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PREFACE 

 

XXIII International Conference on Chemical Thermodynamics in Russia, RCCT-2022 

August 22-26, 2022, Kazan, Russia: Abstracts. ï Kazan, 2022. - 361 ʨ.  

 

This book contains the scientific program and the abstracts of presentations at the XXIII 

International Conference on Chemical Thermodynamics in Russia (RCCT-2022). The 

conferences on Chemical Thermodynamics are among the largest held in Russia since 1961. 

RCCT is an important scientific event not only for Russian but also for the international research 

community, being among the largest conferences on Chemical Thermodynamics. The conference 

traditionally covers all aspects of chemical thermodynamics from fundamentals to applications, 

including multidisciplinary approaches and related fields of science.   

Until 1977 a conference of this series was called ñAll-Union Conference on Calorimetry" and 

later, until 1992, "All-Union Conference on Calorimetry and Chemical Thermodynamics". 

Today the RCCT International Conferences are organized every two years by large Russian 

scientific centers that have included Moscow (2005, 2013), Saint Petersburg (2002, 2019), 

Ivanovo (2007), Kazan (2009), Samara (2011), Nizhny Novgorod (2015) and Novosibirsk 

(2017).  

This year the conference brings together more than 250 scientists from 32 cities and 15 

countries; many of them are young researches, including undergraduate and graduate students. 

Two junior poster awards have been established by the organizers for the best poster 

presentations: the RCCT-2022 junior poster award ñExcellence in Chemical Thermodynamicsò 

and ñLev G. Berg awardò, a special award is dedicated to the founder of theory of Differential 

Thermal Analysis, the first president of the International Confederation for Thermal Analysis 

(ICTA), professor Lev G. Berg. 

The scientific program of RCCT2019 includes plenary and keynote lectures, 4 parallel sessions 

of oral presentations and 3 poster sessions. These contributions reflect the latest trends in 

Chemical Thermodynamics, including the development and application of theory, new 

experimental techniques and computer simulation for various systems. It is our pleasure to thank 

all the participants of RCCT-2022 and to welcome you in Kazan.  

On behalf of the organizers, 

Boris N. Solomonov, RCCT-2022 Vice-chair 
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The rare earth oxides (REO) and hafnia are considered as the base of the promising materials for 

various high temperature technologies, including aircraft engineering and nuclear industry [1]. 

For instance, multicomponent systems containing REO, ZrO2, and HfO2 can be used for 

development of modern thermal barrier coatings for gas turbine engine blades, which is of 

special interest in the aerospace sector since the ceramics based on stabilized ZrO2, which is 

traditionally used for this purpose, is reaching the limits of its thermal stability [2]. However, 

application of these materials at high temperatures may be limited because of the selective 

vaporization of the components and phase transformations in the condensed phase. This 

emphasizes the importance of examining vaporization processes and thermodynamic properties 

of the ceramics based on the REO and HfO2, which was carried out for the first time in the 

present study by the Knudsen effusion mass spectrometric (KEMS) method using as the example 

the ceramics based on the La2O3-Sm2O3-Y2O3-HfO2 and La2O3-Sm2O3-ZrO2-HfO2 systems, 

including the La2O3-Sm2O3 system. 

It was shown that, at the temperatures below 2500 K, the composition of the gaseous phase over 

the samples in the La2O3-Sm2O3-Y2O3-HfO2 and La2O3-Sm2O3-ZrO2-HfO2 systems 

corresponded to the vapor species over the pure lanthanoid oxides, namely, LaO, SmO, Sm, and 

O. The partial pressures of the vapor species, the vaporization rates of the samples, and the 

lanthanoid oxide activities were determined by KEMS at the temperature 2330 K in the 

quaternary systems under consideration as well as in the La2O3-Sm2O3 system at the temperature 

2323 K. The obtained values of the component activities indicated negative deviations from the 

ideality in the systems under study. 

In the La2O3-Sm2O3 system, the concentration dependence of the La2O3 activities was 

approximated by the Redlich-Kister [3] and Wilson [4] polynomials to obtain the excess Gibbs 

energy values and the Sm2O3 activities in the concentration range 0-57 mol. % La2O3. 

Application of the Wilson method [4] also allowed evaluation of the excess entropies and 

enthalpies of formation from the oxides in the binary system under consideration at the 

temperature 2323 K. 

The lanthanoid oxide activities determined for the first time by KEMS in the samples of the 

La2O3-Sm2O3-Y2O3-HfO2 and La2O3-Sm2O3-ZrO2-HfO2 systems were compared with the results 

of calculation of the corresponding values based on the data in the binary systems using the 

semi-empirical Kohler [5], Redlich-Kister [3], and Wilson [4] methods, as well as the 

generalized lattice theory of associated solutions [6]. It was found that the best agreement of the 

calculated data with the experimental values of lanthanoid oxide activities was observed when 

the thermodynamic properties in the quaternary systems under study were obtained using the 

semi-empirical Wilson method. 
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Supercritical fluid technologies (SCF) are increasingly used for the synthesis and directed 

modification of materials and composites. Such functionalized materials are required for a wide 

range of applications in medicine (e.g., implants and tissue engineering matrices), pharmacy 

(e.g., increased bioavailability of dosage forms, sustained-release and controlled release), optics 

(e.g., in the development of composites with polymers quantum dots needs for  optoelectronics 

or composites of polymers with carbon nanotubes for the needs of the photonics), catalysis 

(composites of nanoparticles of metal catalysts with highly porous polymers) and many other 

areas of science and practice.  

In these processes, the crucial role played by such unique properties of supercritical fluids (SCF) 

as customizable density of the medium; high rates of heat and mass transfer and, at the same 

time, high solvent power; ultra-low surface tension. One of the most promising SCF technologies 

for pharmacy is formation of crystalline particles of drugs. The main advantages of their use 

include the following:  

Å Obtaining micronized forms of the target substance with the ability to control the particle size 

of the obtained crystals in a wide range.  

Å High degree of purity of the target product obtained using either rapid expansion of 

supercritical solution (RESS) or using the method based on the effect of anti-solvent (SAS). In 

this case, there are practically no residual traces of solvent in the final product.  

Å The ability to control the polymorphism of the obtained target product by changing the 

thermodynamic parameters of the supercritical fluid system from which crystallization is 

performed and, as a result, the possibility of obtaining a sample with the required polymorphic 

purity.  

 The screening of polymorphism is usually fully empirical procedure. The new 

methodology for conformational type of polymorphism introduces in this report. Such 

methodology consist on screening of conformers distributions as function of states parameters 

and allow to predict polymorphs formation. In order to perform polymorph predicted procedure, 

the combination of experimental (IR and NMR spectroscopies) and computational (Quantum 

chemistry calculations, molecular dynamics simulations, density functional theory) approaches 

have been applied.  
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Recently, a number of works have appeared devoted to the consideration of confinement effects 

in the thermodynamics of small systems [1-4]. Speaking about the effects of confinement in the 

thermodynamic and kinetic theory of aggregation, we will keep in mind the peculiarities of the 

description of aggregation in metastable systems with finite sizes in comparison to aggregation 

in bulk phases. Nucleation of droplets in pores, nucleation of bubbles in microdroplets, 

deliquescence and efflorescence at condensation on soluble particles, as well as the existence of 

stable aggregates with different sizes in molecular dynamics simulations of nucleation and 

micelle formation in simulation cells provide examples of systems where the confinement effects 

lead to new thermodynamic and kinetic regularities. Let us note that studies of confinement 

effects have a rich history. The fact that new phase nuclei in a confined system may be in 

unstable and stable equilibrium, and a stable nucleus is larger than an unstable one, was first 

noted by Konobeevskii [5]. A general thermodynamic study of the stability of a new phase 

nucleus at nucleation in confined systems under different conditions was carried out by Rusanov 

[7]. Schmelzer et al. [8] performed a systematic study of the related problems for bubble, droplet, 

and crystal formation, including a kinetic description of the Ostwald ripening in closed systems, 

and found that only one nucleus at nucleation in a closed metastable system of finite size can 

reach a stable state. Koģ²ġek and Demo [9] numerically studied the effect of depletion of the 

metastable phase on nonstationary nucleation in a closed system and found that, at high 

supersaturations, the kinetics is affected by the choice of the initial size distribution of subcritical 

clusters. In this communication, the role of the confinement effects in micellization will be 

considered in detail and compared with the case of nucleation of droplets and bubbles. We will 

obtain an explicit expression for additional contribution to the work of aggregation at 

homogeneous nucleation and at the formation of direct and reverse micelles in a system with a 

finite number of monomers under isothermal and nonisothermal conditions and study the 

consequences of its presence. The problem has an analytical solution [2], which makes it 

possible to show that in the case of confined nucleation there is a range of supersaturations of the 

system in which formation of nuclei is impossible, and with an increase in supersaturation, along 

with a maximum, the aggregation work has an additional minimum. In the case of confined 

micellization, the maximum and minimum of the aggregation work existing near and above the 

critical micelle concentration (cmc), noticeably shift, as does the cmc value itself. A new 

analytical expression will be presented for the nonequilibrium size distribution of micelles 

between the maximum and minimum of the aggregation work as the final equilibrium of the 

confined micellar system is approached [10].  
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Hybrid materials are solids containing both organic and inorganic constituents bound together in 

crystalline or amorphous structures, often showing distinct ordering and/or phase separation on 

the nanoscale. Relatively strongly bound examples include simple salts of organic cations, 

hybrid perovskites where organic cations substitute for large inorganic ones, polymer derived 

ceramics and their precursors, and metal organic frameworks (MOFs), in which inorganic nodes 

are connected by organic linkers. More weakly bound examples include intergrowths of organic 

and inorganic films or fibers, where the interactions occur mainly at interfaces. Advanced 

solution calorimetry measures their formation energetics. The organic ion, linker, or layer plays a 

dominant role in energetics because of its ability to change its geometric configuration, affecting 

both vibrational and electronic structures, and giving rise to interplay between enthalpy and 

entropy effects.  
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Group additivity is very useful technique for estimating heat capacities of organic substances. 

This contribution examines two concerns regarding the use of the technique developed in this 

laboratory. The first of these concerns examines whether large polycyclic hydrocarbons exhibit 

the same heat capacity behavior that large polycyclic aromatic hydrocarbons do relative to their 

parent compounds. The second addresses the observation that group values for liquids have had a 

tendency to overestimate the heat capacities of large organic liquids; similar use of group values 

for solids do not appear to do so. A protocol is described for the estimation of both liquid and 

solid heat capacities at T = 298.15 K of large molecules by combining group additivity with 

retrosynthetic and synthetic analysis. This protocol can adjust for the overestimation observed 

with large liquid compounds and can also take advantage of currently available experimental 

data of related substances.  
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In the present study the molar heat capacity of solid formamidinium lead iodide (CH5N2PbI3) 

has been measured over the temperature range from 5 to 357 K using a precise automated 

adiabatic calorimeter. In the above temperature interval, three distinct phase transitions have 

been found in the range from 49 to 56 K, from 110 to 178 K, and from 264 to 277 K. The 

standard thermodynamic functions of the studied perovskite, namely, the values of the heat 

capacity CÁp(T), the enthalpy [HÁ(T)  HÁ(0)], the entropy SÁ(T) and the [GÁ(T)īHÁ(0)], have 

been calculated for the temperature range from 0 to 345 K based on the experimental data. The 

results have been discussed and compared with those available in the literature measured by 

nonclassical or less precise methods [1,2]. 
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Figure 1. Molar heat capacities of formamidinium lead iodide (FAPI) in the range from 5 to 357 K. 
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The thermodynamic feasibility of a chemical process is determined by the sign of the Gibbs 

reaction energy. The Gibbs-Helmholtz equation applied to thermochemistry is clearly 

represented by the enthalpic and entropic contributions to the Gibbs energy. The thermochemical 

methods useful to derive these contributions from experiment and theory are collected and 

analyzed. The concept of the in-silicoò based Gibbs-Helmholtz equation was proposed. The 

application of the ñin-silicoò procedure to modern areas of chemistry such as hydrogen storage 

and ionic liquids was demonstrated. 

Various areas of application will be presented in which the Gibbs-Helmholtz equation can help 

to optimize chemical-engineering problems. This includes the synthesis of the platform 

chemicals, the utilization of the renewable sources (glycerol, lignin, etc.), and hydrogen storage. 

A useful combination of quantum chemistry with experimental methods has been developed and 

applied to the determination of liquid-phase equilibrium constants, which are essential for 

chemical technology. 

In the context of hydrogen storage, Gibbs energies have proven important to calculate the 

equilibrium temperatures specific to the reversibility of hydrogenation of liquid organic 

hydrogen carriers. Thereby, nitrogen-containing heterocycles, furfuryl alcohol and diphenyl 

ether derivatives were screened using the equilibrium temperature for the selection of the most 

promising LOHC systems. 

The combination of combustion experiments with diamonds and graphite with high-precision 

calorimetry and quantum-chemistry has disproved the superior stability of diamonds at 

extremely low temperatures, which theorists suspected. Thereby, the textbook paradigm was re-

enforced that graphite is the most stable modification of carbon at atmospheric pressure at all 

temperatures below 400 K, even very close to absolute zero. 
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The increase in the efficiency of modern aircraft engines and turbine-type power plants is 

inhibited due to the impossibility of increasing the temperature in the hot zones due to the 

achievement of limits of temperature and phase stability of materials used in the design of parts 

of these devices - superalloys and ceramic coatings. At one time, the application of a thermal 

barrier coating (TBCs) designed of zirconium dioxide stabilized with yttrium oxide (7-8YSZ) 

made it possible to achieve significant progress. However, the upper temperature limit of the 

YSZ coatings is 1150-1200ÁC. Additionally, zirconium dioxide is characterized by high oxygen-

ion conductivity, which leads to oxidation of internal metal parts. Moreover, engines have 

reached temperatures at which ingested debris (CMAS) forms silicate melts that chemically and 

mechanically attack TBCs, leading to premature failure. Protective coating on turbine blades 

made of superalloy, experiencing maximum exposure to temperature and ingested debris, have a 

few-layer coating of TGO, bond coat and mixed oxide.  

All above mentioned tendencies lead to the design of new materials for TBC. The candidates for 

these coatings are mixed oxides ï RE zirconates (RE2Zr2O7), hafnates (RE2Hf2O7) and tantalates 

(RETaO4 and RE3TaO7). All these substances have the high melting temperature and oxygen 

mobility lower than in YSZ.  

Mixed oxides were synthesized by reverse co-precipitation with the following step-wise 

annealing at final temperature 1400ÁC. Specimens were identified by X-ray diffraction, SEM and 

ICP-MS analysis.  

Thermal behavior of compounds was studied by DTA/TG in the range 300-1800 K to determine 

the possible anomalies related with the phase transitions.     

The measurement of the heat capacity of these compounds by relaxation (PPMS-9 Quantum 

Design), adiabatic (BKT-3) and differential scanning calorimetry (Netzsch STA 449 F1 Jupiter) 

in the temperature range of 2-1300 K allowed us to determine reliable thermodynamic values 

and, using our and literature data on the enthalpy of formation, to evaluate thermodynamic 

stability in the studied temperature range by Gibbs energy values. Schottky heat capacity 

anomalies associated with the splitting of f-electron levels under the effect of a crystal field are 

determined and their contributions to entropy are calculated. Differences in Cp values and the 

course of curves are due to lanthanide compression and the presence of Schottky anomaly. 

The study by differential scanning calorimetry showed the absence of weight loss and phase 

transformations in the region up to 1800 K. Extrapolation of the Cp(T) dependence to the high 

temperature region using the Mayer-Kelly equation allowed us to estimate the stability of 

complex oxides in an interval inaccessible to experimental study. 

The study of high-temperature oxides by powder X-ray diffraction in the range of 298-1273 K 

made it possible to determine the change in the parameters and volumes of the unit cell of the 

crystal lattice, as well as to estimate the coefficients of thermal expansion. Changes in the 

volumes V(T) of the unit cell of mixed oxides studied are close to linear. 
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Volatile metal-organic compounds are involved as precursors for producing functional film 

materials by gas-phase deposition. To optimize the technological deposition conditions, 

knowledge about the vapor pressure and thermodynamics of sublimation or vaporization of the 

precursor used is indispensable. Obviously, the experimental conditions for the volatilization of 

complexes with various metals and ligands vary significantly. Moreover, as a rule, 

thermodynamic data for the same precursor, obtained by different methods and in different labs, 

also differ considerably in vapor pressures, melting temperatures, as well as the interrelated 

enthalpies of sublimation, vaporization, and fusion. As a result, we are faced with a data pool 

(see fig.1) which cannot be compared, rationalized, or favored, and deposition experiments are 

inevitably carried out under empirically determined conditions.  

In focus of this contribution, there is a general algorithm for diagnosing data on the 

thermodynamics of solid-gas, liquid-gas, and solid-liquid phase transitions for metal ɓ-

diketonates which are the most-known precursors. It is based on "structure-property" correlations 

and the group additivity principles [1,2]. The approach has been developed and tested for a 

number of metal tris-ɓ-diketonates [3].  
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Figure 1. An example of the scatter of sublimation enthalpy values approximated with the Clausius-

Clapeyron equation from the closest data on aluminum acetylacetonate vapor pressures. 
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The present contribution reports the author's research in the field of the thermodynamics of 

dissolution and solvation of organic nonelectrolytes. 

The study of the thermodynamics of dissolution of alkanes in various solvents enabled to create a 

method for evaluating the contribution of the solvation into the thermodynamic parameters of 

solvent-solvent and solvent-solute interactions. The devised solvent-solvent interaction 

parameter was used as a solvent property when describing the influence of the medium on 

various physicochemical processes. This made possible to create an alternative to the 

electrostatic model of the medium effect on the conformational equilibria, the frequency shifts of 

valence oscillations in the IR spectrum, and many other phenomena. 

The study of the thermodynamics of dissolution of alkanes in the associated solvents made 

possible to create a method for evaluating the contribution of the solvophobic effect into the 

enthalpy and Gibbs energy of solvation. The nature of the solvophobic effect in the framework 

of such a model is discussed. 

The study of the thermodynamics of dissolution and solvation of geometric isomers in various 

media allowed establishing that neither the dipole moments of the solute molecule, nor the dipole 

moments of the individual bonds in the molecule, nor the higher-order multipoles or the 

dielectric permittivity of the solvent, affect the thermodynamic functions of dissolution and 

solvation. This enables the formulation of the additivity principle for the thermodynamics of the 

solvation of nonelectrolytes. 

For solvent-solute systems with hydrogen bonding the general schemes for determining the 

thermodynamic parameters of hydrogen bonding based on the dissolution thermodynamics data 

have been developed. 

The schemes for calculation of the solvation enthalpy have been developed based on the detailed 

ñstructure-propertyò analysis of the nonelectrolyte solvation enthalpy data. The combination of 

the experimental enthalpies of dissolution and the calculated enthalpies of solvation makes 

possible to create a method for calculating the enthalpies of evaporation and sublimation at 

298K. 

A comparative analysis of the enthalpy of dissolution at 298K and the fusion enthalpy at the 

melting temperature allowed us to create a way to adjust the enthalpy of melting to 298K. 
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Fast Scanning Calorimetry (FSC) is new calorimetric technique which allows for controlled 

heating and cooling with scanning rate of up to 10
6
 K/s [1]. The extremely fast heating and 

cooling rates provide new opportunities in several areas of chemical thermodynamics. 

First, the application of fast heating enables study of the fusion process of thermally labile 

compounds that decompose upon heating using the conventional differential scanning 

calorimetry [2]. By extension this provides an opportunity to study fusion of the metastable 

polymorphs [3]. 

Second, rapid cooling allows supercooling for even relatively fast crystallizing compounds, and 

then the heat capacity of the supercooled melt can be measured. These data can be used to 

evaluate the temperature dependence of the phase transitions involving liquid state [4]. 

Third, a small sample size and relatively large surface area allows studying of the evaporation 

and sublimation of the low volatile compounds using a variation of the thermogravimetric 

technique [5]. 

Finally, fast scanning calorimetry allows to realize temperature programs to study kinetics of the 

processes like polymer nucleation and crystallization or protein folding [6,7]. Careful 

interpretation of the results of such studies in terms of thermodynamic models provides deeper 

understanding of the driving forces for these processes. 

Further development of the applications of FSC, which still is a relatively young experimental 

technique, may open even more exciting opportunities in the field of chemical thermodynamics. 
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The International Energy Agency (IEA) predicted a 30% increase in global natural gas demand 

by 2040 under current policies [1]. Thus, an urgent question arises about efficient storage and 

transportation of natural gas, including associated petroleum gas. Today, the storage and 

transportation of natural gas in the form of gas hydrates is a promising alternative to the existing 

technologies due to some of the inherent advantages [2]. To implement this technology, it is 

necessary to control the kinetics of hydrates formation and decomposition by adding proper 

GHPs [3]. Surfactants have been reported as the most efficient gas hydrate promoters for gas 

storage and transportation; however, high toxicity and huge foaming are two severe challenges 

for gas storage strategy based on promoting the gas hydrates formation using surfactants.  

The present study used castor oil as an eco-friendly resource to develop novel biosurfactants for 

methane storage. The transmission and scanning electron microscopies, dynamic light scattering, 

and interfacial tension measurements revealed the surfactant properties of sulfonated castor oil 

(SCO). In addition, a high-pressure autoclave and a micro differential scanning calorimeter tests 

unveiled SCO as an effective kinetic hydrate promoter. The results showed that SCO 

significantly enhanced the rate of methane hydrate formation. A maximum of 76Ñ2% water-to-

hydrate conversion was observed in 0.1 wt % SCO solution under stirring conditions. Pure water, 

0.1 wt % SCO, and 0.1 wt % sodium dodecyl sulfate (SDS) solutions allowed 50% conversion to 

be achieved for 329Ñ50, 39Ñ20, and 27Ñ4 min, respectively. This made the castor oil-based 

reagent as effective as the well-known kinetic hydrate promoter (SDS). Furthermore, the SCO 

solution's foam ratio and stability were 8.25 and 2.75 times lower than SDS. Besides, SCO 

showed a more favorable safety profile for humans and the environment as its cytotoxicity was 

1.5 times lower than SDS.  

It was also decided to compare the synergistic effect of two surfactants - SCO and SDS - in a 

porous medium under static conditions. In the case of methane hydrate, when promoters are 

added to the system at a concentration of 0.5 wt%, the conversion of water to hydrate increases 

with increasing water saturation, in contrast to the system with pure water. Apparently, this is 

due to the fact that promoters enhance the growth of hydrate in the gas phase and on the cell 

walls due to capillary inflow of water. This effect is not observed for gas mixture hydrates, 

which reveals the difference in the promotion of hydrates of different types (sI, sII). Kinetic 

calculations using the Avrami equation showed that both reagents increase the rate of hydrate 

formation, but for SCO this can be achieved at lower values of supercooling. It can be concluded 

that sulfonated castor oil is a promising reagent for solving the problem of slow hydrate 

formation during gas storage and transportation. 
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Ionic fluids (plasma, electrolyte solutions, molten salts, and room temperature ionic liquids) have 

recently attracted a lot of researchers' and chemical engineers' attention. This was mostly caused 

by the use of ionic fluids in various applications, including lipid and ion-exchange membranes, 

biomacromolecules, colloids, batteries, fuel cells, supercapacitors, etc. In all these examples, 

ionic fluids, which either interact with the charged surface of the membrane, macromolecule, 

colloid, or electrode surface or are confined in charged nanopores, are strongly inhomogeneous. 

Due to the inhomogeneity of the ionic fluid, the local electrical neutrality is violated, so that its 

description requires numerical solution of one or another self-consistent field equation for the 

electrostatic potential with appropriate boundary conditions: the classical Poisson-Boltzmann 

(PB) equation or its generalizations. The latter are known in the literature as modified PB 

equations. 

In this talk, I will present a field-theoretical approach based on the thermodynamic perturbation 

theory and within it derive a grand thermodynamic potential of the inhomogeneous ionic fluid as 

a functional of electrostatic potential for an arbitrary reference fluid system. I will obtain a 

modified PB equation as the Euler-Lagrange equation for the obtained functional. Applying 

Noether's theorem to this functional, I will derive a general mean-field expression for the stress 

tensor consistent with the respective modified PB equation. I will derive a general expression for 

the macroscopic force acting on the dielectric or conductive body immersed in an ionic fluid. In 

particular, I will derive a general mean-field expression for the disjoining pressure of an ionic 

fluid in a slit pore. I will apply the developed formalism to describe three ionic fluid models of 

practical importance: nonpolarizable models (including the well-known PB and Poisson-Fermi 

equations), polarizable models (ions carry nonzero permanent dipole or static polarizability), and 

models of ion-dipole mixtures (including the well-known Poisson-Boltzmann-Langevin 

equation). For these models, I will obtain modified PB equations and respective stress tensors, 

which could be valuable for different applications, where it is necessary to estimate the 

macroscopic forces acting on the dielectric or conductive bodies (electrodes, colloids, 

membranes, etc.) together with the local electrostatic potential (field) and ionic concentrations. 
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The third law of thermodynamics states that when the temperature tends to absolute zero, the 

entropy of the system also tends to zero, i.e. the system goes into a completely ordered state [1]. 

The decomposition of solid solutions into components or stoichiometric compounds in a quasi-

equilibrium process is inevitable.  

The formation of ordered phases leads to a sharp restriction of the concentration region of 

homogeneity of the disordered phase (Hume-Roseri rule). In this case, the area of homogeneity 

becomes strongly temperature-dependent. 

The time to reach equilibrium increases exponentially with a decrease in temperature. For each 

system, there are temperatures below which it is impossible to achieve equilibrium. 

The use of the third principle of thermodynamics allows extrapolation of experimental data and 

completion of phase diagrams to the absolute zero of the equilibrium temperature [2,3] (Fig.1a).  

Acceleration of equilibrium can be achieved by various methods, including using fluxes [4], 

(Fig.1b). 
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Figure 1. Phase diagrams of the systems: a ï albit-anortite, b - SrF2+-LaF3 [4]. 
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The boundaries of significant instability of superheated and supercooled liquid, superheated 

crystal and supersaturated vapor were investigated in Lennard-Jones particle systems using 

molecular dynamic simulation. Shortwave static and dynamic instability of supercooled liquid, 

stability criteria of isotropic and anisotropic solid were considered. The absence of a longwave 

instability boundary (spinodal) in the supercooled fluid was demonstrated. 

In the phase diagram of a one-component system, there are two characteristic points: triple, 

where three phases coexist with each other, and critical, where the liquidïgas phase equilibrium 

ends and the coexisting phases become identical. The triple point is not special unlike the critical 

point. 

Metastable extensions of all lines of phase equilibria beyond the triple point were determined. 

Two coexisting phases are metastable with respect to the third phase on these extensions. It is 

shown that the liquidïcrystal and crystalïgas phase equilibria line also has finite critical points. 

These points are located in metastable regions and, due to the different symmetry of the 

coexisting phases, there is no phase identity here. The endpoint of the melting line is the point 

where its metastable extension meets the spinodal of the stretched (superheated) liquid. The 

metastable extension of the sublimation line ends on the spinodal of the superheated crystal (Fig. 

1). 

The properties of the critical endpoints of the melting and sublimation lines were investigated. It 

is discussed how the existence of endpoints of liquidïcrystal and crystalïgas affects nucleation 

processes. 
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Figure 1. Melting line LM, sublimation line DM and their metastable extension (dash lines MKm 

ʠ MKsub, respectively); spinodal of liquid ʉF, and crystal BE; triple point M and critical point C; 

critical endpoint of melting line Km and sublimation Ksub (in units of parameters of Lennard-

Jones potential). 
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Theoretical study of compounds requires preliminary calibration of models and methods. At this 

modeling stage, the reliability of models and their statistical errors are determined. In quantum 

chemistry, the final error consists of the errors of the all model elements, namely: the physical 

description, the calculation method, the basis sets, the grids used and mathematical algorithms. 

All this makes it difficult to choose the optimal combination of "method/basis" for calculating 

the substance properties [1, 2]. 

Calibration of the most popular functionals was done using the ADF program [3] at evaluating 

the enthalpy of formation and vibrational frequencies, as well as the contribution of internal 

rotation. Methods B1LYP, B1PW91, B3LYP, BHandH, BHandHLYP, BLYP, BP, CAMY-

B3LYP, HTBS, KMLYP, LCY-BLYP, LCY-BP86, LCY-PBE, LDA, M06, M06-2X, M06-HF, 

M06L, mPBE, mPW, MPW1K, MPW1PW, O3LYP, OLYP, OPBE, OPBE0, PBE, PBE0, 

PBEsol, PW91, revPBE, revTPSS, RPBE, TPSS, TPSSH, X3LYP and HF were used to calculate 

Etotal and enthalpy of formation with the Sleter Cartesian basis set QZ4P (at the variation limit). 

The application of the QZ4P basis set and the program settings [1, 2] are chosen so that these 

errors can be attributed to the internal structure of the functionals. A large number of Slater 

functions in the QZ4P basis set does not imply its use in conventional calculations of polyatomic 

molecules, therefore, the dependence of Etotal on the type (size) of the basis set with QZ4P, aug-

TZ2P and TZ2P has been studied. It is shown that the optimal combinations for DFT/TZ2P are 

DFT = M06, M06L, CAMY-B3LYP, TPSS. 

Determining of the physicochemical properties with "chemical" accuracy requires taking into 

account the anharmonicity of vibrations and conformational transformations in non-rigid 

compounds. At the moment, the greatest difficulty in solving the problem of internal rotation is 

the search for the cross section of the potential energy surface (PES), the substitution of which in 

the Schrodinger torsion equation would allow obtaining calculated spectra close to experimental 

ones. To assess the accuracy of the PES the functionals were selected: BLYP, BP86, GAM, 

HTBS, KT1, KT2, mPBE, mPW, N12, OLYP, OPBE, PBE, PBEsol, PW91, revPBE, RPBE, 

HF, B1LYP, B1PW91, B3LYP, BHandH, BHandHLYP, KMLYP, MPW1K, MPW1PW, 

O3LYP, PBE0, X3LYP, LDA, M06L, MN15L, MVS, revTPSS, SCAN, TPSS, M06-2X, M06-

HF, M06, MN15, TPSSH, CAM-B3LYP, CAMY-B3LYP, HSE03, HSE06, LCY-BLYP, LCY-

BP86, LCY-PBE, M11, MN12-SX, N12-SX, WB97, WB97X, WB97X, LCY-PBE, MPW1K, 

M11, B1PW91, N12-SX, BLYP, HSE06, PBE0, SCAN, M06-2X, TPSSH, MPW1PW, HSE03. 

Near the variation limit with QZ4P basis set the best results were shown by BHandH, WB97, 

LCY-BP86, WB97X, LCY-PBE, MPW1K, M11, B1PW91, N12-SX, BLYP, HSE06, PBE0, 

SCAN, M06-2X, TPSSH, MPW1PW, HSE03. 
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Liquid equilibrium drops in the saturated vapor were discovered by methods of statistical 

thermodynamics [1]. The concept of the çequilibriumè means that there is a strict equilibrium 

between the drop and surrounding vapor including three partial equilibria: mechanical, thermal 

and chemical. The latter conditions for the phase equilibrium have been derived by Gibbs for 

macroscopical phases [2]. That is, in these equilibrium drops at isothermal conditions (T=const) 

there are realized equalities for internal pressure of vapor and liquid Pa = Pb, and also equality of 

chemical potentials ma = mb, here a and b are symbols of the coexisting phases. The equilibrium 

drops could not be realized in classical thermodynamics [2]. In another words, a discovery of the 

equilibrium drops indicates a basic error in classical thermodynamics for the surface phenomena 

and small systems as well as in all the statistical theories of the curved interface derived on the 

basis of the classical thermodynamics.  

It has been found out later that the above error is linked with improper usage of experimental 

data on characteristic relaxation times of momentum transfer ŰP, mass transfer Űɛ, and heat 

energy transfer Űɇ.  In  the general case, the following relationships are hold: ŰP << Űɇ  << Űɛ, 

however nowadays, the classical and statistical thermodynamics of curved interfaces uses 

assumption ŰP >> Űɇ . 

The relationship between the second law of thermodynamics in R. Clausiusô treatment [3] and J. 

W. Gibbsô thermodynamics [2] is discussed. The second law of thermodynamics in R. Clausius 

treatment is formulated more generally than Gibbsô thermodynamics, which considers only 

strictly equilibrium values of thermodynamic functions. Gibbsô approach generalizes the 

statistical mechanical theory of equilibrium for thermodynamic variables, except for the 

difference between the periods of relaxation of all thermodynamic parameters. For small 

systems, this approach consists of replacing the real physical nature of systems with the 

stratification of coexisting phases using a model with an interface of mobile phases in contact 

with a foreign (nonequilibrium) body. For solids, this results in confusion of concepts of the 

complete phase equilibrium of a system and the mechanical equilibrium of a deformed solid. 

These two problems are revealed using the molecular kinetic theory of condensed phases, 

ensuring a self-consistent description of three aggregate states and their interfaces [1,4].  

The correct accounting for ŰP << Űɇ has clarified various results for classical thermodynamics and 

statistical thermodynamics, including a general definition of a surface tension for any curved 

interfaces, and a conception about self-consistent for kinetic models, i.e. an equality of direct and 

reverse reaction rates must give the same equilibrium constants as those constructed in the 

framework of equilibrium distribution [1,4]. The list of the discrepancies following from the 

Gibbsôs thermodynamics is given. Possibilities of correct calculations of the surface tension by 

different methods of statistical thermodynamics are discussed.  
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Micelle-mediated separation is an attractive noninvasive technique, particularly for the 

biocomponents having fragile molecules. The design of the separation processes requires 

knowledge of the equilibrium distribution of species between the solution and the 

multicomponent micellar aggregates. Measurement of this distribution and its modeling are both 

quite challenging. The properties of the aggregates, including their shape and polydispersity 

typically respond to the variation of the solution composition, and partitioning of a component 

between the aggregates and their environment depends, in turn, on the aggregate characteristics. 

A molecular-thermodynamic model has been proposed recently [1,2] that describes aggregation 

equilibrium and partitioning of components for mixtures of nonionic and ionic surfactants and an 

organic additive. We continue this work here, performing experimental studies of aqueous 

mixtures of Triton TX-114 and 1-methyl-3-octylimidazolium chloride (surface active ionic 

liquid) with/without added n-octanol (model biocomponent). Experimental data on n-octanol 

partition coefficients (head-space chromatography) and 2D NOESY NMR spectra are reported. 

For varying composition of the system, the calculated distribution of n-octanol between the 

polydisperse aggregates and aqueous environment is compared with experimental data. The 

results are discussed in light of predicted structural details of the aggregates (the number of 

hydrogen bonds in corona and hydration numbers, etc.).  
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Being stable organic semiconductors, MPcs are used in energy conversion devices (photovoltaic 

and solar cells), transistors, optical devices, and as active layers of chemical sensors [1]. In order 

to use phthalocyanines in these electronic devices they should be deposited as thin films with 

controllable thickness, orientation, and ordering. Thin films of unsubstituted and fluorinated 

phthalocyanines can be obtained by physical vapor deposition (PVD) or Organic Molecular 

Beam Deposition (OMBD) due to their volatility in vacuum. One of the quantitative 

characteristics of volatility is the pressure of saturated vapor of the compound at a certain 

temperature. Measurements of temperature dependence of vapor pressure can be useful both in 

improvement of the operating conditions of phthalocyanines sublimation to purify them from 

various volatile admixtures and in optimization of the regimes of thin film and crystal growth 

[2].  

In this work, we study the influence of fluorosubstitution on the crystal structure of 

phthalocyanines of cobalt, iron, copper, and vanadyl and analyze the correlations between the 

structure and volatility of these complexes. The single crystal structures of MPcF4 (M= Co, Fe, 

Cu, VO) were refined; their vapour pressure was determined as a function of temperature by the 

Knudsen effusion method and the standard thermodynamic parameters ȹHT and ȹS
ʦ
T of the 

sublimation process were determined. These characteristics were compared with those of 

unsubstituted MPc and hexadecafluorosubstituted derivatives. Hirshfeld surface analysis was 

used as a powerful tool for the visualization and to offer better insight into intermolecular 

contacts in these molecular structures.  

The structural features of metal phthalocyanine thin films and their application as active layers 

of chemiresistive gas sensors are also discussed. 
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We present a general methodology for determining thermodynamic characteristics of 

orientationally ordered rigid crystals. The proposed approach is based on the kinetic Monte Carlo 

simulation of the gas-crystal system under two external fields imposed on the elongated 

simulation cell. The first one is the external potential imposed on the gas phase, while the other, 

the so-called damping field, reduces the intermolecular potential at the crystal edges and 

switches it off in the gas phase. As a result, we obtain the equilibrium system of the crystal and 

the ideal gas having the same chemical potential at a given temperature. Therefore, one can 

determine the chemical potential of the crystal using its analytical expression for the ideal gas 

phase. The damping field creates the pressure change between the coexisting phases that is 

similar to thermophoresis phenomenon due to the temperature gradient. Generally, the effect of 

the damping field is equivalent to the temperature increase in the same system, but in our case it 

does not make the system non-equilibrium as it maintains at constant temperature. The excess 

pressure in the crystal produced by this effect can be compensated by the negative external 

potential in the gas phase. Such technique was applied to thermodynamic analysis of the trimesic 

acid monolayer explicitly accounting for hydrogen bonds, the dispersion and electrostatic 

potentials. This system is an example of the wide class of self-assembled organic molecular 

layers which are applied in organic electronics, sensors and catalysis. We have considered 

equations of state, the chemical potential, Helmholtz free energies and entropies of three 

polymorphous structures: honeycomb, flower-like and hexagonally close-packed structure in a 

wide range of temperatures and pressures as well as conditions of polymorphous transitions. The 

calculated free energy and entropy excellently obey the Gibbs-Duhem equation, which confirms 

thermodynamic consistency of our approach. We have also considered thermodynamic 

properties of the gas phase of the 2D trimesic acid at high temperatures and found that the 

critical temperature is less than the temperature of disassembly of crystalline phases. So, the 

disassembly occurs as a sublimation rather melting. The approach does not have any limitations 

and therefore has a clear prospective in thermodynamic analysis of rigid crystals of any density. 
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Figure 1. Scheme of the methodology applied in the study. 
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This work is devoted to the fundamental problem, namely the application and development of 

methods of chemical thermodynamics and experimental calorimetry in study of materials and 

compositions based on organic, organoelement and polymeric compounds. Among these 

perspective compounds, the most thoroughly investigated representatives are fullerides and 

fullerene complexes with organoelement ligands, fullerene-containing polymers, carbosilane and 

liquid crystalline dendrimers with different nature of the surface layer. The discussion and 

conclusions are based on the results of complex precision calorimetric determination of the 

temperature dependences of heat capacities and characteristics of the revealed phase transitions 

in a wide temperature range. 

In the present work, the temperature dependences of heat capacities of the above compounds in 

different states (amorphous, crystalline, partially crystalline, liquid crystalline) were determined 

in the temperature interval from 6 to 870 K by precision adiabatic vacuum calorimetry (BCT-3 

with discrete heating, Termis, Moscow region, Russian Federation) and differential scanning 

calorimetry (DSC 204 F1 Phoenix, NetzschïGerªtebau, Selb, Germany). As a result, the 

revealed phase, physical and relaxation transformations were detected and discussed. The 

analysis of the obtained complex of standard thermodynamic and thermochemical characteristics 

of the investigated objects, the qualitative and quantitative dependences "thermodynamic 

property ï composition", as well as the most general trends of changes in thermodynamic 

properties of compounds on their structures and physical states is given in detail. The established 

dependences can be successfully used for the prediction of methods of synthesis of the advanced 

materials with the required characteristics. 
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The non-equilibrium nature of the glasses results in their slow evolution towards equilibrium, a 

phenomenon known as physical aging. A wealth of activity has been traditionally conducted 

close to the glass transition temperature, Tg, where aging exhibits monotonous behavior and its 

kinetics is assisted by the main a relaxation. In this contribution, I will show how extending the 

temperature range of aging to temperatures further below Tg, may convey insights of utmost 

importance on the molecular mechanisms involved in the kinetics of glass equilibration and their 

temperature dependence. Specifically, I will show that, in a wide variety of glass formers, aging 

persists even when conducted far below Tg where the a relaxation is expected to diverge to 

astronomical time scale. The role fast mechanisms of equilibration assisting aging and the 

possible change of behavior of the a relaxation are discussed. 
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Segregated polar and apolar domains forming in the liquid phase of some ionic liquids have a 

complicated interpenetrating structure. Visual analysis of molecular dynamics trajectories does 

not always allow to identify the existence of domains and cannot be used to estimate their size. 

We discuss possible methods to characterize domain structure from momentary configurations of 

ionic liquids. Some of them have been used previously and other are suggested for the first time. 

Several ammonium-based protic ionic liquids with different propensity to domain segregation 

(strong, weak, or no segregation as witnessed from experimental studies [1, 2]) are considered. 

Molecular dynamics simulations of these liquids are performed using models based on the 

OPLS-AA force field with scaled ion charges. 

Results show that, in addition to well-known peaks of the structure factor at low q values and 

features of the radial distribution function, there are several other ways to recognize domain 

segregation and determine the domain length scale. Domain-forming ionic liquids show peaks of 

Ripleyôs functions, peaks and large-period oscillations of finite-volume radial distribution 

function integral or difference of such integrals for polar and apolar atoms, and peaks of local 

atom density variance. These peaks disappear with increasing temperature due to disruption of 

segregated domains. All the studied liquids show stronger polar than apolar aggregation, i.e. 

apolar fragments are more homogeneously distributed in space. At the same time, both polar and 

apolar fragments form continuous percolation structures, which in the strict sense leads to the 

existence of a single polar and a single apolar domain in the whole volume of liquid. 

The nanostructure of ionic liquids directly affects their solvation properties. The solubility of 

apolar species is governed by the probability of cavity formation, which is significantly higher in 

domain-forming ionic liquids. These cavities are shown to form predominantly in apolar 

domains. 

The suggested approaches can be applied to various nanostructured liquids including both ionic 

and molecular solvents and mixtures, as well as other systems with mesoscale ordering. 
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Thermodynamic data for crystalline indium and copper were assessed using extended Einstein 

model from 0K. The liquid phase was described using two state models. During assessment 

careful analysis of the experimental data was carried out. It appeared that although indium and 

copper are frequently used as reference material for determination of thermodynamic properties 

there is lack of experimental data for the heat capacity of indium and a pretty large descripancy 

in the experimental data for pure copper. For these reason and accurate analysis of experimental 

data was needed as well as additional experimental investigations were carried out.  

In order to full fill the need for a precise evaluation of S
o
298 we needed to use an additional 

technique of multiple Einstein functions, which allows the experimental heat capacity and 

enthalpy data for the solid phase to be approximated accurately from 0K up to the melting point.  

It had been shown previously that the application of the new models for pure elements 

sometimes requires the use of two Einstein temperatures (e.g. for Sn, Ge ,Si C, In) to describe 

the thermodynamic properties of the phases. In the present work we discuss methods to define 

the Einstein temperature for metastable phases of elements, which has been described using 

multiple Einstein temperatures, and the variation of these Einstein temperatures with 

composition to account for the composition dependence of the excess entropy. This approach is 

demonstrated here for some binary systems, which shows solid solution regions. 
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In this paper, we briefly present the review of experimental data on solubility, liquid-liquid 

equilibrium (LLE), chemical equilibrium (CE) and critical states of LLE in the systems with 

chemical interaction which have been obtained in our research group in recent years. These data 

relate to quaternary systems with reactions of esterification and hydrolysis of carboxylic acid 

esters. The new data sets were obtained for the following systems: formic acid + ethanol + ethyl 

formate + water; acetic acid + ethanol + ethyl acetate + water; acetic acid + n-propanol + n-

propyl acetate + water; acetic acid + n-butyl alcohol + n-butyl acetate + water; propionic acid + 

ethanol + ethyl propionate + water; propionic acid + n-propanol + n-propyl propionate + water;  

propionic acid + n-butanol + n-butyl propionate + water. Some of the references on few recent 

papers are listed below [1-4]. In all systems, the presence of water as a component leads to 

limited mutual solubility. These results include the data both for quaternary mixtures and for 

binary and ternary subsystems. The compositions of critical states of LLE were also determined.  

The study of solubility was carried out by ñcloud-point techniqueò method with some 

modifications (as a rule, at polythermal conditions). In the LLE investigations we used gas 

chromatography (GC) and nuclear magnetic resonance (NMR) methods for analytical 

determination of phase compositions. Experimental LLE data were correlated using NRTL 

model and compared with the values calculated by UNIFAC model.  

In this presentation, we will discuss some general features of the topology of phase diagrams of 

multicomponent systems with chemical reactions and limited solubility. For example, for 

industrial applications, the fact of establishing CE in a homogeneous area or in the region of 

reaction mixture splitting is of interest. The answer to this question is given by the data on the 

relative disposition of the binodal surface and the CE surface in the composition tetrahedron. A 

special case is the discussion of relatively new singularities such as manifolds of critical states. 

The location of these manifolds in the concentration space is also of particular interest: 

conducting processes in the supercritical region guarantees the absence of splitting, for instance, 

during a reaction. In the case of the systems with ester synthesis reaction at polythermal 

conditions this manifold is a surface in composition tetrahedron with a curve corresponding to 

chemically equilibrium critical states. The polythermal critical surfaces could be constructed on 

the basis of the data on the position of critical curves in a tetrahedron of composition at different 

temperatures. Some illustration of critical surfaces and critical curves for chemically equilibrium 

states will be presented. 

We believe that these new data will be useful not only for the development of thermodynamic 

databases, but also for the industrial design of the synthesis of esters. 
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Due to difficulties in the solidification process, like material flow, crack formation and porosity 

for metals and polymers, additive manufacturing is still limited to a restricted set of materials. To 

improve the solidification process during additive manufacturing, and thus enable the 

manufacturing of high-strength and functional products, the powder materials must be designed 

and deep understanding of the melting/solidification processes must be developed. Differential 

Fast Scanning Calorimetry (DFSC) method allows in-situ characterisation of phase 

transformations at process-relevant heating and cooling rates of powder-sized samples. Thus, it 

allows fundamental guidance for powder modification and provides valuable information for 

modelling. 

An industrial aluminium alloys AA7075, AA2024, AA6061, modified with different 

nanoparticles, showed strong correlation between the crystallization undercooling and cracking 

of laser powder manufactured parts. Modification of polyamides and polyethylene for Additive 

manufacturing was studied by DFSC. 

   

A       B 

Figure 1. Additive manufacturing AA7075 powder particle, modified with TiC 

nanoparticles on the Fast Scanning Calorimetric chip sensor ï A. Itôs cross-section in SEM after 

solidification at 10,000 K/s ï B. 
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Pulmonary surfactant (PS) is a complex mixture of different lipids and proteins. In spite of low 

concentrations of proteins in PS (less than 10%), they are indispensable components. It is 

generally accepted that hydrophobic proteins SP-B and SP-C control the redistribution of lipids 

between the surface and subsurface layers at surface compression and expansion.  

In this work, the dynamic surface properties of PS solutions were investigated by the methods of 

dilational surface rheology. A new approach to the analysis of nonlinear rheological properties 

was developed with the aim of estimation of the dilational surface elasticity in the region of 

extremely low surface tensions corresponding to physiological conditions. It was shown that the 

proteins in a lipid monolayer decrease its dynamic leading to a looser packing of the lipids. This 

effect was confirmed by ellipsometry and infrared reflection adsorption spectroscopy. Moreover, 

the action of SP-B and SP-C proteins resulted in a decrease of the main relaxation time of 

surface stresses in the region of high surface pressures due to the acceleration of component 

respreading under permanent surface deformations [1, 2]. Then, different synthetic 

polyelectrolyte and copolymers were used as analogs of SP-B and SP-C proteins. It was shown 

that only at optimal ratio of electrostatic and hydrophobic interactions between lipids and 

macromolecules one can achieve properties required for PS.   
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Polyphenylenes are polymers which comprise the related phenylene groups in the main chain 

and their sequence can be interrupted by bridging atoms or groups of atoms. Currently, there are 

polyphenylenes of linear and three-dimensional structures, which formation is determined by the 

methods of their synthesis. The properties of polyphenylenes depend on the molecular masses 

and structure of the macromolecule, for example, on the presence of substituents in aromatic 

rings, non-phenylene units and branched structure or isomerism of phenylene groups. Previously, 

the mainly chain (linear) polymers were subject of research. The linear polyphenylenes are non-

melting and insoluble solids in organic solvents, having high level of radiation resistance and 

improved dielectric properties.  

In the last years, polymers related to polymer macromolecules (superbranched polymers and 

dendrimers) have been synthesized. It has a great potential for obtaining of functional nanoscale 

materials with unique electronic, optical, magnetic and chemical properties to necessary for the 

development of new technologies and biomedicine [1, 2]. 

However, the thermodynamic properties of linear polyphenylenes containing only phenylene 

groups, namely, the heat capacity CpÁ(T), enthalpy HÁ(T) ï HÁ(0), entropy SÁ(T) and Gibbs 

energy were studied in the 70s of the last century. The present investigation summarizes the 

thermodynamic data of twenty known linear, superbranched and dendritic polyphenylenes 

obtained by precision adiabatic vacuum and differential scanning calorimetry in the range from  

5ī(350 ī 600) K. The experimental data were used to calculate standard thermodynamic 

functions of polyphenylenes over the range from T Ÿ0 to 350 K for different states and the 

standard enthropies of formation at 298.15 K. In the above intervals, the thermodynamic 

characteristics of glass transition and glassy state were detected for all investigates samples. The 

thermodynamic characteristics of the revealed phase and physical transformations known linear, 

superbranched and dendritic polyphenylenes were evaluated and analyzed. The most general 

dependencies of thermodynamic characteristics of polyphenylenes on their structure, in some 

cases, composition have been experimentally established. It allows revealing and predicting 

practically important compounds properties of linear and three-dimensional structures of this 

group. The obtained thermodynamic properties can be used in the development of industrial 

technologies for their synthesis and following application. 
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Hydrophobic hydration and hydrophobic interaction play the major role in various chemical 

phenomena such as formation of nanoscale micelles and bilayer membranes, molecular 

recognition, etc. There is only little evidence that similar but more weakly pronounced effects 

take place in highly ordered via H-bonds non-aqueous solvents such as ethanolamines or glycols 

[1,2]. However, the important information for comparative analysis is scarce. Here, we focus on 

solvation and the solute-solute interaction in solutions of hydrophobic tetramethylurea (TMU) 

and hydrophilic urea (U) in three solvents forming a three-dimensional H-bond network, viz. 

water, ethylene glycol (EG) and formamide (FA) in a wide temperature range. We compare 

standard enthalpies and heat capacities of solution and transfer to highlight common features and 

fundamental differences in U and TMU solvation in aqueous and non-aqueous media. The 

enthalpic, free energy, entropic etc. virial parameters of the solute solute pair interaction in a 

liquid phase are computed both in water and non-aqueous solvents in terms of the excess 

function concept. Special attention is paid to the analysis of the second virial coefficient and its 

temperature changes (see the Figure). Our comparative analysis highlights several unique 

features of the TMU-TMU pair interaction in non-aqueous media which are very similar to those 

observed in water. We show that the solvophobic interaction between TMU molecules in EG 

and, especially, in FA does exist and leads to TMU aggregation both in aqueous and non-

aqueous media. 
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Figure. (a) Temperature dependence of the second virial coefficients, ὄAA of the TMU TMU pair 

interaction in water, FA and Eg; (b) dynamic light scattering in TMU solutions in water (p), FA (̧ ) 

and Eg (r) at XTMU = 0.068 TMU mole fraction.  
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Gelatin, a degradation product of the fibrillar protein collagen, is one of the biopolymers that is 

widely used in industry. Gelatin has surfactant properties and is used to stabilize emulsion 

systems. One way to enhance the stabilizing properties is the molecular modification of gelatin 

by complexation with polysaccharides. The polysaccharide-gelatin polyelectrolyte complexes 

that are formed during biopolymer interaction are considered to be the basis for the creation of 

new emulsion materials in biotechnology, medicine, pharmaceuticals, the food industry. The 

creation of materials is based on the self-organization principles of the complexes in the bulk of 

the aqueous phase. The driving force behind the formation of non-covalent complexes is the 

intermolecular interactions that take place between gelatin and polysaccharides, including 

electrostatic interactions, hydrogen bonds, and hydrophobic interactions. The combined use of 

proteins and polysaccharides in the composition of the complexes contributes to the mutual 

enhancement of their physicochemical properties: their stabilizing ability and resistance to 

changes in external factors (pH, the presence of salts, changes in temperature). The influence of 

complex formation with polysaccharides of various nature on the physicochemical properties 

(stability, dispersion, rheological properties) of gelatin emulsions is shown.  
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The protein supermolecular particles, amyloid fibrils and microgels, have found numerous 

applications in various areas of industry and in medecine [1].  Although some applications are 

connected with the stabilization of foams and emulsions, any information on surface properties 

of the dispersions of protein aggregates is scarce. The main difficulty consists in a strong 

influence of the impurities, which are produced by hydrolysis in the course of the aggregate 

formation. Although purification of the protein microgel dispersion by manifold centrifugation 

does not give a possibility to get rid entirely of the impurities, it allows observations of the 

distinctions between the properties of spread and adsorbed layers of protein nano- and 

microparticles on the one hand, and the properties of the layers of protein molecules on the other 

hand [2]. The spread layers of purified microgel display the much higher surface elasticity than 

the elasticity of spread layers of native proteins. An important distinction between the properties 

of the layers of microgel and the layers of native proteins consists in different mechanisms of the 

layer collapse. While the surface pressure isotherms of native BLG layers are smooth up to the 

surface pressure of approximately 63 mN/m, the compression of the BLG microgel layers leads 

to noticeable random fluctuations of the surface pressure indicating the formation of three-

dimensional bunches of particles in the layer. The deformation of protein particles at surface 

compression proves to be less significant than in the case of poly(N-isopropylacrylamide) 

microgel indicating the absence of a thick and soft corona in the former case.  
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A modern study of a wide variety of chemical problems is unthinkable without quantitative 

information about the thermodynamic characteristics of the compounds involved in the process 

under study. A weighty and reliable alternative to sophisticated and resourceïintensive 

experimental methods for determining energy parameters ï enthalpies of formation DfH ,̄ bond 

dissociation energies BDE etc. - are theoretical methods using various ideas (principle of 

additivity, comparative approach) and an arsenal of techniques of modern computational 

chemistry, primarily quantum chemistry. The submitted report provides a brief analysis of 

existing methods of theoretical thermochemistry, special attention is paid to the main ideas and 

methodology of the homodesmotic variant of the comparative determination of thermochemical 

quantities of organic compounds. 

The development of the homodesmotic method for studying the molecular energetics of organic 

compounds is proposed in the form of the concept of a complete set of homodesmotic reactions 

(HDR). The implementation of the concept is used the graph-theoretic method of analyzing the 

structure of the compound under study. The advantage of the concept of a complete set of HDRs 

over the conventional approach consists in (1) increasing the reliability of the theoretical 

estimate of the thermochemical quantity, (2) controlling the reproducibility of a result and the 

possibility of reasonable accounting for unreliable reference data, (3) simple algorithmization 

and programming of the routine selection of HDRs of a complete set, (4) analysis of non-valent 

and secondary energy effects, (5) an extremely successful combination and complementarity 

with the computational methods of quantum chemistry. It should be noted that, although the 

methods of quantum chemistry are very appropriate in the author's technique, the homodesmotic 

method can in principle be used without quantum chemical calculations at all. 

The report contains extensive factual material obtained by the author using the homodesmotic 

method over the past 10 years, when studying the molecular energetics of molecular and radical 

structures, non-valent effects. The main results are reported in the papers [1-9]. The possibility of 

using the method to evaluate the energy-derived characteristics of organic compounds is also 

shown. 
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General geometric theorems establishing spatial relations between atoms and voids between 

them were proved by mathematicians G.F. Voronoi and B.N. Delaunay at the beginning of the 

last century. Currently, it presents a powerful scientific tool for investigation of computer models 

of various molecular systems, both biological and solutions. Modern MD modeling allows to 

create reliable models that can be confidently used to study the structural and dynamic properties 

of solutions. Such models reproduce well the existing experimental data. However, their main 

value is that they can be used to explore what cannot be extracted from the experiment. 

Important information can be obtained using the Voronoi-Delaunay method.  

By calculating the volumes of the Voronoi regions of atoms, it is possible to determine the real 

volumes that relate to different components of the solution. This geometrical partial volume 

differs from the known thermodynamic partial volume. Establishing the relationship between 

them helps to give a structural interpretation of the behavior of the observed volumetric 

properties of solutions [1]. It opens up addition opportunities to study the formation of associates 

in solutions with increasing concentration. Calculation of the volumes related to different 

components of the ionic liquid (anions, head cations and alkyl substituents) makes it possible to 

single out more and less dense regions in the ionic liquid. On the other hand, the empty Delaunay 

sphere (interstitial sphere) represents the real void between the atoms of the system. Spheres with 

large radii indicate the presence of large voids. Using them, it was shown that gas molecules 

dissolved in an ionic liquid bring an additional empty volume, which is localized exclusively in 

their nearest environment [2]. 
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Genuine molecular recognition is a desired property of supramolecular and biological receptors. 

Normally, their selectivity is very moderate once the substrates have a number of competing 

isomorphic compounds. To boost selectivity of molecular interactions, their cooperativity in 

receptor matrix is needed, which can be reached in guest inclusion by crystalline supramolecular 

hosts with phase transition and guest-induced polymorphism [1]. In several cases, an absolute 

selectivity was observed with formation of a metastable polymorph after inclusion and release of 

only one guest compound by calixarene [2, 3]. This is a kind of smart property, where the host 

crystal packing remembers selectively a previously included guest [1]. 

The problem with search of polymorphs that can be induced by inclusion and release of some 

specific guest compounds is vast amount of target material and related extensive experimental 

work needed for polymorph screening. In this screening, the most amount of the studied material 

is consumed by such a commonly used method as DSC needed to determine the phase transition 

parameters. To ease these requirements, the fast scanning (chip-based) calorimetry (FSC) was 

used in the present work [4, 5]. For this method, simultaneously formed microcrystals of 

different polymorphs with a mass of dozens nanogram may be chosen from the same crystalline 

powder using optical microscope and then studied by FSC with a heating rate above 1000 K/s. 

This approach makes polymorph screening much more efficient especially for expensive and less 

stable substances, as well as for compounds synthesized in very small amount. 
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Self-assembling systems based on amphiphilic compounds (surfactants, macrocycles, polymers) 

play important role in both fundamental researches and practical applications. Therefore, of 

significant importance is the establishment of the relationship between the structure of 

amphiphiles and their properties. In our work, the systematic design of cationic surfactants has 

been carried out beginning with classical homological series of trimethyl ammonium (TMA-n) 

surfactants as reference surfactants, towards series of triallylammonium (TAA-n), imidazolium 

(Im-n), morpholinium (Mph-n), triphenyphosphonium (TPP-n), diazabicyclo[2.2.2]octane, 

piperidinium (Pip-n), pyrrolidinium (Pyr-n) amphiphilic derivatives, mono- and dicationic, with 

some of them functionalized with hydroxy- or hydrxyalkyl fragment. For these homological 

series, quantitative characteristics of aggregation were evaluated, such as critical micelle 

concentration (cmc), free energy of adsorption and micellization, hydrodynamic radius, zeta-

potential, counterion binding, etc. It was demonstrated that most significant changes occurred 

upon the transition from TMA- to TPP-series, as well as upon the transition from mono- to 

dicationic analogs. Along with aggregation properties functional activity is studied and analyzed 

in terms of structural specificity of surfactants. In this context, solubilization capacity, 

antimicrobial activity, binding with DNA, modification of nanocarriers were investigated. 

Cationic surfactants are documented to show obvious structure-activity correlation which can be 

used to control the wide spectrum of practical potentiality of the surfactant based systems. 
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Ceria and zirconia-based ceramics are important materials for high- and intermediate-

temperature electrochemical applications. However, the shift to an advanced ceramics 

manufacturing having temperature and phase stability, and sufficient conductivity requires the 

development of the complex approaches for oxide precursors and ceramics investigation. The 

use of thermodynamic approach offers a great possibility to track the thermal evolution of the 

system, investigate high-temperature stability of oxide ceramics, the temperature dependencies 

of their electrical and transport properties.  

The present work offers the state-of-art in a field of manufacturing of the advanced ceramics 

with desired properties. The analysis of thermal prehistories of binary and ternary zirconia and 

ceria based systems via simultaneous thermal analysis (STA) is discussed. The application of 

Knudsen effusion mass spectrometry technique equipped with a tungsten twin effusion cell for 

thermodynamic stability investigation of ZrO2 based and CeO2 based solid solutions is 

highlighted. The STA and Knudsen effusion mass spectrometry techniques are demonstrated to 

be an efficient tool for choosing the optimal conditions of precursors synthesis as well as 

ceramics compositions with the highest thermodynamic stability are discussed.  
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Rosenfeld and Dzugutov have conjectured universal relations between the scaled transport 

coefficients of simple liquids and the excess entropy or pairwise entropy, respectively [1, 2]. 

These conjectures have been shown to hold for various types of liquids. In atomistic simulations, 

the scaling with respect to the pairwise entropy is more convenient to study, as the pairwise 

entropy can be computed easily for atomic liquids from the pair correlation function. However, 

there is a problem of pair entropy definition for molecular substances. 

In this work, we propose a new method of estimation of the pair contribution to the excess 

entropy for hydrocarbon liquids. We present the results on viscosity-excess entropy and 

viscosity-pair entropy Rosenfeld scaling for n-pentane and n-dodecane with the OPLS-

AA/CM1A force field [3] and 1,1-diphenylethane with OPLS-AA/CM1A and COMPASS [4] 

force fields, and compare the results with the available experimental and correlation data. We 

show that our method accounts for 75-90% of excess entropy changes in molecular liquid, 

comparable to the pair entropy contribution in atomic liquids. 

The comparison of the viscosity-excess entropy curves shows correspondence between the 

OPLS-AA and COMPASS results (Fig. 1), however the OPLS-AA force field overestimates the 

viscosity-density dependence. We can thus assume that the systematic errors in transport 

coefficients with the OPLS-AA force filed are due to the lower entropy in this model, compared 

to the real substances. 
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Figure 1. The dependence of the scaled viscosity on the estimated total excess entropy for 1,1-

diphenylethane. 
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One of the most popular scenarios for the crystallization of supercooled liquid is the process of 

crystal nucleation and the subsequent growth of crystalline nuclei. Depending on how 

supercooling was initially achieved and under what conditions the subsequent crystallization of a 

supercooled liquid (or an amorphous solid) occurs, it is possible to obtain a material whose 

structure, and, consequently, the physical and mechanical properties can be very diverse. In this 

regard, understanding the initial stage of crystallization as a phase transition seems to be very 

necessary and important. 

Crystal nucleation in atomistic/molecular systems occurs, as a rule, on nanometer spatial scales; 

the critical size of a crystalline nucleus under certain conditions can be only a few tens of 

particles. As a result, wide opportunities in research in this area are opening up for methods of 

molecular dynamics simulations. The results obtained using both classical and quantum 

mechanical molecular dynamics simulations not only complement the data of traditional 

experiments on microscopy, diffraction, spectroscopy, etc., but also allow one to reveal 

completely new patterns in the processes of crystal nucleation. 

In this work, we will show that the temperature dependences of the rate characteristics of crystal 

nucleation processes are described by universal scaling relations [1ï6]. 
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Material informatics is a globally accepted trend in material science. Databases and 

machine learning has become a universally acknowledged tool in creating and exploring new 

materials and engineering different goods. In this paper we explore key spheres of interest for 

material scientists in Russia and globally, using information from research papers and patents 

published in the last 10 years. We acknowledge a growing demand for a closer interaction 

between business and science in creating collaborations and mutually beneficial research 

projects. To facilitate communication we propose to start a material.business project to support 

communication and to attract investments for teams working on the frontiers of material 

informatics. 
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Enceladus is an ice satellite of Saturn, discovered by the Cassini mission and has a unique 

natural phenomenon ï ñtiger stripsò, geyser cracks at the south pole with a total length of about 

500 km. Due to the data on the chemical composition and the presence of water, this 

phenomenon has significant astrobiological potential. Such a phenomenon attractive vigorous 

experimental and theoretical research efforts, with the latter aimed at the construction of 

geophysical model of Enceladus core and ice shell using the limited experimental data available. 

Heat and mass transfer from the subglacial ocean depths to the satellite surface is very 

complicated due to high salinity of the water, tidal forces, complex structure of the porous core 

and geothermal activity, etc.  

In this work, the convective heat and mass transport in water confined to vertical slit-

shaped channels with aspect ratio up to 10
4
 that reproduce the conditions of Enceladus tiger 

stripes are explored with Lattice-Boltzmann method. The steady heat flux in the planar slip 

channels is shown to decay proportionally to inverse square root of the channel height, which is 

an important qualitative relationship. Undulations on the walls reduce the heat flux if no-slip 

boundary conditions are imposed, but may even intensity the flux if the friction is reduced and 

substantial slip of between water and the ice walls is allowed. In all systems the total heat flux 

from hot reservoir at the bottom to vacuum at the top was substantially lower than that the flux 

estimated from experimental observations of Enceladus. 

The results of this work allow analysis of hypotheses on the conditions of the hot water 

ocean below the ice shield and the shape of the channels, in particularly suggesting that the 

channels are far from slit-like and perhaps the cracks are much wider (cavern-like) down below 

the stripes visible on the Enceladus surface. 
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