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Electronic excitations of cytosine in water: how to describe solvent effects?

N.O. Dubinets?*, L.V. Slipchenko®
!National Research Nuclear University "MEPhI", Department "Physics of Condensed Matter"
2FSRC “Crystallography and Photonics” of RAS
3Purdue University, Chemistry Department
*e-mail: nikita.dubinets@gmail.com

Benchmark studies provide fair comparisons of accuracy and computational cost of different
methods; as such, they play a critical role in forming community knowledge base. However, to date,
benchmarks for methods capable of describing photochemistry in condensed phase are scare and
incomplete.

We work on development of condensed-phase photochemistry database by (i) creating and
documenting model systems covering wide range of photochemical phenomena in various
environments and (ii) providing benchmarks on these systems with various solvation models such as
quantum mechanics / molecular mechanics (QM/MM), QM with the effective fragment potential
(EFP) embedding, and fragment molecular orbital (FMO) method.

The test set will include DNA nucleic bases such as molecule of cytosine in natural environment and
in water solution. A preference will be given to systems with available experimental data such as
absorption, emission and transient absorption spectra.

The following information is documented and stored for general use on external website
(cophee.efpdb.org): (i) gas phase geometries; condensed phase shapshots from MD trajectory, (ii)
gas phase excitation energies at different levels of theory, (iii) QM/MM, QM/EFP, FMO excitation
energies for specific geometry snapshots, (iv) plots of excitation energy distributions (i.e., absorption
spectra) at different levels of theory, (v) statistical analysis of various sets of data, including average
solvatochromic shifts and widths of spectral lines, (vi) information on reference experimental data,
(vii) detailed description of all computational protocols, and (viii) sample inputs for gas phase,
QM/MM, QM/EFP and FMO calculations. This work was supported by RSF (project Ne 14-43-
00052-11).



Predictive power of classical MD calculations for n-alkanes rheological properties

N.D. Kondratyuk!?2, G.E. Norman?3®!, V.V. Pisarev>® and V.V. Stegailov3'?

!Moscow Institute of Physics and Technology
2 National Research University Higher School of Economics
3Joint Institute for High Temperatures RAS
*e-mail: kondratyuk@phystech.edu

Modern industry is strongly interested in research of liquid hydrocarbon properties since they are
parts of lubricants, insulators and fuels. One of the main properties of such liquids are transport
coefficients (diffusivity, viscosity and thermal conductivity).

Diffusion is one of the key subjects of molecular modeling and simulation studies. However,

there is an unresolved lack of consistency between Einstein-Smoluchowski (E-S) and Green-Kubo
(G-K) methods for diffusion coefficient calculations in systems of complex molecules. We analyze
this problem for the case of liquid n-triacontane. The nonconventional long-time tails of the velocity
autocorrelation function (VACF) are found for this system. Temperature dependence of the VACF
tail decay exponent is defined. The proper inclusion of the long-time tails contributions to the
diffusion coefficient calculation results in the consistency between G-K and E-S methods®3,
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The comparison of the n-triacontane diffusivity D obtained by the E-S (the filled squares) and G-K
(the open circles) methods at different T with the experimental data (the black circles).

Our calculations of the viscosity of liquid hydrocarbons have demonstrated the applicability of the
Green-Kubo time-decomposition method # in the case of single-component n-alkanes systems. The
obtained values of the viscosity coefficients for the hydrocarbons under study coincide with the non-
equilibrium method® and the experimental data within 10%. The experimental dependence of
viscosity on temperature is reproduced.

The work is supported by the grant No. 17-79-20391 of the Russian Science Foundation.

1 Kondratyuk N., Norman G. and Stegailov V. J. Chem. Phys., 2016, 145, 204504.

2 Kondratyuk N., Norman G. and Stegailov V. J. Phys. Conf. Ser., 2016, 774, 012039.

3 Kondratyuk N., Norman G. and Stegailov V. Polym. Sci. Ser. A., 2016, 58(5), 519-531.
4Zhang Y., Otani A., Maginn E.J. J. Chem. Theory Comput., 2015, 11(8), 3537.

® Bordat P., Mu'ller-Plathe F. J. Chem. Phys., 2002, 116(8), 3362.



Computational search for new superhard transition metal borides

A.G. Kvashnin'®*, H.A. Zakaryan?, Yu.A. Kvashnina®, A.R. Oganov*3#

1Skolkovo Institute of Science and Technology
2Yerevan State University
3Moscow Institute of Physics and Technology
“Northwestern Polytechnical University, Xi’an, China
*e-mail: a.kvashnin@skoltech.ru

Superhard materials are used in many industrial applications. Nowadays it is a big challenge to
search for new cheap and effective materials which can substitute traditional materials in many many
of industrial applications. Traditionally material can be called as superhard if its Vickers hardness is
higher than 40 GPa[1].

We predicted new transition metal borides based on W, Mo etc. using the evolutionary crystal
structure prediction algorithm USEPX[2]. Some of the predicted phases are promising hard materials
that are expected to be thermodynamically stable in a wide range of conditions. The composition-
temperature phase diagram was calculated for W-B systems, where the new boron-rich compound
WBs is found to have Vickers hardness of 45 GPa and at the same time it possesses high fracture
toughness of ~4 MPa-m®°[3]. Newly predicted tungsten and molybdenum boride (WBs and MoBs)
are found to be thermodynamically stable in a wide range of temperatures at ambient pressure.
Temperature dependences of the mechanical properties of WBs were studied using quasiharmonic
and anharmonic approximations. Our results suggest that WBs and MoBs remains a high-
performance material even at very high temperatures.

The work was supported by Russian Science Foundation (Grant No. 17-73-20038).

1 Solozhenko, V.L., Gregoryanz, E. Mater. Today 2005, 8 (11), 44-51.

20ganov, A.R., Ma, Y., Lyakhov, A.O., Valle, M., Gatti, C. Rev Miner. Geochem 2010, 271-298.

3 Kvashnin, A.G., Zakaryan, H.A., Zhao, C., Duan, Y., Kvashnina, Y.A., Xie, C., Dong, H., Oganov,
A. R. J. Phys. Chem. Lett. 2018, 9 (12), 3470-3477.



The ultrahard fullerite model. Computational study

Yu.A. Kvashninal?", A.G. Kvashnin®2, L.A. Chernozatonskii*, P.B. Sorokinl*®

Technological Institute for Superhard and Novel Materials
2Moscow Institute of Physics and Technology
3Skolkovo Institute of Science and Technology
“Emanuel Institute of Biochamical Physics RAS
National University of Science and Technology MISiS
*e-mail: jakvashnina@gmail.com

Materials which are harder than diamond always attracts great attention from the scientific
community. Thus, each experimental confirmation of the synthesis of new ultrahard materials
initiates a new wave of investigations in this field. One of the successful attempts to synthesis of new
material harder than diamond was made by Blank et al.[1][2], who synthesized a new amorphous
materials based on fullerenes Ceo called as “tisnumit”. Later, similar materials based on polymerized
fullerite with outstanding mechanical properties were synthesized.[3][4] However, the crystal
structure and the origin of unique mechanical properties still unknown.

Here we considered the model of the nanocomposite consisted on the hard fullerite grain made of
SH-phase, predicted by Prof. Chernozatonskii et al.[5], surrounded by the single crystal diamond
matrix. SH-phase was chosen as a hard grain of the nanocomposite, because its atomic parameters
and X-ray diffraction data agrees well with experimental data from [5].

In proposed model nanocomposites differs from each other by the size of fullerite grain and the
thickness of diamond matrix. We studied in detail the atomic structure of proposed materials using
the simulation of X-ray diffraction patterns, which nicely describe the experimental data. We also
calculated the dependence of bulk modulus on the geometrical parameters showing that some
nanocomposites approach the bulk modulus value of 1 TPa, caused by the compression of fullerite
grain inside the diamond matrix.

! Blank, V.D., Buga, S.G., Dubitsky, G.A., R Serebryanaya, N., Popov, M.Y., Sundqvist, B. Carbon
1998, 36, 319-343.

2 Blank, V.D., Levin, V.M., Prokhorov, V.M., Buga, S.G., Dubitskii, G.A., Serebryanaya, N.R.,
JETP, 1998, 87, 741-746.

% O’Keeffe, M., Nature, 1991, 352, 674.

4 Zhu, H., Li, J., Xu, N., Han, Y., Meng, Y., Lin, Y., Zhang, X., Jiang, Z., Diam. Relat. Mater., 2015,
55, 139-143.

® Chernozatonskii, L., Serebryanaya, N., Mavrin, B., Chem. Phys. Lett., 1999, 316, 199-204.



TeopeTnueckoe ncciaer0BaHue IBYMEPHBIX CTPYKTYP HA OCHOBE NePeX0JHbIX METAJIJIOB

K.B. Jlapuonog*?”, AT Keawnun?, ILB. Copomml'2

L ®Ir'BHY Texnonoruyeckuii HHCTUTYT CBEPXTBEPABIX M HOBBIX YIJIEPOIHBIX MATEPHATIOB, T.
Mockaa, 1. Tpourk
2 HanmoHasbHBIH HCCIe0BaTeNbCKHUil TeXHoTornueckuii ynusepcuter «MUCuCy», r. Mocksa
*e-mail: konstantin.larionov@phystech.edu

B nacrosmieii pabote meronamu DFT u3yueHsl coeTMHEHNsI HA OCHOBE MEPEXOIHBIX METAJIIOB,
FeO [1] u CoC [2], pacuupsionye KiIacc CTPYKTYP ¢ HECBOWCTBEHHOM JIBYMEPHBIM KpHUCTaJIaM
OpPTOPOMOUYECKON CUMMETPHECH.

B nepBoii yactu paboThl ObUIM HCCIIEIOBaHbl aTOMHAasl CTPYKTypa, a TakXKe 3JEKTPOHHBbIE U
MarHuTHBIE CBOWMCTBA yabTpaTOHKUX TuieHOK FEO. IlponemoncTprpoBaH 3G GeKT paccioeHus TaKuX
IUIEHOK C MOCIEeYIOIUM (OPMHUPOBAHUEM OTIEIBHOCTOSIIUX MOHOCIIOEB, 001aJal0IIKX IBYMEPHON
opTopomOuyeckoi pemretkoil. [logpoOHO M3ydeHa BO3ZMOXKHOCTH cTabmimu3anuu MoHocioss FeO B
MmaTpulie rpadeHa, B YaCTHOCTH, aHATUTUUYECKH OIpeJIesIeHbl ONTUMajlbHbIe (JOPMBI I'PaHMI] pa3jerna
2D-FeO/rpaden. CmonenupoBannbie [I9M-u300paxkenus 2D-FeO B mope rpadena (Pucynok la)
JIEMOHCTPUPYIOT XOpOILIEE COIVIaCHE C SKCIEPUMEHTOM [3], YTO MO3BOJSET MPEAIOJIOKHUTH O
BO3MO>KHOCTH 3KCIIEPUMEHTAJIbHOTO HaOIIOEHUS CTPYKTYpP Ha OCHOBE JIByMEPHOT'O OKCH/IA JKEJe3a.

Bo Bropoii wactu paOoThl ObUTM H3ydeHbl aroMHas CcTpykTypa (PucyHok 1b), a Taxke
AJIEKTPOHHBIE M MEXaHUYECKHE CBOICTBAa ABYMEPHOTO KapOuga KoOaibTa, TakkKe O0O0JIafaromiero
opropombOuyeckoii cummerpueil. Ilokasana auHamuyeckas CTaOMJIBHOCTh TaKOTO MOHOCIOS,
OIMKCaHbl 0COOEHHOCTH (HOPMHUPOBAHHUS XUMHUYECKUX CBS3EH, a TaKKE IMOJy4eHBl OICHKH YIPYTUX
KOHCTaHT, Moyt [lyaccoHa u k03(ppULIHEHTOB KECTKOCTH.

SR

Puc. 1. AToMHast CTpyKTypa &) MOHOCJIOS OKCHJIa JKelie3a B mope rpadena u b) monocmost kapouaa

KoOanbTa.

Paboma evinonnena npu noooepowcke epanma PH® 17-72-20223.

LLarionov K. V. et al. 2D FeO: a new member in 2D metal oxide family //The Journal of Physical
Chemistry C. 2018. Vol. 122, Ne 30. P. 17389-17394

2 Jlapuonos K. B. u ap. MccnenoBanue HoBoro neymeproro coenunerust CoC //TTucoma ¢ IKOTD.
2018. T. 108, Ne. 1. C. 14-18.

3 Zhao J. et al. Free-Standing Single-Atom-Thick Iron Membranes Suspended in Graphene Pores //
Science. 2014. Vol. 343, Ne 6176. P. 1228-1232.
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Fluctuation enhancement of ion diffusivity in liquids

G.E. Norman®, M.A. Orekhov!%®"

!Moscow Institute of Physics and Technology
2Joint Institute for High Temperatures RAS
$National Research University Higher School of Economics
*e-mail: maksim.orekhov@phystech.edu

Dependence of ion diffusivity on the ion radius is calculated for different liquids via molecular
dynamics. It is found that there are multiple ion sizes with enhanced diffusivity. This is caused by
destabilization of the ion solvation shell and only happens at the ion radii that correspond to changes
of the ion coordination number, which happen with an increase in the ion size. Solvation shell
fluctuations are activated which leads to an additional ion motion with rearrangement of the shell. A
model of the ion motion is made to describe this effect.

The ion motion can be separated into the motion together with solvation shell as a whole and
the motion inside the solvation shell. The total diffusivity of the ion is a sum of two diffusivities
associated with each of these motions. The motion of the entire solvation shell can be described
using the Stokes-Einstein relation. It is independent on the ion size. The motion inside the solvation
shell is associated with fluctuation of its structure. Such fluctuations can be described as fluctuations
of ion coordination number. Thus, diffusivity enhancement can be found by the examination of ion
coordination number. This allows to determine regions of high and low diffusivity value.

This model is universal and it predicts diffusivity enhancement. It is in a good agreement with
the molecular dynamics simulation of ions diffusion in Lennard-Jones liquid and water.

Enhanced diffusivity is caused by fluctuations of liquid in the local vicinity of the diffusing particle.
Thus, it can be calculated from the molecular dynamics only considering a rather small number of
particles in the simulation box. The results of diffusivity calculation should be size corrected. It is
known that diffusivity of liquid decreases with decrease of the number of particles in simulation.
Additionally, the statistical error of calculated diffusivity decreases with the decrease of the number
of particles. As a consequence, the smallest possible number of particles provides the best statistical
accuracy.

This work was supported by the Russian Science Foundation, project no. 18-19-00734.
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Excited State Dynamics of Photoexcited Charge Carriers in Halide Perovskites: Time-Domain
Ab Initio Studies

0. V. Prezhdo

University of Southern California, Department of Chemistry, Los Angeles, CA 90089, USA
*e-mail: prezhdo@usc.edu

Photo-induced processes play key roles in photovoltaic and photo-catalytic applications of halide
perovskites. They require understanding of the material’s dynamical response to the photo-excitation
on atomic and nanometer scales. Our non-adiabatic molecular dynamics techniques,® implemented
within time-dependent density functional theory,>* allow us to model such non-equilibrium response
in the time domain and at the atomistic level. The talk will focus on photo-initiated energy and
charge transfer, relaxation and recombination in hybrid organic-inorganic perovskites. Considering
realistic aspects of perovskite structure,® we demonstrate that strong interaction at the
perovskKite/TiO, interface facilitates ultrafast charge separation,® how dopants can be used to both
decrease and increase charge recombination,”® that grain boundaries constitute a major reason for
charge losses,® that moderate humidity increases charge lifetime, while high humidity accelerates
losses,'® that hole trapping by iodine interstitial, surprisingly, extends carrier lifetime,'! that
collective nature of dipole motions inhibits nonradiative relaxation,*? that organic cation orientation
has a strong effect on inorganic ion diffusion and current-voltage hysteresis,'® that surface
passivation with Lewis base molecules decelerates nonradiative charge recombination by an order of
magnitude,'* and that the experimentally observed dual (hot/cold) fluorescence originates from two
types of perovskites substructures.’® Our simulations provide a unifying description of quantum
dynamics on the nanoscale, characterize the rates and branching ratios of competing processes,
resolve debated issues, and generate theoretical guidelines for development of novel systems for
solar energy utilization.

(1)Wang, L. J.; Akimov, A.; Prezhdo, O. V., Recent Progress in Surface Hopping: 2011-2015. J.
Phys. Chem. Lett. 2016, 7, 2100-2112.

(2)Akimov, A. V.; Prezhdo, O. V., The Pyxaid Program for Non-Adiabatic Molecular Dynamics in
Condensed Matter Systems. J. Chem. Theory Comput. 2013, 9, 4959-4972.

(3)Akimov, A. V.; Prezhdo, O. V., Advanced Capabilities of the Pyxaid Program: Integration
Schemes, Decoherenc:E Effects, Multiexcitonic States, and Field-Matter Interaction. J. Chem.
Theory Comput. 2014, 10, 789-804.

(4)Pal, S.; Trivedi, D. J.; Akimov, A. V.; Aradi, B.; Frauenheim, T.; Prezhdo, O. V., Nonadiabatic
Molecular Dynamics for Thousand Atom Systems: A Tight-Binding Approach toward Pyxaid. J.
Chem. Theory Comput. 2016, 12, 1436-1448.

(5)Jankowska, J.; Long, R.; Prezhdo, O. V., Quantum Dynamics of Photogenerated Charge Carriers
in Hybrid Perovskites: Dopants, Grain Boundaries, Electric Order, and Other Realistic Aspects. ACS
Energy Lett. 2017, 2, 1588-1597.

(6)Long, R.; Fang, W. H.; Prezhdo, O. V., Strong Interaction at the Perovskite/Tio2 Interface
Facilitates Ultrafast Photoinduced Charge Separation: A Nonadiabatic Molecular Dynamics Study. J.
Phys. Chem. C 2017, 121, 3797-3806.

(7)Liu, J.; Prezhdo, O. V., Chlorine Doping Reduces Electron-Hole Recombination in Lead lodide
Perovskites: Time-Domain Ab Initio Analysis. J. Phys. Chem. Lett. 2015, 6, 4463-4469.

(8)Long, R.; Prezhdo, O. V., Dopants Control Electron-Hole Recombination at Perovskite-Tio2
Interfaces: Ab Initio Time-Domain Study. ACS Nano 2015, 9, 11143-11155.

11



(9)Long, R.; Fang, W. H.; Prezhdo, O. V., Moderate Humidity Delays Electron-Hole Recombination
in Hybrid Organic-Inorganic Perovskites: Time-Domain Ab Initio Simulations Rationalize
Experiments. J. Phys. Chem. Lett. 2016, 7, 3215-3222.

(10)Long, R.; Liu, J.; Prezhdo, O. V., Unravelling the Effects of Grain Boundary and Chemical
Doping on Electron-Hole Recombination in Ch3nh3pbi3 Perovskite by Time-Domain Atomistic
Simulation. J. Am. Chem. Soc. 2016, 138, 3884-3890.

(11)Li, W.; Liu, J.; Bai, F. Q.; Zhang, H. X.; Prezhdo, O. V., Hole Trapping by lodine Interstitial
Defects Decreases Free Carrier Losses in Perovskite Solar Cells: A Time-Domain Ab Initio Study.
ACS Energy Lett. 2017, 2, 1270-1278.

(12)Jankowska, J.; Prezhdo, O. V., Ferroelectric Alignment of Organic Cations Inhibits Nonradiative
Electron-Hole Recombination in Hybrid Perovskites: Ab Initio Nonadiabatic Molecular Dynamics. J.
Phys. Chem. Lett. 2017, 8, 812-818.

(13)Tong, C. J.; Geng, W.; Prezhdo, O. V.; Liu, L. M., Role of Methylammonium Orientation in lon
Diffusion and Current Voltage Hysteresis in the Ch3nh3pbi3 Perovskite. ACS Energy Lett. 2017, 2,
1997-2004.

(14)Liu, L. H.; Fang, W. H.; Long, R.; Prezhdo, O. V., Lewis Base Passivation of Hybrid Halide
Perovskites Slows Electron-Hole Recombination: Time-Domain Ab Lnitio Analysis. J. Phys. Chem.
Lett. 2018, 9, 1164-1171.

(15)Zhang, Z. S.; Long, R.; Tokina, M. V.; Prezhdo, O. V., Interplay between Localized and Free
Charge Carriers Can Explain Hot Fluorescence in the Ch3nh3pbbr3 Perovskite: Time-Domain Ab
Initio Analysis. J. Am. Chem. Soc. 2017, 139, 17327-17333.
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Ab initio simulation of formation of the conducting solid hydrogen at high pressures

G.E. Norman23, |.M. Saitov>*3*"

!National Research University Higher School of Economics
2Joint Institute for High Temperatures of RAS
3Moscow Institute of Physics and Technology (State University)
*e-mail: saitovilnur@gmail.com

The assumption of the existence of metallic hydrogen was advanced by Wigner and Huntington
in 1935[1]. An estimate of the metallization pressure at zero temperature at 25 GPa was obtained.
The topic was continued by many theoreticians who increased the required pressure. V.L. Ginzburg
included this problem in the list of especially important and interesting physics problems. Developed
and experimental research. However, it was only in 2017 that a sharp increase in the reflection
coefficient of hydrogen was observed at a pressure of 495 GPa and a temperature of 5.5 K, which
was interpreted as the transition of solid hydrogen to the conducting phase[2]. The report reviews
theoretical and experimental works, as well as proposals on practical applications of metallic
hydrogen. The emphasis is on the latest theoretical and experimental research and the original results
of the authors of the report.

The dependences of the pressure, electrical conductivity, and profiles of hydrogen proton-proton
pair correlation function (PCF) on the density at temperatures of 50 and 100 K are calculated within
the framework of the density functional theory. The range of densities p = 1.14 - 2.0 glcm?® is
considered, the calculated pressure range is P = 300 - 1200 GPa, which corresponds to the solid
phase of hydrogen. The calculations are carried out using the VASP package. A pseudopotential
approach is used to describe internal electron shells (core electrons) the nonlocal potential of the
projected augmented waves (PAW) is applied. For the valence electrons, the Kohn-Sham set of
equations with the PAW potential is solved.

In order to describe the exchange-correlation interaction, the generalized gradient approximation
with parametrization in the form of the PBE functional is used. The monoclinic lattice of the C2/c
space group, with 24 particles in the unit cell, is used as the initial configuration, since this structure
is the most stable in the pressure region above 260 GPa, which corresponds to solid hydrogen phase
I11 at the temperatures under consideration.

A structural transition is observed at a pressure of 607 GPa, characterized by a considerable
jump in electrical conductivity and a sharp decrease in the number of H> molecules. The first peak of
the PCF arises at 0.92 A, which corresponds to the interatomic distance in the Hs* ion. The value of
the distance corresponding to the first maximum of the PCF remains the same in the pressure range P
= 607-630 GPa. Thus, the nature of the transition combines ionization with structural changes. With
the further compression, the first maximum of the PCF corresponds to the average distance between
the particles at a given density, which indicates the complete dissociation of hydrogen ions.

Strong ionization during the phase transition in dense solid hydrogen / deuterium brings this
transition closer to the prediction of the Norman-Starostin plasma phase transition.

The work is supported by the grant 18-19-00734 of the Russian Science Foundation.

Wigner E., Huntington H.B. J. Chem. Phys. 1935, 3, 764-770.
2 Dias R.P., Silvera I. F. Science 2017, 355 715.
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Novel push-pull quinoxalinone-based chromophores with high sensitivity of emission and
absorption to small structural modifications

T.l. Burganov, *? S.A. Katsyuba,® T.P. Gerasimova,® S.M. Sharipova,? L.N. Islamova,® A.A. Kalinin,® A.
Monari,? X. Assfeld.b

L Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, Kazan,
Russia
2 University of Lorraine, Laboratory of theoretical chemistry and physics, CS 25233, Nancy, France
* e-mail: timk90@mail.ru

Push-pull type organic molecules attract considerable attention in a number of important
applications in non-linear optical (NLO) materials, organic light-emitting devices, sensory and
photovoltaic applications. The molecules demonstrate perfect sensitivity of their optical
absorption/emission properties to the external stimuli or structural modifications. The latter may
dramatically influence photophysical properties of the molecules allowing the rational design of the
systems with desirable properties.

In the current study the photophysical properties of a series of novel push-pull quinoxalinone-based
chromophores (Figure 1), strongly absorbing and emitting light in the broad range of visible
spectrum, were comprehensively studied both experimentally and quantum chemically.

IQIV@ SRt E
rvij Qp ﬁiif*

Figure 1. Chemical structures of the considered systems.

The drastic influence of the electron-donor dimethylaminostyryl group (DMAS) position in the
guinoxalinone core on the absorption and emission intensities and on solvatochromic behavior of
the considered isomers has been established. No dependence of the photophysical properties of
the chromophores on the conformation of DMAS group is found. Quantum chemical computations
provided reliable theoretical description of observed spectral features, in particular, related to the
important Stokes shift. The local or intramolecular charge-transfer (ICT) character of the main
electronic transitions has been quantitatively assessed on the basis of natural transition orbitals
analysis and the novel topological descriptors of the electronic density rearrangement. It is shown
that the ICT effects are not the main factors of drastic differences in the emission efficiency of the
structurally very similar push-pull chromophores.

The reported study was funded by RFBR according to the research project Ne 18-33-00128 mol_a
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Modeling of carrier transport in thin layers of two-phase organic materials by the Monte Carlo
method

Burdakov Ya.V. Nikitenko V.R.”

National Research Nuclear University «MEPhI»
*e-mail: vladronik@yandex.ru

The study of non-stationary transport of charge carriers in very thin layers (less than 100 nm) of
organic materials is important, both for a fundamental point of view, because it allows to investigate
the features of the energy distribution of hopping centres and the morphology of thin layers, and for
applications, since layers with such thickness are used in light-emitting diodes, field-effect
transistors, photovoltaic cells and other basic elements of organic electronics'?. In particular two-
phase structures of materials are of interest to researchers, since such materials are promising in
increasing the energy efficiency of organic photovoltaics®. In addition, at the moment there is
extensive knowledge of how the molecular weight of the polymer, the solvents used and the
processing methods control the morphology of the material.

In this work, the drift mobility in ultrathin organic layers was studied by the Monte Carlo method in
the framework of the Gaussian Disorder Model of transport and Miller-Abrahams model of the
hopping rates, in structures with different morphologies. The results of all models are compared. In
the case of a two-phase structure, there is a considerable change in the mobility dependence on the
thickness of the layer when the size of the crystallites (individual regions of high orderliness in the
polymer material) varies at small thicknesses and when their part in the material varies at large
thicknesses. The reason for the obtained dependencies is analysed.
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Fig. 1. Comparison of drift mobility dependencies on thickness in models with different morphology.

This work was supported by Volkswagen Foundation (Germany), the project “Understanding the
dependence of charge transport on morphology in organic semiconductor films”.

'Friend R.H., Gymer R.W., Holmes A.B., Burroughes J.H., Marks R.N., Taliani C., Bradley D.D.C., Dos Santos D.A., Bredas J.L.,
Logdlund M., Salaneck W.R. Nature 1999, 397, 121-128.

2Mozer A.J., Sariciftci N.S. C.R.Chimie 2006, 9, 568-577.

3Meiss J., Hummert M., Ziehlke H., Leo K., and Riede M. Phys. Stat. Sol: Rapid Research Letter. 2010. V. 4. P. 329-331
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MogenupoBaHue npouecca B3auMoAeiicTBUS JUIeNnTUAA ¢ pparMeHTOM HOHHON MULEJLIIbI

M.C. Kypbamosa®”, B.I1. Bapannuxos', H. M. I'ipuueea®

"Nucruryr xumuu pactsopos um I'.A. Kpecropa, Poccuiickas akazemus Hayk, T. IBaHOBO
21IBaHOBCKHIA TOCYIapCTBEHHBIH YHUBEPCHTET, Kadeapa OpraHuIeckoi 1 (PH3HMIecKOl XUMHH
*e-mail: msk@isc-ras.ru

B Hacrosimeii pabore m3ydeH mporecc B3amMozeicTBus a-Ala-o-Ala ¢ ¢parmMeHTOM HOHHOM
MUIIEIUIBI JoJenuiicyabdaTa HaTpus, Mmojaenupyemon aumepom SDS. Jlumentup paccMOTpeH B
[BUTTEP-UOHHOHN (hopMe, HarboJiee yCTOMYMBOM B BOJIHBIX PAaCTBOPAX.
KBaHTOBO-XMMHUECKOE€  MOJEITUPOBAHUE  HCCIEAYEMBIX  OOBEKTOB  BBIMOJHEHO  METOJOM
DFT/B97D/6-311++G(2d,2p). Jlns yuera cojbBaTalMOHHBIX 3((EKTOB HCIOIb30BaHA MOJICIb
npeaenbHor mojspusanun Tomacu — PCM. [l moaTBepKIAeHUS TOTO, YTO ONTHMHU3HPOBAHHBIC
KOMIUICKCHI SIBIISTIOTCS MUHUMYMaMH Ha TIOBEPXHOCTH TOTEHIIMAIBHON SHEpruu, ObUT MPOBEICH
aHaJIM3 HOPMAJIbHBIX KOJICOAHWI; MHUMBIX 4acTOT HE OOHAPYKEHO.
Ha ocHOBaHWM BBITIOJIHEHHBIX PACYETOB MOJIYYCHBI CYIPAMOJICKYISIPHBIC CTPYKTYPHI ABYX THIIOB,
OTJIMYAIOIIUXCSl PACTIONOKECHUEM (-allaHWJI-a-allaHnHa. B koBpoBoW Mozaenu (puc. la), numenTtu
CYILIECTBYET B JABOMHOM JJICKTPHUUECKOM CJIO€ MHUIICILIBI, MIPU 3TOM 00pa3yeTcsi MEKXMOJICKYIIpHas
BojoponHas cBs3p Thma N-H...O (r=1.744 A), a wmon Na' oka3bBacTCs TeTPaJCHTATHO
KOOPJAMHUPOBAHHBIM OTHOCHUTEJILHO aTOMOB KHcjopoaa. B ciydae, korma oa-Ala-o-Ala Haxoautcs B
TaK Ha3bIBAEMOM «IOpe» MHUIICIUIIPHOro arperara (puc. 10), MEXIy MOJEKyJaMd BO3HUKACT HE
MeHee IPOYHasi, 4eM B ImepBoM ciydae, H-cBs3b ¢ r=1.741 A. OTMeTHM, 4TO SHEprUM 0Opa30BaHUS
KOMILIEKCOB OKa3zaJliuch Onu3ku 46.8 u 44.7 KKaJ/MOJb, COOTBETCTBEHHO. TakuMm oOpa3oM, MOXKHO
YTBEPKAATh, YTO 00€ MOJICITH UMEIOT BEPOSITHOCTh K PeaTu3alliu.

“

2.537

2.522
5578 ‘ 2.586

Puc. 1. Ontumu3snpoBaHHbIe CTPYKTYphI KomiuiekcoB SDS...a-Ala-a-Ala:
KOBPOBasi MOJIETIb (@) U MOZICIH «IOPBD» (0).

Paboma evinonnena npu punarcosoii nooodepoicke epanma PODPU Ne 18-03-01032-a
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An analytic description of transient current in disordered organics for a broad range of
temperature and electric field by the joint application of transport level and effective
temperature concepts

Khan M.D., Nikitenko V.R.”

National Research Nuclear University «MEPhI» (Moscow Engineering Physics Institute)
*e-mail: vladronik@yandex.ru

Disordered organic semiconductors are the subject of intensive investigations due to growing
applications in electronics. Charge carrier transport, being characterized by mobility in general, is
one of the basic processes, determining parameters of electronic devices. The combination of steady-
state and time resolved measurements, like the well-known time-of-flight (TOF) technique[1], seems
to be the most reliable way to obtain the information about the mobility and other parameters of
disordered materials. The Monte-Carlo (MC) modelling of charge transport is a very pertinent, but
the time-consuming, although model-dependent, tool for the theoretical modelling of charge
transport in disordered organics. Hence, an alternative approach, i.e. the analytic modeling of charge
transport using simple heuristic models, like the transport energy[2] and effective temperature[3],
employing MA or Marcus models, is promising. The first concept allows describing the hopping
transport by the relatively simple formalism of the multiple-trapping model in the low-field limit,
while the second provides a simple way to describe both the field and temperature dependence of
mobility. Both these analytic tools used typically for the analysis of the mobility in quasi-equilibrium
transport mode. The description of non-equilibrium transport[4], including dispersive mode, still
considered as questionable, although qualitative description of TOF transient current has been
shown.

107 10° 10° 10* 10® 10% 10" 10° 10°

t,s
Fig. 1. Comparison between the results of MC (solid lines) and analytic modeling (dash lines) for
temperature 250 K and different fields: 1 - 108, 2 - 107, 3 - 3.6x107, 4 - 108, 5 - 2x108 V/m.

In this work we perform calculations of transient current in time-of-flight conditions, using both the
concepts, transport energy and effective temperature, simultaneously. Our calculations provide good
enough fitting for the results of MC modelling (see fig. 1), approving this approach.

This work was supported by the “Improving of the competitiveness” program of the National
Research Nuclear University MEPhI (Moscow Engineering Physics Institute).

! Tyutnev A.P., Novikov S.V., Saenko V.S., Pozhidaev E.D. J. Chem. Phys. 2017, 147, 114901
2 Nikitenko V.R., Strikhanov M.N. J. Appl. Phys. 2014, 115, 073704

3 Jansson F., Baranovskii S.D., Gebhard F., Osterbacka R. Phys.Rev. B 2008, 77, 195211

4 Nikitenko V.R., Seggern H., Bissler H. J. Phys.: Condens. Matter. 2007, 19, 136210
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Noncovalent interactions in the design of nonlinear-optical polymer materials

A.V. Sharipova”“, O.D. Fominykh, M.Yu. Balakina

A.E. Arbuzov Institute of Organic and Physical Chemistry KSC RAS
*e-mail: a.v.sharipova@yandex.ru

Organic nonlinear-optical (NLO) materials engage much attention due to their attractive potential in
photonic devices. Molecular sources of the NLO activity are organic chromophores incorporated into
polymer material, which should have noncentrosymmetric structure to exhibit quadratic nonlinearity.
This is achieved by chromophores orientation in the electric field applied to the polymer heated up to
the glass transition temperature. The long-term stability of the chromophores orientation can be
provided by using polymer matrices with high glass transition temperatures, or by means of
polymers chains cross-linking. Noncovalent interactions between chromophores and polymer matrix
as well as between chromophores inter se can serve alternative way of fixing the orientation order.
Here different types of the chromophore aggregates, n-n stacks (so-called H-aggregates), and head-
to-tail clusters (J-aggregates) of azochromophores are investigated quantum-chemically.

Recently, in the course of atomistic modeling of epoxy-based oligomers with multichromophore
dendritic fragments, H-aggregates of co-directed chromophores were revealed. Stacked
azochromophores were studied in the framework of the DFT-based approach. It was shown that the
formation of stacks results in moderate increase of NLO characteristics, the effect depending on the
relative shift of the chromophores. According to the QTAIM analysis, the binding between
chromophores occurs due to the noncovalent van der Waals interactions.

Supramolecular organization of the azochromophores DO3 in composite materials with PMMA-
based or epoxy-based polymer matrix was studied. H-bonding between chromophores and polymer
matrix in composite PMMA-based material and between chromophores in solution is studied both
theoretically and experimentally.

Quantum chemical modeling in combination with vibrational and electronic absorption spectroscopy
has shown that the neat DO3 contains both antistacked forms and hydrogen bonded associates of the
“head-to-tail” type. In PMMA/DO3 films with low concentration of the chromophores, DO3 is
mainly H-bonded to PMMA matrix, while in the composites with high concentration of DO3
molecules, the latter form hydrogen bonds both with PMMA and with each other. Infrared, Raman,
and UV—vis spectroscopic markers of isolated DO3 molecules and various modes of their
supramolecular associations are revealed.

The addition of DO3 to the host matrix of chromophore functionalized epoxy amine oligomer,
CFAO, enhances the NLO coefficient compared to that for CFAO by ca. 40%. Molecular modeling
in an amorphous cell has shown the presence of hydrogen bonding and n-m interactions between the
chromophores-guests and polymer matrix. The energy of H-bonds is of the order of 3 kcal/mol, what
is rather small, but the number of such bonds is large, and we hope they could contribute to the
conservation of the chromophores relaxation order.

All calculations were performed with Materials Science Suite.!

This work was supported by Program of Presidium of RAS Ne 32.

! Schrodinger Release 2018-1: Materials Science Suite, Schrodinger, LLC, New York, NY, 2018.
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Spin-dependent electronic structure and transport in deformed platinum nanotubes

P.N. D’yachkov, D.O. Krasnov

Kurnakov Institute of General and Inorganic Chemistry, RAS
*e-mail: p_dyachkov@rambler.ru

The spin- and deformation-dependent electron structures of the single-walled chiral and achiral Pt
nanotubes are investigated using a relativistic linear augmented cylind
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Fig. 1. Electron structure of the (5,3) Pt nanotube. The dashed and solid lines correspond to the spin
a and B. The dispersion curves and DOS in the Fermi energy region are presented in enlarged energy.

Figure 1 shows the results of calculations of the band structure and DOS of tubule (5,3). This is the
chiral system without rotational symmetry having 98 atoms per translational unit cell. However, due
to account of screw symmetry, the cell is reduced to one atom and the results are presented in a very
simple form with only ten spin-dependant energy bands in the valence band and two low-energy
curves in the conduction band. The Fermi level clearly separates the valence and conduction band
curves. There is no crossing of the occupied and vacant dispersion curves, but only slight overlap of
a top of valence and of a bottom of conduction states typical for semimetallic systems. In the band
structure, the spin-orbit coupling appears as the large splitting of nonrelativistic dispersion curves
equal up to 0.5 eV for the bands in Fermi energy region. The spin-polarization of eigenstates relative
to the nanotube axis is almost perfect. The spin-orbit interaction is also manifested in the DOS.
Particularly, the electron DOS on the Fermi level for the spin up N(Er,a) and spin down N(EF,p)
states differs about three times resulting in a possibility of spin-dependent ballistic transport in this
system. The total DOS N(Ef) = N(Er,a) + N(EFr,B), the spin-dependent components, and, therefore,
spin transport can be controlled by mechanical deformation of the tubes. The torsional, uniaxial, and
uniform strain results in the drastic change of the total and spins densities of state and spin pairing.
The spin-dependent transport can be controlled by mechanical deformation of the tubes and used in
spintronic devices.
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Characterization of the ground and excited states properties in the series of selected diazines

T.P. Gerasimova, T.l. Burganov, S.A. Katsyuba, S.M. Sharipova, L.N. Islamova, A.A. Kalinin

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of RAS, Arbuzov.
Str. 8, Kazan, 420088, Russia

*e-mail: tatyanagr@gmail.com

Diazines possessing highly n-deficient character effectively act as the electron-withdrawing part in 7-
conjugated push—pull structures. Intramolecular charge transfer (ICT) in the molecular scaffold can
induce tunable photophysical properties. A wide library of fluorescent diazine derivatives has been
described (see for example[1][2][3]). Moreover in very recent reports it was shown that the
quinoxalinones/quinoxalines used as m-bridging fragments represent a valuable addition to the pool
of NLO systems.[4][5] At the same time the various possible structural modifications could
considerably and unexpectedly affect the photophysical properties of the systems making predictions
and interpretations of the latter to be the challenging task. In order to reliably rationalize and
establish the “structure-properties” relationships available modern quantum chemistry tools are very
helpful. In particular, time-dependent density functional theory (TDDFT) provides cost-effective and
accurate approach allowing to shed light on the spectral properties of the chromophores for both
ground and excited states. In this work we present the use of TDDFT for predicting the electronic
transitions energies in the series of recently synthesized quinoxaline/quinoxalinone derivatives with
push-pull architecture and demonstrating a number of outstanding properties important for material
applications. Their thermal- and photo-stability, electrochemical reversibility and high molar
absorptivity in the visible spectral region'? opens perspectives for use the compounds under study
for design of functional materials. Furthermore obtained theoretical results are in the good agreement
with experimental characteristics pointing to the reliability of the chosen approach for a treatment of
their photophysical properties and for a rational design of the push-pull chromophores.

The work was supported by Young Researchers Grant of Tatarstan Academy of Sciences (research
project No 04-136-y-I 2018)

1 H. Sakai, S. Shinto, J. Kumar, Y. Araki, T. Sakanoue, T. Takenobu, T. Wada, T. Kawai and T.
Hasobe, Journal of Physical Chemistry C, 2015, 119, 13937-13947.

2 S. Achelle, N. Ple and A. Turck, Rsc Advances, 2011, 1, 364-388.

% S. Achelle, C. Baudequin and N. Ple, Dyes and Pigments, 2013, 98, 575-600.

4 A.A. Kalinin, S.M. Sharipova, T.l. Burganov, Yu.B. Dudkina, A.R. Khamatgalimov, S.A.
Katsyuba, Yu.H. Budnikova, M.Yu. Balakina, Dyes and Pigments, 2017, 146, 82-91.

> A.A. Kalinin, S.M. Sharipova, T.l. Burganov, A.l. Levitskaya, Yu.B. Dudkina, A.R.

Khamatgalimov, S.A. Katsyuba, Yu.H. Budnikova, M.Yu. Balakina, Dyes and Pigments, 2018, 156,
175-184
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A fresh look on the nature of dual-emission of the octahedral Cuals clusters

T.P. Gerasimoval, A.V. Shamsieval, 1.D. Strelnik?, I.E. Kolesnikov?, S.A. Katsyuba?, E.I. Musina?,
AA. Karasik!

! Arbuzov Institute of Organic and Physical Chemistry of FRC Kazan Scientific Center of RAS
2 Centre for optical and laser materials research, Research park of St. Petershurg State University
*e-mail: tatyanagr@gmail.com

Copper(l) complexes have attracted considerable interest because of their rich structural and
photophysical properties and potential applications as inexpensive, abundant materials in
optoelectronics, catalysis, and biological systems. The most common motif for Cusls clusters
reported in the literature is a cubane-like structure consisting of a copper tetrahedron with iodides
capping the four faces (Figure 1a).

ab
Fig. 1. Structures of a) cubane Cuals cluster, b) studied complexes with octahedral Cusls core

Generally, the cubane clusters exhibit two distinct emission bands, one at high energy (ca. 450 nm)
and the other at low energy (ca. 600 nm), arising from metal-halide-to-ligand charge-transfer
(3(M+X)LCT) excited states and triplet cluster-centered (3CC), respectively. The former band is quite
prominent at low temperature (LT), the latter band dominates at room temperature (RT).

Recently, the dual-emissive tetranuclear copper (I) complexes with Cusls core of rather rare
octahedral type (Figure 1b) have been synthesized[1]. Emission of complexes of this type reported in
a few existing studies demonstrates temperature dependence similar to cubanes case. For the
complexes under study the observed tendency is opposite: the LE band strongly dominates at low
temperature whereas at RT the HE/LE ratio intensity increases. To understand the origin of the above
non-typical thermal sensitivity of two emission bands, the quantum chemical computations have
been undertaken.

Two lowest triplet excited states, T1: and T2, have been found. The symmetrical computed geometries
of Cuasls core in T state are characterized by almost equal Cu-Cu distances. In Ty state all four Cu-
Cu distances are essentially different. According to computations the highest occupied molecular
orbitals (HOMO) for both T: and T states are located at metal-halide core and the lowest
unoccupied molecular orbitals (LUMO) are contributed by pyridyl moieties. Thus, one can conclude
that both bands are of 3(X+M)LCT character unlike to previous interpretations of dual emission
origins of cubane-like and octahedral complexes.

Obtained in this work results demonstrate the alternative interpretation of LE band for octahedral
Cuals complexes, which should be taken into account.

The emission spectra were registered on the equipment of the Center for Optical and Laser
Materials Research of St. Petersburg State University

! Musina E.I., Shamsieva A.V., Strelnik 1.D., Gerasimova T.P., Krivolapov D.B., Kolesnikov I.E.,
Grachova E.V., Tunik S.P., Bannwarth C., Grimme S. Dalt. Trans. 2016, 45, 2250—2260.
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[3+2] Cycloaddition of the nitrilimines and thiosulfines as effective
atom-economic way for C-C, C-O and C-S bonds formation

E.G. Gordeev,” V.P. Ananikov

N.D. Zelinsky Institute of organic chemistry RAS
*e-mail: gordeev_e@ioc.ac.ru

Five-membered heterocyclic compounds are the base for huge amount of the bioactive substances. In
particular, derivatives of the diazoles obtain the antiseptic, analgesic, anticancer and psychotropic
activities. Some oxadiazoles contained two nitrogen atoms and oxygen atom in five-membered cycle
are perspective hypnotic drugs. Derivatives of the 1,2-dithioles, for example Oltipraz, are
characterized by high anticancer activity.

Effective atom-economic way for synthesis of the five-membered 1,2-diazoles and 1,2-dithioles is
[3+2] cycloaddition (1,3-dipolar cycloaddition) (Fig. 1).[1]
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Fig. 1. Schemes of the [3+2] cycloaddition reactions for nitrilimines with various substituents (1) and

thiosulfines (2); XY is an alkyne, alkene, ketone or thioketone molecule.

The mechanism of the reactions (1) and (2) was investigated by wB97X-D/6-311G(d,p) method
(SMD model for chloroform media). It was shown that activation energy of the acetylene addition to
2-dipole (reaction 1) systematically higher for dipoles with ortho-position of the substituent R, and
exergonic effect of the [3+2] addition stage for ortho-substituted dipoles is smallest. However, the
activation energies for the ortho-, meta-, and para-positions of the substituent R differ
insignificantly.

The mechanism of the reactions (1) and (2) was studied for various XY substrates: acetylene,
ethylene, 2-methylpropene, acetone, thioacetone, thiobenzophenone. It was established that addition
of these XY substrates may occur in mild conditions and characterized by high exergonic effect.
Based on analysis of the electron localization function (ELF) and bond orders in the transition states
of the [3+2] cycloaddition stage it was shown that addition of acetylene and ethylene molecules to
the 2-dipole (reaction 1) is characterized by asynchronous bonds formation, whereas addition of the
acetone and thioacetone is synchronous process, i.e. C-O (C-S) and C-C bonds of the five-membered
cycle in 3-product are formed simultaneously.

For reaction (2) acetylene and ethylene addition is synchronous reaction, but addition of
thiobenzophenone is very asynchronous due to steric effects from two Ph-groups.

This work was supported by RFBR (project Ne 17-03-01148).

1Voronin V.V., Ledovskaya M.S., Gordeev E.G., Rodygin K.S., Ananikov V.P. J. Org. Chem. 2018,
83(7), 3819-3828.
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Born-Oppenheimer molecular dynamics reveals the origin of calixarene selectivity to cesium
cations

M.G. Khrenova'?®, D.P. Kapusta®, A.T Brekhov!, I.V. Babchuk,! Yu.l. Meteleshko®

!Moscow State University, Department of Chemistry
2Federal Research Centre “Fundamentals of Biotechnology” RAS
*e-mail: khrenova.maria@gmail.com

Solvent extraction and separation techniques are widely used to decrease the amount of the
radioactive wastes, especially radioactive cesium isotopes presented in the liquid phases. Calixarenes
are known to be good candidates for the selective extraction of the heavy alkali metal cations with
the selectivity coefficient of around 1000 to Cs*. The molecular mechanism of selectivity remains
unknown. We performed Born-Oppenheimer molecular dynamic (MD) simulations of the complexes
of calixarene with the alkali cations (Li*, Na*, K", Rb™ and Cs™) in water solution. The model system
comprised 291 water molecules, calixarene with one deprotonated OH group and metal cation, all
together 929 atoms. This system was treated at the DFT/PBE-D3/DZVP-MOLOPT-GTH level of
theory in the CP2K program package. We performed sets of MD simulations with the biasing
harmonic potentials centered at different values of the reaction coordinate. The latter was chosen as
the distance between the metal cation and oxygen atom of the phenolate group of calixarene.
Weighted histogram analysis method as well as umbrella integration approach were applied to
reconstruct free energy profiles and calculate corresponding dissociation constants for all complexes.
We got the values of around 10 M for Li*, Na* and K* whereas the dissociation constants for Rb*
and Cs* were 10° M and 6:10° M, respectively. These computational results explain the
experimental observations and reveal the molecular mechanlsm of complex formatlon

.~ “\
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Fig. 1. Free energy profiles of calixarene — alkali metal complex formation

This work was supported by Russian Foundation for Basic Research (project Ne 18-03-00605).
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BsiskocTh pacniiaBa Ko0aJjbTa: TeOpPHsi, MOIeJIMPOBAHUE U DIKCIIEPUMEHT
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[IpencraBiensbl pe3ynbTaThl TEOPETUIECKOTO W YHCIEHHOTO HCCIIEOBAHUS BI3KOCTH
pacruiaBa koOanbra B TemmeparypHoMm awanazoHe T=[1400; 2000] K. Ilomy4enst
TEOPETUUECKUE BBIPAXKEHUS JUISI CIIEKTPAIbHOM IJIOTHOCTH BPEMEHHOM KOPPEISIIMOHHOU
(yHKIINHE TeH30pa HANpSHKEHWH W COBUTOBOM BA3KOCTH, ONpEIENsIeMble Yepe3 YaCTOTHBIC
pelaKcalmroOHHBIE  TMapaMeTpbl.  YCTaHOBJICHO  XOpOIIee  COrjlacHe  pe3yiIbTaToB
TEOPETUYECKHUX PACUETOB JUIsSl TEMIICPATYPHOI 3aBUCUMOCTH BS3KOCTH paciuiaBa KoOalbTa ¢
JKCIIEPUMEHTATBHBIMY JAHHBIMH U PEe3yIbTaTaM{ MOJIEIIMPOBAHUS aTOMapHOH THHAMUKH.

Beeoenue. TpaHCTIOpTHBIE MPOLIECCHl UTPAIOT BaXHYIO POJIb BO MHOTHMX MPHUPOJIHBIX U TEXHHUUECKUX
nporeccax. Tak, Harpumep, KodhHUIUEHTB caMOTUPPY3UH U BI3KOCTHU SBJISIOTCS KJIFOYCBBIMU BEIMYUHAMU
IpU UcclienoBaHUU (a30BBIX MEPEXOA0B, B YACTHOCTHU, IPOLIECCOB CTEKJIOOOPa30BaHUs M KPUCTAIUIN3ALHIH.
ITo cpaBHenuio ¢ kodpdunreHToM caMonudQPy3nn, KOTOPBIH JOCTATOYHO TPYIAHO IKCIIEPHUMEHTAIHHO
WU3MEPUTh TOYHO, KOI(PQPHUIMEHT CABUTOBOH BS3KOCTH MOMKET OBITh HEMOCPEACTBEHHO OIPEIclieH B
9KCHEPUMEHTaX MO BUCKo3uMeTpuu. C Apyroil CTOPOHBI, BA3KOCTb MOXET OBITh PAacCUMTAHA C MOMOIIBIO
MOZEJIMPOBAHUSI PABHOBECHOW W HEPABHOBECHOW MOJIEKYJSIPHOM TUHAMUKU. BS3KOCTh SABISETCS OOHOU U3
MPOCTEHIINX TPAHCIOPTHBIX XapaKTEPUCTHUK, KOTOpas ¢ OJHOW CTOPOHBI, CBA3aHA C MMKPOCKOIHYECKOU
KOJIJIEKTHUBHOW AMHAMHMKOHN YacTHUI] B CUCTEME Yepe3 BPEMEHHYIO KOPPEJSLIHUOHHYIO (YHKIHIO IOIEPEYHOro
MOTOKA, a C APYrod CTOPOHBI, CBsI3aHAa CO BPEMEHEM CTPYKTYPHOH peJaKcallud CHCTEMBbl Yepe3 HM3BECTHOE
cooTHoUIeHHEe Makcsena.

Jemanu mooenuposanus. MojenupoBaHue TMHAMHKU aTOMOB paciljiaBa Ko0aabTa ObLIO BHITIOJIHEHO B
n3otepmuyeckn-n3odapuieckom (NpT) — ancambiie B TemneparypHoM aumamazoHe T=[1400; 2000] K mpu
naBinennn p=1.5 Oap. Cuctema cocrosmma m3 N=4000 aToMOB, HaXOIAIIMXCA B KyOMYECKOH sueiike c
MEPUOANYECKUMH TPAaHUYHBIMHU YCIOBHSMH. B3anMopeiicTBue MeXIy aromMamH y4uThIBajoch uepe3 EAM-
notennuan [1]. Ilepeoxnaxaennsiii paciias kooansTa (ipu T<Tm, e Tm=1768 K) ObL1 omyueH OBICTPBIM

12
OXJIaX/ICHHEM PaBHOBECHOr0 paciuiaBa (mpu temneparype T=2000 K) co ckopoctsio oxnaxaerus y =10
K/cek [2]. UnTerpupoBanue ypaBHEHUH NBUKEHHI OBLJIO BBIMOJIHEHO 10 cxeme Bepiie B ckopocTHOM dopme ¢
-15
speMennbiM marom 7 =10 c [3]. [dns mpuBemeHUs: CHUCTEMBI B COCTOSHHE TEPMOAMHAMUYECKOTO
paBHOBECHS W pacyeTa CIIEKTPAILHBIX XapaKTEPUCTUK MpH Kaxmoi temmeparype T=[1400+ 2000] K 6pu10
BeimostHeHO 100000 1 5000000 BpeMEHHBIX IIaroB COOTBETCTBEHHO.

Pezynomamor  u  6b1600bl.  JIng  TPOBEpPKH  KOPPEKTHOCTH TMOTEHIMATa  MEXYaCTHUYHOTO
B3auMoJeicTBus [1] B BOCIIPOM3BEIEHNH CTPYKTYPHBIX M AMHAMHUYECKHX CBOMCTB paciuiaBa KoOajbTa ObUTH
paccunTaHbl paguanbHas GyHKIHS pacnpeneneHns atoMoB (r)u cratuueckuii crpykrypHseii dakrop S(K).
Ha puc. 1 npencraBneHsl paccCUUTaHHBIE C TIOMOIIBIO aTOMAaPHOI/MOJIEKYISIPHOW TUHAMUKY (YHKIIUU g(r)
u S(K) B cpaBHEHHH C SKCIEPHMEHTAIBHBIMU JAHHBIMH 110 AHGPAaKIHH PEHTTCHOBCKUX nydeit [4]. 13
PUCYHKA BUAHO, YTO PE3yJIbTAThl MOJEIUPOBAHNS HAXOATCS B XOPOIIEM COTJIACHH C 3KCIIEPUMEHTAIHLHBIMU

JaHHBIMU: BEPHO BOCIPOM3BOJSAT KaK MHTEHCHUBHOCTH, TAaK M IOJIOXKCHUS NMHUKOB B (YHKLUUH PaguaTbHOTO
pacrpe/ielieHus U CTaTHYECKOM CTPYKTYPHOM (akTope.
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Puc. 1. (Vlesas koronxa): PagnanbHas GyHKIMS pacnpeaesieHnss aToMOB KobanbTa mpu Temneparype T=1873 K.
(Ilpasas kononxa): CraTudeckuil CTPYKTYpHBIA (akTop. CIUIONMIHAS JMHUS TPEACTABISIET PE3yJIbTAThI

MOJICTIMPOBAHUSI aTOMapHOI/MOJIEKYJIAPHOM JMHAMUKH; (O O 0) - SKCIEPHUMEHTAIbHbBIC JaHHbIE M0 AU(PaAKLIUK
PEHTI€HOBCKUX JIyueit [4].

CrBuroBas B3KOCTh paciuiaBa KoOajbhTa pacCUMTHIBAJIACH C TIOMOINBI0 cooTHomIeHus Ky6o-I'puna

[5]
V 0
77=|(B—T£5(t)dt' (1)

3mech S(t) = <Gaﬂ (O)’O-aﬁ (t)> ecThb BpeMeHHas Koppessiiuonnas yukims (BK®) tensopa nanpsxenuii, V

nu T - COOTBETCTBEHHO O00BEM M TEMIICPpATypa CUCTCMBI, k - MIOCTOSAHHAas BOJ'ILI_IMaHa. KOpOTKOBpeMeHHOe

B
paznoxenue S(t) MOXKeT OBITh MPEICTABICHO B BUJIC

t? t t°
1@t Jcol col
S(t)=1-S 2!+S i S 6!+... )
3[[6(3]: S(Zm) — YETHBIC HaCTOTHBIC MOMCHTHI
Iwzmg(w)dw
st = m=12,.. @)
IS (w)dw

cnekTpaiabHoi ioTHOcTH BK® TeH3opa HanpsokeHuit

S(w) = 21” Re TEXp(ia)t)S(t)dt. 4)

C 1pyroii CTOPOHBI, CrieKTpaibHast WI0THOCT BK® Ten3opa HanpsokeHnit S () Moxer OBITH IpeAcTaBIcHA

§(w) =129 Re{ 1 } (5)

V4 —iw+A1M1(w)

rae M, (w) — eCTb CreKTpaibHas IIOTHOCTb TakK HA3bIBAEMON (DYHKIMH MAaMSTH MEPBOTO MOPsIKA, KOTOpast

B BUJIE

CBs3aHA ¢ GYHKIMAMH NIAMSITH CTapInX nopsnkoB M () 1pu n>1 peKyppeHTHBIM COOTHOIIEHHEM

~ 1
Mal@) == 0ra M, () (6)

n+l
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Puc. 2. CrnexrtpansHas mioTHocTe BK® Tten3opa HampskeHHi paciiiaBa KoOajibTa HpU  PasIMYHBIX
TeMIepaTypax: MapKephl IPEACTaBIAI0T PE3yJIbTaThl MOACIUPOBAHUS; JIMHUU - PE3YNbTaThl TEOPETHUYECKUX

pacueros.
B cootBercTBuu ¢ popmynoit Kybo-I'puna i ciBuroBoit BI3kocTu 7] uMeeM

v Vo=
= {s(tdt=—-S5(w=0).
1= 7 S0dt= 8 (@=0) (8)
Kak Oputo moxasaHo B pa60Te [6], AJId TPAHCIIOPTHBIX MPOLECCOB B OAHOKOMIIOHCHTHBIX JKHUAKOCTAX

peanmsyercst ycnosue Bupa M, (w) =M, (w), YTO NO3BOJSECT HAWTH BBIPAKCHUE IS CIEKTPAIbHOM

IUIOTHOCTH § (w):
1 2A A, AN, — &*
7 A (8A, —0? )+ 0* (20, A, )

Otcroia, moTydaeM MPOCTOE BRIPAKEHUE JIJISI CABUTOBOMN BSI3KOCTH

\/_
KT A
KOTOPOC COACPIKUT YaCTOTHBIC MMApaMCTPhI Al )51 A?_, OIIpeACISACMBIC UCPEC3 q)YHKI_II/II/I pacnpeaciIcHus 4aCcTul U
IIOTCHIIMAJI MEXKYaCTHYHOI'O B3aI/IMOJleI>'ICTBPI$I.

(9)

S(w) =
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Puc. 3. TemmepaTypHas 3aBHCHMOCTh CIOBHUTOBOM BSI3KOCTH paciUiaBa KkoOambra: Mapkepbl (A A A) -
NPEACTABISIIOT Pe3yJIbTaThl MOJEIMPOBAHUS aTOMapHOH/MoneKyisipHol nuHamuky; (000) u (3Be3mouky) -
SKCIEpUMEHTANIbHBIE JaHHbIC, B3SThle COOTBETCTBEHHO M3 [7] u [8]; mTpuxoBas JIMHHUS - pPE3yJbTaThI
TeOpeTUYecKuX pacueToB [Beipaxkenue (10)].

Ha puc. 3 npeacraBieHsl pe3yibTaThl MOICIUPOBAHUS U TEOPETUYECKUX PACUETOB Ul TEMIEpPaTypHOU
3aBUCHUMOCTH CIBUT'OBOM BSI3KOCTH paciliaBa KoOajbTa B CPaBHEHHH C SKCIIEPUMEHTAIbHBIMU IaHHBIMH
[7,8]. W3 pucyHka BUIHO, HYTO pe3ylbTaThl MOJCTUPOBAHHMS U TEOPUU aJEKBATHO OMHCHIBAIOTCS
TEPMOAKTHBALMOHHBIM 3aKOHOM AppeHuyca. Takke, yCTAHOBJIEHO XOpOILEe COrjacue pe3ysbTaToB
TEOPETUYECKUX PAcUeTOB JJsl BA3KOCTH paciulaBa KoOajbTa ¢ 3KCIIEPUMEHTANbHBIMU JNaHHbIMH [7,8] u
pe3yibTaTaMH MOJICTUPOBAHUS AaTOMAPHOW/ MOJIEKYISIPHON THHAMHUKH.

Kpynnomacuimabnuvle MonekyiapHo-ounamuieckue paciemol ObLiy 6bINOJIHEHbl HA bI4UCTUMENbHOM
knacmepe Kazanckozo ¢edepanvrnozo ynusepcumema u cynepkomnviomepe MedicgedomcmeeHH020
Cynepxomnwvromepnoeo Llenmpa Poccuiickoti Axademuu Hayx. Paboma ewinonnena npu @uuancosol
noooepoicke epanma PODU (Ne 18-02-00407 _a).
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Modeling of the structure of lead-containing ferroelectrics-relaxors at low temperatures
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The ferroelectric relaxors, whose properties were discovered more than fifty years ago, are
now actively used for the needs of electronics. A wide range of physical properties makes the
problem of correlating the structural features of these compounds with the observed and predicted
functional properties relevant. Ferroelectric relaxors with a diffuse phase transition have a large
temperature interval in which a phase transition occurs, in the consideration of which two cases are
distinguished:

- the case when the anharmonicity is small and the potential V (r) has one minimum;

- the case when the strongly anharmonic potential V (r) is multiminimum, determines
transitions of the order-disorder type with dynamic or static disordering of ions. It was established
earlier that both cases of phase transitions can exist near the Curie point [1, 2].

In this paper we present data on the modeling of the structural features of the classical model
object of this class of compounds-lead magnesium niobate (PMN) at temperatures of 203 K, 183 K,
and 103 K.

In the case of a relaxor ferroelectric phase transition in PMN, the long-range interaction in the
electronic subsystem of the crystal (reduction in the correlation interaction radius) is attenuated in the
vicinity of the phase transition. This obviously can lead to a phase transition accompanied by
coordinated rotations of the oxygen octahedra BOs (B = Mg / Nb). Chains ...B...0...B...0...B...O...
become zigzagged. Based on the calculations of the thermal and positional parameters of the atoms
of the given compound, a simulation of the behavior of sublattices of atoms of A-, B- type and
oxygen in the perovskite structure at the indicated temperatures was carried out based on the
experimental data of the X-ray diffraction study carried out at low temperatures.

An analysis of the results obtained by us suggests that with an approximation of the
temperature values to the temperature Tm, ordering of the displacements of lead atoms in neighboring
cells and associated antiparallel shifts of oxygen atoms can occur, which indicate possible rotation of
oxygen octahedra. Such ordered displacements of atoms in PMN can be the reason for the
appearance of superstructural reflexes, indicative of doubling the parameters of an elementary
perovskite cell [3,4]. The possible mechanism of rotation of oxygen octahedra and associated
displacements of lead atoms is simulated in this work. In favor of such a model, the temperature
dependence of the peaks of super structure reflexes noted by many authors, whose nature is actively
discussed, attests to the temperature dependence [3,4]. Various scenarios of the ordering process in
the PMN are considered.

1 Nelmes R.1., Kuhs W.F. // Solid State Commun., 1985,v.54, p.721-723.

2. Brus F., Cowley R. // M.: MIR, 1984, 408 p. (rus)

3. Zhang Q.M., You H., Mulvihill M.L., Jang S.J.// Solid State Com., 1996, v.97, JVfo 5,
p.693-698.

4 Gosula v., Tkachuk A., Chung K. and Chen H..// J.Phys. and Chem.Solids, 2000, v.61, p.
221-227.
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CradujabHbIe CAWThI CBS3LIBAHUS aTOMOB B KpHUCTAUIaX HTHEPTHOI'0 ra3a
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BapuaTtuBHOCTh CTaOMIBHBIX KOH(MOpMaUUi ONMKallIero MaTpUYHOTO OKPYXKEHHUS BHEIPEHHOIO
aToMa B Marpulax WHepTHBIX Ta3oB (RG) sBiseTcss ycTaHOBICHHBIM (PaKTOM MHOTOYHCIEHHBIX
CIIEKTPOCKOINMUYECKUX HucciaenoBanuii[1]. HecMoTpss Ha TO, 4TO CTpyKTypa 3aHMMAaeMOW BaKaHCHUU
peKO MOXKET OBITh HEMOCPEACTBEHHO YCTAHOBJIEHA M3 IKCIEPUMEHTA, MPOCTON 3BPHCTUUYECKUN
MOJAXOJ, UCXOMALIMI M3 comocTaBieHusi 3PGEKTUBHBIX pPa3MEpOB MOJOCTH W aTOMa, MO3BOJISET
IIpe/icKa3aTb BO3MOJKHBIE TI'€OMETPUM OKDPY)KEHHsS IPUMECHOIO LIEHTpa M OLEHUTb HX
oTHOcuTenbHyl0  ctabunpHocTh. [ T'HHK  pemerkn  kpucrammmyeckux RG  06bryHO
paccMaTpuBarOTCS 5 OCHOBHBIX THUIIOB CAalTOB 3aXxBaTa, BOSHUKAIOLIUX B pe3yjbTaTe: BHEAPEHUS B
TETPadIPUUECKUE U OKTAdJIPHUUECKHE IMYCTOTHI, 3aMelleHusi onHoro atoMa RG, u BcTpauBaHus B
TpeTpa- U rekcaBakancuio. s atomoB Yb u Mn Takoe MHTYMTHBHOE OTHECEHHE CAalTOB OBLIO
MOATBEPKJICHO B paMKaX KJIACCMYECKOW Mojenu[2-3], KoTopas BKIIOYaeT B ce0si THOKYIO CTPaTeTuio
[IOMCKA CTPYKTYphl B II0JIE KPUCTANIMYECKOW pEIIeTKH U AaHaJIW3 TEePMOJMHAMHYECKON
cTabunbHOCTU[4] METOOM “BBIIMYKIION 0007I0YKH”.

B nanHnoif paboTe moxoxas TeXHHKa OblIa MPUMEHEHa K OoJiee 001Iei mpodiieme, a IMEHHO K 3a/1a4e
OTOOpaKeHHsI [apaMeTpoOB, XapaKTepU3YIOUIMX B3aMMOJCHCTBHE aToMa W MaTpUlbl, Ha
COBOKYITHOCTh TEPMOJMHAMHYECKH CTAOMIBHBIX CallTOB 3axBaTa. IIpm 3TOM paccmorpeHue ObuIo
orpannueHo marpuieit ['TIK pemerku aprona. [{nst onucanus B3auMOACHCTBUI KaK MEX]y aTOMaMu
aproHa, Tak M MaTpPUIBI C BHEAPEHHBIM aTOMOM (B S COCTOSIHWHM) HCIIOJB30BAIMCH TapHBIE
MeaToMHbIe oTeHnuansl Jlennapaa-/xonca (LJ). [Ipu kaxaom 3HaYeHUH Mapbl IAPaMETPOB € U G
MOTEHIIMaja B3aUMOJCHCTBUS MPOU3BOJAMICS OOUIMPHBIA MOMCK INI0OAJBHOTO MHUHHUMYyMA, IIEJb
KOTOpPOTO COCTOsIa B OINPEAEIEHUM BCEX CTPYKTYP MUHUMAJIBHOM JHEPIUU Ui psAa CUCTEM C
pa3IMYHBIMHM 3HAUEHUSIMHU 4YuCia ynajdeHHbIX aTomoB aproHa N = 0, 1, ..., 3amemaeMbIXx aTOMOM
BHepeHus. KoHlenmus Meroaa BRITYKIION 00010uKy JuIs TapameTpa “dazoBoro cocrasa” N 3aTem
HCIOJIb30Bajach NpPHU HAECHTU(UKAIMU CTPYKTYp CTAOMJIBHBIX calTOB. (CXO0ECTh CTaOMJIbHBIX
CTPYKTYp, HaWJEHHBIX TIpPH pPA3JIUYHbIX 3HAYCHMSX [apaMeTpOB, OLIEHUBANACh METOJaMH
MepapXUUuecKol KilacTepu3alii Ha OCHOBE I€OMETPUYECKUX M JIEKCUKOTpapu4ecKuX MeTpuk. B
pesyabTare ObLJIO OOHAapY)KEHO NATh THUIOB BHEIPEHHsS, KOTOpPbIE NPAKTHUECKU IOJHOCTHIO
HCYEpIBIBAIOT pa3HOOOpa3ue BO3MOXHBIX M'€OMETPHUIl CTAaOMJIBHBIX CAalTOB AJIi MaJIbIX U CPEAHMX
SHEPruil CBSI3M C aTOMaMHU MaTpUIb, I'7le BHIOpaHHAst MOJIeNb MOTEHI[MAIOB B3aUMOJICHCTBUS UMEET
CMBICII.

B koHeuHOM wHTOre, 00MacTH CTAOMIBHOCTH KaXKJAOTO THUIA CBSA3bIBAHMS OBIIM NPEACTaBIEHBl Ha
nBymepHoil kapre LJ mapamerpoB (g, o). IlomyueHHas kapTa 1O3BOJISIET KayeCTBEHHO
IpEeJCKa3blBaTh T€OMETPUM CTAOMJIBHBIX CalTOB 3axBaTa JHOOOro aroMa B S COCTOSHUM, IS
KOTOPOTO W3BECTEH MOTEHIMal B3aUMOJEHCTBUS C aroMamMH MaTpuibl. JlOCTOBEpHOCTh TaKHX
npe/cKa3aHui Oblila MPOBEpeHa CpaBHEHHEM ¢ pe3yibTataMu Juiss aromoB H, Na, Mn, Ba, Eu u YD,
MOJIYYEHHBIMM Ha OCHOBe O0o0Jee CJIOXKHBIX M 3aTpaTHBIX MoOJEJel MM KOCBEHHO U3
HKCHEPUMEHTAIbHBIX JAHHBIX.

Paboma evinonnena npu ¢punancosoii noooepoicke PH® (npoexm Ne 17-13-01466).

1 C. Crépin-Gilbert and A. Tramer, Int. Rev. Phys. Chem. 18, 485 (1999).

2 L.-G. Tao, N.N. Kleshchina, R. Lambo, A.A. Buchachenko, X.-C. Zhou, D.S. Bezrukov, and S.-M. Hu, J. Chem. Phys.
143, 174306 (2015).

3 N.N. Kleshchina, K.A. Korchagina, D.S. Bezrukov, and A.A. Buchachenko, J.Phys.Chem.A 121, 2429 (2017).

4Q. Zhu, L. Li, A.R. Oganov, and P.B. Allen, Phys. Rev. B 87, 195317 (2013).
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Correlations of Particle Motion in Supercooled Liquids
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This work considers the changes of transport coefficients, structure and correlations in particle
motion in the metallic melts during the cooling from above the melting temperature to metastable
state. The dynamics of the changes in correlation properties got extra attention. In particular, we
studied the autocorrelation functions (ACFs) of shear stresses in a thin film, that define the shear
viscosity of a liquid, and the correlations between the displacements of particles in the melt. The
study is conducted for aluminum and copper melts using molecular dynamics method with many-
body embedded atom method potentials.

At cooling of the thin film of aluminum melt below 600 K, the following changes are observed: (a)
The growth of the dispersion of ACFs, which hints at the growing degree of inequilibrium; (b)
oscillations in the shear stress ACFs in the planes normal to the film plane, which is an evidence of
the transversal sound; (c) slowing down of the shear stress relaxation which is an evidence of the
viscosity increase. All those changes happen in the same narrow temperature range.

Thus, we have obtained a direct evidence that the melt goes from quasi-equilibrium (metastable) to
non-equilibrium state at high-speed cooling. We associate this transition with the glass transition.
The transition temperature (i.e. the midpoint of the transition interval) increases with the increasing
cooling rate which is also characteristic to the glass transition and not to the phase transitions.

The study of the correlations between displacements of atoms shows peculiar behavior of the CC(t)
function, which is the cosine between displacements of neighboring particles in the time t. At the
temperatures above the equlibrium melting temperatures, the correlation function remains at virtually
the same value, while it starts to grow when the melt transitions into the metastable region. That
means that the motions of the neighboring particles are more correlated in the supercooled liquids
than they are in the stable liquids. Thus, while the thermodynamic properties change smoothly at the
transition to the metastable state, the kinetic properties, and correlation function in particular, may
exhibit observable qualitative changes.

This work was supported by the President of RF Grant for young researchers (project Ne
MK-1404.2017.8).
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Environment Effects on the Optical Properties of a Rhodamine Heterodimer-DNA
Supramolecular Complex: A computational and Experimental Study
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Weakly bound homo- and heterodimers of organic chromophores serve as building blocks for
electron/energy transfer in biological structures, amorphous organic semiconductor films and solar
cells. In these multi-chromophoric systems optical properties are governed by the distance and
relative orientation of the photoactive units. The inherent rigidity of the environment confines the
system conformational space and consequently controls their vibronic profiles. Using molecular
dynamics sampling we computationally investigate the effect of a restricted conformational space on
the absorption lineshape of a weakly bound rhodamine heterodimer tethered on a DNA scaffold. The
absorption profiles are compared with experimental spectra and with the spectra computed for r-
stacking conformations of the bare dimers in solution. A substantial increase in the intensity of the
initially low-intense So-S: transition of the bare dimers is explained by the local character of the
excitation in the conformationally restricted supramolecular hetero dimer-DNA complexes. Explicit
sampling of the relative orientations of monomers provides an absorption lineshape which is in good
agreement with the experimental spectrum.

Fig 1. Rhodamine heterodimer tethered on a DNA scaffold

This work was supported by RSF (project Ne 14-43-00052-71).
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The compounds from the diamondoids family (including adamantane as a simple diamondoid) and
their derivatives have long been known as the best candidates for drug design, drug delivery, drug
targeting etc.[1]. The incorporation of an adamantyl moiety into organic compounds changes their
biological activities due to increase of the lipophilicity, which is promoting transport through
biological membranes. Recently[2] we have shown that for N'-(adamantan-2-ylidene)benzohydrazide
besides two “regular” trans- and cis-conformers (for C=0 and N—H bonds) in solutions can exist two
“side” trans-conformers, which are correspond to left and right positions of the adamantyl moiety
relatively molecular “frame” (i.e. rotation around N—N bond).

In this study, the structures of four adamantane derivatives, namely N'-(adamantan-2-ylidene)-R-
hydrazides, where R = thiophene-2-carbo-, benzo-, adamantane-carbo-, and isonicotino-, have been
obtained at DFT level of theory (B3LYP/cc-pVTZ) calculations. All of them demonstrate existence
of four stable conformers (one cis- and three trans-). It is worth mentioning that “side” conformers
are typical only for adamantane-containing compounds, because calculations of the model structures
without adamantyl group did not confirm the stability of the “side” conformers.

Then ab initio multi-reference SA-CASSCF/XMCQDPT2[3] calculations for all conformers of all
compounds were performed. The “side” conformers exhibit the more long-wave S1 < Sp transitions
than “central” ones. The differences in the values of the excitation energy for the “side” and
“central” conformers may be caused by different positions of the adamantyl moiety relative to the
molecular “frame”, leading to the differences in the values of the transition moments and their
orientations relative to the molecular coordinate axes. Such regularities find confirmation in the
UV/Vis spectra of the solutions of compounds under consideration in ethanol.

In continuation to our interest in the pharmacological and structural properties of the adamantane
derivatives, the coexistence of all conformers should be taken into consideration when studying the
pharmaceutical properties of such compounds and it may be useful in medicinal chemistry and for a
drugs design.

This work was supported by Belarusian Republican Foundation for Fundamental Research (project
Ne F18MS-046).
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Materials with non-linear optical (NLO) properties underlie today many modern technologies,
including those for creating tunable lasers, optoelectronic devices and information transmission and
storage systems. Inorganic NLO crystals are especially promising for such a purpose because of their
resistance to high-energy radiation beams. Among such crystals, the defective pyrochlores based on
mixed oxides of MoOs, Ta20s, Cs20, Nb2Os seems to be auspicious and were synthesized recently.
However, the difficulty in studying of NLO properties for many inorganic compounds is the
possibility of variation in the chemical composition and appearance of disordered configurations of
the atomic structure, leading to a large number of crystalline modifications for the same
stoichiometry. In this case, the important problem is a rapid theoretical screening of the properties of
possible crystal structures. It can be solved by quantum-chemical calculations within the framework
of various approximations. One of such approximations is the periodic coupled-perturbed Hartree-
Fock (Kohn-Sham within DFT formalism) method CPHF/KS which was recently implemented in
CRYSTAL program?. In the present study, we assess the NLO properties of defective pyrochlore
crystals CsNbMoOs CsTaMoOs by CPHF/KS method using HF and DFT/PBEO formalism within
two basis sets. Additionally, the crystals of KH.PO4 (KDP), LiNbO3, (NH2)2CO (urea), and a-SiO>
were evaluated as a benchmark compounds with reliable experimental data. The aim of the study is
the evaluation of the ability of theoretical methods for calculating SHG activity by comparing the
calculated and experimental NLO properties of test compounds and, on this basis, characterizing
nonlinear optical properties of the crystals of defective pyrochlores, the experimental determination
of which is difficult. Additionally, we studied the influence of the statistical disorder arising due to
the different occupations of d-metal sublattice positions by atoms Mo or Nb(Ta) on the NLO
properties. We calculated the linear optical properties (refractive indices and linear polarizabilities)
and nonlinear ones (first hyperpolarizabilities and nonlinear optical tensors) for different isomers
CsNbMoOe and CsTaMoOe on different levels of theory and compared them with the calculated and
experimental data of benchmark compounds. We found that the best agreement of the calculated
nonlinear optical parameters with experiment is achieved at the DFT/PBEO level in the POB-TZVP
basis. Significant improvement in the agreement between the calculated quantities and the
experimental data takes place when the dimensionless relative NLO activity p=ni/yx is used (here, #i
is the calculated ratio of powers of the single and double frequency rays for the unknown compound,
nx 1s the same ratio for the reference compound). The calculated NLO characteristics of the crystals
CsNbMoOs and CsTaMo0Os pcsnomoos/Linbos = 0.0161 and pcstamoos/Linbos = 0.0219, pcsnbmoosikpp =
0.3869 and pcstamoosikor = 0.5249. The symmetry of the sublattices of disordered atoms significantly
affects the SHG parameters of the crystal and the values of the calculated parameters for sublattices
of different symmetry can differ by an order of magnitude.

(This study was supported by RFBR (projects 17-03-00912, 18-43-520012)
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In work by method of molecular dynamics process of excitement of soliton-type waves and her
distribution on a crystal of stoichiometric structure of AsB is studied. Solitons are capable to move
on crystals to considerable distances without change of a form and speed of the movement. This fact
stimulates interest in such objects from a position of search of mechanisms of their excitement and
studying of their properties.

Modeling is carried out with use of a package of molecular dynamics of LAMMPS[1]. As the
potential of interatomic interaction the potential received by method of the embedded atom offered
Zhou[2] was used.

Modeling of excitement of solitonic waves is closely connected with a concept of the nonlinear
supratransmission[3] caused by external influence at frequencies outside of a phonon range of a
crystal. The defining factor in excitement of such objects is the possibility of existence of discrete
breather in the considered crystals. Discrete breather accumulate energy near area of influence and at
achievement of some value of amplitude let out soliton-type wave. In fig. 1 the example of
distribution of waves for two crystals of structure of AsB is given: PtsAl and NizAl. The crystal of
NizAl does not support existence of discrete breather unlike PtzAl.
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Fig. 1. Distribution of energy along model of crystals NisAl and PtzAl

The received results demonstrate that formation of such waves is possible in crystals which are
supported by slot-hole discrete breather, i.e. in this case in PtsAl. Waves are generated by discrete
breather and extend from area of influence deep into of a crystal.

These solitary waves are capable to propagate to hundreds of nanometers without change of a form
and speed. At the same time on each of atoms it can be concentrated the energy about 0.02 eV. The
energy total volume transferred by a wave is defined by quantity of rows of the atoms involved in
fluctuations and can be estimated at hundreds electron-volt.

The reported research was funded by Russian Foundation for Basic Research and the government of
the Altai Krai, grant Ne 18-42-220002.

L LAMMPS Molecular Dynamics Simulator. URL: http://lammps.sandia.gov/
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3 Geniet F., Leon J. Phys. Rev. Lett. 2002, 89, 134102.
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Organic chromophores bearing donor-acceptor (D-A) topology attract considerable attention in the
field of organic electronics acting as functional layers in dye-sensitized solar cells (DSCs), bulk
heterojunction solar cells (BHJ), light-emitting diodes (OLED), non-linear optical materials (NLO)
etc. To satisfy the general requirements for such materials the chromophores should possess a
number of important characteristics: favorable electron energy levels arrangement, photo/thermal-
stability, electro-chemical reversibility, broad and intensive absorption in the respective spectral
region.

Frequently, strongly electron-deficient motifs result in too stabilized excited-state oxidation
potentials preventing the successful electron injection and rendering these chromophores
nonfunctional. Moreover, the search for stronger organic electron-donor materials matching well
with the common electron acceptor motifs is ongoing. Commonly used arylamine or indoline donors
are not the ideal systems since the electron donation strength is mitigated by many factors, one of
those is nonoptimal nitrogen lone pair orbital alignment relative to m-conjugated system of
chromophores due to sterical hindrances. At the same time indolizine shows an ideal planar nitrogen-
substituent arrangement together with the opportunity of its nitrogen lone pairs to donate either into
the 6- or 5-member ring and to productively deliver the donated electron. Limited reports including
the red-NIR luminescent properties and DSCs characteristics of the indolizine-based systems have
been described to date[1][2]. In the current work ground and excited state properties of the series of
novel recently synthesized indolizine based derivatives[3] have been studied both experimentally and
theoretically with the use of time-dependent density functional theory (TD-DFT). Namely, the
electronic absorption/emission energies have been calculated for both the ground and excited states
on relaxed geometries. Chosen computational approaches allow reliable interpretation and
predictions of the important properties opening perspectives for the rational design of the novel
systems toward the applications in organic electronics.

The reported study was funded by Russian Science Foundation (project Ne 18-73-00165)

L A.J. Huckaba, F. Giordano, L.E. McNamara, K.M. Dreux, N.I. Hammer, et.al., Adv. Energy Mater.,
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B coBpemeHHOH XuMHMM HAOMIONACTCA yCTOWYMBAs TEHACHIMS Iepexoga OT TPaJUIMOHHOTO
MOJICKYJISIPHOTO KOHCTPYHUPOBAHHS K CYIPAMOJICKYJIIPHOH XUMHH KaK XHMHHU MPOTPAMMHPYEMBIX
BBICOKOCEJICKTHBHBIX HEKOBAJICHTHBIX B3aMMOJCHCTBHI, B KOTOPBIX OCOOYIO pOJb Hrpaer
BojgopoaHas cBs3b (BC).

B nanHOil paboTe MCCIETOBAaHO CTPOCHUE MOJICKYISIPHBIX KOMIUIEKCOB, CBSI3aHHBIX IOCPEICTBOM
BozopoaHoi cBsa3u (H-kommuiekco), mexnay 4-¢penmnazopenonom (A) u 4-denunazoOeH30iHON
kucinorod (B) meromom DFT ¢ ¢ynkmmonanom B97D u 6asucHeiM Habopom 6-311++G**
(mporpamma Gaussian09).

Puc.1. 'eomerpuueckoe ctpoeHue KOMIIIEKCOB Ace*B 1 BeeeB

B o0oux komIuiekcax BO3HUKAeT MO JBe MexmonekyispHeie BC, mpu yem B A aToM Kuciaopoja
SBJIAETCS OJTHOBPEMEHHO U JOHOPOM M akuentopom BC.

DHeprus KOMIUIEKCOOOpa30BaHUSl OIpPEAENsiach KaK pPa3HOCTh IMOJHBIX AJIEKTPOHHBIX SHEPTUit
YYaCTHUKOB IIPOLIECCA, COOTBETCTBYIOIIMX ONTUMHU3HPOBAHHBIM T'€OMETPUUECKHM IapameTpam
MOJIEKYJI U cocTaBmiia st komruiekca AeeeB — 10.0 xkain/monb, a maia koMmiuiekca BeeeB — 17.1
Kkas/Monb. Taxke, 00a KOMIUIEKCa UMEIOT CTEPKHEOOpa3Hoe CTpoeHue M 001aJatoT HauOobIIen
MOJSIpU3yeMOCThIO (Oxx = 951.5 u 891.3) B HanpaBieHUU TUpEKTOpa X, a HAUMEHbIeH (0 =178.6 u
173.3) B HanpaBiI€HUH NEPIEHIUKYISIPHOM IIJIOCKOCTU CUCTEMBI.

PaccmoTtpenHbie cTpyKTyphl O1aroapsi aHU30TPOIHMH 3JIEKTPOHHBIX M T€OMETPUUYECKUX MapaMeTPOB
CIIOCOOHBI K MPOSIBIICHUIO JKUAKOKPUCTAJUINYECKUX CBOMCTB.

Paboma ewinonnena npu gunancosoii noodoepoicke Munucmepcmea uayku u obpazosanus PD
(4.7121.2017/8.9)
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N3ydenbr 17 BO3MOXXKHBIX TayTOMEPOB THAIUa30JI-aHHEIMPOBAHHOIO TeTepoazanoppupuHonia
C30N15H15Ss (puc. 1), oTmmuaronuxcs pacmoaokeHUEM TpeX MPOTOHOB BHYTPH KOOPAHHAIMOHHON
nosoctd. OTHOCUTENbHBIC DHEPTUM TAayTOMEpPOB BBIYKCICHBI B Tpubmmwkenuun B3LYP/pcseg-2.
MuHUMYMy SHEPrUU OTBEUAET CTPYKTypa , B KOTOpoi aTtombl H mpuHamnexat M30MHIOILHOMY
¢dbparmenty (puc. 1). OcranbHble TayTOMEphl UMEIOT cyiiecTBeHHO ( > 45 x/[x/Moyb) OOnbIIyIO
SHEPTHIO IO CPABHEHHIO C OCHOBHEIM.

2
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Puc. 1. Mogens monekyisl C3oN1sH15S3.

ApOMaTHYHOCTh MCCIIETYEMOr0 MAaKpOLUKiIa Obula OLEHEeHa ¢ TIOMOIIbI0 TPAJAULMOHHBIX
kputepueB NICS(1), HOMA, a Takxe ¢ ucnonszoBanuem unaekca FLU, paccuntanHoro B pamkax
dopmanuzma teopuu QTAIM[1] . IMonoxurensHoe 3HaueHue NICS(1), paccuutaHHoe B TOYKe,
Haxozsueiica Ha 1 A Brime nenTpa mMakpomukina (+0.83 ppm) ykaspIBaeT Ha €ro HEApOMATHUECKMit
xapaktep. Hampotus, Benmumunmua kputepuss HOMA (0.864), paccuuTaHHOrO Ui BHYTPEHHETO
KOHTYpa MaKpOIIMKJIa CBUJIETEIBCTBYET O €r0 apOMAaTHYECKUX CBOWMCTBaX. 3HaueHue uHaekca FLU
= 0.022 xoppenupyer c¢ BenuunHoi HOMA wu Takke NOATBEPKIAeT aApPOMATHYHOCTH
MaKpOLMKINYECKON CHCTEMBI.

Aemopul Onazooapsam PH® (epanm Nel7-73-10198) 3a ¢hunarcosyro noooepicky ucciedo8arnusl.

! Matito E., Poater J., Duran M., Sola M. J. Mol. Struct. (THEOCHEM), 2005, 727, 165-171.
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B Hacrosmiee BpeMs  JJEKTPOHHBIE M ONTO3JEKTPOHHBIE  YCTpONCTBA HA  OCHOBE
IIOJIYIIPOBOIHUKOBBIX KBAaHTOBBIX TOYEK IPUBJIEKAIOT IIMPOKUH KPYr HCCIECNOBATENIEH U3 CaMBbIX
pasHbIX obnacteil Hayku. OcoObie (HU3UKO-XUMUYIECKHE CBOMCTBA KBAHTOBBIX TOUEK 00YCIaBIMBAIOT
IIEPCIIEKTUBHOCTD UX NaJIbHEHMILEro M3y4eHHs U NIPUMEHEHMS B COBPEMEHHOU TexHMKe. KBaHTOBO-
XUMHAYECKOE MOJICIIMPOBAHUE CBOWCTB MOJOOHBIX OOBEKTOB IMO3BOJSIET OMPEACTUTHh ONTHMAIbHBIE
YCIOBMSI UX CO3/1aHUsl, OOBSICHUTh 3KCIEPHUMEHTAJIbHbIE JAaHHBIE M H3YyYUTh INPEUMYIIECTBa U
HEJOCTaTKU CO3JaBacMblX Ha MX OCHOBE MaTEpUaJIOB IO NPOBEJEHUS UX CHHTe3a. B HacTosuein
paGote Obula mpoBeneHa pa3paboTKa MOAXOAOB K TEOPETUYECKOMY MOJCIUPOBAHHUIO (PHU3HKO-
XMMHUYECKUX CBOMCTB KBAaHTOBBIX TOUEK CEJIEHMJA KaIMHUS M HEKOTOPBIX HIMPOKO HCIIOJIb3YEMBIX
OpU  CHHTE3€¢  KBAHTOBBIX  TOYEK  IIOKPHIBAIOIIMX  areHTOB  (OJIGMHOBas  KHUCIIOTA,
TPUOKTHI(HOCPUHOKCHI, TeKCAACIIMIAMUH, |-okTaHTHON U JIp.). C UCIIOIB30BaHUEM METOJ1a TCOPUU
(yHKLIMOHANA TJIOTHOCTU HPOBEAEHO MOJAEIMPOBAHUE CTPOCHUS U (PU3MKO-XMMHUYECKHX CBOWCTB
KBaHTOBbIX TOYEK ceJleHnaa Kaamus, cTpoeHuss M HWK-crnekTpoB NOKpBIBalOIIMX —AareHTOB.
IIponsBeneH pacuer PHEPruu CBA3M MEKIY NOKPBIBAIOIIMMU areHTaMU U KBAHTOBBIMU TOYKAMH,
IIPOBEJICHO MOJECJIIMPOBAHUE JMArpaMM pacHpeesIeHUsl 3JIEKTPOHHOM IUIOTHOCTH U pacCUUTaHbl
3HAUEHUs IIMPHUHBI 3alpelleHHOW 30Hbl. Ha OCHOBE HaHHBIX KBAaHTOBO-XMMHYECKHX pPacyeTOB
YCTAaHOBJICHO BIIMSIHHME NPUPOJbI MOKPHIBAIOIIUX AareHTOB Ha CBOWCTBA KBAaHTOBBIX TOYEK,
3GGEKTUBHOCTh HX M3JIyYEHHs] U MEpCHEKTUBHOCTh HCIONb30BAHUS B  ONTOIEKTPOHUKE.
VYCTaHOBIIEHO, YTO 3aKJIOYCHHE W3YYEHHBIX KBaHTOBBIX Touek CdSe B 000704YKy U3
rekcajeliujiaMMHa MO3BOJIMT JOOMTHCSA XOpoIed crabuiau3anuu pa3Mepa U CBOWCTB KBAaHTOBBIX
TOYEK U BBICOKOI'O KBAaHTOBOT'O BbIX0/a u3ny4yeHus. [lonydeHHble o pe3ysiabTaTaM MOJAETUPOBaHUS
JaHHbIe OJIM3KU K HKCIIEPUMEHTAJIbHBIM.

Keanmoego-xumuueckue pacuemvi Obliu npogedeHvl ¢ UCNONb308aHueM cynepkomnviomepoé MBC-
10IT u MBC-100K «Meowcseoomcmeennozo  cynepkomnviomeprozo  yeumpa PAH» u
BLIYUCTUMENbHBIX Pecypcoé cucmembvl «/lomonocoe» cynepkomnviomepno2o komniekca MI'Y umenu
M.B. Jlomonocosa. Paboma ewvinonnena npu ¢hunancogoti noodepaicke Poccutickoco nayunozo

gonoa, npoexm Ne 18-73-00100.
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