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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 f-
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 - B97D, «B97X-
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, B, 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 3 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).

lFominykh 0.D., Balakina, M.Yu. Macromol. Symp. 2012, 316, 52-62.



IIporonnpoBaHue (hparMeHTOB ra30BbIX IHAPATOB

A.B. bapawxosa, H.-U. ['upuuesa

MBaHOBCKUIA TOCYJapCTBEHHBIN YHUBEPCUTET, Kadeapa opraHndecKor U GU3NIECKON XUMHUH

B Hacrosiimee BpeMs ra30BbIe THAPATHI MPEACTABISAIOT O0bIIoN nHTepec. OHa U3 OCHOBHBIX
3aJ1a4 3aKIIF0YaeTCs B U3BJICUCHUM MOJICKYJIBI METaHa U3 BOJHOTO Kapkaca. [Ipoiecchl mprucoeIuHeHHS
W OTpbIBa TMPOTOHA W BIIEKTPOHA MOTYT TMPUBECTH K HAPYIMICHHUIO MPABHIBHOW CTPYKTYPhI Ta30BBIX
THUAPATOB WMJIM K €€ paspylieHuto. B maHHOW paboTe MoIenupyercss MpoIece MPOTOHUPOBAHHS
Pa3IUYHBIX (hParMEeHTOB, U3 KOTOPHIX COCTOMT 000JI0YKa ra30BbIX rUApaToB. B kadecTBe hparmMenTa A
BEIOpAHBI: IMKIIBI, COCTOSAIIME W3 5 W 6 MOJEeKyNl BOIBI, SUYEHKH [5] u [6%5%], u wacte
KPHCTaITHYECKOi CTPpYKTYpsI 1b1a S1 OsgHiyg ([6°51 - 52 - 675%7]).

B Tabnuiie mpuBeneHbI SHEPTMHM NPOTOHUPOBAHMs, paccuuTaHHble Mertomom DFT/B97D/6-
311++G(2d2p) no popmyore:

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

IIpoToHUMpOBaHUE KAKAOTO U3 (PParMEHTOB NMPUBOAUT K IOHMKEHHIO SHEPTHU CUCTEMBI. E o,
CHUCTEM, B KOTOpI)IX HpOTOH HpI/ICOGI[I/IHSIJ'ICﬂ K OILHOMy N3 aTOMOB Kncnopona B IIATUYJICHHOM IIHUKJIC
(BepxHHE CTPOKH TaONUIIBI) OKa3alach HUKE 110 aOCOMIOTHOM BEIMYHMHE, YeM Ep,, IIECTHUIEHHBIX
LUKIIOB (HWKHUE CTPOKH TAOJIHALIB).

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

AH" OsHy " OgoHay” 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 KHCIOPOAA, CTPYKTYPHOH €TUHHMIIBI, OJIM3KOH K
CTPYKTYpe HOHA THAPOKCOHUS U CyMMapHBIM 3apsiioM Ha atTomax HzO ~ +0.7 a.e.3.

Taxoxke B Tabmurie npuBeaensl paccrosaus (O...H) B H3O. Paccrosuume r(O...H) B wmone
TUJPOKCOHHMS, PACCUMTAHHOE TeM € MeTojaoM, cocTaBuino 0.982A, ommaxo, mmsi paccMaTpHBaeMbIX
CTPYKTYp OHO OKa3aJocCh OOJIbIIIE 3a CUET 00pa30BaHKs BOJOPOIHBIX CBSI3CH C COCCHUMHU MOJICKYIaMH
BOJIBI.

Puc.1. Crpoenue

MIPOTOHUPOBAHHOTO
HIECTUWIEHHOTO LMKJIIa
OgH1s" (creBa) u
NPOTOHUPOBAHHON  STYEHKU
024 H49+ (cnpaBa)

Paboma ewinoanena npu ghunancosoii noooepacxe POOU (I'panm Ne 15-43-03003_p_yenmp_a).




B3aumoneiicTBre 3THIOpOMHIA ¢ KiaacTepamu Mg, (n=2-24) B Bakyyme

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

HHI'Y um. H. U. Jlo6auesckoro, r. Huxuuit HoBropoa
*e-mail: Serg_belyaev@bk.ru

Cunre3 peaktnBa ['puHBSIpa — CIIOKHBIM MHOTOCTaJAMHHBIA TPOIECC, BKIIOYAIONIUNA B CeOs
aZicopOLMI0 OKHCIUTENs] Ha TIOBEPXHOCTH MeTajula, o0pa3oBaHME CBOOOJHBIX HOH-
pajuKaibHbIX Map, (POPMUPOBAHUE MOJIMMArHUHOPraHUYECKOro IMPOM3BOJHOIO M JECOPOLMS
MONUSIEPHOTO KOMILJIEKca ¢ oOpa3oBaHueM peakThBa [punbsipa. B pabore BbIOIHEH
KBAaHTOBOXMMUYECKMI pacueT OCHOBHBIX TEPMOAMHAMHUYECKUX GYHKUMH [uid Haubosee
BEPOSITHOI'O MapIIpyTa pPEaKkIuUu B3aUMOJCHCTBUS KOMIIAKTHBIX KiactepoB Mg, (n=2-24),
MOJICTIUPYIOIINX TBEPAYI0 METAIUTHUECKYIO a3y, ¢ ITHIOPOMUIOM Ha BBICOKOM ypoBHe DFT:
B3PW91/6-311++G(2d,2p). PaccmoTpena mocienoBaTeNbHas ~MHOTOCTAIHMKHAs — CXema
npolecca, BKIIOYAOLas CleAyoume 3jaeMeHTapHble craauu: (1) agcopOuust oKuCIuTe s Ha
MIOBEPXHOCTH, (2) BO3MOXKHBIM pacraj OKUCIMTEIS Ha paaukaibl, (3) CHHTE3 peakTUBa
I'punbsipa U3 MOJEKYJSPHBIX WM pPaJUKalbHBIX peareHToB, (4) necopOius NPOIYKTOB B
o0beM, (5) Bo3MOKHBIE 1MOOOUHBIE peakiuu. Hanbonee sHEpreTHYeCKH BBITOAHBIN MapIpyT
peakuuu ['puHbspa — paauKaJbHBIN, NPOTEKAIOIUN MpakTHUYeCKH Oe30apbepHO (IHEprus
aKTHBaMu oOpa3zoBaHus Ef* cocTaBisier HECKOIBKO KKaj/MOJb), IPH 3TOM MOCIETHSS CTaaus
mporecca — JecopOLMs MOHOMOJIEKYJIIPHOIO — MarHMHOpPraHM4ecKoro IMPOU3BOIHOTO
(kmaccuyeckoro peakTwBa ' puHBSpa) sSBIETCS HauOoJee dHEpProzarpaTHoi: 9.7 Kkai/mMoib
st Mg, 11.5-17.5 xkan/mons 1 Mg, u nmpumepno 20-30 kkan/monb 11 Mge-Mdi3. Poib
KOOPJAMHUPYIOIIETO PacTBOpPHUTENsT — AudTHIOBOrOo ddupa wm TI'®, obiervaromiero
IIPOTEKaHMs CUHTE3a peakTuBa ['puHbspa, CBOIUTCA K CHIDKEHUIO E; cTaguu necopOum.

A b

Puc. I'eomeTpus epexoHbIX cocTosTHUM st peakiuuu EtBr...Mgs = EtMg4Br (a) u peakiiun
EtMgsBr = EtMgBr + Mgs (6). UnciaMu ykazaHbI MEXaTOMHBIE PACCTOSHHUS B A.

Paboma evinonnena npu noooepicke PO®HU (koo npoexma 14-03-00585).



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 MEPhAI 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).



OcoOennocT GoTOBO30Y:KIEHHUS U CIIEKTPAJbHbIE CBOMCTBA
Xopoduiiia a ¥ ero AHAJIOr0oB B KOHIEHCHPOBAHHBIX Cpe/iax

Tpucopwvesa A.O., Uenamos C.K.

Huxeropoackuii rocyaapcrBennsiil yausepeureT um. H.W. JlobaueBckoro

ITporecc porocuHTe3a pacTeHUil MPEACTABIACT COOOH COBOKYITHOCTH MHOXECTBA PEAKIHI C y4acTHEM
MOJIEKYJT ~XJIOpO(MIIIA, OKPYKECHHBIX CIOXHBIMH OEJNKOBBIMH CTpyKTypamu. Jlis co3naHus
MCKYCCTBCHHBIX (DOTOCHHTETUYECKMX CHUCTEM HEOOXOAMMO 3aMEHHTh CIIOKHBIC ISl CHUHTE3a
OpraHMYecKHe MOJICKYJbl Ha 0oJiee MPOCThIC aHAJIOTH. TaKhe CUCTEMbl MOTYT OBITh OCHOBaHBI Ha
MOJIEKYJIaX, MOJOOHBIX XJIOPO(UILTY, HOMEIICHHBIX B CHHTETHUECKYIO CPE/ly, HAIPUMep, MOJHMEPHYIO
MaTpuily, Tellb HJIM PAcTBOP, B KOTOPOM BO3MOXKHO OCYIIECTBICHHE IPOLECCOB, aHATOTHYHBIX
OpOTEKAIMM B XJOpoIUlacTax.  PaHee  paccMaTpUBAJIMCh  DJCKTPOHHBIC  CBOWCTBa
MOIM(UIMPOBAHHBIX TOPYUPHHOB C AaTOMAaMH Pa3IMYHBIX MeTawioB. OHAKO BIUSHUE CTPYKTYPHBIX
XapaKTEPUCTHK M OKPY)KAFOLICH CpPebl Ha HJICKTPOHHOE BO30YKACHHUE MOJEKYJIbI H3y4EHO B MEHBILCH
crerieHu. llenbio HacTosmeil paboTHl SIBISIETCS MCCIIEAOBAaHHE OCOOCHHOCTEH (HOTOBO3OYXKACHUS B
CTPYKTYPHO-U3MEHEHHBIX aHajorax XJopoduiuia, KOTOpble 00JIee MPOCTHI ISl CHHTE3a M IIOMEIICHBI B
HCKYCCTBEHHYIO cpeay.  DopMylbl M ONTUMU3HPOBAHHBIC CTPYKTYPbl MOJCIBHBIX MOJCKYII,
PacCMOTPEHHBIX B pabOTe, MPE/ICTABICHBI HA CXEME:
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CTpyKTypHBIC M TEPMOJUHAMHYECKUE MapaMeTpsl, a Tarke MK crexTpsl ObLIM pacCYUTaHbl METOIOM
¢yukunonana mwiotHoctr (B3LYP/6-31G(d,p)). s pacdera CHEKTPOB 3JIEKTPOHHOTO BO30YKIECHHS
UCTIONB30BAJIaCh ~ BpeMe3zaBuUcHMasi Teopust ¢yHkuumoHana 1iotHoctn (TDDFT). Bnwmsxue
KOHJICHCHPOBaHHOU CpeJibl olleHnBasiock MetojoM PCM ¢ monHo# onTrM#3aiei reoMeTpun. AHammu3
MOJIYYCHHBIX KOJICOATEIbHBIX M JIICKTPOHHBIX CIIEKTPOB IMOKa3bIBACT, YTO H3MCHEHHE CTPOCHUS
YIIICBOJAOPOJHOTO 3aMECTHUTEIISI B MOJIEKYJIEe XJIOPO(QHIa U CMEHA PAaCTBOPHUTENsS CiIad0 BIMSET Ha
SHEprur0  (oTOBO30YKAEHHS. OTH BBIBOJIBI CBUICTEIBCTBYIOT O BO3MOXXHOCTH BapbHPOBAHUS
CTPYKTYPHBIX [apaMeTPOB W OKPY)XEHHsS MOJEKyJl B IIHPOKHX TMpeaeiax 0e3 H3MEHCHHUs
(hOTOXMMHUYIECKUX CBOWCTB.

Paboma evinoanena npu nooodepacke PODHU (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 CyOHaHO4YACTHI IJIATUHBI. KBaHTOBO-XMMHUYeCKoOe Hcc/IeIOBaHUe
CTPYKTYPHBIX, 3JIEKTPOHHBIX U TEPMOJAUHAMHYECKHUX CBOICTB Ptyy U MX KOMILJIEKCOB ¢
MOJIEKYJISIPHBIM H aTOMAPHBIM BOJA0PO0M

C.K HeHamoel’*,O.B. I adwcueel, AU Oxankunl, AT Pa3y6aeel

1 . . .
Hmxeropojckuii rocynapcrBennsiii yausepceutet uM. H.W. JlobaueBckoro, XUMHUUYECKHUit
(bakynpTeT

*e-mail: skignatov@gmail.com

B3aumMoneiicTBre MOJIEKYISPHOTO M aTOMAapHOT'O BOJOPOJA C METAIIIMYECKON MOBEPXHOCTHIO
ABJISICTCA OAHMM U3 (PYHAAMEHTAIbHBIX IPOLIECCOB, JIEXKAIIUX B OCHOBE COBPEMEHHBIX U
NEPCHEKTUBHBIX ~TexHOJOrui. OnHOW W3 TaKUX TEXHOJOTHMH SBISETCA 4YHUCTas U
BO300HOBJIIsIEMasl SHEPreTUKa, B KOTOPOH BOIOPOJ — Oe30macHoe JUIsl OKPYKaroLel cpenbl U
BbICOKO3((PpekTrBHOE TOmMBO. Jpyras o0nacTe — Katainu3 B 00JACTH TOHKOT'O XUMHUYECKOTO
CHHTE3a, (papMalleBTUYECKOM, KOCMETOJIOTHYecKoi 1 napdromepHoit xumuu. B 310il obnactu
OMHUM W3 TIEPCIIEKTUBHBIX HANpPAaBICHUN SBISETCS pa3paboTka BBHICOKOA(PPEKTHBHBIX
KaTaJl3aTOpOB Ha OCHOBE HAHECEHHBIX MOHO—M MYJIbTUMETAUIMYECKUX HAHOYACTHUI]
IUTATUHBI, POIMs, NaUIagus W JPYTHX METAUIOB C TPUBUTBIMH  OPTraHMYECKHUMHU
MOBEPXHOCTHBIMU JIMTAH/JaMH, OOECIEYMBAIOIIMMHU BBICOKYIO PEruo-, XeMo- U CTepeo-
CENIEKTUBHOCTh ~THJPOTEHU3AIMH  MONMH(DYHKIIMOHAIBHBIX ~ COCAMHEHHH, B YacCTHOCTH,
HEHACBIILEHHbIX aJIbACTUI0B. Takue KaTalu3aTopbl UHTEHCUBHO pa3pabaThIBalOTCs Ha OCHOBE
CpeaHe- W HHU3KOpa3MEPHBIX HAHOYACTHUI], OJHAKO B HACTOAIIEEC BPEMS CTAlIO BO3MOKHBIM
pa3MepHO-CEJIEKTUBHOE TIOJIyueHHe M cTa0wiu3auus (Hampumep, B IOpax LEOJUTOB)
cyOHaHOpa3MepHBIX yacTHi. Kpome XMMHUYECKOH aKTHBHOCTH, TAaKHME YAaCTHUIBI MPOSBIISIOT
CBOWCTBa, HEOOXOUMBIE AJIs1 (POPMUPOBAHUS 3JIEMEHTOB MEPCIEKTUBHBIX HAHOAJIEKTPOHHBIX
Y CIIMHTPOHHBIX YCTPOMCTB, a TAK)KE 3JIEMEHTOB KBAaHTOBOM JIOTUKH. B HacTosmeil pabore Mbl
paccMaTpuBaeM (usnueckue U (PU3MKO-XUMHUYECKUE CBOMCTBA CyOHaAHOPAa3MEPHBIX YacTHUI]
TUTATUHBI, MOJIENBIO KOTOPBIX SIBJISIOTCS KiIacTephl Ptys. PacueTsl CTpyKTYpBI, SIEKTPOHHBIX,
TEPMOJIMHAMMYECKMX M CIEKTPAJIbHBIX XapaKTepUCTUK KiacTepoB Ptys, PtyH, PtuH»
nposenensl Metogiom DFT (Ha ypoBre Teopun BLYP/6-31G(p) (H) CRENBS (Pt)). Ha ocHoBe
dopmanmzma UDFT wu3yueHbl CHUHOBBIE COCTOSIHHS CBOOOAHBIX dacTull Ptys ams Bcex
HEYETHBIX MyJIbTUIUIETHOCTEH OoT 1 10 15. OCHOBHBIM COCTOSITHHEM SIBIISIETCSI KBHHTETHOE,
IIpUYEM IpyIIa HU3KoIexammx cocrossHuid M = 3, 5, 7, 9 paznuuaercs 1o sHepruv MeHee yeM
1 xkan/monb. CTPYKTYyphl KiacTepoB (McKakeHHas Doyp) B HH3KONEKAIIUX 3ICKTPOHHBIX
COCTOSIHUSIX SIBJIAIOTCSA Oosee BbITOAHbIMHM, 4eM DFT-onTtumusupoBaHHas CTPyKTYpa,
HalJIeHHasl paHee Ha OCHOBE I1o0anbHON onTuMu3anuu C noreHuuaioM ['ynter [Doye J.P.K.,
Wales D.J. New J. Chem. 1998, 22(7), 733]. IllecTs pa3iu4HbIX PEKUMOB KOOPIUHAIIMU OBLIA
HalJeHbl IPU aIcOPOLIMU MOJIEKYJISIPHOTO BOJIOPOa CO CpeAHel sHepruei koopanHanuu 4.57
KKaJl/MoJib. MI3yueHbl nepexoHble COCTOSHUS U MyTH MUHUMAaJIbHON SHEPTUU JUCCOLIATUBHON
azicopOIMu, Cpeir KOTOPBIX JBa HAWJICHHBIX HANpPaBJICHUS SBISIOTCS O€3aKTUBAIIMOHHBIMH.
[TocTtpoeHa monHast KapTa PHEPTUi ajcopOLMU aTOMAapHOrO BOJOPOJA HAa MOBEPXHOCTH Plyy
(cpemnsis  aHeprust  aacopOumm  7.33  Kain/Mojib), YCTaHOBJEHBI  CTPYKTYpbl U
TEPMOJIMHAMUYECKHE XapaKTEPUCTUKU TEPEXOJHBIX COCTOSHUN MOBEPXHOCTHOM MHIpaLluU
atoMoB H. bapbepbl MOBEpXHOCTHOW MHUIpalUU cOCTaBisAlOT OT 4.4 1o 8.2 KKaji/MOb.
W3yuensl sHeprum M Oapbepbl MOANOBEPXHOCTHOM Mu(dy3un aTOMapHOTO BOJOPOAA, YTO
MO3BOJISIET KOJIMYECTBEHHO OIIEHUBATh YHEPTHIO aKTUBAIIMH CITMILIOBEPA, MPOTEKAMOIIETO TTPU
HINYMH KOOPJAWHUPOBAHHBIX JIMTAHIOB Ha MMOBEPXHOCTH KIacTepa.

Paboma evinonnena npu punancosoii noooepoicke PODU (npoexm Ne 14-03-00585).
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Paznuunbie H-komIieKkebl Mexkay MOJIeKYyJIaMH NHPUANHOBOIO d(pupa
n-H-NIPONMNJIOKCHOEH30i{HOM KHUCJIO0THI U N-H-NPONNIOKCUOEH30i{HOM KHCJI0THI

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

VBaHOBCKUI rOCYJapCTBEHHBIN YHUBEPCUTET
Kadenpa pusznueckoii u opraHu4ecKOl XUMUU

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

O6pa3oBaHye pa3IUYHBIX KOMIUIEKCOB, CBS3aHHBIX MEXMOJICKYJISPHBIMA BOJOPOIHBIMHU CBSI3IMH
MIPUHSTO Ha3bIBaTh MOJIEKYJIAPHBIMU KOMIUIEKCAMH WIH
H-xommnexkcamu. IlogoOHble B3aMMOAEWCTBUS peajM3ylOTCI B  COEAMHEHHUSX, 00Jamaronmx
ME30TeHHbIMH CBoOWcTBaMHu. llpum Hammuum B Monekyle, obOpasyrouieid H-komruieke, HECKONBKHX
aKIEeNTOpOB, CIOCOOHBIX O00pa30BBIBATH BOAOPOJHBIE CBS3M, BO3HMKAeT BONPOC O Hauboee
YCTOMYMBOM U SHEPTE€THUYECKH BBIT'OJHOM MOJIEKYJISIPHOM KOMILIEKCE.

st MozienupoBaHUs YEThIPEX BO3MOXKHBIX H-KOMIIEKCOB MEXAy MOJIEKYJIaMU MUPUANHOBOTO 3(upa
n-H-TIPOMIJIOKCHOCH30MHON KHUCIIOTHl M A-H-TIPONMMIOKCUOCH30MHONW  KHCIIOTHI 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 PACCMAaTPUBACMBIX OOBEKTOB, BCE
4acTOTHI KoJieOaHuil AelCTBUTENbHBIC. B KOMIUIEKcax pealn30BaHbl JIBa 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 Kkaji/Mojib. B M3ydaembIX KOMIUIEKCax, 3a
WCKJIIIOYEHHEM 4YeTBEpTOro, Hapsay C BOJOPOJHOM CBS3bI0 pealn3yeTcsl B3auMOJIEHCTBHE
HEMOJISIICHHOW Maphl KUCIIOpoAa KapOOKCHIIBHON TPYMIBI #-H-TIPONMIOKCHOSH30MHON KHUCIOTHI C
aTOMOM BOJOpOJa MHPHIUHOBOTO (parMeHta (KOMIUIEKC 1) u aromMoMm Bomopoaa (EeHHIBHOTO
¢parmMenTa (kOMIUIEKC 2, 3), KOTOpO€ TMOHIKAeT »dHepruto H-kommiekcoB. OTMETHM, 4YTO
MOJIEKYJISIpHBIE KOMIUIEKCHI | M 2 NUMEIOT TUIOCKOE CTPOeHHE CHHTOHA.

o 8 P ( e - : % ( > W ep £ b -
A S P L. SRS Lo U o GNP S e ¢ v <« EX TN :
¢ N N b - N N = e @ ik ! - b b
) © b : ® ) = o 2
. 5 ® » 3
¢ ] ¢ i ¢ V\
& )
Kommiexc 1 Komrmiexc 2 Kommiexc 3 Kommiekc 4
AE=0 xxan/Moib AE=3.9 xxan/moin AE=4.8 xxan/moin AE=6.1 xkxai/Mob

Puc. 1. CtpoeHre KOMIUIEKCOB TUPUIAMHOBOTO 3dupa

n-H - IPOMMIOKCHOEH30MHOM KUCIOTHI U N-H - TIPOTIMIIOKCUOEH30MHON KHUCITOTHI

Takum oOpa3om, MEPBBIA MOJICKYJISPHBIA KOMIUIEKC C THIOM BomopoaHoi cBszu -O-H-N u
DHEPTreTUYECKA, M TeOMEeTpUdYeCKH (JIMHEWHOE CTPOCHHE) SBISCTCS MPEAMOYTHTEIBHBIM IS
o0Opa3oBaHus H-KOMITJIEKCOB ¢ ME30T€HHBIMU CBOMCTBaAMU.

Paboma svinonnena npu gunarncosoti noodepoicke Munucmepecmea Obpazosanus u Hayxu PO (bazosas
yacms, npoexm Ne3474)
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CrtpoeHue u 3Heprusi 00pa3oBaHus AMMepa a0Aennicyabdara HATPUA
M.C. Kyp6am06a1, HU. I upuqe@al, B.U. CMupHoe2

YiBanosckuii roCyJAapCTBEHHBIN YHUBEPCUTET, Kadeapa opraHundecKoi U GU3NIeCKO XUMHUHU
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
NoJUNnenTHaAHOMY HocuTemno. All meHcTBYIOT Ha 3apsbKEHHYIO OTPULATENbHO BHEIIHIOI MeMOpaHy
IpaMOTPUIATENBHBIX OakTepuid. [IJi1 MOIENHpOBaHHS Tpollecca B KayecTBE CIAMHHUIBI MEMOpaHbI
BbIOpaHa Monekyna pgonenwiacyibdpara Harpus (JCH), T.x. oHa coueraer TUAPOPMIEHEIE W
rupodoOHbIe HpParMeHTHI.

Ha nannom stame uccienosanus Haiinens! aBa kondopmepa JCH (puc. 1). PacueTs! BRIIONIHSAIHCE C
momotsio Mmeroga DFT/B97D/6-311++G(2d,2p).

koH(popmep | ‘ ; i‘m Q
02‘311‘%493/‘5\ Yo b ¢ & oF «p 2315
2:315 = S G o S- S
s . x , A
%y & & & ¢ & &
koHpopmep |l
¢ ¢ % G
N g e
4 8 LS ?

Puc. 1. OntumusupoBanubie koupopmepsl JJCH (cripaBa — Buj co cTopoHsb rpymibl SO,)

Brimoanena TCOMCTPUUICCKAsA OINTUMU3ALUA OHUMEpa

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 BKJIFOUAET HE TOJbKO 3HEPTUIO B3aUMOIEHCTBUS 2417 2.427 & <’ « Pa By e
MEKIy JBYMSI MOHOMEpaMH, HO TakXe W OSHEpPruH N0
pellakcalyy reoMEeTPHH KaX0ro U3 KOH(GOpMEpOB, MpH
X 00bETUHEHUH B JUMED.

Eounep-yun = Eounepa — Exongt — Exongnn = -67.9
Puc. 2. Tumep JCH
DTa SHeprys CPAaBHUBAETCA C DHEPTUEN B3aMMOIEHCTBHUS IBYX MOHOMEPOB B IUMEPE:
Eesaus-oun = Eownepa — Espi — Espr = -76.1

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

Jauuenii pe3ynapTaT TOKas3piBaeT, 4To oO0beamHenne moHomepoB JICH B kmactepsl sBIsieTCS
SHEPreTUYECKHU BBITOJHBIM ITPOLIECCOM.

Paboma evinoanena npu ghunancosoii noooepacxe POOU (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 [5-03-04423a).

! MacroModel, version 11.0, Schrodinger, LLC, New York, NY, 2015.
2 Jaguar, version 9.0, Schrodinger, LLC, New York, 2015.
SAA. Granovsky, Firefly, http://classic.chem.msu.su/gran/firefly/index.html.
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HccaenoBanue B Nepuoan4ecKOM NMPUOJITHKEHUN PEAKIIUOHHON CIIOCOOHOCTH
neno4YeyHbIx cTpykTyp —O-Au-O- npu okuciaenuu CO Ha noBepxHocTn Au(321)

Jlocunosa A. C.l‘*, Henamos C. K.l, Mockanesa JI. B.?

1 . .
Huorcecopoockuii I'ocyoapcmeennwiii ynusepcumem um. H. U. Jlobauesckoeo, Poccus
2 .« .

Hncmumym npuxnaownoii u ¢huzuuecxoui xumuu, Ynusepcumem bpemena, I'epmanus

*e-mail: nastya_Is91@mail.ru

B omimyne OT KOMIAKTHO-METAIMYECKOTO 30JI0Ta, HAHOCTPYKTYpHBIE (OPMBI 30J10Ta
SBJISIIOTCSL ~ BBICOKOAKTUBHBIMHU M CEJIEKTHBHBIMHM KaTaJM3aTOPAMU HHU3KOTEMIIEPAaTypHOI'O
okucenns 2. Emé Gonee MHTEPECHBIMH CBOWMCTBaMH 00Jaal0T KaTaau3aTOpbl Ha OCHOBE
CIJIaBOB 30JI0Ta C APYrMMH, MEHee 0JIarOpoJHBIMU, METallllaMH, Hanmpumep, cepedpom. AToM
cepebpa mMeeT ONM3KHUI K 30JI0Ty aTOMHBIA panuyc, Onaromaps demy cepeOpo oOpasyer c
30JI0TOM HENpepbIBHbIE TBEP/bIE PACTBOPHI IPU JHOOBIX COOTHOLIEHUAX. Bcenencrsue storo
KaTaJUTUYECKHUE CBOWCTBA HAHOKATAIM3aTOPOB Ha ocHOBE AU-AJ MOXHO BapbUpOBaTh IIyTEM
M3MEHEHNs KOHIIGHTPAIKH cepedpa B crutase’. HemaBHO GbITO COOGIIEHO 0 G0JIee BBHICOKOI IO
CPaBHEHHIO € MOHOMETAJUIMYECKMMHU KaTalu3aTopaMH KaTaJUTHYECKOM AaKTUBHOCTU
HaHovacTul AU-AJ B 3IIOKCUIUPOBAHUU AJIKEHOB, HU3KOTEMIIEPATYPHOM peaklUu OKUCIECHUS
CO u apyrux peakumsix °. Jlisi TOHHMAHHS TIPHPOIBI STOTO CHHEPreTHYecKoro s(hgekra B
OMMeTaJUIMYECKON KaTaJIMTUYECKOH cucTeMe, Ba)XKHO CpPaBHUTh MEXAaHU3Mbl OKHCIIEHUS Ha
MeTamueckux nosepxHocTax AU, AgJ u Au-Ag. IloBepXHOCTHBIE OKCUAHBIE CTPYKTYpBHI,
cocrosimue u3 neneit (—O—Au—O-) oka3bIBarOTCS TEPMOAMHAMHUYCCKH 00Jiee BBITOJHBIMU U
CTaOWIIbHBI TIPM KOMHATHOW TeMIlepaType M mapuuaibHoM aasieHun O, BbIIIE 10°% arm®. B
HacTosed paboTe MBI paccMaTpuBaeM  TEPMOJMHAMMYECKHE  XAPaKTEPUCTUKU U
PCAKIMOHHYIO CIOCOOHOCTH IIenoueuHbiX CTPYKTYp (—O—Au—O-), KOTOpbIe, KaK IMOKa3aHO
paHHee, SBISIOTCS Hauboyiee SHEPreTUYeCKH BBITOJHOW (OpMOH  agcopOMpOBaHHOIO
KHCIIOpo/ia Ha moBepxHocTaX AU u Ag. Mojenpio NMOBEPXHOCTH B KBAaHTOBOXMMHYECKHX
pacuerax sBJsIaCh Kpucrayuiorpaduueckas miockocth AuU(321), amst KOTOpoW XapaKTepHBI
crynenu u Tteppacsl (111). DFT pacuersl HpOBOAMINCH € HUCHOJIB30BaHUEM OOMEHHO-
KOppeISIHOHHOro (yHKIHoHana PBE B Gasuce MIOCKHX BONH C IPaMEHTON KOPPEKIHei® ¢
nomMo1nkko mporpammel VASP. DnemeHTapHas siaeiika cojepixkaina 28 aToMOB 30J710Ta U 4 aToma
Kuciaopoaa. bbuta u3ydeHa OTHOCUTENbHAas CTaOMIBHOCTh JBYX pa3jIMYHBIX THUIIOB
[EMOYeUHBIX CTPYKTYp npu koopaunaiuu CO Ha moBepxHoctu Au(321). YcraHoBlieHO j1Ba
nytu araku CO Ha noepxHocTu: (1) ¢ pacnonoxernnem CO HemocpencTBeHHO Ha nenu —O—
Au-O—; (2) ¢ pacmonoxernrem CO psaoM ¢ TENOYKOH. DTH IEMH MOTYT pearupoBarh ¢
coaacopoupoBaHHbiM CO myTeM MHOTOCTQAMWHONW peakLuu, JUIl CTaJuil KOTOPOH OICHEHBI
aKTUBALlMOHHbIE OapbEPBHI.

Paboma evinonnena npu ¢punancosoti noooepicke POOU (npoexm 14-03-00585)
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PacTBopeHune u accounanusi XUTO3aHA U ero KOMILIEKCO00pa3oBaHue ¢ 0eJIKOBbIM
cyocTpaToM. MosieKyJISIPHO-TUHAMHYECKOE UCCIIeI0OBAHNE

B.C. Haymoel’*, A.A. Aedomuﬂl, C.K. Uenamoe*
1HI/1>1<er0poz[CK1/n71 I'ocynapctennsiiit Yausepcuter um. H.M. Jlo6ageBckoro

* email: vsnaumov@yandex.ru

Xutozan (dactmuHo N-ameTWIMpPOBaHHBIA 10aH-1,4-B-D-rimtokonupano3aMuH-2) W €ro
MIPOU3BOIHBIE PACCMATPUBAIOTCS KaK IMEPCIIEKTUBHBIE CPECTBA MOJICKYJIIPHON MHKATICYIISLIUN
JUIS JTOCTaBKH JIEKapCTB, B TOM 4YHCIIe MpenaparoB OeakoBoil mpupoisl. Mukancynsuus
MO3BOJIMIIa OBl peain30BaTh NEPOPAIBHBIA NMPHEM TAKHX IPENaparoB, 3alIMINas MOJEKYITY
JeKapcTBa OT MHUIIEBApPUTEIbHBIX (QepMeHToB. Ha maHHBIE MOMEHT peanu3anus 3TOi
TEXHOJOTHH OCJIO)KHEHAa OTCYTCTBHEM HAJCKHBIX TEPMOIAMHAMUYECKUX W KHHETUUYECKUX
JAHHBIX O PACTBOPEHUU XUTO3aHA, €r0 CAMOACCOILIMALIMY B PACTBOPE U KOMILJIEKCOOOpa30BaHUS
c OenkoBbIMH cyOcTparamu. MHTepnperanus CTpyKTyphl IOJIMMEpa B PacTBOpPE HAa OCHOBE
JAHHBIX AJEKTPOHHOW MHUKPOCKOIUU BBI3BIBAET JAUCKYCCHIO, JIaHHbIE O KOHCTaHTax
HECTOWKOCTH TPU B3aUMOACUCTBHHM C Pa3IUYHBIMU OCJIKOBBIMH areHTaMu NPAKTHYECKU
OTCYTCTBYIOT, a CaM IPOIIECC PACTBOPEHUS U €r0 KMHETWKA U3YYeHbI IJIaBHBIM 00pa3oM Ha
ocHOBE (HOpMAIbHO—KUHETHYECKOTO MOIX0/a. DKCIEPUMEHTAIBHOE M3YYCHUE 3aTPYyTHICTCS
TE€M, UYTO XHUTO3aH SIBJIAETCS CMECHI0 TOJUMEPOB PAIUYHOW CTEMEHH alleTHINPOBAHHUS
AMHHOTPYIII M  MOJEKYJISIPHOM Macchl, JUII €ro BOJHBIX pAacTBOPOB XapaKTEPeH
JIOTIOTHUTENBHBIA (DAaKTOpP MPOTOHHMPOBAHUS HE3AMEIIEHHBIX aMuHOrpynmn. B sToil cBs3u
MoJIeKysipHO-TuHaMudeckoe  (MJl) MonenupoBaHue SBISETCS OOHUM W3 TOJIXOJOB,
00eCreunBaOIIUX OMpeAeICHUE UCTHHHBIX TEPMOJUHAMUYECKUX U KHHETUYECKUX KOHCTAaHT.
Kpome toro, npu M/] uccnenoBaHuu BO3MOXKHO 3HAUUTENIBHO 00Jiee MPOCTOE YCTaHOBJIEHUE
3aKOHOMEPHOCTEH H3MEHEHHUs 3TUX KOHCTAaHT IpPH BAapbUPOBAHUU YHWCIA, 3apsja M TUIA
3aMECTUTENIE XWTO3aHOBBIX IIEMed, MJIUHBI STUX IIeTeH, YCTaHOBIEHHUS OCOOCHHOCTEH
B3aMMOJICHCTBUS MEXAY COOOW M C IPYITMMH MOJIEKYJIaMHU, MOBEPXHOCTSIMHU WM YacTHUIIAMU
paccmarpuBaeMoi cucTembl. B manHoi pabore meromamu MJI MopenupoBaHUsI WU3yUYEHBI
nporuiecchl (1) pacTBOpeHHs KPUCTAIa XUTO3aHa B YCIOBHSIX CPebl Pa3TUYHON KHCIOTHOCTH,
(2) accornmanuu pacTBOPEHHOTO XUTO3aHa MPH MEPEX0/Ie K MEI0UHOM cpene, (3) oOpazoBaHus
KOMITJIEKCAa XUTO3aH-UHCYIHH B ciaabokucioit (PH~6,5) cperae. MomennpoBainch XUTO3aHbI C
MM no 9,6 x/la, Bpemss momenmupoBanust 10 50 uc, mar 1 ¢c, NVT-ancam6ns, T=300K,
tepmoctat bepenacena. Pacuersi mpoBoawiuce B GROMACS 4.6 (CUDA-Bepcust) ¢
ucnosb3oBanueM cmwioBoro moiasi GROMOS 56Acargo, CENHATBLHO MOJAH(PHUIIMPOBAHHOTO
HaMU s PacyeToB IMOJMAMUHOTIMKAHOB. Moaudukaius ObUta MpoBedeHAa HAa OCHOBE
KBaHTOBO-xuMuueckux pacuetoB (HF/STO-3G//B3PW91/6-31++G(d,p)) u cocrosuia Bo
BBEJICHUM B CHUJIOBOE TOJE€ CTPYKTYPHBIX OJJIEMEHTOB XHTO3aHa W €ro MPOU3BOJHBIX.
YCTaHOBIIEHO, YTO PACTBOPCHHWE HAYMHACTCS TPHU CTEICHW MPOTOHUPOBAHUS aAMUHOTPYIIII
6onee 30% (pH~6,8), uTo X0opoIIo cornacyercs ¢ IKCIEPUMEHTATBHBIMU JaHHBIMH. CKOPOCTh
pacTBOpEHUs JTMHEHHO BO3pACcTaeT C YBEIMYCHHUEM CTEIeHW MPOTOHWUpOBaHHs. MccrnemoBaHo
BIUSTHUE JUTMHBI MTOJIMMEPHOU IIeTH HA PaCTBOPEHUE, CAeNaHa allpOKCUMAIs KHHETHIECKHIX
apaMeTpOB PacTBOPEHUsI K OECKOHEYHO UIMHHOMY TIOJMMEPY. YCTaHOBIIEHO XapaKTEpHOE
BpEMS aCCOILMAIMM XUTO3aHa U3 TOMOTEHHOTO PacTBOpa. DHEPTus KOOPAUHAIMU XUTO3aHa C
IMMEpPOM MHCYIIMHA, orleHnBaemas MetogoM PMF cocrasmsier 11 xkan/mons mpu pH=6.5.

Paboma evinonnena npu nooodepacke PODHU (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. 1la) 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 H,dchp were optimized under D,, 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
C,y structures (of the saddle type). No imaginary frequencies were obtained for Hodchp under
C,v 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 Hyp 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
(Dan); 1,93 (Cav); 1,94 A (Cs)). The distance r(H...H) is increasing in the series Doh—Cz,—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).

'Zakharov A.V., Stryapan M.G., Islyaikin M.K., J. Mol. Struct.: THEOCHEM, 2009, 906,
56-62
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Oco0eHHOCTH CTPOEeHUsI CBOOOIHOI MOJIeKYJIbl 1-aMuHOHAPTATUH-8-CYJIb(OKHCIOTHI.

H.B. Ilepsyxuna, A.B. Uenamosa™, E.A. Jlanvikuna, M.C. @edopos

HBaHOBCKUIA TOCY1apCTBEHHBIM YHUBEPCUTET
Kadenpa ¢usndeckoii 1 opraHmueCKON XUMUN

*e-mail: nastya_ignatova97@mail.ru

1-AmuHoHadTannH-8-cynboKucIoTa SABISAETCS BaXHBIMH OOBEKTOM MPOMBIIUICHHOW XHMUU U
CITy>KUT OCHOBOH JUIsl CHHTE3a MHOTUX (hapMalleBTHYECKUX MpenapaTos.

BrhImonHeHs! KBaHTOBO-XMMHUYECKHE pacdeTsl B porpamme Gaussian meromom DFT/B3LYP/cc-pVTZ
IUI. MCCIEAOBaHUS KOH()OPMAIMOHHBIX CBOWCTB MOJIEKYJBI |-aMUHOHA(TaNUH-8-Cyab(OKHCIOTH B
ra3oBoii Qasze. PaccmarpuBaemas MoJeKyla HMeeT TPU HEKECTKHE KOOPIMHATHI, CBS3aHHBIE C
BHYTpeHHUM BparieaneM rpymmsl: -SOzH Bokpyr cBsizu S-C, -OH Bokpyr cBszu S-O u -NH; Bokpyr
cBs3u C-N, mpuyem must rpynmst -NH,; Bo3MoskHa mHBepcHs. PacdeTsr mokasaium, 9To MOJIEKyla UMeeT
MSTh YCTOWYHMBBIX KOH(OPMEPOB, OTINYAIOMINXCS B3aUMHBIM pacrnonoxkeHreM rpymn —NH, un —S0zH.
I[aHHI)Ie KOH(I)OpMCpI)I OTIINYAKTCA 110 DBSHEPIruM, IMpPUICM Han6onee OHEPTECTUYCCKU BbII'OAHBIM
sIBIISIeTCS TIepBBIA KoH(popmep (puc.1l). CreayeT 0TMETUTH, 9YTO B KOH(POPMEPaX MOXKHO BBIJEIUTH TPU
Pa3HOBUAHOCTH BHYTPHMOJIEKYISPHBIX BoAopoAHbIX cBsizeil: O--H-N (kondopmeps! 1, 2, 3, 4), N-—-H-
O (xondopmep 1) u H--O-H (xondopmep 5). Haubosee cuibHas BOJOpPOAHAs CBI3b 0Opasyercs
Mexay atomoM a3ota NH,-rpymmet u Bogopoaa SOzH-rpynmer B HanOomnee ycToHIrBOM KOH(pOpMEpeE.

A E, rxcan/mone

10

n

Puc. 1. OTHOCHTENBHBIE SHEPTUH MOJIEKYINbI 1 -aMuHOHA(TANHH-8-CyTb(OKUCIOTH

B ra3oBoii ¢ase

PaCCManI/IBaeMaH MOIJICKYJIa SABJIACTCA HOJISIpHOfI U B 3TOM ClIy4da€ pasIM4YHBIC 110 IIOJAPHOCTHU
PacCTBOPUTEIN OOJDKHBI OKa3bIBATH PA3HOC BIIMAHUE Ha OHEPruro cCoJibBaTalllid, YTO SABJIACTCA
NEPCICKTUBAMU Z[aHHOﬁ pa60TBI.

Paboma svinonnena npu ghunancosoii noooepacke PODHU 6 pamxax nayunozo 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).

o« R _» i
:\E i ?" @ 14 “\u\‘? — ? s ¥ -3 @ @ c y
c 2 - PR 4 ’ = )
wc‘?' 5@ /C"K’ '\ 6o Lf ‘4 &
‘,c @ ° “ u ‘\?ﬂ - - c @
< ® ' L @< —“J @
@ @ @ « \
@
g-Eq(l) tr-Eq(11) g-Ax(l1) tr-Ax 1V

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 L, II, IIT 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 1 m | v |1 I " \Y/

AE 0.00/045]1.30]|0.65| 0 |{0.12|1.03|-0.76
0

AG®(298) | 0.00 | 0.53 | 1.49 | 0.96 0.10 | 1.06 | 0.07
X 60 | 24 5 11 | 36| 29 4 |31

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 I:11:1VV=40(20):30(20):30(10)%.

This work was supported by RFFR (project of RFFR Ne14-03-00923-a).
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Kuneruka nn¢@y3moHHbIX pesKMMOB peakuuil OKMCJIUTe/Iell B KPUCTAJLIAX JIbA.
HccaenoBanue MeTogaMu MOJIEKYJISIPHON TUHAMMKM U KnHeTH4Yeckoro Mounre-Kapuio

A.B. Poo;cxoel’*, B.C. Haymoel, C.K. Uznamoe*
! Hwxeropoackwuii rocyaapcTBennblii yausepceureT uM. H.W. JlobaueBckoro

*e-mail: alexeyrozhkov2011@yandex.ru

MuKpoKpHUCTaIBl JIbAa B aTMocdepe 3eMid UTparoT Pojb YacTHIl, 00ECIeUHBAOLINX
IIpOTeKaHWE peaklui, CKOPOCTh KOTOPBIX B ra3oBoil (pasze ucuesaronie Mana. B yactHocTH,
TaKUMHU peaxusIMu SIBIISTIOTCSI B3aUMHBIC IpEBpaLCHHS copOMpOBaHHBIX
kuciopoacoaepxkamux okuciurened (OH, OOH, O;, H;0;, Os3) Kuneruky m CKOpOCTb
NPOTEKaHHUs 3TUX PEaKIHUi CI0KHO M3MEPHUTHh B JIAOOPATOPHBIX HKCIEPUMEHTaX B CBS3U C
MaJIOM KOHLIEHTpalue akTUBHBIX YacTull. KuHeTnueckue napaMeTpsl 3TUX peakLuil MOTryT, B
npuHIUNe, OBITh  ONpeleNeHbl Ha  OCHOBE  MOJEKyJspHo-TuHamuyeckoro (M)
MmojenupoBanus. OgHako npsmoe M/ MmoaenupoBaHue 3TUX MPOLECCOB 3aTPYIHEHO B CBA3H C
MaJIOi CKOPOCTHIO T PY3MOHHBIX PEKUMOB ATHX PEaKIUil MpH HU3KKUX TemnepaTypax (T=50-
150K). B nanHO#W paboTe Uit ONpENeNCHUs] [NAHHBIX KHHETHYECKUX I1apaMETPOB MBI
UCIIOJIb3yeM KOMOWHAILIMIO METOAOB Kiaccuueckod MJI, ab initio MonekyispHO# AMHAMHKA
(AIMD) na ocuoBe meroma DFTB u kunernueckoro meroga Mounte-Kapio (AKMC), koTopbrit
ObUI paHee MPEMIOKEH IS ONMHCAHUS MEIJICHHBIX JU((Y3HOHHBIX MPOIECCOB B TBEPABIX
tenax [David S. D. Gunn, Neil L. Allanb and John A. Purtona. Journal of Materials Chemistry
A. 2014, 2, 13407-13414]. Ml monenupoBanue mnpoBoauiiock B mporpamme DL-POLY.
Monenupyemasi cuctema coctosuia u3 896 monekyn H,O (momens SPC) u paaukanoB H wim
OH B sueiike ¢ TpeXMepHBIMU HEPMOAMYECKUMH yciloBMsAMM pasmepamu 31 x 31 x 29 A,
Bpems mopenupoBanus cocraisio 10 10 He ¢ marom B 0.5 ¢e. Micnonb3oBanuck UHTErpaTop
Leapfrog/SHAKE. Tepmoaunamudeckue ycinousi coorBerctBoBanmn NVE u NVT ancamOisim
(repmoctar bepenjcena c¢ xapakrepuctuueckuM BpemeHeM 1 ¢c) mpu temnepatypax SO0K,
100K, 150K. M/] TpaexTtopun aHaIU3UPOBAIMCH OPUTMHAIBHON MPOTrpamMMON, OLIEHUBAIOLIEH
KodppuuueHTsl UG Qy3un BBHIOPAHHBIX YAaCTHL, YaCTOThl CTOJKHOBEHMH M Jpyrue
kuHeTn4eckue napametrpbl. s metona AKMC paszpabarbiBaeTcsi COOCTBEHHasl Iporpamma
pacuera, UCHOJb3YIOLasi AITOPUTMbl ONTUMU3ALUU UCXOIHBIX CTPYKTYp, @ TAKXKe CEJIOBBIX
Touek MetonoM mumepa [G. Henkelman and H. Jonsson. J. Chem. Phys., 111, 7010 (1999).]
Monenuposanue merogom DFTB-AIMD nposoaunocs no nporpamme DFTB+ (SCC-DFTB3)
[M. Elstner et al. Phys. Rev. B, 1998, 58, 7260] ¢ nmapamerpamu mio-1-1 anst atomoB O u H.
ITokazaHo, 4YTO cTaHAApTHbIE METOAbl Kiaccuueckod MJ] He CrmocoOHBI TNpaBHIBHO
BOCIIPOM3BOJNTh  XapaKTEPUCTHKH TU(P(GY3HOHHBIX H  PEAKIMOHHBIX IPOIECCOB TPHU
temneparypax Huwxke 150K u3-3a mManoil MOJBM)KHOCTH YacTHUI] MPU HHU3KUX TeMIlepaTypax.
CrnenctBueM 3TOro sBisierca 00ibIoi pazdpoc 3HaueHuil JuGy3HOHHBIX KO3(PPHUIINEHTOB,
olLleHUBaeMbIX 1o ¢opmyse DiHmTelHa. OpurnHanbHbiil MeTogq AKMC Takxke He MO3BOJISET
OJTHO3HAYHO OTPENEIUTh U3MEpseMbIe XapakTepuCTHKH. OIHAKO KOMOWHAIHMS STHX METOOB
obecreynBaeT 0JJHOBPEMEHHO OBICTPYIO OLIEHKY AH((y3MOHHO-KMHETHUECKUX MapaMeTpoB U
KaJTHOPOBKY 3TUX MPOIECCOB TT0 M3BECTHBIM CKOPOCTSIM MU dy3un. MoaeTnpoBaHue CHCTEMBI
Ha ocHoBe DFTB-AIMD mno3BossieT MNOAYyYUTh KHUHETHYECKHE MapaMeTpbl peakiiu
scradheTHOW Tepenayn MPOTOHA TpH B3aumojeicTBuu nByx OH pamukanoB B OKpyXeHUH
mouekyn Hy0.

Paboma evinonnena npu noodepoicke POOU (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 Liege, Allée du 6 Aout 11, B4000 Liege,
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).
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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
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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°%" 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: 4s4p4d4fss5p (Gd), 1s2s2p (O and F), 2s2p3s3p (S and CI),
3s3p3d4s4p (Se and Br), and 4s4p4d5s5p (Te and 1).

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 —7.2

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 GdCl  GdBr Gdl
le, A 1.8070 2.2901 2.4230 2.6445 1.9598 2.4127 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 84.9 151.1 1133 97.9 77.9

A comparison with limited experimental data published to date (D°y 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 ®e, and 2 kcal'mol *
in Doo.

This work was supported by the Ministry of Education and Science of the Russian Federation
(project No. 1800).
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CTpyKTypa M 3Heprusi KOMILIEKCOB BKJIIOYeHUs KYKYOuT|[7]ypuJioB ¢
AUKATHOHAMMCTHPHJIOBBIX KPacuTesel ¢ N-aMMOHUOAIKWJIBHBIN 3aMecTUTe1eM
Pa3JIM4YHOM JJITHHBI

A.C. Cmenko, B.I'. Asaxsn, A.U. Beoepnukos, I1.B. Jlebedes-Cmenanos,
H.A. Jlo6osa, C.II. [ pomos
Hentp poroxumuu PAH, 119421, Mocksa, yin. HoBatopos, 7a/l

C wucnonp3oBaHHMEM KBaHTOBO-XMMHUYeckoro wmeroga PM3 (cramgapTHble mapamerpsl,
nporpamma FireFly A. A. I'paHoBcKOro) ObLIM PacCUUTAaHBI ONTUMHU3UPOBAHHBIC CTPYKTYPHI
KOMIUIEKCOB BKJItOUeHUst KyKypout[7]ypun (CB7) — crupunossiii kpacutens (CK) (Puc. 1).
Hnuna N-3amectutens Kpacutens Obuta mpoBapbHpoBaHa. KOHCTaHTBI YCTONYMBOCTH
kommiekcoB CK@CB[7] B Boae ObulM  OIECHEHBI AKCIEPUMEHTAIBLHO  METOJIOM
CTIEKTPO(POTOMETPUIECKOTO TUTPOBAHHSL.

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

40000

40000

20000 - AB

30000 30000

20000

20000 20000 A

Mokrahsabaice
Mokrabsohance

10000 10000 10000

T L = =0 =0
= m w 1 =20 280 420 480 =00 Wameng
wamkngn Wavelength R

Puc. 1. Cpasnenue cnekmpos noenowenusn komniexkcod CK@CB[7] 6 3asucumocmu om
CMPYKMypol KOMAAEKca eKaoyenus, 20e L — paccmosanue om yenmpa macc kykypoum[7]ypuna
00 xpomogopa cmupunogozo kpacumens. (A — kpacumens, AB - komniexc)

O6napyxena Koppensius Mexay casurom  Makcumyma  JIIII  kpacurtens mpu
KOMILIEKCOOOpa30BaHUH U MOJIOKEHHEM €ro XpoMo(popa OTHOCUTEIIBHO MOJIEKYJIbI-KaBUTaH/a
CB7. B ciy4yae yacTUYHOrO MOrpyKeHUsS XpoMmodopa KpacuTess B MOJOCTh KyKypOUTypuia
(CK1, CK2) 6aroxpomusliii ciur Mmakcumyma JIIIIT kpacurens npu oOpa3oBaHUM KOMIUIEKCA
nocturaer 30 HM. s KOMIUIEKCOB BKJIIOUEHHUs Kpacutens ¢ N-aMMOHHOTEHTHIHHBIM
3amectutenem (CK3) casura makcumyma JIIII He nHaOmromaercs. B onTUMH3MPOBAaHHBIX
CTPYKTypax KOMIUIEKCOB BKJIIOUEHHS paccTosiHue oT 1eHTpa macc CB7 mia kpacureneil c
N-ammonuoankunsHeiM (CK1) 1 N-ammonmnonponunsaeiM (CK2) 3aMeCTHTENSIMU COCTABIISIOT
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0.4A u 1.1A coorBerctBenno, u CB7 pacmosoxeH Haj BHHHINUPHANHOBBEIM (DparMeHTOM
kpacutes, a ans kpacutens CK3 - 4A, npu 5ToM BUHUINMPUIMHOBEIA (QparMeHT KpacHTeNs
pacmosioxeH BHe rosioctu CB7.

IIposedennoe uccreooganue npedcmasisiem uHmepec O XeMOCeHCOpuku. Pabombi
BLINOJHANUCH NPU noOdepaicke epanma lIpezuouyma PAH.
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Bausinue 3amecTuTe/Ieli HA CIEKTPHI NOTJIoMeHus 1,8-HadTanuHcyabTama.

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

VBaHOBCKHUI TOCYIapCTBEHHBIN YHUBEPCUTET, OMOIOr0-XUMUUECKHUH (PaKyIbTeT

*e-mail: ealapikina@yandex.ru

[Mouck W wucceqOBaHWE COOTHOIICHUA MEXKIY CTPYKTYpOl M CBOWCTBaMHU (DIIyOpeCHEHTHBIX
MPOM3BOAHBIX HaTalMHa - aKTyalibHAs 3ajlaya COBPEMEHHOW TeopeTHUecKor xumuu. [lomydeHHbIe
KOPPEJSIIIUA MOTYT CITYKHUTh KaK JUIsl KAaueCTBEHHOTO, TaK M U KOJIMYECTBEHHOTO IMPOTHO3HPOBAHUS
CBOWCTB COECIMHCHWNM Ha OCHOBE 3HAHWHW OCOOCHHOCTEH WX TEOMETPHUYECKOTO M D3JIEKTPOHHOTO
CTPOEHHSL.

B pabore BBIIOMHEHO KBaHTOBO-XxuMuueckoe wmozenuposanne (TD-DFT(B3LYP)/6-311++G**)
ANIEKTPOHHBIX CHEKTPOB morjomenus 1,8-Hadrammacynbrama u Tpex ero 3amemieHHBIX (puc.l). Kak
MmokKasajd KOH(OPMAlMOHBIN aHanM3, BCE HCCICAYEMble COCAUHCHUS WMEIOT CIUHCTBEHHYIO
YCTOHYHBYIO T€OMETPUIECKYIO KOH(PUTYPAITHIO.

f0.40-
0.35 —— X=H, R=H
—— X=CH_, R=H
0.30 1 CH,, @) /X
X=CH,, R=1 Ny
0.25 V4
—— X=H, R=1 o]
0.20 - X

0.15

0.10 +

0.05

210 240 270 300 330 360 390
A, HM

Puc.1. BerunciieHHbIe JIEKTPOHHBIE CIIEKTPHI MorionieHus 1,8-nadranuucynprama u Tpex ero
3aMELICHHBIX.

IIpn momndukanuu 1,8-HadranuHcynpTama ObUTM MCIOJIB30BaHbI [Ba OTIMYAIOLIMXCS MO NPHUPOJIE
3amectutens (-CH; — 3neKkTpoHOIOHOPHBIH, -| — 3MEKTPOHOAKLENTOPHBIN), a TaKXKe HX COYETaHHE.
Beun paccMoTpeHs! deThipe THIa CTpYKTYp, kKoraa X = H u X = CH; Obutn BBelieHBI B HAQTaTHHOBEIH
OCTOB, a K a30Ty BBOAWIUCEH Wi R= H wm R=I.

AHanu3 MOJYYEHHBIX CIIEKTPOB IIOTJIOIICHHUS [IOKas3aJl, 4TO IpPU Mepexojie OT HEe 3aMelleHHOM
moutekynsl (X = H, R= H) x monekyne ¢ qByMs pa3znuyHbIMU 0 Tipupoje 3amectutensamu (X = CHjg,
R= 1) mabmiomaercs cMelieHHE IIUHHOBOJHOBOM IOJIOCHI TOTJOImIEHUS Ooiiee dem Ha 40 HM,
OCTaJIbHBIE TIOJIOCHI MOTJIOLICHUS JUIL  PAacCMaTpPUBAEMbIX MOJIEKYJ TaKKe CMEIIAIoTCs B
JUIMHHOBOJIHOBYIO 00nacTh. Kpome Toro, B 3TOM ke psAy NPOUCXOAUT HM3MEHEHHE COOTHOIICHUS
WHTEHCUBHOCTEH I10JIOC, MHTEHCHBHOCTh JUIMHHOBOJHOBOW TIIOJIOCHI pacTeT W JUIS COEJAMHEHHS C
X=CHjs, R=I cranoBurcs npeobnanaromiel B CieKTpe MOTIO0MIECHHS.

Takum oOpa3oMm, BBelneHHe B MojeKyly 1,8 - HadTalmuHCylbTamMa pa3IUYHBIX 10 NPHUPOJIC
3aMeCTUTeJIe! MIPUBOAUT K CMELICHUIO I10JIOC B CHEKTpE IOIVIOIIEHHs B JUIMHHOBOJHOBYIO 00/1acCTh,
npudeM Haubosee 3pdekTuBHBIM sBnsiercs: coueranne ¢ X = CHsz, a R= 1.

Paboma svinonnena npu ¢punancosoii noodepoicke PODU (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 m-system of substituents stabilizes the axial form
[']

Recently we started a systematic study of the molecular structures and conformational
properties of N-substituted 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 > Z/CNC=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-C5 plane of the averaged piperidine frame is 0=52-53° and 62-66°,
respectively. At the same time, the MP2 method yielded 0=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 o a (@'
110 kcal/mol at the B3LYP, M06-2X and MP2 levels with Q? -

the cc-pVTZ basis sets, respectively. Due to high orbital PR %

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

planar, making impossible to assign this molecule neither to - <t

axial, nor to equatorial conformation, but to ‘intermediate’ ¥ “\;

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, 1S-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) ¥

calculations in the work [1]. In this study, an attempt o '

was undertaken to evaluate information on the ¢ b -

conformational ratio of CNSIC by using IR |e & ':-a‘\" o 90 T
s cs (1] |

spectroscopy. ¢ ¥ “

The geometry and vibrational calculations were A; Eq

f ith 6-311G** (A -pVTZ (B i - -
performed with 6-311G™ (A) and cc-p (B) basis Fig. 1. Molecular structures of CNSiC

sets by applying B3LYP, M06-2X and MP2(FC)
methods. The experimental IR spectrum of liquid CNSIiC 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 AG,9s=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%. Si-H

These 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 M06-2X/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 25cm™ | 2000 2100 2200 2300 2400 2500
is larger than 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 | (liquid) IR spectra in the SiH and CN
lie in reverse positions as compared with the modes range of CNSiC

DFT 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 pacnpeejieHus1 3J1eKTPOHHOMN MIIOTHOCTH MOJIEKYJIbl TPHITHJIEH-TPHUAMM/T
¢ocdopHoil KUCTOTHI

A.A. Papacdonosa

VBaHOBCKUI rOCYJapCTBEHHBIN YHUBEPCUTET

Co3gaHue HOBBIX JICKAPCTBEHHBIX CPEICTB - OJHA W3 AaKTyaJlbHBIX 3a/1ad COBPEMEHHOU
XuUMU4Yeckoi Hayku. Opranudeckue coenuHeHHs ¢ochopa MPOYHO BOILIM B apCceHA
NPAaKTUYECKOH  MeAMUIUHBL ~ HamOosbliyl0o  MpakTHYECKYH  3HAYUMOCTh  HUMEIOT
docdopconepkamue JIeKapCTBEHHbIE TMpemnapatel ¢ ¢parmeHToOM P-N, cocTaBisromue
OCHOBHYIO TPYIIIY TIpEnapaToB JUis JICYCHHUs 37I0KAYECTBEHHBIX HOBOOOPA30BaHH.

B nanHoli paboTe OblIa BBIMOJIHEHA ONTUMHU3AIMS T€OMETPHH, pacueT 4acToT KojeOaHWi, a
takoke NBO-anamus pacnpeneneHus 3ieKTpoHHOW mioTHoctH Metomom  DFT/B3LYP ¢
ucrnoibp3oBanueM Oaszuca 6-31G* Monekynsl TpUATHIECH-TpHaMU (GOChOpPHON KUCITOTHI.
Morekyiaa COACPKUT TPH TPEXWICHHBIX IUKIMYECKHX (parMeHTa, IIOCKOCTH KOTOPBIX
PacIoJI0KEHBI O] Pa3HBIMU JH3PUYSCKUMHU yriiamu K cBsizu P-O: £-120.7° (AN3C3C4), £-
17.7° (AN2C5C6), £-10.8° (AN1C1C2).

o ¢

Puc. 1. Moaenb MoneKymbl TpUATHICH-TprHaMul GocHOpPHON KUCTIOTHI C YKa3aHUEM
UCIIOJIB3YEMOW HyMepalluu aTOMOB

Puc. 2. NBO Mounekynsl TpuaTUiIeH-TprHaMul GOCPOPHON KUCTOThI

Bennuunsl BaneHTHBIX yriaoB OPN cocraBunm 114°-117°, B TO BpeMsi Kak BaJICHTHbIE YIJIbI
NPN pasubl 101° u 106°. Takoe oTKIOHEHHE YeThIpeX cBs3ei aroma P oT TeTpasapuueckux
YIJ10B 00BsACHSAETCS 0OJIbLICH AMEKTPOHHON MIIOTHOCTBIO cBsi3u P-O (mopsinok csazu=1.26) no
CPaBHEHMIO C 3JIEKTPOHHOW MIOTHOCThIO cBsA3u P-N (mopsnok cBszn=0.71-0.75) B pamkax
TEOPHUH OTTAIKHBAHUS AIICKTPOHHBIX T1ap.

Crabunuszanus CTPYKTYpbl, H300paKEHHOM Ha pPHCYHKE, OMNpEeIensercs CyMMapHBIMU
JIOHOPHO-AKIENITOPHBIMUA B3aUMOJICHCTBUSIMH HemojaeneHHon mapel (LP) aTtomoB azora ¢
paspeixisiroriumu 1 NBO cBsizu P-O. HaubGonbiiee B3anMozeiicTBre HaOIIOIaeTCS MEXITY
LP(N3) u *(P-O), koTopoe coctaBisieT 9.5 Kkaji/Mob.

[TooGHOE pacnookeHne TPEXWIEHHBIX (PparMeHTOB HAOMI0AaeTCs B MOJIEKYJIe KpUCTaJlIa C
CepoM, KOTOPBIN siBIsieTCs d(OPEKTUBHBIM MPENnapaToM JUIsl JICUCHUS paKka MOJIOYHOM JKeJe3bl.
Takum oOpazom, NBO-ananu3 mo3BosisieT MOHATH MPUYUHY CTPYKTYPHBIX OCOOCHHOCTEH
COETMHEHUN JaHHOIo Kjacca.
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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) Ly and bright
(symmetry-allowed) *L,. Light absorption leads to 'L,, but the emission proceeds from *Ly, with
relatively high quantum yield. 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).

'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 «kMEPhI» (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 carrierst®. Later on, this method was adopted for extraction of external carriers,
generated by light pulse, the so-called photo-CELIV. It 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.

[T 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. Viliiinas, J. Kocka, Phys. Rev. Lett. 84 (2000) 4946.

4y, 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.l. Rudenko, S.D. Shutov, Phys. Status Solidi A 54 (1979) 67-
77.

[¥1v/.1. Arkhipov, A.I. 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 TepMOAMHAMHYECKHE CBOICTBA KJIACTEPOB BOJAbI H BJIHSIHHE
OPUEHTANMOHHOI U30MepPHH HA NX KOHIIEHTPAllMU B ra3oBoi ¢ase

E.A. Hlupoxosa™, O.C. Boponosa, C.K. Henamos, A.I'. Pazysaeg

Hwxeropozackuii rocynapctBeHHbiil yauepeuter nmenu H.W. JloGaueBckoro

*e-mail: ekashirokova@gmail.com

Knacrepsl Boasl ABISIOTCA OOBEKTOM MHOTOYMCIIEHHBIX MCCIIEAOBAaHHUM, Tak Kak uH(popmanus o0 ux
CBOHCTBaxX HEOOXOAMMa AJsl NPaBWIBHOIO OIHMCAaHUS pa3IWYHbIX aTMOC(epHbIX mpoueccoB. B
YaCTHOCTH, JaHHBIE MYJIbTUMOJICKYJSIPHbIE KOMIUIEKCHl BIHSIOT Ha paclpelelieHHe JHEPTrUH B
aTMocdepe, BHOCS TeM CaMbIM 3HAYMTENBHBIM BKJIaJ B HM3MEHEeHHWE Kiaumara. Kpome Toro, ectb
MIPEAIONIOKEHHE, YTO KIIaCTephl BOIBI 3HAYUTEIBHO YCKOPSIOT IPOLECCHI THIPOJIN3A M TMApaTaluy,
SBISISICh MX «Ta30(a3HBIMU KaTanuzaTtopaMuy. OJHAKO B OIIEHKaX TEPMOJMHAMHYECKHX (PYHKIHMH H
KOHIIGHTPAlMi KJIacTepoB BOJABI MMEET MECTO 3HAUUTENbHBIN pa3zdopoc. CTaHmapTHBIN moaxon —
pacueT TepMOIMHAMUYECKUX (PYHKIMH TOJBKO I HanOoJiee SHEPreTUIECKH BBITOAHOM CTPYKTYPbl —
HE YYUTHIBACT CYILECTBOBAHHE OIPOMHOIO YHCIIA OPUEHTALMOHHBIX M30MEPOB, BOSHUKAIOIINX 32 CUET
Pa3NUYHBIX TOTMOJIOTHIA CETKH BOIOPOJHBIX cBs3el. B maHHO# paboTe TepMOAMHAMHYECKHE pacueThl
MPOBOIATCA Uil OOJNBIION BBIOOPKM HM30MEPHBIX KOMIUIEKCOB M3 6 MOJEKyn Boabl. lcxomHble
CTPYKTYpBI BBIOpaHbI Ha OCHOBE OPUIMHAJIBHOW MPOTPaMMBbl, KOTOpas Ul 3aJaHHOTO «CKEIeTa
KHCJIOPOIHBIX aTOMOB T€HEPUPYET OPHEHTAIIMOHHbIE H30Mephl. PaccMoTpensl 96 nzomepos "book", 27
u3omepos "cage", 10 uzomepos "prisma”.

“Cage” “Book” “Prisma”
¢ :
I\‘. \—:k S‘O/‘

Puc. 1. Tpu Buga «CKeIETOB» KHCIOPOIHBIX aTOMOB JuTst KiactepoB Bojibl (H20)e

Metomom  B3LYP/6-311++G(2d,2p) mnpoBeneHa  ONTHUMHU3AIUS  TEOMETPHHM,  PACCUUTAHBI
Koyie0aTeNbHbIe YacTOTHl M TepMOJMHAMHUUYecKHe (YHKIUH u3oMepoB. Jlas Hamboiiee BBITOTHBIX
CTPYKTYP IOTOJHHUTEIEHO MPOBEAEHBI pacu€Thl BEICOKOTOYHBIM MeToioM G4. PaccuntaHbl KOHCTaHTEI
paBHOBecHs 00pa30BaHMs MYJIBTUMOJIEKYJSIPHBIX KOMIUIEKCOB M HMX KOHIIEHTpalM{ B ra3oBoi ¢ase.
VYcTaHOBNIEHO, YTO pacueT MO TEePMOJMHAMHYECKUM (YHKIUSAM TII00aIbHOr0O MUHMMyMa Ha -2
MOPSI/IKA 3aHIKACT KOHIIEHTPALMY KIaCTEePOB U MOXKET HCIIOIb30BATHCS TOJIBKO ISl HPOCTHIX CTPYKTYP
n3 2-3 wmonexkyn BoAbl. s Oosiee CIIOKHBIX KOMIUIEKCOB HEOOXOAMMO YYWTHIBATH SIBIICHHE
OpPHCHTAIIMOHHOW H30MepUH. Pe3ynbTarhl BepUPHUIUPYIOTCS IyTeM MPSMOTO  MOJEKYJSPHO-
JMHAMHYECKOTO MOJEIHPOBAHUs BOJASHOTO Tapa W OLEHKH BPEMEHH JKHU3HU 3aperUCTPHUPOBAaHHBIX
komriutekcoB. Konnenrpauust mumepos (H,0),, momydyeHHass Ha OCHOBE pacuéra MX BPEMEHH JKU3HH,
corliacyeTcss ¢ pe3ylibTaraMi KBaHTOBOXMMHUYECKMX pacuéroB Metozom G4. OmHako nmpuMeHEHUe
METOJIOB MOJICKYJISIPHOW JUHAMHUKH sl u3ydenus komiuiekcoB (H,O), mpu n>3 okasbiBaeTcs
He3(pPEKTUBHBIM BCIEICTBHE Malloi BEPOSITHOCTH WX 0O0pa3oBaHHUs 3a BpeMsl MOAEIHPOBAHUSL.
[Ipenmerom nanpHeierd pabOTHI SBIAETCS pa3pabOTKa CHEUUATBHBIX METOAOB AJIS BBICOKOTOYHOM
OLICHKHU KOHIICHTPAIMI KJIaCTEPOB BOJIBL.

Paboma evinonnena npu punancosoii noooepsicke PODU (npoexm Ne 14-03-00585).
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H-kommiekc n-H-NPONUJIOKCHKOPUYHONH KHUCJIOTHI ¢ MUPUANHOBLIM 3(pypomM napa-H-
NMPONUIOKCHOEH30MHON KNCJIO0THI — MOTEHIUAILHBbIN Me30reH

K.E. UInunesasn, H.U. I'upuuesa, M.C. @eoopos, C.A. Cuipdy

VIBaHOBCKHMIA TOCYIapCTBEHHBIN YHUBEPCUTET, Kadeapa oOpranndeckoil 1 (pu3ndeckoi XuMun

BricTpoe pa3BuTHE TEXHUKU MPEIbSBISIET HOBBIC TPEOOBAHUS K KUIKOKPUCTATUITHUECKUM MaTepUallaM.
MonekynapHbIi AU3aiiH ME30TE€HOB MOCTENEHHO YTPauuBaeT CBOW MOTEHIMANI. JTO 00YCIOBICHO TEM,
YTO KPYTI HOTEHIHWAIBHBIX CUHTOHOB Ul KOHCTPYMPOBAaHWS KaJaMHUTHBIX ME30I€HOB OIpaHWYEH H
xopo1o u3BecteH. IlosBUBIINECS ME30r€Hbl MHOM XUMUYECKON IpUpPOAbl (HapuMep, AUCKOTUYECKUE,
METaJIOME30TeHBI U JIP.) HE BCETAa JAl0T BO3MOKHOCTD CO3/AaHUs KUAKOKPUCTAUTMYECKUX MaTEPUAIIOB
C 3aJaHHBIMH CBOWCTBaMH. BomopomHas CBsS3p CcpeaW CIHeNH(PUISCKUX B3aMMOICHCTBHHA B
KHUIKOKPUCTAJUINYECKUX KOMIIEKCAaX BBI3BIBAET OCOOBIN MHTEpPEC. ITO CBA3AHO C OCOOBIM COUETAHUEM
€e CBOMCTB — BBICOKOH MPOYHOCTU M CTEPeoCHenn(PUIHOCTH C OJHONH CTOPOHBI, 1 JUHAMHUYHOCTH — C
JIpYIrOH.

B Hacrosmell pa0oTe BBINOJHEHO HCCIENOBAHUE CTPYKTYyphl H-KomIiekca Ha OCHOBE napa-H-
MPONHUIOKCUKOPUYHONW KHCIOTBI (A) € TNHUPUAMHOBBEIM B(PHUPOM IMapa-H-MPONIIOKCUOCH30HOM
kucioTel (B) a Takke ompeneneHHe XapaKTEPUCTHK MEKMOJCKYISIPHOH BOIOPOJHOHN CBs3bi0 B H-
KOMIUIEKCE.

Ilpu wmopmemupoBanuM H-KoMIUIekca HCHONB30BATHCH HaMOONee HHEPreTHUECKH  BBITOIHBIC
KoHpopMepsl Moekyl A u B. Jlnsg Bcex KOHPOPMEpOB OTIENBHBIX MOJIEKYNT M A H-komriekca
BBITIOJTHEHA ONTHUMHU3AIMS T€OMETPHUYECKUX MapaMeTpoB, a TAKKe PACCUYMTAHbl YacTOTHI KOJECOaHUS
metosiom DFT/B97D (yuuTthIBaromumM JUCTIEpCHOHHOE B3anMOIeHCTBHE) ¢ 6a3ucom 6-311++G**,
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Puc.1. H-xommuiekc, o0pa3oBaHHBIN napa-H-TIPONMIOKCUKOPHYHON KUCIOTOM (A) C
MUPUIXHOBBIM 2UPOM Tapa-H-MPOMHIOKCHOSH30MHOMN KUCIOTHI (B)

MesorenHasi yacTb MOJIEKYJbl A SBISETCS CTPYKTYpPHO JKECTKOH, B Moiekyne B Bo3MOxHO
3aTOPMOKEHHOE BHYTpEHHee BpallleHHe nupuauHoBoro ¢parmenra (Vo=0.4 Kkan/Moib), KOTOpoe
HPOUCXOMUT C CYIIECTBEHHBIM COXPAaHEHHMEM HAlpaBlIEHUs JUPEKTOpPa U JUIMOJIBHOIO MOMEHTa
MosieKyssl 3dupa. OnpeseneHbl  3J€MEHTbl TEH30pa MOJISAPU3YEMOCTH KOMIUIEKCA: Oy =/16.6;
a,y=323.7; 0,,=224.8.

OHeprus B3auMOJICHCTBHSI MEXIy Moiekynamu A u B, kotopas coctasuna -14.5 kxan/mons (-13.8
KKaJ/MoJb ¢ ydetoMm monpaBku BSSE Ha cymeprnosunmio 0a3ucHBIX HaOOpOB), paccudTaHa II0
dopmyie (rae SP — pacuersr Single Point):

[TomyueHHbIe XapaKTEPUCTHKH KOMITJIEKCA YKa3bIBAIOT Ha 00pa3oBaHHWE CHIBHOW MEXMOJEKYIISPHOM
BOJOPOIHOM CBSI3U M BBICOKOW aHU30TPOIINH 3JIEKTPOHHOMN TUIOTHOCTH.

Paboma sevinonnena npu ¢punancosoii noodepaicke Munucmepcmea oopasosanusi u Hayku P®
(6azosasn yacmo, 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)/XMCQDPT2? 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
157955 cm ™ (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.
2AA. 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,RuO, 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.)

YYarzhemsky V.G. Nanoscale Syst: Math. Modeling, Theory Appl. 2013, 2, 96-106.
“Sipsemckuit B.I., U3otos 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 ¥ JHepruu rpaHM4YHbIX OPOUTAJIeil MPOU3BOAHBIX MOP(UHA KAK
NOTEHIUAJBHBIX KOMIIOHEHTOB /151 (POT03/IEMEHTOB KACKAHOI0 THIIA

A.B. Manvuuesa, K.M. Conoamosa, A.1U. Cmupnosa, H.U. I'upuuesa, H.B. Yconvyesa
VBaHOBCKUI rOCYJapCTBEHHBIN YHUBEPCUTET

B mnocnennue roipl MOSBUIMCH NEPCIEKTUBHBIE OpraHUYeckue (HOTOBOIbTAMUYECKUE
STYEHKH, KOTOPBIE B OTJIMYUE OT TPATUIIMOHHBIX HEOPTaHWYECKUX KPEMHHEBBIX, NEIICBIIC U
JIerye B MPOU3BOJICTBE.

Cpeau HUX 3JE€MEHTBHI KacKa/JHOTO THUIIA BBI3BIBAIOT OCOOBIM MHTEpPEC HMCCIEN0BaTENEH,
MIOCKOJIbKY OHHM pabOTal0T CO 3HAUUTENbHO OOJBIIEH YacThIO COJIHEYHOTO CIEKTpa U
TEOPETUIECKH MOTYT uMeTh Oombimii KIT/I.

B kadecTBe BO3MOMKHBIX KOMIIOHEHTOB TaKHX KAaCKaJHBIX CHCTEM MOTYT BBICTYINATh
MPOU3BOJIHEIE TOpPGUHA PA3IMYHOTO KOMIUIEMEHTAPHOTO CTPOCHUS U C ONPEACICHHBIM
COOTHOIIEHUEM IIUPHUHBI 3aMPEIIEHHON 30HBI.

Hamu paccMOTpeHbI TpH MIPEICTAaBUTEIIS TIPOU3BOTHBIX nopduna:
teTpabenzonopdupuHar muHka (1), cMmelraHHO-3aMeleHHbIH (ranonuanud tumna AszB (2),
TeTpa-3aMEIICHHbIN  (TamonuanuH ¢ a3oxpomodopHbiMu  rpymmamu  (3).  Metogom
DFT/B3LYP/6-311++G** BpImonHeHa TeOMETPHYECKAs ONTUMHU3AIMS U PACCUNTAHBI YaCTOTHI
KOJIeOaHU MOJIEKYII.
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Bce Mosekynbl UMEIOT TUIOCKYIO CTPYKTYPY MaKpOT€TEpOLUKIIA.
B tabnuiie npuBeeHbl SHEPTUU T'PaHUYHBIX OpOUTaIel U pa3HULAa MEXly HUMHU (3B).

1 2 3
Eg3mo -4,97 -4,84 -5,28
Encmo -2,49 -2,89 -3,35
AE 2,48 1,95 1,93

Ha ocHOBaHMM pacyeToB MOKa3aHO, YTO PACCMOTPEHHbIE COEUHEHUSI MOTYT IMOTJIONIATh
dbotorsl B BuauMOM obOmactu crektpa. Opnako, BenmuunHa AE s coegunenus 1
CYIIECTBEHHO OOJIbIIE, YeM ISl COSAMHEHUN 2 1 3.

Takum 00pa3oMm, co3gaHue KOMIO3HMIMN W3 JABYX CIIOEB JOHOPHBIX COeqUHEHWH 1 m 2
i 1 u 3 MO3BOJIUT PACHIMPUTE AUATNIA30H JJIMH BOJH B CIEKTPE MOTIOMIEHUS OPTaHUYECKOM
(hOTOBOJIbTAMUECKON STUCHKH.

Paboma noooepoicana npoepammoii Munobpuayxu P® 6 pamxax eocyoapcmeennoco 3a0anus
Heanoeckomy  e2ocyoapcmeennomy — yHugepcumemy Ol 8bINOIHEHUS HAY4HO-
uccneoosamenvckux pabom na 2014-2016 22 epanm Ne4.106.2014K. u uacmuuno evinonena
npu gurarcosoii noodepsicke PODHU (epanm Nel6-03-00883 a)
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