaller size than the intrinsic one. Further results combined with vesicle dye 
leakage assays indicated the new thinner lamellar structure and membrane defects caused by phase 
separation due to the existences of ILs can both lead to the enhancement of membrane permeation. 
The present work may shed light on our understanding of the antimicrobial mechanism of ILs. 
Acknowledgements The financial support of National Natural Science Foundation of China 
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The fabrication and utilization of polymer products are sometimes accompanied by evaporating of 
antioxidants together with their losses through commoving non-oxidative processes such as 
thermal decomposition. In these circumstances, we run the risk to upset the stability of the 
polymers, to yield their subsequent oxidation, contamination of contacting materials and 
environmental pollution. Taking into account the evaporation of antioxidants in the thermal 
analysis results in distorting the obtained kinetic data which complicates the prediction of the 
stabilization properties of antioxidants. To select an effective antioxidant which is resistant to high 
temperatures, as well as to eliminate the above research difficulties, it is necessary to know the 
kinetic parameters of its evaporation.  
The kinetics of thermooxidative degradation of stabilized polymers are normally studied by so-
called oxidation induction time (OIT) measurement – ISO 11357-6:2008. In this paper, it is 
proposed to modify OIT test by setting special heating program for studying the kinetics of 
antioxidant evaporation from polymers. In addition to the heating program taken in the standard 
manner (Fig. 1, a), the modified test introduces an extra step of isothermal soaking in inert medium 
at the same temperature (Fig. 1, b) or below it (Fig. 1, c). This provides a further decrease of the 
antioxidant in the probed pattern due to its evaporation, to give the essential OIT reduction. By 
varying the temperature and time of isothermal holding, we measure the corresponding OIT 
values. This opens up new possibilities for obtaining kinetic curves and evaluating the kinetic 
parameters of evaporation. 
 

 
Figure 1. Heating programs: a – standard, b, c – modified.  

Tst, Tis – isothermal temperature consequently in standard and modified tests,  
tst –time interval in standard test, prescribed for stabilization of heat flow,  

tis – settled time interval in modified test. 
 
The present method was tested on high pressure polyethylene with the use of two phenolic 
antioxidants. The error of kinetic parameters is estimated at 5–15%. 
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Rare-earth (RE) hafnates are the promising components of thermal barrier coatings (TBC) [1]. 
Information on thermal behavior in the wide temperature range, temperature dependences of 
thermodynamic properties and thermal expansion at high temperatures are the basic properties for 
TBC materials.  
This study continues earlier started research of RE hafnates [2, 3]. Gadolinium hafnate samples 
were obtained by co-precipitation and precursor annealing at a temperature of ~1773 K and 
characterized by X-ray powder diffraction, scanning electron microscopy and chemical analysis. 
The molar heat capacity of Gd2Hf2O7 ceramics with a pyrochlore structure was measured by 
adiabatic (8–340 K) and differential scanning calorimetry (315–1345 K). The heat capacity of 
gadolinium hafnate was extrapolated to 0 K without taking into account anomalies in the 
temperature range below 20 K. Our data at lowest temperatures are in agreement with earlier 
published heat capacity of Gd2Hf2O7 [4]. Standard thermodynamic functions were calculated 
based on the smoothed values of molar heat capacity: entropy, enthalpy change and reduced Gibbs 
energy. High-temperature heat capacity of gadolinium hafnate can be expressed by the equation: 
Cp,m (in J mol-1K-1) = 254.64 + 0.034306×T – 3470633/T2. 
Using the high-temperature X-ray diffraction method, the temperature dependence of the 
Gd2Hf2O7 cubic crystal lattice parameter was determined in the range of 298–1273 K and 
coefficients of instantaneous (αi), relative (αr) and linear thermal expansion (TE) were calculated. 
Acknowledgements This study was supported by the Russian Science Foundation (project 18-13-
00025). Experimental studies were carried out using the facilities of Joint Research Center of IGIC 
RAS.  
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[2] V.N. Guskov., P.G. Gagarin, A.V. Guskov et al, Ceram. Intern., 2019, 45, 20733. 
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Phases with general chemical formula SmSe2-x (0≤x<0.5), containing more than 60.0 at.% of Se, 
belong to the group of samarium polyselenides. The paper [1] is devoted to the research of the 
dissociation process in the system SmSe1.9–SmSe1.5. The composition of the intermediate phases 
was calculated from PSe-T-x dependence obtained by the static method by means of quartz 
membrane-gauge manometers. However, it is not known what phases can be formed, if proceeding 
in another conditions. SmSe1.9 was synthesized by the ampoule method from the elemental 
substances with the following % wt: Sm 0.999% and Se >0.99997%. The synthesis was carried 
out according to the technique described previously [2]. The sample was annealed at 450°C during 
2250 h. Based on the XRD data the produced sample contains only SmSe1.9. TG-curve for the 
thermal decomposition of SmSe1.9 was obtained (Fig.). TG-analysis was performed via use of DSC 
Setsys Evolution 1750 (TGA-DSC 1600) with software package SETSOFT 2000 under the 
following conditions: heating rate is 5 °C/min, protective and transporting gas is Ar, purge rate 25 
ml/min, corundum crucible with V of 100 μl, the initial sample mass is 10 mg. According to the 
XRD data and TG-analysis the sample contains γ-Sm2Se3 and Sm2O2Se as an impurity. While 
processing the TG curve in the software package, the mass loss (Δm) for each stage was calculated. 
On the TG-curve 6 thermal decomposition stages of SmSe1.9 can be distinguished. Based on the 
initial sample weight of 10 mg, the mass loss for all stages as a whole and each separately during 
the decomposition of SmSe1.9 was calculated due to the allocation of Se according to the scheme, 
described in the paper [1]. According to this scheme Δmgen = –1.05 mg, which was designated by 
us as Δmgen (lit.). The mass loss for every stage Δm (lit.) was also calculated. According to 
experimental data Δmgen = –1.09 mg. The difference between Δmgen (lit.) and Δmgen (exp.) is 
associated with the formation of Sm2O2Se, which has lower М = 411.68 g/mol, if compared to 
Sm2Se3 M = 537.60 g/mol. Based on the experimental mass loss, the formula of selenide produced 
at each stage of decomposition was calculated. Due to Sm2O2Se formation divergence of values 
of the selenium content in SmSex is clearly observed in the decomposition stages from the 2nd to 
the 5th ones. The formation of the following phases indicated in [1] was confirmed: SmSe1.875, 
SmSe1.8 (similar composition SmSe1.825 was produced), SmSe1.67 (similar composition SmSe1.67 
was produced), while the formation of SmSe1.85 was not confirmed. Selenide SmSe1.56 produced 
by us was not presented in the previous scientific publication [1]. 

 
Figure. TG-curve of the thermal decomposition of SmSe1.9 with Δmexp values. Compositions of 

phases that are formed upon decomposition according to: a – experimental data, b – [1]. 
 
[1] L.N. Zelenina, T.P. Chusova, I.G. Vasilyeva, J. Chem. Thermodyn., 2015, 90, 122. 
[2] O.V. Andreev, V.B. Kharitontsev, A.V. Elyshev, Russ. J. Inorg. Chem., 2013, 58(8), 910. 
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In contrast to “conventional” steels, Al is an important alloying element in high- and medium-Mn 
steels. Al is used to improve mechanical properties, to modify transformation behaviour and, at 
higher levels, to decrease density. The core system for such steels is the four-component Fe–Mn–
Al–C system. This system is complex and the interplay between the major phases austenite, ferrite 
and (sometimes) kappa-phase is highly non-trivial. Successful development of new materials and 
their processing requires an accurate, or as accurate as possible, Calphad thermodynamic database. 
A new thermodynamic description was developed for the Fe–Mn–Al–C system and this was 
incorporated into a database covering the elements Fe, Mn, Al, Si, Cr, Ni, V, Nb, Ti, C and N. 
This database covers a major fraction of the high- and medium-Mn steels, both existing and under 
development. This database represents further development of a database constructed for 
precipitation hardening in high-Mn steels [1]. The purpose of this presentation is to give an 
overview of this database with an emphasis on the Fe–Mn–Al–C system. 

[1] B. Hallstedt, A.V. Khvan, B.B. Lindahl, M. Selleby, S. Liu, Calphad, 2017, 56, 49–57. 
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Ionic liquids (ILs) have broad application prospects in many fields, such as pharmacology and 
biotechnology, due to their many excellent characteristics. However, some kinds of ILs are 
difficult to biodegrade, which cause environmental pollution and endanger life of living things, 
when ionic liquids leak into the environment. Lipid bilayers are essential parts of cell membranes 
which are physical boundaries of cells. The potential impact of ILs on biological systems is still 
unclear, so it is important to understand the interaction between ILs and membranes [1]. 
Phospholipids with PC head group, such as 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) 
and 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), are the main components of 
membrane lipids and are often used as model membranes [2,3]. 
In this work, we investigated ILs on the phase behaviors of a lipid mixture of DPPC and DMPC 
with equal molar ratio. We chose imidazolium-based ionic liquids 1-butyl-3-methylimidazolium 
acetate ([C4mim][OAc]) and 1-octyl-3-methylimidazolium acetate ([C8mim][OAc]), which are the 
most widely used types of ionic liquids. Small- and wide-angle X-ray scattering (SAXS and 
WAXS) and differential scanning calorimetry (DSC) were carried out to study the effect of these 
ILs on the phase behaviors of the selected lipid mixture. For SAXS and WAXS results, the aqueous 
dispersions of the lipids form the multilamellar structure with repeat spacing of 6.94 nm in gel 
phase. Decreasing repeat spacing of the lamellar structure was observed by adding both ILs. For 
DSC results over the concentration range (the molar ratio of lipids:ionic liquids from 1:0 to 1:0.25), 
the onset temperatures of the main phase transition of the lipid mixture decrease gradually from 
29.2 to 28.1 and 24.5 °C as the concentrations of [C4mim][OAc] and [C8mim][OAc] increase, 
respectively. The main phase transition peaks corresponding to the melting of acyl chains become 
broader with adding [C8mim][OAc], indicating the decreasing cooperativity of the transition. 
There are no obvious effects on the enthalpy of main phase transition with adding the ILs. The 
pre-transition, which are caused by the rearrangement of polar group of the lipids, do not show 
significant changes with adding [C4mim][OAc]. Whereas the pre-transition disappears as the 
molar ratio of lipids:[C8mim][OAc] increases to 1:0.25, indicating the obvious effect of 
[C8mim][OAc] on the rearrangement of the polar group of lipids, which suggests the insertion of 
[C8mim][OAc] into lipid bilayers. So compared with [C4mim][OAc], [C8mim][OAc] has a greater 
effect on the phase behaviors of lipid mixture of DPPC and DMPC. 
Acknowledgements The financial support of National Natural Science Foundation of China 
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The complex Al–Mg–Ti–Si–O system meets the interest of the aluminum production process. 
Alumina-based filter systems were proposed for Al alloy filtration. In this case, TiO2 coating 
deposited on corundum is supposed to filter actively MgAl2O4 spinel and alumina which are major 
inclusions in Al-based molten alloy. The Al-based melt can then react with TiO2 reducing it to 
sub-oxides and metallic titanium. Other metal or oxide phases can form depending on the alloying 
elements of the alloy. Therefore, a thermodynamic database of the Al–Mg–Ti–Si–O system is 
necessary to model chemical reactions at the interface between ceramic filter and Al melt. As a 
case of oxide interactions, the Al2O3–TiO2–SiO2 system should be also considered.  
The samples prepared by a co-hydrolysis method followed by annealing experiments were 
investigated using XRD, SEM/EDX, and DTA. The isothermal sections at 1213, 1449, 1474, and 
1517 °C were constructed (Fig. 1) based on obtained results which are mainly in an agreement 
with the literature data [1-3]. However, the solid-state invariant reaction of a transitional type, 
TiO2 + Al6Si2O13 ↔ SiO2 + Al2TiO5, was indicated at 1470 °C for the first time. On the liquidus 
surface, a eutectic invariant reaction between TiO2 rutile, SiO2 cristobalite, and Al2TiO5 tialite was 
detected at 1477 °C. An invariant transitional-type reaction L+Al6Si2O13↔SiO2+Al2TiO5 was 
found at 1506°C in the SiO2-rich area. Another transitional-type invariant reaction 
L+Al2O3↔Al6Si2O13+Al2TiO5 was observed at 1733°C in the alumina-rich area of the ternary 
system. The experimental data obtained as well as previously reported databases for the binary 
Al2O3–TiO2, TiO2–SiO2, and Al2O3–SiO2 systems were used to derive the thermodynamic 
description of the Al2O3–TiO2–SiO2 system. 
 

   
Figure 1. Isothermal sections of the Al2O3–TiO2–SiO2 system at 1213, 1449, and 1474 °C 
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Furan derivatives due to their physicochemical properties are very promising for use as a potential 
substitute fuel, as well as additive that increases the octane number of petrol. 2-methylfurane has 
significant advantages over the most common classes of oxygenate additives – high combustion 
energy, extremely low solubility in water, low (comparable to gasoline) latent heat of vaporization 
(which will help overcome the problem of cold starting), relatively high boiling points, which 
makes it more convenient for storage and transportation. 2-methylfurane can be obtained from 
cellulosic biomass.  
In this work, the heat capacity of 2-methylfurane in the temperature range of 6-350 K was 
determined by vacuum adiabatic calorimetry. The errors in the determination of heat capacity are 
on average 0.2-0.3 %. For research, a commercial sample of 2-methylfurane was used. According 
to the certificate, the sample had a purity of 99+ mass. %, therefore, before the study, it was 
purified by rectification, dried over CaCl2. All experimental operations were carried out in an 
atmosphere of dry inert gas. The temperature, the enthalpy and the entropy of fusion and purity 
were determined by fractional melting.  
There are two works in the literature on the determination of the low-temperature heat capacity of 
2-methylfurane: by the method of vacuum adiabatic calorimetry in the region of 5–310 K [1] and 
by the DSC method in the temperature range of 293.15–323.15 K [2]. A comparison of the data 
obtained in this work with the values available in the literature is given in the Table. 
 
Table. Thermodynamic characteristics of 2-methylfurane. 

Ref Purity 
 

Method of 
analysis 

/ 
J∙K-1∙mol-1 

Ttp/ K 
/ 

kJ∙mol-1 
/ 

J∙K-1∙mol-1 
[1] 99.16 

(mole %) 
fractional 
melting 143.72±0.14 181.90±0.0

2 8.552 47.01 

[2] 99 (wt. %) 
 

certificate 
of Sigma-
Aldrich 

138.326±0.002 - - - 

This 
work 

99.95±0.02 
(wt. %) 

 
99.94±0.01 
(mole %) 

g.l.c.  
 
 
fractional 
melting 

143.83±0.43 184.36±0.0
2 9.019±0.003 48.92±0.02 

 
The obtained experimental heat capacities are approximated by power polynomials; smoothed 
thermodynamic functions (changes in enthalpy, entropy and Gibbs energy) in the region of 5–350 
K and entropy of formation at 298.15 K are calculated. 
The Gibbs energy of formation of liquid 2-methylfurane at 298.15 K was found, using the literature 
data on the enthalpy of formation at 298.15 K [3] and the obtained value of the entropy of 
formation. 
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Rare-earth-ion-doped crystallite has attracted considerable research interest owing to its excellent 
luminescence properties. The PrAlGe2O7 is one of such material with high-potential 
photoluminescence properties but there is no information about their thermodynamic and structure 
properties in literature. 
The PrAlGe2O7 germanate have been prepared by solid-state reactions using stoichiometric 
mixtures of Pr2O3, Al2O3 and GeO2. The samples were then fired in air at temperatures of 1237 K 
for 40 h, 1373 K for 100 h, and 1473 K for 60 h in crucibles from beryllium oxide with ground 
and pressed every 20 h. 
The phase composition of the resultant samples was determined by X-ray diffraction on an 
D8 ADVANCE diffractometer with CuKα radiation. X-ray diffraction patterns were collected 
using a VANTEClinear detector (angular range 2θ = 11–120°, scan step of 0.016°). PrAlGe2O7 
crystallize in the monoclinic space group P21/c, this data agrees with the findings reported in [1] 
for LaAlGe2O7. Lattice parameters of praseodymium germanate are a = 7.2292(1) Å, b = 6,5329(1) 
Å and c = 12.7470(3) Å. Figure 1 shows the crystal structure of the synthesized phase-pure 
germanate sample. 
 

 
Figure 1. Crystal structure of PrAlGe2O7. 

 
The heat capacity (Cp) of PrAlGe2O7 has been determined as a function of temperature by 
differential scanning calorimetry (STA 449 C Jupiter (NETZSCH, Germany)) in the temperature 
range 350–1000 K. The measurement was carried out in platinum crucibles with lids in air 
atmosphere. The measurement error was no larger than 2 %. The experimental data were analyzed 
using the Netzsch Proteus Thermal Analysis software package and licensed Systat Sigma Plot 12 
graphing software (Systat Software Inc, the United States).The experimentally determined Cp(T) 
curve of the praseodymium germanate have no extremes or anomalies and is well represented by 
the Maier–Kelley equation (350 K < T < 1000 K). 

𝐶$ 9
𝐽

𝑚𝑜𝑙 ∙ 𝐾> = 233.7 + 0.07 ∙ 𝑇 − 3.7 ∙ 108 ∙ 𝑇1'	(𝑅' = 0.9987) 
The temperature dependence of PrAlGe2O7 heat capacity was determined for the first time. 
 
[1] Yu. Li, Ye. Chang, J. Phys. Chem., 2007, 111, 10682. 
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The reassessment of pure substances properties is a common procedure during Reference Books 
preparing. Now a third generation of SGTE database is created and the present work is a part of 
collaborative project to develop a self-consistent set of data for the thermodynamic properties of 
the pure elements. 
Multiple Einstein functions (MEF) [1] was used as a thermodynamic model, which capable of both 
interpolating and correctly extrapolating the values of Cp(T) in a wide temperature range – from 0 
K to the region of premelting and melting temperature. Approximation of the primary 
experimental data by MEF was carried out with binding to the key thermodynamic values (Cp , So 
and Ho(298.15) – Ho(0)) at 298.15 K. 
The temperature dependence of the specific heat Cp (T) is described by the following expression: 

     (1) 

where αi, Ɵi (i = 1, 2, ..) are the parameters determined by simultaneous approximation by the 
weighted method of all available experimental or calculated data on the heat capacity and high-
temperature content of the enthalpy using the CpFit software package 
(https://td.chem.msu.ru/develop/cpfit/). The accuracy of the thermodynamic functions’ 
description does not exceed precision of experimental method.  
Additionally to common procedure to fit the available data, the approximation with a set of fixed 
parameter number were made, that will allow the calculation of thermodynamic functions for the 
systems of greater dimension. A special procedure of data reweighting was proposed and tested to 
keep the fixed values of thermodynamic functions at reference temperature 298.15 K.  
As an example, the results of calculating of the standard thermodynamic functions for pure indium 
for 298.15 K are shown in Table 1. The values of the standard thermodynamic functions of isobaric 
heat capacity, entropy, and relative enthalpy of indium at 298.15 K deviate from the corresponding 
values of the Hultgren reference book [2] by 1, 0.1, and 0.2 %, respectively. 

Table 1. Standard thermodynamic functions of indium at 298.15 K 

 
Cp So Ho(298.15) - Ho(0) 

Standard error (abs.) 
Cp So Ho(298.15) – Ho(0) 

J/(K×mol J/mol J/(K×mol) J/mol 

Present work 26.994 57.76 6614 0.023 0.05 5 

Hultgren [2] 26.73 57.82 6602 0.04 0.84 4 
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Hexamethylenetetramine (HMTA) or 1,3,5,7-tetraazatricyclo[3.3.1.13,7]decane, being an aminal 
(cage-like) compound (see in Fig. 1a), is often indispensable in many fields of chemical industry 
and medicine (hexamine, urotropine and other drugs) [1‒3]. In turn, the aqueous solutions of 
HMTA are the noticeable interest as systems where both hydrogen-bonding interactions and 
hydrophobic effects play the equally important part [1,2]. Meanwhile, the existing fragmentary 
literature data on the enthalpy and heat capacity effects of HMTA dissolution in water are very 
contradictory [2‒4]. The same goes volume-related characteristics of aqueous HMTA, too [1]. 
In this report, we present results of the careful calorimetric study of (H2O + HMTA) and (D2O + 
HMTA) systems at T = (278.15 to 318.15) K (see Figs 1a,b). It is established that the D2O–H2O 
enthalpy-isotopic effect of HMTA solvation exhibits an exothermic maximum between two sign-
inversion points near 293 K and 318 K (Fig. 1b). The solvent isotope effects (IEs) in partial molar 
heat capacity as well as standard molar volume of HMTA in water are also undergo a negative-to-
positive sign inversion (at ~305 K and ~290 K [1], respectively). Such an unusual temperature-
dependent behavior of the thermodynamic IEs points out the dualistic character of HMTA 
hydration process which is dependent on the initial structure state of aqueous medium. 
 

  
Figure 1. Standard molar enthalpies of HMTA dissolution (a) in H2O (□) and D2O (■) and 
D2O‒H2O solvent isotope effects (b) as a function of temperature (the dotted lines limit the 

uncertainty interval with the 95 % confidence level). 
 
[1] E.V. Ivanov, J. Mol. Liq., 2018, 272, 248. 
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[4] I.B. Rabinovich, Influence of Isotopy on the Physicochemical Properties of Liquids, 1995, 
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A nontrivial fact of the symbasis in changing enthalpy and volume effects of dissolution in water 
during the isomeric replacements of 1,1-dimethylurea (DMU) → 1,3-dimethylurea (DMU) and 
2,8-dimethylglycoluril (DMGU) → 2,4-dimethyglycoluril (DMGU) was established. As seen in 
Fig. 1, the last two equimolecular compounds, being the N-methylated bicyclic urea-derivatives 
(bisureas) or glycolurils of the octane series, may be considered as the off-beat asymmetrically 
and “symmetrically” substituted analogues of 1,1-DMU and 1,3-DMU. Analyzing jointly our and 
literature data [1–5] on thermodynamic effects in aqueous solutions, it has been found that in both 
cases being considered, the standard molar volume of the equimolecular compound in water 
increases by ~ 0.7 cm3·mol-1, and the endothermicity of its dissolution decreases by ~11 kJ·mol-1 
at 298.15 K. Herewith the heat capacity of the dissolution (hydration) process increases while the 
solute standard expansibility decreases in the direction illustrated by schemes in Fig. 1 [1,3,4]. 

a 
 
 

 

b 

 
Figure 1. Equimolecular replacements in hydration complexes of acyclic (a: 1,1-DMU→1,3-

DMU) and bicyclic (b: 2,8-DMGU→2,4-DMGU) N-dimethyl-substituted urea derivatives. 
The revealed tendencies in changing the molar thermodynamic characteristics of dissolution are 
owing to weakening of specific interactions (via H bonds) and strengthening of the hydrophobic 
component in process of hydration of the “symmetrically substituted” 1,3-DMU or 2,4-DMGU. It 
is mainly connected with the redistribution of electron density on pharmacophore centers of a 
bioactive acyclic or heterocyclic solute molecule. In turn, such a situation may be due to the 
comparability of superposing the contributions (of cavity formation, solute–solute interaction…) 
in thermodynamic characteristics of dissolution in water that are differed for 1,1-DMU → 1,3-
DMU and 2,8-DMGU → 2,4-DMGU replacements. The results being derived are an important 
contribution to the information support to developing schemes for the synthesis and screening of 
psychotropically and coronary active glycoluril-containing drugs or their precursors [4,5]. 
Acknowledgements This work was supported by the Russian Foundation for Basic Research 
(RFBR), project 18-03-00016-a. 
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Benzoic acid (BA) is the simplest aromatic carboxylic acid that occurs naturally free and bound 
as BA esters in many plant and animal species. It is a constituent of some pharmaceutical 
formulations and independently displays therapeutic effect in treatment of skin diseases. 
Cyclodextrins are useful functional excipients that have enjoyed widespread attention and use. The 
basis for this popularity from a pharmaceutical standpoint is the ability of these materials to 
interact with poorly water-soluble drugs and drug candidates resulting in an increase in their 
apparent water solubility.  
Thus, in this work the formation of the inclusion complex of BA with β-cyclodextrin (βCD) at 
pH = 3.6 in water-ethanol solvents (H2O–EtOH) and water-dimethylsulfoxide solvents (H2O–
DMSO) as well as at pH = 1.6 in H2O–DMSO solvents was investigated. Instrumental research 
methods such as isothermal titration calorimetry and phase solubility were used to determine the 
thermodynamic parameters (lgK, ΔrH, ΔrG, TΔrS) of molecular complex formations. The stability 
constant (lgK = 1.99) of the inclusion complex formation [BAβCD] was also obtained by the 
method of phase solubility in water. When transferring from H2O to H2O-EtOH solvents up to 0.2 
mol. fr. of EtOH, the complex stability decreases from lgK = 2.4 to lgK = 0.7, whereas 
exothermicity increases from –12.2 kJ mol-1 to –44.3 kJ mol-1. It has been established that in 
studies range of H2O–DMSO solvent solvent up to 0.1 mol. fr. of DMSO the stability of the 
complex and exotermisity of complex formation are slightly decrease to values lgK = 1.8 and 
ΔrH = –10.9 kJ mol-1.  
Previously we found that solvents H2O–EtOH, H2O–DMSO, and H2O–Me2CO have a similar 
effect on the thermodynamic parameters of formation of the host-guest complex formations 
between macrocyclic molecules 18-crown-6 and glycyl–glycyl–glycine, glycine, D,L-alanine and 
L-phenylalanine. As the solvent is enriched with the organic component all these the molecular 
complexes become more stable. In contrast, the increase of EtOH or DMSO concentration leads 
to a decrease of the BA/βCD complex stability. However, the changes in the Gibbs energy of 
molecular complexes formed by the “host’s” molecules 18C6 and βCD are due to the resolvation 
of “guest” molecules. In the cases of complexes with 18C6 the desolvation of “guests” is observed 
and in the BA/βCD complexes the increase of BA solvation takes place. Furthermore, the increase 
of exothermicity of both types of complex formation reactions in H2O–EtOH mixed solvents is 
observed. An increase in the concentration of ethanol leads to an increase in the entropy 
contribution of BA/βCD complex formation reaction which decreases the stability of BA/βCD.  
However, it should be noted that application of high sensivity ITC microcalorimeter TAM III 
technique is limited by a low solubility of βCD in studied water-organic solvents which make 
difficult to provide experiment at optimal reagent concentration’s conditions. 
The calorimetric measurements was carried out at the Institute of Thermodynamics and Kinetics 
of Chemical Processes of the Ivanovo State University of Chemistry and Technology (ISUCT) 
using the equipment of the Centre for Collective Use of ISUCT. 
Acknowledgements This work was funded by RFBR and VAST according to the research [project 
№19-53-54004] and Ministry of Foreign Affairs and International Cooperation of Italy [grants in 
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 93 

CALORIMETRIC STUDIES OF THE INCLUSION COMPLEX FORMATION OF 
QUERCETIN AND CURCUMIN WITH HYDROXYPROPYL-β-CYCLODEXTRIN  

IN WATER-ETHANOL SOLVENTS 

D. Kabirov1, T. Silvestri2, M. Niccoli2, M. Biondi2, L. Mayol2, T. Usacheva1, C. Giancola2 
1Ivanovo State University of Chemistry and Technology, Russian Federation 

2University of Naples Federico II, Italy 
oxt@isuct.ru  

Many recent reports on curcumin (CURC), a polyphenol from Curcuma longa Linn, and quercetin 
(QCT) provide mounting evidence on the pharmacological activity of these molecules. CURC and 
QCT are endowed with numerous pharmacological activities, including antiinflammatory, neuro-
/cardioprotective, antioxidant, antimicrobial and anticancer. However, the pharmaceutical use of 
these molecules are hampered due to their poor solubility in the aqueous media. Their stability and 
solubility could be improved by the formation of inclusion complexes with cyclodextrins, which 
are cyclic oligosaccharides with a hydrophilic outer surface and a lipophilic cavity. Moreover, the 
increasing of solubility of hydrophobic CURC and QCT molecules could be increase also by 
complex formation with cyclodextrins in non-aqueous media. Thus, in this work the influence of 
water-ethanol solvent on inclusion complex formation between QCT and hydroxypropyl-β-
cyclodextrin (HPβCD) as well as CURC with HPβCD were analised. Instrumental research 
methods such as isothermal titaration calorimetry and phase solubility were used. The complex 
formation of CURC with HPβCD at pH = 5.0 and pH = 7.4 in hydroalcoholic solution with 20 % 
v/v EtOH (0.1 mol. fr.) at physiological and acidic pH was investigated. Thermodynamic 
parameters (ΔrH, ΔrG, TΔrS) of the CURC/HPβCD inclusion complex formation were calculated 
using the constant stability obtained by phase solubility method (lgK = 3.23 at pH = 7.4 and 
lgK = 3.36 at pH = 5.0). The enthalpies of the CURC/HPβCD complex formation reaction were  
–4.67 kJ mol-1 and –8.11 kJ mol-1 respectively. Own and literature data [1, 2] show that the increase 
of EtOH concentration in the solvent lead to an increasing of stability of the inclusion complex 
CURC/HPβCD in both pH = 7.4 and pH = 5.0 water-ethanol media. 
Differently, we also established that the addition of ethanol to water leads to an insignificant 
decrease in the stability of the QCT/HPβCD host-guest complex [3]. Calorimetric titrations 
revealed the formation of QCT/HPβCD host-guest complex with a stoichiometric ratio of 1:1 in 
X(EtOH) = 0.00, 0.05, 0.10 mol. fr. solvents at pH = 7.0 and pH = 8.1, no complex formation was 
noticed in water-ethanol mixed solvent when ethanol mol. fr. exceeded 0.2 at neutral and alkaline 
pH, as well as a mol. fr. higher than 0.1 at acidic pH. However, along with this, there is an increase 
in the exothermicity of complexation and a decrease in the entropic contribution to the change of 
the reaction Gibbs energy. 
It should be supposed that the different influence of EtOH addition to water on the CURC/HPβCD 
and QCT/HPβCD complex stability is due to the differences in the solvation contribution of 
“guests” molecules into the Gibbs energy changes of the complex formations. The calorimetric 
measurements for QCT/HPβCD complex formation study was carried out at the Institute of 
Thermodynamics and Kinetics of Chemical Processes of the Ivanovo State University of 
Chemistry and Technology (ISUCT) using the equipment of the Centre for Collective Use of 
ISUCT. 
Acknowledgements This work was funded by Ministry of Foreign Affairs and International 
Cooperation of Italy [grants in favor of foreign citizens not residing in Italy and Italian citizens 
living abroad, № 946-22/10/2018] and RFBR and VAST according to the research [project №19-
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Fly ash is an industrial waste generated from coal combustion process in thermal power plants. It 
is composed of the fine particles of burned coal and is regarded as a problematic solid waste all 
over the world. A promising way to utilize fly ash is to obtain geopolymers. Geopolymers are a 
subclass of alkali activated materials prepared by the reaction of aluminosilicates such as class F 
(low calcium) fly ash with an alkaline agent (e.g. sodium hydroxide solution or liquid glass) at 
near ambient temperatures. During the last two decades, the alkali-activation technology has 
played an increasingly important part in the development of novel, eco-friendly alternatives to 
Portland cement [1,2]. 
The focus of this work is on study of the geopolymerization of mechanically activated fly ash 
blended with natural and synthetic calcite using isothermal conduction calorimetry and thermal 
analysis. The class F fly ash used in this study was received from Apatity Thermal Power Station 
(Murmansk Region, Russia). Natural calcite contained 98 % CaCO3. The content of calcite mixed 
with fly ash ranged from 1 to 10%. 
Mechanical activation of (fly ash + calcite) blends was carried out in a AGO-2 laboratory 
centrifugal-planetary mill at a centrifugal factor of 40 g in air. NaOH solution was used as the 
alkaline agent. The prepared cubic specimens were cured at 22±2 °C in tightly closed container. 
The specimens were tested for compressive strength after curing for 7 d and 28 d. The heat 
evolution during geopolymeriszation reactions was monitored using ТАМ III isothermal 
calorimeter at 25 °C in 4-ml glass ampoules. The procedure involved mixing of (fly ash + calcite) 
blends and NaOH solution, loading of the samples in glass ampoules in the calorimeter and 
response recording. Thermal analysis (TG coupled with MS) of the cured samples has been 
performed using STA 449 F1 Jupiter with QMS 403 CF Aeolos Netzsch instrument. 
The rate of heat evolution and total heat evolved curves clearly showed that both mechanical 
activation and addition of synthetic and natural calcite to fly ash led to the growth of reactivity of 
the raw material with respect to the sodium hydroxide solution. As a result, the compressive 
strength of the resulting geopolymer increased. 
TG curves and MS analysis of the evolved gas showed that in the temperature range 20–500 °C 
mainly dehydration of the geopolymers occurs, while at higher temperatures decomposition of 
carbonates releasing CO2 was observed. Taking into consideration that physically bonded water 
evaporated at ca. 20–120 °C , the weight loss between 120 °C and 500 °C was considered as 
chemically bonded (structural) water. As the structural water was present in the reaction products, 
the weight loss in 120–500 °C temperature range was regarded as a measure of extent of the 
geopolymerization reaction. According to TG and MS analysis data addition of calcite to fly ash 
accelerated formation of geopolymer in agreement with isothermal conduction calorimetry results 
and mechanical properties of geopolymers.  
Acknowledgements This work was supported by Russian Foundation for Basic Research (grant 20-
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for Thermogravimetric and Calorimetric Research of the Research Park of St. Petersburg State 
University. 
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The volatile iridium complexes are widely demanded in the processes of the obtaining 
functional coatings by metal-organic chemical vapor deposition (MOCVD) method. In the 
case of MOCVD, these compounds should satisfy specified thermochemical requirements 
such as high vapor pressure at low temperatures (volatility), thermal stability etc. B-
diketonates may be the suitable choice for these purposes due to the possibility of changing 
the thermal properties of the complexes by varying their terminal substituents. On the other 
hand, changing traditional (O,O)-coordinated ligands to (O,N)-coordinated ones (β-
ketoiminates) can help to optimize the reactivity and increase the thermal stability of 
resulting compounds. As for iridium, mixed-ligand Ir(I) complexes are characterized by 
simpler synthesis in comparison with Ir(III) compounds. In addition, complexes with 
carbonyl ligands may be perspective because of their possibility to decrease the deposition 
temperature. So, the present work describes the synthesis, structure and investigation the 
influence of terminal substituents and the replacement of (O,O)-coordinated β-diketonates 
to (O,N)-coordinated analogues on thermal properties of complexes Ir(I) with general 
formula [Ir(CO)2(L)] (L = β-diketonate, R1C(O)CHC(O)R2: R1 = CF3, R2 = CF3 (hfac) 1, Me 
(tfac) 2; tBu (ptac) 3, Ph (btfac) 4, R1 = R2 = tBu (thd) 5, Me (acac) 6, L = = β-ketoiminate, 
R1C(O)CHC(NR2)CH3, R1 = CH3, R2 = H (i-acac) 7; R1 = R2= CH3 (Mei-acac) 8; R1 = CF3, 
R2 = CH3(Mei-tfac) 9). 
All complexes were synthesized in inert atmosphere by bubbling CO through corresponding 
complexes with cyclooctadiene-1,5 [Ir(cod)(L)] in the hexane solution (yield: 75–95%). The 
compounds were characterized by elemental analysis, IR and 1H and 13C NMR spectroscopy and 
powder X-Ray diffraction (XRD). Crystal structures of complexes were determined by single-
crystal XRD. 
Thermal properties of compounds in condensed phase were investigated by thermogravimetry 
(TG/DTA) and differential scanning calorimetry (DSC). TG/DTA investigation was carried out 
using thermobalances Netzsch TG 209 F1 Iris (He, 20 mL·min–1, 10 K·min–1, sample mass 9-11 
mg). For all compounds mass loss occurs in single step. The following volatility row could be 
established on the base of 50% mass loss temperature for [Ir(CO)2(L)]: hfac 1 (388 K) > 2 tfac 
(408 K) > 3 ptac (431 K) > 6 acac (444 K) ≈ 5 thd (448 K) > 7 i-acac (451 K) ≈ 8 Mei-acac (453 
K) > 4 btfac (481 K). The feature of the (O,O)-coordinated series is the close volatility for 
complexes with both Me- and tBu-substituents in comparison with corresponding complexes with 
cyclooctadiene ligand[1].Transition from β-diketonate ligands to β-ketoiminate ones leads to a 
slight decrease in volatility in comparison with the closest structural analogue [Ir(CO)2(acac)]. 
DSC investigation for complexes was carried out using a Setaram DSC 111 calorimeter with 
heating rate 0.5–1.0 K·min-1 and sample mass 14–17 mg. Any phase transition up to melting was 
not observed. Temperature dependencies of saturated vapor pressure for several complexes were 
measured by flow (transpiration) method. The experiments were carried out using helium as an 
inert gas-carrier with flow rate (0.9–2.0). The quantitative volatility row, which was constructed 
on the base of p(T) dependencies, is in a good agreement with the TG data. 
 
[1] E.S. Vikulova, I.Y Ilyin, K.I. Karakovskaya, D.A. Piryazev, A.E. Turgambaeva and N.B. 

Morozova, J. Coord. Chem, 2016, 69(15), 2281–2290. 
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The addition of high-density carbon materials to the jet fuels can lead to a significant increase in 
their volumetric energies of combustion. The thermodynamic analysis of the possibility to obtaine 
the model hydrocarbon fuels from toluene and T-1 [1] with stacked-cup multiwall carbon 
nanotubes (MCNTs) were carried out. 
The enthalpy of combustion, the heat capacity in the temperature range from (5 to 370) K and the 
physical density of MCNTs produced by Vision Development (Japan) by gas-phase catalytic 
pyrolysis of hydrocarbons were measured. The sample contained 0.69 mas.% residual catalyst 
(Ni), which could not be removed by magnetic separation. Preparation of MCNTs before 
measurements was described in [2]. The combustion energy of the MCNTs in the condensed state 
was determined by the bomb combustion calorimetry in a calorimeter B–08–MA [2, 3]. The 
temperature dependence of the heat capacity of MCNTs were obtained with a TAU-10 adiabatic 
calorimeter (Termis, Moscow) [2, 3]. The standard thermodynamic functions of MCNTs in the 
condensed state between (0 and 4000) K were evaluated. The physical density of MCNTs was 
measured by pycnometric method using water and toluene and was equal to (2210±22) kg·m–3. It 
was found that the mass fraction of MCNTs in their mixtures with liquids was at least 33 %. 
The specific and volumetric energies of combustion, the adiabatic combustion temperatures and 
the conditional final maximum speeds of model rockets were calculated for the model systems 
from toluene and MCNTs and T1 and MCNTs with different compositions. 
 
Table 1. Сharacteristics of combustible fuels from toluene and MCNTs and T-1 and MCNTs 

Characteristics 
mass fraction of MWCNTs in fuels 

with toluene1) with T-12) 

0 0.30 0.75 0 0.30 0.75 
r, kg·m–3 867.1 1060 1593 800 989 1534 

–  (fuel), MJ·kg–1 40.96 38.37 34.49 42.90 39.73 34.98 
–  (fuel mixed with О2), MJ·kg–1 10.52 10.78 11.29 9.786 9.544 9.128 
–  (fuel mixed with air), MJ·kg–1 2.825 2.764 2.663 2.747 2.710 2.643 

Тad, К (in О2) 6227 6343 6565 5738 5944 6378 
Тad, К (in air) 2507 2491 2465 2408 2417 2436 
Vmax, m·s–1 4615 4928 5574 4553 4950 5634 

1) toluene: C7H8; М = 92.1 g·mol–1; С°298.15 = 1693 J·kg–1·К–1;  
2) Т-1: C12.8H24.12; М = 178.1 g·mol–1; С°298.15 = 1921 J·kg–1·К–1 [1]. 

 
It was proved that the addition of MCNTs to toluene and T-1 increases significantly the volumetric 
energy intensities of the received jet fuels and leads to an improvement in the operational 
characteristics of drones and rockets. 

[1] V.N. Bakulin, N.F. Dubovkin, V.N. Kotova, V.A. Sorokin, V.P. Frantskevich, L.S. 
Yanovsky, Energy-consuming combustible for aircraft and rocket engines, 2009, 
Fizmatlit, Moscow, Russia. 

[2] G.J. Kabo, Y.U. Paulechka, A.V. Blokhin, O.V. Voitkevich, T.N. Liavitskaya, A.G. Kabo, 
J. Chem. Eng. Data, 2016, 61, 3849. 

[3] G.J. Kabo, A.V. Blokhin, E.Paulechka, G.N. Roganov, M.Frenkel, I.A. Yursha, V. Diky, 
D. Zaitsau, A. Bazyleva, V.V. Simirsky, L.S. Karpushenkava, V.M. Sevruk, J. Chem. 
Thermodyn., 2019, 131, 225.  
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The Li2CrO4–RbBr quasi-binary system is a stable diagonal of the Li, Rb || Br, CrO4 three-
component reciprocal system. Faceting elements of the Li, Rb || Br, CrO4 system are binary 
systems: the LiBr–Li2CrO4 and RbBr–Rb2CrO4 systems relate to eutectic type; in addition to 
eutectics, in the LiBr–RbBr and Li2CrO4–Rb2CrO4 systems compounds are also formed. Analysis 
of the Li, Rb || Br, CrO4 system faceting elements allows to make an assumption that the  
Li2CrO4–RbBr quasi-binary system has an eutectic type. 
To confirm this forecast, a theoretical calculation of the temperature and composition of the 
eutectic was carried out using the Schroeder – Le Chatelier equation that considers the melting 
temperatures and enthalpies of individual salts [1]: 

⎩
⎪
⎨

⎪
⎧ln 𝑥 (𝐿𝑖'𝐶𝑟𝑂9) =

∆:𝐻(𝐿𝑖'𝐶𝑟𝑂9) ∙ R𝑇; − 𝑇(𝐿𝑖'𝐶𝑟𝑂9)S
𝑅 ∙ 𝑇(𝐿𝑖'𝐶𝑟𝑂9) ∙ 𝑇;

ln 𝑥 (𝑅𝑏𝐵𝑟) =
∆:𝐻(𝑅𝑏𝐵𝑟) ∙ R𝑇; − 𝑇(𝑅𝑏𝐵𝑟)S

𝑅 ∙ 𝑇(𝑅𝑏𝐵𝑟) ∙ 𝑇;
𝑥(𝐿𝑖'𝐶𝑟𝑂9) + 𝑥(𝑅𝑏𝐵𝑟) = 1

 

As a result of the equations solving, the following theoretical values were obtained: 
Te = 427 °C, 20 % RbBr and 80 % Li2CrO4. 
Further the Li2CrO4–RbBr quasi-binary system was studied by differential thermal analysis using 
the apparatus based on DSC microcalorimeter [2]. The obtained data confirm the eutectic type of 
the system, the experimental values are close to theoretical: Te = 395 °C, 17 % RbBr and 83 % 
Li2CrO4. 
 

 
Figure 1. Phase diagram of Li2CrO4–RbBr quasi-binary system. 

 
[1] A.G. Stromberg, Physical Chemistry, 2006, 527. High school, Moscow, Russia. 
[2] U.V. Moshensky, Instruments and Experimental Techniques, 2003, 46, 6, 143-144. 
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The structure of n-butyl acrylate–styrene block and gradient copolymers of various compositions 
is studied in detail, and their glass transition temperatures are determined. 
The objects of research were PBA, PS, and their nbutyl acrylate–styrene block and gradient 
copolymers of various microstructures obtained by reversible addition fragmentation chain-
transfer copolymerization. The styrene content in the copolymers ranged from 7 to 60 mol %. The 
synthesis conditions and the procedure for determining the composition of the copolymers are 
described in [1] 
The physicochemical and structural–morphological studies of the copolymers were carried out 
using films cast from a solution onto a prepared antiadhesive substrate. All samples were 
preliminarily dried in vacuum (0.1 mbar) at a temperature of 333 K for 24 h. The residual solvent 
content in the copolymer samples did not exceed 0.1% according to mass thermal analysis (QMS 
403 D Aëolos, Netzsch GmbH, Germany). The thermochemical studies of the copolymers were 
performed by DSC on a DSC 204 F1 Phoenix instrument (Netzsch GmbH). A copolymer weighed 
portion (10–20 mg) was placed in a standard aluminum crucible (40 μL). The measurements were 
carried out in an inert atmosphere of argon (flow rate of 20 mL/min) in the temperature range from 
180 to 400 K at a temperature change rate of 20 K/min. 
Relaxation Transitions in the Copolymers. Figures 1, 2 show the typical thermograms of all studied 
block and gradient copolymers which differ in the molecular weight of rigid (PS) and flexible 
(PBA) blocks and the concentration of blocks. From the DSC curves using the half-height of heat 
capacity steps, the glass transition temperature Tg, the α-transition width ΔT = Tstart – Tend 
(where Tstart and Tend are the temperatures of the start and end of heat capacity jump, 
respectively), and the magnitude (height) of the heat capacity step ΔCp were determined. It can be 
seen that the glass transition temperatures of the copolymers (Fig. 1, curves 2–4) are localized 
between the glass transition temperatures of PS and PBA homopolymers (curves 1, 5). 
 

  
Figure 1. DSC curves for (1) PS,  
(2) stat–CBAS-17, (3) gradient–CBAS-18, 
(4) block–CBAS-17, and (5) PBA. 

Figure 2. DSC curves for (1) gradient–CBAS-9, 
(2) gradient–CBAS-18, (3) gradient–CBAS-32,  
(4) gradient–CBAS-37, (5) gradient– CBAS-49, 
and (6) gradient–CBAS-60. 
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The possibility to control pore size, volume and shape in carbon materials is a great technological 
challenge. Porous carbon materials can be used in membrane technology [1], carbon bonded 
carbon fibers [2] and carbon fiber reinforced carbon composites [3] manufacturing, as precursors 
for ceramic matrix composites [4] and many other fields. There are many methods of porous 
carbon materials synthesis with their advantages and disadvantages, but the method based on 
polymerization induced phase separation (PIPS) in the resol resins/ethylene glycol systems, makes 
it possible to obtain carbon matrixes with developed pore structure under quite mild conditions [5]. 
It is generally assumed that single technique will provide useful, but nonetheless incomplete 
information on material structure and/or behavior, but the thermal analysis approaches can 
significantly improve the synthesis conditions of porous carbon materials and evaluate their 
structure such as open porosity and defectiveness. 
The using of such methods for processes investigations as thermokinetic studies (differential 
scanning calorimetry (DSC), thermal mechanical analysis (TMA), thermogravimetric analysis 
(TGA) data) and such methods for structure evaluations as thermoporometry (water as working 
liquid) and oxyreactive thermal analysis is regarded. 
It was shown that using of high-pressure crucibles allows excluding the artifacts on DSC curves 
due to evaporation of polycondensation products of phenol formaldehyde resol resins and makes 
it possible to apply to thermosetting system under investigation such simple methods of thermal 
kinetics as Borchardt–Daniels approach. The using of thermal kinetics for density fluctuation 
during pyrolysis (TMA and TGA data) makes it possible to choose the time-temperature regime 
for uniform density changes to avoid structure stress and additional defects formation. 
It was shown by thermoporometry [6] that carbon materials cumulative volume of meso- and 
macropores (up to ~300 nm) increases with enhancing of thermosetting component (resol resin) 
reactivity by means of temperature increasing or partial substitution of phenol by meta-cresol 
during phenol formaldehyde resin synthesis.  
It was shown by oxyreactive thermal analysis [7] that the presence of ethylene glycol in resol 
resins decreases the defectiveness of carbon matrix of the pyrolysis products, which can be related 
with ethylene glycol mobility. The pyrolysis of pure resol resins leads to the formation of more 
defective carbon structures, which are combusted at lower temperatures. 
It was shown by high-temperature DSC that increasing of cumulative volume of meso- and 
macropores results in intensification of carbide formation reaction as proposed due to the 
increasing of capillary pressure. It was shown also that carbide formation reactivity correlates with 
topological defectiveness of carbon matrix. 
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The use of polymeric materials in various industries, such as electronic equipment, radiation 
medicine, space technology necessitates the search for materials that are resistant to aggressive 
external influences. Influence of irradiation resulting in a number of reversible and irreversible 
effects can occur in polymers, destroying their morphology and physico-mechanical properties 
that violate the performance of the material as a whole. The existing methods of increasing the 
radiation resistance of polymeric materials include the synthesis of composites by modifying 
polymer matrices with radiation-resistant or radiation-absorbing inorganic fillers. Composite 
powder materials based on ultrahigh molecular weight polyethylene (UHMWPE) and metal’s 
carbides and oxides were synthesized by mechanochemical activation in high energy planetary 
ball mill from industrially available components with different mutual concentrations of 
components. Then powdered precursors were hot pressed in 2 mm plates for accelerated e-beam 
irradiation experiments. Irradiation of specimens was performed under industrial conditions 
(normal atmosphere and at the room temperature) at electron beam source UR-10 of IMET RAN 
radiation facility (electrons accelerator up to 2 MeV energy) and with a radiation dose ranging 
from 0 to 8·1014e/cm2. Differential scanning calorimetry has been applied to the study of the effect 
of different irradiation doses of an accelerated electrons on the structural state of the composite 
materials. The composites were investigated by differential scanning calorimetry to evaluate the 
polymer crystallinity degree and the parameter of intra-chain cooperativity of melting changes as 
for as obtained mechanically activated precursors as after different dose of e-beam irradiation in 
pressed composite plates. Studies of changes in the structural and morphological characteristics of 
the composite samples were visualized by scanning electron microscopy, supported by X-ray 
diffraction and FTIR spectroscopy. The main possible results of the electron irradiation influence 
on the structure of the composite as a whole and its components were analysed. The analysis of 
the obtained data showed the resistance of the composite material with respect to the electron flux 
at irradiation doses up to 8·1014 e/cm2. 
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The creation of a bioresorbable bone implant is a difficult task, since such implants must have 
such properties as biocompatibility, bioresorbability, osteoinductance, osteoconductivity and 
strength. That is why the development of materials with the necessary rate of resorption in the 
body and sufficient strength is the task of modern materials science. In view of this, the aim of this 
work is to obtain resorbable osteoconductive implants based on calcium and potassium or sodium 
triple phosphates with a strength level of at least 1 MPa and a porosity level of more than 70 %.  
Obtaining Ca3-x(KyNa1-y)2x(PO4)2 based ceramics is impossible without studying the 
Сa3(PO4)2−CaNaPO4–CaKPO4 system. Therefore, in this work, we studied the phase equilibria in 
this system in low temperature region.  
The use of other sintering methods, for example, the reaction sintering method, which involves 
increasing the diffusion rate of ions by creating a difference in chemical potentials, can contribute 
to an increase in the strength of the ceramic material. All this creates the need for the search and 
development of solid-phase reactions for the preparation of mixed calcium phosphates of 
potassium or sodium.  
Also one of the sintering methods that contribute to improving the quality of the resulting ceramics 
is Spark Plasma sintering (SPS), in which the main principle is to sinter powder materials by 
passing an electric current of high strength through the graphite mold in which the sample is 
located and simultaneously applying pressure to the system. Due to the rapid release of Joule heat, 
a high sintering rate is achieved, and the current passing mainly along the grain boundaries does 
not allow the recrystallization process to proceed too quickly. 
The sintering processes of triple phosphates were studied using various sintering methods. After 
that, the microstructure, density and porosity of the obtained ceramic samples were evaluated.  
Acknowledgements The reported study was funded by RFBR, project number 19-38-90199. 
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Hormones, vitamins and proteins are 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. 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. Vitamins are 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. Proteins perform a vast 
array of functions within organisms, including catalyzing metabolic reactions, DNA replication, 
providing structure to cells, and organisms, and transporting molecules from one location to 
another. 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 (B3), myo-inositol (B8), folic acid dihydrate (B9), L-carnitine (B11) 
and cyanocobalamin (B12), steroid hormones such as hydrocortisone acetate, methylprednisolone, 
and methylprednisolone aceponate and protein such as hevein. 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 such as heat capacity, enthalpy, entropy and 
the Gibbs function of heating are calculated in the temperature range of 0–350 K. 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. 
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Studying interactions of water with biopolymers at low hydration levels is an experimental 
challenge. Due to low water contents, slow diffusion and presence of the glassy state, achieving 
thermodynamic equilibrium can take a very long time. Some of these problems can be solved by 
using unconventional and novel techniques, such as sorption calorimetry [1] and humidity-
scanning QCM-D [2]. During past two decades, we performed studies of a number of proteins [3-
4], surfactants [5] and carbohydrate polymers [6-8] using sorption calorimetry.  
According to our sorption calorimetric results obtained on several biopolymers, at low water 
contents in the glassy state the hydration enthalpy is practically independent on the nature of the 
biopolymer. For example, for both ionic and non-ionic polymers it is close to –8 kJ/mol in the dry 
limit [6-8]. To explain this, we recently proposed a thermodynamic theory that describes the effect 
of the glassy state on the enthalpy of sorption [9]. A rigorous thermodynamic expression for the 
sorption enthalpy as well as equations applicable for practical calculations were derived. The 
theory was tested on the experimental water sorption data on starch and cellulose. The equations 
describing the hydration enthalpy are in excellent agreement with experimental data. Remarkably, 
the glass transition-induced apparent heat capacity change for water in carbohydrate polymers 
turned out to be negative [9]. Being counterintuitive, this result can however be supported by re-
evaluation of the literature data on heat capacities of the starch – water system. The apparent 
absence of sensitivity of hydration enthalpy to the presence of ionic groups was also explained 
using ab initio quantum calculations [8]. 
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Four new mononuclear complexes formed by the asymmetric azomethine ligand (4-(3,6-di-tert-
butyl-9H-carbazole-9-yl)-benzoyloxy-2-hydroxy-N’-ethyl-N-ethylenediamine) were synthesized 
and characterized by IR, NMR spectroscopy, mass-spectrometry. Fe(III), Co(II), Cu(II), and 
Ga(III) ions were used as a central metal ion. Chelating ligand contains derivatives of 3,6-di-tert-
butyl-carbazole as chromophor. To get information about the thermal stability of the ligand and 
complexes thermal analytical techniques, thermo gravimetric analysis (TGA) and differential 
thermal analysis (DTG), were used. 

 
Figure 1. TG, DTG, and DSC curves of Ga(III) complex 

 
The TGA data for Ga(III) complex, Figure 1, and Cu(II) complex displayed a similar 
decomposition pattern indicating one decomposition step with a mass loss of 84.73 % at 313–
352 °C and 90.18 % at 312–357 °C respectively, which may be attributed to the organic part decay 
to give finally metal oxide as a residue. The decomposition of the Fe(III) complex occurs in two 
steps: at 318–360 °C, which may be associated with the decay of the organic part and the counter-
ion (a mass loss of 73.07 %) and within the temperature range 476–516 °C (a mass loss of 15.31 %) 
leaving metal oxides as residue. In the first heating cycle of Fe(III) complex only melting 
temperature is detected (Tm = 187.3 °C). Repeated heating leads to the glass transition of the 
sample at Tg = 55.8 °C followed by crystallization (Tcr = 141.3 °C) and melting (Tm = 186.0 °C). 
At cooling glass transition occurs at Tg = 47.4 °C while crystallization of the sample is not 
observed. The TG plots of the Co(II) complex showed four decomposition steps within the 
temperature range 25–700 °C, which corresponds to the decay and elimination of organic part of 
the complex and counter-ion. Metal oxide remains as a residue of decomposition. An analysis of 
the DSC curves of Ga(III) and Co(II) complexes confirms the assumption of the presence of a 
polycrystalline phase as indicated by solid-solid type transitions in the samples. 
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In the current study, the thermophysical properties of rare earth orthovanadates RVO4 (R = rare 
earth) with a tetragonal zircon-type structure (sp. gr. I41/amd) have been studied. This class of 
compounds is of interest from a point of view its potential application as efficient catalysts for the 
decomposition of toxic organic substances, magnetic refrigerators and laser media components 
[1–3]. In particular, data on heat capacity (Cpo), thermal diffusivity (α) and thermal conductivity 
(κ) for RVO4-based materials can be used to create novel ceramic materials for magnetic 
refrigeration and catalytic applications. 
Microstructure, phase and chemical composition of polycrystalline powders and pellets of RVO4 
(R = Ho, Tm) have been studied by scanning electron microscopy (Carl Zeiss NVision 40 
workstation), X-ray powder diffraction (Bruker D8 Advance) and X-ray fluorescence 
spectroscopy (Bruker M4 TORNADO). The bulk density of ceramic samples (ρ) has been 
determined, using Archimedes' method. Temperature dependences of heat capacity and thermal 
diffusivity have been measured from room temperature up to 1073 K by differential scanning 
calorimetry (Netzsch STA 449 F1 Jupiter ®) and laser flash (Netzsch LFA 457 MicroFlash) 
methods, respectively. Thermal conductivity data have been calculated as follows: κ = ρ·α·Cpo. 
The results of the heat capacity measurements, as well as the thermal conductivity values are 
shown in Figure 1, using an example of HoVO4 (Fig. 1). 

 
Figure 1. Temperature dependence of the heat capacity of HoVO4 over the range 6–1100 K.  

The inset shows the thermal conductivity as function of temperature. 
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The integrated use of advances in the generation of clean and renewable energy using solar panels 
and wind generators, the efficient conversion of electrical energy into chemical energy, the 
production of hydrogen by water electrolysis, and the reverse conversion of hydrogen into 
electrical energy using fuel cells, provide unlimited opportunities for creating unique energy 
complexes with a powerful potential for application. However, in this attractive energy scheme, 
the problem of safe and efficient accumulation of large amounts of hydrogen, the so-called 
problem of creating a hydrogen battery, remains unsolved. 
One of the promising directions for accumulating large volumes of hydrogen is its binding in an 
appropriate chemical compound – a liquid organic hydrogen carrier (LOHC), due to a catalytic 
hydrogenation reaction followed by hydrogen extraction by a dehydrogenation reaction. 
It is obvious that the decrease in operating temperatures during the implementation of the hydrogen 
cycle based on LOHC has a positive effect on economic efficiency. The key point in achieving the 
minimum energy costs at the hydrogen extraction stages (implementation of the dehydrogenation 
reaction) is to find a LOHC structure for which the thermal effects of the hydrogenation-
dehydrogenation reactions will be the smallest. 
In this presentation, the thermal effects of hydrogenation reactions in the liquid phase of some 
potential organic hydrogen carriers from the classes of aromatic polycyclic hydrocarbons and N-
heterocyclic compounds have been measured. The experiment was performed using a reaction 
calorimeter of the Simular system in the temperature range of 80–180°C and pressures of 10–
20 bar. Using experimental and analytical results, conclusions regarding the relationship between 
the thermal effect of the hydrogenation reaction and the structure of a potential liquid organic 
hydrogen carrier were made. The results obtained are compared with the data of chemical 
equilibrium and theoretical studies. 
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№220 of 9 April 2010) agreement №14.Z50.31.0038. 



 

 107 

CHEMICAL EQUILIBRIUM OF HYDROGENATION-DEHYDROGENATION 
REACTIONS OF BI-, TRI- AND TETRACYCLIC AROMATIC HYDROCARBONS: 

EXPERIMENTAL AND THEORETICAL STUDY 
 

M.E. Konnova1, S.V. Vostrikov1, Al.A Pimerzin1, S.P. Verevkin1,2, A.A. Pimerzin1  
1Samara State Technical University, Samara, Russia 

 2Institute of Chemistry, University of Rostock, Germany 
pimerzin.aa@samgtu.ru 

 
The rapid development of renewable energy creates serious prerequisites for the gradual 
replacement of traditional energy sources by renewable energy. Prospects for the use of alternative 
energy sources are directly related to the search for efficient ways to accumulate, store and release 
renewable energy. A successful solution to this problem dictates the use of a new energy source – 
hydrogen. One of the most effective technologies for the storage and subsequent use of renewable 
energy is the use of organic compounds that can accumulate hydrogen, forming chemical bonds 
with it. At the same time, the release of hydrogen is achieved due to the reverse dehydrogenation 
reaction with the formation of the original organic essential fluid. Thus, the “accumulation - release 
of hydrogen” cycle, realized with the help of liquid organic hydrogen carriers (LOHC) can be 
repeated many times. 
Aromatics have been shown to be the promising LOHC. They are stable under conditions of 
chemical transformations and during storage, hydrogenated and alkyl substituted derivatives have 
acceptable melting points and saturated vapor pressures. However, the first members of 
homologous series possess rather high enthalpies of hydrogenation-dehydrogenation (HYD-
DHYD), which reduces the efficiency of their use as LOHC. Obviously, the choice of preferred 
LOHC should be based on a thermodynamic analysis of a system consisting of two forms of 
substrates - saturated and unsaturated with hydrogen. 
This paper summarizes the results of a study of the chemical equilibrium of HYD-DHYD reactions 
of bi-, tri- and tetracyclic aromatic compounds, performed in the laboratory of advanced 
technologies of Samara State Technical University. The data obtained are compared with the 
results of a theoretical study of the same reactions using quantum chemical methods. Good 
consistency of results is shown. Reliable approaches have been developed for predicting the 
thermodynamic characteristics of HYD-DHYD reactions of unstudied compounds of interest as 
promising LOHC. The results are discussed from the point of view of the concept of "structure-
property". 
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The concept of storing hydrogen in a chemically bound form, by attaching it to unsaturated 
molecules such as aromatic hydrocarbons or unsaturated heterocycles, looks promising. It is 
related to the fact that the compounds used for the accumulation of hydrogen are not much different 
in their physical and chemical properties from traditional motor fuels. Thus, all existing fuel 
infrastructure can be used for their storage and transportation. Compounds capable of storing 
hydrogen are called liquid organic hydrogen carriers (LOHC). 
The process of adding hydrogen to LOHC (hydrogenation) is catalytic, as is the reverse extraction 
of hydrogen through a dehydrogenation reaction. In this case, dehydrogenation is an endothermic 
process and requires significant energy costs. For example, in the case of alkylcyclohexanes 
(ACH), the thermal effect of the dehydrogenation reaction exceeds 60 kJ/ (mol H2). Despite the 
use of highly active catalysts (platinum on alumina), a noticeable conversion of ACH is achieved 
at temperatures of about 300 °C. Thus, the task of reducing energy costs at the stage of hydrogen 
extraction from LOHC is relevant. 
One of the methods to reduce the enthalpy of the dehydrogenation reaction is to replace the carbon 
atom in the cyclohexane ring with a nitrogen atom. Derivatives of quinoline, carbazole, acridine, 
pyrazine, pyrimidine, triazole, etc. are of particular interest as LOHC. Obviously, to evaluate the 
effectiveness of these compounds as LOHC, it is necessary to perform a thermodynamic analysis 
of the sequence of hydrogenation-dehydrogenation reactions involving all intermediate 
compounds. If reliable thermodynamic data are more or less available for initial and final 
structures, they are practically absent for partially hydrogenated products.  
In the present work, we studied the temperature dependence of the saturated vapour pressure for a 
series of partially or fully hydrogenated derivatives of quinoline, triazole, and 4,4’-bipipyridine. 
The study was performed by the method of transpiration. The values of the standard molar enthalpy 
of evaporation (sublimation) for the substances under consideration were calculated from the 
temperature dependences of the saturated vapour pressure. The results obtained were analyzed and 
compared with the literature data. The relationships between the structure of substrates and the 
values of the enthalpy of evaporation (sublimation) were considered. 
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Dendrimers are a class of regularly branched compounds, in the structure of which one can 
distinguish a core (dendritic matrix), aliphatic spacers and various terminal functional groups. The 
main feature inherent in dendrimers of various chemical nature is the presence of certain shapes, 
sizes and controlled functionality of the dendrimer. It was shown that modification of the structure 
of functional groups and the dendritic matrix of the ligand allows one to induce and control the 
magnetic behavior and mesomorphic properties (phase type and stability) of the dendrimer 
complex. Recently, metal-containing dendrimers have been extensively investigated. This can be 
explained by the fact that they contain a large number of potential coordination nodes, i.e. metal 
ions can be integrated into various parts of the dendritic architecture. Dendrimer macromolecules 
with metal ions (Fe(II), Fe(III), Co(II), Mn(III) and Cr(III)) are the most widely studied systems. 
Particular attention is paid to the study of the magnetocaloric effect (MCE) in various magnetically 
ordered substances. This is due to the possibility of obtaining information about magnetic phase 
transitions and the state of a substance under the influence of a magnetic field. An important place 
among molecular magnets is occupied by complexes with Schiff bases (with the electron 
configuration of the metal atom d5) as the most stable variable-spin systems. Earlier, phase 
transformations of hexacoordination bis-chelate complexes of iron(III) with Schiff bases were 
studied by polarization thermomicroscopy and microcalorimetry. It was established that the 
studied substances exhibit mesomorphic properties and are thermotropic liquid crystals; there is a 
correlation of the magnetic phase transition with thermotropic mesomorphism. In this regard, it is 
of interest to synthesize organometallic dendrimers or complexes of dendrimers with metals with 
new unique properties. In the presented work, the synthesis and the thermodynamic properties of 
two third-generation liquid crystal dendrimers, derivatives of polypropyleneimine with 3,4-
bis(decyloxy)benzoic fragments at the periphery, were studied. Using differential scanning 
calorimetry and optical polarization microscopy, the formation of columnar mesophase is 
established. For the first time, the specific heat and magnetocaloric effect of the iron-containing 
complex G3-K2.10∙(FeCl2)15 were experimentally determined in the temperature range 288–350 K 
with a change in the magnetic field from 0 to 1.0 T. The temperature dependence of the specific 
heat of the complex in the range 210–460 K was obtained on a differential scanning calorimeter 
and an original microcalorimeter. It is noted that the temperature dependences of the specific heat 
and the magnetocaloric effect are extreme. 
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The increased interest of scientists in the study of metal complexes with switchable (spin-
transition) properties which also have liquid crystalline properties is due to the perspective of their 
practical use. A large number of works are devoted to the synthesis of liquid crystalline metal 
complexes [1] that is explained by the desire of researches to create metallomesogens with the 
properties necessary for their practical application. This work presents a study of the liquid crystal 
and magnetocaloric properties of iron(III)-containing complex based on poly(propylene imine) of 
the third generation. The phase behavior of the compound was studied using polarization 
microscopy and differential scanning calorimetry (DSC). Investigation by polarizing microscopy, 
differential scanning calorimetry, and X-ray scattering established that synthesized complex is 
mesomorphic. The dendrimer complex of the third generation demonstrate columnar packing of 
the molecules in the mesophase: hexagonal columnar (Colh). To determine the magnetocaloric 
effect (MCE) microcalorimeter was used [2]. The specific heat of the G3-K2.10∙(FeCl3)10 complex 
was determined for the first time. As is known, the structure of the sample can be characterized by 
the temperature dependence of the specific heat which is a parameter sensitive to the structure of 
the object. The experimental data on the specific heat of the sample in the temperature range  
200–460 K are shown in the Figure 1. According to the data obtained the temperature dependence 
of the specific heat exhibits a maximum at 330 K that corresponds to the second-order phase 
transition, at which the complex goes into mesomorphic state. 
 

a) b) 
Figure 1. a) Temperature dependence of specific heat of G3-K2.10∙(FeCl3)10; b) Temperature 

dependence of magnetocaloric effect of the sample 
 

MCE is observed in magnetic materials under the influence of an external magnetic field. When 
an external magnetic field is applied to the sample, a positive MCE is observed. The external 
magnetic field brings about a change of the magnetic state of the complex which is followed by a 
change of temperature in adiabatic conditions. 
Acknowledgements The financial support of the Russian Foundation for Basic Research, grant № 
18-03-00081_a. 
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The compounds in the ternary system Ln2O3–H2O–CO2 (where Ln is a lanthanide element) are of 
interest for different reasons. Lanthanide carbonates are intermediate phases, which can be formed 
when operating Ln2O3-based materials in moist air. Besides, hydrated simple carbonates 
Ln2(CO3)3·xH2O (x = 8 for La, 4 for Nd, 2–3 for Nd, Dy-Yb) are related to lanthanite, tangerite 
minerals. Hydroxycarbonates Ln(OH)(CO3) belonging to minerals kozoite, and bastnaesite, are 
ones of the most important sources of lanthanides production in the world. Also, some of them are 
known to be modern functional materials, such as catalysts, luminescence bio-markers and 
magnets. Compositions of Ln carbonates are highly sensitive to the conditions of their production: 
temperature, pressure, partial pressure of water and carbon dioxide, and acidity of the reaction 
medium. So, knowing their crystallization conditions thermodynamics of formation is important 
for both minimizing their degradation in use and for the synthesis of Ln carbonates of tailored 
composition, crystallinity and particle size.  
The present study deals with an amorphous Ln (Ln=La, Nd, Dy, Yb) carbonates. Compounds were 
prepared via direct precipitation from Ln3+ solution with sodium carbonate, and also via 
homogeneous urea hydrolysis route. Their amorphous character was confirmed by powder x-ray 
diffraction experiments, thermal decomposition was examined with simultaneous DSC and TGA 
followed by MS-analysis of evolved gases. We found all the amorphous samples to have a lower 
CO2 content than the hypothetical stoichiometric crystalline Ln2(CO3)3·xH2O, and higher than 
Ln(OH)(CO3), therefore we call them amorphous precursors rather than amorphous carbonates.  
High temperature oxide melt solution calorimetry in molten sodium molybdate solvent at 700 °C 
was done with a custom-built Tian–Calvet twin calorimeter. Enthalpies of formation from oxides 
and from elements were calculated from the drop solution enthalpies via corresponding 
thermocycles. Enthalpies of formation from oxides become more negative in the sequences: 
La(Nd)2O2CO3 – La(Nd)amorphous – 2 hex-(La(Nd)OHCO3) – 2 ortho-(LaOHCO3) –
La(Nd)2(CO3)3·xH2O, (x = 8 for La, 4 for Nd); 
Dy amorphous – Dy2(CO3)3·3H2O – 2 ortho-(DyOHCO3); 
Yb amorphous – Yb2(CO3)3·2H2O. 
These data confirm that the amorphous phases are intermediate in enthalpy between the water-free 
La(Nd)2O2CO3 and water-rich La(Nd)2(CO3)3·xH2O compounds. Thus we considered them to be 
precursors or intermediates for the formation of any hydrated crystalline phases in the Ln2O3–
CO2–H2O system. Combination of literature data and data of the present work allowed us to 
calculate enthalpies of possible transformations of these amorphous precursors. We described an 
energy landscape defining the phase transformation in the ternary system Ln2O3–H2O–CO2 and 
found all reactions to be sensitive to the partial pressure of carbon dioxide and water. Higher CO2 
pressure will favor simple carbonate formation over hydroxycarbonates in an aqueous media 
where the activity of water is essentially constant. 
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At present, the production volumes of methanesulfonic acid (HSO3CH3) are about 50,000 tons per 
year and it is predicted its further growth in particular due to the fact that recently it was found an 
environmentally friendly method of methanesulfonic acid production [1]. Nevertheless, 
information on the properties of methanesulfonic acid derivatives is presented fragmentary in the 
literature. This work was carried out as a part of a project to study the thermodynamic properties 
of methanesulfonic acid salts (RFBR No.16-33-00958). 
Thermodynamic properties of calcium methanesulfonate are of interest for chemical industry and 
environmental science. Calcium methanesulfonate is applied as catalyst [2] and can be used as 
additives to heavy fluids [3]. Calcium methanesulfonate is presented in the form of aerosols in 
atmosphere, which are responsible for the formation of clouds [4]. Methanesulfonic acid salts are 
decomposed under the influence of microorganisms in soil [5] and are accumulated in glaciers [6]. 
It is relevant to replenish databases by thermodynamic properties of methanesulfonic acid 
derivatives. 
In the present study molar heat capacity of calcium methanesulfonate Ca(SO3CH3)2 was measured 
in the temperature range from 8 to 340 K by low-temperature vacuum adiabatic calorimetry. The 
uncertainties of heat capacity determination were on average 0.2–0.3 %. Obtained values of heat 
capacity were approximated by power polynomials. Heat capacity and the main thermodynamic 
functions (changes of enthalpy, entropy and Gibbs energy) of Ca(SO3CH3)2 in a solid state were 
tabulated as a function of temperature from 5 to 340 K.  
The enthalpy of Ca(SO3CH3)2 dissolution in water was determined at 298.15 K by means of 
solution calorimetry. The uncertainty of the enthalpy of dissolution was 0.1 %.  
On the basis of the experimental data, the standard entropy, enthalpy and Gibbs energy of 
Ca(SO3CH3)2 formation at 298.15 K were calculated. 
 

 
Figure 1. Heat capacity of Ca(SO3CH3)2 in the temperature range from 8 to 80 K. 
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At present, cyclopropene and its derivatives cause increasing interest of researchers. The ring 
stress energy of these compounds is significantly higher compared to other cycloolefins. Electron 
unsaturation of the cycle is a cause low stability of these compounds and their increased tendency 
to various transformations. Because of this, they are widely used in organic synthesis. 
This work is devoted to the experimental determination of thermodynamic properties 1,3,3-
trimethylcyclopropene. The sample of 1,3,3-trimethylcyclopropene (C6H10(liq)) was synthesized 
in the laboratory of organic synthesis of Chemical Department of Lomonosov Moscow State 
University by decomposing to sylhydrozone of mesityl oxide with sodium methylate in diglyme. 
It was purified by multiple distillation (column 80 theor. plates) and preparative chromatography 
(Table). 
 
Table. Purity of liquid sample of 1,3,3-trimethylcyclopropene 

Compound Purification 
method 

Method of 
analysis 

Final purity 
mass fractions 

C6H10  Distillation and 
preparative g.l.c. 

analytical g.l.c. 
analysis CO2(g) 

0.9980±0.0002 
0.9997±0.0002 

 
The energy of combustion of liquid 1,3,3-trimethylcyclopropene was determined in static-bomb 
isoperibolic calorimeter at T = 298.15 K. The temperature rise was measured with a copper 
resistance thermometer using a bridge circuit. The temperature measurement sensitivity was 
5·10-5 K. The combustion products were analyzed for carbon dioxide by the Rossini method [1] 
and the absence of CO was controlled by indicator tubes. The results of the CO2 analysis are shown 
in the Table. The content of HNO3 in the solution was determined by titration of washing waters 
by ~0.1 mol∙dm-3 of NaOH (aq). The formation enthalpy of liquid 1,3,3-trimethylcyclopropene 
was calculated using experimental data. 
The saturated vapor pressures were determined by the comparative ebulliometry in the temperature 
range 295–310 K [2]. Experimental data are approximated by a linear equation: 
Ln (p/Pa) = A + B/T(K), where A = 22.37±0.07, B = –3439±20 (r2 = 0.9999). 
The normal boiling temperature, Tn.boil = 317.04±0.01 K, and the enthalpy of vaporization, 
ΔvHоm(298.15 K) = 27.7±0.4 kJ·mol-1, were estimated based on p-T-data.  
The enthalpy of vaporization at T = 298.15 K was also measured using the calorimetric method 
[3], ΔvHоm(298.15 K) = 27.63±0.19 kJ·mol-1. The coincidence within the error range of the values 
obtained by the two methods indicates the reliability of the found value of the vaporization 
enthalpy. 
The density at T = 293.15 K was determined by pycnometric method, ρ = 0.6898±0.0006 g∙сm-3. 
The formation enthalpy of the compound in gas states was obtained using measured experimental 
data. 
Acknowledgements investigation was performed in the framework of Program “Chemical 
Thermodynamics” (AAAA-A16-116061750195-2). The authors acknowledge partial support 
from M.V. Lomonosov Moscow State University Program of Development. 
 
[1] F.D. Rossini (Ed.), Experimental Thermochemistry, 1956, Chapter 4. p. 59; Chapter 3. p. 

38; Chapter 5. p. 75. Interscience, New York, USA. 
[2] R.M. Varushchenko, A.I. Druzhinina, (Ed. by J.C. Moreno-Piraján), 

Thermodynamics - Interactions Studies – Solids, Liquids and Gases, 2011, Chapter, pages 
595-640. NTECH open access publisher. Croatia. 

[3] R.M. Varushchenko, G.L. Gal’chenko, V.A. Medvedev, Zh. Fiz. Khim, 1977, 51, 992.  



 

 114 

APPLICATION OF MACHINE-LEARNING INTERATOMIC POTENTIALS  
TO MULTICOMPONENT ALLOYS INVESTIGATION 

 
T. Kostiuchenko1, A. Shapeev1, J. Neugebauer2, F. Körmann2,3 

1Skolkovo Institute of Science and Technology, Russia,  
2Max-Planck-Institut für Eisenforschung GmbH, Germany 

3Delft University of Technology, The Netherlands 
Tatiana.Kostiuchenko@skoltech.ru 

 
For centuries people have been using multicomponent alloys, such as steels, as a structural 
material. However, it took decades before the influence of doping on material properties has been 
scientifically established. Nowadays multicomponent alloys are “designed”: the combination of 
components with desired properties, such as strength, ductility, heat resistance, is systematically 
sought. 
The search for combinations of component for stable alloys and further experimental investigation 
of its properties is resource-consuming, and, therefore, computational methods for materials 
investigation are of the high interest. The latter include a class of accurate ab initio methods, 
among which is density functional theory (DFT). However, with increasing number of atoms DFT 
quickly becomes inefficient. In order to simulate large computational cells with thousands of 
atoms, simplified interaction models based on the DFT calculations are being used.  
In this work, computational cells were simulated with the use of a data-driven model based on the 
DFT calculations, namely the low-rank interatomic potential (LRP) [1], which was used as an 
interaction model in the canonical Monte Carlo method. The LRP is an "on-lattice" potential that 
could, nevertheless, account for local lattice distortion when predicting the energy of atomic 
configurations. We used our approach to study the order-disorder phase transition in the equimolar 
NbMoTaW alloy which was proved to be stable down to ambient temperatures. We then studied 
the equiatomic VCoNi compound. We showed that magnetism has to be taken into account when 
modeling this alloy. Our computations show that the formation of the semi-ordered structure in 
VCoNi reduces the lattice distortions by about 16 % and can explain the strengthening observed 
in the experiment [2]. 
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The thaumasite has theoretical formula Ca3Si(OH)6(SO4)(CO3).12H2O and belongs to the 
ettringite mineral group. The investigated sample is from Iglika Magnesian skarn deposit, located 
in the Srednogorie structural-metallogenic zone in SE Bulgaria [1,2]. Thaumasite is the only 
known mineral where the Si-cation is in the octahedral coordination – surrounded by 6 hydroxyl 
groups [3]. The thaumasite has important role in cement systems, because its formation leads to 
rapid deterioration of the quality and destruction of cements, concretes and plasters.  
The mineral identification were made via X-ray powder diffraction analysis and Infra-Red 
spectroscopy measurements and the results coincide well with the literature data [4,5]. The thermal 
analysis in two gas mediums – air and argon, were made to obtain the thermal decomposition of 
thaumasite. We measured mass losses, thermal effects as well as temperature intervals (under 
1400 °C) of dehydration, decarbonization and desulphurization. The TG-DTG-DSC investigations 
were made with mass-spectroscopy gas-phase analysis.  
The obtained new data allow to compare the reaction mechanisms of thaumasite thermal 
dissolution in oxygen and inert mediums. The results can find widespread application in thermal 
chemistry investigations of modern and ancient cement composites. 
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We studied natural mineral aggregate with phase composition: smectite, sanidine, quarts, calcite, 
apatite and plagioclase (the raw material is originated from Bulgaria). The samples was activated 
with high energy milling (HEM) and thermal heating, in the order to investigate the properties of 
CaO–SiO2–P2O5 system by the raw material. The HEM activation was performed via planetary 
mill Pulverisette-5, Fritsch Co (Germany) with Cr–Ni grinders with a diameter of 20 mm, the 
thermal – increasing temperature up to 1000 °C with a SetLine and Setsys Evolution 2400, 
SETARAM, France. 
The aim of the study is to determine the changes in the sample structure after the applied activation 
methods, namely: solid state synthesis, phase transitions and isomorphic substitutions. The 
activation effects are monitored by complex of analytical methods, such as chemical analysis, X-
ray powder diffraction, Fourier transformed infrared measurements, Scanning electron 
microscopy and thermal analysis (TG/DTG-DSC).  
The activation effects study shows: (i) change the strength of chemical bond; (ii) deformation of 
polyhedrons; (iii) decreasing size of crystallites with increased degree of structural defects leading 
to metastable phases with increased dispersity; iv) correlation between quartz content and solid 
state transformation; v) formation of new isomorphic A- and A-B type carbonate-apatite and vi) 
shift of dehydroxylation temperature in accordance of the moisture and higher quartz content in 
the samples. 
The obtained results can be used in study of ceramic and cement materials (ancient and modern), 
apatite conditioners etc. 
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Dion–Jacobson phases can be described as layered perovskites with general chemical formula 
A’An-1BnO3n+1, where A’ is alkali metals; A is alkaline-earth or rare-earth metals; B is usually Nb, 
Ta, Ti. Integer n specifies the number of octahedral layers between interlayer spaces with alkali 
ions. Dion-Jacobson phases are mostly known for their photocatalytic ability for water splitting 
under UV and visible light irradiation. However, compounds with suitable bandgaps and quantum 
yields can’t be obtained by a conventional solid-state reaction due to their thermal instability. Ion-
exchange reactions are used to synthesize metastable Dion–Jacobson compounds with A’ = K, Na, 
Li, H, NH4, Ag, CuCl, etc. 
To explore properties of A’Sr2Nb3O10 Dion–Jacobson series, A’ = K, Na, Li, Ag compounds were 
obtained by reaction between CsSr2Nb3O10 (synthesized by the solid-state reaction) and excessive 
amounts of respective A’NO3. The completeness of the exchange reaction was controlled by X-
ray fluorescence analysis. The results of the elemental composition of the obtained compounds 
showed almost complete absence of traces of cesium in samples. This confirms that the 
substitution of elements in the interlayer space of the structure occurred completely. 
The nature of interlayer ion has a significant influence on the crystal structure of the Dion–
Jacobson phases. In many oxide compounds, potassium ions have a tendency for trigonal prismatic 
coordination. For the obtained sample, trigonal prismatic coordination of A’ ion was observed for 
KSr2Nb3O10 and AgSr2Nb3O10 and tetrahedral coordination was observed for NaSr2Nb3O10 and 
LiSr2Nb3O10. 
Thermal stability for all obtained compounds was studied using differential scanning calorimetry. 
Endothermic effects indicate the drive off of crystallization water in the structure of NaSr2Nb3O10 
compound at 362 and 426 K. For the phases with A’ = Li, Na, exothermic effects are observed on 
DSC curves at 750 and 923 K, respectively. It should be noted that tetrahedral coordination is not 
typical for lithium and sodium in oxide compounds. This suggests that the observed effects are 
related to the decomposition of these phases on heating. Samples KSr2Nb3O10 and AgSr2Nb3O10 
are, however, thermally stable over the entire temperature range. 

 
Figure 3. DSC curves for A’Sr2Nb3O10 (A’ = K, Na, Li, Ag) series of phases 

Thus, potential photocatalysts of Dion–Jacobson series A’Sr2Nb3O10 (A’ = Na, Li) are unstable at 
elevated temperatures and characterized by low decomposition temperatures, and (A’ = K, Ag) 
compounds are stable in the range of 300–1100 K.  
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This study focuses on heat-induced structural transformations occurring in Mg3–x,NixSi2O5(OH)4 
nanoscrolls in air or in Ar–H2 environment. These 1:1 phyllosilicate particles exhibit an intriguing 
mechanism of spontaneous scrolling due to size mismatch and composition difference between 
the metal-oxide and silica sheets. Different hydrosilicate nanoscrolls and related composite 
materials have found wide applications in adsorption and catalysis [1-3]. Nanoscrolls doping by a 
d-element like nickel and subsequent heat treatment open new paths for obtaining NiO/SiO2 and 
Ni/SiO2 composites for catalytic applications [4]. 
Here, we carried out a mass-spectrometer coupled TGA-DSC study (Netzch STA 429 СD, 40–
1100 °C, 20 °/min) of synthetic (hydrothermal synthesis at 350 °C, 25 MPa, in 0.1 M NaOH water 
solution during 10 hours) Mg3–x,NixSi2O5(OH)4 nanoscrolls (x = 0, 1, 1.5, 2, 3) in air and in 
5.15 vol.% H2–Ar mixture (at equal 50 cm3/min flows). The heat effect in the 500–600 °C range 
was assigned to chrysotile-sepiolite phase transition. In Ar–H2 atmosphere it is interfered by 
reduction of Ni cations. Depending on x, the thermal treatment in air yields a mixture of 
(Mg,Ni)2SiO4 or NiO and amorphous SiO2. Thermal treatment in Ar–H2 atmosphere yields 
metallic Ni nanoparticles placed on Mg2SiO4, MgSiO3 or embed in mixture of crystalline and 
amorphous SiO2, depending on x. Fiber form of resulted composites was preserved in all cases. 

 
Figure. DSC-TG of Ni3Si2O5(OH)4 nanoscrolls in air and Ar–H2 atmosphere. 
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In this paper, an attempt was made to study the segregation energy of a copper-based system using 
molecular static method. As a result, four interaction potentials were selected. The enthalpy of 
segregation was determined as follows. By placing the atom of the second component in the 
volume, the total energy of the system was considered. Then, having moved the atom already to 
the boundary, the energy was counted again. Next, we considered the difference between these 
two values of the energy of the system. Repeated this operation for all unique positions of atoms 
on the boundary. For the experiment, we used a model based on the EAM potential of Cu[1] with 
two symmetric boundaries ∑5 (001) [012]. The arrangement of atoms at the boundary was divided 
into layers (Fig. 1). Graphs were plotted against the specific energy of the layer (the total energy 
of the system distributed over the atoms of the layer) versus the distance to the plane of symmetry 
of the boundary. 
 

 
Figure 1. Division into layers relative to the plane of symmetry in the previously selected area. On 
the left is the layer number. The number of atoms in the layer is indicated on the right. a) (100) and 

b) (010). 
 
[1] M.I. Mendelev and A.H. King, Philosophical Magazine, 2013, 93(10-12), 1268. 
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TITANATES H2Ln2Ti3O10 (Ln = La, Nd): THERMAL STABILITY AND 
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Protonated layered perovskite-like titanates H2Ln2Ti3O10 are solid crystalline substances in which 
two-dimensional perovskite blocks alternate with interlayer spaces populated by protons. Being 
solid acids, they are able to react with some organic compounds giving inorganic-organic 
derivatives, i.e. substances consisting of chemically bonded inorganic and organic parts in which 
the former serves as a spatial frame. Their formation may occur in two ways: either as intercalation 
of organic bases following an acid-base mechanism, or as grafting, that is a process similar to well-
known esterification in organic chemistry. Inorganic-organic derivatives may demonstrate many 
times greater photocatalytic activity as compared with initial titanates that makes them promising 
materials for hydrogen production from various aqueous media [1]. 
The present work is devoted to investigation of thermal stability and photocatalytic activity of 
amine and alkoxy derivatives of protonated titanates H2Ln2Ti3O10 (Ln = La, Nd). Characterization 
of the samples is performed using X-ray diffraction, thermogravimetry, simultaneous thermal 
analysis coupled with mass spectrometry, elemental CHN-analysis, Raman, diffuse reflectance 
and nuclear magnetic resonance spectroscopy as well as scanning electronic microscopy. 
Photocatalytic activity of derivatives is studied in the reaction of hydrogen generation from an 
aqueous solution of methanol.  
It is shown that many of inorganic-organic derivatives obtained are thermally stable materials 
(Figure 1) achieving extremely high apparent quantum efficiency of hydrogen evolution of 30–
40 % in the spectral range 220–340 nm. 
 

 
Figure 1. Simultaneous thermal analysis of the methoxy derivative of H2Nd2Ti3O10. 
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In this work we present the results of studies of the phase behavior of several pure n-alkanes (with 
C>19) and several samples of crude oil paraffin in a form of emulsion in water with a characteristic 
emulsion droplet size of 100 nm. Stable emulsions for research were prepared using ultrasonic 
dispersion and without the addition of surfactants. Studies of such emulsions at various 
concentrations of pure n-alkane and oil paraffin were performed by DSC and light scattering 
methods (the modified “Droplet Technique” method). The results obtained show that at low 
concentrations of n-alkane in the emulsion, at which the sensitivity of micro-DSC is not sufficient 
to detect changes in the heat capacity of the system associated with phase transitions of n-alkane, 
the optical method allows one to determine the temperature of phase transitions (melting, 
crystallization, rotator phases) of n-alkane from measurements of the temperature dependence of 
the intensity of scattered light. Such an experimental technique may be in demand for studying the 
phase behavior of the dispersed phase in low-concentration systems. And also, it can be used to 
study the effect of various additives, both in a dispersion medium and in a dispersed medium (for 
example, the effect of a surfactant), on the phase behavior of a dispersed medium. Such studies 
will be in demand in the field of development of PCM-materials. 
Acknowledgements The reported study was funded by RFBR, project number 20-08-00984. 
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In this report we focus on the pair solute-solute interaction in aqueous and ethylene glycol (Eg) 
solutions of well-established hydrophobic solute – tetramethylurea (TMU) that reveals a tendency 
to form aggregates in water driven by hydrophobic forces [1,2]. The virial expansion technique 
has been applied to experimental values of enthalpies of dilution and corresponding activity 
coefficients to compute pair interaction parameters and second virial coefficients in aqueous and 
non-aqueous solutions of TMU in a wide temperature range. Our results clear indicate the 
existence of the pair hydrophobic interaction between TMU molecules both in water and in Eg. 
The phenomenon is, however, much stronger pronounced in aqueous media (see Figure 1 below). 

 
Figure 1. Temperature dependence of the free energy parameters gAA for TMU–TMU pair 

interaction in water and in Eg and corresponding second virial coefficients BAA. Arrows 
indicate negative BAA values. 

 
In the report we compare and discuss thermodynamic parameters of pair interactions for TMU and 
hydrophilic urea both in water and in Eg to highlight the influence of hydrophilicity and the 
structural environment on the behaviour of biologically important amphiphilic species in solvents 
with the three dimensional H-bond network.  
Acknowledgements The financial support of this research by RFBR Grant 18-03-00016-a is 
gratefully acknowledged.  
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The aqueous two-phase systems (ATPS) are widely used for the separation and concentration of 
various organic substances and metals. These systems are of interest in terms of potential 
applications for extraction of platinum group metals, which is carried out at high acidity in the 
presence of chloride ions. The addition of acid and chloride ions affects the phase equilibrium in 
ATPS. This study has investigated the phase equilibria in ATPS water – [polyethylenglycole with 
M = 1500 (PEG1500)] – Na+, H+ || Cl–, SO42– at 25 °C.  
The binodal curve position was determined by the turbidimetric method. For this purpose, PEG 
solution was titrated with sodium sulphate solution, both solutions containing the same 
concentrations of acid (HCl or H2SO4) and sodium chloride. It is found that increasing the 
concentration of sodium chloride increases the heterogeneous region in ATPS (Fig. 1,a). The same 
effect of sodium chloride on the position of the binodal was observed in the PEG600 – water – 
sodium sulphate system at pH = 7 [1]. The effect of acidity on phase equilibria in ATPS is reverse: 
the addition of HCl increases the solubility of the system components (Fig. 1,b). The influence of 
concentration of HCl proved to be much stronger than that of concentration of Cl– ions. 
Replacement of HCl with an equivalent amount of H2SO4 weakens the influence of acidity on the 
position of binodale line. 
Several tie-lines (compositions of coexisting phases) were determined for each binodal (Fig.1,c). 
Concentrations of Cl– and SO42– were determined by ion chromatography; concentration Na+ – by 
optical emission spectrometry with inductively coupled plasma (EOS ICP). The polymer content 
was determined by refractometry. For this purpose, the dependence of refractive index on the 
content of Na+, H+, Cl– and SO42– ions and PEG was studied.  
For the thermodynamic analysis of the data obtained (including the position of the tie-lines) the 
modified Pitzer model [2] was tested. 
 

a)  b)  c)  
Figure 1. Dependence of binodal on C(Cl–) at fixed C(HCl) = 0.1M (a); dependence of binodal on 
C(HCl) at fixed C(Cl–) = 2M (b), experimental binodal curve and tie-lines at the 0.1M HCl. 
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Phenolic compounds have different chemical structures characterized by hydroxylated aromatic 
rings. It is best known for antioxidant activity, anti-inflammatory, preventive and therapeutic 
effects of cancer and cardiovascular protection [1,2]. Benzoic acid (BA) is a 
simplest aromatic carboxylic acid that serves as a precursor for a range of essential phenolic 
compounds and natural product having a crucial role in plants and inhibits the growth of mold, 
yeast and some bacteria. Rutin (RU) is a polyphenolic flavonoid of vegetal origin, which is very 
abundant in many fruits and vegetables and, in particular, in onions. The solubility of phenolic 
compounds in water is poor, which significantly decreases its bioavailability The formation of 
inclusion complexes between insoluble drug and solubility enhancers such as β-cyclodextrin 
(βCD) is a simple way to increase the solubility of the bioactive molecules.  
Differential scanning calorimetry (DSC) is an important measurement technique commonly 
used in supramolecular chemistry to characterize the thermal properties, that occur with guest 
molecules during complexation. The DSC method does not observe energy absorption at the 
melting temperature of guest molecules if they form complexes. The interaction of guest molecules 
with βCD creates a higher energy barrier to evaporation, therefore an increase in boiling point of 
about 10°C is observed. The amount of uncomplexed “guest” can be estimated if using DSC. In 
this work, the DSC method is used to study the inclusion complexation of RU and BA with β-
cyclodextrin. 
Differential scanning calorimetry studies revealed that the inclusion complexes were obtained with 
1:1 stoichiometric ratio for both BA-βCD and RU-βCD complexes. In the case of βCD, DSC curve 
showed the endothermic peak with the onset temperature of 84oC was revealed. At this temperature 
endothermic effect belongs to the release of water molecules from the inner cavity of βCD. A wide 
temperature range (109–187 °C) corresponding to dehydration of RU with a melting point of 
174.8 °C is observed on the thermogram of RU. The melting point of βCD in complex with RU is 
shifted compared to free βCD (111 °C), but the peak intensity is significantly decreased. The 
melting temperature of the RU in the complex is changed to the region of lower temperature and 
corresponds to 139°C, its intensity also decreases significantly.  
BA sample presents onset temperatures for melting and boiling of 118 and 242 °C , respectively. 
The endothermic peak in DSC trace of complex BA-βCD (Tonset = 45 °C ) related to the water loss 
and more important, therefore indicating the presence of a fraction of βCD which does not interact 
with the guest molecule. The complete disappearance of the BA endothermic peak was observed 
for complex instead. This phenomenon can be assumed as proof of interactions between the 
components of the respective binary systems. These data can be considered as indicative of 
“guest”-molecules amorphization and inclusion complex formation. 
Acknowledgements This work was funded by Vietnam Academy of Science and Technology 
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Silk fibroin-based polymer composites can be widely used in the fields of tissue engineering, 
biomedicine, and semiconductor materials. Combined with Scanning electron microscope (SEM), 
Fourier transform infrared analysis (FTIR), and X-ray diffraction (XRD) techniques, thermal 
analysis was used to investigate the microstructure, thermal stability and interaction mechanism 
of the silk fibroin/poly(lactic acid) biocomposite films which were prepared by physical-blending 
technique. This study provided comprehensive information about miscibility and stability 
properties of SF/PLA blend films. The SF/PLA composites can be further fabricated into various 
forms such as nanosphere, sponges, gels and fibers. Therefore, this study provided an important 
platform for the fabrication of different SF composites with various biomedical, green chemistry 
and engineering applications in the future. 

 
Figure TG curve of silk fibroin/poly(lactic acid) biocomposite films. 
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Nowadays chemistry solves different actual problems, changing the conventional processes in a 
more environmentally friendly way. According to this aim, scientists try to find new solvents, 
which could be able to substitute toxic organic solvents in wide range of applications. Deep 
eutectic solvents (DESs) are liquid mixtures formed by hydrogen bond donor (HBD) and hydrogen 
bond acceptor (HBA), notably that DESs have a much lower melting point comparing with 
individual components [1]. 
Recently DESs represent an emerging field for investigations. For instance, enzymic synthesis of 
α-monobenzoate glycerol (α-MBG) from glycerol and benzoic acid with DESs taken as a solvent 
and catalyst were described in [2]. The especial interest gives the DES ability to separate mixtures, 
likewise in biodiesel, aromatic hydrocarbons, gas and biologically active compounds [3]. In 
particular, DESs consider as a new generation solvent for separation azeotropic mixtures e.g. for 
purification ester from alcohol in esterification reaction. This way DES opens the perspectives for 
ester-based second-generation biofuels and all-new fuel additives for gasoline [4-5].  
This work continues the investigation of liquid-liquid equilibrium of DES formed by choline 
chloride — dibasic carboxylic acids / glycerol in alcohol-ester systems [6-7]. Herein we consider 
DES formed by choline chloride and ethylene glycol as extraction media for separation azeotropic 
mixtures of ethanol and n-propanol with corresponding propanoate esters. Tie-lines were obtained 
at temperatures 293.15 and 313.15 K and atmospheric pressure. The compositions of coexisting 
organic and DES phases are determined by 1H NMR-spectroscopy. The extraction performance 
was characterized with distribution coefficients and values of selectivity for used alcohols. 
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Progress analysis of new developments in the synthesis field of materials with high proton 
conductivity demonstrates the lack of newly discovered individual compounds possessing such 
properties [1]. In this regard, studies in the field of modification of previously known compounds 
are becoming relevant; in particular, the formation of composite materials based on a polymer 
containing heterogeneous inorganic additives should be noted. These compounds can be obtained 
on the basis of crystalline polyantimonic acid, the hydrated forms of which have a defect 
pyrochlore-type [2]. 
However, the compounds turn out to be unstable during the heating process, considering the 
complex redox processes alongside the phase formation with another type of crystalline symmetry 
occur therein. 
The openwork skeleton of crystalline polyantimonic acid can be stabilized by heterovalent 
substitution of pentavalent antimony ions part with hexavalent tungsten ions with potassium ions 
introduction into a pyrochlore-type structure. The synthesized solid solutions of potassium 
antimonate tungstates are stable in a certain concentration range and elevated temperatures [2]. 
Substitution of potassium ions with proton groups and metal ions allows obtaining ceramic 
materials with high ion exchange properties, which can be applied as proton-conducting 
membranes in the medium-temperature fuel cells. 
Consequently, the main objective of this research is to study the structure and ion-exchange 
properties for solid solutions of antimonate tungstates hydrated forms with composition 
Мх(Н3О)1-хWSbO6∙nН2О (M – Li, Na, K, Ag, Ва, Pb) for concentration range 0≤х<1.0, 0≤n<2.0 
as well as analyzing phase transformations in the substitution of proton groups by ions of mono- 
and divalent metals. 
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Organoelement compounds are widely studied because of their advantages over purely organic 
compounds. These complexes are used as catalyzers and reagents in organic synthesis, as photo-
catalyzer in the degradation of polymeric materials as carbon dioxide absorbers and as solar cells 
elements. The organoelement compounds exhibit antioxidant, antitumor, antimalarial, and 
antibacterial activities and find out an application against leishmaniasis and hepatitis C. Also 
antimony derivatives are widely used for the synthesis of metal-containing macromolecular 
compounds that have fungicidal and biocidal property, heat resistance and radioresistance In 
accordance with the abovementioned facts the synthesis and research of physical and chemical 
properties of organic antimony complexes are actual and challenging issue. 
This research is devoted to calorimetric study of triphenylantimony  
bis-phenylpropiolate Ph3Sb(OC(O)C≡CPh)2. In the present research the temperature dependence of 
the heat capacity of the complex (Figure) was measured by precision adiabatic vacuum and differential 
scanning calorimeters and reported for the first time. In the studied temperature region Т = (5 to 
452) K the melting of the compound was revealed and its standard thermodynamic characteristics 
were analyzed and compared with data for other antimony derivatives.  
Low-temperature heat capacity data were used to determine a value of a fractal dimension D of 
under study complex that corresponds to the chain-layered topology of the structure of 
triphenylantimony bis-phenylpropiolate. 
By using the obtained experimental data the standard thermodynamic functions of 
Ph3Sb(OC(O)C≡CPh)2 in crystalline state were calculated: Cp°(T)– the heat capacity; Н°(Т)−Н°(0) 
– the enthalpy; S°(T)−S°(0) – the entropy; G°(T)−H°(0) – the Gibbs energy over the temperature 
range from T ® 0 K to 450 K.  
The energy of combustion of triphenylantimony bis-phenylpropiolate was determined with 
combustion calorimetry. The standard enthalpy of combustion, formation enthalpy, formation 
entropy, Gibbs energy of formation of the substance in the crystalline state at  
T = 298.15 K were calculated.  
The thermodynamic data of the antimony derivative studied in the present work was compared in 
this study with those of Ph5Sb and other of type Ph3SbX2. 
 

  
Figure. The temperature dependence of the heat capacity of Ph3Sb(OC(O)C≡CPh)2 
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The most favorable application of volatile metal compounds with organic ligands is as precursors 
for the metalorganic chemical vapor deposition (MOCVD) of different films and coatings. 
Knowledge about vapor pressure and thermodynamic data on sublimation/vaporization processes 
is required for optimization of practical deposition condition. Obviously, for different metals 
combined with different ligands the experimental conditions of volatilization are significantly 
different. So, in this case, the thermodynamic model, which would allow predicting vapor 
pressures and thermodynamic characteristics of precursors, is very useful. This model is based on 
understanding of structure-property relationships. 
Metal β-diketonates are typical representatives of MOCVD precursors. In this work, 
acetylacetonates of aluminum, chromium(III), iridium(III), scandium(III) and indium(III) were 
consider. The selected metals differ significantly in their molar weight, which may affect the 
physical and chemical properties of these compounds. Hence, they can be used as model 
compounds for studying structure-property relationships. To consider the influence of organic 
residue on the thermodynamic characteristics of precursor vapor formation, a number of β-
diketonates of scandium(III) with various substituents in the ligand were taken as samples. 
Identification of structure-property relationships is based on comparison of target parameters, such 
as thermodynamic characteristics of vapor generation, obtained under uniform conditions. 
Unfortunately, these values are often published at arbitrary temperatures due to the peculiarities 
of the experiment. To adjust the thermodynamic characteristics of the considered compounds, it is 
necessary to know the values of difference between molar isobar heat capacities of gas and 
condensed phases. For estimation these values some different methods were used. After that, we 
carefully collected thermodynamic data on the examined compounds. All thermodynamic 
characteristics from literature and experimental data were referred to 298.15 K. We proved the 
internal consistency of these data using structure-dependent property analysis. Based on this data, 
the influence of the central atom and ligand on physical and chemical properties of the considered 
complexes was determined. 
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2-Pyrrolidone exhibits a unique combination of physicochemical properties that have led to its 
frequent use as a solvent in a range of industrial applications. 2-Pyrrolidone has a very important 
amide group, which with various additional groups, allows the formation of homo- and hetero-
associates through hydrogen bonds. Usually formed cyclic dimers, trimers and oligomers. Strong 
self-association also persists in aqueous solution at low amide concentrations [1]. 
The densities have been measured of the water – 2-pyrrolidone mixture in the temperature range 
278.15–323.15 K at atmospheric pressure. The excess molar volumes, the molar thermal isobaric 
expansivities of the mixture, partial molar volumes and partial molar thermal isobaric expansivities 
of the components have been calculated. The phase diagram of the water – 2-pirrolidone system 
was studied by differential scanning calorimetry. Two eutectic points of the phase system are 
estimated for 0.2 and 0.85 mole fraction pyrrolidone. 
The report discusses thermal properties depending on temperature and composition. Dependence 
of partial molar thermal isobaric expansivities of water has two inflection points at 0.2 and 0.85 
m.f. What is in a good agreement with the phase melting diagram for water – 2-pyrrolidone 
mixture. 
Acknowledgements This work was supported by grants from the Russian Foundation for Basic 
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For many purposes, e.g., developing new exchange functionals, there is need to obtain accurate 
DFT predictions, with small and controlled numerical noise coming from a finite k-point mesh 
and plane-wave basis energy cutoff. It is essential to choose these parameters correctly because, 
depending on the property being calculated, the scatter of the obtained values can be more 
than 10 % [1]. Unfortunately, there are no evident and straightforward rules and, usually, 
numerical values of parameters are chosen empirically. Since classical DFT algorithms do not 
provide us any information about the error associated with these parameters, it is often necessary 
to carry out additional calculations to determine whether the required accuracy has been 
achieved [2].  
In this study, we propose a new approach based on Gaussian processes for predicting the values 
of materials properties together with their confidence intervals, without a systematic error related 
to DFT hyperparameters. The distinctive feature of our algorithm is its computational efficiency, 
which is important because of the strong dependence of calculation time on the parameter values. 
We will present the algorithm, as well as a specific implementation of the procedure (such as 
optimal kernels of covariance functions and an algorithm for optimal sampling) for modeling face-
centered (fcc) and base-centered (bcc) cubic phases of materials and predicting their properties. 
The developed procedure was applied to the calculation of the equilibrium lattice parameter, 
potential energy at ground state, bulk modulus, and its derivative for about 25 cubic-lattice 
elements. The obtained dependence of the error on the energy cutoff and k-points (Fig. 1) can be 
used for the selection of values of hyperparameters based on target accuracy. 
 

Figure 1. The accuracy levels of Al equilibrium lattice constant. 
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Oxygen-deficient complex cobalt oxides BaCo1–xYxO3–δ have been shown recently to absorb water 
in humid atmospheres and can be considered as a triple conductive oxides [1]. Moreover, it is 
known that, in contrast to Nd [2] and larger rare-earth elements (RE), not only Y [1] but also Sm 
[2] and, possibly, other smaller RE can substitute Co ions in BaCoO3−δ. The present work aimed 
to investigate the hydration thermodynamics of BaCo1–xRExO3–δ (RE = Y, Gd). 
Calorimetric measurements were performed with an original heat-flux differential scanning 
calorimeter (DSC). The calorimetric cell consisted of two identical alumina crucibles with a 
thermopile in the form of 16 (8 on each crucible) K-type thermocouple junctions rigidly mounted 
on crucibles’ sides. Two platinum crucibles, one of which empty and another one containing 
around 0.5 g of BaCo1–xRExO3–δ (RE = Y, Gd) powder, were inserted into the alumina ones. The 
calorimetric cell was then placed in a furnace and held at a given temperature in 50 ml/min flow 
of dry (lg(pH2O) = –4.0 atm) gas for at least 48 h to achieve equilibrium water content in the 
sample. The inlet gas was dried by passing it through the column with pre-annealed zeolites. The 
enthalpies were measured at 673 and 873 K during the sample hydration, which followed the 
abrupt switching of the feed gas flow from dry to wet (lg(pH2O) = –1.8 atm) gas. The 
humidification of the dry gas, resulting in the wet gas flow with stable humidity, was performed 
by passing it through the water inside a small Peltier-controlled thermostat. The particular values 
of water vapor partial pressure before and after the switching experiment were measured with 
factory-calibrated SHT31 (Sensirion, Switzerland) relative humidity sensors. The sensors were 
mounted on a Peltier element to control their temperature, significantly enhancing their humidity 
measurement range. The DSC hydration experiment was repeated, at least, 3 times at each 
temperature. The heat sensitivity of DSC setup was calibrated using standard metals’ heats of 
fusion in scanning mode with various heating rates, and the sensitivity coefficient extrapolated to 
zero heating rate was used to calculate the heat of hydration. 
Temperature-dependent equilibrium water content in BaCo1–xRExO3–δ (RE = Y, Gd) samples in 
dry and wet atmospheres was measured by thermogravimetry using CI Precision (UK) 
microbalances. 
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Single crystals on the basis of molybdates and tungstates of alkaline and alkaline-earth metals are 
widely used in high energy physics, in particular, as scintillation materials to search rare events 
[1-2]. 
This research is devoted to study the thermodynamic characteristics of single crystals 
Li2W1-xMoxO4 (x = 0.025–0.15) and Li2MoO4. The single crystals of Li2W1-xMoxO4 (x = 0.025–
0.15) and Li2MoO4 were grown from deeply purified precursors: Li2CO3, MoO3, WO3. Low-
temperature-gradient Czochralski technique was applied for growing single crystals [3]. The single 
crystal with composition Li2W0.975Mo0.025O4 was grown for the first time. It was previously 
believed that it was impossible to grow single crystals of Li2W1-xMoxO4 with low molybdenum 
content due to phase transition in Li2WO4 [4]. Single crystals were characterized by X-ray 
diffraction and chemical analyzes. No impurity phases were detected. 
Solution [5] and DSC calorimetry [6] were used to determine thermodynamic characteristics of 
above mentioned compounds. Based on experimental data for Li2W1-xMoxO4 (x = 0.025–0.15), 
the dependences of formation enthalpies, lattice enthalpies, stabilization energies on structural 
parameters were constructed, and directions of property changes were revealed. The measured 
heat capacities showed the absence of phase transitions for all compositions, which gives hope to 
grow single crystal of Li2WO4. 
 

 
 

Figure 1. Single crystal of Li2W0.975Mo0.025O4 (left) and heat capacity for Li2MoO4 (right). 
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The Pb0.5+xMgxZr2–x(PO4)3 (x = 0, 0.5) phases are part of a large family of mineral kosnarite, 
KZr2(PO4)3, that is structural analog of compounds known by the acronyms NASICON (sodium 
superionic conductor) or NZP (sodium zirconium phosphate), NaZr2(PO4)3 [1]. Due to high 
thermal, chemical and radioactive durability, NASICON derivatives have been proposed for the 
sequestration of alkali waste and radioactive elements [2, 3]. Phase formation of the lead 
containing analogues of the NASICON family Pb0.5+xMgxZr2–x(PO4)3 have previously been 
reported [4]. This work deals specifically with calorimetric study of the compounds Pb0.5Zr2(PO4)3 
and PbMg0.5Zr1.5(PO4)3. 
The samples were synthesized via conventional sol-gel method. The powders were characterized 
by XRD on a Shimadzu XRD-6000 diffractometer. IR spectra of the compounds were recorded 
on a Shimadzu FTIR 8400S spectrometer. Their elemental and phase compositions were examined 
using a JSM-7600F SEM equipped with a microanalysis system OXFORD X-Max 80 Premium. 
An adiabatic calorimeter BCT-3 was used to measure heat capacity in the range 8–300 К. A 
differential scanning calorimeter DSC 204 F1 Phoenix was applied to measure the heat capacity 
in the interval 195–660 K. The thermal diffusivity of the ceramics was measured by laser flash 
method within 298–473 K using a LFA447 NanoFlash device. 
The results of analyses evidenced that the synthesized samples were singe phase, crystallized in 
the NASICON structure, and their chemical compositions corresponded to the theoretical ones. 
From the heat capacity measurements, the studied phosphates undergo reversible phase transitions 
(256–426 K for Pb0.5Zr2(PO4)3 and 255–315 K for PbMg0.5Zr1.5(PO4)3), that may be attributed to 
G-type transitions. The Rietveld study of the Pb0.5Zr2(PO4)3 structure at T = 173 and 473 K let us 
conclude that these transitions are caused by disordering of Pb2+ cations in the cavities of the 
NASICON structure. 
To calculate thermodynamic functions of the phosphate Pb0.5Zr2(PO4)3, the temperature 
dependence of its heat capacity was extrapolated to 0 K using the Debye function. The values of 
enthalpies [𝐻<(𝑇) − 𝐻<(0)] and entropies 𝑆<(𝑇) for the compound Pb0.5Zr2(PO4)3 were 
calculated by numerical integration of the dependences 𝐶$< = f(T) and	𝐶$< = f(lnT), the Gibbs 
functions [𝐺<(𝑇) − 𝐻<(0)] were obtained from the values of enthalpies and entropies at the 
corresponding temperatures. The heat capacity of the studied phosphates at high temperatures 
approached the values estimated by the Dulong and Petit rule.  
For the studied phosphates, a slight monotonous decrease in the thermal diffusivity was observed 
with rise of temperature. The values of thermal diffusivity of the studied phosphates were within 
0.25–0.20 mm2/s that may characterize them as good heat-insulating ceramics. 
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In-situ combustion (ISC) is an enhanced oil recovery process to generate heat and combustion 
gases by burning a portion of crude oil components by reducing oil viscosity and pressurizing the 
system, in the reservoir in the presence of air [1]. Overall, in the method the air injected to the 
heavy cured oil reservoir and the ignition process provide the heating energy for the combustion 
front moving toward the producer well. Typically, less than 10 percent of crude oil is burnt as a 
fuel and the rest is going to be produced in the production well. Moreover chain reactions occur 
in the oxidation process and this ignition process help to move forward of crude oil in the 
reservoirs. In this project we used peroxide as an initiator to start ignition process [2]. 
The aim of this study is to investigate the crude oil oxidation using hydroperoxide as an initiator 
and monitoring its behavior using thermogravimetric (TG) method. Hydroperoxide, as a cheap and 
accessible initiator, effects onto accelerating of ignition process in crude oil oxidation. This theory 
was approved by TG results, which in the presence of hydroperoxide the activation energy of crude 
oil oxidation decreased, and the onset temperature of combustion shifted to lower temperature. In 
order to that, we studied the kinetic of crude oil oxidation with different methods. 
Generally, we can conclude that using initiator as an ignition agent has remarkable effect on 
combustion beginning area and cause to crude oil oxidation occurs in lower temperature 
comparing without initiator. 
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Studying the PbF2–ZrF4 system has been important due to the high fluorine-ionic conductivity of 
Pb1-xZrxF2+2x (0 < x < 0.18) heterovalent solid solution. This system is one of the basic system for 
fluorozirconate glass family. The high purity PbF2 was prepared by treatment of starting lead 
difluoride with dry NH4F at temperatures up 700 °C. ZrF4 was synthesized by thermal 
decomposition of (NH4)2ZrF6 at 600 °C followed by ZrF4 sublimation in platinum vessels. The 
platinum crucibles with the platinum covers were used for thermal analysis. In order to avoid 
pyrohydrolysis of the studied materials, all experiments were carried out under controlled 
atmosphere, and the autoclave system of sample sealing was used. Usually, sample masses were 
about 1.5 g (Sartorius CP-64 balance; ±0.0001 g accuracy). The weight losses were negligible 
(£ 0.2 mass%) for the specimens with up to 90 mol.% ZrF4. 
Differential thermal analysis experiments were carried out using the MOM Q-1500D Paulik–
Paulik–Erdey derivatograph. Cooling and heating rate was 5 K/min. Thermal annealing was 
carried out for several samples before DTA experiments for 20 hours unless specified otherwise 
(e.g., the 68 mol.% PbF2 – 32 mol.% ZrF4 sample was annealed at 500 °C during 30 h; after each 
10 h period, the sample was cooled and milled in dry box). We used the method of heating curves 
interpretation, described in [1] for construction of phase diagram. Liquidus curve for Pb1-xZrxF2+2x 
solid solution was determined according to cooling curves. 
Our version of the PbF2–ZrF4 phase diagram is presented on Fig.1. The phase areas of PbZrF6, 
Pb2ZrF8 (two polymorphs), Pb3ZrF10, Pb5ZrF14 compounds, as well as Pb1-xZrxF2+2x solid solution 
have been revealed. 

 
Figure 1. The PbF2–ZrF4 phase diagram. Data of thermal analysis are represented by small 

filled circles 
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In this work we have performed a calorimetric investigation of some thermoelectric alloys, which 
are useful for energy savings, but do not contain toxic or extremely rare elements. 
The standard enthalpies of formation of some binary 4d and 5d antimony and transition metal 
(TM) compounds have been measured by high temperature direct synthesis calorimetry. The 
reported results are: YSb (–124.7±4.7); Y5Sb3 (–111.1±3.2); Zr5Sb3 (–65.4±3.2); RuSb2  
(–16.8±1.5); RhSb3 (–33.8±2.1); Pd3Sb (–54.0±2.7); Hf5Sb3 (–55.4±3.0); OsSb2 (–7.4±4.0); IrSb3 
(–45.5±2.5); PtSb2 (–53.2±1.8) in kJ/mole of atoms. 
We will compare our results with some previously published measurements. We will also compare 
the experimental measurements with predicted values by ab initio calculations. 
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Due to the global problem of an aging human’s population, a need of various regenerative 
materials, in particular a bone implants demand, inevitably arises. Since the emphasis is placed on 
the regenerative approach to bone tissue neogenesis, ceramic materials based on magnesium 
phosphates included in the MgNaPO4–Mg3(PO4)2 system are promising materials for these 
purposes. Because of the quite complex hierarchical structure of the bone, these implants meet 
relevant requirements. In the ideal case, the material should be resorbable, osteoconductive, 
osteoinductive and have high mechanical characteristics. Today there is no material, which could 
satisfy all these requirements. Therefore, the main emphasis is made on the great solubility of the 
material. Magnesium-sodium phosphates from the considering system must have greater solubility 
compared to the currently used materials based on hydroxyapatite (HA) and tricalcium phosphate 
(TCP), due to the significant contribution of the enthalpy of solvation of the magnesium ion, which 
overlaps the contribution of the small ionic radius. Moreover, magnesium phosphates have special 
biological features. These include suppressing the proliferation of osteoclasts and their 
homeostasis with release magnesium ions during the phosphate’s dissolution, as well as improving 
the adhesion of osteoblast (bone-building cells) to the material and their proliferation. 
The aim of this work is to develop ceramic materials for osteoplastic with greater solubility 
compared to HA and TCP based on magnesium and sodium phosphates in the MgNaPO4–
Mg3(PO4)2 system. 
In this work we consider the problems of dense ceramic materials obtaining that can be studied 
and resolved using thermal analysis methods. In particular, in the process of work 
• The phase relations in this two-component system were investigated using the methods of STA, 
dilatometry and high-temperature X-ray powder diffraction; 
• The quantities of phase transitions of the MgNaPO4 as well as their temperatures and volume 
effects were determined; 
• The temperature conditions for fabrication of dense ceramics based on magnesium-sodium 
phosphates are determined. 
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Based on the equations of chemical physics that link the most important thermodynamic 
characteristics of compounds, such as the dissociation energies of bonds D, the enthalpy of the 
formation of a substance in the gas phase, the enthalpy of the formation of radicals, the average 
thermochemical energies of bonds E (obtained from the enthalpy of atomization of the magnitude 
of the energies of chemical bonds), the enthalpy of the atomization of a compound (the inverse 
of the enthalpy of the formation of atoms), the enthalpy of the formation of atoms and the stress 
energies Es and ε for polycyclic compounds and their radicals are calculated.  
The stress energies Es and radical rearrangement energies ε of cyclic and polycyclic compounds 
were (kJmol–1): cyclopropane Es = 117.1, ε =34.5; cyclobutane Es = 112.9 ε = 6.8; cyclopentane 
Es = 30.1, ε = –10.1; cyclohexane Es = 4.4, ε = 6.8; cycloheptane Es = 31.2, ε = –23.7; cyclooctane 
Es = 54.4, ε = –16.9; cyclononane Es = 59.0, ε = –7.2; cyclodekane Es = 59.0, ε = –5.7; 
cycloundekane Es = 54.9, ε = –5.3; cyclododecane Es = 25.4, ε = –0.5. 
Using data on formation enthalpies of compounds, their radicals and the average thermochemical 
values of bonds C – C and C – H were calculated adjustment of energy ε of a number of frame 
radicals: norbornyl-1 (bicyclo[2,2,1]hept-1-yl), С7Н11•, 6.1; bicyclooctane-1-yl, С8Н13•, 6.1; 
tetralin-1-yl-(1,2,3,4-tetrahydronaphthalene-1-yl), С10Н11•, - 8.2; cuban-1-yl, 78.9; trans-
octahydronaphthalene-1-yl, С10Н17•, - 6.5; adamantan-1-yl, С10Н15•, - 6.5; adamantan-2-yl, 
С10Н15•, 2.2. It can be concluded from the values of the radical rearrangement energies of carbon 
structures that the formation of radicals at C2 and C3 carbons slightly reduces the energy of radicals 
relative to hydrocarbon radicals. The values of the radical rearrangement energies of cyclic and 
frame compounds are within the error of the enthalpy of radical formation. For the cubane, the 
stress energy Es is 574.1 kJmol–1 and the appearance of a radical C3• particle in the cubane and 
the corresponding structure of interatomic bonds further strains the cubane frame and increases its 
energy in the radical state by about 80 kJmol–1.  
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The current work presents the differential thermal analysis (DTA) studies of some boron and 
aluminosilicate ores identifying phase transitions and thermal transformations of minerals. There 
are large deposits of boron and aluminosilicate ores in the west and in Pamir areas of the Republic 
of Tajikistan. 
DTA diagrams of boron feedstock samples were taken with 10.4 per cent (Fig. 1) and 17.1 per 
cent (Fig. 2) B2O3 content. In Figure 1, considering the heating rate of 7 °C/min when taking the 
thermograph, the main effects of the raw materials at 780 and 950 °C have been fixed, which are 
apparently, associated with the conversion of calcite. 
 

  
Figure 1. Thermograph of borosilicate raw 
materials 

Figure 2. Thermograph of borosilicate 
concentrate 

 
The thermograph recorded four small endoeffects and two deep endoeffects at 735 and 930 °C in 
Figure 2. The nature of small endoeffects is difficult to determine. Deep endoeffects show phase 
transformations of boron raw minerals. 
Thermographs of aluminosilicate ores – nepheline (Figures 3) and alunite (Figures 4) raw materials 
differ from each other. The effects at 150–240 °C correspond to the water removing process. 
Endoeffects in higher temperature ranges correspond to the sintering process and phase 
transformations of minerals. 
 

  
Figure 3. Thermograph of nepheline raw 
materials 

Figure 4. Thermograph of the initial alunite 
raw material 

 
  



 

 141 

NEED FOR TRACEABLE STANDARS IN GAS CALORIMETRY 

K.A. Mishina, I.V. Kazartcev, E.N. Korchagina 
D.I. Mendeleyev Institute for Metrology, Russia 

k.a.mishina@vniim.ru 

Due to the raising awareness about ecology problems, the issue of effective use of energy sources 
is also getting increased attention around the world. The industry is committing to a fuller use of 
conventional energy sources both with the byproducts of their production and processing, such as 
coke oven and blast furnace gas, associated petroleum gas, coal bed methane and others. At the 
same time an extensive research in the field of renewable energy results in numerous processes 
that allow to convert waste of agricultural, paper and other industries to non-conventional fuels, 
including biogas.  
The conducted analysis shows that, in comparison to the natural gas, these gas fuels differ 
substantially in their calorific value and composition. This leads to wider implementation of direct 
calorimetric measurement methods described in ISO 15971. These methods, in comparison with 
commonly used ISO 6976 – a method for calculation of calorific value and other properties from 
gas composition, usually determined by a chromatograph – have several advantages in application 
for non-conventional gases: absence of limits for the content of components such as hydrogen and 
ethane, lower uncertainty and response time, and more cost-effective and easier maintenance and 
calibration [1]. 
There are several types of measurement equipment based on direct calorimetric measurement 
methods that are currently used in industry, but options for their calibration are quite limited. ISO 
15971 only suggests pure methane, gas mixes with a calculated calorific value, and gases, certified 
using a reference calorimeter: and the first two options are not optimal for measurement equipment 
working outside of the natural gas range. The third option is preferable as it also provides direct 
traceability to the unit of the energy of combustion. 
The relevance of this issue was thoroughly considered and noted in publications in Russia and 
worldwide [2,3]. Several metrological institutions, including PTB, LNE, KRISS and VNIIM have 
taken measures to solve this problem by developing modern reference calorimeters that would 
allow to produce calibration standards for gas calorimeters. Still, by this time, there are no 
commercially available reference materials with certified value of energy of combustion in the 
range of high- and low- calorific gases. 
At VNIIM two new gas calorimeters, developed in 2017 and included in the GET 16 State Primary 
Standard – USVG and USNG, with a measurement range from 3 to 90 MJ/m3 and expanded 
uncertainty of 0.2÷0.4 % – are currently being used for the research in this area. The measurement 
results of the calorific value with estimated uncertainty of several typical gas mixtures have been 
obtained. These mixtures are used in industry for calibration of gas calorimeters and are currently 
being investigated as candidates for CRM production.  

[1] H.Dörr, T. Koturbash, V.Kutcherov, Measurement Science and Technology, 2019, 30, 2 
[2]  Y.I.Alexandrov, E.N.Korchagina, V.I.Belyakov, Zakonodatelnaya I prikladnaya 

metrologiya, 2004, 5 
[3]  J. Rauch, F. Haloua, J. Phys.: Conf. Ser., 2018, 1065, 10 
  



 

 142 

THERMO-GRAVIMETRIC ANALYSIS ON DEEP EUTECTIC SOLVENTS  
AIDED DEHYDROGENATION OF AMMONIA BORANE 

D.K. Mishra, G. Pugazhenthi, T. Banerjee 
Indian Institute of Technology Guwahati, Department of Chemical Engineering, India 

dhirendra.m@iitg.ac.in 

Hydrogen is a clean source of energy that produces water as the only product of oxidation. 
However, the storage of hydrogen is the most challenging task to date, which stimulated many 
researchers to focus on chemical hydrides that possess a high density of hydrogen content. Owing 
to their high hydrogen content, amine-borane complexes are the promising candidate in the 
chemical hydride family and are well known for releasing high quantities of hydrogen with less 
residual products. Ammonia Borane, NH3BH3 (AB) being the simplest compound of this family, 
has received considerable attention in recent years as a possible hydrogen storage medium, much 
due to its relative safety and high hydrogen content (19.6 wt.%). However, the disadvantages of 
solid-state AB dehydrogenation are the formation of volatile and toxic products such as ammonia 
and borazine, which can contaminate the fuel cells. To overcome these issues and enhance 
hydrogen release, it is proposed to conduct the thermolysis of AB in the presence of solvents such 
as Ionic Liquids (ILs) and Deep Eutectic Solvents (DESs). DESs, also known as analogues of ILs 
are solvents composed of a mixture that forms a eutectic with a much lower melting point than 
either of the individual components, usually obtained by the complexion of Quaternary ammonium 
salt which acts as a hydrogen bond acceptor (HBA) and a metal salt or Hydrogen bond donor 
(HBD). This work reports the thermo-gravimetric study of solid-state AB and its dehydrogenation 
in DESs, where the thermal stability of the DES comes into focus. The DES was prepared by using 
methanesulfonate anion based IL: 1-Butyl-3-methylimidazolium methanesulfonate as hydrogen 
bond acceptor along with Imidazole as hydrogen bond donor in a molar ratio of 1:1 and 1:2 
respectively. The study was conducted within the nitrogen atmosphere for a wide range of 
temperature (25–500 °C) for all components at a heating rate of 5 °C min-1 and 10 °C min-1. The 
results indicate that the mixture of AB and DES present lower dehydrogenation temperatures and 
improved kinetics, and they decompose without any induction period.  
 

  
Figure 1. TGA profile of pure DES, pure IL, 
Imidazole. 

Figure 2. TGA profiles of pure AB. 

 
[1] F.H. Stephens, V. Pons and R.T. Baker, J. Chem. Soc. Dalt. Trans., 2007, 2613–2626. 
[2] S. Gatto, O. Palumbo, F. Trequattrini and A. Paolone, J. Therm. Anal. Calorim., 2017, 129, 

663–669. 
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DETERMINATION OF THE TEMPERATURE PROPERTIES OF  
SiC–MoSi2–ZrB2 BASED MATERIALS 

 
E.S. Motaylo, D.D. Nesmelov, S.V. Vikhman 

Department of Chemical Technology of High-melting Non-metallic and Silicate Materials St. 
Petersburg State Institute of Technology, Russia 

ceramic-department@yandex.ru 
 

In this research, temperature dependences of the thermal conductivity of reaction-bonded SiC–
MoSi2–ZrB2 composite materials were investigated in the temperature range from 293 to 1400 K. 
The effect of concentration on thermal conductivity had been shown. 
Thermal conductivity was measured on samples with a diameter of 12 mm and a thickness of about 
3 mm on a NETZSCH LFA 457 MicroFlash system in the temperature range from room 
temperature to 1100 ℃ in a nitrogen atmosphere. 
Samples were prepared by pressing and sintering at a temperature of 1800 ℃ in vacuum. 
The content of silicon carbide in the samples was from 11 to 33 vol.%, molybdenum disilicide 
from 33 to 86 vol.% zirconium diboride from 2 to 34 vol.%. (Table 1) 
 
Table 1. Ratios of components in samples 

№ 
vol.% 

SiC MoSi2 ZrB2 

2 11 86 3 

4 26 66 8 

10 33 33 34 
 

 
Figure 1. Thermal diffusion of SiC–MoSi2–ZrB2 samples. 

 
The thermal diffusivity of the studied samples was between 18 mm2/s at room temperature and 
6 mm2/s at 1100 ℃. Sample 2 with the highest molybdenum disilicide and lowest silicon carbide 
content shows the lowest thermal conductivity in the entire studied temperature range. 
Acknowledgements The financial support of Russian Science Foundation, project № 19-73-10180. 
  



 

 144 

UNFOLDING AND REFOLDING OF LYSOZYME IN GLYCEROL  
STUDIED BY FAST SCANNING CALORIMETRY 

T.A. Mukhametzyanov, A.A. Fatkhutdinova 
Kazan Federal University, Russia 
Timur.Mukhametzyanov@kpfu.ru 

The problem of protein folding to this day remains on the scientific agenda [1]. Differential 
scanning calorimetry is an often-used tool to study protein folding [2]; however the instruments 
with sufficient sensitivity to study thermal transitions of the proteins usually have limited range of 
possible scanning rates. 
Fast scanning calorimetry is a novel calorimetric technique that makes use of MEMS-based 
calorimetric chip-sensors with very low addenda heat capacity which allows for scanning rates up 
to 1 MK/s and above both on heating and cooling. 
It was shown that [3] by using glycerol solution of lysozyme, the protein unfolding can be 
measured at the heating rate up to 8000 K/s. The unfolding of lysozyme was found to be 
irreversible in the short time frame. 
In the present work, we employ a two-stage temperature program inspired by the Tammann’s 
nuclei development approach for monitoring the refolding of the lysozyme in glycerol. The 
temperature program consists of the initial heating which causes the protein to unfold, followed 
by quick cooling to a set “annealing” temperature. The temperature and the duration of the 
isothermal “annealing” step are varied, and the second heating scan monitors the state of the 
protein. The relative area of the unfolding endotherm on the second scan indicates the degree of 
refolding during the “annealing.” 
Surprisingly, we have observed an additional low-temperature endotherm on the secondary scan 
at the “intermediate” annealing times, which disappears when the duration of the isotherm is 
sufficiently long. This may indicate the presence of the folding intermediate. When the 
“annealing” temperature is set higher than the temperature range of the stability of this 
intermediate, only the normal unfolding endotherm is observed during the second heating scan. 
Thus, the intermediate is apparently not a necessary transient structure forming during the 
refolding but rather a product of either alternative folding pathway or metastable fold. 
Acknowledgements This work was supported by Ministry of Science and Higher Education of the 
Russian Federation [grant No14.Y26.31.0019]. 
 
[1] A.V. Finkelstein, Biochemistry (Moscow), 2018, 83, 3. 
[2] C.M. Johnson, Archives of Biochemistry and Biophysics, 2013, 531, 100. 
[3] T.A. Mukhametzyanov, I.A. Sedov, B.N. Solomonov, and C. Schick, BBA – General 

Subjects, 2018, 1862, 2024. 
  



 

 145 

THERMAL DECOMPOSITION OF ENERGETIC MATERIALS: PRESSURE DSC, 
THERMOKINETIC ANALYSIS AND QUANTUM CHEMICAL CALCULATIONS 
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1Semenov Federal Research Center for Chemical Physics, RAS, Moscow, Russia 
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Nitrogen-rich heterocycles and their derivatives are promising environmental friendly energetic 
compounds. However, in the general case, their thermal decomposition is a complex process hard 
to be concisely described even using the modern thermokinetic approaches [1]. In the present 
work, we studied the kinetics and mechanism of thermal decomposition of several nitro derivatives 
of pyrazoles using a complementary combination of thermal analysis and quantum chemical 
calculations. Differential scanning calorimetry (DSC) was the main experimental technique to 
derive the raw kinetic rate data. Since the involved compounds vaporize under heating, we apply 
the elevated pressure during DSC experiments [2] to suppress the evaporation and reveal the 
decomposition profile (Figure 1). The experimental data were processed using the isoconversional 
and formal kinetic approaches. Experimental kinetics was complemented by the highly accurate 
CCSD(T)-F12 quantum chemical calculations to justify the use of particular reaction models and 
make comparison with the kinetic parameters for the dominating primary thermolysis reactions. 
The relationship between the thermal behavior and the structure of the species is also discussed to 
facilitate design of novel molecules with an increased stability. 
 

 
Figure 1. Thermal decomposition of 3,5-dinitropyrazole at different external pressures (red trace – 

2 MPa, blue trace – 0.1 MPa, a heating rate of 5 K/min). 
 
[1] N.V. Muravyev, A.N. Pivkina, N. Koga, Molecules, 2019, 24, 2298 
[2] N.V. Muravyev, K.A. Monogarov, A.A. Bragin, I.V. Fomenkov, A.N. Pivkina, 

Thermochimica Acta, 2016, 631, 1 
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FEATURES OF THE SOLVATION ENTHALPY CALCULATION  
OF ALIPHATIC COMPOUNDS 

R.N. Nagrimanov, A.A. Samatov, B.N. Solomonov 
Department of Physical Chemistry, Kazan Federal University, Kazan, Russia 

Rnagrimanov@gmail.com  

Enthalpy of solvation is a key parameter for chemical equilibrium and chemical reactions in the 
solvent. Prediction of thermodynamic properties of organic compounds by using additive scheme 
is a standard procedure for chemical engineering. The main idea of such scheme is the assumption 
that property of molecules can be calculated as a sum of structure fragments or atoms [1-3]. 
Thereby, in order to develop an additive calculation scheme, it is necessary to have a reliable set 
of experimental values and to propose a reasonable approach for dividing the property of a 
molecule into structural fragments. 
The present study is aimed at developing and testing a unified additive scheme of estimation of 
solvation enthalpy of poly-substituted aliphatic compounds in n-heptane. Structural fragments for 
hydrocarbons group contributions and most of functional groups are independent of nature of 
neighbouring atoms. However, in the case of halogen substituted aliphatic compounds second 
order group contributions is necessary for accurate calculation of solvation enthalpy. Group 
contributions for estimated solvation enthalpies of halogen-substituted compounds were 
developed. In most cases, observed deviations of literature and estimated data do not exceed of 1–
2 kJ·mol-1. Proposed scheme of prediction of solvation enthalpy were validated by using new 
experimental data of enthalpy of vaporization/sublimation and solution. 
According to this procedure, method for determination of vaporization or sublimation enthalpy 
and enthalpies of formation of was proposed. Accuracy of prediction method is about several 
kilojoules per mol. 
Acknowledgements The reported study was funded by Grant No. 14. Y26.31.0019 from Ministry 
of Science and Higher Education of Russian Federation. 
 
[1] S. Cabani, P. Gianni, V. Mollica, and L. Lepori, J. Sol. Chem., 1981, 10, 563. 
[2] A.N. Kinchin and A.M. Kolker, Rus. J. Phys. Chem. A, 2004, 78, 569. 
[3] S.W. Benson, Thermochemical Kinetics, 1976, Wiley, New York, USA. 
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TWO DECADES OF CALORIMETRY AND THERMAL ANALYSIS  
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When the Kleppa lab at the University of Chicago closed, one of the drop calorimeters was moved 
to IIT just 3 miles to the north. The collaboration between UC and IIT that began in the 1990’s 
initiated two decades of calorimetry and thermal analysis at IIT. The research continued the studies 
on the enthalpy of formation of binary compounds performed in Ole Kleppa’s lab at UC and 
extended the work to ternary intermetallics. The acquisition of a Setaram drop calorimeter and 
Setaram DSC/TGA allowed us to extend our studies to specific heat measurements and thermal 
analysis of alloy systems. This presentation provides an overview of the work performed over the 
las 20 years at IIT and highlights some of the important results. 
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ADVANCES IN CALORIMETRY AT HIGH TEMPERATURE 

A. Navrotsky 
School of Molecular Sciences and Center for Materials of the Universe, Arizona State 

University, USA 
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The thermodynamics of refractory oxides, carbides, and nitrides is essential to understanding their 
synthesis and reactivity, yet data are scarce. Here I review several new developments in and 
applications of calorimetry at high temperature. Oxide melt solution calorimetry at 700 and 800 °C 
now takes advantage of the recently commercialized Setaram AlexSYS calorimeter and a number 
of new groups are now working on a variety of topics. Specific advances have been made in 
controlling oxidation state and obtaining accurate data for iron-bearing compounds, nitrides and 
oxynitrides, chalcogenides, and lanthanide and actinide materials. Direct solution calorimetry into 
silicate melts at temperatures up to 1500 °C utilizes a Setaram HT-96 calorimeter and obtains data 
relevant to both geochemistry and corrosion of refractory oxide coatings. Differential thermal 
analysis to 2500 °C is coupled with a new custom built Drop-and-Catch calorimeter to obtain heats 
of fusion of refractory oxides. These techniques greatly expand the temperature and composition 
range of possible experiments and re particularly useful for studying complex order-disorder 
reactions, especially when coupled with modern spectroscopic and X-ray and neutron diffraction 
experiments. 
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HEAT CAPACITY OF TERBIUM ORTHONIOBATE  

G.E. Nikiforova, A.V. Tyurin, A.V. Khoroshilov, K.S. Gavrichev 
Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences 

(IGIC RAS), Moscow, Russia 
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Terbium orthoniobate belongs to the compounds with the structure of fergusonite. This group of 
materials is of interest due to their structure and properties, which makes them suitable for 
applications as microwave dielectric ceramics, proton conducting solid oxide fuel cells and 
phosphors. It has been established that when heated, lanthanide orthoniobates undergo a reversible 
transformation from the ferroelastic monoclinic phase (sp. gr. I2/a) to the tetragonal structure of 
scheelite (sp. gr. I41/a). 
The heat capacity of terbium orthoniobate was studied in the temperature range of 6–1300 K using 
relaxation, adiabatic, and differential scanning calorimetry methods. In the low-temperature 
region, below 20 K, a descending branch of the heat capacity anomaly associated with a low-
temperature magnetic transformation was detected; the maximum of this anomaly is outside our 
measurements. 
In the high temperature region, a single step change in the temperature dependence of the heat 
capacity at the Ttr was recorded. This type of heat capacity change is characteristic of second-order 
phase transitions. The transition temperature was estimated to be 1090 K. The obtained data were 
compared with the results of high-temperature X-ray powder diffraction and the studies of the 
dielectric properties of terbium orthoniobate [1]. 
The standard thermodynamic functions (entropy, enthalpy change and derived Gibbs energy) were 
calculated using the smoothed heat capacity values. 
 

 
Figure 1. Heat capacity of TbNbO4. 

 
Acknowledgements This study was supported by the Russian Foundation for Basic Research 
(RFBR grant No 18-03-00343). 
 
 [1] L. Kukueva, L. Ivanova and Y. Venevtsev, Ferroelectrics, 1984, 55, 129. 
  



 

 150 
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One of the effective methods for studying the mechanism of conversion of solid fuels is a thermal 
analysis, combining thermogravimetric and mass-spectrometric (MS) analysis. The interpretation 
of IR spectra is difficult for multicomponent mixtures. A chromatographic methods are limitedly 
applicable for the analysis of fast-flowing reactions as fuels conversion. MS method of recording 
gaseous products of the fuel conversion is more applicable. The main difficulty is the correct 
interpretation of the MS in multicomponent gas with a quantitative assessment of the components.  
The objective of this work is the theoretical and experimental substantiation of the method for 
identifying MS in complex cases when several substances give a response to the same mass 
number. In this connection, often researchers determine only the qualitative gas mixture 
composition of conversion products [1]. To solve this problem, the MS were processed using the 
least squares method, which allows calculating the percentage of individual components in the 
mixture. In this work, the Aëolos quadrupole mass spectrometer were used as a recording unit in 
the synchronous thermal analysis complex (unit STA 449 Jupiter and PulseTA). 
The fragments produce possibility with the same mass during the molecules destruction of various 
substances leads in practice to the following features of the MS identifying technique. For the 
quantitative analysis of mixtures, the composition of which is known, a sequence for calculating 
peak areas from different mass numbers is constructed. In this case, the analysis of MS begins 
with the calculation of the areas for unique particles that have an one correspondence with a 
specific substance. Then, the identified substances effect on responses to other mass numbers is 
taken into account. The process continues until all signals are identified. 
Due to the above difficulties in components identifying in a mixture, another method was proposed 
for identifying the MS of complex mixtures based on the least squares method. The method are 
considered the MS as an algebraic vector bZ = [b/, … , b=]. The mass spectrometer signal for each 
mass number is a sum of signals provided by the components of the analyzed mixture b> =
∑ a>?x?@
? , (1), where xZ = 	 [x/, … , x@] −	concentration vector;	a>? – calibration response of the mass 

spectrometer by the i-th mass number to the j-th component. 
In the developed method, as well as in the standard one, the first step is to calibrate the mass 
spectrometer using calibration gases and gas mixtures of known composition, then the 
measurement is applied to the analyzed mixture. In cases where the sum of the identified 
components is small, it is necessary to use additional information about the qualitative composition 
of the sample and supplement the calibration bank. In the case when the value of the determinant 
is small, the equation may be improved by expanding the composition of the components in 
equation (1). To do this, the existing set of calibrations are supplemented by measurements, which 
made for these substances with other measurement conditions, for example, it can be change the 
strength of the electron impact from 30 to 100 eV, and sometimes in a wider range. While in the 
standard method is 70 eV. The difference in the substances ability to ionize will lead to a change 
in the coefficients a>?. The advantages of the developed technique are that it is not necessary to 
know the qualitative composition of the sample in advance. 
Acknowledgements This work is financially supported by an internationally collaborative project 
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The main application field of the wood fuel is local power plants, where, a fuel often has variable 
humidity, that impacts efficiency of the conversion process. The high proportion of the energy in 
solid fuel produced by coke conversion, this is the longest stage than drying and volatiles. Many 
researchers of solid fuel conversion were applied various methods (individual particles, fluidized 
bed, and thermal analysis (TA)) and it were various results. A lot of solid fuel conversion studies 
have been made in clean gas atmosphere – inert, oxygen, steam or air, and just small part of it has 
been made in gases mixtures [1]. It should be noted that use of steam with air might have a positive 
effect: emissions of sulfur and nitrogen oxides were reduced, burnout were decreased or it can be 
used as commercial product (e.g. activated carbon, which is an effective sorbent). With that, the 
conversion rate is increased [2], as a consequence, dimensions and heat losses of power units were 
decreased. In this work, the influence of temperature and oxygen/steam ratio on the conversion 
rate were investigated, and the interaction mechanism (model) of wood coal carbon with gas agent 
during the steam-air conversion were considered. These studies of steam-air conversion carried 
out on individual particle of wood charcoal by thermogravimetric analysis device NETZSCH STA 
449 F3 in the temperature range 400–1100 °C. 
The charcoal particle diameter and it pore structure during conversion process were changed. It 
was described by models, which use different conversion mechanisms. With pure air flow, the 
mass loss rate is gradually decreased during the process (in Figure 1). With an increase in the 
steam concentration (and, accordingly, a decrease in the oxygen), at the initial stage, the rate curves 
are practically stable and it have a lower value than for the air process, since there may be not 
enough of oxygen. However, after the middle of the experiment, an increase in rate occurs, which 
was especially evidently for a steam concentration of 50 %. When, the steam concentration is to 
100 %, it has low average rates throughout the experiment, compared to air. 
At temperatures 600–1100 °C, the interaction of wood charcoal with oxygen occurs in the 
diffusion mode (over the external particle surface). Interaction of wood charcoal with steam up to 
temperature 1000 °C is in the kinetic mode (over the particle volume), with an increase temperature 
up to 1100 °C, a transition to the diffusion mode occurs. 
 

 
Figure 1. The mass loss rate with a change in steam concentration in the flow at 900 °C. 

 
[1] Z. Li, L. Jiang, J. Ouyang et. al., Fuel Processing Technology, 2018, 179, 250. 
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Lithium ferrites due to their excellent magnetic and electrical properties are widely used in 
microwave devices and other applications as magnetic fluids, high-density magnetic recording. 
The effect of mechanical milling of reagent mixture on the ferrite synthesis has been previously 
studied in [1, 2]. In [3], we showed that mechanical activation of mixture of initial reagents in a 
planetary mill increases the reactivity of powders and accelerates chemical reaction between 
reagents. It was assumed that this result is caused by reduced size of the particles and increased 
surface of their interaction. 
In this work, we investigated the mechanism of increasing the reactivity of Fe2O3(91.5 
mass%)-Li2CO3(8.5 mass%) ferrite reagents during mechanical milling by thermal analysis 
studying of the reagents of different prehistory. For this, three powder mixtures were used. The 
first and second ones were the un-milled and milled mixtures, respectively, containing micron-
sized iron oxide. The third mixture contained the iron oxide nanopowder (average particle size of 
100 nm) manufactured by air oxidation of iron nanopowder obtained by electric explosion of wire. 
The mechanical milling of the mixture was performed with an AGO-2C planetary mill using steel 
vials and balls. The thermogravimetric (TG) and differential scanning calorimetric (DSC) 
measurements were carried out using the Netzsch STA 449C Jupiter thermal analyzer.  
Figure 1 shows the TG/DSC curves for the investigated samples. 
 

  
Figure 1. TG (a) and DSC (b) curves for the un-milled (curves 1) and milled (curves 2) 

mixtures containing micron-sized iron oxide, for the un-milled mixture containing nano-sized 
iron oxide (curves 3). 

 
The result obtained and presented in Figure 1 showed that the temperature range of the reaction 
does not directly depend on the particle size of the powder used. Thus, the reactivity of ferrite 
reagents mixture increases due to an increase in the number of contact area between reagents 
during mechanical milling in the planetary mill. 
Acknowledgements The financial support of The Ministry of Science and Higher Education of the 
Russian Federation in part of the Science program. 
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Lithium ferrites with spinel structure are of particular interest for science and technology as they 
have a number of unique properties. Lithium ferrites, in which Fe3+ ions are replaced by titanium 
ions, are excellent materials for use in microwave, electronics and other fields of science, as well 
as for replacing other ferrites due to their good magnetic and electrical properties [1, 2]. The most 
common and simplest currently used method of producing ferrite powders is solid-phase synthesis 
based on mechanical mixing of a mixture of initial reagents and subsequent heat treatment using 
ceramic technology. Simple oxides and/or carbonates are typically used as initial reagents. When 
using carbonates, the essence of ceramic technology remains unchanged since decomposition of 
carbonates proceeds at temperatures lower than the temperature of the ferrite formation reaction, 
in which only metal oxides interact. 
It is known that the chemical reaction between solids proceeds not over the entire volume of solids, 
which chemically interact to each other, but in the contact areas between the reacting particles. 
Thus, the number of contacts between reacting particles and their contact area greatly affect the 
initial stage of solid-phase synthesis. Consequently, grinding and mixing should be performed to 
prevent aggregation of particles of the same reagent, which significantly reduces the rate of the 
solid-phase reaction. Therefore, the main disadvantage of the ceramic method is the need for 
multiple and long grinding and mixing of the starting oxides to produce a highly homogeneous 
mixture. 
In this work, in order to study the reactivity of initial powders, a synthesis reaction was carried out 
for mixture Fe2O3–Li2CO3–TiO2 with the bulk densities of 1 g cm-3 and 2.6 g cm-3 that were formed 
as a result of pressing at 0 and 200 MPa, respectively. 
Press-samples were formed by cold pressing using a PGR-10 hydraulic press. Moreover, the 
kinetic model and parameters describing the process of lithium-titanium ferrite synthesis from 
powder and press-samples were obtained using the model-fitting kinetic analysis. Kinetic analysis 
was used on the basis of data obtained by thermal analysis. The results of kinetic analysis were 
used to predict the course of the reaction in other temperature conditions and to optimize the 
technological process. 
Thermogravimetric (TG) and differential scanning calorimetric (DSC) measurements were carried 
out by STA 449C Jupiter (Netzsch) simultaneous thermal analyzer. Samples with a mass of ~10 
mg were placed in the alumina crucibles and heated up to 800–900 °C with heating rates of (1–
20) K min-1. All oxidation experiments were performed under atmospheric pressure conditions 
using air as the oxidant. The Netzsch Proteus Analysis and Thermokinetics software packages 
(Netzsch-Geratebau GmbH) were used for TG data analysis as well as model-free isoconversion 
analysis by Friedman and non-linear regression model-fitting analysis. 
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In this work, we studied the sintering process of the lithium ferrite of the chemical composition 
Li0.65Fe1.6Ti0.5Zn0.2Mn0.05O4 (Li-Ti-Zn ferrite) with zirconium dioxide ZrO2 by dilatometric 
analysis. Zirconium dioxide powder was obtained by the sol–gel method. The additive of ZrO2 
was added to synthesized Li-Ti-Zn ferrite powder. The content of ZrO2 additive was 0.5; 1; 2wt. %. 
The mixture was mechanically milled in high-speed ball mill (Retsch, Emax) to increase the 
homogeneity of the distribution of zirconium dioxide in the mixture. The mechanical milling was 
performed at 300 rpm for 30 minutes. Milled mixture was pressed by single-sided cold pressing 
using a hydraulic hand press PGr-10. The pressing pressure was 200 MPa. The pressing time was 
3 minutes. Powder compacts were sintered in a DIL 402C dilatometer (Netzsch, GmbH) using a 
heating rate of 10 °C/min. The samples were heated to 1010 °C, and the isothermal exposure time 
was 120 minutes. In addition, the samples were analyzed by thermomagnetometry method (for 
determination the Curie temperature), which is thermogravimetric analysis in magnetic field. The 
bulk density of sintered ceramics was determined. 
The dilatometric curves were processed using Proteus Analysis software. Figure 1 shows the data 
obtained from dilatometric analysis. 
 

 
Figure 1. Linear shrinkage and temperature regime of Li-Ti-Zn ferrite during sintering in 

dilatometer. 
 
According to the dilatometric analysis, it was shown that the shrinkage of the samples during 
sintering dependents on the content of ZrO2 additive. It was found that an increase in the content 
of the additive ZrO2 leads to a decrease in shrinkage of the ferrites. The total densification of the 
samples with an addition of 0–1% wt. ZrO2 is almost the same. The smallest total densification 
was observed for the sample № 4 with the additive content of 2 wt.%. According to the calculated 
data, sample №4 has the lowest density, which is consistent with the data from dilatometric 
analysis. 
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The synthesis of optical isomers of complexones, derivatives of dicarboxylic acids was carried out 
according to example [1] by the interaction of 1 mol of the D- or L-optical isomer of aspartic or 
glutamic amino acids with 1.2 mol of bromoacetic acid when heated in a boiling water bath at pH 
~ 10.0. At the end of the reaction, the mixture was acidified to pH ~ 2.0–2.5 and cooled to t = 4–
6 °C to initiate precipitation of the synthesized complexon. Nickel, copper, and zinc 
complexonates were prepared by reacting the salts of these metals with synthesized ligands. 
Thermogravimetric study of the resulting complexonates was carried out on a differential scanning 
calorimeter STA 449F "NETZSCH" company. 
The table presents the results of a study of the thermal stability of complexes of L-N- 
(carboxymethyl)aspartic (L-CMAA), D-N-(carboxymethyl)aspartic (D-CMAA) and L-N- 
(carboxymethyl)glutamic (L-CMGA) acids. 
 

Complexonate 
 

Dehydration stages, °C Mass decline, 
mol Н2О 

Decomposition 
temperature, 

°C 1 2 
H[NiL- CMAA]×2H2O 84,8 - 2 >270 
H[CuL- CMAA]×H2O 77,9 - 1 >215 
H[ZnL- CMAA]× H2O 90,7 - 1 >275 
H[NiD- CMAA]×2H2O 99,3 - 2 >330 

H[CuD- CMAA ×H2O]×H2O 104,3 142,0 1+1 >205 
H[ZnD- CMAA ×H2O]×H2O 75,6 168,6 1+1 >260 

H[NiL- CMGA]×2H2O 97,8 - 3 >315 
H[CuL- CMGA]×1H2O 57,9 - 1 >205 
H[ZnL- CMGA]×2H2O 104,9 - 2 >260 

 
The zinc and copper complexonates with D-CMAA lose two water molecules, one of which is 
cleaved off at elevated temperature. This is characteristic for the splitting off of intraspheric water; 
therefore, we concluded that the water that is split off at the second stage of dehydration of these 
complexonates is intraspheric. In complex compounds of zinc and copper, their coordination 
numbers are four, which means that D-N-(carboxymethyl)aspartic acid in their complexes with 
zinc and copper realizes a dentency of three. 
For the complexonates of the other optical isomers of the complexones, derivatives of dicarboxylic 
acids, it is not possible to identify the contained water as intraspheric or external. 
Among the complexes of the studied metals, copper complexonates were the least resistant to 
heating, and nickel complexonates were the most thermostable. 
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Search and study of the effective ways of arsenic conversion, contained in the multicomponent 
ores into nontoxic compounds suitable for further processing or storage, is an urgent task for non-
ferrous metallurgy at the present time [1, 2]. This work is dedicated to the development of a 
methodology for the synthesis of the samples and experimental study of phase equilibria in the 
arsenic-contained systems. 
The synthesis of compounds containing arsenic is a rather complex process and depends on factors 
associated with the high levels of partial pressure of arsenic, sulfur and their compounds at high 
temperatures. The excess gas pressure inside the silica ampoule leads to destruction and breaking 
of the ampoules during the synthesis of the samples Therefore, the conventional method of samples 
synthesis in sealed silica ampoules [3, 4] should be modified. 
The designed method of samples synthesis [5] includes several stages. The first stage involves 
long-term heating of samples in a specially constructed high-pressure furnace with an external 
pressure of 50 bar at 900 °C. The second stage refers to the standard heating at a pressure of 1 atm 
from ambient temperature to 1200 °C. Obtained samples are being examined with a set of 
analytical methods, namely, differential thermal analysis (DTA), scanning electron microscopy 
(SEM) and energy dispersive X-ray spectroscopy (EDX). DTA experiments are provided in the 
special designed low-volume silica ampoule suitable for placement in standard alumina DTA-
crucible. To validate the developed methodology of the synthesis three iron arsenides of different 
stoichiometric compositions have been prepared and examined with the said methods. High-purity 
powders of iron and arsenic were mixed in the ratio corresponding to the homogeneity ranges of 
the compounds AsFe, As2Fe and AsFe2, placed in evacuated and sealed silica ampoules and 
subjected to the synthesis and study of phase transitions temperatures, structures and phase 
compositions. The resulted iron arsenides are characterized by almost homogeneous structures, 
meet the specified compositions and exhibit predicted phase transitions. 
Thus, the developed method can be used for study of phase equilibria in multicomponent systems 
contained arsenic, or any complex systems with volatile compounds. 
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Biomaterials for bone replacement and grafting should possess sufficient strength, be 
bioresorbable and demonstrate osteoconductive and osteoinductive properties. Bioceramics based 
on compositions from Ca3(PO4)2–CaKPO4–CaNaPO4 ternary system seems to be prospective for 
bone replacement and grafting in the sense of resorption properties. At the same time, one should 
bear in mind that solubility level (resorbability) is governed not only by reduction of lattice energy 
but also by microstructure features. Grain sizes and porosity contribute much to dissolution rate 
making the study of sintering of the ceramics mentioned above highly important. In addition, 
strength properties also depend on ceramics microstructure. 
To control Ca3(PO4)2–CaKPO4–CaNaPO4 based ceramic microstructure it is necessary to know 
possible phase transformations in the system and the way to manage microstructure by sintering 
schedule or sintering process. 
In this work, an isothermal sections for phase diagram of Ca3(PO4)2–CaKPO4–CaNaPO4 ternary 
system is studied with several techniques. According to the XRD of quenched samples, this phase 
triangle has four single-phase areas at 1200 °С (Figure 1). It was shown that single-phase 
CaK0.6Na0.4PO4 cannot be sintered to full-dense ceramics by conventional sintering regardless 
time-temperature schedule. Two-step sintering technique, beneficial in the case of HA-ceramics, 
was unsuccessful in all cases of calcium-alkali phosphate compositions. However, field-assisted 
sintering techniques like, e.g. Spark Plasma Sintering (SPS), can overcome this problem due to 
significant impact on grain boundary diffusion. In connection with this fact, grains grow much 
slower retaining sintering process in a pore control regime. In this work CaK0.6Na0.4PO4 low-
porous ceramics was also fabricated by FAST-methods of sintering. Moreover, other alternative 
sintering techniques, such as reaction sintering, may be useful in accelerating ions diffusion but 
stopping excessive grain growth. 

 
Figure 1. Cross-section of Ca3(PO4)2–CaKPO4–CaNaPO4 phase triangle system at 1200 °С (where 

Rh – rhenanite phase). 
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Different metals of Mendeleev's Periodic table in the combination with organic compounds play 
an important role in many regions of organic chemistry. The knowledge about of thermochemical 
parameters of such substances are necessary, to do more effective the work of different 
technological processes of industry. The combined thermochemical and kinetic approach to the 
study of reactivity of dithiophosphorus acids (I-III) in the interaction with tetraethyl lead (IV) (Eq. 
1) will be useful for the real understanding of the mechanism of this process. The rate constants 
(k2338) of second order at 338–358 K and the heats of activation, dissolution of reagents in different 
solvents have been measured by gas-volume and calorimetric methods (Table 1) [1]. 
RO2P(S)SH + Et4Pb à RO2P(S)SEt3 + C2H6       (1) 
(I): R = (i-Pr)2, (II): R = CH2C(Me2)CH2, (III): R = CH(i-Pr)C(Me2)CH(Ph) 
 
Table 1. The energies of reaction activation, the heats of dissolution and solvation of acid (I) and 
lead (IV) in solvents and their transfers (kJ mol-1). 

Solvent ΔH≠ ΔdissHo ΔsolvHo (ΔΔH≠)SSo ∑(δsolvH)SSo (δH≠)SSo 
(I) (IV) (I) (IV) 

p-Xylene (So 
standard) 

76.2 0.0 1.6 71.7 55.3 0.0 (So) 0.0 (So) 0.0 (So) 

Ethylbensoate 89.1 –0.8 5.4 72.5 51.5 12.9 3.0 15.9 
Nitrobenzene 40.6 2.5 7.9 69.1 49.0 –35.6 8.9 –26.7 
1,4-Dioxane 82.0 –2.7 9.3 74.4 47.6 5.8 5.0 10.8 

 
This protodemetallation reaction is very sensitive to the solvent influence (p-xylene is standard 
So). The transfer from standard into other solvents has been made; also was found that the heat of 
activation of reaction is lowest in nitrobenzene. The picture is the same at the transfer of the sums 
of solvation, which was calculated on the equation (2), were ΔH≠S and ΔH≠So are the heats of 
activation in standard and other solvents, ∑(δsolvH)SSo is the sum of relative heats of salvation of 
reagents. 
∑(δsolv ΔH≠)SSo = (ΔH≠S- ΔH≠So) + ∑(δsolvH)SSo      (2) 
Moreover, the transfer changes of the energies of activations in solutions are in straight 
dependence relatively to the solvation heats transfer changes of starting reagents in solutions (Eq. 
3 with his correlation coefficients). 
(δsolv ΔH≠)SSo = 42.5 – 7.5 ∑(δsolvH)SSo ; r 0.972, So 7.5, n 3.    (3) 
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Alloys of silver and palladium are widely used in industry, f.e. for hydrogen purification, in 
electrical engineering and in dentistry. Ag and Pd have unlimited solid and liquid solubility [1]. 
The results of the early assessment [2] proved to be in poor agreement with the later obtained 
experimental thermodynamic data for the melt and have been revised by [3] using newly published 
thermodynamic data and their own DSC study. 
 

 
Figure 1.The calculated by [3] diagram of Ag–Pd system. 

 
However, the calculated by [3] diagram of Ag–Pd system exhibit a spurious miscibility gap in fcc 
phase at low temperatures (Figure 1), which was not noted by the authors. This miscibility gap 
had not been observed in any experiment and definitely is an artifact of calculation. Moreover, in 
the calculation of the Ag–In–Pd ternary system such spurious miscibility gaps appeared near the 
Ag–Pd side already at 723 K.  
To get rid of this miscibility gap, new assessment of Ag–Pd binary was performed. 
Thermodynamic data, obtained recently in the temperature range 400 to 750 K by the EMF method 
[6], were used both for the choice of the model of fcc phase and for calculation of starting values 
of parameters of models. The activity and partial Gibbs energy of silver and palladium could be 
described with good accuracy by a subregular model. 
Optimization of the Ag–Pd system was carried out on the PARROT module of Thermo-Calc 
software. All the experimental data for the Ag–Pd system phases presented in the literature were 
taken as input data for optimization. 
The thermodynamic description of the Ag–Pd system obtained in this paper is in good agreement 
with the experimental data of phase equilibria and thermodynamic properties of phases and does 
not show any artifacts. 
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Noble metal alloys also containing copper and indium are widely used in dentistry, jewelry and 
other fields. Real alloys are multicomponent and experimental study of phase equilibria in them is 
difficult. One of most effective solutions of this problem is CALPHAD calculations based on 
thermodynamic analyses of binary and ternary subsystems.  
Phase equilibria of the Au–Cu–In system were investigated by a combination of key experiments 
and thermodynamic modeling. Partial isothermal section at 500 °C of the Au-Cu–In system for In 
content less than 40 at.% have been plotted using scanning electron microscopy with energy 
dispersive X-ray spectroscopy (SEM/EDX) and X-ray diffraction (XRD). No ternary compounds 
were found. The solubility of the third elements in the phases of the binary systems was measured. 
In addition, the temperatures of solidus and liquidus of α, gamma and η’ phases were measured by 
DTA/DSC. 
The calculation of phase equilibria was carried out using the Thermo-Calc® software. The 
properties of ternary phases were obtained by Muggianu extrapolation of the descriptions of binary 
phases with assessing the ternary interactions. Thermodynamic properties of disordered fcc, liquid 
and z phases were described by phenomenological models, and gamma, α, and η’ phases with the 
sublattice models. Thermodynamic descriptions of the Au–Cu, Au–In and Cu–In systems were 
accepted correspondingly from [1–3]. However, the parameters of the fcc phase in Au–In edge 
had to be revised to take into account the new stability parameter of fcc indium from PURE5. In 
addition, the models for the gamma phase in Au–In and Cu–In systems had to be unified. We have 
chosen for both a model of gamma phase from Cu–In, basing on our results of an experimental 
study of the region of existence of this phase in the ternary. Then, the thermodynamic assessment 
of the Au–Cu–In ternary system was carried out using the CALPHAD approach. We could achieve 
a good agreement for both calculated phase equilibria at 500 °C and solidification curves with our 
experimental data (see Figure 1). 
 

 
Figure 1. Calculated isothermal section at 500 °C (a) and vertical section of the Au–Cu–In 
ternary system with 35 at.% In (b) compared with the corresponding experimental data; the 

DTA/DSC curves – experimental (c) and model-predicted by Scheil simulation (d). 
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The results of comprehensive studies of changes in the properties of woody biomass samples 
obtained using thermogravimetric analysis and a laboratory installation of torrefaction are 
compared. The installation was developed for torrefaction of wood samples at a given temperature 
(200, 250, 275, 300, 325, 350, 375, 400, 500 °C), followed by rapid cooling to stop further 
transformations. This approach allows reproducing the conditions of thermogravimetric analysis 
(TGA) (Fig. 1.). 
Physicochemical analysis of the obtained samples made it possible to establish the dynamics of 
changes in elemental composition during wood pyrolysis, to determine the atomic ratios of H/C 
and O/C, and to construct a van Krevelen diagram (Fig. 2.). It was shown that the composition of 
wood samples subjected to thermochemical conversion at high temperatures (500 °C) approaches 
the range of coal compositions. Comparison of the obtained experimental data and the standard 
TGA method allowed us to estimate the scale effect, i.e. the transition from small to large timber. 
 

 
 

Figure 1. Weight change curves obtained 
on a TGA device (black line) and on a 
developed experimental bench (orange 
line). 

Figure 2. Van Krevelen diagram for samples 
prepared at different thermal-treatment 
temperatures 
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Recently a method of approximating standard thermodynamic functions based on linear 
combination of Planck–Einstein functions [1] was expanded for dealing with p-V-T data by making 
the parameters of Planck–Einstein functions pressure dependent [2]:  

𝛼A(𝑝) =
𝛼A ⋅ (1 + 𝛽/A ∙ 𝑝)/1B$!
(1 + 𝛽/A ∙ 𝑝<)/1B$!

and	𝜃A(𝑝) = 𝜃A ⋅
(1 + 𝛽CA ⋅ 𝑝)B%!
(1 + 𝛽CA ⋅ 𝑝<)B%!

 

where αi and θi – original parameters of Planck–Einstein model. Proposed model extension allows 
one to describe the following thermodynamic functions: Cp(p,T), Cv(V,T), S(p,T), H(p,T2) - 
H(p,T1), G(p,T2) - G(p,T1) and p-V-T relations for solids. This approach involves the use of an 
additional equation for p-V isotherms and for this reason Birch–Murnaghan equation was used. 
The purpose of the current work was to apply this approach for gold in the solid state. Standard 
pressure αi and θi parameters for gold were obtained earlier [3], and the present study was devoted 
to determining the pressure dependence of these parameters using p-V-T data presented in a range 
of temperatures up to 2173 K and pressures up to 141 GPa.  
The estimation of parameters was performed by minimization sum of squares of residuals. 95 % 
confidence intervals for parameters were calculated, only statistically significant parameters were 
used. Description of certain isotherms is shown on figure 1. Relative deviations of calculated 
pressures mostly lie in 3 % interval (see figure 2).  
 

  
Figure 1. P-V isotherms for solid gold Figure 2. Relative deviations of calculated 

pressure by current model and experimental 
literature values 
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Double and triple phosphates, containing IV group d-elements, are considered as hi-tech ceramic 
basis due to their stability to the extreme environmental conditions (high temperature and pressure, 
aggressive media, radiation), near-zero thermal expansion parameters and etc. Such compounds 
are usually characterized by framework structures with {[L2(PO4)3]p−}3∞ frameworks 
(L are octahedral coordinated cations). Among them, the structural type of K2Mg2(SO4)3 
(langbeinite) is well-known. 
The langbeinite structure is typical of the phosphates, containing large cations (more than 1.5 Å) 
with low oxidation degrees (+1 and +2) in the cavity sites. There are many scientific works devoted 
to synthesis and structural study of langbeinite type phosphates. The availability of thermodynamic 
data for these compounds is very scarce in the literature [1, 2], despite its inherent importance.  
In the present study the results of synthesis and calorimetric studies of K5/3MgZr4/3(PO4)3 
representative of this structural family are presented. 
The compound was synthesized by sol-gel method, starting from the aqueous solutions of KNO3, 
MgCl2, ZrOCl2 and H3PO4. The obtained sample was polycrystalline powder of white color. The 
formation of the desired compound was confirmed on a Shimadzu XRD-6000 diffractometer. The 
amorphous impurities absence was shown by IR spectra of the sample, which was recorded on an 
IR-Fourier-spectrometer FSM-1201. The homogeneity and chemical composition of the sample 
was checked by electron microprobe analysis on a JSM-7600F Schottky Field Emission Scanning 
Electron Microscope (JEOL) equipped with microanalysis system. The results of electron 
microprobe analysis have shown that the sample is homogeneous and its composition is close to 
the theoretical value calculated for the formula K5/3MgZr4/3(PO4)3. Taking into account, that the 
X-ray pattern of the sample contains only sharp diffraction peaks without asymmetry and also the 
absence of significant noise and amorphous diffuse halo, we may conclude that the studied 
phosphate is totally crystalline. X-ray results confirmed phase purity of the studied phosphate (not 
less 0.99 mass fraction of the main substance) and its crystallization in the langbeinite structural 
type (space group P213, a = 10.2029(3) Å, V = 1062.14(6) Å3, Z = 4).  
A precision automatic adiabatic calorimeter (BCT-3) was used to measure heat capacities over the 
temperature range (6–350) K. A differential scanning calorimeter DSC 204 F1 Phoenix was used 
to measure the heat capacities over the temperature range (330–650) K. The heat capacity of the 
sample rises gradually with increasing temperature, and no phase changes or thermal 
decompositions occurred. The experimental points of 𝐶$D at T > 6 K were fitted by means of the 
least-squares method using power and semilogarithmic polynomial dependences. The 
experimental data were used to calculate the standard thermodynamic functions: 𝐶$D, H0(T)–H0(0), 
S0(T) and G0(T)–H0(0). Standard entropies of formation at 298.15 K were estimated for the 
phosphate. 
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Inorganic compounds with structures based on {[L2(TO4)3]p-}3∞ frameworks (L and T are 
octahedral and tetrahedral coordinated cations respectively) have been extensively investigated in 
the context of various fields of solid state chemistry: thermal and radiation stable materials, solid 
state electrolytes, compounds for optics, batteries, low-thermal expansion ceramics. Structural 
phase transitions, sometimes observed in such compounds at elevated temperatures, can lead to 
significant changes in crystal volume and even to their destruction. From this point of view, the 
information about their parameters is very important not only for a clear understanding of 
operating range of materials and for the influence of phase transition on thermodynamic properties 
also. In addition, knowledge about the phase transitions at fast heating/cooling is required if the 
materials use far from thermodynamic equilibrium. 
This work focuses on the synthesis of crystalline solid Na3M2AsxP3−xO12 solutions (M = Cr, Fe;  
0 ≤ x ≤ 3), the experimental investigation of their phase formation, structure, morphology and 
thermal properties.  
A series of Na3M2AsxP3−xO12 samples has been prepared by co-precipitation of salts from aqueous 
solutions with the subsequent thermal treatment at 363, 673–1373 K. TG/DTA study of thermal 
behavior of crystalline Na3M2AsxP3−xO12 in combination with XRD experiments (Shimadzu XRD-
6000 diffractometer), scanning electronic microscopy and microprobe analysis (JEOL JSM-
7600F) and Fourier-transform infrared spectroscopy (Shimadzu FTIR 8400S spectrometer) were 
used to identify and characterize different products. The results of the phase formation study have 
demonstrated the formation of solid solutions in the studied systems. The dependences of their 
lattice parameters on the chemical compositions have been revealed. Simultaneous TG/DTA 
measurements were carried out by DTG-60H (Shimadzu) and showed the endothermic effects 
connected with the structural phase transition and decomposition of Na3M2AsxP3−xO12 
representatives. We found the shift of the transition temperature with chemical composition (x) of 
solid solutions: 1253 < Ttr <1343 K for a system with M = Cr and 923 < Ttr < 1053 K with M = 
Fe. The transformation from one crystal structure to the next occurs readily with relatively small 
changes in temperature and the properties of the phases differ greatly. Thermodynamic stability 
ranges for the ambient temperature phase (cubic) and high temperature modification 
(rhombohedral) are presented. The Na3M2AsxP3−xO12 cubic phases are isostructural with the 
mineral garnet. 
The temperature dependences of the thermal expansion coefficient of the Na3M2AsxP3−xO12 cubic 
phases have been studied using XRD within the temperature interval 173–473 K. 
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Despite the intensive development of theoretical studies in recent years, the problems of non-
electrolyte solvation in solvents are still relevant and in demand. At the same time, studies of 
solvation phenomena in binary solvents are of considerable theoretical and practical interest, since 
the use of binary solvents expands the possibilities of varying the properties of the medium in 
order to study in detail the mechanism of the phenomena and select the optimal solvent for various 
practical tasks. In this case, it is binary solvents that determine the solubility of drugs [1,2], 
crystallization and extraction of substances [3], change the rate of chemical reactions [4]; mixtures 
of organic electrolytes (ionic liquids) determine the efficiency of batteries [5]. It was also noted 
[4] that there are no general laws of property changes in the binary system from existing solvent 
parameters have been established, which is associated with the influence of non-additive 
interactions of the solute with the solvent components. A special case of binary solvents is 
azeotropes – multicomponent systems boiling without changing in the composition. This feature 
leads to problems in the separation of mixtures, which is especially important in industry and 
medicine. 
In this work, we determined the enthalpies of dissolution of alkanes in binary solvents, including 
azeotropes. Deviations of the enthalpy of solution from additivity were found for all solutions, 
including the azeotropic point. It was found that, regardless of the class of organic compounds and 
the ability of components to intermolecular interactions, the excess enthalpy of dissolution of 
alkanes in azeotropes is maximum. 
The second part of the work is devoted to the dissolution of azeotropes in n-heptane. Using 
previous developed equation of dependence of the enthalpy of solvation of compounds in n-
heptane on their molecular refraction was used. Using experimental data for azeotropes, molecular 
refraction was calculated and the enthalpy of solvation of azeotropes in n-heptane was determined 
by the equation. Using experimental enthalpies of dissolution of azeotropes in n-heptane, we 
determined the enthalpy of vaporization under standard conditions. 
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Thermodynamic properties of single and complex oxides were determined in the last 150 years 
using a large variety of calorimetric, electrochemical and thermogravimetric techniques. A critical 
analysis of this experimental data led to high quality thermodynamic databases for stoichiometric 
compounds and solid solutions using the Calphad (Calculations of Phase Diagrams) approach. 
Thermodynamic calculations using these databases are used on a regular basis in various scientific 
fields, such as geochemistry, metallurgy or nuclear safety, and for a large number of application 
calculations, such as in the design of novel metallurgical slags or in cement clinker production. As 
stated above, the data is generally reliable for known compounds and solid / liquid solutions, but 
there is a number of chemical systems for which no or only a limited amount of data is available. 
This is the case for  

§ Systems with experimental difficulties due to high reactivity and vaporization. As an 
example, one can cite the alkali-oxygen binaries. The compounds react very easily with 
moisture and carbon dioxide to form stable compounds and present high vapor pressures 
at moderate temperatures. A lot of thermodynamic properties are estimated and were never 
confirmed experimentally. 

§ Systems with mixed valence elements, e.g. transition metals and systems known to form 
peroxides, superoxides or even ozonides (alkalis, earth alkalis) 

§ Systems at very high temperatures with a high probability of sample-crucible interaction, 
e.g. CaO wrapped in W and interacting at high temperature and forming calcium tungstates. 

A modern way to acquire information on thermodynamic properties are DFT (density functional 
theory) and DFT-molecular dynamics calculations. As a results, the Gibbs energy as a function of 
temperature can be obtained from 0 K to far above the melting point for stable but also for 
metastable solid and liquid compounds. This numerical data can directly be compared to 
experimental data, if available, and can also be used to derive new thermodynamic descriptions in 
the Calphad framework, e.g. a two-state description for the liquid/amorphous phase.  
In this contribution, new work on simple oxides will be presented to illustrate the approach. A 
special focus will be set on alkaline earth oxides and the CaO–Al2O3 binary system, both relevant 
in many fields and applications. 
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Crystal structure prediction consists in searching for atomic structures with lowest energy. Usually 
theoretical methods of the prediction involve two components: an algorithm sampling the 
configuration space and a relaxation algorithm which finds local energy minima. Density 
functional theory (DFT) is typically used as an interatomic interaction model. It offers a sufficient 
accuracy in reproducing the sophisticated interaction of real atoms in crystals, but is resource 
intensive that makes crystal structure prediction computationally expensive. Thus, DFT 
calculation typically takes more than 99.9 % of the total CPU time of the prediction. 
This work is aimed to accelerate crystal structure prediction by using machine learning interatomic 
potentials. We propose a methodology for crystal structure prediction, which is based on the 
evolutionary algorithm USPEX [1] and the Moment Tensor Potentials (MTPs) [2]. Crystal 
structure prediction is a challenging application for machine learning potentials since we have to 
predict a structure that is not presented in the training set. To resolve this problem, we involve 
active learning on-the-fly [3]. Our methodology allows for an automated construction of an 
interatomic interaction model from scratch replacing the expensive DFT with a speedup of several 
orders of magnitude. We tested our methodology on a problem of prediction of carbon allotropes, 
dense sodium structures and boron allotropes including those which have more than 100 atoms in 
the primitive cell. All the main allotropes have been reproduced and a new 54-atom structure of 
boron have been found at very modest computational efforts. 
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It has been shown in papers [1-3] that decreasing the size of carbon reinforcing particles inside the 
aluminum matrix leads to a decrease in the start temperature of the reaction of aluminum carbide 
formation. Thermal workability of materials is depended from this temperature. The purpose of 
this work is to compare the thermal performance of aluminum matrix composites with fullerene 
and nanodiamond reinforcing particles. Composites were prepared using mechanical alloying. The 
matrix was made from aluminum; the reinforcing particles were fullerenes (15.3 mass%) and 
nanodiamonds (15 mass%). Figure 1 shows the DSC curves obtained in the study of composites. 
Exo-peaks are caused by the formation of aluminum carbide, which was confirmed by XRD 
studies. Endo-peaks are caused by aluminum melting. The reaction start temperature for a 
composite with nanodiamonds is about 500 °C (Figure 1a); and for composites with fullerenes is 
about 300 °C (Figure 1b). The size of the primary nanodiamond particle is about 4–6 nm, and the 
size of a single fullerene is about 0.65–0.7 nm. The results obtained confirm the hypothesis about 
the effect of particle size on the reaction start temperature: a decrease in the particle size leads to 
a decrease in the reaction start temperature. 
 

 
a 

 
b 

Figure 1. DSC curves obtained during study of composites “Al+15 mass% nanodiamonds” (a) 
and “Al+15.3 mass% fullerenes” (b) 
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Thermal treatment of nanodiamonds leads to formation of carbon onions – nanoparticles with 
graphite-like structure [1]. The present work is about application of carbon onions (as 
reinforcements) in metal matrix composites with aluminum matrix. Mechanical alloying was used 
for composite preparation. It is shown in the paper [2] that non-agglomerated nanodiamonds 
(carbon material) inside aluminum matrix start to react with formation of aluminum carbide at 
450–550 °C (reaction between macromaterials start at 1200 °C). The purpose of the present work 
is determination of starting temperature of reaction between aluminum and carbon onions. DSC 
method was applied for this study with using DSC 404 C Pegasus differential scanning calorimeter 
manufactured by NETZSCH (Germany). Two versions of aluminum matrix composites were 
studied: with 15 and 25 vol.% carbon onions. Figure 1 shows DSC curves obtained during study 
of these composites. Exo-peak is connected with formation of aluminum carbide Al4C3 (XRD 
study shows Al4C3) Endo-peak is connection with aluminum melting. Primary carbon onions 
nanoparticles joint into agglomerates. Temperature of reaction depends from particle size [2]. 
Increase of volume fraction of carbon onions leads to non-complete destroy of initial agglomerates 
during mechanical alloying. Exist of non-destroyed agglomerates (i.e. carbon particles with 
increased size) leads to increase of temperature (compare Fig.1a and Fig.1b). Starting temperature 
of reaction is about 350–400 °C.  
 

  
a b 

 
Figure 1. DSC curves obtained during study aluminum matrix composites “Al +15 vol.% carbon 

onions” (a) and “Al + 25 vol.% carbon onions” (b) 
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Metal matrix nanocomposites are very important kind of composite materials. Nanodiamonds are 
prospective nanoparticles for reinforcing metal matrix [1, 2]. It is very important to study possible 
interaction between matrix and strengthening particles, because this interaction influence for 
workability of composites. This paper describes investigation of aluminum matrix composites with 
nanodiamond reinforcements. Composites will be fabricated by mechanical alloying with volume 
fractions of nanodiamonds 10 and 25 %. The study of thermal effects during sample heating was 
executed on DSC 404 C Pegasus differential scanning calorimeter manufactured by NETZSCH 
(Germany). Measurements were performed in platinum-rhodium crucibles with aluminum oxide 
inserts under the heating rate of 20 °C/min. In a tightly sealed chamber of calorimeter, vacuum 
was created firstly, after this chamber was filled with argon; a sample was placed in chamber 
before vacuum creation. Dynamic inert atmosphere (argon, blow-down rate equal to 50 ml/min) 
was maintained during the measurements. DSC study determined thermal effect, starting 
temperature for composite with 10 vol.% is 500 °C; for 25 vol.% – 450 °C (Figure 1). XRD 
investigation showed formation of aluminum carbide in samples after DSC study and in separate 
samples after annealing at 550 °C and 600 °C. It is necessary to say that reaction between 
aluminum and carbon macro-materials starts at 1200 °C [3]. The present study showed that 
decreasing size of carbon materials leads to decreasing of starting temperature of reaction between 
these components. This result is very important for determination of workability of composite. 
Moreover, this effect can be used in chemical industry for various chemical reactions. 
 

  
a b 

 

Figure 1. DSC curves obtained during study of composites “Al + 10 % ND” (a)  
and “Al + 25 % ND” (b) 
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Recently was found [1], that Sm2FeTaO7, compound with pyrochlore-like structure, could be 
successfully used as a refractory material. Sm2FeTaO7 has 2 times lower thermal conductivity in 
the temperature range of 25–1000 °C compared to well-known refractory material Yttrium-
Stabilized Zirconia, YSZ, a lower value of the Young's modulus, and a better fracture toughness. 
Despite its promise, Sm2FeTaO7 and isostructural compounds, Ln2FeTaO7, have not been studied 
in practice.  
Using the adiabatic calorimetry (22.52–346.16 K) and the differential scanning calorimetry (330–
1300 K), the temperature dependences of heat capacities of Ln2FeTaO7 (Ln = Sm, Gd, Y) were 
determined and the thermodynamic functions were calculated for the first time (Fig.1, Table1). It 
was shown that the temperature dependences of heat capacity of the Ln2FeTaO7 do not have any 
features up to 1300 K, except for the temperature range between 2 and 25 K, where an anomaly 
was detected. The comparison of the experimental heat capacity and its calculated regular part 
allowed us to determine the entropy of the anomalous contribution equal to 3.7, 14.8 and 
19.6 J/(K∙mol) for Y2FeTaO7, Sm2FeTaO7 and Gd2FeTaO7, respectively. Using the Y2FeTaO7 as 
example, AC and DC magnetic measurements were carried out in small fields, H = 100 Oe, and 
in the temperature range of 2–300 K. The study at low temperatures showed that Ln2FeTaO7 
undergo spin-glass transition, which can lead to an anomaly observed on the temperature 
dependence of heat capacity. 
 

 
Figure 1. Temperature dependence of Gd2FeTaO7 heat capacity. 

 
Table 1. Thermodynamic functions of Ln2FeTaO7, Ln = Sm, Gd, Y, at T = 298.15 K. 

Compound Ср°(T), 
J/(K∙mol) 

S°(T), 
J/(K∙mol) 

H°(T)–H°(0), 
J/mol 

F°(T), 
J/(K∙mol) 

Sm2FeTaO7 230.2 274.7 40870 137.6 

Gd2FeTaO7 221.3 261,0 38199 132,8 

Y2FeTaO7 216.2 229.9 36670 106.9 
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In the course of making of electrical insulation for high-voltage electronics [1] wide range of 
materials technology problems naturally arises [2]. Considerable part of these problems could be 
solved by means of Thermal Analyses methods, and in the first place – by the method of 
Differential Scanning Calorimetry. Among such problems are quality control of polymer materials 
and their low-molecular components, optimization of electroinsulating polymer materials 
processing modes. In present work examples of such problem-solving by DSC method are made: 
the control of impregnating epoxide compound plasticity on the base of glass transition 
temperature is demonstrated; constraints of OIT test usage for control of polyethylene 
compositions for cable industry are discussed; constraints of Model Free Kinetics method usage 
for optimization of thermosetting plastics processing modes are discussed; the approach to 
selection of dielectric films thermostabilization modes on basis of their crystal structure stability 
assessing is submitted [3]. 
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Samples of aluminum oxyhydrates synthesized by hydrolysis of aluminum nitrate 
(Al(NO3)3·9H2O) ammonia vapors in the presence of a non-ionic surfactant - decaethylene glycol 
isooctyl ether. For comparison, we obtained samples of aluminum oxyhydrates without the use of 
surfactants. 
The study was performed using a simultaneous thermal analyzer Netzsch STA 449 F3 Jupiter. As 
a result of the experiment for each sample, we obtained graphs of the TG/DTG mass loss in the 
temperature range from 400 to 1260 °C with marking in sections and the corresponding tabular 
data. 
Processing of the last recorded with a step of 0.5 degrees was carried out at the first stage using 
the method [1]. According to the dependences of the form log[-log(1-∆P/∆Pmax)] from 103/T, linear 
temperature ranges were determined. Each stage of thermolysis was processed according to the 
graphs log[-log(1-α)] from 103/T. The reliability of the use of the calculation model to describe 
the experimental data was checked using the Fisher test. The apparent activation energy (Еа) and 
the value of the parameter (n) characterizing the emergence and development of crystallization 
centers were determined by the tangent of the angle of inclination of these dependencies. The 
Yerofeyev–Kolmogorov equation was used to find the constant k: 
lg[-lg(1-α)]=lgk+nlgτ. 
At the second stage of processing the results of thermolysis, the method of differentiation 
according to Freeman and Carroll was applied [2]. The TG/DTG curves were processed using 
temperature differentiation in the region from the beginning to the end of the destruction process 
over the entire data array. This made it possible to determine the characteristic mass loss peaks. 
To identify patterns of behavior of samples from the content of decaethylene glycol isooctyl ether, 
all differential dependencies were combined. 
Using this calculation algorithm, the characteristic values of the kinetic parameters were 
determined and the sequence of transformations in the thermolysis of aluminum oxyhydrates 
obtained in the presence of a surfactant was interpreted. 
Acknowledgements Thermogravimetric measurements were performed at the Center for 
Thermogravimetric and Calorimetric Research of Research Park of St. Petersburg State 
University. 
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The Li2SO4–Na2SO4 system has been investigated for a long time. It is a classic subject matter for 
studying phase diagrams of salt systems. It was in the beginning of the 20th century that Nacken 
published his first papers regarding the Li2SO4–Na2SO4 phase diagram [1]. Further studies 
followed soon, especially, after high cationic conductivity was found in alkali metal sulfates. There 
are at least eight different versions of phase diagrams depicting phase equilibria in the Li2SO4–
Na2SO4 system. Unfortunately, most of the aforementioned phase diagrams violated the phase 
equilibrium rules. 
The thermal analysis and X-ray powder diffraction studies of the Li2SO4–Na2SO4 system, 
including the high-temperature X-ray diffraction technique, have elucidated four phases of 
variable composition: three solid solutions based on the α-Li2SO4, α-Na2SO4, and α-LiNaSO4 high-
temperature polymorphs, and a low-temperature β-LiNaSO4 phase. α-Na2SO4-base solid solution 
disintegrates into two phases via a monotectoid phase transformation. It is quite probable that the 
monotectoid process is related to the conversion of the second-order phase transition to the first-
order phase transition through tricritical point [2]. 

 

 
Phase notations: L – melt,  
α-Li = α-(Li1-хNaх)2SO4 – solid solution 
based on the high-temperature lithium sulfate 
phase,  
α-Na – solid solution based on the high-
temperature sodium sulfate phase (hexagonal 
system),  
β-Li and β-Na – low-temperature lithium 
sulfate and sodium sulfate phases, 
respectively,  
S – LiNaSO4-based phase,  
α – high-temperature LiNaSO4 phase,  
βS – low-temperature LiNaSO4 phase. 

Figure 1. Phase diagram of the Li2SO4–Na2SO4 system. DTA data: (1) onset temperatures of 
peaks on heating curves, (2) peak temperatures of peaks with the ΔТ correction applied, (3) 
onset temperatures of peaks on cooling curves, (4) data from [3], (5) data from [4], and (6) data 
from [5].  
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The heat capacities and volumes of acetonitrile (AN) solutions of cadmium iodide at 298.15 K 
were measured by calorimetry and densimetry. 
The apparent molar heat capacities ФС and volumes ФV of cadmium iodide in AN were calculated 
from the experimental data. The concentration dependences of ФС and ФV have a positive slope, 
which is typical for solutions of inorganic salts in nonaqueous solvents. 
To determine the standard partial molar quantities =  and = , corresponding to an 

infinitely dilute solution, the dependences  were approximated by linear 
regression equations. 
The quantities  and  were separated into ionic components based on the additivity of the 

partial molar quantities values of  and for the iodide ion in AN [1,2]. The  and  
values of CdI2 and ions in AN are shown in Table 1. 
 
Table 1. Standard partial molar heat capacities and volumes of cadmium iodide and the Cd2+ and 
I¯ ions in AN at 298.15 K 

 CdI2 Cd2+ I– 
, J(mole·К)-1 265±15 207±15 29±3 [1] 

, cm3×mole-1 60.6±0.3 19.4±0.3 20.6±0.3 [2] 

 
A comparison of the resulting values  and of the cadmium ion in N-methylpyrrolidone 
(MP) [3], DMSO [4], and DMFA [5] allows us to estimate the effect the nature of the solvent has 
on these parameters. Due to the weak structuring of aprotic dipolar solvents and the small 
difference between their electron donating ability, we may hypothesize that the difference between 

 and  of the Cd2  ion in the studied systems was caused mainly by solvation, manifested 
in the electrostriction effect with regard to volumetric properties. An essential part is played in 
these processes by the electrostatic component. This is confirmed by the established linear 
dependences of  and  on the reciprocal dielectric permittivity of solvents. The 

electrostriction contribution to and the electrostatic contribution to  of the cadmium ion 
are observed to grow as ε falls. 
 
[1] Y. Marcus and G. Hefter, J. Chem. Soc. Faraday Trans., 1996, 92, 757. 
[2] Y. Marcus and G. Hefter, Chem. Rev., 2004, 104, 3427. 
[3] A.N. Novikov and V.A. Vasilyov, Russ. J. Phys. Chem. A, 2008, 82, 1071. 
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1438. 
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THERMODYNAMICAL PROPERTIES OF AMMONIUM SALTS  
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Earlier, we studied heat capacities and volume properties of different type electrolyte solutions in 
N-methylpyrrolidone (MP) and proposed a system of standard values of heat capacity and ions 
volume in MP [1,2]. To confirm the validity of the proposed system, it is of interest to expand the 
range of investigated electrolytes. 
The heat capacity (Ср) and density (r) of ammonium bromide, iodide, nitrate and thiocyanate 
solutions in MP are measured at 298.15 K by calorimetric and densimetric means. The heat 
capacities Ср of solutions were measured on an LKB-8700 calorimetric unit. Density ρ of the 
solutions was measured on a precision pycnometric setup.  
An increase in the heat capacity of solutions of ammonium nitrate and thiocyanate in MP as the 
concentration grows attracts attention. Like the majority of electrolytes, ammonium halides 
studied are characterized by a decrease in Ср of solutions as their concentrations increase. We 
believe this is a reflection of the patterns of solvation of polyatomic ions in MP that are also 
observed in other non-aqueous solvents. The behavior of NH4+ determining its heat capacity 
properties was also anomalous in dimethylformamide [3]. 
The apparent molar heat capacities ФС and volumes ФV of ammonium salts in MP were calculated 
from the experimental Ср and r data, and the standard partial molar values of =  and 

=  were determined.  
The linear correlations 

,     (1) 

.     (2) 
were obtained in [4] for simple ions and the corresponding salts in solutions in MP and water.  
The values obtained for solutions of ammonium salts in MP well agree with those calculated 
by (2). As concerns the values measured in this work, they do not correspond to (1). This is 
not surprising, considering the observation [5] that the number of atoms in complex ions influences 

. The lack of correspondence is likely also caused by a higher sensitivity of heat capacity 
compared with volume properties to the formation and dissociation of H-bonds, changes in the 
structure of solvents, and steric effects. These effects can be stronger in water as a protonic strongly 
structured solvent than in MP, which is aprotic and less structured, especially for polyatomic ions. 
The values were divided into the ionic components on the basis of the values for the 
bromide and iodide ions in MP [1,2] using the assumption of additivity of partial molar values. 
The values were divided on the basis of Eq. (2) and the literature data on (H2O) [5]. 
 
[1] A.N. Novikov, Russ. J. Phys. Chem. A, 2009, 83, 6. 
[2] A.N. Novikov, Russ. J. Phys. Chem. A, 2009, 83, 334. 
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[4] V.A. Vasilyov and A.N. Novikov, Russ. J. Phys. Chem. A, 1993, 67, 1391. 
[5] V.A. Vasilyov, Russ. J. Phys. Chem. A, 1981, 55, 968. 
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DECREASE OF THE TEMPERATURE GRADIENTS  
IN THE CERAMICS OF HYDROXYAPATITE 
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X-ray diffraction studies and simulation of macrostresses in pure hydroxyapatite (HA), as well as 
in a composite with the additives of multi-walled carbon nanotubes (MWCNTs) were performed. 
The calculation of the temperature difference between the surface and the center of a cylindrical 
sample of HA with increasing temperature at the initial stage of sintering is shown in Fig.1. The 
temperature difference between the center and the surface of the HA sample decrease and does not 
exceed 3.5 °C with the increasing temperature above 750 °C.  
 

 
Figure 1. The dependence of the temperature difference of the surface Ts and central part 

Tc of ceramic sample of HA at various temperatures of the sintering. 
 

The shift of the X-ray diffraction peaks of HA ceramic in comparing to the composite 
“hydroxyapatite – multi-walled carbon nanotubes” is observed. Peak widths and intensities do not 
change. The observed shift of the X-ray diffraction peaks indicates the presence of macrostresses 
in the sample of pure HA ceramics, which appears in ceramic during heating/cooling due to its 
low thermal diffusivity. It has been shown that MWCNT additives reduce temperature gradients 
during sintering of the composite due to the better thermal diffusivity of MWCNT than HA. 
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THE INFLUENCE OF PARTICLES SIZE OF IRON OXIDE  
ON THE OXIDATION OF HEAVY CRUDE OIL 

N.O. Rodionov1, L. Akimushkina1, C. Yuan1,2, A.E. Golubeva1, A.P. Mistrikova1,  
D.A. Emelianov1, M.A. Varfolomeev1,2 

1Department of Physical Chemistry, Kazan Federal University, Russia 
2Department of Petroleum Engineering, Kazan Federal University, Russia 
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It is known that heavy oil production is of great importance due to the depletion of conventional 
light oil reserves. However, the production of heavy oil is more difficult than light oil due to its 
high viscosity and low API gravity. Therefore, scientists are exploring different enhancing oil 
recovery (EOR) method. 
One of successful and proven EOR technologies for heavy oil production is in-situ combustion 
(ISC). In ISC process, air is injected into the formation from the injection well, which causes oil 
combustion inside the reservoirs. The heat that is released during this complex process heats the 
bulk of the formation and reduces the viscosity of the oil. In order to make the ignition of 
combustion easier and stabilize the combustion front, various catalysts have been tested. 
In this work, we studied the catalytic effect of iron oxide on the combustion of crude oil. The effect 
of its particles size on oil combustion processes was studied using thermogravimetry (TGA). The 
kinetic parameters were calculated by different isoconversional kinetics methods, including 
Kissinger–Akahira–Sunose (KAS), Ozawa–Flynn–Wall (OFW), and Vyazovkin methods. The 
results showed that the particle size of iron oxide has influence on combustion behavior and 
kinetics. 
Acknowledgements The authors acknowledge the support of the Russian Science Foundation 
[grant numbers 19-73-10189]. 
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PECULIARITIES OF THE TERNARY PHASE DIAGRAMS OF MAGNESIUM  
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(CERIUM AND YTTRIUM ONES) 
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The thermal analysis is the very important method for investigation of the phase diagrams. This 
was confirmed in a great numbers of the works, where various phase diagrams were constructed. 
The examples of such works are investigations of the ternary phase diagrams of magnesium with 
the rare-earth metals. Now Mg-base alloys of this type attract a great attention, because alloying 
by the certain rare-earth metals enables to increase significantly the Mg strength properties. The 
Mg-base alloys are used commercially as light structure materials and increase of their strength 
properties is of great importance for their successful applications. The rare-earth metals are the 
seventeen elements with close chemical properties, but alloying additives to magnesium and its 
alloys they behave differently. The best strengthening effect of them for magnesium takes place, 
if two rare-earth metals of different groups: cerium one consisting of those with atomic numbers 
from 57 (lanthanum) to 63 (europium) and yttrium one with atomic numbers from 64 (gadolinium) 
to 71 (lutetium) are used. The second group includes also yttrium with atomic number 39. The 
thermal analysis was used successfully for investigations of a number of the ternary phase 
diagrams of Mg with two rare-earth metals of different groups and discovered some similar 
peculiarities in them: such as existence only two compounds, belonging to the adjoining to Mg 
both binary systems, significant solubility one of the rare-earth metals in the compound of other. 
Figure 1 demonstrates a polythermal section of one of the phase diagrams, where the boundaries 
of the phase volumes in it were established by thermal analysis (by points shown).  

Figure 1. Polythermal section of the Mg–Sm–Tb phase diagram at 70 mass% Mg [1] 
 
Acknowledgements The financial support of the budget assignment No 075-0076-19-00. 
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Zn2SiO4 zinc orthosilicate with a willemite structure is a matrix for the creation of phosphors 
required for various technical applications. Luminescence activators are manganese ions that 
replace zinc in two crystallographic nonequivalent positions (Fig. 1). It was established that 
Zn2SiO4 has a deformation first-order phase transition at 1500 °C (0.13 kJ/mol) and melts 
congruently at 1512 °C (106.44 kJ/mol). An analysis of the concentration dependences of the 
melting temperature of Zn2-2xМ2xSiO4 (M = Mn, Mg, Mg + Mn) shows that the substitution of Zn 
ions by magnesium ions with a smaller ion radius does not affect Tmelt, while doping with large 
Mn ions leads to its decrease. The introduction of Mg ions into the Zn2-2xМn2xSiO4 lattice does not 
change the concentration temperature trend for the sample singly doped with manganese (Fig. 2). 
It is assumed that the invariance of the phase transition and melting temperatures during doping 
with cations of a smaller radius and their decrease when replaced by cations with a large radius is 
caused by different filling of two nonequivalent zinc sublattices with dopant ions. The distribution 
of dopant ions by structural positions determines the metric of unit cells and the thermal expansion 
of the solid solutions. 
 

  

Figure 1. The crystal structure of willemite 
Zn2SiO4 with two nonequivalent 
crystallographic positions of zinc atoms 

Figure 2. Concentration dependences of the 
melting temperature and phase transition 
temperatures of Zn2-2xМ2xSiO4 (М = Mn, Mg, 
Mg+Mn) 
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The system of ErCuS2–EuS (Fig. 1) is a partially quasibinary section of the triple system Cu2S–
Er2S3–EuS. Three high-temperature polymorphic transitions of the EuErCuS3 compound was 
established by means of DSC dependencies of samples 20–88 mol.% EuS. These results correlate 
with the article [1]. The EuErCuS3 compound melts at temperatures close to the liquidus of this 
system. The thermal effects of the incongruent melting of EuErCuS3 compound and primary EuS 
crystals are imposed on the heating curve. It should be noted that the effects are separated on 
cooling curve. The equations of the material phase balance for EuErCuS3:  
ɑ↔β: EuErCuS3 (0.5 EuS; 0.5 ErCuS2) ↔ 0.44 SS EuS (0.898 EuS; 0.102 ErCuS2) + 0.56 L (0.198 
EuS; 0.802 ErCuS2); ∆Н ɑ↔β = 2.3±0.2 kJ/mol, Тɑ↔β = 1524 К; 
β↔γ: EuErCuS3 (0.5 EuS; 0.5 ErCuS2) ↔ 0.41 SS EuS (0.896 EuS; 0.104 ErCuS2) + 0.59 L (0.223 
EuS; 0.777 ErCuS2); ∆Н β↔γ = 0.7±0.1 kJ/mol, Тβ↔γ = 1575 К;  
γ↔δ: EuErCuS3 (0.5EuS; 0.5 ErCuS2) ↔ 0.40 SS EuS (0.894 EuS; 0.106 ErCuS2) + 0.60 L 
(0.24EuS; 0.76 ErCuS2); ∆Н = 1.3 ±0.1 kJ/mol; Тγ↔δ = 1602 К; 
for incongruent melting: EuErCuS3 (0.5EuS; 0.5 ErCuS2) ↔ 0.07 SS EuS (0.89EuS; 0.11 ErCuS2) 
+ 0.93 L (0.472EuS; 0.528ErCuS2); ∆Н = –3.5±0.3 kJ/mol; Тml = 1735 К. 
 

 
Figure 1. Phase diagram of ErCuS2–EuS system (solid solution is designated as SS). 

 

The ErCuS2 compound is trimorphic and melts incongruently at 1572 К (g-ErCuS2↔L+Er2S3), 
∆Нml = 0.93 kJ/mol. The system has peritectoid phase transformations SS β-ErCuS2 + α-EuErCuS3 
↔ α-ErCuS2; Тɑ↔β = 1138 К, ∆Н = 4.14 kJ/mol; Тβ↔γ = 1280 К. The liquidus line is constructed 
by approximating DSC data by polynomials of the second and third degrees. On the thermograms 
of samples 2–45 mol. % EuS was established melting of eutectic crystals at 1507±10 К. The 
composition of the eutectic adopted 19 mol.% EuS by means of DSC, microstructural analysis, 
Tamman triangle and extrapolation of liquidus lines to the eutectic horizontal. The equation of the 
material phase balance: 0.64 ErCuS2 (0.015 EuS; 0.985 ErCuS2) + 0.36 EuErCuS3 (0.5EuS; 0.5 
ErCuS2) ↔ L (0.19EuS; 0.81 ErCuS2), ∆Н = 1.17 kJ/mol. In the sample 48 mol.% of the melting 
peak of the eutectic wasn’t detected, which may indicate the presence of a high-temperature area 
of homogeneity in EuErCuS3 compound. 
 
[1] A.V. Ruseikina, L.A. Solovyov, V.А. Chernyshev et al., J. Alloy. Comp., 2019, 805, 779.  
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PHASE FORMATION IN Na3Ln(PO4)2–Na3Ln(VO4)2 (Ln = La, Gd, Y) SYSTEM 
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Complex orthophosphates and orthovanadates of MI- and Ln- cations is very interesting group of 
inorganic substances from the point of view crystal structure. Two of main structural motifs can 
be distinguished: arcanite-like and glazerite-like[1,2]. The studies in the systems “double 
phosphate-double vanadate” were limited to potassium compounds[3]. In this work the phase 
formation of Na3Ln(PO4)2–Na3Ln(VO4)2 systems (Ln = La, Gd, Y) was studied using XRD and 
DSC. 
Compounds were prepared by the solid phase reactions between Ln2O3, NH4H2PO4, NH4VO3, 
Na2CO3 at different temperatures. Single-phase substances under annealing at 1023 K were 
synthesized. All samples in the Na3La(PO4)2–Na3La(VO4)2 system were isostructured. A 
continuous series of solid solutions were observed in this system. In contrast, two solid solutions 
in other systems (Na3Y(PO4)2-x–Na3Y(VO4)x and Na3Gd(PO4)2–Na3Gd(VO4)x) were detected 
under the same conditions.  
One characteristic endoeffect associated with the phase transformation from an arcanite-like to a 
glazerite-like modification was found in solid solutions based on Na3Ln(PO4)2 (Ln = La, Y) 
(Fig.1). In the gadolinium system, a second endoeffect associated with the transition of monoclinic 
modification to orthorhombic was detected at high phosphate content. The temperatures of phase 
transitions increased with decrease of vanadate-ion amount in samples. 

 
Figure 1. TG- and DSC-curves of Na3La(PO4)0.2(VO4)1.8 
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Powder mixtures of hydroxyapatite Са10(РО4)6(ОН)2 and potassium hydrosulfate КНSO4 were 
investigated to confirm possibility of creating ceramic composites with biocompatible and 
bioresorbable phases of tricalcium phosphate Са3(РО4)2, potassium rhenanite KCaPO4, potassium-
substituted tricalcium phosphate Ca10K(PO4)7 and calcium sulfate anhydrite СаSO4. Powder 
mixtures of calcium hydroxyapatite Са10(РО4)6(ОН)2 and potassium hydrosulfate КНSO4 were 
studied to reveal processes taking place under heating. STA 409 PC Luxx thermal analyzer 
(NETZSCH, Germany) were used in experiment. Heating of powder mixtures (mass being at least 
10 mg) was conducted in air (10 °C/min, 40–1000 °C). The evolved gases composition was 
simultaneously monitored during the thermal analysis experiment using a coupled QMS 403 C 
Aeolos quadrupole mass spectrometer (NETZSCH, Germany). The mass spectra were registered 
for the species with following m/z values: 18 (corresponding to Н2О) and 64 (corresponding to 
SO2). Powder mixtures of calcium hydroxyapatite Са10(РО4)6(ОН)2 and potassium hydrosulfate 
КНSO4 were homogenized in acetone medium in planetary mill. To provide possibility for the 
reactions 1-3 powder mixtures were made with molar ratio of КНSO4/Са10(РО4)6(ОН)2 established 
as 2/1, 4/1 and 6/1.  

Са10(РО4)6(ОН)2 + 2КНSO4 → 2СаSO4 + 2Са3(РО4)2+ 2KCaPO4 + 2Н2О (1) 
Са10(РО4)6(ОН)2 + 4КНSO4 → 3СаSO4 + Са3(РО4)2+ 4KCaPO4 + SO3 + 3Н2О (2) 
Са10(РО4)6(ОН)2 + 6КНSO4 → 4СаSO4 + 6KCaPO4 + 2SO3 + 4Н2О (3) 

Additionally, XRD analysis was carried out for ceramic samples made of these powder mixtures 
after firing at temperature range of 700–900 °C. The curves of mass loss (a) and mass-spectrum-
curves (m/z=18 (b) and m/z =64 (c)) for powder mixtures based on calcium hydroxyapatite 
Са10(РО4)6(ОН)2 and potassium hydrosulfate КНSO4 (Figure 1.) reflect the processes of H2O and 
SO3 (as SO2) gases evolving due to the development of heterophase reactions in the mixtures. 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Curves of mass loss (a) and mass-spectrum-curves (m/z=18 (b) and m/z=64 (c)) for 
powder mixtures based on calcium hydroxyapatite Са10(РО4)6(ОН)2 and potassium hydrosulfate 

КНSO4 for producing ceramic composites in the system K2O–CaO–SO3–P2O5. 
 
In fact, the following phases were found in samples after firing in interval of 700–900 °C: 
potassium calcium phosphate Ca10K(PO4)7, potassium calcium double sulfate K2Ca2(SO4)3 and 
potassium sulfate K2SO4. The obtained data indicate the need to adjust the composition of the 
staring powder mixtures for creating of ceramic composites in the K2O–CaO–SO3–P2O5 system 
with adequate for the intended use in regenerative medicine phase composition and solubility. 
Acknowledgements The financial support of RFBR project # 20-03-00550. 
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THERMAL PROPERTIES OF POWDER MIXTURES OF  
CALCIUM CITRATE AND AMMONIUM HYDROPHOSPHATE  

T.V. Safronova, A.S. Kiselev, T.B. Shatalova, G.K. Kazakova 
Lomonosov Moscow State University, Russia 

t3470641@yandex.ru 

Calcium phosphate powders are used as precursors for production of different materials including 
ceramics. The quality of ceramic materials depends on set of properties of starting powders such 
as homogeneity of the phase and chemical composition and given particle size distribution. 
Calcium phosphate powders with different Ca to P ratio in the system Ca2P2O7–Ca(PO3)2 were 
synthesized via thermal treatment of homogenized powder mixture of calcium citrate tetrahydrate 
Ca3Cit2.4H2O (Cit = C6H5O7) and ammonium hydrophosphate (NH4)2HPO4. Properties of powder 
mixtures of calcium citrate tetrahydrate Ca3Cit2.4H2O and ammonium hydrophosphate 
(NH4)2HPO4 were studied to establish the best regime of thermal treatment. STA 409 PC Luxx 
thermal analyzer (NETZSCH, Germany) were used in experiment. Heating of powder mixtures 
(mass being at least 10 mg) was conducted in air (10 °C/min, 40–1000 °C). The evolved gases 
composition was simultaneously monitored during the thermal analysis experiment using a 
coupled QMS 403 C Aeolos quadrupole mass spectrometer (NETZSCH, Germany). The mass 
spectra were registered for the species with following m/z values: 18 (corresponding to Н2О), 44 
(corresponding to CO2), 30 (corresponding to NO), and 12 (corresponding to C). Powder mixtures 
of calcium citrate tetrahydrate Ca3Cit2.4H2O and ammonium hydrophosphate (NH4)2HPO4 were 
homogenized in acetone medium using mechanical activation in planetary mill. The powder 
mixtures were made in such a way to get certain compositions in the quasi binary system Ca2P2O7–
Ca(PO3)2 after heat treatment. Additionally, XRD analysis was carried out for powder mixtures 
thermally treated in temperature range of 500–1000 °C. The curves of mass loss and DSC-curves 
(Figure 1.) of the different mixtures reflect the decomposition of starting salts and a possibility of 
some possible reactions in the mixtures. 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Curves of mass loss (a) and DSC-curves for powder mixtures based on calcium citrate 
tetrahydrate Ca3Cit2.4H2O and ammonium hydrophosphate (NH4)2HPO4 for producing Ca2P2O7 

(b) and Ca(PO3)2 (c). 
 
As far as all processes associated with mass loss are completed before 750 °C, temperatures in the 
range of 750–900 °C can be recommended for calcium phosphate powders production. The use of 
temperatures up to 800 °C makes it possible to obtain powders colored with amorphous carbon. 
The use of temperatures above 900 °C leads to a noticeable increase of the particle size. The sample 
of powder obtained after heat treatment of aforementioned powder mixtures with pointed content 
of Ca2P2O7 in interval 40–60 % at temperatures of 800–900 °C, containы a metastable 
phase – tromelite Ca4P6O19, in addition to the phases of Ca(PO3)2 and β-Ca2P2O7. 
Acknowledgements The financial support of RFBR project # 18-29-11079. 
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METHOD FOR DETERMINATION OF PHASE TRANSITION ENTHALPIES OF 
C,H,N,O-CONTAINING ALIPHATIC COMPOUNDS 

A.A. Samatov, R.N. Nagrimanov, B.N. Solomonov 
Kazan Federal University, Department of Physical Chemistry, Kazan, Russian Federation 

samatov.aizat@gmail.com 

Aliphatic compounds are applied in the most branches of chemical industry, synthesis of 
pharmaceuticals, and oil industry. However, the profound investigation of thermochemical 
properties of aliphatic compounds especially enthalpies of phase transitions and enthalpies of 
transfer from condensed to the gas phase is hindered by the need to address a wide range of 
possible isomers as aliphatic tails tend to form cycles or branch.  
It was shown [1] that the enthalpy of vaporization/sublimation can be evaluated with an acceptable 
accuracy of few kilojoules per mole using enthalpies of solution (transfer from solid/liquid phase 
to an infinitely dilute solution) and solvation (transfer from infinitely diluted solution to an ideal 
gas): 

        (1) 
The solution enthalpy can be precisely measured by solution calorimetry. Solvation enthalpy is a 
calculated value. In work [2] solvation enthalpies of aliphatic ketones, nitriles, aldehydes, alcohols, 
cyclic and branched alkanes and alkenes in n-heptane were obtained by Eq. (1) from experimental 
set of enthalpies of solution and vaporization. Heptane was chosen as “zero solution enthalpy” 
solvent for aliphatic compounds because as it was shown [2] alkanes and alkenes dissolve in n-
heptane with zero thermal effect. Then linear regression was used for determination of 
contributions of structural fragments into solvation enthalpies: 

      (2), 

where , are experimental critically evaluated values of solvation enthalpy. 

Estimated solvation enthalpies, , were calculated according following equation: 

        

 (3),  
where nij number of structural parameter (hj). 
As a result, vaporization/sublimation enthalpies of aliphatic compounds can be estimated from 
experimental enthalpies of solution, solvation enthalpy obtained from group contributions by using 
Eqs. (1), (3).  
Fusion enthalpies of aliphatic compounds also can be obtained from solution calorimetry by 
following equation: 

   (4), 

where  and  are solution enthalpies of the solid 
compound and its supercooled liquid in solvent (S), respectively. 
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THERMODYNAMIC INVESTIGATION OF FULLERENE DERIVATIVES  
(C60(OH)24, C60(OH)40, C60H36 and C60) 

Ya.S. Samosudova1, A.V. Markin1, T.G. Ogurtsov1, A.E. Bezdnin1, N.N. Smirnova1,  
K.N. Semenov2, 3 

1National Research Lobachevsky State University of Nizhny Novgorod, Russia 
2Institute of Chemistry, Saint Petersburg State University, Russia 
3Pavlov First Saint Petersburg State Medical University, Russia 

sayanina@yandex.ru 

Water-soluble fullerene derivatives and, in particular, polyhydroxylated fullerenes (fullerenols) 
are a burning issue in nowadays science. The interest of their investigation is associated with the 
unique properties of the compounds such as an ability to penetrate cell membranes, perform 
targeted drug delivery, as well as their antioxidant, radioprotective, photodynamic, antitumor 
activity. Additionally, it is reported about possible application of fullerenols as modifiers of 
different materials (polyelectrolytes, construction materials, paints), as well as fertilisers. 
For realisation of fullerenols’ application potential, it is essential to perform physicochemical and 
thermodynamic investigation of the compounds and to establish a correlation between their 
electronic structure and their properties. In this regard, several directions of this study presented 
in literature can be distinguished. 
The investigated sample of fullerenol C60(OH)24 having mass fraction purity of 0.997 was 
produced by MST “Nano” (St. Petersburg). The composition and structure of the sample was 
confirmed by elemental analysis and the methods of 13C NMR spectroscopy and IR spectroscopy. 
For the first time the temperature dependence of heat capacity for C60(OH)24 fullerenol was 
measured over the temperature range from 6 to 670 K by the methods of adiabatic and differential 
scanning calorimetry. The keto-enol tautomerism was discovered in the temperature range 
(355−575) K and its standard thermodynamic characteristics were estimated. From the 
experimental data the standard thermodynamic functions, namely, the heat capacity, Cp°, the 
enthalpy, [Н°(Т)−Н°(0)], the entropy, S°(T), and the Gibbs free energy, [G°(Т)−H°(0)], of the 
fullerenol C60(OH)24 were determined over the range from T = (6 to 350) K from the obtained 
experimental result. 
The standard thermodynamic properties of C60(OH)24 fullerenol were compared with other 
fullerene derivatives, namely with fullerenol C60(OH)40, hydrofullerene C60H36, fullerite C60. 
Acknowledgements This work was financially supported by the Russian Foundation for Basic 
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MEASUREMENTS OF THERMOPHYSICAL PROPERTIES OF REFRACTORY 
SUBSTANCES UNDER HIGH TEMPERATURES (2000-5000 K) 

A.I. Savvatimskiy 
Joint Institute for high temperatures Russian Academy of Sciences, Moscow, Russia 

savva@iht.mpei.ac.ru 

The problem of measuring the properties of substances at high temperatures (above 2000 K and 
up to 6000 K) has recently seemed insurmountable. However, the development of pulsed heating, 
both laser heating from the surface, and volumetric heating by electric current, made it possible to 
solve this problem. Pulsed laser heating makes it possible to measure the surface temperature, but 
not the bulk properties. 
We prefer to heat conductive substances (in the form of a foil 10–50 microns thick) with a single 
current pulse in a time of about 5 microseconds (5∙10-6 seconds). Despite such a short heating time, 
all the thermal properties are in an equilibrium state, including the usual thermal expansion 
succeeds in this time. This technique allows: 
- neglect all kinds of heat losses, which are less than 1% of the inserted energy; 
- to reach temperatures (up to 6000) by current pulse heating and to measure it with the help of 
high-speed pyrometry; 
- to measure not only the temperature, but also the accompanying properties, such as: electrical 
resistivity, specific heat, specific energy input (corresponding error of measurements 3, 15, 5 %); 
- thermal expansion can be measured under using additional measuring instrument (laser 
interferometer), (for the same 5 microseconds); this will allow to construct an equation of state of 
matter based on experimental data. 
Recently, the following successes in obtaining the thermophysical properties of substances have 
been achieved. 
1. Reliable data on the graphite melting point (4800–5000 K) [1] and the data on the properties of 
liquid carbon [2] are obtained. 
2. Properties of carbides ZrC [3]; ZrC + C [4] at high temperatures, including melting and liquid 
phase (up to 5000 K). 
3. Appropriate studies are planned for pulsed heating of HfC and TaC. 
These studies may give the reliable data on thermophysical properties at high temperatures in the 
interests of nuclear power and aerospace engineering [5]. 
Acknowledgments The studies are in progress with the financial support of RFBR, scientific grant 
№ 19-08-00093. 
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THERMODYNAMIC CHARACTERISTICS OF BISMUTH NIOBATES  
DOPED BY RARE-EARTH ELEMENTS 

A.N. Semerikova, N.I. Matskevich, D.P. Pishchur, O.I. Anyfrieva, E.N. Tkachev,  
M.Yu. Matskevich 

Nikolaev Institute of Inorganic Chemistry SB RAS, Russia 
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Bismuth niobates doped by rare-earth elements are promising materials to create ecological 
technologies, in particular, to apply in fuel cells [1-2]. 
Our research is devoted to study the thermodynamic properties of Bi3Nb0.2R0.8O6.2 compounds (R 
= Sm, Lu, Dy and other rare-earth elements). Compounds were synthesized by solid state reaction 
from high-purity Bi2O3, Nb2O5, R2O3. Obtained compounds were characterized by X-ray 
diffraction and chemical analyzes. According to results of analyzes, the compounds were 
individual phases with cubic fluorite structure, space group Fm-3m. 
To determine thermochemical characteristics (standard formation enthalpies, lattice enthalpies, 
heat capacities), the solution calorimetry [3-4] and differential scanning calorimetry [5-6] were 
used. Thermochemical cycles for obtaining the standard formation enthalpies were constructed in 
such a way that solution enthalpies of Bi3Nb0.2R0.8O6.2, measured in 4 mol dm-3 HCl, were 
compared with solution enthalpies of mixture based on Bi2O3, NbCl5, R2O3 or Lu for 
Bi3Nb0.2Lu0.8O6.2. Based on standard formation enthalpies obtained, the lattice enthalpies were 
calculated using the Born–Haber cycle. It was shown that standard formation enthalpies and lattice 
enthalpies are increased in absolute value with decreasing of rare-earth element radius. The heat 
capacity of Bi3Nb0.2Dy0.8O6.2, measured in the temperature range of 167–818 K, showed the 
presence of phase transition above 540 K (Figure 1). 
 

 
Figure 1. Heat capacity of Bi3Nb0.2Dy0.8O6.2. 
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HIGH-TEMPERATURE THERMODYNAMICS OF La1-xSrxFeO3-d (x = 0.6-0.8) 

V.V. Sereda, D.A. Malyshkin, I.L. Ivanov, A.L. Sednev-Lugovets, D.S. Tsvetkov, A.Yu. Zuev 
Ural Federal University, Ekaterinburg, Russia 

vladimir.sereda@urfu.ru 

Various doped strontium ferrites have been around for the past several decades, being investigated 
as materials for energy conversion devices – cathodes for solid oxide fuel cell (SOFC), oxygen 
permeating membranes, catalysts and oxygen sensors. Despite numerous works on the properties 
of La1-xSrxFeO3-d oxides, there are still gaps in the knowledge on their high-temperature 
thermodynamics. In this work, we continued to study how thermodynamics of oxidation of 
La1-xSrxFeO3-d relates to their composition, defect chemistry, and possible defect ordering in these 
perovskite-like oxides [1, 2]. 
Single-phase La1-xSrxFeO3-d (x = 0.6–0.8) samples were synthesized by standard ceramic method. 
Only the prolonged (more than 100 h) annealing at 1100 °C allowed obtaining phase-pure samples. 
The phase purity was confirmed with X-ray diffraction analysis (XRD 7000S, Shimadzu, Japan), 
and the exact chemical composition of the samples – with atomic absorption spectrometry (Solaar 
M6, Thermo Scientific, USA). Absolute oxygen content in La1-xSrxFeO3-d (x = 0.6–0.8) was 
measured using thermogravimetric analysis (STA 409, Netzsch, Germany) by reducing the 
samples in the flow of dry H2 at 1200 °C. Oxygen content vs oxygen partial pressure in 
La1-xSrxFeO3-d (x = 0.6–0.8) was measured between log(pO2/atm) = –0.7 and –2.4 by 
thermogravimetric analysis (DynTHERM LP ST, Rubotherm, Germany) using gas mixtures to 
control the pO2. The high-temperature increments between room temperature and up to 1100 °C 
were measured in air with a drop calorimeter (MHTC96, Setaram, France). A custom-made setup 
based on MHTC96 differential scanning calorimetry sensor was used to determine directly the 
oxidation/reduction enthalpy of La1-xSrxFeO3-d (x = 0.6–0.8). As-obtained redox enthalpies were 
compared with those calculated from the drop experiments, and with the values of partial molar 
enthalpy of oxygen evaluated from the pO2-T-d data. A perfect agreement between independently 
obtained thermodynamic quantities was found. 
The whole set of experiments performed allowed us to derive the thermodynamically-valid defect 
structure models for La1-xSrxFeO3-d (x = 0.6–0.8), as well as the equations for high-temperature 
enthalpy increments of these oxides with arbitrary oxygen content. 
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STUDY OF PHASE TRANSFORMATIONS DURING ALUMINUM THERMAL 
REDUCTION OF METALS FROM TANTALITE 
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In order to justify the rationality of using pyrometallurgical beneficiation of rare metal raw 
materials, the process of aluminothermic reduction of Nb and Ta from tantalite (the main ore 
mineral of tantalum) was studied using combined thermogravimetry and scanning calorimetry 
methods. According to electron microscopy and electron probe microanalysis, the natural sample 
consisted of a solid solution of manganese tantalate Mn0.94 (Nb0.495Ta0.505)2.14O6 with streaks of 
quartz and alumosilicate. As the thermal analysis results showed, when mixtures of tantalite and 
aluminum powders were heated in an argon stream, several exothermic effects were revealed that 
characterize the staged character of metal reduction (Fig.). The first endothermal peak (662 °C) is 
close to the melting temperature of technical aluminium. The beginning of the aluminothermic 
process was notedat 930–950 °C with priority reduction of niobium compared to tantalum that is 
in agreement with the data of thermodynamic modeling on the need to initiate the process by 
preheating the components. It was found that the metals are completely reduced with the formation 
of intermetallic compounds Nb0.84Al0.16, MnAl6, Ta7Mn6 etc., when the reaction mixture with a 
molar ratio of tantalite / aluminum components of 1: 6isheatedto 1450 °C. The intermediate 
products of interaction are the complex oxides Mn1.4TaO4.2иMn0.55Ta0.45O1.7, identified according 
to the data of [1, 2]. The results will be used to improve the processing technology of poor tantalum 
concentrates. 
 

 
Figure. Change in the heat flux (DSC) during the heating and cooling (20 °C/min) of mixture of 

tantalite andaluminum in argon 
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Heterophase fine powders of borides, carbides, and other refractory compounds are necessary to 
obtain composite ceramics with a uniform distribution of structural components in the volume. 
One of the most promising methods for the synthesis of such mixtures — the reduction of glassy 
precursors in the presence of a boron source — requires the possibility of glass formation in the 
oxide system of the starting components. 
During the synthesis of RB6–MeB2 systems (where R is a rare-earth metal, Me is a transition d-
metal), partial crystallization near the crucible wall is possible [1, 2]. In addition, the difficulty in 
obtaining such glasses is associated with narrow concentration regions of glass formation in R2O3–
MexOy systems [3]. 
In order to expand the concentration range in which glasses can exist without partial 
crystallization, a glass-forming agent, boron oxide, is introduced into the mixtures. The 
introduction of B2O3 makes it possible to obtain glass using traditional “crucible” methods and 
allows the mixing of all system components at the “ion level” – directly in the glass ion grid. In 
this work, we studied the synthesis of a glassy precursor based on lanthanum titanate and 
lanthanum borate. Figure 1 shows the DTA and DTG curves for three experimental compositions 
containing B2O3 in excess of the stoichiometry of 50, 100, and 150 wt.% (respectively, 
compositions 1, 2 and 3). The molar ratio of La2O3 to TiO2 in all samples was 1:1. 
 

 
Figure 1. DTA and DTG heating curves. 

 
With an increase in the excess of boron oxide, an increase in the mass loss of the sample and a 
shift in thermal effects toward low temperatures are observed. 
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Sulfones – organic substances with -SO2- group – are extremely inert to strong acids, does not 
have acidic proton and are stable at high voltages. Moreover, aliphatic sulfones might be good 
extracting agents to aromatic sulfones formed during oxidative desulfurization [1]. However, most 
individual sulfones, especially the most common sulfolane and DMSO2, have rather high melting 
temperatures (close to room one). 
In our previous research, we established enthalpy and temperature of fusion of several C8–C10 
aliphatic sulfones. In case of sulfones, both these values were extremely dependent on a reagent 
purity. Reagents used in this work were purified up to >99.5 mol.% by recrystallization. The purity 
was estimated both by ASTM E928-08 (2014) (from DSC curves registered at HR 0.5 K/min) and 
by GC-MS.  
Fragments of isobaric phase diagrams in reciprocal binary systems of (n-Am)(n-Bu)SO2, (n-
Bu)2SO2, (i-Bu)2SO2 и (n-Bu)(i-Am)SO2 were obtained, using DSC. The different treatments were 
used to prove equilibria state (pre-heating to melt, different cooling rates after that, cycling, etc.). 
The typical end segment used to treat data for phase diagram was conducted at scanning rate 2 
K/min in the –30÷70 °C range. All DSC curves were measured on the DSC 204 F1 NETZSCH. 
One of resulting fragments (for the (n-Bu)2SO2–(n-Am)(n-Bu)SO2 system) is shown in Fig. 1. All 
phase diagrams are of eutectic type with solid solutions. The existence of later was proved by 
powder XRD for the (n-Bu)2SO2–(n-Am)(n-Bu)SO2 system. Several mixtures were prepared by 
melting and cooling to room temperatures. E.g., for the (n-Am)(n-Bu)SO2-rich part of the diagram, 
in all XRD all peaks were indexed (no extra peaks). The lattice parameters obtained from mixtures 
with 80-95% of (n-Am)(n-Bu)SO2 shifted form the ones for pure (n-Am)(n-Bu)SO2. 
 

 
Figure 1. Fragment of isobaric phase diagram of the (n-Am)(n-Bu)SO2–(n-Bu)2SO2 system. 

 

As a result of this work, it is possible to obtain low-melting aprotonic solvent (liquid at 5–20 °C) 
from a sulfone mixture. However, most of the subzero values predicted in binary mixures in 
preliminary studies probably have arisen from impurities in sulfones. 
Acknowledgements Authors are grateful to A.B. Ilykhin and J.K. Voronina (IGIC RAS) for powder 
and single-crystal XRD, L.A. Kulikov (Lomonosov MSU) for GC-MS and B. N. Mankaev 
(Lomonosov MSU) for 1H NMR. 
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Ab initio methods became routine for computing ground-state properties of materials. However, 
when it comes to temperature, ab initio methods quickly become prohibitively expensive when 
used with the respective statistical mechanics algorithms. Machine-learning interatomic potentials 
come to rescue. They allow one to perform a limited number, usually of the order of a few hundred, 
of DFT calculations to “learn” the material’s potential energy surface and use this learned model 
to accelerate the statistical mechanics algorithms by several order of magnitude, thus enabling 
computations that otherwise are currently out of reach of the current supercomputers [1]. 
In my presentation I will review the current progress in developing and using the machine-learning 
potentials, show how active learning allows for an automatic fitting of such potentials, enabling 
automatic workflows of predicting materials properties, and give a number of examples how 
machine-learning potentials are used to solve practical problems [2,3]. 
Acknowledgements We acknowledge the Russian Foundation for Basic Research for the financial 
support (project No. 20-53-12012). 
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Recently, a lot of works has appeared on the possibility of using Sn4P3 for the manufacture of 
anodes of lithium and sodium ion batteries [1]. Tin phosphides Sn3P4 and SnP3, which also have a 
layered structure [2], are very promising materials, but the lack of information on the phase 
diagram of the Sn–P system in the region of high phosphorus concentrations is an obstacle to the 
development of a technology for producing higher phosphides. The Sn–P system was studied at 
concentrations of volatile component up to 70 mol.% [3] and a version of the diagram was 
proposed, according to which Sn3P4 is formed according to the eutectoid scheme  
Sn4P3 + SnP3 ↔ Sn3P4 during prolonged isothermal annealing (623 K). In the present work, the Sn 
– P system was studied at a phosphorus concentration of more than 70 mol.% Samples were 
prepared by melting the components in evacuated quartz capsules and annealed at 753 K for 120 
hours. The results of alloys studies by the LRSMA and XRD methods showed that in addition to 
the higher tin phosphide SnP3, one more phase is observed – Sn4P3. According to the results of 
differential thermal analysis for each sample, an endothermic effect is observed at a temperature 
of 826±2 K, which according to [3] corresponds to the eutectic process L ⇆ Sn4P3 + SnP3; the 
second effect corresponds to liquidus. In addition, the third endothermic effect is clearly registered 
at temperatures above 873 K, i.e. above the melting point of pure phosphorus. To explain the 
nature of this effect, it should be taken into account that, when higher tin phosphide that was 
obtained from the melt even with a very large excess of phosphorus (up to 85 mol.% and 90 °), 
the alloy always formed in which phosphide Sn4P3 was present. In addition, a phase similar to red 
phosphorus was visually observed. Therefore, we assume that at a temperature  
of ~ 875 K, decay (binodal) is observed in the system, and crystallization occurs from melts 
characterized by different compositions: one, highly enriched in phosphorus, and the second, 
containing about 70 mol.% P. An indirect confirmation of this fact is the data obtained by the DTA 
study of alloys of the ternary Sn–P–As system: a high-temperature endoeffects were also observed 
at ~ 880 K for phosphorus-rich samples of polythermal sections SnAs–SnP3 and SnAs–P (80 
mol.% SnP3; 50 and 60 mol.% P, respectively).  

[1] E. Pan, Yu. Jin, C. Zhao, M. Jia, Q. Chang, R. Zhang and M. Jia, Applied Surface Science, 
2019, 475, 12-19. 
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The world's largest bauxite-bearing province of Fouta Jalon-Mandingo is located in West Africa. 
The profile of the weathering rocks formed by silt-mudstones has a zonal structure (from the 
bottom to the top): clays, lateritic and bauxites (Fig. 1). The Tiapikoure field is located in Western 
Guinea. The lower horizon is composed essentially of kaolinite clays, with increased iron content 
in the upper part. Due to the geochemical oxidation barrier that is formed between the clay and 
iron horizons, iron accumulation occurs. Also, in the horizon of ferruginous lateritic, plates and 
lenses of strong, highly cohesive rocks with low porosity and penetration are formed, which are 
called ferriplantites. Above the section is the bauxite horizon, where the Al2O3 content reaches 
56.4 %. The bauxite horizon also contains ferruginous debris from the underlying horizon, 
indicating that the processes of weathering is developing. 
Simultaneous thermal analysis (STA) was performed on the STA 449 F1 Jupiter "Netzsch" device. 
The survey took place at a speed of 10 o/min in an atmosphere of air in closed corundum crucibles. 
On the thermal curve of kaolinite in the temperature range of 400–600 °C with a maxim at a 
temperature of 550.5 oC, an endothermic effect associated with the dehydroxylation of the mineral 
is observed [1]. An exothermic effect with a maximum of 1002.5 °C confirms the presence of 
kaolinite in the sample. A bifurcated endothermic effect is observed on the DSC curve of a sample 
from the ferruginous horizon in the temperature range of 200–400 °C with maxima of 296.4 and 
338.6 °C. These are superimposed on other effects are responsible for dehydroxylation goethite 
and gibbsite. In the bauxite horizon on the DSC curve, a complicated endothermic effect 
characteristic of gibbsite is observed with a maximum of 320 °C and a mass loss of 26.29 %, which 
is responsible for its dehydratation. 
 

 
Figure 1. The profile of the weathering crust and the thermal curves of the rocks 

 
Thus, the method of simultaneous thermal analysis is an effective method for studying the 
evolution of mineral formation in bauxite-bearing lateritic weathering rocks. 
Acknowledgements The financial support of state task of IGEM RAS 0136-2018-0025 
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One of the main ways to increase the efficiency of thermoelectric materials (TEM) is to reduce 
their thermal conductivity. Along with the use of solid solutions, which allows one to reduce the 
phonon component of thermal conductivity, it is advisable to reduce this parameter due to 
dimensional factors of the TEM structure. This method is currently the main one in thermoelectric 
material science. The vast majority of studies are related to the creation of nanostructured materials 
with a particle size not exceeding tens of nanometers (50 nm). 
In this work, we propose a method for calculating the particle sizes of TEMs during which heat 
transfer causes intense phonon scattering and, accordingly, a decrease in the phonon component 
of heat conductivity. In this case, phonon scattering predominates significantly in comparison with 
the scattering of charge carriers, since the tunneling effect is observed. The factor of the change in 
the ratio of carrier mobility to the phonon component of thermal conductivity has a positive 
dynamics during nanostructure. That is, the TEM electrical conductivity decreases slightly 
compared to the phonon component of thermal conductivity. 
Theoretical calculations of TEM particle sizes and the corresponding change in thermal 
conductivity and electrical conductivity were experimentally tested on nanostructured SiGe and 
PbTe solid solutions. To obtain reliable data on thermal conductivity, this parameter was 
investigated by two methods: calculation using the heat-bone values obtained using differential 
scanning calorimetry (DSC) and thermal diffusivity; measurement by a stationary absolute 
method. The measurement of thermoelectric parameters, including the electrical conductivity of 
the TEM, was carried out using the methodology and measuring complex developed by the author. 
The results of the studies showed that with a slight decrease in electrical conductivity, thermal 
conductivity decreases by 14–15 %, which contributes to an increase in the thermoelectric figure 
of merit of TEM. 
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Original experimental data on thermodynamic properties of substances in the condensed phase are 
often presented as tables and need to be approximated with functions that reproduce them with an 
acceptable accuracy. These functions can be used then for thermodynamic modeling and other 
theoretical studies. There are various codes for processing thermodynamic data. Some of them are 
meant for low-temperature heat, others for high temperature data measured by, for example, laser 
flash method. Moreover, there is a significant amount of methods for processing data on enthalpy 
increment obtained by classic calorimetry. Filling databases (IVTANTHERMO, NASA etc.) with 
new information on substances requires fitting data with preset polynomials. 
A new computer code based on a combination of fitting algorithms is proposed for analyzing 
experimentally obtained enthalpy and heat capacity of substances in the condensed state [1-3]. The 
code is supposed to unite all processing steps (low- and high- temperature heat capacity data, 
enthalpy increment data etc) to combine and analyze available data of several types 
simultaneously. Several methods are proposed to give estimation of data quality and errors. The 
enthalpy increment data can be fitted by a polynomial of a chosen degree which can be used at the 
next step to process heat capacity dependence on temperature. Provided the user has high 
temperature heat capacity experimental data, it can be fitted by a polynomial combined of 
elementary functions picked manually or by preset combinations. The results can be exported in 
various database formats. 
The code was used for processing experimental data on uranium dioxide, pure vanadium and 
titanium and updating the IVTANTHERMO database. 

[1] N.M. Aristova, , G.V. Belov, I.V. Morozov, M.A. Sineva, High Temperature, 2018, 56, 
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Various multicomponent non-ferrous and precious metal ores are characterised by rather high 
content of arsenic-bearing minerals. Development of efficient methods for localization of arsenic 
into low-toxic compounds forms, as well as investigation of the mentioned compounds behavior 
in a wide temperature range, requires proper knowledge of phase equilibria occurring in the 
arsenic-containing systems. And the Fe–As–S system is the principal one. 
Phase equilibria in the Fe–As–S system have been studied by various experimental methods. A 
number of experimental samples located along the different sections of Fe–As–S phase diagram 
have been synthesised with the experimental technique developed by the authors. Detailed 
description and verification of the experimental technique are published [1]. 
Prepared samples were examined with the use of differential thermal analysis (DTA), scanning 
electron Microscopy (SEM) and Energy-dispersive spectrometry (EDS). The typical 
microstructures of the obtained samples of compositions, located along the FeS–Fe2As 
pseudobinary section are given in Fig.1 (a, b). It is predicted, that the FeS–Fe2As section is 
characterised by eutectic reaction, and the SEM-structures of the samples have confirmed it. For 
instance, sample of composition: 18.8 FeS – 81.2 Fe2As (wt.%) (Fig.1.a) is characterised by FeS 
primary phase and (FeS + Fe2As) eutectic structure. In Fig.1.b the sample’ structure with Fe2As 
primary phase and (FeS + Fe2As) eutectic is shown. 
 

   
   a       b 

Fig. 1 BSE- images of the microstructures of the quenched samples from the FeS–Fe2As 
pseudobinary section, wt.% (a) 81.2 FeS – 18.8 Fe2As; (b) 4.4 FeS – 95.6 Fe2As 

 
The information about the temperatures of phase transformations, microstructures and phase 
compositions of the samples enables to construct the FeS–FeAs, FeS–As, FeS–Fe2As and FeS–
FeAs polythermal sections, as well as liquidus surface projection of the Fe–As–S system. 
Acknowledgements The work is supported by RFBR grant № 18-29-24166. 
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The evaporation thermodynamics of the In–In2O3 system has been investigated as a part of a 
project devoted to the study of In2O3 based oxide systems. The Knudsen effusion mass 
spectrometry was used for these purposes. Different types of evaporation experiments were 
performed to obtain reliable data on the vapor phase composition and the partial pressures of the 
vapor species over different phase fields of the system. Enthalpies of some reactions taking place 
during the system evaporation in the heterogeneous phase field [In(l) + In2O3(s)] were determined 
by the second- and third-law calculations. The enthalpy of formation of the gaseous In2O oxide 
derived from the enthalpy of the reaction 4In(l) + In2O3(s) = 3In2O(g) was in a good agreement 
with the value obtained in our In2O3 evaporation study. A graphical interpretation of the results 
was given as a p-x-section of the In–In2O3 system phase diagram. 
Acknowledgements This work was supported by IGIC RAS state assignment. 
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Despite the great importance of materials based on In2O3 the thermodynamics of the indium oxide 
evaporation was not completely clear. The fundamental question was the composition of the 
equilibrium gas phase. There was no general agreement among researchers who had investigated 
the In2O3 evaporation, whether the atomic indium one of the major vapor species over the oxide. 
Accordingly, the thermodynamic data obtained in these studies show a significant discrepancy. 
Since mass spectrometry was the main way to investigate vapors with the complex composition, 
the source of the problem was the difficulty in mass spectra interpretation. In this work the method 
of Knudsen effusion mass spectrometry was also used to study the evaporation thermodynamics 
of the In2O3 solid. A special experiment was designed to determine the mass spectrum of the In2O 
molecules, which involved the In–In2O3 system examination. The obtained data were used to solve 
the question of the vapor phase composition for the pure In2O3 oxide. On this basis the partial 
pressures of the vapor species and equilibrium constants of some gaseous and heterogeneous 
reactions corresponding to the equilibrium of In2O3(s) and the gas phase were computed. The 
standard approach to evaluate the enthalpies of the reactions by the second- and third-law 
calculations was applied. The enthalpies obtained by the two ways were in satisfactory agreement. 
The values obtained by the third-law method were recommended. On the basis of the results and 
literature data the enthalpy of formation of In2O (g) was evaluated. 
Acknowledgements This work was supported by IGIC RAS state assignment. 
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Butyric acid is an important organic acid with widespread use. Currently, it is produced by 
synthesis from petroleum feedstocks. Such an acid contains harmful impurities. The enzymatic 
production of butyric acid is a promising way of its obtaining. This method is environmentally 
friendly, and bio-butyric acid can be used as an ingredient in foods, pharmaceuticals, animal feed 
additives and cosmetics. However, the production of bio-butyric acid by fermentation, due to the 
low acid concentration in the fermentation solution, requires efficient concentration methods. 
Salting out of butyric acid by inorganic salts is a fairly simple and cheap method of its 
concentration. 
This work is devoted to studying the salting-out effect of potassium nitrate upon a mixture of water 
and butyric acid in a temperature range 5.0–100.0 °C. For this, phase equilibria in mixtures of the 
ternary system potassium nitrate – water – butyric acid in the range of 5.0–100.0 °C were studied 
by the visual polythermal method. In the component mixtures of the ternary system studied over 
twelve sections of the concentration triangle, the following phase states occur: a homogeneous 
liquid one, solid phase–saturated solution, a biphasic liquid one, and monotectics. The solid phase 
of saturated solutions at all temperatures corresponded to the individual salt. The temperature of 
formation of the critical tie line of monotectic equilibrium (18.0 °C), which is the minimum 
temperature of the formation of two liquid phases in the system, was estimated. The dependence 
of the critical temperature on the composition of the mixtures corresponding to the critical 
solubility points of the delamination range was determined using the phase volume ratio method. 
Our polythermal data have made it possible to plot phase state isotherms at 5.0, 18.0, 25.0, 50.0, 
70.0, and 100.0 °С. In the range of 5.0–18.0 °С, potassium nitrate does not salt out butyric acid 
from its aqueous solutions, and salt dissolution in the mixed solvent is observed in the diagram of 
the ternary system at 5.0 °С. At 18.0 °C, delamination begins in the system; a critical point appears 
on the solubility line, which corresponds to such a mixture where two liquid phases are identical 
in composition and properties, being in equilibrium with the solid phase. A critical tie line of 
monotectic equilibrium arises. As temperature increases (the 25 °С isotherm), the critical tie line 
transforms into a monotectic triangle with adjoining fields of saturated solutions and a small 
delamination field with critical point K. With a further increase in temperature, no qualitative 
changes in the phase isotherms of the system occur (the isotherms at 50.0, 70.0 and 100.0 °С), but 
quantitatively the sizes of the separation field increase, while the fields of saturated solutions 
decrease. In the range of 18.0–100.0 °C, potassium nitrate salts out the binary homogeneous 
system water – butyric acid. 
To quantify the effect of salting out of butyric acid with potassium nitrate from its aqueous 
solutions, we graphically found the compositions of the liquid phases of monotectic state and 
calculated the distribution coefficients. The distribution coefficient of butyric acid at each 
temperature was calculated as the ratio of its concentrations in the organic and aqueous phases of 
the monotectic state. The distribution coefficient increases with temperature. This indicates that 
the effect of salting out of butyric acid from aqueous solutions with potassium nitrate increases 
with temperature. For example, at 50.0 °С and 100.0 °С its content in the organic phase is 20 times 
and more than 70 times higher than in the equilibrium aqueous phase. 
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Fullerene C60 – a new carbon allotrope – was discovered in 1985 by Harold W. Kroto, 
Robert F. Curl, and Richard E. Smalley [1]. In 1996, they were awarded the Nobel Prize in 
Chemistry for this outstanding scientific finding. Thereafter, other desired higher fullerenes, such 
as C70, C80, C240, etc., have also been synthesized. It is currently known that fullerenes C60 and C70 
can form different complexes with transition metals (Cr, Co, Ni, Mo, Rh, Pd, Pt and some others). 
Transition-metal complexes with fullerenes attract attention due to the prospects of their 
application in catalysis, as the materials for nonlinear optics, for designing the artificial 
photosynthesis systems, and in the development of new nanomaterials [2]. 
The fundamental thermodynamic study of fullerene derivatives is a promising direction in the field 
of modern chemistry. In the present work, the molar heat capacity of the crystalline bis(η6-
diphenyl)chromium fulleride [(η6-Ph2)2Cr]●+[C70]●− was determined by precise adiabatic 
calorimetry over the temperature range T = (6–350) K (Fig. 1). A reversible G-type transition of 
the studied C70 fulleride was detected on the heat capacity curve in the interval of T = (12–30) K. 
Thermodynamic functions of [(η6-Ph2)2Cr]●+[C70]●− were calculated based on the obtained 
experimental data. The standard thermodynamic characteristics of the studied C70 fulleride were 
compared and discussed with the previously reported data for the studied C60 fullerides [3], C60 
and C70 fullerenes, as well as dimeric phase (C60)2. 
 

 
Figure 1. The temperature dependences of heat capacities of bis(η6-diphenyl)chromium 

fullerides: 1 – [(η6-Ph2)2Cr]●+[C70]●−; 2 – [(η6-Ph2)2Cr]●+[C60]●−. 
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Alloys based on the Fe–B–Si system alloyed with Ta exhibit a tendency to bulk amorphization 
and are good soft magnetic materials with high mechanical and corrosion properties. Improving 
the glass forming ability of these melts is an actual task. At the same time, along with the choice 
of alloy composition, a promising approach is to determine the optimal conditions for obtaining 
bulk amorphous alloys from the liquid phase (quenching temperature, time-heat treatment of the 
melt). As was shown by us earlier, in order to select alloy compositions and optimal quenching 
conditions providing the best amorphization, the analysis of temperature and concentration 
dependences of their undercooling, as well as the temperature range of crystallization can be used. 
In this regard, the study of the solidification processes of (Fe0.75B0.15Si0.1)100-xTax (x = 0–2) melts 
in the cooling rate range of 1–106 K/s was carried out. 
The crystallization of (Fe0.75B0.15Si0.1)100-xTax (x = 0–2) melts was studied by differential thermal 
analysis using a high-temperature analyzer in the modes of sample cycling through the melting-
crystallization interval with a sequential increase of the maximum heating temperature of the melt. 
The heating rate was 20 K/min, the cooling rate from 20 to 100 K/min. Solidification processes 
were investigated on rapidly quenched rods (Vcool ~ 103 K/s) and ribbons (Vcool ~ 106K/s). The 
glass forming ability was evaluated by differential scanning calorimetry (DSC 404 C Pegasus). 
The fraction of the amorphous phase in rapidly quenched rods was estimated by the value of the 
thermal effect of crystallization, referred to the crystallization effect of an amorphous ribbon of 
the corresponding composition, which was taken as 100%. 
The obtained results showed that, regardless of the cooling rate, the melt with 1 at.% Ta exhibits 
the greatest tendency to undercooling. Moreover, its crystallization occurs in a narrower 
temperature range. Also, the value of the temperature range of crystallization depends on the 
temperature of the liquid phase before cooling (the shortest crystallization interval is observed at 
cooling from regions T ˂ 1300 °С and T ˃ 1600 °С). This is associated with a change in the 
nucleation and growth conditions of the intermediate nonequilibrium Fe3B and Fe2Ta phases. The 
largest fraction of the Fe2Ta phase-glassformer is formed in ingots upon cooling from Т ˃ 1600 °С 
crystallizing in a narrower temperature range. Thus, it can be assumed that an alloy with 1 at.% 
Ta will exhibit the greatest tendency to the bulk amorphization during quenching from Т ˃ 
1600 °С, which confirms by the analysis of the solidification processes of rapidly quenched 
(Fe0.75B0.15Si0.1)100-xTax (x=0–2) rods. 
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Both thermal analysis (TA) and Knudsen effusion mass spectrometry (KEMS) involve exposure 
of the samples under study to high temperatures and examination of changes in their properties 
caused by heating. Despite this common feature of both methods, approaches to combining their 
results with the aim to strengthen mutual capacities have been rarely studied. Several possible 
reasons for this seem to take place. Firstly, TA usually involves temperatures up to 1000–1200 K, 
with special attention being paid to lower temperatures starting from 273 K, while KEMS focuses 
on high temperature processes starting from 1000 K and up to 3000 K. Secondly, isothermal 
heating is applied in KEMS in contrast to constantly changing temperatures at some heating rate 
in TA. Thirdly, high vacuum is necessary in KEMS for correct analysis of vapor composition 
compared with dynamic gas flow in TA. In the present study, comparison and discussion of the 
results obtained by thermogravimetric analysis (TG), differential scanning calorimetry (DSC), and 
KEMS were carried out on the examples of refractive ceramics based on hafnates of rare earth 
elements [1] as well as glasses and glass ceramics based on the Bi2O3–P2O5–SiO2 system [2]. 
Using the data found it was illustrated that the results obtained by TA and KEMS not only may 
complement each other, but also can be used to check consistency and reliability of the data. For 
instance, it is known that KEMS allows various thermodynamic properties of compounds to be 
obtained at high temperatures. These properties may be used to characterize and predict high 
temperature behavior of materials. But KEMS provides one with no means to recalculate the 
thermodynamic properties obtained to the standard temperature 298 K with the aim to compare 
these properties with those determined by other methods. Nevertheless, it has been recently shown 
[1] that combination of the heat capacity measurements by the DSC method with the results of the 
KEMS experiments may overcome the problem described. The example of determination of the 
standard formation thermodynamic properties of lanthanoid hafnates at high and room 
temperatures using the high temperature data obtained by KEMS and the heat capacities found by 
DSC is presented in [1], which is the convincing demonstration of fruitful interaction between 
these methods. Another potential direction of interaction between KEMS and TA was proposed in 
[2] when glasses and glass ceramics based on the Bi2O3–P2O5–SiO2 system were considered. It 
was noted that both KEMS and thermogravimetric method (TG) allow determination of mass 
losses of the samples that are subjected to heating. Experimental results on vaporization rates of 
the samples found by KEMS and TG can stimulate further theoretical consideration of 
vaporization and diffusion processes under various conditions, including differences between 
vaporization in vacuum and air flow or between dynamic equilibrium effusion and vaporization 
from an open surface.  
Thus, directions of interaction between KEMS and TA discussed above do not exhaust all potential 
opportunities of their combination. Discovering new ways of complementing one method with 
advantages of another one will inevitably lead to novel capacities of high temperature studies and 
more profound understanding of high temperature processes for the sake of effective application 
of highly refractory materials. 
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Materials with high emissions are in demand of many applications: from photomultipliers and 
electron multipliers, which are important elements of many high-precision devices, to plasma 
displays. Among materials with improved functional characteristics, magnesium oxide is 
promising as a relatively stable substance that provides the necessary degree of electronic gain. 
However, due to the dielectric properties, the MgO surface is charged during bombarding by an 
electron beam and its potential changes, which leads to a decrease in the efficiency of secondary 
emission. To drain the positive charge arising during the device operation, we proposed to use 
Zr(IV), Ce(IV), Y(III) oxides as dopants, which could provide the resistive conductivity of the 
surface layer. Metal Organic Chemical Vapor Deposition (MOCVD) is suitable for producing such 
multicomponent films. Obviously, in case of obtaining composite materials by MOCVD, thermal 
compatibility, that is the overlapping temperature ranges of decomposition, is becoming a key 
requirement to the precursors used. 
Monoligand Zr (IV) and Ce (IV) tetrakis-beta-diketonates and Y (III) tris-dipivaloylmethanates 
(thd) with {O, N}- and {N, N}- ligands were chosen as compounds complementary to magnesium 
precursors. They were selected because of their synthetic availability, storage stability, good 
volatility and, what is more important at the light of this study, thermal compatibility. In the case 
of yttrium, the choice of the mixed-ligand complexes is due to the fact that the monoligand yttrium 
beta-diketonates are relatively unstable and coordinate water molecules during storing in air for a 
long time. Even Y(thd)3 with a branched beta-diketone tends to form associates in the gas phase, 
being in a closed system [1]. These compounds were synthesized, purified and characterized by 
X-ray structural and phase diffractions, CHN and IR spectroscopy to confirm their chemical and 
phase purity. TG/DTA has been applied to survey their volatility. Vapour pressures of some 
complexes were measured by Knudsen effusion and flow methods.  
Test experiments to deposit Mg–Me–O films (Me = Zr, Ce, Y) were carried out on plane silicon 
substrates. The experiments were performed using a LP-MOCVD flow type reactor at a common 
deposition temperature of 450 °C. Mg (tmeda)(thd)2 was used as a precursor of magnesium oxide, 
which evaporator temperature was maintain at 110 °С. evaporator temperatures of dopant 
precursors were varied. Secondary electron emission coefficient of the films were measured 
Acknowledgements The work was partially financially supported by RFBR (research project № 
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The thermodynamic parameters for the complex formation reactions between Eu (III) and [2,2’-
bipyridine]-6,6’-diylbis(diphenylphosphine oxide) (DPPO) (Fig. 1) compounds in ethanol were 
obtained from the calorimetric experiments carried out by means of the calorimetric titration 
system TAM III (a microcalorimeter, TA Instruments, USA) at temperature 25 °C, equipped with 
a 20 mL titration cell. ТАМ III calorimeter system was calibrated electrically. In addition, a 
chemical calibration by the binding reaction between Ba2+ and 18C6 in water at 298.15 K has been 
provided [1]. A standard titration procedure was applied. A DPPO ligand solution in EtOH with 
initial concentration of DPPO 10-3 mol/l was placed in the cell. A solution of Eu(NO3)3∙6H2O with 
initial concentration 0.04÷0.4 mol/l in EtOH was in the syringe. Initial volume of DPPO solution 
in the cell was 10 or 15 ml. From 15 to 25 additions of titrant were made in each titration series. 
A TAM Assistant software was used to calculate the thermodynamic parameters of complex 
formation reactions (lgK; ΔrH; TΔrS) from calorimetric data. 
 

 
Figure 1. Structure of [2,2’-bipyridine]-6,6’-diylbis(diphenylphosphine oxide) (DPPO). 

 
Also one of the important characteristics of the behavior of the ligand during complexation is the 
stability constant of the complexes, which indicates the strength of the resulting complexes. The 
method of spectrophotometric titration determined the stability constant of complex. Ultraviolet–
visible (UV-vis) spectra were recorded at ambient temperature (24.5±1.0 °C) in the wavelength 
region 260–500 nm (1 nm interval) on a Hitachi U-1900 spectrophotometer using 10 mm path 
length quartz cells (Hellma). It was found that in the solution for ligand pair, only one complex 
particle with a metal-ligand composition of 1:1 is formed. For the spectrophotometric titration, a 
solution of DPPO ligand was prepared (ca. 70–90 μM). A titrant solution Eu(NO3)3·6H2O (ca. 1–
5 mM) was prepared by dissolution of a sample of Ln nitrate hydrate in the DPPO ligand solution. 
A 2 ml of DPPO ligand solution was titrated with 1 μl Eu(NO3)3·6H2O solution. The kinetic 
experiments showed that the complexation reaction is fast and the absorbance becomes stable 
within 3–5 seconds. The results were processed using the HypSpec2014 program [2]. 
The calorimetric measurements were carried out at the Institute of Thermodynamics and Kinetics 
of Chemical Processes of the Ivanovo State University of Chemistry and Technology (ISUCT) 
using the equipment of the Centre for Collective Use of ISUCT. 
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Present work summarizes experimental data on thermodynamic properties of different carbon 
nanomaterials (CNMs) and demonstrates the correlations between their structure/physico-
chemical properties and experimentally observed enthalpy of formation ∆fH0298. Carbon nanotubes 
(CNTs), nitrogen doped CNTs (N-CNTs), as well as multi-layer graphites (carbon nanoflakes, 
CNFs) together with N-doped ones (N-CNFs) and their 3D frameworks obtained by spark plasma 
sintering (SPS) are considered. 
The most thermodynamically stable macroform of carbon is graphite. Diamond is a metastable 
allotropic modification with positive enthalpy of formation of 1.89±0.05 kJ.mol-1. However, the 
carbon nanoclusters with diamond structure are thermodynamically more favorable than 
macrodiamond [1]. 
Carbon nanotubes are metastable carbon modification with positive ∆fH0298 value [2]. ∆fH0298 
significantly varies depending on organization of carbon layers in the CNT structure (fig. 1). It 
increases with increase of the number of carbon layers content (or others carbon units), and degree 
of defectiveness estimated by Raman spectra data [3]. However, heterosubstitution of carbon on 
nitrogen atoms as an oxidation of CNMs by nitric acid leads to stabilization of the structure due to 
surface fuctionalization [2-5]. Carbon frameworks observed by SPS are metastable and their 
values of ∆fH0298 increase with increase of pressure and/or temperature of SPS. 
  

 
Figure 1. Enthalpies of formation of different carbon nanostructures. 
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In-situ combustion (ISC) is an effective method of heavy and extra heavy oil recovery. ISC success 
of the implementation depends on reliability of the laboratory study results. Nowadays, only few 
types of equipment are able to offer reliable oxidation behavior data. The investigation of oxidation 
behavior of oil in porous media under the dynamic air flow is necessary to obtain a credible image 
of oil combustion behavior in reservoir.  
Porous Medium Thermal Effect Cell (PMTEC) is a brand-new equipment performing unique 
tasks. The equipment allows fast and easily investigating the temperature change induced by 
thermal effect in the oxidation process of crude oil in porous media under the dynamic air flow. It 
also helps to identify the occurrence of low-temperature (LTO) and high-temperature oxidations 
(HTO). The sample is inserted to the quartz reactor tube and situated in inert environment. The 
sample reacts with the oxygen under the dynamic air flow and the temperature change is recorded 
by differential thermocouples.  
Also, with the application of gas analyzer, one can analyze the concentration of the gaseous 
combustion products such as CO, CO2 and O2 which allows to determine oil conversion degree 
and calculate the apparent activation energy. Obtained data allows to consider the oxidation 
behavior of different oil and fast evaluate the effect of catalysts on the process, predict the in-situ 
combustion effectivity and create numerical models.  
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The characterization of magnesium stearate compounds (MgST) has grown in interest because it 
is widely used in the industry, for example as a lubricant for the manufacturing of tablets in 
pharmaceutical drugs [1]. It has been shown that its lubricant properties are strongly dependent on 
the physicochemical properties of the considered phase (such as its crystal lattice and its hydration 
state, as well as its environment (impurities, moisture)) [2, 3, 4]. These properties are still not fully 
understood because of both the lot-to-lot variability [2, 5] and the complex thermal behavior of 
the magnesium stearate. The thermal characterization of typical hydrates of magnesium stearate 
(i.e. mono, di and trihydrate) has been much more documented [5, 6] than the anhydrous phase 
even if contradictory results are reported in literature. Among them, Haware & al. [7] recently 
evidenced five distinct mesophases by using temperature dependent small-angle X-ray scattering. 
We decided to investigate the polymorphism of anhydrous magnesium stearate by the combination 
of differential scanning calorimetry (DSC), in-situ X-ray diffractometry (XRD), 
thermogravimetric analysis (TGA), and gas chromatography with Flame-ionization Detection 
(GC-FID). 
The DSC investigations confirm that anhydrous MgST has not a defined melting point but a 
complex thermal behavior [7]. Several polymorphs could be highlighted from DSC and XRD 
experiments performed as a function of the temperature and the thermal treatment. To the best of 
our knowledge, a few of these polymorphs have not been reported in the literature. 
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High-temperature ionic conductors based on complex oxides have a very attraction due to the 
possibility of their applications in various electrochemical applications including solid oxide fuel 
cells (SOFC), oxygen permeation membranes, gas sensors. For now, the work in the field of the 
development of SOFC is high priority, and the intermediate temperature proton-conducting solid 
oxide fuel cells (H-SOFCs) (500–750 °C) are very promising due to the ability to avoid high 
temperature degradation processes of SOFC components and due to its greater efficiency. The new 
promising class of proton conductors is the phases with Ruddlesden–Popper (RP) structure.  
Due to the protonic conductivity is determined including the ratio of the concentration of protons 
and their mobility, the investigation of both amount of protons in the structure and theirs settle 
forms is very important. It is known, that phases with RP structure are capable of incorporating 
water. The systematization of data on the hydration of a large number of RP phases was carried 
out and it was shown that the degree of hydration depends on the nature of the elements. Phases, 
in which large cations are present in the rock-salt block, have a higher tendency for the 
incorporation of water into the rock-salt block. Later, neutron diffraction studies confirmed that 
water inserts into the interstitial space: after the dissociation of water molecules into O−H units, 
one of the H atoms is bonded to interstitial O3 atoms, whereas the second one appears linked to 
the axial octahedral oxygen of the perovskite layers [1]. Thus, the mechanism of water 
incorporation into layered perovskite structures is fundamentally different from 3D perovskites. 
For 3D perovskites the possibility of water uptake from the gas phase is due to the presence of 
oxygen vacancies in the structure. That is, the coordination-unsaturated polyhedra in ABO3-δ 
restore the coordination number to six when water (OH−) is introduced. The concentration of 
incorporated water is determined by oxygen vacancies. In contrast to this mechanism, RP phases 
AА′BO4 can adopt up to two water molecules per formula unit/rock-salt block. However, unlike 
3D perovskites, the study of proton transport in RP structures was performed in a few studies [2]. 
To investigate the featured of hydration processes and the state of oxygen-hydrogen groups in 
novel protonic ionic conductors with Ruddlesden–Popper structure, we focused on the Ti-doped 
complex oxides BaLaIn1–хTiхO4+0.5х based on BaLaInO4 compositions. 
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Protonic ceramics are important materials for using as electrolytes in proton-conducting solid 
oxide fuel cells (H-SOFCs). The most studied protonic conductors are the complex oxides with 
perovskite or perovskite-related structures. Further development of proton conductors suggests 
investigations of materials with new types of structures, including Ruddlesden–Popper structure. 
It is common understanding that oxygen-deficient compounds are capable of manifesting not only 
oxygen-ionic conductivity, but also protonic conductivity in a humid atmosphere. Therefore, 
perovskite-related structures with oxygen-ion conductivity can be tested as potentially capable of 
proton transport. 
To develop the novel proton conductors, we focused on the composition of BaLaInO4, as parent 
compound, which has Ruddlesden–Popper structure. In general, there are two types of cationic 
doping for the phase BaLaInO4 (AА′BO4) with Ruddlesden–Popper structure. The cations with 
lower oxidation state (M2+, i.e. acceptor dopant) are incorporated into the А′- or B- sublattice 
instead of cation Me3+ with the creation of oxygen vacancies as charge-compensating defects. This 
doping process can be represented by the following defect reaction: 

 

The doping by the cations with higher oxidation state (M4+, i.e. donor dopant) leads to the 
formation of the interstitial oxygens in the rock-salt block: 

 

Therefore, different mechanisms of doping lead to create of different defects (oxygen vacancy, 
interstitial oxygen) in the oxygen sublattice of complex oxides with Ruddlesden–Popper structure. 
This suggests the existence of features in hydration processes of these compounds and in the forms 
of oxygen-oxygen groups of hydrated compositions. Due to the protonic conductivity is 
determined including the ratio of the concentration of protons and their mobility, the investigation 
of both amount of protons in the structure and theirs settle forms is very important. 
In this work, the phases BaLa0.9M0.1InO3.95 (M= Ca2+, Sr2+, Ba2+) and BaLaIn0.9M0.1O4.05 (M=Ti, 
Zr) with Ruddlesden–Popper structure were obtained; and the influence of doping mechanism for 
hydration processes and state of oxygen-hydrogen groups were investigated. 
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Amines are widely used as anti-solvents. For example, dipropylamine and diisopropylamine are 
such amines. Perhaps the use of a mixed solvent (a mixture of amines) as an anti-solvent would 
allow more accurate control of the process of extractive crystallization. In addition, the phase 
diagrams of ternary liquid systems whose two constituent binary systems are characterized by 
delamination with a lower critical solution temperature (LCST), while the third constituent one is 
characterized by unlimited miscibility, have not been studied much. Our work is devoted to 
polythermal studying of phase equilibria and critical phenomena in the ternary system water – 
dipropylamine – diisopropylamine in a range of –5…90°С in order to plot and analyze its phase 
diagrams. 
Phase equilibria and critical phenomena in component mixtures of the ternary system water – 
dipropylamine – diisopropylamine were studied by the visual polythermal method and the phase 
volume ratio method. In the component mixtures of the ternary system, studied over ten sections 
of the concentration triangle, the following phase states occur: a homogeneous liquid one, solid 
phase – saturated solution, a biphasic liquid one, and monotectics. The dependence of the critical 
temperature on the composition of the mixtures corresponding to the critical solubility points of 
the delamination region was determined. The critical lines are smooth curves beginning at a 
temperature of –4.7 °С corresponding to the critical point of the liquid system water – 
dipropylamine and ending at a temperature of 27.3 °С corresponding to the composition of the 
critical solution of the second binary liquid system water – diisopropylamine. 
Our polythermal data have made it possible to plot phase state isotherms at 90.0, 30.0, 27.3, 25.0, 
15.0, 10.0, 0.0, –1.9, –2.0, –2.4, –3.0, –4.7, and –5.0 °С. In a temperature range of 27.3–90.0 °С, 
there is a delamination region in the diagram of the ternary system water – dipropylamine – 
diisopropylamine, which extends from the H2O–i-(C3H7)2NH side to the H2O–(C3H7)2NH side. At 
27.3 °C, the delamination region touches the side of the H2O–i-(C3H7)2NH triangle at the critical 
point of the binary system water – diisopropylamine. Therefore, at this temperature, the 
delamination diagram with a band goes over to a piecewise delamination one. As temperature 
decreases, the delamination region separates from the H2O–i-(C3H7)2NH side and decreases in 
size. It can be seen from the critical point position that the dipropylamine – diisopropylamine 
system is the predominant one at 25 °C. As temperature decreases, the strength of intermolecular 
interactions in the binary system water – diisopropylamine increases. 
Starting at 0 °C, ice crystallization begins in the system. At –1.9 °C, a monotectic equilibrium field 
degenerated into a line appears on the side corresponding to the binary system water – 
diisopropylamine. Further, the monotectic field should be transformed into a monotectic triangle; 
however, it is not possible to observe any change in these phase states, since the ice crystallization 
field increases very strongly with temperature. Therefore, there is only an ice crystallization field 
in the isotherm at –2.0 °C. Also there is a small metastable field on the isotherm, corresponding to 
delamination in supercooled mixtures of the ternary system. At a temperature of –4.7 °C, the 
delamination field located in the metastable region degenerates to a lower critical point of the 
binary system water – dipropylamine. With a further decrease in temperature, there is only an ice 
crystallization field, which will be increasing in size. 
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Complexation reactions involving cyclodextrins are highly important to drug delivery stems 
technology and also to the separation and food industries. These reactions also serve as excellent 
models for understanding general inclusion phenomena, as well as enzyme substrate interactions. 
Presently, there are several methods to improve solubility of poorly soluble compounds which 
include pH adjustment, micronization, solid dispersion, surfactant addition, cosolvent addition, 
and encapsulation of cyclodextrins.  
The thermodynamic parameters for the inclusion complex formation reactions between “host” 
cyclodextin molecules (β-, hydroxypropyl-β-, and γ-cyclodextrins) and “guests” phenolic 
compounds such as benzoic acid (BA), curcumin (CURC) and quercetin (QCT) in water-ethanol 
and water- dimethylsulfoxide solvents were obtained from the calorimetric experiments carried 
out by means of the calorimetric titration system TAM III (a microcalorimeter, TA Instruments, 
USA) at temperature 25 °C, equipped with a 20 mL titration cell. The application of the traditional 
calorimetric titration procedure with sequential addition of a numbers of injections into a 
calorimetric cell is limited by low solubility of “host” reagents in non-aqueous media and high 
hydrophobicity of polyphenolic flavonoids as “guests”. This prevented us to obtain a necessary 
concentration ratio of the reagents during one titration experiment. A single addition of titrant 
portions into a cell solution in each calorimetric titration experiment allows the creation of the 
optimum concentration conditions for such systems. This experimental procedure was successfully 
adopted earlier by us for a calorimetric investigation of a “host–guest” complex formation of 18-
crown-6 and cryptand [2.2.2] with some amino acids and peptides [1], as well as for complexes of 
Cu(II) with glycyl-glycyl-glycine [2]. 
Unlike molecular complexes of crown-ethers with amino acids and peptides, the additions of non-
aqueous cosovents to water leads to a decrease in the stability of the molecular complexes of BA, 
QCT with β-cyclodextrin (β-CD), hydroxypropyl-β-cyclodextrin (HPβ-CD) and γ-cyclodextrin (γ-
CD). For the [QCT HPβ-CD] and [BA β-CD] complex formation reactions there are an increase 
in the exothermicity and a decrease in the entropic contribution to the reaction’s Gibbs energy 
changes. In contrary, an increase of stability of [CURC HPβ-CD] molecular complex in water-
ethanol solvent was observed. 
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Natural gas is cleaner energy source among different fossil fuels and leads to smaller emissions of 
greenhouse gases into the atmosphere. Natural gas was named by world experts the fuel of 21 
century. There are several procedures for the storage and transportation of natural gas, including 
adsorbed natural gas (ANG), compressed natural gas (CNG), solidified natural gas (SNG) and 
liquefied natural gas (LNG). Among these procedures, SNG technology is new and promising 
alternative to store and transport natural gas. In this technology gas is converted to the form of 
hydrates. The SNG technology has several advantages: the hydrate formation is environmentally 
friendly due to the use of water and a small amount of additives, the molecular form of gas will be 
maintained in the hydrate form, 1 m3 of hydrate will store ∼160 m3 of gas. Finally, the gas hydrate-
storage strategy will provide a safer technology due to non-explosive nature of the gas hydrate [1]. 
However, the most important limitation that hinders this technology for large-scale applications is 
the low rate of hydrate formation, which results in low final gas absorption. One of the ways to 
overcome this constraint is using some additives to enhance gas hydrate formation kinetics. In this 
work, several amides were developed as a new promoting agent for methane storage [2]. The effect 
of amides on methane hydrate formation parameters was evaluated by high-pressure micro 
differential scanning calorimeter (HP-DSC) and high-pressure autoclave cell at the static and 
dynamic conditions, respectively. The results demonstrated that the onset temperature of methane 
hydrate formation was increased due to adding of synthesized amides. The average conversion of 
water to hydrate was multiplied by a factor of 20.0 due to the presence of new reagents. Moreover, 
amides reduced induction time of methane hydrate formation in comparison with pure water in 
both static (DSC experiments) and dynamic (autoclave experiments) conditions. Also, amides 
increased considerably the amount of consumed mole of methane, especially during the first stage 
of hydrate growth. The technical advantage of this type of compounds is absence of formation of 
large amount of foam in the hydrate formation/dissociation process. General relationships between 
structure of amides and their efficiency to promote gas hydrate formation were evaluated. All 
obtained results confirmed that amides can be efficient and prospective additives to promote 
natural gas hydrate formation.  
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In focus of this lecture are two types of advanced materials: Liquid Organic Hydrogen Carriers 
(LOHCs) and ionic Liquids (ILs). LOHCs are able to store hydrogen in a dense and safe form at 
ambient conditions. While storage of electrical energy in these carriers systems is one possible and 
attractive application, the optimal energetics of the hydrogenation/dehydrogenation processes 
have been believed to represent a major challenge for this storage technology. The complex of 
modern thermochemical and theoretical methods was designed, developed and established in 
cooperation between the University of Rostock and the Samara State Technical University. The 
procedure included extended calorimetric experiments (combustion, solution, DSC), critical 
evaluation of available data and prediction of the missing thermodynamic properties in order to 
provide the best possible property values as the milestones for the assessment of the feasibility of 
processes intended for valorisation of the natural products and the optimal hydrogen storage using 
favorable chemical reactions. 
Ionic liquids represent a novel class of “designer” solvents and electrolytes with a promising wide 
range of practical applications. ILs are non-flammable, thermally stable, and extremely low 
volatile solvents. These unusual properties heavily aggravate studies of IL properties by using 
traditional methods, e.g. calorimetry. Calorimetry belongs to the oldest quantitative methods, but 
how to apply combustion calorimetry to a non-flammable IL-sample, or how to measure enthalpy 
of vaporization of a non-volatile IL-sample? We have launched a systematic study of ILs by using 
combustion, differential-scanning, and solution calorimetry. We adjusted these methods for the 
challenging new materials. We have focused our studies on thermodynamic properties of ILs such 
as enthalpies of formation, solution, and enthalpies of phase transition (liquid-gas, solid-liquid, 
solid-gas). We have developed new experimental methods for vapor pressure measurements of 
extremely low volatile compounds based on the quartz crystal microbalance, as well as based on 
the fast scanning calorimetry in combination with an alternating current calorimetry (AC). Details 
on the development of calorimetric experimental procedures will be discussed. We have explored 
the applicability of high-level quantum-chemical methods for reliable calculations of gaseous 
enthalpies of formation of ionic liquids. Combination of experimental and theoretical methods has 
allowed obtaining of consistent thermochemical data sets for homologues series of imidazolium, 
pyridinium, pyrrolidinium, and ammonium based ILs. With this knowledge we are able now to 
predict thermochemical properties for numerous ILs tailored and designed for new practical 
applications. 
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The mixed-ligand complexation is an effective approach for the synthesis of coordination 
compounds with desired physicochemical properties by selecting combinations of several ligands. 
Precise tuning of the target characteristics of the formed complexes becomes possible through 
establishing the relationship between their structure and functional response. In the field of 
chemistry of precursor compounds for chemical vapor deposition (MOCVD) processes, this 
strategy is true relevant for the creation of stable and volatile metal compounds whose complexes 
with traditional chelating ligands (β-diketonates, carboxylates) have an oligo- or polymer structure 
and, consequently, do not fully possess the necessary characteristics. 
In particular, this concerns the development of effective precursors for the preparation of magnesia 
(MgO) thin films that are highly demanded as buffer, protective and emission layers in 
microelectronics. A specific problem of mixed-ligand magnesium β-diketonate complexes is their 
stability, which is noticeably lower than for isoligand compounds of transition metals. This leads 
to unwanted changeable sublimation rate during MOCVD and limits the evaporator temperature 
interval [1]. Herein, a systematic thermochemical study of magnesium complexes with various β-
diketonate ions and bi- or monodentate N-donor neutral ligands was carried out in order to 
determine the precursors with both acceptable volatility and high stability. A series of 14 carefully 
characterized compounds was investigated by thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC). The saturated vapor pressures over solid/liquid complexes were 
measured by the flow method giving the parameters of the corresponding phase transitions. 
The fluorinated β-diketonate complexes have been found to be more volatile and stable toward to 
diamine dissociation in comparison with corresponding not-fluorinated analogs. The TGA study 
shows that complexes with N,N,N’,N’-tetramethylethylenediamine or pyridine ligands are the 
most volatile in this series. However, according to thermodynamic simulation, the relatively high 
temperatures are needed to obtain pure MgO without fluoride phase formation (900 K using water 
as a reagent), increasing by ~100 K during the transition from tri- to hexafluoroacetylacetonate 
complexes. These results correlate with literature data and our test MOCVD experiments [2]. 
In the row of non-fluorinated compounds, acetylacetonate derivatives are significantly less stable 
comparing with the dipivaloylmethanate-ones. Moreover, mixed-ligand acetylacetonate 
complexes with aliphatic amines are not formed for magnesium while they are known for transition 
metals. According to the TGA, dipivaloylmethanate complexes with ethylenediamine derivatives 
are comparable in volatility and their evaporation is accompanied by partial decomposition. When 
Both an increase in the carbon chain in diamine and or a transition to monodentate pyridine ligands 
leads to a decrease in the stability of the complexes, which is associated with an increase in the 
corresponding chelate NMgN angle. TGA and flow method shows that the introduction of 
aromatic bidentate ligand decreases volatility but increases considerably thermal stability of the 
compounds. Concerning the balance between volatility and stability, we propose a new complex 
with 2,2’-bipiridyl to be precursor to obtain MgO by MOCVD. 
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Parasitic diseases are one of the most common infections all over the world, second only to 
respiratory infections. Since the majority of infections occur in the developing countries with 
limited financial resources for the design of new drug compounds, there are practically no modern 
drugs on the market. Moreover, the existing drugs have insufficient bioavailability to achieve the 
necessary concentration in the bloodstream and, therefore, are not suitable for systemic therapy. 
Most anthelmintics belong to II class of the Biopharmaceutical Classification System, since their 
bioavailability is limited by low solubility and dissolution rate in the physiological media. Since 
antimicrobial and antiviral activity against a wide range of pathogens, including resistant strains, 
has been proven in vitro for many antiparasitic compounds, solving the problem of increasing the 
bioavailability will increase the effectiveness of the treatment of resistant forms of helminth and 
protozoal infestations. In its turn, the creation of effective and safe dosage forms based on known 
drugs, as well as the synthesis of new biologically active compounds exhibiting antifungal activity, 
is an extremely important direction of modern pharmaceutical science. For the directed synthesis 
of new substances, a comprehensive study of the thermophysical and physicochemical properties 
of marketed drugs is necessary. 
The aim of the present study is the investigation of thermophysical and physicochemical properties 
of three benzimidazole derivatives with anthelmintic activity. The melting temperatures and 
enthalpies were determined. The solubility of substances was measured in buffer solutions with 
physiological pH values, modeling the gastric and the intestinal fluids (pH 2.0 and pH 7.4, 
respectively), as well as in octanol simulating the lipophilic layers of the biological membranes 
using the shake-flask method. Thermodynamic parameters of the dissolution processes were 
determined; an analysis of the relationship of the dissolution characteristics with the crystal 
structure was carried out. The processes of the sublimation were studied with the help of the 
transpiration method, and the thermodynamic sublimation parameters were calculated. Based on 
the obtained results, the compounds for further design of soluble formulations thereof were 
selected. 
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Liquid water demonstrates spectacular anomalies upon supercooling. One of the most pronounced 
anomalies is the seemingly diverging isobaric heat capacity at ambient pressure [1]. A popular 
hypothesis that explains the anomalies of supercooled water is the existence of a metastable liquid-
liquid transition hidden below the line of homogeneous nucleation [2]. The existence of the liquid-
liquid transition in real water is still debatable since it is not accessible to direct experiments. There 
have been three previously reported heat-capacity experiments on supercooled water: the pioneer 
measurements of Angell et al. in emulsified water [1], differential scanning calorimetry 
measurements reported by Archer and Carter [3], and adiabatic calorimetry measurements by 
Tombari et al. [4]. These sets of data significantly deviate from each other. More accurate 
measurements of the character of the anomaly the heat-capacity may shed additional light on the 
nature of supercooled water’s anomalies. Using a high-resolution slow-scanning adiabatic 
calorimeter we have measured the temperature dependence of the isobaric heat capacity of 
supercooled water at 0.1 MPa in sealed 1 ml glass ampoules down to 244 K. The measurements 
were carried out by quasi-adiabatic heating (with a rate ~ 0.4 K/hour) from the lowest temperature 
achieved by supercooling. Overall, our data (with a higher resolution and better supercooling 
achieved) support the results reported by Tombari [4] but significantly deviate from the heat-
capacity values for emulsified supercooled water reported by Angell et al. [1] and even more from 
the DSC measurements by Archer and Carter [3]. 
Since the existence of the liquid-liquid transition in real water is still an open question, we have 
checked whether the experimentally observed anomaly would be consistent with a model 
alternative to the liquid-liquid critical point scenario [2]. Indeed, we show that the new data can 
be well described by a power-law with an exponent –3/2 corresponding to the initial fluctuation 
regime of Landau–Brazovskii weak-crystallization theory [5]. The apparent temperature of the 
heat-capacity divergence is 228.8 K. This latter value is just below the temperature of homogenous 
ice nucleation and is close to the temperature of the projected heat-capacity maximum at ambient 
pressure in the critical point scenario (below the expected critical pressure of liquid-liquid phase 
separation) [2]. We note that the nature and analytical shape of the anomaly in these alternative 
scenarios are fundamentally different even if they both fit well to the experimental data. We 
observed a sharp increase in the relaxation time in supercooled water with upon supercooling, 
which did not allow us to conduct the adiabatic measurements at lower temperatures achieved by 
Angell et al. for emulsified water. A less ambiguous answer on the nature of the anomalies in bulk 
supercooled water requires further experimental studies closer to the homogeneous nucleation 
limit, including accurate measurements at both high and negative pressures.  
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Two-dimensional layered materials have been extensively explored as energy storage and catalytic 
materials. Here, I present our recent calorimetric studies on the energetic stability, interfacial and 
confinement phenomena for graphene, layered double hydroxides (LDH) and layered transition 
metal carbides (MXenes). Integrating advanced in situ structural, spectroscopic and microscopic 
analyses. Our studies highlight the complex interplays among compositional, structural, 
morphological and thermodynamic factors governing the material functionalities. Knowing such 
fundamental knowledge would greatly benefit materials chemists and chemical engineers to better 
these materials for future applications in our energy infrastructure. 
Acknowledgements The authors acknowledge the institutional financial support from the Gene and 
Linda Voiland School of Chemical Engineering and Bioengineering, and the Alexandra Navrotsky 
Institute for Experimental Thermodynamics at Washington State University. 
 
[1] C.B. Cockreham, X. Zhang, H. Xu and D. Wu, unpublished, 2020. 
[2] X. Zhang, C.B. Cockreham and D. Wu, unpublished, 2020. 
[3] C.B. Cockreham, X. Zhang, H. Li, J. Sun, Y. Wang, H. Xu and D. Wu, ACS Appl. Energy 

Mater., 2019, 2(11), 8145. 
[4] G. Li, X. Zhang, D. Qiu, C. Yang, C. Cockreham, Z. Liu, B. Wang, L. Fu, J. Zhang, B. 

Sudduth, X. Guo, H. Sun, Z. Huang, J. Qi, J. Sun, S. Ha, Y. Wang and D. Wu, Adv. 
Electron. Mater., 2019, 5(8), 1900215. 

  



 

 220 

DEHYDRATION PATHWAYS OF CoF2·4H2O AND FeF3·3H2O  
ANALYZED BY INTEGRATED EX SITU AND IN SITU  

CALORIMETRIC AND STRUCTURAL METHODS 

D. Wu1,2, C.B. Cockreham1,2, X. Zhang1,2, D. Qiu1 
1Alexandra Navrotsky Institute for Experimental Thermodynamics, Washington State University, 

United States 
2Gene and Linda Voiland School of Chemical Engineering and Bioengineering, Washington 

State University, Pullman, Washington,, United States 
d.wu@wsu.edu 

Cobalt (II) and iron (III) fluoride hydrates are promising materials for high performance lithium 
or sodium ion battery electrodes. However, there appears to be disagreement in the dehydration 
mechanism, intermediate, and reaction temperature in the literatures documented. Here, we report 
our recent studies on the dehydration pathways of cobalt (II) and iron (III) fluoride hydrates using 
integrated calorimetric, structural, and microscopic analyses under both ex situ and in situ 
conditions. Specifically, we carried out thermogravimetry (TG)-differential scanning calorimetry 
(DSC), ex situ and in situ X-ray diffraction (XRD) and ex situ scanning electron microscopy (SEM) 
experiments. Subsequently, kinetic analysis using the Ozawa–Flynn–Wall model-free method was 
performed for each system to deduce the dehydration/decomposition reaction mechanisms. This 
set of systematic studies provide fundamental thermodynamic insights governing the electrode 
material fabrication, both laboratory and industry scales, for lithium or sodium ion batteries to 
benefit the materials research and chemical engineering communities. 
 

 
Figure 1. Dehydration mechanism of CoF2·4H2O revisited by integrated ex situ and in situ 
calorimetric and structural studies. 
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For a long time ionic liquids (liquid salts) have been attracting more and more attention because 
of their unique physicochemical properties suitable for many industrial and technical applications. 
The main advantage of these compounds is the possibility to tune their physicochemical properties 
by replacing the anionic or cationic component and to design of them accordingly to specific 
purposes. However, at present, there exist no way of determining a priori which particular ion 
pairing will produce the desired properties. The ability to predict the physicochemical properties 
of an unknown ionic liquid will depend in large part on the understanding of the ion-ion 
interactions at molecular level. The aim of this work is to study the interaction of amines bearing 
different size and number of alkyl substituents on the nitrogen atom with sulfuric and 
methanesulfonic acids. Methyl (MA), ethyl (EA), dimethyl (DMA), diethyl (DEA), dibutyl 
(DBA), trimethyl (TMA) and triethyl (TEA) amines were considered. The gas-phase proton 
affinities of these amines were calculated, and the higher the value is, the more probable its 
protonation is. In general, these data correlate well with the experimental pKa values of amines in 
water. Based on our computational results and analyses, we conclude the following. The amine 
interaction with the acid in all the cases leads to proton transfer from the acid to the amine and 
formation of the ions held together in the ion pair by the electrostatic (dominant) interaction, 
dispersion forces and different number of hydrogen bonds. From the standpoint of 
thermodynamics, the interaction of amine with sulfuric acid is more probable than that with 
methanesulfonic acid, which leads to the formation of the ion pairs with more negative values of 
Gibbs free energy change. These findings are in good agreement with the data on thermal stability 
of the salts studied here. The thermal stability of hydrogen sulfate-containing salts is higher than 
that of mesylate salts. The most stable structures of the ion pairs resulting from the amine - acid 
interaction were explored and characterized. It was shown that the interaction between the ions in 
the ion pairs decreases with the increase in the size of the alkyl group of the cation 
(DMA>DEA>DBA) and degree of nitrogen substitution (MA>DMA>TMA and EA>DEA>TEA). 
The observed trends of changes in the structural and energetic characteristics in the series of the 
studied ion pairs with both anions remain the same. Herein, the interaction of the cation with 
mesylate anion in all the ion pairs is stronger than that with hydrogen sulfate anion. 
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One of the most important tasks of the modern chemistry is to establish the structure - property 
relationships for a particular compound. Understanding how the physicochemical properties of 
compounds are related to their molecular structures promotes the design of new materials that have 
the desired properties for many industrial and technical applications. From this point of view, the 
ionic liquids, also known as liquid salts, are peculiar compounds. The low steam pressure, 
significant ionic conductivity, high thermal and electrochemical stability make these salts 
applicable to organic synthesis, pharmaceutics, chromatography and different electrochemical 
devices. In this study we in particular focus on triethyl (TEA) and triethanol (TEOA) ammonium 
salts of different inorganic, carboxylic and sulfonic acids. Since the properties of these systems 
are significantly affected by the presence of hydrogen bonds the investigation of the structure and 
bonding characteristics between the cation and anion at a microscopic level is important for 
achieving a deeper understanding of these compounds. Using quantum chemical modeling, the 
effects of the anion nature and hydroxyl groups in the cation (when passing from TEA to TEOA) 
on the structure and interactions between the ions in the ion pairs were examined. The data on the 
thermodynamic stability of the ion pairs resulting from the acid - amine interaction, ion-ion 
interactions, geometries and energetics of hydrogen bonds in the series of the studied compounds 
were analyzed together and separately. The obtained results are compared to the experimental data 
on the thermal properties (melting and decomposition temperatures) of the investigated salts. Close 
to linear correlation is observed between the melting points of TEOA-containing salts and the 
interaction energies of the ions in the ion pairs. And from this, we can expect that the ionic liquids 
exhibiting strong ion-ion interaction will have higher melting temperature values. It was shown 
that the interaction between the ions in the ion pairs of TEOA-containing salts is much more 
intensive than that in TEA-containing salts, which, in turn, results in a larger viscosity and lower 
electric conductivity. 
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Perovskite oxides ABO3 have important applications in heterogeneous catalysis because of their 
unique structural and chemical properties. The A and B sites in the ABO3 structure can both be 
partially substituted by other cations to form A1-xA'xB1-yB'yO3−δ (A, A' = metal of s-, d- or f-
element, B,B' = transition metal) composite oxides which show excellent performances in many 
catalytic reactions [1].  
The purpose of this work is to study the effect of the complete and partial substitution of Fe atoms 
for Co in the GdFeO3 perovskite on the redox properties as well as to find the correlation between 
the different types of oxygen and their ability to participate in soot combustion and Fischer–
Tropsch synthesis (FTS). A series of GdFe1-xCoxO3 (x = 0; 0.2; 0.5; 0.8; 1) oxides was prepared 
by the sol-gel method and characterized by temperature-programmed reduction (H2-TPR), 
temperature-programmed desorption of oxygen (TPD-O2), simultaneous thermal analysis (STA), 
X-Ray diffraction (XRD), N2 sorption and X-ray photoelectron spectroscopy (XPS). The catalytic 
performances in soot oxidation and FTS of the prepared catalysts were investigated. 
The H2-TPR results (Fig. 1) showed that an increase in the cobalt content in the GdFe1-xCoxO3 
leads to a decrease in the reduction temperature. TPD-O2 and STA methods showed that the 
substitution leads to an increase in the lattice oxygen mobility. Thus, the substitution of Fe for Co 
in the perovskites leads to an improvement in the reaction ability of oxygen. 
 

 
Figure 1. H2-TPR profiles for GdFe1-xCoxO3 (x = 0; 0.2; 0.5; 0.8; 1) Co2O3 and Fe2O3 oxides. 

 
Soot oxidation experiments show that the oxidizing ability in compounds GdFe1-xCoxO3 (x = 0; 
0.2; 0.5; 0.8; 1) increases with increasing cobalt content. A study of the catalytic activity in the 
FTs shows that with an increase in the cobalt content, the main products are methane and carbon 
dioxide, which confirms the increase in oxidizing ability in the series: GdFeO3 ˂ GdFe0.8Co0.2O3 
˂ GdFe0.5Co0.5O3 ˂ GdFe0.2Co0.8O3 ˂ GdCoO3.  
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Fusion enthalpy is one of the key values in thermal analysis. Both fusion enthalpy values at the 
melting temperature and below this are of interest in chemical thermodynamics. However, its 
temperature dependence, which is related to the difference of the heat capacities of the liquid and 
crystal, is generally unavailable due to fast crystallization of liquids below the melting point. 
In the present work the system of experimental methods for the analysis of the fusion enthalpy 
temperature dependence of aromatic compounds was developed for the first time. 
Firstly, the fusion enthalpy temperature dependence was studied through the analysis of the 
relationship between the fusion enthalpies at the melting temperature and the solution enthalpies 
in benzene and other organic solvents at 298.15 K (Eq. 1): 

   (1) 

Where  is the enthalpy of solution of compound Ai in benzene,  is the 

enthalpy of fusion at the melting temperature and  is a thermal 

adjustment of the fusion enthalpy to 298.15 K calculated according to Kirchhoff’s law.  
Analysis of Eq. (1) allowed estimating the heat capacity integral values for the compounds which 
cannot be supercooled without crystallization at the currently available cooling rates. It was found 
that the linear extrapolation of the liquid state heat capacity temperature dependence between 
298.15 K and Tm led to the heat capacity integral agreeing with the difference between  

and  for 36 compounds. Further this approach was extended to self-associated 
aromatic compounds (phenols, anilines) by replacing benzene with a solvent in which solution 
enthalpy of hypothetically liquid solute is close to zero. 
As an additional source of information on the fusion enthalpy temperature dependence, the data 
on sublimation thermochemistry was employed. A system of relationships between the fusion 
enthalpies at the melting temperatures, on the one hand, and the sublimation enthalpies at 298.15 
K, on the other hand, was established, both for self-associated and non-self-associated aromatic 
compounds. 
To overcome crystallization of liquids below Tm while measuring the heat capacity, the 
methodology for its determination in low-molecular-weight organic compounds by fast scanning 
calorimetry was developed. Direct study of the heat capacity of 8 organic compounds by fast 
scanning calorimetry confirmed the validity of the solution calorimetry approach. 
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Previously we developed an experimental approach for the investigation of the temperature 
dependence of the fusion enthalpies of aromatic compounds and its adjustment to 298.15 K based 
on solution calorimetry and fast scanning calorimetry techniques. Using this approach, the validity 
of existing empiric schemes for the calculation of the fusion enthalpy temperature dependence was 
tested. These schemes were found to inadequately describe the fusion enthalpies of a significant 
number of aromatic compounds, especially polycyclic aromatic hydrocarbons. A novel empiric 
scheme for calculation of the molar isobaric heat capacities of liquid aromatic hydrocarbons at 
298.15 K (сp(l, 298.15 К)) was developed (Eq. 1): 

сp(l, 298.15 К)/(J·К-1·mol-1) = 22,3 · n(CH) + 15,3 · n(Cisol) + 9,1 · n(Ccond)  (1)  
where n(CH) is a number of aromatic СН-groups and n(Ccond) и n(Сisol) are the numbers of tertiary 
С atoms of condensed aromatic systems and the systems with isolated aromatic rings (e.g., 
biphenyl).  
For the adjustment of the fusion enthalpies ( ) of polycyclic aromatic hydrocarbons from the 
melting point (Tm) to 298.15 К the following equation was proposed based on the fact the change 
of heat capacity of the studied compounds of this class on melting is close to zero and the heat 
capacities of crystal and liquid between 298.15 K and Tm are linear functions of temperature:  

(298.15 К) = – (298.15 K)/2 · (Тm – 298,15 К)   (2) 

where (298.15 K) is the difference of the heat capacities of liquid (calculated according to 

Eq. 1) and crystal (accessible experimentally) at 298.15 K. The (298.15 К) values were 
determined according to this approach and compared with those derived from solution enthalpies 
in benzene at 298.15 K and adjusted to 298.15 K from Tm according to Chickos et. al. scheme. In 
all cases the (298.15 К) values determined according to Eq. 2 and from the solution enthalpies 
agreed in the limits of ±1.7 kJ·mol-1 while Chickos et. al. scheme led to the values lower by up to 
10 kJ·mol-1. 
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Hydrates are known as a major problem of flow assurance in hydrocarbon pipelines due to the 
much shorter time required for their formation and deposition in comparison with corrosion, 
asphaltenes, scale, or waxes1. 
This study intends to introduce sulfonated chitosan (SCS) as a promising green kinetic methane 
hydrate inhibitor. Evaluation of hydrate inhibition effect of SCS with high-pressure autoclave cell 
and high pressure micro-differential scanning calorimeter (HP-μDSC) revealed that the formation 
of hydrate was delayed remarkably in comparison with the pure water system. Since the hydrate 
formation is an exothermic reaction and gas molecules are trapped into water cavities, this process 
is associated with detectable changes in pressure and temperature. HP-μDSC experiments the 
onset temperature of methane hydrate formation in the pure water is –12 °C, while in the presence 
of SCS with low and medium molecular weight the onset temperature was reduced to –15.3 and  
–14.9 oC, respectively (in 1 wt. % concentration). The peak area of gas hydrate melting in pure 
water system is 0.49 J, but in the presence of SCS with low and moderate molecular weight the 
peak area decrease to 0.15 and 0.19 J respectively (in 1 wt. % concentration) is observed. 
According to the results of HP-μDSC of hydrate melting peak area the amount of gas hydrate 
formed was decreased in the presence of SCS compared to the pure water system. Also SCS 
solutions didn’t show cloud point up to 100 °C, which gives an advantage in using them in the 
field, as KHI based on vinylcaprolactams have cloud point about 40 °C. The results of the tests 
with high-pressure autoclave cell showed that the inhibitor system shifts the temperature increase 
time corresponding to gas hydrate formation. SCS as a biopolymer with high water solubility may 
act as a perspective kinetic inhibitor of gas hydrate formation.  
 

 
Figure 1. Methane hydrate melting peaks in the presence or absence of SCSs (1 wt.%) 
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In-situ combustion (ISC) is a proved, effective enhanced oil recovery (EOR) method for extracting 
heavy oil and bitumen [1, 2]. ISC is attracting more and more attention because of its low cost [3, 
4]. ISC is applicable in candidate reservoirs with different types of rock (including sandstone, 
carbonate, and shale, etc.) at any stage of reservoir depletion. It has been widely proved that 
whether an ISC process is successful or not is up to the combustion reactions occurring at reservoir 
and rock matrix conditions. The combustion reactions occurring in rock must be affected by rock 
composition. 
In this study, the influence of dolomite on the combustion of crude oil was explored by high-
pressure differential scanning calorimetry (HP-DSC) experiments. Dolomite slightly affected the 
low-temperature oxidation (LTO) of crude oil combustion, but strongly promoted the deposition 
of fuel and its combustion in high-temperature oxidation (HTO). It greatly shifted the HTO into 
lower temperatures. The strong promotion of dolomite on the combustion benefits from its surface 
area effect. The decomposition of dolomite could happen during combustion process, which 
should be considered if ISC process is applied in a carbonate reservoir where rock contains such 
dolomite. 
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In-situ combustion (ISC) has been proved to be an effective and successful method for heavy oil 
recovery [1]. In an ISC process, air is compressed and injected into reservoir to initiate a 
combustion of heavy oil with the help of ignitor. The combustion process and its progress (usually 
called as combustion front) will trigger a complex physical-chemical process involving mass 
transfer, heat exchange and variation in physical properties and chemical structure of heavy oils, 
which consequently results in a high oil recovery efficiency and in-situ oil upgrading [2, 3]. 
To improve the efficiency of ISC process and its wide application, it is necessary to have a clear 
knowledge of the oxidation mechanism of crude oils. Aromatic structures are important 
components of crude oils, and play an important role in the oxidation/combustion process and the 
establishment of combustion front.  
The purpose of this work is to investigate the combustion behavior and kinetics of different 
aromatic structures that are possible components or sheets of crude oils using high-pressure 
differential scanning calorimetry (HP-DSC). Six compounds with aromatic structures were 
investigated, including pyrene (C16H10), p-quaterphenyl (C24H18), biphenyl (C18H14), thioxanthone 
(C13H8OS), p-terphenyl (C18H14). Different “model-free” (isoconversional) kinetic methods were 
employed to estimate the kinetic parameters.  
The results showed that the combustion behavior and kinetics are quite different of these different 
aromatic structures. The uncondensed aromatic structures showed only high-temperature 
oxidation (HTO), while condensed aromatic structure (like pyrene) exhibited a unique middle-
high temperature oxidation (M-HTO). In addition, the increase of heating rate can promote the 
oxidation but suppress vaporization. 
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Temozolomide is an orally administered alkylating agent, which causes DNA damage leading to 
tumor cell death, and it used largely in the therapy of glioblastoma [1]. 
In this work the results of experimental and theoretical thermodynamic study of temozolomide are 
represented. The pharmaceutical substance was provided by Unitehprom BSU. The sample used 
contained 99.6 mass% of the compound. The fraction of sulfated ash in the sample was 0.08 
mass%. The sample was stored in a desiccator over P2O5 for at least one week. 
The heat capacities of temozolomide in the crystalline state at saturation pressure in the range of 
(80 to 370) K (Figure 1) were determined in TAU-10 vacuum adiabatic calorimeter [2]. The 
relative expanded uncertainty of the heat capacity measurements was determined to be 0.4 %. 
There were no anomalies on the heat capacity curve. The standard thermodynamic functions of 
the compound in the condensed state between (80 and 370) K were calculated and its values at 
298.15 K are given in the Table 1. 
 

Table 1. Standard thermodynamic functions of temozolomide at 298.15 K 
    

J‧mol–1‧K–1 
(212.3±0.8) (108.1±0.4) (175.4±0.7) (67.29±0.82) 

 
The standard energy of combustion of crystalline temozolomide at 298.15 K was determined in a 
combustion calorimeter B–08–MA [2] and was equal to be ΔcUº = –(3160.66±0.56) kJ·mol–1. The 
standard enthalpies of combustion and formation of crystalline temozolomide at 298.15 K were 
obtained to be ΔcHº = –(3154.46±0.56) kJ·mol–1 and ΔfHº = –(64.11±0.97) kJ·mol–1. The enthalpy 
of the sublimation of the compound was calculated using electrostatic potential model. 
The method of isodesmic reactions was proposed to calculate the gas-phase enthalpies of 
formation of temozolomide. The geometry optimization of the molecule was done using the DFT 
on B3LYP, 6-311G (2df, p) level of theory. Thermodynamic properties of the compound in the 
ideal-gas state were calculated in the range (100–1000) K. 

 
Figure 4. The heat capacities of crystalline temozolomide 
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It is well known that hydrates formation, corrosion, asphaltenes and scale depositions are the most 
serious problems in the oil and gas industry. Among them, hydrates are challenging problem of 
flow assurance in hydrocarbon pipelines due to the much shorter time required for their formation 
and deposition in comparison with the other ones. Gas hydrates formation in hydrocarbon 
production equipment and transportation pipelines causes blockage of flow lines and shutdown, 
which in turn results in severe economic, ecological and safety consequences. [1] Hence, 
developing inhibitors that can affect nucleation and growth of hydrates is essential to prevent their 
formation.  
Acrylamide polymers are well-known hydrate inhibitors, but they show a low cloud point, causing 
precipitation problems for field applications. [2] In this research, we used chitosan to synthesize 
chitosan-graft-polyacrylamide (CS-g-PAM) as a green and high-cloud-point kinetic hydrate 
inhibitor (KHI). The inhibition performance of CS-g-PAM on nucleation and growth of methane 
hydrate crystals was assessed by high-pressure autoclave and high-pressure micro-differential 
scanning calorimeter (HP-μDSC). CS-g-PAM showed no cloud point in both deionized water and 
3.5 wt.% NaCl solutions, up to 100 °C. Autoclave experiments demonstrated that CS-g-PAM can 
increase the hydrate induction period 13 times (at concentration of 1 wt.%) compared to the pure 
water system and change the morphology of methane hydrate crystals from solid state into a 
viscous foam-like slurry.  
According to HP-μDSC results, by adding 0.1, 0.5, and 1 wt.% CS-g-PAM, the onset methane 
hydrate formation temperature was decreased from −12.7 °C for system with pure water to −15.8, 
−17.0, and −19.0 °C, respectively. Also, water to hydrate conversion was reduced from 3.16 wt.% 
for pure water to 1.63, 1.47, and 0.79 wt.% for inhibitor solutions. For example, 1 wt.% PVP 
solution showed onset temperature –17.1 °C and water conversion 1.50 wt.%. These results show 
that the modification of acrylamide-based KHIs with natural polymers is an attractive option to 
improve their deposition point and hydrates formation inhibition efficiency. 
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Complexes of lanthanide(III) (Ln3+) ions are widely used in different areas including the 
optoelectronic devices, magnets, catalysis, sensing and imaging for biological [1] and medical 
purposes [2] both in vitro and in vivo. Taking into account the latter, a detailed and comprehensive 
study of lanthanides(III) interaction with commonly used biological buffers is strongly required. 
Tris(hydroxymethyl)aminomethane (Tris) is among the most often used buffer agents for 
biological studies. To the best of our knowledge, there is the only paper describing the 
complexation of Tris with one lanthanide(III) ion, namely Eu(III) [3]. The aim of this study is 
determining the composition, structure and stability of La(III), Ce(III), Eu(III), Gd(III) complexes 
with Tris. A number of modern and precise methods of analysis were used for that aim, including 
potentiometric titration, 139La NMR, IR, MS spectroscopies, spectrofluorimetry, DSC-TG and 
isothermal titration calorimetry.  
All the complexes formed by lanthanides(III) and Tris were found to have the stoichiometric 
composition of ML according to MS and TG-DSC data. Complex and free ligand have different 
thermal destruction patterns, which confirms the complex formation. IR spectra shows that 
hydroxyl groups are probably involved into complexation. Stability constants of La(III), Ce(III), 
Eu(III), Gd(III) complexes with Tris determined by different methods are given (Table 1).  
 

Table 1. Stability constants of La(III), Ce(III), Eu(III), Gd(III) complexes with Tris. 
Method lg βLa(III)-Tris lg βCe(III)-Tris lg βEu(III)-Tris lg βGd(III)-Tris 

Potentiometry 2.53±0.09 2.25±0.11 2.42±0.09 2.41±0.15 
Spectrofluorimetry - - 2.39±0.12 2.81±0.46 

139La NMR 2.67±0.33 - - - 
 
The inaccuracies in Table 1 are the half-widths of confident interval at confident probability of 
0.95 and sample size of 3 to 4 experiments. 
The stability constants of different ions complexes are close to each other. It is worth noting that 
the protonation constant of Tris calculated from our experimental data (lg βHTris = 8.09±0.03) is 
close to the recommended literature value lg βHTris = 8.076 [4]. The lg βEu(III)-Tris value is also in 
good agreement with the results of [3] (lg βEu(III)-Tris = 2.3; 2.44). Isothermal titration calorimetry 
was used for determining the changes in enthalpy of lanthanides(III) complexation reaction with 
Tris. 
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Low molecular weight compounds binding to the transport proteins of blood is an important step 
of their delivery into living cells. For this reason, a study of newly synthesized compounds with 
potential biological activity often includes the investigation of its interaction with some model 
transport protein (bovine or human serum albumin (BSA or HSA), usually). 
3-Hydroxy-2-methyl-5-[(phosphonoxy)methyl]-4-pyridinecarboxaldehyde (pyridoxal 5’-
phosphate, PLP) is the cofactor, which derivatives exhibit a wide spectrum of enzymatic activity 
including among others the decarboxylation, deamination, transamination processes [1]. It is 
involved in the formation of several important neurotransmitters, and PLP deficiency leads to the 
peripheral neuropathy. Hydrazones derived from PLP could also have biological activity. For 
example, several pyridoxal-containing hydrazones were tested as anti-mycobacterial agents in 
recent paper [2]. A significant part of PLP- or PL-derived hydrazones possible influence on vital 
functions is associated with their capability of binding the metal ions into stable chelate complexes. 
For example, d-metal ions chelating pyridoxal isonicotinoyl hydrazone and its analogs had shown 
anti-proliferative action [3], they prevent copper-mediated ascorbate oxidation [4] and might be 
used for treatment Wilson disease and thalassemia [4]. Therefore, the study of bovine serum 
albumin interaction with particular hydrazones resulted from PLP and isonicotinic acid hydrazide 
(PLP-INH), picolinic acid hydrazide (PLP-PH), 2-furoic or thiophene-2-carboxylic acid hydrazide 
(PLP-F2H, PLP-T2H), pyrazinoic acid hydrazide (PLP-PZAH) might be of interest considering 
the beneficial action of this class of compounds. The determined stability constants are given 
(Table 1). 
 
Table 1. Binding constants of PLP-derived hydrazones to BSA (1:1) 

Hydrazone PLP-INH PLP-PH PLP-F2H PLP-T2H PLP-PZAH 
lg Kb 5.04±0.10 5.38±0.11 5.80±0.14 5.61±0.06 5.07±0.04 

 
All the experiments were repeated from 3 to 4 times; the errors given (Table 1) are the half-widths 
of confidence intervals for confident probability 0.95. 
The hydrazones containing five-membered heterocyclic moieties form more stable complexes 
with BSA. 
It should be noted, that we also have tested the chemical model, where formation of complexes of 
1:1 and 1:2 stoichiometric ratio (BSA:hydrazone) was allowed. However, refinement of those 
processes constants returned lg K1:1 of the same value as given (Table 1), while lg K1:2 appeared 
too small to give any significant yield of 1:2 complex (ca. –8). In our opinion, introducing the 
reaction with bigger stoichiometric coefficient before hydrazone into the model makes even less 
sense. For this reason, we rejected a model with two parallel reactions in favor of the formation of 
a single 1:1 complex. 
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Manganese (III) acetylacetonate Mn(acac)3 is an important reagent, the thermal decomposition of 
which creates active catalysts based on manganese oxides. In addition, this compound is used for 
the manufacture of cathode materials (LiMn2O4) of rechargeable batteries. Compounds of Mn (III) 
are susceptible to lowering the symmetry of the coordination polyhedron due to the Jan–Teller 
effect of the first order due to the d4 configuration of manganese. Mn(acac)3 was synthesized by 
crystallization from various solvents. A correlation was noted between the type of the Mn (acac)3 
polyhedron and the polarity and permittivity of the solvent. X-ray phase analysis was carried out 
on a Rigaku D/MAX 2500 diffractometer with a resolution of 0.02° at room temperature and CuKα 
(λ = 1.5418 Å) radiation. To measure the temperature (78.98–352.33 K) dependence of the heat 
capacity, the BKT-3 adiabatic vacuum calorimeter was used. The values of heat capacity, entropy, 
changes in enthalpy and Gibbs energy were calculated. The thermal stability of manganese (III) 
acetylacetonate obtained by recrystallization from various solvents was studied by methods of X-
ray phase analysis (XRD), IR-spectroscopy with Fourier transform, thermogravimetric analysis 
(TGA), differential scanning calorimetry (DSC). 
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Due to sufficient volatility and thermal stability, metal beta-diketonates are among the most 
frequently used precursors for the Metal-Organic Chemical Vapor Deposition (MOCVD) 
processes for manufacturing the film materials. Knowledge of vapor pressures and 
sublimation/vaporization thermodynamics of the precursors is indispensable for optimization of 
practical conditions of the deposition processes. Obviously, for different metals combined with 
different ligands the experimental conditions of volatilization are significantly different. This leads 
to the application of various tensimetric methods (static, effusion, transpiration, etc.) and research 
in various temperature ranges. As a consequence, the thermodynamic characteristics of 
sublimation/vaporization derived by using the Clausius–Clapeyron equation from the vapor 
pressure temperature dependences are referred to the averages of the experimental temperature 
ranges, which are obviously different from a series of experiments to another one.  
The extended vapor pressures measurements on the metal beta-diketonates and optimization of the 
MOCVD processes have been in focus of the experimental studies performed at Nikolaev Institute 
of Inorganic Chemistry (NIIC) SB RAS. The abundant amount of experimental data on 
thermodynamics of beta-diketonates collected at NIIC could allow for establishment of the 
reasonable structure-property relationships or group-additivity rules for this subclass of 
metalorganic compounds, provided that the thermodynamic data will be adjusted at least to one 
common temperature (e.g. to the reference temperature T = 298.15 K), where a comparison or 
validation of the experimental results could be performed. Unfortunately, to do so, any elaborated 
procedure is still absent.  
The family of iron containing metalorganic compounds has well established sets of experimental 
thermochemical data that is why it has been used in this work. To develop specific group-
contribution procedure for calculation of enthalpies of vaporization as well as formation, alkyl-
substituted ferrocenes has been taken. Due to significant changing physical-chemical properties of 
these complexes by variation of substitution in the cyclopentadienyl ligand, they can be considered 
as suitable model compounds to study structure-property relationships. At the very first step, we 
applied some reliable methods for assessment of the difference between the molar isobaric heat 
capacities of the gaseous and condensed phases, required for the temperature adjustments of 
sublimation/vaporization enthalpies [1]. They were tested and propagated to the alkylferrocenes 
[2]. Further, we carefully collected experimental vapor pressure and vaporization enthalpy data 
for the series of alkyl-substituted ferrocenes. We proved the internal consistency of 
thermodynamic data on vaporization and formation enthalpies of alkyl-substituted ferrocenes by 
using structure-property analysis and quantum-chemical calculations [2]. Group-contributions 
specific for metalorganic compounds have been derived and used successfully for validation of 
thermochemical data available for iron beta-diketonates.  
The discussed approach supposes to be applicable to another metal beta-diketonates. Preliminary 
data on scandium beta-diketonates will be shown. 
Acknowledgements The financial support of RFBR (research project № 18-08-01105_a). 
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Nanotechnologies based on short-chain oligopeptides allow to obtain new materials for various 
applications [1]. Such materials are biocompatible and environment-friendly and often considered 
as good alternatives to inorganic nanomaterials [2].  
Several methods are used for synthesis of such materials, such as self-assembly of oligopeptides 
in solutions, saturation of amorphous films of oligopeptides with different vapors or heating of 
films or powders of oligopeptides in different atmospheres. The last method associated with the 
heating can initiate not only self-assembly of oligopeptides with the formation of nanostructures, 
but also the chemical reaction with formation of cyclic compounds. This feature of oligopeptides 
is practically not taken into account, since their thermal properties remain poorly studied. It should 
be noted that the products of such reactions, the derivatives of 2,5-diketopiperazines, have 
biological activity, are capable to form supramolecular architectures and are also objects of 
intensive research. 
In the present work the self-assembly and thermal properties of few dipeptides were studied. The 
features of self-assembly of linear and cyclic dipeptides, as well as an effect of concentration of 
dipeptides in a source solution on these processes were studied by atomic force microscopy. The 
effect of temperature on the morphology of dipeptide film and result of chemical reaction was 
visualized using atomic force microscopy. The critical temperatures of dipeptide cyclization in the 
solid state and kinetic parameters of these reactions were determined using thermal analysis and 
fast scanning calorimetry.  
We believe that the results of present study will be useful both for the development of methods for 
synthesis of 2,5-diketopiperazines derivatives and for preparation of nanomaterials with a 
designed structural organization based on oligopeptides. 
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General review of the application of thermal analysis will be present for the study of following 
phenomena and properties of catalytic materials:  
- mechanism of formation of catalysts and their precursor, thermal stability (TG, DSC, STA); 
- chemical content of hybrid catalysts (TG + MS); 
- oxidation state of transitional elements in catalysts (TPR); 
- transformations of catalysts during processes with natural gas or hydrocarbons (TG+MS, TPO); 
- behavior of photocatalysts in water or humid atmosphere (TG + MS, TG of water sorption). 
On the examples of photocatalysts with layered type of structure known as promising materials 
for hydrogen production by water splitting using sunlight energy and their organic-inorganic 
hybrids it will be demonstrated the opportunities of thermal analysis as an effective way to 
investigate composite materials. Thermochemical investigation is powerful not only from point of 
view of thermal stability but to determine the composition of samples and in case of intercalates 
to reveal the nature of bonding of inserted molecules with crystal structure as well. 
Simultaneous thermal analysis (TG+DSC) coupled with mass-spectrometry (QMS) for gas 
evolution, FTIR-spectroscopy, powder XRD were used for the characterization of synthesized 
hybrids and investigation of their thermodegradation. Advantages of TG coupled with MS for the 
quantitative analysis of the composition of new hybrid organic-inorganic perovskite type 
photocatalysts will be considered in comparison with ICP and CHN-analysis.  
The basic for the discussion will be the content of water and organic molecules intercalated in the 
interlayer space of layered structure, the relative thermal stability of organic-inorganic compounds 
depending on the type of structure, the nature of rare-earth atoms, the type and size of the organic 
intercalates and results of the investigation of photocatalytic hydrogen evolution from different 
solutions and significant increasing in photocatalytic efficiency of hybrids will be presented. 
New and recently published experimental results in the field of applied catalysis and photocatalysis 
also will be presented. 
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Composite ceramics based on oxide materials are currently used for the recording of high-intensity 
fluxes of ionizing radiation and the formation of luminophores of high efficiency for optical 
devices. Another promising application of the oxides under study is thermoluminescent 
thermometry based on the effect of thermal emptying of traps in a pre-irradiated sample. 
Thermoluminescence (TL) intensity is proportional to the charge carriers concentration and 
depends on the heating temperature and time parameters. The application of differential thermal 
analysis (DTA) and TL methods allows to study the correlation between the structure of the 
material and its optical properties. In this regard, the aim of this work is analyzing the structure 
and optical properties of the oxide ceramics with dopants by DTA and TL methods.  
Alumina ceramics doped with lithium and yttrium are chosen as objects of the study. The ceramics 
were obtained at the annealing in a vacuum furnace within the temperature range of 1000–1200 
°С. While doped the impurity content varied for lithium from 1–4.7 wt.% and for yttrium – 1–15.9 
wt.%. DTA was carried out by DSC-500 device during linear heating from 60 to 450 °С at a speed 
of 16 °С/min and sensitivity of 10 µW. The calorimeter has one channel for recording the current 
temperature and two channels – direct and corrected – for registering the differential temperature 
proportional to the heat generation efficiency in the sample studied. In the analysis, correction of 
the dynamic properties of the calorimeter is applied using the mathematical model of the primary 
measuring transducer. TL measurements were made by a ‘GREY’ dosimetry TL system equipped 
with a Hamamatsu H10722 photomultiplier in a spectral range 230–700 nm. TL curves were 
obtained at a linear heating at a rate of 2 K/s in the range of 300–720 K under the radiation of a 
pulsed electron beam gun. 
According to the DSC-curves data, when doped with lithium cations endothermic peaks are 
formed. Thus, for Al2O3: Li ceramics (1 wt.%), a peak appears at a temperature of 520 K, and for 
Al2O3: Li ceramics (4.7 wt.%) two endothermic peaks are recorded with the initial temperatures 
of 380 and 450 K. Endothermic effects demonstrate the heat absorption by the ceramics for internal 
processes. An increase in the concentration of lithium cations from 1 to 4.7 wt. % leads to a 
decrease in the exothermic peak magnitude, which indicates the incorporation of a lithium cation 
into defects in the initial alumina. When doping with yttrium, an exothermic peak of water 
dehydration from the structure is not observed. It should be noted that at a maximum yttrium 
content at a temperature of about 570 K, a wide and low-angle endothermic peak is recorded. 
After irradiation with a pulse electron beam two distinct peaks at 460 and 630 K whose intensity 
increases along with the increase in annealing temperature are found on TL curves of Al2O3 
ceramic samples. The oxide ceramic being doped with lithium impurity, the intensity of these 
peaks increases and two new peaks appear at 390 and 420 K. Their intensity increases significantly 
together with lithium concentration growth from 1–4.7 wt.%. Alumina ceramic doping with 
yttrium results in quenching of the luminescence peak associated with Cr (630 K) and is followed 
by the appearance of two new peaks at 360 and 550 K. The intensity of all the peaks of a complex 
Al2O3:Li,Y ceramic increases by an order of magnitude with the increase of annealing temperature 
from 1000 to 1200 °С. 
Acknowledgements The reported study was funded by RFBR according to the research project No 
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