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PREFACE

XXIII International Conference on Chemical Thermodynamics in Russia, RCGR022
August 2226, 2022, Kazan, Russia: Abstracts. Kazan, 2022- 361ta

This book contains the scientific program and the abstracts of presentations at the XXIII
International Confemce on Chemical Thermodynamics in Russia (R@0Z22). 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 1977a conf erence of t hUnien Cordearence sn Calarimetrg’ and| e d
later, until 1992, "AHUnion 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 froaitie®2 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 RCEX02 2 juni or posteCheamiacdal fATEXererhd )
and ALev G. Berg awar do, a special award i s
Thermal Analysis, the first president of the International Confederation for Thermal Analysis
(ICTA), professor Lev G. Berg.

The sciernific 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 thaevy,
experimental techniques and computer simulation for various systems. It is our pleasure to thank
all the participants of RCGZ022 and to welcome you in Kazan.

On behalf of the organizers,

Boris N. Solomonov, RCGP022 Vicechair



CONFERENCE TIMETABLE

Sunday21.08.2022.

9.00-20.00 | Check in. Registration
Monday,22.08.2022

8.00:9.00 | Check in. Registration

Opening ceremony and plenary session
9.009.20 Opening ceremony
9.20:10.00 Kiselev M.G, TOWARDS SCREENING OF POLYMORHISM AT SUPERCRITICAL PARAMETERS OF STAPE24)
10.0610.40 Shchekin A.K, EFFECTS OF CONFINEMENT FOR SMALL AGGREGATEHEB. 25)
10.4011.20 Verevkin S.P.GIBBS HELMHOLTZ EQUATION: PRACTICAL APPLICATIONS IN THERMOCHEMISTRYp. 29)
11.2611.50 Coffee break

11.5614.007 Section reports

Development of General Methods and Tools
of Chemical Thermodynamics: New
Experimental Techniques, Theory and
Computer Simulation

Thermodynamics of Functional Materials,
Interfacial and Confined Phenomena

Supramolecular systems

11.5012.10| Victorov A.l. (p. 41) 11.5012.20 | Basova T.V(p. 42) 11.5012.20| Ustinov E.A (p. 43)
(keynote Partitioning of rRoctanol in (keynote Fluorosubstituted metal (keynote | External fields method in molecul;
lecture) mixed micellar solutions of lecture) phthalocyanines: lecture) | simulation and thermodynamics o
triton with 1-methy}3- physicochemical properties anc 2D crystals
octylimidazolium chloride: thin films
experiment and model
predictions
12.1012.30| Pisarev V.V (p. 61) 12.2012.40 | Malakhov¢ .{ . (p. 66) 12.2012.40| Ziganshinf .¢. (p. 71)Self
Molecular dynamics study of Selectivity of gas separation assemblysorption and thermal
viscosity and excess entropy of membranes: an approximate properties of shorthain
hydrocarbons predictive model oligopeptides
12.3012.50 | Mokshin A.V. (p. 62) 12.4013.00 | Okhotnikova E.S(p. 67) 12.4013.00 | Oparin R.D. (p. 72)
Crystal Nucleation in Study of the bitumen phase Role of an intramolecular hydroge
Amorphous Systems: Universg composition by calorimetric bond in lidocaine conformer
Scaling Relations method distribution and polymorph stabilit
12.5013.10 | Polkovnikova N.A.(p. 63) 13.0013.20 | Zvereva |.A. (p. 68) 1300-13.15 | Gatiatuling .s. (p. 73)




National challenges in material
informatics

Particularities of structure and
thermodynamic properties of
layered perovskite
photocatalysts

The role of water in guest inclusig
by native cyclodextrins

13.1013.25 | Olhin A.S. (p. 64) 13.2013.40{Samsono(p.69. [ . 13.1513.30| EroshkinYu.A. Designing the
Non-equilibrium Nanothermodynamics: aggregation work for a cylindrical
thermodynamicef Enceladus difficulties, advances and micelle using minimization by
ice shield: how Lattice prospects micelle shape parametefs216)
Boltzmann modeling helps us
establish what

13.2513.40 | Akhmetshina E.S(p. 65) 13.4013.55| Davydov N¢ . (p. 70)

Homodesmotic method for Photocatalytic activity of layere
determining the enthalpy of perovskitelike oxide
formation of free alkyl radicals H,La,TizOqp intercalated with n
octylamine
13.5515.30 Dinner
15.30-17.301 Plenary session
15.3016.10 Navrotsky A, ORGANICS MATTER: COMMON FEATURES IN ENERGETICS OF POLYMER DERIVED CERAMICS, META
' ' ORGANIC FRAMEWORKS, AND OTHER HYBRID MATERIALSp. 26)
Chickosd. S, ESTIMATIONS OF THE LIQUID AND SOLID HEAT CAPACITY OF LARGE MOLECULES BY GROUP
16.10-16.50
ADDITIVITY (p. 27)

16.5017.30| Vecchio Ciprioti STHERMODYNAMIC STUDY OF FORMAMIDINIUM LEAD IODIDE (CHsN,Pblk) FROM 5 TO 357 Kp. 28)

17.3618.30 Poster sessiorfParticipants in an alphabetical order fr¢ntor )

19.3622.00 Buffet

Vi



Tuesday,23.08.2022

9.00i 10.207 Plenary session

9.009.40

Gavrichev K.S. THERMODYNAMIC PROPERTIES OF MIXED OXIDES FOR THERMAL BARRIER COATINGS: RE
ZIRCONATES, HAFNATES, TANTALATES(p. 30)

9.40-10.20

Zherikova K.V, METAL-ORGANIC COMPOUNDS FOR GA®HASE DEPOSITIONHOW DO WE TINKER WITH
THERMODYNAMIC AND THERMOCHEMICAL DATA POOL?(p. 31)

10.2010.401 Oral presentation

10.2610.40

Malyshev V.M.COMPUTERIZED MEASURING DEVICES IN ADIABATIC CALORIMETRY(p. 154)

10.40-11.30

Coffee break

11.30- 13.501 Sectionreports

Thermochemistry and Databases. Organic anc
organometallic compounds.

Modern Thermal Analysis and
Calorimetry (dedicated to L.G. Berg).
Fast scanning calorimetry.

Phase Equilibria: Molecular and lonic
Compounds.lonic liquids

11.30-12.00| Markin ¢ .V. (p. 44) 11.30-12.00 | Cangialosi D. (p. 45) 11.30- Sedov . (p. 46)

(keynote Experimental calorimetry for stud) (keynote Insights on glass dynamics 12.00 Novel approaches for

lecture) of materials based on organic, lecture) from aging far below the (keynote | characterizing nanoheterogeneit
organoelement and polymeric glass transition lecture) in ionic liquids
compounds

12.0012.20| FreitasV.L.S. (p. 74) 12.0012.20 | Minakov ¢ .¢. (p. 79) 12.0012.20 | Makarov Df . (p. 83)
Thermodynamic properties of an Thermal perturbations at QSPR models for phase transitic
organic single crystal scintillator: crystal nucleation in glasses and decomposition temperature
9-phenylcarbazole and polymers ionic liquids

12.4613.00| Yagofarovf .l. (p. 75) 12.2012.40 | Gerasimow .V. (p. 80) 12.2012.40 | Postnikovy .B. (p. 84)
Temperaturelependence of phase Crystallization kinetics and Predictingthermodynamic
transition enthalpies of organic glassforming ability of drugs properties of ionic liquids at high
nonelectrolytes from fast scanning pressures based on the refereng

calorimetry data data at ambient pressure
13.0013.20| Makarenkod .f . (p. 76) 12.4012.% | Andrianov R¢ . (p. 81) 12.4013.00 | Safonove .¢. (p. 85)

Scandi udkétbnatéslas b
MOCVD precursors:
ther modynami e a

The stability of polyL-
lactide nuclei according to
the classical nucleation

Polymerized ionic liquids for the
enhanced bioextraction

Vi



propertyo relat

theory and fast scanning
calorimetry

13.2613.35

YurkshtovichYa.N. (p. 77)
Experimental and theoertical
thermodynamic study of-henzyt
4-phenyt1H-1,2,3triazole and 1,3
bis(1-methyt1H-tetrazols-
yl)propane in gaseous and
condensed aggregate states

13.3513.50

Karakovskayas .l. (p. 78)
Relations between structure and
thermal behavior of MOCVD
precursors: iridium (I) complexes
with cyclooctadiendl,5 and beta
diketonate derivatives

12.5513.10

Abdullin ¢ .R. (p. 82)

FSC study of crystallization
kinetics of crosdinked
poly(butylene terephthalate)

13.0613.20

Kalinyuk D.¢ . (p. 86)
Thermodynamic functions of
formation of tethyl and 1
buthy}-3-methylimidazolium
clorides

13.2613.35

KorchakP . (p. 87)
Ligiud-liquid equlibrium and
partitioning of biocomponent in
agueous mixtures of ionic liquid
of different structure and
kosmotropic salt

13.3513.50

Shelepova .¢. (p. 88)

Empty volume in ionic liquids an
its connection with the solubility
of gases

13.9-15.00

Dinner

15.00617.00i Section reports

Thermochemistry and Databases. Inorganic| Phase Equilibria: Molecular and lonic Modern Thermal Analysis and Calorimetry
compounds. Compounds (dedicated to L.G. Berg).Fast scanning
calorimetry.
15.0615.30 | Khvan¢ .V. (p. 47) 15.0615.30 Toikka.[ . (p. 48) 15.0615.30{Zhuravliev (. ¢.
(keynote Experimental and theoretical | (keynote Liquid phase splitting and | (keynote Polymer and metal powders fo
lecture) investigation andritical lecture) critical states in quaternary | lecture) additive manufacturing guided b
assessment of thermodynamic systems with chemical differential fast scanning
data for pure in, cu and some reactions: new experimental calorimetry
binary systems from OK data
15.3015.50 | Blokhin ¢ .V. (p. 89) 15.3015.50 Pestov . . (p. 94) 15.3615.50 | Tropinu.V. (p. 98)
Heat capacity in the interval 80 Thermodynamic modelling Modeling of DSC curves of
370 K and parameters of phas of systems containing liquid polystyrene during glass

Vil




transitions of barium dopped crystals transition: fromconventional to
strontium ferromolybdate fast cooling rates

15.5016.10 | Shtenberd .V. (p. 90) 15.5016.05 | Kuzovchikov S.V (p. 95) 15.5016.10 | Buzyurové¢ .V. (p. 99)
Calculation of temperature Phase stability and New approach for vapor pressur
dependences of heat capacity thermodynamic modelling of determination by means of fast
alkaline borates alloys based on the &or- scanning calorimetry

Mn system

16.1616.30 | Ostroushkap .¢ . (p. 91) 16.0516.20 | Brezhnev N.Yu(p. 96) 16.1016.25 | Bolmatenkov D.N. (p. 100)
Complex thermal analysis of Phase diagram for the-Be Vaporization enthalpy of ganic
oxide materials synthesis system according to the dats nonelectrolytes in a wide
processes via combustion of the thermal, structural anc temperature range: pencil and
reactiongaking into account vaporpressure investigation paper vs experimental
charge generation measurements

16.3616.45 | Tolmacheva N.N. (p. 92) 16.20-16.40 | Bazaev E.A(p.97) 16.2516.40 | Larionov R¢ . (p. 101)
Thermodynamic properties of Phase transitions, critical an Thermal and supramolecular
the NgO-BaO-B,0O3; system supercritical phenomena in properties of oligopeptides

16.4517.00 | Osipenkaod .9 . (p. 93) ternary mixture of water +1
Thermodynamic behaviour of propanol+rhexane
palladium in LiCT KCIi CsCl
eutectic melt

17.00-18.30 Poster sessioifParticipants in an alphabetical order frprio 1 )




Wednesday 24.08.2022

9.00- 11.007 Plenary session

9.009.40

Solomonov B.N.THE DISSOLUTION THERMODYNAMICS AS THE KEY TO UNDERSTANDING VARIOUS
PHYSICOCHEMICAL PHENOMENA(p. 32)

9.40-10.20

Mukhametzyanov T.AFAST SCANNING CALORIMETRY: NEW OPPORTUNIES FOR CHEMICAL THERMODYNAMICS(p.

33)

10.2611.00

Varfolomeev M.A.,, THERMOCHENSTRY OF NATURAL GAS STORAGE (p. 34)

11.0611.30

Coffee break

11.3013.00i Section reports

Applied Thermodynamics and
Biothermodynamics (dedicated to A.A.

Thermochemistry and Databases. Organic
and organometallic compounds.

Thermodynamics ofsolutions

Pimerzin)
11.3012.00| Bykov ¢ .G. (p. 50) 11.30-12.00 | Smirnova N.N(p. 51) 11.30-12.00 | Kustov¢.V. (p. 52)
(keynote Proteins, polyelectrolytes and | (keynote | The dependence of (keynote Solvophobic and solvophilic
lecture) copolymers for pulmonary lecture) thermodynamic properties of lecture) effects in urea and
surfactants polyphenylenes on thestructure tetramethylurea solutions
12.0612.20| Maksimovy .G. (p. 1@) 12.0612.20 | D8 v a IZqms 1GR) 12.0612.20 ([Kononov(@al1l®) . G.
Control of hydrogen bonding i Thermochemical and structural Research of the systemsiao-
photoactive orange carotenoid properties of the new sulphur alcohol- water
protein by noncanonicamino containing compounds with
acid substitutions of tyrosine relevance on atmospheric
201 chemistry
12.2612.40| Manin A.N. (p. 103) 12.2612.40 | Samarow .¢ . (p. 106) 1220-12.40 | Gamov G¢ . (p. 110)
Study of the cocrystallization Alkyl -substituted biphenyls as Dependence of formal electrod
effect on the carbamazepine potential candidates for liquid potential on ionic strength
thermal stability organic hydrogen carriers
12.4013.00| Portnova S.V. (p. 104) 12.4012.55 | SarminiYu.¢ . (p. 107)

Influence of the structure of
esters of natural
hydroxycarboxylic acids on
thermodynamic and

thermophysical property

Study of the thermodynamic
properties of organosilicon
dendrimers and their
corresponding nanogels with

different nature terminal groups




13.0014.00| Dinner
14.0018.00| Excursion
19.0022.00| Banquet
Thursday, 25.08.2022
9.00-11.00i Plenary session
9.009.40 | Budkov Yu.A.MEAN-FIELD THEORY OF MACROSCOPIC FORCES IN INHOMOGENEOUS IONIC FLUIQS 35)
9.4010.20 | Fedorov P.PAPPLICATION OF THE THIRD LAW OF THERMODYNAMICS TO THE STUDY OF PHASE DIAGRAMS. 36)
10.2611.00| Baidakov V.G LIMITS OF STABILITY OF METASTABLE PHASES AND METASTABLE PHASE EQUILIBRIA IN SIMPLE
ONE-COMPONENT SYSTEMp. 37)
11.0011.30| Coffee break

11.30- 13.501 Section reports

Amphiphilic compounds:
thermodynamics of selforganization,
physicochemical properties and
practical application.

Applied Thermodynamics and
Biothermodynamics (dedicated to
A.A. Pimerzin).
Biothermodynamics

Development of General
Methods and Tools of Chemical
Thermodynamics: New
Experimental Techniques,
Theory and Computer
Simulation. Quantum Chemical

Phase Equilibria: Molecular
and lonic Compounds

Methods.
11.3012.00| Derkach S.R. (p. 53) 11.30 Noskov B¢ .(p. 54) 11.3012.00 | Khursan S.L(p. 11.30- GorbachukV.V. (p.
(keynote Gelatin as a stabilizer fo| 12.00 Protein microgel layery (keynote 55) 12.00 57)
lecture) emulsions: molecular (keynote | at the liquidgas lecture) Homodesmotic (keynote | Thermodynamics of
modification lecture) | interface method for lecture) | molecular
studying the recognition and
molecular polymorphism
energetics of
organic compound:
12.0612.20| Ga i n a n¢a (p.d411)G| 12.26 Milyaeva( .Yu. (p. 12.0612.30 | Medvedev N.N. (p.| 12.0G AlmeidaA.R.R.P.
Ammoni um 12.40 118) (keynote 56) 12.20 (p. 1B)
phosphioni um The impact of lecture) VoronoiDelaunay Pressurdemperature

i sot hiuroni
amphiphil es
solubilizin

and catalyt

thrombineon dynamic
surface properties of
fibrinogen solutions

method.
Applications to
solutions

phase diagrams nea
the triple point of
four benzaldehydes

XI




12.2612.40| Burilov V.¢ . (p. 112) 12.20 Magsumows.l. (p. 119) | 12.3612.50 | Agienko V.N. (p. | 12.20 Golikova¢ .D. (p.
New macrocyclic 12.40 Influence of organic 124) 12.40 129)
amphiphiles for sensing solvents on thermal Monoethanolamine Heat effects of phas
and green stability and hydration as seen and chemical
micellar&metal/photocat denaturation by dielectric processes in a
alysis mechanism olysozyme relaxation multicomponent
spectroscopy and systemwith
guantum chemical chemical interaction
calculations
12.4612.55| Paviov R.V. (p. 13) 12.406 Akentievd .V. (p. 20) | 12.5613.10| Rychkov D¢ . (p. | 12.4G Kabanovyg .G. (p.
Aggregation of 13.00 Films of lysozyme 125) 13.00 130)
carbamate gemini fibrillar aggregates on Comparison of Experimental study
surfactants and their the water surface different and CALPHAD
potential as liposome computational modeling of the Ag
modifiers techniques for In-Pd ternary
evaluation of
guercitin
conformers
12.5513.10| Radaev D.D. (p. 14) 13.00 Bazhin Nf . (p. 120) 13.1613.30 | Chuev G.N. (p. 13.00 Guskov V.Yu (p.
Amphiphilic NHC 13.20 Helmholtz energy: is it 126) 13.20 131)
precursors based on energy or not? A new approach to Thermodynamic
imidazole4,5 the calculation of features of
dicarboxylic acid: solvationeffects in enantiomer
synthesis and biomolecular adsorption on the
aggregation in agueous solutions in the surfaces with
media. framework of the supramolecular
classical density chirality
functional theory
13.1013.25| FariaB.F. (p. 155) 13.20 Khaibrakhmanova D.R| 13.3013.45 | Maltsev| .¢. (p. 13.20 Lyubichev D¢ . (p.
Simulation of surfactant | 13.35 (p- 12) 127) 13.35 132)
adsorption at liquie Evaluation of the Quantum chemical Separation of
liquid interface binding properties of study of the azeotropic mixtures:
drugs to albumin from interatonic novel approaches of

XIl



DSC thermograms

interaction of
diatomic argides

using choline
chloride based deep
eutectic solvents

13.2513.40| Oselskaya V.Yu(p. 116) | 13.35 | Fatkhutdinovap.¢. (p. 13.35 Smirnov¢ . . (p.
Hydration effect on 13.50 |123) 13.50 133)
encapsulation of Stepscan differential Investigation of the
indometacin by solid scanning calorimetry efficiency of the
cyclodextrins for investigation of ethanoli ethyl
protein denaturation formate system
separation by
various DES based
on choline chloride
13.4613.55| ChirkovN.S.(p. 117)
Formation of mixed
DNA/polyelectrolyte
layers at the watéair
interface
13.5015.00 Dinner

15.0016.401 Sect

ion reports

Amphiphilic compounds:
thermodynamics of selforganization,
physicochemical properties and
practical application.

Thermochemistry and Databases
Inorganic compounds.

Thermochemistry and
Databases. Organic and
organometallic compounds.

Thermodynamics of solutions

15.00-15.30
(keynote
lecture)

Zakharova L.Ya. (p. 58)
Structural factor
controlling selfassembly
behavior and functional
activity of surfactant
systems

15.00
15.30
(keynote
lecture)

Kurapova[ .Yu. (p. 59)
The use of the
thermodynamic
approach for advanced
ceramics development

15.0615.20

Ribeiro da Silva
M.D.M.C. (p. 12)
An experimental
insight on the
thermochemistry of

naphthalene diols

15.06
15.20

Tkachev Ns. (p.
146)
Thermodynamic
perturbation theory
for molten alkali
halides

X1l



15.3615.50 | Ziganshinap .Yu. (p. 134) 15.30 Semerikovap .N. (p. | 15.2015.40 | Nagrimanov R.N. | 15.26 | Khodov I¢$. (p.
Stimuli-responsive 15.50 138) (p. 18) 15.40 | 147)
nanocarriers for substrate Thermodynamic New relationship Conformational
binding and release characteristics of between enthalpieg preferences of

cesium dimolybdate of vaporization and fenamates in
and lithium solution for supercritical state
monomolybdate molecular and ioni parameters of the
doping by 10% liquids solvent based on
cesium NOESY data

15.5016.10 | Volkov N.¢ . (p. 1) 15.50 Silyukov .I. (p. 13) | 15.4016.00 | Chernyaikinl.S. (p. | 15.46 | Anashkin I.P. (p.
Modelling micelles in polar | 16.10 Inorganicorganic 144) 16.00 | 148)
and nonpolar solvents: from derivatives of layered Heat capacity and Molecular
single aggregate to perovskitelike oxides thermodynamic simulation of the
aggregates size distribution thermal stability and functions of pervaporation

photocaalytic activity crystalline process
copper(ll)
dipivaloylmethanat
e from 0 to 430 K

16.1016.25 | Belov R.N.(p. 1%) 16.10 Kutuzova Vi . (p. 16.0016.20 | Miroshnichenko 16.06 | Kadtsyng .D. (p.
Reductive cleavage of-O 16.25 140) [ - ¢p.15) 16.20 | 149)
bonds in ptert Study of AbOs - ZrO, Rearrangement Volumetric
butylcalix[4]arene derivative -Yb,Os precursors by energy of properties of
in the presence of hydrazine the differential framework radicals agueous alcohol

scanning calorimetry solutions: a

16.2516.40 | Makarovy .G. (p. 13) 16.25 Vorozhtsov V¢ . (p. Voronoi analysis

Novel tetraazide and triazoleg
derivativesof thia- and
calix[4]arene with free
phenolic hydroxyls

16.40

141)

Mass spectrometric
study and modeling o
the thermodynamic
properties of the

Al 203-Si02-ZrOz
system

XV




| 16.4018.10 |

Poster sessioriParticipants in aalphabetical order fromto )

Friday, 26.08.2022

9.00-10.401 Oral reports

9.009.20 Sun L-X. ENERGY STORAGE MATERIALS AND SENSOR®. 150)

9.209.40 Sineva S.IHIGH-TEMPERATURE PHASE EQUILIBRIA IN THE F&nS SYSTEM(p. 151)

9.4010.00 |L Rr i D.®M.ARPLICATION OF DSC FOR STUDYING THE DOSE DEPENDENT EFFECT OF CYCLOPHOSPHAMIDE
TREATMENT ON ACTIN (p. 12)

10.0610.20 | Meier R GROUP CONTRIBUTION REVISITED: THE ENTHALPY OF FORMATION OF ORGANIC COMPOUNDS WITH
ACHEMI CAL ACQUIBACYO

10.2010.40 | Coffee break

10.4611.20i1 Plenary session

11.2612.00| Turovtsev V.V.APPLICABILITY OF POPULAR FUNCTIONALS IN CALCULATIONS OF THE ENERGY, THERMODYNAMIC
AND SPECTROSCOPIC PROPERTIES OF SUBSTANGRS38)

12.0612.40 | Tovbin Yu.K. EQUILIBRIUM DROPS: A DIFFERENCE BETWEEN THERMODYNAMICS BY CLAUSIUS AND GIBBS IN
TASKS OF THE PHASE EQUILIBRIUMp. 39)

12.40 Closing ceremony

Saturday, 27.08.2022
10.00-13.00 | Training Seminar on Fast Scanning Calorimetry

XV




ABSTRACTS



PLENARY LECTURES 22

HIGH TEMPERATURE MASS SPECTROMETRIC STUDY OF THE 23
MULTICOMPONENT SYSTEMS BASED ON RARE EARTH OXIDES AND HAFNIA
V.L. StolyarovaV.A. Vorozhtcov, S.A. Kirillova, S.1. Lopatin, A.L. Shilov

TOWARDS SCREENING OFPOLYMORHISM AT SUPERCRITICAL PARAMETERS 24
OF STATE
M. G. KiseleyR.D. Oparin, D.V. Ivlev, Y.A. Budkov, N.N. Kalikin, I.A. Khodov

EFFECTS OF CONFINEMENT FOR SMALL AGGREGATES IN NUCLEATION ANLC 25
MICELLIZATION
A.K. Shchekin

ORGANICS MATTER: COMMONFEATURES IN ENERGETICS OF POLYMER 26
DERIVED CERAMICS, METAL ORGANIC FRAMEWORKS, AND OTHER HYBRID
MATERIALS

A. Navrotsky

ESTIMATIONS OF THE LIQUID AND SOLID HEAT CAPACITY OF LARGE 27
MOLECULES BY GROUP ADDITIVITY

J. Chickos

THERMODYNAMIC STUDY OF FORMAMIDINIUM LEAD IODIDE (CHsN2Pbk) 28

FROM 5 TO 357 K
S. Vecchio CipriofiA. Ciccioli, A. Latini, A. Luongo, N.N. Smirnova, Alexey V. Markin

GIBBSIHELMHOLTZ EQUATION: PRACTICAL APPLICATIONS IN 29
THERMOCHEMISTRY
S.P. Verevkin

THERMODYNAMIC PROPERTIES OMIXED OXIDES FOR THERMAL BARRIER 30
COATINGS: RE ZIRCONATES, HAFNATES, TANTALATES

K.S. GavricheyV.N. Guskov, A.V. Khoroshilov, A.V. Tyurin, P.G. Gagarin, A.V. Gusk
M.A. Ryumin, G.E. Nikiforova

METAL-ORGANIC COMPOUNDS FOR GAPHASE DEPOSITION: HOW DQVE 31
TINKER WITH THERMODYNAMIC AND THERMOCHEMICAL DATA POOL?
K.V. Zherikova

THE DISSOLUTION THERMODYNAMICS AS THE KEY TO UNDERSTANDING 32
VARIOUS PHYSICOCHEMICAL PROCESSES
B.N. Solomonov

FAST SCANNING CALORIMETRY: NEW OPPORTUNITIES FOR CHEMICAL 33
THERMODYNAMICS
T.A.Mukhametzyanov

THERMOCHEMISTRY OF NATURAL GAS STORAGE 34
M.A. VarfolomeeyvA. Farhadian, A.S. Stoporev, R.S. Pavelyev, Y.F. Zaripova, M.E.
Semenov, A.G. Kiiamov

MEAN-FIELD THEORY OF MACROSCOPIC FORCES IN INHOMOGENEOUS ION 35
FLUIDS
Yu.A.Budkov

APPLICATION OF THE THIRD LAW OF THERMODYNAMICS TO THE STUDY OF 36
PHASE DIAGRAMS
P.P. Fedorov

LIMITS OF STABILITY OF METASTABLE PHASES AND METASTABLE PHASE 37
EQUILIBRIA IN SIMPLE ONEECOMPONENT SYSTEM
V.G. Baidakov

KazanRussia RCCT 2022




APPLICABILITY OF POPULAR FUNCTIONALS IN CALCULATIONS OF THE 38
ENERGY, THERMODYNAMIC AND SPECTROSCOPIC PROPERTIES ¢
SUBSTANCES

V.V. Turovtsev

EQUILIBRIUM DROPS: A DIFFERENCE BETWEEN THERMODYNAMICS B 39
CLAUSIUS AND GIBBS IN TASKS OF THE PHASE EQUILIBRIUM
Yu. K. Tovhin

KEYNOTE LECTURES 40

PARTITIONING OF NOCTANOL IN MIXED MICELLAR SOLUTIONS OF TRITON 41
WITH 1-METHYL-3-OCTYLIMIDAZOLIUM CHLORIDE: EXPERIMENT AND

MODEL PREDICTIONS

A.l. Victorov,P.O. Sorina, E.A. Safonova, Yu.G. Dobryakov, E.A. lakovleva

FLUOROSUBSTITUTED METALPHTHALOCYANINES: PHYSICOCHEMICAL 42
PROPERTIES AND THIN FILMS
T.V. BasovaS.l. Dorovskikh, D.D. Klyamer, D.V. Bonegardt, A.S. Sukhikh

EXTERNAL FIELDS METHOD IN MOLECULAR SIMULATION AND 43
THERMODYNAMICS OF 2D CRYSTALS
E.A. Ustinov, V.A. Gorbunov, S.S. Akemko

EXPERIMENTAL CALORIMETRY FOR STUDY OF MATERIALS BASED ON 44
ORGANIC, ORGANOELEMENT AND POLYMERIC COMPOUNDS
A.V. Markin

INSIGHTS ON GLASS DYNAMICS FROM AGING FAR BELOW THE GLASS 45
TRANSITION
D. Cangialosi

NOVEL APPROACHES FOR CHARACTERIZINGIANOHETEROGENEITY IN 46
IONIC LIQUIDS
[.A. Sedov].l. Magsumov

EXPERIMENTAL AND THEORETICAL INVESTIGATION AND CRITICAL 47
ASSESSMENT OF THERMODYNAMIC DATA FOR PURE IN, CU AND SOME

BINARY SYSTEMS FROM 0K

A.V. Khvan A.T. Dinsdale, I.A. Uspenskaya , A.l. Orumna, A.S. Ivanov, N.M. Aristova

LIQUID PHASE SPLITTING AND CRITICAL STATES IN QUATERNARY SYSTEMS 48
WITH CHEMICAL REACTIONS: NEW EXPERIMENTAL DATA
A.M. Toikka A.A. Samarov, G.Kh. Misikov, M.A. Toikka

POLYMER AND METAL POWDERS FOR ADDITIVE MANUFACTRING GUIDED 49
BY DIFFERENTIAL FAST SCANNING CALORIMETRY
E. Zhuravley A. Minakov, C. Schick, O. Kessler

PROTEINS, POLYELECTROLYTES AND COPOLYMERS FOR PULMONARY 50
SURFACTANTS
A.G. BykoyM.A. Panaeva, A.V. Michailov, N.A. Isakov, B.A. Noskov

THE DEPENDENCE OF THERMODYNAMIC PROPERTIES OF POLYPHENYLENE 51
ON THEIR STRUCTURE
N.N. SmirnovaA.V. Markin, Z.B. Shifrina

SOLVOPHOBIC AND SOLVOPHILIC EFFECTS IN UREA AND 52
TETRAMETHYLUREA SOLUTIONS
A.V. Kustov

GELATIN AS A STABILIZER FOR EMULSIONS: MOLEEULAR MODIFICATION 53
S.R. Derkach N. A. Dyakina, L. A. Petrova, N .

PROTEIN MICROGEL LAYERS AT THE LIQUIBGAS INTERFACE 54
B.A. NoskoyA.V. Akentiev, A.G. Bykov, O.Yu. Milyaeva

KazanRussia RCCT 2022




HOMODESMOTIC METHOD FOR STUDYING THE MOLECULAR ENERGETICS 55
OF ORGANIC COMPOUNDS
S.L. Khursan

VORONOI-DELAUNAY METHOD. APPLICATIONS TO SOLUTIONS 56
N.N. Medvedev

THERMODYNAMICS OF MOLECULAR RECOGNITION AND POLYMORPHISM 57
V.V. GorbatchukM.N. Gabdulkhaev, A.K. Gatiatulin, M.A. Ziganshin

STRUCTURAL FACTOR CONTRQOLING SELFASSEMBLY BEHAVIOR AND 58
FUNCTIONAL ACTIVITY OF SURFACTANT SYSTEMS
L.Ya. Zakharova

THE USE OF THE THERMODYNAMIC APPROACH FOR ADVANCED OXIDE 59
CERAMICS DEVELOPMENT
O. Yu. Kurapovas. I. Lopatin, S.M. Shugurov, V.G. Konakov

ORAL PRESENTATIONS 60

MOLECULAR DYNAMICS STUDY OF VISCOSITY AND EXCESS ENTROPY OF 61
HYDROCARBONS
V.V. PisareyB.l. Nikitiuk, N.D Kondratyuk

CRYSTAL NUCLEATION IN AMORPHOUS SYSTEMS: UNIVERSAL SCALING 62
RELATIONS
A.V. Mokshin

NATIONAL CHALLENGES IN MATERIAL INFORMATICS 63
N.A. Polkovnikoval. I. Kochetov

NON-EQUILIBRIUM THERMODYNAMICS OF ENCELADUS ICE SHIELD: HOW 64
LATTICEBOLTZMANN MODELI NG HELPS US ESTAB
A. Olhin N. Brilliantov, A. Vishnyakov

HOMODESMOTIC METHOD FOR DETERMINING THE ENTHALPY OF 65
FORMATION OF FREE ALKYL RADICALS
E.S. Akhmetshind.L. Khursan

SELECTIVITY OF GAS SEPARATION MEMBRANES: AN APPROXIMATE 66
PREDICTIVE MODEL
A.O. MalakhoyV.V. Volkov

STUDY OF THE BITUMENPHASE COMPOSITION BY CALORIMETRIC METHOD 67
E.S. Okhotnikovd.N. Frolov, M.A. Ziganshin, Y.M. Ganeeva, A.A. Firsin, T.N. Yusupc

PARTICULARITIES OF STRUCTURE AND THERMODYNAMIC PROPERTIES OF 68
LAYERED PEROVSKITE PHOTOCATALYSTS

I.LA. Zvereva

NANOTHERMODYNAMICS: DIFFICULTIES, ADVANCES AND PROSPECTS 69
V.M. Samsong\&5A. Vasiliev, K.K. Nebyvalova, 1.V. Talyzin

PHOTOCATALYTIC ACTIVITY OF LAYERED PEROVSKITELIKE OXIDE 70

H,La2Ti3010 INTERCALATED WITH ROCTYLAMINE
N.A.Davydov,|.A. Rodionov

SELFRASSEMBLY, SORPTION AND THERMAL PROPERTIES OF SHORJHAIN 71
OLIGOPEPTIDES

M.A. ZiganshinR.A. Larionov, S.A. Ziganshina, A.S. Safiullina, A.V. Gerasimov, A.S.
Morozova, V.V. Gorbatchuk

ROLE OF AN INTRAMOLECULAR HYDROGEN BOND IN LIDOCAINE 72
CONFORMER DISTRIBUTION AND POLYMORPH STABILITY
R.D. Oparin M.A. KrestyaninoyM.G. Kiselev

THE ROLE OF WATER IN GUEST INCLUSION BY NATIVE CYCLODEXTRINS 73
AK. Gatiatulin V. Yu. Osel 6skaya, M. A. Zi gan:

KazanRussia RCCT 2022




THERMODYNAMIC PROPERTIES OF AN ORGANIC SINGLE CRYSTAL 74
SCINTILLATOR: 9-PHENYLCARBAZOLE
V.L.S. FreitasM.D.M.C. Ribeiro da Silva

TEMPERATURE DEPENDENCE OF PHASE TRANSITION ENTHALPIES OF 75
ORGANIC NON-ELECTROLYTES
M.l. Yagofaroy D.N. Bolmatenkov, B.N. Solomonov

SCANDI UMPDIKETONATES AS MOCVD PRECURSORS: THERMODYNAMIC 76
AND ASTRU-ERORE RRELATIONSHIPS
A.M. MakarenkoK.V. Zherikova

EXPERIMENTAL AND THEOERTICAL THERMODYNAMIC STUDY OF 1 77
BENZYL-4-PHENYL-1H-1,2,3TRIAZOLE AND 1,3BIS(1-METHYL-1H-TETRAZOL-
5-YL)PROPANE IN GASEOUS AND CONDENSED AGGREGATE STATES

Y.N. YurkshtovighA.V. Blokhin D.I. Shiman, A.V. Zuraev, S.V. Voitekhovich

RELATIONS BETWEEN STRUCTURE AND THERMAL BEHAVIOR OF MOCVD 78
PRECURSORS: IRIDIUM (I) COMPLEXES WITH CYCLOOCTADIENE,5

AND BETA-DIKETONATE DERIVATIVES

K.l. KarakovskayaE.S. Vikulova, E.A. Kovaleva, A.S. Bikk, S.V. Sysoev, N.B.

Morozova

THERMAL PERTURBATIONS AT CRYSTAL NUCLEATION IN GLASSES AND 79
POLYMERS
A.A. Minakov

CRYSTALLIZATION KINETICS AND GLASS-FORMING ABILITY OF DRUGS 80
FROM FAST SCANNING CALORIMETRY DATA

A.V. GerasimoyC. Schick, M.AZiganshin, R.N. Nagrimanov, A.E. Klimovitskii, S.E.

Lapuk

THE STABILITY OF POLY-L-LACTIDE NUCLEI ACCORDING TO THE 81
CLASSICAL NUCLEATION THEORY AND FAST SCANNING CALORIMETRY
R.A. AndrianoyT.A. Mukhametzyanov, C. Schick

FSC STUDY OF CRYSTALLIZATIONKINETICS OF CROSS.INKED 82
POLY(BUTYLENE TEREPHTHALATE)
A.R. AbdullinD.R. Zakirova, T.A. Mukhametzyanov, |.A. Sedov

QSPR MODELS FOR PHASE TRANSITION AND DECOMPOSITION 83
TEMPERATURE OF IONIC LIQUIDS
D.M. Makarov Yu.A. Fadeeva, L.E. Shmukler, 1.V. Tetko

PREDICTING THERMODYNAMIC PROPERTIES OF IONIC LIQUIDS AT HIGH 84
PRESSURES BASED ON THE REFERENCE DATA AT AMBIENT PRESSURE
E.B. Postnikov B. Jasi ok, M. Chor NUewski

POLYMERIZED IONIC LIQUIDS FOR THE ENHANCED BIOEXTRACTION 85
E.A. SafonovaP.A. Korchak].Yu. Gotlib, A.l. Victorov

THERMODYNAMIC FUNCTIONS OF FORMATION OF ZEETHYL- AND 1-BUTHYL- 86
3-METHYLIMIDAZOLIUM CLORIDES

D.A. Kalinyuk A.l. Druzhinina, L.A. Tiflova, O.V. Dorofeeva, Ya.V. Golubev, D.Yu. llly
K.D.Semavin, N.S. Chilingarov

LIQIUD-LIQUID EQULIBRIUM AND PARTITIONING OF BIOCOMPONENT IN 87
AQUEOUS MIXTURES OF IONIC LIQUID OF DIFFERENT STRUCTURE AND
KOSMOTROPIC SALT

P.A. Korchak E.A. Safonova, A.l. Victorov

EMPTY VOLUME IN IONIC LIQUIDS AND ITS CONNECTION WITH THE 88
SOLUBILITY OF GASES
E.A. Shelepova\.N. Medvedev

KazanRussia RCCT 2022




HEAT CAPACITY IN THE INTERVAL 8071 370 K AND PARAMETERS OF PHASE 89
TRANSITIONS OF BARIUM DOPPED STRONTIUM FERROMOLYBDATE

A.V. Blokhin E.N. Stepurko, M.V. Martinovich, S.E. Demyanov, A.D. Sokolova,

M.B. Charapennikau, N.Aalanda

CALCULATION OF TEMPERATURE DEPENDENCES OF HEAT CAPACITY OF 90
ALKALINE BORATES
M.V. ShtenbergV.A. Bychinsky, A.A. Tupitsyn, O.N. Koroleva

COMPLEX THERMAL ANALYSIS OF OXIDE MATERIALS SYNTHESIS 91
PROCESSES VIA COMBUSTION REACTIONS TAKING INTO@COUNT CHARGE
GENERATION

A.A. OstroushkoT. Yu. Maksimchuk, M.O. Tonkushina, O.V. Russkikh

THERMODYNAMIC PROPERTIES OF THE Na2B8a0O-B203 SYSTEM 92
N.N. TolmachevaS.Il. Lopatin, S.M. Shugurov, Z.G. Tyurnina, N.G. Tyurnina, 1.G.
Polyakova

THERMODYNAMIC BEHAVIOUR OF PALLADIUM IN LiCli KCIi CsCI EUTECTIC 93
MELT
A.A. Osipenko

THERMODYNAMIC MODELLING OF SYSTEMS CONTAINING LIQUID 94
CRYSTALS
S. Pestov

PHASE STABILITY AND THERMODYNAMIC MODELLING OF ALLOYS BASED 95
ON THE COCR-MN SYSTEM
S.V. Kuzovaikoy, A.V. Khvan, I.V. Fartushna, |.A. Bajenova

PHASE DIAGRAM FOR THE INi SE SYSTEM ACCORDING TO THE DATA OF 96
THE THERMAL, STRUCTURAL AND VAPORPRESSURE INVESTIGATIONS
N.Y.BrezhnevA.Y.Zavrazhnov, A.V Kosyakov

PHASE TRANSITIONS, CRITICAL ANDSUPERCRITICAL PHENOMENA IN 97
TERNARY MIXTURE OF WATER +1PROPANOL+NHEXANE
E.A BazaeyA.R. Bazaev, B.K. Osmanova, |.M. Abdulagatov

MODELING OF DSC CURVES OF POLYSTYRENE DURING GLASS TRANSITION 98
FROM CONVENTIONAL TO FAST COOLING RATES
T.V. Tropin J.W.P. Schmelzer, G. Schulz, Y.Z. Chua, R. Zhang, C. Schick

NEW APPROACH FOR VAPOR PRESSURE DETERMINATION BY MEANS OF 99
FAST SCANNING CALORIMETRY
A.V. BuzyuroyR.N. Nagrimanov, T.A. Mukhametzyanov, C. Schick

VAPORIZATION ENTHALPY OF ORGANIC NONELECTROLYTES IN A WIDE 100
TEMPERATURE RANGE: PENCIL AND PAPER vs EXPERIMENTAL
MEASUREMENTS

D.N. BolmatenkovC. M.I. Yagofarov, B.N. Solomonov

THERMAL AND SUPRAMOLECULAR PROPERTIES OF OLIGOPEPTIDES 101
R.A. Larionoy A. V. Gerasimov, S. A. Ziganshina, VGérbatchuk, M. A. Ziganshin

CONTROL OF HYDROGEN BONDING IN PHOTOACTIVE ORANGE CAROTENOII 102
PROTEIN BY NONCANONICAL SUBSTITUTIONS OF TYROSINRO1

E.G. MaksimoyG.V. Tsoraev, M. Moldenhauer,-M/. Tseng, I.A. Yaroshevich, A.A.
Mamchur, N. Budisa, T. Frikich

STUDY OF THE COCRYSTALLIZATION EFFECT ON THE CARBAMAZEPINE 103
THERMAL STABILITY
A.N. Manin K.V. Drozd, D.E. Boycov, G.L. Perlovich

KazanRussia RCCT 2022




INFLUENCE OF THE STRUCTURE OF ESTERS OF NATURAL 104
HYDROXYCARBOXYLIC ACIDS ON THERMODYNAMIC AND
THERMOPHYSICALPROPERTY

S.V. PortnovaN.S. Kuzmina, Y.F. Yamshchikova, E.L. Krasnykh

THERMOCHEMICAL AND STRUCTURAL PROPERTIES OF THE NEW SULPHUR 105
CONTAINING COMPOUNDS WITH RELEVANCE ON ATMOSPHERIC

CHEMISTRY

J. Z. D@ Curvaxy A.Salz- pez, U. Acufa

ALKYL -SUBSTITUTED BIPHENYLS AS POTENTIAL CANDIDATES FOR LIQUID 106
ORGANIC HYDROGEN CARRIERS
A.A. SamarovS.P. Verevkin

STUDY OF THE THERMODYNAMIC PROPERTIES OF ORGANOSILICON 107
DENDRIMERS AND THEIR CORRESPONDING NANOGELS WITH DIFFERENT
NATURE TERMINAL GROUPS

Y.A. SarminiA.V. Markin, N.N. Smirnova, A.M. Muzafarov

RESEARCH OF THE SYSTEMS AMINEALCOL i WATER 108
E.G. Kononoval.A. Solonina, Yu.P. Klapshin, M.N. Rodnikova, V.V. Vysotsky, AV. T

THERMODYNAMIC MODELS FOR AQUEOUS, ORGANIC AND ELECROLYTE 109
SOLUTIONS
N.A. KovalenkpA.I. Maksimov, I.A. Uspenskaya

DEPENDENCE OF FORMAL ELECTRODE POTENTIAL ON IONIC STRENGTH 110
G.A. GamoyA.E. Murekhina, D.N. Yarullin, A.S. Medvedeva, E.I. Pogodina, M.N.
Zavalishin

AMMONIUM 7 PHOSPHONIUMi ISOTHIURONIUM AMPHIPHILES: CMC, 111
SOLUBILIZING CAPABILITY AND CATALYTIC EFFECT

G.A. Gaynanova_.A. Vasileva, R.V. Pavlov, E.A. Vasilieva, F.G. Valeeva, I.V. Galkin
L.Ya. Zakharova

NEW MACROCYCLIC AMPHIPHILES FOR SENSING AND GREEN 112
MICELLAR&METAL/PHOTO CATALYSIS
Burilov V.A, Mironova D.A., Sultanova E.D., Solovieva S.E., Antipin I.S.

AGGREGATION OF CARBAMATE GEMINI SURFACTANTS AND THEIR 113
POTENTIAL AS LIPOSOME MODIFIERS
Pavlov R.V.Gaynanova G.A., Kuznetsov D.M., Zakharova L.Ya.

AMPHIPHILIC NHC PRECURSORS BASED ON IMIDAZOLH ,5DICARBOXYLIC 114
ACID: SYNTHESIS AND AGGREGATION IN AQUEOUS MEDIA
D.D. RadaeyD.P. Duglav, V.A. Burilov, S.E. Solovieva, I.S.Antipin

SIMULATION OF SURFACTANT ADSORPTION AT LIQUIBLIQUID INTERFACE: 115
WHAT WE MAY EXPECT FROM HARD AND SOFFCORE MODELS?
B.F. Farig, A. Scerbakova, I.V. Kopanichuk, A. Vishnyakov

HYDRATION EFFECT ON ENCAPSULATION OF INDOMETACIN BY SOLID 116
CYCLODEXTRINS
V.Yu.Os e |l § &.K.&atigtulin, M.A Ziganshin., V.\Gorbatchuk

FORMATION OFMIXED DNA/POLYELECTROLYTE LAYERS AT THE WATER 117
AIR INTERFACE
N.S. ChirkoyA.V. Mikhailov, P.S. Vlasov, B.A. Noskov

THE IMPACT OF THROMBINE ON DYNAMIC SURFACE PROPERTIES OF 118
FIBRINOGEN SOLUTIONS
0O.Yu. MilyaevaA.R. Rafikova, B.A. Noskov

INFLUENCE OF ORGANIC SOLVENTS ON THERMAL STABILITY AND 119
DENATURATION MECHANISM OF LYSOZYME
T.l. Magsumoyl.A. Sedov

KazanRussia RCCT 2022




FILMS OF LYSOZYME FIBRILLAR AGGREGATES ON THE WATER SURFACE 120
A.V AkentieyS.B. Gornyaya, B.A. Noskov

HELMHOLTZ ENERGY: ISIT ENERGY OR NOT? 121
N. M. Bazhin

EVALUATION OF THE BINDING PROPERTIES OF DRUGS TO ALBUMIN FROM 122
DSC THERMOGRAMS
D.R. KhaibrakhmanovaA.A. Nikiforova, |.A. Sedov

STERSCAN DIFFERENTIAL SCANNING CALORIMETRY FOR INVESTIGATION 123
OF PROTEIN DENATURATION
A.A. Fatkhutdinovas . ¢ . Mukhametzyanov

MONOETHANOLAMINE HYDRATION AS SEEN BY DIELECTRIC RELAXATION 124
SPECTROSCOPY AND QUANTUM CHEMICAL CALCULATIONS
V.N. AgieienkpV.V. Neklyudov, R. Buchner

COMPARISON OF DIFFERENT COMPUTATIONAL TECHNIQUES FOR 125
EVALUATION OF QUERCITIN CONFORMERS
A.S.Ponomare\D.A.Rychkov, I.O.Lomovskiy

A NEW APPROACH TO THE CALCULATION OF SOLVATION EFFECTS IN 126
BIOMOLECULAR SOLUTIONS IN THE FRAMEWORK OF THE CLASSICAL

DENSITY FUNCTIONAL THEORY

G.N. ChueyM.V. Fedotova

QUANTUM CHEMICAL STUDY OF THE INTERATOMIC INTERACTION OF 127
DIATOMIC ARGIDES
M.A .Maltsey Y.V. Minenkov, I.V. Morozov , S.A. Aksenova

PRESSURETEMPERATURE PHASE DIAGRAMS NEAR THE TRIPLE POINT OF 128
FOUR BENZALDEHYDES
A.R.R.P. AlimeidaB.D.A. Pinheiro, M.J.S. Monte

HEAT EFFECTS OF PHASE AND CHEMICAL PROCESSES IN A 129
MULTICOMPONENT SYSTEM WITH CHEMICAL INTERACTION
A.D. Golikova A.M. Toikka

EXPERIMENTAL STUDY AND CALPHAD MODELING OF THE AGIN-PD 130
TERNARY

E.G. KabanovaA.S. Pavlenko, E.A. Ptashkina, V.N. Kuznetsov

THERMODYNAMIC FEATURES OF ENANTIOMER ADSORPTION ON THE 131

SURFACES WITH SUPRAMOLECULAR CHIRALITY
V.Y. GuskovY.F. Sharafutdinova, I.M. Zinovyev

SEPARATION OF AZEOTROPIC MIXTURES: NOVEL APPROACHES OF USING 132
CHOLINE CHLORIDE BASED DEEP EUTECTIC SOLVENTS
D.A. Liubichey A.A. Samarov, |.V. Prikhodko

INVESTIGATION OF THE EFFICIENCY OF THE ETHANOL ETHYL FORMATE 133
SYSTEM SEPARATION BY VARIOUS DESs BASED ON CHOLINE CHLORIDE
A.A. SmirnoyA.D. Golikova, M.A. Toikka

STIMULI-RESPONSIVE NANOCARRIERS FORUBSTRATE BINDING AND 134
RELEASE

A.Y. ZiganshingE.D. Sultanova, T.Yu. Sergeeva, E.E. Mansurova,

N.Yu. Chudinov, I.S. Antipin

MODELLING MICELLES IN POLAR AND NON-POLAR SOLVENTS: FROM 135
SINGLE AGGREGATE TO AGGREGATES SIZE DISTRIBUTION

N.A. Volkoy A.K.Shchekin, M.V. Posysoev, Yu.A. Eroshkin, L.Ts. Adzhemyan, M.S.
Polovinkin

KazanRussia RCCT 2022




REDUCTIVE CLEAVAGE OF CO BONDS IN RTERT-BUTYLCALIX[4]JARENE 136
DERIVATIVES IN THE PRESENCE OF HYDRAZINE
R.N. BeloyVA. Burilov, S.E. Solovieva, I.S. Antipin

NOVEL TETRA-AZIDE AND TRIAZOLE DERIVATIVES OF THIA- AND 137
CALIX[4]JARENE WITH FREE PHENOLIC HYDROXYLS
E.G. Makaroy, K.l. Akyol, V.ABurilov, D.R.Islamov, S.ESolovieva, I.SAntipin

THERMODYNAMIC CHARACTERISTICS OF CESIUM DIMOLYBDATE AND 138
LITHIUM MONOMOLYBDATE DOPING BY 10% CESIUM

A.N. Semerikovad\.l. Matskevich, V.A. Trifonov, D.A. Samoshkin, S.V. Stankus, V.N.
Shlegel, A.Yu. Novikov, A.A. Fedorov

INORGANIC-ORGANIC DERIVATIVES OF LAYERED PEROVSKITH.IKE OXIDES 139
THERMAL STABILITY AND PHOTOCATALYTIC ACTIVITY

O.l. Silyukoy S.A. Kurnosenko, V.V. Voitovich, A.D. Khramova, |.A. Rodionov, |.A.
Minich, I.A. Zvereva

STUDY OF AlI203- ZrO2-Yb203 PRECURSORS BY THE DIFFERENTIAL 140
SCANNING CALORIMETRY
V.E. Kutuzoval.l. Podzorova, A.A. llicheva, A.A. Konovalov, bikotinkin, T.R. Chueva

MASS SPECTROMETRIC STUDY AND MODELING OF THE THERMODYNAMIC 141
PROPERTIES OF THE AI208i02-ZrO2 SYSTEM

V.A. Vorozhtcow.L. Stolyarova, A.L. Shilov, S.I. Lopatin, D.A. Yurchenko, N.B.
Knyazyan, G.G. Manukyan

AN EXPERIMENTAL INSIGHT ON THE THERMOCHEMISTRY OF 142
NAPHTHALENE DIOLS
M.D.M.C. Ribeiro da SilvaV.L.S. Freitas, M.l. Mendes, BM. S. Sousa

NEW RELATIONSHIP BETWEEN ENTHALPIES OF VAPORIZATION AND 143
SOLUTION FOR MOLECULAR AND IONIC LIQUIDS
R.N. NagrimanoyvB.N.Solomonov

HEAT CAPACITY AND THERMODYNAMIC FUNCTIONS OF CRYSTALLINE 144
COPPER(Il) DIPIVALOYLMETHANATE FROM 0 TO 430 K
[.S. Cherniaikin M.A. Bespyatov, P.A. Stabnikov, N.V. Gelfond

THE REARRANGEMENTENERGY OF FRAMEWORK RADICALS 145
E.A. MiroshnichenkoT. S . KonXkova, Y. N. Mat yushin

THERMODYNAMIC PERTURBATION THEORY FOR MOLTEN ALKALI HALIDES 146
N.K. TkacheyA.G. Davydov

CONFORMATIONAL PREFERENCES OF FENAMATES IN SUPERCRITICAL 147
STATE PARAMETERS OF THE SOLVENT BASED ON NOESY DATA
[.A. Khodoy K.V. Bebv, A.A. Dyshin, M.A. Krestyaninov, M.G. Kiselev

MOLECULAR SIMULATION OF THE PERVAPORATION PROCESS 148
|.P. Anashkin A.V.Klinov, |.M. Davletbaeva

VOLUMETRIC PROPERTIES OF AQUEOUS ALCOHOL SOLUTIONS: A VORONO 149
ANALYSIS
E.D. KadtsynV.A.Nichiporenko, N.N. Medvedev

ENERGY STORAGE MATERIALS AND SENSORS 150
L-X. Sun
HIGH-TEMPERATURE PHASE EQUILIBRIA IN THE F&nS SYSTEM 151

S. SinevaM. llatovskaya, O. Novozhilova, R. Starykh

APPLICATION OF DSC FOR STUDYING THE DOSE DEPENDENT EFFEOIF 152
CYCLOPHOSPHAMIDE TREATMENT ON ACTIN
D.LRr i,D.Szyt m8r i

KazanRussia RCCT 2022




GROUP CONTRIBUTION REVISITED: THE ENTHALPY OF FORMATION O 153
ORGANI C COMPOUNDS WITH ACHEMI CAL ACCUI
R.J.Meier

COMPUTERIZED MEASURING DEVICES IN ADIABATIC CALORIMETRY 154
V.M. Malyshev

POSTERPRESENTATIONS 155
DEPENDENCE OF THE STANDARD THERMODYNAMIC PROPERTIES OF 156

POLYOXIMES ON THE COMPOSITION
N.V. AbarbanelN.N. Smirnova, A.V. Markin

THERMODYNAMIC PROPERTIES OF PHASE TRANSITION OF 2 157
METHYLQUINOLINE, 2-CHLOROQUINOLINE AND 2PHENYLQUINOLINE
R.S. Abdullah

KINETIC AND THERMODYNAMIC CONTROLS OF ZINK CYAMELURATE 158
CRYSTAL FORMATIONS
N.V. AvramenkoL.A. Aslanov

THERMODYNAMIC MODELING OF LAYERED STRUCTURES 159
BASED ON GRAPHITE OXIDE
N.V. AvramenkoA.T. Rebrikova, A.M. Parfenova, M.V. Korobov

THERMODYNAMIC CALCULATION OF BOUNDARIES OF SOLID SOLUTIONS IN 160
SYSTEMS PbTeBi,Tesl ShTes AND PbTd SnTd BirTes
A.l. AghazadeA.N. Mammadov, M.B. Babanly

ACCELERATION OF METHANE HYDRATE NUCLEATION BY CR'STALS OF 161
HYDRATED SODIUM DODECYL SULFATE
T.P. AdamovaD.A. Strukov, A.Y. Manakov

SOME FEATURES OF THE PROCESS OF HYDRATE FORMATION ON AQUEQU: 162
FOAM STABILIZED BY SURFACTANTS
T.P. AdamovpA.Yu. Manakov, A.A. Chernov

THERMODYNAMICS OF SORPTION OBSODIUM OLEATE ONTO COPPER 163
MOLYBDENUM ORE
Sh.K. Amerkhanoyd&. Shlyapov, A.S. Uali

ELECTROFLOTATION IN WASTEWATER TREATMENT FROM CHROMIUM (VI) 164
IONS: THERMODYNAMIC ANALYSIS
Sh.K. Amerkhanoy®. Belgibayeva, R. Shlyapov, A.S. Uali

MOLECULAR SIMULATION OF THE PERVAPORATION PROCESS 165
I.P. Anashkin A.V. Klinov, S.GDyakonov

CALVE CALORIMETRY AND P-C ISOTHERMS: COMPARATIVE ANALYSIS OF 166
THERMODYNAMIC DATA
E.Yu. AnikinaV.N. Verbetsky, N.Ul.Yorov

CALORIMETRIC STUDY OF HYDROGENNTERACTION WITH DyFe 7 167
E.Yu. AnikinaV.N. Verbetsky, N.Ul.Yorov
TESTING CARNAHAN STARLING AND RUSANOV EQUATIONS OF STATE 168

FOR HARD SPHERES IN DENSITY FUNCTIONAL CALCULATIONS OF PROFILE:!
AND SURFACE TENSION OF DROPLETS AND BUBBLES
K.D. Apitsin,A.K. Shchekin, D.V. Tatyanenko, L.A. Gosteva

THERMODYNAMIC STUDY OF THE CuSi(Ge)S AND Cug Si(Ge)S COMPOUNDS 169
BY EMF AND DSC METHODS
K.N. Babanly U.R. Bayramova, L.F.Mashadiyeva, 1.J. Alverdiyev, Yu.A. Yusibov

ESTIMATION OF VAPORIZATION AND SUBLIMATION ENTHALPIES OF 170
TERPENES AND TERPENOIDS AT 298.15 K
R.A. BabkinA.A.Samatov, R.N. Nagrimanov

10
KazanRussia RCCT 2022




THERMODYNAMIC CHARACTERISTICS OF DYES SORPTION ON COAL 171
SORBENTS FROM TEXTILE PRODUCTIONS WASTEWATER AFTER THEIR
CHEMICAL TREATMENT WITH A COAGULANT ON THE BASIS OF

DICYANDIAMIDE

M.Yu. BabkinD.V. Filippov, O.V. Zakharov

THERMODYNAMIC PARAMETERS OF POSITIVE AND NEGATIVE IONS IN THE 172
GAS AND LIQUID PHASES AND THEIR CHANGE DURING SOLVATION
N. M. Bazhin

THIRD GENERATION CALPHADASSESSMENT OF DATA FOR PURE SI AND GE 173
AND THE BINARY SI-GE SYSTEM
I. Bajenova A. Khvan, A. Dinsdale, A. Kondratiev

PHASE TRANSITIONS AND CRITICAL PROPERTIES ORKE;OH+CH1s SYSTEM 174
E.A BazaeyA.R.Bazaev, |. MAbdulagatov, B.KOsmanova, T.ADzhapparov

VAPORIZATION AND THERMODYNAMIC PROPERTIES OF THE Sral203 175
SYSTEM STUDIED BY KNUDSEN EFFUSION MASS SPECTROMETRY

E.A. BalabanovaS.I. Lopatin, S.M. Shugurov, N.G. Tyurnina, Z.G. Tyurnina,

I.G. Polyakova

ESTIMATION OF THE TEMPERATUREDEPENDENCE OF THE SUBLIMATION 176
ENTHALPIES OF AROMATIC COMPOUNDS
[.S. BalakhontsewWl..l. Yagofarov

EFFECT OF COMPLEX FORMATION ON VOLUME PROPERTIES OF URACIL IN 177
BUFFER SOLUTIONS WITH GLYCYLL-TYROSINE AT VARIOUS

TEMPERATURES

B.P. BarannikoyE.Yu.Tyunina, G.N. Tarasova, A.A. Stavnhova

THERMODYNAMICS OF INTERACTION BETWEEN SOME PEPTIDES AND 178
NUCLEIC ACID BASES: URACIL AND CYTOSINE
V.P. BarannikoyD.R. Koltyschev, V.I. Smirnov, I.N. Mezhevoi

THE PHENOMENON OF PARTIAL ISOBARIC COMPRESSIBILM ( A NEGAT 179
EXPANSIBILITY0) OF UREA -BUSANODLANOLUTE | I
METHANOL MEDIA: A CONPARATIVE ANALYSIS

D.V. Batov, E.V. lvanov, E.Yu. Lebedeva, A.V. Kustov, A.A. Pakina, N.G. lvanova

COMPARATIVE CHARACTERISTICS OF THE ENTHALPY PARAMETERS OF THE 180
INTERMOLECULAR INTERACTION OF UREA AND TETRAMETHYL UREA IN
WATER, ETHYLENE GLYCOL AND FORMAMIDE

AT T = 288- 328 K

D.V. Batov, E.V. lvanov, N.L. Smirnova, A.V. Kustov

ANALYSIS OF VARIOUS ISOMANIFOLDS IN MULTICOMPONENT SYSTEMS 181
WITH BIAZEOTROPIC CONSTTUENTS
F. BedretdinoyT. Chelyuskina

EFFI CI ENT REMOVAL | ONS &R (VI) ON WAS™'182
MATERIAL BASED ON PVC
D. BekchanoyG. Babajonova, M. Mukhamediev

ON COALESCENCE TIME OF FREE DROPLETS IN VAPOR: MOLECULAR 183
DYNAMICS APPROACH
D. Beloborodw, A. Vishnyakov

LIDOCAINE CONFORMATIONAL PREFERENCES UNDER ISOTHERMAL 184
CONDITIONS

K.V. Beloy A.A. Dyshin, M.G. Kiselev, M.A. Krestyaninov, |.A. Khodov

PHASE EQUILIBRIA IN Me(CHSGs)2-H,0 (Me=CO, Ni, Mn) SYSTEMS 185

E.V. BelovaJ. D. Shakbva, K. A. Lyssenko, I. A. Uspenskaya

11
KazanRussia RCCT 2022




LOW-TEMPERATURE THERMODYNAMIC AND MAGNETIC PROPERTIES OF 186
COPPER BISHEPTAFLUORODIMETHYLOCTANEDIONATE
M.A. Bespyatov

HEAT CAPACITY AND THERMODYNAMIC FUNCTIONS OF YTTERBIUM 187
TITANATE AT TEMPERATURES FROM 80rO 320 K
M.R. Bissengaliyeyd.B. Gogol, D.T. Sadyrbekov, Taimassova Sh.T.

THE THERMODYNAMIC PROPERTIES OF-METHYLDIOXOLAN -1,3 188
IN THE CONDENSED STATE
A.V. Blokhin K.U. Kavaliova, |.V. Garist, A.P. Shchamialiou, E.N. Stepurko

POLY-NHC-AGGREGATES BASED ON BISIMIDAZOLIUM DERIVATIVES OF 189
CALIXARENES WITH OXYETHYLAZIDE/PROPARGYL FRAGMENTS

[.M. BogdanoyR.I. Garipova, V.A. Burilov, D.A. Mironova, A.A. Volodina, E.D.
Sultanova, S.E. Solovieva, I.S. Antipin

THERMOPHYSICAL PROPERTIES OF CHITOSAN®DIFIED BY ALKYL 190
FRAGMENTS INTRODUCTION AND ENZYMATIC IMPACT
T. D. BolkhovskataK.V. Apryatina, L.A. Smirnova

INVESTIGATION OF THE CRYSTAL STRUCTURE AND SATURATED VAPOR 191
PRESSURE OF TETRAFLUOROSUBSTITUTED METAL PHTHALOCYANINES
MPcF4np (M = Zn VO)

D.V. BonegardtD.D. Klyamer, A.S. Sukhikh, T.V. Basova

ESTIMATION OF SOME PHYSICOCHEMICAL PROPERTIES OF FUNCTIONAL 192
HAEMOSTATIC POLYMER MATERIALS BASED ON CARBOXYMETHYL
CELLULOSE AND COLLAGEN

A.S.VaninaE.V. Grekhnyova, T.N. Kudryavtseva, V.A. LigatoA. Denisov

MODELING OF THE PHASE EQUILIBRIA IN THE Z1C-O SYSTEM 193
V.A. Vorozhtcow.l. Almjashev, V.L. Stolyarova
LIQUID ORGANIC HYDROGEN CARRIERS: CHEMICAL EQUILIBRIUM OF 194

HYDROGENATION/DEHYDROGENATION REACTIONS
S. V. VostrikoyM. E. Konnow, E. A. Martynenko, S. P. Verevkin

USING FAST SCANNING CALORIMETRY TO REDUCE MELTING POINT OF 195
SUBSTANCES WITH ENANTIOTROPIC POLYMORPHIC TRANSITION
M.N. Gabdulkhagw.V. Gorbatchuk, M.A. Ziganshin

HEAT CAPACITY ANOMALIES NOT ATTRIBUTED TO PHASETRANSITIONS 196
K.S. Gavrichev

MESOPOROUS SILICA NANOPARTICLES MODIFIED BY IMIDAZOLIUM 197
SURFACTANT FOR INTRAVENOUS DELIVERY OF -PAM

G.A. GaynanovgE.A. Vasilieva, A.R. Ibragimova, A.D. Voloshina, K.A. Petrov, I.V. ZL
L.Ya. Zakharova

THERMODYNAMI CS OF COMPLEXATI ON OF NATI198
CYCLODEXTRINS WITH BARICITINIB
A.A. GaribyanE.S. Delyagina, 1.V. Terekhova

THERMODYNAMIC PARAMETERS OF SOLUBILIZATION OF ANTIRHEUMATIC 199
DRUGS BY PLURONIC F127
A.A. GaribyanM.A. Agafonov, |.VTerekhova

NEW EXPERIMENTAL INVESTIGATION OF THE PHASE EQUILIBRIA IN THE G- 200
Sm AND Co-Cu-Sm SYSTEMS
|. BajenovaE. Gvozdeva, A. Khvan, V. Cheverikin

SYNTHESIS, SELFASSOCIATION AND INTERACTION WITH BSA OF 201
CALIXRESORCINE CARBOXYBETAINES ANDCARBOXYBETAINE ESTERS
Z.R.Gilmulling J.E. Morozova, A.P. Lyubina, S.K. Amerhanova, A.D. Voloshina, V.V.
Syakaev, |.S. Antipin

12
KazanRussia RCCT 2022
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OF VAPORIZATION AND SUBLIMATION ENTHALPIES OF CYANATE ESTERS

A.R. IbragimovaR.N.Nagrimanov, A.V. Buzyurov, B.N. Solomonov, R.V. Nosov, |.A.
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HIGH TEMPERATURE MASS SPECTROMETRIC STUDY OF THE
MULTICOMPONENT SYSTEMS BASED ON RARE EARTH OXIDES AND HAFNIA

V.L. Stolyarova? V.A. Vorozhtcovt?, S.A. Kirillova®® S.I. Lopatifi? A.L. Shilov?
!Saint Petersburg State University, Russia;
%|nstitute of Silicate Chemistry of Russian Academy of Sciences, Russia;
33aint Petersburg State dgitrotechnical University "LETI", Russia;
e-mail: v.stolyarova@spbu.ru

The rare earth oxides (REO) and hafnia are considered as the base of the promising materials for
various high temperature technologies;luding aircraft engineering and nuclear industry [1].

For instance, multicomponent systems containing REO,,,Ze&dd HfQ can be used for
development of modern thermal barrier coatings for gas turbine engine blades, which is of
special interest in theesospace sector since the ceramics based on stabilized \wini@h 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 theeselec
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 H@hich was carried out for therdt time in the

present study by the Knudsen effusion mass spectrometric (KEMS) method using as the example
the ceramics based on th&,03-SnpOs-Y,03-HfO, and LayOs3-SmpO3z-ZrO,-HfO, systems,
including the LaO3-Sm,O3 system.

It was shown that, at the temperatures below 2500 K, the composition of the gaseous phase over
the samples in thelLayO3-Sm0s-Y,05-HfO, and LayOs-SnpOs-ZrO,-HfO, systems
corresponded to the vapor species over the pure lanthanoid oxides, namely, LaOnSady S

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
guaternary systems under consideration as well as inalis-SnpyO3 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 LayOs-SmpOs; system, the concentration dependence of ItagO; activities was
approximated by the Redlidkister [3] and Wilson [4] polynomials to obtain the excess Gibbs
energy values and the S activities in the concentration range5@ mol. % LayOs.
Application of the Wilson method [4] also allowed evaluatidntlte 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
LayO3-SmpOs-Y 2,03-HfO, andLay,O3-SmpOs-ZrO,-HfO, systems were compared with the results

of calculation of the corresponding values based on the data in the binary systems using the
semiempirical Kohler [5], RedlickKister [3], and Wilson [4] methods, as well as the
generalized latticéheory 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 obsangethe
semiempirical Wilson method.
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TOWARDS SCREENING OF POLYMORHISM AT SUPERCRITICAL PARAMETERS
OF STATE

M. G. KiseleV, R.D. Oparif, D.V. Ivlev!, Y.A. Budkov'?, N.N. Kalikin®, I.A. KhodoV}
Ynstitute of Solution Chemistry of the RAS, Akademicheskaya, 1, lvanovo, Russia
School of Applied Mathematics HSE University, Tallinskaya st.34, Moscow, Russia
e-mail: mgk@iseras.ru

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 enigige®atrices), pharmacy

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

(e.g., in the development of composites with polymers quantum dots needs for optoelectronics
or composites of polymers with carboanotubes 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; ultdaw surface tension. One of theost promising SCF technologies

for pharmacy is formation of crystalline particles of drugse main advantages of their use
include the following:

A Obtaining micronized forms of the target
of theobtained crystals in a wide range.

A High degree of purity of the target pro
supercritical solution (RESS) or using the method based on the effect-eblmint (SAS). In

this case, there are practically msidual traces of solvent in the final product.

A The ability to control the polymorphism
thermodynamic parameters of the supercritical fluid system from which crystallization is
performed and, as a resuhge possibility of obtaining a sample with the required polymorphic
purity.

The screening ofpolymorphism is usually fully empirical procedure. The new
methodology for conformational type of polymorphism introduces in this report. Such
methodology consison 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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EFFECTS OF CONFINEMENT FOR SMALL AGGREGATES IN NUCLEATION AND
MICELLIZATION

A.K. Shchekin
St Petersburg State University, Russia
akshch@list.ru

Recently, a number of works have appeared devoted to the consideration of confinement effects
in the thermodynamics of small systems4]1 Speaking about the effects of confinement in the
thermodynamic and kinetic theory of aggregation,wilékeep 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,
deliguescence and effloresme 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 thamstable 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 systematudy 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
reachastbl e state. Kog2gek and Demo [ 9] numer i
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 sizeuistribf 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 additionabntribution 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. Theblem 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 visek iA 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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ORGANICS MATTER: COM MON FEATURES IN ENERGETICS OF POLYMER
DERIVED CERAMICS, ME TAL ORGANIC FRAMEWOR KS, AND OTHER HYBRID
MATERIALS

A. Navrotsky
Arizona StatéJniversity, USA

alexnav@asu.edu

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 strgly 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 conected 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 measur#éseir formation energetics. The organic ion, linka 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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ESTIMATIONS OF THE LIQUID AND SOLID HEA T CAPACITY OF LARGE
MOLECULES BY GROUP ADDITIVITY

J. Chickos
Department of Chemistry, University of Misse8ti Louis

Group additivity is very useful technique for estimating heat capacities of organic substances.
This contribution gamines 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 teldigie

parent compounds. The second addresses the observation that group values for liquids have had &
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 isalibed for the estimation of both liquid and

solid heat capacities dt = 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 compunds and can also take advantage of currently available experimental
data of related substances.
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THERMODYNAMIC STUDY OF FORMAMIDINIUM LEA D IODIDE (CHsN2Pbls)
FROM 5 TO 357 K

S. Vecchio Cipriofi, A. Cicciol?, A. Latin?, A. Luongd, N. N. Smirnova, Alexey V. Markir?
!Sapienza University of Rome,Via del Castro Laurenzian®@161, Italy;
2Sapienza University of Rome, P.le A. Moro-60185, ltaly;
3National Research Lobachevsky State University of Nizhny Novgorod,

23/5 Gagarin Av., 603950 NizhMNovgorod, Russia
stefano.vecchio@uniromal.it

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 thabove 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
capacityCA(T), the enthalpyHAT) HA( 0) ], tSABaneéthe GADpHA( 0) ], ha
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 literedisteed by
nonclassical or less precise methods [1,2].

AcknowledgementsThis work was supported by the Ministry of Science and Higher Education
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Figure 1. Molar heat capacities of formamidinium lead iodide (FARIhe range from 5 to 357 K
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Dielectric and Thermodynamic Signatures of Ldemperature Glassy Dynamics in the Hybrid
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GIBBST HELMHOLTZ EQUATION: PRACTICAL APPLICATIONS IN
THERMOCHEMISTRY

S.P. Verevkin?
'University of Rostock, Germany;
’Samara State Technical University, Russia
sergey.verevkin@uwmostock.de

The thermodynamic feasibility of a chemical processldtermined by the sign of the Gibbs
reaction energy. The Gibldselmholtz equation applied to thermochemistry is clearly
represented by the enthalpic and entropic contributions to the Gibbs energy. The thermochemical
methods useful to derive these contrnbng from experiment and theory are collected and
analyzed. The concept of the-sni | i c 0 0 Helwhwltt eqBatidnbwvas proposed. The
applicati-enl otodbhpracedure to modern areas
and ionic liquids waslemonstrated.

Various areas of application will be presented in which the @iddsholtz equation can help

to optimize chemicaéngineering problems. This includes the synthesis of the platform
chemicals, the utilization of the renewable sources (glyckgoin, etc.), and hydrogen storage.

A useful combination of quantum chemistry with experimental methods has been developed and
applied to the determination of liquhase equilibrium constants, which are essential for
chemical technology.

In the contek 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, nitrogeontaining heterocycles, furfuryl alcohol and dipylen

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 wittpit@gision
calorimetry and quantwohemistry has dispved 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 Kyen very close to absolute zero.

Acknowledgements This research work was supported by the Government of Russian
Federation (decree ~ 220 of 9 April 2009), ag
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THERMODYNAMIC PROPERTIES OF MIXED OXIDES FOR THERMAL BARRIER
COATINGS: RE ZIRCONATES, HAFNATES, TANTALATES

K.S. GavricheyV.N. Guskov, A.V. Khoroshilov, A.V. Tyurin, P.G. Gagarin, A.V. Guskov,
M.A. Ryumin, G.E. Nikiforova
Kurnakov Institute of General and Inorganic Chemistry of RAS
gavrich@igic.ras.ru

The increase in the efficiency of modern aircraft engines and tutygpeepower plants is

inhibited due to the impossibility of increasing the temperature in the hot zones due to the
achievement of limits of temperature and phasabilty of materials used in the design of parts

of these devicessuperalloys and ceramic coatings. At one time, the application of a thermal
barrier coating (TBCs) designed of zirconium dioxide stabilized with yttrium oxi@ §Z)

made it possible tachieve significant progress. However, the upper temperature limit of the
YSZ coatingsis 1154 200 AC. Addi tionally, zirconium dio
ion conductivity, which leads to oxidation of internal metal parts. Moreover, engines ha
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 temperatliregested 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 oxideRE zirconates (REZr.0O), hafnates (REHf,0O;) and tantalates
(RETaQ and RETa0,). All these substances have the high melting temperature and oxygen
mobility lower than in YSZ.

Mixed oxides were synthesized by reverseguoecipitation with the following stepise
annealing at f i n@pecimers meeidertited byesy dfftactiéon ASEM and
ICP-MS analysis.

Thermal behavior of compounds was studied by DTA/TG in the rangd8IDK to determine

the possible anomalies related with the phase transitions.

The measurement of the heapacity of these compounds by relaxation (PFM3uantum

Design), adiabatic (BK-B) and differential scanning calorimetry (Netzsch STA 449 F1 Jupiter)
in the temperature range ofl300 K allowed us to determine reliable thermodynamic values
and, using ouand 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-electron levels under the effect of a caydield are
determined and their contributions to entropy are calculated. DifferenCgyvatues and the

course of curves are due to lanthanide compression and the presence of Schottky anomaly.
The study by differential scanning calorimetry showed tiseace of weight loss and phase
transformations in the region up to 1800 K. Extrapolation o(€) dependence to the high
temperature region using the Mayelly equation allowed us to estimate the stability of
complex oxides in an interval inaccedsibb experimental study.

The study of highemperature oxides by powdesr&y diffraction in the range of 29873 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 toefficients of thermal expansion. Changes in the
volumesV(T) of the unit cell of mixed oxides studied are close to linear.
Acknowledgements.The research was carried out with the support of the RSF grai3#18
00025.
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METAL -ORGANIC COMPOUNDS FOR GAS-PHASE DEPOSITION: HOW DO WE
TINKER WITH THERMODYNAMIC AND THERMOCHEMICAL DATA POOL?

K.V. Zherikova
Nikolaev Institute of Inorganic Chermistry SB RAS, Russia
ksenia@ngs.ru

Volatile metalorganic compounds are involved as precursors for producing foakttfim
materials by gaphase 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 iomsdior 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 pressureslting 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 carred out under empirically determined conditions.

In focus of this contribution, there is a general algorithm for diagnosing data on the
thermodynamics of solidas, liquidgas, and soliiquid phase transitions for metdl-
diketonates which are tlmostknown precursors. It is based on "structpreperty” correlations

and the group additivity principles [1,2]. The approach has been developed and tested for a
number of metal tri-diketonates [3].

AcknowledgementsThe financial support of the work was provided by the Russian Science
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THE DISSOLUTION THERMODYNAMICS AS THE KEY TO UNDERSTANDING
VARIOUS PHYSICOCHEMICAL PROCESSES

B.N. Solomonov
Kazan FederaUniversity, Russian Federation
e-mail: Boris.Solomonov@kpfu.ru

The present contribution reports the author's research in the field of the thermodynamics of
dissolution and solvation of organic nonelectrolytes.

The study of thehermodynamics of dissolution of alkanes in various solvents enabled to create a
method for evaluating the contribution of the solvation into the thermodynamic parameters of
solventsolvent and solvergolute interactions. The devised solvealvent inteaction
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 equilihedrequency 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 sohiopéifect 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 estéibhing that neither the dipole moments of the solute molecule, nor the dipole
moments of the individual bonds in the molecule, nor the highegr multipoles or the
dielectric permittivity of the solvent, affect the thermodynamic functions of dissolainch
solvation. This enables the formulation of the additivity principle for the thermodynamics of the
solvation of nonelectrolytes.

For solventsolute systems with hydrogen bonding the general schemes for determining the
thermodynamic parameters of hydemgbonding based on the dissolution thermodynamics data
have been developed.

The schemes for calculation of the solvation enthalpy have been developed based on the detailed
Astr+patopree t yo analysis of the nonebmohaofol yt
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 dissolutad 298K and the fusion enthalpy at the
melting temperature allowed us to create a way to adjust the enthalpy of melting to 298K.
AcknowledgementsThe financial support of Russian Science Foundation, grant Nd322
04412.
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FAST SCANNING CALORIMETRY: NEW OPPORTUNITIES FOR CHEMICAL
THERMODYNAMICS

T.A.Mukhametzyanov
Kazan Federal University, Russian Federation;
e-mail Timur.Mukhametzyanov@kpfu.ru

Fast Scanning Calorimetry (FSC) is new calorimetric technique which allows for controlled
heating and cooling ith scanning rate of up to 1&/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 dbwventional differential scanning
calorimetry [2]. By extension this provides an opportunity to study fusion of the metastable
polymorphg3].

Second, rapid cooling allows supercooling for even relatively fast crystallizing congoamd

then the heat capacity of the supercooled melt can be measured. These data can be used tc
evaluate the temperature dependence of the phase transitions involving liqU4i state

Third, a small sample size and relativédyge surface area allows studying of the evaporation
and sublimation of the low volatile compounds using a variation of the thermogravimetric
techniqug5].

Finally, fast scanning calorimetry allows to realize temperature programs to study kinetics of the
processes ike polymer nucleation and crystallization or protein foldif@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, rmy open even more exciting opportunities in the field of chemical thermodynamics.

AcknowledgementsThis work has been supported by the Kazan Federal University Strategic
Academic Leadershi 20BrO®dgram (6PRI ORI TY

[1] E. Zhuravlev, C. Schick, Gzast Scanning Calorimetry2016, NorAdiabatic Scanning
Calorimeter for Controlled Fast Cooling and Heating, 184, Springer International
Publishing, Cham, Switzerland.

[2] A. Abdelaziz, D.H. Zaitsau, T.A. Mukhametzyanov, B.N. Solomonov, P. Cebe, S.P.
Verevkin, C. SchickThermochimica Act2017, 657, 47.

8] A. Kons, A. Mi shnev, T.A. Muk hamet zyanov,
Crystal Growth and Desigr2021, 21, 1190.

[4] M.l Yagofarov, S.E. Lapuk, T.A. Mukhametzyanov, M.A. Ziganshin, C. Schick, B.N.
Solomonov,Thermochimica Acte2018 668 96.

[5] A. Abdelaziz, D.H. Zaitsau, A. Buzyurov, A.A. Minakov, S.P. Verevkin, C. Schick,
Thermochimica Act&019 676, 249.

[6] T.Mukhametzyanov, J.M.P. Schmelzer, E. Yarko, A. Abdullin, M. Ziganshin, |. Sedov,
C. Schick,Polymers (BaselR021, 13, 13213617.

[7] A. Fatkhutdinova, T. Mukhametzyanov, C. Schilckernational Journal of Molecular
Sciences2022 23, 23052773.

33
KazanRussia RCCT 2022



THERMOCHEMISTRY OF NATURAL GAS STORAGE

M.A. VarfolomeeV, A. Farhadiah A.S. StoporeY R.S. Pavelyey Y.F. Zaripova, M.E.
SemenoY, A.G. KiiamoV
'Kazan Federal University, Russian Federation
vma.ksu@gmail.com

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 gamRy,Tthe 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 hgws 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 1gttegy based on promoting the gas hydrates formation using surfactants.

The present study used castor oil as anfeendly resource to develop novel biosurfactants for
methane storage. The transmission and scanning electron microscopies, dynanuattigimg,

and interfacial tension measurements revealed the surfactant properties of sulfonated castor oll
(SCO). In addition, a higpressure autoclave and a micro differential scanning calorimeter tests
unveiled SCO as an effective kinetic hydrate prtano The results showed that SCO
significantly enhanced the rate of me ttlrane |
hydrate conversion was observed in 0.1 wt % SCO solution under stirring conditions. Pure water,
0.1 wt % SCO, and 0.1 wt % sodium @agl sulfate (SDS) solutions allowed 50% conversion to

be achieved for 329N50, 39N20, and 2baded mir
reagent as effective as the wktlown kinetic hydrate promoter (SDS). Furthermore, the SCO
solution's foam r& 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 twlactants- 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 d¢ast 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 revess the difference in the promotion of hydrates of different types (sl, sll). 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 supercdbtiag.be concluded

that sulfonated castor oil is a promising reagent for solving the problem of slow hydrate
formation during gas storage and transportation.

AcknowledgementsThis paper has been supported by the Kazan Federal University Strategic
AcademicLeadership Program (PRIORITX030) and funded by the Ministry of Science and
Higher Education of the Russian Federation under agreement Nel5@(®22299 dated
04/15/2022 within the framework of the development program for a vetaks Research Center
cEfficient devel opment of the global Iliquid
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MEAN -FIELD THEORY OF MACR OSCOPIC FORCES IN INHOMOGENEOUS
IONIC FLUIDS

Yu.A. Budkov?
'G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences, Russia;
School of Applied Mathematics, HSE Univerdyssia
ybudkov@hse.ru

lonic 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 theuse of ionic fluids in various applications, including lipid and-@xchange membranes,
biomacromolecules, colloids, batteries, fuel cells, supercapacgtrsin all these examples,

ionic fluids, which either interact with the charged surface of teenbmane, 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 gdbn of one or another setbnsistent field equation for the
electrostatic potential with appropriate boundary conditions: the classical RBigkpmann

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

In this talk, | will present a fieldheoretical 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 arbitraeference fluid system. | will obtain a
modified PB equation as the Euleagrange equation for the obtained functional. Applying
Noether's theorem to this functional, | will derive a general rfiedth expression for the stress
tensor consistent with thespective modified PB equation. | will derive a general expression for
the macroscopic force acting on the dielectric or conductive body immersed in an ionic fluid. In
particular, | will derive a general medield expression for the disjoining pressureaof ionic

fluid in a slit pore. | will apply the developed formalism to describe three ionic fluid models of
practical importance: nonpolarizable models (including the-kredvn PB and PoisselRermi
equations), polarizable models (ions carry nonzero peentadipole or static polarizability), and
models of iondipole mixtures (including the wellnown PoissofBoltzmannLangevin
equation). For these models, | will obtain modified PB equations and respective stress tensors,
which could be valuable for diffent applications, where it is necessary to estimate the
macroscopic forces acting on the dielectric or conductive bodies (electrodes, colloids,
membranesgtc) together with the local electrostatic potential (field) and ionic concentrations.

Acknowledgemaents The financial support ofhe Russian Science Foundation (Grant Ne121
00031) and grant of the President of the Russian Federation (projedON841.2021.1.3).
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APPLICATION OF THE THIRD LAW OF THERMODYNAMICS TO THE STUDY OF
PHASE DIAGRAMS

P.P. Fedorov
Prokhorov General Physics Instituté the Russian Academy of Scienddsscow, Russia
ppfedorov@yandex.ru

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 stmoediric 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 (HtRwoseri rule).In this case, the area of homogeneity
becones strongly temperatwadependent.

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 thermadymics 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).

AcknowledgementsThe study was funded by a grd3t Ru
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Figure 1. Phase diagrams of the systems:abit-anortite, b- SrF+-LaFs [4].
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LIMITS OF STABILITY OF METASTABLE PHASES AND METASTABLE PHASE
EQUILIBRIA IN SIMPLE ONE -COMPONENT SYSTEM

V.G. Baidakov
Institute of Thermal Physics of Ural Branch of Russian Academy of Sciences, Russia
e-mail: baidakov@itpuran.ru

The boundaries of significant instability of superheated and supercooled liquid, superheated
crystal and supersaturated vapor were investigated in Ledonaes$ particle systems using
molecular dynamic simulation. Shortwave static agdagnic 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 enemponentsystem, there are two characteristic points: triple,
where three phases coexist with each other, and critical, where thé digsighase 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 liquiccrystal and crystabas phase equilibrine 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 extensiameets 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 gatedtilt

is discussed how the existence of endpoints of liguidtal and crystabas affects nucleation
processes.

AcknowledgementsThe investigation has been conducted at the expense of a grant of the
Russian Science Foundation No1800276P.

The author is grateful to the Supercomputer center of the Institute of Mathematics and
Mechanics of the Ural Branch of the Russian Academy of Sciences for the kindly provided
computer facilities for this work.
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Figure 1. Melting line LM, sublimation lineDM and their metastable extension (dash likks,
d MKqun respectively); spinodal of liquidF, and crystaBE; triple pointM and critical poin(C;
critical endpoint of melting liné,, and sublimatiorKs,, (in units of parameters dfennard
Jones potential).

37
KazanRussia RCCT 2022



APPLICABILITY OF POPULAR FUNCTIONALS IN CALCULATIONS OF THE
ENERGY, THERMODYNAMIC AND SPECTROSCOPIC PROPERTIES OF
SUBSTANCES

V.V. Turovtsev
Tver State Medical University, Tver, Russia
e-mail: turtsma@tversu.ru

Theoretical studyf 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 elementslynémeephysical
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 @ 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, M062X, MO6-HF,

MO6L, mPBE, mPW, MPW1K, MPW1PW, O3LYP, OLYP, OPBE, OPBEO, PBE, PBEO,
PBEsol, PW91, revPBE, revTPSS, RPBE, TPSS, TPSSH, X3LYP and HF were used to calculate
Ewta and enthalpy of formatiowith 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 Slate
functions in the QZ4P basis set does not imply its use in conventional calculations of polyatomic
molecules, therefore, the dependenc&gf; on the type (size) of the basis set with QZ4P-aug
TZ2P and TZ2P has been studied. It is shown that the @ptiombinations for DFT/TZ2P are

DFT = M06, MO6L, CAMY-B3LYP, TPSS.

Determining of the physicochemical properties with "chemical" accuracy requires taking into
account the anharmonicity of vibrations and conformational transformations #rigmbn
compoung. 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 calculspedtra 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, MAPW,
O3LYP, PBEO, X3LYP, LDA, MO6L, MN15L, MVS, revTPSS, SCAN, TPSS, MD6 MO6-

HF, M06, MN15, TPSSH, CAMB3LYP, CAMY-B3LYP, HSEO3, HSEO06, LCBLYP, LCY-

BP86, LCY-PBE, M11, MN12SX, N12SX, WB97, WB97X, WB97X, LCYPBE, MPWI1K,

M11, B1IPW91, N12SX, BLYP, HSE06, PBEO, SCAN, M0&X, TPSSH, MPW1PW, HSEO3.

Near the variation limit with QZ4P basis set the best results were shown by BHandH, WB97,
LCY-BP86, WB97X, LC¥PBE, MPW1K, M11, B1IPW91, N13X, BLYP, HSEO06, PBEO,
SCAN, M062X, TPSSH, MPW1PW, HSEOQ3.

[1] V. V. Turovtsev, et allJ. Struct. Chem 2018, 59, 1960.

[2] V. V. Turovtsev, et allJ. Phys. Conf. Ser2019, 1352, 1352:012058.

[3] G. te Velde, F.M. Bickelhaupt, S.J.A. van Gisbergen, C. Fonseca Guerra, E.J. Baerends,
J.G. Snijders, T. Ziegled, CompChem, 2001, 22, 931.
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EQUILIBRIUM DROPS: A DIFFERENCE BETWEEN THERMODYNAMICS BY
CLAUSIUS AND GIBBS IN TASKS OF THE PHASE EQUILIBRIUM

Yu. K. Tovbin
Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, Moscow
e-mail address: tovbinyk@mail.ru

Liquid equilibrium drops in the saturated vapor were discovered by methods of statistical
thermodynamics [ 1]. The concept of the c¢equ
between the drop and surrounding vapmiuding 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 conditicnag)

there areealized equalities for internal pressure of vapor and liByid P4, and also equality of
chemical potential&z = 1, herea andb 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 sml 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 refation times of momentum transféf, mass transfet), and heat

energy transfet} In the general cas¢he following relationships are holtlh << (} << (,

however nowadays, the classical and statistical thermodynamics of curved interfaces uses
assumptiortp >> [ .

The relationship between the second law of thermodynamiRs in C | dreasneni3$ and J.

W. Gi bbso t HA is discubssed ahmesondlaw of thermodynamics R. Clausius
treat ment is formulated more generally thar
strictly equilibrium values of t her modynami
statistical mechanical theory of ebjoiium 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 coexistig 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 sel€onsistent description of three aggregate states and their intdtfajes

The correct accounting fap << ( 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-selfisistent for kinetic models, i.e. an equality of diseud

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

Gi bbsdés thermodynamics i s diony & the surfwcegensiob byl i t i
different methods of statistical thermodynamics are discussed.

[1] Yu. K. Tovbin,Small Systems and Fundamentals of Thermodynd®@RE€, Boca Raton,
FL, 2019; Fizmatlit, Moscow, 2018).

[2] J. W. Gibbs,Trans. Connect. Acad878.3, 343;The Collected Works of J. W. Giblos 2
Vols. (Longmans Green, New York, 1928), Vol. 1.

[3] R. ClausiusMechanical Theory of HeaL.ondon, John van Voorst. 1867.

[4] Yu. K. Tovbin,Russ. J. Phys. Chery. 2021 95, 637.
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PARTITIONING OF N -OCTANOL IN MIXED MICELLAR SOLUTIONS OF TRITON
WITH 1-METHYL -3-OCTYLIMIDAZOLIUM CHLORIDE: EXPERIMENT AND
MODEL PREDICTIONS
A.l. Victorov, P.O. Sorina, E.A. Safonova, Yu.G. Dobryakov, E.A. lakovleva
SaintPetersburg State University, St. Petersburg, Russia
e-mail: victorov_a@yahoo.com

Micelle-mediated separation is an attractive noninvasive technique, particularly for the
biocomponents having fragilenolecules. 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. fie 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 aggregaégistiesac

A molecularthermodynamic 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, performexgperimental studies of aqueous
mixtures of Triton TX114 and imethyt3-octylimidazolium chloride (surface active ionic
liquid) with/without added foctanol (model biocomponent). Experimental data evctanol
partition coefficients (headpace chromatagphy) and 2D NOESY NMR spectra are reported.
For varying composition of the system, the calculated distribution-adftanol between the
polydisperse aggregates and aqueous environment is compared with experimental data. The
results are discussed in light predicted structural details of the aggregates (the number of
hydrogen bonds in corona and hydration numbers, etc.).

AcknowledgementsWe thank RSF (project No. 2IB-00038) for financial support. The NMR
measurements were carried out at the Resqadhof St. Petersburg State University (Center
for Magnetic Resonance).

[1] E.A. lakovleva, P.O.Sorina, E.A.Safonova, A.l.Victor&lyid Phase Equilib 2022, 556,
113376.
[2] E.A. lakovleva, E.A. Safonova, Al.l. Victoro¥luid Phase Equilib 2021, 58, 113134.
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FLUOROSUBSTITUTED ME TAL PHTHALOCYANINES: PHYSICOCHEMICAL
PROPERTIES AND THIN FILMS
T.V. BasovaS.I. Dorovskikh, D.D. Klyamer, D.V. Bonegardt, A.S. Sukhikh
Nikolaev Institute of Inorganic Chemistry SB RAS, Russian Federation
e-mail basova@niic.nsc.ru

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 eleadtratevices 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 (®BD) 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
temperatureMeasurementsf temperature dependencewapor pressureanbe usefulbothin
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 one tlerystal structure of
phthalocyanines of cobalt, iron, copper, and vanadyl and analyze the correlations between the
structure and volatility of these complex@$e single crystal structures bfPcF, (M= Co, Fe,

Cu, VO)were refined; their vapour pressweas determined as a function of temperature by the
Knudsen effusion method and tseandard thermodynamic parametedd; and g5 of the
sublimation processvere determinedThese characteristics were compared with those of
unsubstituted MPc and hexadecafluorosubstituted derivativieshfeld 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 aslagéxe

of chemiresistive gas sensors are also discussed.

AcknowledgementsThis work was funded by the Russian Science Foundation (grans-21
10142).

[1] D. Klyamer,A. Sukhikh,S. Gromilov, P.Krasnov,T. BasovaSensor018, 18, 2141
[2] D. Klyamer,A. Sukhikh, S. Trubin, S. Gromilov, N. Morozova,BasovaA. Hassan,
Cryst. Growth Des2020, 201016
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EXTERNAL FIELDS METHOD IN MOLECULAR SIMULATION AND
THERMODYNAMICS OF 2D CRYSTALS

E.A. Ustinov!, V.A. GorbunoV, S.S. Akimenkd
Yioffe Institute, Russia;

?Omsk State Technical University, Russia
eustinov@mail.ioffe.ru

We present a general methodology for determining thermodynamic characteristics of
orientationally ordered rigid crystals. The proposed approach is based on theMmwete Carlo
simulation of the gasrystal 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 soecalled damping field, reduces the intermolecutetential 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 potal 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 pequilibrium as it maintains at constant temperature. The excess
pressure in the crystal produced by this effect can be compdnigtthe 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 exampletloé wide class of seissembled 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 structuresioneycomb, flowetike and hexagonally closgacked 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 &bb&m equation, which confiign
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 crystalisesp 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.

AcknowledgementsThe financial support of theuRsian Science Foundation (Grant No-22&2

00017) is acknowledged.
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Figure 1. Scheme of the methodology applied in the study.

[1] E. Ustinov,J. Chem. Phys2020, 153, 204105.
[2] E. Ustinov, V. Gorbunov and S. Akimenkb,Phys. Chem. 020, 1242244,
[3] E. Ustinov, V. Gorbunov and S. Akimenkb,PhysChem. C2021, 125, 27853.
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EXPERIMENTAL CALORIM ETRY FOR STUDY OF MATERIALS BASED ON
ORGANIC, ORGANOELEME NT AND POLYMERIC COM POUNDS

A.V. Markin
National Research Lobachevsky State Universityiziiny Novgorod, Russia
e-mail: markin@calorimetrycenter.ru

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
compositionsbased on organic, organoelement and polymeric compounds. Among these
perspective compounds, the most thoroughly investigated representatives are fullerides and
fullerene complexes with organoelement ligands, fullexargaining 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 oktiedr@hase 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 lztia vacuum calorimetry (BG3

with discrete heating, Termis, Moscow region, Russian Federation) and differential scanning
calorimetry (DSC 204 FIPhoenix NetzschGer 2t ebau, Sel b, Ger many
revealed phase, physical and relaxattoansformations 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 i 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 tegladvan
materials with the required characteristics.

AcknowledgementsBy t he support of the federal acade
of the Ministry of Science and Higher Education of the Russian Federation.
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INSIGHTS ON GLASS DYNAMICS FROM AGING F AR BELOW THE GLASS
TRANSITION

D. Cangialosi
Centro de Fisica de Materiales (CFM/CSIC), Paseo M. Lardizabal 5, 20018 San Sebastian,
Spain
Donostia International Physics Center (DIPC), Paseo M. Lardizabal 4, 20018 San Sebastian,
Spain

The nonrequilibrium 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 temperatdig,where aging exhibits amotonous behavior and its
kinetics is assisted by the maarelaxation. In this contribution, I will show how extending the
temperature range of aging to temperatures further bé&lpwnay convey insights of utmost
importance on the molecular mechanismalved in the kinetics of glass equilibration and their
temperature dependence. Specifically, | will show that, in a wide variety of glass formers, aging
persists even when conducted far beldywhere thea relaxation is expected to diverge to
astronomtal time scale. The role fast mechanisms of equilibration assisting aging and the
possible change of behavior of theelaxation are discussed.
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NOVEL APPROACHES FOR CHARACTERIZING NANOHETEROGENEITY IN
IONIC LIQUIDS

I.A. Sedoy T.I. Magsumov
KazanFederal University, Russia
igor_sedov@inbox.ru

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 tadentify 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 suggestedirirtiime.

Several ammoniurbased 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 arefguered using models based on the
OPLSAA force field with scaled ion charges.

Results show that, in addition to w&lhown peaks of the structure factor at Igwalues and
features of the radial distribution function, there are several other ways to recognize domain
segregation and determine the domain length scale. Ddoranng ionic liquids show peaks of

Ri pl eyds funct i epared oscplai@$os finita-wolime | radial gdestribution
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 thetudied 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 th
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 formatiorghwikisignificantly higher in
domainforming 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 mixturas well as other systems with mesoscale ordering.
AcknowledgementsThis work was supported by the Russian Federation President Grant MD
1444.2021.1.3.

[1] R. Hayes, G. Warr, R. AtkirGhem. Rev2015, 115, 635/6426.
[2] I.LA. Sedov, T.I. Magsumou. ChemThermodyn.2022, 106779.
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EXPERIMENTAL AND THE ORETICAL INVESTIGATI ON AND CRITICAL
ASSESSMENT OF THERMODYNAMIC DATA FOR PUR E IN, CU AND SOME
BINARY SYSTEMS FROM 0K

A.V. Khvan®, A.T. Dinsdalé, I.A. Uspenskaya, A.l. Druzhinina®, A.S. lvanov’, N.M.
Aristova®
INUST MISIS, Thermochemistry of Materials SRC, Russia;
2Hampton Thermodynamics Ltd, UK,
3Lomonosov Moscow State University, Department of Chemsitry, RtBsIZ; RAS, Russia
e-mail a_khvan@misis.ru

Thermodynamic data for crystallinadium and copper were assessed using extended Einstein
model from OK. 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 frequetly 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 ahakesimental

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

In order to full fill the need for a precise evaluation 6238 we needed to use an additional
technique of multiple Einstein functions, which allows #wperimental heat capacity and
enthalpy data for the solid phase to be approximated accurately from OK 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 Eimmstemperatures (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 Einsten 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.

AcknowledgementsThe authors gratefully acknowledge the financial support of the Ministry of
Science and Higher Education of the Russian Federation within the implementation of the
Strategic Academic Leadership Prsa2022808),andPr i or
partially in the framework of Program AChen
Scienceo (°~ -1 2dnor®sbBdMSVUO0 3 9
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LIQUID PHASE SPLITTING AND CRITICAL STATES IN QUATERNARY SYSTEMS
WITH CHEMICAL REACTIONS: NEW EXPERIMENTAL  DATA

A.M. Toikka, A.A. Samarov, G.Kh. Misikov, M.A. Toikka
Department of Chemical Thermodynamics and Kinetics, Saint Petersburg State University,
Russia
a.toikka@spbu.ru

In this paper, we briefly present the review of experimental data on solubility, -liquid
equilibrium (LLE), chemical equilibrium (CE) and critical states of LLE in the systems with
chemical interaction which have been obtained in our research groepent 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 + etlwhr+ ethyl acetate + water; acetic acid -propanol + A

propyl acetate + water; acetic acid -butyl alcohol + Rbutyl acetate + water; propionic acid +
ethanol + ethyl propionate + water; propionic acid-propanol + rpropyl propionate + water;
propionic acid + Rbutanol + Rbutyl propionate + water. Some of the references on few recent
papers are listed below-f]. In all systems, the presence of water as a component leads to
limited mutual solubility. These results include the data both for quatemixtures and for
binary and ternary subsystems. The compositions of critical states of LLE were also determined.
The study of sol ubilit-goiwats tceacrhrniiegdu e@®@utmelb
modifications (as a rule, at polythermal conditionis).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 valicalculated by UNIAC 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 inoanbgeneous 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 disgsion 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 splittaistarioe,

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 polythermatical 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 bepresented.

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.

Acknowledgements Authors are grateful to the Russian Science Foundégiamt RSF 2413

00038) for the support of this study.
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POLYMER AND METAL PO WDERS FOR ADDITIVE M ANUFACTURING GUIDED
BY DIFFERENTI AL FAST SCANNING CAL ORIMETRY

E. ZhuravleV, A. MinakoV?, C. SchicK, O. Kesslef
! University of Rostock, Rostock, Germany
2 General Physics Institute, Moscow, Russia

Due to difficulties in the solidification process, like material flarngck 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 higistrength and furional products, the powder materials must be designed
and deep understanding of the melting/solidification processes must be developed. Differential
Fast Scanning Calorimetry (DFSC) method allowssito characterisation of phase
transformations at proceselevant heating and cooling rates of powsieged 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 sénsor | t &ectiorcin SEM sfter

solidification at 10,000 K/§ B.
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PROTEINS, POLYELECTR OLYTES AND COPOLYMERS FOR PULMO NARY
SURFACTANTS

A.G. Bykov, M.A. Panaeva, A.V. Michailov, N.A. Isakov, B.A. Noskov
SaintPetersburg State University, Russian Federation,
ag-bikov@mail.ru

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 proteinsBS&hd SPC control he 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 @nalysis 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 lipidnonolayer 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 SHB and SPC proteins resulted in a decrease of the main retaxatme 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 -& &Rl SPC 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.

AcknowledgementsThe work was financially supported by the Russian Sciencadabion
(project No. 2223-00235).
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THE DEPENDENCE OF THERMODYNAMIC PROPERTIES OF POLYPHENYLENES
ON THEIR STRUCTURE

N.N. Smirnova, A.V. Markin®, Z.B. Shifrin&
National Research Lobachevsky State University of Nizhny Novgorod, Russia
’A.N.Nesmeyanov Institute of Organoelement ComgsuRussian Academy of Science,
Moscow, Russia
e-mail: smirnova@ichem.unn.ru

Polyphenylenes arpolymess which compriséhe relatedohenylene groups in the main chain

and theirsequence can be interrupted bydgimng atoms or groups of aton@urrently,there are
polyphenylenes of linear and thrdamensional structuresyhich formation is determined by the
methods of their synthesi$he propertiesof polyphenylenes depend on the moleculasses

and structure of the mammnolecule, 6r example, on the presence of substituentaromatic

rings, nonphenylene units and branched structuresomerism of phenylene group¥eviously,

the mainly chain (linear) polymergeresubject of researcihe Inear polyphenylenegre non

melting and insolublesolids in organic solvents, havirdggh level ofradiation resistance and
improveddielectric properties.

In the lastyears, polymers related to polymer macromolecules (superbranched polymers and
dendrimers) have been synthesizéichas 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 thermodynami@roperties of linear polyphenylenes containing only phenylene
groups, namelythe heat capacitC,AT), enthalpyHAT) i HA( 0) , SAT) tand Gjblys
energywere studied in the 70s of the last centuFfie present investigatiosummarizes the
thermodynamic dataf twenty known linear, superbran&d and dendritic polyphenylenes
obtained byprecision adiabatic vacuum andfdiential scanning calorimetriy the range from

51 (350 17 600) K. The experimental data were used to cakeulstandardthermodynamic
functions ofpolyphenylenesver the range frorT YO t o 350 K f oandthéi f f e |
standardenthropiesof formation at 298.15 KlIn the above intervalsthe thermodynamic
characteristics of glass transition and glassyesiagre detected for all investigates samples. The
thermodynamic characteristics of the revealed phase and physical transformations known linear,
superbranched and dendritic polyphenylenese evaluatedand analyzedThe most general
dependencies of thermodynamic characteristics of polyphenylenes orsttheture,in some

cases compositionhave been experimentally establishétdallows revealing andpredicting
practically important compoundsropertiesof linear aml threedimensional structuresf this

group. The obtained thermodynamic propertieean be used in the developmaaitindustrial
technologies for their synthesis diaflowing application

AcknowledgementsThis work was performed with the financial support of the Ministry of
Education and Science of the Russian Federation (Contract Na20229053).
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SOLVOPHOBIC AND SOLV OPHILIC EFFECTS IN U REA AND
TETRAMETHYLUREA SOLU TIONS

A.V. Kustov
G.A. Krestov Institute of Solution Chemistry of RAS, lvanovo, Russia

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 proced effects

take place in highly orderaeda H-bonds noraqueous solvents such as ethanolamines or glycols
[1,2]. However, the important information for comparative analysis is scarce. Here, we focus on
solvation and the solu®olute interaction in soligns of hydrophobic tetramethylurea (TMU)

and hydrophilic urea (U) in three solvents forming a thteeensional Hoond network viz.

water, ethylene glycol (EG) and formamide (FA) in a wide temperature range. We compare
standard enthalpies and heat caiegiof solution and transfer to highlight common features and
fundamental differences in U and TMU solvation in aqueous andagoeous media. The
enthalpic, free energy, entropatc virial parameters of the so
liquid phase are computed both in water and-agoneous 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 highligétal senique
features of the TMUIMU pair interaction in noraqueous 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 aggregdtoth in agueous and non
agueous media.
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interaction in water, FA and Eg; (b) dynamic light scattering in TMU solutions in waterKA (, )
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GELATIN AS A STABILI ZER FOR EMULSIONS: M OLECULAR MODIFICATIO N

S.R. DerkachN.A. Dyakina, L.A. Petroval. G. Vor onoko
Murmansk State Technical University, Russia
e-mail: derkachsr@mstu.edu.ru

Gelatin, a degradation product of the fibrillar protein collagen, is one of the biopolymers that is
widely used in industry. Gelatin has surfactant properties anddd to stabilize emulsion
systems. One way to enhance the stabilizing properties is the molecular modification of gelatin
by complexation with polysaccharides. The polysacchayedatin polyelectrolyte complexes

that are formed during biopolymer interactiare 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-seffanization principles of the complexes in the bulk of
the aqueougphase. The driving force behind the formation of -comalent complexes is the
intermolecular interactions that take place between gelatin and polysaccharides, including
electrostatic interactions, hydrogen bonds, and hydrophobic interactions. The cood®net
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, chantgesperature). The influence of
complex formation with polysaccharides of various nature on the physicochemical properties
(stability, dispersion, rheological properties) of gelatin emulsions is shown.
AcknowledgementsThis work was supported by Russi@nience Foundation (project No-22
16-20046) and Ministry of Education and Science of the Murmansk Region (agreement No.
103).
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PROTEIN MICROGEL LAYERS AT THE LIQUID -GAS INTERFACE

B.A. Noskoy A.V. Akentiev, A.G. Bykov, O.Yu. Milyaeva
St.Petersburg State University, Russia
b.noskov@spbu.ru

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 informatiGurface 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 protemicrogel 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 proteinandno
microparticles on the @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 bethve@noperties

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/ne, tompression of the BLG microgel layers leads

to noticeable random fluctuations of the surface pressure indicating the formation ef three
dimensional bunches of particles in the layer. The deformation of protein particles at surface
compression proves tbe less significant than in the case of polghpropylacrylamide)
microgel indicating the absence of a thick and soft corona in the former case.
Acknowledgements.The financial support oRussian Science Foundation (project 21B-

00039 is gratefullyacknowledged.
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HOMODESMOTIC METHOD FOR STUDYING THE MOLECULAR ENERGETICS
OF ORGANIC COMPOUNDS

S.L. Khursan
Ufa Institute of Chemistry UFRC RAS, Russian Federation
KhursanSL@anrb.ru

A modern study of a wide variety of chemical problems is unthinkable without quantitative
information about the thermodynamic characteristics of the compaunmdlved in the process

under study. A weighty and reliable alternative to sophisticated and reSotgosive
experimental methods for determining energy paraméterghalpies of formatiomxH , bond
dissociation energie8DE 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 metlods of theoretical thermochemistry, special attention is paid to the main ideas and
methodology of the homodesmotic variant of the comparative determination of thermochemical
guantities of organic compounds.

The development of the homodesmotic method tiedysng 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 gtiapbretic method of analyzing the
structure of the compoundhder 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 @nd th
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\afl@oin

and secondary energy effects, (5) an extremely successful ratiohi 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 quam 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, nowvalent effects. T& main results are reported in the paper8][ITThe possibility of

using the method to evaluate the enedgyived characteristics of organic compounds is also
shown.

AcknowledgementsThe reported study was funded by RFBR according to the research project
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VORONOI-DELAUNAY METHOD. APPLICATIONS TO SOLUTIONS

N.N. Medvedev
Institute of Chemical Kinetics and Combustion, SB RAS, Novosibirsk, Russia
nikmed@Kkinetics.nsc.ru

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 invastig 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 wak 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 Vorddeiaunay method.

By calculating the volumes of the Voron@gions of atoms, it is possible to determine the real
volumes that relate to different components of the solution. Géanetricalpartial volume

differs from the knowrthermodynamigartial volume. Establishing the relationship between
them helps to givea 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 relatedfeoert
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 radl lvetween 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 edfronment [2].

AcknowledgementsThe financial support of the grant RSF No-2200620 andRFBR No. 20
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[1] E.D. Kadtsyn, V.A. Nichiporenko, N.N. Medvedev, J. Mol. Liq. 2022, 349, 118173.
[2] E.A. Shelepova, N.NMedvedev, J. Mol. Lig. 2022, 349, 118127.

56
KazanRussia RCCT 2022


mailto:nikmed@kinetics.nsc.ru

THERMODYNAMICS OF MO LECULAR RECOGNITION AND POLYMORPHISM

V.V. Gorbatchuk M.N. Gabdulkhaev, A.K. Gatiatulin, M.A. Ziganshin
Kazan Federal University, Russia
Valery.Gorbatchuk@kpfu.ru

Genuine molecularecognition 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 coopgrativ
receptor matrix is needed, which can be reached in guest inclusion by crystalline supramolecular
hosts with phase transition and guiestuced polymorphism [1]. In several cases, an absolute
selectivity was observed with formation of a metastablgnporph 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 canrzkiced 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 coranly used method as DSC needed to determine the phase transition
parameters. To ease these requirements, the fast scanningpgseq) calorimetry (FSC) was

used in the present work,[%]. 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 foriegmertsless

stable substances, as well as for compounds synthesized in very small amount.
AcknowledgementsThe financial support by the subsidy allocated to Kazan Federal University
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Higher Education of the Russian Federation No. @8720:0061 is gratefully acknowledged.
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STRUCTURAL FACTOR CONTROLLING SELF -ASSEMBLY BEHAVIOR AND
FUNCTIONAL ACTIVITY OF SURFACTANT SYSTEMS

L.Ya. Zakharova
Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian
Academy of Sciencd’ussian Federation
luciaz@mail.ru

Seltassembling systems based on amphiphilic compounds (surfactants, macrocycles, polymers)
play important role in both fundamental researches and practical applications. Theykfore,
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 seriesrétinyl ammonium (TMAN)
surfactants as reference surfactants, towards series of triallylammoniumn(T Aiidazolium

(Im-n), morpholinium (Mphkn), triphenyphosphonium (TP#®, diazabicyclo[2.2.2]octane,
piperidinium (Pipn), pyrrolidinium (Pyfn) amphiphic derivatives, moneand dicationic, with

some of them functionalized with hydroxgr hydrxyalkyl fragment. For these homological
series, gquantitative characteristics of aggregation were evaluated, such as critical micelle
concentration (cmc), free emgr of adsorption and micellization, hydrodynamic radius, -zeta
potential, counterion binding, etc. It was demonstrated that most significant changes occurred
upon the transition from TMAto TPRseries, as well as upon the transition from mawo
dicationc 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 wenvestigated.
Cationic surfactants are documented to show obvious streattikéty correlation which can be

used to control the wide spectrum of practical potentiality of the surfactant based systems.
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THE USE OF THE THERMODYNAMIC APPROACH FOR ADVANCED OXIDE
CERAMICS DEVELOPMENT

O. Yu. Kurapova S.l. Lopatirt, S.M. Shugurol; V.G. KonakoV
YInstitute of ChemistrySaint Petersburdyniversity,Saint Petersburg, Russia
?|nstitute of Problems of Mechanical EngineeriRf\S Saint Petersburg, Russia
0.y.kurapova@spbu.ru

Ceria and zirconidbbased ceramics are important materials for -higind intermediate
temperature electrochemical applications. However, the shift to an advanced ceramics
manufacturing having temperature and phase stability, and sufficient conductiviisesete
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 higiemperature stability of oxide cerams, the temperature dependencies

of their electrical and transport properties.

The present work offers the stagkart in a field of manufacturing of the advanced ceramics
with desired properties. The analysis of thermal prehistories of binartearaty 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 ZyCbasd and Ce® 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 higitéhermodynamic stability are discussed.

AcknowledgementsThe financial support of the work was provided by the Council on grants of
the President of the Russian Federation, grant numb&6-2621-370. XPS, DSC data were
obtained Centres for Thermogmaetric and Calorimetric Research, studies in surface science at
SPBU Research park.
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MOLECULAR DYNAMICS STUDY OF VISCOSITY AND EXCESS ENTROPY OF
HYDROCARBONS
V.V. Pisarev?®? B.I. Nikitiuk?>* N.D Kondratyuk?*?
'HSE University, Russia;
2Joint Institute for High Temperatures of RAS, Russia;
3Moscow Institute for Physics and Technology, Russia
e-mail: vpisarev@hse.ru

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 coeweto 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 ef ghir contribution to the excess
entropy for hydrocarbon liquids. We present the results on visessigyss entropy and
viscositypair entropy Rosenfeld scaling for-pentane and -dodecane with the OPLS
AA/CM1A force field [3] and 1,idiphenylethane wit OPLSAA/CM1A and COMPASS [4]

force fields, and compare the results with the available experimental and correlation data. We
show that our method accounts for-9®%6 of excess entropy changes in molecular liquid,
comparable to the pair entropy contribatia atomic liquids.

The comparison of the viscosigxcess entropy curves shows correspondence between the
OPLSAA and COMPASS results (Fig. 1), however the OFASforce field overestimates the
viscositydensity dependence. We can thus assume that stensytic errors in transport
coefficients with the OPL&A force filed are due to the lower entropy in this model, compared

to the real substances.

AcknowledgementsThe study was done within the framework of the HSE University Basic
Research Program.
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Figure 1. The dependence of the scaled viscosity on the estimated total excess entropy fo
diphenylethane.
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CRYSTAL NUCLEATION I N AMORPHOUS SYSTEMS: UNIVERSAL SCALING
RELATIONS

A.V. Mokshin
Kazan Federal University
anatolii.mokshin@mail.ru

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 undematvbonditions 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, underanding 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 undertain 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 dynarsicsimulations 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 temperegudependences of the rate characteristics of crystal
nucleation processes are described by universal scaling relati@hs [1
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NATIONAL CHALLENGES IN MATERIAL INFORMATICS

N.A. Polkovnikova|. |. Kochetov

The National University of Science and Technology MISIS
ANO Enano (Rusnano Group of Companies)
Natalya.Polkovnikova@rusnano.com

Material informatics is a globally accepted trend in mates@énce. 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,ngsinformation 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 commigation 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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NON-EQUILIBRIUM THERMODYNAMICS OF ENCELADUS ICE SHIELD: HOW
LATTICE -BOLTZMANN MODELI NG HELPS US ESTABLI SH WHA

A. Olhin, N. Brilliantov, A. Vishnyakov
Skolkovo Institute of Science and Technology, Russia
e-mail: andrey.olhin@skoltech.ru

Enceladus is an ice satellite of Saturn, discovered by the Cassini mission and lgag a uni
natural phenomenoniit i ger stri pso, geyser cracks at t
500 km. Due to the data on the chemical composition and the presence of water, this
phenomenon has significant astrobiological potential. Such a phenoraéinactive 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 subglacia¢aoc 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 vslitical
shaped channels with aspect ratio up td that reproduce the conditions of Enceladus tiger
stripes are explored with Latti&oltzmann method. The steady heat flux in the planar slip
channels is shown to decay proportionally to inverse square frtteé channel height, which is
an important qualitative relationship. Undulations on the walls reduce the heat flwslipno
boundary conditions are imposed, but may even intensity the flux if the friction is reduced and
substantial slip of between watand 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 allownalysis 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 slikke and perhaps the cracks are much wider (caleseh down below
the stries visible on the Enceladus surface.

R R Rin = Rout Left: Enceladus tiger stripes
(planetary.org) Center & right:
contrasting views of gas evapo
rating from a subsurface liquid
flowing through a cylindrical con-
duit to vacuum. A large evaporating
surface (center panel) might be
required to avoid implausibly large
temperature gradients in the liquid
(right panel) [1,2].
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