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CoOopHuK Te3ucoB N0KIa70B BToporo mexaynapoanoro cumnosuyma '"KomnblorepHoe
obecrneueHne xumMuiecknx nccjaeqopanuii'’ u Tperbeii ceccun MKoJIbI KOHpEPEHINA MO
KBAHTOBOIl W BBIYHCJNTENbHONH xumun uMm. B.A. ®oxka. [IpencrapieHHble B COOpHHUKE
TE3UChl JOKJabl OXBATHIBAIOT BCE AacleKTbl MPUMEHEHUS KOMIIBIOTEPOB B XWUMUM:
MOJIEKYJISIPHOE MOJIETMPOBAHUE, MCIMOJIb30BAHUE KOMIMBIOTEPOB B OOYYEHUU, INEKTPOHHbBIE
O6uOaMOTEKU W Oa3bl JaHHBIX IO XUMUH, HMHTEPHET-PECYPCHI /ISl XMMUKOB, BHIUMCITUTEIBHYIO
Y KBAHTOBYIO XUMMUIO, BU3YaAIU3ALUIO JAHHBIX XUMUYECKUX UCCAEAOBaHUM, U T.11. OCHOBHAs
Macca J0KJIaJ0B MOCBSILIEHA PA3JIMYHBIM aCMEKTaM BbIYMCIIUTEILHON M KBAHTOBON XUMUU,
KakK METO/I0JJOTUYECKUM, TaK U MPUKJIAHBIM,

OtBetcTBeHHbIH 3a Bhinmyck K.X.H. U.H.Cenuenst

@ UOX um. H.J].3enunckoro PAH
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TaprakoBcknii Bragumup AsexcanapoBuny,
akajeMuk, Tupektop Uacrutyra oprannyeckoii xumun um. H.J[.3eannckoro PAH

Hoporue npy3bs,

Sl pan npencraBuTh Baluemy BHMMaHMIO COBMECTHbIH COOPHMK TE3MCOB JIOKJIA/I0B
MexayHapoaHoro cumnoszuyma "KommnberorepHoe obecneueHue XuMUUeCcKUX UccieoBaHui "
u 3-eif LIKOJIbI-CEMUMHApa [0 KBAHTOBOW W BbIUMCIUTEIbHOW xumuu um. B.A.Doka.
[ly6nukanust coBMECTHOro cOOpHMKA HeE SBJISETCS CIy4aiHOH, Tak Kak COBPEMEHHbIE
UHPOPMALMOHHBIE TEXHOJOIMU MO3BOJWIM UHTErPUPOBATh TEPPUTOPUAIBHO YAAJCHHBIE,
CreLMaIM3UpOBaHHbIE MEPONPUITHUS CPEACTBAMU BUAECOKOH(EPEHL -CBSI3H.

MBbl - orpomHasi cTpaHa, a reorpapuueckue pa3mepbl BbIIBUTAIOT U CBOM TPEOOBAHUS .
Hcnonb3oBaHre COBPEMEHHBIX HMH(OPMALMOHHBIX W TEEKOMMYHUKALUMOHHBIX CPEJCTB
MO3BOJIUIAO  cOMM3WUTL  HayuyHOoe cooOuiecTBo.  bosiblioe  KOJIMYECTBO — AOKJIA/A0B,
MPEICTABIEHHbIX B 3TOM COOpHUKE, - pe3yJibTaT padoThl UCCIIENOBATENLCKUX IPYII, YJIEHbI
KOTOpBIX paboTaloT B YJaJE€HHBIX APYr OT Apyra Hay4HbIX LieHTpax. bosiee Toro, mpu
MOJATOTOBKE CHUMIMO3MYyMa MW IIKOJIbI OBbUIO TOJHOCTBIO HCKIIIOYEHO HCMOJB30BaHUE
TPaJMUMOHHBIX OyMaKHBIX HoOcHTesei, Becb 0OMeH wuHpOpMauueld MPOUCXOAUT B
JJIEKTPOHHOI (opme - perucrpaiusi, NOATOTOBKA TE3MCOB, PACChLIKa HMH(POPMALIMOHHBIX
cooOuleHnit u T.1. DTO CYIIECTBEHHOIO YCKOPUJIO BECh NPOLECC MOArNOTOBKM 0O00UX
MepornpuiaTuid. Sl Xouy HagesTbCs, 4YTO Ha CIEAYIOLWMH CUMNO3uyM OOJIbLUMHCTBO
YYaCTHUKOB NPUEJET C NOPTATUBHBIMU KOMIILIOTEPAMH, @ TE€, KTO MO KAKUM-JIMOO MpUUMHAM
HE CMOTYT mpuexaTb, OyAyT MMeTh BO3MOXHOCTh yYacTBOBaTh BUPTyaslbHO. Pazymeercs,
(bakTOp TMUHOTO OOIICHHS MEXAY YUYEHbIMA HECOMHEHHO SIBJISIETCS YPE3BbIYAHO BXKHBIM U
COXPAaHUTCS Ha JIOJIT0e BPEMS.

Sl cuMraro CUMNO3MYM M CEMMHAp YPE3BbIYAWHO BAXKHBIMU [0 CJIEAYIOLLUM
npuurHam. [Ipexae Bcero, npuMeyaTesbHO, YTO OJHU M3 MEPBbIX HAYUHbIX MEPONPUSITUIA B
HOBOM TbICSIYEJETUM CBSI3aHbl C HMCIOJb30BAHUEM KOMIBIOTEPHBIX TEXHOJIOIMA M HX
npuMeHeHuem B xumuu. Kommbrorepsl rnpeobpa3uiiv Hall MUp, CAE/and Hallkd KOHTAKTbI
Opyr ¢ japyroMm Oonee mnpoayKTHBHbIMU. [Iporpecc B Hayke B OrpOMHON CTeNeHH
onpeaenseTcs CKOpocThlo oOMeHa uWHpopmanueii. HMIMEHHO MO3TOMY MBI BCSIUECKH
MOIEPKUBAEM M coaeiicTByemMm pa3BUTHIO  MH(OPMALMOHHO -BBIYUCIUTEBHOM
MHpacTpyKTyphl B HaweM WMHCTUTYTE, M Hajeemcs, YTO dTa CTPYKTypa sBIseTcs ceifuac
OJIHOM M3 JiyuwuX B crpaHe. Kpome Toro, HecMOTpsi Ha OObEKTUBHbIE, CEPbE3HBIE TPYAHOCTH
JUll OTE€YECTBEHHOW HAyKu, POCCUHCKHUE YUYEHbIE-XMMUKMU MO-NPEKHEMY JIEMOHCTPUPYIOT
BBICOKMIl YpPOBEHb HayYHbIX HCCJIEJOBAHWH W JAaHHBIH COOpPHMK - elle OJIHO TOMY
noaTrBepxkaeHre. M HakoHell, MpUOOIIEHNE K COBPEMEHHBIM KOMTBIOTEPHBIM TEXHOJIOTHSIM
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MOJIO/IOTO MOKOJIEHUSI POCCUICKONM HAayKH, OYEBUIHO, OYJE€T UMETh OTPOMHOE 3HAUYEHHUE IS
pa3BUTHA POCCUNCKON XUMUHU.

Sl xenaro yyaCTHMKAM CUMIIO3MyMa U 1IKOJIbl CEMUHApa YAauHOU pabOThl U HAJICIOCH,
YTO HOBbIC TEHJCHLIMU B BBIYMCIUTEIbHBIX METOJaX W MH(POPMALIMOHHBIX TEXHOJIOIUSIX B
XMMUU, BBISIBIIEHHbIE BO BpeMs JUCKYCCHM, pa3OBBIOTCS YCMEWIHO W MPOAYKTHBHO. Y Hac
Brepead MHOTro padoThl. M g TBepo Beplo, UTO HOBbIE KOMIBIOTEPHbBIE TEXHOIOIMH BHECYT
CBO# JOCTOMHBINA BKJIa[ B pa3BUTHUE POCCUMNCKON XUMHUH .
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Valentine P. AnanikovDjamaladdin G. Musaev, and Keiji MorokumflEORETICAL
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Apremenko H.B., backun W.M., Tlamonun B.A, 3epupos H.C. [NIPUMEHEHUHE
UCKYCCTBEHHbIX HEMPOHHbBIX CETEM B COUETAHMU C ITOJACTPYKTYPHbIM
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M.V.Basilevsky, G.V.Davidovitch THE LOW TEMPERATURE RATE EXPRESSION
INCLUDING TUNNELING IN CONDENSED PHASE

Bataev V.A., Abramenkov A.V., Godunov |.A. QUANTUM-MECHANICAL
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Bataev V.A., Pupyshev V.I., Abramenkov A.V., Godunov |.A. QUANTUM-MECHANICAL
INVESTIGATION OF A STRUCTURE OF THE MOLECULES OF CARBONYL
COMPOUNDS IN THE GROUND AND LOWEST EXCITED ELECTRONIC STATES

benenukun M.C., backun U.HN., IMTamonun B.A., 3epupos H.C. MOJIEJIMPOBAHUE
AMHWHOKOHIEBBIX JOMEHOB METABOTPOIIHBIX I''TYTAMATHBIX
PELIEIITOPOB 1 NX KOMIIJIEKCOB C JIM'TAHJIAMMU C ITOMOUIbIO METOJIA
MOJIEKVJISIPHOM JIUHAMUKHU

I.V. Beregovaya, L.N. Shchegoleva POTENTIAL ENERGY SURFACE STRUCTURE OF
HALOBENZENE RADICAL ANIONS
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MODIFICATION OF CARBON NANOTUBES AS A WAY TO CREATE NANOMETER-
SCALED HETEROJUNCTIONS

Mikhay! F. Budyka, Tatyana S. Zyubina, Alexander G. Ryabenko COMPUTER
MODELING OF G CLUSTER ADDITION TO Go

V.P.Bulychev, V.G.Kuznetsov, |.I.Tupitsyn CONCERTED HIGH-PRECISION SOLUTION
OF ELECTRONIC AND VIBRATIONAL-ROTATIONAL PROBLEMS FOR THE HI
MOLECULE.

A.A.Buchachenko, R.Prosmiti, P.Villarreal, G.Delgado-Barrio AB INITIO ANALYSIS OF
THE STATIONARY POINTS ON THE H5+ CLUSTER ION POTENTIAL ENERGY
SURFACE AND ITS DIM DESCRIPTION

A.A.Buchachenko, M.M.Szczesniak, G.Chalasinski PHOTOELECTRON SPECTROSCOPY
OF THE WEAKLY-BOUND ANIONS

V.N.Vasyukov, V.A.Shapovalov, V.P.Dyakonov,A.F.Dmitruk, E.A.Aksimentjeva,
H.Szymczak, S.PiechoiVESTIGATION OF STRUCTURE OF Fe3+ MAGNETIC
CENTER IN POLY-PARA-PHENYLENE

7

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

M.V. Vener, L.V. Rostov, A.V. Soudackov, M.V. Basilevsky SEMIEMPIRICAL
MODELING FREE ENERGY SURFACES FOR PROTON TRANSFER IN POLAR
APROTIC SOLVENTS

Yu. B. Vysotsky, V.S. Bryantsev ABOUT QUANTUM-CHEMICAL DESCRIPTION OF
ADSORPTION OF MOLECULES ON THE SURFACE OF METAL IN SOLUTIONS OF
ELECTROLYTES

Yu.B. Vysotsky, V.S. Bryantsev CALCULATION OF THE THERMOCHEMICAL
PROPERTIES OF CONJUGATED HYDROCARBON RADICALS

Galpern E.G., Stankevich I.V., Chernozatonskii L.A., Sabirov R&R.IMER
STRUCTURES OF (6,0) NANOTUBES: GEOMETRY AND ELECTRONIC PROPERTIES

E.I'. I'aneniepH, MU.B. CrankeBud, A.JI. Yuctakos, A.P. Cabupos MOJIEJIMPOBAHUE
CTPYKTYPbI U DJIEKTPOHHOI'O CTPOEHHM A KBA3U-IBYMEPHOI'O
I[TOJIMMEPHOI'O CJIOSI HA OCHOBE ®VYJIJIEPEHOB [C36]n METOJAMM
KBAHTOBOW XUMHWU

H. I1. 'amGapsH, A. JI. YUuctakos, M. B. Ctankesuy, M. C. Axpem HOBbBIM MEXAHU3M
AKTHUBAILIMU AJIKAHOB (HA ITPUMEPE MOJIEKYIJIbI I[TPOITAHA)
CVYIIEPDJIEKTPO®UIIAMU HOBOI'O ITOKOJIEHU S

E.V. Gromov and A.B. Trofimov AN EFFICIENT ALGORITHM AND ITS
IMPLEMENTATION FOR LARGE-SCALE VIBRONIC COUPLING CALCULATIONS

Dmitrii V. Glukhov and Renat R. Nazmutdinov ELECTRONIC TRANSMISSION
COEFFICIENT IN THE REACTIONS OF HETEROGENEOUS CHARGE TRANSFER:
QUANTUM CHEMICAL CALCULATIONS

A. A. I'panosekuii, A. B. Hemyxun. [TAPAJUIEJIbBHAA PEAJIM3ALIUA PACUHETA
DHEPTETUYECKOI'O BKJIAJIA TPEXKPATHbBIX BO3BYXXJIEHWI B YUETBEPTOM
[TOPAJIKE TEOPUU BO3MVYILIEHWM B BAPUAHTE MEJIJIEPA -IJIECCE (MP4) JIJIs
CUCTEM C 3AKPLITbIMH OBOJIOYKAMMU.

E.l. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer Ill. THE
INFLUENCE OF LIGAND NATURE ON STRUCTURAL AND ENERGETIC
CHARACTERISRICS OF SiX4*nL ADDUCTS.

E.l. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer III.
RELATIONSHIP BETWEEN THE ENERGY OF DONOR-ACCEPTOR BOND AND THE
REORGANISATION ENERGY IN MOLECULAR COMPLEXES

M. B. Darhovskii, M. G. Razumov, A. L. Tchougreeff, I. V. Plethev MOLECULAR
MECHANICS — EFFECTIVE CRYSTAL FIELD CALCULATIONS OF LOW- AND
HIGH-SPIN Fe(ll) COMPLEXES WITH PYRIDINE-CONTAINING LIGANDS

Deineka G.B. RELATIVISTIC TREATMENT OF HIGHLY-CHARGED HEAVY IONS
COLLISIONS BY FINITE SET OF HERMITIAN B-SPLINES BASIS

Irina A. Delyagina, Daria B. Kokh, Anatoly M. Pravilov, Anatoly V. Titov MULTY-
REFERENCE CONFIGURATION INTERACTION STUDY OF THE VALENCE AND
TRIPLET ION-PAIR STATES OF THE FLUORINE MOLECULE

8

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

Hmutpuer A.B., Mcaepa I'.A., Cnykuna F0.J1., Ucaes I1.II. KBAHTOBO-
MEXAHHWYECKAS MOJIEJIb IBUXXEHWSA MOHA B TPAMULIMIMHOBOM KAHAJIE
MEMBPAHBLI

Dobrogorskaya Y.l., Bochenkova A. V., Grigorenko B.L., Nemukhin A.V. SIMULATION
OF THE PROTON TRANSFER IN ACID PROTEINASE (RHIZOPUSPEPSIN) USING
HYBRID QM/MM METHOD BASED ON EFP METHODOLOGY.

A.M.Dobrotvorskii N-BODY INTERATOMIC POTENTIALS CALCULATED IN QUASI-
FERMION APPROXIMATION: THEORY AND APPLICATIONS

A.10. Tosxkerko, C.A. Kpamakos [TAPAJUIEJIbHA I HEUPOHHAS CETb C
YIAJIEHHBIM JIOCTYIIOM HA BA3E PACIIPEJIEJIEHHOI'O KJIACTEPA 3BM

Dolgov E.K., Bataev V.A., Godunov |.A. QUANTUM-CHEMICAL INVESTIGATION OF
THE NITROSOMETHANE MOLECULE STRUCTURE IN THE GROUND AND
LOWEST EXCITED ELECTRONIC STATES

S.P.Dolin, A.A. Levin, T.Yu. Mikhailova, M.V.Solin QUANTUM CHEMISTRY OF
FERROELECTRIC SOLIDS: ELECTRONIC STRUCTURES AND PECULIAR
PROPERTIES OF 0D #1(SQy), - TYPE MATERIALS

A.A. Dulov, L. A. Abramova, S. P. Baranov AN APPLICATION OF THE MC
SIMULATIONS TECHNIQUE TO THE CVD-INDUCED SURFACE GROWTH
DYNAMICS

P.N. Dyachkov AUGMENTED WAVES METHODS FOR ONE- AND ZERO-
DIMENTIONAL SYSTEMS

U.B.Epumenko, U.A.Abpouun, K.U.Kobpakor SJIEKTPOHHOE CTPOEHUE,
OTHOCHTEJIbHAA CTABMJIBHOCTH U MAT'HUTHO-PE3OHAHCHBIE
ITAPAMETPLI PAJIMKAJIOB, OBPA3YIOLLIMXCA ITPU PAJJMALIMOHHOM
OBJIYUEHHWU LIEPCTH.

V.P. Efimov, V.N. Urazbaev, Z.M. Sabirov@S- AND S-TRANSBUTADIENE
COORDINATION ON ACTIVE CENTERS WHICH ARE GENERATED AT DIENES
POLYMERIZATION ON CATALYSTS ON THE BASIS NDCI3.3TBF-AIR3

M.V.Zhigalko, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo* ELECTRON DENSITY
DISTRIBUTION ANALYSIS IN NEUTRAL, MONO- AND DIANIONIC B6
OCTAHEDRONS

Grigory A. Zhurko, Denis A. Zhurko, Ivan N. Senchenya CHEMCRAFT — A POWERFUL
TOOL FOR MOLECULAR BUILDING, TREATMENT AND PRESENTATION OF
CHEMICAL DATA

Kyuxos A.B., Apuayros C.A.IIEPCIIEKTHUBbI UCIIOJIb30BAHUS EJIMHON CPEJIbl
PACIIPEJIEJIEHHBIX PECYPCOB (GRID) U1 UTHOOPMALIMOHHOI'O
OBECIEYEHUS XUMHWYECKHX UCCJIEJIOBAHUM

3aitnytnunoB A.B., PoxkoB A.H., Ucaesa I'.A., Imutpues A.B., Ucaes [LII.
MOJIEJIMPOBAHUE PABHOBECHOW TEOMETPUY AMUHOKUCJIOT BO
BHEHIHEM BJIEKTPOCTATHUUYECKOM T10OJIE
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A.Zaitsevskii and Ch.Teichteil AB INITIO QUASIRELATIVISTIC CALCULATIONS OF
ELECTRONIC TRANSITION PROPERTIES BY THE MULTIREFERENCE MANY-
BODY PERTURBATION THEORY

A. Yu. Zakharov ELEMENTARY EXCITATIONS IN CLASSICAL STATISTICAL
MECHANICS

M.A.Zakharov STATISTICAL THERMODYNAMICS OF TERNARY SOLID
SOLUTIONS WITH MUTUALLY RELATED COMPONENTS

M.A.Zakharov DIFFUSION KINETICS OF TERNARY SOLID SOLUTIONS WITH
MUTUALLY RELATED COMPONENTS

V.V.Zverev AB INITIO AND DFT SIMULATION OF MOLECULAR AND
ELECTRONIC STRUCTURE OF CALIX[4]JARENES [-C6H3(O-HO)-Y-]-4, Y=CH2, NH,
0, SIH2, PH, S, P(O)H

Vladislav V. Zverev, Victor A. Vasin ISOMERS OF THE RADICAL CATION OF 1-
METHYLTRICYCLQO[4.1.0.02,7]HEPTANE

V.V.Zverev, |.A.Nuretdinov. INTRODUCTION TO QUANTUM CHEMISTRY OF
FUNCTIONALLY SUBSTITUTED FULLERENES

V.V. Zverev, |.A. Nuretdinov, V.P.Gubskaya,V,V,Yanilkin POTENTIAL OF IONIZATION
AND ELECTRON AFFINITY. CATION AND ANION RADICALS OF FUNCTIONALLY
SUBSTITUTED DERIVATIVES OF FULLERENES

Zoueva E.M., Galkin V.l., Cherkasov A.R., Cherkasov R.A. VARIATIONAL
CALCULATION OF ELECTRONIC CHEMICAL POTENTIAL OF A MANY -
ELECTRON SYSTEM

T.C.3100uHa, B.®.Pazymos, C.b.bpuukun, JI.A.Jlemenosckuii* KBAHTOBO- ’
XUMHWYECKOE UCCIIEJOBAHUE CYTIPAMOJIEKYJISPHBIX KOMIIJIEKCOB 4,4-
JUITNMPUINIUWIIDTUJIEHA C HUTPATOM CEPEBPA.

Ignatov S.K., Razuvaev A.G., Sennikov P.G.,Chuprov L.A. GAS-PHASE INTERACTION
OF SILICON TETRAFLUORIDE WITH WATER. A COMBINED AB INITIO AND FTIR
STUDY

S.K.Ignatov, P.G.Sennikov, A.G.Razuvaev, L.A.Chuprov MOLECULAR COMPLEXES OF
SILICON TETRAFLUORIDE WITH WATER, METHANOL, AND DIMETHYL ETHER
FROM THE LOW-TEMPERATURE IR SPECTROSCOPY AND QUANTUM CHEMICAL
DATA

Ignatov S.K., Razuvaev A.G., Chuprov L.A., Sennikov P.G. COMPLETE
INTERMOLECULAR POTENTIAL ENERGY SURFACE OF WEAK-BONDED
COMPLEXES CH4H20 AND SiH4 H20

Isaev T.A., Mosyagin N.S., Titov A.V., *) Alekseyev A.B., Buenker R.J. GRECP/MRD-CI
CALCULATION OF THE ELECTRONIC STRUCTURE OF PbH

Kabanov A.V., Komarov V.M. POLYMORPHISM OF HYDROGEN BONDING IN THE
SHORT DOUBLE HELIXES OF OLIGONUCLEOTIDES. QUANTUM-CHEMICAL
SEMIEMPIRICAL STUDY.
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O.T. Kanuna, A. JI. Yuctakos, W. B. Ctankeuu, b. JI. Tymanckuiit UCITOJIb3OBAHHE
JAHHBIX KBAHTOBO-XUMHWYECKHWX PACUETOB J1JIA OITPEJAEJIEHU A
PEAKLIMOHHOM CIIOCOBHOCTU HEKOTOPbBIX ®YJIJIEPEHOB U UX
IMTPOU3BO/IHbIX B ITPOLIECCCAX PAJIMKAJIbBHOI'O IITPUCOE/IMHEHU A

K.K.Kalninsh ELECTRONIC EXCITATION IN ANIONIC POLYMERIZATION OF
BUTADIENE. NON EMPIRICAL CALCULATIONS OF REACTION COMPLEXES

llya G. Kaplan NATURE OF BINDING IN CLUSTERS WITH CLOSED VALENCE-
SUBSHELL ATOMS: ALKALINE-EARTHS

V.B.Kobychev, N.M.Vitkovskaya, N.S.Klyba, B.A.Trofimov ACTYLENE-ALLENE
REARRANGEMENT IN SUBSTITUTED PROPYNES: A THEORETICAL STUDY

V.B. Kobychev, N.M. Vitkovskaya, I.L. Zaytseva, E.Yu. Larionova, B.A. Trofimov A
THEORETICAL ANALYSIS OF PYRROLE ANIONS ADDITION TO CARBON
DISULFIDE

I1.B. Koposrkos DJIEKTPOHHAS CTPYKTYPA AIAMAHTAHA

Korovina O.D., Radchenko E.V., Palyulin V.A., Zefirov N.S. QUANTITATIVE
STRUCTURE-ACTIVITY RELATIONSHIP STUDY OF SUBSTITUTED
AMINOTETRALINE ACTIVITY TO 5-HT1A SEROTONINE RECEPTOR USING THE
CHARGE DESCRIPTORS

R.V. Krems, A.A.Buchachenko, J.Klos, G.Chalasinski, M.M.Szczesniak INTERACTION
POTENTIALS AND COLLISION PROPERTIES OF THE RARE GAS - SULFUR OPEN-
SHELL SYSTEMS

Krasilnikov V.V., Udovenko I.V. TO QUESTION ON NONIDEALITY OF CATALYTIC
CHEMICAL REACTIONS IN THE SLOGL MODEL

A.A.Ky6acos, H.®.Crenanos, 51.B.Tuxuii, E.b.JluabkoBa MOJIEJINPOBAHUE
B3AUMOJIEMCTBUS ITPOCTHIX CITUPTOB C JIbOUCOBCKWMMU IITEHTPAMU
LEOJIMTOB METOJIOM DFT

Kudich A.V., Bataev V.A., Abramenkov A.V., Godunov |.A.AB INITIO QUANTUM-
MECHANICAL CALCULATIONS OF A STRUCTURE OF THE PROPANAL
MOLECULE IN LOWEST SINGLET AND TRIPLET EXCITED ELECTRONIC STATES

A.E.Kuznetsov, A.I.Boldyrev THEORETICAL EVIDENCE OF AROMATICITY IN ALL-
METAL SPECIES

An.M. Kuznetsov, A.N. Masliy and M.S.Shapnik A SIMPLE MODEL FOR THE IONIC
ADSORPTION ON ELECTRODE SURFACES FROM POLAR SOLUTIONS: DENSITY
FUNCTIONAL THEORY AND CONTINUUM SOLVATION MODEL

An.M.Kuznetsov, A.N.Masliy and M.S.Shapnik A QUANTUM-MECHANICAL
TREATMENT OF THE ELECTROREDUCTION MECHANISM OF Cu(l) CYANO-
COMPLEXES FROM WATER SOLUTION

V.G.Kuznetsov, A.l.Panin OPTIMIZATION OF GEOMETRY OF TRIATOMIC
MOLECULAR COMPLEXES Ag3, Ag3*{+}, AGg"{+2}: AB INITIO CALCULATIONS
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V.G.Kuznetsov, V.A.Telezhkin ELECTRONIC STRUCTURE OF SIO2: AB INITIO
MULTIDETERMINANT METHOD WITH LOCALIZED ORBITALS WITHIN A QUASI-
COMPLEX APPROACH

M.b.Ky3bMuHckuii, A.C.Menakosuu BBICOKOITPOU3BOJIUTEJIbBHBIE BBIUNCIIEHUA
B XUMHWHN: COBPEMEHHBbIE TEHJIEHLIMN

Kyp6atopa C.B., Bapdonomeesa B.B., Konsirua C.b, Canosun A.I'. KOMIIbIOTEPHOE
MOJIEJIMPOBAHUE KUHETUKW I'ETEPOI'EHHBIX ITPOLIECCOB B
XUMHUYECKUX CUCTEMAX METOJOM BEPOATHOCTHOI'O KJIETOYHOI'O
ABTOMATA

G.V.Latishev, A.Yu. Ermilov THE SOLVENT EFFECT MODELING OF THE
VIBRATIONAL SPECTRUM OF HYDROGEN SULFIDE

E.Ya. Levina, Ya.A. Levin DIASTEREOMERIC COMPOSITION OF 1,2-
DIHYDROHETERINES

Liverts E.Z. UNCONVENTIONAL CONSIDERATION OF THE SYMMETRY
PROPERTIES. NEW TECHNIQUES AND COMPUTER CODES. APPLICATION FOR
HIGH-TEMPERATURE SUPERCONDUCTORS

Luzanov A.V. SIMPLIFIED MODELS OF INTERMOLECULAR INTERACTIONS OF
LARGE SYSTEMS

A.V. Marenich, V.G. Solomonik THE VARIATIONAL SOLUTION OF THE NUCLEAR
DYNAMICS PROBLEM FOR LARGE AMPLITUDE MOTION IN THE MkXO4 (k = 1, 2)
MOLECULES

A.N.Masliy, L.V.Slavina, V.K.Polovnjak, An.M.Kuznetsov QUANTUM-CHEMICAL
INVESTIGATION OF THE SUBSTITUTION OF CH3COO- -GROUPS BY BIS-ARSINES
IN THE ACETATE COMPLEXES OF RH(lI)

A.C.Menakosna KOMITBIOTEPHOE OBECTIEYEHME XMMHWYECKHX
NCCIIEAOBAHWU HA PYBEXE 20-21 BEKA

B.B. Mumnsiinos, b.W. Ilokposckuii, M.A. Menasaukos HOBbIE TEXHOJIOI' M
TPEXMEPHOI'O IIPEJICTABJIEHKWS OBBEKTOB B ITYBJIMKALMAX 110 XMUMKWU B
HUHTEPHETE

Nikodem Miranowicz, Andrzej Burewicz CATEGORIZATION OF VISUALIZATION
TOOLS IN ASPECT OF CHEMICAL RESEARCH AND EDUCATION

M.N. Mikhailov, A.A. Bagatur'yants, and L.M. Kustov THEORETICAL INVESTIGATION
OF THE METATHESIS REACTION OF ALKANES CATALYZED BY SUPPORTED
TRANSITION METAL HYDRIDE COMPLEXES

0.B.Muxees CUCTEMA DOOEKTHUBHOI'O UCITOJIb3OBAHWA
NMHAWBUYAJIbHBIX M KOJUIEKTUBHbIX BbIYMCIIMTEJIbBHBIX PECYPCOB B
HAVYYHbBLIX UCCIJIEJOBAHUAX. ITPOEKT “I1EJIETOH

Morozov V.A., Dubina Yu. M. TO MODELING OF VIBRONIC INTERACTION AND
CHAOTIC DYNAMICS IN ELECTRONIC AND NUCLEAR SUBSYSTEMS OF
MOLECULES
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N.S.Mosyagin, A.V.Titov, 2) E.Eliav, U.Kaldor, GENERALIZED RELATIVISTIC
EFFECTIVE CORE POTENTIAL AND RELATIVISTIC COUPLED CLUSTER
METHODS FOR PRECISE ELECTRONIC STRUCTURE CALCULATIONS.
CALCULATIONS ON MERCURY HYDRIDE AND ITS ION

Mubarakova L.G Zueva E.M., Galkin V.I. QUANTUM CHEMICAL JUSTIFICATION OF
EMPIRICAL MODEL OF TRANSANNULAR INTERACTION IN SILATRANES

E. A. Muhutdinov and An. M. Kuznetsov THE INVESTIGATION OF THE REACTION
PATH OF THE N,N'-DIPHENYLGUANIDYNE WITH THE DIMETHYLPHOSPHORIC
AND DIETHYLPHOSPHORIC ACIDS

E.A.Muhutdinov, A.N.Masliy, T.I. Akhmetova QUANTUM-CHEMICAL STUDY OF THE
CONDENSATION REACTIONS WITH PARTICIPATION OF p-
DIMETHYLAMINOBENZALDEHYDE

E.R.Nabiullina, A.N.Masliy, G.V.Korshin, M.Kuznetsov CHLORINATION REACTIONS
OF RESORCINOL. QUANTUM-CHEMICAL CALCULATIONS OF
THERMODYNAMIC AND KINETIC PARAMETERS

Renat R. Nazmutdinov, Dmitrii V. Glukhov and Galina A. Tsirlina PUZZLE OF THE
ELECTROCHEMICAL REDUCTION OF A PERSULPHATE ION: A QUANTUM
CHEMICAL STUDY

R.R. Nazmutdinov, D.V. Glukhov, T.T. Zinkicheva and M.S. Shapnik QUANTUM
CHEMICAL MODELLING OF THE ADSORPTION OF CHLORIDE IONS AT P-
METALS FROM AN AQUEOUS SOLUTION

Nefediev S.E., Zuev M.B., Sopin V.F. QUANTUM-CHEMICAL STUDY OF
HYPERPOLARIZABILITY FOR PUSH-PULL POLYENES

M.S. Nechayev, Yu.A. Ustynyuk DFT THEORETICAL STUDY OF SILYLENES,
GERMYLENES AND STANNYLENES MeM (M = Si, Ge, Sn) REACTIONS WITH
PHOSPHORUS AND ARSENIC YLIDES

M.S. Nechayev, Yu.A. Ustynyuk. DFT THEORETICAL STUDY OF PHOSPHORUS AND
ARSENIC YLIDES REACTIONS WITH KETONES, THIONES AND IMINES

E.Nikitina MECHANICAL BEHAVIOUR OF THE SYSTEM
SILICA/POLYDIMETHYLSILOXANE UNDER DEFORMATION. IMPACT OF SILICA
SURFACE MODIFICATION. QUANTUM-CHEMICAL STUDY

Yulia V. Novakovskaya, Nikolai F. Stepanov NONEMPIRICAL PREDICTION ON THE
IONIZED CONDENSED WATER STATE

Sture Nordholm and Andreas Back THE DYNAMICAL MECHANISM OF COVALENT
BONDING

Sergey Yu.Noskov, Carmay Lim, Arkadij Kolker DYNAMIC STRUCTURES OF PROTEIN
COMPLEXES STUDIED BY NORMAL MODE ANALYSIS

Oliferenko A.A., Sokolov E.V., Pisarev S.A., Palyulin V.A., Zefirov N.S. A NEW METHOD
AND PROGRAM TOOL FOR TREATING MOLECULAR ELECTROSTATICS
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Oliferenko A.A, Shulga D.A., Palyulin V.A., Zefirov N.S. DERIVATION OF ATOMIC
ELECTRONEGATIVITIES FROM THE ANALYSIS OF THE ELECTRON DENSITY
LAPLACIAN

A. E. Obukhov PUMP-INDUCED PHOTOPROCESSES IN THE MOLECULES AND
LOCALIZATION OF SPIN-ORBITAL COUPLING OR THE NEAR-LYNG SINGLET
AND TRIPLET EXCITED STATES

A.E. Obukhov THE PHYSICAL PRINCIPLES OF SIMULATING THE STRUCTURE
AND PHOTOPHYSICAL PROPERTIES OF N,0,S GETEROAROMATIC COMPOUNDS
BY OF THE QUANTUM-CHEMICAL LCAO MO SCF CI METHODS

A.F.Oshkalo, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo COMPUTATION OF ADATOM
PROPERTIES ON Si(111)(7X7) SURFACE USING CLUSTER APPROXIMATION

A.F.Oshkalo, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo NON-NUCLEAR ATTRACTORS
ON Si-Si BOND IN DISILANE AS BASIS SET INADEQUACY

Alexei N. Pankratov AROMATIC SUBSTITUTION REACTIVITY: QUANTUM
CHEMICAL PREDICTIONS FOR REACTIONS RATES AND YIELDS

Alexei N. Pankratov, Andrew E. Shchavlev, Inna M. Ucha®RRIORIPREDICTIONS
FOR ANALYTICAL REDOX REAGENTS SELECTIVITY

Alexei N. Pankratov, Inna M. Uchaeva THERMODYNAMIC AND MOLECULAR
PROPERTIES OF AS-, SB-, BI-CONTAINING SPECIES AND SPATIAL STRUCTURE
OF THE (GHs)3XYZ MOLECULES (X = AS, SB, BI)

Alexei N. Pankratov, Oxana |. Zhelezko, Rimma K. Chernova THE INTERACTION OF 1-
NAPHTHYLAMINE WITH NITRITE ION: HOW THE AQUEOUS MEDIUM ADJUSTS
THE REGIOSELECTIVITY AND PRODUCT STRUCTURE

Alexei N. Pankratov, Oxana |. Zhelezko AN APPROACH TO PREDICTION OF
REDUCTION POTENTIALS, ELECTRON AFFINITIES AND VIBRATIONAL
FREQUENCIES OF ARYLDIAZONIUM CATIONS - SEMIPRODUCTS OF
SYNTHESYS OF ANALYTICALLY IMPORTANT AZO COMPOUNDS

Alexei N. Pankratov, Alexander A. Shcherbakov, Alexei V. Shalabay
THERMODYNAMICS OF INTRAMOLECULAR HYDROGEN BOND IN ORGANIC
COMPOUNDS: SEMIEMPIRICAL EVALUATIONS AS AN ALTERNATIVE TO THEAB
INITIO APPROACH

Alexei N. Pankratov ELECTRONEGATIVITY OF SUBSTITUENTS IN LINEAR
ALIPHATIC MOLECULES

Alexei N. Pankratov, Oxana |I. Zhelezko THE N-NITROSAMINES HEATS OF
FORMATION AND THE DIPHENYLAMINE NITROSATION REGIOSELECTIVITY:

A QUANTUM CHEMICAL STUDY

Alexei N. Pankratov, Vladimir B. Borodulin, Olga A. Chaplygina, Dina V. Shcherbakova
QUANTUM CHEMICAL AND KINETIC STUDY OF LIGAND SUBSTITUTION IN Pd
(I - NaCl - H,O AND Pd (ll) - HCI - HO REACTION SYSTEMS

Alexei N. Pankratov QUANTITATIVE STRUCTURE - PROPERTY RELATIONSHIPS IN
THE PYRIDINE SERIES
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Alexei N. Pankratov STRUCTURE - PROPERTY RELATIONSHIPS BASED ON
QUANTUM CHEMICAL COMPUTATIONS

Alexei N. Pankratov, Inna M. Uchaeva, Sergei Yu. Doronin, Rimma K. Chernova
COMPARATIVE BASICITIES OF ANILINES IN WATER AND IN THE GASEOUS
PHASE: POSSIBLE HYDROPHOBIC HYDRATION IN AQUEOUS MEDIA

10.H. IManuenko [IEPEHOCUMOCTD MACIITABHUPYIOIIMX MHOXHWUTEJIEN
[MPOTHB ITEPEHOCHUMOCTHU CHUJIOBLIX ITOCTOAHHDBIX

10.H. Tanuenko CPABHEHUE PE3VJIbTATOB HEDMITUPUUYECKOT'O
KOJIEBATEJIbHOT'O AHAJIU3A U PELLIEHWST OBPATHOM KOJIEBATEJILHOM
3AJIAUU

10.H. [MTanuenxo, XK.P. Jle Maps, H.®@. Crenanos® COHOCTA\I’SHEHI/IE ITPOI'PAMM JJIA
OIIPEJEJIEHHWA MACIUTABUPY IO X MHOXKUTEJIEN JIJI51 KBAHTOBO -
MEXAHWYECKUX CUJIOBBIX ITOJIEM MOJIEKYJI

10.H. ITanuenko, B.W. ITynsiiues, U.Y. box KOJIEBATEJIbBHAS AHI'’APMOHHNYHOCTD
1N MACIITABMPOBAHHUE KBAHTOBO-MEXAHHWUYECKOI'O CHUJIOBOI'O TT1OJIs1
MOJIEKVJIbI

B. T. Ilanromkus, H.H. bykos, /1. E. Abpamos, COBPEMEHH]?'IE TEHJAEHIIMN
KOMIIBIOTEPU3ALIMY XUMHWYECKHWUX NCCJIEJJOBAHNU

Petrov A.N., Mosyagin N.S., Isaev T.A., Titov A.V., Eliav E., Kaldor U.GRECP/RCC-SD
CALCULATION OF P, T-ODD SPIN-ROTATIONAL HAMILTONIANS IN HEAVY-
ELEMENT DIATOMICS

Igor V. Pletnev, Denis S. Otkidach COSMOS, A PROGRAMMING LANGUAGE FOR
MANIPULATING CHEMICAL OBJECTS

Evgueni Polikarpov, Alexander Vanyushin, Alexander Granovsky, Alexander Nemukhin AB
INITIO STUDY OF THE REACTIONS OF MAGNESIUM WITH CARBON
TETRACHLORIDE

B.B. Ilopoiikos, /I.A.@uaumonos KOMITBIOTEPHOE ITPEICKA3AHHE
BUOJIOI'MYECKOU AKTUBHOCTHU XMMHUUYECKUX BELLHECTB

Potemkin VA., Arslambekov R.M, Belik A.V., Perspicace S., Guccione BLMGEN: A
NEW PARADIGM FOR ‘'MULTICONFORMATIONALALIGNMENT OF MOLECULAR
STRUCTURES IN 3D-QSAR STUDIES

Pupyshev V.I. ON THE MOTION IN THE MULTY-WELL POTENTIAL

llya G. Ryabinkin, Artur F. Izmailov, Yulia V. Novakovskaya, Nikolai F. Stepanov
NONEMPIRICAL VIEW ON THE IONIZATION OF HYDRATED OZONE AND
NITROGEN DIOXIDE

Cemenos B.B. MHOI'OOYHKIIMOHAJIbBHA A1 UTHOOPMALIMOHHASI CUCTEMA 110
OPI'’AHUYECKHWM COEJUHEHWAM.

I.N.Senchenya HIGH LEVEL CALCULATIONS OF TERT-BUTYL CATION ADDUCTS
WITH NUCLEOPHYLS.
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I.N.Senchenya BASIS SET AND ELECTRON CORRELATION INFLUENCE ON
ANHARMONICITY AND VIBRATIONAL FEATURES OF SUBSTITUTED SILANOLS.

Sinitsky A. V., Darkhovskii M. B., Tchougreeff A. L., Misurkin I. A. EFFECTIVE
CRYSTAL FIELD FOR CALCULATION OF D-ELECTRON EXCITATIONS IN
COMPLEXES OF TRIVALENT CATIONS OF FIRST ROW TRANSITION METALS

M.N.CkBopuoBa, K.g.(Dez[ﬂeB, W.H.backun, B.A.Ilamonun, H.C.3edupos CTPYKTYPHO-
BEPOSJTHOCTHBIU ITOJAXO/ K OITPEJEJIEHWUIO OBJIACTU IIPUMEHHUMOCTH
JIMHEMHOM MOJIEJIU CBSI3U «CTPYKTYPA — CBOMCTBO»

M.U.CkBopuoba, K.C.®enses, U.U.backun, B.A Ilamonaua, H.C.3edupos Ob OJIHOM
CIIOCOBE KOJIMPOBAHMA XUMHWYECKHWX CTPYKTVYP B 3AJTIAUAX
[IOCTPOEHUSI MATEMATUYECKUX MOJIEJIEM CBSI3U «CTPYKTVYPA —
CBOMCTBO»

G.A.Skorobogatov DEDUCTION OF THE KLEIN-FOCK-GORDON EQUATION FROM
A NON-MARKOVIAN STOCHASTIC EQUATION FOR REAL PURE-JUMP PROCESS

V.V.Sliznev, S.B.Lapshina, G.V.Girichev A NON-EMPIRICAL STUDY OF THE
MOLECULAR STRUCTURE OF Sc(MDA)3 AND Sc(MDA)2

V.P.Smirnov, R.A.Evarestov, D.E.Usvyat WANNIER FUNCTIONS AND CHEMICAL
BONDING IN CRYSTALS

V.P.Smirnov, D.E.Usvyat VARIATIONAL METHOD FOR THE CHOICE OF BLOCH
FUNCTION PHASE FACTOR IN THE PROBLEM OF WANNIER FUNCTIONS
GENERATION

S.V.Smorodin, G.V.GirichevMOLECULAR STRUCTURE AND NUCLEAR DYNAMICS
OF NBX4 (X=F, CL, BR, 1)

Alexey V. Sokolov REACTIVITY OF VINYL MONOMERS IN RADICAL ADDITION
REACTIONS: QUANTUM CHEMISTRY MODEL

Alexey V. Sokolov, Evgenii R. Kofanov NEW ASPECTS OF ELECTROPHYLIC
AROMATIC SUBSTITUTION MECHANISM. COMPUTATIONAL MODEL OF
NITRATION REACTION

Conkan B. H. KBAHTOBO-XUMWUECKOE WCCJIEJIOBAHUE PA3JIMUHBIX [TYTEMN
I'EHEPALIMU KAPBEHMEBBIX MOHOB U3 OJIEGUHOB U AJIKMJIOGTOPUIIOB B
CPEJIE HF

V.G.Solomonik and T.P.Pogrebnaya THE JAHN-TELLER EFFECT AND A SPIN-ORBIT
COUPLING IN THE TANTALUM TETRAHALIDE MOLECULES

U.B. Crankesuu, P. Cato HEKOTOPBIE COOTHOILEHU S JIJIS TIOJTHBIX DHEPT U
OYJUIEPEHOB Cp 1 UX ITPOU3BOJIHLIX, COAEPXKAIIIMX ATOMbI BOPA U
A30TA B IIOJINDAPUUYECOM KAPKACE

Andrey G. Starikov, Ruslan M. Minyaev MEDIUM EFFECT ON A STRUCTURE
SULFAMIC ACID IN A GAS PHASE. COMPARISON AB INITIO CALCULATIONS
WITH EXPERIMENTAL DATA.
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Oleg S. Sukhanov, Oleg V. Shishkin, Leonid Gorb, Yeugen Podolyan, Jerry Leszczynski
STRUCTURE AND HYDROGEN BONDING OF ADENINE IN POLYHYDRATED
COMPLEXES. A DFT STUDY

Larisa M. Timofeeva, Yuliya A. Vasilieva and Dmitry A. Topchiev RADICAL
POLYMERIZATION OF DIALLYLAMINE COMPOUNDS: FROM QUANTUM
CHEMICAL MODELING TO CONTROLLABLE SYNTHESIS OF HIGH MOLECULAR
WEIGHT POLYMERS

H.N.Timokhina,A.A.Ovchinnikov,K.V.Bozhenko AB INITIO QUANTUM-CHEMICAL
CALCULATIONS OF A CLUSTER C8H12

Titov A.V. and Mosyagin N.S. MRD-CI METHOD FOR CALCULATION OF HEAVY-
ATOM MOLECULES. COMPARISON OF GRECP/MRD-CI AND GRECP/RCC-SD
CALCULATIONS ON TIH

Tuxonosa U.I'., backun U.H., [lamonun B.A., 3edupos H.C. MOJIEKYJIAAIPHOE
MOJZ[EJII/IPOBAHICIE NR1 M NR2B CYBEJJUHHL] NMDA-PELIEITTOPA U
MOJIEKYJIAPHBIA TIOKHWHI" JIMT'AHJIOB.

I. V. Tokmakov, M. C. Lin ADDITION OF THE PHENYL RADICAL TO ETHYLENE
AND ACETYLENE: REACTION PATHWAYS, POTENTIAL ENERGY PROFILES AND
ABSOLUTE RATE COEFFICIENTS

A.M. Tokmachev, A.L. Tchougreeff TRANSITION METAL COMPLEXES WITH
OXYGEN ACTIVE LIGAND AS STUDIED BY EFFECTIVE ELECTRON
HAMILTONIAN APPROACH

A.M. Tokmachev, A.L. Tchougreeff GENERALIZED MOLECULAR MECHANICS AS
DERIVED FROM LOCAL QUANTUM MECHANICAL DESCRIPTION OF
MOLECULAR ELECTRONIC STRUCTURE

Francisco Torren€OMPUTING THE KEKULE STRUCTURE COUNT FOR
ALTERNATE HYDROCARBONS

M. U. Tpopumor PACITOBHABAHHWE CTPYKTYPHbBIX ®OPMVIJI JIJIA PELLIEHUA
3AJTAY OPT AHUYECKOW KOMITbIOTEPHON XUMUWU

M. U. Tpodpumos, E. A. Cmonenckuii PACUET [IAPAMETPOB SAMP JJIA
[MUKJIMYECKHX MOJIEKYJI OPTAHUUECKUX COEJJUHEHUWM

I.I. Tupitsyn, V.G.Kuznetsov, M.G.Kozlov ORBITAL OPTIMIZATION IN THE AB
INITIO GENERALIZED RELATIVISTIC VALENCE BOND METHOD

Vadim N.Urazbaev, Vitaly P.Efimov, Zufar V.Sabirov THE ACTIVE CENTERS
DISTRIBUTION ON STRUCTURE AND STEREOSPECIFICITY OF ACTION UNDER
THE POLYMERIZATION OF DIENES ON NdCI3 3TBF-AIR3 CATALYTIC SYSTEM

D. A. Firsov, B. L. Grigorenko and A. V. Nemukhin MOLECULAR DYNAMICS
SIMULATIONS OF THE SH(A) RADICALS IN KRYPTON MATRICES

M.Fleisher, V.Stonkus, L.Leite, E.Lukevics THEORETICAL INVESTIGATIONS OF 1,4-
BUTANEDIOL AND 2-BUTENE-1,4-DIOL CYCLODEHYDRATION USING
POSTPROCESSING VISUALIZATION OF QUANTUM CHEMICAL CALCULATION
DATA
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V. F. Khrustov, D. E. Kostychev MULTICONFIGURATIONAL GREEN\'S FUNCTION
APPROACH WITH QUASI-DEGENERATE PERTURBATION THEORY

M.E.Changa, A.V.Scherbinin, V.I.Pupyshev HYDROGEN ATOM DYNAMICS INSIDE A
SPHERICAL CAVITY

N.A.Chekanov, Kh. Elhajjab, N.V.Kamyshanchenko AN APPROACH TO THE SOLUTION
OF THE ONE-DIMENSIONAL SCHROEDINGER EQUATION

V.O.Cheranovskii and I.Ozkan DMRG STUDY OF ZERO-TEMPERATURE MAGNETIC
ORDERING IN POLYALLYL SPIN 1/2 CHAIN

Leonid Chernozatonskii, Madhu Men®OLYMERIZATION AND COALESCENCE OF
SINGLE-WALLED NANOTUBES

A.JL. Yuctsikos, U.B. Crankesuu 'MJIPH/Ibl KOPAHHYJIEHA 1 ®YJIJIEPEHA Cgo KAK
[TOTEHLIMAJIHBIE JIMTAHJIBI B 1% 1 13- 1-KOMIIJIEKCAX C [NEPEXOJJHbIMHA
METAJIUIAMMU.

N.D. Chuvylkin, I.A. Suslov, A.M. Tokmachev AUTOMATIC QUANTUM CHEMICAL
PROCEDURE OF CORRECTION OF OPTIMIZED GEOMETRIES OF FREE RADICALS

N.D. Chuvylkin, A.M. Tokmachev, I.A. Suslov COMPARATIVE EFFICIENCY OF
QUANTUM CHEMICAL METHODS IN CALCULATIONS OF PROTON ISOTROPIC
HYPERFINE COUPLING CONSTANTS IN FREE RADICALS

Chuev G.N., Tikhonov D.A.SOLVATION OF MOLECULAR COMPLEXES. A
COMBINED SELF-CONSISTENT-FIELD AND INTEGRAL EQUATION STUDY

E.F.Sheka MOLECULAR MAGNETISM OF SILICON NANOSTRUCTURES:
QUANTUM-CHEMICAL PREDICTIONS AND EXPERIMENTAL EVIDENCES

E.F.Sheka, E.A Nikitina, V.A.Zayatz, [.Ya.Ginzburg FULLERENIC MODEL OF SILICON
NANOWIRES

Oleg V. Shishkin MOLECULAR STRUCTURE AND CONFORMATIONAL DYNAMICS
OF NUCLEIC ACID BASES IN THE GAS PHASE AND WATER SOLUTIONS

R.A.Evarestov, A.l.Panin EFFECTS OF ELECTRON CORRELATION ON LOCAL
CHARACTERISTICS OF ELECTRONIC STRUCTURE OF SOLIDS

O.V. Yazev, Yu.A. Ustynyuk DFT THEORETICAL STUDY OF THE ALKANE
FUNCTIONALIZATION BY HETEROBINUCLEAR COMPLEXES CONTAINING
EARLY-LATE TRANSITION METAL PAIRS

Yakushevich L.V. MODELING OF INTERNAL MOBILITY OF THE MOLECULE OF
DNA
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POPULATION ANALYSIS FOR THE HARTREE-FOCK AND
CORRELATED MOLECULAR WAVE FUNCTIONS

I.V.Abarenkov
Physics Department St.Petersburg State University

The concepts of atomic charge, bond order, and bond index are considered, various
definitions are analyzed, and the use of these concepts in the high accuracy ab initio
molecular electronic structure calculations is discussed, both Hartree-Fock and correlation
included methods being taken into consideration. A new minimal quasi-atomic basis for the
population analysis of the results of high accuracy HF calculations is proposed. In this basis
the quasi-atomic orbitals for each atom of a molecule are constructed as linear combinations
of all occupied and several lowest virtual molecular orbitals. Hence the expansion of each
molecular orbital in this minimal quasi-atomic basis is exact. This is an advantage of the
proposed method compared with the method employed the projection technique where the
corresponding expansions are only approximate. To calculate the quasi-atomic orbitals the
variational principle is employed, the energy functional for a given atom being one of two
configuration averaged energies. One of them is the energy averaged over all states of the
configurations and another is the energy calculated with the electronic density averaged over
the configuration. No symmetry is assumed, therefore the configuration of the valence state
of an atom in a molecule is simply an array of orbital populations. The calculation of the
minimal quasi-atomic basis is carried out to selfconsistency, i.e. for each atom the
populations assumed in the orbital calculations must coincide with the populations resulted
from the population analysis with the obtained basis. The values of atomic charge and bond
order obtained in the new quasi-atomic basis population analysis of the results of HF
calculations of several molecules with bases of different length are presented and discussed in
the paper. A possibility to apply the proposed minimal quasi-atomic basis to the population
analysis of the calculations with correlations is also considered.

THE GENERATION OF THE SILICON AND OXYGEN SEPARABLE
POTENTIALS MODELLING THE CHEMICAL BOND

I.V.Abarenkov, Yu.V.Ambrosovsky, I.I.Tupitsyn
Physics Department, St.Petersburg State University, Russia

In previous works (see for example, Book of Abstracts 2-nd V.A.Fock on Quantum and
Computational Chemistry, Novgorod the Great,2000) a new type of separable potential
operator was introduced for several kinds of applications in electronic structure calculations.
It is well known that any cluster selected from the crystal or large molecule with
comparatively strong covalent bonding encounters the problem of the correct description the
boundary atoms, as these are atoms with dangling (unsaturated) bonds. The main idea is to
employ the one-electron \"pseudoatom\" with the specially constructed separable potential to
saturate and restore the broken bond. Another application concerns the atomic
pseudopotentials where the new potential operator avoids the possibility of \"ghost\" states
that sometimes plague the widely used Kleinman-Bylander form of the pseudopotential. In
this work the proposed separable pseudo-potentials were generated for silicon and oxygen
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atoms with the help of SiH4 and H20 as the reference molecules. The potential generation
scheme consists of several stages. At the first stage the all-electron Hartree-Fock calculations
of the SiH4 and H20O molecules were performed. At the second stage the non-canonical
Hartree-Fock orbitals localized on bonds considered were calculated. These localized orbitals
we interpret as bond wave functions. At the last stage the 3-dimensional separable potentials
were constructed to reproduce exactly the bond wave functions, obtained on the previous
stage. The obtained separable potentials can be used in the covalent compounds of Si and O
for the saturation and restoration of the broken chemical bonds. The constructed potentials
were tested in calculations the electronic structure and properties of the diatomic molecules
X-(SI_ps), X=F,Cl,Br,I and X-(O_ps), X=F,Cl,Br. The results of these calculations were
compared with all-electron Hartree-Fock calculations of the bond characteristics of SiH3-X
and OH-X molecules. In particular the atomic charges, bond orders and bond dipole moments
were calculated.

CORRELATION EFFECTS IN THE OXYGEN-OXYGEN
INTERACTION IN MgO CRYSTAL

[.V.Abarenkov, I.M.Antonova
Physics Department, St.Petersburg State University St.Petersburg Branch, Mathematical
Institute, RAS

Oxygen-oxygen interaction is important for understanding the properties of oxide materials.
However, even in the MgO crystal, which is the simplest oxide material and which oftenly
serves as an object to test a new computation methods on, this interaction is difficult to
investigate due to the high flexibility of the doubly charged negative oxygen ion. Recently
(Russian~J.Phys.Chem.~vol.74,~suppl.2,~p.253~(2000)) we had developed the effective
potential simulating the influence of the crystal environment on the oxygen ion in the MgO
perfect crystal. This effective potential enabled us to calculate the localized orbitals of the
oxygen ion in MgO and hence all the interaction energies in the Hartree-Fock (HF)
approximation. Besides, it helped to calculate the intraionic correlation corrections to the
energy. In the present paper the crystal environment potential was partitioned into the
contributions due to each ion of the environment. The magnesium ion contribution was taken
to be the usual semilocal norm-conserving pseudo-potential. The main problem was to
develop the oxygen ion contribution, i.e. the potential which simulates the influence of one
oxygen ion onto another oxygen ion. The special semilocal one-center form with parameters
convenient for calculations with Gaussian type orbitals was assumed for the oxygen
contribution and the parameters were adjusted to reproduce the correct localized oxygen
orbitals in MgO. The crystal environment potential as a collection of separate ions
contributions enable us to calculate any cluster of MgO crystal in the HF approximation. The
new developed crystal environment potential allows one to go beyond the HF approximation
and to take account of the correlation corrections. In the present paper several two-ion
clusters were considered made of two negative oxygen ions at various distances consistent
with MgO crystal structure and embedded in the crystal environment potential. The electronic
structure of such clusters had been calculated in the HF approximation first, to ensure the
accuracy of the embedding potential, and then with the configuration interaction method with
moderate number of configurations taken into account. The results of calculations presented

21

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

in the paper show that for the distant oxygen pairs the correlation correction to the interaction
energy corresponds to the Van der Waals interaction, while for oxygen ions being the second
neighbors the correlation correction differs significantly from the Van der Waals energy.

ELECTRONIC STRUCTURE OF P ;05 WITH Ag > AND Ag.,O
MOLECULAR IMPURITIES: AB INITIO TOTAL-ENERGY
CALCULATIONS

I.V.Abarenkov, V.G.Kuznetsov, I.I.Tupitsyn, M.C.Payne
Physics Department, St.Petersburg State University, Russia; Cavendish Laboratory,
Cambridge CB3 OHE, United Kingdom

The investigaton of silver-activated phosphate glasses is important for understanding of the
defect formation mechanism on exposure to ionizing radiation. Along with a single Ag atom
the Ag2 molecule also can be the radiophotoluminescent center in Ag-activated phosphates
glasses. It is also interesting to check the Ag20 molecule as a candidate for the impurity
center, because it is the Ag20 which is added to the host when forming the Ag-activated
phosphate glasses. A knowledge of the electronic structure, geometry and the charge state of
these impurity centers could clarify physics of a radiophotoluminescence process. Both
crystalline and vitreous P205 could be described equally well in terms of PO4 tetrahedra
with one double-bonded oxygen atom and three bridging oxygen atoms. As the local
structures in crystal and in glass are similar it is expedient to investigate the influence of
various Ag impurity centers on the crystalline P205 first. A single Ag atom impurity case
was studied in our previous paper (Phys.Rev.B, 60, 7881 (1999)), and the molecular impurity
centers Ag2 and Ag20 are the subjects of the present work. To investigate the local structure
of the said impurity centers the quantum-mechanical ab initio total-energy calculations of
P205:Ag2 and P205:Ag20 were carried out for the first time within the density functional
theory approach for the supercell periodic defect model. For this the CASTEP code had been
employed, which uses the plane wave basis set for valence electrons and the first-principles
separable Kleinman-Bylander pseudopotentials to incorporate the atomic cores. To make the
periodic model the supercell consisting of two unit cells of P205 joined along the shortest
unit cell vector and containing 56 atom has been used. An inputity was inserted in each
supercell. So the used periodic cluster contains 16 phosphorus atoms, 40 oxygen atoms and a
single impurity molecule Ag2 or Ag20. The experimental unit cell parameters of P205 were
employed. For starting configuration of regular atoms the experimental geometry of P205
crystal was taken and several different variants of the impurity molecules positions were
tried. The positions of all atoms, including the impurity atoms, were optimized in
calculations. As a result the equilibrium geometries of P205:Ag2 and P205:Ag20 crystals
were found. In both cases the obtained electronic structure is explained in terms of the density
of states and of atomic charges (on Mulliken and Lowdin) along with the bond orders
(Wiberg indexes) calculated from the Kohn-Sham crystal orbitals obtained in the plane-wave
basis set and then projected onto the space of the atomic Kohn-Sham orbitals. Besides the
displacements of atoms from their equilibrium positions, the distortion of the electronic
density and changes of the atomic charge values were determined too. The calculated
impurity-induced deformation of the host lattice was found to be considerable. Its analysis in
terms of PO4 tetrahedra is also given. The present work was supported by the Russian
Foundation for Basic Research grant N 00-03-33040 and by NATO collaborative research
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grant N 960521.

JIBYMEPHASI MOJEJIb TOPCUOHHO-UHBEPCUOHHBIX
KOJIEBAHUM MOJIEKY.JI

A. B, Abpamenxos, B. A. bamaes, B. H. Ilynviues, U, A. I'odynoe
Mockoeckuit cocyoapcmeennstii ynueepcumem um. M, B. Jlomonocoea,
Xumuyeckuii hakyromem

Pa3pa60TaHa nporpaMMma AJjid p€liCHHUA 3a1a4id O MHOIOMEPHBIX KoJIeOaHHUIX MOJICKYJI
¢ OonpIIo aMHHHTYHOﬁ. l'amMmunbTOHMAaH KOJeOATEIHLHOTO JABUIKCHHA pacCMaTpuBacTCA B
BUIC

H(¢1,...,¢n)=—ii£3|- O V@ ),

1=1 =1 i de%

rae N — 4ucCjio YYUTbIBAEMbIX KoJiebaTeNbHBIX KOOpAHUHAT ¢i , B|j

HOM MaTpHLIbl KKHETUUECKUX NapameTpoB, V — noTeHuuanbHas QyHKIus.

[Iporpamma npuMeHsiach AJisl UCCJCI0BAHUS TOPCUOHHO-UHBEPCUOHHOTO JIBHIKCHUSI
moJiekya KkapoonunbHbIx coequnenunii CX3-CHO u CX,Y-CHO (X, Y = H, F, C) B Husmux
BO30YIK/IEHHBIX SJIEKTPOHHBIX COCTOSIHUSX (r7e KapOOHWJBbHBIA (pparMEeHT WMEET MUpaMu-
nanbHOe cTpoeHue) [1]. B KkauecTBe KOOPAMHAT BHYTPEHHETO BPAILCHUS 1 MHBEPCUM TPUHS -
Thl, COOTBETCTBEHHO, (), — yroJl OTHOCHUTEJIBHOro MoBopora anbaeruanoi u CX,Y- (unm

— OJIEMCHTBI CUMMCTpPHUY-

CXs-) rpynn, ¢, —yron Beixoaa cBsizu CHgg n3 ninockoctu CCO. J[BymepHblie NOTEHUUAIb-

HbIC MMOBCPXHOCTU U I'COMETPUUCCKHUC NapaMeTphbl, HCO6XOIll/lele JJ14 BbIYHUCJICHUSA BCJIMYWH

B”- , ObLTH MOJYYCHBI IYTEM HEOMIIMPUYCCKOIO KBAHTOBO-MCXaHHYCCKOI'O pacyeTa.

AHalu3  TOPCUOHHO-WHBEPCUOHHBIX  BOJIHOBBIX  (DYHKUMH TO3BOJIUI  OTHECTH
paccuMTaHHble KoJieOaTe/NbHbIE COCTOSHMS K pa3jiMuHbiM KOH(pOpMEpam M NPUNKUCATH UM
OIpeAe/IeHHbIE 3HAYEHUS TOPCMOHHOIO U MHBEPCUOHHOIO KBAHTOBbIX 4ucelsl. Bmecte ¢ Tem
[OKA3aHO, 4YTO C POCTOM KoJiebaTeabHOro BO30YXKAEHUS B3aWMOCBSI3b JIBUKEHUN 110
KOOpAMHATaM ¢; U ¢, cTaHOBUTCS Bee Oosiee 3aMETHOM, U aJJleKBaTHOE OIKMCAHUE NOBEJCHHS

MOJIEKYJIbl BO3MOXKHO TOJIbKO B paMKax JBYMEpHOH Mojmenu. Pe3synbraTbl mopoOHBIX
pacyeToB CYLIECTBEHHO OO0JIEryaloT MCCIICOBAHUE DJIEKTPOHHO-KOJIeOATEeNbHBIX CIEKTPOB
KOH(OPMALMOHHO HEKECTKUX MOJIEKYJI.
Pa6ora Beinonnena npu ¢punancopoit noaaepxkke PODU (rpantst NeNe 00-1597346 u
01-0332841a).
1. V.A. Bataev, V.l. Pupyshev, A.V. Abramenkov, I.A. Godun®uyssian J. Phys. Chem.
74, Suppl.2, pp. 5279-5291 (2000).

23

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

COOPERATIVITY AND STABILITY OF WATER CLUSTERS WITH A
COMPLICATED STRUCTURE OF HYDROGEN BONDS

I.A.Abronin, V.Yu.Gribanov
Kosigin Moscow State Textile University

It is known for a long time about cooperative properties of water. At the same time, the
models of complicated systems with a developed grid of hydrogen bonds find a use in various
areas: to physics of liquid water, theory solvatation, etc. Set of structures, which correspond
to local minima at potential energy surface obtained using semi-empirical methods, are
artefacts, however structures with most expressed cooperative properties answer are more
stable of them. We assume that such stable structures should be topologically equivalent. If to
compare to each structure a digraph, in which tops - molecule or the chemical groups linked
by hydrogen bonds, and vector designate hydrogen bond formed between them, it is possible
to select structures answering minimum energy, among similar (inherings to one base
column) proceeding from their topology. Because of these suppositions the account of a
number of clusters of watevas conducted within the framework of an approximation PM3,
and obtained in a course it the accounts completely will be agreed expressed reasons.

REACTIVITY OF SINGLET DIOXYGEN ON THE SURFACE OF THE

IONIC CRYSTALS
Abronin I.A.(1), Vorontsova I.K.(2), Gavrilin A.M.(3), Mikheikin 1.D.(3)
(1)Moscow State Textile University, Moscow, Russia (2)Karpov Institute of Physical
Chemistry, Moscow, Russia (3) Moscow State University of Engineering Ecology, Moscow,
Russia

The possibility of the existence of singlet ground state for the molecular oxygen adsorbed on
the surface of the fcc type ionic crystals has been considered (the case of strong nonuniform
crystal field). The adsorption energies of the various multiplet electronic states of the
molecular oxygen on the crystal surface have been estimated using the approach being
developed earlier by us [1] in the frame of semi-empirical quantum-chemical SCF MO
LCAO method. The coulomb cluster with the lattice of fcc-type has been considered as the
crystal model. The modeling cluster parameters (q - ion charge, d - lattice parameter) which
can affect on the relative position of the singlet and triplet terms of the adsorbed dioxygen
have been varied (in case of the gas phase the triplet-singlet splitting is equal to 0.98eV). It
was shown that crossing of the triplet and singlet terms of dioxygen can take place in the
presence of quite reasonable effective charge of ion q (+2 — +4) and lattice parameter d [2].
The calculations of the dioxygen adsorption on the MgO crystal (ion charge)gwith a

defect have been performed. The positively charged ions (charge g+2) have been considered
as the defect, which co-ordinates the adsorbed singlet O2. The reactions of singlet dioxygen,
which take place in the gas phase, has been considered on the active site(AS) obtained in this
way (AS — singlet O2, adsorbed on the highcharged defect cation of the crystal): specific
oxidation of C=C bonds and aliphatic hydrocarbons with formation of peroxidates. This work
was supported by the Russian Foundation for Basic Research , project no. 99-03-32145a. 1.
I.D. Mikheikin, G.M. Zhidomirov, V.B. Kazanskii, Zhurn.fiz.khimii (rus.), 48 (1974) 2920.
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2. 1.D. Mikheikin, I.A. Abronin, I.K. Vorontsova, Colloid.Surf., 115 (196) 207.

THEORETICAL STUDY OF CATALYTIC TRIPLE BOND
ACTIVATION AND C-C COUPLING BY Pt(IV) COMPLEXES.

Valentine P. Ananikov, Djamaladdin G. Musae¥; and Keiji Morokumé&
IND Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninsky
Prospect 47, Moscow 119992, Russia; email: val@cacr.ioc.ac.ru;
“Cherry L. Emerson Center for Scientific Computation and Department of Chemistry,
Emory University, Atlanta, Georgia 30322;

A density functional theoretical study has been performed for the mechanisms of
platinum(lV)-catalyzed alkyne-to-conjugated diene conversion reacBohefne )1 which
involves two subsequent triple bond activation stdps 2 and2 - 3) followed by vinyl-
vinyl coupling 8 — 4 + 5) [1]. Calculations have shown that acetylene triple bond activation
by [Ptlg]* in water or methanol solution proceed through external nucleophile additign of |
thus making the activation stage stereoselective. The rate-determining step of the entire
catalytic cycle is found to be the formation of platinum(IV) cis-divinyl derlvatB)e (

Although vinyl-vinyl coupling |
reaction may take place from both six- . H LTH
coordinated octahedral and five- P c K

coordinated square-pyramidal  Pt(IV) ', \\\\ HC=CH '///| N
divinyl complexes, the five-coordinated (|‘ |\
derivative was found to react with a
significantly lower barrier. The results ; 2
obtained here are in good agreement with ~
available experimental data and reveal lHC:CH
important details of the catalytic reaction I, |
mechanism. The present investigation | 12
also has shown that no reliable 22 H.C//C'H
conclusions may be drawn without taking VRN AR
solvent effect into account. “pe> Zroe™
The details of the performed ¢ W, ; LA
theoretical study will be presented and 4 ' \\C
discussed. I\c—c’H w 3R !
o= 7
H LTCL
5H ! Scheme 1

1. V.P. Ananikov, D.G. Musaev, K. Morokum@rganometallics2001, in press.
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WHOPACTPYKTYPA VI OBECIHIEYEHUS TIOUCKA
XUMHNYECKOU NTHOOPMALIMMU. ITONIBITKU UHTET'PAIIUNA B
POCCHUMN.

H.A.AHI/IKI/IHZ, M.B.KyiibMI/lHCKI/lﬁz, M.H.Me.ﬂbnmconl, B.I/I.HOKpOBCKnﬁl,
B.M.XVTODeI[RI/IﬁZ.
Yumuuecruii gaxyromem MocKo8cK020 20Cy0apCmeeHH020 YyHUgepcumema um.
M.B.JIomonocoesa, 2Hucmumym opzanuyeckoil xumuu PAH um. H,/].3enuncxkozo

Xumuueckass uHpopmauusi ObICTPO pacTeT, HO MEJICHHO crapeeT. B 310l cBs3u
OpraHu3auus BO3MOXKHOCTH JlocTyna uepe3 Internet kK oTeuecTBEHHbIM U 3apyOexkHbiM Oazam
JAHHbIX MO XWMMHUM SIBJISIETCS MCKIIFOYMTE/IbHO aKTyajbHOW 3aaaueil. Ecim opraHuzauus
JIOCTyMa K MOJHOTEKCTOBBIM pecypcaM NpuoOpeTaeT yke Hekue O(opMIIEHHbIE UYepTbl
(www.elibrary.ry EBSCO, LibNetu np.), To mnpoGiema mnoucka HHPOpPMALUH, T.€.
(hopmupoBaHue MHPPACTPYKTYPHhI I OTHICKAHUS TEX CAMbIX TEKCTOB, KOTOPble HEOOXOIUMO
MpOYECTh, BEChMa JlajieKa OT perieHus. Takas padota npu noanep:xke PODU Havara B psae
pervoHanbHbIX HayuHbiX HeHTpoB (Mocksa, Caukrt-IlerepOypr, HoBocubupck, Poctos). B
KauyecTBe HauuoHajlbHoro WWW-cepeepa PD B pamkax Mex1yHapOAHOro JIMBEpIyJibCKOro
npoekra oOecreueHus CUCTEMbl CChUIOK Ha Web-<epsepbl opranuzauumii, paboTarouiux B
objlacTd XMMHM, BBIOpaHa HHTerpupoBaHHas uHpopmanuoHHas cuctema (HMC), sapom
koTopoii sngerca Web-cepep MOX PAH www.chem.ac.ruEro oco6eHHOCTbIO SIBISIETCS
MpeJHaMEPEHHO "ackeTudeckoe" mpejcTaBieHue HWHPOpMalMU, coAepxkailee MUHUMYM
rpadMuecKuX [aHHbIX. DTO CHIEJAHO C YYETOM TOr0, YTO HCHOJIb3YEMbIE POCCUHCKUMHU
XMMHMKaMM KaHajbl CBSI3M 4acTO OTJIMYAIOTCS HU3KOM CKOPOCTBIO U HEBBICOKOMH
HajexHocThlo. B MC BXoauT OOLIEPOCCHACKMIA CHMCOK pPacChUIKKM (TeaeKOH(pEepeHLus )
Russian Chemical List (RCLRcl@www.chem.ac.[uUKkoTopbiM M0JIb3YIOTCs TaKKE Hallu
KOJIIern U3 cTpad OnukHero 3apybOexbs. B pamkax nannoit UC pazpabotan nporpaMMHbIii
uHTepdelic Mexay COBpeMEHHBIMU KBAHTOBO-XUMUUYECKUMH KOMITJIEKCAMHU HEIMITUPUUECKUX
nporpamm Gaussian-94/98 u CYBJI PostgreSQL B OC Linux, a Takxke pelieHa npodiieMa ¢
TEM, YTO NPUHSATO HA3bIBATh "YHACJEAOBAaHHbIM NpOrpaMmMHbiM obecnieueHuem". Jlng Hero
MpoBe/JieHa MHCTA/UIALMS M HacTpoiika smynsaropa MS DOS B OC Linux, 4To mo3Bosisier
OpraHM30BaTh  MHOTOMNOJB30BATENbCKUI  ceTeBOM  poctyn uepe3 Internet k B/,
pa3paboTaHHbIM Ui 3TOM cpelbl. B pe3ysibraTe BceMm JKeJaroluM YK€ MOXKHO NPejioKUTh
OecmiaTHO pa3MecTuTh cBoM xumudeckue bJl, cozmanneie B cpene MS DOS, Ha oOuiem
cepBepe, MMEIOIIEM BbICOKOCKOPOCTHOM A0cTyn B Internet, cienaB ux AOCTYMHBIMU IO CETH.
AHasnoruuHble BO3MOXKHOCTH MaHupyeTcs obecneunts U i cpeabl OC Windows.

['maBHOe HampaBiieHME B CO3JaHMM MHQPPACTPYKTYPbl TOUCKA XHMMHUYECKOM
MHPOpPMaLUMKM - 3TO MHTErpauus, OCYLIECTBICHUE KOJUIEKTUBHBIX MpPoeKkToB. Ecin ceteBoit
JOCTYN B XOJI€ UX peaju3alny OKa3bIBae€TCsl HEBO3MOXKHBIM, TO JJIsl epeaadr uHpopManuu
MCIOJIb3YETCs JEKTpOHHAs noura. B MockBe cBOM BO3MOMKHOCTHM B TOM WMJIM MHOH Mepe
o0beauHuIN Xumuueckuii pakynster MI'Y (Www.chem.msu.s), MTHCTUTYT opraHu4ecKoi
xumuu PAH, Lentp poroxumun PAH. K npumepy, BHyTpu cetd MI'Y BO3MOKEH TOCTYII K
3HA4YMUTEIbHOMY (OHIY 3apyOelKHBIX M OTedecTBeHHbIX 0a3 manHbix (Chemical Abstracts
19962000 roabl, INSPEC 1989-1999rr., Cambridge Structural Database System Bepcus
2000r., Brookhaven Protein Data Bank Bepcust 2000 r., anektponHast 6M0M0OTeKa HaY4HO-
oOpa3oBare/ibHbIX M3AAHUA 1O XMMUM M Jp.), BO3MOXKHOCTb pabOThl € KOTOPbIMH
npeaocTaBisieTcs: coTpyaHukam kak MI'Y, Tak u Apyrux Hay4HbIX opranu3auuii Poccun. Ha
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O0aze Muctutyra katanmusza Cubupckoro otaenenus PAH  (www.catalysis.nsk.9u u
KomIbroTepHoit cetn HoBocubupckoro Hayunoro Llentpa npu yuyactuu ['TIHTB CO PAH
co3jaercs oObeJMHEHHAs MH(OpPMaLMOHHAs cUcTeMa Mo Xumuueckum Haykam CO PAH.
[IpoBoautcs pabora mo (opmupoBanuio 6a3 JaHHBIX MO (U3MKO-XMMUYECKMM METO/aM
vccrenoBanus BeulectB. OQHako MaTepuaibHas 0a3a Takux padoT CyLIECTBEHHO OTCTAaeT OT
MUPOBOTO YPOBHS, HaOIIOAAaETCs cMajl B CO3aHUM OTeueCTBEHHbIX 0a3 naHHbIX . Tak, moutu
BTPOE COKPATHJIOCh YHCJI0 XUMUYECKUX JKypHaNoB, pedepupyembix BUHWUTU, 6a3a naHHBIX
"Xumusa" mnpenoctaBigeT B JOCTYH 3,5 MJH. JOKYMEHTOB M €XErOJHO [MOIMOJIHSAETCS
npumepHo Ha 150 Thicsy, Toraa kak MupoBoii auaep - Chemical Abstracts 6 muinoHoB 1
nomnoJHsiercss Ha 800 Thicsu. B Xoae BBIMOJHEHHS 3TUX M JAPYrUX MPOEKTOB MPEICTOUT
OCBOMTb M BHEJIPUTH TEXHOJIOTUIO CO3J1aHusl pacrpeaeneHubix bl xumudeckoit nudopmanuu
(dakTorpaduieckoii, MOMTHOTEKCTOBOM, OnOIHOrpa)uuecKoii), B 4aCTHOCTH, 00pa3yromecs
HEMOCPEACTBEHHO B MpOllecce HayuyHOro 3KcrnepuMeHTa (peHTreHoBckas nudpaxuus, AMP,
OIIP, UK, skoyiornuecKkuii MOHUTOPHHT U Ap.).

KumtoueByto ponb B moucke M OOyuYE€HHMHM TOUCKY IUIaTHOM HEKOMMEpPUYECKOi
uHpOpMaLuK B TEJIEA0CTyNe Urpaet ceituac MockoBckuilt nHpopManuonHbiii ueHtp B MOX
(MMULL, khutor@ioc.ac.ry bnaronapst Cornawenuto ¢ Chemical Abstracts Servieerpanram
POOU ypanoch CHU3UTH LIEHbI HA TMOMCK XUMMWUECKOW wuH(pOpMalMu JUlsl  BCex
noawp3oBatenei uentpa u3z BY3oB, PAH u PAMH B 10 pa3 no cpaBHEHHIO C MHPOBBIM
ypoBHeM. ExeronHo ycnyramu MHI] no noucky noaeszytorcs 30-40 MHCTUTYTOB CTpaHbl,
npuMepHo 1o cra rpantamM PODU npenoctaBistoTcsi pe3ynabTaThl OecIIaTHBIX MOMCKOB. 3a
roqg B MMHLl npoxonsit oOyueHME OKOJIO CTa CTYAEHTOB M aclMpPaHTOB, a Takke
pa3pabarbiBatoTcs yueOHble MOCOOMSI MU ONTHUMAJbHbIE CX€Mbl Noucka. Bropoil roa uuer
coznanue ceru ¢uamanos MHUL[ (AkagemceTb) B pernonax crpasbl. llpouuio oOyueHue
Oyaylux cneuajucToB MO MOUCKY U npenojaasareneit u3 Hoocubupcka, Poctosa, CaHkT-
[TetepOypra. [IpyHUMalOTCA 3as5BKU OT JKEJNAIOUIUX MPUCOCTUHUTHCS K IPOEKTY .

Aptopnl 6naronapael PO®H 3a mogaepxkky padot mo mpoekram 01-07-90040a; 00-
0340142u; 00-03-32721a; 99-0790091a; 98-03-40017u; 98-0790122a u Chemical
Abstracts Servicea npeaocraBiieHHbIC CKUKU U NOJICPIKKY yueOHOM yacTu padoT.

INPUMEHEHUE UCKYCCTBEHHBIX HEHPOHHBIX CETEH B
COYETAHMHU C ITIOACTPYKTYPHBIM ITOAXOJO0OM I
MMPOTHO3UPOBAHUA ®U3NKO-XUMUYECKHUX CBOMCTB
OPITAHMYECKHUX COEJIUHEHUI

Aptemenko H.B., backun U.WU., ITanwaun B.A, 3edpupos H.C.
Xumuueckuit haxyromem, MocKo6cKuil 20cy 0apcmeeHH vl yHUBEPCUMEm UM.
M.B.JTomonocoea, Mockea, 119899, Poccusa

Jlng  mporHozupoBaHHs  (PU3MKO-XMMHUUECKUX CBOWCTB  OpraHMYeCKHMX COEAMHEHMI
WHTEPECHBIM OKazajics TMOJAXOA Ha OCHOBe (parMeHTHOro MeToda JJjisl OMMCaHUs
JIECKpUNTOPOB (pa3dueHue MOJIEKYJIIpHOro rpada Ha MHOXKECTBO (parMEHTOB M MOJCUET
KOJIMUECTBA MOSIBJIGHUN KaXKJIOr0 M3 HMX B COEJIMHEHMSX MCC/CayeMOl 0asbl JaHHbIX) B
COUYETAaHUU C HEWPOCETEBbIM CTATUCTUYECKUM annaparoM. J{as mpakTHuecKol peanuzauuu
aToil uaen Obul paspadotaH AecKpunTopHbii Onok Fragment paGorarommii B pamkax
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nporpamMmmHoro komiuiekca NASAWIN, BKIo4Yalomero CTaTUCTUYECKMM OJIOK Ha OCHOBE
HUCKYCCTBEHHBIX HEMPOHHBIX CETEH.
B noknage oOcyxkaaeTcsi MNPUMEHEHUWE TaKOro KOMOMHMPOBAHHOTO MOAXOJa s
MPOrHO3UPOBaHUS psija (U3MYECKUMX CBOWCTB: TEMIEpAaTypbl KUIIEHUS, DHTAJIbIUU
o0pazoBaHMs, TEIUIOThl Hecnelu(UUEecKOoil conbBaTallMd B IMKJIOTeKCaHe, SHTAJIbIUU
pacTBOpEHUS B BOJIE AJISl Pa3IMUHbIX OPraHUYECKUX COEAMHEHU .

Jns TemnepaTypbl KumneHUs KO3(pQUIMHT KOppensauud Ha olyuatouieil BbIOOpKe
paBeH 0.9946, cpenHekBaapaTHyiHas omKOKa Ha oOydarolell BRIOOpKe paBHa 6,4 rpaayca, a
CpeAHEKBaJpaTUyHas olnOKa Ha KOHTpoJiIbHOU BbiOOpKe — 10,1 rpagyc. Jlng sHTansnuuu
oOpazoBanus  pe3yibTUpyloluii  kodpduuuent  koppenasiuun  cocraBua  0.9977,
cpelHeKBajpaTiyHas oimOka Ha oOyuarouieii Bbibopke - 3,5 KKaJ/MOJIb U
CpelHeKBapaTHYHas olMOKa Ha KOHTPOJbHON BbIOOpKE - 6,8 Kkan/mMonb. Jlng Temnotsb
Hecrenuduaeckoi cojbBaTalud KO3(PGUIUHT KOppeJAUd Ha o0ydaroleil BRIOOpKE paBeH
0.9994, cpennekBaapaTndyHas olmOKa Ha oOydaromieil BbeIOOpke paBHa 0.4 KKaja/mMollb, a
CpelHeKBaipaTHYHas olKOKa Ha KOHTPOJbHOU BbiOOpke — 1.0 kkan/monb. Jns sHTanbnuu
pacTBOPEHUs OPraHUUECKUX BEUIECTB B BOJE PE3Y/bTUPYIOLIUN KOAIP(DUIUEHT KOppesuu
coctasuil 0.9936, cpenHekBagpaTuuHas oirbka Ha oOyuatoueit Bbibopke — 0,3 eaunuiibt log
(MOﬂb/Mg) U CpeJHeKBapaTHuHas oiinMOKa Ha KOHTPOJIbHOM BbiGOpke - 0.4 eaunuipl log
(Monb/M®). Bee 9TH 1aHHbBIE OATBEPIKAAIOT BOSMOXKHOCTD YCIICIIHOTO IIPAMEHEHHS JAHHO#M
METOJIOJIOTUM  Jisi  TIPOrHO3UPOBAaHUS  (PU3BMKO-XMMHUUYECKUX CBOMCTB  OpPraHMYECKUX
COECIUHEHUN.

THE LOW TEMPERATURE RATE EXPRESSION INCLUDING
TUNNELING IN CONDENSED PHASE

M.V.Basilevsky, G.V.Davidovitch
Karpov Institute of Physical Chemistry, Moscow

A new approach for studying the rate constant of a chemical reactive process in condensed
phase in a deep tunneling regime is considered. The Golden Rule rate expression is modified
and reformulated in terms of spectral line shapes of energy levels, which are involved in a
chemical rearrangement. Computations of a reactive tunneling transition and of spectral line
profile are treated as two separate steps: this allows one to extract qualitative conclusions on
the reaction rate and its temperature dependence basing on a structure of the general formula.
This approach is extended for treating hydrogen abstraction reactions in molecular crystals
within a multimode model. A strong temperature dependence of the rate at low temperature is
predicted.

QUANTUM-MECHANICAL INVESTIGATIONS OF THE FLUORINE
SUBSTITUTED ACETALDEHYDES IN THE LOW LYING
ELECTRONIC STATES

Bataev V.A., Abramenkov A.V., Godunov |.A.
Moscow state university
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The results of the quantum-mechanical calculations (RHF, MP2, UHF, CASSCF, CIS, CISD
etc.) of the non-rigid carbonyl molecules CXYZCHO (X, Y, Z = H, F) in the lowest excited
singlet (S0) and triplet (T1) electronic states are considered. The computational results are in
good agreement with the available experimental data. The structure regularities of the
investigated molecules are analyzed. The one- and two-dimensional quantum mechanical
models of the pyramidalization of the carbonyl fragment and the internal rotation caused by
the S1<--SO0 and T1<--SO electronic excitation are discussed. This work was financially
supported by RFBR (Project N 00-15-97346 and 01-03-32841).

QUANTUM-MECHANICAL INVESTIGATION OF A STRUCTURE OF
THE MOLECULES OF CARBONYL COMPOUNDS IN THE GROUND
AND LOWEST EXCITED ELECTRONIC STATES

Bataev V.A., Pupyshev V.l., Abramenkov A.V., Godunov | A.
Moscow State University

The results of the quantum-mechanical calculations of a structure of a number of the non-
rigid carbonyl molecules in the ground and lowest excited electronic states are presented. To
solve the electronic problem the potential energy surfaces was calculated by various ab initio
methods (RHF, MP2, UHF, CASSCF, CIS, CISD etc.). On this basis the torsion and
inversion nuclear motions are considered by the one- and two-dimensional gquantum-
mechanical approximations. The results were used for the S1<--SO and T1<--SO vibronic
spectra analysis of X2CO and CXYZCHO molecules. This work was financially supported
by RFBR (Project Nos 00-15-97346, 01-03-32116, and 01-03-32841).

MOJEJIUPOBAHUE AMUHOKOHIEBBIX IOMEHOB
METABOTPOIIHBIX I'NIYTAMATHBIX PEHHEIITOPOB U UX
KOMIIVIEKCOB C JIMTTAHAAMMU C IIOMOIIBIO METOJA
MOJIEKYJIIPHOU TUHAMUKH

Beaennknn M.C., backnn U.HU., Tamoaun B.A., 3e¢pupor H.C.
Mockoeckuii zocyoapcmeeHnblil ynueepcumem um M.B.JIomonocosa

C moMOINBI0 KOMIBIOTEPHOTO MOCIHUPOBAHHUS MO TOMOJIOTMH ¢ OaKTepuallbHBIMU
MepUIIa3MaTUuecCKuMu OejlKaMuM M METOJOM “MpPOTSArMBAHMUS HUTH” MOCTPOEHbI MOAEIHU
OTKPBITHIX M 3aKPbITbIX (OPM AMUHOKOHLEBBIX JOMEHOB METAaOOTPOMHBIX TIJIyTaMaTHBIX
pPEUENTOPOB M MPOBEICHO CPaBHEHUE MOJYyuUCHHbIX Mojeneil. [lokazaHo, uTo Aas Ciaydacs
HU3KON TOMOJIOTMM AMUHOKMUCJIOTHBIX MOCJEA0BATEIbHOCTEN JIydulllMe pe3yabTaThl AA€T
MeTon  “mpoTAruBaHus  HUTM. OlleHEHa BO3MOXKHOCTb  HCHOJbB30BaHUA  METona
MOJICKYJIAPHOI IWHAMUKH JJIs MCHOPABICHUS JOKaNbHBIX CTPYKTYPHBIX A€(EKTOB B
MOCTPOCHHBIX MOJACIAX /I Y4aCTKOB, UMEIOIIMX OTpuliaTeabHoe 3HaueHue 3D-1D mpodus.
[IpoBeaeH MOJEKYJISIpHBINA JOKMHT KaK M3BECTHBIX arOHUCTOB M AHTArOHHUCTOB K aKTUBHBIM
LUEHTpaM CMOJCIMPOBAHHBIX PELIENTOPOB, TAK U HOBBIX JIUTAHJIOB U O0CYKIIEHbI CIOCOOBI UX
CBSI3BIBAHUS C PELIETITOPOM.
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C uWcnonbp30BaHUEM MeToJa MOJIEKYJISIPHON AMHAMHMKM C YY€TOM pacTBOPUTEJS
npoBCACH pacycT CBO60,HHle 3H6pFMl7] CBA3bIBAHWA  JIMTAHAOB € PCUCITOPOM B
MOJICKYJIAPHBIX KOMINJICKCAX O€JI0K-J1Ur aH U OLUCHCHbI KOHCTAHThI CBs3bIBAHUS JIMTAHAOB B
OTUX KOMIIJICKCAaXx. HpOBeﬂeHO CPAaBHCHUEC KOHCTAHT CBA3bIBAHHS JIMTAHAO0B 1J1s OTKPbLITBIX WU
3aKpBITBIX OPM aMHUHOKOHIIEBBIX JIOMEHOB penenTopoB. OObsICHEHa pojib MOHA KaJblUs B
KayecTBEe KOAroHWCTa TpHU CBS3bIBAHUM SHIOTEHHOTO HelipoMmeaunaTopa — TTyTaMHHOBOM
KHUCJIOTBI, MPEIOKEH BO3MOXKHBIM MEXaHHM3M CXJIOMbIBAaHUS KOMILJIEMEHTApHBIX TJI00YII,
BXOJISIIMX B COCTaB aMUHOKOHIIEBOTO JIOMEHa METaOOTPOIHOI0 IJIyTaMaTHOTO pelenTopa, B
OCHOBE KOTOPOTO JIC)KUT JIEKTPOCTATUUECKOE B3auMOJeicTBUE. PacueTbl npoBOAMIMCH HA
paboueii cranuuun SGI Octane.

POTENTIAL ENERGY SURFACE STRUCTURE OF HALOBENZENE
RADICAL ANIONS

I.V. Beregovaya, L.N. Shchegoleva
Vorozhtzov Novosibirsk Institute of organic chemistry, Novosibirsk

Potential energy surfaces (PES) of a wide series of the halobenzene radical anions including
anions of C6H6, C6F6, C6H5X (X=F, Cl) and some polyfluorobenzenes has been studied
with ab initio (ROHF/6-31+G* and MP2/6-31+G*//ROHF/6-31+G*) calculations. The
stationary points of PES have been located and their types and interrelations have been
determined. Results of calculations show that for all the anions considered PES structure is of
vibronic nature. The PES peculiarities were found to come from two reasons. The first one is
relatively small energy gap between the radical anions\' pi state levels degenerated in the
parent C6H6- . As a result, the Hartree-Fock PES of all the anions are the surfaces of
pseudorotation. The second reason is a presence of vibronically active excited sigma state.
This leads to out-of-plane distortions of halosubstituted radical anions. For both highly
symmetric C6H6- and C6F6- anions pi state is degenerated. The Jahn-Teller and pseudo-
Jahn-Teller effects with different active modes combining in C6F6- results in doubling of the
stationary point number at the pseudo-rotational surface in comparison with the JTE alone
case, C6H6-. C6H5CI- represents a case of quasi-degenerated pi states. Its PES is similar to
those of parent C6H6-: in both cases pseudo-rotation of planar pi radical structures occurs,
which includes six stationary points. Qualitative distinction in the PES structure of the two
anions comes from existing of low-lying repulsive sigma state in case of C6H5CI- . This
results in out-of-plane distortions followed by C-Cl bond cleavage. The anion metastable pi
state has been found, and transition state for C-ClI cleavage has been located. Asymmetrical
non-planar structure of the transition state indicates that the reaction coordinate is rather
complicated. Besides the bond stretching, it includes both pseudorotation and Cl atom out-of-
plane deviation because of double symmetry forbiddance for the anion ground p state
cleavage. The pseudorotation contribution in reaction coordinate was found also for ortho-
and meta-benzonitrile anions cleavage, while in case of para-isomer this contribution is
absent. For polyfluorobenzenes C6FnH6-n (n=2-4) the energy splitting of pi MO levels
generated by the benzene e2u MO varies within rather wide limit. Nevertheless, the Hartree-
Fock PES of corresponding radical anions reveal pseudorotation, involving different number
of planar and distorted stationary structures. On the whole, PES structure of these anions
reflects main features of the C6H6- and C6F6- PES. The electron correlation effects must be
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taken into account to describe correctly the result of a gas phase experiments. However, the
mechanism of intramolecular transfer of unpaired electron density through the pseudorotation
is independent on correlation including

NANOPACK: PARALLEL CODES FOR SEMIEMPIRICAL
QUANTUM-CHEMICAL CALCULATIONS OF LARGE SYSTEMS

P.Berzigijarov’, V.A.Zayatz, I.Ya.Ginzburg', V.M.RazumoV* , and E.F.Sheka
'Department of , Institute of Chemical Physics Problem, Ac.Sci. of the Russian Federation,
Chernogolovka, Mosc. distr., 142432 Russia
Russian Peoples\' Friendship University, Moscow. 117342 Russia, sheka@icp.ac.ru

Package NANOPACK is dedicated to semiempirical quantum-chemical (QCh) calculations
of nano-sized systems by using multiprocessor computers. The package is based on two one-
processor software CLUSTER-Z1 [1] and CLUSTER-Z2 [2] each of which provides
extended QCh calculations of structural and electronic characteristics of large polyatomic
systems with up to 2960 atomic orbitals in the sp- and spd-basis, respectively, as well as of
force fields, harmonic vibrational frequencies and IR R-scattering intensities. Additional
blocks provide calculations of the above characteristics in the presence of electric field and
under external stress. CLUSTER-Z1 is based on widely used AM1 and PM3 techniques while
CLUSTER-Z2 implements a non-restricted Hartree-Fock technique in a modified NDDO
approximation which exploits a computational scheme based on a set of weighted factors
(NDDO-WF approach) [3]. Test calculations were carried out for two atomic systems. One
presents an octamer of silicon fullerene 8*Si60 (1920 AOs, MNDO, AM1, PM3 techniques)
while the other simulates carboxylic acids adsorption on TiO2 nanopatrticles (cluster involves
2014 AOs, NDDO-WF method). The computation speed-up is about 4 when using 8
processors in both cases. [1]. V.A.Zayatz, \"Software CLUSTER-Z1 for quantum-chemical
calculations in the sp-basis\". . Institute of Surface Chemistry, Nat.Ac,Sci of the Ukraine,
Kiev, 1991. [2]. V.A.Zayatz, \"Software CLUSTER-Z2 for quantum-chemical calculations in
the spd-basis\". . Institute of Surface Chemistry, Nat.Ac,Sci of the Ukraine, Kiev, 1993. [3].
A.G.Grebenyuk, V.A.Zayets, Yu.l.Gorlov, React. Kinet. Catal. Lett. 50, 257 (1993).
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PEITAPAMETPU3ALNUA ITOJTYIMIIMPUYECKOI'O
KBAHTOBO-XUMHUYECKOI'O METOJA ZINDO/S AJis1 PACUETA
CHHEKTPAJIBHBIX XAPAKTEPUCTHUK KPACUTEJIENA

Bbukkynosa A.P., llerpymnna I'.H., Aopounn U.A., Pakutuna B.A.
MockoscKuii 20cyoapcmeeHHblil mekcmuavHbli ynusepcumem um.A.H.Kocvieuna

C ucnonbzoBanuem metojoB PM3 u ZINDO/S ucciieioBaHO BIIMSIHUE ruapaTaliu
MOJICKYJIbl Ha €€ DHEepPreTMuecKue M onTudeckue cpoicTBa. [lomyueHa sHepreTvueckas
XapakTepucThka cofibBaTtauuu. [Ipennonaraemoe BAMSHHUE MOCJEIHEN Ha BJIEKTPOHHBIM
CHEKTP MOJIeKYJIbl (ConbBaTOXpOMHbIN 3¢ dekT) He oOHapyxuiaock. M3 aToro cieayer, 4to
metoa ZINDO/S HemocTaTOYHO MOAXOAMT AJS pelleHHus AaHHoM npobsembl. CreacTBuem
9TOrO SBJSETCS] HEMpaBUibHAs MOC/EA0BATENBHOCTh O- U TEYPOBHEM, UTO, B CBOIO O4Yepeb
MPUBOJIUT K «yJbTParOIETOBOMY» CIABUTY JIMHHOBOJHOBOM MOJIOCHI MOTJIOLECHHUS .

Hamu GObin mpoBen&H psia pacd€ToB CHEKTPOB MHAMIO C TOLIArOBbIM HM3MEHEHUEM
K03 PuuMeHTOB O-O- U TE-TFB3aMMOJICHCTBUIA, BCAEACTBUE 4yero Oblia MOJydeHa KapThHa
yepenoBaHusi O- U TEYPOBHEN U COOTBETCTBYIOIUMNA UM CHEKTp, Haubosiee npubanKEeHHbIH K
IKCIEPUMEHTAILHOMY

DFT PBE AND AM1 CALCULATIONS ON CONFORMATIONS OF N-
SUBSTITUTED ENAMINES

A.A.Birukov, V.l. Faustov.
N.D. Zelinsky Institute of Organic Chemistry

Conformational potential energy surfaces (PES) of N-substituted enamines CH2=CH-
N(OR)2 (R=H, SiH3, SiMe3) corresponding to rotation around C-N bond and pyramidal N
atom inversion were investigated. AM1 and DFT PBE/TZ computations were carried out on
the fragments of conformational PES. The barriers for nitrogen inversion and rotation around
C-N bond were calculated. AM1 and PBE calculation give qualitatively different shapes of
PES, but the latter results are in better agreement with existing experimental data. In contrast
to planar vinylamine, the N atom in N-disubstituted enamines has pyramidal configuration
with high inversion barrier of 12-15 kcal/mol. The barrier of rotation around C-N bond (2-3
kcal/mol) is significantly lower than the N atom inversion. In contrast to AM1 calculations,
rotational curve obtained using DFT PBE method shows an additional potential energy
minimum, which become lower in enamines with more bulky substituents. The results are
used to estimate influence of substitents on the structure of the most stable conformer of N,N-
bis(trialkylsiloxy)enamines and to explain conformational changes detected in dynamic NMR
studies. Acknowledgments: This work has been supported by the RFBR (project No 99-03-
32015). Authors thanks Dr. Dmitry N. Laikov who make available program Priroda used for
DFT PBE calculations.
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SCHROEDINGER EQUATION FOR THE DIATOMIC MOLECULAR
SYSTEMS INSIDE THE SPHERICAL CAVITY

V.V.Bobrikov (vcom@orc.ru), V.I.Pupyshev (ip@moleg.chem.msu.s)i
Department of Chemistry, Moscow State University, Russia

The study of the molecule encapsulated into the cavity is a natural problem that has a
lot of applications in chemistry, spectroscopy and solid state physics. Effective solution of
such problem requires the advanced computational and theoretical tools. Detailed analysing
of the diatomic system is an interesting problem that allows to accumulate expirience for the
more complex systems.

Assuming adiabatic electronic potential to be known (depending on the internuclear
distance only) we have to solve nuclear six-dimensional eigenvalue differential equation with
the Dirichlet boundary conditions on the sought-for wave function to find the energy
spectrum of the system. There is no sense to separate the inertia center of the system.
However, due to the form of the boundary conditions and potential the problem has spherical
symmetry. It implies classification of the states by the total momentum value (with respect to
the center of the cavity). The using of the spherical coordinates (Euler angles) and
Hirschfelder's expansion by D-func-tions give rise to derive the number of individual coupled
three-dimensional problems for each value of the total momentum. For the state with zero
momentum the problem reduced to one equation being an analog of that one derived by
Hylleraas for the ground state of the Helium atom (investigated by Fock (1953)). The coupled
systems of three equations for j=1, five equations for j=2, etc. is studied. All the equations
have the similar structure of its differential part just as in Hylleraas's equation. The choice of
the coordinates, boundary conditions, numerical methods are considered in details. (RFSR,
No 01-03-32116)

COMPUTER SIMULATION OF SiC SURFACE BEHAVIOR DURING
GROWTH BY MBE

Boiko A. M.
loffe Physico-Technical Institute of RAS, Department of Theoretical Bases of
Microeletronics

SiC is a wide-band-gap semiconductor material of great technological interest for device
designed to operate at high temperatures, high power, high frequency and in harsh
environment. It crystallizes in numerous structural modifications, having different physical
properties. Therefore, heterostructures of different SiC polytypes may be also of interest for
future applications. Moreover, the growth of Si quantum dots on SiC may be suitable for an
integration of group IV materials, especially Si, into the optoelectronics. For device
application, high quality crystallinity and interface formation are necessary, and therefore,
layer by layer growth has to be achieved. Furthermore, a wavy step morphology may be
useful as a template for ordered quantum dot arrays. It is the aim of this work to perform
computer simulation regarding the step morphology. Atomic steps are basic units of surface
roughness on semiconductor surfaces. Therefore, designing of the step arrangement will be a
key technigue of the nanostructure self-organization for large-scale quantum dots arrays.
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Authors report about the role of adatom diffusion along steps in step stabilization. Therefore,
the kinetic Monte-Carlo model incorporating fast edge diffusion was developed. The kinetic
Monte Carlo simulations on a solid-on solid model clearly show the stable step flow growth
mode and the pattern formation for the different misorientation direction of the substrate. The
parameters ratio controls the ordering and abruptness of a wavy shaped step edges. Our
kinetic MC model uses 14 configurational parameters and groups of time and temperature
depended parameters. Usually, the computational results of a SiC growth do not rely on one
set of exact values for the model parameters. The values are not unique but are used self-
consistently in the model. To increase the predictive capability of this Monte-Carlo model
current work will focus on choosing values for the model parameters based on experimental
measurements.

CXEMbI G2(MP2,SVP) B UCCIIEAOBAHUAX SHEPT O-
HACBIINEHHBIX CTPYKTYP CO CBA34MHU NN U (MJIN) NO

E.B.bopucor, N.H.Cenuensi, B.b.3a6poann
Tocyoapcmeennoe ynumapnoe npeonpusmue "LIHUUXM', Mockea;
Hucmumym opzanuueckoil xumuu um. H./l.3enunckozo, PAH, Mockea

WccnenoBanus, npoBeJeHHbIE B MOCIEAHEE NECATUIIETHE, MMO3BOJWIM CYLIECTBEHHO
NPO/IBUHYTHCS B MOHUMAHUU MPUPOJbI SJEKTPOHHON, CTPYKTYPHOM, TEPMOJMHAMUYECKOH 1
KUHETUYECKOH cTaOMiIbHOCTH (MeTacTaOMUIbHOCTM) MHOIMX M3BECTHBIX M T'MIIOTETHUYECKUX
XUMHMUYECKUX COEIMHEHWH, a TaKKe MPOrHO3MPOBAHMM BO3MOKHOCTEH MX MCIOJIb30BAHMS
HENOCPEACTBEHHO UJIM B KAUECTBE KOMIIOHEHTOB SHEPrOHACHILUEHHbBIX BELLECTB .

OpHoM U3 BaKHEHWLIMX B TaKMX MCCJIEJOBaHUSIX SIBJSIETCSl MpoljeMa KOPPEKTHOM
OLEHKM TEPMOXMMHUUYECKUX MapaMeTpoB, OCOOEHHO ra3o(a3zHbIX, KOTOpbIE IS MHOIHUX
cTpyKTyp co c¢Ba3ssMu NO u (un) NO He yaaercss ONnpelesuTb SKCHEPUMEHTaJIbHBIMU
MeToAaMu. BO3MOXKHOCTH MPOrHO3UPOBAHUS TAKUX MAapaMeTpPOB HA OCHOBE 3MIUPUUYECKUX
WM MOJNYSMIIMPUUYECKMX  CXEM, MCHOJb3YIOLIMX  METOAOJOIMIO  M30€CMUYHOCTH,
OrpaHUY€Hbl CYLIECTBYIOLIMM HAO0OPOM TIpYyNMoOBbIX (MM WMHBIX) BKJIaJ0B. AHajJOrMUYHbIH
HE/JIOCTaTOK  CBOMCTBEHEH CXeMaM  KjlacCM(UKAaLMU, BBIABISIOUIMUM  CTPYKTYpPHYIO
00yCJIOBJIGHHOCTh JKCTPEMaJibHbIX CBOHCTB. B cBsi3u C 3TuM BecbMa aKTyajlbHOU
npeacTaBiseTcs NpodjaemMa pacliupeHusl CyLIECTBYIOIMX I'PAHUL HAJEKHON CTPYKTYPHOH 1
TEPMOXUMUYECKONH HMH(POpPMALMM Ha OCHOBE anpoOMPOBAHHBIX HE3MIUPUUECKUX METOA0B
KBaHTOBOI XUMUMU.

Jis  MHOroaTOMHbIX CHCTEM HauOoJiee MpPUEMIIEMbIMU B HACTOSIIEE BpEMS
npeactaBnsiotest cxeMbl G2(MP2,SVP)1:2 Coxpanus sneMeHTbI MOTHOM CXEMBI PaCueTOB
TepMoxuMuHeckux mapamerpoBl:3 HO HCMoONB3ys MHOE BHIpaXKEHHE s MOJTHOM SHEpruu
cucteM ¢ OTKpbIThiMU oOosoukamu: E=E(QCISD(T)/6-31G*)) - E(PUMP2/6-31G*} +
E(PUMP2/6311+G(3DF,2P)) + E(HLC) + ..... , Oosiee COBEpUICHHbIC CIOCOObI OLEHKU
3HaueHUil KojedareapHOro Ttepma, nomnpaBok Bbicuiero ypoBHs (HLC), mbl mposenu
JIONOJIHUTEIbHYI0 anpobauuio MoaupuuupoanHoid cxembl MG2(MP2,SVP), BkimouuB B
PEKOMEH/IOBAHHBIIl CMHCOK TECTOBBIX CTPYKTYPZ psiji AOCTATOMHO OXapaKTEePH30BAHHBIX
coeauHeHM co cBA3AMH NN um (mnum) NO. OpmHOBpeMEHHO — pemiajics BOIpoc 00
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aJICKBaTHOCTH ONHMCaHUS HUX CTpYKTypbl Metomamu MP(FC)/6-31G** u ¢yHkuuoHana
miotHoctd (B3LYP) ¢ paznnunbiMu 6azucHbiMu Habopamu.

ViyduieHHbId  BapuaHT TEOPUMM  HMCHOJb30BAH JJIsl  OLUEHKM CTPYKTYPHOIl,
TEPMOJMHAMUYECKON M, B psAJIe CllydyaeB, KWHETUYECKON CTaOMJIBHOCTH peaJIbHbIX MU
TUNOTETUYECKUX CTPYKTYpHBIX H3oMepoB CN2O, CNpOp, CNpO3, psama conpshkeHHBIX

KOBQJIEHTHbIX W  OWUMOJSIPHBIX  (UBUTTEPUOHHBIX WM  ME30MEPHBIX OETauHOBBIX,
BKJIIOYAIOLIMX ~ 3-LIEHTpOBble  4-TE-2JIEKTPOHHBIE  (parMeHTbl  WiaM  (PparMeHThl,
M30CONpPSDKEHHbIE TPUMETUIICHMETaHy) rerepouukinueckux crpykryp CHN30 (1,2,3,5-

okcatpuasoin), CoHoN2O (dypazan), usomepos CoHoN2O2 (npoussoansie 1,2,3- u 1,2,5-
okcaauaszonos), uzomepos CHoN4O (nmpoussoansie Terpazona), C3HAN2O2 (koBaneHTHBbII
TMJAHTOMH U ME30MOHHBIA 3-METWJICHAHOH), noTeHuuaabHelx okucnutenaeid F3NO, NpOyg,
tpunutpamuHa NgOg, N-oxcunoB tpumerunamuna C3HgNO u nmupuamna CgHgNO,

HEJaBHO omnucaHHoro? ¢ypazano-1,4,3,4g3erpasun-1,3-1uokeuna CoNgO3, a taxke psana
a3u108, B TOM uucie kabonunauasuaa N3CONg3.

1. L.F.Curtiss, K.Raghavachari, P.C.Redfern, J.A.Pople. J. Chem. Phys.10697063. 2.
R.D.J.Froese, S.Humbel, M.Svensson, K.Morokuma. J.Phys.Chem., A, 1@8D227. 3.
A.P.Scott, L.Radom. J.Phys.Chem., 19960 16502. 4. K.h.Pe3uukoBa, A.M.Uypakos,
B.A.lllnsanounukoB, B.A.Taprakoeckuii. U3B. AH, Cep. xum., 1995, 2187.

TEOPETUYECKOE NCCJIIEJOBAHUE JHEPI'OHACBIINEHHBIX
CTPYKTYPHBIX U3OMEPOB N4O2 U MOJIEKYJIbI NgO3 (D3h)

METOIAMHU ®YHKIINOHAJIA IIVIOTHOCTHU U MG2(MP2,SVP)

E.B.bopucos, U.H.Cenuensi, B.b.3a6poaun
T'ocyoapcmeennoe ynumapnoe npeonpusmue "LHHHUHUXM'", Mockea;
Hucmumym opzanuueckoit xumuu um. H./[.3enuncrkozo, PAH, Mockea

Metogom ¢ynkuuonana miotHoctd (B3LYP) B Gasucax D95** u DI9S+G**
MCCJIC/IOBAHbl CTAllMOHAPHBIC TOYKM (JOKAJIbHBbIE MUHUMYMbl M MEPEXOJHbIC COCTOSHMS)
CHUHIJICTHOM TOBEPXHOCTU MOTEHIMANBHOM SHepruu cucteMbl N4O9, oTHocsmmecs K

HEJABHO MACHTH(HUIUPOBAHHOMY  HHTpOasuIy O2NN3, ero CTpyKTypHBIM H30MEpaM,
TOMOJIOTMYECKM ~COOTBETCTBYIOLIMM  pa3inuHbiM  ¢dopMam auMepa MoJjekysisl  N2O

(KOBQJICHTHBIM ~ ALIMKJIMYECKUM W IIECTUUICHHbIM  LIMKJIMYECKMM, W  OUIMOJISPHBIM
NATHYICHHBIM HUKINYecKUM ¢ N-oKkcHIHOHM (yHKImeit), a Taioke Tpumepa NgO3 (D3h). s

CpPaBHEHMUSl yKa3aHHbIMM METOJAMU pPACCUMTAHbl CTPYKTYPHbIE MMapameTpbl W YacCTOTHI
rapMOHUYECKUX KONeOAHUN psaa M3BECTHBIX COEAMHEHUH C OJHOM WM HECKOJIBKUMU

cea3samMu NN u (unn) NO, a takxke nzomepo N4O (u3BectHoro ONN3 u OKCI/ITeTpaSOJ'[a)Z’g,
N6 (nokanbHoro mMuHumyma cummerpuun Cs U nepexoiHoit crpykrypsl Dgh), oueHeHbl

BO3MOJKHbIC  MOrPEIIHOCTH M ompejaeieHa dddexTuBHas npoueaypa KOPPEKLUU
pacCUMTaHHbIX CTPYKTYPHBIX MNapaMeTpoB. DHEPIrUW CTallMOHAPHBIX TOYEK YTOUHSJIMCH
meToaamu B3LYP/6-311+G(2d) u MG2(MP2,SVP) (cM. npeapiayiiee cooOIieHue ).
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VY CTaHOBJIEHO, UTO BCE PACCMOTPEHHbBIC KOBAJICHTHBIC (ALMKIMUYSCKHE M UKJINUECKHIE
LLleCTl/llUIeHHble) u, B MEHbLLECH CTCIICHU, 6I/IHOJ15[prle HUKJIUYCCKUC TCPMOAMHAMUUYCCKHU
HeCcTaOWJIbHbI AaXKE IO OTHOWCHHUKO K HUTpOA3UAay. Haumenee TEPMOAUHAMNYCCKH
CTaOUJIbHOM SIBJISICTCS HEIJIaHApHAsl LIECTUY/ICHHAsl CTPYKTypa co cBs3bio OO, gopmalibHO
SBJISIOIIAsACS npeauecTBenHuleld Ng. BecbMa HU3KOM, cyasl MO pacCYUTAHHBIM 3HAYCHUSM
OHEPpr Ui aKTuBaluvu, A0JI’KHaA ObITb KUHETUYECKass CTaOuJIbHOCTb APYIruxX HUKIUYCCKUX
n3omepoB Ng4Oo no orHowenunto Kk auccouuanuu Ha mosekyisl N2O (Coy). Buaumo, no

STHM NpPHYMHAM OHM HHKOIJA He (PMKCHPOBAHCH SKCTIEPUMEHTATbHBIME MeTonamu¥. B
pacyeTe Ha MoJb BblaeauBLIElica NoO oHeprus cBA3bIBaHUS KUHETMYECKH CTAOMIIBHOM, Kak
nonararot4, uacTuibl NgO3 (D3h) MmeHbuie, uyeM y MCCIEAOBAHHBIX OUIMONSPHBIX

MATUUWICHHBIX CTPYKTYD.
1. T.M.Klapotke, A.Schulz, I.C.Torneporth-Otting. Chem.Ber., 1984, 2181. 2.
T.M.Klapotke. =~ Chem.Ber., 1991130, 443. 3. J.M.Gaalbraith, H.F.Schaefer.
J.Amer.Chem.Soc., 1996.,8 4860. 4. A.B.JIlcouther, O.A.@omuueBa, M.B.IIpockypHuHa,
H.C.3edupos. Ycnexu xumuu, 2001,70,107.

PEAJIEH JIM SHEPTOHACBIILIEHHBIA H30MEP N2O(C2\)?

E.B.bopucos, B.b.3a0ponnn
Tocyoapcmeennoe ynumapnoe npeonpusmue "LIHUUXM', Mockea;
Hucmumym opzanuueckoit xumuu um. H./[.3eauncrkozo, PAH, Mockea

M3omeppl N2O SBIIAIOTCS NPOCTEAIIMMU CTPYKTYpaMu, cojepKaiuMu cBasd NN u
NO. D10 0iMH U3 NIPUMEPOB CUTYALMH, KOT1a SHEPTUsl JIbIOUCOBOM KOBAJIEHTHON CTPYKTYpPBI
(1A1’C2V) 3HAYUTENIHO HpeBbIHIaeT]"Z SHEPTHIO ee peanbHOro Gumomsproro antunoaa (1

+,Coov)- Xonnepz, ucnojbdys merojn, MCSCF/CI, nokazan, 4YTO 3HEProHachllICHHbIM
UMKJIMYECKUNA M30MEP TEPMOAMHAMUYECKM YCTOWYMB MO OTHOLICHUIO K €ro auabaruyecKoi
M, BO3MOXHO, aauabaTUyYeCKOW aCUMITOTHMKAM N2+O(3P,1D). OnHako MO MOHSITHBIM
MpUYMHAM  CTPYKTypa LMKIMYECKOro u3oMepa Oblla  OXapaKTepu3oBaHa BecbMa
npubJM3UTEbHO M HE ObUIM NpPOAHAIM3UPOBAHBI Apyrue (akTopbl, OMpeaesstonme

CTaOMJIbHOCTD (MeTacTaOHIIBHOCTB ) WIN HEeCTaOWJIbHOCTD 3TOM YaCTULIBI.
DKCNepUMEHTANIbHBIC TOJATBEPIKEHUS BO3MOXKHOCTH ee¢ o0pa3oBaHMs, IO-BHIUMOMY,

OTCYTCTBYIOTS.

B Hacrosmeii pabore Heammmpuueckumu Mmetogamu SCF (RHF,CRHF,UHF) u
MCSCF, MP2, CRMP2, QCISD, QCISD(T) B 6a3uce 6-31G* u s cpaBHEHHUS METOAOM
¢ynkumonana miotHoctu (B3LYP/D95*) uccnenoBanbl 061aCTH CUHIJIETHOQ U TPUILJIETHBIX
1113, coorBerctBytoupe Munumymam (Cooy, Coy) 1 nepexoansiM ctpykrypam (Cs, Cpy).

Ha yposue QCISD(T) anunbi cBsizeid NO u NN nukinuyeckoro uzomepa pasubl 1.550 u 1.205

A (s pa60Te2 1.5 1 1.2 A). PeanbHbIM npencTaBiseTcs U CIeKTp rapMOHHUECKUX KoneGaHuii
(270, 759 u 1767 cm™), paccuntanmblit B 370M npubmKennn. B nepexonHoii crpykrype Coy

jumHa ceaseit NO ysenmuena 10 1.976, 2.190 u 2.212 A na yposnax CAS(8,7), QCISD u
QCISD(T) cootsercTBeHHO, a smHa cBasu NN (1.119, 1.120 u 1.127 A) npubnuxaercs k
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MEXbIJEPHOMY paccTosHuio B Monekyine N - 1.103 (CAS(6.5)), 1.115 u 1.120 A

COOTBETCTBeHHO (B Oazuce 6-31G*). AHaIM3 OTHOCUTEIbHBIX SHEPTUl CTallMOHAPHBIX TOYEK,
paccuMTaHHbIX Ha 00J1€€ BHICOKMX YPOBHSX TEOPHUU, MOKA3bIBAECT, YTO HUKJIUYECKUM H30MEp
Mor Obl paccMaTpUBATLCA KaK MeTacTaOWjbHAs 4acTUIA, UMEIOLAsh ONMpPEAC]CHHOE BpEeMs
JKM3HM TpU HU3KUX Temneparypax. OAHAKO W3 HUCCACJOBAHUS KaHAJIOB JIMCCOLMAIU

N2O(Cpy)--No + O@D,3P) meromom CAS(8.7), a Takke 00.1acTH, NPUMBIKAIOWEH K
nepexogHoMmy cocrosiHuto merogaom QCISD  (Gasuc 6-31G*), ciuemyer, 4TO TOUKa
nepeceyeHusi CUHraeTHol u tpumietHoi [1I1D (B cummeTpusix .\ 14 351) HaxoJUTCs Ha

KOOpJIMHATE peakiyy MEXy JOKaJIbHbIM MUHUMYMOM U MEPEXOAHbIM COCTOSHUEM . Takum
0o0pa3oM, CHHIJIETHBIH UMKJIMYECKUH W30MEp CKOpee [OJKEH paccMaTpuBaTbhCs Kak
HEKOTOpasi MPeIAUCCOLMOHHAs CTPYKTYpa, pa3JIoKeHUe KOTOPOW MIET € M3MEHEHHEM
CYMMAapHOTO CIIUHA CUCTEMBI.

HYBRID AB INITIO QM/MM MOLECULAR SIMULATIONS USING
THE EFP METHOD

Bochenkova A.V., Grigorenko B.L., Nemukhin A.V.
Chemistry Department of M.V.Lomonosov Moscow State University

A new computational methodology for hybrid quantum mechanical/molecular mechanical
(QM/MM) calculations is introduced. Non-covalent boundary between QM and MM parts of
the system is treated according the Effective Fragment Potential Method (EFP). The basic
idea of the EFP method is to perform a regafainitio calculation only for the active part of

the system, while the chemically inert part is replaced by the model potentials, that
incorporate the most important nonbonded interaction energy terms, namely, Coulomb
interaction, polarization and exchange repulsion. The effective fragment potentials are
generated by separatb initio calculations. All energy terms of the EFPs are treated as one-
electron terms in the quantum mechanical Hamiltonian of the active part of the system. In the
new approach the inert part of the system, such as MM-sized biochemical molecule, is
divided into specified number of small fragments with fixed internal structures, typical for
biochemical systems. The fragments obtained are replaced by the EFPs. Like in the original
EFP method, the interaction between Hie initio system and fragments enter via one-
electron operators in theb initio Hamiltonian, while the fragment-fragment interactions are
replaced by Molecular Mechanics force field. The most important advantages of such
methodology are the flexibility of the inert biochemical molecule and significant timesavings
compared to fullab initio calculations on the same system. The new approach has been
implemented into the PC-GAMESS package. The new methodology has been tested on
calculations of the relative conformational energies and geometries of alanin dipeptide,
treated as six EFPs, with four water molecules, which represergbthetio part of the
system. The Restricted Hartree-Fock calculations with different basis sets were applied for
the QM-part of the system and for the construction of the effective fragment potentials. The
MM part was treated with the MM3 force fields implemented in the TINKER program. The
results obtained are in good agreement with pure QM calculations and experimental results.
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PARTIAL CHEMICAL MODIFICATION OF CARBON NANOTUBES
AS A WAY TO CREATE NANOMETER-SCALED
HETEROJUNCTIONS

Natalya N. Breslavskaya, Dmitry V. Kirin, Pavel N. D’yachkov
Institute of General and Inorganic Chemistry, Russian Academy of Sciences

We discuss the opportunity to design nanometer-scaled heterojunctions via partial chemical
modification of carbon nanotubes, an alternative to mechanical connection of nanotubes of
different geometries. We assume that addend atoms are attached to adjoint carbon atoms
along the the chain parallel to the tube axis, which is the most favourable variant of
attachment, according to our previous investigation. Since the attachment of an addend atom
removes one pi-orbital, in the framework of pi-electronic and nearest-neighbour
approximation, it is equivalent to the removal of the corresponding carbon atoms; therefore,
we consider theibbon of graphene hexagons. Heckel pi-electronic band structures show that

such a modification of carbon nanotubes of zigzag type changes the width of forbidden gap
or even the type of the band structure, semiconducting to metallic or vice versa. Similar
modification of armchair-type nanotubes changes the type of the band structure from metallic
to semimetallic. All the said changes can be used to devise a broad range of heterojunctions
with various electronic properties. This work has been supported by Russian Foundation for
Basic Research, grant Ne 00—03—-32968; the program «Topical Problems in Condense Matter
Physics,» division «Fullerenes and Atomic Clusters,» Ne 98061; and 5th Contest of Basic and

Applied Projects of Young Scientists of RAS.

COMPUTER MODELING OF C , CLUSTER ADDITION TO C ¢

Mikhayl F. Budyka, Tatyana S. Zyubina, Alexander G. Ryabenko
Institute of Problems of Chemical Physics RAS, Chernogolovka, budyka@icp.ac.ru

Reaction of G cluster insertion into lower fullerenes (reaction of i@gestion by
fullerenes) has been proposed to be one of the steps in formation and growth of higher
fullerenes and nanotubes. We investigated, using semiempirical MNDO-PM3 method, the
model reaction of gingestion by fullerene & The geometries and energies of extremal
points on the & potential energy surface were calculated. Several reaction pathways leading
to formation of three different closed{Zullerenes were investigated. All reactions proceed
stepwise through intermediates of different structures. The main reaction pathways were
found to be addition of £by its one side to the 6-6 (see Fig.1) or 5-6 bond ggfwith
formation of unclosed & intermediates of "ball-with-needle" structures. The results of
calculations explain recent experimental data on the formation of unstable adducts upon
addition of G to Gy obtained using the time-of-flight mass spectrometer with laser
desorption.
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62C

Fig. 1. PM3-calculated stationary points (reactants, intermediate, transition state, and
product) on minimal energy pathway of the reaction pflGster addition to fullerenesg
This work was supported by the Russian Foundation for Basic Research, project no. 00-03-32933.

CONCERTED HIGH-PRECISION SOLUTION OF ELECTRONIC AND
VIBRATIONAL-ROTATIONAL PROBLEMS FOR THE HI
MOLECULE.

V.P.Bulychev, V.G.Kuznetsov, I.I.Tupitsyn
Physics Department, St.Petersburg State University, Russia

The HI molecule differs by its properties from other hydrogen halide molecules. These
distinctions are caused not only by the large mass and charge of the iodine nucleus, but also
by the specific structure of the molecular electronic shell. In particular, its electric dipole
moment as a function of internuclear separation, has an anomalous behaviour, which causes
the anomalous intensity values for vibrational-rotational lines of the fundamental and
overtone vibrational bands. These anomalies cannot be described by considering small
perturbations of the spectrum of a standard molecule, whose dipole moment depends linearly
on the vibrational coordinate. This work is devoted to a concerted solution of electronic and
vibrational-rotational problems for the HI molecule. At the first stage ab initio
multiconfiguration calculations of the ground-state wave function (WF) were carried out. The
total electronic energy and the dipole moment of HI were calculated for different values of
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the internuclear distances by the proposed new version of ab initio valence bond method. In
this method the electronic configuration of molecule is constructed as a set of configurations
for separate atoms, including ionic configurations along with the covalent ones. The total
ground-state WF was written as a linear combination of Slater determinants constructed from
nonorthogonal atomic-like numerical orbitals localized at different centers. These orbitals
were found from a numerical solution of the Hartree-Fock equations. To eliminate the
continuous spectrum states from the basis set, the virtual orbitals were constructed in the
form of the Sturmian-type localized orbitals. The basis set contained the ns, np and nd (n=1-
7) atomic orbitals for the iodine and ns, np and nd (n=1-3) functions for the H atom, 5s and
5p | and 1s H orbitals being valence shell orbitals. The CI expansion included all
configurations generated from the covalent H(1s)I(5s2,5p5) configuration with the help of
single, double and partially triple excitations of electrons to different valence-shell and virtual
orbitals. Only those triple excitations were taken into account, when no more than two
electrons were excited to virtual Sturmian orbitals. The calculated results were compared
with experimental data and the recent calculations by coupled cluster method (G.Maroulis,
Chem.Phys. Lett., 318(2000), 181-189) and proved to be the better of the two and very close
to experiment. At the second stage, the vibrational-rotational problem was solved by using
the correct kinetic energy operator for a singlet sigma electronic state and the adiabatic
potential computed at the first stage. The variational vibrational-rotational WF was taken as
an expansion in products of harmonic-oscillator WF and spherical harmonics. The matrix
elements of the Hamiltonian were evaluated, in particular, by quadratures, using the potential
energy function calculated at the corresponding nodes. To determine the intensities of
vibrational-rotational transitions, we evaluated the nondiagonal matrix elements of the dipole
moment in the basis of solutions obtained, using the dipole moment values calculated at the
nodes of integration. The analysis of results allowed us to examine the influence of
mechanical and electrical anharmonicities and centrifugal distortion on the intensity
distribution in the spectrum. The calculated results confirmed the anomalous dependence of
intensities of vibrational-rotational lines on the quantum numbers and, at the same time,
showed their strong sensitivity to the quality of solution of the electronic problem. This work
was supported by Russian Foundation for Basic Research (grants N 00-03-33040a, N 00-03-
33041a).

AB INITIO ANALYSIS OF THE STATIONARY POINTS ON THE H5+
CLUSTER ION POTENTIAL ENERGY SURFACE AND ITS DIM
DESCRIPTION

A.A.Buchachenko, R.Prosmiti, P.Villarreal, G.Delgado-Barrio
Istitute of Mathematics and Fundamental Physics, C.S.1.C., ¢/ Serrano 123 Madrid 28006,
Spain

Ab initio quadratic configuration interaction QCSD(T) calculations in the cc-pVQZ basis set
are performed for the stationary points on the potential energy surface (PES) of the H5+
cluster ion composed of H3+ and H2 fragments. As many as ten stationary points with
different number of imaginary frequencies are located and investigated. The results
remarkably update previous data of Yamaguchi et al. [J.Chem.Phys. 86, 5072 (19987)]. A
simple analytical formula for the PES is derived using the diatomics-in-molecule first order
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perturbation theory (DIM PT1). The topology of this function is shown to match the ab initio
data reproducing the number and symmetry of stationary points. It is concluded that DIM
PT1 approach can be used to represent global nine dimensional ab initio PES of the H5+
cluster ion in an analytical form.

PHOTOELECTRON SPECTROSCOPY OF THE WEAKLY-BOUND
ANIONS

A.A.Buchachenko, M.M.Szczesniak, G.Chalasinski
Department of Chemistry, Moscow State University, Moscow, Russia Department of
Chemistry, Oakland University, Rochester, Michigan, USA Department of Chemistry,
Warsaw University, Warsaw, Poland

The theory for ab initio simulation of the photoelectron spectra of the diatomic anions is
developed and applied to the weakly bound ArO-, ArCl-, and KrCl- anions. Its essential
ingridients are (i) state-of-the-art ab initio calculations of the non-relativistic potential energy
curves; (ii) atoms-in-molecule (AIM) approach for constructing adiabatic spin-orbit (SO)
coupled potentials and electronic wave functions; (iii) Rau-Fano model for atomic
photodetachment probabilities which are converted to the molecular electronic
photodetachment transition dipole moments using AIM approach. This theory allows one to
calculate both transition frequencies and relative intensities almost from the first
principles.The examples considered prove the high accuracy of the theory and demonstrate
unexpectedly high selectivity of the photodetachment process with respect to the symmetry of
the fine-structure] states of the anion and neutral species.

INVESTIGATION OF STRUCTURE OF Fe3+ MAGNETIC CENTER IN
POLY-PARA-PHENYLENE

V.N.VasyukoV', V.A.ShapovaloV, V.P.DyakonoV,A.F.Dmitruk 2, E.A.Aksimentjeva’,
H.SzymczaK, S.Piechotd
!Donetsk Physics and Engineering Institute, NASU,Donetsk,Ukraine e-mail
vasyukov@host.dipt.donetsk.ua
%|nstitute of Physico-Organic Chemistry and Coal Chemistry,NASU, Donetsk, Ukraine, e-
mail dmitruk@infou.donetsk.ua
3Lvov State University, Lvov, Ukraine, e-mail aksimen@org.lviv.net
“Institute of Physics,Polish Academy of Sciences, Warsaw, Poland

Polymeric films doped with metals of variable valency, the ferriciron ion in particular,
possess interesting optical and magnetic properties making their range of production and
application wider. The EPR spectrum of poly-para-phenylene (PPP) doped with Fe3+ ions is
studied in the paper. The measurements were made in the temperature range 4.2 to 300 K at
the microwave frequency n = 9.246 GHz. It has been found that the EPR spectrum is
described by two resonance lines with g-factors g1 = 4.21 £ 0.05 and g2 = 2.00 + 0.09. Those
lines corresponded to two magnetic centers of the Fe3+ ion in poly-para-phenylene. To
estimate the structure of nonequivalent positions of the Fe3+ ion, a calculateion was done of
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the energy of magnetic center. The calculation was based on the SCF MO all-valent method
within the UHF approximation using the ZINDO/1 method. It was show that the
\"pyramidal\" and \"sandwich\"-like structures may be formed. When the magnetic center is
of \"pyramidal\" structure, the Fe3+ ion forms p-complex with one phenylene ring of the
polymer. In the second case of \"sandwith\"-type structure the Fe3+ ion is surrounded by two
phenylene rings of different molecules of the polymer. An unusual temperature dependence
of the EPR spectrum is characterized by magnetic-ion oscillation in the potential well having
two minima.

SEMIEMPIRICAL MODELING FREE ENERGY SURFACES FOR
PROTON TRANSFER IN POLAR APROTIC SOLVENTS

M.V. Vener, L.V. Rostov, A.V. Soudackov, M.V. Basilevsky
Karpov Institute of Physical Chemistry, ul Vorontsovo pole 10, 103064 Moscow, Russian
Federation

A method of calculation of a free-energy surface (FES) of the proton transfer (PT) reaction in
a polar aprotic solvent is developed. It is based on the two-state VB description of the solute
combined with recent continuum medium models. Its essential new feature is an explicit
gquantum-chemical treatment of VB wave functions including internal electronic structure of a
chemical subsystem. The FES includes a pair of intrasolute coordinates, R the distance
between hydrogen-bonded atoms and s, the proton coordinate, together with the collective
medium polarization mode. Two hydrogen-bonded systems immersed in a polar solvent
(freon) were considered. The first one is the H502+ ion, a model system which was used as a
benchmark testifying validity of our semiempirical calculations. The second system is the
neutral (CN)(CH3)N-H...N(CH3)3 complex in freon. PT for this system has been studied
experimentally. The dependencies of basic parameters controlling FES properties (the
overlap integral, the coupling matrix element and the reorganization energy Er) on intrasolute
coordinates R and s are evaluated and discussed. In particular, for the neutral complex Er
depends on s linearly, its dependence on R is weak. The FES for the neutral system has two
potential wells separated by the energy barrier of ~ 7 kcal/mol. Quantum-mechanical
averaging over the proton coordinate, s, reduces the barrier from 7.0 to 1.2 kcal/mol. The
value of the non-adiabatic parameter on the averaged FES is equal to 0.13. This implies that
the PT in the second system corresponds to an intermediate dynamic regime and that proton
tunneling effects are hardly significant for this reaction.

ABOUT QUANTUM-CHEMICAL DESCRIPTION OF ADSORPTION
OF MOLECULES ON THE SURFACE OF METAL IN SOLUTIONS OF
ELECTROLYTES

Yu. B. Vysotsky, V.S. Bryantsev
Donbas State Academy of Building and Architecture 2 Derzhavina Str., 85123 Makiivka of
Donetsk Region, Ukraine

Processes of adsorption on a metal surface occupy an important place in studies of the
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mechanism of protective action of rust inhibitors of metals. In this paper quantum chemical
model of adsorption an organic molecules on a surface of metal in solutions of electrolyte put
forward. The basis for this approach is the method of the electrostatic images modified on a
case of presence of a double electrical layer (for which the model of a parallel-plate capacitor
is used). It realized within the framework of PPP method. In addition, it was assumed, that
minimum distance between atoms of adsorbate and surface of a conductor is determined by
the sum of their Van der Waals radiuses, and the spatial arrangement is function of degree of
fullness and potential of a metal surface. For simplicity sake the electric field strength was
taken to be equal the ratio of exterior affixed potential to effective radius of ions of
background electrolyte. On an example of a series of model calculations is displayed that to
utilize the characteristics of an isolated molecule for calculation of adsorptive parameters is
incorrect and consequently application of dipole or quadruple approaches of an electrostatics
are usable only as zero approach. Is shown, that at potentials on metal even insignificantly
distinguished from potential of a zero charge the contributions to an adsorption energy on
mechanisms of reflection and interaction with an electric field it appear of one order and
consequently to neglect any of these contributions it is incorrect. As approbation of the
offered approach the adsorption of a series of aromatic compounds on a surface of tin is
treated. To correct for - contribution on adsorption energy were restricted to the term
proportional to an electric field strength (in the equation of regression the vector differences
between complete (calculated AM1 method) and -electronic electrical dipole moments are
included). The results of calculation are in agreement with the available experimental data.
Since at considerable potentials on metal the one-electron transfer is possible, the magnitude
of an interaction energy of metal - ion-radical is calculated and the value of potential is
determined, when this interaction is equal to zero, i.e. there is a desorption of molecules. The
obtained results are qualitatively conformed to potentials of desorption from C, E-curves.
Key words:

CALCULATION OF THE THERMOCHEMICAL PROPERTIES OF
CONJUGATED HYDROCARBON RADICALS

Yu.B. Vysotsky, V.S. Bryantsev
Donbas State Academy of Civil Engineering and Architecture 2 Derzhavina Str., 86123
Makijivka of Donetsk Region, Ukraine

The enthalpies of formation of 30 conjugated hydrocarbon radicals with different chemical
structure in the framework of a unrestricted Hartree-Fock method on the basis of a uniform
set of p-Hamiltonian parameters for systems with closed and opened electronic shell are
calculated. It is shown, that this approach only with two additive constants on an s-skeleton
allows describing simultaneously both neutral molecules, and radicals with experimental
accuracy. Usefulness of the very simple superposition-additive approach for account of
physical-chemical properties of complex polycyclic molecules or radicals, based on a
postulate on additively of the contributions of atoms to chemical bonds at superposition of
molecular graphs are discussed. In terms of an p-electronic perturbation theory the model of
aromatic annelation are developed that enable to calculate thermochemical and others
properties of radicals based on calculated, or experimental data for less extended analogs. On
the basis of perturbation theory the effects of substituents on the physical-chemcial properties
of radicals has been treated. It is shown that experimental heats of formation, proton coupling
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constants of some substituted alternant systems and activation energy of
methylencyclopropane rearrangement are described in the second order of the theory. One
more approach for description of heats of formation of radicals with exocyclic methene
group, developed in this work, is grounded on assumption to treat these radicals as substituted
of neutral molecules. On the basis of this approach the linear dependence of RCH2-H bond
dissociation energy on mutual polarizability of the conjugated molecule RH is obtained. The
results of direct calculations and on the basis of a perturbation theory are well agree with each
other and with available experiment.

POLIMER STRUCTURES OF (6,0) NANOTUBES: GEOMETRY AND
ELECTRONIC PROPERTIES

Galpern E.G, Stankevich 1.V}, Chernozatonskii L.AZ, Sabirov A.R?
Ynstitute of Organoelement Compounds, Russian Academy of Sciences, 117813 , Moscow,
Vavilov St. 38
?Institute of Biochemical Physics, Russian Academy of Sciences, 117977, Moscow,
Kosygin St. 4

Single-walled carbon nanotubes (NT) have stimulated great interest in chemistry and
physics with a special relevance to potential applications in electronics and material
science [1].

In present research new polymerized structures of «zig-zag» type (6,0) NT's have
been considered. The geometry structures of base polymer fragments have been calculated by
MNDO/PM3 approach. The electronic spectra have been computed by crystal orbital method
with EHT approach.

First the planar polymer has been analyzed. Each (6, 0) carbon tube in this structure is
bonded with two neighbors by (2+2) cycles. This polymer demonstrates metallic behavior.

Second structure is a zeolite type [1]: each NT in this structure is bonded with six
neighbor tubes by (2+2) cycles. Bonds between tubes is equal 1.61 A, in (2+2) cycles
bondlength between tube atoms is equal 1.52 A, distance between neighbor NT is equal
6.98 A. Thus in each tube a half of atoms is ifttsfborid state. Electronic spectrum of this
(6,0) NT crystal has band gap 1.5 eV. Such polymerization lead to conductance character
changing from semimetalic (for molecular crystal of (6,0) carbon NT’s) to semiconducting. It
should be noted that obtained structure also has to have high hardness like 3D polimerised
Ceo fullerite.

This work was supported by «Atomic Clusters and Fullerenes» Russian Government
Program and Russian Fundamental Fund of Investigation.

1. P.J.F. Harris. Carbon Nanotubes and Related Structures. Cambrige University
Press, 1999.
2. L.A. Chernozatonskii. Chem. Phys. L&®.7 (1998) 257.

44

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

MOAEJIMPOBAHUE CTPYKTYPbBI U QJIEKTPOHHOI'O CTPOEHUA
KBA3HU-IBYMEPHOI'O IOJIMMEPHOTI'O CJ1051 HA OCHOBE
OYJIJIEPEHOB [C36] METOJAMU KBAHTOBOU XUMHUHU

E.I'. "'aabnepH, U.B. CtankeBuu, A.JI. Hucrakos, A.P. Cabupos
Hucmumym snemenmoopzanuueckux coeounenuii PAH
JI.A. UepHo3aToHcKuii
Hucmumym ouoxumuueckoit puzuxu PAH

[IpoBe1eHO KOMNBIOTEPHOE MOJEIMPOBAHUE CTPYKTYPbI M DJIEKTPOHHOTO CTPOCHUS
KBa3u-IBYyMEPHOIo yriepoaHoro ciiost (1) ¢ TpuroHanbHOM peleTKOW, COCTOSALUEro M3
¢dymnepernoB Cze (2) Tononoruueckoii cummerpu Dgh. B aToM nonuMepHoM ciioe 1 Kax<ablit
MOJIMDAPUUECKUI KilacTep 2 OKPYXEH IIECTblO aHaJOrMYHbIMU (yJIepeHaMu U CBSI3aH C
KaXJIbIM M3 HUX JIBYMSl KOBaJIEHTHbIMHU CBS3IMHU. KoopauHaThl aTOMOB MOBTOPSIOLIETOCS
3BeHa ¢J10s 1 OlCHMBAIUCh HAa OCHOBAHMHU Pe3yJIbTaTOB onTUMM3aiuu MetogoM MNDO/PM3
MOJHOM PHEPruu yriieBoaopoaHoi Mojekyjbl (Dgh)-Ci3Has, yriepoaHbiii 0OCTOB KOTOPOM
COBIAACT C AOCTATOYHO OOJIBIIMM (PparMeHTOM MOJIUMEpPHOro ciios 1.

MerooM KpucTajuIMdeCKUMX opOuTaseid B BajJeHTHOM npubnunxkeHuu PMX nposeneH
pacyeT 3JeKTPOHHOTO CHEKTpa KBa3u-IByMEpHOU cucteMbl 1. YcTaHOBJEHO, YTO IIMpPUHA
3anpelEHHON 30HBI B €€ JIEKTPOHHOM crekTpe cocrapiser [1.5 sB. Paccuurtana Ttakxke
CTPYKTYypa U DJIEKTPOHHOE CTPOEHHE HEKOTOpbIX onuromepoB kinactepa Dgn-Cgzg, MuHEHHOMN
makpomosekynbl [—Cgg—]n, a Takke KBa3U-TpaUTOBOTO CJOS, COCTOSIIETO M3
cynepOeH30/bHBIX KilacTepoB yriepoaa (Csg)s.

Meronom HF/321G uccnenoBansl sH103ApanbHble  koMmekesl M@Cse (V= Cr, Ti,
Ni, Fe) Jlns Bcex pacCMOTPEHHBIX CHUCTEM HaleHbl TC€OMETPUYECKME MapaMeTpbl H
pactipenenenue 3pPeKTUBHBIX 3apsI0B.

B npubnuxeHnn KoOpMHATBI peakui NpOBEACHO MOJIETMPOBAHUE B3aUMOIEHCTBUS
JaByX ¢yiuiepeHoB Csg.

Pabora noppepxkena Poccuiickum @onaom @yHpameHTtanbHbiX HMccnepoBanuil, a
takke Poccuilckoil HayyHO-TEXHMUYECKOH MNporpaMMoil «AKTyaslbHble HAINpPaBJIEHUS! B
(bu3KKe KOHJEHCUPOBAHHBIX Cpel», MoAnporpaMma «QyJsiepeHsl U aTOMHbBIE KacTepbly.

HOBBIII MEXAHU3M AKTUBAIIMU AJIKAHOB (HA TIPUMEPE
MOJIEKVYJIBI ITPOITAHA) CYHHEPDJIEKTPO®UJIAMHU HOBOI'O
IHOKOJIEHUA

H. Il. I'am6apsin, A. JI. Unersakos, U. B. CrankeBuu, U. C. Axpem
Hucmumym rnemenmoopzanudeckux coeounenuit um. A. H. Hecmeanoea PAH, 117813
Mockea, ya. Basunosa, 28. E-mail: stan@ineos.ac.ru

[IpoBeneHo  TeopeTHUECKOE WCCIIEJOBAHWE  B3aUMOJEHCTBUS ~ MpomaHa ¢
cynepanekTpoduiaMu HOBoro mokonenus. C 3toii nensto meronoMm MNDO/PM3 paccunTaHbl
(dparMeHTbl MOBEpXHOCTEH noreHuuaabHoi snepruu (I1I12) cuctem: CzHg + AlBrs (1), CsHg
+ CBI’3+ (”), CsHg + CBI’3+*BI’2A|BI’2_ (|||)

KnoueBoii cTajueii KIaccHuecKoro MeXaHu3Ma aKTMBALMK ajiKaHoB dyiekTpodunamu E*
(mexanu3ma Oua) siBasieTcs ataka 3jekrpodusiom o-cesizeit C—H uinun C—C ¢ obpazoaHuem
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HMKIMYECKUX TPEXUEHTPOBBIX JBYXAJIEKTPOHHBIX (3c-2€) MHTEPMEAUATOB WM MEePEXOAHbIX
coctosuuii (I1C). KioueBoii cragueit npyroro mMexaHusma akTUBALMKM AJIKAHOB SBJISETCS
araka anekrpopmiom atoma C ¢ CHUHXpPOHHBIM OOpa3zoBaHueM 3c-2€ CBS3M ITOr0 aroma ¢
KBazumoJiekysioit Hy. Hamu paHee (Ha npuMepe Takoro MOLIHOrO 3jeKTpoduia, Kak “rojbiii”
kaToH Br") HailineH HOBBI MeXaHM3M AaKTUBALMM aJKaHOB, CBOAAIMKCA K aTake
cynepanektpopuna no aromy H ankana ¢ oGpasoBanueM uHTepMmeanatos R—H—E". Ilpu
ynaneHuu atoma Br ot yriepona oH yBnekaet 3a coboii atom H: Br' + CH; — CHs' + HBr.

Takum oOpa3om, peakuusi OTpbIBa T'MAPUJ MOHA OT METaHa MpOXOAUT Oe3 0Opa3oBaHus
nukamyeckux narepmenuaros wiu [1C tuna Ona.

[IpoBeneHo wuccnenoBaHue o0NacCTU MPUMEHHMMOCTH HOBOTO MEXaHM3Ma AKTHUBALMU
aJKaHoB. Y CTaHOBJIEHO:

1. Peakuun npomaHa CsHg Kak ¢ KaTHOHOM CBrs", Tak u ¢ HEUTpaJIbHBIM B LIEJIOM
kommiaekcom CBr3™*BroAlBry~ (cuctems 1, 1II), uayT no HaiiiegHHOMY HaMM HOBOMY
MexaHu3my 6e3 oOpazoBanusi UuKiIndeckux uHtepmeauaros wiu [1C tuna Ona.

2. Uzyuenue cuctembl | npuBeso k 0OHapy)KEHUIO TOJbKO TakuX peakuuii nponaHa CzHg,
KOTOpbIE UAYT uepe3 nepexoHbie coctosaHus Ona.

Brickazano mpeanofiokeHue, YTO BO3MOKHOCTb OCYIIECTBJIEHUS! AKTMBALMU aJIKAaHOB
anekTpoduiaMyd MO HalJAeHHOMY HaMHd HOBOMY MEXaHM3My 3aBUCUT OT COOTHOLICHUS
MPOYHOCTH pa3pbiBaMOil B ajlkaHe CBSI3U M MOLIHOCTH aTaKyoUIero 3iekTpoduia.

Pa6ota Bbinosnnena npu ¢puHancoBoit noaaepxxke PODU .,

AN EFFICIENT ALGORITHM AND ITS IMPLEMENTATION FOR
LARGE-SCALE VIBRONIC COUPLING CALCULATIONS

E.V. Gromov and A.B. Trofimov
The Laboratory of Quantum Chemistry of the Irkutsk State University

Various non-adiabatic effects are known to be of a great importance for problems of
molecular spectroscopy. A wide class of phenomena can be successfully described within the
formalism of a linear vibronic couplingodel (H.Kuppel, W.Domcke, and L.S. Cederbaum,

Adv. Chem. Phys. Vol. 57, 1984, p. 59). In the present work we propose an efficient
algorithm and report on its implementation for calculations using the linear vibronic coupling
model (LVCM) formalism. The new algorithm and associated with it MULVIB program
should considerably facilitate the studies of vibronic structure in the electronic and
photoelectronic spectra of larger poliatomic molecules. Our approach is quite general and can
almost without limitations be applied to problems with several interacting states (multistate
vibronic coupling) and with arbitrary number of totally-symmetric (tuning) and non-totally-
symmetric (coupling) vibrational modes. According to the LVCM-formalism, the spectrum is
calculated using Lanczos diagonalization procedure applied to the model Hamiltonian
expressed in the harmonic oscillator basis. Since the dimension of such basis is often
prohibitively large, we make use of a \"direct\" diagonalization requiring no disk storage for
matrix elements of the Hamiltonian. The result of the matrix-vector multiplication step is
evaluated on the fly. The molecular symmetry at the extent of the largest Abbelian subgroup
can be used to further reduce the computational efforts at this stage. For a large two-state
problem, where the vector size does not allow to complete the matrix-vector multiplication
step within the available amount of main memory, an algorithm with the disk vector storage
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can be invoked. The latter algorithm can also be used for vibronic coupling calculations on
the computer systems with small main memory. The capabilities of the new approach are
demonstrated on the example of furan and thiophene molecules, where it has been used to
study the vibronic structure of the lowest photoabsorption band. The vibronic coupling
problem here involves (at least) four interacting electronic states coupled via several in-plain
and out-of-plain non-totally symmetric and all totally-symmetric vibrational modes,
excluding hydrogen motions. The Hamiltonian matrices of the dimension up to 40 millions
have been treated in course of the calculations of the spectra. The calculated spectra compare
favorably with the results of measurements.

ELECTRONIC TRANSMISSION COEFFICIENT IN THE REACTIONS
OF HETEROGENEOUS CHARGE TRANSFER: QUANTUM
CHEMICAL CALCULATIONS

Dmitrii V. Glukhov and Renat R. Nazmutdinov
Kazan State Technological University K.Marx Str., 68 420015 Kazan, Republic Tatarstan,
Russia E-mail: nazmutdi@dionis.kfti.kcn.ru

Electronic transmission coefficient (ETC) is known to be a key quantity in modern quantum
mechanical theory of charge transfer in polar media [1]. In the case of homogeneous
processes ETC can be computed with high accuracy [2], whereas for Redox-reactions
proceeding on a metal electrode the reliable calculations of ETC are lacking so far. In this
work we have discussed earlier attempts to estimate this parameter for electrochemical
reactions, as well as performed some quantum calculations of ECT in the framework of an
approach developed recently [3-5]. The electronic coupling in such an approach is treated in
terms of the electronic density of a metal; the latter was computed for a mercury electrode in
several ways. First, the jellium model was employed [3]. The electronic density in the «spill-
over» region was also described using the cluster model. Several calculations were done for a
five-layer slab on the basis of the «muffin-tin» approximation and linearized planar waves as
a basis set. Main attention in this work was put on some important qualitative effects. ETC as
a function of the electrode-reactant distance were calculated for different orientations of
[Co(oxalate)]3- and S2082- relative to the metal surface. The dependence of electronic
transmission coefficient on the electrode charge density was studied as well. Quantum
chemical calculations of the acceptor wave functions of reactants were performed at SCF and
DFT (B3LYP) level. References [1] A.M. Kuznetsov, J. Ulstrup. Electron Transfer in
Chemistry and Biology, Wiley, Chichester, 1999. [2] M.D. Newton //Chem. Rev. 1991. v.91.
p.767. [3] A.A. Kornyshev, A.M. Kuznetsov, J. Ulstrup //J. Phys. Chem. 1994. v.98. p.3832.
[4] A.A. ALA. Kornyshev, A.M. Kuznetsov, J. U. Nielsen, J. Ulstrup //Phys.Chem. Chem.
Phys. 2000. v.2. p.141. [5] R.R. Nazmutdinov, G.A. Tsirlina, O.A. Petrii, Yu.l. Kharkatz,
A.M. Kuznetsov, Electrochim. Acta. 2000. v.45. p.3521. This work was supported by the
RFBR, projects No. 99-03-32367, 00-03-32140, 01-03-02006, INTAS 99-1093 and Russian
Ministry of Education.
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ITAPAJIVIEJIBHAS PEAJIM3AIIUA PACYETA DQHEPTETUYECKOTI'O
BKJIAJIA TPEXKPATHBIX BO3BYKJIEHUI B YETBEPTOM
MOPSIIKE TEOPUM BOSMYIIIEHU B BAPUAHTE MEJIJIEPA-
IHJIECCE (MP4) 1J1s1 CUCTEM C 3AKPBITBIMHA OBOJIOYKAMM.

A. A. I'panoeckuii, A. B. Hemyxun
Xumuueckuii paxyromem Mockoeckozo I'ocyoapcmeennozo Yuueepcumema um. M. B,
Jlomonocoesa, Jlavopamopus Xumuueckoii Kuoepnemuxu.

B cOBpeMEHHON HEIMNUPUUECKOW KBAHTOBOW XHWMHUU LIMPOKO HCIONB3YKOTCA
METO/ibl, OCHOBaHHbIE HA KCIOJb30BAHUM TEXHUKM MHOrOYacCTUYHOW TEOPUU BO3MYIICHHUH .
Ilng  cucreM ¢ 3aKpbITbIMH  00OJIOUKAMM, XOpOLIO OMMCHIBAIOIIMXCA B  HYJEBOM
MpuOIMKEHUU OJHMM JleTepMuHanToM Cretepa, yalie BCEro MCIOJIb3YIOTCS MONPaBKU K
SHepruv B HU3WMX (2-4) mopsiakax Teopuu BO3MYyLUEHM B Bapuante Mémnepa-lliecce
(MP2-MP4). TloMUMO 4YHUCTO TEOPETHKO-BO3MYIIEHUECKMX MOAXOA0B, METOJ/bl TEOPUHU
BO3MYLICHUI UCMOJIb3YIOTCS TAKKE U U1 NPUOJMIKEHHOr0 Yy4eTa nonpaBoK Ha BO30YKACHUs
BBICIICH YacTUYHOCTM (KaK MpaBWIO, peub MAET 00 ONUCHIBAIOIIMXCSA CBSA3HBIMU
JUarpaMMaMy TPEXKpaTHBIX U, pexke, YeThIPEXKPAaTHBIX BO30YKACHUSAX) B TAKUX, HApUMep,
noaxonax, kak CCSD, QCISD, u BD. Drto mpuBoaur k metogam tuma CCSD(T),
QCISD(T), BD(T), u BD(TQ), sBIAIOMMMHUCS CBOEr0 pojAa S5TaJOHaMH KauecTBa B
COBPEMEHHbBIX KBAHTOBOXUMHMUYECKUX MCCJIEI0BAHUSIX BBICOKOTO YPOBHS .

B pamkax 4erBepTroro mnopsaKka TEOPUM BO3MYILEHMH TPAJAMLUMOHHO BbIACJSIOT
YeThIPe OCHOBHBIX THIMA BKJAJAOB B DJHEPrHI0 DJIEKTPOHHOH KOppensuuMu — BKJIAJbl,
oOycioBleHHbIE OAHOKpaTHbIMU (S), aBykpaTHeiMH (D), Tpexkpataeimu (T), u
yeTblpexkpaTHbiMU (Q) Bo3OykaeHUsMHU. BbluuciuTenbHble 3aTpaThl, HEOOXOAUMBIE IS
pacueTa IMONPaBOK Ha OAHOYacTH4Hble BO30OyxacHus E(MP4-S), B obmem ciydae pactyT
Kak msrrast crenens N° pasmepa Mosiekynsl N, a 3aTpaThl Ha pacueT SHEPreTHYECKHX BKIAIOB
OT JBYKPATHBIX U Y€TbIpeXKpaTHbIX B30y aeHuit E(MP4-DQ) nponopuuoHasibHbl miecToii
CTENEHU pazMepa MOJIEKYJIbl N®. B 1o e BpEMsl, BbIUMCIIMTEIILHBIE 3aTPaThl, CBA3AHHBIE C
pacueToM BKJIAJIOB TPeXKpaTHbIX BO30YxkaeHuit E(MPA4-T), nponopuuoHaibHbl ceobmoil
CTENEHU pa3Mepa MOJICKYJIbI N’. Takum obpaszom, pacuer E(MP4-T) TpebyeT rurantckux
BBIUMCIIUTENbHBIX 3aTpaT U SBISETCS JUMUTUPYIOLICH cTaaueil B pacueTe MOJHOW SHEpruu
9JIEKTPOHHOM KOppEesLMK B Y€TBEPTOM Mopsake Teopun Bosmymenuii E(MP4-SDTQ) yike
JUI CpaBHMUTENIbHO HeOonbimuxX Mosiekyn. IIpu stom E(MP4-T) sBasiercs, Kak MpaBuJIoO,
JOMUHUPYIOLIEH cocTasisitoleii nosiHoi svepruun E(MP4-SDTQ).

OueBUAHO, YTO JJIS MPOBEJCHUSI PACUETOB MOJIEKYJ CPEAHEro U 0GOJbLIOro pa3Mepa
Ha yposie MP4, CCSD(T), QCISD(T), u BD(T) neob6xoauma 3ddexruBHas
napajenusanys ctaauu pacuera E(MP4-T).

B cnimu-opbutansHom dopmanuzme E(MP4-T) gaeTcs clieIytomyM BbIPpaKECHUEM :

| abc|?

EMPa-T)=- L% gl g
36; Z NG '

OnHako HEIIOCPCACTBCHHOC  HKCIIOJIb30BAHHUC IIOJIYYCHHOIO B paMKaxX CIIMH-

abc
0p6I/ITaJ'IBHOFO (bOpMaJ'II/I3Ma BBIpaXXCHUA 1JId \Nijk B cliyda€ CHCTEM C 3aKpbITbIMHU

o0osioukamu KpaiiHe Hed(h(HEKTUBHO B CUITYy IBYX MPUUYMH.
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Bo-nepBbIx, TpeOyeTcs SBHBINM yueT cneluUKd CUCTEM C 3aKPBITBIMU 000J0UKaMH1
(oAMHAKOBBIE MPOCTPAHCTBEHHBbIE KOMIIOHEHTbI Yy CHUHOpOMTANEl, OTJIMYAIOUIMXCS
3HaYeHueM crnuHa). Takum o0pazom, HEOOXOAUMO MEPEUTH OT CHMHOPOMTAIBHOM HOTALMK K
opOMTaJIbHOW NyTEM MHTErpUpPOBAaHMs MO CHMHOBBIM NEepeMEeHHbIM. Bo-BTOpBIX,
3G GEeKTUBHBIA (OopManu3M AO0MKEH ObITh CHOPMYIUPOBAH HA SA3BIKE MPOCTBIX MATPUUHBIX
onepauuii (MaTpUYHOE YMHOXKEHUE).

oabce
Hamu Obuio [MOKa3aHO, 4TO O€eCCIUHOBLIE AMIUINTY ObL Vvijk MOTYT ObITh

MPEACTABICHbl B BUJAE MPOCTHIX JIMHEHHBIX KOMOMHAIMN HEKOTOPBHIX BCIIOMOTaTEIbHBIX
BEJIMYMH, KOTOPBIC, B CBOIO OYEpEe/lb, MOTYT ObITh MOJIYYEHbI KaK pe3yJbTaT HEKOTOPOi
MOC/IEJOBATENbHOCTH MaTPUUHO-MATPUUHbIX YMHOXEHW, CIOXKEHUI | TpaHCHO3ULUi
matpuil. [1pu sToMm:

1. Yucao 3neMeHTAPHBIX omepamuii (CIOKEHUH U YMHOXKEHHUI), HEOOXOAMMBIX

wgabc
mna pacuyera Wi, paBHO 2N -1)V3n+V)u sBasieTcs Jy4mIAM W3
ONMHMCAHHBIX B JINTEpPAType;

V_Vabc 13 ” 3% % i
2. ik PAaCCUMTBIBAIOTCS “MOPLUMAMU” — 1/is (PUKCHPOBAHHOM TPOUKHM UH/ICKCOB |,

. abc o
J, k OJHOBPEMCHHO HaXOAATCsS aMIIIMTY bl \Nijk IJ11 BCE€X 3HAUEHHUU A, b, Cc HpI/I

S5TOM BCe ONepanud HajJA MATPHIAMH, HeO0XOAHMble A5 BbIYHCJICHHS
ouepeaHol “mopuuu” AMIUIMTYA, SBJISIIOTCS HE3aBUCHMBIMU M MOTYT
NPOU3BOAUTHCH napajieibHo Ha SMP cucremax ¢ pazdensemoil namsiTblo.
(O4eBUHO, YTO CYMMMpOBAaHHE OTJENbHBIX BkJIanoB B (opmyne (1) Takke
MOKET NPOU3BOAUTHCS NAPAIIEIbHO).

—abc
3. Bce onepauuu, HeOOXOIUMbIE [l pacyeTa aMIUIUTY /[ Wi]-k JUISL pa3sHbIX TPOEK

UHICKCOB |, J, K, SBNAIOTCS HE3aBMCUMBIMU W MOTYT HNPOM3BOAMTHCS
NapaJuieIbHO HA CUCTEMAX € PACHPEOe/IeHHOI NAMSTBIO.

[lapannenpHas peaiu3auusi ajiropytMa, OCHOBAHHOIO HA OMNMCAHHOM MOJXOJE,
MPAKTUUYECKU OUEBU/IHA U3 ONMCAHUS €0 OCHOBHBIX CBOWCTB.

Pazjinunbie TPOMKM MHAEKCOB I, J, K pacnpenesstorcss Mexay OTIC/IbHbIMU Y3JaMu
BbIUMCJIMTEJLHOIO  KJlacTepa TakuM o0pa3oM, u4TOObl 00ecrnednuTb MaKCUMaJbHYIO
3arpyK€HHOCTb KaXJ0ro y3ia. B Haulell peanuzanuu anropuTMa B pamkax nporpammbl PC
GAMESS wucnonp3yercs cTrathueckas OajgaHcHMpoBKa Harpy3ku u MPI B kadecTBe
uHTepdelica A5 oOMeHa JaHHBIMU MEXTy y3/1aMHU KilacTtepa.

Kaxnbiit y3en kiactepa pacnpenensieT padoTy, HEOOXOAMMYIO ISl BBIUMCACHUS

abc o - .
AMIIIUTYy \Nijk JJIA 06pa6aTLIBaeMOI/I B JJaHHOC BpEMs TPOUKHM HHIACKCOB |, |, k, MEXDY

BCEMH JIOCTYNHBIMU €My TMpolieccopaMu. Kcnosb3yeTcss MHOTOMOTOKOBBIA Mapasiennsm
(multithreading) B coueTaHMH ¢ TUHAMHUYECKHM pacIpeeiCcHUeM Harpy3kd M IIOJHOCTBIO
ACHMHXPOHHBIM BBOJIOM -BBIBOJIOM.
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THE INFLUENCE OF LIGAND NATURE ON STRUCTURAL AND
ENERGETIC CHARACTERISRICS OF SiX4*nL ADDUCTS.

E.l. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer IIl.
The Department of Inorganic Chemistry, The Faculty of Chemistry, St.-Petersburg State
University, University pr.2, 198504 Old Peterhoff, Russia.

Ab initio calculations of adducts of Al, Ga, In halides with ammonia [1] and Ga halides with
pyridine [2] allowed us to analyse the influence of central and terminal atoms on stability and
energetics of the donor-acceptor (DA) complexes. Good agreement between theoretical and
experimental gas phase dissociation enthalpies evidences the reliability of theoretical
approach for studying such systems. Results obtained allow us to proceed with theoretical
study of more complex DA substances, for which experimental investigation of the
dissociation process in gas phase is not possible at present time. The adducts of silicon
halides with nitrogen-containing donors (NH3, py) were studied. All calculations have been
carried out using the GAUSSIAN 94 program package. The geometries of all complexes
were optimized by RHF/DZP and B3LYP/DZP methods. Optimized geometries correspond
to minima on the potential energy surface. Two isomers of SiX4dducts have been
considered: axial (C3v) and equatorial (Cs). The fact of transition Cs in C3v during
optimization has been established for SiXNH3. For all ligands axial isomer is more stable.

For SiX4 2L complexes the trans- and cis-isomers have been considered. The Si-N distance
of cis- and trans-isomer of SiX2L is decreased compared to SiX4[ L, which indicates that
donor-acceptor bond Si-N in adducts with coordination number 6 is stronger than in adducts
with coordination number 5. The gas phase dissociation enthalpies of adducts decrease in
order F-CI-Br for all complexes. For SiX2L adducts the Si-N distance is approximately
constant in order F-CI-Br and there is no correlation between dissociation enthalpy and
distance of donor-acceptor bond. We obtain the following sequence of the thermodynamic
stability of adducts with respect to dissociation process: SiF4SiCl4 SiBr4 SiH4. 1. Timoshkin
A.Y., Suvorov A.V., Bettinger H.F., Schaefer Ill H.F. // J. Amer. Chem Soc. 1999. Vol.121.

N 24. P. 5687-5699. 2. Timoshkin A.Y., Suvorov A.V., Bettinger H.F., Schaefer Ill H.F.//
Russ. J. Gener. Chem. 1999. Vol. 69. Ne 8. P.1250-1257.

RELATIONSHIP BETWEEN THE ENERGY OF DONOR-ACCEPTOR
BOND AND THE REORGANISATION ENERGY IN MOLECULAR
COMPLEXES

E.l. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer Ill.
The Department of Inorganic Chemistry, The Faculty of Chemistry, St.-Petersburg State
University, University pr.2, 198504 Old Peterhoff, Russia.

The halides of the IlI-1V group elements form molecular complexes (adducts) with different
electron-donor molecules. One of the important characteristics of these adducts is the energy
of donor-acceptor (DA) bond, which can be derived from the enthalpy of the complex
dissociation in the gas phase. For the halides of the IV group elements the major process
during vaporization is the dissociation process of the solid complex on free components.
Therefore experimental investigation of dissociation process in gas phase is impossible. The
information about stability of DA bond in these compounds can be obtained only from
50

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

quantum-chemical calculation.

The adducts of silicon halides with nitrogen-containing donorss(¥M, 2,2’-bipy) have

been chosen for the present study.

All calculations have been carried out using the GAUSSIAN 94 program package. The
geometries of all complexes were fully optimized by RHF/DZP and B3LYP/DZP methods
with subsequent vibrational analysis. All structures correspond to minima on the potential
energy surface.

The gas phase dissociation energy of complex can be represented as difference between the
DA bond energy and the reorganization energies of donor and acceptor [1]:

Ediss= nEbond_ [Ereorg(A) + nEreorg(D)] -D Ebsse(l)’

wheren - number of bonds; ¥ - the dissociation energy of complex in gas pha¥¥?Ethe

bond energy; E“YA) - the reorganization energy of acceptof;°8D) - reorganization
energy of donor; D ¥5E- basis set superposition error. B°EF has been calculated using
counterpoise method. All values are given in kJ/mol.

According to equation (1) bond energy and dissociation energy are equal only in case of
negligible distortion of free component during complex formation. However, as can be seen
from two representative examples in the table, the reorganization energy for halides of 1V
group elements is very large in contrast to group Ill halides. We conclude that it is the
reorganization energy that determines the value of the dissociation energy of DA complexes
of group IV elements.

Adduct Ediss Ereorg(A) Ereorg(nD) D EBSSE Ebond
AICl3 NH3 149,0 28,2 0,2 -14,6 170+ 7
trans-SiCJ} 2NHs; 71,5 280,2 15,0 -32,9 175+ 8

1.A.Y. Timoshkin, A.V. Suvorov, H.F. Schaefer IRués. J. Inorg. Chem. 2000. Vol.45.
Ne3. P.509-512.

MOLECULAR MECHANICS - EFFECTIVE CRYSTAL FIELD
CALCULATIONS OF LOW- AND HIGH-SPIN Fe(ll) COMPLEXES
WITH PYRIDINE-CONTAINING LIGANDS

M. B. Darhovskii (1), M. G. Razumov (2), A. L. Tchougreeff (1), I. V. Pletnev (3)
(1) Karpov Institute of Physical Chemistry (2) N. S. Kurnakov Institute of General and
Inorganic Chemistry of RAS (3) Chemistry Department, M. V. Lomonosov Moscow State
University

A new method of potential energy surfaces (PES) modeling for transition metal complexes is
applied to four Fe(ll) complexes with pyridine-containing ligands, where metal center takes
both low- and high-spin states. The method presents a combined molecular mechanics (MM)
— quantum mechanics (QM) approach. Here the QM part is based on the effective crystal
field (ECF) approach [1], which is able to describe electronic spectra and estimate the spin of
ground state of transition metal ion, and used for the d-shell energy evaluating. As a MM
part, the Charmm-force field based molecular mechanics method, utilizing Gillespie-Kepert
model of «bonds repulsion» for metal ion coordination sphere description (MM-GK) [2] is
used for ligand backbone and coordination sphere energy calculation. Accordingly [3], the
total energy of a complex is a sum of d-shell energy of metal ion, calculated within ECF
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paradigm, and the energy of the rest of a molecule, calculated with MM-GK method.
Molecular mechanics parameters found, which allow to describe with good accuracy the
experimental geometry of the complexes mentioned above, as well as predict the ground spin
state of metal ion. Note, that the same MM-GK parameters are applicable for different metal
ion spin states (while F&-distance varies from 1.88 to 2.26 E). 1. A. V. Soudackov, A. L.
Tchougreeff, I. A. Misurkin Theor. Chim. Acta. 1992. V. 83. P.389. 2. M. G. Razumov, V. L.
Melnikov and I. V. Pletnev J. Comput. Chem. 2001. V. 22(1). P.38. 3. M. B. Darkhovskii, A.

L. Tchougreeff. Khim. Fiz. 1999. V 18(1). P. 73 [in Russian].; A. L. Thougreeff in Molecular
Modeling and Dynamics of Bioinorganic Systems. NATO ARW Proceedings. L. Banci, P.
Comba (eds.) Kluwer, Dordrecht (1997).

RELATIVISTIC TREATMENT OF HIGHLY-CHARGED HEAVY IONS
COLLISIONS BY FINITE SET OF HERMITIAN B-SPLINES BASIS

Deineka G.B.
St.Petersburg State Institute of Fine Mechanics and Optics (Technical University)

We introduce a numerical method for relativistic calculation time-dependent process in atom
and molecular systems. The method utilizies the finite basis set of Hermitian B-splines basis
for calculation of localizated states.

MULTY-REFERENCE CONFIGURATION INTERACTION STUDY OF
THE VALENCE AND TRIPLET ION-PAIR STATES OF THE
FLUORINE MOLECULE

Irina A. Delyagina, Daria B. Kokh, Anatoly M. Pravilov, Anatoly V. Titov
Institute of Physics, St.Petersburg State University Ulianovskaja 1, 198904 St.Petershof,
St.Petersburg, Russia

Potential curves for some fluorine valence singlet and triplet ion-pair states are calculated by
means of the multi-reference configuration interaction (MRD-CI) method with the Davidson
extrapolation to the full Cl energies. Two molecular orbitals derived from the 1S atomic
orbitals are frozen after the SCF procedure, i.e. they are not correlated. Among the excited
singlet and triplet species of the fluorine molecule, which dissociate into the ground state
atoms, only the "3P_u state is found to be very weakly bound (De ~ 0.05 eV), while the
remaining valence states are strictly repulsive. The calculated spectroscopic constants for the
ground state are in a good agreement with the corresponding measured values. Spectroscopic
constants of the lower tier ion-pair states have been also calculated. Vertical excitation
energies and some moment functions of the dipole transitions between valence, as well as
valence and triplet ion-pair states have been determined. In particular, a detailed analysis of
the 1P_u <- 1S g+ absorption is carried out. The treatment of the triplet ion-pair states is
especially emphasized because they are found to be essential for understanding the VUV
lasing in F_2. The ion-pair 3P_u state is found to be responsible for the 157 nm laser
emission observed by J.R. Woodwarth and J.K. Rice [J. Chem. Phys. 69(6), 15 Sept. 1978].
Emission spectrum f3P_g -> a3P_u transition is calculated and compared with the

52

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

experimental data. Some special spectroscopic properties such as the homogeneous and
heterogeneous mixing of the ion-pair states in F_2 are discussed.

KBAHTOBO-MEXAHUYECKASA MOAEJIb IBUKEHUSA NOHA B
I'PAMUIININHOBOM KAHAJIE MEMBPAHBbI

1 2 1 2
Jmumpuee A.B., “Hcaesa I'.A., "Cnyxuna 10.J1., “Hcaee I1.11.
7 9 N -
Jluneukuii 20cyoapcmeeHHblil Re0azo2uYecKuill yHugepc umem
2 . N
Kocmpomckoii zocyoapcmeennwiii ynusepc umem um. H.A. Hekpacoesa

['pamuumand A — nentuHbIA aHTUOMOTHMK, KOTOPbIA MPU BCTpauBaHUM B MeMOpaHy
crocobeH 00pa30BbIBaTh KATHMOHCEJIEKTUBHBIM KaHai. OCHOBHOH Li€JblO MpeJCTaBIEHHON
paboThl ABAsAETCS MojennpoBanue apmxkenus noHos H', Na' u K' B monoctu HHSH (head-
to-head single-stranded heliggntuanoro aumepa (Ketchem R.R. J. Biol. NMR, 1996, 8,
P.1). ArtomHble KoOpAMHATHI jAumepa B3iThl M3 banka OenkoBbix crpykryp (PDB,
Brookhaven National Laboratories, USA)loteHuman 371eKTpOCTaTUUECKOrO MOJisi B
MOJIOCTH IMMEpa OLEHUBAJICS UCXO/S U3 JAHHBIX O Pacrpeae/ieHUH 3JIEKTPOHHOM MJIOTHOCTH
B NENTUAHOM aumepe, nosydeHHbix merogom EHMO (Extended Huckel MOJ cranaaptHO#
napametrpuzanuu. I[lokazaHo, 4TO OCHOBHOW BKJaj B 3JIEKTPOCTATHYECKUN MOTEHIMAI
qumepa BHocAT CO-rpynnbl aMUHOKHUCIIOTHBIX OCTAaTKOB, OPUEHTHUPOBAHHBIX BAOJb OCH
cnupaiv. YCcTaHOBEHHAs (PYHKUMS MOTEHUMATLHOW SHEPTUU MOHA B 3JEKTPOCTATUUECKOM
Mojie IpaMULMAMHOBOIO KaHajla COrjacyercsi ¢ OKCNEPUMEHTAJIbHbIMM — JAHHBIMU .
CoctaBieHO M  NOJY4YEHbl  pelIeHUs  CTauMOHAapHOro  ypaBHenusi Lllpenunrepa,
OIMUCHIBAIOIIETO JIBUKEHUE MOHA B DJICKTPOCTATMYECKOM TM0JI€ FPaMULIMIMHOBOIO KaHaja
memOpanbl. [lpoBeneH cpaBHUTENIbHBIA aHAIM3 SHEPreTUUECKUX CHEKTPOB M BOJIHOBBIX
¢ynknuii nonos H', Na u K'. Hccnenosanue noanepxusaerca rpantom KII®E (kox
I'PHTH 34.17.15. - buodusuka, umdp 97-0-10, 0-167).

SIMULATION OF THE PROTON TRANSFER IN ACID PROTEINASE
(RHIZOPUSPEPSIN) USING HYBRID QM/MM METHOD BASED ON
EFP METHODOLOGY.

Dobrogorskaya Y.l., Bochenkova A. V., Grigorenko B.L., Nemukhin A.V.
Moscow State University Chemistry Department

Acid Proteinase ( Rhizopuspepsin ) belongs to the large group of ferments named hydrolases.
Hydrolases are the main enzymes which catalyze initial phase of partitioning of proteins and
complicated carbohydrates to the simple substances. When hydrolases attack substrate,
intermolecular bonds are breaking. This process takes place in presence of water molecules.
Hydrolases are divided on several groups peptidases being one of them. These enzymes
catalyze breaking up the peptide bond in peptide molecules. It is assumed that this reaction
depends strongly on pH, and by this reason we model the stage of proton transfer from the
Asp residue from the Rhizopuspepsin to the water molecule. It is also assumed that the
reaction depends on the presence of Ser residue, geometry of the protein and other details of
the entire system. We apply the hybrid ab initio QM/MM molecular simulations using based
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on the EFP methodology by using the GAMESS and TINKER packages. This method allows
us to separate ab initio («active») part of substance and replace residuary part (chemically
«inert») by the model potentials. In the present work, the water molecule is treated as an ab
initio part, MM-sized enzyme molecule is subdivided into a series of fixed geometry
fragments.

N-BODY INTERATOMIC POTENTIALS CALCULATED IN QUASI-
FERMION APPROXIMATION: THEORY AND APPLICATIONS

A.M.Dobrotvorskii
AOOT»VNIINeftekhim», St.Petersburg

The basic ideas of quasi-fermion approximation and their last developments are considered in
aspects of its application to calculation of N-body interatomic potentials destined for solid
state physics and chemistry studies. In the simplest case the quasi-fermion approximation
gives an algebraic equation which connects the total energy of many electron system with
two first moments of Hamiltonian matrix. This value of energy has been proved is a lower
bound of the exact one. There are the different ways to improve this estimation of energy
involving the higher order moments of Hamiltonian. Taking into account a particular form of
Hamiltonian and evaluating its moments we can represent the approximate total energy as a
nonlinear function of molecular integrals. Thus using the Hartree-Fock LCAO theory and
some additional simplifying assumptions it is possible to express total energy in the form of
N-body interatomic potential including only one and two center molecular integrals. The
most interesting result may be obtained in the framework of general manyelectron theory
outgoing the Hartree-Fock limits. It turns out that in this case first order of quasi-fermion
approximation leads to the total energy expression and the N-body interatomic potential,
which is similar to those in Hartree-Fock theory but containing an additional electron-
correlation term. The N-body interatomic potentials constructed in quasi-fermion
approximation in their semiempirical version was used for modeling different processes and
phenomena in solids (deformations, fracture, diffusion, phase transitions etc.). The ways of
further development of the suggested approach are discussed with special emphasis on its
application to computer simulations in the field of material science.

MAPAJLIEJIBHASI HEUPOHHAS CETh C YJAJIEHHBIM
JOCTYIIOM HA BA3E PACIIPEAEJEHHOI'O KJIACTEPA 3BM

A.JO. oB:xkenko, C.A. KpamakoB
Hncmumym meopemuueckoii puzuxu um. JLJ]. Jlanoay PAH

PaccmarpuBaercs napauienbHas peaiu3anivds HEHpOHHOW CeTH Ha pacrpeaesieHHOM
BbIUMC/AUTE/ILHOM Kiactepe. OnucaH co3nanHbiii WWW—untepdeiic s yaaneHHOro
yIpaBjICHUs MPOrpaMMHO-anmnapaTHbIM KomIuiekcoM. OOcykaaercs BO3MOXKHOCTb
MPUMEHEHUSI HEHPOBBIUYUCIICHUH /ISl PEILICHUST XUMUYECKUX 3a7a4.

HeiipoceTn ucnosib3yrloTcs AJis pelIeHUs] CaMbIX pa3HOOOpa3HbIX 3a7ay, AJIs KOTOPbIX
HEBO3MOJXKHA YETKas aJlfOPUTMHU3ALIMS, HO CYIIECTBYET JOCTATOUHBINM HA0Op map «U3BECTHOE
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BO3/JIEMICTBYE — M3BECTHBIN OTKJIMK)» U3 MpeAMeTHO# obnactu. [logaBas Ha BXoA HelpoceTn
M3BECTHOE BO3JCHCTBUE M M3MEHssi Beca CBs3ei (a, BO3MOXKHO, M T€OMETPUYECKYIO
CTPYKTYpY CETH), MOKHO IOOMTbCS COOTBETCTBUSI MEXK/LY BBIXOJJOM W M3BECTHBIM OTKJIMKOM .
[IpoBens Takyto omepauuio Ha BCEM HAaOOpe M3BECTHBIX Nap «BO3ACHCTBUE — OTKIIMKY,
nojiyyaeM O0O0yUYEHHYIO HEHpPOCETh, CIIOCOOHYIO BblaBaTh OTBETbl HA HEW3BECTHBIC BOMPOCHI
13 npeaMeTHoi obnactu. MmeHHo oOydenue TpeOyeT HaMOOJIbLIEro KOJMUECTBA BpEMEHH U
BBIUMCUTEIbHBIX MOLIHOCTEH.

Bes paborta mosb3oBatens ¢ HelipocepBepoM ocyllecTBiseTcs ¢ nomoinpio Web-
uHtepdeiica co  crpanuupl  http://neural.chg.ru/ HeiipocepBep  pa3sBepHyT  Ha
pacrpenesieHHOM BbIYMCIUTEIbHOM Kiactepe Mucrutyra teopernyeckoit ¢puzuku um. JI.J1.
Jlanpay. OpHoii M3 riaBHBIX 3aaad paboOThl sBIsSETCS pacnapaienuBanue. Haubosee
pecypcoeMKUMH OmepaluusiMi B HEUPOBBIYMCIACHUSIX BOOOINE M B MCMOJb3YyEMOM HaMu
anroputTMe OOpaTHOrO pacHpoCcTpaHeHHs OMIMOOK, B YACTHOCTH, SBJSIOTCS MaTpUUHBIC
onepaiuu. Hamu peanusosan anroputm Parallel error back propagati@nucnons3zoBanuem
oudnunorexu MPI.

Jns TunuuHON TecTOBOW 3amauv (5 BXOMOB, 5 BBIXOJAOB, 15 CKPBITHIX HEWPOHOB HA
OJIHOM NOpoMeXyTouHOM ciioe (250 cunanco), 1000 BexkropoB s 0OyueHMsI)
NPOU3BOIUTEILHOCTL O0YyueHHsi HelipoceTu Ha oauHOouHOM npoueccope (P-I111/450MHz)
coctaBuaa 1.6 MCUPS fonnuecTBO U3MEHEHHBIX 3JIEMEHTOB MATPMIIBI BECOB B CEKYHY ).
Ta xe 3agauya, BBHIMOJHSAIOWIASACA HA 2-X MpolLeccOpax JABYXIMPOLIECCOPHOM MallWHbI €
ucronb3oBanueM MPI, maet mpousBoautensHocTh 3.0 MCUPS.IIpu ncnons30BaHnK Beex
npoueccopoB kinacrepa UT® npousBoaurebHOCTL NogHUMaeTes 10 16-18 MCUPS.

Agtopsi Onarogapst JI.H.llypa 3a nogaep:kky paboThl v M0JI€3HbIE 00CYKACHUS

Pa6ota Bbimonnena npu noaaep:xkke POOU, rpant 99-07-90071.

QUANTUM-CHEMICAL INVESTIGATION OF THE
NITROSOMETHANE MOLECULE STRUCTURE IN THE GROUND
AND LOWEST EXCITED ELECTRONIC STATES

Dolgov E.K., Bataev V.A., Godunov L.A.
Moscow State University

The systematic theoretical investigation of the nitrosomethane molecule potential energy
surfaces structure in the ground (S0) and the lowest excited singlet (S1) and triplet (T1)
electronic states was considered on the basis of the RHF, MP2, CASSCF, CIS, CISD etc.
calculations. The geometrical parameters, heights of the internal rotation barriers, harmonic
frequencies and the one-dimensional torsional energy levels are compared with the
experimental data. The theoretical and experimental results were compared to study the
adequacy of the various ab initio methods to describe the conformational effects in the
ground and lowest excited electronic states. In particular the change of the methyl tops
orientation is found in our calculations in agreement with the experimental observations for
the S1<--SO-transition. This work was financially supported by RFBR (Project N 00-15-
97346 and 01-03-32841).
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QUANTUM CHEMISTRY OF FERROELECTRIC SOLIDS:
ELECTRONIC STRUCTURES AND PECULIAR PROPERTIES OF 0D
K3H(SO,), - TYPE MATERIALS

S.P.Dolin, A.A. Levin, T.Yu. Mikhailova, M.V.Solin
NS Kurnakov Institute of General and Inorganic Chemistry RAS,Moscow, 117907

The major task of quantum chemistry of ferroelectric (FE) solids is the study of FE behavior
origin using the quantum chemical models and calculations. Regarding the H-bonded FE
crystals two problems arise. The first one is the elucidation of molecular mechanisms of
cooperative proton coupling. The second one is related to theoretical determination of
coupling parameters for the Ising-type Hamiltonians used for microscopic description of the
physical - thermodynamic and dielectric properties of the FE materials. These interconnected
problems are studied at the example of the 0-D materials of K3H(S04)2 (TKHS) family, that
is investigated very actively nowadays due to its peculiar FE behavior. The determination of
the Ising parameters Jij of the pseudospin Hamiltonian is examined from classical and
guantum viewpoints. It is found that the values of Jij depend on the indirect effective proton-
proton coupling mechanism. These Jij values are estimated by means of various quantum-
chemical computational techniques and applied to the FE behavior description of the TKHS
materials in the frameworks of mean field approximation and Bethe clusters approach. The
results allow to explain the existence of low-temperature anti-FE phase transitions in D-
derivatives of the TKHS family materials and the quantum paraelectric state of the
correspondent H-derivatives. The problem of estimation of the proton and deuteron tunneling
splitting for H-bonded systems studied is also discussed. This work is supported by the
Russian Fundamental Research Foundation, project No 99-03-33234.

AN APPLICATION OF THE MC SIMULATIONS TECHNIQUE
TO THE CVD-INDUCED SURFACE GROWTH DYNAMICS

A. A. Dulov*, L. A. Abramova*, S. P. Baranov**
N. D. Zelinskii Institute of Organic Chemistry RAS, Leninskii prosp. 47, 119992 Moscow
P. N. Lebedev Physical Institute RAS, Leninskii prosp. 53, 117924 Moscow, Russia

Computer simulations are rightfully regarded as one of the most powerful tools of
theoretical analysis. The computational techniqgue known as Monte-Carlo (random number)
simulations provides an adequate and perfect description for the phenomena, which are
random in their nature. In the present paper, we report on a theoretical analysis of the
formation of tungsten surface by means of chemical vapor deposition (CVD). The aim of our
work is to understand the relationship between the CVD growth parameters and film
composition and morphology. In general, growth of a film is a nonequilibrium phenomenon
where kinetics and thermodynamics play essential roles in determining the microstructure of
growing film. Growth kinetics depend not only on surface migration of the adatoms on the
substrate and on the film, but also on surface chemical reactions.

Simulations were carried out based on a lattice-gas model. The substrate is represented as
a regular plane triangle lattice (with coordination numbe8 ) with periodic boundary
conditions. We took into account the adsorption of W0llowed by the decomposition
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process W(CQ)~> W + 6CO and a variety of surface reactions involving tungsten oxides,
tungsten carbides, carbon and carbon monoxide (in the adsorbed form). Besides that, the
migration of metal atoms over the surface, the diffusion and spontaneous desorption of the
adsorbed CO molecules were also taken into consideration.

The interplay of the processes mentioned results in a rather complicated composition
of the deposited material, which also shows strong temperature dependence. Low
temperatures favour the formation of carbide and oxide containing materials. As the
temperature increases, the production of carbides and oxides decreases significantly. Clean
metal covers can be grown at relatively high temperatures. Variations in temperature also
induce considerable changes in the surface morphology. At low temperatures, the surface is
composed of chaotically distributed small grains. At high temperatures show relatively large
flat clusters with well-outlined rounded boundaries.

The work is supported by the Russian Foundation for Basic Research (grant no. 99-03-
32061).

AUGMENTED WAVES METHODS FOR ONE- AND ZERO-
DIMENTIONAL SYSTEMS

P.N. Dyachkov
Institute of General and Inorganic Chemistry, RAS

Linear augmented waves methods for nanowires, nanotubes, and qubic and spherical clusters
are developed. The methods are based on muffin-tin and local density approximations. These
methods are the generalizations of the well-know in the solids band structure Slaters APW
method on the low-dimentional systems.

SJIEKTPOHHOE CTPOEHME, OTHOCHUTEJIBHASA
CTABMJIBHOCTDb U MATHUTHO-PE3OHAHCHBIE ITAPAMETPBI
PAIUKAJIOB, OBPA3YIOIUXCS IIPU PAIMAITMOHHOM
OBJIYYEHMMU IHEPCTMU.

N.B.E¢pumenko, U.A.AGponun, K.M.Ko6pakoB
Mockoeckuit I'ocyoapcmeennotii Tekcmuaonotit Yuueepcumem um. A.H.Kocvicuna

Panunanuonnass o6pa0oTKka B KaueCcTBE OJHOM U3 cTaauii mnepepabOTKM BOJIOKOH
SIBJISIETCSl MEPCHIEKTUBHOMN IS MOJYUYCHHUs TEKCTUIIbHBIX MAaTEPUAJIOB C 3apaHee 3aJaHHbIMU
cBOlcTBaMuU. Pe3ynbTaTsl UcciaeaoBaHus Y-00/yUE€HHBIX HIEPCTAHBIX BOJIOKOH MeToaom DI1P
rnokKaszaju, 4To mpu 3TOM oOpasyercs psifi CBOOOJHBIX PAAMKAIOB, Jii KOTOPbIX ObLIN
MpeaJIoKEHbl BO3MOXKHbIE CTPYKTYpbl. bosiee TouHas uHpoOpManus O CTPOEHUM TaKuX
pajiMKalloB U WX POJIA BO BTOPUYHBIX NPEBPALICHUSAX, MOXKET ObITh MOJy4YeHA METOJaMU
KBAaHTOBOW XUMUH.

[Monysmnupuueckumu merogamu CCI1 MO JIKAO B BaneHTHbIX npulanxeHusx PM3 u
INDO npoBeaeHHbIX pacyeThl BOBMOXKHBIX CTPYKTYP M SHEPreTUKHA 00pazoBaHUs CBOOOIHBIX
paavKaioB B OJUCOMEPHBIX MOJUNENTUAHBIX (parMeHTax, cojJepKamux (parMeHTbl
[JIMIWHA, TIYTaMUHOBOW KHUCIOTbI M cepuHa. [lokazaHo, yTo Hambojee yCTOHUYMBBIMHU
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ABJISIIOTCA pajuKalibl, 00Opa3yeMble OTPbIBOM aTOMOB BOAOPOJA OT aTOMOB a30Ta MENTHIHON
CBSI3M U aTOMOB YIJIEpOJia B @MMHOKHMCJIOTE MOJUNENTUAHOTO dparmMeHTa. J{jisi mojay4eHHbIX
ONTUMAJIbHBIX CTPYKTYpP PAacCUMTaHbl MarHUTHO-PE30OHAHCHBIE MapamMeTPbl MCCIIEOBAHHbIX
pamukanoB (koHctantel CTB wm  g-akropsl). Pe3ynbraThl pacueToB CpPaBHHUBAIOTCS C
OKCHEPUMEHTOM M MOJATBEPXKAAIOT 3aK/IOYEHUS, CHAEJaHHbIE Ha OCHOBE pPacyeToB
OTHOCUTENIbHOM CTaOUIBHOCTU PaAUKAIbHBIX CTPYKTYP.

S-CIS- AND S-TRANSBUTADIENE COORDINATION ON ACTIVE
CENTERS WHICH ARE GENERATED AT DIENES
POLYMERIZATION ON CATALYSTS ON THE BASIS NDCI3.3TBF-
AIR3

V.P. Efimov, V.N. Urazbaev, Z.M. Sabirov
Institute of Organic Chemistry, Ufa Research Center of RAS

Quantum-chemical calculations of the model complexes of 6 types of active centers (AC),
taking part in polymerization reaction, with S-cis- and S-trans-butadien, were carried out with
the help of the extended Huckel method. It was found, that the coordination of S-trans-
butadiene is energetically more advantage than the coordination of S-cis butadiene to all
types of AC. In a row of AC 1-6 the charge of atom Nd decreases with the reduction of
quantity of Cl atoms in the nearest environment of atom Nd and the energy of a complexing
with S-cis- and S-trans-butadiene falls. The constants of growth and termination of chain are
bound to drop with the reduction of energy of a complexing of a butadiene with AC in this
row. On the basis of this it was suspected, that the spikes on a curve of molecular-mass
distribution of polybutadiene corresponds to polymerization on definite types of AC.

ELECTRON DENSITY DISTRIBUTION ANALYSIS IN NEUTRAL,
MONO- AND DIANIONIC B6 OCTAHEDRONS

M.V.Zhigalko, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo*
Alkali Halide Dept., Institute for Single Crystals of NASU, Kharkov, Ukraine; *Chair for
Chemistry, Washington University, Seattle, USA

Octahedron B6 is a structure unit of rare-earth borides MB6, which have many interesting
properties (see e.qg. [1]). Exploring the possibility of a cluster modeling of these compounds,
we studied neutral, anionic and dianionic B6 octahedrons at UMP2/6-311+G* level of theory.
The most stable from these species is monoanion: doublet ground state, geometry in D4h
point group. The ground state of neutral cluster is triplet and highly symmetrical (Oh) in
accord to previous studies [2,3]. The ground state of dianion is singlet and has symmetry
D4h. Unexpectedly increasing of spin multi-plicity does not lead to forcing electrons out of
inner sphere and its localization on the octahedron apexes, but rather to a redistribution of
electron density in inner sphere right up to breaking B-B bonds. For example, B6 with 6
unpaired electrons misses four B-B bonds. This information was obtained in the frame of the
topological analysis of elec-tron density distribution [4]. An attempt to emulate the B-B
bonds with other octahedrons in the lattice by hy-drogen atoms saturation leads to displacing
of the H atoms to the space regions with concentrated negative charge, if only no geometrical
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constraint is applied. These regions are reflected by critical points (3,-3) of electron density
laplacian and was found above the centers of the octahedron faces [5]. Thus, cluster modeling
of bulk phase MB6 compounds is impossible due to the strong electron acceptor character of
structure units B6. References: 1. Phys.Rev., B49, 1564 (1994). 2. Phys.Rev., B55, 16426
(1997). 3. J.Chem.Phys., 107, 132 (1997). 4. R.F.W.Bader. Atoms in Molecules: A Quantum
Theory. — Oxford: Calendon Press, 1990. 5. J.Chem.Phys., 80, 1943 (1984).

CHEMCRAFT —A POWERFUL TOOL FOR
MOLECULAR BUILDING, TREATMENT AND
PRESENTATION OF CHEMICAL DATA

Grigory A. Zhurko*, Denis A. Zhurko**, Ivan N. Senchenya**

* [vanovo State University of Chemical Sciences and Technology,
; ** Zelinsky Institute of Organic Chemistry, Russian Academy of
‘ : Sciences.

P /@ é‘{% ChemCiraftis a graphical tool for treatment of the chemical data
S with special emphasis on molecular building and working out
computational resultsChemCraft is an affordable, convenient
graphical user interface f@aussiarand Gamesgrogram packages with efficient molecular
building capacities and advanced visualisation facilities. It allows:
- to view Gaussianor Gamesscomputational results (optimised geometry, geometry for
each optimisation step, etc.) and to animate vibrational frequencies);
- to build molecules using simple mouse operations by atom, ring or other fragments and
to prepare input files for calculations easily;
- to examine any structural parameter (interatomic distances, angles, dihedrals) by clicking
on object (atom, fragment, etc.);
- to examine displayed molecules even of very large size in three dimensions: rotation,
translation and zooming are all accomplished via simple mouse or keyboard operations;
- to display molecules in different visualisation modes with very customisable schemes;
- to modify easily the displayed molecule by adding/removing fragments or atoms with
controlling any parameters for desired placement;
- to prepare high-quality true-colour images in different graphical styles and export them
as bitmaps or metafiles;
- to produce graphical outputs containing any of the images with necessary clarifications
(bond lengths, bond angles, interatomic distances, any text, lines, charges of atoms, etc.);
Additional features will be implemented in future: database of output files systematising them
by different categories and allowing quick search of any information, integration with other
program packages, improved molecular building capacities, performance and graphic
possibilities.
ChemCraftallows to work more efficiently with results of calculations, to prepare new jobs
and to present the results of your analy§leemCraftis also good tool implementing
majority molecular visualisation, analysis and presentation needs.
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MNEPCIHEKTHUBBI UCIOJIb30BAHUS EJUHOM CPE/IbI
PACIIPEJEJEHHBIX PECYPCOB (GRID) JJ51
HHOPOPMAIIMOHHOI'O OBECHEYEHUSI XUMHUYECKHUX
HUCCJEJOBAHUN

KyukoBA.B., ApaayToB C.A.
Hucmumym xumuuecxoii puzuxu um. H.H.Cemenosa PAH
AHO Tenexkommynurkauuonnwtii Ilenmp «Hayka u oouiecmeo»

Eounas cpeoa pacnpeodenennvix pecypcos

PaGora mo oObeauHeHMIO BCeX pecypcoB MHTepHeTa B €IMHbIE MHTErpUPOBAHHbBIN
KOMIUIEKC POBOJIMTCSI B paMKax CO3/1aHusi €A1HOM cpebl pacnpeneseHHbix pecypcos (ECP,
GRID), kotopas cocTaBUT MH(POPMAIMOHHO-BEIYUCIUTEIRHYIO HHPPACTPYKTYpy Oymayiero
[1,2].

Msi paccmatpuBaem GRID kak MCXOAHO pacrnpefesieHHYl0 CUCTeMY, KOTopas CBOJAUT
BOEJMHO JaHHbIE, BBIUMCIUTEIbHBIE MOIIHOCTA U PECYPCH ISl Buzyanusauumu. OCHOBY,
cytb ECP cocrasnsitor npotokodibl, cepsucki, APl (Application Programming Interfaces)
SDK (Software Development Kits).

s nonb3oBatens oOpawieHue k ECP Oyner B HEKOTOpOM poje  aHaJOTMYHO
MCMOJIb30BAHUIO 3JIEKTPOIHEPTUU TOCPEACTBOM OOBIMHOW PO3ETKM - eauHbld MHTepdelic
OyJeT MpeaocTaBlATh AOCTYI KO BCEM HEOOXOIMMbIM pecypcaM Tak, CJIOBHO Mbl UMEEM JEJIO
C OJHMM OrPOMHBIM METaKOMIIblOTEpOM. Bce 3amauu, Kak TpaJWUMOHHBIE A OOBIYHBIX
KOMIILIOTEPOB (YIpaBjieHUE MpolieccaMu, namsThio, (aiijioBoii cucTeMoil, BBOJJOM/BbIBOIOM
W 1p.), TaK M NPUHLMIIMAIBHO HOBbIE (Y4€T, KOHTPOJb, COCO0 A0CTyNa M pacnpee/ieHue
pecypcoB, obecneueHue O€30MaCHOCTU, COBMECTHas paboTa Hajg HAOOpOM JaHHBIX B
peasibHOM Macilutabe BpeMeHM W np.) Oyaer pelars CHeuuaM3MPOBAHHBIA KOMILIEKC
nporpaMMHoro obecrnieuenus (Hampumep, paspabarbiBacMbiii B mpoekte Globus [3,4]) na
0a3e COOTBETCTBYIOIIEH annapaTHoi HHPPACTPYKTYPHI .

L]enu cozoanuss ECP

I'naBHas nonroBpemennass uenb passutus ECP - undopmanmonnoe oGecnedenue
MPUHATUS PEUICHUI rpynnamMu SKCNEPTOB, 3aHUMAIOILMXCS ONpeie/ieHHbIMU MTpobiieMamu, B
COCTaBE OT/IEbHBIX KJIACTEPOB MOHITUIHBIX ceTeit [1].

Tepmun "nonsituithas cets" (knowledge networkmoxHo orpeaenuTb, Kak COBOKYHOCTb
WHpOPMaIIMK, SKCTIEPTOB M 3HAHUS MO ONpeNeIeHHON TUCIMIUIMHE, KOTOPhle MOTYT OBITh
WCTONIb30BaHbl C TPUMEHEHWEM KOMMBIOTEPHBIX TEXHOJOTHH JJIsl aHalv3a pa3uuHBbIX
npobsiem. T.e. 3TO J1oaAM, 3HaHUS W UHPpacTpykTypa. B ciydae HaydHbIX ceTeil B UMCIO
DKCIEPTOB JIOJDKHbI BXOJIUTh KaK MNPOQUIIbHbIE CHENUAIMCThI, TaK U KOMIMbIOTEPUIVKH,
Mpu3BaHHbIe OpraHu3oBaTh M oOecrneunTh 00paboTky wuHpopmauuu. HWHppacTpykTypa
Bkitouaer ECP, uHpopMalMOHHO-OPUEHTUPOBAHHbIN MPOrpaMMHbIM KOMILJIEKC, MOJEIU U
COOTBETCTBYIOLIME TPUJIOKEHUS. 3HAHME TMPEACTABIEHO B TOM 4YMClie TUIOTE3aMu
(mporrozamu) o BO3MOXHBIX 3(dekrax (Hanmpumep, O BIUSTHUM TEXHOTEHHBIX a’po3olieil Ha
M3MEHEeHHWe TII00ANIbHOTO KMMaTa) U MHTEpIpeTalel CymecTBYIOUMX JaHHBIX (Hanpumep,
COLIMOJIOTUYECKUX OMPOCOB).

Ipoepammnoe obecneuenue

[lepeurciarM HeKOTOpbIE MPUHLMIUATILHBIE 33/la4u, KOTOpble HEOOXOJAUMO PEUIUTh MPU
co3nauuu ECP:

*  mojaep:KKa MHTeponepadesbHOCTU MeXy oObekTamu u pecypcamu B ECP;
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* JucrneTYepu3alus, BKIIOUYas UISHTU(PUKALUIO JAOCTYIHBIX PECYPCOB, CTaTUCTHKA
MCIMOJIb30BaHUS U 3arpy3KH PeCypcoB U Mp.;

e cucrema 0e301aCHOCTH U KOHTPOJIS JOCTYNA, B T.4. IPUBUIJIETMU 110J1b30BATENIEH ;

* oOpauende k HabopaM JaHHbIX B yAaJ€HHbIX apXuBax (BKJOYas MPOTOKOJIBI,
KOTOpble HEOOXOIMMO MCIMOJIb30BaTh JJIsl pabOThl C T€TEPOreHHbIMU UCTOYHUKAMHU
JIAHHBIX).

bazoBoe nporpamMmHoe obecrieueHre, HeoOXoMMOe AJIsl CO3/1aHus MHDPACTPYKTYpbl s
00paboTku 00JbIIMX 00bEMOB UH(POPMALIMKU BKJIOYAET B CE0s1 :

e co3gaHue B pamkax ECP cornacoBaHHOW OOBEKTHOW cpenbl, NO3BOJISIIOLIEH
MOJJIEPKUBATH BBIMOJHEHUE HEOOXOAUMbIX MPUIOKEHUI U CEPBUCOB B PeaibHOM
MacuiTabe BpeMEHHU;

* cozganne CIIM, obecneunBaloliMX MOMCK JAAaHHBIX MO aTpubyTam, BblAelICHUE
MeTaJaHHbIX (Mmetadata mining cemaHTHYeCKyO MHTeponepabenbHocT' fe, odiue
OHTOJIOTUY U YJYHYIlIEHHbIE CUCTEMbl aHHOTUPOBAHUSI IAHHBIX ;

*  pa3paboTKy TEXHOJOTHu IUPPOBBIX OUOIMOTEK, MOAACPIKUBAIOIINX ITYOIHKAIIUIO,
KaTaJIOrM3MpoBaHME U XpaHEHUE HAOOPOB JIaHHbIX ;

* CO3/JaHME CHCTEM YIpPAaBJECHUS JAHHBIMU, CHAOKEHHbIX KaTajoramu CHCTEMHbIX
MeTaJaHHbIX Jyia obecredeHus HHTeporepadenbHOCT'e8 Mexay oO0beKTaMu U
pecypcamu B ECP;

* co3jaHue MexaHusma T.H. "Opokepa pecypco" ( Storage resource broker),
00ecnevnBaloIero eIMHbId MEeXaHW3M JOCTyla K FeTepOreHHbIM HMCTOUYHUKAM
JIAaHHbIX;

* co3JaHue KOMIUIeKCOB "0aza JaHHbIX + XpaHuiuile", Kak OCHOBY JUis
CreLMAIM3MPOBAHHBIX KOJUICKLIMIA;

*  co3/laHKle apXUBHbIX CUCTEM JUis JIOJITOBPEMEHHOTO XPaHeHHs JaHHbIX .

Hurterpanns ECP, texHonmoruii o0paboTku Oonplmiux 00beMOB HHGOpMANUK U
TEXHONIOTUH UQPPOBBIX OMOJMOTEK B MEPCMNEKTHBE MPUBEJNET K MOSBICHUIO YHMKAJIbHOM
UHPACTPYKTYpHI U1 IOCTYTA, aHaJIn3a ¥ reHepalui nHPOPMaLInK .

WMHTEHCUBHO pa3BUBAIONIMECS TOCJIEIHUE TOJbI TEXHOJOTMH 3JIEKTPOHHBIX OMOIMOTEK
TAKXKe MPEJOCTARJISAIOT JOCTATOYHO MOIIHbIM W COBEpIUEHHbIH HA0Op MHCTPYMEHTOB
(cepBUCOB) [J1s1 MAHUMTYJIALIMKA C HAOOpAMU JAHHBIX U BKJTIOYAIOT [5]:

* - NyOJUKALUIO/PErucCTPaliMiO HOBbIX HAOOPOB JIAHHbBIX ;

e - 0a3a MeTaJaHHBIX I TIOMCKA IAaHHBIX 10 aTpudyTam;

* - JIOCTYI K FETepOreHHbIX pecypcam MnocpecTBOM OpoKepa pecypcos;

* - KOHTPOJIb ayTeHTU(UKALIMHU U JIOCTYTA;

* - IMCNETYMPOBAHHME BHIUYMCIUTEIBHBIX PECYPCOB M PECYpPCOB BBO/Ia/BBIBO/IA;

* - pacrpeaesieHHOe ucrosHeHue ceppucos Lb.

CoOTBETCTBYIOIIME CEPBUCHI MOTYT PErMCTPUPOBATHCS B CHELMANIbHONW 0a3e JaHHbIX U
BbI3bIBAThCS i 00paboTku moboro Habopa AaHHBIX, XpaHsuierocs B Oubiuoreke (ee
penozutopun). KomMOWHanMs BO3MOKHOCTH JIOCTyNMa K JaHHBIM uepe3 0a3y MeTaJaHHBIX,
KaTaJlOXHBIX CEPBUCOB, 3aperuCTPUPOBAHHOTO Habopa MeETOJOB 0OpabOTKM JaHHBIX
MO3BOJISIET peliaTh MPaAKTUUECKH BCE 3aa4M ISl CO3/laHmus cpeibl 00padboTku nanHbix B ECP.

B Poccun konnabopanus HUUAD MI'Y, UTDO®, UTIM u AHO TL «Hayka u 001ecTBo»
Ha 6aze FOxHoit Mockosckoit OnopHoii Cetn co3naet poccuiickuii cermeHT ECP (RGRID).
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Hughopmayuonnoe odecneuenue XuMuieCKux uccie008aHull

OueBUAHO, YTO JAOCTUIHYTHI YpPOBE€Hb WH(POPMALMOHHBIX TEXHOJIOTMI MO3BOJISET
BIUIOTHYIO MPUCTYNUTh K PEIICHUIO 3aJaud HE MPOCTO MH(OPMALMOHHOTO OOECTEeHEeHHUs
XUMUUYECKUX UCCIIEAOBAHUN — HO K PELUEHUIO 3a[a4U CO3JaHUsI «XUMHUUYECKON MOHATUNHON
cet». Poccus pacmonaraeT 3HAYMTENbHBIM UYUCIOM  BBICOKOKBaIU(PUIIUPOB'eOHHBIX
XUMHUKOB, HayuHOil uHGopmaimuu B 3Toil obOnactu. [IpeacraBnsieTcsi, 4TO coeAMHEHUE
MMEIoUIerocsl MoTeHlMasa ¢ HOBEHIIMMU MHQPOPMALMOHHBIMU TEXHOJIOTHUSMHU CHOCOOHO
MpUAATh HOBOE KAYECTBO Pa3BUTHIO XMMUHU B Halleil ctpaHe. EcTecTBeHHO, cO3/1aHue TaKon
MOHATUMHON CceTU MpearnosaraéT TECHEHULIYI0O MHTErpauui0 B MEX/IyHapOAHbIE CETH,
opraHu3ailuu, CooOIIECTRA.

K coxanenuro, TeHAEHUMHM MOCAEAHUX JIET NO3BOJISIIOT, HA HAaLU B3IJIsi/l, TOBOPUTbH CKOpEe
00 yxyauweHudM WHPOPMALMOHHOTO oOecneueHus: XUMHUYECKUX uccienoBanuii. B
3HAYUTEJIbHON CTENeHH YTpaTuiao cBoe Obuloe 3HaueHne BHMHWTH, odenp cunbHO
COKpaTWJIach MOJNMCKA HA WHOCTPAHHYIO MEPUOAUKY, YMEHBIIMIOCH YMCIIO M3JAaBA€MbIX
KHMUT .

[Tonoxxenue ycyryOJsieTcst TeM, 4TO XMMMsI KaK OTpac/b 3HAHUS, HAYKM — UMEET CBOKO
cneunduky. Ilpu Tom, uro XxuMuueckas MH(GoOpmMaLKs, MO HEKOTOPHIM OLEHKAM, COCTaBJISET
10 70% ot o61ero ooGbeMa, MPaKTUUECKHU BCs OHA JOCTYIHA JIMLUb 32 I1aTY .

Panbmie, B orcyrctBue WHTepHeTa W TpakTHKM O€CIIaTHOTO PaclpoOCTpaHEHUs
uHpopMalMK, XUMUS TpUHAATeKada — Bciael 3a (U3MKOW — K 4YHMCIy JHJAEPOB B
MCMOJIb30BaHUM UH(POPMALIMOHHBIX TEXHOJIOTHH .

B Hacrosiiee Bpemsi mosnoxeHue pe3ko u3MmMeHusoch. Mccnenomatenu psapa obnacrteit
CMOIJIM  JIOTOBOPUTBCS O TOM, uTO pedepatuBHas (Oubimorpaduueckas) HaydyHas
uHdopmaums nocrynHa GecriatHo. Knaccuueckuii npumep — meauuuHckas 6aza Medline.
Oty nozunuto nozajaepxkano npasurenbctBo CIUA, B 1996 r. 3akoHonmatenb,HO oOs3aBiiee
OecrniaTHO MPeNoCTaBsATh AOCTYM K HWH(POpPMAlMM, CO3JAaHHOW B XOA€ HCCIEI0BaHMA,
MPOBOANMBIX 32 CHET rOCYIapCTBEHHOTO OlO/IXKEeTa.

Pa3zBuTHe ceTeBbIX TEXHOJOrMH M Beba pe3Ko YOBICTPUIIO CKOPOCTh PAacpOCTPaHEHUS ,
UUPKYJISIMKM Hay4YHOU uHpopMaliuu. OrpoMHOE YKCIIO MOJHBIX TEKCTOB CTaTel JIOCTYHO Ha
JIOMAIIIHUX CTPAHUIAX OTAEJIbHbIX YYEHbIX, HAYYHbIX JJaOOpaTOpuii, MHCTUTYTOB, IEHTPOB U
np.

EctecTBeHHO, 4TO cO37aHbl U MHTEHCMBHO PAa3BUBAIOTCS KOMMEPUECKME HCTOUYHUKHU
Hay4yHOW WMH(pOpMaLUH, MOAAEPKUBAIOIIME BbICOKOKAYECTBEHHbIE 0a3bl NAHHBIX, B T.Y. MO
xumun. [Tpumeps —6a3bl qanasix Chemical Abstract, Beilshtein, Web of Science.

N3 paccMoTpeHust Tekylllel CHUTyallMu, MO HalleMy MHEHHWIO, BBITEKAIOT CleAyIolue
BbIBO/IbI:

* . HeoxoaMmMo OCO3HaHME HW3MEHUBILEHCS pPeajbHOCTH XWMHMYECKUM Hay4YHbIM
coobuiectsom Poccuu;

. Heobxonumbl nociieoBatrefibHble HAcTOWYMBBIE YCWIIMS 1O  (POPMUPOBAHUIO
«MH(POPMALIMOHHOTO  CO3HAHWS» B XMMHMYECKOM  COOOIIECTBE  CTpaHbl.
I'moGanbHOCTL COBpPEMEHHONW HayKW, BbICOKME WH(OPMALMOHHBIE TEXHOJOTUU
JUKTYIOT HOBbIE CITOCOOBI CYLIECTBOBAHUSI B HayKe, HOBbIE METOJIbI MPOBEACHUS
Hay4HbIX UCCJIE/IOBAHUH.

. Heobxonumo wu3menenue auddepeHuMpoBaHHOE HW3MEHEHUE OTHOILIEGHUS K
HayyHoM uHpopmauuu. bonbias dacte ee Obula co3jgaHa  3a  cyer
rocy/apCTBEHHOTO (PMHAHCUPOBAHUS, HE MPEJICTABIIET KOMMEPUYECKON 1IEHHOCTH,
HE COJECPKHUT «J00aBIEHHOW CTOMMOCTH» Kak HWCTOYHMK KaueCTBEHHOMN
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I/IH(bOpMaLII/II/I — [O2TOMY MOXCET MW OOJDKHA MPpCAOCTABJIATLCSA 6€CHJ'[aTHO,
Hanpumep, B coctaBe QesiepaTUBHbIX 3JICKTPOHHbIX OubaMoTek. B TOXE Bpems,
H606X0,HI/IMO BOCCO34aTb B CTpAaHC OpraHu3aluu, CHCUUAIUIUPYIOLICCCSA Ha
CO3/laHMM  BBICOKOKAUECTBEHHOW HayuHOi uHpopmauuu. Jloctyn K Takoi
I/IH(bOpMaLII/II/I JOJIZKCH OBITh IJIATHBIM .
Jlumepamypa
» The Grid: Blueprint for a New Computing Infrastructure. Ed. by l.Foster and
C.Kesselman. Morgan Kaufmann Pub., San Francisco, CA. 1999.
* B.KoBanenko, /[.Kopsirun BeruucaurenbHas uHdpactpykrypa Oyayuiero. OTpbiTbie
cuctemsl, 1999, N11-12.http://www.0sp.ru/0s/1999/11-12/045.htm
* |.Foster, C.Kesselman. Globus: A metacomputing infrastructure toolkit. Int. J.
Supercomput. Appl., 1997. http://www.globus.org
* |.Foster, C.Kesselman. The Globus project: A progress report. In Proc. Heterogneous
Computing Workshop, p.4-18. Los Alamos, CA: IEEE Computer Society Press, 1998.
*  W.Arms. Digital Library. The MIT Press. 2000

MOJIEJMPOBAHUE PABHOBECHON TEOMETPUU
AMMUHOKHUCJIOT BO BHEHIHEM 2JIEKTPOCTATHYECKOM
IHOJIE

1y = 1 2 1 2
3aiunymounos A.B., “Poyxckos A.H., “Hcaeea I'.A., " /Imumpuee A.B., “Hcaee IL.11,
1 . N .
Jluneukuii 20cyoapcmeeHHblil ne0azocudecKuil yHugepcumem
2I('ocmpomcxoﬁ 2ocyoapcmeennslil ynusepc umem um. H.A. Hekpacoesa

Llenbto mpencTaBIeHHON pabOTHI ABISETCA MOJIEIMPOBaHUE PAaBHOBECHON reOMEeTpUU
MOJIEKYJT aMMHOKHMCJIOT BO BHELIHEM OJJIEKTPOCTATUYECKOM T[0JIe METOAaMU KBAaHTOBOM
XUMHUHU U MOJICKYJISIPHON MeXaHUKU. BHeliHee 3JeKTpocTaTUYeCKOoe MoJie MOC/Ie0BaTeIbHO
OPMEHTUPOBAJIOCH [0 HAMPABJCHUSIM TIJABHbIX OCEH WHEpUMM MOJIEKYJ] aMHUHOKMCJIOT.
KBaHTOBOXMMHMUYECKME pacueTbl PABHOBECHOH TreoMeTpuM MOJIeKyd, B TMPUCYTCTBUU
BHEILIHEr0 3JeKTpocTaTuiecKoro noss, npooauiucs merogom CCI1 MO JIKAO B 6a3uce 3-
21G (BaneHTHO-pacuierieHHbIi 6azuc (9S,6p)—[45,3p]). Munumuzanus GyHKIUA SHEPrHU
MOJIEKYJIbl TIPOBOJAMJIACh METOJOM COMNpPSDKEHHBIX TpanueHToB [lomaka-Pubbepa. s
MOJICIMPOBaHUs ~ PABHOBECHOW TIeOMETpUM  MOJIEKYJl B MPUCYTCTBMM  BHEIIHETO
JIEKTPOCTATUUECKOTO TOJISi METOAOM MOJIEKYJIIPHOM MEXaHWKM HMCMOJIb30BaIOCh CHJIOBOE
nosie AMBER (Assisted Model Building and Energy RefinemenihiosiHenHOe dHEeprusiMu
COOCTBEHHBIX M MHAYUMPOBAHHBIX JMMOJbHBIX MOMEHTOB CBS3€ii BO BHELIHEM
JIEKTPOCTATUUECKOM  Mosie.  MUHMMM3ALUMS  MOTEHUMAJIbHONH  DHEPruuM  MOJIEKYJIbl
NpOBOJAMIACE C HCIOJb30BaHUEM obinematemarndeckoro mnakera MathCAD. Ilposenen
CpaBHUTEbHBIM aHalW3 TOJYYEeHHBIX pe3ynbTaToB. HccnemoBaHue moaepiKuBaeTcs
rpantom KII®E (kox T'PHTHU 34.17.15. - buodusuka, mudp 97-0-10, 0-167).
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AB INITIO QUASIRELATIVISTIC CALCULATIONS OF
ELECTRONIC TRANSITION PROPERTIES BY THE
MULTIREFERENCE MANY-BODY PERTURBATION THEORY

A.Zaitsevskii(a) and Ch.Teichteil(b)

(a) Laboratory of Molecular Structure and Quantum Mechanics, Chemical Department,
M.Lomonossov Moscow State University, Vorob\'evy gory, 119899 Moscow, Russia, email:
andrei@moleqgl.chem.msu.ru (b) Laboratoire de Physique Quantique, IRSAMC, Universite
P.Sabatier, 118 route de Narbonne, 31062 Toulouse, France email: tei@irsamcl.ups-tlse.fr

A quasirelativistic method of ab initio calculations on ground and excited molecular
electronic states within the relativistic core pseudopotential model is formulated and
implemented. The method is based on the perturbative construction of a state-specific
(intermediate) many-electron effective Hamiltonian in the model space spanned by an
appropriate set of Slater determinants. The effective spin-orbit interactions outside of the
model space are neglected. This allows to exploit relatively high non-relativistic (point-group
and spin) symmetry during the evaluation of second order perturbative corrections and
therefore to dramatically reduce the cost of computations; at the same time the errors arising
from this approximation can be efficiently suppressed by the use of moderately large
incomplete model spaces built by a numerical configuration selection procedure. The
\'perturb-then- diagonalize\' computational strategy offers the possibility to adequately
describe the interplay of correlations and spin-orbit interactions. Provided that the
multipartitioning many-body form of perturbation theory is employed, the results of
calculations are nearly separable with respect to the fragmentation of the molecular system
under study. The evaluation of radiative transition probabilities within the present approach is
performed via the perturbative construction of spin-free one-body transition density matrices
with subsequent computation of transition dipole moment functions. The presented scheme is
demonstrated to yield accurate energies and intensities of radiative electronic transitions in
molecules involving electronic states strongly affected by spin-orbit interactions. The work is
partially supported by the Russian Foundation for Basic Researches under the grant No.0O-
03-33004.

ELEMENTARY EXCITATIONS IN CLASSICAL STATISTICAL
MECHANICS

A. Yu. Zakharov
Novgorod State University Novgorod the Great, 173003 Russia e-mail: ayz@novsu.ac.ru

1. Functional-integral representations of classical partition function for one-component
systems with arbitrary interatomic potentials. Equivalence of functional integrals in
configuration and wave-vector spaces. 2. Equivalence of interatomic interactions to random
external complex-valued fields. Renormalizations of external fields. Inverse problems. 3.
External fields and renormalization of interatomic potentials. Analogy between of classical
statistical mechanics and spectral problems with random potentials. 4. Equivalence of
statistical mechanics of classical particles to field-theoretical problems. Non-linear oscillators
and anomalous phonons. Mechanisms of phase transitions in field models.
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STATISTICAL THERMODYNAMICS OF TERNARY SOLID
SOLUTIONS WITH MUTUALLY RELATED COMPONENTS

M.A.Zakharov
Novgorod State University

A ternary solid solutions with two types of short-range action are considered. The first type of
short-range action is a chemical bond due to join of atoms of two kinds in uniqgue complexes
(molecules) $A \\alpha B_\\beta$ and, as a consequence, to mutual relation of corresponding
components of solution. The second form of short-range action is the strong repulsion like a
\"hard core\" is taken into account by introducing the proper volumes of atoms of components
based on a generalized lattice model. The long-range part of interatomic interactions is taken
into account in the mean-field approximation. Thermodynamic description of the ternary
solutions is given taking into account indicated types of short- and long-range actions. A
closed set of equations for equillibrium ternary solid solution with mutually related
components is obtained. The stability given solution against spinodal decomposition is
investigated, the critical temperature is obtained. This work was partly financially supported
by the \"Universities of Russia - Fundamental Stadies\" program (grant N 990019).

DIFFUSION KINETICS OF TERNARY SOLID SOLUTIONS WITH
MUTUALLY RELATED COMPONENTS

M.A. Zakharov
Novgorod State University

In the present work a phenomenological theory of ternary solid solutions with mutually
related components has been developed. A closed set of evolution equations for description
of diffusive rearrangement of such chemical nonequillibrium systems is derived,
corresponding Cauchy problem is formulated. The concentrate relation of the effective
coefficient of diffusion, which plays a role of coefficient of mutual diffusion in such
pseudobinary systems, is obtained and investigated. The conditions of presence in the
solution both normal diffusion and decomposition are obtained. This work was partly
financially supported by the \"Universities of Russia - Fundamental Stadies\" program (grant
N 990019).
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AB INITIO AND DFT SIMULATION OF MOLECULAR AND
ELECTRONIC STRUCTURE OF CALIX[4]ARENES [-C6H3(O-HO)-
Y-]-4, Y=CH2, NH, O, SIH2, PH, S, P(O)H

V.V.Zverev
A.E.Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Cen-tre of
Russian Academy of Sciences, Arbuzov str. 8, 420088 Kazan, Russia. E-mail:
zverev@iopc.ken.ru

The molecular design of new calix[4]arenes is an important problem of the supramolecular
chemistry. We report here results of DFT and ab initio HF/3-21G* studies with the GAMESS
and PRIRODA programs of some known (Y= CH2, S) and hypothetical calix[4]arenes (I, Y=
CH2, NH, O,) and (ll, Y= SiH2, PH, S.). We have found periodic changes in properites of
studied molecules. It was shown that all the compounds have C4 symmetry conformations
with coop-erative hydrogen bonds and regularity in geometric changes. The dihedral angle
between opposite phenol rings (a) is decreasing in the series | (69°, 67°, 64°) and even more
considerably in Il (105°, 81°, 80°). The nealence side C...C triangle CYC defines a.
Intramolecular circular hydrogen bond has four vibrational frequences. The more intensive
degenerate IR vibrations are 3010, 2985, 3041 in the series | and 3172, 3100, 3288/cm in Il
(DFT). We calculated H-bond energy as the difference be-tween heats of formation of
supramolecular phenol tetramer and four phenol molecules. Circular hydrogen bond energy is
about 5 kcal/mol. Calix[4]arenes with Y=NH, PH and P(O)H have a number of geometric

isomers with different a values. The axial isomers (Y=NH, PH) are more stable than
equatorial isomers. The relative energies are 1.01 (Y=NH) and 3.34 (Y= PH) kcal/mol (DFT)
and 2.04 and 5.79 kcal/mol (HF/3-21G*). The most stable isomer (Y= P(O)H) has PO...H
hydrogen bonds and a little a value (29°). The 1,3-alternante conformers, charges, ionization
potentials and frontier orbital energies are discussed. It is shown the theoretical results are
experimental data are similar. This study was supported by theAcademy of Sciences of
Tatarstan.

ISOMERS OF THE RADICAL CATION OF
1-METHYLTRICYCLOI[4.1.0.02,7]HEPTANE

Vladislav V. Zverev*, Victor A. Vasin**

* A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of
Russian Academy of Sciences, Arbuzov str., 8, 420088 Kazan, Russia. E-mail:
zverev@iopc.ken.ru. ** N. P. Ogarev Mordovian State University, Bol\'shevistskaya str.,

68, 430000 Saransk, Russia. E-mail: vasin@mrsu.ru

By method PM3 within the framework of an unlimited Hartri - Fock method with use of the
program MOPAC 6.0 molecular and electronic structure of radical cations of 1-
methyltricyclo[4.1.0.02,7]heptane (1) in a vertical status (A*), and also some products by its
thermal isomerization are investigated. In contradistinction to unsubstituted
tricyclo[4.1.0.02,7]heptane (ll) are studied earlier the same method, in a case of hydrocarbon
() it fails to locate a radical cation (A) with the loosened central bicyclobutane bond C1-C7.
At a choice of geometry (IA*) as starting, gradient optimization results in isomer (IB) with
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the completely broken bond C1-C7. It can exist as syn- and anti-conformers, differing by
orientation of atom C4 and methyl group concerning a plane C2C3C5C6 (head of formation
H 1021.2 and 1020.2 kJ/mol). The isomerization (IA*) accompanying by opening of side
bond C1-C2, results in a radical cation (IC) with a skeleton of 7-methylbicyclo[4.1.0]heptane,
for which the conformations chair and twist are optimized (H 1009.9 and 998.9 kJ/mol
accordingly). At break of bond C2-C7 is formed 1-methylbicyclo[4.1.0]heptyl radical cation
(ID), having the conformation chair (H 1036.4 kJ/mol). Deeper reorganization of (I1A*)
results in a radical cation (IE) with skeleton of 6-methylbicyclo[3.2.0]hept-6-ene, existing as
cis- and trans-conformers (H 927.8 and 932.3 kJ/mol accordingly), and also to a radical
cation (IF) with a skeleton of 2-methylcyclohepta-1,3-diene (H 834.5 kJ/mol). For
comparative study of radical cation (A) and (B) of compounds (I) and (Il) the methods of
density functional theory (DFT/3Z) and ab inito (UHF and ROHF/3-21G, GAMESS
program) also are used. However the local minimum for structure (1IB) by a method UHF/3-
21G fails to find. At the same time DFT/3Z and ROHF/3-21G methods fail to locate structure
(IA). The specified difficulties, apparently, grow out of only mathematical complexities of
formation of two minima at insignificant quantity of a dividing barrier and can be overcome
on more high levels of the theory. This work was supported by Ministry of education of
Russian Federation (grant E 00-5.0-30).

INTRODUCTION TO QUANTUM CHEMISTRY OF FUNCTIONALLY
SUBSTITUTED FULLERENES

V.V.Zverev, |.A.Nuretdinov.
A.E.Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of
Russian Academy of Sciences, Arbuzov str. 8, 420088 Kazan, Russia. E-mail:
zverev@iopc.ken.ru

The structure of molecules of a series functionly substituted of methanofullerenes and
pyrrolidinofullerenes C60 and C70 containing electron donating and accepting groups, is
studied by the methods of density functional theory, ab initio HF and ROHF/3-21G* and
semiempirical PM3 (GAMESS and PRIRODA ) The following results are discussed. The
utilised methods result in a general sequence of increasing of olefinic bonds lengths of
methano- and pyrrolidinofullerenes eq2, eql, tr4, trl, tr2, tr3, cis3, cis2. The most significant
influence on bond lengths renders the transformation of two carbon atoms to sp3-state.
Except for separate compounds the preferential conformations of functional groups in
fullerenes and more simple compounds are similar. The asymmetry of atoms and bonds in
different properties of fullerene shell in substituted derivatives C60 is expressed in a different
degree. In a considerable degree the asymmetry is displayed in values of atom charges and
chemical shifts, to a lesser degree in atomic populations of the HOMO and the LUMO and
bond lengths. The frontal orbitals of the studied fullerene derivatives are localized on a
fullerene shell or functional groups. Also it was found out high localization of frontal orbitals

on some olefinic bonds. For compounds under study, HOMO atomic populations for eql
bonds are close to zero and are maximal for eq2 bonds. LUMO has knots on eq2 bonds and
the maximal population on eql bonds. Accordingly in cation- and anion-radicals the greatest
changes are found for the lengths of eql and eg2 bonds (DFT). The IE and EA are designated
as a difference of the total energies of the-molecules and their cation- and anion-radicals,
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from comparison of the HOMO and LUMO energies and the energies of the upper single-
electron level in DFT method. It was found that the theoretical values are proportional to the
experimental values of the oxidation and reduction potentials. The structure and
fragmentation of the anion-radicals and negatively charged ions are discussed. Chemical C13
shifts of sp2-hybridized carbons are compared to the effective charges calculated by DFT,
PM3 and AM1 methods. The correlation was found for these values, the largest deviations
obtained for atoms belonging to cisl-bonds. For C70 , the largest deviation is found for the
signal of aromatic equatorial atoms. The splitting of the signals of these atoms caused by
functional groups is discussed. The results of ab initio calculations of shielding constants are
also discussed. The authors thank RFBI (grant 99-03-32888), program \"Fullerenes and
atomic clusters \" (grant \" Gemo-2 \") and Academy of Sciences of Tatarstan for financial
support of research.

POTENTIAL OF IONIZATION AND ELECTRON AFFINITY. CATION
AND ANION RADICALS OF FUNCTIONALLY SUBSTITUTED
DERIVATIVES OF FULLERENES

V.V. Zverev, |.A. Nuretdinov, V.P.Gubskaya,V,V,Yanilkin
A.E Arbuzov Institute of Organic and Physical Chemistry, Arbuzov str.8,420088, Kazan,
Russia, e-mail: zverev@iopc.kcn.ru

The structure of molecules and their cation- and anion-radicals of a series methanofullerenes
and fulleropyrrolidines C60 and C70, containing electron donor and electron-withdrawing
groups is studied by methods of density functional theory, ab initio at a level ROHF/3-21G*
and semiempirical method PM3 with GAMESS and PRIRODA programs. The values of
adiabatic and vertical potentials of ionization (IP) and electron affinity (EA) as a difference of
total energies of initial molecules and their cation- and anion- radicals, on a basis comparison
of energies of HOMO and LUMO and energy of the upper one-electron level in a method
DFT are designed. Is shown the calculated values IP and EA are proportional to experimental
data of potentials of oxidation and reduction. Is shown the change of potentials of oxidation
and reduction and the geometrical parameters feature cation- and anions - radicals explored
by one-electron orbital models. This model are confirmed by the method of density functional
theory calculations of cation- and anions - radicals to the greatest distension subjected of the
bond eg2 and eql, on which are mainly localized the HOMO and LUMO. The solvatations
and stabilities of cation- and anions - radicals of substituted fullerenes are explored the
mechanism of decomposition of their anion - radicals and dianions in which the effective
charge is mainly localized on addends or fullerene moiety. The reactions of electrochemical
reduction of methanofullerenes bearing phosphonate and alkoxycarbonyl groups at the exo-
carbon atom by DFT were studied. The mechanism of the retro-Bingel reaction at the
cleavage of two C-C bonds between the C(61) atom and the fullerene shell accompanied by
electrochemical electron transfer was preposed. This study was supported by RFBI (grant 99-
03-32888, Program \" Fullerenes and Atomic Clusters \" (grant 98008 \"Gemo-2\") and
Academy of Science of Tatarstan
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VARIATIONAL CALCULATION OF ELECTRONIC CHEMICAL
POTENTIAL OF A MANY-ELECTRON SYSTEM

Zoueva E.M., Galkin V.l., Cherkasov A.R., Cherkasov R.A.
Department of Chemistry, Kazan State University, Kremlevskaja str. 18, Kazan, 420008,
Russia.

In this work the possibility of quantumchemical evaluation of the electronic chemical
potential (electronegativity) of a many-electron system is discussed.

We thoroughly consider Valone\'s formulation [1,2] of the Donnelly-Parr variational
principle [3] and elucidate unproved statements supposed to be truth. We display the weakest
point in the Donnelly-Parr theory; that is an parametrization of the two-electron part of the
exact energy functional which violates the functional N-representability. This implies that
this theory is no longer variational. We consider some possible parametrizations for the
Donnelly-Parr energy functional and demonstrate with simple closed-shell molecules that the
Euler-Lagrange equations for those parametrizations have no solutions within the set of N-
representable density matrices. Therefore, these equations are unusable in determination of
the electronic chemical potential of a system, and physical consequences from the Donnelly-
Parr theory are open to question. This is especially true in regard to Sanderson\'s principle of
electronegativity equalization which can not be founded presently in the framework of
density functional theory.

Finally, we briefly characterize the techniques allowing to evaluate the electronic chemical
potential of isolated molecules. The approximation of the electronic chemical potential with
the three-point finite-difference scheme seems to be the most relevant route to its evaluation
at the present stage of development.

[1] Valone S.M. // J. Chem. Phys.-1980.-V. 73, N 3.-P. 1344-1349.

[2] Valone S.M. // J. Chem. Phys.-1980.-V. 73, N 9.-P. 4653-4655.

[3] Donnelly R.A., Parr R.G. // J. Chem. Phys.-1978.-V. 69, N 10.-P. 4431-4439.

KBAHTOBO-XUMHNYECKOE UCCJIEAOBAHUE
CYITPAMOJIEKYJISAPHBIX KOMIIVIEKCOB

4,4-I[I/IHI/IPI/II[I/IJII/IJI3TI/IJIEHA C HUTPATOM CEPEBPA.

T.C.3106una, B.®.Pazymos, C.b.bpunukun, /I.A.JlemenoBckmii *
Hucmumym npoonem xumuueckoit puzuxu PAH, * Mockoeckuii I ocyoapcmeennbvli
yHueepcumem um. M.B.Jlomonocosa, xumpax.

B nocineanue rojabl  BIEUATIISAIONME YCMEXW JOCTUTHYThl B CHUHTE3€ HOBBIX
CYNpaMOJICKYJISPHbIX CUCTEM Ha OCHOBE JIMITUPUJIMIIOBBIX METAJIJIOKOMILIEKCHBIX MOJUMEPOB
[1], cTpyKTypy KOTOPBIX MOKHO YCJIOBHO MIPEACTaBUTh (POpPMYIIOi:

rae M — uoH merajia. Hanpumep, B pesyibrate KOOPAMHALMOHHON mnosjumepusauuu 2,7-
auazanuperna 1 [Cu(MeCN)]PFs Gbiia nosyueHa HeOObIUHAS KpUCTAIMuEKas CTPYKTypa,
npeCTaBIsonIas co0oi TpH B3aMMOIIPOHKMKAIOIIKE aJaMaHTOM/IHbIE CETKH , PACIIONOKEHHBIE
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noa yriom 90° apyr k apyry [1c]. B pacteopax AgNOs u tpanc-4,4’-aunupuanisTuieHa
(DPYED npu poctuxenuu ornpeeaeHHoro kpurnueckoro coorHoiuenus [DPYEt]/ [AgNO;]
NPOMCXOAUT 00pa3oBaHME CYNpPaMOJIEKYJISIPHbIX arperaToB, O Ye€M CBUJIETEIILCTBYET
XapaKTepHOE U3MEHEHHUE CMIEKTPOB MOMIOIIEHUS U 00pa30BaHue TBEPAOH MUKPOIMCIIEPCHOM
¢dazbl [4]. B nanHOM moknane mpeacTaBieHbl pe3ysibTaThl KBAHTOBO-XUMHUUECKUX PacueToB
CynpaMoJIeKyJIspHbIX KOMIUIEKCOB Ha ocHoBe DPyEt paznuuHOi cTpyKTypbl M cocTaBa,
orBevatoiero (opmyine (DPyEt), (AgNQOs), (n=1+6, m=%13). Pacuersl MOpOBOJUINCEH
noaysmnupuueckum Metogom AM1/d (naker MOPAC 2000, Bepcus 1.06) u B pamkax
teopun (pyHkumonana miaotHocTH (B3LYP). DHepruv CUHIIET-CUHIJIETHBIX 3JEKTPOHHBIX
MePEX0I0B pacCUUTHIBAINCE B pamkax Metoga TDDFT ¢ 6asucamu u 6-31+G* Ha aTomax
C,N,O,H u LanL2DZ ¢ ncepnonoreHuuasoMm LanL2 Ha atome Ag. ITokazaHa BO3MOXKHOCTb
00pa3oBaHMs HECKOJIbKMX THUIIOB CYNpaMOJIEKYJISIPHbIX KOMIUJIEKCOB, MPUYEM MpPHU M3OBITKE
MeTa/ula HauboJiee YCTOMUMBBI KOMIUIEKCHl THNA «CHUPAJbHBIX LENeily», KOTOopbIe,
B3aUMOJICHCTBYS MeExXJy c000il, mnomepeyHo cluuBaloTcsi. HaGumonaembie M3MEHEHMs
OKCHEPUMEHTAJIbHBIX ~ CHEKTPOB  MOIJIOLIEHUS PAcTBOPOB  XOPOIIO  KOPPEIUpPYyIOT ¢
TEOPETUUECKU PACCUMTAHHBIMU SHEPIUSMH JIEKTPOHHBIX MEPEXO0B.
Pabota BbinosniHeHa npu puHaHCOBOM noaaepikke POD®U (ko npoekra IR-97-1230).
[1] a)byuauenko A.JI. VYcmexu xumuu. T. 68 (2). C.99. 1999, b)Blake A.Y. et all.
Coordination Chem.Rev. V.183. P.117. 1999, c)Blake A.Y. et all. J.Chem.Soc., Chem.
Commun. P.1339. 1997.
[2] Pazymor B.®., bpuukun C.b. u ap. U3eectust PAH, cep. xum., B nevaru.

GAS-PHASE INTERACTION OF SILICON TETRAFLUORIDE WITH
WATER. A COMBINED AB INITIO AND FTIR STUDY

Ignatov S.K., Razuvaev A.G., Sennikov P.G.,Chuprov L.A.
University of Nizhny Novgorod, Gagarin Ave., Nizhny Novgorod 603600, Russia

The silicon tetrafluoride is evolved abundantly to the atmosphere in the fertilizer production
and many modern technology processes. In atmosphere, it undergoes the hydrolysis by the
atmospheric water forming the various toxic products: hydrogen fluoride, fluorosiloxanes
and, probably, polyhydroxoderivatives of different composition and structure. The
mechanisms of these processes are sufficiently different from the well-known liquid-phase
hydrolysis of silicon tetrafluoride and poorly understood yet. The main objective of this work
is a studying the reaction mechanism of the silicon tetrafluoride gas-phase hydrolysis under
small water concentration conditions, the structure and stability of short-living intermediates,
and the estimation of thermodynamic and kinetic parameters of elementary reactions of
atmospheric hydrolysis. The important information on the structure and properties of short-
living intermediates can be obtained with modern quantum-chemical methods combined with
Fourier-transform IR spectroscopy of gas-phase mixtures. In this work, we studied
theoretically the structures, association energies, electronic distribution, vibrational
frequencies, IR intensities, and thermodynamic parameters for various weak-bonded
complexes of silicon tetrafluoride with water as initial intermediates of hydrolysis process,
and the hydrolysis products of two different classes - polyhydroxoderivatives and
fluorosiloxanes. The calculations were carried out by the ab initio method with correlation
correction at the MP2 and MP4 levels, and by density functional theory (B3LYP) using the 6-
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311++G(d,p), 6-311++G(2d,p), 6-311++G(2d,2p), and aug-cc-pVTZ basis sets with full
geometry optimization and the basis set superposition correction for the binding energies. On
the basis of optimized molecular structure and the calculated vibrational frequencies, the
energetic and thermodynamic parameters of elementary reactions of gas-phase hydrolysis
process were estimated. The high-accuracy G2 and G2MP2 procedures were used for the
thermodynamic calculations. The transition state structures were optimized for most
thermodynamically preferable reactions and the activation energies and absolute rate
constants of various elementary stages were estimated. The potential energy hypersurface
(PES) of SiF4+H20 system was studied with an original computer program ADANIMEHS
specially designed for the adaptive analysis of PES of weak-interacting systems. The PES
analysis performed with the new program provided a way of correct recognition of local
minima and correct estimation of their curvatures in order to take into explicit account the
anharmonicity contribution to the thremodynamic properties and estimate the low-lying
vibrational modes. It was found that the hexafluorodisiloxane SiF3-O-SiF3 formation is more
thermodynamically preferable in comparison with the polyhydroxoderivatives SiF4-n(OH)n
formation process. However, the activation barrier of the hexafluorodisiloxane formation is
5-9 kcal/mol higher. This fact may have a serious influence on the mechanism of silicon
tetrafluoride hydrolysis under conditions far from the thermodynamic equilibrium. The
conclusion on the hydroxoderivative formation at the initial stages of gas-phase hydrolysis
under non-equilibrium conditions and small water concentrations is supported by the FTIR
spectroscopy of gas phase mixtures and the dilute solutions of SiF4 in CCl4 with small
impurity of H20 modeling the atmospheric SiF4 hydrolysis conditions. The observed IR
bands of OH vibrations are in a good agreement with the calculated frequencies of
hydroxoderivatives, and the positions and intensities of Si-F vibrations and their time-
dependence correlate with conclusions about the formation of several fluorine-containing
derivatives together with hexafluorodisiloxane.

MOLECULAR COMPLEXES OF SILICON TETRAFLUORIDE WITH

WATER, METHANOL, AND DIMETHYL ETHER FROM THE LOW-

TEMPERATURE IR SPECTROSCOPY AND QUANTUM CHEMICAL
DATA

S.K.Ignatov, P.G.Sennikov, A.G.Razuvaev, L.A.Chuprov
University of Nizhny Novgorod, 23 Gagarin Av., 603600 Nizhny Novgorod

The molecular structure, binding energies, and vibrational spectrum of binary molecular
complexes of silicon tetrafluoride with water, methanol and dimethyl ether molecules
observed earlier by the IR spectroscopy in the low temperature (12-15K) inert matrices were
studied with the quantum chemical electron correlated ab initio method (MP2) using the
different basis sets up to 6-311++G(2d,2p). It was found that the molecular structure of these
adducts is a trigonal bipyramide with the five-coordinated silicon atom and the donor-
acceptor bond between silicon and oxygen. This structure is additionally stabilized by the
hydrogen bonds between hydrogen and fluorine atoms. No local minima of the potential
energy surface corresponding to the pure hydrogen-bonded structures were located. The
estimation of the binding energy corrected by the basis set superposition error and the zero
point energy are 6.3, 9.7, and 12.5 kJ/mol for the- $iRO, SiF4O(H)CH3, SiF40O(CH3)2
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complexes, correspondingly. The calculated IR shifts of the monomer molecules in the
SiF4 H20 and SiF40(CH3)2 complexes are in a good agreement with the experimental
values whereas the band 844 cm-1 observed under matrix isolation conditions in the case of
SiF4 O(H)CH3 complex can not be unambiguously assigned in the framework of models
used. The most probable explanation of this band is a formation of essentially anharmonic
hydrogen bond O...H...F or even ionic structure F...H+...O— resulting to the very large
shifts of the H-F or O-H vibrations.

COMPLETE INTERMOLECULAR POTENTIAL ENERGY SURFACE
OF WEAK-BONDED COMPLEXES CH4- H20 AND SiH4 H20

Ignatov S.K., Razuvaev A.G., Chuprov L.A., Sennikov P.G.
University of Nizhny Novgorod, 23 Gagarin Av., 603600 Nizhny Novgorod High-Purity
Substance Institute of RAS, 49 Tropinina str, 603600 Nizhny Novgorod

A new method for the fast estimation of the intermolecular interaction energy for the
potential energy surface (PES) exploration was applied to the PES study of two systems with
a weak intermolecular binding: binary molecular complexes of silane and methane with water
CH4 H20 and SiH4H20. One of the key features of these weak-bonded systems is very flat
intermolecular PES. Abundant studies of analogous systems HGH4CH4 NO, SiF4 H20)

show that the standard procedure of theoretical investigation (full geometry optimization
following the vibrational frequency calculation) is not effective for these systems: the
vibrational analysis fails to correctly determine the type of stationary point because the low-
lying vibration modes (0-100 cm-1) are strongly mixed with rotations and translations
resulting in the negative hessian eigenvalues even for the true (but very flat) minima. In
contrary, for the stationary points of higher orders, standard procedures often results to the
positive determined hessian matrix. The hessian purification methods can rarely be successful
in correcting the situation as well as the reaction coordinate following because of extremely
low PES curvature. In this work, the intermolecular PES of- G20 and SiH4H20 was
explored using the adaptive scanning algorithm consisting in energy calculation performed in
the nodes of equal-mesh grid following the interpolation, and the grid specification in the
regions of interpolation function minima. Using this approach, the complete 6-dimensional
PES\'s of the H20 molecule movement relatively to the X molecule (X=CH4, SiH4) with
frozen intramolecular monomer structure. The energy was calculated with ab inition method
at the MP2/6-311++G(2d,2p) level. All the results were obtained using original program
specially designed for the adaptive PES scanning ADANIMEHS. The results of the PES
scanning are compared with available experimental results of the CH4+H20O microwave
spectroscopy and previous ab initio study of this system using the standard quantum-chemical
procedures. The effect of various interaction components on the total binding energy in
different PES regions is discussed.
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GRECP/MRD-CI CALCULATION OF THE ELECTRONIC
STRUCTURE OF PbH

Isaev T.A., Mosyagin N.S., Titov A.V., *) Alekseyev A.B., Buenker R.J. **)
*)Petersburg Nuclear Physics Institute, Gatchina, Petersburg district 188350, Russia
**)Theoretische Chemie, Bergische Universitat GH Wuppertal, Gausstrasse 20, D-42097

Wuppertal, GERMANY

Calculations of the potential curves and spectroscopic constants for the low-lying electronic
states of molecules with heavy atoms are of substantial interest from both experimental and
theoretical points. We carried out 5-electron correlation calculations of electronic structure of
PbH by MultiReference single and Double Configuration Interaction method (MRD-CI)
(Buenker & Peyerimhoff Theor.Chim.Acta, v.35, 33 (1974); v.39, 217(1975), Titov et al.,
Int.J.Quant.Chem.(2001), in press) with the 22-electron Generalized Relativistic Effective
Core Potential (GRECP)(Mosyagin et al., Int.J.Quant.Chem. 63, 1107(1997), Titov et al.,
Int.J.Quant.Chem., 71(5), 359(1999)).The pseudospinors describing the 5s, 5p and 5d shells
of Tl are frozen using the level-shift technique (Titov et al., Int.J.Quant.Chem., 71(5),
359(1999)). Basis set for Pb is generated and optimized with the help of the technique
recently developed in PNPI (Mosyagin et al., J.Phys.B, 33, 667(2000), Isaev et al., J.Phys.B,
v.33, 5139(2000)). The results are compared with the experimental data and recently
calculated spectroscopic values for PbH by Alexeev A. et al. and discussed.

POLYMORPHISM OF HYDROGEN BONDING IN THE SHORT
DOUBLE HELIXES OF OLIGONUCLEOTIDES. QUANTUM-
CHEMICAL SEMIEMPIRICAL STUDY.

Kabanov A.V., Komarov V.M.
Tomsk State University, Theor. Phys. Dept. Institute of Cell Biophysics RAS

Physical mechanism of nucleotide sequence dependence of DNA and RNA secondary
structure is a problem of current interest in molecular biophysics. A precise knowledge of
crucial conformational and energetic parameters, which determine the unique spatial packing
of nucleotide pairs in the double-strained molecules, is of extreme importance. The existing
concept of stacking accumulation of base pairs noncoplanarity in double helix structure
cannot ambiguously describe a sizeable distortion of hydrogen bonding of base pairs
observed both in the structure of single crystals of nucleosides and nucleotides and in the
native and synthetic forms of DNA molecules. In the report the hypothesis of a «hidden»
polymorphism in the mechanism of nitrous bases hydrogen bonding in the structure of short
oligonucleotide duplexes is developed by using quantum-chemical semi-empirical MNDO-
PM3 approach. Main goal of the study is to show, that rather large «propeller-like» and
«step-like» deformations of Watson-Crick base pairs is a permanent intrinsic property of
pairs packing. The energetic and structural properties of the plurality of canonical base
pairing forms were examine at the raw of oligonucleotide complexes:
a. d(ApA)Ud(TpT), d(ApT)Ud(TpA),d(GpG)Ud(CpC),d(GpC)Ud(CpG)
b. d(ApApA)Ud(TpTpT),d(ApTpA)Hd(TpApT), d(GpGpG)Ud(CpCpC),

d(GpCpG)Ud(CpGpC)
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c. d(ApApApA)Ud(TpTpTpT), d(GpGpGpG)Ud(CpCpCpC)

It is concluded, that structural polymorphism of the pairs as a non-trivial factor of bases H-
bonding most likely determines the unique packing of complementary pairs and their
flexibility in DNA structure. The work is supported by Russian Fund for Basic Research,
Grant Ne 99-04-48162. REFERENCE 1. V.M.Komarov, Biophysics 43, 917-924 (1998) 2.
V.M.Komarov, J.Biol.Phys., 24, 167-184 (1999)

NCHOJIB30BAHUE JAHHBIX KBAHTOBO-XUMHNYECKHUX
PACUYETOB JJ151 ONPEAEJEHUSI PEAKIITUOHHOM
CIHHOCOBHOCTHU HEKOTOPBIX ®YJ/UVIEPEHOB U UX
IMPOU3BOJHBIX B IPOHECCCAX PAIUKAJIBHOI'O
INPUCOEIMHEHUSA

0. TI'. Kaguna, A. JI. Uncrakos, U. B. CtankeBuu, b. JI. Tymancknii
A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
28, ul. Vavilova, 117813, Moscow, Russia. E-mail: psycho@ineos.ac.ru

HzBecTHO, UTO MpU B3aUMOJEHCTBUU BbICOKOCUMMETPUUHOTO Cgg C yriepoa- u
JJIeMEHT-IIEHTPUPOBAaHHBIMU ~ pajuKajiaMu oOpasyercss (yJulepeHUIbHbIA CIHMH -y KT
ToJIbKO 01HOro tumna ~CgoR. ITOHMMKEHHE CHMMETPHH MOJIEKYJIbI, CBA3aHHOE ¢ YBEJIUYEHUEM
yycia YriaepoaoB B KapKace WM MPUCOCAUHEHUEM K HEMY Pa3IMYHbIX OPraHu4eCKUX WU
METalJIOOPraHuuecKuX (parMeHTOB, MPUBOAUT K TMOSBICHUIO HEIKBUBAJIEHTHBIX TPy
aTOMOB, OOJaJalolMX pa3iuyHON PEaKUMOHHON CMOCOOHOCTBIO MO OTHOIIEHUIO K
aTaKyoIlIMM X YacTULIAM .

Hamu mnokazaHo, 4TO B YCJIOBMSX paaukaibHOro ¢ocdopunuposanus Crze u
Cs0(CH2)2CsH2(OMe), npoucxoauT usdbupare/ibHas ataka aToMOB yrjiepoaa QysjiepeHOBbIX
MOJIEKYJI, MPUBOASALIAs K O0pa30BAHUIO KMHETUYECKH- U TEPMOJMHAMUYECKU CTAOMIIbHBIX
uzomepoB. Metogom MNDO/PM3 B nputnumxennn ROHF Obuiu onpesesieHbl SHTANbIUN
oOpazoBaHMs JJs BCEX BO3MOXHBIX H30MEPHBIX CHUH-aJAyKTOB. B cOBOKymHOCTH C
JAHHBIMH O MOPSAKAX CBS3€il B UCXOAHBIX (yJuiepeHax oKa3aloch BO3MOXKHBIM ONPEACTUTD
Y4acTKM YIJEpPOAHOTO KapkKaca, MNpPUCOEAMHEHME K KOTOpbIM oOKasblBaeTcs HauboJee
BeposiTHbIM. MeTtotom B3LYP BblunciieHbl 3HAU€HHUsI CIMHOBOW AJIEKTPOHHOM MJIOTHOCTH B
M30MEPHBbIX CHUH-aJIyKTax W 3HaueHus KOHCTaHT CTB HecnapeHHOro 2JeKTpoHa C sApOM
atoma ¢ocdopa dochopuabHON rpymIbl, MPUCOSAMHEHHOW K QYJICPEHOBOMY SIPY.
CpaBHeHME OKCIEpUMEHTaIbHBIX M pacueTHbiX KoHcTaHT CTB mo3BosiseT mnpoBecTH
COOTHECeHUE CHUrHanoB, HabOmogaembix B crnektpe OIIP, ¢ oOpasyiomumucs CHUH-
aalyKTamH.

PabGora BemmonHeHa mnpu mnoaaepxkke PO®DOU m T'ocymapcTBeHHOM IMpOrpaMMbl
“@ysepenbl 1 ATomHble Knacrepnr™.
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ELECTRONIC EXCITATION IN ANIONIC POLYMERIZATION OF
BUTADIENE. NON EMPIRICAL CALCULATIONS OF REACTION
COMPLEXES

Kalninsh Karl K.
Institute of Macromolecular compounds of Russian Academy of Sciences

A new mechanism of anionic polymerization of butadiene is proposed. In the elementary
chemical act, the \"living\" polymer - monomer complex is excited into the low-lying triplet
state. This state has the character of charge (electron) and cation ( Li+ or Na+) transfer from
the terminal unit of the active center to the monomer molecule. In the framework of this
concept the probability of chemical bond formation is determined by spin density on radical
centers of reagent molecules. Semi-empirical and ab initio 6-31G** quantum- chemical
calculations showed stable interaction between components of the complex in the ground
electronic state (9-11 kcal/mole) and low energy levels of triplet excited states ( < 14
kcal/mole). This new approach is shown to be useful in the analysis of polymerization
kinetics and the microstructure of polybutadiene depending on the cation type and the ion
pair state. The mechanism of cis-trans isomerization in the terminal unit of the \"living\"
polymer consists in concerted rotation about the Cb-Cg bond and the migration of Li between
Ca and Cg atoms.

NATURE OF BINDING IN CLUSTERS WITH CLOSED VALENCE-
SUBSHELL ATOMS: ALKALINE-EARTHS

llya G. Kaplan
Instituto de Investigacion en Materiales, UNAM, Apdo. Postal 70-360, 04510 Mexico,
D.F., MEXICO

The study of binding in clusters with closed valence-subshell atoms is performed [1]. The

study is based on the accurate calculations of Ben, Mgn and Can (n=2,3)clusters at the
Moller-Plesset electron correlation level(MP4)using a resonably large basis set [6-311 +

G(3df)].The two- and three-body decompositions of binding energy at the MP4 and SCF

levels, the NBO population analysis and the electron density difference maps allow to

elucidate the nature of binding in the alkaline -earth clusters. In the dimers, the only

stabilization factor is the dispersion forces. So, the alkaline-earth dimers can be attributed to
the van der Waals molecules. The trimers are stabilized by the two-body localized dispersion
forces and three-body delocalized exchange forces. Thus, the binding in the alkaline-earth
trimers has a mixed physical (van der Waals) and chemical (non-additive exchange) nature.
Three-body exchange forces cause the pi-in-plane bonding. [1] I.G.Kaplan, S.Roszak, and
J.Leszczinski, J. Chem. Phys.v.113, 6245 (2000).
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ACTYLENE-ALLENE REARRANGEMENT IN SUBSTITUTED
PROPYNES: A THEORETICAL STUDY

V.B.Kobychev, N.M.Vitkovskaya, N.S.Klyba, B.A.Trofimov
Irkutsk State University; A.E. Favorsky Irkutsk Institute of Chemistry SB RAS

The ab initio investigation of the acetylene-allene rearrangement of propargyl systems
XCH2CCH (X = Me, NMe2, OMe, F and SMe) towards allene (XCH=C=CH2) and propynyl
(XCCCH3) structures has been performed. The n-pi-conjugation is shown to dominate in
allene stabilization, while the effect of electronegative hetheroatom makes at least
comparative contribution to stabilization (or destabilization) of the propynyl form. In
particular, the relative instability of 1-methoxypropyne is rationalized by high
electronegativity of oxygen atom that dramatically decreases total electronic charge of the
neighboring C-C triple bond.

The MP2 level of theory is shown to be insufficient to obtain the correct energy differences
between propynes and corresponding allenes. The MP4 calculations combined with a ZPE
correction are in a good agreement with the experimental data available.

A THEORETICAL ANALYSIS OF PYRROLE ANIONS ADDITION TO
CARBON DISULFIDE

V.B. Kobychev, N.M. Vitkovskaya, I.L. Zaytseva, E.Yu. Larionova, B.A. Trofimov
Irkutsk State University; A.E. Favorsky Irkutsk Institute of Chemistry SB RAS

Quantum-chemical analysis (MP2/6-31+G*) of the pyrrole anions addition to carbon

disulfide and the substitution effects therein shows that pyrrole-2(5)-carbodithioates are
thermodynamically the most stable compounds, whilst 1- isomer obtained from the
unsubstituted pyrrole is likely a kinetic product. Steric hindrances destabilize N-adducts when
a methyl substitutor appears in a 2(5) position and the 2,5-dimethyl-1-pyrrolecarbodithioate
anion turns over to be even less stable then the 2,5-dimethyl-3-pyrrolecarbodithioate one.

JJIEKTPOHHASA CTPYKTYPA AJJAMAHTAHA

J.B. KopoankoB
Canxkm-Ilemepoypeckuii 20cy0apcmeeH bl yHUGEpCumem

OnHOIi U3 Ba)KHBIX XapaKTEPUCTUK AJIEKTPOHHON CTPYKTYphI aJaMaHTaHa, BO MHOTOM
onpeaesouek GU3nKO-XMMUUYECKUE CBOMCTBA CaMOro ajlaMaHTaHa U €ro MHOTOUYMCIICHHBIX
MPOM3BOJHBIX, SBISETCS paclpe/ie/ieHue BaJICHTHOM SJIeKTPOHHOW TIJIOTHOCTH BHYTPH
a/laMaHTaHOBOTO MOJIM3JIpa U Ha ero rpaHsax. OOcykmaemble pacrpelesieHHs 3apsIoBOi
MJIOTHOCTH BAJICHTHBIX 3JIEKTPOHOB JETAJIbHO BHIUYMCICHBI HA OCHOBE Pe3yJIbTaTOB KBAHTOBO -
XMMUYECKMX pacueToB HEAMITMPUYECKUM OrpaHudeHHbIM MeTonoM XapTpu-®oka (RHF) B
JIBYX aTOMHBIX 0a3ucax — B MUHHUManbHOM Oaszuce MINI u pacmmpenHom 6azuce 6-31Gc¢
BKJIIOUEHHUEM noJisipusytoiux O-pyHkuuii Ha atomax yriepoja. [Ipu 3TOM yCTaHOBJICHO, YTO
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B IIEHTPaJbHbIX O0JACTAX MOJM3Jpa U B LIEHTPAJIbHBIX OOJACTIX €ro rpaHeil 3JeKTpOHHAas
IJIOTHOCTh BeCcbMa Majia. B uyacTHOCTM, 3HAuYe€HMs MOJIHOM 3JEKTPOHHOW IJIOTHOCTU B
MOJIOCTU MOJIEKYJIbl OblIM paccuMTaHbl MPU CKAHMPOBAHMM MO OCH TPETHEro mnopsjka (oHa
MPOXOJUT uepe3 UeHTp nonudapa) ot Bepuindbl C1 10 paccrosiHuii 3A ot Hee; o mepe
yAaleHus: OT BEPLIMHBI TOJHAs JJEeKTPOHHAs IUIOTHOCTh OYeHb OBICTPO YOBIBaeT 10
3HadeHui ~ 0.01 1 nuIb He3HaYMTEeNbHO Bo3pacTaeT (10 ~0.02) mpu IpOXOXKIECHUU Yepe3
IUTIOCKOCTh, B KOTOPOH pacnojoxeHsl BepiuuHbl C5, C6, C7, n yepe3 mI0CKOCTb, B KOTOPOM
pacnonioxkeHbl BepiiuHbl C8, C9, C10. HMuHaekchl KpaTHOCTEH /s TpaHCAHHYJSIPHbBIX
B3aUMOJEUCTBUIA HECONOCTABUMO MaJlbl [0 CPAaBHEHUIO C MWHJEKCaMU KpaTHOCTEH
ABYXUEHTpOBbIX cBsizeil C-C, nJis1 KOTOPbIX 3TH 3HaUeHus Oau3ku 1.

AHajoruuHele pe3yJibraTbl ObUIM MOJYUYEHbI IPU BBIUMCIEHUU MOJHOW 3JIEKTPOHHOMI
IIJIOTHOCTH JJIS MOMAPUYECKUX MOJICKYJISIPHBIX KATHOHOB (CH)1+5 u (CH)2+6 .
Pacnipenenenne snexTpoHHOW miaoTtHocTd B nonudapax CpH, u3 aromoB yriepoaa
MPUHLUIIMAIBHO OTJIMYHO OT paclpelieieHusl SJeKTPOHHOU MIOTHOCTU B monudapax BpH,
13 aToMOB 00pa, B KOTOPBIX 3apsA/l0Basi MIOTHOCTb BAJIEHTHBIX 3JIEKTPOHOB B LIEHTPaJIbHBIX
o0Jj1acTsX NOJAM3APOB U HA UX IPAHsIX BECbMA 3HAYMTE/IbHA .

[IpyurHa 3TUX pasjavuuii B pacrpeiesieHUd 3apsiIoBOM MJIOTHOCTM BAaJIGHTHBIX
3JIEKTPOHOB, MO-BUAUMOMY, B TOM, YTO B JIEKTPOHHOH cTpyKType BnH; BO3MOXKHBI M yacTo
peanu3yoTcs OpOMTalIbHBIE B3aMMOJEHCTBUS 06yX cesi3e6ulx dnekmpoHos B — H  (0Osyx
INEKMPOHOB CE53bI6AIOUet MONCKYISIpHOU opoumanu B — H) ¢ eaxanmuoii 2p — opoumaivio
opyeozco amoma B (IOKa3aTeapbHO, YTO BajeHTHocTH aToMoB B B ByH, 3HauurtenpHO
Oosbine 3 ¥ yacto gocturaroT 3HaueHuit 3.5 — 3.8). Hanpotus, B 3JEKTPOHHON CTPYKTYype
CnHn anasoruunbie opOWTalIbHBIE B3aUMOJCHCTBUS, €CTECTBEHHO, HEBO3MOXKHbBI M3-3a
OTCYTCTBUSI BaKaHCUH Ha BaJEeHTHbIX opOuTaisix atoMoB C (C KJ1acCCUYECKOH BajlEHTHOCTHEO
~4). B3aumopeiicTBue k€ 3JIEKTPOHHOH mnapbl, JIOKAJM30BAHHOM MPEMMYLLECTBEHHO Ha
atome C (umerouieii npeobnagatomuii 2sC —BKIaa), ¢ MOAXOIALIEH M0 CUMMETPUM OJTHOM U3
HU3IMX cBOOOMHBIX MO HepealuCTU4HbI M3-3a OTCYTCTBUSI TaKMX clabopa3phIXJsSIOUINX
MO ¢ 10CTaTOYHO HU3KOM SHEPTUEH.

THE ELECTRONIC STRUCTURE OF ADAMANTANE

D.V.Korolkov
Saint-Petersburg State University

The distrbutions of valent electron density within adamantane polyhedron and on its
sides are one of the most important characteristic features of adamantane electronic structure
that regulates to a large extent the physical-chemical properties of right adamantane and its
numerous derivatives. The discussed distributions of valent electron charge density were in
detail computed on the base of results of quantum-chemical calculations by non-empirical
restricted Hartree-Fock (RHF) method with use of minimum atom basis MINI and extended
atom basis 6-31G including polarizingd-functions for carbon atoms. Under this it was
established that electron density is very small in central regions of polyhedron and in central
regions of its sides. In particular the values of total electron density within molecule cavity
have been computed under displacement along the third order axis (it crosses the polyhedron
center) from vertex C1 up to 3 A; as moving off the vertex the total electron density is very
quickly decreased and this density grows insignificantly only passing the plane of vertexes

77

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

C5, C6, C7 and the plane of vertexes C8, C9, C10. The index values of transannular
interactions are non-comparably small with comparison of bond orders of twocenter bonds C-
C that near 1.

Analogous results have been obtained computing of total electron density for
polyhedral molecilar cation€H)*'s u (CH)*'s .

Electron density distributions in polyhedrongHg including carbon atoms differ on
principle from electron density distribution in polyhedronsHB including boron atoms:
valent electron charge density in central regions of boron polyhedrons and on its sides is
highly substantial.

The reason of these different distributions of valent electron charge density consists
evidently in that the orbital interactiobgtween two bond electrons B — H (two electrons of
bonding molecular orbital B — H) and vacant 2p-orbital of the other boron &qguossible
and is often realized in electron structurgiB(that is extremely significant that boron atom
valencies in BH, are meaningfully more than 3 and reach values 3.5 — 3.8 often). On the
contrary analogous interactions are naturally impossible in electronic structureldf C
owing to absence of any vacancies on carbon atom valent orbitals. The interaction between
the electron pair that is preferentially localized on carbon atom (with predonfis@nt
contribution) and symmetry proper lower unoccupied MO is rather non-realizable owing to
absence of such weak antibonding MO having sufficiently low energies.

QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP STUDY
OF SUBSTITUTED AMINOTETRALINE ACTIVITY TO
5-HT1A SEROTONINE RECEPTOR USING THE CHARGE
DESCRIPTORS

Korovina O.D., Radchenko E.V., Palyulin V.A., Zefirov N.S.
Department of Chemistry,Moscow State University,Moscow,119899,Russia

The structural features of substituted aminotetralines and their effect on the 5-HT1A
serotonine receptor agonist/antagonist activity were investigated. The molecular geometry
was calculated by ab initio and AM1 methods, and the charge distribution was estimated
using Mulliken approach. A number of classical electronegativity equalization techniques
was also employed. The charge descriptors obtained in this way were combined with other
local parameters (steric, lipophilicity, hydrogen bonding characteristics) and used to derive
the quantitative structure-activity relationship models by the Molecular Field Topology
Analysis (MFTA) technique. It is based on the construction of a molecular supergraph
enabling the correct matching of such parameters for different structures. Statistical treatment
of the resulting descriptor sets with the partial least squares (PLS) regression and artificial
neural networks leads to the models of high predictivity. Using this data, different charge
computation schemes are compared with respect to structure-bioactivity relationship studies
of organic compounds. The properties for novel structures were also predicted, and the
priority targets for synthesis of prospective serotonine receptor agonists and antagonists were
determined.
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INTERACTION POTENTIALS AND COLLISION PROPERTIES OF
THE RARE GAS - SULFUR OPEN-SHELL SYSTEMS

R.V. Krems (1), A.A.Buchachenko(2), J.Klos(3), G.Chalasinski(3), M.M.Szczesniak (4)
(1) Department of Chemistry, Physical Chemistry, Goeteborg University,Goeteborg,
Sweden (2) Department of Chemistry, Moscow State University, Moscow, Russia (3)

Department of Chemistry, Warsaw University, Warsaw, Poland (4) Department of
Chemistry, Oakland University, Rochester, Michigan, USA

Interaction potentials of the rare gas - sulfur (RgS, Rg=He-Xe) open-shell systems are
computed at the coupled cluster CCSD(T) level of ab initio theory using the extended
correlation-consistent basis sets augmented by bond functions. Ab initio potentials are found
to be in good agreement with empirical potentials determined from the absolute total
scattering cross section measurements in molecular beams. Two sets of potentials are
implemented for calculating the cross sections and rate constants of collision-induced
transitions between the fine-structure levels of the S(3Pj) atom in a wide range of
translational temperatures. The role of electrostatic and Coriolis couplings in governing the
intramultiplet mixing dynamics is analyzed and it is illustrated that the rate constants for the
j=0 -- j=1 transitions in S + Ar, Kr and Xe collisions, forbidden if the body fixed projection
of j is conserved, are greater in magnitude than the rate constants for \"allowed\" j = 0 -- 2
and j = 1 -- 2 transitions. References: 1. R. Burcl, R.V. Krems, A.A. Buchachenko,
M.M.Szczesniak, G.Chalasinski, and S.M. Cybulski, J. Chem. Phys., 109, 2144 (1998). 2.
R.V. Krems, A.A. Buchachenko, J. Phys. B., 33, 4551 (2001). 3. A.A. Buchachenko, J.
Jakowski, G.Chalasinski, M.M.Szczesniak, S.M. Cybulski, J. Chem. Phys., 112 5852 (2000).

TO QUESTION ON NONIDEALITY OF CATALYTIC CHEMICAL
REACTIONS IN THE SLOGL MODEL

Krasilnikov V.V., Udovenko I.V.
Belgorod state University

We consider the chemical catalytic reacations in the Shlogl model when an initial substance
A is transformed to a product B by a transient formation X catalyzing itself production. We
propoze that nonideality in the Shlogl model is taken into account by adding four derivative
with respect to space coordinate of the X concentration to a diifusion flow in the evolution
concentration equation. Besides there is the Buregers nonlinearity describing the total rate of
the X production component in the evolution equation. All of these leads to Kuramoto-
Sivashnsky evolution equation for the reagent concentration X that gives quasiperiodical
solutions having been interpreted as space structure.
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MOJIEJUPOBAHUE B3AUMOJIEHCTBUS MPOCTHIX CIIMPTOB C
JIBIONCOBCKUMMU HEHTPAMMU NEOJIMTOB METOAOM DFT

A.A.Kyb6acoB, H.®.Ctenanos, SI.B.Tuxnii, E.b.JInnskoBa
Xumuueckuii paxyromem MocCKo8CKO20 20Cy0apCcmeeHHO20
yHugepcumema um. M.B.Jlomonocosa

DKCMEepUMEHTATbHO M KBAaHTOBOXMMHUYECKUM MOJICIMPOBAaHUEM ObUIO TIOKa3aHO, 4YTO
MOJIEKYJIbl BO/IbI, aMMHMAKa M CEPOBOAOPO/IA, aACOPOMPOBAHHBIE HA KMCJIOTHOM LIEHTPE THUIA
Jlbtouca, mpuoOpeTalOT MPOTOHO [OHOPHBIE CBOWCTBA. ODTWJICH, B3aUMOJACUCTBYIOLIUN C
KJIaCcTepOM BOJA —MKIMYECKUH (ParMeHT CTPYKTypbl LEOJMTA, MO0 CBOMM CBOMCTBaM
OJM30K K HEKJIACCHYEeCKOMY HMOHY KapOeHHs. Mbl Mpeanosnokuiu, 4TO B3aUMOAEHCTBHE
MPOCTHIX CIIUPTOB € LEOJTUTOM JOJDKHO MPOUCXOAUTH aHATOTUYHBIM 00pa3oM .
Jns moaTBepakaeHus 3roro metogoM DFT ¢ ucnonpzoBanneM ¢yskuuoHaio BLYP u PBE
ObUTO M3Y4YEHO B3aMMOJICHCTBME MOJIEKYJ METaHoJia W 3TaHojia ¢ (parMeHTOM IIeosnuTa
(pucyHOK). BzaummopeiicTBue AByX MOJIEKYJ M JMMEpa METaHOJAa MOJEJIMPOBAIUA C
UCIOJIb30BaHUEM (pparmMeHTa ¢ 6 TeTpa’apuueckumu atomamu (2 atoma Al).
bbu10 yCcTaHOBJEHO, YTO MOJIEKYJIbl CHMPTOB KOOPAMHUPOBAHbI HAa ATOME aJIOMUHUS
(dparmMenTa (1J1s1 KOMIJIEKCa METAHOJ —«IEOJIMTY PABHOBEPOSTHBI B OJIM3KKUE MO CTPYKTYpe
OpHEHTAIIHK ).

i AHanu3 W3MEHEHUS TEeOMETPUH W pachpee/eHus

H ¢/ o
s Ld 1 JJIEKTPOHHON IIJIOTHOCTA B KOMIUIEKCE IO3BOJAET
. " o yTBEpKAaTh, uT0 CBa3b O—H rpymnbl  mosekyn
! ‘ H CHUPTOB OC/abygercs, a MPOTOH MOXET OblThb

L=
1& . S \.r UCTOYHUKOM  OpEeHCTEeI0BCKO KUCJIOTHOCTH. B

Y '&.!J. (<aIlCOp6l/lp0BaHHOM» AUMEPE TOJILKO OJ/lHa MOJICKYJia

o m \, KOOPIUHHPOBaHA aTOMOM AIOMUHMUS.
B3aumoeiicTBre ¢ KOOPAMHALIMOHHO-HEHACHIILEHHBIM
,* atomMoM Al TNpUBOAMT YCHIICHHIO B3aMMOIEHCTBUS

MEXJy MOJIeKyJaMu MeTaHoJa, YTO Corjlacyercst ¢
MpeACTaBICHUSIMU O TOM, uTO oOpazoBanue C—C CBSI3U MPOUCXOAUT MPU aTaKe MOJIEKYJIOH
METaHOJIa KOMIUIEKCa METaHOJ — LeonuT. PaccunTanHbie BEMUYMHBI SHEPrUM 00pazOBaHMUs
KOMTJIEKCOB COMOCTaBUMBI C JIMTEPATYPHbIMU JIAHHBIMU 110 3HAYEHHUSIM TETJIOThI aJICOpOLMH.
PazymHO coBnaganm u 3HaYeHHs SKCTIEPUMEHTAIBHBIX U PACCUMTAHHBIX YacTOT KojieOaHuil B
MOJIEKylaxX chnupToB. B cTpykType ¢parMeHTOB 1e0oNnTa MeXaTOMHbIE pPacCTOSHUS
W3MEHSJIUCH HE3HAUUTEIHbHO, HAUOObIINE U3MEHEHHS OTMEUEHbI B 3HAYEHUSIX YTJIOB CBSI3eH
MEXy aTOMaMH.
Ucnonwzosanue ¢pynkuuonanos PDEu BLYP naBano 6iu3kue pe3ysbTarbl, CONOCTaBICHUE
KOTOpHIX C JaHHBIMH, TONyYeHHbIMM MetogoM MP2  (SCF/6-31G), nokazaio
YOBJIETBOPUTEIbHOE  COBMAJAeHUE.  YuuTeiBag  MeHblne Tpeboanus DFT  k
BBIUMCIIUTENBHBIM PECYpCcaM, 3TO MO3BOJSET PEKOMEH0BAaTh METOA JUIsl pacueTa CJIOKHbIX
KaTaJIMTUYECKUX U aJCOPOLIMOHHBIX MOAEEH .
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AB INITIO QUANTUM-MECHANICAL CALCULATIONS OF A
STRUCTURE OF THE PROPANAL MOLECULE IN LOWEST
SINGLET AND TRIPLET EXCITED ELECTRONIC STATES

Kudich A.V., Bataev V.A., Abramenkov A.V., Godunov |.A.
Moscow State University

The structure of the non-rigid propanal molecule (CH3CH2CHO) in the lowest excited triplet
(T1) and singlet (S1) electronic states was investigated by one- and multiconfigurational SCF
methods. The T1<--S0 and S1<--SO electronic excitations of propanal are followed by the
CH3CH2 top rotation and the pyramidal distortion of carbonyl fragment. The similarity of the
structure of the propanal potential energy surfaces in S1 and T1 state was demonstrated. On
the basis of the potential energy surfaces calculated the vibrational problems for the torsion
ethyl top and inversion motions of the carbonyl fragment was solved using one- and two-
dimensional quantum mechanical approximations. This work was financially supported by
RFBR (Project N 00-15-97346 and 01-03-32841).

THEORETICAL EVIDENCE OF AROMATICITY IN ALL-METAL
SPECIES

Aleksey E. Kuznetsov, Alexander |. Boldyrev
Department of Chemistry & Biochemistry, Utah State University, Logan, UT 84322-0300,
USA, e-mail:kuznetsov@cc.usu.egboldyrev@cc.usu.edu

Reasons why certain molecules are stable relative to others have long been sought by
chemists. Among the useful conceptaiematicity, the simplest and yet the most successful
description of the particular stability of cyclic, planar, or conjugated organic molecules which
possesses (42) -electrons and have specific chemical and structural stability. The concept
of aromaticity may seem foreign for metal systems. Although it has been extended to include
hetero-systems and organometallic compounds, aromaticity has never been considered in
pure all-metal species. We have recently reported experimental and theoretical evidence of
aromaticity in an all-metal system, the;Alianion in a series of bimetallic and ionic clusters
MAI, (M = Li, Na, or Ca). The AlL* dianion, both as an isolated species and in the
bimetallic molecules (MA{f), was found to be square-planar and possess two delocatized
electrons, thus conforming to the structural criterion and the2electron-counting rule for
aromaticity. Delocalization of the two-electrons was found to be critical for the planar
structure and aromaticity of &I. Also, the possibility of aromaticity in a series of hetero-
systems, XAJ (X = Si, Ge, Sn, and Pb) which are isoelectronic 5 Ahas been exploréd
We found that all the XAl species have two lowest singlet isomers; a four-membered
hetero-cyclic structure () and a pyramidal structure {§. The hetero-cyclic structure was
found to be aromatic with two delocalizaeklectrons, analogous to Al The substitution of
one Al in Al* by Si, Ge, Sn, and Pb allow us to investigate systematically how the
delocalized -orbital, thus aromaticity, effects the relative stabilities and properties of the
hetero-cyclic and pyramidal structures. In previous study of the lightey §p&cies, it was
found the pyramidal isomer to be the only minimum3. The instability of the -@kahar
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cyclic isomer is due to the compete localization of themwabectrons on the C atom because
of its much higher electronegativity relative to that of Al.

These findings may not only expand the aromaticity concept into all-metal systems
but may also indicate whole classes of new inorganic aromatic species. Some of them may
eventually serve as the basis for novel materials with as-yet unimagined properties.

1. "Observation of All-Metal Aromatic Systems"”, Xi Li, Aleksey E. Kuznetsov, Hai-Feng
Zhang, Alexander |. Boldyrev, Lai-Sheng Wang. "Science", V.291, pp.859-861, 2001.

2. "Experimental and Theoretical Observations of Aromaticity in Hetero-Cyclig" XAl=
Si, Ge, Sn, and Pb) Systems", Xi Li, Hai-Feng Zhang, Lai-Sheng Wang, Aleksey E.
Kuznetsov, Nathan A. Cannon and Alexander |. Boldyrev. "Angewandte Chemie.
International Edition", accepted for publication.

3. A.l. Boldyrev, J. Simons, X. Li, W. Chen, L.S. Wang. "J. Chem. Phys.", V.110, p/8980,
1999.

A SIMPLE MODEL FOR THE IONIC ADSORPTION ON ELECTRODE
SURFACES FROM POLAR SOLUTIONS: DENSITY FUNCTIONAL
THEORY AND CONTINUUM SOLVATION MODEL

An.M. Kuznetsov, A.N. Masliy and M.S.Shapnik
Kazan State Technological University, 420015 Kazan, K.Marx St. 68

Investigations of the adsorption processes of different ionic and molecular
components of electrolytes on the electrode surfaces are of great interest for electrochemistry,
in particular, the double electric layer theory. The main peculiarity of the theoretical
treatment of the ionic adsorption from a polar solution is the necessity of taking into account
the partial desolvation of the ion on its way from the bulk of solution into the state of
adsorption.

In the present work we have calculated the potential curves for a single chloride ion
adsorbed on the cooper, silver and gold electrode from the water solution as functions of the
metal-ion distance. The calculations were carried out using the Density Functional Theory
(version B3LYP) by means of the GAUSSIAN 94 program package.

The electrode surface was simulated by means of a two-laygrduister (Me=Cu,

Ag, Au). The whole adsorptional NKEI" complex was immersed into a dielectric continuum
with the dielectric constantl, corresponding to the water solution. The effect of the polar
medium on this system was included using the self-consistent reaction field model (SCRF),
namely, the isodensity polarized continuum model (SCIPCM) in which the dielectric cavity is
determined self-consistently from the electron isodensity of solute.

The potential curves for the chloride adsorption on the three metals under study are
characterized by an energy barrier, the height of which increases in the sequence Ag<Cu<Au.
The position of this barrier corresponds to the distance of ca. 350 pm between the ion center
and the electrode plane (this value is close to the effective radius of the first hydration shell of
the chloride ion in the bulk of solution).

At the calculation of the chloride ion adsorption energy we assumed that one of the
water molecules of the electrode dense part is desorbed into the bulk of solution. Note, that
the adsorption energies calculated by such a way are substantially lower than the gas phase
adsorption energies. This may be explained by a partial dehydration of the ion in the
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adsorption state compared with its complete hydration in solution.

It is somewhat surprising that the absolute values of the adsorption energy follow the
same sequence as the energy barrier on the potential curves (Ag<Cu<Au). The electronic
charge density transfer from the adsorbed chloride to the metal (ca. 0.5 of the elementar
electron charge) is also maximum in the case of gold.

The calculational results were analyzed in comparison with some available
experimental data and quantum-chemical results on the cyanide ion adsorption, for which a
similar adsorptional behaviour on the metals considered here had been found.

This work was supported by the RFBR (grant No. 00-03-32140).

A QUANTUM-MECHANICAL TREATMENT OF THE
ELECTROREDUCTION MECHANISM OF Cu(l) CYANO-
COMPLEXES FROM WATER SOLUTION

An.M.Kuznetsov, A.N.Masliy and M.S.Shapnik
Kazan State Technological University, 420015 Kazan, K.Marx St. 68

One of the important problems in the study of the electrochemical copper deposition
from cyanide solutions is the elucidation of the electrochemically active particle participating
directly in the discharge and also the mechanism of the elementary act of electroreduction

In this work we have optimized the geometrical structure of [Cu{ENjn= 1,2,3,4)
complexes using the B3LYP Density Functional Theory (Becke\'s three parameter hybrid
method including the non-local correlation functional of Lee, Yang and Parr) which takes
into account precisely enough the electron correlation effects. The stability of these
complexes in the water solution was investigated taking into account their interaction with
the polar medium using the self-consistent reaction field model (SCRF), namely, the
isodensity polarized continuum model (SCIPCM) in which the dielectric cavity is determined
self-consistently from the electron isodensity of solute. The [Cu{]é:Nand [Cu(CNy|*
complexes were found to be the most stable species in the bulk of solution. As the next step,
we attempted for the first time to study quantum-chemically the complexation processes at
the electrode surface within the framework of a cluster model. For this aim, the adsorptional
CugCu(CN),]*" complexes were calculated. The analysis of the calculated free energies of
the surface complexation processes shows that only [CUCN] and [Gli(§gcies can exist
in the direct contact with the electrode surface, whereas [CuCBhd [Cu(CN)I* have
tendency to decreasing the coordination number with their transformation into the [gJu(CN)
complex. On the base of these results one can conclude that this particle takes part directly in
the discharge on the electrode surface.

Basing on the quantum-mechanical theory of charge transfer in polar media, we
calculated the outer-sphere and inner-sphere contributions into the reorganization energy and
estimated the activation energy for the elementary act of the outer-sphere electron transfer
The activation energy we calculated is very large in comparison with available experimental
data on the Cu(l) discharge. For this reason, the possibility of an alternative mechanism of
discharge was considered, namely, the transfer of the heavy particle (the central copper ion)
along the adiabatic potential curve describing the interaction of the complex ion with the
electrode surface. As the effective reaction coordinate, the distance between the central
copper ion and the electrode surface was chosen. For every fixed values of this parameter, the
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geometry structure of the inner shell of the complex under study was completely optimized.
On the potential curve obtained by such a way, an energetical barrier is observed. The height
of this barrier is remarkably lower in comparison with the activation energy estimated for the
outer-sphere electron transfer. This fact allows to conclude that such mechanism may be
more preferable compared with the outer-sphere electron transfer mechanism. One of the
possible reasons for a relatively low barrier on the potential curve is probably the high
affinity of the cyanide ions to the copper electrode, which compensates to some extent the
energetical losses caused by a partial dehydration of the reduced complex on its way from the
bulk of solution to the final state of discharge.

This work was supported by the RFBR (grant No. 00-03-32140).

OPTIMIZATION OF GEOMETRY OF TRIATOMIC MOLECULAR
COMPLEXES Ag3, Ag3~{+}, AgM+2}: AB INITIO CALCULATIONS

V.G.Kuznetsov, A.l.Panin
Physics Department, St.Petersburg State University, Russia; Chemistry Department,
St.Petersburg State University, Russia

A knowledge of geometrical and electronic structure of triatomic molecular complexes Ag3,
Ag3™M+},Ag3™M{+2} is the key to understanding a process of radiophotoluminescence in the
irradiated silver-doped phosphate glasses. The matter is that in some models of the defect
formation process in the said glasses these triatomic complexes on exposure to ionizing
radiation are anticipated to be radiophotoluminescence centers. Before proceeding to study
these impurity centers in crystals or glasses we were faced with a more simple problem - an
investigation of geometry and electronic structure of complexes Ag3, Ag3*{+}, Ag3™{+2} in

a free state. The aim of the present paper is a solution of the said problem. With this in mind
we undertaken for Ag3-species the ground-state ab initio calculations. Three groups of
methods were used, namely, density functional methods, different variants of Hartree-Fock
(HF) method (RHF, ROHF, UHF, HF+MP2), and Multiconfiguration Self-Consistent Field
(MCSCF) methods (CASSCF, RASSCF). In course of the HF and MCSCF calculations with
the use of the GAMESS code we implemented 11-electron semilocal Relativistic Effective
Core Potential (RECP) for Ag atom, that was constructed with the help of 5s, 5p and 4d
orbitals with 1s2-4p6 core, and was checked by the RASSCF calculations of spectroscopic
constants and low-lying electronic states of Ag2, and Ag2”{+} molecules in our previous
papers (Optics and Spectroscopy, Vol.84,N0.3,1998,pp.307-312; Vol.87,N0.6,1999,pp.877-
887). For Ag atom RECP was obtained from numerical Hartree-Fock-Dirac (HFD)
calculations for the state that is an average over the nonrelativistic
[...]4d™N{10}5s™0.5}5p™0.5} configuration with [Kr] as an inner core. In more exact terms

we used in our nonrelativistic calculations within the framework of LS coupling the spin-
averaged component of RECP, called AREP, which takes into account all relativistic effects
contained in the HFD equations, except for the spin-orbit interaction. Numerical AREP
pseudo-valence orbitals needed for molecular calculations were obtained in HF calculations
with this AREP component of RECP and approximated by Gaussian Type Orbitals (GTO).
The HF and MC SCF calculations were carried out using partially contracted GTO basis set
(4s3p3d)/[3s3p3d], presented in our previous paper. In our calculations linear and triangle
geometries of Ag3-species were investigated. In the process of the geometry optimization the

84

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

arbitrary triangle was used as a starting geometry along with the equilateral triangle and
isosceles triangle. Apart from calculations without any symmetry restrictions in some cases
the spatial symmetry corresponding to the point groups C3v, C2v and Cs was explicitly taken
into account. Where it was possible our results were compared with the experiment and the
results obtained by other authors. The present work was supported by the Russian Foundation
for Basic Research (grant N 00-03-33040).

ELECTRONIC STRUCTURE OF SIO02: AB INITIO
MULTIDETERMINANT METHOD WITH LOCALIZED ORBITALS
WITHIN A QUASI-COMPLEX APPROACH

V.G.Kuznetsov, V.A.Telezhkin
Physics Department, St.Petersburg State University, Russia; Physics and Technics
Institute, Donetsk, Ukraine

An ab initio LCDLO (linear combination of determinants with localized orbitals) cluster
approach to calculate the electronic structure of SiO2 is proposed. A cluster which can
represent the solid is chosen and its wave function is written as a linear combination of Slater
determinants built up of nonorthogonal pseudo-valent orbitals localized at different atoms.
The determinants under consideration correspond to the various schemes of the chemical
bonding including also the ionic schemes. The many-electron states of this cluster are found
with the help of Cl procedure which reduces to solving a generalized eigenvalue problem.
The proposed approach includes a new kind of cluster \"boundary conditions\" applicable to
covalent as well as to ionic-covalent solids with tetrahedral bonds. In order to avoid the
artificial saturation of dangling bonds by hydrogen atoms or by additional electrons, the
hybridized AO\'s (HAO\'s) directed outside the cluster are considered together with HAO\'s
\"belonging to the cluster\", however in another way than HAO\'s \"belonging to the cluster\".
The potential of a boundary atom is written in the form including so-called \"charges on
HAO\'s\", which are defined as Mulliken charges in the Hartree-Fock method or in terms of
the bond-order matrix and the non-orthogonality matrix in the LCDLO method. It allows one
to obtain the mean values of atomic charges in glass in the course of multideterminant self-
consistent ground-state calculations of quasi-complex (cluster with the said \"boundary
conditions\"). The method proposed has the well defined advantages. It makes the selection
criteria of the most important configurations physical and transparent as compared with Cl
MO LCAO method. Besides, the LCDLO approach is particularly suited for description of
the defect-related processes in SiO2. Indeed, first, it gives a correct behaviour of adiabatic
curves at large atomic displacements as opposed to the Hartree-Fock method. Second, the use
of localized nonorthogonal basis within a cluster approach is especially natural for dealing
with point defects, as their wave functions are usually highly localized. And finally, the
approach proposed is useful for the disordered systems investigation. For example, together
with a concept of glass-forming complex unit (1.V.Abarenkov et al., Phys.stat.sol.,1970,
v.A2, pp.865-873) it makes the simulation of diagonal disorder straightforward. Two
interesting problems were considered using the LCDLO quasi-complex approach. The first
problem is the analysis (in terms of the valence-bond-schemes weights) of the genealogy of
the ground and excited states related to the peaks in optical absorption spectrum of SiO2.
Another problem is a study of the angular stability of Si-O-Si bridge in silica. The LCDLO
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calculations for both problems were performed within the simple model of a chain quasi-
complex Si_{1/4} - O - Si_{1/4} in the minimal basis set. The results of calculations show
that the ionic configurations SiN{+1}-O"{-2}-Si{+1} and Si*{+0.5}-O"{-1}-Si{+0.5} are
dominant for the ground state term. As for excited states, the covalent configurations Si*{0}-
OMN0}-Si{0} became appreciable as they may contribute up to a 30 percents to the calculated
value. The results obtained for the bridge stability predict bending to an equilibrium angle of
approximately 130 degrees with an energy gain of approximately 1.1 eV. This work was
supported by Russian Foundation for Basic Research (grant N 00-03-33040a).

BBICOKOITPOU3BOAUTEJIBHBIE BBIYNCJIEHUA B XUMUUA:
COBPEMEHHBIE TEHAEHIINU

M.Ky3bmMuHcKuii, A.MeHaKOBUY
Hucmumym Opzanuyeckoit Xumuu um.H./[.3enuncxozo PAH, Mockea

PaccMoTpeHO  coBpeMEHHOE  COCTOSIHUE M [EpPCHEKTUMBbl  MCIOJIb30BAHMUS
BbICOKOIIPOM3BOAMUTE/bHBIX BbIUUCIUTEIbHbIX CUCTEM /ISl MCCJIEIOBAaHUNA B Pa3IMUYHBIX
001acTsX XMMUU U HEKOTOPBIX CMEKHBIX 00JacTAX HAyKW, B YaCTHOCTH, OMoxumuu. Jlana
KpaTKasi XapaKTepUCTUKA COCTOSHUS B 00J1aCTU BBICOKONIPOU3BOAUTEbHBIX BBIYUCICHUH 1S
xumuu B Poccun.

[Ipoananu3upoBaHbl TEHAEHLUMU pPa3BUTUS IPOLIECCOPOB Pa3IMYHON apXUTEKTYphbl
(BextopHbIX, CISC,RISC, VLIW) ¢ TOUKM 3peHMs] UX MPOU3BOJMTENbHOCTA MPU PELICHUU
3a1a4 BbIYMCIIMTEIBHOM XHMMHUU, B YACTHOCTH, KBAHTOBOM XUMUM. PaccmoTpensl
MPEUMYLIECTBA M HEJOCTATKU pa3iindHbiX apxutektyp cynepdBM (PVP, SMP u ccNUMA,
MPP). JlocTynHble B HacTosilllee BpeMsl TEXHOJOIMM CBSI3bIBAHUS Y3JIOB KIAcTepOB
COIOCTABJIEHBI C AHAJOTMYHBIMU apXUTEKTYPHBIMU 31eMeHTaMu cynepDBM. OOcyxkaeHsl, B
YAaCTHOCTH, PE3yJIbTaTbl W3MEPEHUH NPOU3BOAUTEIBHOCTH pPabOThl CTEKa MPOTOKOJIOB
TCP/IP mnoeepx Fast Ethernet mpm wucmonpzoBanuu OC Linux. CpenaH BbIBOJ O
MepPCNeKTUBHOCTH MPUMEHEHHUS KJIACTEPOB, B YACTHOCTH, AJIsl 33]ja4 KBAHTOBOW XUMHUU.

[lokazaHo, uTO OCHOBHOH mnpoOjeMoil kiactepoB siBisercs 3()PEeKTUBHOCTH
pacnapasieiuBaHus COOTBETCTBYIOLIMX Mporpamm. Ha ocHOBe OpuruHasibHbIX pe3ysibTaToB
W JUTepaTypHbIX  JAaHHBIX  NPOBEJEH  aHajlu3  COBPEMEHHOIO  COCTOSHUS  C
pacrniapajuieJMBaHUEM NPOrpaMM B 00J1aCTH KBAHTOBOM XUMHUM U MOJIEKYJISIPHOW TMHAMUKH .
[IpoBeneHo comnocraBieHWe pa3nuyHbBIX Mojenel (oOlero mnojs mnamsiTd M oOMeHa
COOOUIEHUSIMU) U MHCTPYMEHTAIIbHBIX CPEJCTB pacnapanienuBanus (tuna OpenMP, MPI,
Linda u 1.1.).

CnenaH BbIBOJ, UTO s pacyeToB OOJIbLIMX M CBEPXOOIBLIMX MOJEKYJISIPHbIX CUCTEM,
aKTyaslbHBIX JUIi MHOTMX 3a/1a4 XUMUKU 1 6uoxumuu (npoteunsl u JIHK, HaHotexHomoruu u
Mpoy.) Heobxoanma pa3zpaboTka MPUHLMIUAIBHO HOBBIX CHEMATM3MPOBAHHBIX PACUETHBIX
CXeM TMOJYIMIUPUUYECKON W HEIMMUPUYECKOW KBaHTOBOW xXumuu. [lokazaHo, uTO
MEPCNEeKTUBHBIMU (B T.4. C TOYKHM 3pEHUS pacrapajyieIuBaHus) A HEIMMUPUYECKUX M
MOJYSIMIUPUUYECKUX pacyeToB CBepXOosbLUIMX, B TEPBYIO oyepeab OMOJOrMYecKHX,
MOJIEKYJISIPHBIX ~ CUCTEM  SBJISIFOTCS  METOJMKM, OCHOBaHHbIE HAa  MCHOJb30BAHUU
JIOKaJIM30BaHHBIX opOuTaneii, pazpabarbiBaembie B LleHTpe kommbloTepHOro obecrneveHus
xummnueckux ucciegosanuiit OOTX PAH.

Pa6ota nopaep:kana PODU (npoextst 98-0790290 u 01-07-90072).
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KOMIIBIOTEPHOE MOJAEJINPOBAHUE KHMHETHUKH
I'ETEPOI'EHHBIX ITPOHECCOB B XUMHNYECKHUX CUCTEMAX
METOAOM BEPOATHOCTHOI'O KIIETOYHOI'O ABTOMATA

Kypb6artoBa C.B., Bapgosaomeea B.B., Konbirun C.b, Canosin A.T'.
CamapcKuii 20cy0apcmeeH bl yHugepcumem
CamapcKuil 20cy0apcmeeHHblil AIPOKOCMUUECKUIL yHUBEPCUmem

[locTpoeHne KOMILIEKCHON MOJENH CJIOXKHOM reTepodasHoll XUMHUYECKOM CUCTEMBI B
paMKax KJacCHYeCKOro IIoaxoja, T.e. ¢ IOMOIIblo auddepeHInaNlbHbIX YpaBHEHHUI,
COJICPXKUT PsiJi TPYJAHOCTEH, CBSI3aHHBIX, B MEPBYID OYEpEelb, C pa3HooOpasuemM (U3UKO-
XUMHUECKUX npoueccoB. Kpome Toro, rerepodazHbie XUMHUYECKUE CHUCTEMbI SBJISSACH
MHOTOKOMIOHEHTHBIMU, MOTYT BKJIFOUATh LIMPOKUNA CIIEKTP HU3KO- U BBICOKOMOJIEKYJISIPHBIX
aTOMHO-MOJIEKYJISIPHBIX ~ KOMIUIEKCOB, 4yTO 3HAYUTEJILHO YCJIOXHSET  PELICHUE
muddepeHnnanbHbIX ypaBHeHUH. CleayeT OTMETUTh, YTO HE TOJbKO aHAJUTHYECKOE, HO U
YUCJICHHOE peLICHHE TaKoki cucTeMbl auddepeHnnanbHbIX YpaBHCHHH MpeICTaBIseT
3HAUUTENIbHBIE TPYAHOCTH. IlosToOMy m/is MOIEIMpPOBAaHMS CJOXKHBIX TIeTepodasHbIX
XUMUYECKUX CUCTEM HEOOXOJMMO HWCIOJb30BaTh ammnapar, 00jiee mpucrnocoOJICHHbIN st
pelieHHusl TaKoro poja 3ajad. OTOT anmapar MOXKHO MOJIYYUTb, WCHOJIb3Ys KIETOUYHbBIC
aBTOMAThI.

Knerounsie aBromMaThl MO3BOJIAIOT M3y4daTh KOOMEPATUBHOE MOBEACHUE — BAXHYIO
COCTaBHYIO 4acTh (PM3MKH M XUMHH KOHACHCHUPOBAaHHBIX cucTeM. llpm mopennpoBaHuH
retepoda3HeIX CHCTEM METOAOM KIETOYHOIO aBTOMara paccMaTpvBaeMas CHCTEMa
pa3ouBaeTcs Ha ceTh sueeK. COCTOSHUE KaKIoi SYSHKM XapaKTepU3YETCs LENIbIM YHCIIOM,
KOTOPOE€ yKa3blBACT HA 3alIOJIHEHHOCTb AYEUKU MJIM HA TUIT MOJIEKYJIbl, COAEPIKALLEHCS B HEH.
PaccmaTpurBaembie COCTOSIHUS STYEEK UBMEHSIOTCS CUHXPOHHBIM 00pa3oM 4epe3 AUCKPETHHIC
HMHTEPBaJlbl BDEMEHU B COOTBETCTBUU C JIOKAJIbHbIMU BEPOSITHOCTHBIMU [PaBUJIaMu , KOTOPbIE
MOFYT 3aBUCETb OT COCTOSIHUSI IEPEMEHHBIX B COCEJIHUX Y3/1aX U HE MEHSIOTCS CO BPEMEHEM .
JIoKaIbHOCTh 3aKOHOB MOBEICHUS U JUCKPETHOCTh MEPEMEHHBIX MO3BOJISIIOT €CTECTBEHHBIM
o0pa3oM yuWTHIBaTh (IYKTyallud WM BHYTPEHHHME IIIyMbI CHCTEMbl 0€3 Kakux-aubo
JIOTIOJTHUTEJIbHBIX MPEANOJIOKEHUM .

B paspaboraHHOl MeTOJMKE MOJIEIMPOBaHUs Bce (PUIMKO-XUMUUYECKUE IMPOLIECChI
JIeJISITCSI Ha JIBE TPYIIbl: MPOLECCHl B3aUMOAECHCTBUS SIYEEK C BHELIHEH CPEOi U MPOLECCHI
B3aUMOJIEUCTBUS sueeKk Mexay coboii. [lpouieccamu B3aumonelCTBUS SYEEK C BHELIHEH
cpenoi SBASKOTCS afcopOmus, aecopOuMs W paaualvoHHOe Bo30yxaeHue. [Iporeccamu
B3aUMOJICUCTRUS STUeeK Mex Ay coO0i ABstoTCs MU Py3ust 1 XUMHUUECKHE TTPELIECCHI .

IlpuBeneHHbIit Ha0Op (UIMKO-XMMUYECKUX MPOLECCOB, pPa3yMEETCs, HE SBIIICTCS
nonHbM. [lpy penieHnr KOHKPETHBIX 3a7a4 B 3TOT CIMUCOK MOTYT OBbITh J00OABJIEHBI HOBBIS
(bakTOpbI, UTO MPUBEJIET K €liie OOJIbIIEMY YTOUHEHUIO PE3yJIbTATOB MOICIUPOBAHMS .

PezynbTatamMu KOMIBIOTEPHOrO MOJIEIUPOBAHUS reTepodaszHbiX XMMUUYECKUX CUCTEM
METO/IOM  BEPOSITHOCTHOIO  KJIETOYHOIO aBTOMATa  SIBJSIFOTCSL  [POCTPAHCTBEHHbIE U
BPEMEHHBIE KAPTHUHBI paCTpeICICHUS KOHLIEHTPALU KOMITOHEHT XMMWUYECKHUX COEIMHEHUI B
uccieayeMoil cucteme. Pe3yneTaThl MOIEIMpOBaHUS MOTYT OBITh TPEACTaBICHBI B
HarJsiAHOU hopMe, YAO0OHOM A JaNbHEUINIEro UCTOIh30BaHNS .

B pe3ynpraTe MpOBENCHHOTO UCCACAOBaHWS HaMM  pa3paboTaHa  METOAMKA
MOJICJIMPOBAHUS CJIOXKHbBIX TeTepoda3HbIX XMMUYECKMX CHCTEM METOJIOM BEPOSTHOCTHOIO
KJIETOYHOrO aBTOMATa; CO3JaHa KOMIIbIOTEPHAs Mporpamma, Mno3BOJisIOWAas MOJAE]IMpPOBAThH
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ClIOJKHBbIe TeTepo(dasHble XUMHYECKHE CHCTEMbl Ha OCHOBAaHMU COBOKYMHOCTH (DU3MKO -
XUMHUYECKUX (pakTopoB.

THE SOLVENT EFFECT MODELING OF THE VIBRATIONAL
SPECTRUM OF HYDROGEN SULFIDE

G.V.Latishev, A.Yu. Ermilov
Department of Chemistry Moscow State University

The vibration spectrum of hydrogen sulfide in water was simulated by different quantum
chemistry approaches. According to the Raman spectra of the hydrogen sulfide solution the
stretch vibration frequencies have a red shift (~ 26 cm-1) with respect to gaseous phase data.
Both continuum (SCRF, PCM) and discrete models of solvent were considered. Ab initio
calculations were carried out at SCF and MP2 level with aug-cc-pDZV basis set. The
approaches based on the continuum solvent model could not simulate the blue shift for the
bend frequency and predict small red shifts for all vibration frequencies. On the contrary,
modeling solvent effect on the basis of H2S...H20O cluster treatment (with only one water
molecule) leads to qualitatively correct shifts of hydrogen sulfide vibration frequencies in
both direct ab initio calculations and within the effective fragment potential model (EFP).
The EFP model based on the simulating the solvent molecule by some effective potential
(such as multipoles, polarization and repulsive points) allowed consideration of the large size
clusters up to H2S. 38H20eff. The molecules H2S. nH20eff (n=1,2,4,12,38) were calculated
and the exact agreement with the experimental shift take place for the case n=4. The results
are quite stable with respect to the increase of number of water molecules in hydrate shell
model. (RFBR 01-03-32116).

DIASTEREOMERIC COMPOSITION OF 1,2-DIHYDROHETERINES

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

As a rule, nonplanar 1,2-dihydro monoheterines and 1,2-dihydro-1,2-diheterines with
pyramidal het-eroatom(s) have as a minimum two types of chirality elements: chirality
centre(s) (one or two asymmetric pyramidal heteroatoms) and three chirality planes
describing the torsions of six member cycle (it is con-venient to describe these torsions in the
terms of helicity). So these heterocycles can exist in the form of a few diastereomeric
conformers. We have estimated conformational composition of some 1,2-dihydroheterines
and 1,2-dihydro-1,2-diheterines. Calculations in more full basis sets as well as with due
regard to an electronic correlation re-sult in localization of a greater number of conformers.
For instance 1,2-dihydropyridine has planar N atom according to 3-21G basis set
calculations, so this molecule can be realized as only 8 different con-formers, i.e. 4
enantiomeric pairs (diastereomers). Nevertheless only one diastereomer has been localized as
energy minimum. According to 6-31G(d) calculations, N atom is pyramidal, so 16
conformers (8 di-astereomers) are possible, but again only one enantiomeric pair has been
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localized. Only MP2/6-31G(d) calculations localize two different diastereomeres of 1,2-
dihydropyridine. Similarly, the calculations of 1,2-dihydropyridazine in the 3-21G and 6-31G
basis sets result in localization of only one diastereomer, the calculations in the basic sets 6-
31G(d), 6-311G(d), 6-31+G(d) give two diastereomeres, and the MP2/6-31G(d), MP2/6-
311G(d), MP2/6-31+G(d) calculations result in three diastereomeres. The same is true for
1,2-dihydro-1,2-diphosporine. Diastereomeric composition of 1,2-dihydrophosphorine
doesn’'t depend on the basis set: all above sets without or with MP2 give two diastereomeres.
Such independence is also true for 1,2-dihydro-1,2-azaphosphorine (one diastereomer, N is
planar), as well as for its substituted analogues, such as 1-methyl-, 2-chloro-, 1-methyl-2-
chloro-: only one di-astereomer hem has been localized for all of them. The same is true for
1,2-dihydro-1,2-oxaphosphorine systems. The attempts to localize new diastereomeres with
inverted P atom and not inverted cycle, by means of starting from such guess geometry,
resulted not in the corresponding new diastereomeres, but in the enantiomeres of the
structures, localized earlier, the cycle being inverted relative to the guess geome-try.
Similarly the narcissistic reaction of enantiomerization of one enantiomorph of 1,2-dihydro-
1,2-azaphosphorine to another via chiral transition state represents inversion of the cycle, but
not the P atom inversion. The attempts to restrict this inversion and to localize different
diastereomers by the flanking the 3,4-, 4,5-, 5,6-, 6,1- bonds in the cycle by two methyl and
fluoro substituents failed as well as the flanking of 3,4-, 4,5-, 5,6- bonds by two chloro
substituents. Only the flanking the most short C-N (6,1-) bond by two chloro substitutients
was successful and the second diastereomer of 1,2-dihydro-1,2-azaphosphorine system has
been localized.

UNCONVENTIONAL CONSIDERATION OF THE SYMMETRY
PROPERTIES. NEW TECHNIQUES AND COMPUTER CODES.
APPLICATION FOR HIGH-TEMPERATURE SUPERCONDUCTORS

Liverts E.Z.
Institute of Nuclear Physics, Almaty, 480082, Kazakhstan

The conventional technique for solving the equations of quantum chemistry is untraditionally
extended to the structures possessing certain symmetries. This proposal allows to release the
unoccupied electronic states located lower than the ground state Fermi level of a specific
system. Application of this technique, in particular, when calculating the electronic structure
of the HTSC-compound YBa2Cu307-x (0 < x <1) results in the following. The above-
mentioned unoccupied electronic states of high spatial localization are found, being located,
mainly at the Py- orbitals of the apex oxygens. These orbitals overlap and form linear chains
which are parallel to the known Cu(1)-O chains, disappearing when x is closed to 1. One can
suppose, that the linear chains of such overlapping states form a «superconducting channel».
Some other parameters related closely to the critical characteristics of HTSC-materials are
also calculated. The calculations show that «the superconducting channel» is broken when
the oxygen chain atoms O(1) are removed (x > 0).
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SIMPLIFIED MODELS OF INTERMOLECULAR INTERACTIONS OF
LARGE SYSTEMS

Luzanov A.V.
Institute for Single Crystals, National Academy of Ukraine, 61001, Kharkiv, Ukraine

Some computational techniques for estimating intermolecular interaction (IMI) energies are
considered in the framework of density matrix formalism. One of the general problems is an
evaluation of the Hamiltonian matrix elements in the basis set involving strongly
orthogonalized wavefunctions of separated molecules. It is shown that calculations on typical
charge-transfer states may easily be performed if using the so-called Dyson orbitals and
geminals in the spin-free formulations given in ref.[1]. Some more general operator
constructions pertinent to IMI problems are discussed as well. A new quantum-mechanical
scheme is proposed for estimations of dispersion interactions and transfer matrix elements of
electronic excitations. The key step in the implementation of the scheme is the use of singular
value decomposition for matrices of the two-electron operator responsible for interactions
between two molecules [2]. Thus obtained decomposition contains only few leading terms
having asymptotics of conventional multipole terms. It turns out that the first of these terms
(a quasi-monopole term), usually ignored by conventional approaches, may give a marked
contribution to the transfer amplitudes. Within this technique some calculations on pi-systems
of aromatic molecules and fullerenes are performed. A quite simple scheme for estimating
nonexpanded dispersion energy for large molecules is also given. It is based on average
excitation energy approximation and a semiempirical method which reduces the problem to a
suitable form via the Wiberg bond indices.The latter are approximated by a topological
matrix for sigma-bonds and by Hueckel's bond orders for pi-bonds [3]. The method is
illustrated by calculating two- and three-body dispersion energies for fullerenes and carbon
nanotubes. In this vein the problem of chirality recognition in IMI processes is treated on the
base of the Goossens model. Satisfactory correlations of the proposed dissymmetry
pseudoinvariant with twisting power of the chiral molecules in nematics are reported.
REFERENCES: 1. A.V.Luzanov, V.V.lvanov, |.V.Boichenko, J. Mol. Struct. (Theochem),
360 (1996) 167. 2. A.V.Luzanov, A.D.Bochevarov, Khim. Fisika, 19, No 10 (2000) 21. 3.
A.V.Luzanov, L.N.Lisetski, Zh.Struct. Khim., 42 (2001).

THE VARIATIONAL SOLUTION OF THE NUCLEAR DYNAMICS
PROBLEM FOR LARGE AMPLITUDE MOTION IN THE MkXO4
(k= 1, 2) MOLECULES

A.V. Marenich and V.G. Solomonik
Ivanovo State University of Chemical Sciences and Technology

The MReO4 and M2X04 (M = Li, Na, K; X = S, Se, Te, Cr, Mo, W) molecules were studied
at the CISD+Q level of theory. The calculations have shown that the molecules are non-rigid
systems with a hindered rotation of the alkali metal cations M+ with respect to the (XO4)"k-
moiety. The nuclear dynamics problem was solved for some of the MReO4 and M2X0O4
molecules. The effective Hamiltonian was constructed using the adiabatic separation of the
M+ intramolecular motion and the (XO4)"k- vibrational motion. The potential energy was
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expressed as a function of the polar coordinates which define the position of the M+ cations
with respect to the(XO4)"k- anion. The radial and angular parts of the potential function were
constructed by fitting the ab initio data to a series expansion in the basis set of the symmetry-
adapted spherical harmonics and, in the case of M2XO4 molecules, with the inclusion of a
term corresponding to the Coulomb interaction between the two M+ cations. The matrix of
the effective Hamiltonian was set up and diagonalized in the basis set of the functions which
are products of the harmonic oscillator and rigid rotor eigenfunctions. The energy levels, the
transition dipole moments, and the state-averaged geometry parameters were calculated. This
work was supported by the Russian Federation Education Ministry, Grant N 97-0-9.1-262.

QUANTUM-CHEMICAL INVESTIGATION OF THE SUBSTITUTION
OF CH3COO- -GROUPS BY BIS-ARSINES IN THE ACETATE
COMPLEXES OF RH(ll)

A.N.Masliy, L.V.Slavina, V.K.Polovnjak, An.M.Kuznetsov
Kazan State Technological University 420015 Kazan, K.Marx St., 68

It is well known from the literature [1-3], that the substitution reactions of
Rhy(OACc)4(H20), are accompanied by the elimination of axial water molecules. The attempts
to substitute the acetate groups lead to the destruction of complexes [4,5]. In the present study
we have investigated the bis-arsines as bidentate ligands, which on principle can substitute
the acetate groups. At the same time, they can play the role of a reducing agent in the redox
transformations of Rh(ll).

The geometry optimization of the initial acetate complex of Rh(ll) and of supposed
structures which can be formed in the course of substitution of water molecules and acetate
ligands have been carried out by means of the density functional method (B3LYP version)
using the standard 6-31G(d,p) basis set. The calculations were performed using the
GAUSSIAN 98 [6] program package. As a model ligand, the bis-arsinomethane
(H.AsCH,AsH, or dam) was chosen for simplicity. The obtained geometrical parameters are
in good agreement with available crystallographic experimental data.

The calculations showed that the energetically most preferable is the dissociative
substitution of the two water molecules by bis-arsine ligands

[Rha(CH;COON(H20);] + 2(AsH,)2CH, = [Riy(CH3COO)({AsH 2} :CHy).] + 2HO
with the enthalpy of 51.2 kJ/mol. The calculated enthalpy of the successive substitution of the
two acetate ligands by bis-arsines is equal to 107.8 and 266.7 kJ/mol, correspondingly. The
first value is not a large, and one may assume that this reaction can be realized at the certain
conditions of the synthesis, e.g. in polar solvents. The substitution of the second acetate
ligand is less probable from the viewpoint both of the energetics and steric factors.

The calculational conclusions were confirmed experimentally. We have investigated
the interaction of the Rh(ll) acetate with bis-(diphenylarsino)alkanes

Rhb,ASCH,AsRhy(dam); RBAs(CH,),AsRhy(dae); RhAs(CH,) ,AsRh(dab).
As a result of these investigation, the following compounds were synthesized:
Rhy(CH3COO)(dam)(OH); [Rhy(CH3COO)(dae)}; [Rhx(CHsCOO)(dab)}.
LITERATURE:
1. Johnson S.A., Hunt H.R., Neumann H.M., Inorg. Chem., 1963, v.2, p.960. 2. Cotton F.A,,
Felthouse T.R., Inorg. Chem., 1981, v.20, p.600. 3. Das K., Kadish K.M., Bear J.L., Inorg.
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Chem., 1978, v.17, p.930. 4. Norman J.G., Fey E.D., J.Chem. Soc., Dalton, 1976, p.765. 5.
Glickman H.D., Hamer A.D., Smith T.J., Inorg. Chem., 1976, v.15, p.2205. 6. Gaussian 98
(Revision A.7), M. J. Frisch et al. // Gaussian Inc.: Pittsburgh PA, 1999.

COBPEMEHHAS MOJIEJIb KOMIIBIOTEPHOI'O OBECIIEHEHUA
XUMHMYECKHNX UCCJIEJOBAHUM

A.C. MenakoBn4 asm@free.net
Hucmumym opzanuueckoii xumuu um. H./[.3enunckozo PAH 119992 Mockea,
Jlenunckuii npocnekm, 47

Hannast pabotra mMOCBSLIEHA COBEPLICHCTBOBAHUIO MOJEIM  KOMIBIOTEPHOrO
o0ecreveHns] XUMHUUYECKUX HCCIeIOBaHUi C YYETOM, KaK COBPEMEHHBIX JIOCTHXKEHW
MH(POPMALMOHHBIX  TEXHOJOrWi, TaKk M HOBBIX TEHJCHLUMH B  MCIOJb30BAHUU
MH(OPMALIMOHHBIX, BBIYUCIUTENBHBIX M TEJIEKOMMYHUKAIIMOHHBIX PECYpcoB B 00jacTu
XUMUH,

B pabore npoBoauTcs aHajiM3 3BOJIOLUMM B TEYEHHE MOCJIEIHEr0 JECSITUICTUS
KOHLEMNLUMU KOMIIBIOTEPHOro oOecrnevyeHrnss KaK eCTECTBEHHOHAYUHbIX HCCJIEI0BaHUM B
LEJIOM, TaK M XWMMMUYECKMX HUCC/IeJOBaHMHA B dvacTHOCTU. Jljisi 3TOM wend Hapsgy c
MpUBJIeYEHUEM OMYOIMKOBAHHBIX B JIMTEPAType JaHHBIX MCIMOJIb3YyeTCs 0000IEHHbIH OMbIT
¢dbyakunonupytomiero Ha ©Oaze HMOX PAH IlenTpa KOMIBIOTEpHOro oOecrneueHus
xumuuecknx uccaempoBanuii  (LIKOXKM OOTX PAH) B obnactu mnpuMeHEHUs
BbICOKOIIPOM3BOAMUTE/bHbIX BbIYMCIEHUH M TEJIEKOMMYHUMKALMOHHBIX TEXHOJOIMH s
pEeLLEeHUs UCCIIEA0BATEIbCKUX 3a/1au.

Pesyabrarel aHanu3a nNO3BOJIMIIM  BbIABUTb DSl XapaKTEPHbIX TEHACHLUUH B
KOMIILIOTEPHOM 00€CIeYeHUH €CTECTBEHHOHAay4HbIX HccienoBanuil. B vactHocTH, OHuM
MOKa3bIBAIOT, YTO B MOCJEHUE TO/Ibl HAPSAY ¢ aBTOMATU3alMEl IKCIepUMEHTaNbHbBIX paboT
M UCMOJb30BAHUEM CPEJICTB BBIUUCIUTENbHBIX TEXHUKU JI MPOBEACHUS BHIYUCIUTEILHOTO
dKCIEepUMeHTa Cc(POpPMHUPOBATUCH U MHTEHCUMBHO Pa3BUBAIOTCS JBa HOBBIX HAMpaBICHUS :
BbICOKO9(D(DEKTUBHBIE paclpee/ICHHbIE MYJbTUMEANiHbIE WHPOPMALMOHHBIE CUCTEMBI (B
TOM UHUCJie DJJIeKTPOHHbIE OMONMOTEKM) W cucTeMbl obecrieueHus (YHKIMOHUPOBAHUS
TEPPUTOPUAIILHO pachpe/ieieHHbIX KOJIEKTUBOB. B pabore oTmeuaercss ocoboe 3HaueHue
MOC/IeJHEr0 HampaBieHUsl Uil POCCUICKOW HayKu, M MOJPOOHO M3JararoTcsi pe3ysbTaThl
pa6ot LIKOXMU no co3zaannio cOOTBETCTBYIOIMX TEXHOIOTHI U CUCTEM .

B pabote Takke aHanu3upyeTcsl NPUYMHBI, IO KOTOPBIM 3a MOCJIEHUE TSITh JIET, MPU
COXpaHEeHWH 001Iel MOJOXKUTENBHON TMHAMUKH,, MPOU30IIIO OTHOCUTENBHOE, O CPAaBHEHHIO
C JIpYrMMM HayKamMH, [OHW)KEHUE YPOBHS KOMIILIOTEPHOIro oOecrieueHusl XUMHUUYECKHX
uccienoBaHuii. Jlenaercs BbIBOJ O HEOOXOAUMOCTH (OPMUPOBAHUS HOBOW KOHLENLIUU
KOMIILIOTEPHOI0 00ecrieueHus] XUMUUECKUX MCCIIeIOBaHui, U onpejiensercs, Kakue UMeHHO
W3 HOBEHIIMX MOCTXEHWH B 00JacT MHQPOPMALMOHHBIX TEXHOJIOTUH MOTYT TOCTYKHTh
TEXHUYECKOM OCHOBOW 3TOW KOHLENMU. B uacTHOCTH onuchiBaloTCs pe3yibTaThl paboT B
obnactu CO3/1aHus Creralin3uPOBaHHBIX BBIUUCITUTENBHBIX pecypcoB 7]
CHelMaTu3MPOBAHHBIX TEIEKOMMYHHUKALIMOHHBIX UH(PACTPYKTYP .
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HOBBIE TEXHOJIOT'UX TPEXMEPHOI'O IPEACTABJIEHUSA
OBBEKTOB B ITYBJIMKAIIAX 110 XUMHUU B UHTEPHETE

B.B. Munsiijios, b.W. IlokpoBckuii, M.S1. MeabHHKOB.
Mockoeckuit I'ocyoapcmeennwtii ynueepcumem um. M.B. Jlomonocosa,
Xumuyeckuii hakyromem

Jlna myOGnukanmy XMMUUYEcKoi MH(OpMALMU KJIIOUEBYIO POJIb UIpaeT Mpe/cTaBlIeHUE
TPEXMEPHbIX OOBEKTOB - MOJIEKYJSIPHBIX M KPUCTANIMYECKMX CTPYKTYp. s moHMMaHus
TEOPETUUECKUX MOHATUNA HEKOTOPBIX pa3JesioB XMMHUM, HATPUMEP KPUCTAIJIOXMMUU, OOLIEHUE
C TPEeXMEpPHbIMU OOBEKTAMM OKa3bIBAETCS HEOOXOJMMbIM, a MPEACTABICHUE B TPEXMEPHOM
BUJE SKCIEPUMEHTAJIbHBIX pPE3Y/bTATOB MOXKET [O03BOJIMTh CJE/aTh HOBble BbIBOAbI. C
pazBuTheM ceTd MHTepHET U pocToM 00beMa pa3MellaeMoii B Heill XuMuueckoil nudopmanuu
pacTeT M MNOTPEOHOCTb B MCMOJIb30BAHUUM WHTEPAKTUBHBIX TPEXMEPHBIX WJUIOCTpaUUii B
ny6nukyembix B CeTu MaTepuaax.

B Hacrosiiee Bpemsi MCHOJb3YeTCS OYE€Hb HEMHOIN0 HMHCTPYMEHTOB TPEXMEpPHOH
BU3yalM3allMd XUMUYEeCKUX 00bekToB B MHTepHeTe. B ocHoBHOM 31O - mporpamma Chime
komnanun MDL Information Systems, npenHazHaueHHas Ui NPOCMOTPA MOJIEKYJISIPHBIX
00BEKTOB; $A3bIK BUPTyalbHOM peanbHocTh VRML — Oosiee yHuBepcaibHOE, HO MeEHee
pacnpoCTpaHEHHOE M3-3a TPYJOEMKOCTU CpPEACTBO, U elle Oonee peiakue Java animiersl.
OpnHako, B CBSI3M C pacCTYLIMMU MOTPEOHOCTAMM 3JIEKTPOHHOM TOpromiu, Bce Oosee
oxBaTtbiBatolleil IHTepHET, B mocienHee Bpemsl ObLIM pa3paOOTaHbl HOBbIE YHUBEpCAJbHBIE
TEXHOJIOTMU TpeXMepHOW Busyanuzauuu oO0bektoB B Ceru. BbiOpaB nae Haubosiee
nepcnekTuBHbIX TexHojoruu, VET komnanum Viewpoint u Cult3D xomnanuu Cycore, mMbl
ornpoboBaIv UX U1l PELUEHUs] XMMUUECKUX 3a/1au.

Ha npumepax MHTEpaKTUBHBIX WJUTIOCTPALMi K KypCy CTEPEOXMMHMM, BU3yaln3aluu

JUHAMUKU 3JIEMEHTApHOrO aKTa peakuuid Hu30Mepu3aluuu U BHYTPUMOJEKYISIPHON
BpauiaTeabHON MOABUKHOCTH ()parMeHTOB MOJIEKYJI, B HacTosilIel paboTe NnpeacTaBieH OMbIT
MPUMEHEHHUs aBTOpaMM yKazaHHBIX TexHoJjoruii. O0e TEeXHONOTMU XapaKTepu3yrTcs
YHUBEPCAJIbHOCTBIO, WHTEPAKTUBHOCTBIO, CMOCOOHOCTBIO K COMPSDKEHMIO €  JAPYTrMMHU
MyJbTUMEAUHHBIMU (OpMATaMU, a TaKKe OY€Hb BBICOKMM KauecTBOM (HOPMHUPYEMOro
n3o0paxkenus. C OAHOM CTOPOHBI TEXHOJIOTMM  MPAKTUUECKHM CHUMAIOT OrpaHUYEHUs C
peanu3auuu ujaeil aBropa MyOJMKauuii, ¢ Apyroil CTOpOHBl — caM NPOLECC BU3yalu3aLMu
JOCTaTOYHO TPYAOEMOK. B cBA3M ¢ 3TUM B AaHHOMN pabore 00cCy:KaaeTcst BOMPOC O BbIOOpPE
TEXHOJIOTMH BU3yallM3allMK AJS PEUIeHHs KOHKPETHbIX XMMWYECKMX 3a]ay, OLIEHWBAIOTCS
MEePCNEeKTUBBI UCMOJIH30BAHUSI HOBBIX TEXHOJIOTHIA.
Asmopuwr gvipascaiom Onazooapuocme B.H. [lepeywosy, H.FO. Ocoxunoi, /[.A. Tropuny u
b.C. Jlykvanosy, 3a 1106e310 npedocmagiiennvie OaHHble, KOMOopble ObLiU UCNOIb308AHbL NPU
MoOenupoganuu, a maxdce npogeccopam A.HU. Jlebeoesy u A.X. Bopoovesy 3a
KOMMeHmMAapuu.
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CATEGORIZATION OF VISUALIZATION TOOLS IN ASPECT OF
CHEMICAL RESEARCH AND EDUCATION

Nikodem Miranowicz, Andrzej Burewicz
Adam Mickiewicz University, Laboratory of Chemical Education, Poznan, POLAND

Chemistry is an experimental science. The subject of its research is not often directly
available within close dimensions of time or space. To optimize the research and teaching
process it is required to analogize or visualize phenomena, processes or objects. In effect
visualization is significant to problem solving. In the last years in the Laboratory of Chemical
Education at Adam Mickiewicz University in Pozna? the research was undertaken. The main
aim of the research was to determine educational effectiveness of different types of chemical
visualization. The methods of visualization of chemical issues were worked out. A series of
original video and animation sequences presenting different aspects of chemical visualization
were prepared. Interactive Internet Instructions Sets were prepared. Methods of visualization
were categorized. The effectiveness of use of different types of chemical visualization was
estimated. The main aspect of visualization is obviously its application to teaching or
research. Thus the choice of techniques depends on whether it is used for recognition,
explanation, memorization, inspiration or motivation. In the research the importance as well
as area of usefulness of three main categories of visualization was also established. These
categories are: illustration - relating to the presentation of an existing picture of object;
representation - the presentation of an image assigned to an object; visualization - related to
the presentation of an image created for the object. Research work on preparing visualization
means confirms that depending on the particular aspect of categorizing visualization, it may
be useful, as well, to assign additional criteria such as dimensions, degree, functions,
methodological contexts, experimental relationship and mediality of visualization.

THEORETICAL INVESTIGATION OF THE METATHESIS
REACTION OF ALKANES CATALYZED BY SUPPORTED
TRANSITION METAL HYDRIDE COMPLEXES

M.N. Mikhailov*, A.A. Bagatur'yants**, and L.M. Kustov*
*Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, 119992, Russia
*Photochemistry Center, Russian Academy of Sciences, Moscow 117421, Russia

The activation of alkanes by transition metal hydride complexes immobilized on a SiO2
surface was considered theoretically using ab initio quantum chemical calculations. The
active site of these catalytic systems was modeled by (H4Si205)02Ta(ll)R and
(H4Si205)02Ta(V)RRVR\\' clusters (R = H, Me, Et; R\, R\'\' = H). The geometrical and
electronic structure of these clusters was examined using ab initio quantum chemical
calculations at the B3LYP level. The interaction of C2H6 with the hydride active site
modeled as (H4Si205)02Ta(lllH and the reaction path of the formation of the
(H4Si205)02Ta(lll)(Et) complex in this reaction were studied in detail. Two possible
mechanisms were considered. The first mechanism involves the direct transfer of the
migrating hydrogen atom from C2H6 to the hydride ligand through a four-membered
transition state to form molecular hydrogen (one-step mechanism). The second mechanism
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consists of two steps. The first step is the oxidative addition of C2H6 with the formation the
(H4Si205)02Ta(V)(Et)(H)(H) dihydride ethyl intermediate, and the second step is the
reductive elimination of molecular hydrogen from the dihydride complex. Various isomer
structures of the (H4Si205)02Ta(V)(Et)(H)(H) dihydride ethyl intermediate complex were
considered. One of these intermediate structures corresponds closely to the tentative structure
of the four-membered cyclic transition state postulated within the first mechanism. Therefore,
the entire reaction proceeds through the two-step mechanism rather than the one-step four-
center mechanism postulated in the literature.

CUCTEMA 2OPPEKTHUBHOI'O UCITOJIB3OBAHUA
NHANBUAYAJIBHBIX U KOJIVIEKTUBHBIX BBIYNCJIMTEJIBHBIX
PECYPCOB B HAYYHBIX NUCCIEJOBAHUSAX. ITPOEKT
“IIEJIETOH

0.B.MuxeeB
NC Group /HBK «BHCT»

Jloknan — mocBsueH — aHanu3y — cucTeMbl  3(Q(QEKTUBHOIO  UCMOJIb30BaHMS
WHAUBUIYAJIBHBIX U KOJUIEKTUBHBIX BBIYUCIIUTENBHBIX PECYPCOB B HAYUHBIX UCCIIEIOBAHMAX .
Oco0oe BHUMaHHUE Y/EJIEHO PACCMOTPEHHUIO CJIEYIOLLMX BOIPOCOB !

* BruncnuTenbHble K1acTepsl Ha LiNUX B XuMuu 1 GuonH(pOpMaTHKe: MEePCIeKTHBbI
HCIIOJIb30BaHUS.

*  QyHKUIMM U 3a1a4M cucTemsl «lleneTon»

* [locrpoeHue uHGPOPMALMOHHONW CUCTEMbI JJisi COBMECTHOH pabOTbl COTPYAHUKOB C
JaHHBIMH, TOKYMEHTaMHU U OTYETaMU.

e OpraHu3auusi LEHTPAJIU30BaHHOTO MEXaHU3Ma I 10CTyNna U Noucka UH(opMaluu BHE
3aBUCUMOCTH OT MECTOMOJIOKEHHUS XPaHEHHS IaHHbIX M (popmaTa MX MpeacTaBieHus .

* OObeauHEHHE Pa3HOPOJHBIX KOMIBIOTEPOB M MIaTGOpM B €JUHYI0 MHPOPMALMOHHYIO
cpeny.

TO MODELING OF VIBRONIC INTERACTION AND CHAOQOTIC
DYNAMICS IN ELECTRONIC AND NUCLEAR SUBSYSTEMS OF
MOLECULES

Morozov V.A., Dubina Yu. M.
N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences Leninsky
Prospect 47, Moscow 119992 Russia

One of the simplest variant of description of vibronic interaction (VI) in molecular systems is
the account of shift equilibrium position their nuclear oscillators at transition of an electronic
subsystem from basic born-oppenheimer state in exited state. At such account VI do not
consider as a possible source chaos of molecular dynamics. Classical analogue such VI, as it
is easy to show, is the interaction between electronic and nuclear oscillators, caused by
nonlinear (cubic on product of their coordinates) coupling, which efficiency is characterized
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in some parameter a. The nonlinearity of the appropriate equations of movement of such
coupled classical oscillators system under some conditions of their excitation, as is known,
causes chaos of their dynamics. In the present work the study of dynamics of such system is
carried out at action on it quasiharmonic force with using of results of the numerical solution
of the appropriate equations of movement, and also of appropriate quantum-classical system,
in which the electronic subsystem is considered as quantum oscillator, and nuclear - as
classical oscillators with above mentioned shift S. It is shown, that at condition S=aA2
(where A — «zero amplitude vibrations» of the quantum electronic oscillator) intensity of
Raman line for above mentioned systems (the reflecting efficiency VI in these systems) is
identical, and their dynamics does not contain elements of chaos at an irradiation by weak
enough light fields. The criteria of an opportunity of occurrence chaotic dynamics of such
systems under certain conditions of their excitation are established. This work was supported
by RFBR, project no. 00-03-32957 and 00-15-97307.

GENERALIZED RELATIVISTIC EFFECTIVE CORE POTENTIAL
AND RELATIVISTIC COUPLED CLUSTER METHODS FOR PRECISE
ELECTRONIC STRUCTURE CALCULATIONS. CALCULATIONS ON

MERCURY HYDRIDE AND ITS ION

1) N.S.Mosyagin, A.V.Titov, 2) E.Eliav, U.Kaldor
1) Petersburg Nuclear Physics Institute, Gatchina, St.-Petersburg district 188350, Russia
2) School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel

The Relativistic Effective Core Potential (RECP) method is most intensively used in a few
last decades for electronic structure calculations on molecules containing heavy atoms
because it allows one to reduce drastically computational efforts with respect to the
corresponding all-electron calculation. In paper [1], the generalized RECP (GRECP) was
generated for mercury and was tested in numerical two-component Hartree-Fock calculations
by comparison with all-electron Dirac-Fock and other RECP calculations. The suitability of
the GRECP for describing the correlation effects was examined in atomic calculations [2].
Significant improvement of accuracy in reproducing the all-electron Dirac-Coulomb data for
the GRECP as compared with the tested RECPs of other groups was demonstrated in these
calculations. The same number of electrons, 20, is explicitly treated in the considered RECP
versions. Therefore, comparison of accuracy for these RECPs is correct. In turn, the coupled
cluster (CC) method is one of the most powerful approaches for precise correlation structure
calculations of atoms and molecules. Important advantages of the CC method include size-
extensivity and straightforward summation of some high-order perturbation theory diagrams.
In the present report, the GRECP and Relativistic CC (RCC) methods are discussed for the
case of electronic structure calculations on the HgH molecule [3]. The calculated
spectroscopic constants are compared with experimental data and results of calculations of
other groups. Errors of the performed calculations are analyzed. The magnitude of the Basis
Set Superposition Errors (BSSE) is estimated and discussed. [1] N.S.Mosyagin, A.V.Titov,
Z.Latajka, Int.J.Quant.Chem. 63, 1107 (1997). [2] N.S.Mosyagin, E.Eliav, A.V.Titov,
U.Kaldor, J.Phys.B 33, 667 (2000). [3] N.S.Mosyagin, A.V.Titov, E.Eliav, U.Kaldor, E-print:
http://xxx.lanl.gov/abs/physics/0101047 .
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QUANTUM CHEMICAL JUSTIFICATION OF EMPIRICAL MODEL
OF TRANSANNULAR INTERACTION IN SILATRANES

Mubarakova L.G., Zueva E.M., Galkin V.I.
Department of Chemistry, Kazan State University, Kremlevskaja str. 18, Kazan, 420008,
Russia.

Considerable interest in chemistry of silatranes primarily depends upon the fact that some of
these compounds possess high and specific biological activity. At the same time structure of
silatranes is quite interesting by itself. Relying on available experimental data on electronic
and spatial structure of 1-substituted silatranes XSi(OCHRBIHwe proposed an empirical
orbital no’-model of transannular interaction -N\Si in endo-silatrane. According to this
model the equilibrium distance between azote and silicon atoms in gas phase is determined
by competition of the strain energy of silatrane structure and the energy-ifteraction
between lone electron pair of azote atom and fragment Si-X.

In order to verify the proposedonmodel, the semiempirical (PM3) and nonempirical
(MP2/3-21G/IMP2/3-21G) calculations of some 1-substituted silatranes have been
performed. Localized orbitals and potential curves of inversion of azote atom have been
constructed for all structures being tested. Systematical study of the influence of different
factors (electronic structure method, method of geometry optimization, basis set) on the
degree of interaction between azote atom and fragment Si-X has been carried out on the
nonempirical level of theory. It has been demonstrated that in isolated molecules of silatranes
the increase in the rings strain prevents from the formation of the coordination bo&g N

and there exists only a weak nonvalent interaction of thetype. These results confirm the

no -model and correlate with its propositions concerning the gaseous state molecules.

THE INVESTIGATION OF THE REACTION PATH OF THE N,N\'-
DIPHENYLGUANIDYNE WITH THE DIMETHYLPHOSPHORIC AND
DIETHYLPHOSPHORIC ACIDS

E. A. Muhutdinov and An. M. Kuznetsov
Kazan State Technological University 68, K. Marx st., Kazan, Russia

Recently, we have reported quantum-chemical calculations of N,N\'-diphenylguanidynic salts
of dialkylphosphoric acids [1, 2]. These compounds are of great interest because they are
widely used in rubber tire industry. In the present work, we have carried out quantum-
chemical PM3 calculations to the study of reactions of dimethylphosphoric (DMPA) and
diethylphosphoric (DEPA) acids with N,N\'-diphenylguanidyne (DPG). Initially, for each of

the reactions under study we calculated the structures of separated reactants and after that the
both reactants were combined into a prereactional complex. At the second step, the same
algorythm was used for the products of the reaction. The transition states were searched by
the method of a linear synchronous transit in the case of DMPA...DPG and by the EF method
for DEPA...DPG. Basing on these calculations and the results of IRC calculations the
potential energy curves and dependencies of most significant interatomic distances as
functions of a reaction coordinate were built. The most significant changes are observed for
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the distances between the nitrogen atoms of NH-group of DPG and for polarized bonds in
dimethyl- and diethylphosphoric acids. Note, that the potential energy curve for the reaction
of diethylphosphoric acid with DPG is characterized by a remarkable bend on the way from
the reactants to the transition state which can be explained by the influence of steric factors
caused by the presence of the methyl group in the vicinity of the reaction center which leads
to a delay in the formation of the transition state. The energetical characteristics allowed to
calculate the activation energy and the corresponding equilibrium constant K= of the
transition state. The obtained value3 K 7.8710“ for DMPA and 5.70° for DEPA and

DPG demonstrate a reversible character of the reactions mentioned above and correlate with
available data for transition states of reactions with participation of organic molecules [5].
Bibliography:

1. Mukhutdinov A. A., Muhutdinov E. A. // Caoutch. and Gummy, 1997. - N1. - P. 34-43

2. Mukhutdinov A. A., Muhutdinov E. A. // Journ. gen. chem., 1997. - #67. - V. 10. - P. 1646-
1650.

3. StewartJ. J. P.// J. Comp. Chem., 1989. - #£10. - V. 2. - P. 209-220.
4. StewartJ. J. P.//J. Comp. Chem., 1991. - #12. - V. 3. - P. 320-341.

5. Mathieu J., Panico R., Mecanismes reactionnels en chimie organique, Hermann, 1972.

QUANTUM-CHEMICAL STUDY OF THE CONDENSATION
REACTIONS WITH PARTICIPATION OF
p-DIMETHYLAMINOBENZALDEHYDE

E.A.Muhutdinov (1), A.N.Masliy (1) and T.l.Akhmetova (2)
1. Kazan State Technological University, K. Marx st., 68, Kazan, 420015
2. \"Nizhnekamskneftekhim\" Ltd., Nizhnekamsk, 423554

The analytical method of the detection of dimethyldioxane (DMD) in the air is based on its
interaction with p-dimethylaminobenzaldehyde. However, it is known from available
experimental data, that besides of DMD there is more than 20 substances which can react
with p-dimethylaminobenzaldehyde [1]. Dimethyldioxane is the substance with a narcotic
effect, possesses cumulative properties and influences on the liver and kidneys, causing
irreversible processes. That is why, the analytical control of its content in the air is of great
importance. It should be noted that the study of the actual influence of a number of by-
products on the results of analysis and also of the concentration range at which their influence
is essential, is a rather complicated problem from the experimental viewpoint. We believe
that the use of quantum-chemical approaches can be useful for the elucidation of some details
of the problem mentioned above. In this communication we report quantum-chemical results
on the condensation reactions of p-dimethylaminobenzaldehyde with a number of organic
compounds. The thermodynamic parameters, the structures of transition states and the
activation energies were calculated on the B3LYP level. The calculational results are
analysed in detail and some of them may be recommended for working out analytical
methods directed at the increase of the selectivity and accuracy of the analytical control of the
content of dimethyldioxane in the air based on the accessible reactants and means of
measurements. Bibliography:I.M.Korenman, = Photometricheskii  analiz. Methody
opredelenija organicheskikh soedinenii.
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CHLORINATION REACTIONS OF RESORCINOL. QUANTUM-
CHEMICAL CALCULATIONS OF THERMODYNAMIC AND
KINETIC PARAMETERS

E.R.Nabiullina(1), A.N.Masliy(1), G.V.Korshin(2) and An.M.Kuznetsov(1)
1) Kazan State Technological University 420015 Kazan, K.Marx St. 68, e-
mail:antsoft@kfti.knc.ru 2) Department of Civil and Environmental Engineering Box
352700 University of Washington Seattle, WA 98195-2700 USA, e-mail:
korshin@washington.edu

Chlorination is widely used in the practice of drinking water disinfection. Upon that
process, natural organic matter (NOM) ubiquitously present in drinking water interacts with
chlorine to form a variety of harmful by-products, including carcinogens such as chlorinated
furanones. Although the chemical structure of NOM is largely unknown, it has been
established that the behavior of the chlorine attack sites in NOM is similar to that of
resorcinol (RC). The goal of the present study was to elucidate the reaction pathways of the
RC chlorination in aqueous solutions. This was done by quantum-chemical calculations of
thermodynamic and kinetic parameters corresponding to the sequential replacement of the
hydrogen atoms in RC by chlorine. The calculations were carried out using the semi-
empirical method PM3 and functional density method (version B3LYP), which employed the
6-31G(d,p) basis set.

In aqueous solutions at pH>3, chlorine is virtually completely hydrolyzed to form
acids HCI and HCIO. Since the reactions pertinent to the replacement of the hydrogen atoms
in the aromatic ring by chlorine have an electrophilic nature, it was initially assumed that the
main acting agent in these reactions was the weakly dissociated molecule of HCIO, in which
the chlorine oxidation state is +1. However, the reaction barriers calculated for the reactions
involving this species were found to be fairly high (>50 kcal/mol), which appears to exclude
the participation of HCIO in the fast substitution reactions. A positively chargepa@lcle,
which theoretically can be formed by the reaction HCIO*+<H> CI'...H,O was considered
as an alternative reactive species. The strength of the.lgO bond was shown to be weak
thus justifying the calculations of the transition states and activation energies for this species.
In addition to the modeling performed for the molecular (neutral) form of RC, calculations
were also carried out for two anionic forms of RC, which are formed by the sequential
deprotonation at elevated pHs of the first and second hydroxyl groups in RC, respectively.

In was found that the electrophilic substitution to varying positions in the aromatic
ring of the molecular form of RC is not associated with notable thermodynamic differences,
while the chlorination to all these positions appears to involve similar transition states and
activation barriers (ca. 20 kJ/mol). However, for the anionic forms of RC the differences in
the thermodynamics and kinetics of the substitution reactions are more pronounced. In this
work, the thermodynamic and kinetic parameters of the RC chlorination are described in
detail. A gualitative conclusion was made that the rate of RC chlorination may decrease with
the pH due to the depletion of the reactivé €plecies.
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PUZZLE OF THE ELECTROCHEMICAL REDUCTION OF A
PERSULPHATE ION: A QUANTUM CHEMICAL STUDY

Renat R. Nazmutdinov, Dmitrii V. Glukhov and Galina A. Tsirlina(#)
Kazan State Technological University K.Marx Str., 68 420015 Kazan, Republic Tatarstan,
Russia E-mail: nazmutdi@dionis.kfti.kcn.ru (#) Moscow State University Vorob’evy Gory,
Moscow GSP-3, 119899, Russia

The electrochemical reduction of persulphate-anion S2082- on a mercury electrode is known
to have a puzzling qualitative feature - a ‘pit’ on the polarization curve at high overvoltages.
Moreover, the electron transfer entails the O-O bond rupture. Such features are of common
nature for a number of interfacial reactions for which a great deal of reliable experimental
data have been collected. Up to now, the relevant data are explained by using a purely
phenomenological approach. In this work we attempted to address the mechanism of
electrochemical reduction of S2082- on the basis both of the charge transfer theory in polar
media and quantum chemical methods. Quantum chemical calculations were performed at
SCF and DFT (B3LYP) level by using 6-31G(d, p) basis set. The polarized continuum model
(PCM) was employed in order to describe the solvation effects. The interaction with the
Electrical Double Layer (EDL) field was treated on the basis of detailed charge distribution in
reactants. For a single S2082- a trans-isomer was found to be more favourable compared
with the cis-form (a corresponding difference in the total energies amounts to 15 kcal mol-1).
The potential energy surface along the innermolecular reorganization was built and fitted by
functions in analytical form. It has been demonstrated that the electron transfer proceeds in
the vicinity of activationless region. A qualitative behaviour of the polarization curve was
concluded to depend crucially upon the interplay between different reactants (S2082-,
[Na(H20)6*S208]-) and their orientations relative to the electrode surface. It has been
shown that the solvent reorganization energy affects slightly the model current values,
whereas the role of the works of approach is the most significant. The ‘pit' on the
experimental curves might be explained only involving a scenario with «cation» catalysis, as
well as the dependence of electronic transmission coefficient on the electrode charge. This
work was supported by the RFBR, projects No. 99-03-32367, 00-03-32140, 01-03-02006,
INTAS 99-1093, and Russian Ministry of Education.

QUANTUM CHEMICAL MODELLING OF THE ADSORPTION OF
CHLORIDE IONS AT P-METALS FROM AN AQUEOUS SOLUTION

R.R. Nazmutdinov, D.V. Glukhov, T.T. Zinkicheva and M.S. Shapnik
Kazan State Technological University K. Marx. Str., 68, 420015 Kazan, Republic
Tatarstan, Russian Federation E-mail: nazmutdi@dionis.kfti.kcn.ru

Adsorption of chloride-ions and chlorine atoms at In(111), In(100), and liquid gallium
surfaces was studied at the ab initio SCF and the DFT (B3LYP) level. The metals surface was
modelled by a two-layer Mel16(10+6) cluster. The adsorption energy of Cl- from gas phase
(corrected on BSSE) was found to be —38 kcal/mol and —34 kcal/mol in the case of In(111)
and Ga, respectively, and to increase in the row: (hollow)-(bridge)-(on-top) both for Cl-ions
and Cl-atoms. It has been shown that the charge of the both adsorbed species amounts to —
100
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0.5e. The solvation effects were treated by exploring the Newns-Anderson model combined
with results of quantum chemical calculations. The solvation of chloride ions leads to the
noticeable decreasing of the partial charge transfer. The potential energy profile including
different contributions was built in order to describe the «electrochemical» adsorption of
ions. The ions adsorbed were assumed to form a monolayer at the electrode surface and the
lateral interactions were treated in the framework of Vorotyntsev’s theory. The spatial solvent
dispersion and the screening of electrostatic interactions by both electrons in metal and
electrolyte solution were addressed in the model employed. The penetration of electric field
into the metal was found to affect crucially the ion-ion interactions. An average inter-ionic
distance corresponding to the transition to a two-dimentional plasma was estimated as well.
The parameters of virial isotherm were calculated and compared with the available
experimental data. The second virial coefficient values do not differ much for the both
metals. This work was supported by the RFBR, projects No. 99-03-32367, 00-03-32140, 01-
03-02006, INTAS 99-1093, and Russian Ministry of Education.

QUANTUM-CHEMICAL STUDY OF HYPERPOLARIZABILITY FOR
PUSH-PULL POLYENES

Nefediev S.E. (1) Zuev M.B. (2) Sopin V.F. (1)
(1) Kazan State Technology University (2) Institute of Organic and Physical Chemistry

Electro-optic polymer electrets are promissing materials for high-speed waveguide
modulators and switches which are developing to promote fiber-optic communications. An
electro-optic electret is built from dipolar chromophores with the improved first
hyperpolarizability and from a polymer matrix that maintains dipolar polarization of
chromophores in the polymer glassy state. Donor-acceptor substituted or push-pull polyenes
are the most promissing nonlinear optical (NLO) chromophores. From the chemical
viewpoint, a push-pull polyene consists of a stereoregular polyene chain with the length and
of two terminal groups inducing the mesomeric shift of electrons along the chain longitudinal
axis. The macroscopic second-order susceptibility of a polymer depends mainly on the
longitudinal hyperpolarizability that can vary significantly with and with donor-acceptor
strengths of terminal substituents. We represent here the hyperpolarizability mesomeric
model based on the results of quantum chemical calculations performed for the wide series of
push, pull and push-pull polyenes. The model calls into play the scale of mesomeric constants
which characterize an ability of substituents to be conjugated with a polyene bridge. These
constants and chain length are the only structural parameters of a chromophore which are in
need to estimate hyperpolarizability in the framework of the model under consideration. The
analitical expression connecting hyperpolarizability to mesomeric constants and n has been
obtained. Guidelines for molecular design of NLO chromophores are formulated and the
most promissing chemical structures are evaluated.
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DFT THEORETICAL STUDY OF SILYLENES, GERMYLENES AND
STANNYLENES Me,M (M = Si, Ge, Sn) REACTIONS WITH
PHOSPHORUS AND ARSENIC YLIDES

M.S. Nechayev, Yu.A. Ustynyuk.
NMR Laboratory, Department of Chemistry, M.V.Lomonosov Moscow State University

The chemistry of group 14A organoelement compounds containing double biMd€ER ,

(M = Si, Ge, Sn) develops intensively in last 20 year. New perspective method of synthesis of
| is the interaction of heavy analogs of carbenegMM@ = Si, Ge, Sn) with phosphorus and
arsenic ylides lC=EMe; (E = P, As). The PESs of these reactions in gas phase at T= O K
where calculated at DFT PBE/TZ2P level. The formation of betainesMeH,-E'Mes (1)

in all cases proceeds without energy barrier as rather exothermic process (dE -29,4 - -35
kkal/mol). Further transformations ofcan proceed with elimination of phosphine (arsine)
EMe; and formation of MgM=CH, (Il ) or with proton migration from carbon atom to
anionic center yielding metal containing ylides M#-CH=EMe; (lll ). The ylides MgHM-
CH=PMe; (Il ) formed in the reactions of silylenes and germylenegW# = Si, Ge) with
phosphorus ylide fC=PMg are the most thermally stable products. In similar reactions of
silylenes and germylenes with arsenic ylidgCHAsMe the global minima of PESs
correspond to the formation ¢of (Me;M=CH,, M = Si, Ge). The formation of betaines
Me,Sri-CH,-E'Mes (1) is most favourable in the reactions of stannylenes with both ylides
H,C=EMeg; (E = P, As). The activation energy of transformatian I changes in a range
from 8 up to 37 kcal/mol. The values for the phosphorus derivatives are approximately 10
kcal/mol higher than for arsenic ones and increase in the series from silicon to tin. The
intramolecular isomerizatioh a III requires high activation energies (31,5 - 48,4 kcal/mol)
and should probably run intermolecularly. The carbenic decomposition of Jlidés = As)

with subsequent migration of methyl group resulting in formation of MeHM=CHMe (M = Si,
Ge, Sn) is improbable due to high energy barriers (from 40.1 up to 66.8 kcal/mol).

DFT THEORETICAL STUDY OF PHOSPHORUS AND ARSENIC
YLIDES REACTIONS WITH KETONES, THIONES AND IMINES

M.S. Nechayev, Yu.A. Ustynyuk.
NMR Laboratory, Department of Chemistry, M.V.Lomonosov Moscow State University.

Reactions of phosphorus and arsenic ylidgS#ER’; (E = P, As) with carbonyl compounds
R»,C=0 and their analogs — thiocarbonyl compoundgCR$S and imines R£€=NR»" make

a basis of important general synthetic methods known as Wittig and Corey-Chaykovsky
reactions. The PES’s of model reactions of,€EMe; (E = P, As) with MgCO, MeCS and
Me,C=NMe (gas phase, T= 0 K) have been investigated for the first time in detail at the
PBE/TZ2P level of theory. Reactions of MO with phosphorus and arsenic ylides follow
Wittig pathway. 1,2-Oxaphosphetanes and 1,2-oxaarsetanes, containing cyclic fragments O-
C-C-E (E = P, As) are the intermidiates in these reactions in agreement with experimental and
theoretical data known. ME=CH, is kinetically and thermally most favourable product.
Theoretical grounds have been presented to the experimental data on the interaction of
thiones with Wittig ylides. The reaction follows the Corey-Chaycovsky pathway with the
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formation of thiirane under kinetic control conditions (low temperature). More stable Wittig
product MeC=CH, is formed under thermal conditions. Betaine containing structural
fragment'S-C-C-P is the intermidiate of this reaction, which has contracted cis-gauch-
conformation. The interaction of M@=NMe with phosphorus ylides procceds by Wittig-
type pathway. 1,2)°-Azaphosphetidine, containing cyclic fragment N-C-C-P, is the
intermidiate of the reaction which is in agreement with experimental data. The reactions of
thione MeC=S and imine MgC=NMe with arsenic ylides can proceed both via Corey-
Chaykovsky and Wittig pathways. Gas phase reactions of thiones withkAGMe; is
barrierless, but activation barriers are rather high in the reaction gi-¥Me (about 15
kcal/mol).

MECHANICAL BEHAVIOUR OF THE SYSTEM
SILICA/POLYDIMETHYLSILOXANE UNDER DEFORMATION.
IMPACT OF SILICA SURFACE MODIFICATION. QUANTUM-
CHEMICAL STUDY

E.Nikitina
Institute of Applied Mechanics, Russian Academy of Sciences, Moscow, Russia, E-mail:
nxreatex@cityline.ru

Polydimethylsiloxane (PDMS) elastomers filled by highly dispersed silica reveal peculiar
mechanical behaviour. Intermolecular interactions in the system and chemical modifications
of the silica surface control this process in general. Here are presented the results of
microscopical quantum-chemical study of mechanical properties of the silica/PDMS ad-
system. Behaviour of a silicone polymer fragment interacting with silica model cluster under
deformation has been considered in a framework of mechanochemical-reaction approach.
The gquantum-chemical realisation of this approach was based on a mechanochemical internal
coordinate (MIC) concept. Determined in a special way MIC was changed in a constant-pitch
elongation, while other atomic configuration of deformed ad-complex was optimised over all
other coordinates. The related force of response on deformation was calculated as the total-
energy gradient along the MIC. The approach has been applied to ad-complexes of different
linear polydimethylsiloxane oligomers with hydroxylated and silylated silica clusters. An
impact of silica particle adsorption and silica surface modification on stress-strain
characteristics of PDMS, i.e., Young\'s modulus, energy and force of deformation, tensile
strength at break has been studied at molecular level. QCh study revealed microscopical
peculiarities of unfilled and filled elastomer molecular model network mechanical behaviour,
bond breaking in the systems and their post-fracture relaxation.
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NONEMPIRICAL PREDICTION ON THE IONIZED CONDENSED
WATER STATE

Yulia V. Novakovskaya, Nikolai F. Stepanov
Laboratory of Quantum Mechanics and Molecular Structure, Chair of Physical Chemistry,
Department of Chemistry, Moscow State University, Leninskie Gory, Moscow, 119899
Russia

The problem of describing and predicting the states of condensed phase species in terms of
nonempirical modeling is one of the most complex and intriguing in the modern theoretical
chemistry. One of the main difficulties lies in the possibility of extrapolating the results
obtained for individual size-restricted systems to essentially unrestricted species that could
represent liquids or solids. The problem can be solved only for the systems, relatively small
parts of which possess all the main peculiarities inherent in the bulk. As our nonempirical
simulations show water clusters do actually meet this condition. The geometrical features and
energetic characteristics of neutral and charged water clusters involving up to 40 molecules
were obtained in the second order of the Moeller-Plesset perturbation theory with the
unrestricted Hartree-Fock functions with the conventional or modified 6-31++G** basis set
augmented with diffuse functions centered in the internuclear space and with the use of the
effective potential technique for describing a part of water molecules. Instantaneous positive
ionization of water clusters may occur under ultraviolet radiation with the photon energy of
about 10.9 to 11.9 eV depending on whether open and branched chainlike or predominantly
cyclic configurations are taken into account. The adiabatic relaxation, that results in the
formation of hydronium ions and hydroxyl radicals, decreases the necessary external impact
to about 8.5 eV when all possible structural types are involved in the consideration, which
corresponds to an amorphous ice sample. The degree of the structure reorganization upon the
lost of an electron can be estimated from the extrapolated vertical energy of an electron
attachment to the cationic species: it equals about 4.7 eV, which means that thus formed
neutral structure has an excess energy of ca. 3.7 eV over the stable neutral configuration.
Instantaneous attachment of an electron to optimal neutral clusters comprising up to 40
molecules always requires some energy to be supplied to the system. At the same time, the
relaxed anionic species, when formed by two to four subfragments not directly H-bonded to
each other, are stable and have substantial positive vertical energies of the electron
detachment. These energies, being extrapolated to an infinite size of water cluster, provide a
value of about 5.5 eV in unexpectedly good agreement with the experimental estimate for the
same characteristic measured for the anions formed under the conditions of molecular water
flow. This value enabled us to clarify the structure of anions formed in molecular beams and
to indirectly estimate the adiabatic affinity of an infinite water cluster of an arbitrary
structure, which would correspond to an amorphous ice sample. The work is financially
supported by the Russian Foundation for Basic Research (project no. 99-03-33251) and the
Ministry for Higher Education in the framework of the program \"Universities of Russia-
Fundamental Research\".
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THE DYNAMICAL MECHANISM OF COVALENT BONDING

Sture Nordholm and Andreas Back
Departmnt of Chemistry, Physical Chemistry, Goteborg University

The covalent bond is the heart of microscopic and molecular chemistry. It has been the
subject of a fascinating sequence of intuitive and empirical models culminating in the
computational methods of quantum chemistry. Among the users of modern guantum
chemistry it may be a prevalent feeling that covalent bonding is now thoroughly understood
and more a matter of the number of significant figures in our computational results than of
principle. The discussion of principle and mechanism behind covalent bonding has, however,
generated spirited debate between supporters of lowering of electrostatic potential energy and
the supporters of kinetic energy lowering as the main cause. As a result textbooks on bonding
offer a variety of explanations or simply abstain from presenting a mechanistic explanation
leaving the physical basis of covalent bonding in a state of some confusion and controversy.
In this talk | will put forth a resolution of the controversy based on a dynamical mechanism
of covalent bonding. The confusion surrounding lowering of potential and kinetic energy will
be shown to arise due to a paradoxical feature of the Coulombic potential well. The key
delocalization concept will be found to explain both the virial theorem and the Ruedenberg
orbital contraction phenomenon. The delocalization mechanism is directly related to the
ergodic properties of electron dynamics in atoms and molecules. It becomes clear why the
original form of density functional theory, the Thomas-Fermi theory, does not explain
covalent bonding while the Kohn-Sham interpretation does. The simple Huckel theory will be
used to illustrate the concept of quantum ergodicity and its relationship to the covalent
bonding mechanism.

DYNAMIC STRUCTURES OF PROTEIN COMPLEXES STUDIED BY
NORMAL MODE ANALYSIS

Sergey Yu.Noskov*+, Carmay Lim+, Arkadij Kolker*
*Institute of Solution Chemistry, Russian Academy of Sciences, 153045, lvanovo,
Akademicheskaya str.,1 + Institute of BioMedical Sciences, Academia Sinica, Taipei,
Taiwan, 11529

Normal Mode analysis of Trypsin-BPTI and Monoclonal antibody D1.3-lysozyme complexes
was performed to investigate the dynamics at the interface between proteins. Experimental
studies of these complexes shown that nature of forces driven interactions in studied system
are opposite i.e. trypsin-BPTI interaction is classical entropy driven but bunding of lysozyme
to D 1.3 is enthalpy controlled.
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A NEW METHOD AND PROGRAM TOOL FOR TREATING
MOLECULAR ELECTROSTATICS

Oliferenko A.A., Sokolov E.V., Pisarev S.A., Palyulin V.A., Zefirov N.S.
Moscow State University, Department of Chemistry

Electrostatic interactions play important role in the modeling of physicochemical properties
and chemical reactivity. The model of point charges has become a widely used theoretical
ground in such modeling [1]. A number of rapid empirical methods of atomic charge
calculation was developed by various research groups [2]. Recently we have proposed [3] a
novel efficient approach to the calculation of atomic charges and other electronic descriptors.
This approach is based on an analogy between a molecule and an ideal electrical network
where the atoms are represented by the nodes of the network and the chemical bonds are
simulated by conducting branches. Atomic (or orbital) electronegativities (EN) of the
constituent atoms are implied to be equilibrated in such a manner as potentials in the nodes of
an electrical circuit. An appropriate algebraic formalism based on the theory of electrical
circuits is developed for the modeling of such equilibration. Given molecular topology and
tabulated EN values one can obtain effective electronegativities of atoms in a molecule and
then partial atomic charges. A special attention is paid to the treatment of aromatic and
conjugated species. Good quality of the values obtained can be confirmed by excellent
correlations with observable physicochemical and spectral properties. The method proposed
is implemented in the form of Windows95/NT computer program written on C++
pragramming language. The program has a suitable user-friendly interface and enables one to
calculate molecular charge distribution in a fast and efficient way. References: [1] Cramer C.,
Truhlar D. Theor.Chem.Acc. 1997, 98, 206-211. [2] Mortier W., Van Genechten K.,
Gasteiger J. J.Am. Chem.Soc. 1985, 107, 829-835. [3] Oliferenko A.A., Palyulin V.A,,
Zefirov N.S. Doklady Chemistry. 1999, 368, 209-212.

DERIVATION OF ATOMIC ELECTRONEGATIVITIES FROM THE
ANALYSIS OF THE ELECTRON DENSITY LAPLACIAN

Oliferenko A.A, Shulga D.A., Palyulin V.A., Zefirov N.S.
Moscow State University, Department of Chemistry

Quantum theory of \"atoms in molecules\" (AIM)developed by R.Bader has become a
promising interpreting and computational tool in the learning of chemical bonding and
molecular structure. One of the sections of the AIM theory, analysis of the electron density
Laplacian scalar field enables one to achieve additional insights in the constitution of atomic
valence shells. A one-to-one correspondence was established by Bader and coworkers
between the valence shell charge contentrations represented by critical points of signature (3,-
3) and the electron pairs of Gillespie\'s VSEPR model. Analyzing the electron density
Laplacian of a number of simple hydrides, we have found a Laplacian-derived descriptor that
correlates well with the electronegativity values of the following atoms: from Li to F, from Si

to Cl, and from Ge to Br. This descriptor (designated by tau)is written as a normalized ratio
of the critical point Laplacian value L(r) and the corresponding value of characteristic radius.
The wavefunctions were obtained via the MO-LCAO SCF calculations by using PC-
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GAMESS and the basis set 6-311++G(2d,2p) with six d-functions. The electron density

Laplacian was constructed and analyzed with the help of BUBBLE program (cortesy of

R.F.W.Bader). Then a scatter plot of atomic electronegativities vs the calculated tau values
was built. Five electronegativity scales were tested, those of Pauling, Sanderson, Allred-
Rochow, Batzanov, and Hinze-Jaffe. The best correlations was achieved with Batzanov
(r=0.95) and Hinze-Jaffe (r=0.94) scales. Therefore, the intuitively clear qualitative notion of

electronegativity can be quantitavely realized in terms of the electron density Laplacian
features.

PUMP-INDUCED PHOTOPROCESSES IN THE MOLECULES AND
LOCALIZATION OF SPIN-ORBITAL COUPLING OR THE NEAR-
LYNG SINGLET AND TRIPLET EXCITED STATES

A. E. Obukhov
Russian Peoples’ Friendship University, Russia, 117302, MosadwOrdzhonikidze 3
E-mail: aobukhovwsci.pfu.edu.ru

This paper considers series organic heterocyclic azoles to investigate the dependence of
the main optics characteristics of these compounds on the magnitude of pump-induced triplet-
triplet losses within fluorescence band. It is shown that only organic compounds with a
definite type of spatial structure satisfy the condition of maximum separation of the band of
limiting gain and the spectra of pump-induced singlet-singlet and triplet-triplet reabsorbtion
in excited states.

The total energyE,, of quantum mechanical system in the stationary state is a single

measurable variable, and the determination of local portions corresponding to atoms and
molecular bonds is a nontrivial problem. In the adiabatic approximation of the Born-
Oppenheimer method, the motion of nuclei is characterized by the potential energy of
electrons which corresponds to the energy of electrons of the Schrodinger equation for
electronic wave functions with fixed coordinates of nuclei (involved in the equation as

O
parametersfo W, (r,R)=E, (R)¥(r,R), where E, (R) is the electron energy
corresponding to the given nuclear configuration (equilibrium geometry) of a molecule and

O

Ho is the statistical Hamilton operator describing the energy of a molecular system before
the interaction with the excitation quantum. According to the main principle of quantum
mechanics, the excited singlet and triplet states with the minimal energy of the molecule are
the most probable ones. A complex multiatomic molecule can be represented as a system of
excited electronic states with different spin and orbital structures where the energy of a
guantum evolves under the action of intramolecular mechanisms with determine

photophysical and photochemical properties of organic molecules.

Obukhov A. E[1-7]: -Laser Physics1997. Vol. 7. Ne. 5. pp. 1102 — 1131; -Ibid. 1999. Vol. 9. Ne 3. pp. 699 —
722; -1bid. 1999. Vol. 9. Ne. 3. pp. 723 — 735; -Ibid. 1999. Vol. 9. Ne. 4. pp. 927 — 939; -Ibid. 2000. Vol. 4. Ne.
2. pp. 347 — 358; Ivid. 2000. Vol. 10. Ne. 2. pp. 644 — 664; -Ibid. 2000. Vol. 10. Ne 5. pp. 1101 — 1135.
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THE PHYSICAL PRINCIPLES OF SIMULATING THE STRUCTURE
AND PHOTOPHYSICAL PROPERTIES OF N,O,S
GETEROAROMATIC COMPOUNDS BY OF THE QUANTUM-
CHEMICAL LCAO MO SCF ClI METHODS

A. E. Obukhov
Russian Peoples’ Friendship University, Russia, 117302, MosadwOrdzhonikidze 3
E-mail: aobukhovwsci.pfu.edu.ru

When organic molecules are pumped by various UV excitation sources with an
energy E,,, > 2 eV and the time interval within which the excitation pulse is applied is
comparable with the lifetime of an excited-state quantum system, spectra of pump-induced
reabsorption throughs,’ - S,'and T, - T, transitions are formed in systems of excited

states before the emission of a photon, and a pumping pulse applied to an organic substance
opens up an efficient channel of active losses. In LCAO MO SCF CI INDO/S quantum-
chemical models, this phenomenon is attributed to the fact that only certain compounds of
azoles in excited fluorescent (and phosphorescent) states allow the excessive electron-
vibrational excitation to be delocalized exclusively on atoms and bonds with similar positions
and nature.

The Robinson-Frosch formula modified for fundamental problems of laser-physics is
employed to calculate the ¢ onstants of optical and non-optical deactivation of electron-
vibrational excitation energy and cross sections of stimulated emission and secondary
reabsorption in spectra of pump-induced reabsorbtion and the calculated rate constants of
radiative decay and intercombination conversion and fluorescence quantum yields of excited
molecules in vapor and solutions are used to determine the characteristic limited duration of

3 Ve —o3 (Vi) 8

-
the energy stored in excitation, which occurs within the time interval no less than the
characteristic time of initiation of multiphoton processes in excited molecules with
kg =k, =107 =10"¢™", is shown to give rise;’ = S transitions populating those highly

the pumping pulse ¢, = 2/ZikSTE . For molecules the growth in

excited S states that are involved in spin-orbital interaction with triplet statek (

Obukhov A. E.[1-7]: -Laser Physics1997. Vol. 7. Ne. 5. pp. 1102 — 1131; - Ibid.
1999. Vol. 9. Ne 3. pp. 699 — 722; -Ibid. 1999. Vol. 9. Ne. 3. pp. 723 — 735; - Ibid. 1999. Vol.
9. Ne. 4. pp. 927 — 939; 1bid. 2000. Vol. 4. Ne. 2. pp. 347-358;-1bid. 2000. Vol. 10. Ne. 2. pp.
644—-664;-1bid. 200. Vol. 10. Ne 5.pp.1101— 1135.
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COMPUTATION OF ADATOM PROPERTIES ON Si(111)(7X7)
SURFACE USING CLUSTER APPROXIMATION

A.F.Oshkalo, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo*
Alkali Halide Dept., Institute for Single Crystals of NASU, Kharkov, Ukraine; *Chair for
Chemistry, Washington University, Seattle, USA

The possibly adsorption centers on 7x7-reconstructed Si(111) surface are the atoms of the far
incomplete top atomic layer, called in the well-known Dimer-Adatom Stacking Fault (DAS)
model [1] by adatoms. With the purpose of determining of properties of adatoms and its
environment, we selected the pseudopotential basis set of double-zeta quality, which the most
precisely reproduces the equilibrium geometry of disilane molecule. Further in all geometry
optimizations was used the mixed basis set: Stuttgart pseudopotential [2] with d-function
added for Si atom, -31G splitted [3] for H atom. We determined equilibrium geometry of the
clusters containing atoms of incomplete two (Si5H7) and incomplete four (Si22H23,
Si23H25) coordination shells around the adatoms, in UHF and UMP2 approximations.
Adatom bond lengths are found larger than other Si-Si bond lengths in the clusters. This can
be explained by a significantly deviation of hybridization type of the first coordination shell
atoms from sp3-type. Properties of the atoms of three coordination shells are analyzed. It is
established that the atom of the first atomic plane of bulk bilayer, directly connected to the
atom of dimer layer, has spin density ca. 0.15 a.u. This is anomal for an four-coordinated
atom Si ever on cluster surface. The topological analysis [4] of electron density distribution is
to be carried out using elec-tron density derived from a full-electron computation. The
electron density from MP2/6-31G(d) in the best way reproduces \"atoms in molecule\"
properties [4] of disilane, computed in pseudo-potential basis set mentioned above. The
topological analysis of electron density distribution from UHF/6-31G(d) and UMP2/6-31G(d)
for Si22H23 and Si23H25 is carried out. References: 1. J.Vac.Sci.Technol., A3, 120 (1985).
2. Mol.Phys., 80, 1431 (1993). 3. J.Chem.Phys., 98, 5555 (1993). 4. R.F.W.Bader. Atoms in
Molecules: A Quantum Theory. — Oxford: Calendon Press, 1990.

NON-NUCLEAR ATTRACTORS ON Si-Si BOND IN DISILANE AS
BASIS SET INADEQUACY

A.F.Oshkalo, O.A.Zhikol, O.V.Shishkin, O.V.Prezhdo*
Alkali Halide Dept., Institute for Single Crystals of NASU, Kharkov, Ukraine *Chair for
Chemistry, Washington University, Seattle, USA

Using topological analysis of electron density (ED) [1], we have found anomalies of Si-Si
bond ED distribution in disilane molecule, known as \"non-nuclear attractors\". These are flat
local maxima of ED near or at the center of the bond. Such anomalies exhibits a large set of
EDs computed using the various basis sets and methods: 6-31G(dp), 6-31G(3d3p), 6-
311G(dp), 6-311++G(dp) (HF, DFT B3LYP), aug-cc-pvDZ, aug-cc-pvTZ (all methods ap-
plied: HF, DFT B3LYP, MP2, MP4(SDQ), CI-2), aug-cc-pvQZ (all applied: HF, DFT
B3LYP) and ever Roos ANO TZ [2] (HF, MP2). Neither total energy nor Si-Si axial
component of quadrupole moment is sensitive to presence of such ED anomaly, while Si-Si
bending normal mode usually is. Comparing its frequency to experimental value 434 cm-1
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[3], we found the best results for basis sets do not leading to non-nuclear attractors in ED. For
instance, 6-311G(2d2p) gives better value than 6-311G(3d3p) at the same level of theory.
Consequently, the presence of the non-nuclear attractors at Si-Si bond is to be directly re-
ferred to basis set quality, and much less to electron correlation effects accounting. Particu-
larly, the success of 6-311G(2d2p) basis set is explained by position of radial maxima of the
2nd d-shell nearly the center of the bond (1.236 A, Si-Si bond length 2.35-2.45 A), and
failure of 6-311G(3d3p), as well as of 6-311G(dp), is explained by a considerably large
distances from ra-dial maxima of its d-shells to the center of the bond. The excellent test of
basis set quality rep-resents ED computed just at HF level of theory, and non-nuclear
attractors on Si-Si bond are to be considered as artefact of computation. All this means also
that in studying the non-nuclear attractors by itself, particularly in Li2 molecule [4,5], the full
accounting of electron correlation effects in small basis sets (as FCI in 6-31G(d) [5]) is
meaningless. References: 1. R.F.W.Bader. Atoms in Molecules: A Quantum Theory. —
Oxford: Calendon Press, 1990. 2. Theor.Chim.Acta, 77, 291 (1990); ibid., 79, 419 (1991). 3.
J.Chem.Phys., 26, 1107 (1957). 4. J.Chem.Phys., 97, 2592 (1992). 5. J.Chem.Phys., 97, 9323
(1993).

AROMATIC SUBSTITUTION REACTIVITY: QUANTUM CHEMICAL
PREDICTIONS FOR REACTIONS RATES AND YIELDS

Alexei N. Pankratov
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

The cationic localization energie\"j [1] for the reaction of monosubstituted
benzenes interaction with nitronium cation have been computed by the PM3 method. The
subjects of investigation are moleculegd¢xX, where X = CH, GHs, CH(CHg),, C(CHg)s,
CH,CN, CHCOOGHs, CH,N*(CH3)s, CH,NO,, CH,OCHs, CH,F, CR, CH,Cl, CHCL,
CCl;, CN, CHO, COCH, CONH,, COOH, COOGHs, COCI, N(CHz)s, NO,, OH, OCH, F,
Si(CHg)g, S+(CH3)2, Cl, Br, .

We have found the linear correlations between’ l|aMd A*, where Y are product
yields (Y) refered to a quantity of the atoms of uniform type,f¥ = 0.5YorthoY meta =
0.5Ymeta Y*para = Ypara), for ortho, metaand para positions in molecules. For the series of
compounds, the linear dependences WsY\" for permanent positions in aromatic ring have
been also established. The equalities InY = a\¥ &nd InY = a + B\" agree with both the
Arrhenius equation and the linear free energy relationships [2].

The anionic localization energied () [1] for the interaction of 1-chloro-2-nitro-4-X-
benzenes (X = H, C§I Ck;, CN, CHO, COCH, COGHs, CONH,, CON(CH;),, COOCH,
N=NCeHs, N=NOGHs, NO=NGHs, N3, NO,, SCH;, SOCH; SOCgH11, SOCgHs,
SON(CHz3);, SON(CH3)CeHs, F, CI, Br, 1) with methoxide anion have been computed.
Substituent rate factors correlate linearly with Ahevalues.

The correlations obtained could be used for the facilitated semiemgaripaiori
estimation of nitration yields of positional isomeostiio, metaor para), as well as for the
evaluation of kinetic characteristics of the aromatic series reactions. These dependences open
up the way to molecular design of aromatic compounds.
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1. Gorelik M.V., Efros L.S. Bases of Chemistry and Technology of Aromatic Compoumds (
Russian. Moscow: Khimiya, 1992. 640 p.
2. Pankratov A.NJ. Mol. Struct. Theocher@000. Vol.507, No. 1-3. P. 239-244.

A PRIORI PREDICTIONS FOR ANALYTICAL REDOX REAGENTS
SELECTIVITY

Alexei N. Pankratov, Andrew E. Shchavlev, Inna M. Uchaeva
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

Diphenylamine (DPA), phenothiazine and their substituted derivatives are widely
distributed analytical redox reagents, antioxidants, drugs. Their application is based on
oxidation reactions. The analytical significance of DPA and phenothiazine derivatives, their
selectivity to different oxidants and other important properties are due to the standard redox
potentials B (instead of those, essentially the same formal potentidtuBd by the Walden
method are often used), or due to the potentials of voltammetric oxidatioraid also
depend upon protolytic and polar characteristics.

For diphenylamines, on the base of PM3 computations, the following type
correlations have been found! ") = a + bl (1), pk = ¢ + dPA (2), toxen = Glreop (3), Where
| is ionization potential of amine or its protonated form, iK acidity constant of the
diarylamine conjugate acid or constant of the compounds’ acidity dissoci&ioarboxylic
group, PA is gaseous-phase proton affinity.

By means of the MNDO, AM1 and PM3 methods, we have studied spatial and
electronic structure of the phenothiazine series molecules. In all the cases, heterocycle is
featured by the bath conformation, more planarized when substituents at the nitrogen atom
are absent. Relationships of thg,E f + gl (4) type have been established.

Using the relations (1) - (4) one can predict the E, sk values for the DPA and
phenothiazine series redox reagents, construct the compounds with the desired protolytic,
oxidative-reductive properties, as well as polarity, and, consequently, with regulated
analytical selectivity.

We have shown the predictive power of the relations (1) on the following example.
Recently Mushtakovat al. have synthesized new redox reagents 4-sulphotriphenylamine,
4,4'-disulphotriphenylamine,  2-nitro-4'-sulpho-DPA,  3-nitro-4'-sulpho-DPA, 4-nitro-4'-
sulpho-DPA, and determined theitregervalues. By means of the PM3 method, for the above
compounds and their conjugate acids we have computed first ionization potentials. Inserting
the latter in (1) lets one obtainfﬂlgor values, which are in good agreement with the
experimental data:
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THERMODYNAMIC AND MOLECULAR PROPERTIES
OF AS-, SB-, BI-CONTAINING SPECIES AND SPATIAL STRUCTURE
OF THE (CsH5s)sXYZ MOLECULES (X = AS, SB, BI)

Alexei N. Pankratov, Inna M. Uchaeva
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

By the PM3 method, standard values of entropy, heats and Gibbs energies of
formation, first ionization potentials and dipole moments of the molecules have been
computed for series of inorganic and organic arsenic and antimony compounds. The species
under study were As, AsAs™, As,, Ass, Ass, A, PAs, PAS,, PsAs, AsH, AsHs, As,Ha,

AsN, AsO, AsO, Ask, Asks, AsFs, AsS, AsCl, AsG, AsSe, AsBy, AsBr;, AsTe, Ash,
As,Os {2,4,6,8,9,10-hexaoxa-1,3,5,7-tetraarsatricyclo[3.3.1.1(3,7)]decane}, 3A$HH,
(CHg)ASH, (CHg)oAs, (CH)sAs, (GHs)sAs, (n-CsHr)sAs, (n-CsHo)sAs, (CR).AsH,
(CH3):ASCRs,  (CR3)2AsCHs,  (CR)sAs, CHAsR, (CHg)oAsF, CHAsSCL, CHsASCL,
(CH3)2ASC|, (CF3)2ASC|, CH;ASBI’z, (CHg)zASBr, CH;AS|2, (CH3)2A8|, 4-
CH3CeH4AS(CoHs)-n-C4Hg,  (CeHs)2ASCN,  (GeHs)2ASCl,  (GeHs)zAs,  (4-CHCgHy)sAS,
(CeHs)3AsO, (GHs)3AsS, (GHs)sAsCh, (CHO)sAs, (GHsO)As, (n-CsH/O)sAs, trans
CgHs-N=N-C¢Hs, transCICH=CHASsC}, (transCICH=CH)AsCI, (ransCICH=CH)AS,
10-chloro-5,10-dihydrophenarsazine (Pankratov A.N., Uchaeva IM..Mol. Struct.
Theochem?2000. Vol.498 No. 1-3. P. 247-254); Sb, 58", Sk, Sh,, Shy*, SbH;, ShyH,,
ShH,", SbN, SbO, SiDs, SbF, SbE SbFk, SbS, SbCl, Sbgl SbCh, SbCk, SbOCI, SbhSe,
SbBr, SbBs, InSb, InSh, SbTe, Spre,, Sbl, Sbi, SkBi, (CHs),Sb, (CH)sSb, (GHs)sSb,
(CeHs)3Sh, (4-CHCgH4)sSbO, (GHs)3SbS, (GHs)zSbCh, (CeHs)sShb(OH)CI, (GHs0)sSb,
(CeHsO)sSb; Bif, Bi?*, Bi,, BiH, BiO, BiF, BiS, BiS, BiCl, BiCl,, BiCls;, BiSe, BiBr, BiBg,
BiTe, Bil, Bils, (CHg)2Bi, (CH3)3Bi, (CzH5s)3Bi, (CsHs)3Bi, (CsHs)3BiCl,, (CsHs)3Bi(ONO)..
Linear relationships have been stated, allowangriori evaluation of thermodynamic and
molecular characteristics of As- and Sb-containing substances. For arsine, the PM3 method
overestimates gaseous-phase proton affinity not more than by 10 %. A quantum chemical
computation reproduces well adiabatic ionization potential of;BitHhas been concluded
that the molecules Es)sAsClh, (CsHs)sSbCh, (CsHs)sSb(OH)CI,  (GHs)3BICly,
(CeHs)3Bi(ONOy), exist as solutes in the form of trigonal bipyramid with two axial inorganic
ligands.

THE INTERACTION OF 1-NAPHTHYLAMINE WITH NITRITE ION:
HOW THE AQUEOUS MEDIUM ADJUSTS
THE REGIOSELECTIVITY AND PRODUCT STRUCTURE

Alexei N. Pankratov, Oxana |. Zhelezko, Rimma K. Chernova
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

The reactions of diazotization and azo coupling of 1-naphthylamine are of importance
for spectrophotometric determination of nitrite ion in different objects.
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A choice of the semiempirical quantum chemical MNDO, AM1, PM3 methods for
studying the aforesaid coupling reaction has been justified.

Quantum chemical (MNDO, AM1, PM3) analysis of electron density in highest
occupied molecular orbital and modelling (PM3) a reaction barrier within the localization
approximation have enabled us to substantiate regioselectivity of the 1-naphthylamine
reaction with 1-naphthyldiazonium cation proceeding by 2 and 4 positions of amine
molecule.

The electronic structure of molecules of 1l-amino-2,1-azonaphthalene () and 4-
amino-1,1’-azonaphthalene (II) geometric isomers has been compuaed.isomer of Il is
slightly over 2 kcal/mol more thermodynamically stable theform. Non-planar structure
of the molecules o€is azo compounds doesn’t allow the conjugation betwesystems of
naphthyl bicycles and azo fragment. The moleculdsaof isomers are planar. A contributor
of analytical signal (bright color carrier) is the product II.

Azo tautomers of | and Il are more thermodynamically stable as compared to the
corresponding quinone-hydrazonic forms in both gaseous phase and aqueous solution.

In gaseous phase, the compound | is protonated by amino group. For Il, conjugate
acids are close to each other in thermodynamic characteristics.

Quantum chemical PM3 computations with an explicit account for aqueous medium
have been performed for supermolecules containing the systems of I, II, their quinone-
hydrazonic tautomers and conjugate acids. The hydration enthalpies of all the above
molecular systems apart from azonaphthalene Il protonation produgtdigiN are positive,
that obviously corresponds to the negative hydration.

In agueous medium, preferable is protonation of laths aminoazonaphthalenes by
B nitrogen atom of azo group. Therewith quinoidization of the molecular system of Il takes
place leading to an analytical signal appearance.

On the contrary, the @Nprotonated compound | does not exist in the quinone-
hydrazonic form, since the unshared electron pair axis of the primary amino group nitrogen
atom is located in the plane whole molecule.

By the methods of quantum chemistry, electron absorption spectroscopy, high
performance liquid chromatography and preparative synthesis, it has been established that
medium factors provide the decision between two alternative routes of reaction predicted by
gaseous-phase computations. In aqueous solutions, azo coupling with a participation of 4
position and the substance Il formation from two possible azo compounds take place.

AN APPROACH TO PREDICTION OF REDUCTION POTENTIALS,
ELECTRON AFFINITIES AND VIBRATIONAL FREQUENCIES OF
ARYLDIAZONIUM CATIONS - SEMIPRODUCTS OF SYNTHESYS OF

ANALYTICALLY IMPORTANT AZO COMPOUNDS

Alexei N. Pankratov, Oxana |. Zhelezko
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

The reactions of azo coupling of aromatic amines and phenols with the aryldiazonium
catons are of great importance in analytical chemistry, in dyes production.
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A tendency of diazo cations for reduction could be a measure of their electrophilic
activity on azo coupling.

Diazonium cations are capable of decomposing to form nitrogen molecules. A
measure of diazonium cations stability (and at the same time an indicator of their activity as
electrophilic agents) can be, in particular, frequencies of valent vibrations of the atomic group
C-N"=N bonds.

By the fact of finding 43 relationships, we have shown that the reduction potentials,
dimerization potentials and potentials in half-equivalent point on titration of aryldiazonium
cations are related linearly to the quantum chemically evaluated electron affinities and to the
stabilization energies of radicals formed on diazonium cations reduction.

We have found 66 linear correlations of frequencies characterizing a collection of
bonds valent vibrations of the C#N fragment in the XgH4sN'=N cations, with the bonds
orders of NeN and C-N, with the charges on carbon atompara positions of the gHsX
molecules aromatic rings, with the mesomeric dipole moments of X substituents. On an
example of 43 diazonium cations, it has been shown that bond ordersNofaid C-N
correlate linearly to each other.

Twelve quantitative relationships combining the mesomeric dipole moments of atomic
groups with the Koopmans quantities of electron affinities and vibrational spectra frequencies
of the substituted phenyldiazonium cations have been established.

The correlations revealed allow one to predict actual values of the potentials, electron
affinities, vibrational spectra frequencies not always available to experimental measurments,
as well as mesomeric dipole moments.

THERMODYNAMICS OF INTRAMOLECULAR HYDROGEN BOND
IN ORGANIC COMPOUNDS: SEMIEMPIRICAL EVALUATIONS AS
AN ALTERNATIVE TO THE AB INITIO APPROACH

Alexei N. PankratoV}, Alexander A. Shcherbako¥, Alexei V. Shalabay
'Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia
?|nstitute of Biochemistry and Physiology of Plants and Microorganisms,
13 Entuziastov Ave., Saratov 410015, Russia

Using the MNDO/H, I-MNDO, MNDO/HB, MNDO/M methods we have evaluated
thermodynamic characteristics of the intramolecular hydrogen bond (IHB) for salicylic
aldehyde, salicylic acid, its methyl, ethyl, phenyl ethers, 2-methoxybenzoic acid, 2-nitro-, 2-
methoxy-, 2-fluoro-, 2-chloro-, 2-bromo-, 2-iodophenols, 8-hydroxy- and 8-
mercaptoquinolines, tropolone. The results agree with the experimental data.

The correctness of the above quantum chemical methods is confirmed by the
substances experimental heats of formation reproduction. At geometry optimization of the
tropolone molecule, we have avoided the system “rolling down” to the alternative energy
minimum corresponding to the non-planar conformation and displaying an artefact of the
MNDO group schemes. The errors relativation at the IHB energetic parametes differential
evaluation leads to satisfactory accordance of the computed IHB enthalpy of 2-nitrophenol
with the experimental one, in spite of the fact that the MNDO calculation scheme is unfit for
the heats of formation of nitro compounds. For tropolone, semiempirical computations of the
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IHB thermodynamics appeared more successful as compared to the RHF/6-31G and RHF/6-
31G consideration (Redington R.L., Bock Ch.W.Phys. Chem1991. Vol.95, No. 25. P.
10284-10294).

We have computed thermodynamic functions of the IHB formation for tropolone in
the hexane, diethyl ether, acetone, ethanol and aqueous media being modelled in the point
dipole approximation. Potential energy surface profiles have been obtained for the rotation of
the O-H bond around the C-O one, as well as for the intramolecular proton transfer both in
the gas phase and in the aforementioned solvents.

The MNDO/H, I-MNDO, MNDO/HB, MNDO/M methods are applicable f@rpriori
estimation of the IHB thermodynamic properties aimed at molecular design of compounds
with given IHB enthalpies and free energies. In view of ingenious parameterization, the
above methods may present a real alternative taltheitio approach.

ELECTRONEGATIVITY OF SUBSTITUENTS IN LINEAR
ALIPHATIC MOLECULES

Alexei N. Pankratov
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

The aim of the present work is systematib initio RHF/6-31G//RHF/6-31G
investigation into the distance and specificity of the atomic groups electronegativity effect in
linear aliphatic moleculesg&;3X at X = H, CH;, GHs, CH,CN, CH,OCH;, COOH, COO,

NH,, NO,, OH, O, F, Cl.

Charges on atoms were obtained within Mulliken orbital population analysis. For 1-
aminohexanet*C NMR chemical shifts correlate linearly with charges on atoms. The atomic
groups electronegativities found by Inamoto and Masuda for the model HX compounds, are
related linearly to the sums of charges on th#l,& fragment’'s atoms. Therefore the
correctness of our estimations for charge distribution in aliphatic molecules has been proved.

All the substituents studied cause a decrease in negative charge on C-1 atom. Therewith
the substituents OH, OF alter a sign of charge on C-1 atom to positive one. As for C-2
atom, the groups CH GHs, NH,, O do not practically influence its charge. The other
substituents under consi-deration shift charge on C-2 atom toward the negative side.

The electronegativity effect leads to alternating the signs of charge changes in aliphatic
chain. The above fact is in agreement with a knowledger @amd B effects in'H NMR
spectroscopy. The C-3 atom does not practically undergo the effect over the chemical bonds
chain from such substituents as £8,Hs, CH,.CN, CH,OCH;, COOH, NH, O". Somewhat
gain in negative charge gncarbon atom occurs in the case of NOH, F, Cl groups. In
contrast, carboxylate-ion decreases slightly negative charge on C-3 atom. The most
considerable effect of substituent with re-spect to charge changes takes place in the case of C-
1 atom (changes in the first digit). Changes in the second digit occur for C-2 and C-3. The
electronegativity effect distance over aliphatic chain does not exceed three atoms. Besides,
the distance and specificity of electronegativity effect do not depend directly upon the overall
electron-acceptor ability of atomic groups.
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THE N-NITROSAMINES HEATS OF FORMATION AND THE
DIPHENYLAMINE NITROSATION REGIOSELECTIVITY:
A QUANTUM CHEMICAL STUDY

Alexei N. Pankratov, Oxana |. Zhelezko
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

N-Nitrosamines, including N-nitrosodiphenylamine, are dangerous environmental
pollutants. Of importance is information on the reaction of diphenylamine (DPA) nitrosation.
Using the MNDO, AM1, PM3 methods we have studied the DPA molecule interaction with
nitrosonium ion. The possible reaction paths resulting in 2-, 3-, 4- and N-nitroso-DPA
formation have been considered. Standard changes in enthalpy and free energy of the
reactions DPA + NO - x-NO-DPA + H, where x = 2, 3, 4, are close to each other. The N-
nitroso-DPA molecule is thermodynamically less stable by 8-16 kcal/mol (according to the
AM1 and PM3 data), as compared to C-nitrosodiphenylamines. The N-N bond lability is
confirmed by the known mass spectrometry data: spectra of N-DPA and DPA are fairly close
to each other.

Preferable nitrosation of DPA by the nitrogen atom is related to the kinetic control of
reaction occurring with the involvement of the greatest negative charge’s location site. It has
been stated that the enthalpies and free energies of cationic localization (simulating the
activation barrier) on electrophilic attack of different x positions of the DPA molecule,
change in the series: 2 > N > 3, that is in agreement with the N-nitroso-DPA ability to
transform into the corresponding C-nitroso compound.

With the examples of bis(2,2,2-trinitroethyl)-N-nitrosamine, bis(2,2-dinitroethyl)-N-
nitrosamine, 1-nitrosopiperidine, 1,4-dinitrosopiperazine, 4-nitrosomorpholine,
nitrosobenzene, pentafluoronitrosobenzene it has been shown that the adequate evaluation of
the NO-containing substances’ heats of formation decreases in the series RMB >
MNDO. For dimethyl-N-nitrosamine, the corresponding sequence is MNB®1 > PM3,
and in the case of diisobutyl-N-nitrosamine - AMMNDO > PM3. The PM3 method was
used for computing profiles of potential energy surface for the DPA interaction with
nitrosonium cation and for reversible homolytic dissociation of N-nitroso-DPA.

QUANTUM CHEMICAL AND KINETIC STUDY OF LIGAND
SUBSTITUTION IN Pd (1l) - NaCl - H ,0 AND Pd (Il) - HCI - H ,0
REACTION SYSTEMS

Alexei N. PankratoV!, Vladimir B. Borodulin 2,
Olga A. Chaplyginé’, Dina V. Shcherbakova
'Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia
’Department of Biological Chemistry, Saratov State Medicinal University,
112 Bol'shaya Kazach’ya Street, Saratov 410026, Russia
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The behaviour of potassium tetrachloropalladate (Il) in media modelling biological
liquids (gastric juice, blood plasma) has been studied. It has been shown that in NaCl aqueous
solutions, the aquation rate is higher than the rate of chloro ligand introduction into the
internal coordination sphere of palladium atom. In HCI solutions, the process of palladium
chloro complexes formation predominates. The latter is obviously due to the protonation of
water molecules entering a composition of aqua complexes. Aquation and accumulation of
palladium chloro complexes obey the regularities of first-order reactions.

By means of the ZINDO/1 method, a quantum chemical study of the substitution
reaction of ligands as water molecules and hydronium ion in palladium (ll) planar complexes
by chloride ion has been performed. For all the complexes contain®@htl HO" ligands,
apart from [Pd(HO),]%*, characteristic is the presence of intramolecular hydrogen bonds. In
the complexes of [Pd@d)s(H:0)]*" and trans[Pd(H0),(HsO)CI** “non-classical”
symmetric hydrogen bond of the type B O has been established. The substitution of
hydronium ion in the palladium atom internal sphere is thermodynamically more favourable
(excluding the last step) as compared to the displacing of water molecules. The agreement of
the results of kinetic behaviour studies for thgRdCl] - NaCl - HO and K[PdCL] - HCI -

H,O systems with the data of quantum chemical investigations of ligands exchange
thermodynamics is of no doubt.

Logarithms of stepwise stability constants of the palladium (Il) chloride complexes
have been found to correlate linearly with the enthalpies of the substitution of water
molecules by chloride ion. The use of similar correlation equations for another centre atoms
and ligands allows priori evaluation of the stepwise complex-formation constants, as well
as directive synthesis of the complexes with a given ratio of stability constants by different
steps.

QUANTITATIVE STRUCTURE - PROPERTY RELATIONSHIPS IN

THE PYRIDINE SERIES
Alexei N. Pankratov
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

By means of the MNDO, AM1, PM3 methods, we have computed standard heats of
formation QAHy), entropies (S), ionization potentials (1) and molecular dipole momghtsf (
pyridine and its 231 derivatives, the molecules of which contain C, H, N, O, F, Si, S, Cl, Br, |
atoms. Linear dependencesdg = bRneor (P =AHs, S, I, 1) have been established, which let
one a priori evaluate the pyridines thermodynamic and molecular properties. Using the
correlations found, it is possible to predict real substances’ properties, not always available to
the experimental measurement. In doing so, the computed values have to be corrected by the
multiplier b. A priori evaluation of the said parameters by quantum chemical methods is
important for molecular design of compounds with given properties, may serve as a base for
expert decision on reasonability of synthesis that is sometimes labour- and time-consuming,
requiring complicated device, rigid conditions, expensive and toxic chemicals.

2,2’-Bipyridine and its derivatives are important chelating reagents and redox indicators.
Their protonation exhibits a competing reaction in relation to complexation. Molecular design
of 2,2’-bipyridines demands for quantitative relationships for theguéluations.

We have performed quantum chemical computations of proton affinity (PA) for 2,2’-
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bipyridine and a series of its 4-substituted derivatives (for which the experimental basicity
data do exist) with the substituents CONNHCOCH;, NO,, OCH;, OGHs, OCH,CgHs, Cl,

Br. The pk, and PA values of 4-X-2,2’-bipyridines with X = H, COMHNO,, OCH,CgHs,

Cl, Br satisfy the linearity condition of the interrelation between the above quantities, which
probably corresponds to the permanent medium contribution to the substances’ basicity. On
the MNDO, AM1 and PM3 methods computations results, for PAAH;, AAG; positive
deviations from the trend line in the case of methoxy and ethoxy substituted 2,2’-bipyridines,
and negative deviations with reference to the compound with the NHg&@istituent turn
attention on itself. The data both for the species with obviously hydrophilic (GONG}),

as well as with relatively hydrophobic (O@EtHs, Cl, Br) atomic groups are put in
dependences pKvs PA. Deviations from the trend take place for sufficiently bulky
substituents, in which the hydrophilic-hydrophobic balance has been more or less kept.

STRUCTURE - PROPERTY RELATIONSHIPS BASED ON QUANTUM
CHEMICAL COMPUTATIONS

Alexei N. Pankratov
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

Based on quantum chemical investigations, correlation equations have been obtained
for a priori predictions of standard heats and free energies of formation, entropies, ionization
potentials, electron affinities, potentials of chemical and electrochemical oxidation and
reduction, pK quantities, stability constants, dipole moments, vibrational frequencies of
inorganic, organic, organoelement, coordination compounds, electronegativities, inductive
parametersota, mesomeric moments, for the forecasting of products yields and substituet
rate factors in electrophilic and nucleophilic aromatic substitution, analytical reagents
selectivity, substrate selectivity of the amines and phenolic species oxidation catalyzed by
laccase of basidiomycetéentinus edodestransport rates of surfactant ions through
molecular sieves. The results are of interest for molecular design of substances with given
properties [1-9]. Oxidation mechanisms and homolytic coupling regioselectivities for
diphenylamines and their heterocyclic analogs have been elucidated using spectroscopic,
kinetic, voltammetric, electrophoretic and quantum chemical techniques [10-14].

1. Pankratov A.N., Shchavlev A.E.Mol. Struct. Theochem997. Vol.392 No. 0.
137-140.
. Pankratov A.NJ. Mol. Struct. Theochem998. Vol.453 No. 1-3. 7-15.
. Pankratov A.N., Shchavlev A.Honatsh. Cheml998. Vol.129, No. 10. S. 1010-1017.
. Pankratov A.NAfinidad 1999. T56, No. 482. P. 257-262.
. Pankratov A.N., Shchavlev A.Eanad. J. Chenl999. Vol.77, No. 12. P. 2053-2058.
. Pankratov A.NJ. Serb. Chem. So2000. Vol.65, No. 1. P. 1-13.
. Pankratov A.N., Tsivileva O.M., Nikitina V.H. Biochem. and Mol. BioR000. Vol.33,
No. 1. P. 37-42.
8. Pankratov A.N., Uchaeva I.M. Mol. Struct. Theocher2000. Vol.498 No. 1-3.
P. 247-254.
9. Pankratov A.NJ. Mol. Struct. Theocher2000. Vol.507, No. 1-3. P. 239-244.
10. Pankratov A.N., Uchaeva |.M., Stepanov AQdnad. J. Chenl993. Vol.71, No. 5.
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P. 674-677.
11. Pankratov A.NJ. Mol. Struct. Theochem994. Vol.315 No. 1. P. 179-186.
12. Pankratov A.N., Stepanov A.Nroatica Chem. Actal997. Vol.70, No. 2. P. 585-598.
13. Pankratov A.N., Bilenko O.A., Mushtakova SAfinidad 2000. T57, No. 487.
P. 201-208.
14. Pankratov A.NAfinidad 2000. T57, No. 488. P. 289-290.

COMPARATIVE BASICITIES OF ANILINES IN WATER AND IN THE
GASEOUS PHASE: POSSIBLE HYDROPHOBIC HYDRATION IN
AQUEOUS MEDIA

Alexei N. Pankratov, Inna M. Uchaeva, Sergei Yu. Doronin, Rimma K. Chernova
Department of Chemistry, N. G. Chernyshevskii Saratov State University,
83 Astrakhanskaya Street, Saratov 410026, Russia

Reactivity of aniline and its derivatives is influenced by their protolytic properties.

By means of the PM3 method, we have computed proton affinities for aniline and its
62 derivatives with different kinds of electron-donor and electron-acceptor substitution in
aromatic ring and at nitrogen atom.

For the cations of 4-methoxyaniline, 4-aminobenzoic acid and 4-nitroaniline
conjugate acids, we have computed clusters including the aforesaid molecular systems along
with 107 water molecules. A density of water molecules distribution approaches to this value
for liquid state therewith, i. e. real agueous solutions are modelled. The explicit hydration
shell account showed that the anilines protonation osgarhe amine nitrogen, even in the
cases when alternative protonation centres exist in the molecules.

Provided that the differences in anilines basicity are owing to intramolecular factors,
and medium makes a constant contribution, thg y&KPA dependences must be linear.
However, for the whole set of considered substances, such linear dependences are not
observed. Obvious is differentiating effect of medium upon the protolytic properties of the
aniline series.

We have established linear relationships p&PA for the series of 39-42 substances.
Deviations from the linear dependences take place for N-substituted anilines, as well as for
amines the molecules of which contain a bulky substitueottivo position of aromatic ring
(including those participating in intramolecular hydrogen bond: COOH, CQQO®OB}). The
ortho effect is probably connected with an increase in hydrophobicity of molecular fragments
in the vicinity of protonation centre, with hydrophobic hydration of atomic basins including
the reaction centre. Fallout of the data for N-alkyl anilines from the correlation series would
be explained by considerable structural difference of the above compounds from primary
aromatic amines. Using the relations obtained one can predict theaples for anilines,
construct the compounds with the desired acid-base properties. The approach proposed for
evaluating pK values of anilines, aimed at their molecular design, can be extended to other
classes of compounds.
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NEPEHOCHUMOCTb MACHITABUPYIOIUX MHOXKUTEJEN
INPOTUB ITIEPEHOCUMOCTHU CHJIOBBIX IIOCTOAHHBIX

IO.H. TIIan4yenko
Mockoeckuii 2ocyoapcmeennstii ynusepcumem um. M.B. Jlomonocoea
Xumuyeckuii hakyromem

[Ipu pewennn obpatHoOil KonebaTenbHON 3aAauu Ha 6aze KBAHTOBO-MEXaHUUYECKOTO
CHJIOBOTO TMOJISl KaK HMCXOJHOTO MNPUONMKEHHUS M TEPEHECEHUH IMOJIyUYEHHBIX CHIIOBBIX
NOCTOSIHHBIX HA POJCTBEHHbIE MOJIEKYJbl cuuTaloT [1], uTO cunosvie nocmosinmnvie
00UHAKOBLL U1 KBA3UIKBUBAJICHTHBIX KOOPAMHAT B CXOAHBIX CTPYKTYPHBIX TIpynmnax
POIACTBEHHbIX MOJIEKYyJl. Tem caMblM yKa3aHHbId MOAXOJ WIHOPUPYET XapaKTepHbIE
0COOEHHOCTH CHJIOBOTO MOJIsl KaXKA0H OTAEJAbHON MOJIEKYJbl M [IE1aeT OOpaTHYI0 Marpuuy
KMHETUYECKOW OHEPruyd TMOJHOCTHIO OTBETCTBEHHOW 3a BO3MOXKHbBIE CJIBUTM 4acTOT
KojebaHuil W Jpyrue crekTpaibHble OCOOEHHOCTH POACTBEHHBIX MOJIEKYJ, Ha KOTOpbIE
MEPEHOCSTCS CUJIOBbIE TTOCTOSIHHBIE .

[Ipn maciitabupoBaHUM KBAHTOBO-MEXAHMUYECKMX CWJIOBBIX MOJIEH POJACTBEHHBIX
MOJIEKYJl IPUHUMAIOT OOUHAKOBLIMU OMHOCUME/IbHBIE OUUOKU, IPUBHOCUMbIE B KBAHTOBO-
MEXaHMUYECKME CHUJIOBBIE MOCTOSIHHBIC I KBAa3MIKBMBAJIEHTHBIX KOOPAMHAT B CXOJHBIX
CTPYKTYPHBIX TIpYIINax [pd pacyeTe Ha ONPEACJEHHOM TEOPETUYECKOM YPOBHE. ITO
MpeINoN0KEeHUE HAKIAIbIBAET ropa3fao MEHee JKECTKHUE OrpaHHUYEHUS, YeM MpPEeNoJioKeHUe
0 MEPEHOCMMOCTH CHUJIOBBIX TMOCTOSIHHBIX B CEpPUM POACTBEHHBIX MOJeKyl. B kauectse
npuMepa MpUBEIEHbl pacyeTbl 4YacTOT KOieOaHWi TMJIOCKOTO mpaHc W HEMIIOCKOTO 2oul
poramepoB Oyraauena-1,3 [2,3].

1. A.G. Yagola, I.V. Kochikov, G.M. Kuramshina and Yu.A. Pentimjerse Problems of
Vibrational SpectroscopyWSP, Utrecht, The Netherlands, 1999, Chap. 11, p. 259.

2. 10.H. Nanueuko, JKypu. cmpyxm. xumuu, 40 (1999) 548.

3. G.R. De Marii, Yu.N. Panchenko, J. Vander Auwera, J.Phys.Chem101 (1997) 3998.

CPABHEHME PE3YJIbTATOB HEOMIIMPUYECKOI'O
KOJIEBATEJIbHOI'O AHAJIM3A U PEIHIEHUA OBPATHOU
KOJIEBATEJIBHOU 3ATAYA

IO.H. TI1an4yenko
Mockosckuii cocyoapcmeennblil ynueepcumem um. M.B. Jlomonocosa,
Xumuueckuii paxyiomem

Ha npumepe mpanc- u yuc-n3oMepoB MOJEKYJbl TJIHOKCAs COMOCTABJIEHbBI
pe3ysnbTaThl  pelieHus npsAMOi  kosiebarenbHOW  3amaud ¢ MacwTaOMPOBAHHBIM
HEOMIUPUYECKUM CUJIOBBIM MojieM B npubivkenun MI12/6-31 I'd*// MI12/6-31 ['d* ¢
pe3ysnbTaTaMu pelieHusi o0paTHOM KoJjeOaTeqbHOM 3a7aud € MCMOJIb30BAHUEM  TaK
Ha3bIBaEMOW OPIKEPOBCKOW MOJENN CHUJIOBOTO MOJIA B KaueCTBE MCXOIHOrO MPUOJIMKEHUS
[1]. IMokazaHa HEMPUMEHUMOCTb MOCACIHEr0 MOAX0Aa K MHOrOAaTOMHBIM MoOJsieKydaM [2] u
OTMEYEeHa HECOCTOATEIbHOCTh MPETEH3UH Ha BO3MOKHOCTb KOHKYPEHUMH pEeLIeHUS
oOpaTtHOil KosebaresbHOM 3ajaud C HauyajdbHbIM npubsmxkeHueM 1o bamxepy ¢
HEOMITMPUUECKUMU KBAHTOBO-MEXaHUUECKUMH pacyeTaMH.
1. B.H. Tronun, I''M. Kypamiuuna, FO.A. [lentun, Jle Xoty Xo, Kypu. cmpyxm. xumuu, 38
(1997 287. 2. ¥O.H. IManueuko, XKypu. cmpyxm. xumuu, 41 (2000) 157.
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COHOCTABJIEHUE ITPOI'PAMM JJI51 ONPEJEJEHUS
MACHITABUPYIOHIUX MHOXUTEJIEA /151 KBAHTOBO-
MEXAHUYECKHX CAJIOBBIX ITOJIE MOJIEKY.JI

FO.H. Nanuenko®, )K.P. Jle Maps®, H.®. Crenanos®
“Mockoeckuii 2ocyoapcmeennvlii ynueepcumem um. M.B. Jlomonocoea
i Xumuueckuii paxyiomem
°Ce0000nu1il ynusepcumem Bpioccens, pakynsmem nayk

P ACCMOTPEHbI HEKOTOPLIC OCOOEHHOCTH U BbIYMCJUTEJIbHBIE BO3MOXKHOCTHU pAana
nporpaMmm JJid OIpEacICHUsA MaCH_ITa6I/Ipy}OIIII/IX MHO)KHTGJ'ICPI, MO3BOJIAOIUX SMIIMPHUYCCKH
KOPPCKTUPOBATh KBAHTOBO-MCXAHUYCCKUEC CHUJIOBBLIC IIOJIA IO MCETOAY H}/J'[aI/I. OchmﬂeHa
npodjemMa YCTOMYMBOCTH pEIIEHUI, IONMy4aeMbIX pPacCMaTpUBAaeMBIMHU IIPOrpaMMaMM.
YucneHHblii  npuMep  HAaXOXAEHUs  CTAOMJBHOrO  PELIeHMs  [PU  ONPE]EIICHUHU
MaclTabupyoumux MHOXUTENEH 1o metoy TuxoHoBa [1] u no nporpamMmme, paccCMOTPEHHOM
B [2], npuBenen ais nepdroparana. [lokazano [2], uyro nporpamma [1] B HauboJbliel Mepe
AaC€T HCYAOBJICTBOPHUTCI/IbHLIC PE3YyJibTaTbl AJI1 KBAHTOBO-MEXAHHWYCCKHUX CHJIOBBLIX HOJICP'I,
paccunMTaHHBIX B MpuOIKeHun XapTpu-Doka.

1. A.G. Yagola, I.V. Kochikov, G.M. Kuramshina and Yu.A. Penftiwverse Problems of
Vibrational SpectroscopWwSP, Utrecht, The Netherlands, 1999, Chap. 11, p. 259.

2. Yu.N. Panchenkd;.R. De Marii, N.F. Stepanov, Russ.J.Phys.Chenv4, Suppl. 2 (2000)
245.

KOJIEBATEJIbHAA AHTAPMOHNYHOCTD U
MACHITABUPOBAHUE KBAHTOBO-MEXAHHUYECKOI'O
CHJIOBOI'O TOJIA MOJIEKYJIbBI

10.H. Ianuenko®, B.H. Mynvuues”, 4.Y. Box®
“Mockoeckuii zocyoapcmeennviii ynueepcumem um. M.B. Jlomonocoea, Xumuueckuii
) (axynromem
*@unaoenvuiickuii ynusepc umem, Xumuueckuii (paxyiomem

B pamkax moreHnuaga Mop3e pacCMOTpeHa CBSI3b MEXKAY MacIITaOHpYHOIIUMU
MHOXKHTEISIMH, MONy4YeHHbIMH 10 MeToAay Ilymam [1-4] U3 aHrapMOHHYECKUX U
rapMOHM3MPOBAHHBIX YACTOT KOjeOaHMI JIErKOW MOJIEKYJbl M €€ TSKEJIOro aHajiora.
[Tokazano [5], uro ompeac/ieHre MacITAOMPYIOIMX MHOXKHUTEICH W3 4acTOT KoJjeOaHui
JICTKOM MOJICKYJIbI NPUBOJAUT K MCHbBIIMM OTKJIOHCHUAM paCCUUTAHHBLIX YaCTOT OT HX
SKCIICPUMCHTAJIbHBIX aHAJIOTOB JIA TSDKEJIoMN MOJICKYJIbI, YEM 06paTHa${ mnpooeaypa. B sTom
KOHTCKCTEC o6cy>Kz[eHa CTCIICHb BLIIIOJIHUMOCTH IIpaBHJIa I[eHHI/ICOHa.

1. Yu.N. Panchenko,.Pulay, F. Turuk, J.Mol.Struct., 34 (1976) 283.

2. V.l. Pupyshev, Yu.N. Panchenko, Ch.W. Bock, G. Pongor, J.Chem.Phys., 94 (1991) 1247.
3. Yu.N. Panchenkd;.R. De Marii, V.1. Pupyshev, J.Phys.Chem99 (1995) 17544.

4. 10.H. [lanuenko, Becmu. Mock. yu-ma, cep. xum., 51 (1996)\e 5, 23.

5. Yu.N. Panchenko, V.I. Pupyshev, Ch.W. Bock, J.Mol.Struct., 550-551 (2000) 495.
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COBPEMEHHBIE TEHAEHIINA KOMIIBIOTEPU3ALIAHN
XUMHNYECKHUX HCCJIIEJOBAHHUHN

B. T. Ilanwwkun, H.H. bykos, /. E. Aopamoe,
Ky6anckuii ['ocynapcTeennbiit Yuusepcurer, r. Kpacuoaap

B Hacrosiee Bpems nporpaMMHoe o0ecrieueHue Al Hay4HbIX UCCeIOBaHUI pa3BUBaETCS B
HampaB/IeHUW  CO3JaHUSl MHTETPUPOBAHHBIX  MPOOJEMHO  OPUEHTUPOBAHHBIX  Cpe..
OpnHoBpeMEHHO NpeoOpazoBaHUIO MOJBEPraroTCs MPOrPaMMHbIE METO/A0JIOTMU, YUWUThIBAs
cneunpuky npukiagHoit obsactu. TpaaMUMOHHO B XUMHMM TPUMEHSIOTCS pasHbIe
MaTEeMaTUYECKUE METO/Ibl MU MOJIEJM XOPOLIO U3BECTHBIE U3 CTAHIAPTHBIX KYPCOB O0yUEHHUSI .
CeronHsi pa3pabatbIBatloTCs COOCTBEHHbIE METO/bl MPOTrPAMMUPOBAHUS, CTPYKTYPhl JaHHBIX
W TEXHOJIOTMM MPOOJIEMHO OPUEHTUPOBAHHOM cpejbl B XUMuU. CleayeT OTMETUTh YEeThIpe
HOBbIE TEH/ICHLIUU

Mepconanmzanusi: Hayunas cucrema [1O ctaHoBuTCS Gojiee BOCIIPUMMYMBON KOHTEKCTY
[0J1b30BaTE/ s, KOMIBIOTEPHOW Cpele W BbIYMCJIMTEIbHON 3anaue. JlaHHbIA KOHTEKCT
OXBaTbIBaeT MH(POPMALIMOHHbBIE PECYPChl MPEAMETHON 00J1acTH .

JAunnamuyeckoe peweHue 3agauu: TpaguuMOHHAs MNApajuMrma, BKJIKOYAKOLIAS 3STarllbl
MPOrpaMMUPOBAHUS, KOMIWJISILIMK, 3arpy3Kd U BBIMOJIHEHUS MOCTENEHHO W3XKUBAEeT ceOsl.
CoBpeMeHHas MpUKIaaHas CUCTeMa J0MyCKaeT peKOH(PUTrypupoBaHue BCeX MapaMeTpoB MpU
MOCTYTUJIEHUU HOBBIX JAHHBIX, BOSHUKHOBEHHIO HOBBIX 33/1a4, MOSIBJIEHUIO HOBBIX PECYPCOB U
BbIOOPE HOBBIX MPUOPUTETOB.

ABtomaTtnueckas ontumusanusa [1O: Ananus u ontumusanus pacnpocTpanseTcs Ha Ooiee
BBICOKHAE YPOBHM NMPOrpaMMUPOBAHUS, YEM NPOCTO A3BIKOBbIE MOAYJIM. Llenbto aTuX ycunui
SIBJISETCS YNPOILEHUE NPOrpaMMHOro uHTepdeiica, npoBepka ajibTePHATUBHBLIX pelleHui
peopraHuzalus AaHHbIX M mOporpamm. Beicokas croumocts pazpa®otku [1O sBnsercs
MOILIHBIM  (paKTOPOM, CTUMYJUPYIOUIMM pa3BUTHE TEXHOJOTMUA MPOrpaMMHUPOBAHUS
KOMTIOHEHTOB.

CoueTranue peajbHBIX H MOJAEJbHBIX cHCTeM: MojeMpOBaHUE SBJISETCS MPAKTUUECKUM
pElIeHreM, €ClM COOTBETCTBYIOIIME XUMUYECKUE CTPYKTYpbl XOpOLIO TOHATHI, a WX
BOCIIPOMU3BEJIEHUE B  pEaJbHOCTM JUOO HEBO3MOXKHO, JMOO  CIMIIKOM  JIOpOro.
KomOuHupoBaHue BUPTyalbHON M XUMHUYECKOW peasbHOCTU MO3BOJISET CO3/1aThb HOBBIE
Mojiesn, obecrneunBaloline aHalIn3 XUMUUECKUX CTPYKTYP Ha OCHOBE MOTOKOB MH(OpMALUK .
[IpennoxxenHast uaeonorust Obljla MCMOJIB30BAHA HaMH TMPHU CO3AaHUM WHEPOPMALMOHHOTO
KOMIJIeKca pacyeTa 4acToT U (POpM HOpMaJIbHBIX KOeOaHMII MHOTOATOMHBIX MOJIEKYJI .

GRECP/RCC-SD CALCULATION OF P, T-ODD SPIN-ROTATIONAL
HAMILTONIANS IN HEAVY-ELEMENT DIATOMICS

Upetrov A.N., Mosyagin N.S., Isaev T.A., Titov A.V.?Eliav E., Kaldor U.
Ypetersburg Nuclear Physics Institute, Gatchina, Petersburg district 188350, RUSSIA
%)School of Chemistry, Tel Aviv University, Tel Aviv 69978, ISRAEL

Last years a large number of both theoretical and experimental investigations is carried out
dealing with the effects of the non-conservation of the space parity (P) and time invariance
(T). The most prospective objects of such investigations are heavy diatomics TIF, YbF and
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PbO because of the enhancement due to the relativistic effects and high charge of the heavy
nuclei. Besides, some other important chemical and spectroscopic properties of these
diatomics from the experimental and computational viewpoints were taken into account when
selecting them for the fundamental experiments. Interpretation of the experimental data on
the search for the T-non-conservation is based on the knowledge of the P,T-odd spin-
rotational Hamiltonian parameters, which are calculated using quantum chemical methods.
The electronic structure calculations are also necessary for appropriate planning these
experiments. In this research we used modern relativistic quantum chemistry methods, the
Generalized Relativistic Effective Core Potential (GRECP) and the Fock-Space Relativistic
Coupled-Cluster method with Single and Double cluster amplitudes, for calculating
electronic wave functions. Some chemical and spectroscopic constants for the ground state in
TIF and YbF and for excited states in PbO are also calculated. Applying the recently
developed universal nonvariational technique of restoration of four-component spinors in
heavy cores, the P,T-odd spin-rotational Hamiltonian parameters are calculated.

COSMOS, A PROGRAMMING LANGUAGE FOR MANIPULATING

CHEMICAL OBJECTS
Igor V. Pletnev* and Denis S. Otkidach#
* Lomonosov Moscow State University # Shemyakin and Ovchinnikov Insitute for
Bioorganic Chemistry RAS
Developing tools for the description and manipulating molecular objects is of permanent
interest for [computational] chemistry community. The more integrated and powerful are
those tools, the better. The extreme case is a whole programming language specifically
intended to handle molecules and to serve as a «glue» for a variety of computational methods
and software which are common in modern chemical practice. COSMOS (Chemistry
Oriented System for Manipulating Objects and their Storage) represents an attempt to create
such a language. COSMOS comprises: the basis, a conventional object-oriented algorithmic
programming language; the hierarchical set of data structures representing molecular objects;
the set of functions (methods) inherent to those objects. The basis of COSMOS is Python,
highly portable, extensible and robust programming language. Its well-developed objects
support enabled easy building chemistry-oriented objects upon a general language structure.
The objects hierarchy currently includes the following entries: Atom; Bond; Point; Assembly;
Molecule; Conformation; Structure. COSMOS and Python were and are extensively used in
our own practice (mainly molecular mechanics) and in the Net Laboratory for computational
chemistry [http://gcc.ru/~netlab]. Simple COSMOS scripts perform many routinely tasks
related to data preparation, visualization, statistics, etc. One more complex example is the
program for hard-spheres calculation of oligosaccharides which starts from a short-hand
notation common in sugars chemistry (like ‘Fuc(al-3b)Gal(b1l-2a)Gal’) and ends up with 2D
images representing energy maps for all the disaccharides. The authors are grateful to
Russian Foundation for Basic Research (Grant No. 98-07-90155v) for the support.
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AB INITIO STUDY OF THE REACTIONS OF MAGNESIUM WITH
CARBON TETRACHLORIDE

Evgueni Polikarpov, Alexander Vanyushin, Alexander Granovsky, Alexander
Nemukhin
M.V.Lomonosov Moscow State University, Chemistry Department

Interaction of magnesium atoms with carbon tetrachloride is studied by high level ab initio
methods of quantum chemistry. Stationary points on the Mg + CCl4 potential energy surface
are located at the MP2/aug-cc-pVTZ level. Single point energy calculations for the predicted
points are carried out at MP4//MP2/aug-cc-pVTZ level. Two important structures on the
surface have been studied in detail, namely, well known Grignard’s complex configuration
CCI3MgCI, and the structure CI2QVgCl2 (C2v symmetry). Calculated vibrational
frequencies and IR intensities of these species are compared to the experimental infrared
spectra of matrix-isolated Mg/CCl4 co-condensates obtained at cryogenic temperatures.

KOMITBIOTEPHOE INPEJCKA3AHUE BMOJIOT MTYECKOM
AKTUBHOCTHU XUMHNYECKHUX BELHIECTB

B.B. Ilopoiikog, /[.A.®HJINMOHOB
HUH ouomeouyunckoii xumuu um.B.H.Opexoeuua PAMH, 119992, Mockea,
Iozoounckas ya., 10; E-mail: vwp@ibmh.msk.su, filimon@ibmh.msk.su

buonornueckass aKTMUBHOCTL — OAHO W3 BAXKHEWLIMX CBOWCTB XMUMHYECKHMX
CO€JIMHEHMI — MO3BOJIIET HAMTH UM MPUMEHEHUE B MEJULIMHE, BETEPUHAPUHU, apPIOMepHOii
Y TIUIIEBOI MPOMBIIIEHHOCTH, HO MOKET TAKXKE CTaTh MPUUMHONW TOKCUUHOCTH U OMACHOCTHU
BeiecTB. [IpakTuiecku Bce M3BECTHBIE (PU3MONOrMUECKH aKTUBHBIE BEUIECTBA HE SIBISIOTCS
abconoTHO crneuudUUHbIMM W 00fafaloT 1efbiM  HaOopoM BUJOB OMOJOrMUYECKOi
akTuBHOCTH. OO0lIee KOJIMYECTBO U3BECTHBIX BUIOB OMOJOTMYECKONW aKTUBHOCTH COCTABISIET
6osee 2000, npuuem 310 yucjao ObicTO pacteT. OUEBUAHO, YTO MPAKTUYECKU HEBO3MOMKHO
MCCJIIOBaTh BCE CMHTE3MPOBAHHbIC COCIMHEHMSI HAa BCE M3BECTHbIC BUAbI OMOJOrMYECKOMN
aKTMBHOCTH. OnpeneauTb NPUOPUTETbl B TECTUPOBAHMM BELIECTB MOXHO Ha OCHOBE
KOMITBIOTEPHOTO ~ MPOTHO3a  CHEeKTpa  OMOJOrMYecKOdl  akTMBHOCTH C  [OMOUIbIO
paspaboranHoii Hamu cuctemMbl PASS Kumus B Poccum, 1999, Ne 2. ¢.8-12). PASS
OLICHUBAET BEPOSATHOCTU MPHHAMJICIKHOCTH K Kiaccam akTuBHbIX (Pa)u HeaktuBHbIX (Pi)
BewecTB ansi 6onee 600 dapmakonornyecknx d¢pHEKToB, MeXaHU3MOB JEHCTBUS U
cneunpuueckoii TokcMYHOCTU. CpeaHsiss TOYHOCTb IMPOTrHO3a B YCJIOBHMSAX CKOJIB3SIIIErO
KOHTPOJIsl C UCKJIIOYEHHUEM N0 oiHOMY cocTtaBiser 85%. [lokazan yHUBEpCcalbHbIM XapaKkTep
ucnonb3yembix B PASScrpykrypabix MNA neckpuntopos (J.Chem.Inf.Comput. Sci., 1999,
39, 666-&/0) u BrICOKasg CTaTUCTUYECKAs YCTONYMBOCTH IMOJYy4aeMbIX OLEHOK BEPOSITHOCTEH
Pau Pi (J.Chem.Inform.Comput.Sci., 200M), 1349-1355)Ha ocHoBe npeackasanuii PASS
YAaJ0Ch BbISIBUTH Psii HOBBIX (PU3MOJOTUYECKN AKTUBHBIX COEAMHEHUH ¢ MPOTUBOS3BEHHOM ,
AHTUAMHECTUYECKOM, MNPOTUBOONYXOJEBOM, renaTonpoOTEeKTOPHOM U APYrdMU BUAAMU
aktuHoctu (http://www.ibmh.msk.su/PASS. Coznan web-cepBep, nporsHo3upyrouiui
O6u0IOrMuecKyto akTuBHOCTD BeliecTB uepe3 Untepuer (http://www.ibmh.msk.su/PASS. B
Jokiaze oOCYKJAKTCs TeKyllee COCTOSHUE W HanpaBieHus JalibHellIero pa3BUTUs
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KOMHLIOTepHOﬁ CUCTCMbI PASS, d TaKiXKXC€ BO3MOXHOCTHU COTpYAHHYCCTBA C XHUMHKaMH,
3aUHTCPCCOBAHHbIMHU B BbISABJICHUU OUOJIOrMYECKOM aKTUBHOCTU Y CHUHTC3UPYCMbIX HMHU
BCLICCTB.

MULTIG EN: A NEW PARADIGM FOR “ MULTICONFORMATIONAL ”
ALIGNMENT OF MOLECULAR STRUCTURES IN 3D-QSAR
STUDIESS,

Potemkin V.A.2, Arslambekov R.M?, Bartashevich E.V?, Grishina M.A.€, Belik A.V.2,
Perspicace S, Guccione &

®Chelyabinsk State University, Chemical Department, Russian Federation
bDipartimento di Scienze Farmamutiche, Universita degli Studi di Catania, Italy
“Institute of Organic Synthesis, Ural Branch of RAS, Ekaterinburg, Russian Federation

Lowest energy conformers are usually assumed in 3D-QSAR studies as the active
form of a drug molecule but more and more evidences clearly show thahismum
conformationis not critical for bioactivity.

In this paper a new algorithmic innovation callediltGen(shortcut for_Miticonformer
Generation) to definenulticonformationaimodels of a molecular dataset is presented.

Starting from the geometry of the lowest energy conformer the approach can be
decomposed into 4 steps: 1) the normal vibrational (or internal rotational) modes (directions
of vibrations) are defined for the lowest energy conformer; 2) the atoms of the molecule are
moved along each mode until the nearest maximum of energy is overcame; 3) the new
probable conformer is defined using a local minimum search; 4) the geometry of the new
conformer is saved when its energy is less than an accepted value on respect to the low
energy conformer. The process is iteratively carried out for each of the newly defined
conformers. The conformational search is ended when the iteration doesn’t lead to any new
conformer then anulticonformers basethodel is created by the BiSuperimposing of the
generated conformers. The model includes the cartesian coordinates of the atoms of all the
conformers and the probabilities of their location in each point of this space. The biological
activity of a compound (A) is defined as the sum of the conformers activities: AV aAib
(whereA; = partial activity of the conformer j5; = statistical probability of a conformation to
exist; a and b = parameters which are function of units of activity but independent of the
dataset itself). The proposed method has been benchmarked using the recently reported
multiconformerdata on a dataset of 5-iTreceptor agonists The MultiGen results are
generally in agreement wituccione et af. and allowed topick up the most active
conformer for each structure in the dataset when used as input for &i8 HASE
calculations.

SThis work has been supported by the Russian Foundation of Basic Researches (Grant 01-03-
96414) and is part of S. Perspicace’ s graduation thesis.

1v. A. Potemkin, E. V. Bartashevich, M. A. Grishina a®alvatore Guccione, Proceedings

of the 13th European Symp. on Quantitative Structure-Activity Relationships, Rational
Approaches to Drug Design. QSAR 2000 Heinrich-Hdiméversitat, Desseldorf, Germany,

27 August-1 September, 2000. Prous Science Publishers, in p@sscione S., Doweyko

125

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

A.M., Chen H.M., Uccello Barretta G., Balzano F., J. Comput.-Aided Mol. 2dg2000),
647-657 and references therein enclosed.

ON THE MOTION IN THE MULTY-WELL POTENTIAL

Pupyshev V.I.
Moscow State University, Chemistry Department

Some features of quantum multy-well problem are considered. The energy level ordering and
the structure of the wave functions are described for some model systems with special
attention to the one- and two-dimensional internal rotation and inversion problems for real
potential surfaces of some carbonyl systems. The details of motions are considered for the
atomic system into the polarised spherical cavity for the small and the large cavity radii
limits. The peculiarities of the evolution description for the multy-well potentials are also
considered. (RFBR, projects N 98-03-33232, 01-03-32116).

NONEMPIRICAL VIEW ON THE IONIZATION OF HYDRATED
OZONE AND NITROGEN DIOXIDE

llya G. Ryabinkin, Artur F. Izmailov, Yulia V. Novakovskaya, Nikolai F. Stepanov
Laboratory of Quantum Mechanics and Molecular Structure, Chair of Physical Chemistry,
Department of Chemistry, Moscow State University, Leninskie Gory, Moscow, 119899
Russia

The problem of the mutual effect of the properties of water clusters and small inorganic
oxygen-containing molecules is not only interesting, but also important in view of the
atmospheric chemistry under varying conditions caused by human or solar activity. The
former implies artificially produced contaminants, such as nitrogen dioxide, while the latter
results primarily in relatively severe ultraviolet radiation, which reaches the upper layers of
atmosphere. Nonempirical modeling of water-ozone and water-nitrogen dioxide complex
systems was carried out both in the second order of the Moeller-Plesset perturbation theory
(MP2) and at the configuration interaction level with the 6-31++G** basis set and the
effective potential technique. Being essentially hydrophobic, both ozone and nitrogen dioxide
molecules initiate the formation of a relatively distant hydration shells around them, so that
they are apparently located in the centers of cavities surrounded by water molecules. These
defects created in the hydrogen-bond network facilitate the capture of excess electrons, which
may be liberated in the positive ionization of neighbor species. The process of the excess
electron density localization is further promoted by the high positive electron affinities of
both aforementioned molecules, which exceed in absolute value the disinclination of
individual water clusters to attach an excess electron. The resulting anionic species resemble
the most stable water anions, in which the alien oxygen-containing molecules are located in
the region of the maximum of the excess electron density. The positive ionization of water
vapors in the presence of ozone and nitrogen dioxide should result in the formation of the
states with different multiplicity. The actually observed structural reorganization well
correlates with the ionization potentials (IP) of all the constituents considered: the IP of ozone
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exceeds the IPs of all water clusters, while the IP of nitrogen dioxide, being lower than IPs of
water dimer and trimer, is higher than IPs of the larger water clusters. The work is financially
supported by the Russian Foundation for Basic Research (project no. 99-03-33251) and the
Ministry for Higher Education in the framework of the program \"Universities of Russia-
Fundamental Research\".

HIGH LEVEL CALCULATIONS OF TERT-BUTYL CATION
ADDUCTS WITH NUCLEOPHYLS

Ivan N. Senchenya
N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow

Ab initio SCF, MP2 and DFT calculations using large basis sets have been performed for the
structures of adducts of carbocations with several nucleophiles. Special emphasis has been
done to adducts of tert-butyl cation. It has been shown that the structure of adducts depends
on two factors: the basicity of the nucleophiles and the Lewis acidity of the carbocations.
More basic nucleophiles form covalent structures with primary cations resulting in
delocalisation of positive charge to the attached neutral molecule. On the contrary, more
acidic nucleophiles form molecular ion pair complexes with the positively charged relatively
flat alkyl cation fragments. Basis set and electron correlation influence on the structures of
adducts has been discussed in details. The results have been used to interpret experimental
data obtained by collision activation mass-spectrometry.

BASIS SET AND ELECTRON CORRELATION INFLUENCE ON OH-
BOND ANHARMONICITY AND VIBRATIONAL FEATURES OF
SUBSTITUTED SILANOLS

Ivan N. Senchenya
N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow

Ab initio SCF, MP2 and DFT calculations using wide range of basis sets have been
performed for silanol and fluorinated silanol molecules that have been used as the simplest
models for isolated terminal silanol group at silica surface. Complexes of silanols with
different molecules have been also studied in details. The in-plane and out-of-plane OH-
bending vibrations are sensitive to complex formation, as is the OH stretching vibration. The
letter has been studied in harmonic and anharmonic approximations, by numerically solving
the related Schroedinger equation for both free and interacting molecules. It has been shown
that SCF calculations overestimate all frequences by about 10% but give approximately the
same values of anharmonicity. In full agreement with experimental data the interaction
practically does not cause any change of OH-bond anharmonicity. Basis set and electron
correlation influence of the vibrational features has been discussed..
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EFFECTIVE CRYSTAL FIELD FOR CALCULATION OF D-
ELECTRON EXCITATIONS IN COMPLEXES OF TRIVALENT
CATIONS OF FIRST ROW TRANSITION METALS

Sinitsky A. V., Darkhovskii M. B., Tchougreeff A. L., Misurkin I. A.
L. Y. Karpov Institute of Phisical Chemistry

Semiempirical method of Effective Crystal Field (ECF) designed for calculations of
Transition Metal Complexes electron structure and using a trial electron wave function of
none-Hartree-Fock type have been before parametrized and employed for calculations of
complexes of divalent cations of 3d-elements Cr, V, Mn, Fe, Co, Ni. In the present work the
ECF method have been extended to the complexes of trivalent ions of those 3d-elements. The
ECF method with such a parametrization is employed for calculation of ground states and
low-energy excitation spectra of the d-shell in fluoro-, chloro-, aqua-, amino- and
cyanocomplexes. The total spin and the ground state space symmetry obtained in our
calculations are alwais in accord with the experimental data. Satisfactory accordance between
the calculated and experimental energies of d-electron excitations is achieved.

CTPYKTYPHO-BEPOSITHOCTHBIN MOJIXO/1 K ONPEJIEJEHHIO
OBJIACTH IPUMEHUMOCTH JUHEMHOW MOJEJIN CBSI3U
«CTPYKTYPA — CBOMCTBO»

M.H.Ckeopuosa, K.C.@eosnee, H.H.backun, B.A.Ilanoaun, H.C.3epupoe
Hucmumym opzanuueckoit xumuu PAH um. H./].3eaunckozo,
Hucmumym uzuonozuuecku akmuenvlx geujecme PAH,
Mockosckuii zocyoapcmeeHnblil ynueepcumem um. M.B./lomonocosa

OpHa ©3 BaXHbBIX 33/1a4 COBPEMEHHOM TEOPETUYECKOH XMMHUM - MOCTPOCHUE U
UCCJIEIOBAHME MATEMAaTUYECKUX MOJE/EH, CBA3bIBAIOLIMX CTPYKTYpY M CBOMCTBA
XUMHUYECKUX coequHeHui. TlocTpoeHne Takux MOJENed OCHOBBIBAECTCS, KaK MPaBUIIO, HA
aHaJM3e HEKOTOpPOi BBIOOPKM COEMHEHMI ¢ U3BECTHBIMU cBoicTBaMHU . [1pu ncnonb3oBanuu
COOTBETCTBYIOIIUX YPaBHEHUM CBI3U «CTPYKTYypa — CBOWCTBO» MJI1 IPOTrHO3UPOBAHMS
CBOWCTB HOBBIX COEJMHEHUI BO3HMKAET 3a/laua HAXOXKAEHUS MX 00JacTh NPUMEHUMOCTH,
T.€. BBIJIEJICHUSI Kjlacca XUMMYECKUX COEJUHEHUH, CBOWCTBA KOTOPBIX MOrYT ObITb
paccuuTaHbl HA OCHOBE BbILLEYKA3aHHbIX YPaBHEHUM ¢ TpeOyeMOil TOUHOCTHIO .

PaccmarpuBaercs Haubosiee 4acto npuMeHseMas Ha NPAKTUKE MareMaTuuyecKas
MOJ€JIb, B KOTOpPOH HM3yyaemMOe CBOWCTBO aIlNpOKCUMUPYETCS JIMHEHHON (yHKuUMen
MOJIEKYJIAPHBIX AECKPUITOPOB, OINUCHIBAIOIIUX CTPYKTYPY XHUMHYECKUX COCIAMHEHUM, a
KO3(pPULMEHTBI JIMHEHHOH (YHKUMM ONpeaesstoTcsl MO METOAY HAaMMEHBIIUX KBaJpaToB.
Jlng ypaBHEHMIi Takoro TUIA MpeajaraeTcs HOBBIA MOAXOJ K IMOCTPOEHHIO 001acTh
MPUMEHUMOCTH, OCHOBAHHbIH HAa KOMOMHMPOBAHHOM MCIIOJIb30BAHMM ammapara TEeopuu
BEPOSATHOCTEHM U HEKOTOPBIX KOJIMYECTBEHHBIX KPUTEPUEB CTPYKTYPHOIO CXO/CTBA .

[TpuBoauTcs pan NpUMEPOB, HILTFOCTPUPYIOLLKX NpeiaraéMblid NOIXON.
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Ob OJHOM CITIOCOBE KOJJUPOBAHUSA XUMHNYECKHNX
CTPYKTYP B 3AIAYAX NIOCTPOEHUS MATEMATUYECKUX
MOJEJIEA CBA3HU «CTPYKTYPA —CBOUCTBO»

M.U.Ckeopuoesa, K.C.@eosnes, H.U.backun, B.A.Ilanonun, H.C.3epupoe
Hnemumym opeanuueckoii xumuu PAH um. H.J/[.3eaunckozo,
Hucmumym uzuonozuuecku akmuenvlx eeujecme PAH,
Mockoeckuii 2ocyoapcmeeHHblil ynueepcumem um. M.B./lomonocosa

[Ipyn nocTpoeHuM MareMaTUUYECKUX MOJICICH CBs3M «CTPYKTypa — CBOHCTBO» W
onpeaeaeHU MX 00J1aCTM NMPUMEHUMOCTH BO3HMKAET 3ajiada KOJMYECTBEHHOIO OMUCAHUS
XUMHUECKUX CTPYKTYD.

[Ipennaraercs MeTOA KOAMPOBAHUS XUMHUYECKMX CTPYKTYp, MpPEACTaBICHHBIX
MpOCThIMUA MOJieKyJsipHbIMU rpadamu (MI'). Kaxmoil cTpyKType comocTaBisieTcsi BEKTOP
X = (X1, X2, ..., Xn), KOMIIOHEHTBI KOTOporo X (i=1,...Nn) paBHbI uymKciam BXoxacHus B MI
oMnpeAeeHHbIX CTPYKTYPHBIX (pparMeHTOB, Ha3biBaeMbIX Oa3uCHbIMU. ba3ucHbIi dparmeHT
S ¢ k BepumHamu (K=2) cocToMT M3 OObeAMHEHHS HEKOTOPOro 4YHca CleAyoHInX
M30JIMPOBAHHBIX NOJArpadoB - 1Henovek JIUHbI 2, 3, ..., a TaKXkKe LMKIOB pasmepa 3, 4, ..., K
BEpLIMHAM KOTOpbIX mnpucoeauHensl 0, 1, 2, ... LENOYKM EIMHUYHOU [IJIMHBI BCEMU
HEIKBUBAJICHTHBIMU CIIOCOOAMH,

Pa3paboranbl  ajroputM M KOMIILIOTEpPHAs NporpaMmma TIeHepauud Oa3uCHBIX
(dbparMeHTOB 151 JIIOOOr0 YKcia BepliuH K U MOCTPOEHHUSI COOTBETCTBYIOIIUX MOJIEKYJISIPHBIX
KOJIOB.

Briasuratores cienyomiye runoTessbl:

1) Crpykrypsl Jit000H 3aaaHHOM KOHEUHOW BBIOOPKM MOTYT ObITb OJIHO3HAYHO
3aKOAMPOBAHBI BBILICYKA3aHHBIM CIIOCOOOM ;

2) JIro6oii unBapuant rpados f, paccmorpeHHbiil Ha rpadax AaHHON BbIOOPKH, MOXKET
ObITh MPEICTaB/ICH B BUAE HEKOTOPOro MHorouieHa f(Xg, Xp, ...,X,) 6a3uCHBIX MapameTpoB X
(i=1,...n).

[Tokazana cnpaBenIMBOCTb BBIJBUHYTHIX TITIOTE3 MAJS JOCTATOUYHO OONBUIMX M
pazHooOpa3zHbix KiaccoB MI'. [IpeaniokeHbl crmocobbl aBTOMAaTH4eCKOro 0T00opa HeOObILIOro
yucia 0asuCHbIX (ParMEHTOB [yl MOCTPOCHHUS KOPPENSLUNA «CTPYKTypa — CBOWCTBO» M
onpeaeaeHus 00J1acTu NTPUMEHUMOCTU TOJyYeHHOU maremaTuueckoil moaenu. llpuBeaeHsl
MPUMEPBI.

DEDUCTION OF THE KLEIN-FOCK-GORDON EQUATION FROM A
NON-MARKOVIAN STOCHASTIC EQUATION FOR REAL PURE-
JUMP PROCESS

G.A.Skorobogatov

For the first time the Klein-Fock-Gordon equation for a relativistic particle under an external
potential is derived from the real relativistic quantum transport equation (RQTE) for the
probability P(x,u) positively defined on the 8-space (x,u). As for RQTE, it is deduced from
the relativistic non-Markovian generalization of the Kolmogorov-Gikhman-Skorokhod
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equation for a real pure-jump process. By analogy, the Schroedinger equation for a micro-
particle in an external potential is derived from the non-relativistic quantum transport
equation (QTE) for the probability density, P(p, X, t), positively defined on the phase space
(p, X). As for QTE, it is deduced from quantum kinetic equation (QKE) that is from non-
Markovian Kolmogorov-Gikhman-Skorokhod equation for the real pure-jump process. Thus
all guantum mechanics as mathematical theory is a topic of the theory of real pure-jump non-
Markovian stochastic processes.

BbIBOJ] YPABHEHU S KJIEHHA-®OKA-TOPJIOHA 13
HEMAPKOBCKOI'O CTOXACTUYECKOI'O YPABHEHUA
KOJIMOI'OPOBA-TUXMAHA-CKOPOXOJA J1JIA
JEMCTBUTEJIbHOT'O YACTO-PA3PBIBHOI'O ITPOIIECCA

Cxopoborartos I'.A.

C momeHnTa Bbixoga B 1926 paGotel E. ManenyHra u3BectHo, 4To napa conpsiKeHHbIX
ypaBHenuii IllpeavHrepa B3aMMHO-OJIHO3HAYHO COOTBETCTBYET JIBYM YpaBHEHHUSIM
“ FHPOMHAMHYECKOrO NpeACTaBieHus” juis WIoTHOCTH BepositHoctr W(X,H)=CW(x,t)(F u
cpennero umnyiansca P(X,t)=i(h/2m)(QU,*- g* OP)/2w D1H 1Ba ypaBHEHMS HOIYYarOTCs U3
KBaHTOBOro tpancnopruoro ypaBHenusi (KTY) nns motHoctu BepositHoctu P(p,X,t) B
(ha30BOM MPOCTPAHCTBE, KAK JBa yPAaBHEHHs! LTS IEPBBIX ABYX MoMeHToB W(X,1)=[P(,x,t)d’p
u PG =wpPE.x)d®p B ceoio ouepenr KTV nomayuaercs M3 KBAHTOBOIO
knHeTndeckoro ypaBHenuss (KKY) -HeMapKoBCKOro CTOXaCTMYECKOIO YpaBHEHMS
Konmoroposa-I'nxmana-Ckopoxoaa Aisi JeHCTBUTENBHOTO YMCTO-Pa3pbIBHOTO CIy4aiHOTO
npouecca. AHaJ0ru4Ho, YpaBHEHUE Kneiina-®oka-I"'opaona BBIBOJIUTCS u3
PeJAITUBHCTCKOr0 KBaHTOBOro tpancnoprHoro ypaBaHenus (PKTY), a nocneanee — u3
PeJSITHBHCTCKOr0 KBaHTOBOro kuHernyeckoro ypaBHenusi (PKKY). OOnapyxenue
KTV, KKY, PKTY u PKKY o3nauaer coznanre ITOJTHOM KBaHTOBOI MEXaHUKH.

A NON-EMPIRICAL STUDY OF THE MOLECULAR STRUCTURE OF
Sc(MDA)3 AND Sc(MDA)2

V.V.Sliznev, S.B.Lapshina, G.V.Girichev
Ivanovo State University of Chemical Sciences and Technology

Molecular structures and vibrational spectra of the scandium complexes with the chelate
ligands (Sc(MDA)3 and Sc(MDA)2, where MDA is malondial-dehyde) have been
investigated by non-empirical Hartree-Fock and second-order Moller-Plesset perturbation
theory methods. The total energy of the electronically lowest-lying states of the Sc(MDA)2
radical were determined with the state —averaged complete active space self-consistent-field
method. The quantum chemical computations were performed by the PC GAMESS version
of the program GAMESS using extended basis sets, augmen-ted with polarization p(H) and
d(O,C) functions. Atomic cores were described by effective (relati-vistic for Sc) potentials of
Stevens et al. Equilibrium configuration of Sc(MDA)3 is a D3 symmetry structure in which
the coordination poly-hedron ScO6 is a distorted octahedron. Another con-figuration (D3h
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symmetry) taken into conside-ration is a first-order saddle point and corres-ponds to a barrier
of 3650 cm-1 along the D3h - D3 - D3h-... rearrangement path. For the Sc(MDA)2 radical
the D2h and D2d symmetry structures have been considered. The planar D2h configuration
has a lowest energy at the 2Ag elect-ronic state and corresponds to a minimum on the PES.
The planar configuration at the first excited electronic state (2B3g) as well as the nonplanar
D2d configu-rations at the ground (2B1) and first excited electronic state (2B2 ) are the 3rd-
order saddle points. Distortions of the geometry along the normal coordinates corresponding
to imaginary frequencies tends to the configurations of D2 and C2 symmetries. An analysis
of the geometrical parameters, force fields and features of the chemical bonds formation in
the molecules under study has been done. The results has been compared with the literature
data for similar molecules.

WANNIER FUNCTIONS AND CHEMICAL BONDING IN CRYSTALS

V.P.Smirnov, R.A.Evarestov, D.E.Usvyat
St.Petersburg State Institute of Fine Mechanics and Optics (TU), St.Petersburg State
University

Electronic configurations of atoms forming the crystal being suppoused to be known one can
analyzes the change of atomic states under atom-atom interactions. In existing methods of
electronic band structure calculations, electronical Bloch functions are looking for as a sum
of basis orbitals (atom-type functions, plane waves etc.). The density matrix found in the
calculations is used for population analysis by means of atom-type orbitals which were basis
functions in band calculations or obtained from plane waves by a special procedure. One of
the shortcomings of this approach is an essential dependence of the calculated characteristics
of chemical bonding (charges and valences of atoms, indexes of interatomic bonds) on the
choice of atomic functions used. In the present paper a new method of chemical bonding
analysis in crystals is proposed. In this approach the Wannier functions for a crystal centered
on atoms are suggested to play a part of atom-like functions for population analysis (atomic
orbitals in a crystal). These functions are linear combinations of Bloch states of the upper
valence and low conduction bands of the crystal. The group-theoretical symmetry analysis of
these states by the method of induce representations allows to pick out those band states
which are related to the corresponding Wannier functions according their symmetry. The
proposed method has some advantages over usually used one. 1.Wannier functions form a
minimal set of atom-like orbitals which reproduce exactly the structure of the upper valence
and low conduction bands. 2.These functions are real and transform according to
representations of the site symmetry groups of atoms in the crystal. In crystals with inversion
these functions are unique (to within linear transformations in the space of the site groups
representations). The arbitrariness in the determination of the Wannier functions in crystals
without inversion center may be used for the generation of the best localized Wannier
functions. 3.As Wannier functions are orthonomal, the population analysis on their base is
similar to Lowdin’ one. There exists the variational method which generates from the set of
Bloch orbitals the best localized (according some criterion), but nonorthogonal functions. On
the base of these functions is possible the population analysis similar to Mulliken’ one.
Wannier functions are produced from these functions by a suitable symmetrical
orthogonalization procedure. The results of the calculations show that the Wannier and
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nonorthogonal functions are close to one another and this explains the closeness of the results
of the population analysis on their bases. 4.The proposed method does not depend on the type
of the basis functions and is equally applicable to Bloch states in terms of atom-like
functions, plane waves and any other basis functions. 5.The enlargement of the basis function
set in the variational methods of the band structure calculation gives rise to more accurate
definition of Bloch states and, as a consequence, to more accurate form of Wannier states and
more accurate results of the chemical bonding analysis on their base. This method is also
applicable for the chemical bonding analysis in molecules as in these systems one can
generate localized orbitals from canonical ones (atomic functions in molecule, the analogue
of Wannier functions in crystals) The proposed approach for the analysis of local
characteristics of atoms in crystals is illustrated on the examples of classical structures —
silicon, gallium arsenide and silver halides crystals.

VARIATIONAL METHOD FOR THE CHOICE OF BLOCH FUNCTION
PHASE FACTOR IN THE PROBLEM OF WANNIER FUNCTIONS
GENERATION

V.P.Smirnov, D.E.Usvyat
St.Petersburg Institute of Fine Mechanics and Optics

Since their introduction in 1937 Wannier functions have been often used in many theoretical
considerations of electronic properties of crystals. The use of a localized basis facilitates
significantly the study of local properties (atom charges, active valences, bond orders and so
on) in solids. The basis of best localized Wannier functions has an irrefutable advantage over
other atomic-like bases as it is the best adopted to the states of an energy band under
consideration. The Wannier functions may be regarded as atomic functions modified by the
crystalline surrounding The analytical behavior of Bloch functions of energy bands in k-space
determines the degree of localization of corresponding Wannier functions in r-space. A useful
concept of band (induced) representations has been introduced in the theory of crystals,
according to which the symmetry properties of Bloch functions for a given energy band
define (in many cases unambiguously) the position of symmetry localization and the
symmetry properties of Wannier functions . Practical methods for the calculation of Wannier
functions for simple and composite bands in perfect crystals have been elaborated and
applied. The method of the localized Wannier functions construction by the Fourier
transformation of Bloch functions we are proposing now consists of three steps: 1) a
symmetry analysis basing on the band representation theory, 2) a variational procedure of the
Bloch function\' phase factors choice and 3) a suitable orthogonalization procedure. The
character of the localization of Wannier functions depends on the analytical properties of
Bloch states (as a function of the wave vector) which are essentially determined by the nature
of the system under consideration. One can arbitrary change only their phase factors and form
arbitrary linear combinations of Bloch functions (in particular, in case of degeneracies). It is
just this arbitrariness that is used in our variational approach to assure the best localization of
Wannier functions. The accuracy of the Wannier functions obtained by the proposed method
is determined solely by the accuracy of the Bloch functions and the size of the supercell used.
The variational procedure proposed gives the system the best localized non-orthogonal
functions. After the symmetrical orthogonalization this system does not loose the property to
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be the best localized. The reliability of the method is demonstrated by computations of
localized displacements in a one-dimensional diatomic lattice and a germanium lattice, of
localized electronic states in a one-dimensional Kronig-Penney model and for the upper
valence bands of Si and MgO crystals.

MOLECULAR STRUCTURE AND NUCLEAR DYNAMICS OF NBX4
(X=F, CL, BR, I)

S.V.Smorodin, G.V.Girichev
Ivanovo State University of Chemistry and Technology

Molecular structure and vibrational spectra of the niobium tetrahalides have been investigated
by non-empirical Hartree-Fock and second-order Moller-Plesset perturbation theory methods
using PC version of program GAMESS. Atomic cores were described by effective relativistic
potentials by Stevens et al. The valence electrons were described by the set of Cartesian
Gauss functions augmented with polarisation d-functions for halogens. The two electronic
states 2A1 and 2B1 corresponding to D2d symmetry of molecules were considered. The
calculation of the set of vibrational frequencies showed that D2d structure with 2A1
symmetry of the electronic state corresponds to the minimum on the energy surface. The
structure D2d with 2B1 electronic state is the first-order saddle point. The structure with
Td(2E)symmetry was calculated by CASSCF taking into account five lower lying electronic

states. Jahn-Teller energy stabilisation was obtained. Jahn-Teller effect manifest itself for all
investigated molecules. The structural distortion decreases in the line NbF4, NbCl4, NbBr4,
Nbl4. The energy surface is similar to the Mexican hat with 3 minima for the D2d
configurations along the trough. The nuclear dynamics of all molecules under consideration
was investigated by analytical method. The one-dimensional Schrodinger equation with the
potential function for the motion along the bottom of the trough (along the extremal) of the
Mexican hat was solved. The formulae for the energy levels and for the wave function were
obtained. The calculated structures for molecules NbCl4, NbBr4, Nbl4 are in good agreement
generally with the structures obtained by gas-phase electron diffraction.

REACTIVITY OF VINYL MONOMERS IN RADICAL ADDITION
REACTIONS: QUANTUM CHEMISTRY MODEL

Alexey V. Sokolov
Yaroslavl Technical University, Russia

Transition states (TS) of radical addition of CH3, CH30, CCI3, CF3 and HOO to ethene,
propene, acrylic nitryl, methyl acrilate, vinyl chloride and vinilidene chloride were calculated
using MNDO UHF, both positions of attack discussed. Moreover, also considered monomers
with conjugated double bond (butadiene, styrene, vinylpyridines etc. (over 100 reactions).
The main aspects and results of this investigation were as follows. * Intrinsic reaction
coordinate (IRC): detailed description of IRC was gained by using energy partitioning
procedure and studying vibration frequencies alongside pathways; demonstrated that
deformation of monomers\' reactive centers gave important part to activation barriers. *
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Thermochemical aspects: found satisfactory correlation of reaction heat and activation energy
in the \"radical-monomers\" series; correlations between activation barriers and deformation
energies. Regularities of charge distribution: found that there was linearity between charge
transfer in all reaction series. Comparison with PMO approach: correlations between directly
calculated activation energies and Charge Transfer (CT) energies of PMO method were
obtained; demonstrated that Frontier Orbitals approach to reactivity consideration failed, so
the full sums over p-orbitals were used; proposed new reactivity index of reactivity. * Model
of reactivity in radical addition. Suggested that activation energy of radical addition is a total
of two effects, namely deformation energy and polar interaction. The first was evaluated by
energy of some standard deformation, the second - by CT energy. All results of direct TS
calculations were considered within the following equation as a general scheme of radical
activity: Ea = a0 + al Edef + a2 ECT. Good enough correlation prompted us to transfer this
model to discussion of experimental reactivity and offering new empirical scheme of
reactivity. * Empirical scheme of reactivity for radical addition to vinyl monomers.
Mathematical form of above-mentioned model was used as a correlation equation for known
experimental kinetic data (over 200 rate constants of radical reactions considered).
Parameters of 40 monomers and radicals were obtained by optimization.

NEW ASPECTS OF ELECTROPHYLIC AROMATIC SUBSTITUTION
MECHANISM. COMPUTATIONAL MODEL OF NITRATION
REACTION

Alexey V. Sokolov, Evgenii R. Kofanov
Yaroslavl Technical University, Russia

Systematic studies of aromatic nitration reaction were performed using gas phase model
(AM1) and solvation model (SM2.1). In both cases the aspects of RHF, UHF and CI
approach were considered. Several variants of possible nitration agents were examined. The
known fact is that nitronium ion (NO2+) is formed from nitracidium ion (H2NO3+) at a slow
reaction step and exists in essentially acid media. We found by computational simulation that
both NO2+ and H2NO3+ have similar affinity to aromatic compounds, so nitracidium ion is a
possible electrophile of nitration reaction in media of moderate or low acidity (solvates
containing water, acetic acid and the like). Electronic and thermochemical characteristics of
transition (TS) states with substituted aromatic compounds (Alk, Ph-R, CH30O, Cl, COOCH3
etc.). There were investigated in detail the electronic structure of TS, of reaction intermediate
(sigma-complex), the reaction pathway by above-mentioned methods. Maps of potential
energy are given. The causes and the character of influence of substitutes on reactivity and
selectivity discussed. Firm correlation of activation barriers and enthalpies of sigma-complex
formations were found. Possibility of electron transfer during reaction of NO2+ with
aromatics discussed. Our attempt to solve the problem by semiempirical methods led to no
certain results. Physicochemical model was offered to describe influence of solvents on
nitration reaction. It explained high (5-7) degrees of reaction dependence on HNO3
concentration which was observed in some cases.
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KBAHTOBO-XUMHUYECKOE HCCIIEJOBAHHUE PA3JIMYHBIX
ITYTEU TEHEPAIIUN KAPBEHUEBBIX HOHOB U3 OJIE®ONHOB 1
AJIKNJI®OTOPU OB B CPEJIE HF

Coakan B. H.
Hncmumym opeanuveckoii xumuu um. H.J]. 3eaunckozo, PAH

Metogamu Xaptpu-®oka (XP) ¢ yuyeToM 3JEKTPOHHOM KOppelsauud Ha ypoBHe MP2 u
¢ynkunonana mnotHoctu Becke3LYP B Gasuce 6-31++G** wuccnenoBanbl peakiuu
re’epauum KapOeHUeBbIX MOHOB M3 OJiepUHOB M askuiadropuaos B cpene xkuakoir HF. Ha
OCHOBE pAacCUMTAHHBIX SHTAJIbIIMNA peakuuil OrnpeaeseHbl BO3MOXKHbIE IYyTH T'€Hepauuu
kapOeHueBbix MOHOB B cucteme (onedpun - HF), m cpmenan BbiBOA, 4TO Hapsay ¢
NpOTOHU3aLUuel ojepuHa UCTOUHUKAMU KapOEHUEBBIX MOHOB SIBJISIIOTCS COOTBETCTBYIOLLMIA
ankuapTopua M €ro NpPOTOHUPOBaHHasA ¢opma. B pamkax [auckpeTHOH Mopenau
MUKpPOCOJIbBAaTalMU, a TAKXKEe MOJEH nonspusytouerocs KontuHyyma (PCM) oueHeH Bkiajg
cojbBaTauMM B [OHWKEHME aKTUBALMOHHOTO Oapbepa TreTepoJMTUYECKOro pacnaja
ankunadropunoB B cpene xkuakoir HF. Ilposenenst pacuersi meromom MP2 noBepxHOCTH
noreHunanbHoil snepruu (I1I19) ans aByx cucrem ((M3o0yran + (CH3)3C(+) +2HF) u
(u306yran + (CH3)2CH(+) +2HF)). OO6napyxeHo, 4TO B cllydya€ BTOPOH CHUCTEMBI
npoucXoauT Oe30apbepHblid MEPEHOC TMAPUA-UOHA OT HU300yTaHa K KapOEHUEBOMY HWOHY
(CH3)2CH(+). Ons nepsoii cuctembl Ha IIIID oOHapyXeH MHHMMYM, COOTBETCTBYHOIIHIL
KOMILIEKCY c CUMMETPUYHOM JoKanu3auuei TUJPUAHOTO MOHA
(HF..(CH3)3C(+)..H..C(CH3)3..FH), 1 TOJIbKO yuyeT BCEro OCTaJIbHOIO PacTBOPUTEJIS B
pamkax monenu PCM npuBOAMT K MOSBICHUIO HEOOJBIIOTO aKTHMBALMOHHOrO Oapbepa.
Metojom MP2 B 6azuce 6-31G** ucciienoBanbl peakuuu npucoeaunerus (CH3)3C(+) nona
K ojepuHam (u300yreHy, 1-OyreHy u 2-OyreHy) B cpejge xujakoii HF. Ha ochHose
paccUMTaHHBIX DHTAIBMUN  peakuuii  TMeperpynnupoBOK  MEPBUYHO  0Opaszyroluxcs
kapOeHueBbiX MOHOB (1,2 caBur meTuabHOW rpymmnel U 1,2 w 1,3 ruapuaHbie CIBWTH)
onpeaeneHsl HanOosee ctaduibHbie C(8) kapOeHneBble MOHBI B UCCIIEJOBAHHOM CUCTEME.

PaGora Bbimonnena npu  ¢uHaHcOBOM  mopauep:xkke  Poccuiickoro  ¢onaa
dyHnamenTanbHbIX uccienoanuii (npoekt N 98-03-32173).

THE JAHN-TELLER EFFECT AND A SPIN-ORBIT COUPLING IN
THE TANTALUM TETRAHALIDE MOLECULES

V.G.Solomonik and T.P.Pogrebnaya
Ivanovo State University Of Chemical Sciences and Technology

The Jahn-Teller (JT) effect and a spin-orbit coupling (SOC)in the ground 2"E and the first
excited 2"T_2 electronic states of the TaHal4 molecules (with Hal = F,CI,Br,l)were
investigated. State-averaged complete active space self-consistent field (SA-CASSCF)level
of theory has been employed. The SOC effect was accounted for with the use of an effective
one-electron one-center spin-orbit operator. The JT distortions, stabilization energies,
coupling constants, and the vibronic molecular spectra were calculated. The structural and
spectroscopic consequences of the interplay between the Jahn-Teller effect and a spin-orbit
coupling were revealed. The work was supported by the Russian Foundation for Basic
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Research, Grant N 99-03-33189.

HEKOTOPBIE COOTHOIIEHMS JIJISI HOJIHBIX SHEPT U
OYJ/UIEPEHOB C, 1 UX ITPOU3BO/JHbBIX, COAEPKXALINX
ATOMBI BOPA N1 A30TA B IOJIMDAPUYECOM KAPKACE

HN.B. CrankeBnu® , P. Caro**
*HUncmumym 31emeHmoopanuyeckux coeounenui, 117813 Mockea, yn. Bagunoea, 28
**MoCKOBCKHI1 TOCYyAapCTBEHHbIH yHHBepcuTeT, pusudecknii pakyabrer, Poccus,
119899 MockBa, BopoObeBbI TOpHI

Cpenu 10cTaTOYHO LIMPOKOT0 Kjlacca XMMUYECKUX COEIMHEHUI, collepKalX aToMbl Oopa
a30Ta, CyIIeCTBYET MHOTO CTPYKTYp H303JEKTPOHHBIX M HU30CTPYKTYPHBIX MX YTIJIEPOAHBIM
aHajoraMm. AHaJiu3 oMmyOJMKOBaHHBIX pacyeTOB IOKa3all, YTO 3aMelCHUE B YTIIEBOIOPOTHBIX
MOJIeKyJIaX WM B YTJIEPOTHOM KiiacTepe HeKoTopbiX cBa3eil C-C Ha cBs3u B-N npuBoauT Bo
MHOTHX ClTydasX K 3Ha4MTeJIbHOMY YMEHBLICHUIO MOJHON sHepruu. Hampumep, pazHOCTb
MOJIHBIX PHEPruil MoJiekys Oensosa u 6opasona, paccuutannas metogom MNDO, paBha 44
aB, a a3 kinactepoB Ceo v Cs5gBN ananorvuHas BeqmunHa coctapiset 34 eV,

B nokiaze nokasaHo Ha npumepax HEKOTOPbIX NOIUAPpUUECKUX MOJIEKYJ Cp.o BN)x,
YTO TAaKO€ pa3iuyre MEXKAY MOJHBIMHM SHEPTUsIMU OCHOBHBIX COCTOSIHUI M30CTPYKTYPHBIX U
W303JICKTPOHHBIX TMOJM3PUUECKUX YIIIepoAHbIX kiactepoB Cp W ux B,N-mpousBoaHbIxX
MUMeeT AOCTaTOYHO OOIIYI0 MPUPOIY M HE 3aBUCUT OT METO/a BBIYMCICHUN (KOHEUHO, €clid
TaKOW METO/1 TEOPETUUECKN 0OOCHOBAH ).

Y CTaHOBJIEHO, YTO JUIsl SHEPTUil OCHOBHBIX COCTOSIHUM IOCTATOYHO LIMPOKOro Kiacca
kinactepoB (BN)xCh.ox (N-2X20) cripaBeinBbI ClICAYIOLIME COOTHOLICHMS

E( (BN),C,.,, ) + AE < E( C, ). B oroii dopmyne E(Q) — sHeprus ocHOBHOTO

" , +]
coctostHus knactepa Q u AE = Z z ﬁ,rne Ry - koopauHata Ll-oro sapa, u
U= u -

W vl

UHJEKCHI [ [ oTHOCATCSA TObKO K atoMamM B u N. Ecnm mHaekcel v (| OTHOCATCS K
aToMaMm pa3jIMuHbIX TUIOB, TOT/1a COOTBETCTBYIOUIMI WIEH B BbIpaXkKeHUU | |E MOJIOKUTEIICH.
Ecau unaexesl [Ju [ OTHOCSTCS K aroMaMm OJHOTO M TOro K€ TUMa, TO TaKOE Cjaraemoe
OyJeT UMETb 3HAK MUHYC.

Pabora mopnmep:xena Poccuiickum Pongom DyHIameHTalbHBIM KccnemoBaHuii, a
Taoke Poccuiickoli Hay4YHO-TEXHUYECKOH MporpaMMoil «AKTyalbHbIE HaIpaBiIeHUS B
(bu3KKe KOHJEHCUPOBAHHBIX Cpell», moAnporpaMma «QysiepeHbl 1 aTOMHbIE KJ1acTepbl».
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MEDIUM EFFECT ON A STRUCTURE SULFAMIC ACID IN A GAS
PHASE. COMPARISON AB INITIO CALCULATIONS WITH
EXPERIMENTAL DATA.

Andrey G. Starikov, Ruslan M. Minyaev
Institute of Physical and Organic Chemistry, Rostov State University, Rostov-on-Don

The main purpose of the present work is an to establish with the help ab initio (MP2
(full) /6-31G **) calculations the mechanism of reaction rearrangement of sulfamic acid from
neutral to the zwitterionic form and to study influence of the mediators moleculgs M
HF) on the energetic characteristics of the given reaction, and also estimation of cooperative
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According to the calculations, the zwitterionic form 1 of sulfamic acid on 3.2
kcal/mol is more stable than neutral form 2. The barrier reactions is 31.1 kcal/mol. The
mediators molecules - NHH,O, HF reduce a barrier of reaction up to 7.0, 15.7, 13.5
kcal/mol accordingly. It has been shown that S-N bond is stedrfeom 2.106 E up to 1.835
E with increase of ammonia amount around sulfamic acid. The results of nonempirical
calculations for complex 3 with one molecule Nitle in excellent agreement with gas phase
experimental data for sulfamic acid.
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The work is financial supported by RFBR, grant 01-03-32546.
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STRUCTURE AND HYDROGEN BONDING OF ADENINE IN
POLYHYDRATED COMPLEXES. A DFT STUDY

Oleg S. Sukhanov* , Oleg V. Shishkin* , Leonid Gorb** ,Yeugen Podolyan** , Jerry
Leszczynski**
*Department of Alkali Halide Crystals , Institute for Single Crystals , National Academy of
Science of Ukraine , 60 Lenina ave. , Kharkiv 61072 ,Ukraine **Computational Center for
Molecular Structure and Interactions , Department of Chemistry ,Jackson State University,
P.O. Box 17910, 1325 Lynch Str. , Jackson, MS 39217,USA.

Method of the density functional theory with B3LYP functional in basis 6-31G (d) has been
used for calculation of equilibrium geometry and energy of interaction in four polyhydrated
complexes of adenine (W12, W13, W14, W16) with 12, 13, 14 and 16 molecules of water
respectively. It is determined that hydration shell in the complexes is essentially nonplanar. It
is revealed that the attempt of modeling formation hydrogen bonds such as H...pi (with
coordination hydrogen atom of water to pi system of purine) results in realization of structure
with two equal hydrogen bonds suchHasN on atom of nitrogen N(7). It is established that

the strongest hydrogen bonds (of nucleobases-water type) form groups of atoms N(3) and
N(9) -H adenine, and the weakest - C(8) H and amino group N(10)H2. It was found that the
interaction with molecules of water considerably influences molecular structure of hydrated
adenine. It is demonstrated that the change in the geometrical characteristics of the amino
group contradicts the classical understanding of the conjugation between the amino group and
the aromatic system when hydration shell is formed and reorganized in adenine. The
topological analysis of distribution of electron density in complexes identificates the presence
of the (3,-1) critical point on C(8) — H...0 bond. This confirms existence of C — H...O
hydrogen bond between hydrophobic part of adenine molecule and molecules of water.
Calculated BSSE-corrected energy of the interaction for hydrates W12- W14 increases when
adding water molecules to hydration shell and reaches maxima in W14 (-57.9 kcal/mol).
Further shell reorganization up to W16 results in decrease of the value of interaction energy.

RADICAL POLYMERIZATION OF DIALLYLAMINE COMPOUNDS:
FROM QUANTUM CHEMICAL MODELING TO CONTROLLABLE
SYNTHESIS OF HIGH MOLECULAR WEIGHT POLYMERS

Larisa M. Timofeeva, Yuliya A. Vasilieva and Dmitry A. Topchiev
A.V.Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences

It is known that the processes of polymerization of allyl and diallyl compounds are practically
controlled by degradative chain transfer to monomer reaction with formation of nonreactive
allyl «transfer» radical and obtaining of only oligomeric products. In this connection series of
quantum chemical and experimental investigations has been performed of a principal
possibility of obtaining of high molecular weight (HMW) polymers from the monomers of
diallylamine (DAA) set. Potential energy profiles of chain propagation and chain transfer
competing reactions, free radical double bond addition and a-hydrogen radical abstraction
respectively, were studied for several polymerization processes[l] within polarized
continuum solvent model [2] utilizing the procedure [3] based on semiempirical MNDO-PM3
background. It was established that the existence of monomer molecules in protonated form
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in polymerizing system is the requisite condition of decrease in competitiveness of chain
transfer to monomer reaction [1]. As a result of quantum chemical calculations the strategy
was developed of obtaining of HMW polymers from monomers of DAA set. The equimolar
salt of N,N-diallyl-N-methylamine and trifluoroacetic acid was first synthesized and
suggested as appropriate monomer system [4]. It was shown by NMR 1H spectra that
diallylmethylamine molecules are in protonated form in solutions of the salt. Novel HMW
polymers were synthesized for the first time by radical polymerization of said salt at soft
conditions [4]. It was determined by kinetic studying that the phenomenon of degradative
chain transfer to monomer, characterizing polymerization of allyl compounds, was overcome
by transformation of degradative chain transfer into the effective one [4]. The results obtained
give the principal opportunity for controllable synthesis of new polymers based on monomers
of DAA set. At the same time they demonstrate the potential of quantum chemical
calculations in theoretical prediction and determining the way of chemical process. 1.
Timofeeva, Yu. A. Vasilieva, N. A. Klescheva and D.A. Topchiev, Russ. Chem. Bull., 1999,
48, 856. 2. S. Miertus, E. Scrocco and J. Tomasi, J. Chem. Phys. ,1981, 55, 117. 3. G.E.
Chudinov, D.V. Napolov and M.V. Basilevsky , Chem. Physics, 1992, 160, 41. 4. Yu. A.
Vasilieva, N. A. Klescheva, G. L. Gromova, M. P. Filatova, A. I. Rebrov, E. B. Kryt'ko, L.

M. Timofeeva and D.A. Topchiev. Russ. Chem. Bull., 2000, 49, 431.

AB INITIO QUANTUM-CHEMICAL CALCULATIONS OF A
CLUSTER C8H12

H.N.Timokhina,A.A.Ovchinnikov,K.V.Bozhenko
The Russian Academy of Science, Department of Electronic Organics Matherials
Laboratory of a Quantum Chemistry Kosygin street 4, Moscow 117977, Russia

In connection with a problem of design organic high-spin polyradicals, ab initio calculations
of a cluster C8H12 has been carried out. The calculations are performed on the program
GAUSSIAN-94 as within the framework of a method UHF, and with usage of Density
Functional (DFT) method (basis set 6-31G*). For calculation the quincunx conformation
C8H12 with fragments H-C-H posed in a plane of an axis C-C was selected. Angles between
bond at each carbonic atom tetrahedral and equal 109 degrees. The calculations are
performed at fixed dihedral and valence angles of a cluster C8H12. The cluster C8H12 is
calculated in single, triple, quartet and septet states. As a result of calculations was shown,
that a ground state for the given conformation is septet state. On an example of a concrete
system the kinematic mechanism of magnetic exchange and magnetic ordering in
polyradicals is researched. The explanation is based upon the concentrational magnetism,
appearing, when highly mobile electrons fall into the paramagnetic ambience. The considered
cluster C8H12 serve as source of such electrons, and provide ferromagnetic ordering FMO)
in them without the admixture of d-metals.
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MRD-CI METHOD FOR CALCULATION OF HEAVY-ATOM
MOLECULES. COMPARISON OF GRECP/MRD-CI AND
GRECP/RCC-SD CALCULATIONS ON TIH

Titov A.V. and Mosyagin N.S.
Petersburg Nuclear Physics Institute, Gatchina, Leningrad district 188350, Russia

The relativistic one-step version of the MultiReference single- and Double-excitation
Configuration Interaction (MRD-CI) method is discussed. Up to now MRD-CI is most
actively used in calculations of correlation structure and physical-chemical properties of low-
lying states in molecules. The nonrelativistic MRD-CI method was suggested by Buenker &
Peyerimhoff [Theor.Chim.Acta, v.35, 33 (1974); v.39, 217 (1975)]. The relativistic MRD-CI
versions with the spin-orbit interaction taken into account were then developed by a few
groups applying both the one-step and two-step techniques. Some new features, such as spin-
orbit configuration selection [Titov et al., Int.J.Quant.Chem., 2001, in press] and a new
criterium of automatic generating reference configurations [Mosyagin et al., in progress] for a
group of states and selecting configurations were recently proposed by our group and applied
to the TIH, HgH and PbH calculations. Advantages and disadvantages of MRD-CI as
compared to a very rapidly evolving Relativistic Coupled-Cluster (RCC) approach are
discussed. Features of these methods are demonstrated on example of the 4- and 14-electron
GRECP/MRD-CI [Titov et al., Int.J.Quant.Chem., 2001, in press] and GRECP/RCC
calculations [Titov et al., in progress] for the ground and a group of low-lying states in TIH.
The same basis sets, [4,4,4,3,2] for thallium and [4,3,1] for fluorine, are used and the same
numbers of electrons are correlated. In our calculations, the Fock-Space RCC version with
Single and Double cluster amplitudes (FS RCC-SD) is used (the RCC-SD codes were
developed by group of Prof. U.Kaldor). The Generalized Relativistic Effective Core Potential
(GRECP) method was developed by our group (e.g., see Int.J.Quant.Chem., v.71, 359 (1999))
for accurate describing relativistic effects, interaction with core electrons etc. It is
demostrated that a combination of the MRD-CI and RCC-SD methods (i.e., \"valence CI
correction\" to the RCC-SD energies, see [Isaev et al., J.Phys.B, v.33, 5139 (2000)]) can
considerably improve the FS RCC-SD accuracy for open shell cases in the valence region.

MOJIEKYJIAPHOE MOJAEJIMPOBAHHUE NR1 M NR2B CYBE/ITUHUIL
NMDA-PELEIITOPA U MOJIEKYJAPHBIN JOKHUHI" IMT'AHJIOB.

Tuxonoa U.I'., backun U.N., ITanoaun B.A., 3e¢pupos H.C.
Mockoeckuii cocyoapcmeennbtil ynusepcumem um. M.B.Jlomonocosa

[Toctpoensl TpexmepHboie mojenu NR1 u NR2B cybGeaunun NMDA-peuentopa,
COJIepKallluX CaiThl CBSI3bIBAHMS BO30YKJAIOLIEro HelipoMeauaTopa riyramara (aroHucTa
NMDA-peuentopa) U KoaroHUcTa TJUIMHA, O TOMOJOTUM HAa OCHOBE KOOPJMHAT aTOMOB
AMPA-niono6HOro BOAOpacTBOpUMOro pernentopa. Ha OCHOBE IOCTPOCHHBIX Mojeed u
JAUTEpaTypHBIX  JAaHHBIX MO  caiT-crenuduueckoMy MyTareHesy Obll  TpOBEACH
MOJICKYJISPHBIM JTOKMHI arOHUCTOB M AHTArOHMCTOB K BBILICNEPEUYUCICHHBIM caiiTam, a
TaKkKe OOCYXIEHbI CMOCOObI WX CBsA3bIBaHUS. [lOCTpOEHHBIE MOMAEIM KOMILIEKCOB ObLIM
WCIONBb30BAHBI  JI1  OOBSICHEHUS M3BECTHBIX 3aBUCUMOCTEH  «CTPYKTYpa-CBOMCTBOY:
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3aBUCUMOCTb arOHUCTHYECKUX (aHTarOHMCTUYECKUX) CBOMCTB OT JUIMHBI U OT MPUPOAbI 1-
KHUCJIOTHOM Tpynmnbl , MPEANOYTUTEIbHOCTh 3aMEILeHHUs aToMa a30Ta aMUHOrpynmnbsl U D-
KOHpUrypalMu  XupajbHOro  LeHTpa.  llpoBeaeHO  MOJIEKYJISpHO-AMHAMUYECKOE
MCCJIEZIOBAHUE TMOJYYEHHBIX KOMIUIEKCOB «JIMTaHA-peuentopy». [lonyuyeHHble 1aHHbIE MOTYT
ObITh HMCIOJIB30BaHbl JJs1 JuM3aiiHa HOBBIX JIMTAH/IOB, KOTOpble MOriaM Obl CTaTh
TEpaneBTUYECKUMKU  CPEJCTBAMM Ui JIeYeHUs psAga OCTPhIX W XPOHUUECKHX
HelpoaereHepaTUBHBIX 3a00JIeBaHUMN .

ADDITION OF THE PHENYL RADICAL TO ETHYLENE AND
ACETYLENE: REACTION PATHWAYS, POTENTIAL ENERGY
PROFILES AND ABSOLUTE RATE COEFFICIENTS

I. V. Tokmakov, M. C. Lin
Department of Chemistry Emory University, Atlanta, GA 30322 E-mail:
*itokmak@emory.edu

The C6H5 + C2H2/C2H4 addition reactions and subsequent transformations have been
studied within a framework of the G2M composite method [1]. Full geometry optimization
was performed using the B3LYP density functional [2,3] with the 6-311++G(d,p) basis set
[4]. Higher level ab initio single point calculations were carried out on the optimized
structures of the local minima and first-order saddle points to provide more accurate
estimates of reaction barriers and enthalpies. The theoretical analysis of these reactions
revealed that chemically activated adducts can undergo several isomerization pathways in
competition with well-known deactivation and H-elimination channels. Thus formed isomeric
C8H7/C8H9 vinylic/aliphatic, aromatic and bicyclic radicals can serve as active agents in the
mass growth reactions with C2H2, C2H4 and other light unsaturated hydrocarbons and
radicals. The latter processes are relevant to the PAH formation in hydrocarbon combustion.
P,T-dependent rate coefficients for various elementary steps involved in the two title
reactions have been calculated and closely correlated with the available experimental kinetic
data. References: 1. Mebel, A. M.; Morokuma, K.; Lin, M. C. J Chem Phys 1995, 103, 7414.
2. Becke, A. D. J Chem Phys 1993, 98, 5648. Becke, A. D. J Chem Phys 1992, 96, 2155.
Becke, A. D. J Chem Phys 1992, 97, 9173. 3. Lee, C.; Yang, W.; Parr, R. G. Phys Rev B
1988, 37, 785. 4. Pople, J. A.; Head-Gordon, M.; Raghavachari, K. J Chem Phys 1987, 87,
5768.

TRANSITION METAL COMPLEXES WITH OXYGEN ACTIVE
LIGAND AS STUDIED BY EFFECTIVE ELECTRON HAMILTONIAN
APPROACH

A.M. Tokmachev, A.L. Tchougreeff
L.Ya. Karpov Institute of Physical Chemistry
Center for Computational Chemistry at the M.V. Keldysh Institute of Applied Mathematics

Many transition metal complexes are known as active catalysts of the oxygenation processes.
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The mechanism of their catalytic activity is however not clearly understood. It is assumed
that the reorganization of the electronic structure of reactants under adsorption or
coordination to a catalyst plays an important role in the oxygenation processes. In this work
we consider the changes of oxygen state under coordination of molecular and atomic oxygen
to transition metal complex. The electrons in the d-shell of transition metal atom and
electrons of reactants are highly correlated in the catalytic complex. The oxygenation
catalysts are usually extended molecular systems or even solid-state catalysts and can not be
attacked by standard correlated quantum chemical methods. The hybrid scheme developed
previously [1] is used for description of electronic structure of these complexes. The variables
of quantum part is chosen as the occupation numbers of the d-shell of transition metal atom
and those of certain one-electron reactant states. The quantum part is then treated on the full
configuration interaction level. This scheme is applied to analysis of the electronic states of
atomic and molecular oxygen coordinated by transition metal porphyrines and adsorbed on
the surfaces of transition metal oxides. The latter are modeled by clusters containing 125
ions. We studied the electronic structure of adsorbed oxygen species as function of the
geometry parameters (the metal-oxygen separation, type of coordination of the oxygen
molecule (side-on or end-on), bending angle for the oxygen molecule, exit of metal atom
from the plane of the catalyst). Our calculations show variation of the weights of the singlet,
triplet and negatively charged oxygen configurations regarding the geometry variations. The
metal-oxygen separation seems to be the most important factor affecting the weights of the
singlet and charged oxygen configurations. The results also demonstrate how the state of
oxygen atom depends on the electronic structure of catalyst. 1) A.M. Tokmachev, A.L.
Tchougreeff, Russ. J. Phys. Chem., 2000, v. 74, | 1, p. 66.

GENERALIZED MOLECULAR MECHANICS AS DERIVED FROM
LOCAL QUANTUM MECHANICAL DESCRIPTION OF MOLECULAR
ELECTRONIC STRUCTURE

A.M. Tokmachev, A.L. Tchougreeff
L.Ya. Karpov Institute of Physical Chemistry
Center for Computational Chemistry at the M.V. Keldysh Institute of Applied Mathematics

Molecular mechanics (MM) is very powerful and extensively used tool for modeling
potential energy surfaces of large molecular systems. At the same time its potential functions
(force fields) and their parameters are purely empirical and the validity of the MM itself is
confirmed only empirically. On the other hand the parameters of MM potentials of fixed form
are often determined from the quantum chemical calculations. At the same time not only
parameters but also the form of MM potential are reasonable to be derived from quantum
mechanical considerations. Previously we developed a semiempirical quantum chemical
method using the wave function in the form of antisymmetrized product of strictly localized
geminals (APSLG) [1]. Starting from that local APSLG description of molecular electronic
structure we constructed a generalized MM scheme. It can be termed as molecular
mechanical since it does not contain any diagonalization or iteration processes and expresses
the energy as a function of intrabond and interbond contributions. By contrast to the usual
MM which takes the energy as an explicit function of nuclear coordinates the constructed
generalized scheme represents the energy as a function of not only geometry parameters but
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also some electronic parameters (form of the hybrid orbitals; ionicity and polarity of the
bonds) which are determined by simple algorithms. It is noteworthy that no parameters are
added to the underlying semiempirical APSLG scheme [1]. The results of our calculations
show that the scheme obtained has the same accuracy as the underlying quantum mechanical
APSLG approach.

1) A.M. Tokmachev, A.L. Tchougreeff, Russ. J. Phys. Chem., 1999, v. 73, No 2, p. 259.

COMPUTING THE KEKULE STRUCTURE COUNT FOR
ALTERNATE HYDROCARBONS

Francisco Torrens
Institut Universitari de Ciéncia Molecular, Universitat de Valéncia, Dr. Moliner 50, E
46100-Burjassot (Valéncia), Spain

A fast computer algorithm brings computation of the permanents of sparse matrices,
specifically, chemical adjacency matrices. Examples and results are presented, along with a
discussion of the relationship of the permanent to the Kekulé structure count. A simple
method is presented for determining the Kekulé structure count of alternate hydrocarbons.
For alternate hydrocarbons, the square of the Kekulé structure count is equal to the permanent
of the adjacency matrix. Also, for alternate structures, the adjacency matNx &wms can

be written in such a way that only aN/2 x N/2 matrix need be evaluated. The Kekulé
structure count correlates with topological indices. The number of cycles improves the fit.
When comparing with previous results, the variance decreases 74%. The calculated standard
heats of formation correlate with the logarithm of the Kekulé structure count. This heat
increases 151kJ- niokach time that the Kekulé structure count is multiplied by nueber

PACIIO3HABAHHME CTPYKTYPHBIX ®OPMY.I JI51 PEIHEHUSA
3AJAY OPTAHUYECKOHU KOMIIBIOTEPHOU XUMHH

M. H. Tpopumos
Hucmumym opeanuveckoii xumuu um. H./].3enunckozo Poccuiickoit akademuu HAyK,
email: mtrofimov@online.ru

[Ipy pelwieHMM HWMPOKOTO Kpyra 3ajad OPraHUYECKOW  KOMIIBIOTEPHOW XUMHUM 4YacTo
BO3HUKAET HEOOXOAMMOCTh BBOJA B KOMIIbIOTEP MH(OPMALMKM O XUMHUYECKUX CTPYKTYypax
OpraHUYEeCKUX COeMHEHUN ¢ OyMa)KHOro HocuTeNs (KHWIH, XypHasa, ClpaBOUYHUKA U T.1.).
[Ipenyaraemasi B j1aHHOM pa0oTe METOAMKA ABTOMATMUYECKOrO BBOJA CTPYKTYpPHOMR
uHpOpMaLUK NpeAcTaBiseT co0Oi KOMIMO3MUMIO psijia LIMPOKO HM3BECTHBIX aJIrOPUTMOB
MalIMHHON rpaduKu W pacrno3HaBaHusi 00pa3oB (TaKMX, HampuMep, Kak npeodpazoBaHue
Xada), ananTUPOBAHHBIX € YYETOM KOHKPETHOW crneuuM(puKyd NpeaMeTHOH o0sactu -
opranuyeckas xumus. [IporpamMmmHuasi peanu3zaiusi METOAMKHM BBIOJHEHA Ha KOMITBIOTEPHOMN
mnatgopme Macintosh. BXOIHBIM HOTOKOM SBJSETCA H300pakeHHE CTPYKTYp - Habop
MoJeKyJIapHbIX rpados (MI') B pacTtpoBoM rpaduueckoM popmate (Hampumep, CTaHIaPTHBIN
it Makuntomwa ¢aiin gannbix tana PICT). BbIXogHOH MOTOK COCTaBJSIOT: MaTpHLbL
cmexHoctt MIT v martpuubl KoopauHar BepuwivH Juis  u3oOpaxenus MI'. Ilpouecc
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pacrno3HaBaHUS Ka)KJOi CTPYKTYpbl COCTOMUT W3 CIEAYIOIIUX TPeX CTaJWi: CKAHWPOBAHMS,
coOCTBEHHO pacno3HaBanus U GopmupoBanus MI'. [locsie BbInmonHEHHUs 3TOrO npouecca s
OYEPEIHONW CTPYKTYpPbl OH LHMUKJIMYECKU MOBTOPSAETCA IJ1s CAECAYIOLIECH, NOKAa BECh BXOAHOM
NOTOK He OyaeT ucuepnaH. DKCNEPUMEHTbI C pealibHbIMM CTPYKTYPHBIMU (QOpMyamu,
B3TBIMM W3 JINTEPATyPHBIX HKCTOYHUKOB CBHUJETENBCTBYIOT, YTO [UJISl pPAaclO3HABAHUS
KpaTHBIX CBS3€i HEOOXOAMMBI YCIIOKHEHUS, TPUUEM U3MEPEHUS TPOrPaMMHBIX peanu3anuii
MOKa3bIBAIOT, YTO 3TU YCJIOXKHEHHUS B 2 W Oojee pa3 yJIMHSIOT BpeMsl pacrno3HaBaHusi, a B
HEKOTOPBIX CITydasX CHMXKAETCS €ro JOCTOBEPHOCTh. [lo3ToMy mpu peanuzauuud METOIUKH
MpECTaBIISIeTCS ONPaBJAHHBIM MPUHATH Pa3yMHbIE OTPAHMUYEHUS. HA BO3MOXKHbIE CIIOCOOBI
MPEACTABICHUST CTPYKTYp NOMJIEKAWMX paClO3HABAHUIO, KPOME TOro, B NPOrpaMMHOMN
peanu3aluMu CTOUT MPEeLyCMOTPETh BO3MOMXHOCTb OTKJIIOYEHMS! (DYHKLMH PACMO3HABAHMS
KpaTHbIX cBs3eil. OTaenbHOW 3ajauedd, BHE paMOK AaHHOW paloThl, sIBISETCS 3ajadya
KOMITBIOTEPHOTO paclo3HaBaHUsl CTPYKTYPHBIX (OpMyJl, COAEpKAlIUX TIeTepoaToMbl U
JPYTYI0 COMYTCTBYIONIYIO anaBUTHO-IIM(POBYIO HH(pOpMaluto (Hanpumep, 3HaUeHUs AJTUH
CBSI3€H, BKJIIOUEHHBIX HEMOCPEACTBEHHO B PUCYHOK CTPYKTYpbl). IlyTsimMu K penieHuio
Mo100HbIX 3a/1a4 MOXKET ObITb KaK KOMOMHALMS JAHHOW METOJMKHU C TUIOBbIMHM METOJAMH
OCR (Optical Chracter Recognition), Tak W mnepexoj Ha [0JlyaBTOMAaTHYECKUI PEKUM
pacrno3HaBaHus — MPU KOTOPOM MpOorpamMma pacro3HaeT JiMilb CTPYKTYPHbIN CKeJleT, a BBOJ
reTepoaTtoMoOB U MpOUeH MOMOJHUTENbHON MH(POpMALMUA MPOU3BOJUTCS 3aTEM BPYUHYIO C
MOMOIIBIO  CTEUANU3UPOBAHHOIO peaaktopa MI'. DTOT ke pegakrtop CHIy:KUT UENSIM
MPOCMOTPa ¥ KOPPEKLIMK BBIXOAHBIX AaHHBIX.

PACYET IAPAMETPOB SIMP JIs1 TUKJTAYECKHAX MOJIEKY.I
OPTAHUYECKUX COE/IMHEHUH

M. U. Tpodumos, E. A. Cmoaencknii
Hucmumym opzanuueckoit xumuu um. H,/[.3enuncrkozo Poccuiickoii akademuu HayK
email: mtrofimov@online.ru

[Ipennaraemslii pacueTHblii MeTO Oa3UpyeTCs HA NPEJIOKEHHOM PaHee aBTopamu crnocobe
pacyera 3JIeKTPOOTPULIATEILHOCTEH aTOMOB OPraHMYECKUX MOJIEKYJI ¢ BBEICHUEM MOMPABKU
Ha TOMOJIOTMYECKUE OCOOCHHOCTH Ui LIMKJIOcoAepKaumx Moneky [1]. Meroa He tpebyer
TPYJOEMKUX BbIYMCICHUI U MOXKET MPUMEHSTHCS JUJISl SKCIPECC-OLCHKU (PYHJaMEHTaIbHBIX
CBOMCTB IIMKJIOCOAEPKAIMX (B TOM YMCJIE apOMATUUECKUX) OPraHMYECKUX COCAVUHEHUM Mpu
pPEUICHUH IUPOKOrO Kpyra 3ajady OpraHuvecKoi KoMmblOTEepHOUW xumuu. KommbrotepHas
peanuzanys ImpejjgaraeMoil Moaenu mpeacTapisgeT coooii Moayas nporpaMmmbl EDIP[2]. C ee
MOMOUIbIO METOJl MCMBITAH AJiSl pa3jiMyHbIX KIACCOB OPraHUYECKUX COEJMHEHUH MyTeMm
CpaBHEHUS BbIYMCJICHHBIX 3HAUYEHUN KOHCTAHThI CIIMH-CIIMHOBOTO B3aUMOICHCTBUS Y13ch ¢
DKCMEPUMEHTATbHBIMU, B3ITHIMU U3 JIUTEPATYPHBIX UCTOUHUKOB.

JIMTEPATVYPA.

1. MMN. Tpodumos, E.A. CMOIeHCKUH. Onucanue 3aBUCUMOCTH
"DNeKTPOOTPULATELHOCT aTOMOB LIMKJIMYECKMX MOJIEKyJ1 - naHHblie AMP-cnexkrpockonuun”
B paMKax uHaekcHoro noaxona. // Ussectuss AH CCCP, cep.xum., 2000, N 3, ¢. 401-406.
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2. M.l Trofimov, E.A. Smolenskii, The EDIP-Solution for Index-Property Problem. //
International Symposium CACR-96 (Computer Assistance to Chemical Research), Moscow,
December 17-18, 1996. p. 104.

ORBITAL OPTIMIZATION IN THE AB INITIO GENERALIZED
RELATIVISTIC VALENCE BOND METHOD

[.I.Tupitsyn(+), V.G.Kuznetsov(+), M.G.Kozlov (++)
(+) Physics Department,St.Petersburg State University, Russia. (++) St.Petersburg Nuclear
Physics Institute, Gatchina.

In the previous works we introduced ab initio nonrelativistic and relativistic Generalized-
Valence-Bond (GVB and RGVB) full-electron methods with nonorthogonal numerical basis
set build up of one-electron atomic-like functions localized at different centers. These
numerical function were obtained by solving the integro-differential Hartree-Fock-Dirac
(HFD) equations for each atom of the molecule. To eliminate the continuum states from
complete basis set we used as virtual atomic orbitals the Sturmian-type orbitals, which were
found by solving the integro-differential Dirac-Fock-Sturm equations. The total molecular
wave function was taken as a linear combination of Slater determinants, each of them was the
antysimmetric product of Slater determinants for the separate atoms, Various electron
configurations (including ionic one) were considered for different atoms, consisting the
molecule. The many-electron states of molecule within the proposed RGVB method were
found as a result of the configuration interaction (Cl) procedure based on solving the
generalized eigenvalue problem. The aim of the present work was to improve a quality of CI
expansion in the proposed RGVB method using an optimization procedure of the atomic-like
functions. This procedure is based on the unitary rotations within the space of orthogonal
orbitals belonging to one center. It is the well known property of the unitary matrix that it can
be written as the exponential of an anti-Hermitian matrix. The latter can be arranged to a
four-block form with submatrices corresponding to transformations of atomic-like orbitals
within and between occupied and unoccupied atomic one-center spaces. We don\'t consider
rotations within both spaces, putting two diagonal submatrices to zero. The rest off-diagonal
submatrix elements we find using generalized Brillouin\'s theorem for total wave function of
molecule. To demonstrate the advantages of the proposed improved ab initio RGVB method
with orbital optimization we performed the full-electron multicofiguration RGVB
calculations of the adiabatic curves, spectroscopic constants and dipole moments for a
number of diatomic molecules. All single, double and partially triple excitations of electrons
were taken into account. As objects the molecules AgH, AuH, HJ, HBr, HCI and YbF were
chosen.
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THE ACTIVE CENTERS DISTRIBUTION ON STRUCTURE AND
STEREOSPECIFICITY OF ACTION UNDER THE
POLYMERIZATION OF DIENES ON NdCI3 3TBF-AIR3 CATALYTIC

SYSTEM

Vadim N.Urazbaev, Vitaly P.Efimov, Zufar V.Sabirov
Institute of Organic Chemistry (Ufa Scientific Center)

The formation of different active centers types is possible under diene polymerization on
lanthanide catalytic systems. These centers differ in structure, stereospecificity of action and
polymerization constants. The difference in structure is concluded in the fact that the nearest
environment of lanthanide atom on which polymerization occurs contains various number of
chlorine and carbon atoms. Active centers may be divided into six types by this indication. It
was shown with the help of quantum-chemical calculations, that for the first five active
centers types the terminal units of propagating polymer chain are is bonded preliminary by
pi-allyl bonds and they show cis-stereoregulating action. In the sixth active center type the
sigma-bonds are formed mainly and shows trans-regulation action. The influence of different
factors on the formation of either these or another active centers set and consequently on the
stereoregulation was analyzed.

MOLECULAR DYNAMICS SIMULATIONS OF THE SH(A) RADICALS
IN KRYPTON MATRICES

D. A. Firsov, B. L. Grigorenko and A. V. Nemukhin
Laboratory of Chemical Cybernetics, Department of Chemistry, M. V. Lomonosov Moscow
State University, Leninskie Gory, Moscow, 119899 Russia

Properties of the SH radical both in the free state and in different environments attract
considerable attention of several research groups. Also, the structure and spectra of the van
der Waals clusters containing the SH fragment and rare gas atoms, have been extensively
investigated. In particular, the emission spectrum of SH radicals in solid krypton at 7.5K
shows two peaks. The dominating peak is located at the wavelength 413 nm and possesses
the lifetime 750 ns. The other one is located at 375 nm with the lifetime 350 ns. We check the
assumption that these two peaks corresponded to the same system of bands A (v\'=0) - X
(v\'\"), but originate from two different trapping sites in the excited electronic state. Potential
energy surfaces of the SH@Krn cluster was constructed with the diatomics-in-molecules
(DIM) method. In the excited state the potential surface possesses two minima (of 1706 cm-1
for SH...Kr and about of 1400 cm-1 for Kr...SH geometry) separated by a saddle point. The
molecular dynamics procedure is organized as follows. The SH species is inserted into a
random position near the center of the fragment of the krypton fcc lattice composed of 256
atoms in a random orientation of its diatomic axis with respect to the lattice origin. Then the
krypton atoms found closer to both S and H centers than rmin are deleted. At the beginning,
each trajectory proceeds on the lower potential energy surface, correlating with the channel
SH(X) + Krn. The scaling of velocities is performed. The length of this part of a trajectory is
about 10-12 s. Then the trajectory is switched to the upper electronic surface, by starting from
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the positions of all atoms on the lower surface. The length of the second part is about 10-11 s
with the time integration step varying within 0.2 - 0.5 fs. At every 10th integration step the
current data are selected for calculations of the spectrum, lifetimes and spatial correlation
functions which are finally obtained after averaging over integration steps. Usual periodical
boundary conditions are imposed on the trajectories. By numerical integration of the one-
dimensional Schrodinger equation with DIM-modified one-dimensional potentials the sets of
vibrational levels are computed along trajectories. After averaging over time steps energy
differences and overlap integrals of the vibrational wavefunctions (the Franck-Condon
factors), the spectrum associated with a given trajectory is therefore obtained. Calculation of
the lifetimes is performed using the formula: t-1=(4/3c2)<v\'|DU3D2|v\', where |v\' denotes
the corresponding vibrational eigenfunction of the upper state, DU is the difference potential
of both electronic states, D is the transition dipole moment function, c is the velocity of light.
In this work the representation of the spatial distribution of krypton atoms surrounding the
trapped SH radical is used as distribution maps, which are constructed in temporary
coordinate systems associated with the SH fragment. We subdivide the trajectories to two
types by location of dominating peak in spectra. We can assign trajectories of type (a) to the
spectrum with the dominating peak (#1) at a shorter wavelength (340-350 nm), and
trajectories of type (b) to the spectrum with the dominating peak (#2) at a longer wavelength
(390-400 nm). According to the calculations of lifetimes, for all trajectories of type (a), the
values between 550 and 600 ns are obtained, while for trajectories of type (b) noticeably
higher values 800 - 840 ns are computed. The distinctively different values of lifetimes of
peaks (#1) and (#2) in a correct sequence provide strong support to the suggested
interpretation of the observed spectrum: shorter-lived peak (#1) is associated with a trapping
site with a movement of SH (A) inside the lattice, and longer-lived peak (#2) is associated
with a site, where a relatively tight tri-atomic complex is formed. A reasonable
correspondence of the parameters, which can be obtain both in experiment and theory,
supports a description of the matrix sites, which can drawn only from simulations. Namely,
emission of SH in krypton environment originates from two different matrix sites in the
excited electronic state.

THEORETICAL INVESTIGATIONS OF 1,4-BUTANEDIOL AND 2-
BUTENE-1,4-DIOL CYCLODEHYDRATION USING
POSTPROCESSING VISUALIZATION OF QUANTUM CHEMICAL
CALCULATION DATA

M.Fleisher, V.Stonkus, L.Leite, E.Lukevics
Latvian Institute of Organic Synthesis, 21 Aizkraukles Str., Riga LV-1006, Latvia,
Phone (371) 7551822; Fax (371) 7550338; E-maiishae @osi.lv

The cyclodehydration of 1,4-butanediol and 2-butene-1,4-diol into tetrahydrofuran and
2,5-dihydrofuran, respectively is industrially important reaction occuring in the presence of
acidic dehydrating agents such as silica gel, alumosilicate, zeolites or, for example, cobalt
catalysts supported grAI,O;3, kieselguhr and silica-alumina.
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CHZCHZOH cat. CHCHZOH cat.
| ~Ho ol o

-H,0 , -H,0
CH,CH,OH o CHCH,OH o

The reactions are carried out in vapour phase at 190-300°C and the yields of
tetrahydrofuran and 2,5-dihydrofuran reach 93-100%.

In the present work the transformation of diols on acidic and basic active centers of
heterogeneous catalysts was studied by AM1 Hamiltonian. The data on the changes in
geometry during the optimization process were converted to the form suitable for molecular
animation programs. Such method gave the possibility to establish the peculiarities of the
reaction mechanism and the difference between the transformations of both diols.

The protonation of OH group was simulated by th&idd directed to the O atom along
~H"

-
the C-O bond of the alkanol molecule fragm(cfo\n . The basic sites were modelled
by (HOXSIO clusters. In accordance with our calculation the semicyclic conformers take
part in cyclodehydration reaction in both cases. 1,4-Butanediol after protonation of one OH
group, proton annexation from other OH group by basic surface center and loss of water,
transformed into five-membered cycle — tetrahydrofuran. The linear conformer of 1,4-
butanediol after the loss of water and proton annexation from the second OH group gaves as
the intermediate the five-membered cywia C(2)---H---O bonds formation which then
transformed to unsaturated alcohol 3-buten-1-ol.

2-Butene-1,4-diol interacted at first with basic center forming surface O-H group. Then
protonation of other OH group, dehydration and five-membered ring closure resulted in 2,5-
dihydrofuran formation occurred.

MULTICONFIGURATIONAL GREEN\'S FUNCTION APPROACH
WITH QUASI-DEGENERATE PERTURBATION THEORY

V. F. Khrustov, D. E. Kostychev
Department of chemistry, Moscow state university, 119899, Moscow, Russia

Green's function or propagator approaches providing direct determination of electronic
transition characteristics, ionization potentials, and electron affinities in atoms and molecules
may allow to produce estimation techniques of higher accuracy and computational efficacy
with respect to traditional quantum chemical ones, which are primarily oriented toward
evaluation of individual states wave functions and properties. However, realization of these
potential advantages is restrained with the two shortcomings of current propagator approach
techniques. The first of them is the absence of criteria, based on the very propagator
formalism, for consistent choice of reference state wave function (RSWF) and excitation
operators system (EOS) in all current methods of propagator poles and residues evaluation,
besides those based on the apparatus of perturbation theory for non-degenerate level. The
absence of these criteria and employment of RSWF and EOS not properly balanced in the
framework of unique approach result in violations of estimated and narrows the applicability
area of propagator approach. We suggest a new approach to evaluation of propagator poles
and residues with RSWF constructed on the base of multidimensional model space with the
aim to remove aforementioned shortcomings. This approach is constructed for model spaces
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of special structure, but the restriction introduced here for associated basis set composition is
regularly adopted in multireference approaches. As it is illustrated by several examples, the
types of model spaces suggested in the framework of the presented approach do not create
hindrances for exploiting size-extensive RSWF derived by some versions of multireference
coupled cluster method or quasi-degenerate perturbation theory (QDPT) on the base of
incomplete model spaces. It is proved that the energy dependent polarization propagator (PP)
expression in this approach may be formed with the modified EOS, which contains the
subsystem of operators associated with transitions within the cluster of quasi-degenerate
states including the reference one. The main aim of this modification realizing the structure
concordance of RSWF and EOS consists in providing the subdivision of PP expression
according to the orders of QDPT. Receding from the assumption that one configuration state
function dominates in RSWF and consistency of the RSWF and EOS structures master the
main encumbrance for creation internally consistent methods of PP poles and residues
estimation with a multireference RSWF of an arbitrary composition, and the perspective of
PP formalism application for evaluation of characteristics of transitions between electronic
states of molecules as functions of nuclear coordinates becomes actual. On the base of the
suggested composition of (RSWF, EOS) pairs the approximations of PP in zeroth order and
through the first order of QDPT are constructed. The delivered PP approximations are
juxtaposed with variational methods, response theory and traditional PP approaches. In
particular, the multiconfiguration random phase approximation is revealed to hold an
intermediate position between the two PP approximations constructed on the base of QDPT.
An analogous scheme for the evaluation of electron propagator poles and residues is
presented.

HYDROGEN ATOM DYNAMICS INSIDE A SPHERICAL CAVITY

M.E.Changa, A.V.Scherbinin, V.l.Pupyshev
Department of Chemistry, Moscow State University

The one-electron atom in a spherical cavity with impenetrable walls is known as the simplest
model of influence of the environment on the behaviour of atomic and molecular systems
since at least 1937. In the present work, we calculate the transition spectrum of the one-
electron atom in a spherical cavity, i.e. frequencies and intensities of transitions between
stationary states. The solution of the Schrodinger equation was carried out within the
adiabatic approximation, and the calculation of the transition probabilities - within the dipole
one. The electronic problem was solved within different approximate methods: perturbation
theory, variational and finite-difference ones, and the results obtained are compared with each
other. The adiabatic potentials are calculated for different cavity radii and their behaviour is
analysed qualitatively. A criterion is formulated that permits to determine the equilibrium
position of the nucleus at the centre of the cavity or off-centre. The matrix elements of the
dipole momentum operator between the electronic wavefunctions are also calculated as
functions of the displacement of the nucleus off the centre, the behaviour of the curves
obtained is analysed qulitatively. The nuclear motion problem is solved by using the finite-
difference method with subsequent evaluation of squared transition momenta and intensities
of spectral lines. The rovibrational spectrum in the ground electronic state is calculated and
its qualitative features are explicated within the three-dimensional isotropic harmonic

149

Bcepoccuitckan mkona-konepenyua no plucaIumenbHoi U K6aHMmMogou xumuu um. B.A.Qoka,
Hoezopoo Beaukuit, 21-25 man 2001 2. Fock School for Quantum and Computational Chemistry,
Novgorod, May 21-22, 2001




Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001
Komnbromeproe obecneuenue xumudeckux ucciedosanuit, Mockea, 22-23 man 2001 2.

oscillator model. The harmonic frequency asymptotics in the limit of small cavity radii is
found. The relative positions and contour forms of the spectral bands are discussed. The work
presented gives a consecutive and rather complete analysis of the problem considered. The
gualitative conclusions made would be of interest for the purpose of interpretation of real
molecule-medium interactions. (RFBR N 98-03-33232, 01-03-32116).

AN APPROACH TO THE SOLUTION OF THE ONE-DIMENSIONAL
SCHROEDINGER EQUATION

N.A.Chekanov, Kh. Elhajjab, N.V.Kamyshanchenko
Belgorod State University

Since the pioneer investigation of Swimm and Delos [1] there are many works(see, for
example [2-8]) that are devoted to the quantisation problem of the classical Hamiltonian
systems on the basis of the Birkhoff-Gustavson normal form (BGNF) method [9,10]. In order
to find the energy spectrum of the one-dimensional Schroedinger equation we are going the
following way. At first we introduce the auxiliary scalar function that plays the role of the
classical Hamiltonian function. Making then the canonical transformation to new canonically
conjugated variables we reduce the auxiliary Hamiltonian function to the classical BGNF.
With the help of the Weyl correspondence rule we construct the quantum BGNF as
differential operator which gives the approximated expression for the Hamiltonian operator in
the initial Schroedinger equation. The eigenproblem for quantum BGNF one solves easily
and its solution gives us the analytical approximated formula for the energy spectrum of the
initial Schroedinger equation. For a partial type of Hamiltonian operator with quartic part the
calculations are performed and a comparison with known results of other authors is made
[11,12]. It should be noted that the proposed approach is limited to a sufficientlly small
nonlinear part of the Hamiltonian operator. But in spite of the partial choice of the
Hamiltonian operator this approach is valid for wider classes of the Hamiltonian operator and
evidently may be applied to many-dimensional systems. This work is supported partially by
the Russian Foundation for Basic Research (grant No.00-02-16337) and the St.-Petersburg
University (grant No.97-0-143-5). 6. References 1. Swimm R.T. and Delos.J.B. J. Chem.
Phys., 1979, 71, 1706. 2. Jaffe Ch. and Reinhardt W.P. J. Chem. Phys., 1982, 77, 5191. 3.
Shirts R.B. and Reinhardt W.P. J. Chem. Phys 1982, 77, 5204. 4. Robnik M. J. Phys.: Math.
Gen., 1984, Al17, 109. 5. Uzer T., Marcus R.A. J. Chem. Phys., 1984, 81, 5013. 6. N. A.
Chekanov N.A. Jad. Fiz., 1989, 50, 344. 7. Farrelly D. et.al. Phys. Rev., 1992, A45, 4738. 8.
Chekanov N.A., Gusev A.A., Krasilnikov V.V. Ghurn. Fiz. Khim., 2000, 74, 101. 9. Birkhoff
G.D. Dynamical Systems. New York, A.M.S. Coll. Publ., 1927. 10. Gustavson F.G. The
Astronomical Journal, 1966, 71, 670. 13. Ali M.K. J. Math. Phys., v. 26, No. 10, 1985, p.
2565. 14. Banerjee K., et. al. Proc. R. Soc. Lond., 1978, A 360, 575.
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DMRG STUDY OF ZERO-TEMPERATURE MAGNETIC ORDERING
IN POLYALLYL SPIN 1/2 CHAIN

V.0O.Cheranovskii and 1.Ozkan
Middle East Technical University, 06531 Ankara Turkey Kharkov National University,
61077 Kharkov Ukraine

We studied zero-temperature magnetic ordering in a model organic ferrimagnet- polyallyl
spin-1/2 chain as a function of the exchange integral J describing the interaction between
spins of radical centers and the main chain. Density matrix renormalization group method
(DMRG) and exact diagonalization study of finite lattice clusters demonstrated that for small
applied field, the difference in zero-temperature magnetization of the sublattices takes
maximum values at J=0.70 (in units of exchange integral for the main chain). It is shown that
there is a critical value of magnetic field, above which this ferrimagnetic ordering is
destroyed. We also present the results of DMRG calculations that show the gap character of
excitations without decrease of total spin for the values of J more than 0.40.

POLYMERIZATION AND COALESCENCE OF SINGLE-WALLED
NANOTUBES

Leonid Chernozatonskif, Madhu Menon”®
& Institute of Biochemical Physics, Russian Academy of Sciences, Moscow 117977
IDUniversity of Kentucky, Lexington, Kentucky 40506, USA

Mechanism of polymerization for both doubly crossed (n,m) the single-walled nanotubes
(SWNT) and two parallel SWNT’s by means of cycloaddition process is discussed. Coupling
of two parallel neighbor nanotubes is energetically favorably under the «zipper» scheme.
After readjustments of 2+2 cycloaddition of some atom pairs, step by step polymerization
takes place along line between the tubes. Role of hydrogenation in the process of coupling
and coalescence of SWNT is discussed. The «zipper» mechanism is used to explain: 1)
formation of double diameter nanotubes under high temperature and light atom flow
treatment [1] — we considered nonchiral and chiral SWNT’s; 2) transformation of molecular
coupled nanotube rope into graphite needle under high pressure treatment [2]; 3) formation of
different zeolite structures like considered ones in [3].
Geometrical and electronic structures of the new polymer forms have been computed by
using molecular mechanics and a generalized tight-binding molecular-dynamic (GTBMD)
method [4]. Energetic characteristics show high stability for all considered structures.
Furthermore, electronic band structures and DOS of SWNT polymers show changing of
electronic properties of original SWNT ropes, for example, from original (6,6) SWNT metal
molecular crystal (abp” atoms) to high dielectric gap crystal with siif atoms.
Some of considered structures have good agreement with experiments [1, 2, 5]).
This work was supported by Russian Government Program and Russian Fundamental Fund
of Investigation and NSF.
3. P. Nikolaev, et al. Chem.Phys.Lett. 266 (1998) 322; S. Bonnamy et al. Proc. Carbon
Conf., Tokyo, Nov.1998.
4. E.D. Obraztsova et al. in Elecrtonic Properties of Novel Materials. Proc.
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WINTERSCHOOL'99, Kirshberg. AIP Conf.Proc.486, N.Y. 1999.
5. L.A. Chernozatonskii. Chem.Phys.Lett. 297 (1998) 257.
6. M. Menon, E.Richter, K.R.Subbaswamy, Phys.Rev. B 57 (1998) 4063.
7. M. Popov, M. Kyotani, Y. Koga et al. Phys. Rev. B (2001, in press).

I'maPuabl KOPAHHYJIEHA U ®YJIVIEPEHA Cg KAK
MOTEHIHUAJBHBIE JIMTAHJIBI B n*- U n*-TtEKOMILIEKCAX C
HEPEXOAHBIMU METAJIJIAMM.-

AJL YUncrakos, 1.B. CtankeBnu
Hncemumym snemenmopzanuueckux coeounenuiit PAH, Mockea 117813, yn. Basunoesa 28

C uenblo moucka crnoco00B XMMHUUYECKON MOAM(UKALIMKA TOTUIAPUUECKUX MOJIEKYI
tuna (QyijgepeHoB W MX  4HaleoOpa3HbIX — Mpe/IeCTBEHHUKOB, CMOCOOCTBYIOIIUX
crabumszanuu N"-TEKOMIUIEKCOB (N>2) TaKMX CHUCTEM C aTOMAaMM INEPEXOIHBIX METAIIOB
Heomnupuueckum metogom HF/3-21G, a Taxoke nomysmnupuueckum merogom MNDO/PM3,
paccuuTaH psan Takux ruapunaoB ¢ymnepena Cep M Monekyibl kopaHHyldeHa CooHig B
KOTOpBIX aTOMbl BOAOPOJA BBIACISAIOT B YIJIEPOJHBIX OCTOBaX OJTUX CUCTEM WU
OyTaaueHoBble, WM (yIbBEHOBbIE, WM aUIUIbHbIE (parMeHTbl. A MMEHHO, MPOBEACHO
MOJISJIMPOBAHUE CTPYKTYPbl M 3JIEKTPOHHOIO CTPOEHMS CJIEAYIOLUMX YIJIEBOJOPOIHBIX
MOJICKYJI M paJMKaloB Ha OCHOBE KopaHHyJsieHa U ¢ysuiepera: CooHig (1), CooHi2 (2), CooH14
(3), CyoHig (4), CooHig (5), CeoHa (6), CooHs (7), CeoHe (8). JlomosiHHUTEIbHBIE aTOMbI
BOAOPOJA B 3TUX CHUCTEMAX pacrojioXeHbl TaKMM o0pa3oM, 4YTO B KaXIOW W3 HUX
BbLIJISIETCS UK OyTaMeHOBbIN UK (YyJIbBEHOBbIN, WK aJNTMIIbHbBIN (parMeHThI.

Pe3ynbTathl pacueToB HMCMOJIb30BaHbl [l KAYECTBEHHBIX OLIEHOK BO3MOKHOCTH
CylmecTBoBaHMS N*- 1 N>-TEKOMILIEKCOB 3THX COSTMHCHHIL.

Meronamu HF/32-1G v ¢yHkuuoHasiom mioTHocT B npubmmxkenun PBE (D.N.
Laikov, Chem.Phys.Lett.,281 (1997 151) paccunTambl Cleaylolye ruroreruyeckue N1t
KOMILJICKCHI: C20H14Fe(CO); (10), ConlsFE(CO} (11), C60H4Fe(CO); (12) U CﬁoHeFe(CO);
(13). OmpeneneHO TreoOMETPHYECKOE M 3JEKTPOHHOE CTpoeHue komiuiekcop 10 - 13,
[losyueHHbIC OLEHKH SHEpruil N*-TEcBsi3eil B 9TUX COCAMHEHMUSIX, MOJYYCHHBIE STUMH
METO/IAMH, COIJIACYIOTCs Mexay coOoi. OJHAKO OHM OKa3ajiuCh HEMHOIO HHUXKE, HO
CPaBHUMbIME C SHeprusimu N -Tecesiseil B kommiekcax CeoHsFeCp (L5), CaoHsFeCp (L6)
CaoHsFeCp 6) u FeCpz (17).

PaGora noanepxfHa Poccuiickum @onjgom DyHaameHrtanbHbix McciepoBanuid,
Poccuiickoli Hay4yHO-TEXHMUUYECKOW NpOrpamMmoil «AKTyajbHbIE HamnpaBjieHUs B (U3UKE
KOHJICHCUPOBAaHHBIX Cpeay», mnoarnporpamMmma «DynnepeHbl 1 aTOMHbBIE KIacTepbl», a TaKKe
rpanTom 9.4.06 MuHHayKH, TPOMBILIJIEHHOCTH U TEXHOJIOTUM.
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AUTOMATIC QUANTUM CHEMICAL PROCEDURE OF
CORRECTION OF OPTIMIZED GEOMETRIES OF FREE RADICALS

N.D. Chuvylkin, I.A. Suslov, A.M. Tokmachev
N.D. Zelinsky Institute of Organic Chemistry
L.Ya. Karpov Institute of Physical Chemistry

The structural parameters of free radicals calculated by semiempirical methods are often very
different from the experimental ones. It immediately causes the poor description of
experimental magnetic resonance parameters with the use of geometries optimized by these
methods. We have analyzed structural parameters of a test set of free radicals calculated by
ab initio (UHF/6-31G’) and DFT (UB3LYP/6-31G) methods as well as semiempirical
variant MNDO/UHF. The first two methods, unlike the third one, provide structural
information well corresponded to the experimental data. For the formyl and vinyl radicals the
differences between the reliably determined valence angle and one calculated by MNDO
method exceed a few tens of degrees. We propose the criterion (G-function) which makes it
possible to evaluate the quality of the whole set of calculated magnetic resonance parameters
(isotropic hyperfine coupling constants, anisotropic hyperfine coupling tensors and g-
tensors). It is established that the largest differences between the calculated by MNDO
method and experimental magnetic resonance parameters are observed for sigma-electron
radicals when their calculated structural parameters are far from experimental ones. In going
from the energy-optimized geometry to the experimental one the quality of calculated
magnetic resonance parameters is significantly improved. It allows the automatic procedure
of correction of structural parameters of free radicals to be developed by means of
minimizing the G-function, i.e. the discrepancies between the calculated and experimentally
determined magnetic resonance parameters. The application of this procedure to free radicals
which geometries are poorly described by MNDO method causes the structural parameters to
be well corresponding to those observed experimentally or calculated by DFT. When the
differences between the calculated and experimental magnetic resonance parameters are
small (G-function is no more than 10) the application of geometry correction procedure is
redundant.

COMPARATIVE EFFICIENCY OF QUANTUM CHEMICAL
METHODS IN CALCULATIONS OF PROTON ISOTROPIC
HYPERFINE COUPLING CONSTANTS IN FREE RADICALS

N.D. Chuvylkin, A.M. Tokmachev, I.A. Suslov
N.D. Zelinsky Institute of Organic Chemistry
L.Ya. Karpov Institute of Physical Chemistry

Extraction of structural information from ESR spectra can be brought off successfully by
application of suitable quantum chemical procedures. We have compared the efficiency of
standardab initio (UHF/6-311G) and DFT (UB3LYP/6-3115) methods as well as
semiempirical MNDO variant in calculations of proton isotropic hyperfine coupling constants
taking 15 well experimentally studied free radicals as examples. To estimate the proton
isotropic hyperfine coupling constants in the framework of MNDO approach we used the
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new MNDORU procedure [1,2] based on the separate account of delocalization and
polarization contributions to the spin population of 1s-AO of H atom [3]. The comparison of
calculation results with the experimental data gives evidence of the preference of DFT
approach in estimating the proton isotropic hyperfine coupling constants in free radical
systems with small number of atoms. Within the scopabdhitio approach the same quality

of the results can be achieved only by adoption of more extended (than 6)31ds3s sets.

The MNDORU procedure can successfully replace the DFT approach in analyzing the
constants of isotropic hyperfine coupling with nuclei of heavy atoms even in the case of
relatively small radicals provided that their structural characteristics are correct. For fairly
complex paramagnetic systems the DFT methods become rather time-consuming, and hence
the use of MNDORU procedure seems to be expedient since it results in quite satisfactory
estimates of proton isotropic hyperfine coupling constants. References.1) N.D. Chuvylkin,
A.M. Tokmachev/zv. AN, Ser. Khim1999, p. 1459. 2) N.D. Chuvylkin, A.M. Tokmachev,
Mend. Comm.1999, p. 183. 3) N.D. Chuvylkin, A.M. Tokmachdgzy. AN, Ser. Khim.

1999, p. 245.

SOLVATION OF MOLECULAR COMPLEXES. A COMBINED SELF-
CONSISTENT-FIELD AND INTEGRAL EQUATION STUDY

Chuev G.N., Tikhonov D.A.
Institute of Mathematical Problems of Biology RAS, Institute of Theoretical and
Experimental Biophysics RAS, Pushchino, Moscow Region 142290

The study of electronic structure of molecular complexes in solution is of considerable
interest to theoretical chemistry since most of the chemical reactions are observed in solution.
The main goal of this report to develop a method, which can take account for the relations
between quantum chemical and solvent thermodynamic properties. This method is based on a
hybrid approach including quantum chemical calculations and the integral equation theory
(IET). We suppose that the electronic and the solvent distributions are coupled through the
electrostatic interactions between the interaction sites assigned to solute and solvent. We
apply reference-interaction-site-model (RISM) to treat molecular aspects of solvent within a
reasonable cost of computation. The latter version of integral equation method is widely used
to investigate a wide variety of processes in liquids, in particular, to calculate the local
microstructure of solvent around a solvated molecular complex. The RISM allows us to
calculate site-site correlation functions and find distribution of solvent molecules around the
solvated complex. These solvent molecules induce an electrostatic potential, which can be
calculated via the site-site correlation functions. The above potential can be considered as
external field acting on the electronic structure of solvated complex. Therefore, we can use
conventional quantum-chemical methods (for example MOPAC package) to calculate the
electronic structure of the solvated complex subjected to the external field. The evaluation of
the electrostatic potential and electronic structure is to be optimized in a self-consistent
manner resulting in microscopic self-consistent field (SCF) calculations of combined
RISM—SCF equations. We have applied the method to calculate energetic and structural
characteristics of solvated positronium and electron and compared the obtained results with
the experimental data. The results obtained by us indicate that although the absolute values of
energies of solvated electron and positronium, found by the RISM-SCF method, can be
quantitatively differ from the experimental values, such calculations are very promising for
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evaluation of structural parameters of solvated complexes. The work was supported by RFBR
grants 01-03-32529 and 01-04-97032.

MOLECULAR MAGNETISM OF SILICON NANOSTRUCTURES:
QUANTUM-CHEMICAL PREDICTIONS AND EXPERIMENTAL
EVIDENCES

E.F.Sheka
Russian Peoples' Friendship University, Moscow, Russia

In the current paper molecular magnetism is considered for the first time for inorganic
species, namely, for silicon nanostructures. Small clusters, fullerenes of a buckyball type,
nanowires, crystal surfaces and a porous body present the species. Quantum-chemical view of
molecular magnetism is outlined on the basis of detailed SCF LCAO MO calculations, the
main part of which has been performed by using a semiempirical AM1-approach
incorporated in both one-processor CLUSTER-Z1 [1] and multi-processor MP-AM1 [2]
packages making allowance for large atomic systems to be tackled. In the last case the
calculations were carried out at a PC-cluster system combining 16 processors. The observed
peculiarities of the molecular magnetism of silicon nanostructures are suggested to be
connected with a strong tendency of silicon atoms to keep sp3-configuration of their valence
electrons predominantly. Unpaired electrons which do not participate in interatomic bonding
populate delocalized antibonding molecular orbitals and take part in spin density formation.
The density, rather significant by value, causes a pronounced stabilization of the high spin
ground states of silicon nanostructures. 1. V.A.Zayatz, Software CLUSTER-Z1 for quantum-
chemical calculations in sp-basis\". Institute of Surface Chemistry, Nat.Ac,Sci of the Ukraine,
Kiev, 1991. 2. P.K.Berzigijarov, V.A.Zayatz, |.Ya.Ginzburg, V.M.Razumov, E.F.Sheka, MP-
AM1: parallel code for quantum-chemical calculations in sp-basis\". Institute of Chemical
Physics Problems, Russ.Ac,Sci., Chernogolovka, 2000.

FULLERENIC MODEL OF SILICON NANOWIRES
E.F.Sheka(1) , E.A.Nikitina(1,2), V.A.Zayatz, I.Ya.Ginzburg(3)

(1) Russian Peoples' Friendship University, Moscow, 117302 Russia (2) Institute of

Applied Mechanics of RAS Moscow, 117334 E-mail: nxreatex@cityline.ru (3) Institute of
Chemical Physics Problems of RAS, 142432 Chernogolovka, Mosc. distr., Russia

Silicon nanowires, recently produced from silicon atom gas on a HOPG surface [1], have
revealed a new type of silicon nanostructures. In the current paper. a nanowire is suggested to
be formed as a result of two polymerization processes. A primary one implies oligomer chain
formation and is responsible for keeping a discretely calibrated thickness of the wire. The
secondary process occurs between oligomer chains and provides the wire growth in length. A
buckyball fullerene Si60 is suggested as the basic building element, with a cross-sectional
width about 1 nm. A computational design of 4-nm and 7-nm wires has been performed by
using semiempirical software PM-AML1 [1], which makes allowance for calculations of large
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polyatomic systems in both sequential and massively parallel regimes. As shown, both
processes are energetically favourable with a clearly seen preference towards high spin states.
Therefore, the wires are expected to be magnetic, although in a rather peculiar manner since
instead of regular ordering in atomic spins inherent for crystalline surfaces, a distribution of
spin density is characteristic for oligomers which looks like a fractal one. 1. P.K.Berzigijarov,
V.A.Zayatz, |.Ya.Ginzburg, V.M.Razumov, E.F.Sheka, MP-AM1: parallel code for quantum-
chemical calculations in sp-basis\". Institute of Chemical Physics Problems, Russ.Ac.Sci.,
Chernogolovka, 2000.

MOLECULAR STRUCTURE AND CONFORMATIONAL DYNAMICS
OF NUCLEIC ACID BASES IN THE GAS PHASE AND WATER
SOLUTIONS

Oleg V. Shishkin
Department of Alkali Halide Crystals, Institute for Single Crystals, National Academy of
Science of Ukraine, 60 Lenina ave., Kharkiv, 61072 Ukraine

Quantum chemical calculations at the HF, DFT and MP2 levels of theory demonstrate that
pyrimidine ring in nucleic acid bases uracil, thymine, cytosine, isocytosine and guanine
possesses high conformational flexibility. Transition from a planar equilibrium conformation

to a sofa with relevant torsion angle 20 deg. results in an increase of energy of molecule less
than 1 kcal/mol. This property of heterocycle is determined by deviation of character of its
cyclic conjugated system from aromatic. Combined analysis of results of scan of potential
energy surface and vibrational data reveals at least two possible directions of easy
deformation of ring. Based on this approach it was demonstrated that population of non-
planar conformers every moment of time is 40-55 % at the room temperature. Results of
calculations indicate that pyrimidine ring in adenine also possesses notable degree of
conformational non-rigidity despite of its pure aromatic character. Analysis of ring out-of-
plane vibrations and potential energy surface topology around global minimum for adenine
and related compounds (purine, 4-aminopyrimidine and pyrimidine) reveals that
deformability is an intrinsic property of aromatic pyrimidine ring. Energy of deformation of
this heterocycle should be associated with change of degree of aromaticity. The relationship
between aromaticity and conformational flexibility was also established for such aromatic
compounds as benzene and azines. It was demonstrated that about 15% of benzene molecules
possess considerably non-planar geometry every moment of time at the room temperature.
Analysis of geometry of uracil, thymine and cytosine in polyhydrated complexes (11 water
molecules for uracil and thymine, and 14 for cytosine) calculated using B3LYP/6-31G(d)
method reveals significant deformation of nuclobases toward zwitter-ionic structure.
Especially great changes of geometry were found for cytosine. It was demonstrated that
structure of cytosine in polyhydrated complex can not be described by canonical formula. It
corresponds to superposition of two resonance structures with higher contribution of zwitter-
ionic one. However, frequencies of out-of-plane vibrations of the pyrimidine ring remain
almost unchanged. This allow to assume that deformability of heterocycle in these complexes
does not change significantly at least for relatively small amplitudes of deformations. This
conclusion is also supported by values of ring deformation energy for adenine-thymine and
guanine-cytosine Watson-Crick base pairs.
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EFFECTS OF ELECTRON CORRELATION ON LOCAL
CHARACTERISTICS OF ELECTRONIC STRUCTURE OF SOLIDS

R.A.Evarestov, A.l.Panin
St.Petersburg State University

Review of electronic structure calculations performed by authors to study the effects of
electron correlation on chemical bonding in crystals is presented. Molecular-crystalline (MC)
approach and periodic model of crystal (PM) were employed. Changes of charge values on
atoms, bond indices, and atomic covalencies when electron correlation is accounted on the
base of Post HF methods (MC approach) and DFT methods (PM approach) both in local
density approximation and with gradient corrections are considered. Basis of Gaussian type
orbitals and LCAO approximation of molecular and crystalline orbitals was used. As concrete
systems, crystals with different type of chemical bonding were chosen: purely covalent
silicon, ionic-covalent crystals SiC and cubic BN, crystalline titanium oxide TiO2 (rutile
structure) and Ti203 (corundum structure). For crystals Si, SiC,BN, TiO2 atomic charges and
overlap populations obtained in periodic model in basis of plane waves (with subsequent
projecting on AO of minimal basis) are compared with the results of LCAO calculations.
Both in MC approach and in periodic model account of electron correlation results in
decrease of atomic charges and bond indices as compared with the data of Hartree-Fock
calculations. Both in LCAO and plane waves bases trends in local characterisics changes of
electronic structure are similar in the series of crystals studied.

DFT THEORETICAL STUDY OF THE ALKANE
FUNCTIONALIZATION BY HETEROBINUCLEAR COMPLEXES
CONTAINING EARLY—-LATE TRANSITION METAL PAIRS

O.V. Yazev, Yu.A. Ustynyuk
NMR Laboratory, Department of Chemistry, M.V.Lomonosov Moscow State University

Development of effective catalytic systems of alkanes functionalization under mild biological
conditions is one of the most important problems of the modern chemistry. Heterobinuclear
complexes of macrocyclic Schiff bases containing early-late pairs of transition metals (Pt-Zr,
Rh-Zr) inside of the large ligand cavity in the close proximity to each other have been studied
as promising components of such catalytic systems. Unsymmetrical macrocycles were
constructed as the products of condensation of 2,6-diformylpyridine and 2,2\'-dipyrrol-5,5\'-
dicarbonic acid with diamines (1,2-diaminobenzene, 1,2-diaminoethane, 1,3-diaminopropane,
etc). Calculations have been performed by means of the gradient corrected DFT using PBE
exchange-correlation functional and large Gaussian basis sets with the help of analytical first
and second derivatives as implemented in the program PRIRODA developed by
Dr.D.N.Laikov. Structures of starting complexes and potential energy surfaces corresponding
to their interactions with methane, CO, £&hd GH,4 have been studied in detail as well as
the model reactions of methane carbonylation £4£30) and carboxylation (CHCOQO,).
Theoretical results show that heterobinuclear complexes under consideration able to bind
small molecules mentioned above and to activate C-H bonds in alkanes due to concert push-
pull type interaction of both metals with substrate. Activation barriers for methane oxidative
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addition are rather low. These results open a new approach to the design of catalytic systems
for alkane mild functionalization.

MODELING OF INTERNAL MOBILITY OF THE MOLECULE OF
DNA

Yakushevich L.V.
Institute of Cell Biophysics of the Russian Academy of Sciences

Recent investigations of the DNA molecule showed that the molecule has a rather moveable
structure. Moreover it was shown that the studies of the DNA mobility is of most interest
because the internal mobility plays an important role in biological activity of the molecule. In
this work we describe one of possible ways of modeling the internal DNA mobility based on
the hamiltonian formalism. To illustrate the approach we consider, as an example, the
modeling of the internal DNA motions associated with the process of unwinding of the DNA
double helix. We obtain corresponding dynamical equations and find their solutions. We
discuss merits and demerits of the model obtained. Different ways to improve the model and
the approach by applying new computer methods, new databanks and new methods of
visualizations are considered in details.
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CBOPHHUK
TE3NCOB JOKJIA1OB

Il mesxxnynapoanoro cummnosuyma "KomnboTepHoe
o0ecrieyeHre XUMHYECKHX HCCJIeI0BAHUH"
MockBa, 22-23 maa 2001 r.

u
3-eii Beepoccuiickoii mkoabI-KoH(pepeHUNH

10 KBAHTOBOM M BBIYMCJIHUTEJILHOM XuMuu uM. B.A.@oka
Hosropoa Besmkui, 21-25 mas 2001 r.

Penakrop k.x.H. U.H.Cenuens

Komnbrorepnas Bepctka .H.Cenuens

[Moanucano B neyats 10.05.01 dopmar 60x90 (1/8)

bymara odcerHas Ne 1 3aka3 Ne 01/05.01

Ven. Ieu.. 17,5 VYy.-uza.a. 20,0
Tupax 200 sk3.

Hayunblii 1 yueOHO-METOAMYECKUN UEHTP
117218, Mockga, b. Uepemyiukuackas yii., 34
Ten./dakc: (095) 7197981
Jlunensusa Ne UJT Ne 03683 ot 09.01.01
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