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HoBblii cnocod pacuéra HEPrud KOMILIEKCOOOPa30BaHUs KOMILIEKCOB TOCTh-XO03SIHMH
HAKJIOAEKCTPHHOB ¢ OPraHMYecKHMH AaHAJMTAMH B BOAHBIX pacrBopax. Kommiekc
pyrene@2beta-cyclodextrin kak xemoceHcoOp Ha apoMaTHYeCKHE AMHHOKHCJIOTHI.

B. I. Asakan*, B. b. Ha3apoe3, M. B. AJld)uMOKI’Z

Yenrp poroxumun PAH, ®I'Y ®HUI] “Kpucramiorpadus u poronnka PAH”
MockoBckuit GU3MKO-TEXHUUESCKUI HHCTUTYT
*UnctuTyT npobiem xummdeckoi pusmkn PAH.
*avak@photonics.ru

Cnocobuocth  1ukiogekcTpuaoB  (IIJI) o0Opa3oBbIBaTh  KOMIUIEKCHI TOCTB-XO3SIMH €
pasIMYHBIMM OpPraHUYeCKUM cyOcTparamu (aHaiauTamu, A) B BOJHBIX pacTBOpax HIMPOKO
UCIOJIb3YETCS JJI CONMIOOMIN3auu rupooOHBIX COEAUHEHUNH U HAXOAUT LIMPOKOE NMPUMEHEHUE
Ha IpaKkTUKe U B Hayke. Hamu B kauecTBe (1yOpecLieHTHOIO XeMOCEHCOpa ObL UCIBITAH KOMILIEKC
MUPEH (@2 B-IUKIOACKCTPHH (H@26L[I[)l, CIOCOOHBIM K MMIUJIEMEHTALlUM B HEro B KadecTBe A
apomarnueckux amuHOKUCIOT (AAK). Poip ¢uyopecueHTHOro 30HAa B HEM WrpaeT IIHpPEH,
Onmarosmapst 4YyBCTBUTEIBHOCTH OTHOCHTEIBHON WHTEHCHBHOCTH BHOPOHHBIX JHMHUN B €T0 CIEKTpPE
¢bnyopecueHIIMM K AMAJIEKTPUYECKOM NpPUPOJEe KOHTAKTHUPYIOIIErO0 C HUM aHaluTa. OHEepruu
KOMILIEKCOOOPa30BaHMsI KOMILIEKCOB I'OCTh-X0351MH, AEcomp B IOaBIIsIONIEM OOJIBIIMHCTBE CIy4acB
pPacCCUHMTBIBACTCS KaK Pa3sHOCTh MEXAY DJHEpPrued KOMIUIEKCOOOpa30BaHUS U CYMMOM SHEprui
xomroHeHToB, LIJ] u A. Paccunrannas Takum o6pazoM AEcomp XapakTepusyeT B3auMmoJencTBHe iNn
vacuo mexay LI/l u A u He yuuThIBaeT pojib BOJbI KaK pacTBOPUTENS B 3TOM mpouecce. OnHaKO K
HACTOSIIIEMY BPEMEHU CIIOKWINCh NPEACTABICHUS, COIJIACHO KOTOPBIM JBIJKYLIEH CHIION
0o0pa3oBaHMUsl KOMILICKCOB “TOCTh—XO3SIMH” B BOJHOM pAacTBOpe SBISCTCS TUAPOPOOHOE
B3auMojieiicTBre. Ero nBuKyIas cuiia COCTOMT B TOM, yTo Mojekyiasl AAK u3 BogHOro pactsopa
nepexonaT B monoctk OLJ], BeiTecHsss B o0bem pactBoputens (bulk) wumerommecss Tam
“BBICOKOIHEPreTHUECKHE” MOJIEKYIIBI BOIBIZ. DTOT MPOIECC ONMUCHIBACTCS YPaBHEHHEM 1

(AAK)[H20]buik +(H20)m@6LL —= (AAK@OLA + (H20)m@[H20]puk (1)

MBI NONBITAUCH YY€CTh MPUCYTCTBUE BOBI, PACCUUTAB MOTYIMIUPHUECKUM MeTogoM PM6-DH+
SHTAIBINIO peakiuu 2, AH,:

(AAK)@[H20]36+(H20)10- TI@2611[] <=— (AAK)-TI@2611/1-(H20)s5 + [H20]41 (2)

CumBonuka (AAK)@[H20]ss B sieBOii YacT 03HAYaeT, 4YTO U3HAYAIbHO MoJekyna AAK Haxomutcs
BHYTpH 36-BOJHOTO KJIacTepa, MOACIUPYIOIIETO MEPBYIO THAPATHYIO cepy paCTBopHTeJms, TOorIa
KaK JecsATh B ypaBHeHUH 2 B koMIuiekce [1@2611/] MmonenupytoT “BbICOKOIHEPTreTHYECKYI0 BOAY B
nosoct o6omx OLL/]. [IpaBast acTe 2 COOTBETCTBYET 3aMenieHuI0 MoJieKynoi AAK msitn Moneky
BOJIbI M3 ojHOM mosoctu [1@2611/] n ux nmepexony BHyTpb 36-BOHOTO KiacTepa, 1aBas 41-BoHbIN
KJIacTep, M MOJEIUpPYS, TaKUM OO0pa3oM, BBIXOJ ‘‘BBICOKOIHEPTETUYECKON BOABI B 00BEM
pactBopuTens. Pe3ynbprarel OyAyT npencTaBieHbl B JOKIIAE.

This work was supported by RFBR (project Ne 16-03-00107).

v.G. Avakyan, V.B. Nazarov, A.V. Odinokov, M.V. Alfimov, A.V. Koshkin. J. Lumin. 2016. 180. 328.

2F. Biedermann, W.M. Nau, H.-J. Schneider. Angew. Chemie, Int. Ed. 2014. 53. 2.
*B.IO. Pymsx, B.I'. Asaksn, B.B. Hazapos, M.B. Andumos. Poccuiickue nanomexnonozuu. 2009. Nel-2. 81.
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Mechanism of non-radiative electronic relaxation of the meta GFP chromophore anion

.S. Avdonin”, A.V. Bochenkova
"Moscow State University, Department of Chemistry
*e-mail: avdonin@yahoo.com

Following excitation in the visible range, the relaxation dynamics of the electronically excited
anionic chromophore of the Green Fluorescent Protein (GFP) is known to occur on an ultrafast
picosecond timescale. At the same time, a meta-analogue (Fig. 1) of the native para-chromophore
exhibits a much longer excited-state lifetime and appears to be non-fluorescent in gas phase and in
solution. Here, we aim at understanding the origin of such a remarkably long excited-state lifetime of
the meta GFP chromophore in the gas phase. By using the CASSCF(16,14)/(aug)-cc-pVDZ method,
we show that the S; state of the meta-chromophore is optically dark in the Franck-Condon region,
and photoexcitation results in the So-S, transition in the visible region. Three conical intersections
are found that interconnect the S,, S; and Sy states (Fig. 2), which are thought to be relevant to the
relaxation dynamics of the meta-chromophore in the gas phase. The initial relaxation from the S,
state occurs barrierless and results in the population of the S; state along one of the branches. The
excited-state population is shown to be trapped in S; due to the presence of a barrier along the
minimum-energy pathway that leads from the planar S; minimum structure to the highly twisted
S1/So conical intersection (Fig. 3). By using the RRKM theory, we predict an excited-state lifetime of
13 ns. This estimation is consistent with the experimental results obtained through gas-phase time-
resolved photoelectron measurements.
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Fig. 2. The potential energy surfaces of three low- Fig. 3. The potential energy surface of the S; state.
lying states in the S,/S; branching subspace.

0.2}

This work was supported by RFBR (project Ne 16-53-10090-a). We thank the Supercomputing Center
of the M.V. Lomonosov Moscow State University for providing high performance computing
resources.



Theoretical modeling in nanophotonics
A.A. Bagaturyants*?®
! Photochemistry Center RAS, Federal research center Crystallography and Photonics RAS
2 National Research Nuclear University MEPhI
* e-mail: bagaturyants@gmail.com

Several books have been published recently on various aspects of nanophotonics [1-4], and one of
them [4] is specially devoted to organic nanophotonics. However, as strange as it may seem,
molecular aspects of organic nanophotonics are almost not considered in [1-4]. Consequently, such
important problems as molecules and molecular complexes, their structure, light absorption and
emission, intermolecular charge and energy transfer in disordered organic functional layers, and
calculations of the corresponding parameters remained outside the scope of [1-4]. This lecture is
specially devoted to theoretical and computational aspects of these problems. Some of them were
briefly considered in [5]. However, the main focus in [5] was on the simulation of nanophotonics
structures. In this lecture, the general methodology of modeling of the above processes is considered
with an emphasis on modern quantum-chemical methods specially designed recently and currently
used in the calculations of parameters required for the best description of excited states in organic
molecules and in their intermolecular complexes (exciplexes), which are often characterized by
significant intra- and intermolecular charge transfer. The set of these parameters include geometrical
(structural) parameters and energy data for ground and excited states, charge and energy transfer
parameters, light absorption and emission characteristics, and related properties.

This work was supported by the Russian Science Foundation, (project Ne 14-43-00052) and by the
Improving of the Competitiveness Program of National Research Nuclear University “MEPhI”.

1. Principles of Nanophotonics, M. Ohtsu, K. Kobayashi, T. Kawazoe, T. Yatsui, and M. Naruse,
CRS Press, 2008, 231 pp.

2. Amorphous Nanophotonics, Carsten Rockstuhl and Toralf Scharf, Editors, DOI 10.1007/978-3-
642-32475-8, Springer: Heidelberg, New York, Dordrecht, and London, 2013, 380 pp.

3. Progress in Nanophotonics, Vol. 3, M. Ohtsu and T. Yatsui, Editors, Springer, 2015, 221 pp.

4. Organic Nanophotonics Fundamentals and Applications, Yong Sheng Zhao, Editor, Springer:
Heidelberg, New York, Dordrecht, and London, 2015, 214 pp.

5. Atomistic Multiscale Simulation of Nanostructured Materials for Photonic Applications, A.
Bagaturyants and M. Vener, Pan Stanford Publishing, 2017, 274 pp.



KorepeHTHBIH 0JJTHOMEPHBI MEeXaHN3M IEePEHOCA HOCUTeJIel 3apsia OpraHu4YecKux
MaTepHaJax

M.B. ba3uaeBckuii, C.B. Turon
Hentp dpotoxumuu PAH, ®T'Y OHUIL] “Kpucramiorpadus u poronnka PAH”

Pazpaborana  ogHOMEpHass MoOJENb TpPaHCIOPTa HOCHUTENEH 3apsga B HEYNOPAIOYEHHOM
OpPraHMYeCKOM MaTepuaje Ha OCHOBE TEXHUKU 000OLIeHHBIX ypaBHeHUH JlamxkeBena. [duddysus
3apsA0B 110 HEOJHOPOJHOM OIZHOMEPHOM LEMOYKE COCEACTBYIOIIMX MOHOMEPHBIX MOJIEKYII
BCJIEJICTBHE MX B3aUMOAEUCTBUS ¢ (POHOHHOW MOACHCTEMON MaTepualla SIBJISETCS aJbTepPHATHUBON
OOBIYHO MOCTYJIMPYEMOMY IIPBIKKOBOMY MEXAaHU3MY IPOBOJMMOCTH. B omHOMepHON Teopuu
JIOKAQJIBHBIE 3JIEMEHTAPHBIE IEPEXOAbl MEXKIY JIOKAIbHBIMU 3BCHBSMHU  LETIOYKU IIPOUCXOIAT C
Pa3JINYHOM CKOPOCTBIO WU CHJIBHO KOPPEIMPOBAaHbI B CTAallMOHAPHOM KHHETHYECKOM pEXKUME.
BeposiTHOCTH 351eMEHTapHBIX JIOKAJIBHBIX IEPEX0/I0B PACCUUTBHIBAIOTCS 10 paHee pa3paboTaHHOM
dppeKTUBHON  TeopeTHyeckoi cxeme. llpeanokeHa oOpUTrMHAIBHAs METOAHMKA pacyera
KOJUIEKTUBHON JU((Yy3MOHHON TOABMKHOCTH 3apsA70B B TAKUX HEOJHOPOJIHBIX OJHOMEPHBIX
CUCTEMAX.

Ja martepuana NPD paccMOTpeHBl LENOYKH MOJIEKYJ, MPOU3BOJIBHBIM 00pa3oM BBIHYTHIE U3
kyonueckoit MJI siueliku. VX 3BeHbSI XapakTepH3yIOTCS HHAWBHUIYATbHBIMH KO3(UIIHEeHTaMu
mapdysun (KI), xoropsie ciydailHBIM 00pa3oM pacIoOKEHBl BIOJb IIETIOYKH. BermynHbI
nokanbHbIX K]l BapbupyroTCsl B Ipelenax HECKOJIbKHUX IOPAIKOB BEJIWYMHBI, T.K. OHHU
IIPOINOPLIMOHANIBHBI KBaApaTy aMIUIMTY/bl IIEPEHOCA 3apsga B COOTBETCTBYIOIIEM JOKAJIbHOM 3BEHE
nenouku. Meronuka pacdera JoKanbHbIX KJ[ MCXOOUT M3 KOHCTaHTBI CKOPOCTH peakLuu
JIOKaJIBHOTO TnepeHoca. Pacuer mo3Bosiser BhIYMCIUTH 3P@extuBHbIl KJI nms Bcell Lenouku Kak
(GYHKILHIO 4aCTOThl MPUIIOKEHHOTO 3JIEKTPUUYECKOTO MOJIs, T.€. KOMIUIEKCHYIO MOJBM)KHOCTD 3apsijia
(06b1yHO ompenensaoT Tonbko KJI Ha HyneBoil yactore). BpluumcnurenbHas cxeMa MHOTOKPATHO
NPEBOCXOJUT MO  OBICTPOJEHCTBHIO  CTAHAAPTHBIM  TpeXMEpHBIH  pacdyeT  MPBIKKOBOTO
HEKOPPEIMPOBAHHOIO MEXaHU3Ma MOBUKHOCTU B paMKax KHHeTH4eckoro Mmetona Mounte Kapio.

OnHoMepHBIN (KOpPpeIMpPOBaHHBIA) MM K€ TPEXMEPHBIH MNPBDKKOBBIA (HEKOPPEIMPOBAHHBIN)
MEXaHU3MBI IIEpEHOCA 3apsia PEAUTU3YIOTCS B 3aBUCUMOCTH OT CBOMCTB M CTPOEHHUSI Marepuana v OT
BHEIIHUX (akTopoB (Temmeparypsl). VccienoBanue ycioBuii, B KOTOpBIX IpeoOiagaeT TOT WIN
JpYroil U3 HUX SBISETCS OTAENbHOM MmpoOsieMoil. Mbl crenuanbHO paccMaTpUBaeM, Kak BIIMSIOT
pa3iIMYHbIE XapaKTEPUCTUYECKUE IapaMETPbl CBETOYYBCTBUTEIIBHBIX OPraHMYECKUX MATpHUL, a
TaKKe€ W TeMIIepaTypa, Ha KOHKYPEHIMIO YKA3aHHBIX MEXAHU3MOB.


file://когерентный

NONLINEAR OPTICAL PROPERTIES OF CRYSTALS OF MIXED OXIDES
Cs(Nb/Mo0)0O6 and Cs(Ta/Mo0)06. A PERIODIC CPHF/KS STUDY

L.A. Varlamova®, D.G. Fukina®, E.V. Suleimanov®, A.E. Masunov?, S.K. Ignatov*
! Lobachevsky State University of Nizhny Novgorod
NanoScience Technology Center, University of Central Florida
*e-mail: var.lav@yandex.ru

Nonlinear optical (NLO) processes in functional materials, including second-harmonic generation
and electro-optical effect, are of great importance for the developments in new fields of science and
technology, including optoelectronics and systems for the transmission, storage and processing of
information. To this end, it is necessary to search for new materials exhibiting improved NLO
properties, and suitable for use as converters in high-energy installations. A promising class of such
materials are mixed inorganic crystals exhibiting NLO properties, including generation of a second
optical harmonic in a wide range of compositions and having the ability to adjust their NLO
properties. The need for variation in composition, however, makes the experimental determination of
NLO characteristics laborious and costly. Quantum-chemical calculation of NLO properties would
provide an opportunity for rapid screening of possible structures on the basis of which it is possible
to select the most promising compositions for further synthesis, study and application. Unfortunately,
up to now calculation of frequency-dependent NLO properties of crystals is a non-trivial task, and
their algorithms remain the subject of development. In this paper, we use the periodic CPHF/KS
method proposed recently to solve this problem [1]. The linear properties (linear polarizabilities,
refractive indices) and nonlinear (the first hyperpolarizabilities and the components of the NLO
activity tensor) of the model crystals KH,PO4, CH4N,O, LiNbO3, a-SiO,, for which there are
experimental data, were calculated by the HF and DFT (PBEQ) methods in the Gaussian basis STO-
3G and POB-TZVP with the HAYWSC pseudopotential. The best agreement with the experimental
values of the optical properties is achieved using the combination PBEO / POB-TZVP. Using this
level of theory, stable structures, crystal lattice parameters, linear and nonlinear optical properties of
two crystalline mixed oxides Cs (Nb / Mo) O6 and Cs (Ta / Mo) O6 [2] are calculated. Due to the
statistically disordered nature of the distribution of Nb / Mo (Ta / Mo) atoms, which cannot be
detected experimentally, the possibilities of crystallization of oxides in various sublattices were
investigated and the effect of this fact on NLOs properties was investigated. Within the framework of
the CPHF / KS theory, refractive indices and components of the linear and quadratic susceptibilities
are calculated. From the calculated values, the effective values of the second polarizability, the
efficiency coefficient, which characterizes the intensity of generation of the second optical harmonic,
are found and the possibilities of achieving phase-matching conditions are estimated. Calculations
were carried out using the software package CRYSTAL14 [3], for the analysis of the results, original
programs in the language of Wolfram Mathematica were used. The found characteristics of the
reference compounds are compared with the known experimental data. The results of the theoretical
evaluation of NLO properties are consistent with the experimental results obtained by measuring the
second harmonic generation intensity using single crystals for reference compounds and powder
samples.

1 Ferrero, M., M. Rerat, et al. Journal of Chemical Physics, 2008, 128(1).
2.Fukina, D. G., Suleimanov E. V., et al. Journal of Solid State Chemistry, 2016, 241, 64-609.

3.Dovesi, R., R. Orlando, et al. International Journal of Quantum Chemistry, 2014, 114(19) 1287-
1317.



Computer-Aided Design of Metal Binders: how far can we predict?

Alexandre Varnek
University of Strasbourg, Strasbourg, France
e-mail: varnek@unistra.fr

Metals (M) binding by organic molecules (L) in homogeneous solution (metals
complexation) or in two-phase liquid-liquid systems (metals extraction) are complex processes. At
least, three stages must be considered: (i) metal desolvation, (ii) metal binding accompanied by
conformational transformations of a ligand and (iii) solvation of formed metal-ligand complex. Thus,
theoretical estimation of equilibrium constants (logK) of metal-ligand complexes in solution or
partition coefficient in two-phase systems is a difficult task.

Here, we describe a chemoinformatics approach to construction of predictive models linking
metals binding affinity of molecules with their structures. This methodology has been applied to
modelling of stability constants of ML complexes in water for 48 different metals, partition
coefficient of the uranyl cation in water/organic solvent systems and Am/Eu extraction selectivity.
Developed models helped us to suggest theoretically new extractants which then were synthesized
and tested experimentally.

Detailed analysis of chemical space of metal binders was performed using the Generative
Topographic Mapping* (GTM) method. GTM is a non-linear dimensionality-reduction technique
widely used to visualize the data as projections onto 2-dimentional space. In our study, GTM was
used to analyze a chemical space of 3000 organic molecules able to bind 50 different metal
cations. Obtained maps (see example on Figure 1) allowed us to detect zones of ligands selectivity
and promiscuity with respect to certain metals. Activity landscapes built for stability constant

2 e TR logk of ML complexes in water allowed us perform
'“ quantitative predictions of binding profiles of studied
| e, ii ;;.;ngé‘ molecules *.
i ‘:‘_}’7, T f;
31 Lwiv .';;-.;.- . ‘\;._;.
o | TPt ‘\' . :.g .:n:g Figure 1. GTM map for the metal
o iR R binders dataset. Red points indicate
o strong binders. Contours delineate

zones mostly populated by molecules
bearing particular chemical functions

This work was supported by the Russian Science Foundation Grant No. 14-43-00052

Y1, 1. Baskin, V. P. Solovev, A. A. Bagaturyans, A. Varnek J. Computer-Aided Molecular Design, 2017, 31, 701-714
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MOJIEKYJISIPHASI CTPYKTYPA JUKAPBOTEMUIIOP®UPASHHATOB HUKEJISI U ITHKA
IO JAHHBIM DFT-PACUETOB

Beperennnkon B.B., Mepuasn A.IL.*, ’Kadanos 10.A.

HBaHOBCKMIA rOCY1apCTBEHHBIN XUMUKO-TEXHOJOTHUYECKUM YHUBEPCUTET
*e-mail: getteruyr@mail.ru

OfHMM W3 TEPCIEKTHBHBIX HAIPABJICHUH XHMHH MAaKPOIMKIMYCCKUX COCIUHEHUN
SIBJIICTCSL CO3/IaHUE M U3YYCHHE CBOWMCTB HOBBIX CTPYKTYPHBIX aHAJIOTOB NOP(UPHHOB,
B TOM YHCJIE UX METAJUIONPOU3BOIHBIX, UMCIOIIMX B OCHOBE CTPOCHHS YBEIUYCHHYIO
KOOPIUHAIIMOHHYIO TIOJIOCTh, KOTOPAsi OTIIUYAETCS CBOUM COCTaBOM M pa3MepaMu, 4eM
00yCIIaBIMBACTCS HATMYHE CIEIU(DUICCKUX KOOPIUHAIIMOHHBIX CBOMCTB.

B nHacrosmieir pabore ObUIO ONPENENICHO TeOMETPHUYECKOe M IJICKTPOHHOE CTPOCHUE
nukapooremunopupazunara Hukens U muHka NiCogNeHis 1 ZNCogNgH16. Taxxke Obut
npoBeaeH NBO-ananusz pacnpeneneHuss 3JIEKTPOHHOW IUIOTHOCTH. KBaHTOBO-
XUMHUYECKHE PacdeThl MOJICKYJI BBIMIOJIHEHBI C UCIOJIb30BaHueM (yHKIroHana B3LYP
B coyeTaHWH ¢ Oa3zucHbIM Habopom CC-pVTZ B mporpamme Gaussian 09. Pacuers
BKIIOYAJIM  ONTUMHU3AIMI0 TCOMETPHUECKUX I1apaMETPOB  MOJICKYJ, a TaKKe
BBIYHCIICHHUE YaCTOT KOJICOAHMH JIJIS1 ONITUMU3UPOBAHHBIX CTPYKTYP.

[IpoBeieHHbIC BEIYUCICHUS BBISIBUIN OTCYTCTBUE MHUMBIX YaCTOT, YTO TOBOPHUT O TOM,
9TO JAaHHBIC CTPYKTYPHI COOTBETCTBYIOT MUHUMYMaM Ha MIOBEPXHOCTH TOTECHITUATBHON

JHEPTHUH.
Puc. 1. MonekynsapHas CTpyKTypa UCCIIEIOBAaHHBIX COCIUHEHUM.

Tabnuya 1. Medxcvsoepnvle paccmosnus ocrosoii cmpykmypot NiCHPz, A

Co-Nny Co-Nn Ci-C, Co-Cs C+Cs N-C,
r(Ni) 1.369 1.286 1.431 1.395 1.387 1.389
r(Zn) 1.391 1.289 1.413 1.403 1.395 1.404
Ca-Cy | CsC, | C-Cs | CyCs | CsC; | Me-C; | Me-N
r(Niy | 1472 | 1.385 | 1.392 | 1.388 | 1.398 | 2.156 | 1.923
r(Zn) | 1477 | 1391 | 1397 | 1.394 | 1404 | 2369 | 1.937

Paboma noooepocana epanmom Ilpezudenma Poccutickoti @edepayuu (npoexkm MK -

6073.2016.3).
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Linear Augmented Cylindrical Wave Method for Inorganic Nanotubes Electronic Structure
Simulation

P.N. D yachkov**, I.A. Bochkov?, L.O. Khoroshavin®, D.V. Makaev*, V.A .Zaluev*
YInstitute of General and Inorganic Chemistry RAS, Moscow
’Ryazan State Radio Engineering University, Ryazan
“Mendeleev University of Chemical Technology of Russia, Moscow
*e-mail: p_dyachkov@rambler.ru

Nanotubes are the giant cage-like molecules looking like closed hollow cylindrical shells. Therefore,
the use of cylindrical waves for the nanotubes offers the obvious advantages in the studies of their
electronic properties. We developed such an approach called a linearized augmented cylindrical
wave (LACW) method. The calculations are based on the two-component relativistic Hamiltonian
and muffin-tin and exchange approximations for potentials. Based on the LACW and Green’s
function techniques, the ab initio method for calculation of the electronic structure of the point
substitutional impurities in the nanotubes is developed. Due to account the screw and rotational
symmetries of nanotubes, the first principles technique developed is applicable for calculating the
spin-dependent band structures of tubules independent on their compositions, diameters, and
chirality. The electron and spin properties of the single-walled, double-walled, embedded, pristine
and intercalated carbon, BN, and gold nanotubes are studied. The electronic properties of the atomic
nanowires are investigated. Special attention is paid to the defect-induced levels in the inorganic
single-wall nanotubes like titania and zirconia tubules doped by 3d and 4d atoms applicable in
photocatalytic splitting of water molecules for hydrogen evolution under solar irradiation.

This study has been supported by the EC ERA.Net RUS Plus project No. 237; Russian Basic
Research Foundation No. 16-53-76019.
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Global structure optimization and properties of platinum/rhodium clusters Ptn, Rhm,
PtnRhm based on the DFT-calibrated empirical potentials

S.K. Ignatov®’, A.G. Razuvaev*, A.E. Masunov?
' N.I. Lobachevsky State University of Nizhny Novgorod, Russia
2 University of Central Florida, Orlando, USA
*e-mail: skignatov@gmail.com

Platinum nanoparticles and composite materials based on them are one of the most active catalysts of
many fine chemical synthesis processes. The highest catalytic activity of these nanoparticles in
hydrogenation reactions of bifunctional organic compounds usually corresponds to sizes of 1-5 nm,
and the adsorption properties of the clusters cease to significantly change after n ~ 150. In
combination with other metals and surface ligands, the platinum bimetallic clusters can provide
better regio- and stereoselectivity in catalytic properties. In this connection, the question of the
structure and properties of platinum, rhodium and platinum-rhodium clusters in the nuclear range n =
2-150 is of particular interest. At present, direct quantum-chemical calculations of such particles with
local optimization of the structure and energy estimates in different spin states have been carried out
only for a small number of clusters. In most cases, local optimization is performed by the DFT
method in the basis of plane waves. It is known that the global optimization of clusters based on the
potentials of Gupta, Sutton-Chen and EAM, calibrated for the properties of a compact metal, leads to
results that differ markedly from each other and from the results of DFT. In this paper, the cluster
geometry was optimized at the DFT level for Pt, model clusters (n = 2-10, 13, 19, 24, 38, 55 and 75)
at the UBLYP / CRENBS, UBPW91 / CRENBS, UBPW91 / LANL2DZ and UPBEO / LANLO8
levels different spin states in order to establish their structure, thermodynamic properties, and obtain
reference data for the calibration of interatomic potentials. The analogous calculations have been
performed for a series of Rh and Pt/Rh clusters. The optimized cluster structures and energies were
used to reparametrize the metal atoms in the Gupta, Sutton-Chen potentials, as well as new SCG5
potential proposed in the current work. The SCG5 potential is the Sutton-Chen potential with five
additional Gaussian terms providing the better function flexibility at the distances of second and third
coordination spheres. The new DFT-calibrated parameters were used then for the global optimization
of clusters of different nuclearities in the interval n = 13-150 by the modified method of the colony
colony (Artificial Bee Colony, ABC) and Metropolis Monte Carlo Simulated Annealing (MMC-SA).
Optimization was performed using the original code GLOBUS that implements local (L-BFGS, CG,
SQP) and global (MMC-SA, ABC) optimization, as well as the cluster growth algorithm for LJ,
Gupta, SC, SCG5 and ReaxFF potentials. During the global structure optimization, the calculation
included more than 4 million local optimizations for individual clusters and was performed on the
Lobachevsky supercomputer using the original MPI parallel GLOBUS code. A number of the most
favorable structures were then used for local optimization at the DFT level. The structures obtained
as a result of global optimization show a much higher tendency to form decahedral and FCC
structures at lower n as compared with icosahedral ones. The patterns of changes in the structure of
clusters with increasing nuclearity are discussed. For the globally optimized cluster structures, the
vibrational frequencies and thermodynamic parameters are calculated, and the structures of some
typical ligand coverages at the nanocluster surface are studied.

This work was supported by RFBR (project Ao 17-03-00912). Authors are grateful for the computer
time at the NERSC and Lobachevsky supercomputer facilities.
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I[I/IC)’J'[L(])OHOBLIQ H )II/IKQPGOHOBLIG KHCJIOTBI 0€H30/1a KAK CHJIbHbIE MPOTOHOAOHOPLI

A.B. Henamosa™, C.H. Heanos, E.A. Jlanvikuna, H.U. I'upuuesa, M.C.Dedopos
M BaHOBCKHN rOCYJapCTBEHHBIN YHUBEPCUTET
* e-mail: nastya_ignatova97@mail.ru

ApoMaTudeckue JUKHCIOTHI, cojaepxkamue cyinb(o- U KapOOKCHIbHBIE TPYIIBI MPEACTABISAIOT
NPAaKTUYECKH MHTEPEeC B KAueCTBE KHUCIOTHBIX KaTalU3aTOPOB W IMPOTOHOJOHOPOB IS
MOJIMMEPHBIX MEMOpaH B XMMHUYECKHUX HCTOYHUKAX TOKA. DTHU COEAMHEHHUS JOJDKHBI 00Ja7aTh
MOBBIIIEHHON TPOTOHOJOHOPHOU CIIOCOOHOCTBIO M MOTYT OBITh «IIPUBUTHI K OJUMEPHOW MaTPULIE»
13 HaUOHA, KOTOPBIIl HCIIOIB3YeTCs B KAYECTBE IIPOTOHOOOMEHHOI MEMOPaHBI'.

Metonom B3LYP/cc-pVTZ (maker Gaussian 09) mpoBeneHa OILEHKAa T€OMETPUYECKOTO CTPOCHUS
KOH(OPMEPOB KaKI0TO U3 TpexX n3oMmepoB OeHzonaukapoonoBoi (bJIKK) u 6en3onnucynshoHoBoi
(BACK) kwucior, a Takke HX JeNpOTOHHpPOBAHHBIX (¢opM. Paccuutansl sHeprunm ['ub0ca
JEPOTOHUPOBAHUS JUKUCIOT B Ta30BOM (aze m BoaHou cpene (pacuer PCM) mns xaxmon w3
craguit: (A/G2og”)1 U (ArGaog”), Kkan/monb. sl opmo-3aMENIEHHBIX JUKMCIOT XapaKTEPHO
oOpa3oBaHre KOH(GOPMEPOB JBYX THIIOB: C BHYTPUMOJEKYJISIpPHON BomoponHoil cBssbio (BBC) -
HaunbOosee ycroitunBbie u 0e3 BBC — menee ycroitunbie (Tadm.1).

Tabmuua 1
1,2-BJIKK (c BBC) 1,2-BJIKK 1,2-BJICK (c BBC) 1,2-BJICK
(ArG2gs°)1 (AGa98")i (ArG295°)i (AG298")i
ra3 BOJA ra3 BOJA ras BOJA raz BOJA
309.4 266.5 330.4 278.4 299.7 256.1 304.6 257.0
(ArGags” ) (ArG2g8”)i (ArG298”)i (ArGags” )
437.0 [ 299.9 416.3 | 2852 405.0 | 2772 383.4 | 264.7

B 1,2-BJIKK (¢ BBC) o6pasyercs cepxcuibHas BBC (r(O-H)=1.188 A), uto o6neryaer oTpbis
NEPBOTO MPOTOHA, HO MPHUBOJUT K YBEIMUEHHUIO SHEPTHH JETIPOTOHUPOBAHUS BO BTOPOHl craguu. B
ciydae 1,2-BJICK Takoii anuoHn He oOpa3yercs, Tak Kak opmo-Tpynusl -SO3zH He nexar B ogHON
wiockoctd. Cyzs 1o HauMmeHbluel Beanunne AGaog” Gosice CHIIBHBIMEU KUCIOTHBIMU CBOWCTBAMU
0pmo-3aMeIIeHHBIX JUKUCIIOT B BoJie oOmanaroT koHpopmeps! 1,2-BJICK 6e3 BBC.

Tabmuma 2
1,3-BJIKK 1,4-BJIKK 1,3-BJICK 1,4-BJICK
(AG2g8”)i (AG2g8°)1 (AG298°)1 (AGaes”)
ras BOJIA ras BOJIA ras BOJIA ras BOJA
331.3 279.4 330.0 279.7 303.2 258.9 302.3 258.4
(ArG298° ) (AGa98")i (AG298")i (AGa298")ii
4013 | 283.6 3975 | 2844 3713 | 2625 367.7 | 263.8

Bennuunbl AGagg’ 1015 Mema- v napa- 3aMeleHHbIX AUKUCIOoT (Tabi.2), kak wis BIAKK, Tak u s
BJICK mnpakTuyecku OAMHAKOBBI B KaXXIOM W3 CTaauid JAeNpOTOHUpPOBaHUSA. Bmecte ¢ TeMm,
IUCYTH(OHOBBIE KUCIOTH OTIMYAIOTCSA 00Jee HU3KUMH 3HAUEHUSMHU DHEPTUU AETPOTOHUPOBAHUS
(ArG298 ) 11501 & 263 KKaI/MOJIB) W SBJIAIOTCS OOJI€E CHIIBHBIME IIPOTOHOJOHOPAMH, HE TOJIBKO MO
CPABHEHHUIO C JUKapOOHOBBIMH KHCIOTAMH, HO JaXke U [0 CPABHEHHIO ¢ CEPHOU KUCIO0TOM (ArGagg’)
llsora = 289.8 KKan/Moib.

'Sakai H., Tokumasu T. // J. Phys. Chem. A 2014. 118. P. 275.; Shimoaka T., Wakai C., Sakabe T.,
Yamazakib S., Hasegawa T. // Phys. Chem. Chem. Phys. 2015. 17. P. 8843.
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Modelling electronic spectra of 1P, 2P and 3P matrix-isolated atoms.
.S. Kalinina®*, N.N. Kleshchina?, I.V. Leybin? D.S. Bezrukov*?, A.A. Buchachenko®
'Skolkovo Institute of Science and Technology
?Lomonosov Moscow State University, Department of Chemistry
*e-mail: isenilova@gmail.com

Matrix isolation is useful to define the properties of individual atoms included in them.
Theoretical modelling of electronic spectra for matrix-isolated atoms is necessary to predict and
explain the results of spectroscopic experiments. This work is the theoretical research of matrix-
isolated atoms with *P, “P and *P atomic structures.

In this work we define the Hamiltonian operators in the basis of spherical harmonic functions
in space-fixed coordinate system for the case of considering atomic structures. The Hamiltonian
operators for 2P and °P cases consist of nonrelativistic and spin-orbit parts in the composite basis (the
Cartesian product of two different bases of spherical harmonic functions related to both of these
parts). The nonrelativistic operator has the block-diagonal matrix where any block is the same as
Hamiltonian operator matrix in the P case. We approximate the spin-orbit operator as a scalar
product of angular momentum operators related to both composite basis parts with spin orbital
coupling constant (so-called central-field approximation) [1].

To switch current basis to required one inclusive single spherical harmonic functions (which
are the linear combinations of the spherical harmonic functions from the previous basis parts), we
construct the transition matrix from Clebsh-Gordan coefficients [2].

In all the cases considered, we use the Wigner decomposition [2] to construct the transition
matrix from molecular-fixed coordinate system to the space-fixed one. To eliminate the abnormal
commutation relations in 'P and P cases we can transform the Hamiltonian operator to the real form
by switching current basis to the real spherical harmonic functions, but this method cannot be
implemented to the ’P case.

The main results are verified by experimental data for Na@Ar [3], Yo@Ar [4], and Yb@KTr
[5] matrix systems. Theoretically predicted positions of transition line correlate well with absorption
and emission band centers observed experimentally. The classical approach based on Frank-Condon
approximation [3, 6] is used for line shape calculation of electron absorption bands.

We also implement present theoretical results to describe small molecular associates as well
as matrix-isolated systems. For the case of small clusters Na@Ary (x = 1..6) we use current
equations to define their geometric structures and to describe the size dependences of band center’s
shift in absorption and emission spectra.

This work has been supported by the Russian Science Foundation (# 17-13-01466).

1. Krems R.V., Buchachenko A.A. J. Phys. B, 33(2000) 4551-4564.

2. Zare R.N. Angular Momentum. Understanding spatial aspects in chemistry and phisics.
Willey, New York. 1988.

3. Ryan M., Collier M., de Pujo P., Crepin C., McCaffrey J.G. J. Phys. Chem. 114 (2010) 3011-
3024.

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

5. Kleshchina N.N., Kalinina I.S., Bezrukov D.S., Buchachenko A.A. Lambo R., Hu S.
Submitted/

6. Jacquet E., Zanuttini D.; Douday J.; Giglio E.; Gervais B. J. Chem. Phys. 2011, 135, 174503.
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Vibronic spectra with large amplitude motion: beyond the harmonic approximation
B.B. Kamorzin®", A.V. Scherbinin®, A.V. Bochenkova®
! M.V. Lomonosov Moscow State University, Department of Chemistry
*e-mail: mr.kamorzin@yandex.ru

Methods of modeling vibronic spectra within the harmonic approximation are very well-established.
However, in a lot of cases, this treatment of nuclear motion is not sufficient for adequately describing
the shape of the spectrum. This is for example true for those molecules, where photoabsorption leads
to excitation of large-amplitude vibrations or where the ground-state large-amplitude motion, such as
intramolecular hindered internal rotation, may significantly alter an excitation wavelength. In the
present work we describe a general methodology to calculate and interpret vibronic spectra of
molecules with a torsional degree of freedom. The electronic transition dipole moment, the rotational
constant, and the one-dimensional effective adiabatic potential along this mode are represented as
Fourier polynomials, and the Schrodinger equation for the torsional motion is solved in trigonometric
basis. The vibronic spectrum associated with this motion is calculated using Fermi’s “Golden rule”.
Using the developed method, the S—S; absorption spectrum of the protonated Schiff-base retinal
(PSBR), the chromophore of vision, molecule is explored theoretically. The Sy and S; potentials are
calculated using the XMCQDPT2 method®. The rotation of the beta-ionone ring around the C-C
bond is taken into account explicitly, while other 3N-7 modes are treated within the harmonic
approximation. The total spectrum is represented as convolution of the torsion spectrum with the
spectrum of all harmonic modes. We found that there are 3 major types of transitions in the torsion
spectrum of the beta-ionone ring responsible for the anomalously broad absorption band of PSBR in
the gas phase. Inspection of the calculated torsion wave functions of the beta-ionone ring shows that
these transitions may be interpreted as "trans—trans”, "cis—cis" and "cis—delocalized",
respectively, in the descending order of the transition wavelength. We also show that the So-S;
photoabsorption profile of PSBR is very sensitive to temperature variations due to this torsion mode.

This work has been supported by the Russian Science Foundation (project Ne 17-13-01276). We
thank the Supercomputing Center of the M.V. Lomonosov Moscow State University for providing
high performance computing resources.
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MO)ICJII/IPOBaHI/Ie (l)OpMI)I IMOJIOC MOIJIOIICHUA aTOMA HATPUA B MaTpUIE aproua

H.H. Knewuna'", A.B. Illepounun’, /1.C. Bespykoe"’, A.A. Byuauenxo’

'MI'V umenn M.B. JlomonocoBa, Xumuueckuid (hakyinbTeT
2CKOJIKOBCKHIA WHCTUTYT HAYKH B TEXHOJIOTHH
*e-mail: kleshchina.nn@gmail.com

N3ydyeHne MaTpU4YHO-U30JIMPOBAHHBIX CHCTEM II03BOJISIET IOJIYy4aTh JaHHBIE O CBOWCTBAX
BHEJPEHHBIX MOJIEKYJ, KOTOpbIE WHOTJa HET BO3MOXKHOCTH H3y4yaTb HHIUBUAYyanbHO. OmHaKo
U3BECTHO, YTO JAXXE B CIy4ae OTJEJIbHBIX aTOMOB MaTPUUHOE OKPY)KEHUE MOXKET CHJIBHO BIMUATH Ha
HaOmoaemple cBoiicTBa. OJHOW W3 aKTUBHO HCCIEAYyEeMbIX Ha CETOJHALIHUI JeHb 3a7ay
CIEKTPOCKOIIUM MaTPUYHO-U30JIMPOBAHHBIX aTOMOB SIBJISIETCSl OIPEACICHUE T'€OMETPUN CalTOB
3axBaTa M COOTHECEHHWE UX C HaOJI0JIaéMBbIMH CIEKTpaJbHBIMU MojocaMu. lIpenmeToM naHHON
paboTHI sBIsIETCS pa3padOTKa U MCCIEJOBAHNE METOOB TEOPETHIECKOTO MOJICITUPOBAHHS CIIEKTPOB
MOTJIOLIEHUS Ha IIpUMepe cucTeMbl Na@AT.

Jlig ycTaHOBJIEHHS B3aMMOCBS3M I€OMETpPUM cailiTa 3axBaTa aToMa Na C IOJIO)KEHHEM U
CTPYKTYpOIl TOJIOCHI TOIJIOIICHUS HAaMH HCIIOJIb30BAaHbI JIBa TOJXOJA: «IOJYKIACCUYECKUI» U
«kBaHTOBbIN». Ilonxonael mepBoro Ttuma, Oosiee TPaJULMOHHBIE JUISI MaTPUYHO-U30JUPOBAHHBIX
CHCTEM, OCHOBaHBI Ha KjaccuueckoM mpuHuune dpanka-KonaoHa, npudéM CHEKTp MOTIIOIICHUS
CTPOMUTCSI, HApUMEpP, C IMOMOIIBIO MOJEKYJISPHOW IMHAMUKMA Ha IMOTEHIHAJbHOM IOBEPXHOCTH
HUKHETO AJIGKTPOHHOTO cocTosiHus. [loaxonsl BTOporo Tuma Oa3uUpyrOTCS Ha MPSMOM pacuére
BUOPOHHBIX YPOBHEH YHEPTUU U BOJHOBBIX (DYHKIIHIA, a (hopMa MOJOCHI BBIYHUCISECTCS, HAIPUMED, B
npubnmxennn Konpona. OgHako Takue 1Moaxosl TpeOyroT OOJBIIMX BBIYMCIUTENIbHBIX 3aTpaT, U
MIO3TOMY MOTYT OBITh pEAIM30BaHbBI TOJIBKO JJISI CHCTEM HEOOIBIIONW Pa3MEPHOCTH.

B pamkax «monykiaccu4eckoro» mojaxoja B JaHHON paboTe ObUIM CMOAETUPOBAHBI CIIEKTPHI
TIOTJIOIIEHUS JITISl TPEX TEPMOJUHAMUYECKH CTAaOMIIBHBIX CaliTOB 3axBaTa B cucteme Na@Ar: SS, TV
u HV, nomywaromuxcst Opu yAajleHHWH, COOTBETCTBEHHO, OJHOTO, YETHIPEX M IIECTH aTOMOB U3
pemérku TBEpIOro aproHa. J{ns kakaoro w3 yka3aHHBIX CalTOB MOCTpOEHa KJIACTepHAas MOJEIb,
cocToslass M3 BHYTpeHHEH (MOJBMXKHOI) oOmacT, BKIOYamomedl pasnuyHoe uucio (mo 400)
OJIM>KalIIX aTOMOB aproHa, M BHEITHEH 00J1acTH, aTOMBI B KOTOPOH MpH pacuérax (PUKCUPOBATHCH.
YucneHHble SKCIIEPUMEHTHI TOKa3alli, YTO Y4eT TOJbKO OJMKalIIero OKpy>KeHUsI BHOCUT Hanboiiee
3HAYUMBIN BKJIAJ B HAOJI0JIa€MyI0 TPUIUIETHYIO CTPYKTYpPY M YHIMPEHHUE IOJIOC MOTJIoEeHus. bout
IIPOBE/IEH aHAJIM3 HOPMAJIBHBIX KOJeOaHWH TpeX MOJENbHBIX CAHTOB, BKIIIOYAIOMIMX TOJBKO aTOM
HaTpUs U MEPBbIM KOOPAMHALMOHHBIN MOJUAIP COOTBETCTBYIOLIETO caiiTa 3axBara. [lokazaHo, uro
32 TPUIUIETHYIO CTPYKTYpPY MOJIOCHI HOTJIOMIEHHUsSI cUcCTeMbl Na@Ar OTBEYaroT TOJIBKO KOJeOaHus
cummerpun Tpg mmu Ty, COOTBETCTBEHHO, B ciydae caiiToB kyoudeckoil (SS, HV) wumm
tetpadapuueckoit (TV) cummerpuu. OctanbHble HOpMaibHbIE KOJIeOaHus B OOJbIIEH WM MEHbIISH
CTETEeHU BHOCST BKJIa/l TOJBKO B YIIMPEHUE TIOJIOCHI.

Haubonee nmoapobHo HamMM HccieloBaH caiT 3axBata HV, B KOTOpOM MMeeTCs TONBKO OIMH
Ha0Op HOPMAJBHBIX KOJIEOAHUH CUMMETPHH [og ¢ OonbIIuM 3HaueHHeM (akropa Xyanra-Puc. Oto
MO3BOJIMJIO OCYIIECTBUTH IS JAHHOM CHCTEMBI Takke M 0oJiee CIIOKHBIA «KBAaHTOBBIM» MOIXOMA K
pacuéry cnekrtpa. I[loka3aHo, YTO pacCUMTAHHBI ATHUM METOJOM CHEKTpajbHBIA MPOPHUIIH
JOCTaTOYHO XOPOIIO corjacyercs Mo QopMe ¢ SKCIEePUMEHTATBbHOW I0JI0COM MOTJOMIEHHUS,
OTBEYAOIICH T.H. «KKPAaCHOMY» CaWTy 3axBaTa CUCTEMbI Na(@AT.

Paboma evinonnena npu ¢punancosoii noooepsicke PH® (npoexm Ne 17-13-01466).
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First principles thermodynamics of oxygen vacancies in thin perovskite films
E. A. Kotomin*?, D. Gryaznov!, T.S. Bjerheim®

YInstitute of solid state physics, University of Latvia, Riga, Latvia
’Max Planck Institute for Solid State Research, Stuttgart, Germany
3Dept. of Chemistry, University of Oslo, Norway

BaZrO3 perovskite membranes have attracted considerable attention for potential applications in
electrochemical devices such as solid oxides fuel cells (SOFC), sensors and hydrogen pumps, due to
high proton conductivity and good chemical stability. Doping with trivalent cations results in the
formation of charge-compensating oxygen vacancies, and subsequent exposure to humid atmosphere
leads to incorporation of protons through dissociative absorption of H,O. Yttrium doped BaZrOs;
(BZY) is considered currently as one of the most promising HTPCs, thanks to an optimal chemical
stability under high temperature operational conditions and an elevate proton conductivity.

In this study, we combined first principles calculations in the linear combination of atomic
orbitals (LCAO) approach employing the hybrid HF-DFT PBEO functional and plane wave GGA-
PBE method for investigation of the structural, electronic and vibrational properties of neutral and
charged oxygen vacancies in the bulk [1] and in ultrathin BaZrOs3 films [2]. Non-stoichiometric, two-
dimensional symmetrical (001)-terminated slabs (BaO and ZrO, terminations), with a number of
atomic layers ranging from 3 to 7 were modeled; corresponding to a free standing film with a
thickness of few nm. Vibrational properties were calculated within the harmonic approximation and
the finite displacements method by numerical evaluation of the dynamical hessian matrix elements
through the first derivative of atomic energy gradients [3].

The main focus was placed on the charge density redistribution in different slab planes, and the
lattice vibrations contribution to the defect Gibbs formation energy. Special attention was paid to the
spatial confinement effects in the thermodynamics of oxygen vacancies in ultrathin films. According
to our calculations, the charge state of the defect has a considerable effect on the Gibbs formation
energy at finite temperatures. However, the structural, electronic and vibrational properties of both
neutral and fully charged oxygen vacancies in the center of BaZrO3z (001)-oriented free-standing
ultrathin films are only slightly affected by a film thickness and more affected by the termination or
central plane chemical composition.

A considerable deviation from the bulk properties occurs only in extremely thin films made of just
3-atomic planes and corresponding to the thickness of a single unit cell (0.4 nm). That is, the
confinement effects for oxygen vacancies in BaZrO; thin films (and probably in other analogous
partly covalent ABO3 perovskites) are very short-range.

[1] T.S. Bjorheim, M.Arrigoni, D. Gryaznov, E.A. Kotomin, J. Maier, PCCP 17, 20765 (2015)

[2] M. Arrigoni, T.S. Bjorheim, E.A. Kotomin, J. Maier, PCCP 18, 9902 (2016)
[3] M. Arrigoni, E.A. Kotomin, J. Maier, Isr. J. Chem. 57, 509 (2017).
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Molecular structure and conformational behavior of cyanocyclohexane
L.E. Kuzmina, S.A. Shlykov

Ivanovo State University of Chemistry and Technology
*e-mail: Luba-8may@mail.ru

For several years an extensive study of saturated six-membered heterocyclic compounds has been carried out™.
The conformational axial-equatorial equilibrium of cyanocyclohexane NC-CgH;; was studied by Raman, IR,
NMR and microwave spectroscopy and quantum chemical (QC) calculations?”>.

In this study, we report the conformational analyses of cyanocyclohexane using detailed QC calculations and
gas electron diffraction (GED). The geometry and vibrational calculations were performed using DFT (with
B3LYP, B3LYP-D3 and M062X functionals) and MP2 methods with the 6-311G** and cc-pVTZ basic sets.
The B3LYP method predicts the equatorial form to be AG=G,-G¢,=0.57-0.72 kcal/mol more stable than the
axial one, while the M602X calculations give opposite situation with AG values —0.21 to +0.02 kcal/mol.
From the GED data the ratio of two conformers at T=303 K was found to be Eq:Ax=68(5):32(5)%,
corresponding to AG°=0.29(13) kcal/mol.

c1 C7T N1

2
= - 9

Co

~.C5

Af(r)
0 2 4 6 8
r, A
Fig. 1. 3-D presentation of calculated (M062X/6-  Fig. 2. Experimental (dots) and calculated (solid
311G**) relative energy surface of lines) radial distribution curve for
cyanocyclohexane, shown as a function of two cyanocyclohexane

dihedral angles

Figure 1 presents a 3-D relative energy surface of the cyanocyclohexane molecule that was obtained by
changing two opposite dihedral angles of the ring in small steps.

Theoretical, for the refined conformer mixture of Eq:Ax=68(5):32(5)%, and experimental radial distribution
curves along with their difference Exp-Theor are given in Figure 2.

1Zheng C., Subramaniam S., Kalasinsky V.F., Durig J.R. ]. Mol. Struct. 2006, 785, 143.

’Durig J. R., Ward R. M., Conrad A. R., Tubergen M. J., Nelson K. G., Groner P.& Gounev T. K. Mol.
Struct., 2010, 967(1), 99-111.

®Rickborn B. & Jensen F. R. The J. Org. Chem., 1962, 27(12), 4606-4608.

“Raber D. J., Jr, Johnston M. D. & Schwalke M. A. Journal of the American Chemical Society, 1977, 99(23),

7671-7673.

5Sigolaev Y. F., Semenov S. G. & Belyakov A. V. Rus. J. of General Chem., 2013, 83(5), 932-937.
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Ab Initio Calculation of Energy Levels of Trivalent Lanthanide Ions
. A. Kurbatov'",A. Ya. Freidzon??,
! Far Eastern Federal University
2 Photochemistry Center, Russian Academy of Sciences
¥ National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
*e-mail: kurbatov.dvfu@gmail.com

The energy levels of Ln*" ions are known to be only slightly dependent on the ion environment. This
allows one to predict the spectra of f-f transitions in Ln** complexes using group theory and simple
semiempirical models: Russel-Saunders scheme for spin-orbit coupling, ligand-field theory for the
splitting of the electronic levels, and Judd—Ofelt parameterization for reproducing the intensity of f-f
transitions. Nevertheless, a fully ab initio computational scheme employing no empirical
parameterization and suitable for any asymmetrical environment of Ln** would be instructive. Here
we present such a scheme based on the multireference SA-CASSCF/XMCQPDT2/SO-CASSCF
(state-averaged complete active space SCF, quasi-degenerate perturbation theory, and spin-orbit
CASSCF) approach for trivalent lanthanide ions from Ce** (4f") to Yb®" (4f*3).

To achieve the most accurate results, we analyse the factors that influence the accuracy of the
calculation: basis set size, state averaging scheme, and including low-spin states into the calculation
of high-spin ions (e.g., triplets for septet—quintet gaps in f° or £ configurations). Our calculated
energy levels agree well with the experimental values. We have shown that low-lying highest-spin
and second-highest spin states are reproduced very well, while for higher-lying states the accuracy of
the calculation decreases. The procedure was verified by calculating optical emission spectra of
NaYF4:Eu, Tb; YAG:Eu, Tb; and Th(acac)sbpm (bpm is 2,2'-bipyridine, acac is acetylacetonate, and
YAG is yttrium aluminium garnet). For these compounds ligand-field induced electric-dipole
transition intensities were calculated.

We found some important factors that determine the accuracy of the calculation: (1) basis set size
affects the accuracy, but Quadruple-Zeta quality is sufficient, and in some cases it can be replaced by
Triple-Zeta quality set; (2) there is an optimal number of averaged states ensuring the trade-off
between the need to include more states interacting with the target states and deterioration of the
state-averaged wavefunction with respect to description of the target states; (3) Low-spin states
interacting with the target states should be included.

Calculation of optical spectra of lanthanide compounds NaYF4:Eu,Tb, YAG:Eu,Th, and
Th(acac)sbpm showed that the calculated spectra are very sensitive not only to the nearest
environment of the central ion, but to the next coordination spheres as well. At the same time, the
quality of description of the ligands (e.g., polarization functions in the second coordination sphere)
only slightly affect the transition intensities. The calculated spectra satisfactorily agree with the
experimental data.

The calculations were performed using the computational facilities of Institute of Chemistry, Far
Eastern Division of the Russian Academy of Sciences, Vladivostok. Design of computer experiments
was supported by the Russian Science Foundation (project Ne 14-43-00052). Calculations were
supported by the Ministry of Science and Education of Russian Federation, project no.
16.5904.2017/BCh. Analysis of computational results was supported by the Competitiveness
Program of National Research Nuclear University “MEPhI”.
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CpaBHHTe/IbHBIE XapaKTepUCTHKH Aunentuaa a-Ala-a-Ala B razooii ¢aze u B Boje

M.C. Kypbamosa'’, B.II. Baparmukoel, HMHU. T upuqeeaz

1I/IHCTI/ITyT xumuu pactBopoB UM I'.A. KpecroBa, Poccuiickas akagemus Hayk, . FIBaHOBO
2 IBaHOBCKHIA roCyIapCTBEHHBIM YHUBEPCUTET, Kadeapa opraHndecKor U GU3NIeCKON XUMUHU
*e-mail: msk@isc-ras.ru

B Hacrosimeit paboTe BBINOJIHEHBI KBaHTOBO-xuMu4eckue pacuersi [DFT/B97D/6-311++G(2d,2p)]
MOJICKYJISIPHOW U IIBUTTEP-HOHHOM (opM aunentuiaa a-Ala-a-Ala B razoBoii dhase u B Boje ¢ LEIbiO
BBISICHEHUS BIIMSIHHUS BOJIbI, PACCMAaTPUBAEMON B MPUOIMKEHUH JAUAIEKTPHUECKOTO0 KOHTUHYYMa, Ha
3JIEKTPOHHBIE XapaKTEPUCTUKU MOJIEKYIIBI.

JI7si reoMeTpUYecKoi ONTUMHU3AIMK ObLT BRIOpaH Hanbosee ycroiunBblii kKoHGopmep a-Ala-a-Ala, B
koTopoM rpynnbsl —CHz pacnosaraiorcs 1o pasHbleé CTOPOHBI OTHOCHTEJIBHO OCTOBA MOJIEKYJIbI
(puc.1). M3BecTHO, YTO B Ta30BOi (haze aMHUHOKHMCIIOTHI, TaK )K€ KaK W TENTUABI, CYIIECTBYIOT B
MoOJIeKYyJIsipHOM (opme. TlombiTka ONTUMHM3MPOBATH CBOOOJHYIO OT OKPYKEHHUS LIBUTTEP-MOHHYIO
CTPYKTYpY HCCIIEAYeMOro ITunenTuaa (B3sATyI0 M3 KpUCTajula ) He IpUBeia K ycrnexy. B pesynbrare
ONTUMM3ALMKM LBUTTEp-UOHHAss (opMa mepexoausia B MOJEKYISPHYIO C CYILIECTBEHHBIM
noHmwxkenneM sHeprun (<20 kxai/moinp). OnHAKO B BOAHOH Cpele MPOMCXOIUT CTaOMIN3aIUs
LBUTTEP-UOHHOI (POPMBI.

Pacuerst ¢ y4yeToM pacTBOpUTENs BBIIOJHEHBI C HCIOJIB30BAaHHEM MOJETH MpPEIeTbHON
noisipuzanud Tomacu — PCM (Tomasi’s Polarized Continium Model). Jlannas monmens sBaseTcs
OTHUM W3 HaWOoJiee PacCHpPOCTPAHEHHBIX METOJOB ydeTa HESBHOW coibpBatanuu. Ha puc. 1
IIPEJCTABICHbl ONTUMU3UPOBAHHBIE CTPYKTYPhI MOJIEKYJIIPHON M LIBUTTEP-MOHHON (GOPM TUNENTUAA
a-Ala-o-Ala ¢ ydeToM moOJSIpPHOTO OKpYyXeHHs. B paccMaTpuBaeMbIX CTPYKTYpax T€OMETpHs
uentpanbHoro (parmenta C-NH-CO-C oTnnuaercs He3HAYUTENbHO. DHEPrusl IBUTTEP-UOHA B
BOJIHOM CpeJie OKa3ajlach HIKe Ha 12.8 Kkay/MoJjb, 4eM 3HEPTUs MOJIEKYIISIPHON (POPMBI.

Jlnst uButTep-uoHHOH (opmbl a-Ala-a-Ala, Haxopsmieiics B HONApHOW cpene, XapaKTepHO
BO3HMKHOBEHHE 3HAUUTENBHOIO TUIOJBHOTO MOMeHTa (U=26.6 J) U u3MEeHeHHe ero HalpaBlIeHUs
10 CPABHEHUIO C €ro HAIlPaBJICHUEM B MOJIEKYISIpHOI Gopme (puc. 1), TUNOIBHBII MOMEHT KOTOPOH
coctaBmi pu=3.4 JI.

Puc. 1. OnTuMH3MpOBaHHBIC CTPYKTYPHI MOJIEKYIISIPHOH (CJIeBa) M IBUTTEP-UOHHOM (cripaBa) Gpopm
nunentuaa a-Ala-a-Ala ¢ yaeTom HessBHO# coibBaTalun

Takum obpazoM, MosteKysapHas ¢popma aunentuaa a-Ala-a-Ala MoxeT cyiecTBoBaTh U B ra30BOM
dase, U B MOJIIPHOH cpelie, B TO BPEMs KakK IIBUTTEP-UOH CTAOMIM3UPYETCS TOJBKO B MPUCYTCTBUU
MOJISIPHOTO PACTBOPHTEIIS.

Paboma evinonnena npu ¢punancosoii noooepoicke PODOU (epanm Ne 15-43-03003 p_yeump _a).

Ccambridge Structural Database https://www.ccdc.cam.ac.uk/
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Quantum-chemical and atomistic modeling of the organic chromophores and chromophore-
containing polymer materials with nonlinear-optical properties

A.l. Levitskaya“, O.D. Fominykh, A.A. Kalinin, M.Yu. Balakina
A.E. Arbuzov Institute of Organic and Physical Chemistry,
Kazan Scientific Center, Russian Academy of Sciences
*e-mail: april-90@mail.ru

The organic polymer materials with quadratic nonlinear-optical (NLO) properties have a number of
advantages in comparison with their inorganic analogs. NLO activity of such materials depends on
the number and quality of chromophores introduced into it, because chromophores determine the
quadratic response at the molecular level. Therefore, the design of new chromophores, characterized
by high values of the first hyperpolarizability, plays a crucial role in this area of research. Atomistic
modeling in combination with quantum-chemical calculations of the chromophores’ electrical
properties allows one to perform preliminary "computer experiments”, the results of which are used
to develop new NLO polymer materials.

The aim of this work consisted in the directed design of electrooptic chromophores with condensed
heterocyclic fragments, epoxyamine oligomers with chromophore-containing fragments of various
structures introduced into the side chains, and based on them composite materials with binary
chromophores by the quantum chemistry and molecular modeling metods. The first stage of this
work was devoted to modeling and characterization of two new classes of dipolar chromophores.
The first class included the molecules based on the 3,7- divinylquinoxaline-2-on (VQonV) =n-
electron bridge with dimethylaniline (DMA) donor and various cyano-containing acceptor groups. In
the course of the investigation of these chromophores the effect of the regioselectivity of the
attachment the donor and acceptor groups to the m-electron bridge and the effect of rotational
isomerism on the values of first hyperpolarizability by the example of the DMA-3-VQonV-TCP
chromophore were considered. The second class of chromophores includes molecules with indolizine
donor group, divinylthiophene, divinylbistiophenic, octatetraene and 3,7-divinylquinoxaline-2-on z-
electron bridges. In this case, the regioselectivity of the addition of the indolizine donor and 5-
dicyanomethylene-2-0x0-4-cyano-2,5-dihydropyrrol-3-yl (TCP) acceptor to the proposed bridges
was also studied.

The second stage of this work was devoted to atomistic modeling of molecular systems based on
epoxy-amine oligomers with NLO active chromophore-containing fragments of different structures
in the side chain. Within the framework of this part of the work, the structure-property relationship of
epoxy-amine oligomers based on Bisphenol A diglycidyl ether (DGEBA) and p-aminobenzoic acid
with chromophore-containing fragments in the side chain was modeled and established. The
influence of the length of the spacer on the NLO characteristics and the local mobility of the
chromophore-containing fragments in the side chain was studied. Using the results of molecular
dynamics, the data of the experiment on dielectric spectroscopy of NLO material based on DGEBA
and p-aminobenzoic acid with chromophore-containing fragments and short spacer in the side chain
are analyzed. Also, epoxy-amine oligomers based on DGEBA and p-aminobenzoic acid with
chromophore containing dendritic fragments in the side chain and composite systems with binary
chromophores based on these oligomers were investigated.

Thus, the design of effective NLO-active systems was carried out both at the molecular and
mesoscopic levels, accompanying each stage of the development of NLO materials.

This work was supported by RFBR (project Ne 15-03-04423A).
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Antimitotical activity of novel functionalized colchicine analogues. A molecular docking study
A.A. Maleev, S.Yu. Bukhvalova, A.Yu. Fedorov, S.K. Ignatov

N.I. Lobachevsky Nizhny Novgorod State University
e-mail: maleev.alexandr@yandex.ru

Colchicine (Figure 1) is the main representative of the family of MeO

colchicine alkaloids, which has a unique biological property to bind to O. WINHAC

the special fragment of the tubulin macromolecule (colchicine site), MeO

preventing the formation of microtubules and, as a consequence, the MeO

mitosis of tumor cells. Because of the high nonspecific toxicity,

colchicine can not be used in the treatment of cancer. Therefore, one of ©

the main tasks of medicinal chemistry is the search for and synthesis of OMe

molecules similar to colchicine and possessing higher antitumor activity. Figure 1

To assess the biological activity of colchicine analogues, we studied the coordination ability of more
than 30 [2H, 3H]oxepinoallocolchicinoids to the
colchicine site of tubulin using the method of

1)R, =Pr, R, =Bu Molecular docking. All calculations were performed

)Ry =Pr, Ry =Et  wijth the Autodock 4.2 program [1] using the

i; Eizﬁﬂz Ezz Ef AutoGrid software to create a docking area and the

5)R; =Ph, R,= Me MGLTools 1.5.6 shell for initial data preparation and
visualization. Each docking run was carried out using

the genetic algorithm LGA (200 conformations,

Figure 2 25000000 calculations per each conformation). The a- and B-subunits of the

stathmin-like domain 1SAOQ.pdb [2] were taken as the source protein structure. The geometry of

allocolchicinoid molecules was optimized using Gaussian 03 [3] by DFT at the B3LYP/6-31G(d,p)

theory level. The highest binding energies were found for colchicinoids 1, 2, 3, 4 and 5 (Figure 2)

and ranged from 9.42 kcal/mol (5) to 9.98 kcal/mol (1) (see Table). These compounds are

synthesized, their structure is confirmed by the method of *H and *3C NMR spectroscopy. At the

moment, their activity is being investigated by biological methods.

Table. The calculated binding energies of the derivatives 1-5 to the amino acid residues of the
colchicine-binding site.

Entry AGbing, Amino acid residues involvgd in th_e formation of hydrogen
kcal/mol bonds with the ligand
colchicine —8.66 Vala181
1 -9,98 Valal81, Sera178
2 -9,78 Valal81, Seral78
3 -9,87 Asnal01
4 -9,45 Asnol101
5 9,42 Asnal01

This work was supported by RFBR (project No. 17-03-00912)

1. G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, et al. Journal of Computational
Chemistry, 2009, 30, 2785-2791.

2. R.B. Ravelli, B. Gigant, P.A. Curmi, I. Jourdain, S. Lachkar, A. Sobel, M. Knossow. Nature,
2004, 428, 198-202.

3. Gaussian 03, Revision C.02, M. J. Frisch et al. Gaussian, Inc., Wallingford CT, 2004.
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Low-lying states of uranium monocarbide and mononitride molecules:
ab initio multi-reference insights

D.N. Meniailava*, M.B. Shundalau
Belarusian State University, Faculty of Physics, Minsk, Belarus
*e-mail: meniailava@bsu.by

Uranium carbides and nitrides are promising materials for using as nuclear fuel for fast reactors due to high
thermal conductivity, higher density of metal atoms (in comparison with uranium oxides), less radiotoxicity,
etc. Previously, the values of equilibrium internuclear distances and some molecular constants of UC and UN
molecules were obtained in studies on the basis of DFT calculations™ and the non-empirical CASPT2
approximation®.

In this study, firstly, complete calculations of the potential energy curves of the low-lying states for the UC
(Fig. 1) and UN molecules are performed. For the calculations the CASSCF/XMCQDPT2* approximation was
used. To take into account spin-orbit coupling (SOC) we used one-electron Pauli — Breit operator. On the
basis of ab initio calculations we predicted the molecular spectroscopic constants and other characteristics for
the vibronic states. The Stuttgart relativistic ECP80 for uranium atom and TZ-basis sets for uranium, carbon
and nitrogen atoms were used in our calculations. The active space for the CASSCF calculations was 8
electrons in 10 orbitals for uranium monocarbide and 7 electrons in 9 orbitals for mononitride. The SA-
procedure was done for 18 low-lying quintet (S = 2) states for UC and for 10 doublet (S = 1/2) u 10 quartet
(S = 3/2) states for UN molecule. The calculations were performed pointwisely for the internuclear distances
ranging 1.90-8.00 A for UC and 1.90-8.00 A for UN.

At the dissociation limits the energies of the lowest excited UC states relatively to the ground state are®: 16.4,
43.4 and 620.3 cm . The corresponding calculated energies of the low-lying terms relatively to the ground
state at the distance of 8.0 A are: 21.1, 57.2 and 751.3 cm >, These data indicate that our calculations are in
good agreement with experimental energies. For the ground state (QQ = 3) we obtained the equilibrium
internuclear distance R, = 2.12 A and dissociation energy D, = 28156 cm .

10000 -

Fig. 1. Calculated at the CASSCF(8,10)/XMCQDPT2 + SOC level of theory
low-lying terms of the UC molecule in the range from 1.90 to 8.00 A

X. Wang. J. Chem. Phys. 2011, 134, 244313.

°G. P. Kushto. J. Chem. Phys. 1998, 108, 7121.

°A. Pogany. J. Chem. Phys. 2016, 145, 244310.
*A.A. Granovsky. J. Chem. Phys. 2011, 134, 214113.

>NIST Atomic Spectra Database, https://www.nist.gov/pml/atomic-spectra-database.
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Energetics of proton transfer in coordination cavity of C;3N,H3S¢ macroheterocycle

A.P. Merlyan, V.V. Veretennikov, E.N. lvanov*,Ya.E. Filippova

Ivanovo State University of Chemistry and Technology
*e-mail: Ivanov.isuct@gmail.com

We have considered six possible tautomers of CigN21H3Ss (Fig. 1) in our theoretical study, one with
one proton transferred from N-H bond of 4H-pyrrolo[3,4-c][1,2,5]thiadiazole to a nitrogen atom in
one of the neighboring thiadiazole rings (structure NuN2N3, subscript refers to an atom on which
proton is transferred to), three with two protons transferred (structures N1NgNis, N1NiNw, N1NNis)
and one with all three protons at the thiadiazole moieties (structure NiaNNis). All structures possess
planar equilibrium geometries. Relative energies of the tautomers calculated at B3LYP/pcseg-2 level
are listed in Table 1.

T_g
2 0®
™
) ' ; ' :
Number ofhydrogen bonds
Fig. 1. Molecular structure of the Fig. 2. Relative energy vs. number of
C18N21H3Sg macrocycle intramolecular H-bonds in the most favorable
(main tautomer S6). structures (S6, NizN2N3, N1NNis, NizNisNis).

The differences in energies between N3NNis and NiyN2N3(~30 kJ/mol) are of similar magnitude to
the relative energy of NzN;N3 compared to S6 (~39 kJ/mol). The energy difference between
Ni1NiNis and N{NiNis is lower, ca. 20 kJ/mol.

It is possible to calculate the energy difference per one broken hydrogen bond (which should be
approximately equal to the H-bond energy) by dividing the relative energy AE by the difference in
the number of H-bonds between corresponding tautomers. For example, in the case of NuN2N3
structure it will be ~39/1 = 39 kJ/mol.

Table 1. Relative energies of the considered tautomers and number of intramolecular H-bonds.

Structure S6 Ny NoN3 N1NgNis N1NNia N1NNis N¢1NtzsNis
AE, kJ/mol 0 39.2 85.4 129.3 68.8 88.7
Number of H-bonds 6 5 4 4 4 3

The authors are thankful for support to Russian Science Foundation (grant Ne 17-73-10198).
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Structure and electronic properties of polymeric composites based on titanium dioxide
nanoparticles. DFT and DFTB study

V.S.Naumov', A.S. Loginova’, S.K. Ignatov?, T. Frauenheim?
IN.1. Lobachevsky Nizhny Novgorod State University,
Bremen Center for Computational Materials Science, University of Bremen
* email: vsnaumov@yandex.ru

Titanium dioxide based materials (poly-TiO; gels, hydrated titanium dioxide, solid state copolymers)
are considered today among the most promising photocatalytic systems. The UV-induced reversible
one-electron transition Ti** + ¢ — Ti*" provides catalytic activity of such materials. The active sites
formed by the electron-transition catalyze oxidation reactions useful in oxidation of various organic
and inorganic environment contaminants and in organic synthesis. Other applications of such
materials are solar cells, photoelectrochromic materials and chemical sensors. Recently, a new
optically transparent solid state organic-inorganic copolymer TiO,/JHEMA (HEMA — hydroxyethyl
methacrylate) doped by Au or Ag nanoparticles was synthesized. This copolymer contains (TiO2)poly
nanostructures embedded into organic polymer matrix with the coordinated nanoparticles of noble
metals working as a trap for photons and expanding the light absorption range. The molecular
structure of such materials has a strong influence on the properties of the material and defines the
area of their further use. The key issue for the development of photocatalytic materials is the
question about structure of the solid hybrid copolymers and its influence on the mechanism and
characteristics of the photocatalytic activity. In this study the structure of [Ti,On(OEt){(OEMA)]
particles was studied as a model of titanium dioxide in organic polymeric matrix. The DFTB
calculations with DFTB+ software and trans3d parameters were used for the calculations of large
systems (clusters including decades of Ti-atoms) when the DFT calculations are impractical. The
applicability of the DFTB calculations for the TiO,/HEMA systems has been performed by the
comparison with DFT calculations of small model clusters. It was shown that DFTB theory gives the
geometry of inorganic part of clusters that is very close to DFT geometry. For example, the
difference of Ti-O bond length between the DFT and DFTB calculations is less than 0.02 A and
decreases with the cluster growth. Calculations of electronic structures of clusters shows that DFTB
calculated HOMO-LUMO gaps are close to experimental band gap values for the bulk-phases
(about 3.0-3.2 eV), and lower than the HOMO-LUMO gaps obtained by DFT (4.4 eV for big clusters
and 5.6 eV for small clusters). The typical difference between HOMO-LUMO gap values calculated
by DFT and DFTB for the big systems is about of 1.4 eV. This allows using DFTB theory for the
scaled calculations of TiO,/JHEMA systems. The calculations show also differences between the
clusters with various titanium dioxide structural motifs: linear, flat, cubic and spherical fragments of
rutile- and anatase-type lattices, and the structures of TiO,/JHEMA clusters surrounded with organic
molecules. Details of the structure and size effects on the electronic properties of clusters are
discussed.

The study supported by RFBR (project Ao 77-03-00912) and DAAD. VSN and ASL are grateful to
Bremen University for the fellowship support.
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Mechanism of the phase transition to conducting state in hydrogen at high pressures
G.E. Norman***”, 1.M. Saitov?**
"National Research University Higher School of Economics
2Joint Institute for High Temperatures of RAS
*Moscow Institute of Physics and Technology (State University)
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An idea is introduced that ionization of H, moleculas takes place at the fluid-fluid phase
transition in warm dense hydrogen/deuterium (WDH) with formation of molecular ions H," and Hs".
Ab initio molecular dynamics and density functional theory with the VASP plane-wave code are
used. Proton-proton pair correlation functions (PCF) g(r), conductivity and pressure are calculated.
The results are averaged over the set of equilibrium configurations. The approach is a conventional
one. However, three PCF treatment procedures are applied to reveal a nature and character of the
phase transition.

(1) PCF varies slowly with the density in the range of distances larger than 2A. However, the
situation changes drastically for distances smaller than 2A. The values of the PCFs first local
maxima g(rmax1) and first local minima g(rmin1) are changed dramatically in the narrow density range.
To emphasize the character of g(r) changes, plots of g(rmaxi)/ 9(rmin1) are obtained. Strongly
pronounced jumps for T = 700, 1000, and 1500 are clear indications of the phase transition since
they take place at the same densities where small density jJumps are observed.

(2) The value of rmax is equal to the interatomic distance dy, = 0.74A, in the H, molecule.

The value of rminy is close to the interatomic distances d . = 1.06A, and d,.= 0.92A, in the

molecular ions H," and Hs". Let g1(r) and g,(r) are PCF's which are the closest to the phase transition
before and after it. It is shown that Ag(r)= g2(r)-gi(r) is close to zero for r>2A. The function Ag(r) has
a deep minimum at r=d,, and a strongly pronounced maximum in the range of r from d . to d . . It

means that the number of H, molecules decreases and molecular ions H," and Hs" appears at the
phase transition.

(3) The ratio of the second maxima and minima g(rmaxz)/ 9(rmin2) varies smoothly with the
density. It turns out that the PCF's obtained can be modeled for r larger than 2A, by the soft sphere
PCF's at number densities which are equal to the total number density of Hy, H," and Hs". The latter
value remains close to the constant one at the phase transition. The repulsion “diameters” is close to
the theoretical estimate.

A two-step mechanism is suggested. The first stage is related to the partial ionization of H,

molecules at the phase transition with formation of the molecular ions H,". The second stage is a
reaction of H, molecules and H," ions to form Hs" ions. The nature of the phase transition combines
the ionization and the structure transformation.
Strong ionization during the fluid-fluid phase transition in WDH distinguishes it from the Brazhkin-
type liquid-liquid phase transitions. It can be related to the Norman-Starostin plasma phase transition
prediction. However, it differs from it by inherent structural changes. The transition in WDH is an
exceptional case.

The study has been funded by the Russian Academic Excellence Project '5-100".
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KJ'[aCCI/I(l)I/IKalll/Iﬂ CTAa0MJIBHBIX CAliTOB 3aXBaTa AUMEPOB B MATPUI€ HHEPTHOI'O ra3a

'K 0362061, J.C. Be3pyl<oel’2,A.A Byuauenkol‘z
'CKoIKOBCKHIT HHCTHTYT HAYKH M T€XHOIOTHH
2X HMHYeCKHii dakyabTer MI'Y num. M.B. JlomonocoBa

B ocHOBe MeTO1a MATPUYHOM U3OJISAIUY JISKUT MIPOIECC BKIIOUYCHHS U (DPUKCAIIUH HCCIISTYEMON MOJICKYJIBI B
00JbpIIOM W30BITKE WHEPTHOW MAaTpHIBl. B TakumxX cuUcTeMax ymaeTcss MPeAOTBPATUTH PSII IPOIECCOB,
CBOMCTBEHHBIX CITEKTPOCKONHMH B JKHUAKOCTH WM Ta30BOH (Dase, 9TO OTKPHIBAET BO3MOXXHOCTH H3YYCHUS
CTa0OCBSI3aHHBIX CUCTeM. HecMOoTpsi Ha XHMMHUYECKYI0O WHEPTHOCTH MATPUIBI CTPYKTypa OjrbKaiiiero
OKpY>KEHHUsI BHEIPEHHOW MOJEKYNbl (caiiTa 3axBaTa) MOXET CYIIECTBEHHO BIMATH Ha HU3ydaeMble
XapaKTePHCTHKH, B YACTHOCTH, KaKk OBUIO IOKa3aHO paHee', /I CIAGOCBA3AHHBIX KOMILIEKCOB METasll-
METaJIJT U3MEHEHHUE YacTOThI KoyieOaHusl MOxkeT nocturath 50% OT HEBO3MYIIIEHHONW MOJICKYJIBI. TpYyaHOCTb
WHTEPIPETAUA TaKWUX PE3YJIBTaTOB 3aKIIOYaeTCSd B YACTHOCTH B TOM, YTO B JIUTEpaType OTCYTCTBYET
OTHMCaHUE BO3MOXKHBIX CAalTOB 3aXBaTa MaJOATOMHBIX METAJUTMYECKUX KIIACTEPOB.

B pamkax 3Toit paboTh! ObUTH H3Y4YE€HBI HAOOJIEE THIMYHBIE CTPYKTYPHI CTAOMIBHBIX CAHTOB 3aXBaTa AUMEpa
MeTaJUla MaTpuued aproHa. Jlid omucaHus MapHbIX B3aMMOJEHCTBUN HCIOJIB30BAaJUCh MOJEJbHBIC
noteHnuansl JleHHapaa-/[oHca, mapaMeTpsl KOTOPBIX BaphbHPOBAIUCH B IIMPOKOM JTHAIa30HE, BEIOPAHHOM
Ha OCHOBE HKCIIEPUMEHTANbHBIX AAHHbIX. CBOMCTBAa KPUCTAJUIMYECKOM MATpPULbl AprOHAa MOIECIUPOBANIKCH
chepryYeCKUM KIIACTEPOM C (PMKCHUPOBAHHBIMHM I'PaHUYHBIMH aTOMaMU U TOJBH)KHON BHYTPEHHEH 00/1aCThIO,
pa3Mep KOTOpOil 3aBUCENl OT SHEPrMM B3aWMOJICUCTBUS BHYTPEHHHUX aTOMOB M JAUMEpPa C aroMaMu
MOBEPXHOCTH. TepMOomWHAMUYECKA CTaOWIBHBIE CHUCTEMBI ONPENCISUINCh C HCIONB30BAaHUEM IIOAX0/a,
PEAJIOKEHHOIO B pa60Taxl'2. [TosyueHHBIE MMOCIEIOBATEIBPHOCTH CTPYKTYP HpU KaxaoM noTeHimaie Uye,
CpPaBHHMBAJIUCh MO0 HOPME COPTUPOBAHHBIX MAaCCHBOB PACCTOSHUM MEXAY aTOMaMHu KaXJOro Kiacrtepa U
KJIACCU(HUIMPOBAITUCH METOIOM JalbHEro cocena. M3 mocnemoBaTeNbHOCTH TOJMYYCHHBIX KIacTepPU3aIHii
ObL1a BEIOpaHa HeOoIbImas noanocienoBarenbHocTs (0T 100 1o 200 kmactepoB), MPeACTABISAIONIas OCHOBHBIC
TUIMUYHBIC CTPYKTYPhl B KKIOW 00JIACTH MapaMeTPOB MOTCHIMAIOB. [IpuMep MOJydeHHOro paclpenaeHus
THUIIOB CaWTOB 3aXBaTa OT 3HAYEHUI MapaMeTPOB OTCHIIUAJIOB Mpe/cTaBieH Ha Puc. 1.

N e g =2 L

1 1.5 2 2,5 3 3,5 ' 1,5

Pacnipenenenue tunos cantos 3axBara 1o De u Re

HonyquHHe pacnpeaciCcHusd TUIIOB FeOMCTpI/Iﬁ CalTOB 3axBaTa y,Z[O6HBI Opr aHAJIU3C SKCIICPUMCHTAJIbHBIX

JaHHbIX H H&HLHCﬁHIGM MOACIIUPOBAHUN BJIHUAHUA MATpPUIIbI Ha CIICKTP AUCIICPCHOHHO CBA3AHHOI'O JUMEpPa
i

MeTamia.

Paboma svinonnena npu ¢unarncosoti noodepoicke PH® 17-13-01466.

'Kleshchina N.N., Korchagina K.A., Bezrukov D.S., Alexei A.A. Buchachenko, J Phys Chem A. 2017,
121(12), 2429-2441.

2Tao L.G., Kleshchina N. N., Lambo R., Buchachenko A.A., Zhou X.G., Bezrukov D.S., Hu S.M., J Phys
Chem. 2015, 143(17), 174306-174501.
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DJIEKTPOHHBIE CIIEKTPHI Noryiomenusi Konpopmepos 1-(N-denni)amunonadpraaun-8-
CYJIb(OKUCTOTHI

Ilepsyxuna H.B.*, @eoopoe M.C.
MBaHOBCKHIA TOCY1apCTBEHHBIN YHUBEPCUTET

*e-mail: pervukhina.nv@mail.ru

1-amuHOHa(TanMH-8-cynbdokucnora U €€ MPOU3BOAHBIC SIBISIOTCS BAKHBIMHU OOBEKTaMU MPOMBIILICHHON
XMMUU M CIY’)XaT OCHOBOH IJIsl CHHTE3a KpacHuTeNed, MOIOIIMX CPEACTB M MHOTHX (hapMaleBTUUECKUX
MperapaToB, K KOTOPBIM OTHOCSTCS, Hampumep, ¢peHoTHoH u perobapobutan. Tak ke TIPOSBISIIOT BBICOKYIO
OMOIIOTHYECKYI0O aKTUBHOCTh €€ mpousBoaHble. Kpome TOoro oHM 001afal0T CHOCOOHOCTBIO K
¢dyopecueHINM, a Tak >X€ MOTYT OBITh HCIOJIB30BaHBl Ui CHHTE3a Pa3IHYHBIX (PIyOopecleHTHBIX
COEIWHEeHHIA, B 9aCTHOCTH 1,8-HaTOCynpTaMa U €ro MpON3BOTHBIX.

Ha xapakrep 37€KTPOHHBIX CIIEKTPOB OPraHMYECKUX COCAWHEHUH OKa3bIBAIOT BIMSHHUE Pa3IndHbIEe (PaKkTopHI,
TaKkue Kak BIIMSHHE PACTBOPUTEIISI, BOSMOKHOCTh CYILIECTBOBAHUS COSAWHEHHS B Pa3IHUYHBIX (opMax H T.J.
Jls1si MHOTOQTOMHBIX MOJIEKYJI, UMEIOIINX HECKOJIBKO HEXXECTKMX TOPCHOHHBIX KOOPAMHAT U, KaK CIIEICTBHE,
HMMEIOIIUX HECKOJIBKO KOH(OPMEPOB, BAKHYIO POJIb MOKET UIPaTh CTPYKTYpa U COOTHOLIEHHE KOH(GOPMEPOB.

B nanHOli paboTe BBIMOIHEHO TEOPETHYECKOE H3YYEHHE OJIICKTPOHHBIX CIIEKTPOB IOTJIOMICHUS JBYX
koH(popMepoB cB0OOaHON Mosekyibl 1-(N-penun)amunonadranui-8-cynspokucnorsl (PAHCK), koTopsie
ommyaroTcss mojokerue rpymnbel —OH  otHocurenmsHOo ¢parmenta —NH-Ph  (puc. 1).Hamu Obutn
UCIIONIb30BaHbl MeTO/bl KBaHTOBOW xumuu ypoBHs DFT (B3LYP)/6-311++G(d,p), pacyérsl BBHITIOIHECHBI B
nporpamme Gaussian09.
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KoHopmep | KkoHghopmep 11
Puc.1. 'eomerpuueckoe ctpoenne koHpopmepoB cBoOoaHoi Monekyisl DAHCK s KoH(popMepoB

lull

Tab6m.1. XapakTeprcTHKH MEKTPOHHBIX CIIEKTPOB TOTJIOIeHUs] KoHpopMmepoB Monekyinsl DAHCK

Amax, HM f AE, eV OCHOBHO# mepexo
KoH(opmep | 352.92 0.0941 3.513 B3MO—HCMO
koHpopmep |l 452.76 0.0804 2.738 B3MO—HCMO

Kak BugHO ®3 TaOmuipl 1, MakcuMMajbHas JJIMHA BOJHBI B CIEKTPE IOMIOIICHUS IBYX KOH()OpPMEpOB
3HAYMUTENIFHO OTIIMYaeTcs, pa3Huna cocrasisieT 100 HM, 3HaUEHUS CHIIBI ocuuuIATOpa O1mM3ku. OTMETUM, YTO
B obOomx cnyvasx mnepexoj ocymectBisercsi BBMO—HCMO. Takum o00pa3oM, Tpu YCIOBHH CMEHBI
npeobiagaonero KoHGopMepa, BO3MOKHO CHIBHOE CMEIICHUE Amas B CHEKTpe moriomeHus. [TomoOnsrit
3¢ GEKT BbIpakeH ropaso spue, 4eM 3QQeKT BIUSIHUS PACTBOPUTENS U1 MHOTUX OPTaHUUECKUX MOJICKYIL.

Paboma evinonnena npu ¢unarncosoit noooepoicke PODH (npoexm NeNe]6-33-00386)
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Excited state dynamics in nanoscale materials for solar energy harvesting
O. 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 numerous
novel nanoscale materials. 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 real time.? The talk will focus on photo-initiated charge and energy transfer
in several classes of nanoscale materials. Examples include semiconducting and metallic quantum
dots, hybrid organic/inorganic perovskites, graphene, MoS2 and related two dimensional materials,
sensitized TiO2, etc.®* Photo-induced charge and energy transfer, Auger-type processes, energy
losses and charge recombination create many challenges due to large differences between molecular
and periodic, and organic and inorganic matter. 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.

This work was supported in part Russian Science Foundation, project No.14-43-00052, base
organization Photochemistry Center RAS.

1.Akimov, A. V.; Prezhdo, O. V. J. Chem. Theory Comput. 2013, 9, (11), 4959-4972.

2.Wang, L. J.; Akimov, A.; Prezhdo, O. V. J. Phys. Chem. Lett. 2016, 7, (11), 2100-2112.
3.Jankowska, J.; Long, R.; Prezhdo, O. V. ACS Energy Lett. 2017, 2, (7), 1588-1597.

4.Li, W.; Liu, J.; Bai, F. Q.; Zhang, H. X.; Prezhdo, O. V. ACS Energy Lett. 2017, 2, (6), 1270-1278.
5.Tong, C. J.; Geng, W.; Prezhdo, O. V.; Liu, L. M. ACS Energy Lett. 2017, 2, (9), 1997-2004.
6.Wei, Y. Q.; Li, L. Q.; Fang, W. H.; Long, R.; Prezhdo, O. V. Nano Lett. 2017, 17, (7), 4038-4046.
7.Zhou, Z. H.; Liu, J.; Long, R.; Li, L. G.; Guo, L. J.; Prezhdo, O. V. J. Am. Chem. Soc. 2017, 139,
(19), 6707-6717.

8.Jankowska, J.; Prezhdo, O. V. J. Phys. Chem. Lett. 2017, 8, (4), 812-818.

9.Long, R.; Casanova, D.; Fang, W. H.; Prezhdo, O. V. J. Am. Chem. Soc. 2017, 139, (7), 2619-
2629.

10.Long, R.; Fang, W. H.; Prezhdo, O. V. J. Phys. Chem. C 2017, 121, (7), 3797-3806.

11.Pal, S.; Nijjar, P.; Frauenheim, T.; Prezhdo, O. V. Nano Lett. 2017, 17, (4), 2389-2396.

12.Long, R.; Prezhdo, O. V. J. Phys. Chem. Lett. 2017, 8, (1), 193-198.
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Atomistic Modeling of the Ternary System Montmorillonite — Modifier - Polyamide-6

A.S. Skomorokhov* 2*, A.A. Knizhnik* 2, B.V. Potapkin'?
INRC Kurchatov Institute
%Kintech Lab Ltd.
*e-mail: antonskomorokhov@gmail.com

Polymer clay-containing nanocomposites have improved mechanical and barrier properties
and inflammability, so they are actively used in the industry®. In this work we studied the properties
of the interfacial region focusing on analyis of structural parameters such as density, bonds
orientation and vector to the second neighbor orientation. Interfacial region was found to have
layered structure. We estimated Young's modulus of these layers showing that the closest to the clay
surface IS appoximately two times harder than bulk
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Fig. 1. Properties of the interlayer polymer vs. distance from the clay surface

polymer while other layers have the same Young's modulus as pure polymer. A possible explanation
of the first polymer layer hardening might be that polymer chains near the clay surface are aligned in
the plane parallel to the filler particles. There is no such strong orientation in other polymer layers.
We also calculated atomic mobility showing it to be different for atoms located near the interface and
far away from it, so we can conclude that atoms near the interface are strongly constrained and atoms
far from the clay surface have the same mobility as in the pure polymer. All these analyses allow us
to estimate the thickness of the interfacial region (as equal to that where all manifestations of the
layered structure disappear) which doesn’t exceed 15A.

!Alexandre M., Dubois P. Mater. Sci. Eng. 2000, 28(1-2), 1-63.
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Composite ab initio thermochemistry of lanthanum and lutetium trihalides

A.N. Smirnov, V.G. Solomonik*
Ivanovo State University of Chemistry and Technology
Institute of Chemical Thermodynamics and Kinetics, Laboratory of Quantum Chemistry
*e-mail: sol@isuct.ru

The chemistry of lanthanides is known to be dominated by the +3 oxidation state, and the most
common derivatives are ionic salts, such as trihalides. These are of particular interest in the
development of technological routes for obtaining pure metals and semiconductor materials, as well
as in laser optics. Despite the availability of numerous investigations and reviews on various
properties of lanthanide trihalides, accurate atomization energies of these compounds have been
absent from the literature so far. Nowadays, however, this can be remedied by applying a composite
approach incorporating up-to-date theoretical techniques that efficiently address basis set, electron
correlation, and relativistic effects.

This contribution reports the results of a systematic study on the atomization enthalpies of closed-
shell lanthanide trihalides LnX3 (Ln = La, Lu; X = F, Cl, Br, 1). The first step of the composite
approach implies using the coupled cluster singles, doubles, and perturbative triples, CCSD(T),
method within the frozen core (fc) approximation, i.e., only valence electrons are included in the
correlation treatment. Utilizing large correlation-consistent all-electron basis sets of triple- and
quadruple-zeta quality with subsequent extrapolation to the complete basis set (CBS) limit ensures
that convergence with respect to basis set size is reached. The second step tackles the outer-core—
valence (CV) correlation effect (namely that of the 4d La, 3d Br, and 4d | shells) with the weighted
core-valence triple-zeta quality basis sets. The next step deals with accounting for spin-orbit (SO)
effects. The first-order effects (SO1) are taken from accurate experimental data on the atomic zero-
field splittings, whereas the second-order ones (SO2) are calculated at the average-of-configuration
self-consistent field level of theory with the relativistic four-component Dirac-Coulomb
Hamiltonian. Finally, zero-point energy corrections (AZPE) are estimated using the vibrational
frequencies recommended in the literature.

Table 1. Theoretical vs. experimental atomization enthalpies, kcal-mol ™, of the LnX3 molecules (Ln
= La, Lu; X = F, CI, Br, 1) and breakdown of theoretical contributions

LaF; LaCl; LaBr; Lal; LuF; LuCl; LuBr3 Luls

CCSD(T)(fc)/TZ 460.4 355.7 318.9 274.3 453.5 3515 3136  267.6

CBS-TZ 8.7 124 12.1 11.8 8.3 10.9 10.7 10.3

ACV 1.0 0.9 35 4.5 - - 2.8 4.0

ASO1 -3.0 -4.3 -12.3 -23.5 -4.6 -5.9 -140 -25.2

ASO2 0.1 0.1 0.5 1.9 0.1 0.2 0.6 21

AZPE -2.7 -1.7 -1.2 -0.9 -3.0 -1.9 -1.3 -1.0

Final A4H®, theory  464.5 363.1 3215 268.1 454.3 354.8 3124 257.8
Expt. 464.5(26) 365.4(18) 320.5(29) 269.1(26) 455.9(34) 349.3(31) 311.2(37)

The theoretical atomization enthalpies are in excellent agreement with the available experimental
data (Table 1). The applied approach proved to be very efficient due to its capability to yield highly
accurate results at low computational costs.

This work was supported by the Ministry of Education and Science of the Russian Federation
(project No. 4.3232.2017/4.6).
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HecumMeTpu4uHo 3amMenieHHble nopgupuHbl. Biusinue npupoabl 3aMecTUTe el HA YHEPTUA
TPaHUYHBIX OpPOUTAJIEH

K.M. Conoamosa™, A.1. Cmupnosa, H.U. I'upuuesa, H.B. Yconrvyesa
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET
*parrrabola@mail.ru

[opdupuns! HapsAy ¢ MPOU3BOAHBIMU (TATONHMAHWHA SBIISIOTCS NMEPCIIEKTUBHBIMUA MaTepHallaMU B CBSI3H C
BO3MOXKHOCTBIO MIX TIPUMEHEHHsI B OPTaHMYECKHX TOHKWX IUIEHKaX KaK 3JIEMEHTOB JJISl CO3IaHUS PHUOOPOB
OPraHUYECKOWM HAHOAICKTPOHUKH U ()OTOBOJITAUKHY.

Jlis co3maHusl COJMHEUYHBIX Oarapeil KacKaJHOTO THUMa C TOBBIIICHHOW 3()()EKTHBHOCTHIO MPEeoOpa3OBaHUS
CBETOBOH SHEPTHH B DIEKTPHUECKYIO0 HEOOXOIMMO YCTaHOBJICHHE 3HAUEHWH SHEPTUil PaHUYHBIX opOnuTanen
Y IIUPUHBI 3aIPEICHHON 30HBI JJIs1 OTMPECICHUS OCIEA0BATEILHOCTH PACIIONOKEHUS HU3KOMOJIEKYIISIPHBIX
OPraHUYECKUX COCTUHCHHI B ()OTOAKTUBHOM CJIO€ COJIHCYHBIX JICMEHTOB KacKaJHOTO THUIIA.

JanHas paboTa HOCBSIIEHA pacyeTy U aHaJIN3y 3aBUCUMOCTEH 3HEPIHUM I'PAaHUYHBIX OpOUTaIe U UX pa3HULIBI
AE B 3aBUCHMOCTH OT JUIMHBI YTJIEBOJOPOIHOTO paavkana. B kauecTBe 0OBEKTOB HCCIENOBAHUI BHIOPAaHBI
CUMMETPUYHO 3amemieHHbiit  5,10,15,20-Terpa-(4-metokcudenun)nopupun (coenunenue 1) u  meso-
QIKOKCHapHiI-3aMeIleHHble opdupuHbl AzB-THma ¢ pasnuuHbBIMM 3aMecTHTENsIMH BO (parmMente «B»
(coemuuenus 2-4).

KBaHTOBO-XMMHYECKHE PACUCThI JJIsl YKa3aHHBIX COCITUHEHHU BBIMOJHEHBI METOJOM TEOPUH (YHKIIMOHAIIA
wiotHoctu (DFT) ¢ ucnonb3oBanuem rubpuaHoro ¢yHkumonana B3LYP/6-311++G**. Jlns Bcex MOJEKyI
HPOBEJICHA MONHAS TCOMETPHIECKAst ONTUMHU3ALIHSL.
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Puc. 1. CtpykTypHBIe (GOpPMYIIBI HCCIIeNyeMbIX TOpQUPHUHOB 1-4 W SHEPTHH TPAHUYHBIX OpOUTANEH JTs
METOKCH- U OyTHJIOKCH-TOMOJIOTOB COSAMHEHUH 2-4

VY CTaHOBIEHO, YTO yIMHEHUE YTIEBOJOPOJIHON LENN aJKOKCHIIBHBIX 3aMECTUTENEH MPAKTUYECKN HE BIUSAET
Ha SHEPrHU TPaHWYHBIX opOuTanell u Bennuuny AE.

B T0 xe BpEMs IIpUpoaa 3aMCCTUTEIA X OIIpEaACIACT BEIMUNHY JUIIOJIBHOTO MOMCHTA COCAUHCHUS, IIUPUHY
3anpeu_[eHH0171 30HBI U €€ ITOJIOXKCHHUEC Ha 3H€pFGTH‘leCKOﬁ mIKaje. CJ'ICI[OBaTeJ'H:HO, BBCJICHHUC 3aMecTuTelIen X
MOKET OBITh UCIIOIL30BAHO JUISL MOZ[I/I(i)I/IKaI_II/II/I napamMeTpoB (bOTOBOHBTaH'ieCKI/IX yc’I’pOﬁCTB.

Paboma noooepocana npoepammoni Munooprayku PD (epanm Nel6.1037.2017/4.6)
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Modelling of charge transport in ultrathin layers of disordered organics
Khan M.D., Nikitenko V.R.”, Burdakov Ya. V.
National Research Nuclear University «MEPhD» (Moscow Engineering Physics Institute)
*e-mail: vladronik@yandex.ru

Disordered organic semiconductors are the subject of intensive investigations due to applications in
light-emitting diodes®, photovoltaic devices? and other basic elements of electronics. Charge carrier
transport, being characterized by mobility in general, is one of the basic processes, determining
parameters of electronic devices. Time of flight method, which is the well-known experimental
technique of mobility measurements®*, meets great difficulties, being applied to the films of
thicknesses less than 100 nm (the typical values for the active layers in organic electronic devices),
because the penetration length of the light exceeds this value. However, the method of charge
carrier’s generation by the use of a very thin (about 10 nm) dye generation layer has been proposed®.
Meanwhile, the drift mobility in these thin films, can differs considerably from the “true” mobility,
which measures in layers thicker than 1 mem, due to variety of reasons”.

Results of various non-stationary experimental methods show the decrease of the drift mobility along
with the increase of the film thickness. The numerous reasons can be, for example, the following: 1)
the morphology of the film can be thickness-dependent due to special alignment of organic
molecules in the vicinity of electrode; 2) energetic relaxation of charge carriers, in the case if initial
energetic distribution is far from equilibrium, so that equilibration occurs in course of transport, and
the equilibration time exceeds the time of flight. At last, a carrier has not enough time to be captured
in deep states in the course of the transit, if the layer is rather thin and the disorder is rather large®.
This circumstance can also result in the decreasing mobility along with the increasing thickness, and
the drift mobility exceeds the value, predicted by the theory of quasi-equilibrium transport, even if
the initial energy distribution of charge carriers is quasi-equilibrium. In this work we perform
calculations of transient current and drift mobility in time-of-flight conditions, by the use of various
analytic approximations, derived previously. Proceeding from the notion that the carrier may not
meet sufficiently deep traps during the time of flight, a new simplified analytic approximation is
proposed.

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

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., Brédas 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.

3Borsenberger P.M., Weiss D.S. Organic photoreceptors for xerography. Boca Raton: CRC

Press 1998, 799

“Lupton J.M., Samuel I.D.W., Beavington R., Frampton M.J., Burn P.L., Bz ssler H. Phys.Rev. B 2001, 63, 155206
®Nikitenko V.R., Sannikova N.A., Sukharev V.M., Strikhanov M.N. Physics Procedia 2015, 72, 444-449
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Atomistic modeling of polymer materials on the basis of epoxyamine oligomers with
chromophore-containing dendritic fragments in the side chain

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
Polymeric materials with non-linear optical (NLO) response to the applied electric field have
attracted attention of researchers during the last two decades. 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. It
IS important to develop effective temperature-time orientation protocols to receive optimal NLO
response, so we need information about local mobility of chromophores and various groups in
polymer chains.

In the course of the presented work local and cooperative molecular mobility of model epoxy-based
oligomers with dendritic chromophore-containing fragments were studied using molecular modeling
methods. Here we considered oligomers with chromophore-containing dendritic fragments
covalently attached to the bearing chain through aminobenzoate group as a spacer, dendritic
fragments differing by the length of the group, tethering chromophores to the branching center; ethyl
(OAB-DF1) and hexyl (OAB-DF2) tether groups are considered.

Simulations were carried out both for one oligomer in the MacroModel program* in the MMFF94s
force field, and for a set of oligomers packed in an amorphous cell using Desmond program? in the
OPLS3 force field. Modeling in a cell allows us to consider a molecular system with a density close
to the real one, and to take into account steric hindrances experienced by polymer chains due the
environment in the course of dynamics.

Using molecular modeling the glass transition temperatures, Tq, of polymers were estimated. The
value of T4 for OAB-DFL1 system is 423 K, and for OAB-DF2 it is 394 K, which is in agreement with
the data obtained from the DSC experiment: 422 K and 380 K, respectively.

Fig. 1. Polymer OAB-DF2 packaged in amorphous cell

It was confirmed that azochromophore mobility (determining NLO properties) occurs at temperature
somewhat higher than that at which segmental mobility starts. Thus, the poling process must be
performed at a temperature above Ty of the polymer.

This work was supported by RFBR (project No 15-03-04423-a).

! Schrodinger Release 2017-1: MacroModel, Schrodinger, LLC, New York, NY, 2017.
2 Schrédinger Release 2017-1: Desmond Molecular Dynamics System, D.E. Shaw Research, New York, NY,
2017. Maestro-Desmond Interoperability Tools, Schrodinger, NY, 2017.
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HeiiTpajabHble rekcaMmepbl BoAbl B ra30Boii (pa3e: BiUsiIHHE OPMEHTALMOHHONH U30MEpPHH HA
KOHIIeHTPAllMH U TePMOANHAMHUYECKH e apaMeTphbl

E. A. [Uupoxoeal*, C. K. HeHamoel, AT Pas’yeaee1

1 . .
Hwxeropoackuii rocyaapctBeHHsbiii yauepcuteT uM. H. . JlobaueBckoro

*e-mail: ekashirokova@gmail.com

Ha ocnoBe pacuéra tepmoauHamuueckux ¢yHnkuuidi 133 opuenranmoHHbix u3omepoB (H20)s,
Pa3NUYArOIIMXCs CETKOW BOJOPOJHBIX CBSI3€H, OMpEIETICHbl KOHIEHTpPAIlMM T'€KCaMepoB BOJBI B
ra3oBoii (aze. Paccmorpena BeiOopka u3 96 m3omepos (H,0)s kondopmarmu book, 27 uzomepos
tuna cage, 10 m3oMepoB PriSm, CTPYKTYpbl KOTOPBIX BBIOMPAIUCH C MOMOIIBIO OPUTHHAIBHOM
MIPOrpaMMbl, T€HEPUPYIOLIEH OpPHEHTALMOHHbIE M30MEpHl IS JAHHOTO «CKeNeTa» KHUCIOPOJIHBIX
aToMoB. [l BceX paccMmaTpuBaeMbIX H30MEPOB IPOBEACHA IIOJNHAS ONTHMH3ALUS TEOMETPHUH,
pacuér konebatenbHbIXx 9acToT ¥ T dynkimit metogamu DFT (B3LYP/6-311++G(2d,2p)) u G4.
Paccunranbl koHCTaHTHI paBHOBecus peakuuu 6H,0 — (H20)s 1 KOHIIEHTpaLMU FeKCaMepOB BOJIbI B
razoBoii (aze. [Ipu onTUMU3aIKM T€OMETPUU UCXOAHBIX CTPYKTYP MOITYYEHO 5 TUIIOB KHCIOPOIHBIX
«CKEJICTOBY, JIBa U3 KOTOPBIX OTJIMYAIOTCS OT HadalbHBIX KoH(popmaruii book, cage, prism (Puc. 1).

PI/IC. 1 Tumsl KI/ICJ'IOPOI[HI)IX «CKECJICTOB», HOHy‘IeHHLIe HpI/I OIITUMH3AITNN FCOMeTpI/H/I NCXOOHBIX
CTPYKTYP

Hanuuue ctpykTyp 4 1 5, 00BIYHO HE OTHOCHMBIX K YUCITy Hanbosee yctoituubix nzomepon (H,0)g,
MOXKHO OOBSICHUTH MEPECTPOIKON rekcamepa B 0ojiee HU3KOIHEPTeTHUYHBIA KOJBIIEBOWM IMEHTaMep
(atombr kucnopoaa 1, 2, 4, 5 u 6), TOMOTHUTEIHLHO COCAMHEHHBIM BOJOPOJAHBIMU CBSI3SIMH C €IIIE
OJTHOM MoIeKynoi Boawl (aTom kKucioposna 3). CormacHo MpoOBEAEHHBIM pacuéraM, KOHIIEHTPALUU
rekcamepoB B ra3oBoii (ase mpu T = 298 K cocrasmsor 1.86 - 10%, 1.63 - 102, 4.21 - 10', 2.74 - 107,
3.81-10° MOJIeKyJI/cM3 1u1st u3oMepoB 1, 2, 3, 4 u 5 coorBeTcTBeHHO. [10Ka3aH0, YTO CyIIECTBOBAHUE
OOJBIIIOTO YHCJIa W30MEPHBIX MYJIbTUMOJEKYISIPHBIX KOMILJIEKCOB BOJIbI BHOCHT CYIIECTBEHHBIN
BKJIaJI B UX KOHIIEHTPAIIMIO B Ta30BOil (a3e, u npu pacuére koHueHTpamuii kiacrepos (H20), mpu n
> 2 HEOOXOAMMO YYUTHIBATH SIBJICHUE OPWUEHTAIIMOHHOW w3oMmepuu. CTaHMApPTHBIA TOJIXOJ, B
KOTOPOM KOHIIGHTpAIlUsl PACCUYUTHIBACTCS JIMINb JUISI HauOoJiee DHEPreTUYECKH BBITOJTHOM
CTPYKTYPBI, IPUBOAUT K 3aHIKEHUIO KOHIEHTpAIuu Ha 1-2 nmopsiaka.

Paboma evinonnena npu punancosoii noooepocke PODU (npoexm 17-03-00912).
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CTtpoenne u MoJieKyJsipHble XapakTepucTuku H-koMIIeKcoB U3 NPOU3BOAHBIX OMNIMPUIMHA C
ANKWIOKCUKOPUYHOI KHCJIOTOM

EM. qepuoeal, K E. lllnwzeeaﬂz*, HU I upuueeal
"YBanosckuii roCyIapCTBEHHBIM YHUBEPCUTET, Kaeapa opraHudecKoi U GU3NIECKON XUMHUH
?JIBaHOBCKHIA rOCYJAapCTBEHHbIN XMMHUKO-TEXHOJIOTHYECKHI YHUBEPCUTET, Kadeapa pu3uku
*31ksenia@mail.ru

bunvpunue (akmenTop BOJOPOMHON CBS3M) W €r0 IPOW3BOAHBIE HCIIONB3YIOTCS JJISl CO3AHUS
CyNepMoJieKys, o0nagaomux JMO0 JIMHEHHOW, JHOO0 HETHMHEHHON CTPYKTYpOH B 3aBHCUMOCTH OT BHIA
MOCTHKA MEXIy ABYMS MUPUINHOBBIMHU (pparMeHTaMH.

B nanHoli pabore paccMOTpeHbl cBoiicTBa H-koMmiekcoB:  AeeeBessA, AceeCose A, AcceDooc A,
AsesEees A I-H-TIPOITMITOKCUKOPHYHOMN KUCTOTHI (A) ¢ 4,4’ -ounmpunuaom (B), 1,2-6uc(4-OUmupuanI) TaHoM
(©), 1,2-6uc(4-ounupuaui)dresom (D) u azonupuaunom (E).

[Ipu mpoBeneHNH KOMIBIOTEPHOTO MOZAETUpoBaHUS ucmonb3oBaH Meron DFT/B97D c 6azmcom 6-
311++G** (mporpamma Gaussian 09).

{ ) o
s ® I ® ™ L F :
[ 4 » £ h! L3
| S g X e
Y @ : v @ . o o & . "
¢ ¥ S A T A A T I 1
- L
. N A ¢ B A
% s & P X pow F & p L »
& @ & —& Y, c—& e —E r—
g F / / R /
¢ ¥ e e e @ - | S PR o9 €
c—& - ba € P £ - £
¢ A ¢ v d v 4@ v ¢ v ¥ P
E A T

Puc.1. 'eomeTpudeckoe CTpoeHUE KOMILICKCOB Ac**BeesA 11 AseeEeee A KomruieKchl AseeDeesA 1 AeesEeec A
MMEIOT aHAJIOTUYHYIO CTPYKTYPY

Bce KOMIUIEKCHI HMEIOT CTEpP)KHEOOpa3HYI0 CTPYKTYpy, OTHOIICHHE JUIMHBI K UIIMPUHE B HUX
HNpPaKTHYECKU OJMHAKOBO (= 7). Hanboblme 3HaueHUs 3JIEMEHTOB TEH30pa MOJIIPU3yEMOCTH HAOIIOIAI0TCS
BJIOIb OCH X (Ox= 950 — 1095), coBnanmaromieil ¢ HampaBlieHHEM IHPEKTOpa CHUCTEMBbl, HAaMMEHbBIIUE KE
3HAYEHUsI TOJISIPU3YEMOCTH MOXHO HAOIOaTh B HANpaBIeHUH och Z (o, = 265 — 280), nmeprneHauKyIsapHoi
TUIOCKOCTH CHCTEMBI.

Tabruya 1. Snepeuu 06pazosanus KOMNIEKCO8 U OCHOGHbIE Xapaxmepucmuku medcmorexyapuou BC ¢ H-

KOMNIEKCax
H-kommiekc -AE orm. -AE . r(HeeeN), r(O-H), Z0-HeeeN, °
KKaJ1/MOJIb KKaJI/MOJIb i i
AseeBeec A 23.8 26.9 1.732 1.011 178.7
AseeCoec A 24.3 27.9 1.715 1.014 178.7
AseeDece A 24.0 27.4 1.724 1.012 178.8
AseeEece A 23.2 26.2 1.740 1.009 178.2

DOHepruM BOJOPOJHBIX CBsi3eH BO BCeX KOMIUIEKCaX ONHM3KH, OJHAKO, MOXHO OXHUJIaTh HYTO
KOMIUIEKCHl AeesCeeeA 1 AeeeDeesA QynyT mpouHee, 4yeM KOMIUIEKCHI AseeBeesA 1 AsceeEeesA 0 uem
CBHUIETENLCTBYIOT NTapaMeTPhl BOAOPOAHBIX CBA3EH, Mpe/ICTaBIeHHbIe B Tabmuue 1.

PaccMoTpeHHbBIE KOMITIIEKCHI, 6J1arogapsi aHU30TPOIUH ANEKTPOHHBIX M T€OMETPHYECKUX MapaMeTpoB
Y TIPOYHOCTH MEXMOJIEKYISIpHBIX BC, mpencTaBnsioT cucteMsl, criocoOHbIe K nposiieHuto KK cBoiicTs.

Paboma evinonnena npu gunancosoii noooepaicke Munucmepcmea Obpazosanus u Hayxu PD (npoexm

MNe 4.7121.2017/8.9).
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Local Exchange Approach to the Calculations of Tc¢ of Dilute Magnetic Semiconductors

V.G.Yarzhemsky'?

'Kurnakov Institute of Genaral and Inorganic Chemistry
’Moscow Institute of Physics and Technology
e-mail: vgyar@igic.ras.ru

A multiscale DFT and atomic Hartree-Fock method for calculation of T. in dilute magnetic
semiconductors’ is expended to take into account local exchange interaction for all atomic functions
on magnetic center. Densities of states (see Figure 1.) and T. were calculated for Gag g375Mno 625 .
The results are in reasonable agreement with experimental values. In this approach exchange
integrals are calculated exactly making use of atomic Hartree-Fock wavefunctions and angular
momentum coupling technique and DOS are calculated making use of DFT package. Since present
DFT packages use ultrasoft atomic potentials, the Hubbard parameters used in DFT calculations
should be estimated relative to average of configuration values. As the result Hubbard parameters
become smaller in magnitude and can have negative signs. According to our calculations part of
DOS of Mn3d-electrons is strongly hybridized with the valence band at Fermi level. On the other

hand the larger part of d- DOS is separated from this part and has a maximum at -2.7 eV.

15+ s, B
Ga Mn____As (Rt

0.9375 0.0625

DOS (eV-1)

Energy (eV)

Fig. 1. Theoretical s-, p- and d- DOS of Gagp.g375Mng 0625AS
This work was supported by RFBR (project Ne 15-03-05370.

YYarzhemsky, V.G.; Murashov, S.V.; Izotov A.D.;. Inorganic materials, 2016, 52(2), 89-93
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15th Russian Symposium FAMMS-2018 “Foundations of atomistic multiscale modeling and
simulation”

G.E.Norman'?, V.V.Stegailov®, A.V.Timofeev**
"National Research University Higher School of Economics
2Joint Institute for High Temperatures RAS
*e-mail: genri.norman@gmail.com

The 15th Russian Symposium will be held from 15 to 26 August in New Athos, Abkhazia.

The specificity of the Symposium involves consideration of a wide range of issues in which
dynamics processes in condensed matter are analyzed at the molecular level and multiscale
approaches are used to connect molecular processes with macroscopic approaches. Processes
operating on individual photons are also included. The interdisciplinarity of the Symposium allows
us to consider the common positions of tasks related to different fields of science: physics,
chemistry, biology, engineering and computer science. The presentation of original works is carried
out only in the form of oral reports. The official language is Russian.

The Symposium topics are

- classical molecular dynamics,

- quantum atomistic modeling,

- Monte Carlo methods in statistical thermodynamics and physical kinetics,
- multiscale approaches based on atomistic simulations,

- science of quantum information / News of quantum mechanics.

Two features of the Symposium:

1) Time for the reports is regulated in accordance with the rating, wishes of the speakers and the
organizing committee. Time for reasonable questions aren’t limited. Co-authors can make
additions after the speaker's answers. There were meetings, when the interesting discussions
turned out to be longer than the reports themselves.

Coffee and tea are available continuously.

Presenters are encouraged to make a public introduction to report.

2) Since 2005, the quality of the reports (originality and value of content + clarity +
presentation) is evaluated at the fractional-five-point system by a jury composed of the
audience the best speakers at previous symposia. A rating of the best speakers reported on the
closing of the Symposium. A participant that is not included in the rating, can find out their
assessment from the jury secretary.

The best speakers on nominations by students, postgraduates, young PhDs are determined on
the basis of the rating.

Organizing committee.

Co-chairs: Fortov V.E., Norman G.E., Stegailov V.V. (Moscow).
Vice-chairs: Timofeev A.V. (Moscow), Dautia F.T. (New Athos).

More information about the Symposium can be found on the website http://jiht.ru/afon18.

39


http://jiht.ru/afon18

Absorption lineshape analysis within nuclear-ensemble approximation of the rhodamine
heterodimer based on molecular dynamics in complex media.

P. S. Rukin®, K. G. Komarova?, F. Remacle?
! Photochemistry Center RAS, Federal research center Crystallography and Photonics RAS
2 University of Liege, Liege 4000, Belgium,
*e-mail: pavel.rukin@gmail.com

Specific covalent linking of the RHO-TAMRA to the DNA scaffold allows to restrict the number
of possible conformations of the heterodimer®: the relative position of monomers on the DNA strand
is known and the distance of the chromophore from DNA is confined by the length of the linkers.
Using molecular dynamics simulations with different initial conditions, for the current design we
obtain two types of the dimeric structures stable within 60ns. The lowest energy conformer (D1)
have the orientation of the phenyl substituent in RHO with ortho-sulfo-group located inside the
dimer subspace and TAMRA phenyl substituent with linker located outside the dimer subspace.

For D1 was applied nuclear-ensemble approximation with the sampling based on localization of
natural transition orbitals (NTO). Using 8ns MD trajectory run of the conformer D1 tethered on
DNA with solvent and counter-ions taken into account we build our ensemble with samples taken
sequentially each 20 ps (400 samples). For each sample only chromophore with linkers and nearest
to the anion groups water molecules (within distance < 2.5A) were taken for TDDFT/ CAMD-
B3LYP/6-311(d,p) calculations of excitation energies and oscillator strengths with the universal
solvation model SMD to built the absorption profile averaged over the ensemble. The line shape was
constructed by convoluting vertical electronic transitions of each snapshot with Gaussian function on
the energy domain with half width at half maximum of 250 cm™
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M. Cipolloni, B. Fresch, I. Occhiuto, P. Rukin, K. G. Komarova, A. Cecconello, I. Willner, R. D. Levine, F.
Remacle and E. Collini Coherent electronic and nuclear dynamics in a rhodamine heterodimer—DNA
supramolecular complex Phys. Chem. Chem. Phys., 2017, DOI:10.1039/C7CP01334E
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TeopeTnueckne ucciae10BaHus 3JIeKTPOHHBIX cieKTpoB 1,8-HadTocyabTama u ero
3aMeleHHBIX: BpeMsl ’KU3HH B0O30Y:KIeHHBIX COCTOSIHUI

0.A. Cysoposa, M.C. ®Dedopos
VBaHOBCKHI TOCYAaPCTBEHHBIH YHUBEPCUTET, OMOIOTO-XUMUYECKUH (PaKyIbTeT

*e-mail: fms1989@mail.ru

[TogoGHBIE KiTAacChl COCTUHEHHUH OOIAaTar0T BO3MOKHOCTBIO (DIYOPECLEHIIUH, YTO MOXKET
ONPENEeNUTh PsJ HANpaBICHUH MX [PAKTHYECKOrO UCHOib30BaHus. OHU HCIHONB3YIOTCS B
IMPOU3BOJACTBC KPACOK U KpaCHTeﬂeﬁ, B OMOJIOTHH U MCIUIUHEC, B TUAPOJIOTMU U DKOJIOTUH, MOTYT
HNPUMEHSITBCS B KAyeCTBE KOMIIOHCHTOB AaKTHBHBIX CpEJl JIa3epOB Ha KPAaCUTENsX, a TaKKe
HCIIOJIB3YIOTCSA B KDUMUHAJIUCTUKC B OHepaTI/IBHO'pOSBICKHOI‘/JI JACATCIIbHOCTH.

Opna u3 BaXHEWIINX XapaKTEPUCTHK COCIUHEHHH CIOCOOHBIX K (hIyOpecUeHIMHd — S3TO
BpeMsl JKM3HM BO30YXJIEHHBIX cOCTOSHUH. B paHHON paboTe BBIIOJHEHO TEOPETUYECKOE
monenupoBanue (B3LYP/6-311++G**) snekTpoHHBIX CclIeKTpoB coeanHeHuit 1,8-HadrocynpTama u
ero 3aMemIeHHbIX. Ha OCHOBaHMM TONYYEHHBIX JaHHBIX OBLIO pPACCYMTAHO BpEeMs IKU3HU
BO30Y>KICHHBIX COCTOSIHUMN, UCTIONB3YS CIACAYIOUIYI0 PopMyy:

1 = 1.499/(f*E?), rae E — sueprust Bo3Gyxnenus (cm™), f — cuta ocummistopa’. Pesynbrarst
MIPUBEICHBI B TAOJIHIIE.

Tabn. 1. Pe3ynbTaThl pacueTa BpeMeHH KU3HU A7 coeAuHeHuit 1,8-HadTocynbpraM u ero

3aMEIICHHBIX
3aMeCTHUTEIb ®opma coenunenuit | AE, oM™ f T, HC
MOJICKYJISIpHAs 29572.08 |0.0761| 22.5
X=H R=H
aHHMOHHAS 21814.24 |0.0517| 60.9
MOJICKYJISIpHAs 27455.35 |0.1041| 19.1
X=H R=l
aHHUOHHAS 21799.72 |0.0745| 42.3
MOJIEKYJISIpHAs 28598.42 |0.0865| 21.2
X=H R=CHj3
aHMOHHAs 21046.28 |0.0666| 50.8
X=H MOJIEKYJIpHast 25250.69 [0.0830| 28.3
R=N(CHs). AHHOHHAS 21794.88 0.0642| 49.2
MOJICKYJISIpHAS 30085.94 |10.1069| 15.5
X=H R=CF3;
aHUOHHAS 23442.12 |0.0744| 36.7

N3 Tabnumpl BUIHO, YTO MPUPOJAA 3aMECTUTENST 3HAYUTEIHHO BIHUSET HA BpEMs >KH3HU
B036YH(,Z[CHHBIX COCTOSTHHH. BpeMﬂ KHU3HM aHHMOHHBIX (I)OpM COCI[I/IHCHI/Iﬁ ropasao 60HBH.[C, 4eM
MOJIEKYJISIPHBIX.

Paboma evinonnena npu gunarcogoii noooepoicke PODU (npoexm Ne 16-33-00386 mon_a)

'Kadali Chaitanya, Xue-Hai Ju, and B. Mark Heron Theoretical Study on the Light Harvesting Efficiency of
Zinc Porphyrin Sensitizers for DSSCs. 14-15.
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MopeanpoBanue cnexkTpa kpacurteiss Huiabckoro Kpacnoro B maTpuie kceporeJisi
JABYOKHMCHU KpPeMHHS

AJL Mameeesa®, A.A. Cbpeﬁ()le’z, AA. Eaeamypbﬂnul’z

! Hentp dhoroxumun PAH
?HaroHaIbHBI HCCIIEI0BATEbCKHMIT siepHbIM UHCTUTYT « MU D

Ha cBoiicTBa CEHCOPHBIX CHCTEM Ha OCHOBE (DIyOpECHEHTHBIX COJIbBATOXPOMHBIX
KpacuTeliel BIUSET B3aUMOJAECUCTBUE MOJIEKYJ KPAcHUTENs C MOBEPXHOCTHIO MOJIOKKHU. IlosTomy
MOJIETIMPOBAHHUE CIEKTPAIBHBIX CBOMCTB MHJIMKATOPA C YYETOM €0 B3aWUMOJECUCTBHUS C MOJIOKKOU
ABIIAETCS aKTyaJdbHOU 3amaueil. OcHOBHAsS 3a/laya JAHHOTO MCCIEAOBAaHUS COCTOsUIa B pa3paboTke
3¢ (HeKTUBHONW BBHIYUCIUTENBHONM METOAMKHU AJIi MOJEIHPOBAHUS B3aUMOACHCTBUS Xpomodopa ¢
noANoKKoi. PaccmaTpuBaeMass Mozellb XeMOCEHCOpa MpeCTaBiseT coboi kpacutenb Hunbckuit
KpacHblii, ancopOupoBaHHBII Ha MaTpuUlle CHIMKAreis 3a CYeT BOAOPOIHBIX CBSI3eH (IIPH STOM
BO3MOXKHBI TPH Pa3IMUHBIX KoopauHaimu — puc.l). HMccnemyemble (parMeHTbl OKUCH KPEMHHS,
HCIOJIb3YEMbIE€ B KAUECTBE MOJI0KKHU, ObLIIM BbIPE3aHbI U3 KPUCTAIUIMUECKON PEIIETKH U aMOppHOU
IIOPBI, TIOCTPOEHHON € OMOIIbIO MOJIEKYJIIpHOM 1uHaMuku U PM3, a Taxke uMenu pasHblil pa3mep.
B nmanHoii paboTe ObLIM OLIEHEHBI CABUTH CrEeKTpoB moriomenus, LE- u TICT-mromuHecueHImii.
Jlnst  pacuera wucmoib3oBalics MeTton dddexTuBHBIX (pparmMeHTHBIX noTeHnHanoB (EFP) B
nporpammuom nakere GAMESS ¢ dyukunonanom PBEO B 6asuce 6-31G(d,p).

Qﬁf;ﬁ

B

Puc. 1. Tumsl koopauHaIum KiaactepoB: A — o0paszyet H-cBsi3b C akpHIMHOBBIM a30ToM, B - ¢
KapOOHMIBHBIM KUCIIOPOJOM, AB - ¢ akpuMHOBBIM a30TOM U KapOOHHMIBLHBIM KHCIIOPOJIOM.
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Puc. 2. CriexTp moruomieHus Kpacurtens (KoopArHanus no tumy A).
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