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New highly selective fluorescent chemosensor based on the aggregated pyrene@2p-
cyclodextrin complex. Optical properties and structure

V.G. Avakyan®",V.B. Nazarov?, A.V. Odinikov', M.V. Alfimov},A.V. Koshkin*
'Photochemistry Center of RAS,
?Institute of Problems of Chemical Physics RAS
*e-mail: avak@photonics.ru

The possibility of using pyrene as a fluorescent probe in a chemosensor composed of (-
cyclodextrin—pyrene (Py—BCD) complex in aqueous solutions was studied in the presence of
several analytes (A) of different polarity. We demonstrate the ability of the chemosensor to
adsorb from aqueous solution such simple non-polar molecules as benzene (bnz), toluene,
hexane, cyclohexane, methylcyclohexane, as well as such polar molecules as ethanol, acetone,
and acetonitrile. Absorption bands that prove the formation of the Py—3CD aggregate complex
were found for the first time in the UV-VIS spectrum of an aqueous solution of pyrene after
adding BCD. The absorption bands of the complex are red shifted by ~400 cm™ relative to the
spectrum of pyrene in water (by 1600 cm™ relative to the spectrum of the pyrene vapors). The
reason of the red shift is as follow. Inside the Py@2BCD complex, pyrene is found in the hard
surrounding fixed by the walls and forms a weak energetically favorable complex with the
water molecules. This results in a weak lowering by 1.2 kcal/mol in the total energy of the
system in whole which is revealed as the red absorption band shift. Additional red absorption
shift experienced by the band (379 cm™) in the spectrum of the three component complex
bnz,Py@2BCD due the bnz capability to form nn-stacking complex with pyrene. The
aggregate size measured by the dynamic light scattering was ~3.2-3.6 nm. The proposed
structure of the aggregate is Py@2BCD complex surrounded by two empty BCDs. The ratio
I3/l; between the intensity I3 of the third vibronic line at ~800 cm* in the fluorescence
spectrum and the intensity I, of the 00 transition is used as an analytical characteristic of the
fluorescent probe. The value of 13/1; for Py@2BCD is highly sensitive to adding several
uM/dm? of an analyte in aqueous solution, and this value is substantially higher than for pyrene
in solution. The lower polarity of the analyte molecule inserted into the cavity of the
Py@2BCD complexes, the higher I5/l; ratio in the fluorescence spectra of the complexes.

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

V. G. Avakyan, V. B. Nazarov, A. V. Koshkin, and M. V. Alfimov, High Energy Chemistry.
49 (2015) 177-182.



MD/QC modeling of exciplex formation near an a-NPD/BAIq interface
lLA. Anger™®*, E.A. Rykova?, A.A. Bagaturyants'?

'National Researching Nuclear University Moscow Engineering Physics Institute, Department
of Theoretical and Experimental physics

’Photochemistry Centre of RAS
*e-mail: anger.igor@gmail.com

Light emission in layered OLEDs is often attributed to exciplexes formed at the interface
between two neighboring layers of organic materials™®. We have performed a multiscale
(molecular dynamics, MD, and quantum chemistry, QC) sumulation of exciplex formation at
the interface of two organic layers used for hole and electron transporting in OLEDs, N,N'-
di(naphthalen-2-yl)-N,N'-diphenyl-benzidine (a-NPD) and bis(2-methyl-8-quinolinato)(4-
phenylphenolato)aluminum (BAIlq) The GROMACS and ORCA packages have been used for
MD and QC calculations, respectively. We obtained a structure consisting of 250 a-NPD
molecules and 230 BAIg molecules by simulating sequential gas-phase deposition of a-NPD
and BAlq onto a solid 3A-thick tetragonal substrate fomed by sp3-hybridized carbon atoms and
then cut a central 5-nm slab from the constructed 20-nm bilayer and extracted four contacting
pairs with different geometries of contacting fragments from the slab for the further QC
calculations. For every pair we found excited states with charge transfer from a-NPD to BAIq
using TDDFT calculations with different functional including different amounts of Hartree—
Fock exchange (PBEO and BHHLYP). We calculated some exciplex properties, such as
binding energy in the ground (-17.4 to —21.5 kcal/mol ) and excited (21.9 to 34.1 kcal/mol,
TDDFT/BHHLYP approximation with the inclusion of D3BJ dispersion corrections) state and
electronic absorption and photoluminescence spectra. The calculated photoluminescence
spectra are in good agreement with the experimental data: The experimental values are in the
range 2.5-2.3 eV, whereas the calculated values are in the range 2.40-2.65 eV..

This work was supported by RFBR (project Ne 14-43-00052).

'Zhu Wen-qging, Jiang Xue-yin, Zhang Zhi-lin, J. Shanghai University (English Edition), 10,
(2006) 156-160.

M. Carvelli, A. van Reenen, R.A.J. Janssen, H.P. Loebl, R. Coehoorn, Organic Electronics 13
(2012) 2605-2614.
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n-Stacking arrangement of organic chromophores in design of moieties
with nonlinear optical activity
M.Yu. Balakina,* O.D. Fominykh, T.I. Burganov, S.A. Katsyuba
A.E. Arbuzov Institute of Organic and Physical Chemistry of Kazan Scientific Centre of RAS

*e-mail: mbalakina@yandex.ru

Atomistic modeling of epoxy-based oligomers with multichromophore dendritic fragments in the side
chain has revealed self-organization of azo-chromophore groups resulting in their arrangement in
stacking-like structures with the distance between the chromophore planes in the stacks ~4 A.' The
stacks are shown to be realized due to van der Waals interactions between azo-chromophore groups.
The effect of the azo-chromophores stacked dimer formation on the values of quadratic nonlinear-
optical (NLO) characteristics is studied in the framework of the DFT-based approach; calculations were
also performed at the MP2 level. A number of dispersion-corrected density functionals - B7D, oB7X-
D, and M06-2X - is tested to calculate the structure of the dimer, the value of binding energy and
molecular NLO characteristics. The formation of stacks results in moderate increase of dimer static first
hyperpolarizability, 3, as compared to that of a single chromophore, the effect depending on the relative
shift of the chromophores in the dimer. In a special case of greatly shifted chromophores this
enhancement of B becomes appreciable and achieves 72%.
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Figure 1. Raman spectra for azo-chromophore DO3 and two stacked dimers.

To clarify physical factors underlying the effect of stacking formation on the dimer B Raman
spectroscopy was employed. Computational approach allowing the adequate simulation of experimental
Raman spectrum is chosen. Raman intensities of the bands of stretching vibrations of the donor and
acceptor end-groups, bridging azo and benzene moieties of the chromophores were used as observables
of the conjugation that provide an estimation of its strength. Characteristic features of Raman spectra of
different types of stacked dimers are revealed. It is shown that conjugation in the studied
azochromophores is essentially deteriorated by stacking dimerisation, while formation of shifted
stacked dimers strengthens conjugation. These findings suggest conjugational origin of influence of the
stacking pairing of the chromophores on first hyperpolarizability 3.

This work was partially supported by RFBR (project Ne 15-03-04423a).

'Fominykh O.D., Balakina, M.Yu. Macromol. Symp. 2012, 316, 52-62.



IIporonnpoBanue (hparMeHTOB ra30BbIX IMAPATOB

A.B. bapawxkosa, H.U. ['upuuesa

HBaHOBCKHUIA TOCYIapCTBEHHBIN YHUBEPCUTET, Kadeapa opraHndecKoi U GU3NIeCKON XUMHUH

B Hacrosiiee BpeMs ra30BbIe THAPATHI MPEACTABISIOT O0bIIoN nHTepec. OHA U3 OCHOBHBIX
3aJ1a4 3aKIIF0YaeTCs B U3BJICUCHUM MOJICKYJIBI METaHa U3 BOJHOTO Kapkaca. [Ipoiecchl mprucoeIuHeHHS
W OTpbIBa TMPOTOHA W DIICKTPOHA MOTYT TPUBECTH K HAPYIICHHIO MPABHIBHOW CTPYKTYPBI Ta30BBIX
THUAPATOB WM K €€ paspylieHuto. B maHHOW paboTe MoIenupyercss MpoIece MPOTOHUPOBAHHS
Pa3IUYHBIX (hParMeHTOB, U3 KOTOPHIX COCTOMT 000JI0YKa ra30BbIX rUApaToB. B kadecTBe hparmMenTa A
BEIOpAHBI: IHMKIIBI, COCTOAIIME W3 5 W 6 MOJEeKyl BOIBI, SUEHKHU [5% u [6°5], u wactb
KPHCTaIITHYECKOi CTPpYKTYpsI 1613 S1 OsgHiyg ([6°51- 5 - 675%7]).

B Tabmuie mpuBeICHBI dHEPrHU MPOTOHHPOBAHUS, paccuuTaHHeie merogom DFT/BI7D/6-
311++G(2d2p) mo popmyie:

Eipor = Ean' — Ea — By’ (By' npunmumanacs 3a 0)

IIpoToHMpOBaHUE KaKA0T0 U3 (PParMEHTOB MPUBOAUT K IMOHUKEHHIO SHEPTHU CUCTEMBL. E o
CHUCTEM, B KOTOpI)IX HpOTOH HpI/ICOGI[I/IHSIJ'ICﬂ K OILHOMy N3 aTOMOB KI/ICHOpOI[a B IIATUYJICHHOM IIHUKJIC
(BepxHME CTPOKHM TaONHUIIBI) OKa3alach HWKE 10 aOCONOTHOW BENUUYUHE, YeM E; ., IIeCTUUIEeHHBIX
LUKIIOB (HW)KHUE CTPOKH TAOJIUIIBI).

Ta6nmuua 1. 3HaueHus 3Hepruu nporonuposanus E ¢pparmentos A u paccrosaus 1(O...H) B
cTpykrypHoii exuaunie H;O (puc.1)

AH" OsHy" OgoHar” OsgHu17°
E, (kcal/mol) -225.7 - 224.08 -219.5
r(0...H), A 1.032 | 0.968 | 1.159 | 1.043 | 1.035 | 1.026 | 1.037 | 1.041 | 1.044
AH' OgHas" Oz4Hao" OsgHi17"
E, (kcal/mol) -227.8 -240.4 -235.7
r(O...H), A 1.080 | 0.968 | 1.095 | 1.040 | 1.007 | 1.063 | 1.052 | 1.017 | 1.025

Bo Bcex ciydasx IpOUCXOIUT INEPECTpPOMKa NEPBOHAYAIBHOM CETKM BOJOPOJIHBIX CBSI3€H BO
¢parmente A ¢ oOpa3oBaHHEM, IPU OJHOM M3 aTOMOB KHCIIOPOJAA, CTPYKTYPHOH €IMHHMIIBI, OJU3KOH K
CTPYKTYpe HOHA THAPOKCOHUS U CyMMapHBIM 3apsiioM Ha atomax HzO ~ +0.7 a.e.3.

Taxoxe B Tabmurie npuBeaensl paccrosaus (O...H) B H3O. Paccrosuume r(O...H) B mone
TUJPOKCOHMS, PACCUUTAHHOE TeM K€ MeTojoM, cocTaBuino 0.982A, omHako, misi paccMaTpHBAaeMbIX
CTPYKTYP OHO OKa3aJoCh OOJIbIIE 3a CUET 00pa30BaHMs BOJOPOIHBIX CBSI3CH C COCCHUMHU MOJICKYTaMH
BOJIBL.

Puc.1. Crpoenue

MIPOTOHUPOBAHHOTO
HIECTUWIEHHOT O LUKJIa
OgH1s" (creBa) u
MPOTOHUPOBAHHON  STYEHKU
C)24H49+ (cnpaBa)

Paboma evinornena npu ¢unarncogoii nodoepicke PODU (Ipanm Ne 15-43-03003 _p _yenmp_a).
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B3aumoneiicTBre 3THIOpOMHIA ¢ KiaacTepamu Mg, (N=2-24) B Bakyyme

C.H. benses,™ C.B. Ilaumenees, C.K. Hznamos

HHI'Y um. H. U. JIo6auesckoro, r. Huwxanit HoBropos

*e-mail: Serg_belyaev@bk.ru

Cunre3 peaktnBa ['puHBSIpa — CIIOKHBIM MHOTOCTaJAMHHBIM TPOIECC, BKIIOYAIONIUNA B CeOs
azicopOLMI0 OKHCIUTENs] Ha TIOBEPXHOCTH MeTaula, o0pa3oBaHME CBOOOJHBIX HOH-
pajuKaibHbIX Map, (POPMUPOBAHUE MOJIMMArHUHOPraHUYECKOro IMPOM3BOJHOIO M JECOPOLMS
MONUSIEPHOTO KOMILJIEKca ¢ oOpa3oBaHueM peakThBa [punbsipa. B pabore BbImonHeH
KBAaHTOBOXMMHUYECKMI pacyeT OCHOBHBIX TEpPMOAMHAMHUYECKUX (GYHKUMH [uid Haubosee
BEPOSITHOI'O MapIIpyTa PEaKIUu B3aUMOJCHCTBUS KOMIIAKTHBIX KiactepoB Mg, (n=2-24),
MOJICTTUPYIOIINX TBEPAYI0 METAUTHUECKYIO a3y, ¢ ITHIOPOMHUIOM Ha BbICOKOM ypoBHe DFT:
B3PW91/6-311++G(2d,2p). PaccmoTpena mocienoBaTelbHas ~MHOTOCTAIHMKHAs — CXema
npolecca, BKIIOYAOLas CleAyoume 3jaeMeHTapHble craauu: (1) agcopOuust oKuCIuTe s Ha
MIOBEPXHOCTH, (2) BO3MOXKHBIM pacrajy OKUCIWUTENsl Ha pajgukaibl, (3) CUHTE3 peakTHBa
I'punbsipa U3 MOJEKYJSAPHBIX WM paJUKalIbHBIX pEareHToB, (4) necopOuus MPOIYKTOB B
o0beM, (5) Bo3MOKHBIE 1MOOOUHBIE peakiuu. Hanbonee sHEpreTHYeCKH BBITOAHBIN MapIpyT
peakuuu ['puHbspa — paauKaiabHbIN, HNPOTEKAIOIUN MpakTUYeCKH Oe30apbepHO (IHEprus
aKTHBaMu oOpa3zoBaHus Ef* cocTaBnser HECKOIBKO KKaj/MOJb), IPH ATOM MOCTEIHSS CTaANs
mporecca — JecopOLMs MOHOMOJIEKYJIIPHOIO — MarHMHOpPraHM4ecKoro IMPOU3BOIHOTO
(kmaccuyeckoro peakTwBa ' puHBSpa) sSBIETCS HauOoJee dHEpProzarpaTHoi: 9.7 Kkai/mMoib
s Mga, 11.5-17.5 xxan/mons nns Mgz u npumepro 20-30 kkan/mons mis Mge-Mgis. Ponb
KOOPJIMHHUPYIOIIETO pacTBOpUTeNss — JudTuiaoBoro sdupa wunu TI'®, obneryaromiero
IIPOTeKaHMs CUHTE3a peakTuBa ['puHbspa, CBOIUTCA K CHIDKEHUIO E, cTagum necopOrum.

A b

Puc. I'eomeTpus iepexoHbIX coCTOSTHUM 1iist peakuuu EtBr...Mgs = EtMg4Br (a) u peakiiuu
EtMgsBr = EtMgBr + Mgs (6). UnciaMu yka3aHbI MEXaTOMHBIE PACCTOSHUS B A.

Paboma evinonnena npu noooepicke PO®U (koo npoexma 14-03-00585).
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Modeling of the solvent influence on the structure and spectral band shapes of
dibenzoylmethanatoboron difluoride hydroxy derivative

N.A. Gelfand®", A.Ya. Freidzon??, E.V. Fedorenko®

'Far Eastern Federal University
“Photochemistry Center, Russian Academy of Sciences
*National Research Nuclear University MEPhI
*Institute of Chemistry, Far Eastern Branch, Russian Academy of Sciences
*e-mail: gelfand.na@gmail.com

The abstract is devoted to the study of the spectral properties of boron difluoride complex
OHDBMBF; (Fig. 1) in solution. The compound contains hydroxy group in the ortho position
of one of the phenyl rings. This structural feature conditions the formation of intramolecular
hydrogen bond O-H---Ogix Which is sensitive to proton acceptors. Consequently, the ability of
some solvents for specific interactions can have a perceptible effect on the structure and
spectral characteristics of OHDBMBF-.

Fig. 1. Calculated structure of OHDBMBF;

The effect of environment on the geometric and electronic structure, shape and position of the
bands in the absorption spectra of OHDBMBF; in chlorine- and oxygen-containing solvents
was investigated by DFT and TDDFT methods. It has been shown that donor solvents break
the coplanarity of the dye structure, they destroy intramolecular hydrogen bond O-H---Ogix and
form intermolecular bond O-H--Os. Combining of the explicit (QM) and implicit (PCM)
accounts of the solvent leads to hypsochromic shift, change in the intensity ratio and width of
the bands.

The calculations were performed using the facilities of the Joint Supercomputer Center RAS,
NRNU MEPhI University cluster, Shared Resource Center "Far Eastern Computing Resource™
IACP FEB RAS, and Computing Center FEB RAS.

This work was supported by the Ministry of Education and Science of the Russian Federation
(state contract no. 1137) and Russian Science Foundation (project no. 14-43-00052).
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OcoOennocT GoTOBO30Y:KIEHHUS U CIIEKTPAJbHbIE CBOMCTBA
Xopoduiiia a ¥ ero AHAJIOr0oB B KOHIEHCHPOBAHHBIX Cpe/iax

Ipucopvesa A.O., Uenamoe C.K.

Huxeropoackuii rocynapcrBenHbiil yausepcureT um. H.W. JlobaueBckoro

[Ipouecc doTocuHTe3a pacTeHH MpPECTaBIIET COO0N COBOKYITHOCTh MHOKECTBA PEaKiuil ¢
y4acTHEM MOJICKYT XJIOPO(HIUIA, OKPYKEHHBIX CIIOKHBIMH OEJIKOBBIMU CTpPyKTypamu. Jliis
CO3/IaHUS UCKYCCTBEHHBIX (JOTOCHHTETUYECKUX CUCTEM HEOOXOAMMO 3aMEHUTH CIIOXKHBIE IS
CUHTE3a OPTaHMYECKHE MOJICKYJbl Ha 00Jiee MPOCThIe aHAIOTH. Takhe CHUCTEMBI MOTYT OBITh
OCHOBaHbI Ha MOJIEKYJaX, MOJOOHBIX XJIOPO(MUILTY, TOMEIICHHBIX B CHHTETHYECKYIO Cpeny,
Halnpumep, NOJUMEPHYIO MATpUILy, Te€llb WIH PacTBOP, B KOTOPOM BO3MOYKHO OCYILECTBJIEHUE
MPOLIECCOB, AHAJIOTMYHBIX MPOTEKAOUIMM B XJopolulactax. PaHee paccMarpuBaiuch
AIEKTPOHHBIC CBOMCTBA MOJU(DHUIIMPOBAHHBIX MOPGUPUHOB ¢ ATOMAMHU PA3IMYHBIX METAJUIOB.
OnHako BIMSHUE CTPYKTYPHBIX XapaKTEPUCTUK M OKPYKAOLIEH Cpelbl Ha 3JIEKTPOHHOE
BO30YX/ICHHE MOJIEKYJIbl U3y4yeHO B MEHbIeH creneHu. Llenpio HacTosmel paboThl SBISIETCS
uccienoBaHle OcoOeHHOCTeH (OTOBO30OYXKAECHHUS B CTPYKTYpPHO-U3MEHEHHBIX aHajJorax
xJiopoduiuia, KOTopeie 0Oee MPOCTHI JUIsl CHHTE3a M MOMEUICHBI B MCKYCCTBEHHYIO CpENy.
@DopMysIbl U ONTUMU3UPOBAHHBIE CTPYKTYPBI MOJEIBHBIX MOJIEKYJ, PACCMOTPEHHBIX B padoTe,
IIPEACTABIICHBI HA CXEME:
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CTpyKTypHBIE U TEpMOJWHAMHYECKUE TapameTpsl, a Takke VK crekTpsl ObIIH paccUuTaHbI
MeTofoM ¢yHKknuoHama riotHoctd (B3LYP/6-31G(d,p)). s pacdera  CHEKTpPOB
AJIEKTPOHHOTO BO30YKICHHS HCIOJIh30BaJach BpeMe3aBHCHMas Teopusi (yHKIMOHAIA
wiotHocty (TDDFT). BnusiHue koHIAEHCHPOBAHHOM cpelbl oleHuBajiock MetogoM PCM c
MOJTHOW ONTHMHU3AIMEH TeOMEeTpHH. AHAIN3 IONyYeHHBIX KOJICOATENBHBIX M JJIEKTPOHHBIX
CIIEKTPOB MOKAa3bIBAET, YTO U3MEHEHHE CTPOCHUS YIII€BOJOPOJHOIO 3aMECTUTENS B MOJIEKYJIe
xJopoduiia ¥ CMEHa pPacTBOPUTENS C€Iab0 BIUSET HAa PHEPrui0 (HOTOBO3OYKICHUS. IDTH
BBIBOJIBI CBHICTENILCTBYIOT O BO3MOXXHOCTH BapbUPOBAHUS CTPYKTYPHBIX MapaMeTpPoOB M
OKpYKEHHsI MOJICKYJT B IIUPOKUX Tpeesiax 0e3 n3MeHEHUsT (JOTOXMMHYECKIX CBOWCTB.

Paboma evinonnena npu noodepoicke POOU (npoexm Ne 14-03-00585)
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Band structure of pristine and doped TiO, nanotubes

P.N. D’yachkov',* I.A. Bochkov?, S.N. Piskunov®, and Yu.F. Zhukovskii®
'Kurnakov Institute of General and Inorganic Chemistry, RAS, Russia

?Ryazan Radio Technical University, Russia
3Institute for Solid State Physics, University of Latvia
*e-mail: p_dyachkov@rambler.ru

Solar energy has the capacity to fulfill global human energy demands in an
environmentally and socially responsible manner, provided efficient, low-cost systems can be
developed for its capture, conversion, and storage. Toward these ends, hydrogen fuel
production with semiconductor photocatalysts is one very promising route for harvesting solar
energy. Conventional photocatalyst electrodes such as titanium dioxide that use sunlight to
split water and produce hydrogen can operate with high efficiency under ultraviolet irradiation,
but it remains a challenge of primary importance to drive them with visible light. Engineering
the electronic energy band structure of nanostructured semiconductor photoelectrodes through
judicious control of their atomic composition is a promising route to increase visible light
photoresponse. In this respect, before time-consuming and expensive experimental synthesis of
nanophotocatalyst combined with spectroscopy and electrochemical measurements, thorough
theoretical modeling of the mid-gap states and band edge positions of promising
nanostructured photoelectrodes is unavoidable.

The main goal of our international joint project is the development of a comprehensive,
reliable and complete theoretical method to predict the electronic band structure of doped and
co-doped one-dimensional nanostructures made of semiconducting metal oxides suitable for
photocatalytic electrodes in water-splitting applications. A literature survey shows that the
current knowledge of efficient visible-light driven tubular nanostructured photocatalysts stems
almost exclusively from experiment. Nevertheless, to the best of our knowledge, good
photoelectrochemical performance of e.g. modiffied TiO2 nanotubes under irradiation of light
with a wavelength longer than 420 nm has not yet been demonstrated in detail.

In our work we elaborate a reliable approach for the prediction of the band structures and
the defect-induced mid-gap energy levels of doped nanostructured photocatalysts through
large-scale quantum chemical calculations based on density functional theory based on the ab
initio Linear Combination of Atomic Orbitals and Linear Augmented Cylindrical Wave
methods.

This work was performed in frames of ERA.Net RUS Plus initiative (ID # 237 —
WATERSPLIT). It is supported by RFBR (project Ne 16-53-76019).
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MarepuaJibl Ha OCHOBe CyOHaAHOYACTHI IJIATUHBI. KBaHTOBO-XMMHUYecKoOe Hcc/IelOBaHue
CTPYKTYPHBIX, 3JIEKTPOHHBIX U TEPMOJAUHAMHYECKHUX CBOICTB Ptys 1 MX KOMILJIEKCOB ¢
MOJIEKYJISIPHBIM H aTOMAPHBIM BOJA0OPO0M

C.K HeHamoel’*,O.B. I adwcueel, AU Oxankunl, AT Pa3y6ae61

1 . . .
Hmxeropojckuii rocynapcrBennsiii yausepceutet uM. H.W. JlobaueBckoro, XUMHUUYECKHUit
¢bakynbTeT

*e-mail: skignatov@gmail.com

B3aumMoneiicTBre MOJIEKYJISPHOTO M aTOMAapHOTO BOJOPOJIA C METAIIIMYECKON MOBEPXHOCTHIO
SBJIAETCS OAHUM M3 (PYHIAMEHTAJbHBIX MPOLIECCOB, JIEXKAIIUX B OCHOBE COBPEMEHHBIX U
MEPCIeKTUBHBIX  TexHoNorui. OMHON ™3 TaKUX TEXHOJOTHH SIBISETCS 4YHCTas U
BO300OHOBIIsieMasi YHEPreTHKa, B KOTOPOW BOJOPOI — Oe30macHoe AJisd OKPYXKarolle cpeabl u
BbICOKO3((pekTrBHOE TOrMBO. Jpyras o0xacTe — Katanu3 B 00JACTH TOHKOTO XUMHYECKOTO
CUHTe3a, (papMaIeBTUUYECKON, KOCMETOIOrHYecKoi 1 mapdroMepHoil xumun. B 3Toii obnactu
OTHUM U3 TEPCICKTUBHBIX HAMNpPaBICHUN SBISETCS pa3paboTka BBICOKOI(D(PEKTUBHBIX
KaTajgu3aToOpOB Ha OCHOBE HAHECEHHBIX MOHO—M MYJIbTUMETANIMYECKMX HAHOYACTHII
IUIATHHBI, POJUS, TNaUIaads W JAPYrUX METAUIOB C NPUBUTBIMA  OPTaHMYCCKUMU
MOBEPXHOCTHBIMH JIMTaHAAMH, OOECIEUMBAIOIIMMU BBICOKYIO pEruo-, XeMo- H CTepeo-
CCJICKTUBHOCTh ~ THUIPOTCHU3AIMHA TOJU(PYHKIIMOHAIBHBIX  COCIUHEHHH, B YacCTHOCTH,
HEHACBILICHHBIX aJbJAeTUA0B. Takue Karaau3aTopbl MHTEHCUBHO pa3pabaThIBAIOTCS HA OCHOBE
CpeaHe- W HHU3KOpa3MEPHBIX HAHOYACTHUI], OJHAKO B HACTOAIICEC BPEMS CTAIO BO3MOKHBIM
pa3MepHO-CEeNIeKTUBHOE TMOJy4eHHe U cradwin3anus (HampuMep, B TOpax IEOJUTOB)
cyOHaHOpa3MepHBIX YacTHIl. KpomMe XUMUYECKOW aKTUBHOCTH, TAaKUE YACTHIIBI IPOSBISIOT
CBOICTBa, HEOOXOAUMBIE A1 POPMHUPOBAHUS SJIEMEHTOB MEPCIEKTUBHBIX HAHOAJIEKTPOHHBIX
Y CIIUHTPOHHBIX YCTPOMCTB, a TAK)KE DJIEMEHTOB KBAaHTOBOM JIOTHKU. B Hacrosieit pabore Mbl
paccmarpuBaeM ¢uznueckue W (U3NKO-XMMHYECKHE CBOICTBA CYOHAHOPAa3MEPHBIX YaCTHII
TJTATHHBI, MOJICTBI0 KOTOPBIX SIBJISTFOTCSI KJIAcTephbl Plys. PacdeTsl CTPYKTYpHhI, JIEKTPOHHBIX,
TEPMOAMHAMHUYECKUX U CIEKTPaJbHBIX XapaKTePUCTHK KiactepoB Ptyy, PtyyH, PtyH;
nposenenbl Metogiom DFT (Ha ypoBae Teopun BLYP/6-31G(p) (H) CRENBS (Pt)). Ha ocHoBe
¢dopmanmzma UDFT wu3yueHbl CHUHOBBIE COCTOSIHHS CBOOOAHBIX dacTull Ptys ams Bcex
HEYETHBIX MyJbTUIUIETHOCTEH OT 1 1m0 15. OCHOBHBIM COCTOSIHUEM SIBIISICTCS KBHHTETHOE,
MIpUYEM TpYIIa HU3KoIexamux coctostHuit M = 3, 5, 7, 9 paznuvaercs mo sHepTUuu MeHee 4eM
1 kkam/monb. CTPyKTYyphl KiacTepoB (MckakeHHas Djn) B HHU3KOJSKAIIUX DJIEKTPOHHBIX
COCTOSIHUSIX ~SIBIISIIOTCSL  Oonee BBITOAHBIMU, ueM DFT-omtumusmpoBaHHas CTPYKTYpa,
HalJIeHHasl paHee Ha OCHOBE I100anbHON onTuMu3anuu C noreHuuaioM ['ynter [Doye J.P.K.,
Wales D.J. New J. Chem. 1998, 22(7), 733]. lllecTh pa3nuyHbIX PEKUMOB KOOPAUHALIUK OBLIN
HaWJIeHbI TIPH aJCOPOITUU MOJIEKYJISIPHOTO BOJIOPO/Ia CO CpeHEl dHepruei koopauHanuu 4.57
KKaJI/MOJIb. MI3ydeHbl IepeXoIHbIe COCTOSIHHS ¥ TyTH MUHUMAJILHON YHEPTHH AUCCOIATHBHON
azicopOImu, Cpeir KOTOPHIX JBa HAWJICHHBIX HANpPaBICHUS SIBISIOTCS O€3aKTHBAIIMOHHBIMH.
[TocTpoena monHasi KapTa SHEPrui aJCOpOIMU aTOMApHOTO BOJOPOAA HA MOBEPXHOCTH Pty
(cpemnsis  aHeprust  aacopOumm  7.33  Kain/Mojib), YCTaHOBJEHBI  CTPYKTYpbl U
TEPMOJAMHAMHYECKHAE XapaKTEPUCTUKU TEPEXOJHBIX COCTOSHUN IMOBEPXHOCTHOW MHTPAIMH
atoMoB H. bapbepbl MOBEpXHOCTHOW MHUIpalUU cOCTaBisAlOT OT 4.4 1o 8.2 KKaji/MOb.
W3ydensl sHeprun U Oapbepbl MOANOBEPXHOCTHON aud@y3un aromMapHOro BOAOPOIA, UTO
MO3BOJISIET KOJIMYECTBEHHO OIIEHUBATh YHEPTHIO aKTHUBAIIUH CIIIIIOBEPA, MPOTEKAIOIIETO MPH
HaJIMYUU KOOPAMHUPOBAHHBIX JTUTAHIOB HAa TOBEPXHOCTH KIacTepa.

Paboma evinonnena npu punancosoii noooepoicke PODU (npoexm Ne 14-03-00585).
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Paznuunbie H-koMIeKkebl MexkIy MOJIeKYJIaMH MHPUANHOBOIO d(pupa
n-H-NIPONMNJIOKCHOEH30i{HOM KHUCJIO0THI U N-H-NPONNJIOKCUOEH30iHOH KHCI0THI

J.B. Kopomkosa,* E.A. Jlanvikuna.

VBaHOBCKUI IrOCYJapCTBEHHBIN YHUBEPCUTET
Kadenpa puznueckoii u opraHuYeCKON XUMUH

*e-mail: darya.korotkova.94@mail.ru

O6pa3oBaHe pa3IUYHBIX KOMIUIEKCOB, CBS3aHHBIX MEXMOJICKYISPHBIMA BOJOPOIHBIMH CBSI3SIMH
MIPUHSTO Ha3bIBaTh MOJIEKYJIIPHBIMU KOMILIEKCaMHU WIH
H-xommnexkcamu. IlogoOHble B3aMMOAEWCTBUS peajM3ylOTCI B  COEAMHEHHUSX, 00Jamaronmx
ME30TeHHBIMH CBoOWcTBamMHu. llpum Hanmmuum B Monekylne, obOpasyromieid H-xomruieke, HECKONBKHUX
aKIEeNTOpOB, CIOCOOHBIX O00pa30BBIBATH BOJOPOJHBIE CBS3M, BO3HMKAeT BONPOC O Haubosee
YCTOMUYMBOM M SHEPTETHYECKH BBHIT'OJHOM MOJIEKYJISIPHOM KOMILIEKCE.

st MozienupoBaHUs YEThIPEX BO3MOXKHBIX H-KOMIIEKCOB MEXAy MOJIEKYJIaMU MUPUAUHOBOTO 3(upa
n-H-TIPOMIJIOKCHOCH30MHON KHUCIIOTHl M A-H-TIPOIMIOKCUOCH30MHONW — KUCIIOTHI HCIIOJIB30BAIUCH HX
HanboJiee PHEPreTHYECKH BBITOAHBIE KOH(MOpMephl. KBaHTOBO-XMMHYECKHE pPacueThl BBITIOIHEHBI B
nporpamme Gaussian metomom DFT/B97D/6-311++G**, Tak Kak OH y4YHTBIBACT THCIICPCHOHHOE
B3aMMOJICHCTBUE, YTO BaXKHO IMPH TEOPETHUECKUX HCCIIEOBAHMIX PacCMaTPUBAEMBIX OOBEKTOB, BCE
4acTOTHI KoJieOaHui AeHCTBUTENbHBIC. B KOMIUIEKcax pealn30BaHbl JBa THITA BOAOPOIHBIX CBsizel -O-
H-N u -O-H--O, mpuuem, KOMIUIEKC C TEPBBIM THUIIOM CBSI3U DHEPTETHYECKH BBHITOJIHEE
KOMIIJICKCOB CO BTOPBIM THIIOM CBsI3H, Ooiee 4eM Ha 4 Kkajn/Mojib. B M3ydaembIX KOMIUIEKcax, 3a
WCKJIIIOYEHHEM 4YeTBEpTOro, Hapsay C BOJOPOJHOM CBS3bI0 pealn3yeTcsl B3auMOJIEHCTBHE
HETOJISIICHHOW Maphl KUCIOpOAa KapOOKCHIIBHON TPYMIBI #-H-TIPONMIOKCHOSH30MHON KHUCIOTHI C
aTOMOM BOJOpOJa MHPHIUHOBOTO (parMeHTta (KOMIUIEKC 1) W aromMoM Boxopoaa (EeHMIEHOTO
¢parmMenTa (kOMIUIEKC 2, 3), KOTOpOE IMOHIKAeT »dHepruto H-kommiekcoB. OTMETHM, 4YTO
MOJIEKYJISIpHBIE KOMIUIEKCHI | M 2 UMEIOT TUNIOCKOE CTPOSHHE CHHTOHA.

N 4 ) -8 = o ( € pe
¢ N N b - N N = e @ ik ! - b b
) © b : ® ) = o ¢
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¢ ] ¢ i .»\
& )
Kommexkc 1 Kommiekc 2 Kommirexkce 3 Kommiekc 4
AE=0 xxan/Moib AE=3.9 xxan/moin AE=4.8 xxan/moisn AE=6.1 xxai/mMoib

Puc. 1. CtpoeHre KOMIUIEKCOB TUPUIMHOBOTO 3hupa

n-H - IPOMMIOKCHOEH30MHOM KUCIIOTHI U A-H - TIPOTIHIIOKCUOEH30MHON KHUCITOTHI

Takum o00pa3om, MEPBBIA MOJIEKYJISPHBIA KOMIUIEKC C THIOM BogopoaHoit cBszu -O-H-N u
DHEPTreTUYECKA, M TeOMEeTpUdYeCKH (JIMHEWHOE CTPOCHHE) SBISCTCS MPEAMOYTHTEIBHBIM IS
o0Opa3oBaHus H-KOMITJIEKCOB ¢ ME30T€HHBIMU CBOMCTBaAMU.

Paboma evinonnena npu gunancosoii noodepocke Munucmepemea Obpazosanus u Hayku P® (bazosas
uacmo, npoexm Ne3474)
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CrtpoeHnue u 3Heprusi 00pa3oBaHus AMMepa a0Aennicyabdara HATPU
M.C. Kyp6am06a1, HU. I upuqe@al, B.U. CMupH062

YiBanosckuii roCyJAapCTBEHHBIN YHUBEPCUTET, Kadeapa opraHndecKor U (U3NIECKON XUMHH
2I/IHCTI/ITyT xumuu pactBopoB UM I'.A. KpectoBa, Poccuiickas akagemust Hayk, r. liBaHOBO

B mocnemnue aecsaTuneTHs OONBIIOE BHHUMAaHHE WCCIENOBATENEH TNPHUBICKAIOT aHTUMHKPOOHBIC
nentuabl (All), monydeHHbIe TyTeM MPUCOSTUHEHUS] HU3KOMOJIEKYJISIPHBIX JICKAPCTBEHHBIX BEIIECTB K
noJunenTuaHoOMy HocuTento. All melCTBYIOT Ha 3apsDKEHHYIO OTPULATENbHO BHEIIHIOI MeMOpaHy
IpaMOTPUIATENBHBIX OakTepuid. [IJi1 MOIENHpOBaHHS Tpollecca B KayecTBE CIAMHHUIBI MEMOpaHbI
BbIOpaHa Monekyna pgonenwiacyibdpara Harpus (JCH), T.x. oHa coueraer TUAPOPMIEHEIE W
rupodoOHbIe HparMeHTHI.

Ha nannHoMm stane uccienoBanus HaiijeHsl aBa koHpopmepa JICH (puc. 1). Pacuersl BBIOMHSAIHUCH C
momotsio Meroga DFT/B97D/6-311++G(2d,2p).

koH(popmep | ‘ ; i‘m Q
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Puc. 1. OntumusupoBanubie kondpopmepsl JICH (cripaBa — B co cToponsl rpymisl SOy)

Brimoanena TCOMCTPUUICCKAA OINTUMU3ALUA OUMEpa

JCH (puc. 2). Ha pucyHke BUIHO, YTO AWMEP COCTOHUT “

W3 pa3IM4yHBIX KOH(popMepoB MoHOMepa. [Ipuyem | ¢ ¢

atombl Na pacronararoTcs NpakTHYECKH Ha OJUHAKOBOM ﬁ/@\‘, ~p . r' B »p

paccrosiuuu oT ABYX rpymi SO, s vy P Yo yer o
2.530 2407 5 1o ¢ ¢ é é ¢ ¢

Paccuntana osHeprusi auMepusanuu  (KKaJ/MOJb), o ?
KOTOpas BKJIIOUAET HE TOJIbKO SHEPTUIO B3aUMOAEHCTBUS 2417 2.427 & <’ « Pa By e
MEXKIy IBYMS MOHOMEpaMH, HO TaKXe W OJHEpPruu wye
pellakcaly reOMEeTPHH KaXKJI0ro U3 KOH(GOpPMEpOB, MpH
X 00bETUHEHUH B JHMED.

Eouep-yun = Eounepa — Exongt — Exongnn = -67.9
Puc. 2. Tumep ICH
Ora 3HepPrus CPaBHUBACTCS C SHEPrUEH B3aMMOICHCTBHUS IBYX MOHOMEPOB B JMMEpE:
Essaun-sun = Edwwepa - ESPI - Espu =-76.1

WX pasHOCTh TpEACTaBISET COOON DHEPrUI0 TeOMETPUYECKOM penakcalyu, KoTopas cocraBmia 8.2
KKaJI/MOJIb.

JlanHBlii pe3ynapTaT TOKasbiBaeT, 4To oO0benuHenne wmoHomepoB JICH B kimactepel sBISETCS
SHEPreTUYECKHU BBITOJHBIM ITPOLIECCOM.

Paboma eévinornena npu ¢unarncogoii nodoepicke PODU (Ipanm Ne 15-43-03003 _p_yenmp_a).
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Modification of Force field for Atomistic modeling of nonlinear optical molecular systems
based on epoxy-amine oligomers with binary chromophore moieties

A.l. Levitskaya“, O.D. Fominykh, M.Yu. Balakina

A.E. Arbuzov Institute of Organic and Physical Chemistry of Kazan Scientific Center of
Russian Academy of Sciences

*e-mail: april-90@mail.ru

Molecular modeling of various levels proves to be very helpful in design of new polymer
materials exhibiting nonlinear optical (NLO) activity. It permits to establish structure-property
relationships, reveals possible conformations of the oligomer under various external conditions
(in the presence of different solvents and/or at different temperatures), to investigate the local
mobility of the definite fragments of polymer systems.

The main aim of this work is to study the effect of the force field modification on the results of
modeling of a new type of composites with binary chromophores consisting of the
chromophore-containing matrix and additional chromophores-guests. Epoxy-based oligomers
(EAD) with dendritic fragments containing azochromophores, 4-amino-4’-nitroazobenzene —
DR, models a polymer matrix, into which additional guest chromophores, 4-amino-4’-
tricyanoethenylazobenzene (TCE), are introduced. The set of studied model systems includes:
dimers EAD2 with two or four TCE-guests (EAD2-2 and EAD2-4); tetramers EAD4 with four
or eight TCE-guests (EAD4-4 and EAD4-8).

The modeling involved Conformational Search performed by Monte-Carlo technique with
MMFF94s force field! and Molecular Dynamics calculation at various temperatures; the effect
of dielectric medium is accounted in terms of GB/SA model. The effect of the force field
modification in terms of quantum-chemically calculated electrostatic partial charges (ESP
charges) was examined. ESP charges were estimated for 6 different EAD2 conformers at the
DFT//B3LYP/6-31G* level using Jaguar? program package, and then were simply averaged
(ESP charges) or statistically averaged using the Boltzmann distribution (ESP-M charges). The
relationship between structure and NLO characteristics of the studied model systems is
established; electric characteristics (dipole moment, u, polarizability, o, and first
hyperpolarizability, ) being calculated at TDHF//AM1 level using Firefly® program package.

Self-organization of chromophores in model binary systems is revealed, involving
chromophores belonging both to one and the neighboring dendritic fragments, as well as TCE
guests. It was found that the introduction of chromophores-guests into the system promotes the
realization of the structures most favorable in terms of NLO activity, optimal composition
being one TCE to one dendritic fragment. The modification of the force field results in the
more realistic description of the mobility of the chromophores and fragments of the oligomers
at temperatures close to the glass transition temperature of the material.

This work was supported by RFBR (project Ne 15-03-04423a).

! MacroModel, version 11.0, Schréodinger, LLC, New York, NY, 2015.
2 Jaguar, version 9.0, Schrodinger, LLC, New York, 2015.
¥ A.A. Granovsky, Firefly, http:/classic.chem.msu.su/gran/firefly/index.html.
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HccaenoBanue B MepHOANIECKOM MPUOIMIKEHHH PeaKIIHOHHONH CIOCOOHOCTH HEM0YeYHbIX
ctpykryp —O-Au-O- npu okuciaennu CO na nmosepxuocru Au(321)

Jozunoesa A. C.l’*, HUenamos C. K.l, Mocxkanesa JI. B.2

1 .« .
Huoicecopoockuiti I'ocyoapcmeennwiii ynueepcumem um. H. U. Jlobauesckozco, Poccust
2 . .

Hnemumym npurknaownoti u gpuzuueckoul xumuu, Yuueepcumem bpemena, I'epmanus

*e-mail: nastya_Is91@mail.ru

B oTnnune oT KOMIaKkTHO-METAIIIMYECKOT0 30J10Ta, HAHOCTPYKTYpPHBIE (POPMBI 30J10Ta SBISIOTCS
BHICOKOAKTHBHBIMH M CEICKTHBHBIMU KaTalH3aTOPAMH HH3KOTEMIIEPATyPHOTO OKHCIICHHS .
Emé Oonee nHTEpEeCHBIMHU CBOICTBaMH 00JIa/Ial0T KaTaJIM3aTOPbl HA OCHOBE CILJIAaBOB 30JI0Ta C
JIpYyruMHU, MeHee OJaropoJHbIMH, METaUlaMu, Hampumep, cepeOpom. AToM cepedpa HUMeEeT
ONM3Kuil K 30JI0TY aTOMHBIM paauyc, Onaromaps demy cepeOpo oOpa3yeT ¢ 30JI0TOM
HETIPEPhIBHBIE TBEPJBbIE PACTBOPHI IMpPH JIIOOBIX COOTHOUICHHUSX. BenencrBue atoro
KaTaJUTHYECKUE CBOWCTBA HAHOKATAIM3aTOPOB Ha ocHOBe AU-AJ MOXHO BapbUpOBATh MyTEM
M3MEHEHHs KOHIGHTpaIuy cepedpa B crurase’. HemaBHo GbLIO COOGIIEHO 0 Gonee BHICOKOH 110
CPaBHEHMIO C MOHOMETAIUIMYECKMMM  KaTallu3aTopaMH  KaTaIUTUYECKOW  aKTHBHOCTHU
HaHovacTul, AU-AgQ B STTOKCHIMPOBAHUH AIKEHOB, HU3KOTEMIIEPATyPHON pPEaKIUH OKHCIICHHS
CO u apyrux peakuusx °. JUis MOHHMAHHS MPUPOIBI TOFO CHHEPreTHYeckoro >ddexra B
OMMETAIUTMYECKONW KATAIUTUYECKOH CHCTEME, BaXHO CPAaBHUTh MEXaHU3MBI OKHCIICHHUS Ha
MeTanueckux mnoBepxHocTsax AU, Ag u AU-Ag. IloBepXHOCTHBIE OKCHIHBIE CTPYKTYPBHI,
cocrosimue u3 nereid (—O—Au—O—) oka3pIBAIOTCS TEPMOAMHAMHYECKH 0OJIee BBITOJHBIMUA WU
CTabUIbHBI [IPM KOMHATHOW TeMIlepaType M napiuanbHoM aasieHun O sbimre 107 arm®. B
HacTosImel paboTe MBI paccCMaTpUBaeM TEPMOTUHAMUYECKHE XaPAKTEPUCTUKHA U PEAKIIHOHHYIO
CIOCOOHOCTH 1Ieno4edHbIX CTPYKTYp (—O—Au—O-), KOTOpBIe, KaKk MOKa3aHO paHHEe, SBISIOTCS
Haubosee SHEPreTHUYEeCKH BHITOJHOW (hopMOil acopOMPOBAHHOTO KUCIOPOJa HAa MOBEPXHOCTSIX
Au u Ag. Mogenpl0 TOBEPXHOCTH B KBAaHTOBOXMMHYECKHMX pacyeTrax sBIsjach
Kpuctautorpadudeckas mwiockocts AuU(321), mas KOTOpPOW XapaKTEPHBI CTYIEHH W TEppachl
(111). DFT pacuersl MPOBOJMIIUCH C HCIHOJIb30BAaHUEM O6M€HHO-K0£)peJ'I}ILII/IOHHOFO
¢yakuuonana PBE B 0a3uce IUIOCKMX BOJH € TPAIUEHTON KOPPEKIHEW C TMOMOIIBIO
nporpamMbl VASP. DnemeHTapHas siueiika copeprkana 28 aToOMOB 30J10Ta U 4 aToMa KUCIOPOAa.
bbita m3ydeHa oTHOCHTENbHAS CTAOMIIBHOCTD JIBYX PA3IMYHBIX THUIIOB IETIOYEYHBIX CTPYKTYP
npu koopauHain CO Ha moBepxHoctn AU(321). YcranoBneno aBa mytu araku CO Ha
noBepxHoctu: (1) ¢ pacmonoxxkenuem CO HemocpenctBeHHo Ha uenn —O-Au-O—; (2) ¢
pacrionoxxeHreM CO psiioM ¢ LeNnoYKoi. DTH IIeNH MOTYT pearnupoBaTh ¢ C0aIcOPOMPOBAHHBIM
CO nyrem MHOTOCTaIMHHOM peaklyu, AJis CTauil KOTOPOU OIIEHEHbI aKTUBAI[MOHHbBIE Oapbephl.

Paboma evinonnena npu ¢punancosoii noooepaicke PODPU (npoexm 14-03-00585)

1. M. Haruta, T. Kobayashi, H. Sano, N. Yamada, Chem. Lett. 16 (1987) 405-408.

2. M.D. Hughes, Y.-J. Xu, P. Jenkins, P. McMorn, P. Landon, D.I. Enache, A.F. Carley, G.A. Attard,
G.J. Hutchings, F. King, E.H. Stitt, P. Johnston, K. Griffin, C.J. Kiely, Nature 437 (2005) 1132-
1135.

3. L.V. Moskaleva, S. Rohe, A. Wittstock, V. Zielasek, T. Kliiner, K.M. Neyman, M. Baumer, Phys.
Chem. Chem. Phys. 13 (2011) 4529.

4.J.-H. Liu, A.-Q. Wang, Y .-S. Chi, H.-P. Lin, C.-Y. Mou, J. Phys. Chem. B 109 (2005) 40-43.

5. K. Reuter, M. Scheffler, Phys. Rev. B 65 (2001) 035406

6. L.V. Moskaleva, T. Weiss, T. Kliiner, M. Baumer, J. Phys. Chem. C 119 (2015) 9215-9226.
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PacTBopeHue u accounanus XuTO3aHA M €ro KOMILIEKCO0Opa3oBaHue ¢ 0eJIKOBBIM
cyocTpaTrom. MoJieKyJISIpHO-IMHAMHYECKOE HCCJIeIOBAHUE

B.C. Haymog"™*, A.A. Asdowun®, C.K. Hznamos*
1HI/I>Keropoz[01<HI7I I'ocynapcrBennsiii Yauepcutet uM. H.W. JloGayeBckoro

* email: vsnaumov@yandex.ru

Xuro3an (wactmuHo N-amerwnupoBaHHbIN  nONH-1,4-B-D-rookonupaHo3amMuH-2) © - €ro
IPOM3BOJIHBIE PACCMATPUBAIOTCS KaK MEPCIEKTUBHBIE CPEICTBA MOJIEKYISIPHOW MHKAICYISILUU
JUIs JIOCTaBKH JIGKapCTB, B TOM WYHCIIE MpenaparoB OenkoBoi mpupoabl. WHKancymsmus
NO3BOJMIIA OBl peanu3oBaTh MEPOPaAIbHBIA MPHEM TaKUX IPErnaparoB, 3allUIIas MOJEKYILY
JeKapcTBa OT THIIEBapUTENbHBIX (epmenToB. Ha maHHBIE MOMEHT peanu3aunus 3TOU
TEXHOJIOTUM OCJIO)KHEHa OTCYTCTBUEM HAJESKHBIX TEPMOAMHAMUYECKUX M KHHETHYECKUX
JTAHHBIX O PACTBOPEHHUH XMTO3aHAa, €ro CaMOACCOIHMAIIH B PACTBOPE M KOMILJIEKCOOOPAa30BaHUs C
6enkoBbIMU cyOcTpaTtamu. VIHTepnpeTanus CTpyKTYphl IIOJIMMEPA B PACTBOPE HA OCHOBE JTAaHHBIX
AIIEKTPOHHONH MHUKPOCKOINHHU BBI3BIBAET JUCKYCCHIO, JAHHBIE O KOHCTAHTaX HECTOMKOCTH TPHU
B3aUMOJICHICTBUM C pa3IMYHBIMM OEJIKOBBIMH areHTaMH IPAaKTHYECKH OTCYTCTBYIOT, a caM
IpOIeCC PACTBOPEHHS] M €ro KWHETWKa M3YYeHBI TJIaBHBIM 00pa3oM Ha OCHOBE (popMaibHO—
KUHETHYECKOI0 MOJX0Aa. DKCIEPUMEHTAIbHOE HU3YyYCHHME 3aTPYAHSAETCS TEM, 4YTO XUTO3aH
SBIISICTCS CMEChIO MOJUMEPOB PA3IMYHONW CTENEHM alCTHJIUPOBAHHUSA AaMHUHOTPYIN |
MOJIEKYJISIPHOM Macchbl, AJIi €ro BOJHBIX PACTBOPOB XapaKTepeH [OMOJHUTEIbHBIN (hakTop
IPOTOHUPOBAHUS HE3aMEIICHHBIX aMHUHOTPYII. B 3TOi CBS3M MOJIEKYISPHO-INHAMHYECKOE
(MI) MonenupoBaHHE SBISETCS OJHUM M3 IOJXO/A0B, OOECIEUMBAIOLINX ONpeAeTIeHHe
UCTHHHBIX TEPMOJMHAMHYECKMX ¥ KHHETHYECKMX KoOHcTaHT. Kpome Toro, mpu MJ]
UCCIICIOBAHUM BO3MOXKHO 3HAYUTEIbHO Oo0Jiee MPOCTOE YCTAHOBJIEHHE 3aKOHOMEPHOCTEH
U3MEHEHHS OSTUX KOHCTaHT TIPH BapbUPOBAaHWM 4YHWCNA, 3apsija W TUMA 3aMECTUTENeH
XUTO3aHOBBIX IIeTed, JUIMHBI 3THX LeMNel, yCTaHOBIEHHS OCOOEHHOCTEH  B3auMoJeHcTBUsA
MEXIy COOOH M C APYrUMH MOJIEKYJIaMH, IMOBEPXHOCTSIMH WIJIM YaCTHUILIAMH PaccMaTphUBacMOi
cucreMbl. B nanHOll pabore wmeromamu MJ[ MonenupoBaHus u3ydeHsl mpouecchl (1)
pacTBOpeHUs KpHCTaJlla XUTO3aHA B YCIIOBHSIX CPEIbl PA3IMYHON KUCIOTHOCTH, (2) acconuaiim
pPacTBOPEHHOIO XHUTO3aHa NpU Iepexojie K INenodHoi cpexae, (3) oOpa3oBaHMs KOMIUIEKCA
XUTO3aH-UHCYJIMH B ciabokucioi (PH~6,5) cpene. MoaenupoBanucs xuro3ansl ¢ MM 10 9,6
k/la, Bpems mopenupoBanus no 50 Hc, mar 1 ¢c, NVT-ancambns, T=300K, tepmocrar
bepenncena. Pacuerst npoBoguiance B GROMACS 4.6 (CUDA-BepcHsi) € HCHOJNBb30BaHHEM
cuioBoro noist GROMOS 56Acarso, CHelHanbHO MOAUMDUIIMPOBAHHOTO HAaMH Ul PAacyeTOB
MOJMAMHUHOTIIMKAaHOB. Monandukanus Obula TpoBeIeHAa HAa OCHOBE KBaHTOBO-XHMHYECKUX
pacueroB (HF/STO-3G//B3PW91/6-31++G(d,p)) u cocrosiyia BO BBEICHUH B CHJIOBOE IOJIC
CTPYKTYPHBIX JJIEMEHTOB XHWTO3aHa M €ro MPOU3BOJHBIX. YCTAaHOBJIEHO, YTO PACTBOPEHHE
HAuMHAETCS MpPU CTENICHH MPOTOHMpOBaHHsA amuHOrpymm Oomnee 30% (pH~6,8), uro xopormro
COTJIACYeTCs C AKCIEPUMEHTAIBHBIMH JaHHBIMU. CKOPOCTh paCTBOPEHUS TMHEWHO BO3PACTAET C
YBEJIMYEHUEM CTENIeHH MPOTOHUpOBaHUA. MccrnenoBaHo BiAMsSHUE ATUHBI TOJIMMEPHOH LIeTH Ha
pacTBOpeHHe, cellaHa almpOKCHMAITU KHHETHYECKUX ITapaMeTpOB PacTBOPEHHS K OECKOHEYHO
JUIMHHOMY TMTOJIUMEpY. Y CTaHOBJIEHO XapaKTepHOE BpeMs aCCOIMALMU XUTO3aHA U3 TOMOT€HHOTO
pacTBopa. DHEPTUs KOOPWHAIIMY XUTO3aHa ¢ TMMEPOM MHCYIIMHA, OlleHnBaemas merogom PMF
cocraiisieT 11 kxan/mons npu pH=6.5.

Paboma evinonnena npu noodepoicke POOU (npoexm Ne 14-03-00585).
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Molecular structures of hemiporphyrazine and dicarbahemiporphyrazine according to
DFT calculations

A.A. Otlyotov*, Yu.A. Zhabanov
Ivanovo State University of Chemistry and Technology

*e-mail: arseney_otlyotov@mail.ru

Macroheterocycles (MHC) are commonly considered as challenging objects for both
experimental and theoretical studies since they possess a number of important practical
properties depending on their molecular structure. The structures of two MHC:
hemiporphyrazine (H,p, Fig. 1a) and dicarbahemiporphyrazine (H.dchp, Fig. 1b) were
investigated in the present study by quantum chemical calculations at DFT/B3LYP/cc-pVTZ
level of theory.

Fig. 1. Optimized structures of H,p (a) and H,dchp (b) molecules

Initially geometries of H,p and Hdchp were optimized under Dy, symmetry and the obtained
structures happened to be saddle points of the 2" and the 3° order, respectively. Following the
direction of the displacement corresponding to the imaginary frequency of H,p, we examined Cy,
structures (of the saddle type). No imaginary frequencies were obtained for H,dchp under C,,
point group stating the structure to correspond to the minimum of energy.

In the case of Hyp the structure of C,y symmetry turned out to be the saddle point of the 1% order.
It should be mentioned that previous theoretical study’ of hemiporphyrazine in B3LYP/TZV
approximation yielded no imaginary frequencies for this structure and stated the equilibrium
structure of the molecule to possess C,, point group. In the present investigation the symmetry
was further decreased from C,, to Cs (by changing of the relative positions of the hydrogen
atoms in the coordination cavity) and the last structure was found to have no imaginary
frequencies. Therefore, expansion to the correlation-consistent basis set leads to the structure of
Hop of the lower symmetry. Relative positions of the hydrogen atoms bonded with nitrogen
atoms are apparently determined by steric repulsion between them (r(H...H = 1,91 (D2p); 1,93
(Cov); 1,94 A (Cs)). The distance r(H...H) is increasing in the series Don—Ca—Cs making the
last structure the most preferable.

This work was supported by grant of the President of the Russian Federation (project MK-
6073.2016.3).

1Zakharov A.V., Stryapan M.G., Islyaikin M.K., J. Mol. Struct.: THEOCHEM, 2009, 906,
56-62
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Oco0eHHOCTH CTPOeHHUsI CBOOOAHOI MoJIeKyJIbl 1-aMuHOHadTANNH-8-CYJIL(POKHCIOTHI.

H.B. llepsyxuna, A.B. Henamosa™, E.A. Jlanvixuna, M.C. @edopos

VBaHOBCKHI rOCYJapCTBEHHBIN YHUBEPCUTET
Kadenpa puznueckoii u opraHnuecKOrd XUMUHU

*e-mail: nastya_ignatova97@mail.ru

1-AMuHOHA(TATMH-8-CYyIbHOKUCTIOTA SBISETCS BAKHBIMU OOBEKTOM MPOMBIINIICHHOW XUMHUH U CITYXKHT
OCHOBOM TSl CHHTE3a MHOTUX (hapMaIleBTUIECKUX TPErapaToB.

BrimonHeHbl KBaHTOBO-XMMHUUYECKHE pacueThl B mporpamme Gaussian meromom DFT/B3LYP/cc-pVTZ
JUIL UCCIIeIOBaHUSI KOH(OPMAIMOHHBIX CBOMCTB MOJEKYNbl |-aMuHOHA(TanMH-8-Cynb()OKUCIOTH B
ra3oBoil (aze. PaccmaTpuBaemass MoOJEKylna HMEET TPH HEXKECTKUE  KOOPAMHATBHI, CBS3aHHBIC C
BHYTpeHHHM Bpamienuem rpynnbsl: -SOsH Bokpyr cBsizu S-C, -OH Bokpyr cBszu S-O u -NH, Bokpyr
cesizu C-N, mpudem st rpynmsl -NH; Bo3mokHa uHBepcus. PacueTsl mokasanu, 4To MOJIeKyJa UMeeT
MATh YCTOMYMBEIX KOH(QOPMEPOB, OTIMUAIONINXCS B3aUMHBIM pacrnonoxenneM rpymn —NH, wu —S0zH.
Jannple kKoHGOPMEPBHI OTIMYAIOTCS 10 SHEPTUH, IpUYeM HanloJiee S3HEPreTHYECKH BBITOAHBIM SIBISICTCS
nepBbiii  koHpopMep (puc.l). Caemyer OTMETHUTh, YTO B KOH(OpMEpax MOXHO BBIICIHTH TPHU
Pa3HOBUAHOCTH BHYTPHUMOJIEKYJISIPHBIX BOopoaHbIX cBsizeii: O-—H-N (kondopmepsr 1, 2, 3, 4), N--H-O
(xordopmep 1) m H--O-H (xordopmep 5). Hanbonee cunmbHas BOAOPOAHAS CBSI3b 00pa3yeTcss MEXIy
atomoM azora NH,-rpymnmst u Bomopona SO3H-rpymmel B Hanbosiee ycroiiunBoM KoHopMepe.

A E, xcan'mone

10 S

]
n

Puc. 1. OTHOCHTENBEHBIE SHEPTHH MOJIEKYJIHI 1-aMruHOHA(TANNH-8-CyTh(OKHUCIOTHI

B Ta30BOH (asze

PaccmaTtpuBaemas MoJiekyna SIBISIETCS IOJSPHOM M B 3TOM Clly4ae pas3JIMYHbIE [0 IOJISIPHOCTH
pacTBOpPUTENM [OJDKHBI OKa3blBATh PA3HOE BIMSHUE HA DBHEPIUI0 COJbBATAlUM, 4YTO SBISETCS
NEePCIeKTHBaMU JJAHHOU PaboTHI.

Paboma evinonnena npu ¢hunancosoii noooepoicke PODU ¢ pamkax nayunoeo npoexma Nel6-33-00386.
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Electron diffraction and quantum chemical study of structure and conformational
properties of N, N-dimethylamine-1,3,5-trisilacyclohexane

B. V. Puchkov*, S. A. Shlykov

Ivanovo State University of Chemistry and Technology
*e-mail: br37rus@gmail.com

This paper continues a systematic study of molecular structure and conformational behavior of
silacyclohexane derivatives. In this work, we report the results of a study combining gas-phase
electron diffraction/mass spectrometric (GED/MS) experiments and extended quantum chemical
calculations for N,N-dimethylamine-1,3,5-trisilacyclohexane (DMeATSC).

. « B ®
@ C (o]
:\9 ‘e . ) § ® Lo Y ¢
c g L
Cc

w . \‘
C*C. c ?t’- @ J
H o—° | & “\f ; '\?_«q‘ slf
e
e sl ¢ @ u:‘{&
‘ ' |

@
¥ @

tr-Ax IV

g-Eq(l) tr-Eq(11) g-Ax(l11)

Fig. 1. Conformers of DMeATSC.

Quantum chemical (QC) calculations of DMeATSC were performed with Gaussian 09 program
package by B3LYP-DFT and MP2 methods with 6-311G** basis sets. According to the QC
calculations, in gas phase this compound may exist in the four conformeric, two axial and two
equatorial, forms. The structures with torsion angle Lp—N-Si—-H=180° are so-called trans
conformers (tr-E and tr—A) and 53-62° — the gauche conformers (g—E and g—A). No imaginary
frequencies were found for any of them. From B3LYP/6-11G** calculation, the relative electron
energies are AE=0, 0.45, 1.30, 0.65 kcal/mol and relative free Gibbs energies is AG°(298)=0,
0.53, 1.49, 0.96 kcal/mol for I, Il, Il and IV conformers, respectively.

Table 1. Relative total electron energies, free Gibbs energies (kcal/mol) and molar fraction (%)
of conformers of DMeATSC

B3LYP/6-311G** MP2/6-311G**
I Il " | v |1 I i \Y/
AE 0.00]045]130|0.65| 0 |0.12|1.03|-0.76
AG°(298) | 0.00 | 0.53 149|096 | 0 | 0.10|1.06 | 0.07
X 60 | 24 5 11 |36 | 29 4 131

According to the GED results in gas phase this compound may exist in the three conformeric
forms: two equatorial and one axial with the ratio 1:11:1VV=40(20):30(20):30(10)%.

This work was supported by RFFR (project of RFFR Nel14-03-00923-qa).
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Kunernka n1u¢py3noHHBIX pe:KMMOB peaKnuii OKHCJINTe el B KPHCTAJIAX JbJA.
HccienoBanue MeTogaMu MOJIEKYJISIPHOM JHHAMUKH U KHUHeTHYeckoro Monre-KapJio

A.B. Pomcxoel’*, B.C. HayMoel, C.K. Hznamoe*
! Hwxeropoackuii rocynapctBenHbiid yauBepcuteT uM. H.H. Jlo6aueBckoro

*e-mail: alexeyrozhkov2011@yandex.ru

Mukpokpuctamisl jJbaa B atMocdepe 3eMiIM UTpalOT poJib YacTUI, 00eCledrBaIONINX
NPOTEKaHWE PEeaKIil, CKOPOCTh KOTOPHIX B ra3oBoil (pase mcuesarome Mama. B wactHOCTH,
TaKUMH PEaKLUsIMU SBIISIOTCA B3aUMHBIE [TPEBPALLEHUSI COPOHPOBAHHBIX KHUCIOPOCOIEPIKAIIIIX
okuciureneit (OH, OOH, O,, H;O;, O3) Kunetuky U CKOpOCTh NMPOTEKAHUS ITHX PEaKIUN
CJI0KHO U3MEPUTH B JTA0OPATOPHBIX IKCHEPUMEHTAX B CBSI3U C MaJION KOHIIEHTpAIEeH aKTUBHBIX
yactull. KuHernyeckue mapamerpsl 3TUX peakluil MOTYT, B MPUHIIUIE, ObITh ONpPEICICHBI Ha
OCHOBE MOJeKylIsapHo-quHamuueckoro (MJ]) mopenupoBanusa. OpnHako npsmoe MJ]
MOJICIIMPOBAHUE ITHUX MPOIECCOB 3aTPYAHEHO B CBS3M C Maloil CKOpocThbio anudy3noHHBIX
PEeXMMOB 3THUX peaknuidi npu Huskux Ttemmeparypax (T=50-150K). B nannoii pabGore st
OTIpeNIeNICeHUs] JaHHBIX KHHETUYECKHUX I1apaMeTPOB MBI HCIIOJIb3yeM KOMOHMHAILMIO METOI0B
kiaccuueckoit M/, ab initio monekymnsproit nunamuku (AIMD) Ha ocHoBe Metona DFTB wu
kuHernyeckoro Meroaa Monre-Kapiao (AKMC), koTopslii 611 paHee IpeyIokKeH IS ONUCAHUS
MeuTeHHbIX Trddy3HOHHBIX mporeccoB B TBepAbix Tenax [David S. D. Gunn, Neil L. Allanb
and John A. Purtona. Journal of Materials Chemistry A. 2014, 2, 13407-13414]. MJ
MoJieJIpoBaHue TpoBoauiiock B mporpamme DL-POLY. Mogaenupyemas cucrema cocrosiia u3
896 wmonekyn H,O (momens SPC) u pamukanoB H wim OH B sueiike ¢ TpexMepHBIMHU
TNEpUOIMUECKUMH ycIoBUAMHU pasmepamu 31 x 31 x 29 A. Bpemst MonenupoBaHus COCTaBIISIO
no 10 vHc ¢ marom B 0.5 ¢c. Ucnonw3oBanmuce wunrerparop Leapfrog/SHAKE.
Tepmoaunamuueckue ycnoBus coorBerctBoBamd NVE u NVT ancam6Gnsam (Tepmocrar
bepenncena ¢ xapakrepuctuueckum BpemeneM 1 ¢c) npu temneparypax S0K, 100K, 150K. M/]
TPAeKTOPUHU aHAIM3UPOBAIUCH OPUTHMHAIBHON INporpaMMoi, OlLeHHBaomEel Ko3((UIHEHTH
Qg dy3un BEIOPAHHBIX YaCTHII, YACTOTHI CTOJKHOBEHUH W IPyrue KHHETUYECKHE MapaMeTphlI.
Hns merona AKMC paspabareiBaeTcsi COOCTBEHHas MporpaMMa pacueTa, HCIOJIb3yrolas
QITOPUTMBI OTITUMH3AIMNA UCXOJHBIX CTPYKTYP, @ TaK)Ke CEIOBBIX TOYEK MeToaoM aumepa [G.
Henkelman and H. Jonsson. J. Chem. Phys., 111, 7010 (1999).] MoaenupoBaHue MeTO0M
DFTB-AIMD nposoauiock no nporpamme DFTB+ (SCC-DFTB3) [M. Elstner et al. Phys. Rev.
B, 1998, 58, 7260] ¢ mapamerpamu Mio-1-1 qus aromor O u H. ITokasaHo, 4TO CTaHIapTHBIC
MeToJbl Kjaccuuecko MJ He cmocoOHbl MpaBWIBHO BOCHPOU3BOJAUTH XapaKTEPUCTHKHU
TU(GPY3MOHHBIX M PEAKLMOHHBIX IPOLECCOB NpH Temmeparypax Hmwke 150K wu3-3a manoii
MOJBM)KHOCT YaCTHIl TPH HU3KHAX Temmeparypax. CIeacTBUEM STOro SBISETCS OOIBIION
pa3bpoc 3HaueHUi TUPPY3MOHHBIX KOI(D(PUIIMEHTOB, OLIEHUBAEMBIX O (popMyne DHHIITEHHA.
Opurunnanbabiii Metog, AKMC Takke He MO3BOJIAET OJHO3HAYHO OINPEICTUTh U3MEPSEMbIe
xapakTepucTuki. OHaKO KOMOMHAIUS 3TUX METOJI0B 00ECIeYrBaeT OJHOBPEMEHHO OBICTPYIO
OlICHKY Ju((y3MOHHO-KUHETUYECKUX MapaMeTpoB M KaJIMOPOBKY JTHX MPOLECCOB IO
U3BECTHBIM ckopocTsMm nuddysun. MoaenupoBanue cuctembl Ha ocHoBe DFTB-AIMD
MO3BOJISIET TOJIYYUTh KHHETHYECKHE IMapaMeTphl peakluu dcTadeTHON Mepeaadn MpoToHa TpU
B3auMoieiictBun AByx OH paaukanoB B okpyxeHuu monekyn H;O.

Paboma evinonnena npu noooepoicke PODOU (npoexm Ne 14-03-00585).
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Absorption spectrum analysis of the rhodamine-tamra dimer based on molecular
dynamics in complex media

P.S. Rukin®, B. Fresch?, K. G. Komarova®, F. Remacle?

Photochemistry Center, Russian Academy of Sciences, ul. Novatorov 7a, Moscow,
119421 Russia

2Department of Chemistry, University of Liége, Allée du 6 Aout 11, B4000 Liége,
Belgium

Nowadays implementing multiscale approaches is one the most powerful and effective
computational strategy to describe complex systems. The largely used approach is a combination
of a quantum- mechanical description for a specific part of the whole system, whose properties
are important to study, and a classical approach for a remainder that is indicated as
“environment” (QM/MM). It can be applied in the development of a new generation of
nanoscale computing devises based on parallel and multivalued logic operations at the molecular
scale’. One of the promising candidates to be implemented in such devices is sulforodamine-
rhodamine B (Tamra) dimer (RHO_TAMRA) mounted on a short DNA duplex of 28 base pairs
in a water solution. Two approaches to study RHO_TAMRA on DNA system are performed in
our work. One is using time-dependent density functional theory (TD DFT) with variety of
functionals for snapshots from the molecular dynamic (MD) trajectory that includes both the
DNA scaffold and the water environment explicitly. It gives us the information of the vertical
transition distribution and molecular orbital excitations for the ensemble of snapshots
considered. In this case we study the RHO_TAMRA dimer with the polarizable continuum
model (PCM) to describe the environment (DNA in water solution). The second approach is
based on QM/MM DFT (ONIOM scheme) optimization of the whole system starting from
different points of MD trajectory where RHO_TAMRA is included in QM part and DNA with a
water solution are treated with MM. Water is represented both as implicit solvent (PCM) and as
an explicit one. Electronic embedding is used for a better description of the electrostatic
interaction of the RHO_TAMRA dimer with the environment and to include MM polarization.

B. Fresch, M. Cipolloni, T.-M. Yan, E. Collini, R. D. Levine, and F. Remacle, J. Phys. Chem. Lett. 6,
1714-1718 (2015).

25



Effect of microscopic Coulomb interactions on the mobility of charge carriers in
disordered organic materials

A.Yu. Saunina*, V.R. Nikitenko, V.M. Sukharev

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Condensed Matter Physics

*e-mail: ayus03@mail.ru

Transport in organic materials occurs due to hopping of charge carriers between localized states,
randomly distributed in energy. The mobility of charge carriers is one of the most important
characteristics of transport. It was shown both experimentally[1] and theoretically [2], that the
mobility is increasing significantly with increasing concentration. The filling of deep states is
considered to be the main reason of this effect. In that case these states stop acting as “traps”.
However, at moderate concentrations the other effect could be more significant — strong
Coulomb repulsion of randomly nearing charges, which accelerates the release of charges from
deep states. This effect is considered in present work analytically. There are three main factors,
which affect mobility of charge carriers in disordered organic materials: energetic and position
disorder, microscopic Coulomb interactions of neighboring charges and energetic-spatial
correlations due to charge-dipole interactions[3]. These correlations result in a potential well
around rather deep states, which controls the mobility. Monte-Carlo modelling shows that this
potential well is rather good described by Coulomb-type function, W(r)~-a/r, where r is a
distance from the initial deep state. In the present work we consider a charge, trying to escape
from the potential well, created by all of these factors in the presence of external electric field. In
case of moderate concentrations one can consider only the nearest charge affecting a carrier.
Coulomb repulsion leads to the reduction of a potential barrier, as well as the external field. The
mobility is defined by energy averaging of the product of attempts-to leave rate and the escape
probability from the potential well. One can estimate the letter from the well-known Pool-
Frenkel model, in analogy with an escape probability of geminate recombination. This approach
leads to field dependence of mobility in well-known Pool-Frenkel form[3], which provides good
agreement with experimental data (time-of-flight measurements). It was demostrated, that the
spatial correlations have a great influence on carrier mobility in disordered organic materials, as
well as microscopic Coulomb interactions. Thus, one can describe field and concentration
dependence of mobility from the same analytic approach, which is not just a form of description
of numerical data[2].

[1] Tanase C., Blom P. W. M., de Leeuw D. M., and Meijer E. J., Phys. Stat. Sol. A 2004, 201,
1236.

[2] Pasveer W. F., Cottaar J., Tanase C., Coehoorn R., Bobbert P. A., Blom P. W. M., de Leeuw
D. M., and Michels M. A. J., Phys. Rev. Lett. 2005, 94, 206601.

[3] Novikov S. V.,. Dunlap D. H, Kenkre V. M., Parris P. E., and Vannikov A. V., Phys. Rev.
Lett. 1998, 81, 4472.
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Tackling basis set and outer-core electron correlation effects in lanthanide-containing
molecules: a case study of gadolinium diatomics

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

Accurate theoretical description of molecular properties of Ln-containing species is a very
demanding task mainly due to two issues. First, there is a need for employing a series of very
large basis sets with subsequent extrapolation to the complete basis set (CBS) limit, since basis
set incompleteness is the major source of error in ab initio calculations on chemical systems. The
second issue concerns the outer-core—valence (CV) electron correlation effect. The Ln 4f
electrons, not to mention the 4s, 4p, and 4d ones, are usually considered to be “core-like” (i.e.,
unaffecting the formation of chemical bonds) and therefore included in a pseudopotential.
However, such an implicit treatment may lead to a serious deterioration in the quality of
theoretical predictions. The ligand atom outer-core electron correlation is important as well. The
gadolinium atom has a half-filled 4f" shell, so that the ground states of gadolinium species
exhibit high-spin multiplicities: X°Z in chalcogenides and X% in halides. In this contribution, a
complete set of highly accurate molecular constants for a number of diatomic gadolinium species
IS reported for the first time by resorting to a blend of the CCSD(T) method and a convergent
series of large all-electron basis sets with full account for both valence and outer-core electron
correlation: 4s4p4d4f5s5p (Gd), 1s2s2p (O and F), 2s2p3s3p (S and Cl), 3s3p3d4sdp (Se and
Br), and 4s4p4d5s5p (Te and I).

Table 1. The ACBS and ACV effects on molecular properties (re, A, e, cm*, D%, kcal'mol %) of
gadolinium diatomics in their ground electronic states

GdO GdS GdSe GdTe  GdF GdCl  GdBr Gdl

e ACBS -0.0078 —0.0139 -0.0112 -0.0101 -0.0095 -0.0144 -0.0151 -0.0114
ACV -0.0014 -0.0037 -0.0113 -0.0194 -0.0015 -0.0027 —0.0080 —0.0240

e ACBS 8.9 5.2 3.9 3.4 10.2 3.1 3.6 7.0
ACV 2.3 1.2 2.2 2.6 0.9 0.4 11 —1.2

D° ACBS 3.7 5.1 5.0 5.3 0.0 1.4 1.9 2.3

ACV 0.2 0.2 1.1 2.0 0.9 0.6 1.2 1.8

In Table 1, ACBS stands for the difference between the results obtained with routinely used TZ-
quality basis sets and the CBS limit estimates (using TZ — QZ — CBS extrapolation), while
ACV is defined as the difference between the results obtained within the frozen core
approximation and those with full account for CV correlation. As can be seen from the Table,
both effects are significant. The ACV effects on bond length and atomization energy become
increasingly important on going from GdO and GdF to GdTe and Gdl.
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Table 2. The CCSD(T)/CBS calculated molecular constants of gadolinium diatomics
GdO GdS GdSe GdTe GdF  GdClI  GdBr Gdl
re, A 1.8070 2.2901 2.4230 2.6445 1.9598 24127 2.5633 2.7899
e, CM 835.6 4635 306.7 236.7 609.7 3519 2405 186.0
D%, kcal'mol™? 166.0 121.0  105.6 84.9 1511 1133 97.9 77.9

A comparison with limited experimental data published to date (D° for GdX, X = O, S, Se, Te,
and spectroscopic constants for GdO and GdF) suggests that the computed molecular properties
(Table 2) should be accurate to within 0.005 A in re, 5 cm ! in we, and 2 kcal-mol * in D%,

This work was supported by the Ministry of Education and Science of the Russian Federation
(project No. 1800).
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CTpyKTypa u 3Heprusi KOMILUIEKCOB BK/IIOYeHUsI KyKyOuT[7]ypuiios ¢
AUKATHOHAMHCTHPHJIOBBIX KpacHTeJIell ¢ N-aMMOHHOAIKH/IbHBIN 3aMeCTUTe1eM
Pa3IMYHON JJIUHBI

A.C. Cmenko, B.I'. Asaxsn, A.U. Beoepnukos, I1.B. Jlebedes-Cmenaros,
H.A. Jlo6osa, C.II. I pomos
Lentp dotoxumuu PAH, 119421, Mocksa, yn. HoBaropos, 7a/1

C wucnonb30BaHMEM KBaHTOBO-XMMHUYECKOro wmeroga PM3  (cranpmapTHble mapamMeTpsl,
nporpamma FireFly A. A. I'paHoBckoro) ObUIM paccYMTaHbl ONTHMHU3UPOBAHHBIC CTPYKTYPHI
KOMILIEKCOB BKJIIOYeHHUsT KyKypOuT[7]ypun (CB7) — crupunoBsiii kpacutensb (CK) (Puc. 1).
Hmuna N-3amectutens kpacutenss Obula mpoBapbUpoBaHa. KOHCTAHTBI  yCTOWYMBOCTH
komruiekcoB CK@CB[7] B Boge ObUIM  OIEHEHBI  SKCIEPUMEHTAIBHO  METOJIOM
CHEKTPO()OTOMETPHUIESCKOTO TUTPOBAHUSI.

CK1@CBI[7]. L=0.4 A CK2@CBJ[7]. L=1.1 A CK3@CBJ[7]. L=4 A

40000

40000
20000 - AB
30000 2000

20000 1

20000 20000 A

Molransombal ce
Molar abs orbance
Molar absoibal e

10000 10000 10000

360 400 uo 0 520 2280 480 500 wabegn

. 420
Waslkngn Wavelength

Puc. 1. Cpasnenue cnekmpog noenowenus komniexcos CK@CB[7] 6 3agucumocmu om
CMPYKmMypbl KOMNIeKca 8Knoyenus, 20e L — paccmosinue om yenmpa macc Kykypoum|7]ypuna
00 xpomogopa cmupunogozo kpacumeins. (A — kpacumens, AB - komniexc)

OOHapyxeHa  koppemsiuusi Mexnay casurom  makcumyma  JIIIT  kpacurens  mpu
KOMIUIEKCOOOpa30BaHUU U MOJIOXKEHUEM €ro XpoMoQopa OTHOCUTEIBHO MOJEKYJbI-KaBUTaH/1a
CB7. B cnydae 4acTUYHOTO TOTpYyXKeHHsI XpoModopa KpacuTeds B HOJOCTh KyKypOUTypHia
(CK1, CK2) 6aroxpomubiii cnsur makcumyMma JIIIT kpacurens npu oOGpa3oBaHHM KOMILIEKCA
nocturaer 30 HM. J[Is KOMIJIEKCOB BKIIOYEHHs KpacuTens ¢ N-aMMOHMONEHTUJIBHBIM
samectutenieM (CK3) casura makcumyma JIIIIT He HaGmromaercs. B onTuMm3upoBaHHBIX
CTPYKTypax KOMIUIEKCOB BKIJIIOUYEHHs paccTosHue oT IeHTpa macc CB7 g kpacureneit c
N-ammonunoankuinbHbiM (CK1) u N-ammonumonpommibabiM (CK2) 3aMecTUTENSIMH COCTaBIISIOT
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0.4A u 1.1A coorserctenno, u CB7 pacronoxeH HaJ BUHMIIHPHIMHOBBEIM (parMeHTOM
kpacuTens, a s kpacutens CK3 - 4A, mpu 9TOM BHHMINUPHAMHOBHIA (QparMeHT KPacHTENs

pacmonoxeH BHe nooctu CB7.

Ilposeodennoe uccnedosanue npedcmasisiem ummepec O0ai1 XeMoceHcopuku. Pabomui
BLINOHANUCH NPU Noddepaicke epanma llpezuduyma PAH.
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BinsiHue 3amMecTUTe el HA cleKTPHI Noryomenus 1,8-nadgranuncyabrama.

Cysoposa O.A., Jlanvikuna E.A.*, @eoopos M.C.

VIBaHOBCKMIA TOCYAapCTBEHHBIN YHUBEPCUTET, OMOIOT0-XUMUYECKUHN (PaKyIbTeT

*e-mail: ealapikina@yandex.ru

Ilomck w wWcciaemoBaHWE COOTHOIIGHWH MEXIy CTPYKTYpOH W CBOWCTBaMH  (hIIyOpECIEHTHBIX
IPOM3BOAHBIX Ha(TalMHA - aKTyajbHas 3ajadya COBPEMEHHOH TeopeTndeckoil xumuu. llomyueHHble
KOppeNAlHUN MOTYT CIYKUTh Kak JAJs KaueCTBEHHOIO, TaK M AJIA KOJWYECTBEHHOI'O IMPOTHO3MPOBAHUS
CBOWCTB COCTMHEHUI1 HA OCHOBE 3HAHUI 0COOEHHOCTEH MX T€OMETPUUECKOTO U SIMEKTPOHHOTO CTPOCHUSI.

B pabore BHIIONHEHO KBaHTOBO-XxMMHueckoe MoxenupoBanre (TD-DFT(B3LYP)/6-311++G**)
SJIEKTPOHHBIX CIEKTPOB MOrjommeHus 1,8-HadramuHCynbTaMa W Tpex ero 3amemieHHbix (puc.l). Kak
MOKa3aJl KOH(GOPMAIMOHBIM aHAIN3, BCE MCCIIEAyEMBIC COEINHEHHS HMEIOT €THHCTBEHHYIO YCTONYMBYIO
TEOMETPUYECKYIO KOH(DUTYPALIHIO.

(0407
035 —— X=H, R=H
T —— X=CH_, R=H
0.30 ¥ @) /)(
- X=CH,, R=1 Ny
0.25 - V4
_ —— X=H, R=I o
0.204 X
0.15
0.10
0.05 R
0.00 . . AN
210 240 270 300 330 360 390

A, HM

Puc.1. BerancneHnHblie 3JIeKTPOHHBIE CIIEKTPHI MoTIIoNIeHus 1,8-nadranuucynprama u Tpex ero
3aMELICHHBIX.

[Mpun momndukanmu 1,8-HadTanMHCYIBTaMa OBUIM HCIIONB30BAHBI J[BA OTIMYAIOIIUXCS IO MPHPOJIE
3amectutens (-CH; — aIeKTpOHOJOHOPHBIH, -] — AMIEKTPOHOAKIIENITOPHEIH), a TAK)XKE X coueTaHue. beum
paccMOTpeHbI YeThipe Tua cTpykTyp, korna X = H u X = CH; Obutu BBeZIcHBI B HA)TAJIMHOBBIN OCTOB, a
K a30Ty BBOAWIUCH i R=H umu R= 1.

AHanu3 moJyYeHHBIX CIIEKTPOB TIOTJIOMICHHUS ITOKa3ajl, YTO MPH MEPexo/ie OT He 3aMEIIeHHOW MOJIEKYJIbI
(X = H, R= H) x mMonekyne ¢ aByMs pa3nuyHbIMH 1o mpupone 3amecturensimu (X = CHs, R= 1)
HaOJIFOJaeTCs CMeEIeHNE JIIMHHOBOJIHOBOM ITOJIOCKHI MOrjomieHus Oojiee yeM Ha 40 HM, OCTajbHbIE
TMIOJIOCHI TIOTJIONICHHS JJIsI pACCMATPUBAEMBIX MOJICKYJI TaKKe CMEIIAIOTCS B JUTMHHOBOJIHOBYIO 00JIACTh.
Kpome Toro, B 3TOM K€ psIy IPOUCXOIUT H3MEHEHHE COOTHOIICHWS WHTEHCHBHOCTEH II0JIOC,
WHTEHCHUBHOCThL JUIMHHOBOJIHOBOH TOJIOCHI pacteT W st coemuHeHus ¢ X=CHs;, R=I| cranoBurcs
MPeo0IaAaroIIeH B CIIEKTPE IMOTIOMICHHS.

Takum oOpa3om, BBeAeHHE B MOJEKyy 1,8 - HapTaIMHCYIbTaMa Pa3IMYHbIX 110 MPHUPOJIE 3aMECTUTEINEH
MPUBOJUT K CMEIIEHHUIO TIOJIOC B CIIEKTPE IMOTJIONICHHS B JJIMHHOBOJHOBYIO 00/1acTh, MpuieM Haunbosiee
a¢dexTuBHBIM siBIIsieTcs coderanue ¢ X = CHj, a R=1.

Paboma evinonnena npu gunancosoii noooepsicke PODOU (npoexm Ne 16-33-00386 mon_a)
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Molecular structure of N-trifluoroacetypiperidine - axial, equatorial or something
different?

Tran D. Phien”, S.A. Shlykov, N.V. Belova

Ivanovo State University of Chemistry and Technology, Research Institute for Thermodynamics
and Kinetics of Chemical Processes.

*e-mail: phientran@mail.ru

Molecular structure and conformational behavior of saturated six-membered rings, containing
heteroatom, is an attractive field in chemistry. The axial-equatorial equilibrium and orientation
of substituents relative heterocycles are influenced by steric repulsions and orbital interactions.
The conformational preference of a N-substituted pipridines is generally an equatorial one and
this has traditionally been explained in organic chemistry textbooks as being due tol,3-diaxial
repulsion effects destabilizing the axial conformer. However, the hyperconjugation between the
electron lone pair on nitrogen atom and the n-system of substituents stabilizes the axial form [].

Recently we started a systematic study of the molecular structures and conformational properties
of N-substitited piperidines, including N-cyclohexylpiperidine [*], alkyl- and
nonalkylpiperidines [*]. All N-substituted pipridines may be dividing by three groups depending
on the ratio of equatorial and axial forms.

In this study the molecular structure of N-trifluoroacetylpiperidine (NTFAP) was investigated by
quantum chemical (QC) calculations. Geometry optimization and vibrational calculations were
performed at the DFT-B3LYP, M06-2X and MP2 levels with the 6-311G** and cc-pVTZ basic
sets.

From the QC calculations, it was found that the nitrogen bond configuration is nearly planar with
> ZCNC=357-360°, i.e. the N and C, atoms belong to the carbonyl group plane. The B3LYP
and M06-2X calculations predict that the angle between the exocyclic N-C6 bond and the C1-
C2C4-CS5 plane of the averaged piperidine frame is a=52-53° and 62-66°, respectively. At the
same time, the MP2 method yielded a=64° (cc-pVTZ) and 71° (6-311G**). Such situation was
observed in theoretical study of N-acetylpiperidine [1]. Thus, the substitution of the hydrogen
atoms in the acetyl group by heavier atoms has no influence on the carbonyl group orientation

relative to the piperidine ring. <
As follows from the NBO analysis, the second-order @ & A
perturbation energy E(2) (LP(N)—BD*(C6,0)) is 75, 94 and 2 ; bﬂ
110 kcal/mol at the B3LYP, M06-2X and MP2 levels with the ; -
cc-pVTZ basis sets, respectively. Due to high orbital R ®

interaction energy, the nitrogen bond configuration is nearly | #< .. c2 @ A

planar, making impossible to assign this molecule neither to st

axial, nor to equatorial conformation, but to ‘intermediate’ * ﬂ\i

one.

The financial support of this work by the Ministry of Molecular structure of NTFAP

Education of the Russian Federation (Base Part, Project No.
1800) and the Russian Foundation for Basic Research (Grant 14-03-00923) is greatly
acknowledged.

Tran D. Phien, Shlykov S.A. Comput. Theor. Chem. in print, 2016.
2Shlykov S.A., Tran D. Phien, Gao Y., Weber P.M. Struct. Chem. 2015, 26(5) 1501-1512.
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Conformational properties of 1-cyanosilacyclohexane studied by quantum chemical
calculations in gas phase and IR spectrum in liquid

Tran Dinh Phien®*, Ingvar Arnason °, Sergey A. Shlykov

% lvanovo State University of Chemistry and Technology
® Science Institute, University of Iceland, Dunhaga 3, IS-107 Reykjavik, Iceland
*email: phientran@mail.ru

Determinations of equatorial-axial equilibrium in the saturated six-membered heterocyclic
compounds derivatives have provided valuable information regarding the nature of steric
interactions in organic molecules. The equatorial-axial equilibrium of 1-cyanosilacycloxane

CNSIC was examined by quantum chemical (QC) t
calculations in the work [1]. In this study, an attempt @ ¢
was undertaken to evaluate information on the ¥t & cf;;‘ P o
conformational ratio of CNSIC by using IR |e. & ;iua‘\-. ¢ -c‘i“ “
spectroscopy. ¢ ¥ ®
The geometry and vibrational calculations were A: Eq
L - ) :
performed with 6-311G** (A) and cc-pVTZ (B) basis Fig. 1. Molecular structures of CNSIC

sets by applying B3LYP, MO06-2X and MP2(FC)
methods. The experimental IR spectrum of liquid CNSIC was recorded in the range of
wavenumbers 400 to 4000 cm™* at room temperature. According to the QC calculations, in the
gas phase the axial conformer is more stable than equatorial by AE=0.35-0.36 (B3LYP), 0.84—
1.02 (M062X and MP2) kcal/mol and AG295=0.18 (B3LYP), 0.72-0.94 (M06-2X and MP2)
kcal/mol. The B3LYP calculations predict the ratio Ax:Eq is 58:42%, whereas M06-2X and MP2
methods show the ratio is ca. 80:20%. These Si-H

values are similar to those in [1]: 0.94-0.98 (AE), '
0.85-0.88 kcal/mol (AG) and the ratio
Ax:Eq=81:19 % from the MO06-2X/aug-cc-pVTZ
and MP2(Full)/cc-pVTZ calculations. The energy
barrier of the ring inversion of process Ax—Eq,
calculated in this work, is ca. 7 kcal/mol from
QST3 approach at M06-2X/6-311G** level.

The B3LYP calculations predict the Si—H and C=N
stretch vibrational modes to lie in the regions
2220-2237 and 2301-2304 cm’, respectively.
From the M06-2X calculations, the Av(Ax—EQ) Si— - =
H band positions differ of 25 cm™ is larger than | 2000 2100 2200 2300 2400 2500
that from B3LYP results. v.cm®

On the contrary, the MP2 predictions are totally [Fig.2. Theoretical (gas) and experimental
different — the Si—H and C=N vibrational modes lie | (liquid) IR spectra in the SiH and CN
in reverse positions as compared with the DFT modes range of CNSiC
estimates, see Fig.2, and, moreover, the difference between these modes is twice larger.

The experimental IR spectrum of CNSiC, a doublet in the range 2000-2300 cm ™ was assigned
to the Si—H and C=N modes. The intensities ratio along with the position difference of the bands
allows one to suggest that the MP2 calculations may give erroneous predictions of the
vibrational spectra.

The financial support of this work by the Ministry of Education and Science of the Russian
Federation (Base Part, Project No. 1800) and the Russian Foundation for Basic Research
(Grant 14-03-00923) is greatly acknowledged

1. Sigolaev YF, Semenov SG, Belyakov AV. Russ. J. Gen. Chem. 83-5 (2013) 932-937.
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NBO-ananu3 pacnpeesieHusi 3J1eKTPOHHON MIOTHOCTH MOJIEKYJIbl TPHATUIEH-TPHAMMU
dochopHoit KHCIAOTHI

A.A. @apadonosa

MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET

Co3nanre HOBBIX JIEKAPCTBEHHBIX CPEACTB - OJHA W3 AaKTyalIbHBIX 3a/Ja4 COBPEMEHHOMU
xumuueckod Haykud. Opranuueckue coefauHeHus Qocdopa NHPOYHO BOLUIM B apceHal
MPAKTUICCKON MEIMIIHHEI. HauGomnsmryro MIPAKTUIECKYIO 3HAYUMOCTh UMEIOT
docdopconepxkaimume JIeKapcTBeHHblE Mpemnaparbl ¢ ¢parmeHToM P-N, cocraBmustonue
OCHOBHYIO TPYIIITY IMPENapaToB s JICUYCHUS 37I0KaYeCTBEHHBIX HOBOOOpA30BaHUH.

B nannoil paGote Oblia BBIMOJNIHEHA ONTHUMM3AIM T'€OMETPUHU, pacueT 4acToT KosieOaHui, a
takoke NBO-ananmu3 pacrpenencHust 3JMeKTpOHHON IwioTHoctH Metogom  DFT/B3LYP ¢
ucnonp3oBanueM Oaszuca 6-31G* wmonekynbl TpuAITUIEH-TpUaMHUA  (OCHOPHON KHUCIOTHI.
Moutekyna CONEPKHUT TPU TPEXWICHHBIX IUKIUYCCKUX (parMeHTa, IUIOCKOCTH KOTOPBIX
PacOIOKEHbI IO/ Pa3HBIMK TUIIPUUYECCKUMH yriiamu K cBsizu P-O: £-120.7° (AN3C3C4), £-
17.7° (AN2C5C6), £-10.8° (AN1C1C2).

;g; ?
e; 7i\

Puc. 1. Mojenb MOJIEKYITBI TPHATHIICH-TpHaMH]T GOCHOPHON KUCITIOTHI ¢ YKa3aHUEM
HCIIOJIb3yEMOM HyMEpalui aTOMOB
T
Co.

Puc. 2. NBO monexyssl TpusTUIeH-TpUaMua GochopHOil KUCIOTHI

Bemmunnet BasteHTHBIX yriioB OPN coctaBmmum 114°-117°, B To Bpemst kak BasieHTHBIE yriiel NPN
paBHbl 101° u 106°. Takoe OTKIIOHEHHE YETHIpEX CBs3EH aToMa P OT TeTpa’apuyecKux yriioB
00BsICHSIETCS OOJIbIIEH SJIEKTPOHHOM TUIOTHOCTRIO CBsi3u P-O (mopsimox cBsizu=1.26) mo
CPaBHEHHMIO C JJIEKTPOHHOH IUIOTHOCTBIO cBsizu P-N (mopsimokx cBs3u=0.71-0.75) B pamkax
TEOPHUH OTTAIKUBAHMUS DICKTPOHHBIX T1ap.

Crabunusanus CTpPyKTYpbl, H300pakeHHON Ha PUCYHKE, ONpPEesIeTCs] CyMMapHbIMU JIOHOPHO-
aKIeNTOPHBIMU  B3aWMOJICHCTBUSIMU ~ HemojneneHHod mapel  (LP) atomoB azota ¢
paspeixsstiomumu ©¥ NBO cBssu P-O. Haubonbiiee B3aumojieiicTBue HaOMIONAETCS MEXITY
LP(N3) u n*(P-O), koTopoe coctaBisieT 9.5 KKa/MOb.

[TonoOHOE pacmoyoXkeHue TPeXwIEHHBIX (PparMeHTOB HAOMIONAETCS B MOJIEKYJE KpUCTalIa C
cepoil, KOTophIil sBIseTCsS d(PPEKTUBHBIM MpernapaToM AJisl JICYECHHUsS] paka MOJOYHOU Kele3bl.
Takum o6pa3zom, NBO-ananu3 mNo3BOJNSIET MOHATH NPUUYMHY CTPYKTYPHBIX OCOOEHHOCTEH
COCIMHEHUN TaHHOTO KiIacca.
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Nonadiabatic Effects in Pyrene

A.Ya. Freidzon*?"

Photochemistry Center, Russian Academy of Sciences

’National Research Nuclear University MEPhI
*e-mail: freidzon.sanya@gmail.com

The absorption and emission spectra of pyrene are simulated with their vibronic structure.'
Pyrene has two low-lying singlet excited states: dark (symmetry-forbidden) 'L, and bright
(symmetry-allowed) 'L,. Light absorption leads to 'L,, but the emission proceeds from Ly with
relatively high quantum vyield. The absorption spectra calculated within the Franck—Condon
double harmonic parallel-mode approximation perfectly agree with the experiment, which
indicates the validity of these approximations for light absorption in pyrene. However, the
emission spectra calculated either within the Franck—Condon or Herzberg—Teller approximations
show poor agreement with the experiment. This indicates the importance of nonadiabatic effects
and intensity borrowing in the pyrene fluorescence. Nonadiabatic coupling matrix elements
between the 'L, and 'L, are calculated. The emission spectra taking into account nonadiabatic
effects are constructed.

This work was supported by RSF (project Ne14-43-00052) and RFBR (project Ne16-03-00107).

'A.Y. Freidzon, R.R. Valiev, A.A. Berezhnoy, RSC Adv. 2014, 4, 42054-42065.
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Transient current in dispersive transport mode for the case of time-dependent electric field

V.R. Nikitenko*, M.D. Khan
National Research Nuclear University «MEPhD» (Moscow Engineering Physics Institute)
*e-mail: vladronik@yandex.ru

Disordered semiconductors are intensively investigated because of applications in copying
technique, photovoltaic devices™ ? and other basic elements of electronics. Transport of charge
carriers, the main characteristic of which is mobility, is one of the fundamental processes that
determine the parameters of electronic devices. One of methods for measuring mobility in thin
(less than 100 nm) films is CELIV (Charge Extraction by Linearly Increasing Voltage) method.
Initially, CELIV method was developed for the extraction of equilibrium charge carriers™. Later
on, this method was adopted for extraction of external carriers, generated by light pulse, the so-
called photo-CELIVI™. 1t should be noted that initial energetic distribution of photogenerated
charge carriers can be extremely non-equilibrium. Quasi-equilibrium in a disordered media is
established only in course of transport, which is known to show anomalous features: mobility of
charge carriers decreasing in course of time, and the dispersion (spread of coordinates) of charge
carriers is anomalously large® . However, usual method for analysis of CELIV data supposes
the equilibrium transport (constant mobility of carriers). Only recently, numerical simulation of
CELIV is carrying out taking into account dispersive transport!”),

In this work analytic expressions for the density of charge carriers and the transient current in the
case of dispersive transport for a small-signal conditions, when the field can be considered as
uniform and its strength increases by a power law, are obtained. Based on these solutions,
modification of method for determination of the transit time (hence, the drift mobility) from
CELIV data is discussed. Dispersive transport is realized in the case of photogenerated carriers
(photo-CELIV) in strong disordered material at initial time interval after the light pulse. It is
shown that due to anomalous dispersion of charge carriers the ratio between time of maximum
current and time of flight entirely differs from the case of normal (quasi-equilibrium) transport,
when the mobility is constant. Analytic dependence of these times from single dimensionless
parameter is obtained. This dependence allows to estimate time of flight for «free» carriers, if
CELIV signal increases sharply at short times and then it decreases slowly (the form of the curve
is strongly asymmetric), and the usual relation is not applicable.

[ A.J. Mozer, N.S. Sariciftci, C. R. Chim. 9 (2006), 568-577.

2 p.M. Borsenberger, D.S. Weiss, Organic photoreceptors for xerography, CRC Press, Boca
Raton, 1998.

B G. Juska, K. Arlauskas, M. Vilitinas, J. Kocka, Phys. Rev. Lett. 84 (2000) 4946.

My, Mozer, N.S. Sariciftci, L. Lutsen, D. Vanderzande, R. Osterbacka, M. Westerling, G. Juska,
Appl. Phys. Lett. 86 (2005) 112104.

BI'v.1. Arkhipov, M.S. lovu, A.1. Rudenko, S.D. Shutov, Phys. Status Solidi A 54 (1979) 67-77.

[T/ 1. Arkhipov, A.1. Rudenko, Philos. Mag. B 45 (1982) 189-207.

[ B. Philippa, C. Vijila, R.D. White, P. Sonar, P.L. Burn, P. Meredith, A. Pivrikas, Org.
Electron. 16 (2015) 205-211.
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CTpyKTypa U TepMOAMHAMIYECKHE CBOMCTBA KJIACTEPOB BOJbI U BJIUSIHUE
OPHMEHTAMOHHOM M30MePUM HA MX KOHLIEHTPAMM B ra30Boil (pase

E.A. Hlupoxosa™, O.C. Boponosa, C.K. Uenamos, A.I'. Pazysaes

Hwxeropoackuii rocynapcTBeHHbI yHuBepcuteT uMenu H.U. JloGaueBckoro

*e-mail: ekashirokova@gmail.com

Knacrepsl Boapl SBISIIOTCS OOBEKTOM MHOTOYHMCICHHBIX HCCIIEAOBaHMH, Tak Kak MH(opmanms o0 ux
CBOWCTBaX HeOOXoguMa MJisi TPaBWIBHOIO ONHKCAHUS PAa3IUYHBIX aTMoc(epHBIX TpoleccoB. B
YaCTHOCTH, JaHHBIE MYJIBTUMOJEKYIAPHbIE KOMIUIEKCHl BIMSIOT Ha paclpelelieHHe SHEPruu B
aTMocdepe, BHOCS TE€M caMbIM 3HAUUTEIbHBIM BKJIAA B H3MEHeHHE kiumara. Kpome Ttoro, ectsb
MIPENON0KEHNE, YTO KJIACTEPbl BOABI 3HAUYMUTENBHO YCKOPSIOT MPOIECCHl TMAPOIN3a M THIpaTallvy,
ABISISICH MX «ra3oda3zHbIMM KaTanuzaTopamu». OAHAaKO B OLEHKax TEPMOAMHAMUYECKUX (YHKUMH U
KOHIIEHTPAIINi KJIaCTEPOB BOJBI IMEET MECTO 3HAYHTEIbHBIN pa3opoc. CTaHIAPTHBIA MOJX0H — pacdeT
TEPMOJMHAMUYECKUX (PYHKIHMH TOJNBKO IUIsi HauOoJiee IHEPreTHYECKH BBITOJHOW CTPYKTYphl — HE
YUUTBIBACT CYHICCTBOBAHWE OI'POMHOI0 4YHCJIa OPUCHTAIIMOHHBIX HM30MCEPOB, BO3HHUKAIOIIMUX 3a CYET
Pa3IMYHBIX TOTOJIOTHI CETKH BOJOPOIHBIX CBA3ei. B maHHOW paboTe TepMOIMHAMHYECKHE PacUeTh
MPOBOZSTCS AJIsl OOJIBIION BEIOOPKH M30MEPHBIX KOMIIJIEKCOB U3 6 MOJIEKYJ BOJBL. McXOqHbBIE CTPYKTYPBI
BHIOpaHBl Ha OCHOBE OPWUTMHAIBHOW MPOTpaMMBI, KOTOpas AJs 3a[JaHHOTO «CKENEeTa» KHCIOPOIHBIX
aTOMOB TCHEPUPYET OPHUEHTAIMOHHBIC H30Mepbl. PaccMoTpensl 96 m3omepor "boOK", 27 wm3omepoB
"cage", 10 uzomepos "prisma”.

“Cage” “Book” “Prisma”
¢ al
l\ 41 S

é;f si«z j'/‘ 1_:1‘@

Puc. 1. Tpu Buga «CKeIETOB» KMCIOPOIHBIX aTOMOB JuTst KiactepoB Boisl (H20)e

Metonom B3LYP/6-311++G(2d,2p) npoBeaeHa ONTUMH3AIMS T€OMETPUH, PACCUUTAHBI KOJIeOaTEeIbHBIC
YacTOTBl M TepMOAWHaAMHU4Yeckne GyHKOuM u3oMmepoB. /Jlins HamOojee BBITOIHBIX CTPYKTYP
JIOTIOJTHUTENBHO MPOBEICHBI PACYETHl BLICOKOTOYHBIM MeToJJoM G4. PaccunTaHbl KOHCTAaHTHI PABHOBECHS
0o0pa3oBaHKs MYJIbTHMOJICKYJISIPHBIX KOMILJICKCOB W WX KOHIIEHTpAI[MK B ra3oBOi ¢asze. Y CTaHOBJICHO,
YTO pacyer M0 TEePMOAWHAMUYECCKHM (PYHKIHSM TIIOO0ATFHOTO MHHMMyMa Ha 1-2 mopsiaka 3aHMXKaeTr
KOHILIEHTPALlMK KJIACTEPOB W MOXKET HCIIOJIB30BATHCS TOJBKO Ui MPOCTBIX CTPYKTYP M3 2-3 MOJEKYJ
BoJbL. [Iyist OoJiee CIOMKHBIX KOMIUIEKCOB HEOOXOMMO YUHUTHIBATH SBIICHUE OPUEHTAIIMOHHON U30MEpHHU.
Pesynprarel  BepuuUUpYIOTCS IMyTeM MHPSIMOTO0 MOJEKYISIPHO-IMHAMUYECKOTO  MOJECIMPOBAHMUS
BOJISTHOT'O TIapa U OLUEHKH BPEMEHH XKU3HH 3aperHCTPUPOBAHHBIX KOMIUIEKCOB. KoHILIeHTpanus AuMepoB
(H,0),;, rmonydeHHas Ha OCHOBe pacu€Ta HMX BpPEMEHH >JKH3HH, COIJIACYeTCS C pe3yJbTaTaMu
KBaHTOBOXUMHYECKHX pacuéTroB MetogoM G4. OpHako NpUMEHEHUE METO/IOB MOJIEKYIISIPHON JTHHAMUKA
st w3ydeHuss komruiekcoB (H;O), mpum n>3 okasbiBaercst Hed()(EKTHBHBIM BCIEICTBUE Mayon
BEPOSITHOCTH MX OOpa3oBaHUs 32 BpeMs MOJENHpOBaHHA. [IpeaMeToMm nanbHeimed paboThl sBIsETCS
pa3paboTKa CrelUaTbHBIX METOIOB JIJIsl BRICOKOTOYHOM OIICHKH KOHIIEHTPAIUH KJIACTEPOB BOIBI.

Paboma evinonnena npu ¢hunamncosoti noooepicke PODOU (npoexm Ne 14-03-00585).
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H-koMIuIeKke 7-H-NPONMUIOKCUKOPUYHON KUCJIOTHI ¢ MTUPUAHUHOBBIM 3GUpPOM napa-H-
NMPONMJIOKCHOEH30MHON KUCI0THI — MOTEHUNAJbHbIH Me30TreH

K.E. llInunesas, HHU. I'upuuesa, M.C. @edopos, C.A. Coipdy

HBaHOBCKHUI TOCYAapCTBEHHBIN YHUBEPCUTET, Kadeapa opraHndecKor U (U3NIECKON XUMHH

beicTpoe pa3BUTHE TEXHUKU HPEAbSABISIET HOBble TPEOOBAHUA K JKUAKOKPHCTAJUIMYECKUM MaTepHaIaM.
MonekynapHbI TU3alilH ME30T€HOB IOCTETIEHHO yTpavyWBaeT CBOW MOTEHIHAN. JTO OOYCIOBIEHO TEM,
YTO KpYT TOTEHIMAIBHBIX CHHTOHOB I KOHCTPYMPOBAaHUS KaJJAMUTHBIX ME30T€HOB OTpPaHHUYEH U
xopouio u3BecTeH. [losBUBIIMECS ME30TeHbI UHOM XUMHUUYECKOW MPHUPOABI (HampuMep, JUCKOTHYECKHE,
METaJIOME30I€HbI U [Ip.) HE BCErJa JalT BO3MOKHOCTh CO3IAHUS KUIKOKPUCTAIIIMYECKIX MaTEPUAIIOB C
3aJaHHBIMH ~ CBOHCTBaMH. BomopogHas CBsi3p  Cpeid  CIEHU(PHUYECKHX  B3aMMOJCHCTBUH B
KUIKOKPHUCTAJUIMIECKUX KOMILUIEKCaX BBI3BIBACT OCOOBIM MHTEpeC. DTO CBSI3aHO C OCOOBIM COYETaHHEM
€e CBOWCTB — BBICOKOH IIPOYHOCTH U CTepeocHenn(UIHOCTH C OJHOH CTOPOHBI, U JUHAMHUYHOCTH — C

JIpYTOM.

B HacTosimieli pa0oTe BBIMOJHEHO KCCIEIOBAaHHE CTPYKTYpbl H-KoMmIiekca Ha OCHOBE napa-H-
MPOMHUIOKCUKOPUYHON KUCTOTHI (A) ¢ MUPUANHOBBIM 3(pUpoM mapa-H-MPONHIOKCUOCH30MHON KHCIOTHI
(B) a Takxke omnpeneneHne XapaKTePUCTHK MEKMOJIEKYJIIPHOM BOIOPOIHOH CBsI3bi0 B H-KOMIUIEKCE.

[Tpu mMonenupoBannu H-KoMIUIeKkca HCMOIB30BANKUCH HAaNOOJee IHEPTETUIECKH BBITOIHBIE KOH(POPMEPEHI
Moneky1l A u B. Jns Bcex KOHPOPMEPOB OTACNIBHBIX MOJEKYn W i H-komiiekca BBITOJTHEHA
ONITHMU3ALUS TEOMETPHUYECKUX IapaMeTpoB, a TakKe PACCUUTAHBl YaCTOTHI KOJEOAHUS METOIOM
DFT/B97D (yuuThIBatonuM TUCTIEPCHOHHOE B3aMMOEHCTBHE) ¢ Oa3ucoM 6-311++G**,

- c
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Puc.1. H-xommuiekc, o0pa3oBaHHBIN napa-H-TIPONMMIOKCUKOPHUYHON KUCITOTOM (A) C
MUPUIUHOBBIM 3(QHPOM Napa-H-MPONHIOKCHOEH30MHOM K1caoThI (B)

Me3oreHHasi 4acTb MOJIEKYJIBI A SBISETCS CTPYKTYPHO JKECTKOHW, B MoJeKyle B~ BO3MOXKHO
3aTOPMO’KEHHOE BHYTpeHHee BpaileHue nupuauHoBoro ¢parmenta (Vy=0.4 Kkan/moib), KOTOpoe
NPOMCXOJUT C CYIIECTBEHHBIM COXpPaHCHUEM HAIlpaBICHUsI JUPEKTOpa W JUIIOJBHOTO MOMEHTa
MouteKybl 3¢upa. OnpeaeneHsl 3JI€MEHThI TEH30pa HOJISPU3YEMOCTH KOMILIEKCA: Oy=/16.6; a,y=323.7,
0,,=224.8.

OHeprusi B3aUMOJICHCTBHS MEXAy MoiieKkyaamu A u B, kotopas cocraBuna -14.5 xkan/monp (-13.8
KKaJ1/MoJIb ¢ yueToMm nonpaBku BSSE Ha cynepnosunmio 6a3ucHbIX HaOOpOB), paccyuTana mo Ghopmyie
(rme SP — pacuetsr Single Point):

AEMMBz EKDMH(Opt)-(EA(SP) + EB(SP))

[TommydeHHbIe XapaKTEPUCTUKHA KOMIUIEKCA YKA3bIBAIOT HA 00pa3oBaHHE CHIIBHON MEXMOJIEKYISIPHOU
BOJOPOJHOM CBSI3U U BEICOKOW aHU30TPOIINH 3JIEKTPOHHOM TNIOTHOCTH.

Paboma evinonnena npu ¢unancosoti noddepocxke Munucmepcmea oopazosanusi u Hayku Pd
(6azosasn uacmo, npoexm Ne3474)
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Ab initio multi-reference perturbation theory calculations
of the ground and low-lying excited states of the weakly bonded YbCs atomic pair

D.N. Meniailava, M.B. Shundalau*
Belarusian State University, Physics Department, Minsk, Belarus

*e-mail: shundalov@bsu.by

Cold and ultracold polar molecules offer prospects for the realization of new forms of quantum
matter with possible applications to quantum information and to precision measurements®. For
this purpose it is necessary to know of the exact forms of the potential energy curves (PECs) of
the electronic states, as well as the spectral, energetic and dynamic characteristics of their
rovibronic states. No experimental data available for the weakly bonded YbCs atomic pair (“van
der Waals molecule”) electronic states system. The ab initio calculations of the electronic terms
allow to compute all of the necessary characteristics of the rovibronic states.

In this study, the SA-CASSCF(3,12)/XMCQDPT?2? calculations of the low-lying doublet and
quartet states and the spin-orbit coupling (SOC) for the YbCs molecule are performed (Fig. 1).
The Stuttgart RSC ECPs have been used in calculations. At the dissociation limits the energies of
the lowest excited YbCs terms relatively to the its ground state are®; 11178.3 and 11732.3 cm*
with the SOC splitting equals 554.0 cm*; 14499.3, 14596.8 cm* with the SOC splitting equals
97.5 cm™; 17288.4, 17992.0 and 19710.3 cm* with the SOC splittings equal 703.6 and 1718.3
cm*; 18535.5 cm ™. The corresponding calculated energies of the low-lying terms relatively to
the ground state at the distance of 17.0 A are: 11177.8 (Q =1/2) and 11732.2 cm™ (Q = 3/2)
with the SOC splitting equals 554.4 cm™; 14063.1 (Q = 1/2), 14758.7 (Q = 3/2) and 15795.5 cm™
1 (Q =1/2) with the SOC splittings equal 695.6 and 1036.8 cm*; 17034.7 (Q = 1/2), 17841.2
(Q = 3/2) and 19457.2 cm™ (Q = 5/2) with the SOC splittings equal 806.5 and 1616 cm ™. These
data indicate that our calculations for states corresponding to the Yb(6s%)+Cs(6p) and for general
splitting corresponding to Yb(6s6p)+Cs(6s) are in good agreement with experimental energies at
the dissociation limits. Potential well depth for the ground state is 158.7 cm™ at the distance of
5.775 A.
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Fig. 1. Calculated at the CASSCF(3,12)/XMCQDPT2 + SOC level of theory
low-lying electronic states of the weakly bonded YbCs atomic pair
in the range from 3.50 to 17.00 A

0. Dulieu, C. Gabbanini. Rep. Prog. Phys. 2009, 72, 086401.
A.A. Granovsky. J. Chem. Phys. 2011, 134, 214113.
SNIST Atomic Spectra Database, http://www.nist.gov/pml/data/asd.cfm.
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Induced representations in the theory of electron structure and superconductivity

V.G. Yarzhemsky*
Kurnakov Institute of General and Inorganic Chemistry
*e-mail: vgyar@igic.ras.ru

Large symmetrical clusters and crystals are characterized by the whole symmetry group and
some physical subgroups, i.e. local groups and a wave vector groups. Multiscale atomistic
modeling requires use of the proper symmetry for each scale. In the present work this problem is
solved making use of induced representation method. The wave functions of symmetrical
nanoparticles are classified by the whole group, local group and intermediate group. Making use
of transitivity of induction theorem it was shown that additional quantum numbers are required
for nanoparticles if atoms are on the planes of symmetry®. These additional quantum number
label repeating IRs of the whole group and may by chosen to correspond to local symmetry of
physical interaction. Selection rules for optical and vibrational transitions are usually considered
for the whole symmetry group. It was shown that the vibrational selection rules are modified for
large symmetrical clusters®.

In solid state there are two physical subgroups — local group and the wave vector group. Cooper
pair wave functions are constructed as a Kronecker square of the wave functions belonging to the
IRs (irreducible representations) of space groups®. Possible symmetries of a pair depend on the
position of one-electron wave vector in a Brillouin zone. It is shown that in the case of Cooper
pairs there are three physical groups and three quantum numbers for labeling of states, i.e. the
whole crystal group G, the wave vector group H and intermediate group F. Making use of
Mackey theorem on symmetrized squares of induced representations it is shown that in a general
point of Brillouin zone the number of appearance of any IR equals to its dimension. This means
that for complete classification of the states additional quantum numbers are required.
Unconventional superconductors UPts, Sr,RuQ, characterized by points and lines of nodes. It is
shown that the nodal structure of one-dimensional IRs of a pair is uniquely defined and that for
two-dimensional IRs the nodal quantum numbers are the labels of IRs in intermediate group F.
On the lines and planes of symmetry IRs of the wave vector group H are additional the quantum
numbers. The application of the technique to Fe pnictide superconductors is discussed

This work was supported by PREZIDIUM RAS (project 111.5.)

“Yarzhemsky V.G. Nanoscale Syst: Math. Modeling, Theory Appl. 2013, 2, 96-106.
2SIpsxemckmii B.I., Msoros A.JI. JAH. 2013, 453(3), 391-394
Yarzhemsky V.G. Int.J. Advanced Appl. Phys. Research, Special Issue, 2016, 48-56
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CTpyKTypa U YHepruu rpaHUYHbIX OPOMTAJIel MPOU3BOAHBIX NOPPUHA KaAK
NOTEHUHAJbHBIX KOMIIOHEHTOB JJIs1 (POT03JIEMEHTOB KAaCKAHOI0 THIIA

A.B. Manvuuesa, K.M. Conoamosa, A.U. Cmupnosa, H.U. I'upuuesa, H.B. Yconvyesa
MBaHOBCKUIA rOCY1apCTBEHHBIM YHUBEPCUTET

B mocnegnue ronapl MOSBWIMCH NEPCHEKTHUBHBIE OpraHuveckue (POTOBOIbTAMUECKUE
AYEHKU, KOTOpbIE B OTIMYHME OT TPAJAULHUOHHBIX HEOPraHUYECKMX KPEMHHUEBBIX, JACLICBIE U
JIer4ye B IPOU3BOJICTBE.

Cpenu HUX 3JIEMEHTHI KacKaJHOTO THIIA BBI3BIBAIOT OCOOBI HHTEpEC HCCIeA0BaTeNeH,
IOCKOJIBKY OHH pa0OTaloT €O 3HAYUTENBHO OOJNBIICH YacTbi0 COJIHEYHOTO CIEKTpa U
TEOPETHYECKH MOTYT uMeTh Oombiuii KIT/I.

B kauecTBe BO3MOXKHBIX KOMIIOHEHTOB TaKHX KAaCKaIHBIX CHUCTEM MOTYT BBICTYIAThb
MPOU3BOJHBIE MOp(PHHA PA3TUYHOIO KOMIUIEMEHTAPHOIO CTPOEHUS M C OIpe/elIeHHbIM
COOTHOILLIEHUEM LIUPHUHBI 3aIIPELIEHHON 30HBI.

Hamu paccMoTpensl TpH peacTaBUTeNs MPOU3BOAHBIX MOoppuHA: TeTpabeH30nophupuHar
muHka (1), cMemanHo-3aMemieHHBId ¢TamonuaHuH TUna AzB  (2), Terpa-3aMenieHHbIH
¢ranormana ¢ azoxpomodopueiMu rpymmamMu  (3). Metomom DFT/B3LYP/6-311++G**
BBITNIOJIHEHA TEOMETPUUECKAsi ONTUMU3ALMS U pACCUNTaHbl YACTOThI KOJIE€OAHUN MOJIEKYJI.
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Bce Mosnekynbl UMEIOT TIOCKYIO CTPYKTYPY MaKpOT€TEepOLIUKIIA.
B Tabauie npuBeeHbl SHEPIUM IPAaHUYHBIX OpOUTaIel U pa3HUIla MeX Ty HUMH (3B).

1 2 3
Egsmo -4,97 -4,84 -5,28
Encmo -2,49 -2,89 -3,35
AE 2,48 1,95 1,93

Ha ocHoBanum pacyeToB MmOKa3aHO, YTO PACCMOTPEHHBIE COCIMHEHUS MOTYT IMOIJIOMIATh
¢dboToHBI B BUIUMOM 00nacTu criekTpa. OqHako, BennunHa AE st coenqunenus 1 cymiecTBeHHO
0oJIBIIIE, YeM JIJIS COeIUHEHUH 2 U 3.

Takum 06pazom, co3gaHre KOMIO3UIIMA U3 JIBYX CIIOEB JOHOPHBIX coenuHeHui 1 u 2 unun
1 u 3 MO3BOJHMT pPACHIMPUTH TUANA30H JUTUH BOJIH B CIEKTPE TOMIOMICHHUS OPTaHWYeCKOH
(OTOBOJIbTANYECKON TUCHKH.

Paboma noooepocana npocpammoii Munoopnayku P® 6 pamkax 20cy0apcmeeHH020 3a0aHUs
Hsanosckomy 2ocyoapcmeeHHoOMY YHUepcumemy 0Jis 8bINOJHEHUS HAYUHO-UCCAE008AMENbCKUX
pabom na 2014-2016 22 epanm Ne4.106.2014K. u uyacmuuno 6vlnoiHena npu QUHAHCOBOU
noooepoicke PODU (epanm Nel6-03-00883 a)
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Mo.nelcy.nﬂpno AUHAMHYECKOC UCCTCTOBAHNEC KOMIIJICKCOB HHCYJ/IMHA C OJIMTOMEPHBIM
XUTO3aHOM

A.A. Asoowun, B.C. Haymos, C.K. Henamos

Hwxeropojackuii rocynapctBeHHblii yauepcureT uM. H.H. Jlo6aueBckoro

B mnacrosimee Bpemsi pa3paboTka cHUCTEM MEpOpalbHOM JIOCTaBKM MHCYJIMHA B OpPraHHU3M
SABJISICTCS YPE3BBIYAMHO AKTYaJbHOW 3aJayed MEAUUMHCKON XMMHH. ISl yCIEmHOro CO3qaHust
nepopanbHoil (hOpMbI HEOOXOAUMO PEHIUTh MPOoOJeMy HHU3KOM OHMOIOCTYMHOCTH HHCYJIHMHA,
BBI3BAHHOI €ro TUApPOJIM30M IIPU HU3KUX 3HAueHUsX pH kKelynodyHOro coka, paciierjaeHUEM
MPOTEUHAMH JKETyJKa U TOHKOTO KUIIEYHUKA U CIa0bIM MPOHUKHOBEHHEM uepe3 MeMOpaHbI
ANUTEINAIBHBIX KIETOK KuineuyHuka.[l] Ilyrem pemieHuss 3Tux npoOieM MOXKET SBIATHCS
MCIOJIb30BaHNE HAHOYACTHUII, TOJTUMEPHBIX MUIEIT, HAHO M MUKPOKAIICYJI, BHYTPH KOTOPBIX MU
Ha TIOBEPXHOCTH KOTOPBIX ajcopOupoBaH mHCYnHH. [2] OOpa3oBanue MOJOOHBIX KOMIUIEKCOB
M3YYE€HO B OCHOBHOM JKCIIEpUMEHTAIbHBIMU MeToAaMu. OIHUM U3 MEPCIEKTUBHBIX MaTEPHUAJIOB
JUIE  HOCHTENeW sBiseTcss Xuro3aH (yactuyHo N-ametmnmupoBaHHBIA — monu-1,4-B-D-
[JIIOKOMIMPAHO3aMHUH-2),  JOCTOMHCTBAMU  KOTOPOTO  sIBIsieTcs  OMOCOBMECTUMOCTh U
JOCTYIHOCTb. ~ DKCHEPUMEHTAJIbHOE H3Y4YEHHE TEPMOJMHAMUYECKUX M  KHHETHYECKHUX
napaMeTpoB KOPAMHALIUY XUTO3aHA U MHCYJIMHA OCIIOKHEHO TEM, YTO XUTO3aH SBIISETCS CMECHIO
MOJIMMEPOB Pa3IMYHONM MOJIEKYJISIPHOM MacChl M CTENEHU aleTWIMPOBAHMSI aMUHOTPYMI, a
CTPYKTypa M CBOICTBa MaTepHUajOB HA €r0 OCHOBE 3aBUCAT OT CBOWCTB OKpYyKaromei cpeabl. B
CBSI3M C OTUM MOJEKYISIPHO-AMHAMUYECKOE MOJICIHPOBAHUE MOXKET OBITh 3(PPEKTHUBHBIM
METOJIOM YCTaHOBIEHUS (PU3UKO-XMMHYECKHX XapaKTEPUCTUK TaKMX MAaTEpUajoB, B YACTHOCTHU
SHEpruM 00pa30BaHUS KOMILJIEKCA MWHCYJIMH-XUTO3aH. B Hacrosiel pabore MeTonom
MOJeKyJsipHO-AMHaMudeckoro  (MJI) MonenupoBaHUS  YCTaHOBJIEHbl ~KHUHETHYECKHE U
TEPMOJMHAMHYECKHE XapaKTEPUCTUKH KOMILIEKCOOOpa30BaHMUS XUTO3aHa U MHCYJIMHA.
MogenpHas cucteMa, ucnoib3oBaHHas st M/l pacdera, npencTapisiia co00W KOMILIEKC Mapbl
JMMEPOB WHCYJIUHA, KoopauHupoBaHHbIX ¢ ZNCl, B okpykenun 16 meneir xutoszaHa u3 10
MOHOMEpHBIX 3BeHbeB. CHcTeMa HaxoAuiachk B MpsMOYyrojbHOU syeiike ¢ SPC-Bojoi mpu
cTeneHu nporoHupoBanus 50%, uto coorsercTBoBano pH=6.4.

M/l MoxenupoBaHue HPOBOJMIOCH Ha BpeMeHHOM wuHTepBaie 100 HC ¢ 1marom
uHterpupoBanus 1 ¢c (unterparop leap-frog/LINCS) mns NVT-ancam6as npu 7=300K
(repmoctar bepennacena). Pacuersl mpoBoamnuck ¢ nmomomeio nporpaMmmel GROMACS 4.6,
aJaNTHPOBAHHON TS MCcTIOb30BaHus yckoputeneld CUDA, ¢ ucrmonp30BaHUEM CHIIOBOTO TIOJIS
GROMOS 56Acareo, clieliaibHO MOAUMDUIIMPOBAHOTO JI PACUETOB MOJIHMAMHHOTIMKAHOB.
Moaudukarus Obula TMpOW3BEAEHA Ha OCHOBE KBAHTOBO-xMMHYeckux pacuetoB (HF/STO-
3G//B3PW91/6-31++G(d,p)) u cocrosiyia BO BBEACHUU B CUIIOBOE T10JIE OCHOBHBIX CTPYKTYPHBIX
AIIEMEHTOB XMTO3aHa W €ro NMpOM3BOAHBIX. B Xozie mccienoBaHUsl YCTaHOBJIEHO, YTO XHUTO3aH
ajicopOupyeTcss Ha HMHCYJIMHE C IIOMOIIBIO BOJOPOJHBIX CBSI3€M MeEXIy OINpeneIeHHbIMU
GbyHKIIMOHAIBHBIMU Tpynnamu. Ancop6uus HaumHaetcs nocie 20 He. [locne 50 He onHa u3
LIEMOYEK aJIcopOUpyeTcs MAThIO BOAOPOAHBIMU CBA3SIMU 110 Bcel JumnHe. TepMmoanHaMuuecKkue
napamMeTpsl 00pa3yIoIIerocss KOMITJIEKCa U3ydeHbl METOIOM MoTeHIrana cpeaneii cuinl (PMF).
OrneHouHast SHEPrusi KOMIIEKCOOOPa30BaHus cocTaBisieT 12.5 Kkaj/MoJIb.

Jlureparypa:

[1] Hamman J.H., Enslin G.M., Kotze A.F. // Bio Drugs. 2005. 1.N 3.P.165.
[2] Butstraen C., Salaiin F. / Carbohydrate Polymers.—2014.—V. 99.—P. 608-616.
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High-throughput dft calculations of redox potentials and diffusion barriers for alkali-ion
cathode materials

D.A. Aksyonov', S.S. Fedotov?, A. Zhugayevych?
ISkolkovo Institute of Science and Technology
?Lomonosov Moscow State University, Department of Chemistry
*e-mail: d.aksenov@skoltech.ru

The atomistic simulation methods, in particular such as density functional theory (DFT)
in the last two decades have significantly contributed to the development of cathode materials for
Li-ion batteries. Even more perspectives are opening with the continuously increasing
computational power and the creation of tools for high-throughput calculations allowing to scan
thousands of new cathode materials.

While the alkali-ion battery is a complex electrochemical device, which consists of
cathode, anode, electrolyte and other elements, the most important characteristics such as
operating voltage (redox potential), specific power, and stability are in large degree determined
by the cathode material. By using DFT methods, the average operating voltage can be readily
retrieved from the total energy calculations of intercalated and deintercalated structures of a
cathode. With additional efforts, voltage profiles are also obtained by considering different
orderings and distributions of alkali ions (Li, Na, K) within the cathode structure. The specific
power of battery and its Kinetics performance are estimated through the calculation of migration
barriers of alkali ion in the cathode. Finally, the stability of structures during charge-discharge
cycling can be assessed by considering defect formation energies.

In the current work, we develop a computer package of highly automated tools enabling
to make high-throughput calculations of redox potentials, ion migration barriers, defect
formation energies, elastic moduli, and electronic structures for the purposes of new cathode
materials screening using existing DFT codes. To verify the tools we examine over 30 well-
known and emerging chemistries by making more than three hundred calculations. As an
example of the obtained results, the calculated redox potentials for experimentally known

cathode materials are shown in Fig. 1.
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Fig. 1. Calculated intercalation voltages for several well-know cathode materials in comparison
to experimental values.
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MoaenupoBaHue CTPYKTYPbI U CHEKTPOB JUAPWINIEHOB HA OCHOBE UH/IAH-2-0HA

H.A.Apmiowescruii*, A.A. chezZ030H2’3

'MI'V um M.B. JlomoHOCOBa, XUMHUUYECKHi dakynpTer
2I_[eHTp ®otoxumuu PAH
SHUSTY MUOU
*e-mail: naartsiusheuski@gmail.com

I[I/IapI/IJII/II[GHOBHe MMPOU3BOJHBIC NHUKIIMYCCKHUX KCTOHOB, COACPNKAIIUC 3aMCCTUTCIIN C
JOHOPHBIMM aTOMaMH, IIPUBJICKAIOT BHUMAHHUEC KaK IIEPCIICKTUBHBIC JIMTaHABI JIA CO3JaHUSA
MOJICKYJIAPHBIX MalinuH u MCTAJJIO-OPraHNUYCCKUX KOOpAWMHAIIMOHHBIX MOJIMMEPOB.
COOTBCTCTBYIOHII/Ie IMPOU3BOJHLIC I/IHI[aH-Z'OHa HU3YUYCHbI B HeﬂOCTaTOqHOﬁ CTCIICHU, ITIOOTOMY
aKTyaﬂbHOﬁ 3azlat1eﬁ ABJICTCA HMX BBIACJICHUC W XapaKTCpHU3alus. KBaHnToBO-XMHUUECKOE
MMPEACKA3aTCIIbHOC MOJACINPOBAHUC CTPYKTYPbBI H CBOMCTB TaKHX COG,Z[I/IHCHPlﬁ II0O3BOJINT
ONTUMU3HUPOBATE CHUHTC3 M ONPCACINTL HAIPaBJICHHUC I[aJII)Hef/'IHIeI\/JI MOI{I/I(bI/IKaIII/II/I C ICJIbIO

MOJIy4YCHHUA CTPYKTYP, 06J1az[a}0mnx JKeJIaeMbIMH CBONCTBaMU.
0]

R

Puc. 1. luapuineH Ha OCHOBE MHJaH-2-0HA

Hamu mnposeneHo MopaennpoBaHue CTPYKTypbl U crnektpoB Y@ u AMP  cepun
JMApWINICHOB Ha OCHOBE IMKJIONIEHTAaHOHA M MHAaH-2-0HAa. OOHapyXeHO, YTO B 3aBUCUMOCTH
OT CTPOEHHSI MCXOJHOTO KETOHAa MEHSETCS JOMHHHUPYIOIIas KOH(MUTYpalusi IBOWHBIX CBS3EH
MOJy4aeMoro JAuapuinieHa. B mpon3BoaHbIX uKiIoneHTaHoHa qoMuHupyet E,E-n3omep, a as
NPOM3BOJIHBIX HHJAH-2-OHAa JOMHUHHPYIOUIMM siBisiercs Z,Z-u3zomep. JlomomHHUTENbHAS
crabwimzauuss Z,Z-uzomepa B Cilydae IpPOM3BOJHOIO MHJaH-2-OHa oOecreyuBaercs
BHyTpuMOIeKyIsipabiME C-H...O BomopoaHbMu CBsi3siMH, a nectadmimzanust E,E-ctpykTyp B
3TOM ciydae o0ycoBIIeHa CTepuUYecKUMU 3 dexramu.

Paccuuranbr cnektpel  SIMP, koTopple [OJKHBI TIOMOYb B  HACHTH(DUKALMU
CHUHTE3MpYeMbIX H30MepoB. Takxke paccuuTanbl Y@ CHEKTpbl MOTJIONIEHHS, Ha OCHOBAaHHH
KOTOPBIX MOXKHO JIeaTh MPOTHO3BI O BO3MOXKHOW (DOTOAKTHBHOCTH TIOYYEHHBIX COSIUHEHHM.
Pacuersl ontumanbHO#l reomerpun u crektpoB IMP Bemonnenst merogom DFT (PBE/3z) B
pamMkax nporpaMmsl Priroda. Bkiax pa3nuusbix kKoHpUryparuii u kondopmanuii B ciektp SIMP
YUUTBIBAJICA C TIOMOIIbIO OOJILIIMAHOBCKUX BeCOB. Y@ CIEKTpbl ObUTM pacCUUTaHbl METOJIOM
TDDFT (PBE0/6-311G*) ¢ momomisto nporpamMmsl FireFly.
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A theoretical analysis of the role of exciplexes in light emission in OLEDs: the structure
and spectroscopic properties of a-NPD—BAIq exciplexes at an a-NPD/BAIq interface

A.A. Bagaturyants*?", I.A. Anger’, E.A. Rykova'
! Photochemistry Center RAS, Federal research center Crystallography and Photonics RAS

2 National Research Nuclear University MEPhI
*e-mail: bagaturyants@gmail.com

Light emission in layered OLEDs is often attributed to exciplexes formed at the interface
between two neighboring layers of organic materials [1, 2]. The structure and spectroscopic
properties of exciplexes formed at an interface between a layer of hole-transporting N,N'-
di(naphthalen-2-yl)-N,N'-diphenyl-benzidine (a-NPD) and a layer of electron transporting bis(2-
methyl-8-quinolinato)(4-phenylphenolato)aluminum (BAIlq) are investigated by molecular
dynamics (MD) and quantum chemical (QC) calculations. The two adjacent disordered layers,
containing 230 a-NPD and 250 BAIlq molecules, respectively, are constructed by simulating
sequential gas-phase deposition of a-NPD and BAIq onto a substrate formed by two layers of
sp3-hybridized carbon atoms. A central 5-nm slab has been cut at the interface from the
constructed 20-nm bilayer (Fig. 1). Four a-NPD—BAIlq pairs have been selected in this slab for
the subsequent QC investigation. The geometrical parameters of these pairs (molecular
complexes) have been fully optimized at the DFT PBEO/SV(P) level. The calculated binding
energies of the complexes are in the range from —17.4 to —21.5 kcal/mol. The energies of the first
ten excited states in the studied complexes have been calculated using time-dependent density
functional theory (TDDFT) with PBEO and BHHLYP exchange-correlation functionals taking
into account different amounts of Hartree—Fock exchange. The geometries of complexes in the
first excited state have been calculated using the TDDFT/BHHLYP approximation with
inclusion of the D3BJ dispersion corrections. The binding energies in the exciplexes have been
were calculated as differences between the total energies of the complexes optimized in the first
excited state (CT state) and the total energies of a-NPD in the ground state and BAIq in the first
excited state. The calculated binding energies of the exciplexes are in the range from 21.9 to 34.1
kcal/mol.

Fig. 1. Central layer with the interface.

This work was supported by RSF (project Ne 14-43-00052).

'Zhu Wen-qging, Jiang Xue-yin, Zhang Zhi-lin, J. Shanghai University (English Edition), 10 (2006) 156—
160.

2M. Carvelli, A. van Reenen, R.A.J. Janssen, H.P. Loebl, R. Coehoorn, Organic Electronics, 13 (2012)
2605-2614.
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KorepeHTHBI 0JTHOMEPHBI MeXaHM3M IepPeHOCca HOCUTeJIel 3apsaa
B OPraHUYeCKHX MaTepuaaiax

M.B. bazunescxuii, C.B. Tumos

*e-mail: basil@photonics.ru

Hentp poroxumuu PAH

Pa3zpaborana opHOMEpHas MOJENb TPAHCIIOPTAa HOCUTENEH 3apsijia B HEYNOPSIOYCHHOM
OpraHMYECKOM MaTepuaje Ha OCHOBE TEXHMKU OOO0OIIeHHbIX ypaBHeHUH JlaHykeBeHa.
Juddy3us 3apsa0B 10 HEOAHOPOAHOW OAHOMEPHOW LIENOYKE COCEACTBYIOIIMX MOHOMEPHBIX
MOJIEKYJ BCJIEJCTBHE WX B3aWMOJCHCTBHsI C (POHOHHOM TMOACHCTEMON MarepHaja SBISETCS
QIbTEPHATUBONH OOBIYHO MOCTYJIMPYEMOMY IPBDKKOBOMY MEXaHU3MYy MPOBOJUMOCTH. B
OJIHOMEpPHOM TEOpUU JIOKAIbHBIE JJIEMEHTApPHBIE IIEPEXOJAbl MEXAY JIOKAJIbHBIMH 3BEHBSIMU
LENIOYKH IPOUCXOAAT C PANIMYHOU CKOPOCTHIO M CHJIBHO KOPPEJIMPOBAHBI B CTAllMOHAPHOM
KMHETUYECKOM PEKUME. BeposATHOCTH 2JIEMEHTAPHBIX JIOKAIBHBIX IIEPEXOOB PACCUUTHIBAIOTCS
o paHee pa3paboTaHHOM 3¢ ¢exkTUBHON TeopeTHueckoi cxeme. IlpeanoxkeHa opurnHaibHas
METOAMKAa pacueTa KOJUICKTUBHOW Au((Py3MOHHOW TMONBMKHOCTH 3apsjioB B TaKuX
HEOJITHOPOJHBIX OJIHOMEPHBIX CUCTEMAX.

Hna wmartepuana NPD paccMOTpeHbl LENOYKH MOJIEKYN, IPOM3BOJIBHBIM 00pa3oM
BbIHYTble M3 KyOmueckoil MJI sueiiku. VX 3BeHbsI XapaKTepU3YIOTCS HMHIUBUAYAJTbHBIMU
ko urmentamu  uddy3un (KJ[), koropple ciaydailHbIM 00pa3oM pacmloiOKEHBI BIOJIb
nenouku. Bemuuunbel nokaneHbix K]l BapbupyroTCS B Ipenenax HECKOJIBKUX IOPSAIKOB
BEJIMYUHBI, T.K. OHM NPONOPLMOHAIBHBI KBaJApaTy aMIUIMTYJpl IIepeHoca 3apsna B
COOTBETCTBYIOILIEM JIOKAJIBHOM 3BEHE LIENMOoYKUu. MeTtoauka pacdera JokanbHbIX KJI ucxonut ns
KOHCTAaHTBl CKOPOCTM PpEAaKLIUU JIOKAIBHOrO IepeHoca. Pacuer 1o03BOISET BBIYUCIUTH
spdextuBHbl K[ 11 Beell 1enoukn Kak (YyHKLIHUIO YaCTOTHI MPHIIOKEHHOTO 3JIEKTPUYECKOTO
1oJisA, T.€. KOMIUIEKCHYIO MOJBMKHOCTB 3apsna (oObiuHO onpeaenstoT Tonbko KJI Ha HyneBoit
4acToTe). BbruncnurensHas cxemMa MHOTOKPAaTHO MPEBOCXOJUT MO  OBICTPOJEHCTBHIO
CTaHJAPTHBIA  TPEXMEPHBIM  pacdyeT NPBDKKOBOIO  HEKOPPEJIMPOBAHHOTO  MEXAaHM3Ma
MOJIBUJKHOCTH B paMKax KMHeTH4YecKoro Mmerona Monre Kapro.

OnHoMmepHBIN (KOoppenupoBaHHBII) W xKe TPEXMEPHBIN MIPBIKKOBBIN
(HEeKOppenupOBaHHbII) MEeXaHU3Mbl IE€PEHOCA 3apsijia PeaTu3yIoTCs B 3aBUCMMOCTH OT CBOWCTB
U CTpPOEHHMS MaTepuana U OT BHEIIHUX (akTopoB (Temmeparypsl). McciaenoBanue yciaoBHii, B
KOTOpBIX MpeolianaeT TOT WIM APYrod U3 HHUX SBISETCS OTAEIbHOH mpobiemoil. Mbl
CIELMAJIbHO pAacCMaTpUBAeM, KakK BIUAIOT pPa3jJU4HbIe XapaKTEPUCTHUECKHE IapaMeTpbl
CBETOUYBCTBUTEIIBHBIX OpPraHMYECKUX MaTpull, a TaKK€ U TeMIlepaTypa, Ha KOHKYPEHIIHIO
YKa3aHHBIX MEXaHU3MOB.

Paboma evinonnena npu ¢unancosoii noooepaicke PH® (npoexm Ne 14-43-00052)..
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HN3meHeHne CTPYKTYPBI THAPATHON 000/109KkH ¢pparMenTa jabja S| npu aermaparanuu
A.B. bapawxosa, H.U. I'upuuesa
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET
Kadenpa pusndeckoii 1 OpraHMuECKON XUMUHU

e-mail: anastasiya5638@mail.ru

B pabore paccmorpena aermapatanms ABYX ¢parmMeHTOB Jbaa Sl:  momexasmpa D [5] wu
dparmenra TDT, cocrosiero u3 noekasupa D [5%] u JIByX COeNWHEHHBIX C HIUM TE€TpaKauaeKadapoB T
[5'%6%]. Tlocnenuuit BhIIENCH U3 KPUCTAIMYECKON PEIIeTKH Jbaa. MoIeIMpoBaHue MOC/Ie[0BATEIHOTO
orpeiBa MoOJIeKysn Boabl OT D u or D-sueiiku TDT Obuto BeimomHeno wmerogom DFT/B97D/6-
311++G(2d2p).

[Ipu MmonenupoBanun kiaactepoB D-NH,O mpoBoaunack moiHas ONTHMU3ALMS TEOMETPHH, B TO
BpeMms kak st kimactepoB TDT-nH,O onTUMH3UpOBaiIoCh MONOKEHUE MOJICKYJ BOJBI, BXOASALIUX B
MIEPBOE U BTOPOE OKPYKEHUE YJAJICHHOU MOJIEKYJIbL, OJOKEHHUE OCTaJbHBIX MOJEKya B kinactepe TDT-
nH,O ¢ukcuposanocs. B mpouecce reomeTpruueckoil ONTHUMHU3AIMK TPOUCXOAMIA «CIIMBKa» BOJHOTO
Kapkaca 3a cueT 00pa3oBaHMs HOBBIX BOAOpPOIHBIX cBsizell (BC) B MecTax yAaneHHBIX MOJIEKYII.
BapuaHThI CIIMBKH [PEICTABICHE! B Tabuuue |, HampuMep, o603Hadenue [5'°4%] mokassiBaer, 4To Kapkac
COCTOUT U3 ACCATH MATHYTOJIEHUKOB U JIBYX YETHIPEXyTOJIbHUKOB.
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Puc.1. l'uapatHas o6onouka TDT 6e3 omHON MOJIEKyIIBI BOJBI B CTPYKTYpe D-sueiiku

Cmmska D-nH,0-s4eex npuBoanT Kk 00pa3oBaHuio 0ojbIero yucia u 6onee mpounsix BC, yem B
D-siueiike TDT. Kitactepet D-nH,O wumeror 0Oonee IUIOTHYIO CTPYKTYPY, 4Y€M COOTBETCTBYIOIIME
kiactepsl TDT-nH,O, B KOTOPBIX OCTAIOTCS «HE CIIUTHIEY MOJOCTU, COCTOSIIUE U3 JICBATH WU JICCATH
MOJIEKYJI BOJIBI, CITOCOOCTBYIOIIHE AanbHekmen geruaparanud 1DT.

Ta6m/1ua.1. BapI/IaHTLI «CIIMBKW» BOJHBIX KAapKaCOB, OCTAKOMIUXCA IOCJIC HUX ACTUApATallUU,
napamMeTpbl BOAOPOJAHBIX CBsI3Eil.

®parMeHT nH,O nBC cp-Esc, Bapuartsi e fmax fmin
KKal/MOb |  CHMBKH | (0..0),A | (O...H),A | (O...H),A

19 29 6.48 51047 4.85 1.993 1.540

18 27 6.48 6'5°4° 5.56 1.966 1.530

P 17 26 6.33 5%4° 473 1.994 1.502

16 24 6.30 7'5%4%3" 6.38 1.940 1.521

19 28 6.07 7'5°%4* 6.91 1.941 1.569

o 18 25 6.35 10'5° 7.07 1.896 1.578
17 24 6.11 9'574" 6.83 1.812 1.570

16 22 6.15 10'5%4! 7.73 1.821 1.568

Paboma svinonnena npu Qunarcosoi noooepaicke Ipasumenvcmea P (npoexm Ne.14.250.31.0012)

48


mailto:anastasiya5638@mail.ru

Benzimidazolequinoxalines: Novel fluorophores with tuneable sensitivity to solvent effects

T.I. Burganov'’, S.A. Katsyuba®, N.A. Zhukova', V.A. Mamedov', Ch. Bannwarth?, S. Grimme?
'A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of RAS

’Mulliken Center for Theoretical Chemistry, Institut fiir Physikalische und Theoretische Chemie
der Universitit Bonn

*timk90@mail.ru
We report on the photophysical and conjugational properties, conformational behavior,

intra- and intermolecular hydrogen bonds (HBs) of a series of novel fluorophores, consisting of
3-arylquinoxaline and benzimidazole moieties linked by a single CC bond (Figure 1).
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Figure 1.General formula of novel 2-(benzimidazol-2-yl)-3-arylquinoxalines.

Computations employing density functional theory (DFT) reveal that intramolecular HBs and
conjugation between these moieties stabilize syn-conformers with two HB centers located on the
same side of the molecule. Anti-conformers form stronger intermolecular HBs with DMSO and
DMF than syn-conformers, and this influences the energy gap between syn- and anti-forms,
especially upon excitation of the molecules to the S; state. Substituents introduced in various
positions of the molecules modify their HBs, conformational behavior, and mutual disposition of
excited singlet and triplet states relative to the ground states. Various substitution patterns
produce very different effects on relative quantum vyield of luminescence: from moderate
increase in polar DMSO and DMF relative to 1,2-dichloroethane solutions to complete
quenching of emission which is observable in polar media. The observed behavior is understood
with the aid of DFT and time-dependent DFT calculations. The tuneability of spectroscopic
range of the luminescence and especially of its sensitivity to environmental effects allows
rational design of the novel fluorophores of this family for various applications.

The financial support from scholarship programs of the German Academic Exchange Service
(DAAD, personal ref. no. 91577762) and of the government of the Republic of Tatarstan
“Algarish” is gratefully acknowledged (SAK).
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I'eomeTpnyeckoe cTpoeHHe MOJIEKYIbl TPH(EHHICYPbMbI
B Pa3HBIX 3JIEKTPOHHBIX COCTOSTHUSAX

M.A. I'upuuesa, A.B. 'ywun
*e-mail: margir06.05@gmail.com
Huxeropoackuit Hayunsiii nentp PAH, Illkona FOnoro Hccnenosarens

TpudenmnicypbMma sBISETCS JIUTaHIOM B pa3HbIX KOMIUIEKCaX OJaropoHbIX METAJLIOB, a
TaK)kKe OCTOBOM B pa3sHOOOpPA3HBIX OpPraHUYECKUX NPou3BOAHBIX cypbMbI(V) - Ph3Sh(X),,
UCIOJB3YIOUIMXCS B MEIUIMHCKAX L[eNsiX. B OONBIIMHCTBE TakMX IPOU3BOAHBIX TPHU
(PeHUITBHBIX KOJIbIIA 3aHUMAIOT SKBATOPHAIBHBIC TIOJIOKEHUSI B TPUTOHAIBHO-OUTUPaMHIaTIbHOM
OKpyxeHHH aTtoma Sb, a muranapl X - akCHaIbHBIC OJOKCHUSL.

B To xe Bpems kpucraummyeckas PhsSb cocrour w3 pamemuueckoil cMecu
9HAaHTHOMEPOB, B KOTOPBIX CBsi3u SP-C 00pa3yroT TPUTOHAIBHYIO MUPAMUAY C BaJICHTHBIMH
yriamu C-Sb-C, paBabiMu 96°.

B Hacrosiiei pabote H3yd4eHO TeOMEeTpUIecKoe cTpoeHue Mosekyiisl SDPhs B ocHOBHOM
(MyJTBTHIUIETHOCTh 1) M BO30YXIEHHOM (MYJIBTHUIUIETHOCTh 3) DJIEKTPOHHBIX COCTOSIHUSX, a
TaK)Ke CTPOCHHME IBYX3apsAHOro KarthoHa. [l BceX CTPYKTYp BBINOJIHEHA TeOMeTpudecKas
ONTUMHU3AIMS M pacdeT YacToT Kosebanuii Mmetogom DFT/B3LYP/LANL2DZ/6-311G*.
Paccuntannas reoMeTpust 1711 OCHOBHOT'O 3JIEKTPOHHOTO COCTOSIHHSI HIMEET MapaMeTphl, OJIM3KUe
k nonydeHHbIM MeTogoM PCA (CCDB), uro cBuaeTenbcTByeT 00 aJeKBAaTHOCTH PACUYCTHBIX
JAHHBIX CTPOCHUIO peajbHOM Mosiekyabl. Ha puc. mokasanbl aBa sSHaHTHoMepa PhsSh
cummerpun C3 (1 u 3) m mepexomHoe coctosHHE (2) Mexay Humu. [lepexom Mexay
SHAHTHOMEpaMH MPOUCXOJIUT B Pe3yJibTaTe CUHXPOHHOTO BHYTPEHHEIO BpalleHUs (EHHIIbHBIX
KoJIell, Oapbep mepexoa COCTAaBISACT S5 KKaJI/MOJIb.
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B monekyse PhsSb B Bo30ykaeHHOM 21eKTpOHHOM cocTosiHuM 4 (cumm. C) Takxke, Kak
u B KatnoHe 5 (cumm. C3), Tpu cBsizu Sh-C nexxar B OHOH IJIOCKOCTH, OHAKO B CTPYKType 4
OJMH M3 BACHTHBIX YIJIOB cocTaBiseT 168°, a miuHa aByX M3 Tpex cBsseit Sb-C (2.30 A)
CyIIECTBEHHO Oonbine, ueM B cTpyktype 1 (2.17 A). B xarumone 5 cBasu Sb-C cranoBsiTCs
kopoue (2.06 A). CTpykTypa kaTHoHa Haubojee COOTBETCTBYET CTPYKType (parmenta PhsSh B
MOJIEKyJIaX OpraHuYecKuX mpou3BoAHbIX CcypbMbI(V) - Ph3Sb(X),. B To ke Bpems, B
KOMIUIEKCAaX ¢ METaJUlaMH IUIaTMHOBOW rpymmsl GparmeHT PhsSh coxpansier mupamuganbHyro
KOH(UTypaluio OCHOBHOTO 3JIEKTPOHHOI'O COCTOSTHMSL.
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Band structure of quasi-metallic carbon nanotubes

P.N. D’yachkov

Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences Quantum
Chemistry Laboratory

e-mail: p_dyachkov@rambler.ru

Single-walled carbon nanotubes (CNTSs) are the giant molecules looking like the closed hollow
cylinders with carbon hexagonal tiling on the surface. The geometry of any CNT can be
characterized by the two positive integers (n1,n2) defining the way in which it is rolled.
Neglecting the nanotubes surface curvature, it was shown that the (n1,n2) CNTs with n1 — n2
divisible by three should have the semi-metallic band structure with zero energy gap between the
valence and conduction bands; however, beyond =n-electron zone-folding model, an account of
tubules curvature predicts that the small gaps equal to about 1 — 100 meV open. Often, these
nanotubes are called the quasi-metallic tubules (QM-CNT), but they are the small-gap
semiconductors realy. In some cases, the gaps were observed in the terahertz (THz) energy
ranges. The applications of QM-CNTs as the building blocks of novel high-frequency devices
like the THz emitters, detectors, multipiers, antennas, polarizers, and transistors is one of the
emerging trends in technology. A consensus has not been achieved on a nature of gap in the QM-
CNTs, and the first-principle calculations are necessary to study their electronic behavior.
However, the standard first-principle methods applying the atomic or plane-wave basis sets and
only translational symmetry are computationally quite cumbersome for calculating the chiral
QM-CNTs having many hundreds and thousands atoms per translational unit cells, the
availability of such results in the literature is very limited. For this reason, there are no
quantitative theoretical data on the band structure of such tubes.

The purpose of this work is to fix this problem, namely, using a linearized augmented cylindrical
waves (LACW) method [1-2] to calculate the band structure of QM-CNTs of different chirality
and diameter. It is hoped that the information obtained would be useful for the identification of
QM-CNTs and for the further progress of terahertz technology based on these materials.

'P.N. D’yachkov. Linear Augmented Cylindrical Wave Method for Nanotubes Electronic
Structure. Intern. Journal of Quantum Chem. 2016, 116, 174-188.

2PN. D’yachkov and D.V. Makaev. Ab Initio Spin-Dependent Band Structures of Carbon
Nanotubes. Intern. Journal of Quantum Chem. 2016, 116, 316-324.

P N. D’yachkov, D. V. Makaev, Account of helical and rotational symmetries in the linear
augmented cylindrical wave method for calculating the electronic structure of nanotubes:
Towards the ab initio determination of the band structure of a (100, 99) tubule. Phys. Rev. B
2007, 76, 195411

This work was supported by RFBR (project Ne 03-14-00493).
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Calculation of Statistical Characteristics of Quasi-Breather with Soft-Type of Nonlinearity
in the Crystals of A3B Stoichiometry

A.M. Eremin'’, P.V. Zakharov', M.D. Starostenkov?
The Shukshin Altai State Humanities Pedagogical University, Biysk, Russia
?Altai State Technical University, Barnaul, Russia
*e-mail: eam77@yandex.ru

The research of quasi-breather statistical characteristics in the model crystal of A3;B
stoichiometry is conducted by means of molecular dynamics method in the paper by the example
of PtzAl. The phonon spectrum of this model crystal, the dependences of mean-square deviation,
the coefficient of variation and the average frequency of the model quasi-breather on the time of
its existence are obtained. The statistical data analysis allows for the conclusion that a quasi-
breather model solution slightly differs from the exact breather corresponding to it in the model
under consideration using the interatomic potential obtained by means of embedded atom
method (EAM).

The simulation was being performed using the LAMMPS Molecular Dynamics Simulator
molecular dynamics package. The model being studied represented a bulk FCC crystal of A3;B
stoichiometry. Pt;Al crystal, containing 50,000 atoms, was being considered as a special case.

Alloys of A3B stoichiometry with L1, superlattice structure are the most numerous ones.
Searching the currently known systems having L1, structure made it possible to identify about
190 of such phases in the field of A3B composition. Besides, the alloys with the given structure
are the model ones most frequently and are chosen for fundamental research with a view to
develop structural and physical basics of creating new structural and functional materials with
different unique properties. Alloys with L1, structure form the development basis of currently
existing superalloys.

The potential obtained by the embedded atom method (EAM) was used for simulating the
interatomic interaction. In computational chemistry, the embedded atom model is applied for
approximate description of two atoms interaction energy.

The distribution of the phonon modes, i.e. the crystal phonon spectrum is important
for the existence of quasi-breather on a first-priority basis. The density of Pt3Al crystal cell
phonon states is shown in Fig. 1.
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Fig. 1. Density of PtzAl crystal phonon states

Besides, the following statistical characteristics and functions were calculated within the
limits of this model: grouped statistical array of absolute and relative frequencies, range of
absolute and relative frequencies, histogram of relative frequencies, empirical distribution
function, estimation of expectation and variance of the original sample.

This work was supported by RFBR (project Nel6-42-220002 p_a).
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Molecular structures of hemiporphyrazine and dicarbahemiporphyrazine by Synchronous
Gas-Phase Electron Diffraction and Mass-Spectrometry

Yu.A. Zhabanov', A.A. Otlyotov, A.E. Pogoninn
Ivanovo State University of Chemistry and Technology

*e-mail: zhabanov@isuct.ru

Macroheterocycles (MHC) are commonly considered as challenging objects for both
experimental and theoretical studies since they possess a number of important practical
properties depending on their molecular structure. The structures of two MHC:
hemiporphyrazine (H,p, Fig. 1a) and dicarbahemiporphyrazine (H.dchp, Fig. 1b) were
investigated in the present study by synchronous gas-phase electron diffraction and mass-
spectrometry (GED/MS) and quantum chemical calculations at DFT/B3LYP/cc-pVTZ level of
theory.

Fig. 1. Molecular structures of H,p (a) and H,dchp (b) molecules

The diffraction patterns of Hop and H,dchp were obtained in a synchronous gas-phase electron
diffraction and mass spectrometric experiment carried out using the EMR-100/APDM-1 unit.
The Hyp and Hpdchp molecules, studied in this work, are relatively large objects for GED
investigation. The structures in terms of r, are results of most GED studies of such
macroheterocyclic molecules. The presentation of the results of structure investigation in the
terms of equilibrium r, parameters is most preferable, but the calculation of cubic force field is
needed for obtaining (re-ra) corrections. The cubic force field was calculated for H.dchp
molecule using the B3LYP/cc-pVTZ approximation. Calculation has been performed on a
computer composed of two Intel Pentium Xeon 6-th core processors and 64 Gb RAM during the
56 days. The (re-ry) vibrational corrections and starting amplitudes were obtained in the
Sipachev’s approach by VibModule program on the base of calculated cubic force field. The
geometric structure of Hpdchp molecule was also obtained in the terms of rp;, using Kknp
corrections calculated by VibModule program with use of harmonic force constants. The (re-ra)
corrections can be calculated using another way, based on the MD simulation results. The MD
simulation has been performed utilizing computer with the Intel Core i7 processor and 16 Gb
RAM during 31 days. The calculation of starting vibrational amplitudes and (re-ry) corrections
based on the MD simulation has been perfomed utilizing Qassandra program. The results
obtained, utilizing MD simulations and cubic force field for (re-r3) corrections calculation, are in
excellent agreement. Only harmonic force field and MD simulation were used for obtaining
vibrational corrections and starting amplitudes in the case of Hop molecule due to a high cost of
computer resources for calculation of cubic force field and an excellent agreement of results
were obtained, utilizing the cubic force field and MD simulation for H,dchp molecule.

This work was supported by grant of the President of the Russian Federation (project MK-
6073.2016.3).
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Jucconnanus u noBepxHocTHas 1M dy3ust BOA0OPoIa Ha CBOOOIHBIX U XMMHYCCKH-
MOAM(PHIMPOBAHHBIX HAHOYACTHIAX INIATHHBI. MOJIEKY/IAPHO-IHHAMHYECKOe
HCCJIeI0BAHNE

C.K. Henamoel*,O.E. I af)ofcueel, AU Oxankunl, AT, Pa3y6aeel

1HI/I>Keropoz[(:1<I/1ﬁ rocynapcTBeHHbIN yHuBepcuteT uM. H.M. Jlo6aueBCKkOro, XUuMU4IeCKUH
(dakynbTer
*e-mail: skignatov@gmail.com

B3anMopeiicTBue MOJIEKYISIPHOTO U aTOMApHOTO BOJOPOJIA M JPYTHX MaJbIX OPraHUYECKUX U
HEOPTraHUYECKUX MOJIEKYJI C CYOHAaHOPa3MEPHBIMU, PA3MEPHO-CEICKTUPOBAHHBIMU U XUMUYECKU
MOAU(PUIIMPOBAHHBIMU MeTaJUTMYecKuMu HaHodactuiiamu (HY) — oawH u3 pyHmamMeHTambHBIX
MPOIIECCOB, KOTOPbIE OTKPHIBAIOT MYTH K HOBBIM TEXHOJIOTHYECKHUM MEpPCHEKTUBaM. TakuMu
MEePCIEKTUBAMU SIBJISIFOTCS CO3JaHUE HOBBIX CIIOCOOOB XpaHEHHWs BOAOPOJAa M BOJOPOIHBIX
CCHCOPOB JUIsI HYXI BOJOPOJHOW JHEPreTHKH; co3laHue dJ(PQPEKTUBHBIX pPEruo- U
CTEPEOCENEKTUBHBIX  KaTaJIM3aTOpPOB  JUIA  HYXJ  TOHKOIO  XMMHYECKOTO  CHHTE3a,
(dapMarieBTHYeCKOl, KOCMETOJOTHYECKOW ¥ Tap(pIOMEpHOW MPOMBIIUICHHOCTH; CO3/1aHUE
MEPCIIEKTUBHBIX YCTPOINCTB KBAHTOBOW SJEKTPOHUKU M CHUHTPOHMKH. B Hacrosmel pabote
00CYyXmaroTcs  pe3ysibTaThbl  KBAHTOBOXMMHMYECKOTO U MOJICKYJISIPHO-TUHAMUYECKOTO
MOJCIIUPOBAHUS  IOBEPXHOCTHOW W  IOATIOBEPXHOCTHOW  JWHAMHKH, auddy3un, u
KaTAIMTUYECKUX PEAKIUHA MOJIEKYJISIPHOTO M aTOMAapHOrO0 BOJOpOJa Ha TMOBEPXHOCTHU
cyOHaHOpa3MEpHBIX U HAHOPA3MEPHBIX KIIACTEPOB IUIATHUHBI, KIACTEPOB, MOAU(PHUIIMPOBAHHBIX
OpraHWYECKUMH JIMTAHJaMH, a TAK)KE arperaroB TaAKUX KJIACTEPOB HA MOBEPXHOCTIX OKCHUIHBIX U
KapOMIHBIX MOJUIOKEK. [l MOJeKyIspHO-AMHAMHYECKOTO MOEIMPOBAHMS  HCIOIb30BAHO
cwioBoe mojie Reax, MoauuIMpoBaHHOE ISl JYYIIEr0 OMUCAHUS KIACTEPOB IUIATHHBI. MJ|
MOJIEJTMPOBAHKE BBITIONHAIOCH s KiactepoB Pt, (n=24, 38, 116, 200), naxomsfmuxcs B
atmMocdepe H; mpu maBnenuu 2-6 atm (T=400K). PaccmarpuBamuce cBoOoansie HU u ux
B3aMMOJICHCTBHE C TMOIOKKaMu rpadena u rpadura. M3yueHsl CcTaTHCTHKA peaKIuil
KOOPJMHAIIMK M JUCCOLMAIIMK BOJOpO/aa, Hanbosee BBITOAHBIC MyTH 3TOW auccormanuu. Ha
OCHOBE CTaTUCTUYECKOTO aHANIM3a OLICHEHbl TEPMOAMHAMUYECKUE U KMHETUYECKHE MapameTpbl
HaYaJIbHBIX CTAIUN TUAPUPOBAHUS HEMPEIETbHBIX aJIbJIECTHUOB HA MOBEPXHOCTH CBOOOIHBIX HY
u HY, ™oauduumpoBaHHBIX dSJIeMEHTOOpraHuueckuMu Jnurangamu Tuma  CioHzsSH.
WccnenoBanbl MpoIecchl CTOIKHOBUTENBbHOTO clusHus HY U UX JeCTpyKIUU 1O/ BIHSHUEM
a7copOMpPOBAaHHOTO BOAOPOAA. YCTAaHOBIEHBI TMpeleibHble 3HAYCHHs MOKPBITUNA BOJAOPOJIOM M
murangamu HY paznuunoro pasmepa 1 MOpQOJIOTHH.

Paboma evinonnena npu noodoepycke Poccuiickoeo ¢onoa  ynoamenmanbHbvix
uccneoosanuil (npoexm Ne 14-03-00585)

54



O npuumnHax BBICOKOMH razo(pa3Hoil KHCJIOTHOCTH Mema-0eH301a1CcyaIb(POHOBOMH
KHCJIOTHI
A.B. Henamosa, E.A. Jlanvikuna, C.H. Heanos, H.U. I'upuuesa
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET

E-mail: nastya ignatova97@mail.ru

Cdepa npumeHeHHUs apeHCYNIb()OHOBBIX KHCIOT JOBOJILHO IIUpOKa. M3BecTHO, 4YTO
KHCIIOTHOCTh ~ BOJHBIX PacTBOpoB mema-6enzommaucynbdonoBoit  kucnotel  (1,3-BJICK)
3HAYMTEIBHO BBIIIC KHCIOTHOCTH CEPHOM KHCIOTHI IIPH PaBHBIX MOJSIBHOCTSX . [ToaTomy 1,3-
BJACK MoOXHO OTHecTM K pa3psly HIPOTOHOAOHOPOB, MEPCHEKTUBHBIX Il TEXHOJIOTUU
IPOTOHOOMEHHBIX TIOTMMEPHBIX MEMOPAH B XUMIUECKHX HCTOYHHKAX TOKA’,

Hacrosimast paboTta mocBsilieHa CPaBHUTEIBHOW OLIEHKE CTPYKTYPHBIX OCOOCHHOCTEM
monekyn 1,3-BJICK u cepHoil KUCIOTHI, a TaKKe BETHYUH ArHozgg u ArGozgg, XapaKTePU3YIOIINX
ra3odazHoe JENPOTOHHUPOBAaHHE Cyhbporpymm. Pabora mnpomobKaeT UK HMCCICAOBAHHMA
TFEOMETPUYECKOTO M DJIEKTPOHHOT'O CTPOCHHMSI, a TAK)KE KOH(POPMAIIMOHHBIX CBOHCTB CBOOOTHBIX
MOJIEKYJI 3aMELICHHBIX aPOMATHICCKUX CYIb(OIPOU3BOLHBIX .

[Tapametpsl Mosiekyn paccuutbiBain MetogoM DFT/B3LYP/cc-pVTZ, nmaker Gaussian
03. Croboanas monekyna 1,3-BJICK umeer mects koHpopmepoB (C pasuuieii B suepruu < 0.9
KKaJI/MoJib). B sHepreruuecku BoIrogHoM KoHpopmepe (puc. 1) cBsaszu S-OH rpymmer —SO3H

d OpPTOTOHAJILHO PACIIOJIATAOTCS HAJ M TOJ| IIOCKOCTHI0 OCH30JIHHOTO

‘\gL a ] konblia. CBOOOMHAsT MOJICKyJa CEpPHOM KHCJIOTBI HWMEET JBa

G gIr% koH(popMepa, 00pa3yroImuxcs B pe3yipTaTe BpameHus rpymnmsl OH

BOKpYT cBsi3u S-O (¢ pasuuiieii B sHepruu <1,2 KKaji/MoJb).

7 @ B razoBoii ¢aze kaxaplii U3 KOHPOPMEPOB KUCIIOT CIIOCOOCH K

Pxe. 1 OTIIETUICHWIO OJHOTO WM TOCIEOBATEIbHO JBYX MPOTOHOB.

N3menenus oHTameniuu U dHepruum  [ubOca  razodaszHoro

MOHOIECIIPOTOHUPOBAHMS paccunThiBamy 110 u3BecTHbIM popmynam: AH e = HA” 205 — HO 208
+ 1.48, xxan/mMons; ArGozgg = GOA_,zgg — GOAH,zgg —6.27, KKaJI/MOJIb.

ConocraBneHne NMOMy4eHHBIX 3HaueHUH (B kkan/monb) mis 1,3-B/ICK (ArHozggz 310.5;
ArG0293:303.2) n it HoSOy (ArH0293: 317,4; ArGozgg = 309,2) yka3eiBaeT Ha Oojiee CHIIbHBIE
npoToHogoHopHbIe cBoicTBa 1,3-BJICK, uem H2SO4.

Monexkyiabl CgHy(SO3H), u H,SO4 OudyHknnoHaapHbl U copepkaT mo ase rpymmsl OH,
CIIOCOOHBIE K TEeTePOTUTHYECKOMY OTIICIJICHHIO MpoToHa. OTIIENiIeHne OJHOTO MPOTOHA U
MOCIICAYIOMAs JISTTOKAIM3AIIHsl 3apsijia JICKTPOHA Ha MOJIEKYJIaX MPHBOJUT K YMEHBIICHHUIO
HOJIOKHUTETBHOT0 3apsaa Ha atoMax cepbl (B HoSO4 na 0.037 a.e., a B 1,3-BJICK —na 0.0la.e) u
Ha ocraBmemcs atome Bogopoaa (B H,SO4 va 0.05 a.e, a B 1,3-BJICK — 0.01a.e). [Ipu 3Tom B
moekyie 1,3-B/ICK 3nauntensHo cuibHee, yeM B H,SO,4: Bo3pacTaeT oTpuiaTeIbHBIN 3apsil Ha
«CBOOOJIHBIX» aToMaxX KHUCIOpOAa, COKpamaercs paccrosHue S-O, OT KOTOpOro OTIICTHIICS
POTOH, mpoucxoauT noispuzanus OH, pa3BopoT TopcuonHoro yriia ZHOSO u ymeHbIIeHHe
BasieHTHoro yrina ZSOH.

Pesynbrartel pacdyera yka3plBalOT Ha TOT (akT, YTO MPOBOAMMOCTH JIIEKTPOHHBIX
apdexToB Mmoctuka —SO2-Ar-SO,- B 1,3-B/ICK HeBenmka, a camu cynb(orpymmsl, B OTIHYHAE OT
OH rpynm B cepHO KHCIOTE, TOIBEP>KEHBI HE3aBUCUMOW JAMCCOIMAIINH, YTO B 00YCIIaBIUBaET
6oJiee BBICOKHE MTPOTOHOIOHOPHBIE cBoiicTBa Monekyisl 1,3-bJICK.

[
&

! Tlonkosa U.A., Kosnos B.A. // H36.By306. Xumus u xum.mexno1.1986, 29. (2). 29-33.
23106una T.C., IlImbirinesa JI.B., [Tucapes P.B. u np.// Hs6. AH. Cep. xum. 2014, (8). 1765.

* MBanos C. H., I'mpuuesa H. ., Hypkesuu T. B., ®exopo M.C// JK®X. 2014. 88.(4). 647.
Giricheva N.I., Girichev G.V., Medvedeva Y.S. et al.//Struct. Chem.2012,23. (3).895.
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Solvation of Palladium Nanoparticles in lonic Liquid: a QM/MM Study

E.E. Zvereva’, S.A. Katsyuba®", P.J. Dyson?, A.V. Aleksandrov®

'A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of Russian
Academy of Sciences

?Institute of Chemical Sciences and Engineering, Swiss Federal Institute of Technology (EPFL)
3Laboratoire de Biochimie, UMR 7654, Ecole Polytechnique, CNRS, France
*e-mail: skatsyuba@yahoo.com

Palladium nanoparticles (NPs) find broad application in various areas of science due to their
unique physicochemical properties based on a high surface-to-volume ratio. The high surface
energy and relatively large surface area of kinetically stable small NPs lead to the formation of
thermodynamically favored larger metal particles. To avoid agglomeration, which dramatically
influences the properties of NPs, they must be stabilized with protective layers, created by
polymers, surfactants or ionic liquids (ILs), which provide electrostatic, coordination and/or
steric protection. ILs actively participate in the stabilization process and, therefore, can be used
to generate and stabilise NPs in situ. Moreover, NPs solvated in ILs have become efficient
catalysts for C-C cross-coupling reactions. The stabilization of NPs dispersed in a
supramolecular IL network is provided through the formation of ion layers around the NPs.
However, the precise nature of these layers is still a matter of debate, and there is not an
unequivocal answer to the question whether the cations and/or the anions interact with the NP
surface.

Complexes between metal clusters, taken as simple models of NPs, and various components of
imidazolium-based ILs were investigated by density functional theory (DFT) calculations®,
which indicate that the strength of the interactions between moderate-size palladium clusters and
cationic/anionic components of ILs depends on both the nature of the ions and on the level of
theoretical approximation used. These calculations were performed either within the gas-phase
approximation or within an implicit solvent model. Both approaches lack explicit treatment of
solvent molecules and, thus, their ability to correctly describe strong polarization effects of the
metal induced by the ionic medium is questionable. In present talk we summarise and critically
discuss the abovementioned computational data, available spectroscopic experiments and the
results of our very recent studies? of the mechanism of solvation and stabilization of NPs in the
1,3-dimethylimidazolium tetrafluoroborate IL using a combination of DFT and molecular
dynamics (MD) simulations with hybrid quantum mechanics/molecular mechanical (QM/MM)
potentials. We will show that the IL induces a strong polarization in Pds and Pd;g clusters taken
as computationally tractable models of NPs. The clusters have large induced dipole moments
and, as a result, interact strongly with the IL. MD simulations demonstrate an accumulation of
the IL layer of high density and a negative charge around the Pdg and Pdig clusters due to
interactions with the anions of the IL. A single palladium atom does not show any noticeable
preference for the positive or negative ions and interacts only very weakly with the IL. As a
result, Pd atoms are not protected by the IL and hence aggregation into Pd clusters is
energetically favorable.

This  work  was  supported by  RFBR (project  Ne 15-03-01058  A).

'Katsyuba S. A., Zvereva E. E., Yan N., Yuan X., Kou Y., Dyson P. J. ChemPhysChem 2012,
13(7), 1781-1790.

27Zvereva E.E., Katsyuba S.A., Dyson P.J., Aleksandrov A.V. J. Phys. Chem. C, 2016, 120(8),
4596-4604.
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Br10op MeTo/1a pacueToB 3JIEKTPOHHbBIX CIIEKTPOB COeIMHEHHM ¢ JAHCWIbHOM IPyNIoi

M.C. Kopabnesa, M.C. @edopos, E.A. Jlanvikuna, O.A. Cyeoposa
VBaHOBCKHI TOCYAapCTBEHHBIH YHUBEPCUTET, OHMOJIOTO-XUMUYECKUH (aKyIbTeT
*e-mail: msk180695@mail.ru

CoemuHeHNsT ¢ MaHCWIBHOM rpymmnoi, u B dactHocT mancumamuy ((CHs),N-CioHgs-SO,NH,),
HAIIUTH [TMPOKOE TIPUMEHEHHE B KauecTBe (IIyOpECICHTHBIX METOK [4—5]. B ¢Bs3u C 3TUM aKTyasbHBI
UCCIICIOBAHUST 3JICKTPOHHBIX CIEKTPOB TIOTJIONICHUS W KCIyCKAHWS, & TakKe YCTAaHOBJICHUE
B3aMMOCBSI3U MEXJy CTPOCHHEM M ONTUYCCKUMH CBONCTBAMH COCIMHCHHU HAa OCHOBE JIAHCHIILHOM
TPYIIIIBL

B nmanHOl paboTe BBINMOJHEHA PErMCTpalysi SKCIEPHUMEHTAJIBHOIO CIIEKTpa IOTIOMICHHUS
BOJHOIO pacTBOpa JaHCHWJIAaMUJa W MOJICIMPOBAHUE TEOPETUYCCKHX CIIGKTPOB IOTJIOLICHHUS
CBOOOHON MOJICKYJIBI IaHCHJIaMHUZa Pa3HbIMH METOJaMH C LIEIbI0 BHIOOpPAa HAuOOoJIee ONTUMAIEHOTO
METO/Ia UX MOJACTUPOBAHUSI [Tl COSTMHEHHUI TAHHOTO KIlacca.
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Puc.1. ConocraBnenue 3KCepuMeHTAIbHOTO (YepHask TMHUS) U TEOPETUUECKUX (LIBETHBIE
JIMHUM) CIIEKTPOB IOTJIOIIEHUS JAHCUIaMU/IA.

OKCIIEpUMEHTAIBHBIA CIIEKTp ObUI TOJMydYeH JUIs BOJHOIO pacTBOpa JaHCHIaMHuIa C
KoHuenTpanueit 4,02*10™ Mons/1 ¢ ucnons3oBanueM crekrpodoromerpa CD-56 mpH KOMHATHOI
TeMriepatype. TeopeTHdyeckoe MOJSIMPOBAHUE MPOBOAMIOCH C HCHOib30BaHue moaxoma | DDFT.
s monenupoBanust Obu1 BeIOpaH psig DFT-metomos: B3LYP, B97D, M06, BMK, PBE1PBE. Bce
pacyeTsl MPOBOAMINCH ¢ Oa3ucHBIM Habopom 6-311++G** B mporpamme Gaussian-09.

W3 pucynka 1 BumHO, 4uTO M3 BRIOpaHHBIX DFT-MeTomoB Hambosiee TOYHO BOCIIPOM3BOIMT
MOJIOCHI ¢ MAaKCHMAaJIbHOM IJIMHON BonHBI morjomieHuss merox BMK. Takum o6paszom, pacders
CHEKTPOB IMOTJIOLICHHUS COCAMHEHHH C JaHCHIBHOH Tpynmoil unenecooOpa3Hee BBHINOIHATh C
ucnoip3oBanueM BMK/6-311++G**,

Kpome Toro, ObUIH BBITTOTHEHBI PacueThl C YY€TOM PacTBOPUTEN (BOAA) B paMKax MOJENN
PCM, pe3ynbTaThl KOTOPBIX TaK)KE CBUICTEIBCTBYIOT O ipeumyiiectse BMK/6-311++G**,

Paboma evinonnena npu ¢punarncosoti noodepaicke PODHU (npoexm Ne 16-33-00386 mon_a).

1 AJ. Parola, J.C. Lima, F. Pina, J. Pina, J.S. de Melo, C. Soriano, E.G. Espana, R. Aucejo,
J.Alarcon, Inorg. Chim. Acta. 2007, 360, 1200-1208.
23.C. Wang, D.B. Zamble, Biochem. Mol. Biol. Ed. 2006, 34, 364—368.
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The atomic, charge, and electronic structure of small Ar cluster ions — an ab initio study

J.G. Korobova®”", A.E leshkin®, V.S. Chernysh*
"Moscow State University, Physical Department
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Different nanosystems are of great interest in modern studies in all fields of natural
science, because they open a rout for improving of novel industrial technologies. In nanosize
systems quantum effects are playing the major role and their physical and chemical properties
are quite different then such properties of corresponding bulk solids. In this context the
studying of atomic clusters is a crucial step in a way of understanding nanosystem physics,
because clusters are the intermediate state between single atoms and bulk solids, combining
properties of both systems.

In this work we present an ab initio study of atomic and electronic structures and
charge density distribution of Ar” cluster ions consisting of 13, 19, 55 and 135 Ar atoms. We
revealed that due to the small size of considered clusters, removing one electron from the
system leads to the significant decrease of cluster ions stability in comparison with neutral
clusters. Analysis of atom local densities of s and p-states in cluster showed that charging the
cluster leads to the change of shift in states between the central atom and surface atoms. We
obtained that cluster ion has noticeable magnetic moment around 0.85ug for all considered
sizes. Our calculations demonstrated that non-compensated charge in cluster ion is mainly
distributed over the cluster surface, mostly concentrating on atoms, which are the farthest
from the cluster center, leaving the central atom neutral (Fig.1).

Figure 1. Distribution of non-compensated positive charge density in 55Ar" cluster ion with
fcc structure cleaved in (-1-1-1) plane.

This work was supported by the Ministry of Science and Education of the Russian Federation
(unique identification number is RFMEF157814X0064).
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MoaenupoBaHue npouecca NPpOHMKHOBEHUS MOJIEKYJIbI JIeHIIUHA Yyepe3 MeMOpany
0aKkTepuAIbLHON KJIETKHU

M.C. Kypbamosa, H. Y. I'upuuesa, E.IO. T JOHUHA

VBaHOBCKMI TOCYAapPCTBEHHBIH YHUBEPCUTET, Kadeapa OpraHmuecKor U PU3NUECKON XUMUU
*
HNuctutyr xumuu pactBopoB um I'.A. Kpecrosa, Poccuiickas akagemust HayK, T. IBaHOBO

B nocnennue roapl 0oiblIoe BHUMAHUE YYEHBIX IPHUBICKAIOT AaHTUMUKpPOOHBIE
nentusl. KiroueBbIMU MOMEHTaMH ICHCTBHSI aMUHOKHUCIIOT/TIENTH/IOB SIBJISIETCS CBSI3bIBAHHE
3apsDKEHHBIX L[BUTTEP-UOHHBIX I'PYyNIl OMOCOEIMHEHUN C MOBEPXHOCTbIO BHEIIHEH CTOPOHBI
MeMOpaHbl ~ OaKkTepHadbHOM  KISTKM W BHeApeHHe  TruApodoOHbIX  (pparMeHTOB
aMHHOKHUCIIOT/TIIENITUIOB B JIMIMIHYIO 4acTh MeMOpaHbl. B Hacrosieill paboTe BBINOIHEHO
KommbioTepHoe MojeiaupoBanue (DFT/B97D) mporecca mpoHukHOBeHHs JeiiuHa (Leu)
yepe3 MeMOpaHy OakTepuaJabHOM KJIETKHM, B KauecTBe (pparMeHTa KOTOpPOW HCIOJIb30BaH
nuMep poxaermicynbgara Harpus (SDS).

Ha puc. 1 noka3aHo HM3MEHEHHE SHEprMM B XOJ€ JaHHOro mnpouecca. Touka 1
COOTBETCTBYET SHEPrHH HE B3aMMOACUCTBYIOmMX cucteM: numepa SDS u Leu. Touke 2 ¢
HauOoJpIIel »Heprueil oTBeyaer mporecc OOpa3oBaHUS MOJOCTH MEXIY JABYMS
runpodmibHEIME Tpynnamu SDS, koTopas MOKeT BOSHHMKATh B PE3yJbTAaTe MUTPAIIMH HOHA
Na" oraocurensro annona SOj. JlanbHeiiiee IBUKEHUE JIEHIMHA MEX Ty MoHOMepaMu SDS
IPUBOJUT K PE3KOMY IMOHWKEHHUIO SHEpruu (Touka 3), MOCKOJIbKY TMAPOPUIBHBIE YACTH
JedlluHa M JuMepa B3aUMOJEHUCTBYIOT Jpyr ¢ JpYyroM, o0Opa3yst BOJOPOJHBIE CBsI3H,
CTaOWIM3HUPYIONIME JaHHYIO KoH¢urypamuio. Touka 4 TmOKa3blBaeT, YTO CYIIECTBYET
B3auMojieiicTBue ruapodoOHoit yactu gumepa SDS, kak ¢ rumpodwiIbHONM, Tak H
rupo@oOHON yacThio Leu, oIHako B 3TOHW CHUCTEME MEXKMOJIEKYISIPHOE OTTAJIKHWBAHUE
npeoOiagaeT Haja NPUTSHDKEHUEM. B Touke 5 MpoMCXOAUT HE3HAUUTENbHOE IOBBILICHHE
DHEPTUU 10 CpaBHEHUIO ¢ Toukoil 4. Touka 6 mpencraBiseT co00il KOHEYHOE COCTOSIHUE -
MoJIeKyJa JellinHa MPOHUKIIAa CKBO3b MeMOpany. OHeprus Eg okazanace Huxe, ueM Eq, uto
CBUJICTEIILCTBYET O  CYIIECTBOBAHWM  JHCIIEPCHOHHBIX  B3aMMOJCHCTBHHA  MEXKIY
UCCIIETyEMbIMH MOJICKYJIaMH.

DHepreTuyeckue 3aTparhl, COMPOBOXKAAIONINE MPOIECC MPOHUKHOBEHUS JIEWIIMHA
CKBO3b MEMOpaHy He MPEBBIMIAIT 25 KKaJ/MOJIb, YTO COMOCTABUMO C SHEPTUSIMU aKTHBAIIUU
MHOTHX XHMHYECKHX PEaKIHi, a 3TO, B CBOK O4Yepelb, CBHICTEIHCTBYET O BO3MOKHOCTH
NPOTEKaHUs JAHHOTO IpoIiecca.
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Puc.1. I3meHenune sHEpTHH B X0/1€ IPOHUKHOBEHHS JICUIIMHA CKBO3b AuMep SDS
Paboma  ewvinonnena npu  ¢unancosoit nooodepocke PODH  (Ipawm Ne 15-43-
03003 p_yeump_a).
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CnekTpajbHble 0COOCHHOCTH KOMIUIEKCA I'yaHU/IMH-aleTar.

JKCNepPUMEHTATbHO-PACYETHOE UCCIIeIOBAHNE
1% 3 4 2
E.O. Jlesuna' , b.B. Jloxwun™, b.3. Maii", M.B. Benep

"MockoBckuii (U3UKO-TEXHUYECKUI MHCTUTYT (TOCYIapCTBEHHBIN YHUBEPCHUTET),
HonronpyaHsiit

2POCCHITCKHI XHMHUKO-TEXHOIOTHIECKHIT yausepcureT um. .M. MenzaeneeBa, Mocksa
SMHD0C um. A.H. HecmesiHOBa PAH, Mocksa
4B0pOH€)KCKI/II71 rOCyAapCTBEHHBIM YHUBEPCUTET, BopoHexk
*e-mail: 113033@mail.ru

BoaHslii pacTBOp KOMIUIEKCA T'yaHHUIUH-ALETaT MOAEIUPYET CTPOCHUE COJIEBBIX MOCTUKOB B
nenTtugax u Oenkax [1]. CmekrpaibHbie OCOOCHHOCTH 3TOTO KOMIUIEKCA BBISIBIEHBI MOCPEICTBOM
KOMOWHAIIMK METOoJja CIEKTPOCKONHMH HAapyLIICHHOI'O TOJHOro BHyTpeHHero oTpaxkeHus (HIIBO) u
pacueTHbIXx ToAxojoB. [lociemnue Brimo4yanmum B ceOsi MeTo MoJeKyisipHOH auHamuku (M) c
KJIACCHYECKUMH CHJIOBBIMH TMIOJIIMH W pacyeTbl METOAOM TeOopud (YHKLUMOHANA IUIOTHOCTH B
KOHTHHYanbHOM npubmmkenun (DFT-PCM).

Crnektpel u3mepensl Ha MK-dypoe-ciekrpomerpe VERTEX 70v ¢upmer BRUKER (®PT)
MeronoM HIIBO c¢ wucronp3oBanuem mnpuctaBku HIIBO dupmer PIKE ¢ ammasaeiM pabounm
anemenToM. K criekTpsr momydens! B oomactu 4000-400 em™ ¢ paspemrernem 4 cm .

MJI MonenupoBaHue NPOBOAMIOCH ¢ momollbio nporpaMMel GROMACS. KyGuueckas
saeiika cocrosuia u3 1000 monexyn Boasl (Monxens TIP4P/2005) n koHTaKTHOM HOHHON Tapbl, KOTOpast
omuckiBaiach cuitoBbiM mosieM AMBER ff03. Paanyc oTcedkn KyJIOHOBCKHX U KOPOTKOACHCTBYIOIINX
BaH-JIeP-BaalbCOBBIX B3aMMOJIEHCTBUN cocTaBisLl 15 u 14 A, COOTBETCTBEHHO. DJIEKTPOCTATUUCCKUE
B3aUMOJICHCTBUSl YYHTHIBAJINCH C IIOMOIIBI0 MOJU(DHIMPOBAHHOTO METOJa CYMMHPOBAHHS II0
Oanbny (PME). Ilocne Beixoma cuctemsl Ha paBHoBecue (NPT-ancamOnb, anuHa Tpaekropud - 15
He, mar — 0,5 ¢c), coop nHbpopMamy oCymeCcTBISUICS KXY HEeMTOCEKYHAY, 1Iar HHTErPUPOBAaHUS
cocraBisi1 = 0,5 d¢ec. MK cmektp paccumteBanicss mnocpeactBoM — Dypbe-npeobpazoBaHus
ABTOKOPPEISIIMOHHON (DYHKIIMU AMIIONBHOIO MOMEHTAa KOHTAaKTHOHW MOHHOHM mapsl B Bojue, cM. (1) B
[2].

N3 M]| pacueToB clieAyeT, YTO TyaHHJIUH-alleTaT B BOJHOM PacBTOpe o00Opasyer
BOJIOPOJIOCBSI3aHHBIE OWJICHTATHBIC, MOHOJICHTATHBIE CTPYKTYpHl [3], a Tak jke peamu3yroTcs
CTPYKTYpel C Ou(ypKaTHBIMH BOJOPOJHBIMH CBS3IMH. bbBUIO oOmpenesneHo, YTO COJBBATHO-
paszielieHHble 1 MOHOJIGHTATHBIE CTPYKTYPHI 001ajar0T OOJNbIIeH YCTOMYMBOCTBIO TI0 CPABHEHUIO C
OMIEHTAaTHBIMU CTPYKTYpaMH, XOTs IOCJEIHHE BCE XX€ NMPHUCYTCTBYIOT B pacTBope. llomyueHHbie
PE3yIbTaThl COTIACYIOTCS C IUTEPATYPHBIMU JaHHBIMHU [4].

OtHecenne nonoc B skcnepuMeHTanbHoM cnekrpe HIIBO B oGnactsax Beie 3000 n Huke
1700 cM™ GbIIO MPOM3BENEHO HA OCHOBAHHH pacdetroB MK CrieKTpa OMIEHTATHON CTPYKTYpHI B
npubmmkennn DFT-PCM  (B3LYP/6-31G**). B cnektpe HIIBO BomHOro pacTBOpa KOMILIEKCA
IyaHHIMH-aleTaT TaKkKe oOHapyXKeHa mooca B 061acT okono 2200 cm™, koTopas otcyTcTByeT B MK
crnekTpe, paccuntanHoM B pudimkenur DFT-PCM. C apyroit cTopoHsI, 3Ta ojioca NpuCyTCTBYET B
UK cmekrpe, mnomydeHHoM u3 MJl pacueroB. OnHa oOyciioBiieHa CHIBHOH (KOPOTKOW)
mexmonekysproi "N-H...O caasbio [2].

Takum 00pa3oM, CHEKTPaJbHOH OCOOEHHOCTHIO BOJHOIO PAcTBOpa KOMIUIEKCA TyaHWJIWH-
anerar sisercst UK-aktuBHas momoca B obmacti 2200 — 2300 cm™.

1. Kumar S., Nussinov R. J. Mol. Biol., 1999, 293, 1241 — 1255.

2. Vener M.V., Odinokov A.V., Wehmeyer C., Sebastiani D. J. Chem. Phys., 2015, 142, 215106 (9
pages).

3. Donald J.E., Kulp D.W., DeGrado W.F. Proteins, 2011, 79, 898 — 915.

4. Debiec K.T., Gronenborn A.M., Chong L.T. J. Phys. Chem. B, 2014, 118, 6561- 6569.
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Design of novel nonlinear-optical chromophores with condensed heterocyclic moieties

A.l. Levitskaya*, O.D. Fominykh, A.A. Kalinin, M.Yu. Balakina

A.E. Arbuzov Institute of Organic and Physical Chemistry of Kazan Scientific Center
of Russian Academy of Sciences

*e-mail: april-90@mail.ru

Organic polymer materials with quadratic nonlinear-optical (NLO) response have great potential
applications in optoelectronic devices, since they possess a number of advantages over
inorganic analogues. Molecular sources of NLO effect are organic chromophores, which are
conjugated molecules with electron-donor and electron-acceptor ends groups, possessing high
values of dipole moment, u, and first hyperpolarizability, . So, one of the main objectives in
creating the NLO materials is the design of new efficient chromophores, at that w-conjugated
bridge and the end groups are varied. Both approaches are realized in this work. For the first
time in the design of chromophores with dimethylaniline donor fragment and various cyano-
containing acceptor fragments (a) 3,7-divinylquinoxaline (DVQ) n-electron bridge (b)* is
used.
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Fig. 1. Cyano-containing acceptors (a), m-electron bridge (b), and indolizine donor (c).

Another approach is based on the use of indolizine (1Z) donor group (c) in the chromophores
with TCF acceptor one and various n-electron bridges.?

Geometrical structure and electric characteristics (dipole moment, p, polarizability, o, and
first hyperpolarizability, p) of the molecules were calculated at DFT level with B3LYP and
MO06-2X density functionals in the framework of Jaguar® program. Regioselectivity of various
moieties mutual binding at the chromophores design was separately examined.

According to theoretical DFT-based estimations indolizine moiety acts as an effective donor
providing high values of first hyperpolarizability. It is established that regioselectivity of the
donor and acceptor fragments with respect to m-electron bridge affects the value of the
chromophores first hyperpolarizability. The proposed chromophores are shown to be
promissing from the point of view of their quadratic NLO activity: the calculated values of
their first hyperpolarizabilities are either comparable or exceed those of the best known world
analogs.

Financial support of Russian Science Foundation is acknowledged (Project Nel16-13-10215).

'A.l. Levitskaya, A.A. Kalinin, O.D. Fominykh, M.Yu. Balakina. Comp. Theor. Chem. 2015,
1074, 91-100.

?A.1. Levitskaya, A.A. Kalinin, O.D. Fominykh, I.V. Vasiliev, M.Yu. Balakina. Comp. Theor.
Chem. 2016, 1094, 17-22.

$Jaguar, version 9.0, Schrodinger, LLC, New York, 2015.
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3aBucumoctb UK-cnnekTpoB NMpuauHOBBIX 3PUPOB napa-H-aJKUI0KCUOEeH30HOI
KHMCJIOTHI OT JJIMHBI YIJIEBOJOPOAHOI0 PanKaJia

K.E. lnunesasn * H.U. I'upuuesa, A.B. Manviwesa, C.A. Coipby
*e-mail: 31ksenia@mail.ru
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET

MHuorue cucTembl, 00JaIar0IINe KUIKOKPUCTATUIMYSCKUMU CBOMCTBAMH, COCTOST W3
MOJIEKYJI C JJIMHHBIMU QJKWJIbHBIMU WIM OKCHAJIbKUIBHBIMU PaJMKaIaMH, YHCIO aTOMOB
yriaepojaa B KOTOPBIX MOXKET JIOCTUraTh JBEHAAUATu U Oosee. i TEOpETUUECKOro U3yueHus
MEXMOJIEKYJIIPHBIX B3aUMOJICUCTBUI B cucTemMax «M€30Tr€H-HEME30IeH,
COMPOBOXKIAOIIMXCSA 00pPa30BaHUEM BOJOPOJHBIX CBS3CH, a TaKXKe JUIsl MHTEPIpPETAIlUU
ANIEKTPOHHBIX U KOJeOaTEeNbHBIX CHEKTPOB H-KOMIUIEKCOB 4acTO HCMONB3YIOTCS KBAaHTOBO-
XUMHUYECKHE METOJIbI pacuyeToB. UeM UTMHHEE paiuKall, TeM OOJIbIIIe BPEMEHH TPEOyeTC s IS
pacyeToB, B TO K€ BpEMsl TaKH€ CBOMCTBA JKUJIKOKPUCTAIIMYECKUX CHUCTEM KaK: HSHEPrus
BOJIOPOJHBIX CBSI3€H, PHEPrUM TPAaHUYIHBIX OpOUTAICH M CTPOCHHE ME30TeHHON yacthm H-
KOMIUIEKCOB, CJ1a00 3aBUCSAT OT JJIMHBI paJiuKalia, HauuHas ¢ N=3.
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1100
-
1050 b : -,

N e e o 3(pHUPOB Mapa-H-aJTKUIOKCHOCH30MHON KHCIIOTHI,
F s J* MMEIOUIMX pasHylo JUIMHY pajukana N=3 u n=7

. (pucynok 1). I'eomerpuueckas onTumMuzanus H

0 n=3 pacdeT 4aCToT KosieOaHUi BBITOJHEHBI MCTOAOM

500

s Nl | DFT/B97D/6-311++G**.
' |

350

300 \
b 'l ! B MIPEACTABICHHBIX HK-cnekrpax
wﬁﬂ@gl\qﬁ ‘ A /“/\ YIN Al WHTEHCUBHOCTh HEKOTOPBIX MOJIOC OTIIMYAETCS.

600 80 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
Frequency, cr-1

B oco0GeHnHOCTH 3TO XapaKTepHO JJs MHTepBaja
4acTOT 2900-3050 em?, KOTOpbIE
;323 COOTBETCTBYIOT 4acToTam BaJICHTHBIX
= e e 4 o .r xonebanui ceasedl C-H rpynn CH, wu rpynmsr
P A * < CHs. Kak BUIHO, MHTEHCUBHOCTh JAHHBIX TOJIOC
B COCIMHEHMH C N=7 CYIIECTBEHHO BBIIIE HX
n=7 MHTEHCUBHOCTU B CoeIMHEHMH ¢ N=3. MeHee
3aMETHO MW3MEHEHHE WHTEHCUBHOCTH TIOJIOC
\xﬂ OTHOCSIIINXCS K BaJICHTHBIM KOJICOAHUSIM CBsI3ei
\1 ]\ N i C-C (~1250 cM™), a TaKxke K aedOpPMAIHOHHBIM
et ‘ W5 o 1/ N m/‘i‘l:“‘“jm _ koneGanmsam  C-C-H  (~1300-1400 cm™) B
T paaukaie. OIHAKO, MMOJOKEHHS KOJIe0aTeabHbIX
Puc.1. UK — cnekrpsl Monekyn 3¢gupoB monoc B UK-criekTpax MpakTHYeCKH COBIIAIAlOT.
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AN

Takum oOpazoM, [ HMHTEpIPETAIlMU  CIEKTPOB  MOJIEKYA C JUIMHHBIMU
YIJIEBOAOPOAHBIMU paguKalaMyd MOYHO HCIIOJIb30BaTh CHEKTPBl MOJIEKYJ 3TOTO K€
TOMOJIOTHUYECKOTO psijia ¢ 0osiee KOPOTKUMHU pajiiKaJaMHu.

Paboma ewvinonnena npu gunancosoti noooepacke Munucmepcmea Obpazosanus u Hayku
P® (npoexm Ne3474).
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Effective fragment potentials for polycyclic aromatic hydrocarbons

A.D. Matveeva'?, A.Ya. Freidzon?, A.A. Bagaturyants™?
'Moscow Engineering Physics Institute, National Research Nuclear University
2 Photochemistry Center, Russian Academy of Sciences
*e-mail: nastya.matveeeva@mail.ru

Equilibrium distribution of electrostatic fields in a supramolecular system depends on the
charge distribution and polarizabilities of its components. Therefore, it is important to include
molecular polarizability into the model of environment effects on the active center.

In this paper we build a polarizable environment model for a series of polycyclic aromatic
hydrocarbons, some of which can be employed as organic semiconductors. We use the
method of effective fragment potentials (efp) within GAMESS program package. We study
the effect of crystal environment on the HOMO and LUMO energies of a single molecule
surrounded by the same molecules.
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Fig. 1. Position of HOMO in anthracene dimers and anthracene molecule in the crystal
environment.

This work was supported by RSF (project Ne 14-43-00052).
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Description of hopping charge transport in disordered organics by the multiple trapping
model

V.R. Nikitenko

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Condensed Matter Physics

*e-mail: vladronik@yandex.ru

Charge transport in disordered organics is considered ubiquitously as a hopping
process, i.e. it occurs by means of uncorrelated phonon-assisted tunnel jumps of a charge
carrier inside a manifold of localized states (LSs). These states are disordered in space and, as
a result, in energy, in accord with Gaussian distribution g(E) with mean-square variance o [1].
Transport level concept is known as an effective analytic tool, which permits to describe
hopping transport by relatively simple formalism of multiple trapping (MT) model, which has
been developed originally for the case of inorganic disordered materials [1,2]. The transport
level [1] or effective transport energy [2], Ec, is an analog of mobility edge, which separates
extended and localized states (traps) in MT model. Up to now, a transport level concept was
realized, providing Miller-Abrahams (MA) model of hopping rates between LSs. However,
one can show that MT-description of hopping transport does not require application of MA
model. Moreover, MT-description does not require introducing the energy Ec explicitly. The
key assumption is that some small fraction of charge carriers gives the general contribution to
charge transport at any time, while others waiting for release from deep states, irrespective to
details of hopping mechanism. It is the essence of MT model, and it is typical for disordered
organics. Indeed, hopping rates between various pairs of LSs are widely distributed, because
of exponentially strong dependence on distance and energy in any reasonable model [1], since
definite fraction of LSs contributes to transport in general (“conductive states”). The over
assumption is quasi-equilibrium and small occupation of these states (Boltzmann’s statistics),
while deep states (traps) can be filled or be far from equilibrium occupation). On the base of
these assumptions and the detailed balance principle, one can reduce the well-known balance
equation of hopping transport

/0t =T [vifi(1— ) — v fill1 = £)]. )
where f; is the occupation probability of a state i and v;; is the rate of transition from the state
i to a state j, to the balance equation of MT-model [3],
dp(E %, t)
at

plxt)  plE xt)
N, HE) (2

where p,{x,t) is a concentration of carriers in conductive states, p(E, x,t) is the energy
distribution of occupied traps, t(E) = v, ~texp(E /kT), v, is a frequency factor, and r(E) is
the model-dependent capture rate from “conductive states” to “traps”, and the coefficient Ko,
which is also model-dependent, quantifies the fraction of conductive states and related to the
effective transport level implicitly. From percolation theory it is known that “conductive”
states forms a network with some characteristic size r. (correlation radius of percolation
cluster) [1]. Eq. (2) is valid, providing the functions p and p. being averaged on a spatial scale
of rc (which is temperature and disorder dependent) and respective time scale t.. Simple
analytic expressions of temperature, field- and concentration- dependent mobility and
diffusion coefficient obtained on the base of MT- description in MA and Marcus models.

r=Y(B) = vyKqexp(—E /KT [g(E) — p(E, %, )]

[1] S. Baranovskii. Phys. Status Solidi B, 251, 487 (2014)
[2] Nikitenko V. R. and Strikhanov M. N., Journal of Applied Physics 2014, 115, 073704.
[3] Zvyagin 1.P. Kinetic phenomena in disordered semiconductors. Moscow, 1984(in Russian)
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MouJiekyJsipHasi CTPYKTypa reMunopgupasunara iuHka no panusiM DFT-pacueToB

A.A. Omaémos* FO.A. Kabanos, A.E. [loconun
M BaHOBCKH rOCYJapCTBEHHBIN XUMUKO-TEXHOIOTHYECKUNA YHUBEPCUTET
*e-mail: otlyotov@isuct.ru

Crpoenue Moekyibl reMumnopdupasunata uaka (ZnNHP, puc. 1) 0bU10 HCCIEI0BaHO
Brepsbie B npubimmxenun DFT/B3LYP B codyeranuu ¢ 6a3ucHbiM HabopoM CC-pVTZ (aTombl
C, N, H; ocrosmas o0onouyka 1522322p6 atroMa ZN omoucaHa C MCIIOJIB30BAaHUEM
ncesonorenrmana RECPY), a takoxe Sapporo-TZP-2012. CornacHo pe3ysibTaTaM pacderos,
Mosiekyna ZnHP wmMeeT IJIoCKOoe TEeOMETPHYECKOe CTpOeHHE ¢ KOHQUrypaiuen suep,
cootBercTBYIOIIEH cummerpun Dop. [Ipu nmepexone xk MOIHOIEKTPOHHOMY 0azucy Sapporo-
TZP-2012 3ameTHOMY W3MEHEHMIO IMOJABEpPraroTcs UMb paccTosHus ZNn-N, KoTopbie
craHoBsaTca MeHpme Ha 0.012 A. Teomerpuyeckue mapameTpbl MaKpPOLMKIMYECKOTO
(parMeHTa OCTalOTCsl MPAKTHUYECKU HEU3MEHHBIMHU.

Puc. 1. Moaens monekynst ZnHP

DIEKTPOHHOE CTPOCHUE MOJIEKYIIbI ObLT0 u3y4deHo ¢ momoribio NBO-ananuza. Paccuntannoie
3apsiael Ha atomax (q(Zn) = 1.26 a.e.3.; q(N7) = -0.76 a.e.3. (B H30MHAOIBHOM (pparMeHTe);
g(N1) = -0.57 a.e.3. (B mupuauHOBOM (parMeHTe)) CBUACTEIBCTBYIOT O IEPETCKAaHUU
DIIEKTPOHHON IJIOTHOCTH C aroMa Zn Ha aTOMbI a30Ta B MakporeTepolukie. BemudauHb
OPSIKOB cBsi3el Zn-N, omneHeHHbIe MO cxeme Baitbepra cocraBmstor Q(Zn-N1) =0.23;
Q(Zn-N7) = 0.37, uTo yka3pIBacT Ha 3aMETHBII BKJIaJ KOBAJICHTHON COCTAaBIISIONICH, HAPSALY
C MOHHOM.

Paboma noooepycana epanmom Ilpesudenma Poccuiickoi ®@edepayuu (npoexm  MK-
6073.2016.3).

1Figgen D., Rauhat G., Dolg M., Stoll H., Chem. Phys, 2005, 311, 227-244.
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TeopeTuveckuii aHAJIU3 BJIAMSHUS HecnelM(PUIecKoil cojibBaTANMM HA
KOH(popMaLHOHHBIE cBOiicTBA 1-aMuHOHA(TAINH-8-CYJIb(POKHCIOTHI

H.B. Ilepsyxuna™, E.A. Jlanvikuna, M.C. @edopos
WBaHOBCKUI roCyIapCTBEHHBI YHUBEPCUTET, OMOJIOT0-XUMUYECKUH (PaKyIbTeT
*e-mail: pervukhina.nv@mail.ru

1-amuHOHadTaTMH-8-CyNb(HOKUCTIOTA SBIISETCS BaXKHBIM OOBEKTOM MPOMBIIIJICHHOW XMMHUHU H
CIIy’)KUT OCHOBOM JUIl CHHTE3a KpacuTeliel, MOIOIIMX CpeICTB M MHOTHX (DapMaleBTHYECKHX
MpenapaToB, K KOTOPHIM OTHOCSTCS, Hampumep, GeHotnoH u (eHobapOurtan. Kpome Ttoro manHoe
coeMHEeHNe 00J1aJaeT CIOCOOHOCTBIO K (PIIyOpEeCIEHINH, a TaK K€ MOXXET ObITh HCIIOJIIB30BAaHO AT
CHHTE3a Pa3InYHbIX (IIyOPECLCHTHBIX COCAMHEHHH, B YaCTHOCTH 1,8-HadTanuHCyIbTaMa.

Morekyna WMeeT AT  YCTOMYMBBIX ~ KOH(GOPMEPOB  (OTIMYAIOMINXCS  B3aHMHBIM
pacnonoxerneM rpynn —NH; n1 —SO3H), nccnenoBanne KoTopbix qaet nH(GOPMAITIO 0 BCEil TOTHOTE
e€ KOH(pOPMALMOHHBIX CBOWCTB, KOTOpble OYAyT NpOSBIATHCS TEM WIA HHBIM 00pa3oM B
KOHJIeHCHpOBaHHbIX (a3ax. KoHdopmepsl oTiauuaroTcs Apyr OT JApyra IO psay MapaMeTpoB
(3HaueHre OOIel »HHEepruW, IUIMOJFHOTO MOMEHTa, CBOOOmHON »Heprmm [mbbca wm T1.1.). B
3aBUCUMOCTH OT CPCbl, BOBMOKHO U3MCHCHHUEC COOTHOILICHUSA KOH(I)OpMepOB MOJICKYJIBI, UTO BJIMACT
Ha CBOICTBa COCIUHCHUA, B TOM YUCJIC HA SJICKTPOHHLIC CIICKTPLI NOTJIOMICHUA U (I)J'IyopeCHCHHI/II/I.

B pamkax pabGoTel OBLT TPOBEAEH TEOPETHUSCKUN aHAIHM3 BIMSHHUA HECIEIUpUIecKoi
CoIbBaTaIlNK Ha KOH(QOPMAaIMOHHEIE CBOWCTBA |-amMmuHOHadTannH-8-Cynb(OKUCIOTH. bblTO BRIOpaHO
HECKOJIBKO METOJIOB pacyéra, a MMeHHO Moaenb SMD u cemelcTBO Mopeneld MOISpHU30BaHHOTO
koHTuHyyMa PCM (PCM u CPCM), st pacuéra 3Ha4eHus: o01Ield SHeprud KOHPOPMEPOB B Pa3HBIX
Mo TOJSAPHOCTH pactBoputensx (remnrad, Boma) metogom DFT/B3LYP/cc-pVTZ. PactBopurens
BJIMACT Ha BCC IMapaME€Tpbl MOJICKYJIbI, B TOM YHUCJIC Ha TICOMETPUUCCKUEC U DJICKTPOHHBIC
XapaKTePUCTUKH.
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Puc.1. lnarpamma sHepruit KoHpopMepoB MoKy bl 1-amuHoHadTanuH-8-cynbpokucioTa.

VY CTaHOBIIEHO, YTO C YBEIUYEHHEM AMIIEKTPUYECKON NPOHHIAEMOCTH CpeIbl MOHIKAETCS
JHEPrusi Bcex KOH(GOPMEPOB MOJIEKYJBI IO CPaBHEHHIO ¢ Ta30Boil (a3oii. Bce paccMarpuBaemble
METO/IBI y4eTa COJbBAaTAllMH IOKAa3bIBAIOT, YTO B IOJIIPHOM pAcTBOpUTENE TOHIKEHHE SHEPTUU
ropasqo Bele, yeM B HenodsipHoM. Otvetum, uto PCM u CPCM paroT oavHaKOBEIE 3HaYEHUS
MOHM)KEHUSI SHEPTUU KOHPOPMEPOB B BOJIE U B TENTaHE OTHOCUTEIBHO Ta30BOW (as3bl, KOTOpPHIE
CUIILHO OTJIMYAIOTCS OT 3HadeHws sHepruu Mmeroga SMD. [lostomy B nmanpHeidmem aist BeIOOpa
ONTUMAJILHOTO METO/Ia y4YeTa CobBaTaluu OyIOyT paccMOTPeHbI Todabko MeToasl PCM u SMD.

Paboma evinonnena npu ¢unancosou nodoepoicke PODU ¢ pamkax nayunoeo npoexma Nel6-33-00386.
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Teopernueckoe uccjie0BaHNe MOJIEKYJISIPHOTO CTPOeHHUsI reMunopgupasuna u
ankapodaremunopgupasnHa

A.E. Iloconun, I0.A. >Kabanoe* A.A. Omaémos
M BaHOBCKH rOCYJapCTBEHHBIN XUMUKO-TEXHOIOTHYECKUNA YHUBEPCUTET
*e-mail: zhabanov@isuct.ru
KBaHTOBO-XMMHUYECKHE pacueThl PABHOBECHBIX T'€OMETPHA W TAPMOHHMYECKHUX YacCTOT
koneOanuii, a Takke NBO-amamm3 wmonekyn remunopdupazmna (CasNgHis, Hop) u
mukapoaremunioppupasuna (CagNgHig, Hadchp) Bemomnensr merogom DFT/B3LYP. Ilpu
pacderax MCIOIb30BajIcs Habop O0a3ucHbIX GpyHKIui CC-PVTZ Ha atomax N, C, H.
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Puc. 1. 'eomerpuueckoe ctpoenue mosekyn Hop (a) u Hodchp (6).

COrnacHO MCCIeNOBaHMsIM  MoyeKyna Hyp MMeeT HCKaKeHHOE MO THITY «CEI0» CTPOCHHE
cummetpun Cjp,. CoryiacHO IPOBEJICHHBIM B HACTOSIICH padoTe pacderaM, JaHHAsS CTPYKTypa
COOTBETCTBYET CEIJIOBOM TOYKE MEPBOTO MOPSAJIKA HA MOBEPXHOCTU MOTEHIIUAIBHON SHEPTUU
(IIII2). Munumymy na IIIID coorBerctByer cTpykTtypa cummerpun Cs (Puc 1.a).
Paccmotpennsie B pabote reomerpuueckue monenu cummerpuu Cyy, C,; u Day oOmamaror
0oJiee BBICOKOW TOJTHOHM dHepruei (pa3HHMIBI M0 CpaBHEHUIO ¢ Monenbio Cs coctaBisror 0.2,
1.0 u 1.4 x/[)x/MOJb, COOTBETCTBEHHO). AHUOH [p]z', Tak ke Kak ¥ mojekyna Hpp, umeer
Hemnockoe crpoeHue (aByxrpaHuble yriabl  Co,-Nm-C2-Np paBuer ~18.7° u  17.5°,
COOTBETCTBEHHO).

PaBHOBecHas reomerpust Mmosiekyibl Hodchp xapakrepusyercs cummerpueit Cp, U HaTH4neM
CeNIOBUAHOTO UcKaxeHuss Makporerepouukina (MITl) (Puc 1.6). Taxxe B pabote
paccmorpensl moaenu cummerpuu Ci, Don m Coyn, KOTOpBIE OKa3aJMCh BBINIE 1O IHEPTHH
6onee, uem Ha 40 k/[x/Momb, o cpaBHEHHIO ¢ Monenbio Cp,. 3aMeTHOE (ABYXTpaHHBIA Yroi
Cu-Nm-C2-C1 paBen 55.1°) uckaxkenue MI'T] oOBSCHSIETCS CTEPUYSCKUM HAMPSHKEHUEM
MEXIYy YeTBIPbMsI aTOMaMH BOJIOPOJA, pacHojiaraloimuMucs BHYTpu monoctu MI'LL
MeXbsIepHbIE PACCTOSHHUS MEXKIy aTOMaMH BOJOPOJa HW30MHAOJIBHOTO W OCH30JBHOTO
dparmentoB paBusl 2.597 A (Cy), 1.979 A (Cay), 1.987 A (C)), 1.655 A (D2h). Heobxoaumo
OTMETHTB, 4To anuoH [dchp]? nmeer miockoe cTpoeHHe.

Ha ocnoBe NBO-ananuza caenan BbIBOJ 00 OTCYTCTBHH T-COIPSIKEHHSI B PACCMOTPEHHBIX
Makporereponukiax. [Topsimku cBszelr ¢ ydactieM mezo-atroma a3ota Nm: P(Np-C,)=~1.6,
P(Nm-C2)=~1.1.

Paboma svinonnena npu gpunancosoii noooepoicke epanma llpezudenma Poccuiickotl
Deoepayuu (epanm MK-6073.2016.3).

1Zakharov A.V., Stryapan M.G., Islyaikin M.K. J. Mol. Struct.: THEOCHEM. 2009, 906 (1-
3), 56-62.
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HccaenoBanue knHeTUKU TUPPy3un B peakiiuax OKUCINTEIel B KPUCTALIAX Jba
METOIaMHU MOJIEKYJISAPHOH IMHAMUKY U a1aNITUBHOI0 KnHeTH4Yeckoro Mounre-Kapio

*
A.B.Pooickos* , C.K.HUznamos*
! Hwuxeropoackuit rocynapcrBenHblil yausepcurer uM. H.1. JlobaueBckoro

*e-mail: alexeyrozhkov2011@yandex.ru

MukpokprucTaibl Jiba B arMocepe 3emiu 00ecrednBaloT MPOTEKaHHWE PEaKLUH,
CKOPOCTh KOTOpBIX B ra3oBoil (ha3e mcuesaromie Mana. B 4yacTHOCTH, TaKUMM pPEaKIHSIMU
ABJIIOTCS B3aUMHBIE IPEBPALLEHUS COPOMPOBAHHBIX KUCIOPOJCOAEPKALINX OKHUCIUTENEH
(OH, OOH, Oy, H,0,, O3) B cBsa3u ¢ Maj0Oi KOHIIEHTpAIMel aKTUBHBIX YACTHI[ KHHETHKY H
CKOpPOCTh TPOTEKAHUS ATUX PEAKIHHA CI0KHO M3MEPHUTHh B JaOOPATOPHBIX IKCIEPUMEHTAX.
Kunernyeckue mapaMeTpbl TaKUX peakliii MOTYT, B IPUHIIUIE, OBITH OMPE/EIIEHbI HA OCHOBE
MOJIEKYJIIpHO-TuHamMudeckoro (MJl) monenupoBanusi. Ognako npsimoe MJI MmonenupoBanue
9TUX MPOLECCOB 3aTPYIHEHO B CBSA3H C MaJIOM CKOPOCThIO MU(P(Y3UOHHBIX PEKUMOB ITUX
peakiuii npu Hu3kuXx Temmeparypax (T=50-150K). B mannHo#i paboTte ais omnpeaesieHus
JMAHHBIX KHHETUYECKUX MapaMeTpPOB MBI UCHOIB3YeM KOMOWHAIIMIO METOJOB KIIACCHYECKON
M/JI, ab initio monekynspuoit muHamuku (AIMD) ¢ ucnonb30BaHHEM CHIOBOTO TOJIS
ReaxFF! u ajganruBHOrO Kmmermueckoro meroxa Mowte-Kapio (AKMC)Z, KOTOPBIA OBLIT
paHee IpeaIoKeH IS OTIMCAHUS MEUICHHBIX TU((Y3MOHHBIX TPOIECCOB B TBEPABIX TENAX.
M/l mopmenupoBanue mnpoBoauiock B mporpamme DL-POLY. Mogenupyemas cucrema
cocrosiia u3 896 monekyn H,O (momens SPC) u pamukanoB H wnmu OH B sueiike ¢
TpeXMEpHLIMU  TIEPUOJMUECKUMH  yclIoBHAMH  pasmepamu  31x31x29 A, Bpewms
MojaenupoBanus coctaBisuio A0 10 HC ¢ marom B 0.5 ¢de. Mcmonp3oBaimch MHTETpaTop
Leapfrog/SHAKE. Tepmonunamudeckue ycinoBus coorBerctBoBaid NVE u NVT ancam6isim
(repmocrat bepenacena ¢ xapakrepuctuueckuM BpemeHeM | ¢c) mpu Temnepartypax SOK,
100K, 150K. M/I TpackTopuu aHaJIM3UPOBAIIMCH OPUTMHAIBHON IPOrpaMMOi, OLIEHUBAOIIEN
koo urmentsl nuddy3un BHIOPAHHBIX YACTHUI[, YACTOTHl CTOJIKHOBEHHUHW U JApyrue
kuHeTHueckue napamerpsl. s meroga AKMC paspabatbiBaeTcst cOOCTBEHHas! porpaMma
pacueTa, HCIOIb3YIOIasi alrTOPUTMBI ONTHMH3AINU UCXOAHBIX CTPYKTYP, a TaK¥Ke CEIJIOBBIX
TOYEK METOI0M ,I[I/IMepa3. MogenupoBaHue ¢ HCIOIb30BaHMEM cuiioBoro mnousiss ReaxFF
IIPOBOJIMJIOCH B IIPOrpamMme LAMMPS*. Tlokazano, uto CTaHJapTHBIE METO/IbI KJIACCHYECKON
MJ] He cmnocoOHBI MPaBUIBHO BOCHPOM3BOIUTH XaAPAKTEPUCTUKH AUGD(Y3HOHHBIX U
PEaKIMOHHBIX TIPOIECCOB MU TeMiieparypax Hmke 150K u3-3a Manoit moIBMKHOCTH YaCTHII
OpU HU3KHUX Temmeparypax. CiencTBHeM STOro sBisercs OojblIoi pa3dpoc 3HAYCHUH
T y3nOHHBIX KOAIPOUIIMEHTOB, OLEHUBAaeMbIX 10 (opMmyiie DifHiTeliHa. OpUrHHANIbHBII
metoxg AKMC Taxxe He NO3BOJISIET OJHO3HAYHO ONPEACTUTh U3MEPSIEMbIe XapaKTEPUCTHKH.
OpHako KOMOMHAIMS 3THX METOJOB OO0ecleYrBaeT OJHOBPEMEHHO OBICTPYIO OIICHKY
TP PY3HOHHO-KUHETUIECKAX MapaMEeTPOB M KaTMOPOBKY ATHX IPOIECCOB IO HM3BECTHBIM
ckopoctsaM aupdysun. MoaenupoBanue cucteMbl B cuioBoM noie ReaxFF mo3Bosser
MOJyYUTh KWHETHYECKHE TapaMeTpbl peakiuu dcTaeTHOW Tmepenayd TpOTOHA NpH
B3auMoieiictBuu AByx OH paaukanoB B okpyxeHuu monekyn H;O.

Paboma evinonnena npu noooepoicke PODOU (npoexm Ne 14-03-00585).

! Adri C. T. van Duin, Siddharth Dasgupth, Francois Lorant, William A. Goddard. The
Journal of Physical Chemistry A. (2001), 105 (41): 9396-9409.

2 David S. D. Gunn, Neil L. Allanb and John A. Purtona. Journal of Materials Chemistry A.
2014, 2, 13407-13414

% G. Henkelman and H. Jénsson. J. Chem. Phys., 111, 7010 (1999)

*S. Plimpton. J Comp Phys, 117, 1-19 (1995)
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Pacuyer crpykryp auMepa u 3xcumepa DBMBF, u nosnoxeHnui 1oJjioc ux ClieKTpoB

norJioumeHus " ¢uyopecueHunu

A.A. Cagponos, A.A. bacamypwsny, B.A. Caxcnukos™
Hentp dhotoxumuu PAH
*e-mail: sazhnikov@yandex.ru

s pacuera skcumepa DBMBF, npumenena wmeroamka, mnpemioxkeHHaks B [1] u
POTECTUPOBAHHAS HA IPUMEPE pacueTa CreKTpoB (ayopecuenuu >xcumiekcos DBMBF; ¢
apoMaTHYEeCKUMH yTrieBojgopoaaMu. ONTHUMH3AIUS T€OMETPUH B IEPBOM BO30YXKIECHHOM
CHHIJIETOM COCTOSHHMHM TIPOBEJCHA METOJIOM KOH(UTYPAIIMOHHOTO B3aUMOACUCTBUS C
onHokpaTHbIMU BO30OyxkaeHusiMu (CIS) ¢ smnupudeckoi nucnepcuonHoi nompaBkoit (CIS-
D). Dueprus mepexoia mpu ONTHMH3HPOBAHHOW TeoMmeTpuu paccuutana meromom CIS c
nepTypOaMOHHON TonpaBKoi Ha ABykpaTHbIe Bo30yxaeuus (CIS(D)). Ctpykrypa aumepa B
OCHOBHOM 3JIEKTPOHHOM COCTOSIHMM pacc4MTaHa MeTonoM Xaprpu—®Poka ¢ AMCIEPCHOHHON
nomnpaskoii (HF-D)"
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Puc. 1. Paccuntannas ctpykrypa sxcumepa DBMBF;

Paboma ewvinonnena npu punancosoii noodepixcke Munucmepcmea o6paz08anus U HAyKu
Poccuiickoii @edepayuu (yHukanbusiil U0eHMUGUKAMop NPUKIAOHBIX HAYYHBLX UCCTIe008AHULL
no coeraueHuro o npedocmasieHuu cyocuouu om 27.06.2014 2. Ne 14.576.21.0032 -
RFMEFI57614X0032).

'A. A. Safonov, A. A. Bagaturyants, and V. A. Sazhnikov, Fluorescence Spectra of
(Dibenzoylmethanato)boron Difluoride Exciplexes with Aromatic Hydrocarbons: A
Theoretical Study, J. Phys. Chem. A, 2015, 119 (29), pp. 8182-8187.
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Analytic modeling of mobility field dependence in organic materials with correlated
disorder

A.Yu. Saunina*, V.R. Nikitenko
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Condensed Matter Physics
*e-mail: ayus03@mail.ru

The description of transport processes in disordered organics is very complicated problem, since,
unlike inorganics, transport occurs via the tunnel hopping of charge carriers between localized
states, randomly distributed in energy. Mobility of the charge carriers is the important
characteristic of the material, thus, the analytical model for its concentration, field and
temperature dependence is useful. The correlated disorder model (CDM) vyields the best
description of so-called Pool-Frenkel-type field dependence of mobility, which is widely
observed in organic materials, along with temperature dependence, in a good agreement with the
experiment [1]. It should be noted, however, that this model contains some numerical constants,
obtained from Monte-Carlo modelling of mobility for the case of hopping centers, forming cubic
lattice, thus, the general applicability of these results is doubtful. In this work, an analytic model
of field- and temperature dependence of mobility is developed, considering release of a carrier
from a rather deep state as an escape from a Coulomb-type potential well by the means of
diffusion-type multiple hopping, with introduction of effective transport level concept [2] to
CDM. The analytical expression of mobility in organic materials with correlated disorder is
obtained, basing on analogy between release of the carrier from deep state and separation of pair
of opposite sign carriers, coupled by Coulomb interaction. This expression, unlike well-known
formula, obtained by fitting of Monte-Carlo results, contains only one numeric constant,
@ =0.74, obtained from independent Monte-Carlo simulation [1]. The good agreement with
results of CDM allows to justify the applicability of effective transport level concept in case of
correlated disorder, although it has been questioned earlier [3] .

) __,_—.":.—::I':ol
.’,;”J’:,l’ I,/,
A .
4 ] :_¢.’,l,",z .
n - ,/
_ » - - - M-C simulation [1
3‘-6-' . - - imulation [1]
= ,,' = model
_ ;'I’ o/kT
81 - a 2.87
- 3.82
104 " 417
4.6
5.73
-12 T 1
0,0 0,5 1,0
(ea,F / o)*?

Fig. 1. Field-dependent mobility compared to the results of Monte-Carlo simulation [1].

[1] Novikov S. V., Dunlap D. H., Kenkre V. M., Parris P. E., and Vannikov A. V., Phys. Rev.
Lett. 1998, 81, 4472.

[2] Nikitenko V. R. and Strikhanov M. N., Journal of Applied Physics 2014, 115, 073704.

[3] Novikov S. V. and Malliaras G. G., Phys. Stat. Sol. B 2006, 243, 387.
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A high-level ab initio study on the molecular properties
of europium dihalides EuX, (X =F, Cl, Br, I)

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

Stable compounds of divalent lanthanides are uncommon. The nature of chemical bonding in
these compounds is still not well understood, the available experimental data being scarce and
subject to controversies. Theoretical treatment of such species may also suffer from uncertainties
if basis set, electron correlation, and relativistic effects are not taken into account properly. This
contribution reports the results of a systematic study on the molecular properties of europium
dihalides EuX; (X = F, CI, Br, I). Highly accurate equilibrium geometries, harmonic frequencies,
and atomization enthalpies are provided here for the first time, thus allowing to evaluate the
reliability of the relevant experimental data available to date. The coupled cluster singles,
doubles, and perturbative triples, CCSD(T), method is employed with the valence and heavy
halogen outer-core electrons (3d for Br and 4d for 1) included in the correlation treatment.
Convergence with respect to basis set size is assessed using a series of large relativistic all-
electron basis sets with subsequent extrapolation to the complete basis set (CBS) limit.

Table 1. Bond lengths re, A, bond angles o, deg., barriers to linearity h, cm™, harmonic
frequencies ;, cm *, and atomization enthalpies A,H®, kcal-mol ™, of europium dihalides EuXs
(X =F, ClI, Br, 1) calculated at the CCSD(T)/CBS level of theory

Molecule e Qe h 1 2 ®3 AH%
EuF, 2113 117.0 2185 488 103 467 264.1
EuCl, 2591 130.0 596 284 46 294 210.8
EuBr, 2.738 133.8 383 184 29 214 184.9
Eul, 2.965 140.7 166 133 19 175 151.4

The computed molecular properties of EuX, converge smoothly to the CBS limit with increasing
basis set size. On going in the EuX; series from EuF; through Eul,, an increase in bond angle
and a rapid decrease in barrier to linearity height are observed (Table 1). The calculated
frequencies of EuF, and EuCl; are in agreement with the matrix-isolation IR spectroscopy data.
In contrast to YbX,, X = Cl, Br, I, where barrier to linearity is very low and close in magnitude
to wavenumber of the corresponding bending mode [1], thus resulting in poor performance of the
harmonic approximation, barrier to linearity in EuX, is about 10 times higher than the bending
mode vibrational quantum. This validates the appropriateness of the ‘rigid rotor — harmonic
oscillator’ approximation for calculating the thermodynamic functions of EuX,. The theoretical
atomization enthalpies of EuF, and EuCl, are in agreement with experiment, whereas those of
IlfuBrz and Eul; indicate the published experimental counterparts to be in error by 5-10 kcal-mol™

This work was supported by the Ministry of Education and Science of the Russian Federation
(project No. 1800).

! Solomonik V.G., Smirnov A.N., Starostin Y.V. Izv. Vuzov. Khim. Khim. Tekhnol. 2015, 58(1),
23-27.
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IHosmmepun3anus niau odpa3oBanue H-komimiekca napa-H-npoNNIOKCUKOPHYHOH KHCJI0THI

A. M. Cmupnosa, H. U. I'upuuesa, E.A. Jlanvikuna

VBaHOBCKHI rOCYJapCTBEHHBIN YHUBEPCUTET

Dup - 1-oxcu[4-kapOokcu(4’-nupuuHII) |IponeHoaT pu HarpeBaHuu
MOJIMMEPU3YETCS, TOATOMY JaHHOE COCIUHEHHE HE MOXET SBIATHCI KOMIIOHCHTOM
KUJKOKPUCTAJUTMYECKUX CUCTEM. MOXHO TMPEANoN0kKUTh, YTO HApa-H-TIPONUIOKCUKOPUYHAS
KHCJIOTA TaK >X€ OYyJeT CKJIOHHA K TOJIMMEpU3aluu u3-3a Haauuus nBorHou cBsizm C=C. C
MOJIMMEpH3aIel JTaHHOM KHCIOTHI MOXET KOHKYPHpOBaTh Tmporecc oOpasoBanus H-
KOMILJIEKCOB MEX]y IBYMs MOJICKYJIaMHU napa-H-TIPONUIOKCUKOPUIHON KHCIOTHI (pHc.1).
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Puc.1. Monekyna numepa napa-H-IpONUIOKCUKOPUYHON KUCIOTHI U H-KoMIuIekc,
00pa3oBaHHBIN JBYMS MOJIEKYJaMH JaHHOM KHCIOTHI

B pabore ObUTM pPAcCMOTPEHBI TEPMOJMHAMUYCCKUE XapaKTEPUCTHKHU TIpoIecca
TUMEpPU3AINH napa-H-TIPOTMIIOKCUKOPHYHOM KHCIOTHI M mpoliecca oOpa3oBanus H-komruiekca.
Pacuersr Obut  mpoBeneHbl ¢ ucnosib3oBaHueM mnporpamMmbl  GAUSSIAN-03  meromom
DFT/B3LYP c 6a3zucom cc-pVTZ (1ab.1).

Tabnuua 1.

TepMonHaMUUECKHE XapaKTEPUCTUKH MPOIECCOB JUMEPHU3AIIUN U KOMILJIEKCOOOpa30BaHUs
napa-H-mpoNMIOKCUKOPUYHOMN KUCIOTHI

AE 05 AH 305 AS’ 08 AG 55
KKaJI/MOJIb KKaJI/MOJIb Kan/moisK KKaJI/MOJIb
Peakuys TUMepH3aluy napa-H- 36 57 40,0 0.03

MPONMIOKCUKOPUYHOU KUCIOTHI

Peaknust komiecoobpa3zoBaHus,
obpa3zoBaHHas IByMs MOJIEKYJIaMH napa-H- -17.0 -15.8 -36.9 -4.7
MIPONIIIOKCUKOPHIHOHN KUCIOTHI

Bemnunaa AG 293 I PEAKIMH KOMIUTECOOOPA30BAHMS YKA3HIBAET HA BO3MOXKHOCTD
oOpa3zoBanus ycrolunBoro H-xkommiekca. B To Bpems kak oOpa3zoBaHMe JuUMepa B PeaKIUU
MOJIMMEPU3AIMH  SIBJISIETCSl HHEPreTHUECKU HE BBIFOJHBIM. DTO MOJTBEP)KIACTCS JAHHBIMU
UccleoBaHui JudQepeHnanbHol CKaHupYyIolIel KalopuMeTpuH, T€ OCTpbIe MUKH Ha KPUBOM
HarpeBaHusi TOBOPSAT O (a3oBBIX Tepexojax, HE COMPOBOXKIAIOMIMXCA IpolieccaMu
MOJIMMEPU3ALIIH.

Paboma evinonnena npu unarcosoii noooepocke Munucmepcmea Obpazoeanus u Hayku P® (npoexm
Ne3474)
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HccnenoBanue BIUSIHUSA 3aMeCTUTe/Ieil HA BeJIMYMHY CTOKCOBOIO CABUIa psijia
3amenieHHbIX 1,8-HadTanuncyabrama

O.A. Cysoposa, M.C. @eoopos, E.A. Jlanvikuna, M.C. Kopabresa
VBaHOBCKHIA TOCYIapCTBEHHBIH YHUBEPCUTET, OMOIOr0-XUMUYECKUN (PaKyIbTeT

*e-mail: fms1989@mail.ru

1,8-HadTanuHCYyIPTAM W €r0 MPOU3BOJHBIE (3aMEIICHHBIC), MOIU(DHUIIMPOBAHHBIC
Pa3IMYHBIMH 3aMECTUTEIISIMU — 3TO COEIMHEHUSs, 00JIaatonie psAIOM MPAKTHUYECKH 3HAYMMBIX
CBOWCTB. Bo-mepBbIX, OHM 00Ja/1al0T MOTEHUUAIBHOW OWOJIOTHYECKOH aKTUBHOCTHIO. Kpome
TOTO, OHU HAIUIM NPUMEHEHHE B KAaueCTBE OPraHMYECKUX JIMTaHAOB B KOMILJIEKCHBIX
coequHeHusix. OgHUM M3 HauOoJiee MEPCIEKTUBHBIX CBOMCTB SBISETCS HMX CIHOCOOHOCTH K
¢iryopecueHInH, B TOM YUCIIE B K MHO>KECTBEHHOM.

B nanHoii paboTe BBIIOJIHEH TEOPETUUECKHM aHaIu3 3aBUCMOCTH CTOKCOBOTO C/IBUTa OT
U3MEHEHHS pPAa3HHUIBI MEXJIy TPAaHUYHBIMH OpPOUTAISIMH OCHOBHOTO H BO30YXIECHHOTO
COCTOSHUHI psna 3amelleHHbIX 1,8-HadranumHcynbrama. JlaHHBIE MOJNYYE€HBI C MOMOIIBIO
KBaHTOBO-xumuueckoro meroga TD-DFT(B3LYP)/6-311++G**.

OCH. E0360. -
i\.L:EE‘.3I\J'ID-HCI‘\-’ID_:: BEMO-HCMO e.\'
1,2 1 X R
1 -H -H
1,01 2 -H -I
3 -CH; -H
0.8 4 -CHj; -1
5 -H -CHj5
0.8 6 | -CH; NO;,
04 ] 7 -CH; -N{CH5),
' 8 -H -N{CHj3)
0.7 4 9 -H -CF4
R 10 -H -F
0,0 ————————————
0 50 100 150 00 250 300
CToKCOB cIBHT, HM
Puc. 1. 3aBHCHMOCTb CTOKCOBOTO CIBUTA OT AE ™" = Ap™* = pgjna 3aMeNIEHHBIX

1,8-nadranuHcynpTama.

U3 puc.l BUIHO, YTO YeM 3HAUMTENbHEE PA3HUIIA MEX]y TPaHUYHBIMUA OPOUTAISIMU OCHOBHOI'O
U BO30YXKJIEHHOTO COCTOSHMM MOJEKYNbI, TeM OoJiblile BeJIWYMHA CTOKCOBOTO CJBHra, T.€.
pasHUIBl MEXIYy MaKCUMalbHBIMU JUIMHAMU BOJH INOIJIOUIEHWS W ucnyckaHus. JlaHHas
3aBUCHUMOCTh HOCUT HEJIMHEMHBIN XapaKTep.

HauOonpmias BeTMuMHa CTOKCOBOTO CBHUTa B PAY UCCIIEAYEMBIX MOJIEKYJ HAOII0AaeTCst
sl coeuHeHui 7 v 8 — oko0 250 HM. J[aHHBIE COEIMHEHUSI UMEIOT B CBOEM COCTaBE CHIIBHYIO
noHopuyto rpynny —N(CHs),. Haumenbinas BenuurHa CIBUTA y COCAMHEHHS 6, TIIe B COCTaBe
umeercsi cuibHas akuenTopHas rpynmna —NOz. [ ocTalbHBIX COCMHEHUHN BENMYMHA CIBUTA
nMmeet cpennee 3HaueHue 100-170 am.

Taxkum 006pa3zom, yeM CUIIbHEE OTJIMYAIOTCS SHEPTHH TPAaHUYHBIX OpOUTAajIel B OCHOBHOM
U BO30Y)KICHHOM COCTOSIHHSIX, TEM CHJIbHEE CIBUTAETCS JUIMHHOBOJHOBAS I0OJIOCA UCIYCKAaHUS
[0 CPaBHEHMIO C TOJIOCOM MOTrJomeHus. JJaHHBIM mapaMeTpoM MOYKHO YIpaBisATh, BBOJS B
COEIMHEHUS COOTBETCTBYIOLIUE 3aMECTUTEIH.

Paboma svinonnena npu gpunancosoii noooepaicke PODU (npoexm Ne 16-33-00386 mon_a)
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KBaHTOBO-XHMHYecKHe pacyeTbl KOH(POPMAIMOHHOIO COCTABA MOJIEKYJ THIIHHA H
THOAUINMHA, COAEPKALUX I'PYIIIbI 3THICEHMMUHA

A.A. @apadonosa

NBaHOBCKUIA TOCY1apCTBEHHBIA YHUBEPCUTET

OpHoli w3 (¢yHIAMEHTAIBHBIX TPOOJIEM XHMHYECKON HAyKd SBISICTCS HWCCICIOBaHHE U
BBISIBJICHUE COOTHOIIECHHUH "CTpPYKTypa-CBOMCTBO". B MaHHOM JOKJIa/ie MPUBEICHBI PE3yJIbTaThl
KBAaHTOBO-XUMHUYECKHX PACYETOB KOH(MOPMEPOB MOJICKYJ JAUIMHA U THOIUIINHA, BHITIOJTHCHHBIE
merogoM DFT/BsLYP ¢ ucnons3zoBanuem 6aszucoB 6-311G** u cc-pVTZ.
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Puc. 1. Moaenu Monekyin: TUMUH ¥ THOAUIINH, TJe aTOMbI X1 2=0, S

C momouipi0 KBaHTOBO-XMMHUYECKUX PACUETOB OBLJIO YCTAHOBIIEHO, YTO 00€ MOJIEKYJBI HMEIOT
10 IIECTh YCTOWYHMBBIX KOH()OPMEPOB, COOTHOIICHUS MEXIY SHEPTHSIMH KOTOPBIX MPHBEICHBI
Ha nuarpamMax. CTpykTypsl Bcex 6 koHpopmepoB BiimroudaioT ¢parmeHT NoCiHg, mmerommii
dopMy Kpecia, ¥ OTIIMYAI0TCS B3aUMHBIM PACIIONIOKEHUEM STHIICHOBBIX TPYIIIL.

Ha ocHoBanuMm TOJNIy4eHHBIX BEJIMYMH CBOOOIHBIX »dHepruit [mbbca OblT paccunTan
KOH(OPMALIMOHHBIA  COCTaB Il Kaxaoro coeauHeHus. Jis  MoOJEKyJdbl  TUIHHA
KOH(OPMALHOHHBINA cocTaB paBeH 42.5:54.8:1.4:1.2:9.5%107%:3.0¥10%(%). KoudpopMauuoHHbIi
cocTaB THOIMIMHA paBeH 41.0:58.3:0.005:0.002:9%102:6*10° (%).
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Puc. 2. JluarpaMMbl OTHOCHUTEJIBHBIX MOJHBIX 3HEPrUil U cBOOOIHBIX SHepruii [ mb6oca
KOH(OpMEPOB MOJIEKYJIbl JTUIIMHA U TUOIUIINHA

W B Momekyne IuNMHA, U B MOJEKyjJe THOAMIMHA HauOoiee ycToWuyuBbIM sBusercsa |l
KoH(opMep, C OTHOCUTENBHBIM cojiepkarreM 54.8% u 58.3%, cooTBeTcTBEHHO. B TO e Bpems,
cpaBHenue oHepruii | u Il xoHpopmepa moka3piBaeT 0OpaTHOE COOTHOIIEHHE, T.C.
SHEepreTHYecKu 0ojee yCTOWYUBBIM sBisgeTcs | koHpopmep A TOH U APYroil MOIEKYJIbI.

boumn monyuenst sHeprum B3MO u HCMO, cooTHoleHHe KOTOpBIX Ui JBYX Haubojee
HHEPreTUUECKH YCTOMUYMBBIX KOH(POPMEPOB COCTABUIIO: /ISl MOJeKybl nunuHa Egsvo/Encmo=-
6.33/0.88:-6.33/0.9. Jlns MoJieKyJibl THOIUIIMHA, COOTBETCTBEHHO, Epsvo/Encmo = -6.16/0.83:-
6.16/0.82. Tak, MOXHO CHeNaTh BBIBOJ, YTO MOJIEKyJia THOAMIIUHA, COJCpIKAIas cepy, MMeeT
6oJiee XOpOUIO BBIPAKEHHBIE OKUCIUTENbHbIE H BOCCTAHOBUTENIbHBIE CBOMCTBA 110 CPAaBHEHUIO C
MoJieKyJIol gunuHa. Takxke, mo paccuntaHHbIM AE Ha ocHoBe sHepruit HCMO u B3MO
cienyeT, 4To KoHpopMmep | MosieKyIbl THOUIIMHA SBIISIETCS CAMBIM PEAKIIMOHHOCTIOCOOHBIM.
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Atomistic modeling of chromophore-containing polymer materials with quadratic
nonlinear optical properties

O.D. Fominykh, A.V. Sharipova, A.l. Levitskaya, M.Yu. Balakina
A.E. Arbuzov Insitute of Organic and Physical Chemistry, Kazan Scientific Center, RAS
*e-mail: fod5@yandex.ru

Molecular modeling of different levels can serve a powerful tool in the design of polymer
materials with quadratic nonlinear optical (NLO) response to the applied electric field. Polymer
NLO response is conditioned by incorporated organic chromophores; to provide quadratic NLO
properties the dipole chromophores should be oriented in the applied electric field at elevated
temperature. The orientation efficiency strongly depends on the chromophores mobility. The
information about molecular mobility can be obtained experimentally by dielectric spectroscopy,
which allows determining the temperatures of relaxation processes conditioned by motions of
separate polar groups. Such information can be also obtained theoretically by molecular
modeling of the system at various temperatures. These data can be used for the development of
temperature-time orientation protocols, namely for the determination of temperature at which the
chromophores motion starts.

Fig. 1. Amorphous cell containing 10 decamers of CFAO-DR1

The applicability of molecular modeling to solving the problems of NLO polymers development
are illustrated by several examples — by epoxy-amine polymers containing azochromophores in
the main or side chain (CFAO and OAB-DR1, respectively), and by composite material on the
basis of PMMA with DR1 chromophores as guests. The case of polymers with dendritic
chromophore-containing fragments with aditional chromophores-guests is also studied. The
mobility of the chromophores and bearing chain fragments is studied for separate oligomers with
the number of monomer units up to 8 by Molecular Dynamics at various temperatures with
MMFF94s and OPLS2005 force fields with MacroModel* program.

To study the molecular mobility with the account of steric hindrances conditioned by polymer
environment we performed molecular modeling in amorphous cell with density close to that of
real polymer. Modeling was performed with Desmond“ program, amorphous cells were built
with Polymer system builder and Disordered system builder of Materials Science Suite program
package.

This work was partially supported by RFBR (project Ne 15-03-04423).

lSchrédinger Release 2016-2: MacroModel, Schrodinger, LLC, New York, NY, 2016.

2Schrédinger Release 2016-2: Desmond Molecular Dynamics System, D.E. Shaw Research, New York,
NY, 2016. Maestro-Desmond Interoperability Tools, Schrodinger, New York, NY, 2016.
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Theoretical Prediction of Operational Stability of Potential OLED Host Molecules by
Multireference Quantum Chemistry

A. Freidzon,*? A. Safonov,* A. Bagaturyants,*? D. Krasikov,® B. Potapkin,* A. Osipov,*
A. Yakubovich,* Ohyun Kwon®
! Photochemistry Center, Russian Academy of Sciences
2 National Research Nuclear University MEPhI(Moscow Engineering Physics Institute)
® Kintech Lab Ltd.
* SAIT-Russia Lab, SRR, Samsung R&D Institute Russia, DMC, SEC
® Organic Materials Lab, SAIT, SEC
*e-mail: freidzon.sanya@gmail.com
We propose a computational scheme for assessing the operational stability of potential OLED
materials. Operational stability of four potential host molecules for blue PHOLEDs is studied

based on the bond dissociation energies and exciton energies calculated theoretically using
multireference CASSCF/XMCQDPT2 method.

Excited state dissociation energies, eV

24 3.1 O 3.1 p
10% 11 OQQ @, 2 1 :f” 24
G0 ( J«\ v O v
DPTZCarb DPPCarb DPPTriphen DPTZTriphen
\/ \/’
Carbazolyl detachment is Phenyl detachment is more
more probable probable

More stable

Fig. 1. Studied compounds and stability series with respect to excited-state dissociation.

We focused on the degradation through breaking of exocyclic C-C and C-N bonds. The
following processes that could lead to the operational degradation of OLED material are
considered: the degradation of molecules in charged and excited states and degradation induced
by exciton—polaron and exciton—exciton annihilation processes. The dissociation energies are
calculated for different exocyclic bonds in the ground, excited, and charged states of these
molecules. The least stable states and the most probable dissociation pathways are found. Based
on our computations, a stability series is built for the four studied molecules, and the structural
features that provide better stability with respect to unimolecular dissociation are determined.
Thus, it is found that the carbazolyl group is detached much easier than the triphenylenyl group.

This work was supported by RSF (project Ne 14-43-00052).
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BonoponocBsizanublil KoMILIEeKC 4,4’ -0MNMMPUINHA U KOPHUYHON KHCIOTHI
EM. Yepnosa*, A.B. Henamosa, H.U. ['upuuesa
MBaHOBCKHI TOCYAapCTBEHHBIH YHUBEPCUTET, Kaeapa GU3n4eckoil 1 OpraHunv4eckoil XUMHUN

*e-mail: chernova-em@mail.ru

B nHacrosimiee BpeMst pa3BUTHE PA3IMYHBIX 00JIACTEl HAYKU U TEXHUKH HE TPEICTABISICTCS
BO3MOXXHBIM 03 (yHZaMEHTalIbHBIX M MPHUKIATHBIX MCCICAOBAHUN JKUIKUX KPHUCTAJIIOB.
[IpoBeneHNE KOMITBIOTEPHOTO MOJICTHPOBAHUS OOBSCHSET IMPOIECC CBSI3BIBAHUS OTACITBHBIX
MOJIEKYJ B KPUCTAJLI TIOCPEACTBOM MEXMOJIEKYISPHBIX BOJIOPOJHBIX CBA3CH.

B nanHoO#l paboTe wHCCIETOBAHO CTPOSHHE MOJICKYISAPHOTO KOMILUIEKCA, CBSI3aHHOTO
BOZIOPOAHBIMU CBs3siMU (H-koMmIuIekc), MeXay napa-H-3TUIOKCUKOPUYHOM KHCIOTOW W 4,4°-
OUITUPHUIAUHOM.

B wuccnenyemMom KoMILIEKCE, MOJEKYJIBI KOPUYHOW KHCIOTHI BBICTYHNAIOT B KadyecTBE
JIOHOpPa BOJIOPOJHON CBSI3M, a OWNHUPUIVH JCHCTBYeT KaK OH(PYHKIMOHAIBHBIA aKIETTOp
BoopoaHoi cs3u (Puc.1).

st H-koMrIuiekca BBITIOTHEHA ONMTUMHU3AIMUS T€OMETPUUYECKUX IMapaMeTPOB M PACCUUTAHBI
yacToThl Kosiebanust metogom DFT/B3LYP ¢ 6azucom cc-pVTZ.

B H-xkommekce BO3HMKaeT J[BE BOJOPOJHBIE CBSI3M MEXIy aromamu aszora 4,4’-
ounupuarHa U aToMaMu H IBYX MOJIEKyN napa-H-3TUIOKCUKOPUYHON KUCTIOTHL.

e

Puc.1. H-xomrmuiekc, 00pa3oBaHHBIN JBYMsI MOJIEKYJIaMH Hapa-H-3TUIOKCUKOPUYHOMN
KHUCTOTHI U 4,4’ -OUNUpUANHOM
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OHeprus  oOpa3zoBaHusi  H-xommiekca  Oblla  paccyMTaHa  Kak — pa3HOCTh
ONTUMHU3UPOBAHHON SHEPrMM KOMIUIEKCA U HEPruil COCTaBISIOIIMX €ro MOJIEKYN. DHeprus
oOpazoBanusi H-kommuiekca cocraBuna 20.7 kxan/monb. M3MeHeHHe TreoMeTpHUYecKHX
napameTpoB Ipu oOpa3oBaHuu H-kommiekca npezacraBieHo B Tabmune 1. M3 taGmuipsl BUIHO,
YTO TIpU 0Opa30BaHMM BOJOPOJHBIX CBs3EH Mporcxomut yBenmumuenue e csizeid O-H u C=0, a
takxke BaeHTHbIX yrioB £ (H-O-C), £ (O-C=0) u ymensienue csizu C-O.

Tabnuna 1. I3MeHeHne reoMeTpuuecKux rmapaMeTpoB npu oopazoBanuu H-komrekca

[TapameTpsl Kopuunas xucnora H-xomruiekc
O-H, A 0.967 0.998
C-0,A 1.362 1.337
C=0, A 1.211 1.220

£ (H-0-C), rpan 105.828 109.569

£ (0-C=0), rpan 121.581 123.299

Z(0O-HN), rpan - 179.070
HN, A - 1.779
0N, A - 2.778
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Paccmotpennsiit H-komruieke o00ianaer CymeCTBEHHOW YCTOMYMBOCTBIO U BBICOKOH
TEOMETPUYECKON aHU30TPONMEH, YTO MO3BOJIAET OTHECTH €ro K KIJIacCy IOTEHIUAIBHBIX
ME30I'€HOB.

Paboma evinonnena npu gunarcosoii noddepoicke Munucmepcmea Obpazosanus u Hayxu P®
(npoexm Ne3474).
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Bausinue cTpoeHusi MyJIbTHMOJIEKYJISIPHBIX KOMILJIEKCOB BOAbI HA UX YCTOWYMBOCTD,
TepMOAUHAMUYECKHE (PYHKIMH M KOHIIEHTPAalluM B ra3oBoii ¢gase

E. A. Ulupokosa’, O. C. Boponosa, C. K. Henamos, A. I'. Pa3ysaes

Hwxeropoackuii rocynapctBeHHblid yHuBepcuteT umenu H. U. JloGaueBckoro

*e-mail: ekashirokova@gmail.com

MexaHu3M TPOTEKaHUST MHOTHX IIPOIIECCOB (paclpelelieHue 3Hepruu B aTMmocdepe 3emild,
TUAPOIIN3 U TUApATAIMs) OOBSCHSIETCS y4acTHEM B HHUX KJIAacTepoB BOAbIL. OJHAKO B OIIEHKAaX
TEPMOJIMHAMHYECKUX (YHKIIUHA ¥ PABHOBECHBIX KOHIICHTPAIIUH JAHHBIX MYJIBTUMOJIEKYIISPHBIX
KOMILJIEKCOB UMEET MECTO 3HAYMTENbHBIA pa3opoc. Pacuér tepmoanHamMuueckux QyHKIMHA JUIs
HanboJee PHEPreTHUECKU BBITOJHON CTPYKTYPHI M TIOCIECAYIOIICEe BHIUYMCICHHE KOHIICHTPAIIUU
— OOWIENPHUHSTHIN MOAXOA K PEIICHUIO 3a7aud — HE YYHUTHIBACT CYIIECTBOBAHUE OOJBIIOTO
YHuciIa CTPYKTYP, BO3HHKAIOIIUX 33 CYET HM30MEPUU CETKH BOJOPOJHBIX  CBS3CH.
COOTBETCTBEHHO, BOIPOC BIMSHHS CTPYKTYPHOTO pPa3HOOOpas3wsi KJIACTEPOB BOJBI HA HUX
TepMOJIMHAMHUYECKHe (DYHKIMU OcTaéTcsi Hepem€HHBIM. B nmaHHOW paboTe paccMmarpuBaeTcs
BBIOOPKA MYJIBTUMOJIEKYISpHBIX KomiuiekcoB (H20)s: 96 m3omepoB "book"”, 27 wu3omepos
"cage", 10 usomepor "prisma”. McxoaHble CTPYKTYpbl BBIOpaHbI Ha OCHOBE OPUTHHAIBHOM
IpOrpaMMbl, KOTOpas JUIsl 3aJaHHOTO «CKeJeTa» KHCIOPOJIHBIX AaTOMOB T'€HEpUPYET
OPHUCHTAIMOHHBIC H30MEPHI.

€ 9 “P ”
“Book” ‘Cage Prisma

)\J’ﬂx KJ ( sg\ of b:
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Puc. 1. [Tpumepsl BOZBMOKHBIX U30MEPHBIX CTPYKTYP JUISl TPEX KUCIOPOJHBIX «CKEJIETOBY
IEKCaMepOB BOJbI

[TpoBeneHbl ONTUMH3ANNS TEOMETPUH, PACUET KOJIEOATENPHBIX YacTOT M TEPMOJUHAMUYECKIX
bynkmii uzomepo (mMeromamu B3LYP/6-311++G(2d,2p) u G4). PaccumTtaHbl KOHCTaHTHI
PABHOBECHS PEaKIHU 6H2C3) — (H20)¢ ¥ KOHIIGHTpaIlMK TeKCaMepoB BOJBI B Ta30BOi (hase
(mopsinka 10° Momnekyn/cM™). YCTaHOBIIEHO, YTO pacuéT MO TEPMOAMHAMUYECKUM (DYHKIUSAM
r7100aTbHOTO MHUHHMYMa 3aHW)KAaeT KOHIIEHTPAIMH KJIACTEPOB Ha 1-2 mopsiika, MOSTOMY JUIS
komiuiekcoB (H2O)n ¢ N > 2 HeoOXOAMMO YYMTHIBAThH CYNIECTBOBAHHE OOJBIIOrO YHCIa
U30MEpHBIX CTPYKTYp. [l HEKOTOpBIX CTPYKTYp OTMEUYEHO M3MEHEHHE «CKelleTay
KHACJIOPO/IHBIX aTOMOB B XOJI€ ONITUMH3AIMH T€OMETPHH, YTO CBHUJETEIHCTBYET, BO-TIEPBBIX, O
HEYCTOWYHMBOCTH psijia M30MEPOB, BO-BTOPHIX, O BO3MOKHOCTH II€PEXOJOB OT OIHOTO THIIA
«CKeJeTa» K APYyroMy B Ipolecce CYLIECTBOBaHMs OAHOro kiacrepa. KoHIeHTpauus JuMepoB
(H20),, paccuntanHas 1o pe3ysbTaTaM MPsSMOT0 MOJICKYJISIPHO-THHAMUYECKOTO MOJICTHPOBAHHS
kommuiekcoB  SPC-momenmu  Boabpl,  corjacyercs  C  pe3ylbTaTaMH  MPOBEIEHHBIX
KBaHTOBOXMMUYECKUX pacu€ToB. OJIHAKO NMPUMEHEHHE METOJI0B MOJEKYIIPHON JTUHAMUKU IS
u3ydeHus: Oosnee cioxHBIX KomiuiekcoB (H20), HeapdekTHBHO, MOCKOIBKY BEPOSTHOCTH HX
oOpazoBaHHsi 3a BpeMs MOJCIUPOBAHUSA KpaitHe Maina. [IpenmeroM pampHE#IIer paboTHI
SBIISIETCS MOJIEJIMPOBAHUE BOJISTHOTO TMapa M OLEHKAa KOHLEHTPAIMH KJIaCTepOB BOJBI METOJOM
MomnTe-Kapro.

Paboma evinonnena npu ¢punamncosoti noooepaicke POOU (npoexm Ne 14-03-00585).
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CTpoeHHe KOMILJIEKCOB Rapa-H-NPONUWIOKCHOEH30HHO KMCJI0THI U €€ MUPUAHHOBOT0
3¢upa cocrasa 2:1

K.E. Ulnunesasa *, HU. I'upuuesa, M.C. @edopos, C.A. Coipby
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET
*e-mail: 31ksenia@mail.ru

B Hacrosimee Bpemsi 0coObIi HHTEpeC MNPUKOBAH K CO3JaHHUIO, HMCCIEAOBAHUIO H
NPUMEHEHUI0O HAaHOMAaTEpUAJIOB BTOPOTO MOKOJIEHHUS, OOpa3ymoIIuXcs IMpH CaMOOpPraHHU3alUu
HAHOYACTHI[ B pe3y/ibTaTe CHeHu(PUUECKUX B3aUMOJIECHCTBUHN, TAaKUX KaK MEXMOJEKYJspHas
BOJIOpoAHas CBsA3b. [lomoOHBIE B3aMMOACHCTBHS PEATU3YIOTCS B KUIKOKPUCTAIUTHUECKUX
KapOOHOBBIX KHCIIOTAX U CHCTEMax Ha UX OCHOBE.

B nanHOW paboTe BBHIMONHEHO  TEOPETUYECKOE HCCIIEAOBAaHHE  CUCTEMBl napa-H-
nponmIokcuOeH30iMHor (A) KHUCIOTBI W ee mupuauHoBoro 3dupa (B) cocraa 2:1. JlanHas
CUCTEMa MOXET cocTosATh M3 H-komrmekca cocraBa 2:1 (2Aee*B) (pucynok 1) nmubo u3 cmecu
KoMIuiekcoB coctaBa 1:1 (AeeeB) u numepo kucinorsl (Ae¢eeA). H3BectHo, yto H-xommuekc
AceB u nmumep Ace*A 001a1a10T BBICOKON I€OMETPHYECKOM U 3JIEKTPOHHOM aHu3oTponuei [1]
(Tabmuua 1). DT XapakTepUCTHKU ObUIM pPAacCUMTaHbl ISl ONTHUMAIbHOM TIE€OMETPHH
yKa3aHHBIX KOMILICKCOB, a TaKke komiuiekca 2Aee*B meronom DFT(B97D)/6-311++G**.

B tabmuue 1 mpeacTaBieHbl 3IEMEHTBHl  TEH30pa

< s MOJIAPU3YEMOCTH, «UVIMHA» U «IIHPUHA» KOMILIEKCOB
. e

D o o ¢ « o AeeeB, 2AeeB u nmumepa AcecA. Bce KOMIUIGKCH

LG .4 ¢ v T 47 obnagaroT HamOONbINEH IOJAPU3YEMOCTBIO (Oxy) B

- HalpaBJIeHUHW JUPEKTOopa X, a HauMeEHbIIeH (o) B

. HaIPaBJICHUU TEPICHIUKYISIPHOM ILIOCKOCTH CHCTEMBI.

e 4 Opnako komiuiekcaM Aee*B u AeeeA cBoiicTBeHHa
o S 00JIbIlIass aHU3O0TPOIHS MOJSIPUIYEMOCTH MO CPaBHEHHIO
¢ komiiekcomM 2AeeB. To ke OTHOCHTCA K
TCOMETPHUYECKON aHU3OTPONHH TPEX PACCMOTPEHHBIX
koMInuiekcoB. OtHormenue |/d kommiekca 2A¢+B B oTiinune 0T KOMIUIEKCOB AeeB 1 AseeA He
COOTBETCTBYET TpeOOBAHMSIM, MPEIBSIBISEMBIM K MOTEHIMATbHBIM ME30Te€HaM, KpPOMe TOro
cTpoeHue Komiiekca 2AeeeB He crmocoOCTBYeT IUIOTHOW YNakKoBKE B  KpucTaiuie. Takum
00pa3zoM, BepcHusi O TOM, YTO CHUCTeMa cocTaBa 2:1, uMeromias BHICOKYIO TJIOTHOCTh, COCTOUT M3
cMecH KOMIUIEKCOB AeeeB u numepoB KHCIOTHI AeeeA, sBisercs Ooyiee BEpPOATHOH, ueM
MPEOJIOKEHNE O HAJTMUUU KOMIUIEKCOB 2A***B B 3T0i1 cucreme.

Puc. 1. Crpoenune xommiekca 2:1

Tadauua 1. DieMeHTHl TeH30pa MOJISPU3YEMOCTH, «IJIMHAY U «IIUPUHA» KOMIUIEKCOB

AeeeB A A 2A B
Oxx, A 600.3 |481.0 |731.0
ayy, A 302.2 |253.1 |536.8
Ozz, A’ 2153 [162.2 |299.8
“mmna”, |, A 27.8 23.8 27.7
“mupuna”, d, A 4.29 4.29 16.6
I/d 6.5 5.6 1.67

Paboma evinoanena npu ¢punancosoi noddepoicke Munucmepcmea obpaszosanus u Hayku PD (npoexm
Ne3474).

" M. S. Fedorov, N.I. Giricheva, K. E. Shpilevaya, E. A. Lapykina, S. A. Syrbu / J. Mol. Structure
dx.doi.org/10.1016/j.molstruc.2016.10.094
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Camo30H1MpOBaHMe JTOKAJIbHOI MOJIBUKHOCTH 230-TI0JIUMEPOB
¢ nomombi0 UK @ypbe ciekTpocKoOnuu

1 1 1,2
KJIL Hlyxuna™, A 1. Quwman, C.C Xapunyes
'Kazanckuit denepanbHblil YHUBEPCUTET, MHCTUTYT QUBUKH
2I/IHCTHTyT NepcreKTUBHBIX uccaeaosanuid, AH PT

e-mail: nefedieva_ksu@mail.ru

[TonumepHbIe MaTepuaibl ¢ KOBAJCHTHO MPUCOSAMHEHHBIMU a300€H30JbHBIMH XpoModopaMu
MHTEHCUBHO HCCIICAYIOTCS ISl CO3[JaHMs pa3IMYHbIX TEXHOJIOTMYECKHUX YCTPOMCTB Ha uX
OCHOBE, KOTOpBIE, KaK MpPaBUJIO, 0Aa3UPYIOTCS Ha OPUEHTAlMA XPOMO(GOPOB B IOCTOSHHOM M
IEPEMEHHOM 3JIEKTPUYECKOM IoJie. BakHbIM CBOMCTBOM TakuUX YCTPOWCTB SBIISETCS MX
penakcanoHHas CTaObMIBHOCTh, CIIOCOOHOCTh COXPAHATh HHIYLHUPOBAHHYIO AaHH3OTPOIHUIO B
TE4YEHHUEe JUIMTEIBHOr0 BpeMeHU. B monuMepHoil cpene nezopueHTanus XpoModopoB cBsizaHa ¢
MOJIBUJKHOCTBIO TMOJMMEPHOM LIeNH, KOTOpash HM3ydaeTcsl pas3IMYHbIMU METOJAMHU, BKIIIOUas
METOJ KOH(OPMAIIMOHHBIX 30H]I0B.

B macrosmeit paboTe HCCIEAYIOTCS IUICHKH SIOKCHAMHUHHOTO OJIMTOMEpPAa C KOBAJICHTHO
nprcoenuHeHHbIME XpoMohopamu DO3 (OAXD)!. O6 n3MeHeHHsX B TOKAIBHOMN TT0ABIKHOCTH
MOJIMMEPHOMN MM MOXKHO CYJIUTh 10 XapakTepy 3aBUCHUMOCTH JUXPOUYHOTO oTHomeHust MK
I0JI0C TIOTJIOMICHHUS XPOMO(OPOB OT TEMIIEPATYPBHI.

Opuenranus XpoMo(pOpoB OCYLIECTBIIAIACH JTUHEHHO MOISPU30BAHHBIM JIA3€PHBIM U3JIyYEHUEM
¢ A =532 HM, NONMAJAIONIMM B TIOJIOCY MOTJIOUIEHUS a30-oauMepa. IHTEHCUBHOCTD M3ITyYeHUS
BapbUpOBaach B HUHTEpBaje 5 — 20 MBT/cM?. Junamuka u3MeHeHUus (POTO-MHAYIHUPOBAHHOMN
AHU30TPOIMK C TeMIeparypoil B uaTepBaie oT +30 10 +140°C npu HEnpepbIBHOM OCBELIEHHUH
peructpupoBasiack 1o guxpousmy (D) UMK momoc mormomenus 1139 (v(C-NN)) u 1338
(vs(NO2)) em™. Xapakrep Temmeparyproii 3aBucumocti D(T) m3mensiercst B oGmactu 58 + 7 °C.
OTO0 U3MEHEHHE CBMJIETENIbCTBYET O BOSHHUKHOBEHHH JIOTMOJIHMUTEIBHOTO KaHaja MOJBUKHOCTU
NOJMMEPHON LeNH, YBEIMYEHUM BEJIWYMHBI CBOOOJHOrO o0beMa M, Kak CJEJCTBHE,
jesopreHTaIii XpoMohopos. I10 TAHHBEIM TUIIEKTPHYCCKON CIIEKTPOCKONUK® B MOMyYEHHOM
UHTEpBaJie TeMIIepaTyp HabmonaeTcs P1 penakcanoHHbIi nepexo. ConocTtasiss 3TH JaHHbIE C
MOJTyYEHHBIMHA HaMH, MOKHO C/I€JIaTh BBIBOJI O TIOSIBJICHUHU TTOJIBUKHOCTH OOKOBBIX ()parMEeHTOB
MOJMMEPHOH LeNu U 00pa30BaHUM JIEMEHTOB CBOOOAHOTO 00beMa, pa3Mep KOTOPBIX OJIM30K K

pazmepy xpomodopa.
TakuMm 00pa3zom, U3ydeHHe MOJBUKHOCTH XPOMODOPHBIX TPYIIT, BXOSIIIUX B COCTAB MOJIUMEpPA,

IMO3BOJIACT MOJYYHUTH AOMOJTHUTCIBHYIO I/IH(bOpMaIII/IIO O INpUpoAC pCIaKCaAalMOHHBIX IEPEXOA0B,
BCIIMYHUHC CBO6OI[HOFO o0bema u MOABUXKHOCTHU IMOJIMMCPHBIX ueneﬁ.

Vakhonina T.A., Sharipova S.M., Ivanova N.V., Fominykh O.D., Smirnov N.N., Yakimansky
A.V., Balakina M.Yu. Proc. of SPIE, 2011, 7993, 799307.

Nikonorova N.A., Balakina M.Yu., Fominykh O.D., Pudovkin M.S., Vakhonina T.A., Diaz-
Calleja R. and Yakimansky A.V. Chem. Phys. Lett. 2012, 552, 114-121.
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Structure and chemical properties of substituted gold clusters

V.G. Yarzhemsky
Kurnakov Institute of General and Inorganic Chemistry &
Moscow Institute of Physics and Technology
*e-mail: vgyar@igic.ras.ru

The structure of the most stable gold clusters is associated with the number of atoms. It was
found that clusters with a number of atoms k<13 have a flat structure, and clusters Auis, Ausy,
, Au7, where k=2n? have a cage-like structure and aromatic electronic structure '. Recently, it

was found, that cluster Au,, with a structure of centered cuboctahedron surrounded by
tetrahedron, is also stable ". Experimental results also reveal clusters with a centered

cuboctahrdron core "',

In the present work, making use quantum chemical methods, the dependence of the energy of
attaching of functional ligands on the number of electrons in gold clusters was investigated.
The change of the number of electrons was simulated by replacement of atoms of M (Hf,
Ta,W,Re, Os) in clusters Au;,M. It is established, that the energy of the hydrogen addition is the
maximal in clusters with the number of valence electrons smaller then 18, and the energy of
attaching of SH group is maximal in the clusters with a number of electrons large then 18. Thus
the 18 electronic cluster Au,W is similar to inert gas in this row, clusters Aui;,Re and Au;,0s
are similar to alkaline metals and clusters AujoHf and AuioRe are similar to halogens. Cluster
Au;7SH, obtained by attachment of SH to the centered tetrahedral cluster Aui; " (see Figure 1)
Is more stable than the cluster Au;7SH, obtained by replacement of Au to SH in the hollow
cage structure of the Aug .

Figure 1. Stable cluster Au;7;SH

The results on substituted gold clusters are important for tuning of gold clusters for different
functionalized ligands.

This work was supported by PREZIDIUM RAS (project 111.5.)

' Karttunen A., Linnolahti M., Pakkanen T.A., Pyykko P. Chem Comm 2008, 465.
" Yan L., Cheng L., Yang J. J. Phys. Chem. C 2015, 119, 23274.
I Azubel M., Koivisto J., Malola S.et.al. Science. 2014. 345. 6199, 909.
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Teopernueckoe uccae0BaHue CTPYKTYPbI H KOH(POPMAaIIMOHHBIX CBOMCTB 1-
AUMETHJIAMUHO-1-CHJIalUKI0reKcaHa

b.B. Ilyukos, C.A. Ilnvixos, FO.A. 2Kabanos

HBaHOBCKMIA rOCY1apCTBEHHBINM XUMUKO-TEXHOJIOTMUYECKUM YHUBEPCUTET

e-mail: br37rus@agmail.com

B X0Je MIPOBEICHHBIX HCCIIeIOBAaHUN COCITUHEHUSI N-N-aumerniaamuno-1,3,5—

TpucHiaamukaorekcana (1) mpeacTaBHIOCh WHTEPECHBIM CONOCTAaBUTh KOH(OPMAIMOHHBIC
CBOIiCTBa €ro agaioroM l-mumermjaaMuHo-1-

razoBoil ¢aspl ¢ MOHOKPEMHHUEBBIM

cuianukiaorekcanom (2). Hamm Obuta mpoBeneHa cepusi JONOJHUTEIBHBIX KBAaHTOBO-
XUMHUYECKHX pacueToB. [Ipym ckaHMpOBaHMM MOBEPXHOCTU MOTeHIManbHON sHepruu (I1I19)

merogom DFT/B3LYP ¢ 6asucuHbiM Habopom 6-311G** Obuto JI0KaaIHM30BaHO TOJIBKO TPH

koHpopmepa, |, Il u 11 (puc.1).
(T K
¢ e % ¢ 3 « kg g ’?
”’ % i c H e
- c"“ c i Y “/'0 ;(‘; o C ‘ﬁ ol S P @ ‘?*
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g-Eq(l) tr-Eq(11) g-Ax(l11) tr-Ax(1V)

Puc.1. Monenu kondopmepos 1-aumerunamMuHo-1-cunanukiorekcana.

OpnHako, B pesynbrate ckaHupoBanus III1D meromom MP2 ¢ 6a3ucHbiM Habopom 6-311G**
ObuTO BBIsIBIIEHO Hanmune KoH(opmepa Il coenmunenns 2 ¢ oTHOcuTenbHOH SHeprueit Ha 0,3
KKaJI/MOJIb BbILIE, YeM Y KoHpopMmepa .

PaccunTanHble OTHOCUTEIbHBIE SHEPTUH, 3Heprun [ nb0ca u npucyrcTBue KOHGOPMEPOB B ape
npuBeseHsl B Tabm.1.

Tab6auua 1. Teopernyeckue oTHocuTenbHble SHeprun AE, sneprum ['m66ca AG®, kkan/mMoib u

MoJbHBIE 1o7H X, % KOH(DOpMEpOoB coeMHEHUS 2.

B3LYP/6-311G** MP2/6-311G**
I In [ iv I Il Il \Y/
AE 0.00 | 0.38| - |0.64|0.00|-0.21|0.30 | -0.45
AG°(298) | 0.00 | 0.28 | - |097| O |-0.02|0.63 |-0.38
X 55 | 34 | - | 11 | 23 24 8 45

Paboma evinonnena npu noooepawcke epanma PODOU (npoexm PODHU Nol4-03-00923-a).
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Excited state dynamics in nanoscale materials for solar energy harvesting

Oleg Prezhdo
University of Southern California, Los Angeles, 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 TiO, sensitized
with organic molecules, water, semiconductor quantum dots, graphene and perovskites, a
GaN/water interface, carbon nanotube bundles, mixtures of Cgy with inorganic particles, etc.
Photo-induced charge and energy transfer, 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.
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CTpoeHne MOHOMEPHOM M TMMEPHOH MOJIeKy/1 TPHOPOMHUAA UTTPHS U TEPMOIHHAMHKA
AUMepHU3aluu

Xayemosa JI.E.*, IlInvixos C.A.

HBaHOBCKMIA rOCY1apCTBEHHBINM XUMUKO-TEXHOJIOTMUYECKUM YHUBEPCUTET

*e-mail: Luba-8may@mail.ru

Jns monomepHoit mosekynsl YBr; u mumepnoit monexyinbsl Y2Brg BbIIONHEHBI KBaHTOBO-
XUMHUYECKHE pacdeThl MeTogamMu Teopuu ¢yHkuuonana rmiotHoctd DFT ¢ ¢yHkumonamamu
B3LYP u M06-2X u metonom teopuun Bo3myiieHuid MP2. AToMbI ObUTH OMTHUCAHBI ¢ TIOMOIIBIO
28-3JIEKTPOHHBIX PEISATUBUCTCKUX OCTOBHBIX moTeHIranoB: ECP28MWB u pekoMeH10BaHHOTO
Juis Hero OasucHoro Habopa (8s7p6d2flg)/[6s5p3d2flg] (Y) u SDB ¢ 6asucubiM Habopom aug-
cc-pvTZ (Br), mnpuBeacHHbIMH U3 0a3bl JaHHBIX [1]. PacueTsl OCYIIECTBISITUCH C
UCIIONIb30BaHuEeM MakeToB mporpamm Gaussian 03 u 09. YcranoBineno, yro monekyna YBr;
uMeet cummeTtputo Dsp, a monekyna Y2Brg— Doy,

Paccuntannas B npubmmkenusx B3LYP, M06-2X u MP2 6 _® Q\ /’
BEJIMYMHA PABHOBECHOTO paccTosiHusi B MoHOMepe Ie(Y—Br) ¥

coctaBmiia 2,602; 2,594 u 2,550 A, COOTBETCTBEHHO. : :!: :
OtMerumM, 4YTO 3HaA4YeHUs, moiydeHHble wMeroaoMm DFT, L ./ \‘
COTJIACYIOTCS € BENWYMHAMU ~ TEPMHYECKH  CPEJIHETO [ Nouomep TunMep

MeXbANepHOTO  pacctosuus  Ig(Y-Br)=2,594(5) A B
anekTpoHorpaduueckux padorax [2,3] mpu T=1062 K. Ognako B pabotax [2,3] HE YUUTHIBAIOCH
IPUCYTCTBHE TUMEPA, KOTOPOTO COTJIaCHO Macc-crnekTpaM B nape 1,3%.

Jnst Mosekyiibl Y2Brg B pamkax npuOimkenuid pasiauyaroro yposas (B3LYP, MP2 u M06-2X)
MOJIYYCHBI CJICIYIOIINE BEIMYMHBI PAaBHOBECHOIO MOCTHKOBOro paccrosius re(Y—Bry): 2,812;
2,742 u 2,798 A, cOOTBETCTBEHHO, U KOHIIEBOTO pacctostuus fe(Y—-Bry): 2,592; 2,537 u 2,581 A,
COOTBETCTBEHHO. 3HAUCHUS BAJCHTHBIX YIIIOB coctaBmwiu: /Br—Y-Bry: 116,2; 116,6; 117,0°
ZBry—Y-Bry: 87,4; 87,1; 88,1°, coorBercTBeHHO. [Ipoananu3upoBaB pe3yabTUPYIOLIUE JaHHbIE,
OTMETHM, 4YTO KOHIeBbIe paccrostHus fe(Y—Br)) xopoue Ha 0,01 u 0,22 A, uem r(Y-Br) B
MOHOMepe U MOCTHKOBBIE (Y—Bry) B qrMepe, COOTBETCTBEHHO.

B nanHoif paboTre Oblma BHEpBBIE OMNpeAeieHa HSHTAIBIHS PEaKIUU JAUMEpU3alUud
YBrs(raz)«>Y,Brg(raz) Ha ocHOBaHUUM PE3YyJIbTATOB MACC-CIEKTPOMETPUUYECKOTO IKCIEPUMEHTA
B paboTe [2] U KBaHTOBO-XMMHUYECKHX PAaCUYETOB, BBHIMOJTHEHHBIX CAMOCTOSTENbHO. BennyuHbl
MPHUBEICHHBIX JHepruii [mbbca s MOHOMepa W JUMEpa pacCUYUTaHbl B MPHUOIMKCHUN
«KecTkuif poraTop — TapMOHHYECKHH OCHMIUISTOP» C HUCHOJIB30BAHUEM CTPYKTYPHBIX
napaMeTpoB (MEXBSACPHBIC PACCTOSIHHSI W YaCTOTHI KOJICOAHMI), MOJYYCHHBIX B PE3yJIbTaTe
KBAaHTOBO-XMMHUYECKHX pacyeToB. TemnoBoi 3ddekt peaknuu gumepmsanuu mnpu T=0 K
cocraBisieT Ay, H°(0) = —148 + 5 xJx/Momb. OTHeceHHOE 5TO 3Hayenue npu 298 K cocrasiser
AuH®(298) = —145 + 5 xJx/Monb. TIOrpenHoCcTh PacCUMTHIBAIACH HA OCHOBAHHMHU OLEHOK
HEOTpeAeNIEHHOCTH COCTaBa napa u npuBeileHHOM sHepruu ['nboca.

[1] Dmnexrponnsrii pecypc. URL: http://www.emsl.pnl.gov/forms/basisform.html (mara oOGpamenus
28.03.16).

[2] S.A.Shlykov, H.Oberhammer Austin Symposium on Molecular Structure and Dynamics, March 3-6,
2012 Dallas, Texas, USA, Book of abstracts, p.163.

[3] Axumun, [LA. Srexmponoepaghuueckoe ucciedosanue cmpyKmypvl MOAEKYI 2AN02EHUO08 2ANNUs U
ummpus / I1LA Axumun, B.A Haymos, B.M. Taresckuii // Kpucramnorpagus.— 1959.— 4.— c. 194-200
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Research transfer integrals statistics in amorphous organic semiconductors
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The study materials for organic electronics and photovoltaics - plays a big role in the computer
simulation. At the lowest (atomistic) level, the main results can be obtained by methods of
quantum chemistry and molecular dynamics. The object of these methods is primarily to
establish the probability of charge transfer between molecules in the unit time. This probability is
largely determined by the transfer of the integral value - the off-diagonal matrix element of the
Hamiltonian of the electron subsystem. The macroscopic properties of the material are
determined by solving the problem of wandering charge carrier on a large number of nodes with
the given transition probabilities between them. Calculation of integrals transfer between all
nodes (molecules) requires large computational cost. In this regard, it is of interest to develop a
combined approach, in which the charge transport parameters are calculated from first principles
for a limited sample of pairs of molecules, and the final problem of the diffusion of charge
carrier is decided on the model grid large size, with a probability distribution hopping reproduces
the results of ab initio calculations. This work is devoted to the study of statistics transfer
integrals in an amorphous organic material, consisting of molecules N, N'-di (1-naphthyl) -N, N'-
diphenyl (1,1'-biphenyl) -4,4'-diamine (alpha -NPD). The results can help in the development of
rapid screening methods for the calculation of conductivity in organic semiconductors.
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Fig. 1a. Microstructure of a-NPD. Fig. 1b. Microstructure dimers of a-NPD.
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Fig. 2. Logarithmic dependence.
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IIposiBiieHHEe YeTHO — HE4eTHOr 0 3(h(peKkTa HAa reoMeTPUYECKHUX NMapaMeTPax Cepuu
Me30re¢HOB n-H-TIPONMJIOKCHOCH30HBIX KHCJIOT
/.B. Kopomkosa,H. Y. [ upuuesa, E.A. Jlanvikuna
MBaHOBCKUIA rOCy1apCTBEHHBIN YHUBEPCUTET
Kadenpa pusndeckoii 1 OpraHMuECKON XUMUHU

E-mail: darya.korotkova.94@mail.ru

AJNBTEPHUPOBAHUE PA3IMYHBIX XAPAKTEPUCTHK SKUIAKOKPUCTAJUIMYCCKUX COCIUHCHHH,
COZICPIKAIUX AJKHIbHBIC MM aJKWJIOKCHUIHBIC PaJvKalibl, B 3aBUCMMOCTH OT YKCJa aTOMOB
yriepoja B HUX, HA3bIBACTCS YETHO — HEYETHBIM dPdexToM. OCOOCHHO YacTo B KauyecTBE
HOATBEPXKACHHUS HAJM4YMsl YETHO — HEYETHOro 3(PQeKTa NPHBOAAT M3MEHEHUE TEMIICPATYpHhI
HEMAaTUKO — HM30TPOMHOro (hasoBoro mepexoxaa. [IpuunHON TPOSIBICHUS YETHO — HEYCTHOTO
apdexTa ABIAETCI HECKOIBKO (PAKTOPOB, KOTOpBIE OOYCIOBJIEHBI Kak CTPOECHHEM
WH/IMBUYAJIbHBIX MOJICKYJI, TAK ¥ UX B3aUMHBIM PaCIIOJIOKEHUEM B KOHICHCUPOBAHHOH (da3e, a,
CJIEI0BATEIIbHO, U CUJIAMH MEKMOJIEKYJISIPHBIX B3aUMOCHCTBHMN.

B mHacrosimeit paboTe u3ydeHa cepusi ME3OTCHOB 7-H-aJIKHJIOKCHOEH30WHBIX KHUCIOT C
ankwiokcuaHbiMU  paaukanamu —O-R, rme R= —CpHana (N=3-10), ¢ menpio onpeaencHus
NPOSIBJICHUS] YETHO — HEUETHOTO AP PeKTa MPU aHATTU3E TEOMETPHUUCCKUX ITaPaMETPOB METOIaMU
KBAaHTOBOW XxuMuH. IS MOJEIMpOBaHHMS paccMaTPUBAEMON CEPUM HCIOJIb30BaH METOJ
DFT/B3LYP/cc-pVTZ, ¢ mOMOLIBI0  KOTOPOIO  BBIIOJIHEHA  IIOJNHAS  ONTHMH3AIHS
TreOMETPUYECKUX MapaMeTPOB M PACUYET YaCTOT KOJICOAHUH.

AHaJIM3 TEOMETPUYECKUX MApaMETPOB 71-H-AIKHJIOKCHOCH30WHBIX KHCJIOT TOKa3all, YTO
YEeTHO — HEYETHBIH A(PPEKT APKO BhIpaKeH Ha 3aBUCHMOCTAX mmuHbl |=f(n), mmpunasr d=f(n),
oowema V=f(n), cocrapmsromieii |y, r1aBHOr0O MOMEHTa MHEPIMU ¥ BPAIIATEIbHON MOCTOSHHOM
By. Ha pucynke 1 moka3zana 3aBucumoctb d=f(n) mis monexysn n-H-
AIKWIIOKCHOSH30MHBIX KUCIIOT B BHJE 3UI3aroo0pa3Hoi KpuBoi. BumHO, 4TO TpM mepexonae OT
HEYETHOrO TOMOJIOra K 4eTHOMY 3Ha4yeHus 0 (a Takke APYrHX reOMETPUYECKUX MapamMeTpoB)
U3MEHSIOTCSI MEHbIe, YeM IPH MepexoJie OT YETHOrO K HEYETHOMY, NPHYEM 3Ta pPa3HUIlA
MIOCTETIEHHO YMEHBIIAETCS C POCTOM N.
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Puc.1. 3aBuCMMOCTb HIMPUHBI MOJIEKYIIBI OT YUCIIAa aTOMOB yriiepoaa B —O-R pagukanax Juist
CepUu N-KUCIOT

BbIBOA: reOMETpUUYECKOE CTPOCHHE WHAWBHUIYAJIbHBIX COEIMHEHUMN SBISETCS OJHOM U3

BECOMBIX MPUYHH MPOSABIIEHUSI YETHO—HEUETHOT0 3 (HEeKTa B HKUAKOKPUCTATIINIECKUX CUCTEMaX.

Paboma svinonnena npu punarcogoii noooepaicke Munucmepcmea Oopazosanus u Hayxu P@
(bazosas uacmo, npoexm Ne3474)
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