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LZjlZdh\kdbc <eZ^bfbj :e_dkZg^jh\bq� 
ZdZ^_fbd� ^bj_dlhj BgklblmlZ hj]Zgbq_kdhc obfbb bf�G�>�A_ebgkdh]h J:G 
 
 
>hjh]b_ ^jmavy� 
 
 Y jZ^ ij_^klZ\blv <Zr_fm \gbfZgbx kh\f_klguc k[hjgbd l_abkh\ ^hdeZ^h\
f_`^mgZjh^gh]h kbfihabmfZ �Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�
b �-_c rdheu-k_fbgZjZ ih d\Zglh\hc b \uqbkebl_evghc obfbb bf � <�:�NhdZ�
Im[ebdZpby kh\f_klgh]h k[hjgbdZ g_ y\ey_lky kemqZcghc � lZd dZd kh\j_f_ggu_
bgnhjfZpbhggu_ l_ogheh]bb iha\hebeb bgl_]jbjh\Zlv l_jjblhjbZevgh m^Ze_ggu_ �
ki_pbZebabjh\Zggu_ f_jhijbylby kj_^kl\Zfb \b^_hdhgn_j_gp -k\yab�  

Fu - h]jhfgZy kljZgZ� Z ]_h]jZnbq_kdb_ jZaf_ju \u^\b]Zxl b k\hb lj_[h\Zgby �
Bkihevah\Zgb_ kh\j_f_gguo bgnhjfZpbhgguo b l_e_dhffmgbdZpbhgguo kj_^kl\
iha\hebeh k[ebablv gZmqgh_ khh[s_kl\h� ;hevrh_ dhebq_kl\h ^hdeZ^h\�
ij_^klZ\e_gguo \ wlhf k[hjgbd_� - j_amevlZl jZ[hlu bkke_^h\Zl_evkdbo ]jmii� qe_gu
dhlhjuo jZ[hlZxl \ m^Ze_gguo ^jm] hl ^jm]Z gZmqguo p_gljZo � ;he__ lh]h� ijb
ih^]hlh\d_ kbfihabmfZ b rdheu [ueh iheghklvx bkdexq_gh bkihevah\Zgb_
ljZ^bpbhgguo [mfZ`guo ghkbl_e_c� \_kv h[f_g bgnhjfZpb_c ijhbkoh^be \
we_dljhgghc nhjf_ - j_]bkljZpby� ih^]hlh\dZ l_abkh\� jZkkuedZ bgnhjfZpbhgguo
khh[s_gbc b l�^� Wlh kms_kl\_ggh]h mkdhjbeh \_kv ijhp_kk ih^]hlh\db h[hbo
f_jhijbylbc� Y ohqm gZ^_ylvky� qlh gZ ke_^mxsbc kbfihabmf [hevrbgkl\h
mqZklgbdh\ ijb_^_l k ihjlZlb\gufb dhfivxl_jZfb � Z l_� dlh ih dZdbf-eb[h ijbqbgZf
g_ kfh]ml ijb_oZlv� [m^ml bf_lv \hafh`ghklv mqZkl\h\Zlv \bjlmZevgh� JZamf__lky�
nZdlhj ebqgh]h h[s_gby f_`^m mq_gufb g_khfg_ggh y\ey_lky qj_a\uqZcgh \Z`guf b
khojZgblky gZ ^he]h_ \j_fy�  

Y kqblZx kbfihabmf b k_fbgZj qj_a\uqZcgh \Z`gufb ih ke_^mxsbf
ijbqbgZf� Ij_`^_ \k_]h� ijbf_qZl_evgh� qlh h^gb ba i_j\uo gZmqguo f_jhijbylbc \
gh\hf lukyq_e_lbb k\yaZgu k bkihevah\Zgb_f dhfivxl_jguo l_ogheh]bc b bo
ijbf_g_gb_f \ obfbb� Dhfivxl_ju ij_h[jZabeb gZr fbj� k^_eZeb gZrb dhglZdlu
^jm] k ^jm]hf [he__ ijh^mdlb\gufb� Ijh]j_kk \ gZmd_ \ h]jhfghc kl_i_gb
hij_^_ey_lky kdhjhklvx h[f_gZ bgnhjfZpb_c� Bf_ggh ihwlhfm fu \kyq_kdb
ih^^_j`b\Z_f b kh^_ckl\m_f jZa\blbx bgnhjfZpbhggh-\uqbkebl_evghc
bgnjZkljmdlmju \ gZr_f Bgklblml_� b gZ^__fky� qlh wlZ kljmdlmjZ y\ey_lky k_cqZk
h^ghc ba emqrbo \ kljZg_� Djhf_ lh]h� g_kfhljy gZ h[t_dlb\gu_� k_jv_agu_ ljm^ghklb
^ey hl_q_kl\_gghc gZmdb� jhkkbckdb_ mq_gu_-obfbdb ih-ij_`g_fm ^_fhgkljbjmxl
\ukhdbc mjh\_gv gZmqguo bkke_^h\Zgbc b ^Zgguc k[hjgbd - _s_ h^gh lhfm
ih^l\_j`^_gb_� B gZdhg_p� ijbh[s_gb_ d kh\j_f_gguf dhfivxl_jguf l_ogheh]byf
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fheh^h]h ihdhe_gby jhkkbckdhc gZmdb� hq_\b^gh� [m^_l bf_lv h]jhfgh_ agZq_gb_ ^ey
jZa\blby jhkkbckdhc obfbb� 

Y `_eZx mqZklgbdZf kbfihabmfZ b rdheu k_fbgZjZ m^Zqghc jZ[hlu b gZ^_xkv �
qlh gh\u_ l_g^_gpbb \ \uqbkebl_evguo f_lh^Zo b bgnhjfZpbhgguo l_ogheh]byo \
obfbb� \uy\e_ggu_ \h \j_fy ^bkdmkkbc� jZah\vxlky mki_rgh b ijh^mdlb\gh� M gZk
\i_j_^b fgh]h jZ[hlu� B y l\_j^h \_jx� qlh gh\u_ dhfivxl_jgu_ l_ogheh]bb \g_kml
k\hc ^hklhcguc \deZ^ \ jZa\blb_ jhkkbckdhc obfbb� 
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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. Pletnev MOLECULAR 
MECHANICS – EFFECTIVE CRYSTAL FIELD CALCULATIONS OF LOW- AND 
HIGH-SPIN Fe(II) 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 
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>fbljb_\ :�<�� BkZ_\Z =�:�� KemdbgZ X�E�� BkZ_\ I�I. D<:GLH<H-
F?O:GBQ?KD:Y FH>?EV ><B@?GBY BHG: < =J:FBPB>BGH<HF D:G:E?
F?F;J:GU 

Dobrogorskaya Y.I., 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. 

:�0�'REURWYRUVNLL 1-BODY INTERATOMIC POTENTIALS CALCULATED IN QUASI-
FERMION APPROXIMATION: THEORY AND APPLICATIONS 

:�X� >h\`_gdh� K�:� DjZrZdh\ I:J:EE?EVG:Y G?CJHGG:Y K?LV K
M>:E?GGUF >HKLMIHF G: ;:A? J:KIJ?>?E?GGH=H DE:KL?J: W<F 

'ROJRY ?�D�� %DWDHY 9�$., Godunov I.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 K3H(SO4)2 - TYPE MATERIALS 

:�$� 'XORY� /� $� $EUDPRYD, 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 

B�<�?nbf_gdh� B�:�:[jhgbg� D�B�Dh[jZdh\ WE?DLJHGGH? KLJH?GB?�
HLGHKBL?EVG:Y KL:;BEVGHKLV B F:=GBLGH-J?AHG:GKGU?
I:J:F?LJU J:>BD:EH<� H;J:AMXSBOKY IJB J:>B:PBHGGHF
H;EMQ?GBBR?JKLB� 

V.P. Efimov, V.N. Urazbaev, Z.M. Sabirov S-CIS- AND S-TRANS-BUTADIENE 
COORDINATION ON ACTIVE CENTERS WHICH ARE GENERATED AT DIENES 
POLYMERIZATION ON CATALYSTS ON THE BASIS NDCl3.3TBF-AlR3  

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  

@mqdh\ :�<�� :jgZmlh\ K�:�I?JKI?DLB<U BKIHEVAH<:GBY ?>BGHC KJ?>U
J:KIJ?>?E?GGUO J?KMJKH< �GRID� >EY BGNHJF:PBHGGH=H
H;?KI?Q?GBY OBFBQ?KDBO BKKE?>H<:GBC 

AZcgml^bgh\ :�<�� Jh`dh\ :�G�� BkZ_\Z =�:�� >fbljb_\ :�<�� BkZ_\ I�I� 
FH>?EBJH<:GB? J:<GH<?KGHC =?HF?LJBB :FBGHDBKEHL <H
<G?RG?F WE?DLJHKL:LBQ?KDHF IHE? 
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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]ARENES [-C6H3(O-HO)-Y-]-4, Y=CH2, NH, 
O, SIH2, PH, S, P(O)H 

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

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

V.V. Zverev, I.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.I., Cherkasov A.R., Cherkasov R.A. VARIATIONAL 
&$/&8/$7,21 2) ?/(&7521,& K+(0,&$/ 327(17,$/ 2) $ 0$1<-
ELECTRON SYSTEM  

L�K�Ax[bgZ� <�N�JZamfh\� K�;�;jbqdbg� >�:�E_f_gh\kdbc
 D<:GLH<H-
OBFBQ?KDH? BKKE?>H<:GB? KMIJ:FHE?DMEYJGUO DHFIE?DKH< 4,4’-
>BIBJB>BEBEWLBE?G: K GBLJ:LHF K?J?;J: � 

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 CH4· H2O AND SiH4· H2O  

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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H� =� DZebgZ� :� E� Qbklydh\� B� <� KlZgd_\bq� ;� E� LmfZgkdbc BKIHEVAH<:GB?
>:GGUO D<:GLH<H-OBFBQ?KDBO J:KQ?LH< >EY HIJ?>?E?GBY
J?:DPBHGGHC KIHKH;GHKLB G?DHLHJUO NMEE?J?GH< B BO
IJHBA<H>GUO < IJHP?KKK:O J:>BD:EVGH=H IJBKH?>BG?GBY  

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

Ilya 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 

>�<� Dhjhevdh\ WE?DLJHGG:Y KLJMDLMJ: :>:F:GL:G: 

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 

:�:�Dm[Zkh\� G�N�Kl_iZgh\� Y�<�Lbobc� ?�;�Ebgvdh\Z FH>?EBJH<:GB?
<A:BFH>?CKL<BY IJHKLUO KIBJLH< K EVXBKH<KDBFB P?GLJ:FB
P?HEBLH< F?LH>HF DFT 

Kudich A.V., Bataev V.A., Abramenkov A.V., Godunov I.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(I) CYANO-
COMPLEXES FROM WATER SOLUTION  

V.G.Kuznetsov, A.I.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  

F�;�Dmavfbgkdbc, :�K�F_g^dh\bq <UKHDHIJHBA<H>BL?EVGU? <UQBKE?GBY
< OBFBB� KH<J?F?GGU? L?G>?GPBB 

Dmj[Zlh\Z K�<�� <Zjnhehf__\Z <�<�� Dhgu]bg K�;� KZghyg :�=� DHFIVXL?JGH?
FH>?EBJH<:GB? DBG?LBDB =?L?JH=?GGUO IJHP?KKH< <
OBFBQ?KDBO KBKL?F:O F?LH>HF <?JHYLGHKLGH=H DE?LHQGH=H
:<LHF:L: 

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(II)  

:�K�F_g^dh\bq DHFIVXL?JGH? H;?KI?Q?GB? OBFBQ?KDBO
BKKE?>H<:GBC G: JM;?@? ��-�� <?D: 

<�<�Fbgyceh\� ;�B� Ihdjh\kdbc�F�Y�F_evgbdh\ GH<U? L?OGHEH=BB
LJ?OF?JGH=H IJ?>KL:<E?GBY H;T?DLH< < IM;EBD:PBYO IH OBFBB <
BGL?JG?L? 

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 

H�<�Fbo__\ KBKL?F: WNN?DLB<GH=H BKIHEVAH<:GBY
BG>B<B>M:EVGUO B DHEE?DLB<GUO <UQBKEBL?EVGUO J?KMJKH< <
G:MQGUO BKKE?>H<:GBYO� IJH?DL ³I?E?LHG 

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�� =XHYD ?�F�� *DONLQ 9�,� 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 Me2M (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 

:�(� 2EXNKRY 7+( 3+<6,&$/ 35,1&,3/(6 2) 6,08/$7,1* 7+( 6758&785(

AND PHOTOPHYSICAL PROPERTIES OF N,O,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. Uchaeva A PRIORI PREDICTIONS 
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 (C6H5)3XYZ MOLECULES (X = AS, SB, BI) 

Alexei N. Pankratov, Oxana I. 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 I. 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 THE AB 
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 
(II) - NaCl - H2O AND Pd (II) - HCl - H2O REACTION SYSTEMS 

Alexei N. Pankratov QUANTITATIVE STRUCTURE - PROPERTY RELATIONSHIPS IN 
THE PYRIDINE SERIES 
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WITH NUCLEOPHYLS. 
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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 H2O 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 H2O 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  

 
I.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 
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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 2O5 WITH Ag 2 AND Ag2O 
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 Ag2O molecule as a candidate for the impurity 
center, because it is the Ag2O 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 P2O5 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 P2O5 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 Ag2O 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 
P2O5:Ag2 and P2O5:Ag2O 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 P2O5 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 Ag2O. The experimental unit cell parameters of P2O5 were 
employed. For starting configuration of regular atoms the experimental geometry of P2O5 
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 P2O5:Ag2 and P2O5:Ag2O 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.  
 
 

><MF?JG:Y�FH>?EV�LHJKBHGGH-BG<?JKBHGGUO�
DHE?;:GBC�FHE?DME 

 
:� <� :[jZf_gdh\� <� :� ;ZlZ_\� <� B� Imiur_\� B� :� =h^mgh\ 

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F� <� Ehfhghkh\Z�  
Obfbq_kdbc nZdmevl_l 

 
JZajZ[hlZgZ ijh]jZffZ ^ey j_r_gby aZ^Zqb h fgh]hf_jguo dhe_[Zgbyo fhe_dme

k [hevrhc Zfieblm^hc� =ZfbevlhgbZg dhe_[Zl_evgh]h ^\b`_gby jZkkfZljb\Z_lky \
\b^_ 
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]^_ n  – qbkeh mqblu\Z_fuo dhe_[Zl_evguo dhhj^bgZl ϕi , Bij  – we_f_glu kbff_ljbq-

ghc fZljbpu dbg_lbq_kdbo iZjZf_ljh\� V  – ihl_gpbZevgZy nmgdpby� 
Ijh]jZffZ ijbf_gyeZkv ^ey bkke_^h\Zgby lhjkbhggh-bg\_jkbhggh]h ^\b`_gby

fhe_dme dZj[hgbevguo kh_^bg_gbc &;3-CHO b CX2Y-CHO (X, Y = H, F, Cl� \ gbarbo
\ha[m`^_gguo we_dljhgguo khklhygbyo (]^_ dZj[hgbevguc njZ]f_gl bf__l ibjZfb-
^Zevgh_ kljh_gb_) [1]� < dZq_kl\_ dhhj^bgZl \gmlj_gg_]h \jZs_gby b bg\_jkbb ijbgy-
lu� khhl\_lkl\_ggh� ϕ1 – m]he hlghkbl_evgh]h ih\hjhlZ Zev^_]b^ghc b CX2Y- �beb

CX3-� ]jmii� ϕ2  – m]he \uoh^Z k\yab CHald ba iehkdhklb CCO� >\mf_jgu_ ihl_gpbZev-
gu_ ih\_joghklb b ]_hf_ljbq_kdb_ iZjZf_lju� g_h[oh^bfu_ ^ey \uqbke_gby \_ebqbg
Bij � [ueb ihemq_gu iml_f g_wfibjbq_kdh]h d\Zglh\h-f_oZgbq_kdh]h jZkq_lZ� 

:gZeba lhjkbhggh-bg\_jkbhgguo \hegh\uo nmgdpbc iha\hebe hlg_klb
jZkkqblZggu_ dhe_[Zl_evgu_ khklhygby d jZaebqguf dhgnhjf_jZf b ijbibkZlv bf
hij_^_e_ggu_ agZq_gby lhjkbhggh]h b bg\_jkbhggh]h d\Zglh\uo qbk_e � <f_kl_ k l_f
ihdZaZgh� qlh k jhklhf dhe_[Zl_evgh]h \ha[m`^_gby \aZbfhk\yav ^\b`_gbc ih
dhhj^bgZlZf ϕ1 b ϕ2 klZgh\blky \k_ [he__ aZf_lghc� b Z^_d\Zlgh_ hibkZgb_ ih\_^_gby
fhe_dmeu \hafh`gh lhevdh \ jZfdZo ^\mf_jghc fh^_eb � J_amevlZlu ih^h[guo
jZkq_lh\ kms_kl\_ggh h[e_]qZxl bkke_^h\Zgb_ we_dljhggh-dhe_[Zl_evguo ki_dljh\
dhgnhjfZpbhggh g_`_kldbo fhe_dme� 

JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih^^_j`d_ JNNB �]jZglu �� ��-15-����� b
01-03-�����Z�� 
1. V.A. Bataev, V.I. Pupyshev, A.V. Abramenkov, I.A. Godunov,  Russian J. Phys. Chem., 

74, Suppl. 2, pp. 5279-5291 (2000). 
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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 wateU ZDV FRQGXFWHG ZLWKLQ WKH IUDPHZRUN RI DQ DSSUR[LPDWLRQ JF��

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 I.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 q=� �� ZLWK D

defect have been performed. The positively charged ions (charge q+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. I.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. Ananikov1, Djamaladdin G. Musaev2, and Keiji Morokuma2 

1ND Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninsky 
Prospect 47, Moscow 119992, Russia; email: val@cacr.ioc.ac.ru; 

2Cherry 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(IV)-catalyzed alkyne-to-conjugated diene conversion reaction (Scheme 1), which 
involves two subsequent triple bond activation steps (1 → 2 and 2 → 3) followed by vinyl-
vinyl coupling (3 → 4 + 5) [1]. Calculations have shown that acetylene triple bond activation 
by [PtI6]

2- in water or methanol solution proceed through external nucleophile addition of I-, 
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 derivative (3). 

Although vinyl-vinyl coupling 
reaction may take place from both six-
coordinated octahedral and five-
coordinated square-pyramidal Pt(IV) 
divinyl complexes, the five-coordinated 
derivative was found to react with a 
significantly lower barrier. The results 
obtained here are in good agreement with 
available experimental data and reveal 
important details of the catalytic reaction 
mechanism. The present investigation 
also has shown that no reliable 
conclusions may be drawn without taking 
solvent effect into account.  

The details of the performed 
theoretical study will be presented and 
discussed. 
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1. V.P. Ananikov, D.G. Musaev, K. Morokuma, Organometallics, 2001, in press. 
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BGNJ:KLJMDLMJ:�>EY�H;?KI?Q?GBY�IHBKD:�
OBFBQ?KDHC�BGNHJF:PBB��IHIULDB�BGL?=J:PBB�<�

JHKKBB� 
 

G�:�:gbdbg2
�F�;�Dmavfbgkdbc2

�F�Y�F_evgbdh\1
� ;�B�Ihdjh\kdbc1, 

<�F�Omlhj_pdbc2. 
1
Obfbq_kdbc nZdmevl_l Fhkdh\kdh]h ]hkm^Zjkl\_ggh]h mgb\_jkbl_lZ bf�

F�<�Ehfhghkh\Z�
2
Bgklblml hj]Zgbq_kdhc obfbb J:G bf� G�>�A_ebgkdh]h 

 
Obfbq_kdZy bgnhjfZpby [ukljh jZkl_l� gh f_^e_ggh klZj__l� < wlhc k\yab

hj]ZgbaZpby \hafh`ghklb ^hklmiZ q_j_a ,QWHUQHW d hl_q_kl\_gguf b aZjm[_`guf [ZaZf
^Zgguo ih obfbb y\ey_lky bkdexqbl_evgh ZdlmZevghc aZ^Zq_c � ?keb hj]ZgbaZpby
^hklmiZ d iheghl_dklh\uf j_kmjkZf ijbh[j_lZ_l m`_ g_db_ hnhjfe_ggu_ q_jlu
(www.elibrary.ru, EBSCO, LibNet b ^j��� lh ijh[e_fZ ihbkdZ bgnhjfZpbb� l�_�
nhjfbjh\Zgb_ bgnjZkljmdlmju ^ey hlukdZgby l_o kZfuo l_dklh\ � dhlhju_ g_h[oh^bfh
ijhq_klv� \_kvfZ ^Ze_dZ hl j_r_gby� LZdZy jZ[hlZ ijb ih^^_j`d_ JNNB gZqZlZ \ jy^_
j_]bhgZevguo gZmqguo p_gljh\ �Fhkd\Z� KZgdl-I_l_j[mj]� Gh\hkb[bjkd� Jhklh\�� <
dZq_kl\_ gZpbhgZevgh]h :::-F_j\_jZ JN \ jZfdZo f_`^mgZjh^gh]h Eb\_jimevkdh]h
ijh_dlZ h[_ki_q_gby kbkl_fu kkuehd gZ :eb-k_j\_ju hj]ZgbaZpbc� jZ[hlZxsbo \
h[eZklb obfbb� \u[jZgZ bgl_]jbjh\ZggZy bgnhjfZpbhggZy kbkl_fZ �BK�� y^jhf
dhlhjhc y\ey_lky :HE-k_j\_j BHO J:G www.chem.ac.ru� ?]h hkh[_gghklvx y\ey_lky
ij_^gZf_j_ggh �Zkd_lbq_kdh_� ij_^klZ\e_gb_ bgnhjfZpbb� kh^_j`Zs__ fbgbfmf
]jZnbq_kdbo ^Zgguo� Wlh k^_eZgh k mq_lhf lh]h� qlh bkihevam_fu_ jhkkbckdbfb
obfbdZfb dZgZeu k\yab qZklh hlebqZxlky gbadhc kdhjhklvx b g_\ukhdhc
gZ^_`ghklvx� < BK \oh^bl h[s_jhkkbckdbc kibkhd jZkkuedb �l_e_dhgn_j_gpby�
Russian Chemical List (RCL), Rcl@www.chem.ac.ru� dhlhjuf ihevamxlky lZd`_ gZrb
dhee_]b ba kljZg [eb`g_]h aZjm[_`vy� < jZfdZo ^Zgghc BK jZajZ[hlZg ijh]jZffguc
bgl_jn_ck f_`^m kh\j_f_ggufb d\Zglh\h-obfbq_kdbfb dhfie_dkZfb g_wfibjbq_kdbo
ijh]jZff *DXVVLDQ-����� b KM;> 3RVWJUH64/ \ HK /LQX[� Z lZd`_ j_r_gZ ijh[e_fZ k
l_f� qlh ijbgylh gZau\Zlv �mgZke_^h\Zgguf ijh]jZffguf h[_ki_q_gb_f�� >ey g_]h
ijh\_^_gZ bgklZeeypby b gZkljhcdZ wfmeylhjZ 06 '26 \ HK /LQX[� qlh iha\hey_l
hj]Zgbah\Zlv fgh]hihevah\Zl_evkdbc k_l_\hc ^hklmi q_j_a ,QWHUQHW d ;>�
jZajZ[hlZgguf ^ey wlhc kj_^u� < j_amevlZl_ \k_f `_eZxsbf m`_ fh`gh ij_^eh`blv
[_kieZlgh jZaf_klblv k\hb obfbq_kdb_ ;>� kha^Zggu_ \ kj_^_ 06 '26� gZ h[s_f
k_j\_j_� bf_xs_f \ukhdhkdhjhklghc ^hklmi \ ,QWHUQHW� k^_eZ\ bo ^hklmigufb ih k_lb�
:gZeh]bqgu_ \hafh`ghklb ieZgbjm_lky h[_ki_qblv b ^ey kj_^u HK :LQGRZV� 

=eZ\gh_ gZijZ\e_gb_ \ kha^Zgbb bgnjZkljmdlmju ihbkdZ obfbq_kdhc
bgnhjfZpbb - wlh bgl_]jZpby� hkms_kl\e_gb_ dhee_dlb\guo ijh_dlh\� ?keb k_l_\hc
^hklmi \ oh^_ bo j_ZebaZpbb hdZau\Z_lky g_\hafh`guf � lh ^ey i_j_^Zqb bgnhjfZpbb
bkihevam_lky we_dljhggZy ihqlZ� < Fhkd\_ k\hb \hafh`ghklb \ lhc beb bghc f_j_
h[t_^bgbeb Obfbq_kdbc nZdmevl_l F=M (www.chem.msu.su )� Bgklblml hj]Zgbq_kdhc
obfbb J:G� P_glj nhlhobfbb J:G� D ijbf_jm� \gmljb k_lb F=M \hafh`_g ^hklmi d
agZqbl_evghfm nhg^m aZjm[_`guo b hl_q_kl\_gguo [Za ^Zgguo �Chemical Abstracts 
1996-���� ]h^u� ,163(& ����-����]]�� &DPEULGJH 6WUXFWXUDO 'DWDEDVH 6\VWHP \_jkby
2000 ]�� %URRNKDYHQ 3URWHLQ 'DWD %DQN \_jkby ���� ]�� we_dljhggZy [b[ebhl_dZ gZmqgh-
h[jZah\Zl_evguo ba^Zgbc ih obfbb b ^j��� \hafh`ghklv jZ[hlu k dhlhjufb
ij_^hklZ\ey_lky khljm^gbdZf dZd F=M� lZd b ^jm]bo gZmqguo hj]ZgbaZpbc Jhkkbb� GZ



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

[Za_ BgklblmlZ dZlZebaZ Kb[bjkdh]h hl^_e_gby J:G (www.catalysis.nsk.su) b
dhfivxl_jghc k_lb Gh\hkb[bjkdh]h GZmqgh]h P_gljZ ijb mqZklbb =IGL; KH J:G
kha^Z_lky h[t_^bg_ggZy bgnhjfZpbhggZy kbkl_fZ ih obfbq_kdbf gZmdZf KH J:G �

Ijh\h^blky jZ[hlZ ih nhjfbjh\Zgbx [Za ^Zgguo ih nbabdh-obfbq_kdbf f_lh^Zf
bkke_^h\Zgby \_s_kl\� H^gZdh fZl_jbZevgZy [ZaZ lZdbo jZ[hl kms_kl\_ggh hlklZ_l hl
fbjh\h]h mjh\gy� gZ[ex^Z_lky kiZ^ \ kha^Zgbb hl_q_kl\_gguo [Za ^Zgguo � LZd� ihqlb
\ljh_ khdjZlbehkv qbkeh obfbq_kdbo `mjgZeh\� j_n_jbjm_fuo <BGBLB� [ZaZ ^Zgguo
�Obfby� ij_^hklZ\ey_l \ ^hklmi ��� feg� ^hdmf_glh\ b _`_]h^gh ihihegy_lky
ijbf_jgh gZ ��� lukyq� lh]^Z dZd fbjh\hc eb^_j - Chemical Abstracts -�� fbeebhgh\ b
ihihegy_lky gZ 80� lukyq� < oh^_ \uiheg_gby wlbo b ^jm]bo ijh_dlh\ ij_^klhbl
hk\hblv b \g_^jblv l_ogheh]bx kha^Zgby jZkij_^_e_gguo ;> obfbq_kdhc bgnhjfZpbb
�nZdlh]jZnbq_kdhc� iheghl_dklh\hc� [b[ebh]jZnbq_kdhc�� \ qZklghklb� h[jZamxs_cky
g_ihkj_^kl\_ggh \ ijhp_kk_ gZmqgh]h wdki_jbf_glZ �j_gl]_gh\kdZy ^bnjZdpby� YFJ�
WIJ� BD� wdheh]bq_kdbc fhgblhjbg] b ^j��� 

Dexq_\mx jhev \ ihbkd_ b h[mq_gbb ihbkdm ieZlghc g_dhff_jq_kdhc
bgnhjfZpbb \ l_e_^hklmi_ b]jZ_l k_cqZk Fhkdh\kdbc bgnhjfZpbhgguc p_glj \ BHO
�FBP, khutor@ioc.ac.ru�� ;eZ]h^Zjy Kh]eZr_gbx k Chemical Abstracts Serviceb ]jZglZf
JNNB m^Zehkv kgbablv p_gu gZ ihbkd obfbq_kdhc bgnhjfZpbb ^ey \k_o
ihevah\Zl_e_c p_gljZ ba <MAh\� J:G b J:FG \ �� jZa ih kjZ\g_gbx k fbjh\uf
mjh\g_f� ?`_]h^gh mkem]Zfb FBP ih ihbkdm ihevamxlky ��-�� bgklblmlh\ kljZgu�
ijbf_jgh ih klZ ]jZglZf JNNB ij_^hklZ\eyxlky j_amevlZlu [_kieZlguo ihbkdh\ � AZ
]h^ \ FBP ijhoh^yl h[mq_gb_ hdheh klZ klm^_glh\ b ZkibjZglh\ � Z lZd`_
jZajZ[Zlu\Zxlky mq_[gu_ ihkh[by b hilbfZevgu_ ko_fu ihbkdZ � <lhjhc ]h^ b^_l
kha^Zgb_ k_lb nbebZeh\ FBP �:dZ^_fk_lv� \ j_]bhgZo kljZgu� Ijhreh h[mq_gb_
[m^msbo ki_pbZebklh\ ih ihbkdm b ij_ih^Z\Zl_e_c ba Gh\hkb[bjkdZ � Jhklh\Z� KZgdl-
I_l_j[mj]Z� IjbgbfZxlky aZy\db hl `_eZxsbo ijbkh_^bgblvky d ijh_dlm � 

:\lhju [eZ]h^Zjgu JNNB aZ ih^^_j`dm jZ[hl ih ijh_dlZf ��-07-�����Z� ��-
03-�����b� ��-03-�����Z� ��-07-�����Z� ��-03-�����b� ��-07-�����Z b Chemical 
Abstracts Service aZ ij_^hklZ\e_ggu_ kdb^db b ih^^_j`dm mq_[ghc qZklb jZ[hl �  
 
 

IJBF?G?GB?�BKDMKKL<?GGUO�G?CJHGGUO�K?L?C�<�
KHQ?L:GBB�K�IH>KLJMDLMJGUF�IH>OH>HF�>EY�

IJH=GHABJH<:GBY�NBABDH-OBFBQ?KDBO�K<HCKL<�
HJ=:GBQ?KDBO�KH?>BG?GBC 

 
:jl_f_gdh G�<�� ;Zkdbg B�B�� IZexebg <�:� A_nbjh\ G�K� 

Obfbq_kdbc nZdmevl_l� Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�

F�<�Ehfhghkh\Z�Fhkd\Z� ������� Jhkkby 
 
>ey ijh]ghabjh\Zgby nbabdh-obfbq_kdbo k\hckl\ hj]Zgbq_kdbo kh_^bg_gbc
bgl_j_kguf hdZaZeky ih^oh^ gZ hkgh\_ njZ]f_glgh]h f_lh^Z ^ey hibkZgby
^_kdjbilhjh\ �jZa[b_gb_ fhe_dmeyjgh]h ]jZnZ gZ fgh`_kl\h njZ]f_glh\ b ih^kq_l
dhebq_kl\Z ihy\e_gbc dZ`^h]h ba gbo \ kh_^bg_gbyo bkke_^m_fhc [Zau ^Zgguo � \
khq_lZgbb k g_cjhk_l_\uf klZlbklbq_kdbf ZiiZjZlhf � >ey ijZdlbq_kdhc j_ZebaZpbb
wlhc b^_b [ue jZajZ[hlZg ^_kdjbilhjguc [ehd Fragment� jZ[hlZxsbc \ jZfdZo
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ijh]jZffgh]h dhfie_dkZ 1$6$:,1� \dexqZxs_]h klZlbklbq_kdbc [ehd gZ hkgh\_
bkdmkkl\_gguo g_cjhgguo k_l_c� 
< ^hdeZ^_ h[km`^Z_lky ijbf_g_gb_ lZdh]h dhf[bgbjh\Zggh]h ih^oh^Z ^ey
ijh]ghabjh\Zgby jy^Z nbabq_kdbo k\hckl\� l_fi_jZlmju dbi_gby� wglZevibb
h[jZah\Zgby� l_iehlu g_ki_pbnbq_kdhc khev\ZlZpbb \ pbdeh]_dkZg_ � wglZevibb
jZkl\hj_gby \ \h^_ ^ey jZaebqguo hj]Zgbq_kdbo kh_^bg_gbc � 
 >ey l_fi_jZlmju dbi_gby dhwnnbpbgl dhjj_eypbb gZ h[mqZxs_c \u[hjd_
jZ\_g ������� kj_^g_d\Z^jZlbqgZy hrb[dZ gZ h[mqZxs_c \u[hjd_ jZ\gZ ��� ]jZ^mkZ� Z
kj_^g_d\Z^jZlbqgZy hrb[dZ gZ dhgljhevghc \u[hjd_ – ���� ]jZ^mk� >ey wglZevibbb
h[jZah\Zgby j_amevlbjmxsbc dhwnnbpb_gl dhjj_eypbb khklZ\be �������

kj_^g_d\Z^jZlbqgZy hrb[dZ gZ h[mqZxs_c \u[hjd_ - ��� ddZe�fhev b
kj_^g_d\Z^jZlbqgZy hrb[dZ gZ dhgljhevghc \u[hjd_ - ��� ddZe�fhev� >ey l_iehlu
g_ki_pbnbq_kdhc khev\ZlZpbb dhwnnbpbgl dhjj_eypbb gZ h[mqZxs_c \u[hjd_ jZ\_g
������� kj_^g_d\Z^jZlbqgZy hrb[dZ gZ h[mqZxs_c \u[hjd_ jZ\gZ ��� ddZe�fhev� Z
kj_^g_d\Z^jZlbqgZy hrb[dZ gZ dhgljhevghc \u[hjd_ – ��� ddZe�fhev� >ey wglZevibb
jZkl\hj_gby hj]Zgbq_kdbo \_s_kl\ \ \h^_ j_amevlbjmxsbc dhwnnbpb_gl dhjj_eypbb
khklZ\be ������� kj_^g_d\Z^jZlbqgZy hrb[dZ gZ h[mqZxs_c \u[hjd_ – ��� _^bgbpu log 
�fhev�f3� b kj_^g_d\Z^jZlbqgZy hrb[dZ gZ dhgljhevghc \u[hjd_ - ��� _^bgbpu log 
�fhev�f3�� <k_ wlb ^Zggu_ ih^l\_j`^Zxl \hafh`ghklv mki_rgh]h ijbf_g_gby ^Zgghc
f_lh^heh]bb ^ey ijh]ghabjh\Zgby nbabdh-obfbq_kdbo k\hckl\ hj]Zgbq_kdbo
kh_^bg_gbc� 
 
 

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 I.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<--S0 and T1<--S0 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.I., Abramenkov A.V., Godunov I.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 quantum-
mechanical approximations. The results were used for the S1<--S0 and T1<--S0 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).  
 
 

FH>?EBJH<:GB?�:FBGHDHGP?<UO�>HF?GH<�
F?L:;HLJHIGUO�=EML:F:LGUO�J?P?ILHJH<�B�BO�
DHFIE?DKH<�K�EB=:G>:FB�K�IHFHSVX�F?LH>:�

FHE?DMEYJGHC�>BG:FBDB 
 

;_e_gbdbg F�K�� ;Zkdbg B�B�� IZexebg <�:�� A_nbjh\ G�K� 
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf F �<�Ehfhghkh\Z 

 
 K ihfhsvx dhfivxl_jgh]h fh^_ebjh\Zgby ih ]hfheh]bb k [Zdl_jbZevgufb

i_jbieZafZlbq_kdbfb [_edZfb b f_lh^hf ³ijhly]b\Zgby gblb´ ihkljh_gu fh^_eb

hldjuluo b aZdjuluo nhjf Zfbghdhgp_\uo ^hf_gh\ f_lZ[hljhiguo ]emlZfZlguo

j_p_ilhjh\ b ijh\_^_gh kjZ\g_gb_ ihemq_gguo fh^_e_c � IhdZaZgh� qlh ^ey kemqZ_\

gbadhc ]hfheh]bb Zfbghdbkehlguo ihke_^h\Zl_evghkl_c emqrb_ j_amevlZlu ^Z_l

f_lh^ ³ijhly]b\Zgby gblb´� Hp_g_gZ \hafh`ghklv bkihevah\Zgby f_lh^Z

fhe_dmeyjghc ^bgZfbdb ^ey bkijZ\e_gby ehdZevguo kljmdlmjguo ^_n_dlh\ \

ihkljh_gguo fh^_eyo ^ey mqZkldh\� bf_xsbo hljbpZl_evgh_ agZq_gb_ �D-1D ijhnbey�
Ijh\_^_g fhe_dmeyjguc ^hdbg] dZd ba\_klguo Z]hgbklh\ b ZglZ]hgbklh\ d Zdlb\guf

p_gljZf kfh^_ebjh\Zgguo j_p_ilhjh\� lZd b gh\uo eb]Zg^h\ b h[km`^_gu kihkh[u bo

k\yau\Zgby k j_p_ilhjhf� 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

 K bkihevah\Zgb_f f_lh^Z fhe_dmeyjghc ^bgZfbdb k mq_lhf jZkl\hjbl_ey

ijh\_^_g jZkq_l k\h[h^guo wg_j]bc k\yau\Zgby eb]Zg^h\ k j_p_ilhjhf \

fhe_dmeyjguo dhfie_dkZo [_ehd-eb]Zg^ b hp_g_gu dhgklZglu k\yau\Zgby eb]Zg^h\ \

wlbo dhfie_dkZo� Ijh\_^_gh kjZ\g_gb_ dhgklZgl k\yau\Zgby eb]Zg^h\ ^ey hldjuluo b
aZdjuluo nhjf Zfbghdhgp_\uo ^hf_gh\ j_p_ilhjh\ � H[tykg_gZ jhev bhgZ dZevpby \
dZq_kl\_ dhZ]hgbklZ ijb k\yau\Zgbb wg^h]_ggh]h g_cjhf_^bZlhjZ – ]emlZfbgh\hc

dbkehlu� ij_^eh`_g \hafh`guc f_oZgbaf koehiu\Zgby dhfie_f_glZjguo ]eh[me �
\oh^ysbo \ khklZ\ Zfbghdhgp_\h]h ^hf_gZ f_lZ[hljhigh]h ]emlZfZlgh]h j_p_ilhjZ � \
hkgh\_ dhlhjh]h e_`bl we_dljhklZlbq_kdh_ \aZbfh^_ckl\b_ � JZkq_lu ijh\h^bebkv gZ

jZ[hq_c klZgpbb 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-. C6H5Cl- 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 C6H5Cl- . 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-Cl 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.Berzigijarov1, V.A.Zayatz, I.Ya.Ginzburg1, V.M.Razumov1 , and E.F.Sheka2 

1Department of , Institute of Chemical Physics Problem, Ac.Sci. of the Russian Federation, 
Chernogolovka, Mosc. distr., 142432 Russia  

2Russian 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 nanoparticles (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.I.Gorlov, React. Kinet. Catal. Lett. 50, 257 (1993).  
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J?I:J:F?LJBA:PBY�IHEMWFIBJBQ?KDH=H�

D<:GLH<H-OBFBQ?KDH=H�F?LH>:�ZINDO/S�>EY�J:KQ?L:�
KI?DLJ:EVGUO�O:J:DL?JBKLBD�DJ:KBL?E?C 

 
;bddmeh\Z :�J�� I_ljmrbgZ =�G�� :[jhgbg B�:�� JZdblbgZ <�:� 

Fhkdh\kdbc ]hkm^Zjkl\_gguc l_dklbevguc mgb\_jkbl_l bf �:�G�Dhku]bgZ 
 

K bkihevah\Zgb_f f_lh^h\ JF� b ZINDO/S bkke_^h\Zgh \ebygb_ ]b^jZlZpbb

fhe_dmeu gZ _z wg_j]_lbq_kdb_ b hilbq_kdb_ k\hckl\Z � Ihemq_gZ wg_j]_lbq_kdZy

oZjZdl_jbklbdZ khev\ZlZpbb� Ij_^iheZ]Z_fh_ \ebygb_ ihke_^g_c gZ we_dljhgguc

ki_dlj fhe_dmeu �khev\Zlhojhfguc wnn_dl� g_ h[gZjm`behkv� Ba wlh]h ke_^m_l� qlh
f_lh^ ZINDO/S g_^hklZlhqgh ih^oh^bl ^ey j_r_gby ^Zgghc ijh[e_fu � Ke_^kl\b_f

wlh]h y\ey_lky g_ijZ\bevgZy ihke_^h\Zl_evghklv σ- b π-mjh\g_c� qlh� \ k\hx hq_j_^v
ijb\h^bl d ©mevljZnbhe_lh\hfmª k^\b]m ^ebggh\hegh\hc ihehku ih]ehs_gby�  

GZfb [ue ijh\_^zg jy^ jZkqzlh\ ki_dljh\ bg^b]h k ihrZ]h\uf baf_g_gb_f

dhwnnbpb_glh\ σ-σ- b π-π-\aZbfh^_ckl\bc� \ke_^kl\b_ q_]h [ueZ ihemq_gZ dZjlbgZ

q_j_^h\Zgby σ- b π-mjh\g_c b khhl\_lkl\mxsbc bf ki_dlj� gZb[he__ ijb[eb`_gguc d
wdki_jbf_glZevghfm 

 
 

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

 
A.A.Birukov, V.I. 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.  
 
 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

SCHROEDINGER EQUATION FOR THE DIATOMIC MOLECULAR 
SYSTEMS INSIDE THE SPHERICAL CAVITY 

 
V.V.Bobrikov ( vcom@orc.ru), V.I.Pupyshev (vip@moleq.chem.msu.su) 

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. 

Ioffe 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 technique 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. 
 
 

KO?FU�*��03��693��<�BKKE?>H<:GBYO�WG?J=H-
G:KUS?GGUO�KLJMDLMJ�KH�K<YAYFB�11�B��BEB��12 

 
(�%�;hjbkh\� B�+�K_gq_gy� <�;�AZ[jh^bg 

=hkm^Zjkl\_ggh_ mgblZjgh_ ij_^ijbylb_ �PGBBOF��Fhkd\Z� 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h� J:G�Fhkd\Z 

  
Bkke_^h\Zgby� ijh\_^_ggu_ \ ihke_^g__ ^_kylbe_lb_� iha\hebeb kms_kl\_ggh

ijh^\bgmlvky \ ihgbfZgbb ijbjh^u we_dljhgghc� kljmdlmjghc� l_jfh^bgZfbq_kdhc b
dbg_lbq_kdhc klZ[bevghklb �f_lZklZ[bevghklb� fgh]bo ba\_klguo b ]bihl_lbq_kdbo

obfbq_kdbo kh_^bg_gbc� Z lZd`_ ijh]ghabjh\Zgbb \hafh`ghkl_c bo bkihevah\Zgby

g_ihkj_^kl\_ggh beb \ dZq_kl\_ dhfihg_glh\ wg_j]hgZkus_gguo \_s_kl\ � 
H^ghc ba \Z`g_crbo \ lZdbo bkke_^h\Zgbyo y\ey_lky ijh[e_fZ dhjj_dlghc

hp_gdb l_jfhobfbq_kdbo iZjZf_ljh\� hkh[_ggh ]ZahnZaguo� dhlhju_ ^ey fgh]bo

kljmdlmj kh k\yayfb 12 b �beb� 12 g_ m^Z_lky hij_^_eblv wdki_jbf_glZevgufb

f_lh^Zfb� <hafh`ghklb ijh]ghabjh\Zgby lZdbo iZjZf_ljh\ gZ hkgh\_ wfibjbq_kdbo

beb ihemwfibjbq_kdbo ko_f� bkihevamxsbo f_lh^heh]bx bah^_kfbqghklb�
h]jZgbq_gu kms_kl\mxsbf gZ[hjhf ]jmiih\uo �beb bguo� \deZ^h\� :gZeh]bqguc
g_^hklZlhd k\hckl\_g_g ko_fZf deZkkbnbdZpbb� \uy\eyxsbf kljmdlmjgmx

h[mkeh\e_gghklv wdklj_fZevguo k\hckl\� < k\yab k wlbf \_kvfZ ZdlmZevghc

ij_^klZ\ey_lky ijh[e_fZ jZkrbj_gby kms_kl\mxsbo ]jZgbp gZ^_`ghc kljmdlmjghc b

l_jfhobfbq_kdhc bgnhjfZpbb gZ hkgh\_ Zijh[bjh\Zgguo g_wfibjbq_kdbo f_lh^h\

d\Zglh\hc obfbb� 
>ey fgh]hZlhfguo kbkl_f gZb[he__ ijb_fe_fufb \ gZklhys__ \j_fy

ij_^klZ\eyxlky ko_fu *��03��693�1,2� KhojZgb\ we_f_glu iheghc ko_fu jZkq_lh\

l_jfhobfbq_kdbo iZjZf_ljh\1,3� gh bkihevamy bgh_ \ujZ`_gb_ ^ey iheghc wg_j]bb

kbkl_f k hldjulufb h[hehqdZfb� ( (�4&,6'�7���-31G*)) - E(PUMP2/6-31G*} + 
E(PUMP2/6-����*��')��3�� � (�+/&� � ������ [he__ kh\_jr_ggu_ kihkh[u hp_gdb

agZq_gbc dhe_[Zl_evgh]h l_jfZ� ihijZ\hd \ukr_]h mjh\gy �+/&�� fu ijh\_eb

^hihegbl_evgmx Zijh[Zpbx fh^bnbpbjh\Zgghc ko_fu 0*��03��693�� \dexqb\ \

j_dhf_g^h\Zgguc kibkhd l_klh\uo kljmdlmj2 jy^ ^hklZlhqgh hoZjZdl_jbah\Zgguo

kh_^bg_gbc kh k\yayfb 11 b �beb� 12� H^gh\j_f_ggh j_rZeky \hijhk h[



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

Z^_d\Zlghklb hibkZgby bo kljmdlmju f_lh^Zfb 03�)&���-��*

 b nmgdpbhgZeZ

iehlghklb �%�/<3� F jZaebqgufb [Zabkgufb gZ[hjZfb� 
Memqr_gguc \ZjbZgl l_hjbb bkihevah\Zg ^ey hp_gdb kljmdlmjghc �

l_jfh^bgZfbq_kdhc b� \ jy^_ kemqZ_\� dbg_lbq_kdhc klZ[bevghklb j_Zevguo b

]bihl_lbq_kdbo kljmdlmjguo bahf_jh\ &12O, CN2O2, CN2O3� jy^Z khijy`_gguo

dh\Ze_glguo b [biheyjguo �p\bll_jbhgguo beb f_ahf_jguo [_lZbgh\uo�

\dexqZxsbo �-p_gljh\u_ �-π-we_dljhggu_ njZ]f_glu beb njZ]f_glu�
bahkhijy`_ggu_ ljbf_lbe_gf_lZgm� ]_l_jhpbdebq_kdbo kljmdlmj &+13O (1,2,3,5-
hdkZljbZahe�� &2H2N22 �nmjZaZg�� bahf_jh\ &2H2N2O2 �ijhba\h^gu_ �����- b �����-

hdkZ^bZaheh\�� bahf_jh\ &+2N42 �ijhba\h^gu_ l_ljZaheZ�� K3H4N2O2 �dh\Ze_glguc

]b^Zglhbg b f_ahbhgguc �-f_lbekb^ghg�� ihl_gpbZevguo hdbkebl_e_c )3NO, N2O4, 

ljbgbljZfbgZ 14O6, N-hdkb^h\ ljbf_lbeZfbgZ &3H912 b ibjb^bgZ &5H5NO, 

g_^Z\gh hibkZggh]h4 nmjZaZgh-1,4,3,4-l_ljZabg-1,3-̂ bhdkb^Z &2N6O3� Z lZd`_ jy^D

Zab^h\� \ lhf qbke_ dZ[hgbe^bZab^D 13CON3. 

1. L.F.Curtiss, K.Raghavachari, P.C.Redfern, J.A.Pople. J. Chem. Phys., 1997, 106, 1063. 2. 
R.D.J.Froese, S.Humbel, M.Svensson, K.Morokuma. J.Phys.Chem., A, 1997, 101,227. 3. 
A.P.Scott, L.Radom. J.Phys.Chem., 1996, 100� ������ �� D�B�J_aqbdh\Z� $�F�QmjZdh\�
<�:�Reyihqgbdh\� %�:�LZjlZdh\kdbc� Ba\� :G� K_j� obf�, 1995, 2187. 
 
 
L?HJ?LBQ?KDH?�BKKE?>H<:GB?�WG?J=HG:KUS?GGUO�
KLJMDLMJGUO�BAHF?JH<�14O2�B�FHE?DMEU�16O3 (D3h) 
F?LH>:FB�NMGDPBHG:E:�IEHLGHKLB�B�F*��03��693� 

 
(�%�;hjbkh\� B�+�K_gq_gy� <�;�AZ[jh^bg 

=hkm^Zjkl\_ggh_ mgblZjgh_ ij_^ijbylb_ �PGBBOF��Fhkd\Z� 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h� J:G�Fhkd\Z 

 
F_lh^hf nmgdpbhgZeZ iehlghklb �%�/<3� \ [ZabkZo '��

 b '���*



bkke_^h\Zgu klZpbhgZjgu_ lhqdb �ehdZevgu_ fbgbfmfu b i_j_oh^gu_ khklhygby�
kbg]e_lghc ih\_joghklb ihl_gpbZevghc wg_j]bb kbkl_fu 14O2� hlghkysb_ky d

g_^Z\gh b^_glbnbpbjh\Zgghfm1 gbljhZab^m 22NN3� _]h kljmdlmjguf bahf_jZf�

lhiheh]bq_kdb khhl\_lkl\mxsbf jZaebqguf nhjfZf ^bf_jZ fhe_dmeu 12O 

�dh\Ze_glguf Zpbdebq_kdbf b r_klbqe_gguf pbdebq_kdbf � b [biheyjguf

iylbqe_gguf pbdebq_kdbf k 1-hdkb^ghc nmgdpb_c�� Z lZd`_ ljbf_jZ 16O3 (D3K�� >ey
kjZ\g_gby mdZaZggufb f_lh^Zfb jZkkqblZgu kljmdlmjgu_ iZjZf_lju b qZklhlu

]Zjfhgbq_kdbo dhe_[Zgbc jy^Z ba\_klguo kh_^bg_gbc k h^ghc beb g_kdhevdbfb

k\yayfb 11 b �beb� 12� Z lZd`_ bahf_jh\ 142 �ba\_klgh]h 2113 b hdkbl_ljZaheZ�2,3, 
1� �ehdZevgh]h fbgbfmfZ kbff_ljbb &S b i_j_oh^ghc kljmdlmju '6K�� hp_g_gu

\hafh`gu_ ih]j_rghklb b hij_^_e_gZ wnn_dlb\gZy ijhp_^mjZ dhjj_dpbb

jZkkqblZgguo kljmdlmjguo iZjZf_ljh\� Wg_j]bb klZpbhgZjguo lhq_d mlhqgyebkv

f_lh^Zfb %�/<3��-311+G(2dI� b F*��03��693� �kf� ij_^u^ms__ khh[s_gb_�� 
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MklZgh\e_gh� qlh \k_ jZkkfhlj_ggu_ dh\Ze_glgu_ �Zpbdebq_kdb_ b pbdebq_kdb_
r_klbqe_ggu_� b� \ f_gvr_c kl_i_gb� [biheyjgu_ pbdebq_kdb_ l_jfh^bgZfbq_kdb

g_klZ[bevgu ^Z`_ ih hlghr_gbx d gbljhZab^m� GZbf_g__ l_jfh^bgZfbq_kdb

klZ[bevghc y\ey_lky g_ieZgZjgZy r_klbqe_ggZy kljmdlmjZ kh k\yavx 22� nhjfZevgh
y\eyxsZyky ij_^r_kl\_ggbp_c 14� <_kvfZ gbadhc� km^y ih jZkkqblZgguf agZq_gbyf

wg_j]bc Zdlb\Zpbb� ^he`gZ [ulv dbg_lbq_kdZy klZ[bevghklv ^jm]bo pbdebq_kdbo

bahf_jh\ 14O2 ih hlghr_gbx d ^bkkhpbZpbb gZ fhe_dmeu 12O (C∞v�� <b^bfh� ih

wlbf ijbqbgZf hgb gbdh]^Z g_ nbdkbjh\Zebkv wdki_jbf_glZevgufb f_lh^Zfb4� <
jZkq_l_ gZ fhev \u^_eb\r_cky 122 wg_j]by k\yau\Zgby dbg_lbq_kdb klZ[bevghc� dZd

iheZ]Zxl4� qZklbpu 16O3 (D3K� f_gvr_� q_f m bkke_^h\Zgguo [biheyjguo

iylbqe_gguo kljmdlmj� 
1. T.M.Klapotke, A.Schulz, I.C.Torneporth-Otting. Chem.Ber., 1994,127, 2181. 2. 
T.M.Klapotke. Chem.Ber., 1997,130, 443. 3. J.M.Gaalbraith, H.F.Schaefer. 
J.Amer.Chem.Soc., 1996,118� ����� �� :�<�E_hglv_\� H�:�Nhfbq_\Z� F�<�IjhkdmjgbgZ�
G�K�A_nbjh\� Mki_ob obfbb� �����70,107. 
 
 

J?:E?G�EB�WG?J=HG:KUS?GGUC�BAHF?J�12O(C2v)? 
 

(�%�;hjbkh\� <�;�AZ[jh^bg 
=hkm^Zjkl\_ggh_ mgblZjgh_ ij_^ijbylb_ �PGBBOF��Fhkd\Z� 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h� J:G�Fhkd\Z 

 
Bahf_ju 122 y\eyxlky ijhkl_crbfb kljmdlmjZfb� kh^_j`Zsbfb k\yab 11 b

12� Wlh h^bg ba ijbf_jh\ kblmZpbb� dh]^Z wg_j]by evxbkh\hc dh\Ze_glghc kljmdlmju

(1:1,C2v� agZqbl_evgh ij_\urZ_l1,2 wg_j]bx __ j_Zevgh]h [biheyjgh]h Zglbih^Z (1Σ

+,C∞v�� Ohii_j2� bkihevamy f_lh^ 0&6&)�&,� ihdZaZe� qlh wg_j]hgZkus_gguc

pbdebq_kdbc bahf_j l_jfh^bgZfbq_kdb mklhcqb\ ih hlghr_gbx d _]h ^bZ[Zlbq_kdhc

b� \hafh`gh� Z^bZ[Zlbq_kdhc ZkbfilhlbdZf 12+O(3P,1'�� H^gZdh ih ihgylguf

ijbqbgZf kljmdlmjZ pbdebq_kdh]h bahf_jZ [ueZ hoZjZdl_jbah\ZgZ \_kvfZ

ijb[ebabl_evgh b g_ [ueb ijhZgZebabjh\Zgu ^jm]b_ nZdlhju � hij_^_eyxsb_

klZ[bevghklv �f_lZklZ[bevghklv� beb g_klZ[bevghklv wlhc qZklbpu�
Wdki_jbf_glZevgu_ ih^l\_j`_gby \hafh`ghklb __ h[jZah\Zgby � ih-\b^bfhfm�

hlkmlkl\mxl3. 
< gZklhys_c jZ[hl_ g_wfibjbq_kdbfb f_lh^Zfb 6&) �5+)�&5+)�8+)� b

0&6&)� 03�� &503�� 4&,6'� 4&,6'�7� \ [Zabk_ �-��*
 b ^ey kjZ\g_gby f_lh^hf

nmgdpbhgZeZ iehlghklb �%�/<3�'��
� bkke_^h\Zgu h[eZklb kbg]e_lghT b ljbie_lguo
IIW� khhl\_lkl\mxsb_ fbgbfmfZf �&∞v, C2v� b i_j_oh^guf kljmdlmjZf �&s, C2v). 

GZ mjh\g_ 4&,6'�7� ^ebgu k\ya_c 12 b 11 pbdebq_kdh]h bahf_jZ jZ\gu ����� b �����

Å (\ jZ[hl_2 ��� b ��� Å). J_Zevguf ij_^klZ\ey_lky b ki_dlj ]Zjfhgbq_kdbo dhe_[Zgbc
����� ��� b ���� kf-1�� jZkkqblZgguc \ wlhf ijb[eb`_gbb� < i_j_oh^ghc kljmdlmj_ &2v 
^ebgZ k\ya_c 12 m\_ebq_gZ ^h ������ ����� b ����� Å gZ mjh\gyo &$6������ 4&,6' b

4&,6'�7� khhl\_lkl\_ggh� Z ^ebgZ k\yab 11 ������� ����� b ����� Å) ijb[eb`Z_lky d
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f_`ty^_jghfm jZkklhygbx \ fhe_dme_ 12 - ����� �&$6������� ����� b ����� Å 

Fhhl\_lkl\_ggh �\ [Zabk_ �-��*
�� :gZeba hlghkbl_evguo wg_j]bc klZpbhgZjguo lhq_d �
jZkkqblZgguo gZ [he__ \ukhdbo mjh\gyo l_hjbb� ihdZau\Z_l� qlh pbdebq_kdbc bahf_j
fh] [u jZkkfZljb\Zlvky dZd f_lZklZ[bevgZy qZklbpZ � bf_xsZy hij_^_e_ggh_ \j_fy
`bagb ijb gbadbo l_fi_jZlmjZo� H^gZdh ba bkke_^h\Zgby dZgZeh\ ^bkkhpbZpbb

N2O(C2v)--N2 + O(1D,33� f_lh^hf &$6������ Z lZd`_ h[eZklb� ijbfudZxs_c d

i_j_oh^ghfm khklhygbx f_lh^hf 4&,6' �[Zabk �-��*
�� ke_^m_l� qlh lhqdZ

i_j_k_q_gby kbg]e_lghc b ljbie_lghc IIW �\ kbff_ljbyo 1A1 b 3B1� gZoh^blky gZ
dhhj^bgZl_ j_Zdpbb f_`^m ehdZevguf fbgbfmfhf b i_j_oh^guf khklhygb_f � LZdbf
h[jZahf� kbg]e_lguc pbdebq_kdbc bahf_j kdhj__ ^he`_g jZkkfZljb\Zlvky dZd

g_dhlhjZy ij_^^bkkhpbhggZy kljmdlmjZ� jZaeh`_gb_ dhlhjhc b^_l k baf_g_gb_f

kmffZjgh]h kibgZ kbkl_fu� 
 
 

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 regular ab initio 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 separate ab 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 the ab initio system and fragments enter via one-
electron operators in the ab 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 full ab 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 represent the ab intio 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 theULEERQ RI JUDSKHQH KH[DJRQV� +vFNHO SL-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 
%DVLF 5HVHDUFK� JUDQW � ��–03–32968; the program «Topical Problems in Condense Matter 
3K\VLFV�ª GLYLVLRQ ©)XOOHUHQHV DQG $WRPLF &OXVWHUV�ª � ������ DQG �WK &RQWHVW RI %DVLF DQG
Applied Projects of Young Scientists of RAS. 
 
 

COMPUTER MODELING OF C 2 CLUSTER ADDITION TO C 60 
 

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

 
Reaction of C2 cluster insertion into lower fullerenes (reaction of C2 ingestion 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 C2 ingestion by fullerene C60. The geometries and energies of extremal 
points on the C62 potential energy surface were calculated. Several reaction pathways leading 
to formation of three different closed C62 fullerenes were investigated. All reactions proceed 
stepwise through intermediates of different structures. The main reaction pathways were 
found to be addition of C2 by its one side to the 6-6 (see Fig.1) or 5-6 bond of C60 with 
formation of unclosed C62 intermediates of "ball-with-needle" structures. The results of 
calculations explain recent experimental data on the formation of unstable adducts upon 
addition of C2  to C60, obtained using the time-of-flight mass spectrometer with laser 
desorption. 
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Fig. 1. PM3-calculated stationary points (reactants, intermediate, transition state, and 
product) on minimal energy pathway of the reaction of C2 cluster addition to fullerene C60.  
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 I 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.I.C., 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 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

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.Vasyukov1, V.A.Shapovalov1, V.P.Dyakonov1,A.F.Dmitruk 2, E.A.Aksimentjeva3, 
H.Szymczak4, S.Piechota4 

1Donetsk Physics and Engineering Institute, NASU,Donetsk,Ukraine e-mail 
vasyukov@host.dipt.donetsk.ua 

 2Institute 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 
 4Institute 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, I.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 
quantum-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 H5O2+ 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.1, Stankevich I.V.1, Chernozatonskii L.A.2, Sabirov A.R.2 

1Institute of Organoelement Compounds, Russian Academy of Sciences, 117813 , Moscow, 
Vavilov St. 38 

2Institute 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 in sp3-hybrid 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 
C60 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. Lett. 297 (1998) 257. 
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FH>?EBJH<:GB?�KLJMDLMJU�B�WE?DLJHGGH=H�KLJH?GBY�
D<:AB-><MF?JGH=H�IHEBF?JGH=H�KEHY�G:�HKGH<?�
NMEE?J?GH<�[K36]n F?LH>:FB�D<:GLH<HC�OBFBB 

 
?�=� =Zevi_jg� B�<� KlZgd_\bq� :�E� Qbklydh\� :�J� KZ[bjh\ 

Bgklblml we_f_glhhj]Zgbq_kdbo kh_^bg_gbc J:G 
E�:� Q_jghaZlhgkdbc 

Bgklblml [bhobfbq_kdhc nbabdb J:G 
 

    Ijh\_^_gh dhfivxl_jgh_ fh^_ebjh\Zgb_ kljmdlmju b we_dljhggh]h kljh_gby

d\Zab-^\mf_jgh]h m]e_jh^gh]h kehy �1� k ljb]hgZevghc j_r_ldhc� khklhys_]h ba

nmee_j_gh\ K36 (2� lhiheh]bq_kdhc kbff_ljbb D6h. < wlhf ihebf_jghf keh_ 1 dZ`^uc
ihebw^jbq_kdbc deZkl_j 2 hdjm`_g r_klvx ZgZeh]bqgufb nmee_j_gZfb b k\yaZg k

dZ`^uf ba gbo ^\mfy dh\Ze_glgufb k\yayfb� Dhhj^bgZlu Zlhfh\ ih\lhjyxs_]hky

a\_gZ kehy 1 hp_gb\Zebkv gZ hkgh\Zgbb j_amevlZlh\ hilbfbaZpbb f_lh^hf MNDO/PM3 
iheghc wg_j]bb m]e_\h^hjh^ghc fhe_dmeu �D6h)-K132H48, m]e_jh^guc hklh\ dhlhjhc

kh\iZ^Z_l k ^hklZlhqgh [hevrbf njZ]f_glhf ihebf_jgh]h kehy 1.  
F_lh^hf djbklZeebq_kdbo hj[blZe_c \ \Ze_glghf ijb[eb`_gbb JFO ijh\_^_g

jZkq_l we_dljhggh]h ki_dljZ d\Zab-^\mf_jghc kbkl_fu 1� MklZgh\e_gh� qlh rbjbgZ

aZij_s_gghc ahgu \ __ we_dljhgghf ki_dlj_ khklZ\ey_l ∼��� w<� JZkkqblZgZ lZd`_

kljmdlmjZ b we_dljhggh_ kljh_gb_ g_dhlhjuo heb]hf_jh\ deZkl_jZ D6h-K36, ebg_cghc
fZdjhfhe_dmeu [—C36—]n� Z lZd`_ d\Zab-]jZnblh\h]h kehy� khklhys_]h ba

kmi_j[_gahevguo deZkl_jh\ m]e_jh^Z �K36)6.  
    F_lh^hf HF/3-��* bkke_^h\Zgu wg^hw^jZevgu_ dhfie_dku F#K36 (V= Cr, Ti, 
Ni, Fe)� >ey \k_o jZkkfhlj_gguo kbkl_f gZc^_gu ]_hf_ljbq_kdb_ iZjZf_lju b

jZkij_^_e_gb_ wnn_dlb\guo aZjy^h\�  
< ijb[eb`_gbb dhhj^bgZlu j_Zdpbb ijh\_^_gh fh^_ebjh\Zgb_ \aZbfh^_ckl\by

^\mo nmee_j_gh\ K36.  
JZ[hlZ ih^^_j`_gZ Jhkkbckdbf Nhg^hf Nmg^Zf_glZevguo Bkke_^h\Zgbc � Z

lZd`_ Jhkkbckdhc gZmqgh-l_ogbq_kdhc ijh]jZffhc ©:dlmZevgu_ gZijZ\e_gby \

nbabd_ dhg^_gkbjh\Zgguo kj_^ª� ih^ijh]jZffZ ©Nmee_j_gu b Zlhfgu_ deZkl_juª� 
 
 

GH<UC�F?O:GBAF�:DLB<:PBB�:ED:GH<��G:�IJBF?J?�
FHE?DMEU�IJHI:G:��KMI?JWE?DLJHNBE:FB�GH<H=H�

IHDHE?GBY 
 

G� I� =Zf[Zjyg� :� E� Qbklydh\� B� <� KlZgd_\bq� B� K� :oj_f 
Bgklblml we_f_glhhj]Zgbq_kdbo kh_^bg_gbc bf� :� G�G_kf_ygh\Z J:G� ������

Fhkd\Z� me� <Z\beh\Z� ��� (-mail: stan@ineos.ac.ru 
 

Ijh\_^_gh l_hj_lbq_kdh_ bkke_^h\Zgb_ \aZbfh^_ckl\by ijhiZgZ k

kmi_jwe_dljhnbeZfb gh\h]h ihdhe_gby� K wlhc p_evx f_lh^hf 01'2�30� jZkkqblZgu
njZ]f_glu ih\_joghkl_c ihl_gpbZevghc wg_j]bb �IIW� kbkl_f� &3H8 + AlBr5 (I), C3H8 
+ CBr3

+ (II), C3H8 + CBr3
+*Br2AlBr2

– (III). 
Dexq_\hc klZ^b_c deZkkbq_kdh]h f_oZgbafZ Zdlb\Zpbb ZedZgh\ we_dljhnbeZfb ?

+ 
�f_oZgbafZ HeZ� y\ey_lky ZlZdZ we_dljhnbehf σ-k\ya_c K—G beb K—K F h[jZah\Zgb_f
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pbdebq_kdbo lj_op_gljh\uo ^\mowe_dljhgguo ��k-�_� bgl_jf_^bZlh\ beb i_j_oh^guo

khklhygbc �IK�� Dexq_\hc klZ^b_c ^jm]h]h f_oZgbafZ Zdlb\Zpbb ZedZgh\ y\ey_lky

ZlZdZ we_dljhnbehf ZlhfZ K k kbgojhgguf h[jZah\Zgb_f �k-�_ k\yab wlh]h ZlhfZ k

d\Zabfhe_dmehc G2. GZfb jZg__ �gZ ijbf_j_ lZdh]h fhsgh]h we_dljhnbeZ� dZd ´]heuc´
dZlbhg %U+� gZc^_g gh\uc f_oZgbaf Zdlb\Zpbb ZedZgh\� k\h^ysbcky d ZlZd_

kmi_jwe_dljhnbeZ ih Zlhfm G ZedZgZ k h[jZah\Zgb_f bgl_jf_^bZlh\ 5—H—E+� Ijb

m^Ze_gbb ZlhfZ %U hl m]e_jh^Z hg m\e_dZ_l aZ kh[hc Zlhf G� %U+ + CH4  →  CH3
+ + HBr. 

LZdbf h[jZahf� j_Zdpby hlju\Z ]b^jb^ bhgZ hl f_lZgZ ijhoh^bl [_a h[jZah\Zgby
pbdebq_kdbo bgl_jf_^bZlh\ beb IK lbiZ HeZ � 

Ijh\_^_gh bkke_^h\Zgb_ h[eZklb ijbf_gbfhklb gh\h]h f_oZgbafZ Zdlb\Zpbb

ZedZgh\� MklZgh\e_gh� 
�� J_Zdpbb ijhiZgZ K3G8 dZd k dZlbhghf &%U3

+� lZd b k g_cljZevguf \ p_ehf

dhfie_dkhf K%U3
+*Br2AlBr2

– �kbkl_fu ,,� ,,,�� b^ml ih gZc^_gghfm gZfb gh\hfm

f_oZgbafm [_a h[jZah\Zgby pbdebq_kdbo bgl_jf_^bZlh\ beb IK lbiZ HeZ � 
�� Bamq_gb_ kbkl_fu , ijb\_eh d h[gZjm`_gbx lhevdh lZdbo j_Zdpbc ijhiZgZ K3G8, 

dhlhju_ b^ml q_j_a i_j_oh^gu_ khklhygby HeZ� 
<ukdZaZgh ij_^iheh`_gb_� qlh \hafh`ghklv hkms_kl\e_gby Zdlb\Zpbb ZedZgh\

we_dljhnbeZfb ih gZc^_gghfm gZfb gh\hfm f_oZgbafm aZ\bkbl hl khhlghr_gby

ijhqghklb jZaju\Zfhc \ ZedZg_ k\yab b fhsghklb ZlZdmxs_]h we_dljhnbeZ � 
JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih^^_j`d_ JNNB � 
 
 

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 couplingPRGHO �+�.pSSHO� :�'RPFNH� DQG /�6� &HGHUEDXP�
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 S2O82- 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. A.A. 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.I. 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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I:J:EE?EVG:Y�J?:EBA:PBY�J:KQ?L:�WG?J=?LBQ?KDH=H�

<DE:>:�LJ?ODJ:LGUO�<HA;M@>?GBC�<�Q?L<?JLHF�

IHJY>D?�L?HJBB�<HAFMS?GBC�<�<:JB:GL?�F,EE?J:-
IE?KK?��03���>EY�KBKL?F�K�A:DJULUFB�H;HEHQD:FB� 

 
:� :� =jZgh\kdbc� :� <� G_fmobg 

Obfbq_kdbc nZdmevl_l Fhkdh\kdh]h =hkm^Zjkl\_ggh]h Mgb\_jkbl_lZ bf �F� <�

Ehfhghkh\Z� EZ[hjZlhjby Obfbq_kdhc Db[_jg_lbdb� 
 

< kh\j_f_gghc g_wfibjbq_kdhc d\Zglh\hc obfbb rbjhdh bkihevamxlky

f_lh^u� hkgh\Zggu_ gZ bkihevah\Zgbb l_ogbdb fgh]hqZklbqghc l_hjbb \hafms_gbc �
>ey kbkl_f k aZdjulufb h[hehqdZfb� ohjhrh hibku\Zxsboky \ gme_\hf

ijb[eb`_gbb h^gbf ^_l_jfbgZglhf Ke_l_jZ� qZs_ \k_]h bkihevamxlky ihijZ\db d

wg_j]bb \ gbarbo ��-�� ihjy^dZo l_hjbb \hafms_gbc \ \ZjbZgl_ Fzee_jZ-Ie_kk_
(MP2-MP4�� Ihfbfh qbklh l_hj_lbdh-\hafms_gq_kdbo ih^oh^h\� f_lh^u l_hjbb

\hafms_gbc bkihevamxlky lZd`_ b ^ey ijb[eb`_ggh]h mq_lZ ihijZ\hd gZ \ha[m`^_gby

\ukr_c qZklbqghklb �dZd ijZ\beh� j_qv b^_l h[ hibku\Zxsboky k\yagufb

^bZ]jZffZfb lj_odjZlguo b� j_`_� q_luj_odjZlguo \ha[m`^_gbyo� \ lZdbo� gZijbf_j�
ih^oh^Zo� dZd CCSD, QCISD� b BD� Wlh ijb\h^bl d f_lh^Zf lbiZ CCSD(T), 
QCISD(T), BD(T)� b BD(TQ)� y\eyxsbfbky k\h_]h jh^Z wlZehgZfb dZq_kl\Z \

kh\j_f_gguo d\Zglh\hobfbq_kdbo bkke_^h\Zgbyo \ukhdh]h mjh\gy � 
< jZfdZo q_l\_jlh]h ihjy^dZ l_hjbb \hafms_gbc ljZ^bpbhggh \u^_eyxl

q_luj_ hkgh\guo lbiZ \deZ^h\ \ wg_j]bx we_dljhgghc dhjj_eypbb – \deZ^u�
h[mkeh\e_ggu_ h^ghdjZlgufb �S�� ^\mdjZlgufb �D�� lj_odjZlgufb �T�� b

q_luj_odjZlgufb �Q� \ha[m`^_gbyfb� <uqbkebl_evgu_ aZljZlu� g_h[oh^bfu_ ^ey

jZkq_lZ ihijZ\hd gZ h^ghqZklbqgu_ \ha[m`^_gby E(MP4-S)� \ h[s_f kemqZ_ jZklml

dZd iylZy kl_i_gv N5
jZaf_jZ fhe_dmeu N� Z aZljZlu gZ jZkq_l wg_j]_lbq_kdbo \deZ^h\

hl ^\mdjZlguo b q_luj_odjZlguo \ha[m`^_gbc E(MP4-DQ) ijhihjpbhgZevgu r_klhc 
kl_i_gb jZaf_jZ fhe_dmeu N6

� < lh `_ \j_fy� \uqbkebl_evgu_ aZljZlu� k\yaZggu_ k
jZkq_lhf \deZ^h\ lj_odjZlguo \ha[m`^_gbc E(MP4-T)� ijhihjpbhgZevgu k_^vfhc 
kl_i_gb jZaf_jZ fhe_dmeu N7

� LZdbf h[jZahf� jZkq_l E(MP4-T) lj_[m_l ]b]Zglkdbo
\uqbkebl_evguo aZljZl b y\ey_lky ebfblbjmxs_c klZ^b_c \ jZkq_l_ iheghc wg_j]bb

we_dljhgghc dhjj_eypbb \ q_l\_jlhf ihjy^d_ l_hjbb \hafms_gbc E(MP4-SDTQ) m`_
^ey kjZ\gbl_evgh g_[hevrbo fhe_dme� Ijb wlhf E(MP4-T) y\ey_lky� dZd ijZ\beh�
^hfbgbjmxs_c khklZ\eyxs_c iheghc wg_j]bb E(MP4-SDTQ). 

Hq_\b^gh� qlh ^ey ijh\_^_gby jZkq_lh\ fhe_dme kj_^g_]h b [hevrh]h jZaf_jZ
gZ mjh\g_ MP4, CCSD(T), QCISD(T)� b BD(T) g_h[oh^bfZ wnn_dlb\gZy

iZjZee_ebaZpby klZ^bb jZkq_lZ E(MP4-T). 
< kibg-hj[blZevghf nhjfZebaf_ (�03�-7� ^Z_lky ke_^mxsbf \ujZ`_gb_f�  

∑ ∑ ∆
−=−

n

kji

V

cba
abc
ijk

abc
ijkw

,, ,,

2

36

1
T)E(MP4  (1). 

H^gZdh g_ihkj_^kl\_ggh_ bkihevah\Zgb_ ihemq_ggh]h \ jZfdZo kibg-

hj[blZevgh]h nhjfZebafZ \ujZ`_gby ^ey
abc
ijkw \ kemqZ_ kbkl_f k aZdjulufb

h[hehqdZfb djZcg_ g_wnn_dlb\gh \ kbem ^\mo ijbqbg�  
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<h-i_j\uo� lj_[m_lky y\guc mq_l ki_pbnbdb kbkl_f k aZdjulufb h[hehqdZfb

�h^bgZdh\u_ ijhkljZgkl\_ggu_ dhfihg_glu m kibghj[blZe_c � hlebqZxsboky

agZq_gb_f kibgZ�� LZdbf h[jZahf� g_h[oh^bfh i_j_clb hl kibghj[blZevghc ghlZpbb d
hj[blZevghc iml_f bgl_]jbjh\Zgby ih kibgh\uf i_j_f_gguf � <h-\lhjuo, 
wnn_dlb\guc nhjfZebaf ^he`_g [ulv knhjfmebjh\Zg gZ yaud_ ijhkluo fZljbqguo

hi_jZpbc �fZljbqgh_ mfgh`_gb_��  

GZfb [ueh ihdZaZgh� qlh [_kkibgh\u_ Zfieblm^u
abc
ijkw fh]ml [ulv

ij_^klZ\e_gu \ \b^_ ijhkluo ebg_cguo dhf[bgZpbc g_dhlhjuo \kihfh]Zl_evguo

\_ebqbg� dhlhju_� \ k\hx hq_j_^v� fh]ml [ulv ihemq_gu dZd j_amevlZl g_dhlhjhc

ihke_^h\Zl_evghklb fZljbqgh-fZljbqguo mfgh`_gbc� keh`_gbc b ljZgkihabpbc

fZljbp� Ijb wlhf� 
1. Qbkeh we_f_glZjguo hi_jZpbc �keh`_gbc b mfgh`_gbc�� g_h[oh^bfuo

^ey jZkq_lZ
abc
ijkw , jZ\gh )()1(2 32 VnVnn +⋅⋅−⋅⋅ b y\ey_lky emqrbf ba

hibkZgguo \ ebl_jZlmj_; 

2. 
abc
ijkw jZkkqblu\Zxlky ³ihjpbyfb´ – ^ey nbdkbjh\Zgghc ljhcdb bg^_dkh\ i, 

j, k h^gh\j_f_ggh gZoh^ylky Zfieblm^u
abc
ijkw ^ey \k_o agZq_gbc a, b, c� Ijb

wlhf \k_ hi_jZpbb gZ^ fZljbpZfb� g_h[oh^bfu_ ^ey \uqbke_gby
hq_j_^ghc ³ihjpbb´ Zfieblm^� y\eyxlky g_aZ\bkbfufb b fh]ml
ijhba\h^blvky iZjZee_evgh gZ 603 kbkl_fZo k jZa^_ey_fhc iZfylvx�
(Hq_\b^gh� qlh kmffbjh\Zgb_ hl^_evguo \deZ^h\ \ nhjfme_ ��� lZd`_

fh`_l ijhba\h^blvky iZjZee_evgh�� 

3. <k_ hi_jZpbb� g_h[oh^bfu_ ^ey jZkq_lZ Zfieblm^
abc
ijkw ^ey jZaguo ljh_d 

bg^_dkh\ i, j, k� y\eyxlky g_aZ\bkbfufb b fh]ml ijhba\h^blvky
iZjZee_evgh gZ kbkl_fZo k jZkij_^_e_gghc iZfylvx� 

IZjZee_evgZy j_ZebaZpby Ze]hjblfZ� hkgh\Zggh]h gZ hibkZgghf ih^oh^_�
ijZdlbq_kdb hq_\b^gZ ba hibkZgby _]h hkgh\guo k\hckl\ �  

JZaebqgu_ ljhcdb bg^_dkh\ i, j, k jZkij_^_eyxlky f_`^m hl^_evgufb maeZfb

\uqbkebl_evgh]h deZkl_jZ lZdbf h[jZahf� qlh[u h[_ki_qblv fZdkbfZevgmx

aZ]jm`_gghklv dZ`^h]h maeZ� < gZr_c j_ZebaZpbb Ze]hjblfZ \ jZfdZo ijh]jZffu 3&
*$0(66 bkihevam_lky klZlbq_kdZy [ZeZgkbjh\dZ gZ]jmadb b 03, \ dZq_kl\_

bgl_jn_ckZ ^ey h[f_gZ ^Zggufb f_`^m maeZfb deZkl_jZ �  
DZ`^uc ma_e deZkl_jZ jZkij_^_ey_l jZ[hlm� g_h[oh^bfmx ^ey \uqbke_gby

Zfieblm^
abc
ijkw ^ey h[jZ[Zlu\Z_fhc \ ^Zggh_ \j_fy ljhcdb bg^_dkh\ i, j, k� f_`^m

\k_fb ^hklmigufb _fm ijhp_kkhjZfb� Bkihevam_lky fgh]hihlhdh\uc iZjZee_ebaf

�PXOWLWKUHDGLQJ� \ khq_lZgbb k ^bgZfbq_kdbf jZkij_^_e_gb_f gZ]jmadb b iheghklvx

Zkbgojhgguf \\h^hf-\u\h^hf�  
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THE INFLUENCE OF LIGAND NATURE ON STRUCTURAL AND 
ENERGETIC CHARACTERISRICS OF SiX4*nL ADDUCTS. 

 
E.I. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer III. 

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 SiX4�/ DGGXFWV have been 
considered: axial (C3v) and equatorial (Cs). The fact of transition Cs in C3v during 
optimization has been established for SiX4�1+�� )RU DOO OLJDQGV D[LDO LVRPHU LV PRUH VWDEOH�
For SiX4��/ FRPSOH[HV WKH WUDQV- and cis-isomers have been considered. The Si-N distance 
of cis- and trans-isomer of SiX4��/ LV GHFUHDVHG FRPSDUHG WR 6L;��/� ZKLFK LQGLFDWHV WKDW
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-Cl-Br for all complexes. For SiX4��/ DGGXFWV WKH 6L-N distance is approximately 
constant in order F-Cl-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 III 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 III H.F.// 
5XVV� -� *HQHU� &KHP� ����� 9RO� ��� � �� 3�����-1257.  
 
RELATIONSHIP BETWEEN THE ENERGY OF DONOR-ACCEPTOR 

BOND AND THE REORGANISATION ENERGY IN MOLECULAR 
COMPLEXES 

 
E.I. Davydova, A.Y. Timoshkin, T.N. Sevastianova, A.V. Suvorov, H.F. Schaefer III. 

The Department of Inorganic Chemistry, The Faculty of Chemistry, St.-Petersburg State 
University, University pr.2, 198504 Old Peterhoff, Russia. 

 
The halides of the III-IV 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 
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quantum-chemical calculation. 
The adducts of silicon halides with nitrogen-containing donors (NH3, py, 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 (1), 
where n - number of bonds; Ediss - the dissociation energy of complex in gas phase; Ebond - the 
bond energy; Ereorg(A) - the reorganization energy of acceptor; Ereorg(D) - reorganization 
energy of donor; D EBSSE - basis set superposition error. D EBSSE 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 IV 
group elements is very large in contrast to group III 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) ' ?BSSE Ebond 

AlCl3·  NH3 149,0 28,2 0,2 -14,6 170± 7 
trans-SiCl4·  2NH3 71,5 280,2 15,0 -32,9 175± 8 

 1. A.Y. Timoshkin, A.V. Suvorov, H.F. Schaefer III // Russ. J. Inorg. Chem. 2000. Vol.45. 
��� 3����-512. 
 
 

MOLECULAR MECHANICS – EFFECTIVE CRYSTAL FIELD 
CALCULATIONS OF LOW- AND HIGH-SPIN Fe(II) 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(II) 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 Fe-1 GLVWDQFH YDULHV IURP ���� WR ���� ?�� �� $� 9� 6RXGDFNRY� $� /�
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 CI 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 
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experimental data. Some special spectroscopic properties such as the homogeneous and 
heterogeneous mixing of the ion-pair states in F_2 are discussed. 
 
 
D<:GLH<H-F?O:GBQ?KD:Y�FH>?EV�><B@?GBY�BHG:�<�

=J:FBPB>BGH<HF�D:G:E?�F?F;J:GU 
 

1
>fbljb_\ :�<��

2
BkZ_\Z =�:��

1
KemdbgZ X�E��

2
BkZ_\ I�I� 

1
Ebi_pdbc ]hkm^Zjkl\_gguc i_^Z]h]bq_kdbc mgb\_jkbl_l 

2
Dhkljhfkdhc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�:� G_djZkh\Z 

 
 =jZfbpb^bg : – i_ilb^guc Zglb[bhlbd� dhlhjuc ijb \kljZb\Zgbb \ f_f[jZgm
kihkh[_g h[jZah\u\Zlv dZlbhgk_e_dlb\guc dZgZe� Hkgh\ghc p_evx ij_^klZ\e_gghc

jZ[hlu y\ey_lky fh^_ebjh\Zgb_ ^\b`_gby bhgh\ H+, Na+ b .+ \ ihehklb HHSH (head-
to-head single-stranded helix) i_ilb^gh]h ^bf_jZ �Ketchem R.R. J. Biol. NMR, 1996, 8, 
P.1). :lhfgu_ dhhj^bgZlu ^bf_jZ \aylu ba ;ZgdZ [_edh\uo kljmdlmj �3DB, 
Brookhaven National Laboratories, USA). Ihl_gpbZe we_dljhklZlbq_kdh]h ihey \

ihehklb ^bf_jZ hp_gb\Zeky bkoh^y ba ^Zgguo h jZkij_^_e_gbb we_dljhgghc iehlghklb

\ i_ilb^ghf ^bf_j_� ihemq_gguo f_lh^hf EHMO (Extended Huckel MO) \ klZg^Zjlghc
iZjZf_ljbaZpbb� IhdZaZgh� qlh hkgh\ghc \deZ^ \ we_dljhklZlbq_kdbc ihl_gpbZe

^bf_jZ \ghkyl CO-]jmiiu Zfbghdbkehlguo hklZldh\� hjb_glbjh\Zgguo \^hev hkb

kibjZeb� MklZgh\e_ggZy nmgdpby ihl_gpbZevghc wg_j]bb bhgZ \ we_dljhklZlbq_kdhf

ihe_ ]jZfbpb^bgh\h]h dZgZeZ kh]eZkm_lky k wdki_jbf_glZevgufb ^Zggufb �
KhklZ\e_gh b ihemq_gu j_r_gby klZpbhgZjgh]h mjZ\g_gby Rj_^bg]_jZ �
hibku\Zxs_]h ^\b`_gb_ bhgZ \ we_dljhklZlbq_kdhf ihe_ ]jZfbpb^bgh\h]h dZgZeZ

f_f[jZgu� Ijh\_^_g kjZ\gbl_evguc ZgZeba wg_j]_lbq_kdbo ki_dljh\ b \hegh\uo

nmgdpbc bhgh\ H+, Na+ b .+. Bkke_^h\Zgb_ ih^^_j`b\Z_lky ]jZglhf DPN? �dh^
=JGLB ��������� - ;bhnbabdZ� rbnj ��-0-10, 0-167). 
 
 
SIMULATION OF THE PROTON TRANSFER IN ACID PROTEINASE 
(RHIZOPUSPEPSIN) USING HYBRID QM/MM METHOD BASED ON 

EFP METHODOLOGY. 
 

Dobrogorskaya Y.I., 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 

 
:�0�'REURWYRUVNLL 

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. 
 
 

I:J:EE?EVG:Y�G?CJHGG:Y�K?LV�K�M>:E?GGUF�

>HKLMIHF G:�;:A?�J:KIJ?>?E?GGH=H�DE:KL?J:�W<F 
 

:�X� >h\`_gdh� K�:� DjZrZdh\ 
Bgklblml l_hj_lbq_kdhc nbabdb bf� E�>� EZg^Zm J:G 

 
JZkkfZljb\Z_lky iZjZee_evgZy j_ZebaZpby g_cjhgghc k_lb gZ jZkij_^_e_gghf

\uqbkebl_evghf deZkl_j_� HibkZg kha^Zgguc WWW–bgl_jn_ck ^ey m^Ze_ggh]h

mijZ\e_gby ijh]jZffgh-ZiiZjZlguf dhfie_dkhf� H[km`^Z_lky \hafh`ghklv

ijbf_g_gby g_cjh\uqbke_gbc ^ey j_r_gby obfbq_kdbo aZ^Zq � 
G_cjhk_lb bkihevamxlky ^ey j_r_gby kZfuo jZaghh[jZaguo aZ^Zq � ^ey dhlhjuo

g_\hafh`gZ q_ldZy Ze]hjblfbaZpby� gh kms_kl\m_l ^hklZlhqguc gZ[hj iZj ©ba\_klgh_
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\ha^_ckl\b_ – ba\_klguc hldebdª ba ij_^f_lghc h[eZklb� Ih^Z\Zy gZ \oh^ g_cjhk_lb
ba\_klgh_ \ha^_ckl\b_ b baf_gyy \_kZ k\ya_c �Z� \hafh`gh� b ]_hf_ljbq_kdmx

kljmdlmjm k_lb�� fh`gh ^h[blvky khhl\_lkl\by f_`^m \uoh^hf b ba\_klguf hldebdhf �
Ijh\_^y lZdmx hi_jZpbx gZ \k_f gZ[hj_ ba\_klguo iZj ©\ha^_ckl\b_ – hldebdª�
ihemqZ_f h[mq_ggmx g_cjhk_lv� kihkh[gmx \u^Z\Zlv hl\_lu gZ g_ba\_klgu_ \hijhku

ba ij_^f_lghc h[eZklb� Bf_ggh h[mq_gb_ lj_[m_l gZb[hevr_]h dhebq_kl\Z \j_f_gb b
\uqbkebl_evguo fhsghkl_c�  

<ky jZ[hlZ ihevah\Zl_ey k g_cjhk_j\_jhf hkms_kl\ey_lky k ihfhsvx Web-
bgl_jn_ckZ kh kljZgbpu http://neural.chg.ru/. G_cjhk_j\_j jZa\_jgml gZ

jZkij_^_e_gghf \uqbkebl_evghf deZkl_j_ BgklblmlZ l_hj_lbq_kdhc nbabdb bf � E�>�
EZg^Zm� H^ghc ba ]eZ\guo aZ^Zq jZ[hlu y\ey_lky jZkiZjZee_eb\Zgb_ � GZb[he__

j_kmjkh_fdbfb hi_jZpbyfb \ g_cjh\uqbke_gbyo \hh[s_ b \ bkihevam_fhf gZfb

Ze]hjblf_ h[jZlgh]h jZkijhkljZg_gby hrb[hd� \ qZklghklb� y\eyxlky fZljbqgu_

hi_jZpbb� GZfb j_Zebah\Zg Ze]hjblf Parallel error back propagation k bkihevah\Zgb_f

[b[ebhl_db MPI. 
>ey lbibqghc l_klh\hc aZ^Zqb �� \oh^h\� � \uoh^h\� �� kdjuluo g_cjhgh\ gZ

h^ghf ijhf_`mlhqghf keh_ ���� kbgZikh\�� ���� \_dlhjh\ ^ey h[mq_gby�
ijhba\h^bl_evghklv h[mq_gby g_cjhk_lb gZ h^bghqghf ijhp_kkhj_ �P-III/450MHz) 
khklZ\beZ 1.6 MCUPS (dhebq_kl\h baf_g_gguo we_f_glh\ fZljbpu \_kh\ \ k_dmg^m). 
LZ `_ aZ^ZqZ� \uihegyxsZyky gZ �-o ijhp_kkhjZo ^\moijhp_kkhjghc fZrbgu k

bkihevah\Zgb_f MPI� ^Z_l ijhba\h^bl_evghklv 3.0 MCUPS. Ijb bkihevah\Zgbb \k_o

ijhp_kkhjh\ deZkl_jZ BLN ijhba\h^bl_evghklv ih^gbfZ_lky ^h ��-18 MCUPS.  
:\lhju [eZ]h^Zjyl E�G�SmjZ aZ ih^^_j`dm jZ[hlu b ihe_agu_ h[km`^_gby �  
JZ[hlZ \uiheg_gZ ijb ih^^_j`d_ JNNB� ]jZgl ��-07-90071.  

 
 

QUANTUM-CHEMICAL INVESTIGATION OF THE 
NITROSOMETHANE MOLECULE STRUCTURE IN THE GROUND 

AND LOWEST EXCITED ELECTRONIC STATES 
 

'ROJRY ?�D�� %DWDHY 9�$�� *RGXQRY ,�$� 
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<--S0-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(SO4)2 - 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(SO4)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 
quantum 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 technique 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 number z=6 ) with periodic boundary 
conditions. We took into account the adsorption of W(CO)6 followed by the decomposition 
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process W(CO)6 Æ 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. 
 
 

WE?DLJHGGH?�KLJH?GB?��HLGHKBL?EVG:Y�
KL:;BEVGHKLV�B�F:=GBLGH-J?AHG:GKGU?�I:J:F?LJU�

J:>BD:EH<��H;J:AMXSBOKY�IJB�J:>B:PBHGGHF�

H;EMQ?GBB�R?JKLB� 
 

B�<�?nbf_gdh� B�:�:[jhgbg� D�B�Dh[jZdh\ 
Fhkdh\kdbc =hkm^Zjkl\_gguc L_dklbevguc Mgb\_jkbl_l  bf� :�G�Dhku]bgZ 
 

JZ^bZpbhggZy h[jZ[hldZ \ dZq_kl\_ h^ghc ba klZ^bc i_j_jZ[hldb \hehdhg

y\ey_lky i_jki_dlb\ghc ^ey ihemq_gby l_dklbevguo fZl_jbZeh\ k aZjZg__ aZ^Zggufb

k\hckl\Zfb� J_amevlZlu bkke_^h\Zgby γ-h[emq_gguo r_jklyguo \hehdhg f_lh^hf WIJ
ihdZaZeb� qlh ijb wlhf h[jZam_lky jy^ k\h[h^guo jZ^bdZeh\ � ^ey dhlhjuo [ueb
ij_^eh`_gu \hafh`gu_ kljmdlmju� ;he__ lhqgZy bgnhjfZpby h kljh_gbb lZdbo

jZ^bdZeh\ b bo jheb \h \lhjbqguo ij_\jZs_gbyo� fh`_l [ulv ihemq_gZ f_lh^Zfb

d\Zglh\hc obfbb� 
Ihemwfibjbq_kdbfb f_lh^Zfb KKI FH ED:H \ \Ze_glguo ijb[eb`_gbyo JFA b

,1'2 ijh\_^_gguo jZkq_lu \hafh`guo kljmdlmj b wg_j]_lbdb h[jZah\Zgby k\h[h^guo

jZ^bdZeh\ \ heb]hf_jguo ihebi_ilb^guo njZ]f_glZo � kh^_j`Zsbo njZ]f_glu

]ebpbgZ� ]emlZfbgh\hc dbkehlu b k_jbgZ� IhdZaZgh� qlh gZb[he__ mklhcqb\ufb
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y\eyxlky jZ^bdZeu� h[jZam_fu_ hlju\hf Zlhfh\ \h^hjh^Z hl Zlhfh\ ZahlZ i_ilb^ghc

k\yab b Zlhfh\ m]e_jh^Z \ Zfbghdbkehl_ ihebi_ilb^gh]h njZ]f_glZ � >ey ihemq_gguo
hilbfZevguo kljmdlmj jZkkqblZgu fZ]gblgh-j_ahgZgkgu_ iZjZf_lju bkke_^h\Zgguo

jZ^bdZeh\ �dhgklZglu KL< b J-nZdlhju�� J_amevlZlu jZkq_lh\ kjZ\gb\Zxlky k

wdki_jbf_glhf b ih^l\_j`^Zxl aZdexq_gby � k^_eZggu_ gZ hkgh\_ jZkq_lh\

hlghkbl_evghc klZ[bevghklb jZ^bdZevguo kljmdlmj � 
 

S-CIS- AND S-TRANS-BUTADIENE COORDINATION ON ACTIVE 
CENTERS WHICH ARE GENERATED AT DIENES 

POLYMERIZATION ON CATALYSTS ON THE BASIS NDCl3.3TBF-
AlR3  

 
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.g. [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** 
* Ivanovo State University of Chemical Sciences and Technology,  
** Zelinsky Institute of Organic Chemistry, Russian Academy of 

Sciences. 
 
ChemCraft is a graphical tool for treatment of the chemical data 
with special emphasis on molecular building and working out 
computational results. ChemCraft is an affordable, convenient 

graphical user interface for Gaussian and Gamess program packages with efficient molecular 
building capacities and advanced visualisation facilities. It allows:  
- to view Gaussian or Gamess computational 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.  
ChemCraft allows to work more efficiently with results of calculations, to prepare new jobs 
and to present the results of your analysis. ChemCraft is also good tool implementing 
majority molecular visualisation, analysis and presentation needs.  
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I?JKI?DLB<U�BKIHEVAH<:GBY�?>BGHC�KJ?>U�

J:KIJ?>?E?GGUO�J?KMJKH<��GRID ��>EY�
BGNHJF:PBHGGH=H�H;?KI?Q?GBY�OBFBQ?KDBO�

BKKE?>H<:GBC 
 

@mqdh\:�<�� :jgZmlh\ K�:� 
Bgklblml obfbq_kdhc nbabdb bf� G�G�K_f_gh\Z J:G 

:GH L_e_dhffmgbdZpbhgguc P_glj ©GZmdZ b h[s_kl\hª 
 
?^bgZy kj_^Z jZkij_^_e_gguo j_kmjkh\ 
JZ[hlZ ih h[t_^bg_gbx \k_o j_kmjkh\ Bgl_jg_lZ \ _^bguc bgl_]jbjh\Zgguc

dhfie_dk ijh\h^blky \ jZfdZo kha^Zgby _^bghc kj_^u jZkij_^_e_gguo j_kmjkh\ �?KJ�
GRID�� dhlhjZy khklZ\bl bgnhjfZpbhggh-\uqbkebl_evgmx bgnjZkljmdlmjm [m^ms_]h

[1,2]. 
Fu jZkkfZljb\Z_f GRID dZd bkoh^gh jZkij_^_e_ggmx kbkl_fm� dhlhjZy k\h^bl

\h_^bgh ^Zggu_� \uqbkebl_evgu_ fhsghklb b j_kmjku ^ey \bamZebaZpbb � Hkgh\m, 
kmlv ?KJ khklZ\eyxl ijhlhdheu, k_j\bku, API (Application Programming Interfaces) b 
SDK (Software Development Kits).   
>ey ihevah\Zl_ey h[jZs_gb_ d ?KJ [m^_l \ g_dhlhjhf jh^_ ZgZeh]bqgh

bkihevah\Zgbx we_dljhwg_j]bb ihkj_^kl\hf h[uqghc jha_ldb - _^bguc bgl_jn_ck

[m^_l ij_^hklZ\eylv ^hklmi dh \k_f g_h[oh^bfuf j_kmjkZf lZd � keh\gh fu bf__f ^_eh

k h^gbf h]jhfguf f_lZdhfivxl_jhf� <k_ aZ^Zqb� dZd ljZ^bpbhggu_ ^ey h[uqguo

dhfivxl_jh\ �mijZ\e_gb_ ijhp_kkZfb� iZfylvx� nZceh\hc kbkl_fhc� \\h^hf�\u\h^hf
b ij��� lZd b ijbgpbibZevgh gh\u_ �mq_l� dhgljhev� kihkh[ ^hklmiZ b jZkij_^_e_gb_

j_kmjkh\� h[_ki_q_gb_ [_ahiZkghklb� kh\f_klgZy jZ[hlZ gZ^ gZ[hjhf ^Zgguo \

j_Zevghf fZkrlZ[_ \j_f_gb b ij�� [m^_l j_rZlv ki_pbZebabjh\Zgguc dhfie_dk

ijh]jZffgh]h h[_ki_q_gby �gZijbf_j� jZajZ[Zlu\Z_fuc \ ijh_dl_ Globus >���@� gZ
[Za_ khhl\_lkl\mxs_c ZiiZjZlghc bgnjZkljmdlmju � 

P_eb kha^Zgby ?KJ 
 =eZ\gZy ^he]h\j_f_ggZy p_ev jZa\blby ?KJ - bgnhjfZpbhggh_ h[_ki_q_gb_

ijbgylby j_r_gbc ]jmiiZfb wdki_jlh\� aZgbfZxsboky hij_^_e_ggufb ijh[e_fZfb� \
khklZ\_ hl^_evguo deZkl_jh\ ihgylbcguo k_l_c >�@� 
L_jfbg �ihgylbcgZy k_lv� �knowledge network� fh`gh hij_^_eblv� dZd kh\hdmighklv

bgnhjfZpbb� wdki_jlh\ b agZgby ih hij_^_e_gghc ^bkpbiebg_ � dhlhju_ fh]ml [ulv
bkihevah\Zgu k ijbf_g_gb_f dhfivxl_jguo l_ogheh]bc ^ey ZgZebaZ jZaebqguo

ijh[e_f� L�_� wlh ex^b� agZgby b bgnjZkljmdlmjZ� < kemqZ_ gZmqguo k_l_c \ qbkeh

wdki_jlh\ ^he`gu \oh^blv dZd ijhnbevgu_ ki_pbZebklu � lZd b dhfivxl_jsbdb�
ijba\Zggu_ hj]Zgbah\Zlv b h[_ki_qblv h[jZ[hldm bgnhjfZpbb � BgnjZkljmdlmjZ

\dexqZ_l ?KJ� bgnhjfZpbhggh-hjb_glbjh\Zgguc ijh]jZffguc dhfie_dk� fh^_eb b

khhl\_lkl\mxsb_ ijbeh`_gby� AgZgb_ ij_^klZ\e_gh \ lhf qbke_ ]bihl_aZfb

�ijh]ghaZfb� h \hafh`guo wnn_dlZo �gZijbf_j� h \ebygbb l_ogh]_gguo Zwjhahe_c gZ
baf_g_gb_ ]eh[Zevgh]h debfZlZ� b bgl_jij_lZpb_c kms_kl\mxsbo ^Zgguo �gZijbf_j�
khpbheh]bq_kdbo hijhkh\�� 

Ijh]jZffgh_ h[_ki_q_gb_ 
 I_j_qbkebf g_dhlhju_ ijbgpbibZevgu_ aZ^Zqb� dhlhju_ g_h[oh^bfh j_rblv ijb

kha^Zgbb ?KJ� 
• ih^^_j`dZ bgl_jhi_jZ[_evghklb f_`^m h[t_dlZfb b j_kmjkZfb \ ?KJ � 
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• ^bki_lq_jbaZpby� \dexqZy b^_glbnbdZpbx ^hklmiguo j_kmjkh\� klZlbklbdZ
bkihevah\Zgby b aZ]jmadb j_kmjkh\ b ij�� 

• kbkl_fZ [_ahiZkghklb b dhgljhey ^hklmiZ� \ l�q� ijb\be_]bb ihevah\Zl_e_c� 
• h[jZs_gb_ d gZ[hjZf ^Zgguo \ m^Ze_gguo Zjob\Zo �\dexqZy ijhlhdheu�

dhlhju_ g_h[oh^bfh bkihevah\Zlv ^ey jZ[hlu k ]_l_jh]_ggufb bklhqgbdZfb

^Zgguo�� 
;Zah\h_ ijh]jZffgh_ h[_ki_q_gb_� g_h[oh^bfh_ ^ey kha^Zgby bgnjZkljmdlmju ^ey

h[jZ[hldb [hevrbo h[t_fh\ bgnhjfZpbb \dexqZ_l \ k_[y � 
• kha^Zgb_ \ jZfdZo ?KJ kh]eZkh\Zgghc h[t_dlghc kj_^u � iha\heyxs_c

ih^^_j`b\Zlv \uiheg_gb_ g_h[oh^bfuo ijbeh`_gbc b k_j\bkh\ \ j_Zevghf

fZkrlZ[_ \j_f_gb� 
• kha^Zgb_ KIB� h[_ki_qb\Zxsbo ihbkd ^Zgguo ih Zljb[mlZf� \u^_e_gb_

f_lZ^Zgguo �metadata mining�� k_fZglbq_kdmx bgl_jhi_jZ[_evghkl 
IF� h[sb_
hglheh]bb b memqr_ggu_ kbkl_fu Zgghlbjh\Zgby ^Zgguo � 

• jZajZ[hldm l_ogheh]bc pbnjh\uo [b[ebhl_d� ih^^_j`b\Zxsbo im[ebdZpbx�
dZlZeh]babjh\Zgb_ b ojZg_gb_ gZ[hjh\ ^Zgguo� 

• kha^Zgb_ kbkl_f mijZ\e_gby ^Zggufb� kgZ[`_gguo dZlZeh]Zfb kbkl_fguo
f_lZ^Zgguo ^ey h[_ki_q_gby bgl_jhi_jZ[_evghkl 
H� f_`^m h[t_dlZfb b

j_kmjkZfb \ ?KJ� 
• kha^Zgb_ f_oZgbafZ l�g� �[jhd_jZ j_kmjkh\� � storage resource broker), 

h[_ki_qb\Zxs_]h _^bguc f_oZgbaf ^hklmiZ d ]_l_jh]_gguf bklhqgbdZf

^Zgguo� 
• kha^Zgb_ dhfie_dkh\ �[ZaZ ^Zgguo � ojZgbebs_�� dZd hkgh\m ^ey

ki_pbZebabjh\Zgguo dhee_dpbc� 
• kha^Zgb_ Zjob\guo kbkl_f ^ey ^he]h\j_f_ggh]h ojZg_gby ^Zgguo � 

Bgl_]jZpby ?KJ� l_ogheh]bc h[jZ[hldb [hevrbo h[t_fh\ bgnhjfZpbb b

l_ogheh]bc pbnjh\uo [b[ebhl_d \ i_jki_dlb\_ ijb\_^_l d ihy\e_gbx mgbdZevghc

bgnjZkljmdlmju ^ey ^hklmiZ� ZgZebaZ b ]_g_jZpbb bgnhjfZpbb� 
Bgl_gkb\gh jZa\b\Zxsb_ky ihke_^gb_ ]h^u l_ogheh]bb we_dljhgguo [b[ebhl_d

lZd`_ ij_^hklZ\eyxl ^hklZlhqgh fhsguc b kh\_jr_gguc gZ[hj bgkljmf_glh\

�k_j\bkh\� ^ey fZgbimeypbb k gZ[hjZfb ^Zgguo b \dexqZxl >�@� 
• Â im[ebdZpbx�j_]bkljZpbx gh\uo gZ[hjh\ ^Zgguo� 
• Â [ZaZ f_lZ^Zgguo ^ey ihbkdZ ^Zgguo ih Zljb[mlZf � 
• Â ^hklmi d ]_l_jh]_gguo j_kmjkZf ihkj_^kl\hf [jhd_jZ j_kmjkh\ � 
• Â dhgljhev Zml_glbnbdZpbb b ^hklmiZ� 
• Â ^bki_lqbjh\Zgb_ \uqbkebl_evguo j_kmjkh\ b j_kmjkh\ \\h^Z �\u\h^Z� 
• Â jZkij_^_e_ggh_ bkiheg_gb_ k_j\bkh\ P;� 
Khhl\_lkl\mxsb_ k_j\bku fh]ml j_]bkljbjh\Zlvky \ ki_pbZevghc [Za_ ^Zgguo b

\uau\Zlvky ^ey h[jZ[hldb ex[h]h gZ[hjZ ^Zgguo� ojZgys_]hky \ [b[ebhl_d_ �__
j_ihablhjbb�� Dhf[bgZpby \hafh`ghklb ^hklmiZ d ^Zgguf q_j_a [Zam f_lZ^Zgguo �
dZlZeh`guo k_j\bkh\� aZj_]bkljbjh\Zggh]h gZ[hjZ f_lh^h\ h[jZ[hldb ^Zgguo

iha\hey_l j_rZlv ijZdlbq_kdb \k_ aZ^Zqb ^ey kha^Zgby kj_^u h[jZ[hldb ^Zgguo \ ?KJ �  
< Jhkkbb dheeZ[hjZpby GBBYN F=M� BLWN� BIF b :GH LP ©GZmdZ b h[s_kl\hª

gZ [Za_ X`ghc Fhkdh\kdhc Hihjghc K_lb kha^Z_l jhkkbckdbc k_]f_gl ?KJ �5*5,'��  
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BgnhjfZpbhggh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc  
 Hq_\b^gh� qlh ^hklb]gmluc mjh\_gv bgnhjfZpbhgguo l_ogheh]bc iha\hey_l

\iehlgmx ijbklmiblv d j_r_gbx aZ^Zqb g_ ijhklh bgnhjfZpbhggh]h h[_ki_q_gby

obfbq_kdbo bkke_^h\Zgbc – gh d j_r_gbx aZ^Zqb kha^Zgby ©obfbq_kdhc ihgylbcghc
k_lbª� Jhkkby jZkiheZ]Z_l agZqbl_evguf qbkehf \ukhdhd\Zebnbpbjh\ 
H�gguo
obfbdh\� gZmqghc bgnhjfZpbb \ wlhc h[eZklb� Ij_^klZ\ey_lky� qlh kh_^bg_gb_

bf_xs_]hky ihl_gpbZeZ k gh\_crbfb bgnhjfZpbhggufb l_ogheh]byfb kihkh[gh

ijb^Zlv gh\h_ dZq_kl\h jZa\blbx obfbb \ gZr_c kljZg_ � ?kl_kl\_ggh� kha^Zgb_ lZdhc
ihgylbcghc k_lb ij_^iheZ]Z_l l_kg_crmx bgl_]jZpbx \ f_`^mgZjh^gu_ k_lb �
hj]ZgbaZpbb� khh[s_kl\Z� 
D kh`Ze_gbx� l_g^_gpbb ihke_^gbo e_l iha\heyxl� gZ gZr \a]ey^� ]h\hjblv kdhj__

h[ mom^r_gbb bgnhjfZpbhggh]h h[_ki_q_gby obfbq_kdbo bkke_^h\Zgbc � <

agZqbl_evghc kl_i_gb mljZlbeh k\h_ [ueh_ agZq_gb_ <BGBLB � hq_gv kbevgh

khdjZlbeZkv ih^ibkdZ gZ bghkljZggmx i_jbh^bdm� mf_gvrbehkv qbkeh ba^Z\Z_fuo

dgb]� 
Iheh`_gb_ mkm]m[ey_lky l_f� qlh obfby dZd hljZkev agZgby� gZmdb – bf__l k\hx

ki_pbnbdm� Ijb lhf� qlh obfbq_kdZy bgnhjfZpby� ih g_dhlhjuf hp_gdZf� khklZ\ey_l
^h ��� hl h[s_]h h[t_fZ� ijZdlbq_kdb \ky hgZ ^hklmigZ ebrv aZ ieZlm� 
JZgvr_� \ hlkmlkl\b_ Bgl_jg_lZ b ijZdlbdb [_kieZlgh]h jZkijhkljZg_gby

bgnhjfZpbb� obfby ijbgZ^e_`ZeZ – \ke_^ aZ nbabdhc – d qbkem eb^_jh\ \

bkihevah\Zgbb bgnhjfZpbhgguo l_ogheh]bc�  
< gZklhys__ \j_fy iheh`_gb_ j_adh baf_gbehkv� Bkke_^h\Zl_eb jy^Z h[eZkl_c

kfh]eb ^h]h\hjblvky h lhf� qlh j_n_jZlb\gZy �[b[ebh]jZnbq_kdZy� gZmqgZy

bgnhjfZpby ^hklmigZ [_kieZlgh� DeZkkbq_kdbc ijbf_j – f_^bpbgkdZy [ZaZ Medline. 
Wlm ihabpbx ih^^_j`Zeh ijZ\bl_evkl\h KR:� \ ���� ]� aZdhgh^Zl_evgh h[yaZ\r__

[_kieZlgh ij_^hklZ\eylv ^hklmi d bgnhjfZpbb� kha^Zgghc \ oh^_ bkke_^h\Zgbc�
ijh\h^bfuo aZ kq_l ]hkm^Zjkl\_ggh]h [x^`_lZ� 
JZa\blb_ k_l_\uo l_ogheh]bc b \_[Z j_adh m[ukljbeh kdhjhklv jZkijhkljZg_gby �

pbjdmeypbb gZmqghc bgnhjfZpbb� H]jhfgh_ qbkeh iheguo l_dklh\ klZl_c ^hklmigh gZ
^hfZrgbo kljZgbpZo hl^_evguo mq_guo� gZmqguo eZ[hjZlhjbc� bgklblmlh\� p_gljh\ b
ij� 
?kl_kl\_ggh� qlh kha^Zgu b bgl_gkb\gh jZa\b\Zxlky dhff_jq_kdb_ bklhqgbdb

gZmqghc bgnhjfZpbb� ih^^_j`b\Zxsb_ \ukhdhdZq_kl\_ggu_ [Zau ^Zgguo � \ l�q� ih
obfbb� Ijbf_ju – [Zau ^Zgguo Chemical Abstract, Beilshtein, Web of Science. 
Ba jZkkfhlj_gby l_dms_c kblmZpbb� ih gZr_fm fg_gbx� \ul_dZxl ke_^mxsb_ 

\u\h^u� 
` . G_hoh^bfh hkhagZgb_ baf_gb\r_cky j_Zevghklb obfbq_kdbf gZmqguf

khh[s_kl\hf Jhkkbb� 
` . G_h[oh^bfu ihke_^h\Zl_evgu_ gZklhcqb\u_ mkbeby ih nhjfbjh\Zgbx

©bgnhjfZpbhggh]h khagZgbyª \ obfbq_kdhf khh[s_kl\_ kljZgu�
=eh[Zevghklv kh\j_f_gghc gZmdb� \ukhdb_ bgnhjfZpbhggu_ l_ogheh]bb

^bdlmxl gh\u_ kihkh[u kms_kl\h\Zgby \ gZmd_� gh\u_ f_lh^u ijh\_^_gby

gZmqguo bkke_^h\Zgbc� 
` . G_h[oh^bfh baf_g_gb_ ^bnn_j_gpbjh\Zggh_ baf_g_gb_ hlghr_gby d

gZmqghc bgnhjfZpbb� ;hevrZy qZklv __ [ueZ kha^ZgZ aZ kq_l

]hkm^Zjkl\_ggh]h nbgZgkbjh\Zgby� g_ ij_^klZ\ey_l dhff_jq_kdhc p_gghklb�
g_ kh^_j`bl ©^h[Z\e_gghc klhbfhklbª dZd bklhqgbd dZq_kl\_gghc
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bgnhjfZpbb – ihwlhfm fh`_l b ^he`gZ ij_^hklZ\eylvky [_kieZlgh �
gZijbf_j� \ khklZ\_ n_^_jZlb\guo we_dljhgguo [b[ebhl_d� < lh`_ \j_fy�
g_h[oh^bfh \hkkha^Zlv \ kljZg_ hj]ZgbaZpbb� ki_pbZebabjmxs__ky gZ

kha^Zgbb \ukhdhdZq_kl\_gghc gZmqghc bgnhjfZpbb� >hklmi d lZdhc

bgnhjfZpbb ^he`_g [ulv ieZlguf� 
Ebl_jZlmjZ 
•  The Grid: Blueprint for a New Computing Infrastructure. Ed. by I.Foster and 

C.Kesselman. Morgan Kaufmann Pub., San Francisco, CA. 1999. 
• <�Dh\Ze_gdh� >�Dhjy]bg <uqbkebl_evgZy bgnjZkljmdlmjZ [m^ms_]h � Hljulu_

kbkl_fu� ����� N11-12. http://www.osp.ru/os/1999/11-12/045.htm   
• I.Foster, C.Kesselman. Globus: A metacomputing infrastructure toolkit. Int. J. 

Supercomput. Appl., 1997.  http://www.globus.org  
• I.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 

 
 

FH>?EBJH<:GB?�J:<GH<?KGHC�=?HF?LJBB�

:FBGHDBKEHL�<H�<G?RG?F�WE?DLJHKL:LBQ?KDHF�

IHE? 
 

1
AZcgml^bgh\ :�<��

1
Jh`dh\ :�G��

2
BkZ_\Z =�:��

1
>fbljb_\ :�<��

2
BkZ_\ I�I� 

1
Ebi_pdbc ]hkm^Zjkl\_gguc i_^Z]h]bq_kdbc mgb\_jkbl_l 

2
Dhkljhfkdhc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�:� G_djZkh\Z 

 
 P_evx ij_^klZ\e_gghc jZ[hlu y\ey_lky fh^_ebjh\Zgb_ jZ\gh\_kghc ]_hf_ljbb

fhe_dme Zfbghdbkehl \h \g_rg_f we_dljhklZlbq_kdhf ihe_ f_lh^Zfb d\Zglh\hc

obfbb b fhe_dmeyjghc f_oZgbdb� <g_rg__ we_dljhklZlbq_kdh_ ihe_ ihke_^h\Zl_evgh
hjb_glbjh\Zehkv ih gZijZ\e_gbyf ]eZ\guo hk_c bg_jpbb fhe_dme Zfbghdbkehl �
D\Zglh\hobfbq_kdb_ jZkq_lu jZ\gh\_kghc ]_hf_ljbb fhe_dme � \ ijbkmlkl\bb

\g_rg_]h we_dljhklZlbq_kdh]h ihey� ijh\h^bebkv f_lh^hf KKI FH ED:H \ [Zabk_ 3-
21G �\Ze_glgh-jZks_ie_gguc [Zabk (9s,6p):>�s,3p]�� FbgbfbaZpby nmgdpbb wg_j]bb

fhe_dmeu ijh\h^beZkv f_lh^hf khijy`_gguo ]jZ^b_glh\ IheZdZ -Jb[v_jZ� >ey

fh^_ebjh\Zgby jZ\gh\_kghc ]_hf_ljbb fhe_dme \ ijbkmlkl\bb \g_rg_]h

we_dljhklZlbq_kdh]h ihey f_lh^hf fhe_dmeyjghc f_oZgbdb bkihevah\Zehkv kbeh\h_

ihe_ AMBER (Assisted Model Building and Energy Refinement)^hiheg_ggh_ wg_j]byfb

kh[kl\_gguo b bg^mpbjh\Zgguo ^bihevguo fhf_glh\ k\ya_c \h \g_rg_f

we_dljhklZlbq_kdhf ihe_� FbgbfbaZpby ihl_gpbZevghc wg_j]bb fhe_dmeu

ijh\h^beZkv k bkihevah\Zgb_f h[s_fZl_fZlbq_kdh]h iZd_lZ MathCAD� Ijh\_^_g

kjZ\gbl_evguc ZgZeba ihemq_gguo j_amevlZlh\ � Bkke_^h\Zgb_ ih^^_j`b\Z_lky

]jZglhf DPN? �dh^ =JGLB ��������� - ;bhnbabdZ� rbnj ��-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@moleq1.chem.msu.ru (b) Laboratoire de Physique Quantique, IRSAMC, Universite 
P.Sabatier, 118 route de Narbonne, 31062 Toulouse, France email: tei@irsamc1.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.00-
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 unique 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.kcn.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 (II, 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 I (69°, 67°, 64°) and even more 
considerably in II (105°, 81°, 80°). The non-YDOHQFH VLGH &���& WULDQJOH K<& GHILQHV D�
Intramolecular circular hydrogen bond has four vibrational frequences. The more intensive 
degenerate IR vibrations are 3010, 2985, 3041 in the series I and 3172, 3100, 3288/cm in II 
(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 
DERXW � dkZO�PRO� &DOL[>�@DUHQHV ZLWK < 1+� 3+ DQG 3�2�+ KDYH D QXPEHU RI JHRPHWULF
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-METHYLTRICYCLO[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.kcn.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 (I) 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 (II) are studied earlier the same method, in a case of hydrocarbon 
(I) 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 (IA*) 
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 (II) the methods of 
density functional theory (DFT/3Z) and ab initio (UHF and ROHF/3-21G, GAMESS 
program) also are used. However the local minimum for structure (IIB) 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, I.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.kcn.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, eq1, tr4, tr1, 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 eq1 
bonds are close to zero and are maximal for eq2 bonds. LUMO has knots on eq2 bonds and 
the maximal population on eq1 bonds. Accordingly in cation- and anion-radicals the greatest 
changes are found for the lengths of eq1 and eq2 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 cis1-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, I.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 eq2 and eq1, 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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POTENTIAL OF A MANY-ELECTRON SYSTEM  
 

Zoueva E.M., Galkin V.I., 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.  
 
 

D<:GLH<H-OBFBQ?KDH?�BKKE?>H<:GB?�
KMIJ:FHE?DMEYJGUO�DHFIE?DKH<� 

4,4’->BIBJB>BEBEWLBE?G:�K�GBLJ:LHF�K?J?;J:� 
 

L�K�Ax[bgZ� <�N�JZamfh\� K�;�;jbqdbg� >�:�E_f_gh\kdbc
 
Bgklblml ijh[e_f obfbq_kdhc nbabdb J:G� 
Fhkdh\kdbc =hkm^Zjkl\_gguc

mgb\_jkbl_l bf�F�<�Ehfhghkh\Z� obfnZd� 
 
 < ihke_^gb_ ]h^u \i_qZleyxsb_ mki_ob ^hklb]gmlu \ kbgl_a_ gh\uo

kmijZfhe_dmeyjguo kbkl_f gZ hkgh\_ ^bibjb^beh\uo f_lZeehdhfie_dkguo ihebf_jh\

>�@� kljmdlmjm dhlhjuo fh`gh mkeh\gh ij_^klZ\blv nhjfmehc � 

1 ; 1 . . . M . . . 1 ; 1 � � �. . . M . . .. . . M . . .

Q  
]^_ F – bhg f_lZeeZ� GZijbf_j� \ j_amevlZl_ dhhj^bgZpbhgghc ihebf_jbaZpbb ���-
^bZaZibj_gZ b >Cu(MeCN)4]PF6 [ueZ ihemq_gZ g_h[uqgZy djbklZeebq_dZy kljmdlmjZ �
ij_^klZ\eyxsZy kh[hc ljb \aZbfhijhgbdZxsb_ Z^ZfZglhb^gu_ k_ldb � jZkiheh`_ggu_
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ih^ m]ehf ��h ^jm] d ^jm]m >1c@� < jZkl\hjZo AgNO3 b ljZgk-4,4’-^bibjb^bewlbe_gZ
(DPyEt� ijb ^hklb`_gbb hij_^_e_ggh]h djblbq_kdh]h khhlghr_gby >DPyEt]/ [AgNO3] 
ijhbkoh^bl h[jZah\Zgb_ kmijZfhe_dmeyjguo Z]j_]Zlh\ � h q_f k\b^_l_evkl\m_l

oZjZdl_jgh_ baf_g_gb_ ki_dljh\ ih]ehs_gby b h[jZah\Zgb_ l\_j^hc fbdjh^bki_jkghc

nZau >�@� < ^Zgghf ^hdeZ^_ ij_^klZ\e_gu j_amevlZlu d\Zglh\h-obfbq_kdbo jZkq_lh\
kmijZfhe_dmeyjguo dhfie_dkh\ gZ hkgh\_ '3\(W jZaebqghc kljmdlmju b khklZ\Z�

hl\_qZxs_]h nhjfme_ �'3\(W�n (AgNO3)n (n=1÷6, m=1÷���� JZkq_lu ijh\h^bebkv
ihemwfibjbq_kdbf f_lh^hf :F��G �iZd_l FHJ:K ����� \_jkby ����� b \ jZfdZo

l_hjbb nmgdpbhgZeZ iehlghklb �%�/<3�� Wg_j]bb kbg]e_l-kbg]e_lguo we_dljhgguo

i_j_oh^h\ jZkkqblu\Zebkv \ jZfdZo f_lh^Z 7'')7 k [ZabkZfb b �-���*
 gZ ZlhfZo
&�1�2�+ b /DQ/�'= k ik_\^hihl_gpbZehf /DQ/� gZ Zlhf_ $J� IhdZaZgZ \hafh`ghklv
h[jZah\Zgby g_kdhevdbo lbih\ kmijZfhe_dmeyjguo dhfie_dkh\ � ijbq_f ijb ba[uld_

f_lZeeZ gZb[he__ mklhcqb\u dhfie_dku lbiZ ©kibjZevguo p_i_cª� dhlhju_�
\aZbfh^_ckl\my f_`^m kh[hc� ihi_j_qgh krb\Zxlky� GZ[exeZ_fu_ baf_g_gby

wdki_jbf_glZevguo ki_dljh\ ih]ehs_gby jZkl\hjh\ ohjhrh dhjj_ebjmxl k

l_hj_lbq_kdb jZkkqblZggufb wg_j]byfb we_dljhgguo i_j_oh^h\ �  
JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih^^_j`d_ JNNB �dh^ ijh_dlZ ,5-97-1230). 

[1] a);mqZq_gdh :�E� Mki_ob obfbb� L� �� ���� K���� ����� E�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] JZamfh\ <�N�� ;jbqdbg K�;� b ^j� Ba\_klby J:G� k_j� obf�� \ i_qZlb�  
 
 

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+H2O 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 H2O 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 SiF4· H2O, SiF4· O(H)CH3, SiF4· O(CH3)2 
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complexes, correspondingly. The calculated IR shifts of the monomer molecules in the 
SiF4· H2O and SiF4· O(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· H2O AND SiH4· H2O  
 

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· H2O and SiH4· H2O. One of the key features of these weak-bonded systems is very flat 
intermolecular PES. Abundant studies of analogous systems (CH4· HCl, CH4· NO, SiF4· H2O) 
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 CH4· H2O and SiH4· H2O 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 H2O 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+H2O 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. G�$S$�QG�7S7�� G�$S7�QG�7S$��G�*S*�QG�&S&��G�*S&�QG�&S*�  
b. G�$S$S$�QG�7S7S7��G�$S7S$�QG�7S$S7�� G�*S*S*�QG�&S&S&��

G�*S&S*�QG�&S*S&�  
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c. G�$S$S$S$�QG�7S7S7S7�� G�*S*S*S*�QG�&S&S&S&�  
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, 
*UDQW� ��-04-48162. REFERENCE 1. V.M.Komarov, Biophysics 43, 917-924 (1998) 2. 
V.M.Komarov, J.Biol.Phys., 24, 167-184 (1999)  
 
 

BKIHEVAH<:GB?�>:GGUO�D<:GLH<H-OBFBQ?KDBO�
J:KQ?LH<�>EY�HIJ?>?E?GBY�J?:DPBHGGHC�

KIHKH;GHKLB�G?DHLHJUO�NMEE?J?GH<�B�BO�
IJHBA<H>GUO�<�IJHP?KKK:O�J:>BD:EVGH=H�

IJBKH?>BG?GBY 
 

H� =� DZebgZ� :� E� Qbklydh\� B� <� KlZgd_\bq� ;� E� LmfZgkdbc 
A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 

28, ul. Vavilova, 117813, Moscow, Russia. E-mail: psycho@ineos.ac.ru 
 
 Ba\_klgh� qlh ijb \aZbfh^_ckl\bb \ukhdhkbff_ljbqgh]h K60 k m]e_jh^- b

we_f_gl-p_gljbjh\Zggufb jZ^bdZeZfb h[jZam_lky nmee_j_gbevguc kibg-Z^^mdl
lhevdh h^gh]h lbiZ

•
K60R� Ihgb`_gb_ kbff_ljbb fhe_dmeu� k\yaZggh_ k m\_ebq_gb_f

qbkeZ m]e_jh^h\ \ dZjdZk_ beb ijbkh_^bg_gb_f d g_fm jZaebqguo hj]Zgbq_kdbo beb

f_lZeehhj]Zgbq_kdbo njZ]f_glh\� ijb\h^bl d ihy\e_gbx g_wd\b\Ze_glguo ]jmii

Zlhfh\� h[eZ^Zxsbo jZaebqghc j_Zdpbhgghc kihkh[ghklvx ih hlghr_gbx d

ZlZdmxsbf bo qZklbpZf� 
 GZfb ihdZaZgh� qlh \ mkeh\byo jZ^bdZevgh]h nhknhjbebjh\Zgby K76 b

K60�KH2)2C6H2(OMe)2 ijhbkoh^bl ba[bjZl_evgZy ZlZdZ Zlhfh\ m]e_jh^Z nmee_j_gh\uo

fhe_dme� ijb\h^ysZy d h[jZah\Zgbx dbg_lbq_kdb- b l_jfh^bgZfbq_kdb klZ[bevguo

bahf_jh\� F_lh^hf MNDO/PM� \ ijb[eb`_gbb ROHF [ueb hij_^_e_gu wglZevibb

h[jZah\Zgby ^ey \k_o \hafh`guo bahf_jguo kibg-Z^^mdlh\� < kh\hdmighklb k

^Zggufb h ihjy^dZo k\ya_c \ bkoh^guo nmee_j_gZo hdZaZehkv \hafh`guf hij_^_eblv

mqZkldb m]e_jh^gh]h dZjdZkZ� ijbkh_^bg_gb_ d dhlhjuf hdZau\Z_lky gZb[he__

\_jhylguf� F_lh^hf B3LYP \uqbke_gu agZq_gby kibgh\hc we_dljhgghc iehlghklb \

bahf_jguo kibg-Z^^mdlZo b agZq_gby dhgklZgl KL< g_kiZj_ggh]h we_dljhgZ k y^jhf

ZlhfZ nhknhjZ nhknhjbevghc ]jmiiu� ijbkh_^bg_gghc d nmee_j_gh\hfm y^jm�
KjZ\g_gb_ wdki_jbf_glZevguo b jZkq_lguo dhgklZgl KL< iha\hey_l ijh\_klb

khhlg_k_gb_ kb]gZeh\� gZ[ex^Z_fuo \ ki_dlj_ WIJ� k h[jZamxsbfbky kibg-
Z^^mdlZfb� 
 JZ[hlZ \uiheg_gZ ijb ih^^_j`d_ JNNB b =hkm^Zjkl\_gghc ijh]jZffu

³Nmee_j_gu b :lhfgu_ DeZkl_ju´� 
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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  

 
Ilya 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. 
 
 

WE?DLJHGG:Y���KLJMDLMJ:���:>:F:GL:G: 
 

>�<� Dhjhevdh\ 
KZgdl-I_l_j[mj]kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l 

 
H^ghc ba \Z`guo oZjZdl_jbklbd we_dljhgghc kljmdlmju Z^ZfZglZgZ � \h fgh]hf

hij_^_eyxs_c nbabdh-obfbq_kdb_ k\hckl\Z kZfh]h Z^ZfZglZgZ b _]h fgh]hqbke_gguo
ijhba\h^guo� y\ey_lky jZkij_^_e_gb_ \Ze_glghc we_dljhgghc iehlghklb \gmljb

Z^ZfZglZgh\h]h ihebw^jZ b gZ _]h ]jZgyo� H[km`^Z_fu_ jZkij_^_e_gby aZjy^h\hc

iehlghklb \Ze_glguo we_dljhgh\ ^_lZevgh \uqbke_gu gZ hkgh\_ j_amevlZlh\ d\Zglh\h -
obfbq_kdbo jZkq_lh\ g_wfibjbq_kdbf h]jZgbq_gguf f_lh^hf OZjljb -NhdZ �5+)� \

^\mo Zlhfguo [ZabkZo – \ fbgbfZevghf [Zabk_ 0,1, b jZkrbj_gghf [Zabk_ �-31G∗ k

\dexq_gb_f iheyjbamxsbo d-nmgdpbc gZ ZlhfZo m]e_jh^Z� Ijb wlhf mklZgh\e_gh� qlh
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\ p_gljZevguo h[eZklyo ihebw^jZ b \ p_gljZevguo h[eZklyo _]h ]jZg_c we_dljhggZy

iehlghklv \_kvfZ fZeZ� < qZklghklb� agZq_gby iheghc we_dljhgghc iehlghklb \

ihehklb fhe_dmeu [ueb jZkkqblZgu ijb kdZgbjh\Zgbb ih hkb lj_lv_]h ihjy^dZ �hgZ
ijhoh^bl q_j_a p_glj ihebw^jZ� hl \_jrbgu K� ^h jZkklhygbc �: hl g__� ih f_j_
m^Ze_gby hl \_jrbgu ihegZy we_dljhggZy iehlghklv hq_gv [ukljh m[u\Z_l ^h

agZq_gbc a ���� b ebrv g_agZqbl_evgh \hajZklZ_l �^h a����� ijb ijhoh`^_gbb q_j_a
iehkdhklv� \ dhlhjhc jZkiheh`_gu \_jrbgu K�� K�� K�� b q_j_a iehkdhklv� \ dhlhjhc
jZkiheh`_gu \_jrbgu K�� K�� K��� Bg^_dku djZlghkl_c ^ey ljZgkZggmeyjguo

\aZbfh^_ckl\bc g_khihklZ\bfh fZeu ih kjZ\g_gbx k bg^_dkZfb djZlghkl_c

^\mop_gljh\uo k\ya_c K-K� ^ey dhlhjuo wlb agZq_gby [ebadb �� 
:gZeh]bqgu_ j_amevlZlu [ueb ihemq_gu ijb \uqbke_gbb iheghc we_dljhgghc

iehlghklb ^ey ihebw^jbq_kdbo fhe_dmeyjguo dZlbhgh\ �KG�1+
5 b �KG�2+

6 . 
JZkij_^_e_gb_ we_dljhgghc iehlghklb \ ihebw^jZo &nHn ba Zlhfh\ m]e_jh^Z

ijbgpbibZevgh hlebqgh hl jZkij_^_e_gby we_dljhgghc iehlghklb \ ihebw^jZo %nHn  
ba Zlhfh\ [hjZ� \ dhlhjuo aZjy^h\Zy iehlghklv \Ze_glguo we_dljhgh\ \ p_gljZevguo
h[eZklyo ihebw^jh\ b gZ bo ]jZgyo \_kvfZ agZqbl_evgZ �  

IjbqbgZ wlbo jZaebqbc \ jZkij_^_e_gbb aZjy^h\hc iehlghklb \Ze_glguo

we_dljhgh\� ih-\b^bfhfm� \ lhf� qlh \ we_dljhgghc kljmdlmj_ %nHn \hafh`gu b qZklh

j_Zebamxlky hj[blZevgu_ \aZbfh^_ckl\by ^\mo k\ya_\uo we_dljhgh\ < – G �^\mo

we_dljhgh\ k\yau\Zxs_c fhe_dmeyjghc hj[blZeb < – G� k \ZdZglghc �j – hj[blZevx
^jm]h]h ZlhfZ < �ihdZaZl_evgh� qlh \Ze_glghklb Zlhfh\ < \ %nHn agZqbl_evgh

[hevr_ � b qZklh ^hklb]Zxl agZq_gbc ��� – ����� GZijhlb\� \ we_dljhgghc kljmdlmj_
CnHn ZgZeh]bqgu_ hj[blZevgu_ \aZbfh^_ckl\by� _kl_kl\_ggh� g_\hafh`gu ba-aZ
hlkmlkl\by \ZdZgkbc gZ \Ze_glguo hj[blZeyo Zlhfh\ K �k deZkkbq_kdhc \Ze_glghklvx
a��� <aZbfh^_ckl\b_ `_ we_dljhgghc iZju� ehdZebah\Zgghc ij_bfms_kl\_ggh gZ

Zlhf_ K �bf_xs_c ij_h[eZ^Zxsbc �VK – \deZ^�� k ih^oh^ys_c ih kbff_ljbb h^ghc ba
gbarbo k\h[h^guo FH g_j_Zebklbqgu ba-aZ hlkmlkl\by lZdbo keZ[hjZajuoeyxsbo

FH k ^hklZlhqgh gbadhc wg_j]b_c� 
 
 

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 polarizing d-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 
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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 cations (KG�1+

5 b �KG�2+
6 . 

Electron density distributions in polyhedrons  CnHn  including carbon atoms differ on 
principle from electron density distribution in polyhedrons BnHn 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 interactions between two bond electrons B – H (two electrons of 
bonding molecular orbital B – H) and vacant   2p-orbital of the other boron atom is possible 
and is often realized in electron structure BnHn (that is extremely significant that boron atom 
valencies in BnHn  are meaningfully more than 3 and reach values 3.5 – 3.8 often).  On the 
contrary analogous interactions are naturally impossible in electronic structure of  CnHn 
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 predominant 2sK – 
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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FH>?EBJH<:GB?�<A:BFH>?CKL<BY�IJHKLUO�KIBJLH<�K�
EVXBKH<KDBFB�P?GLJ:FB�P?HEBLH<�F?LH>HF�DFT 

 
:�:�Dm[Zkh\� G�N�Kl_iZgh\� Y�<�Lbobc� ?�;�Ebgvdh\Z 
Obfbq_kdbc nZdmevl_l Fhkdh\kdh]h ]hkm^Zjkl\_ggh]h  

mgb\_jkbl_lZ bf�F�<�Ehfhghkh\Z 
 
Wdki_jbf_glZevgh b d\Zglh\hobfbq_kdbf fh^_ebjh\Zgb_f [ueh ihdZaZgh � qlh

fhe_dmeu \h^u� ZffbZdZ b k_jh\h^hjh^Z� Z^khj[bjh\Zggu_ gZ dbkehlghf p_glj_ lbiZ

EvxbkZ� ijbh[j_lZxl ijhlhgh ^hghjgu_ k\hckl\Z� Wlbe_g� \aZbfh^_ckl\mxsbc k

deZkl_jhf \h^Z –pbdebq_kdbc njZ]f_gl kljmdlmju p_heblZ� ih k\hbf k\hckl\Zf

[ebahd d g_deZkkbq_kdhfm bhgm dZj[_gby� Fu ij_^iheh`beb� qlh \aZbfh^_ckl\b_

ijhkluo kibjlh\ k p_heblhf ^he`gh ijhbkoh^blv ZgZeh]bqguf h[jZahf � 
>ey ih^l\_j`^_gby wlh]h f_lh^hf DFT k bkihevah\Zgb_f nmgdpbhgZeh\ BLYP b PBE 
[ueh bamq_gh \aZbfh^_ckl\b_ fhe_dme f_lZgheZ b wlZgheZ k njZ]f_glhf p_heblZ

�jbkmghd�� <aZbfh^_ckl\b_ ^\mo fhe_dme b ^bf_jZ f_lZgheZ fh^_ebjh\Zeb k

bkihevah\Zgb_f njZ]f_glZ k � l_ljZw^jbq_kdbfb ZlhfZfb �� ZlhfZ Al).  
;ueh mklZgh\e_gh� qlh fhe_dmeu kibjlh\ dhhj^bgbjh\Zgu gZ Zlhf_ Zexfbgby

njZ]f_glZ �^ey dhfie_dkZ f_lZghe –«p_heblª jZ\gh\_jhylgu ^\_ [ebadb_ ih kljmdlmj_

hjb_glZpbb).  
:gZeba baf_g_gby ]_hf_ljbb b jZkij_^_e_gby

we_dljhgghc iehlghklb \ dhfie_dk_ iha\hey_l

ml\_j`^Zlv� qlh k\yav H–G ]jmiiu fhe_dme 
kibjlh\ hkeZ[ey_lky� Z ijhlhg fh`_l [ulv 
bklhqgbdhf [j_gkl_^h\kdhc  dbkehlghklb� <

«Z^khj[bjh\Zgghfª ^bf_j_ lhevdh h^gZ fhe_dmeZ

dhhj^bgbjh\ZgZ Zlhfhf Zexfbgby�
<aZbfh^_ckl\b_ k dhhj^bgZpbhggh-g_gZkus_gguf
Zlhfhf Al ijb\h^bl mkbe_gbx \aZbfh^_ckl\by

f_`^m fhe_dmeZfb f_lZgheZ� qlh kh]eZkm_lky k

ij_^klZ\e_gbyfb h lhf� qlh h[jZah\Zgb_ K–K k\yab ijhbkoh^bl ijb ZlZd_ fhe_dmehc

f_lZgheZ dhfie_dkZ f_lZghe – p_hebl� JZkkqblZggu_ \_ebqbgu wg_j]bb h[jZah\Zgby

dhfie_dkh\ khihklZ\bfu k ebl_jZlmjgufb ^Zggufb ih agZq_gbyf  l_iehlu Z^khj[pbb�
JZamfgh kh\iZ^Zeb b agZq_gby wdki_jbf_glZevguo b jZkkqblZgguo qZklhl  dhe_[Zgbc \
fhe_dmeZo kibjlh\� < kljmdlmj_ njZ]f_glh\ p_heblZ f_`Zlhfgu_ jZkklhygby

baf_gyebkv g_agZqbl_evgh� gZb[hevrb_ baf_g_gby hlf_q_gu \ agZq_gbyo m]eh\ k\ya_c

f_`^m ZlhfZfb�  
Bkihevah\Zgb_ nmgdpbhgZeh\ PDEb BLYP ^Z\Zeh [ebadb_ j_amevlZlu� khihklZ\e_gb_
dhlhjuo k ^Zggufb� ihemq_ggufb f_lh^hf FJ� (SCF/6-31G** ), ihdZaZeh

m^h\e_l\hjbl_evgh_ kh\iZ^_gb_� Mqblu\Zy f_gvrb_ lj_[h\Zgby DFT d

\uqbkebl_evguf j_kmjkZf� wlh iha\hey_l j_dhf_g^h\Zlv f_lh^ ^ey jZkq_lZ keh`guo
dZlZeblbq_kdbo b Z^khj[pbhgguo fh^_e_c� 
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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 I.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<--S0 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 I. Boldyrev 

Department of Chemistry & Biochemistry, Utah State University, Logan, UT 84322-0300, 
USA, e-mail: kuznetsov@cc.usu.edu, boldyrev@cc.usu.edu 

 
 Reasons why certain molecules are stable relative to others have long been sought by 
chemists. Among the useful concepts is aromaticity, the simplest and yet the most successful 
description of the particular stability of cyclic, planar, or conjugated organic molecules which 
possesses (4n+2) π-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 Al4

2- dianion in a series of bimetallic and ionic clusters 
MAl 4

- (M = Li, Na, or Ca)1. The Al4
2- dianion, both as an isolated species and in the 

bimetallic molecules (MAl4
-), was found to be square-planar and possess two delocalized π-

electrons, thus conforming to the structural criterion and the (4n+2) electron-counting rule for 
aromaticity. Delocalization of the two π-electrons was found to be critical for the planar 
structure and aromaticity of Al4

2-. Also, the possibility of aromaticity in a series of hetero-
systems, XAl3

- (X = Si, Ge, Sn, and Pb) which are isoelectronic to Al4
2-, has been explored2. 

We found that all the XAl3
- species have two lowest singlet isomers; a four-membered 

hetero-cyclic structure (C2v) and a pyramidal structure (C3v). The hetero-cyclic structure was 
found to be aromatic with two delocalized π-electrons, analogous to Al4

2-. The substitution of 
one Al in Al4

2- 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 lighter CAl3

- species, it was 
found the pyramidal isomer to be the only minimum3. The instability of the CAl3

--planar 
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cyclic isomer is due to the compete localization of the two π-electrons 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 I. Boldyrev, Lai-Sheng Wang. "Science", V.291, pp.859-861, 2001. 
2. "Experimental and Theoretical Observations of Aromaticity in Hetero-Cyclic XAl3

- (X = 
Si, Ge, Sn, and Pb) Systems", Xi Li, Hai-Feng Zhang, Lai-Sheng Wang, Aleksey E. 
Kuznetsov, Nathan A. Cannon and Alexander I. Boldyrev. "Angewandte Chemie. 
International Edition", accepted for publication. 

3. A.I. 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-layer Me13 cluster (Me=Cu, 
Ag, Au). The whole adsorptional Me13Cl- complex was immersed into a dielectric continuum 
with the dielectric constant �� FRUUHVSRQGLQJ WR WKH ZDWHU VROXWLRQ� 7KH HIIHFW RI WKH SRODU
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(I) 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(CN)n]
1-n (n= 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(CN)4]

3- and [Cu(CN)3]
2- 

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 
Cu15[Cu(CN)n]

1-n complexes were calculated. The analysis of the calculated free energies of 
the surface complexation processes shows that only [CuCN] and [Cu(CN)2]

- species can exist 
in the direct contact with the electrode surface, whereas [Cu(CN)4]

3- and [Cu(CN)3l
2- have 

tendency to decreasing the coordination number with their transformation into the [Cu(CN)2]
- 

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(I) 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^{+}, Ag^{+2}: AB INITIO CALCULATIONS  

 
V.G.Kuznetsov, A.I.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^{+},Ag3^{+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,No.3,1998,pp.307-312; Vol.87,No.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^{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 
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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 SIO2: 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 CI 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 CI 
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 (I.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 Si^{+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}-
O^{0}-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). 
 
 

<UKHDHIJHBA<H>BL?EVGU?�<UQBKE?GBY�<�OBFBB��

KH<J?F?GGU?�L?G>?GPBB 
 

F�Dmavfbgkdbc� :�F_g^dh\bq  
Bgklblml Hj]Zgbq_kdhc Obfbb bf�G�>�A_ebgkdh]h J:G�Fhkd\Z 

 
JZkkfhlj_gh kh\j_f_ggh_ khklhygb_ b i_jki_dlb\u bkihevah\Zgby

\ukhdhijhba\h^bl_evguo \uqbkebl_evguo kbkl_f ^ey bkke_^h\Zgbc \ jZaebqguo

h[eZklyo obfbb b g_dhlhjuo kf_`guo h[eZklyo gZmdb � \ qZklghklb� [bhobfbb� >ZgZ
djZldZy oZjZdl_jbklbdZ khklhygby \ h[eZklb \ukhdhijhba\h^bl_evguo \uqbke_gbc ^ey

obfbb \ Jhkkbb� 
IjhZgZebabjh\Zgu l_g^_gpbb jZa\blby ijhp_kkhjh\ jZaebqghc Zjobl_dlmju

�\_dlhjguo� &,6&�5,6&� 9/,:� k lhqdb aj_gby bo ijhba\h^bl_evghklb ijb j_r_gbb

aZ^Zq \uqbkebl_evghc obfbb� \ qZklghklb� d\Zglh\hc obfbb� JZkkfhlj_gu

ij_bfms_kl\Z b g_^hklZldb jZaebqguo Zjobl_dlmj kmi_jW<F �393� 603 b FF180$�
033�� >hklmigu_ \ gZklhys__ \j_fy l_ogheh]bb k\yau\Zgby maeh\ deZkl_jh\

khihklZ\e_gu k ZgZeh]bqgufb Zjobl_dlmjgufb we_f_glZfb kmi_jW<F � H[km`^_gu� \
qZklghklb� j_amevlZlu baf_j_gbc ijhba\h^bl_evghklb jZ[hlu kl_dZ ijhlhdheh\  
7&3�,3 ih\_jo )DVW (WKHUQHW ijb bkihevah\Zgbb HK /LQX[� K^_eZg \u\h^ h

i_jki_dlb\ghklb ijbf_g_gby deZkl_jh\� \ qZklghklb� ^ey aZ^Zq d\Zglh\hc obfbb� 
IhdZaZgh� qlh hkgh\ghc ijh[e_fhc deZkl_jh\ y\ey_lky wnn_dlb\ghklv

jZkiZjZee_eb\Zgby khhl\_lkl\mxsbo ijh]jZff� GZ hkgh\_ hjb]bgZevguo j_amevlZlh\
b ebl_jZlmjguo ^Zgguo ijh\_^_g ZgZeba kh\j_f_ggh]h khklhygby k

jZkiZjZee_eb\Zgb_f ijh]jZff \ h[eZklb d\Zglh\hc obfbb b fhe_dmeyjghc ^bgZfbdb �
Ijh\_^_gh khihklZ\e_gb_ jZaebqguo fh^_e_c �h[s_]h ihey iZfylb b h[f_gZ

khh[s_gbyfb� b bgkljmf_glZevguo kj_^kl\ jZkiZjZee_eb\Zgby �lbiZ 2SHQ03� 03,�
/LQGD b l�^��� 

K^_eZg \u\h^� qlh ^ey jZkq_lh\ [hevrbo b k\_jo[hevrbo fhe_dmeyjguo kbkl_f �
ZdlmZevguo ^ey fgh]bo aZ^Zq obfbb b [bhobfbb �ijhl_bgu b >GD� gZghl_ogheh]bb b
ijhq�� g_h[oh^bfZ jZajZ[hldZ ijbgpbibZevgh gh\uo ki_pbZebabjh\Zgguo jZkq_lguo
ko_f ihemwfibjbq_kdhc b g_wfibjbq_kdhc d\Zglh\hc obfbb � IhdZaZgh� qlh

i_jki_dlb\gufb �\ l�q� k lhqdb aj_gby jZkiZjZee_eb\Zgby� ^ey g_wfibjbq_kdbo b

ihemwfibjbq_kdbo jZkq_lh\ k\_jo[hevrbo� \ i_j\mx hq_j_^v [bheh]bq_kdbo�
fhe_dmeyjguo kbkl_f y\eyxlky f_lh^bdb� hkgh\Zggu_ gZ bkihevah\Zgbb

ehdZebah\Zgguo hj[blZe_c� jZajZ[Zlu\Z_fu_ \ P_glj_ dhfivxl_jgh]h h[_ki_q_gby

obfbq_kdbo bkke_^h\Zgbc HHLO J:G� 
JZ[hlZ ih^^_j`ZgZ JNNB �ijh_dlu ��-07-����� b ��-07-90072). 
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DHFIVXL?JGH?��FH>?EBJH<:GB?��DBG?LBDB��

=?L?JH=?GGUO�IJHP?KKH<�<��OBFBQ?KDBO��KBKL?F:O��
F?LH>HF��<?JHYLGHKLGH=H��DE?LHQGH=H��:<LHF:L: 

 
Dmj[Zlh\Z K�<�� <Zjnhehf__\Z <�<�� Dhgu]bg K�;� KZghyg :�=� 

KZfZjkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l 
KZfZjkdbc ]hkm^Zjkl\_gguc Zwjhdhkfbq_kdbc mgb\_jkbl_l  

 
 Ihkljh_gb_ dhfie_dkghc fh^_eb keh`ghc ]_l_jhnZaghc obfbq_kdhc kbkl_fu \

jZfdZo deZkkbq_kdh]h ih^oh^Z� l�_� k ihfhsvx ^bnn_j_gpbZevguo mjZ\g_gbc�
kh^_j`bl jy^ ljm^ghkl_c� k\yaZgguo� \ i_j\mx hq_j_^v� k jZaghh[jZab_f nbabdh-
obfbq_kdbo ijhp_kkh\� Djhf_ lh]h� ]_l_jhnZagu_ obfbq_kdb_ kbkl_fu y\eyykv

fgh]hdhfihg_glgufb� fh]ml \dexqZlv rbjhdbc ki_dlj gbadh- b \ukhdhfhe_dmeyjguo
Zlhfgh-fhe_dmeyjguo dhfie_dkh\� qlh agZqbl_evgh mkeh`gy_l j_r_gb_

^bnn_j_gpbZevguo mjZ\g_gbc� Ke_^m_l hlf_lblv� qlh g_ lhevdh ZgZeblbq_kdh_� gh b
qbke_ggh_ j_r_gb_ lZdhc kbkl_fu ^bnn_j_gpbZevguo mjZ\g_gbc ij_^klZ\ey_l

agZqbl_evgu_ ljm^ghklb� Ihwlhfm ^ey fh^_ebjh\Zgby keh`guo ]_l_jhnZaguo

obfbq_kdbo kbkl_f g_h[oh^bfh bkihevah\Zlv ZiiZjZl � [he__ ijbkihkh[e_gguc ^ey

j_r_gby lZdh]h jh^Z aZ^Zq� Wlhl ZiiZjZl fh`gh ihemqblv� bkihevamy de_lhqgu_

Z\lhfZlu�  
De_lhqgu_ Z\lhfZlu iha\heyxl bamqZlv dhhi_jZlb\gh_ ih\_^_gb_ – \Z`gmx

khklZ\gmx qZklv nbabdb b obfbb dhg^_gkbjh\Zgguo kbkl_f � Ijb fh^_ebjh\Zgbb

]_l_jhnZaguo kbkl_f f_lh^hf de_lhqgh]h Z\lhfZlZ jZkkfZljb\Z_fZy kbkl_fZ

jZa[b\Z_lky gZ k_lv yq__d� Khklhygb_ dZ`^hc yq_cdb oZjZdl_jbam_lky p_euf qbkehf �
dhlhjh_ mdZau\Z_l gZ aZiheg_gghklv yq_cdb beb gZ lbi fhe_dmeu � kh^_j`Zs_cky \ g_c�
JZkkfZljb\Z_fu_ khklhygby yq__d baf_gyxlky kbgojhgguf h[jZahf q_j_a ^bkdj_lgu_

bgl_j\Zeu \j_f_gb \ khhl\_lkl\bb k ehdZevgufb \_jhylghklgufb ijZ\beZfb � dhlhju_
fh]ml aZ\bk_lv hl khklhygby i_j_f_gguo \ khk_^gbo maeZo b g_ f_gyxlky kh \j_f_g_f �
EhdZevghklv aZdhgh\ ih\_^_gby b ^bkdj_lghklv i_j_f_gguo iha\heyxl _kl_kl\_gguf

h[jZahf mqblu\Zlv nemdlmZpbb beb \gmlj_ggb_ rmfu kbkl_fu [_a dZdbo -eb[h
^hihegbl_evguo ij_^iheh`_gbc� 
 < jZajZ[hlZgghc f_lh^bd_ fh^_ebjh\Zgby \k_ nbabdh-obfbq_kdb_ ijhp_kku

^_eylky gZ ^\_ ]jmiiu� ijhp_kku \aZbfh^_ckl\by yq__d k \g_rg_c kj_^hc b ijhp_kku

\aZbfh^_ckl\by yq__d f_`^m kh[hc� Ijhp_kkZfb \aZbfh^_ckl\by yq__d k \g_rg_c

kj_^hc y\eyxlky Z^khj[pby� ^_khj[pby b jZ^bZpbhggh_ \ha[m`^_gb_� Ijhp_kkZfb
\aZbfh^_ckl\by yq__d f_`^m kh[hc y\eyxlky ^bnnmaby b obfbq_kdb_ ij_p_kku � 

Ijb\_^_gguc gZ[hj nbabdh-obfbq_kdbo ijhp_kkh\� jZamf__lky� g_ y\ey_lky

iheguf� Ijb j_r_gbb dhgdj_lguo aZ^Zq \ wlhl kibkhd fh]ml [ulv ^h[Z\e_gu gh\u_

nZdlhju� qlh ijb\_^_l d _s_ [hevr_fm mlhqg_gbx j_amevlZlh\ fh^_ebjh\Zgby � 
 J_amevlZlZfb dhfivxl_jgh]h fh^_ebjh\Zgby ]_l_jhnZaguo obfbq_kdbo kbkl_f

f_lh^hf \_jhylghklgh]h de_lhqgh]h Z\lhfZlZ y\eyxlky ijhkljZgkl\_ggu_ b

\j_f_ggu_ dZjlbgu jZkij_^_e_gby dhgp_gljZpbc dhfihg_gl obfbq_kdbo kh_^bg_gbc \

bkke_^m_fhc kbkl_f_� J_amevlZlu fh^_ebjh\Zgby fh]ml [ulv ij_^klZ\e_gu \

gZ]ey^ghc nhjf_� m^h[ghc ^ey ^Zevg_cr_]h bkihevah\Zgby� 
< j_amevlZl_ ijh\_^_ggh]h bkke_^h\Zgby gZfb jZajZ[hlZgZ f_lh^bdZ

fh^_ebjh\Zgby keh`guo ]_l_jhnZaguo obfbq_kdbo kbkl_f f_lh^hf \_jhylghklgh]h

de_lhqgh]h Z\lhfZlZ� kha^ZgZ dhfivxl_jgZy ijh]jZffZ� iha\heyxsZy fh^_ebjh\Zlv



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

keh`gu_ ]_l_jhnZagu_ obfbq_kdb_ kbkl_fu gZ hkgh\Zgbb kh\hdmighklb nbabdh -
obfbq_kdbo nZdlhjh\� 
 
 

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…H2O 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. 38H2Oeff. The molecules H2S. nH2Oeff (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 YBa2Cu3O7-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.Ivanov, I.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 M2XO4 (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 M2XO4 
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 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

��

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(II)  

 
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 

Rh2(OAc)4(H2O)2 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(II).  

The geometry optimization of the initial acetate complex of Rh(II) 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 
(H2AsCH2AsH2 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  

[Rh2(CH3COO)4(H2O)2] + 2(AsH2)2CH2 = [Rh2(CH3COO)4({AsH2} 2CH2)2] + 2H2O 
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(II) acetate with bis-(diphenylarsino)alkanes  

Rh2AsCH2AsRh2(dam); Rh2As(CH2)2AsRh2(dae); Rh2As(CH2)4AsRh2(dab). 
As a result of these investigation, the following compounds were synthesized:  

Rh2(CH3COO)2(dam)(OH)2; [Rh2(CH3COO)4(dae)]n; [Rh2(CH3COO)4(dab)]n. 
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. 
 
KH<J?F?GG:Y�FH>?EV�DHFIVXL?JGH=H�H;?KI?Q?GBY�

OBFBQ?KDBO�BKKE?>H<:GBC 
 

:�K�F_g^dh\bq asm@free.net 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h J:G 119992, Fhkd\Z�

E_gbgkdbc ijhki_dl� �� 
 

>ZggZy jZ[hlZ ihk\ys_gZ kh\_jr_gkl\h\Zgbx fh^_eb dhfivxl_jgh]h

h[_ki_q_gby obfbq_kdbo bkke_^h\Zgbc k mq_lhf � dZd kh\j_f_gguo ^hklb`_gbc

bgnhjfZpbhgguo l_ogheh]bc� lZd b gh\uo l_g^_gpbc \ bkihevah\Zgbb

bgnhjfZpbhgguo� \uqbkebl_evguo b l_e_dhffmgbdZpbhgguo j_kmjkh\ \ h[eZklb

obfbb� 
< jZ[hl_ ijh\h^blky ZgZeba w\hexpbb \ l_q_gb_ ihke_^g_]h ^_kylbe_lby

dhgp_ipbb dhfivxl_jgh]h h[_ki_q_gby dZd _kl_kl\_gghgZmqguo bkke_^h\Zgbc \

p_ehf� lZd b obfbq_kdbo bkke_^h\Zgbc \ qZklghklb� >ey wlhc p_eb gZjy^m k

ijb\e_q_gb_f him[ebdh\Zgguo \ ebl_jZlmj_ ^Zgguo bkihevam_lky h[h[s_gguc hiul

nmgdpbhgbjmxs_]h gZ [Za_ BHO J:G P_gljZ dhfivxl_jgh]h h[_ki_q_gby

obfbq_kdbo bkke_^h\Zgbc �PDHOB HHLO J:G� \ h[eZklb ijbf_g_gby

\ukhdhijhba\h^bl_evguo \uqbke_gbc b l_e_dhffmgbdZpbhgguo l_ogheh]bc ^ey

j_r_gby bkke_^h\Zl_evkdbo aZ^Zq� 
J_amevlZlu ZgZebaZ iha\hebeb \uy\blv jy^ oZjZdl_jguo l_g^_gpbc \

dhfivxl_jghf h[_ki_q_gbb _kl_kl\_gghgZmqguo bkke_^h\Zgbc � < qZklghklb� hgb

ihdZau\Zxl� qlh \ ihke_^gb_ ]h^u gZjy^m k Z\lhfZlbaZpb_c wdki_jbf_glZevguo jZ[hl

b bkihevah\Zgb_f kj_^kl\ \uqbkebl_evguo l_ogbdb ^ey ijh\_^_gby \uqbkebl_evgh]h

wdki_jbf_glZ knhjfbjh\Zebkv b bgl_gkb\gh jZa\b\Zxlky ^\Z gh\uo gZijZ\e_gby �
\ukhdhwnn_dlb\gu_ jZkij_^_e_ggu_ fmevlbf_^bcgu_ bgnhjfZpbhggu_ kbkl_fu �\
lhf qbke_ we_dljhggu_ [b[ebhl_db� b kbkl_fu h[_ki_q_gby nmgdpbhgbjh\Zgby

l_jjblhjbZevgh jZkij_^_e_gguo dhee_dlb\h\� < jZ[hl_ hlf_qZ_lky hkh[h_ agZq_gb_

ihke_^g_]h gZijZ\e_gby ^ey jhkkbckdhc gZmdb� b ih^jh[gh baeZ]Zxlky j_amevlZlu

jZ[hl PDHOB ih kha^Zgbx khhl\_lkl\mxsbo l_ogheh]bc b kbkl_f � 
< jZ[hl_ lZd`_ ZgZebabjm_lky ijbqbgu� ih dhlhjuf aZ ihke_^gb_ iylv e_l� ijb

khojZg_gbb h[s_c iheh`bl_evghc ^bgZfbdb� ijhbahreh hlghkbl_evgh_� ih kjZ\g_gbx
k ^jm]bfb gZmdZfb� ihgb`_gb_ mjh\gy dhfivxl_jgh]h h[_ki_q_gby obfbq_kdbo

bkke_^h\Zgbc� >_eZ_lky \u\h^ h g_h[oh^bfhklb nhjfbjh\Zgby gh\hc dhgp_ipbb

dhfivxl_jgh]h h[_ki_q_gby obfbq_kdbo bkke_^h\Zgbc � b hij_^_ey_lky� dZdb_ bf_ggh
ba gh\_crbo ^hklb`_gbc \ h[eZklb bgnhjfZpbhgguo l_ogheh]bc fh]ml ihkem`blv

l_ogbq_kdhc hkgh\hc wlhc dhgp_ipbb� < qZklghklb hibku\Zxlky j_amevlZlu jZ[hl \

h[eZklb kha^Zgby ki_pbZebabjh\Zgguo \uqbkebl_evguo j_kmjkh\ b

ki_pbZebabjh\Zgguo l_e_dhffmgbdZpbhgguo bgnjZkljmdlmj � 
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GH<U?�L?OGHEH=BB�LJ?OF?JGH=H�IJ?>KL:<E?GBY�
H;T?DLH<�<�IM;EBD:PBYO�IH�OBFBB�<�BGL?JG?L? 

 
<�<�Fbgyceh\� ;�B� Ihdjh\kdbc�F�Y�F_evgbdh\� 

Fhkdh\kdbc =hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<� Ehfhghkh\Z� 
Obfbq_kdbc nZdmevl_l 

 
>ey im[ebdZpbb obfbq_kdhc bgnhjfZpbb dexq_\mx jhev b]jZ_l ij_^klZ\e_gb_

lj_of_jguo h[t_dlh\ - fhe_dmeyjguo b djbklZeebq_kdbo kljmdlmj� >ey ihgbfZgby

l_hj_lbq_kdbo ihgylbc g_dhlhjuo jZa^_eh\ obfbb� gZijbf_j djbklZeehobfbb� h[s_gb_
k lj_of_jgufb h[t_dlZfb hdZau\Z_lky g_h[oh^bfuf � Z ij_^klZ\e_gb_ \ lj_of_jghf
\b^_ wdki_jbf_glZevguo j_amevlZlh\ fh`_l iha\heblv k^_eZlv gh\u_ \u\h^u � K

jZa\blb_f k_lb Bgl_jg_l b jhklhf h[t_fZ jZaf_sZ_fhc \ g_c obfbq_kdhc bgnhjfZpbb

jZkl_l b ihlj_[ghklv \ bkihevah\Zgbb bgl_jZdlb\guo lj_of_jguo beexkljZpbc \

im[ebdm_fuo \ K_lb fZl_jbZeZo�  
< gZklhys__ \j_fy bkihevam_lky hq_gv g_fgh]h bgkljmf_glh\ lj_of_jghc

\bamZebaZpbb obfbq_kdbo h[t_dlh\ \ Bgl_jg_l_� < hkgh\ghf wlh - ijh]jZffZ &KLPH
dhfiZgbb 0'/ ,QIRUPDWLRQ 6\VWHPV� ij_^gZagZq_ggZy ^ey ijhkfhljZ fhe_dmeyjguo

h[t_dlh\� yaud \bjlmZevghc j_Zevghklb 950/ – [he__ mgb\_jkZevgh_� gh f_g__

jZkijhkljZg_ggh_ ba-aZ ljm^h_fdhklb kj_^kl\h� b _s_ [he__ j_^db_ -DYD Ziie_lu�
H^gZdh� \ k\yab k jZklmsbfb ihlj_[ghklyfb we_dljhgghc lhj]h\eb � \k_ [he__

ho\Zlu\Zxs_c Bgl_jg_l� \ ihke_^g__ \j_fy [ueb jZajZ[hlZgu gh\u_ mgb\_jkZevgu_

l_ogheh]bb lj_of_jghc \bamZebaZpbb h[t_dlh\ \ K_lb � <u[jZ\ ^\_ gZb[he__

i_jki_dlb\guo l_ogheh]bb� 9(7 dhfiZgbb 9LHZSRLQW b KXOW�' dhfiZgbb &\FRUH� fu
hijh[h\Zeb bo ^ey j_r_gby obfbq_kdbo aZ^Zq� 

GZ ijbf_jZo bgl_jZdlb\guo beexkljZpbc d dmjkm kl_j_hobfbb � \bamZebaZpbb
^bgZfbdb we_f_glZjgh]h ZdlZ j_Zdpbc bahf_jbaZpbb b \gmljbfhe_dmeyjghc

\jZsZl_evghc ih^\b`ghklb njZ]f_glh\ fhe_dme� \ gZklhys_c jZ[hl_ ij_^klZ\e_g hiul
ijbf_g_gby Z\lhjZfb mdZaZgguo l_ogheh]bc� H[_ l_ogheh]bb oZjZdl_jbamxlky

mgb\_jkZevghklvx� bgl_jZdlb\ghklvx� kihkh[ghklvx d khijy`_gbx k ^jm]bfb

fmevlbf_^bcgufb nhjfZlZfb� Z lZd`_ hq_gv \ukhdbf dZq_kl\hf nhjfbjm_fh]h

bah[jZ`_gby� K h^ghc klhjhgu l_ogheh]bb ijZdlbq_kdb kgbfZxl h]jZgbq_gby k

j_ZebaZpbb b^_c Z\lhjZ im[ebdZpbc� k ^jm]hc klhjhgu – kZf ijhp_kk \bamZebaZpbb

^hklZlhqgh ljm^h_fhd� < k\yab k wlbf \ ^Zgghc jZ[hl_ h[km`^Z_lky \hijhk h \u[hj_

l_ogheh]bc \bamZebaZpbb ^ey j_r_gby dhgdj_lguo obfbq_kdbo aZ^Zq � hp_gb\Zxlky
i_jki_dlb\u bkihevah\Zgby gh\uo l_ogheh]bc � 
:\lhju \ujZ`Zxl [eZ]h^Zjghklv <�B� I_j]mrh\m� G�X� Hkhdbghc� >�:� Lxjbgm b

;�K� Emdvygh\m� aZ ex[_agh ij_^hklZ\e_ggu_ ^Zggu_� dhlhju_ [ueb bkihevah\Zgu ijb

fh^_ebjh\Zgbb� Z lZd`_ ijhn_kkhjZf :�B� E_[_^_\m b :�O� <hjh[v_\m aZ

dhff_glZjbb�  
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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 (H4Si2O5)O2Ta(III)R and 
(H4Si2O5)O2Ta(V)RR\'R\'\' 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 (H4Si2O5)O2Ta(III)H and the reaction path of the formation of the 
(H4Si2O5)O2Ta(III)(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 
(H4Si2O5)O2Ta(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 (H4Si2O5)O2Ta(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. 
 
 

KBKL?F:�WNN?DLB<GH=H�BKIHEVAH<:GBY�
BG>B<B>M:EVGUO�B�DHEE?DLB<GUO�<UQBKEBL?EVGUO�

J?KMJKH<�<�G:MQGUO�BKKE?>H<:GBYO��IJH?DL�
³I?E?LHG 

 
H�<�Fbo__\ 

NC Group / G<D ©<BKLª 
 
 >hdeZ^ ihk\ys_g ZgZebam kbkl_fu wnn_dlb\gh]h bkihevah\Zgby

bg^b\b^mZevguo b dhee_dlb\guo \uqbkebl_evguo j_kmjkh\ \ gZmqguo bkke_^h\Zgbyo �
Hkh[h_ \gbfZgb_ m^_e_gh jZkkfhlj_gbx ke_^mxsbo \hijhkh\ �  
• <uqbkebl_evgu_ deZkl_ju gZ Linux \ obfbb b [bhbgnhjfZlbd_� i_jki_dlb\u

bkihevah\Zgby� 
• Nmgdpbb b aZ^Zqb kbkl_fu ©I_e_lhgª 
• Ihkljh_gb_ bgnhjfZpbhgghc kbkl_fu ^ey kh\f_klghc jZ[hlu khljm^gbdh\ k

^Zggufb� ^hdmf_glZfb b hlq_lZfb� 
• Hj]ZgbaZpby p_gljZebah\Zggh]h f_oZgbafZ ^ey ^hklmiZ b ihbkdZ bgnhjfZpbb \g_

aZ\bkbfhklb hl f_klhiheh`_gby ojZg_gby ^Zgguo b nhjfZlZ bo ij_^klZ\e_gby � 
• H[t_^bg_gb_ jZaghjh^guo dhfivxl_jh\ b ieZlnhjf \ _^bgmx bgnhjfZpbhggmx

kj_^m. 
 
 

TO MODELING OF VIBRONIC INTERACTION AND CHAOTIC 
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  

 
0XEDUDNRYD /�*�� =XHYD ?�F�� *DONLQ 9�,� 

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(OCHRCH2)3N, we proposed an empirical 
orbital nσ*-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 of nσ*-interaction 
between lone electron pair of azote atom and fragment Si-X.  
In order to verify the proposed nσ*-model, the semiempirical (PM3) and nonempirical 
(MP2/3-21G//MP2/3-21G) 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 bond N→Si, 
and there exists only a weak nonvalent interaction of the nσ* type. These results confirm the 
nσ*-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 values K= = 7.87.10-4 for DMPA and 5.7.10-6 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].  
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QUANTUM-CHEMICAL STUDY OF THE CONDENSATION 
REACTIONS WITH PARTICIPATION OF  
p-DIMETHYLAMINOBENZALDEHYDE  
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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 HCl and HClO. 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 HClO, 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 HClO in the fast substitution reactions. A positively charged Cl+ particle, 
which theoretically can be formed by the reaction HClO + H+ <=> Cl+...H2O was considered 
as an alternative reactive species. The strength of the Cl+ ...H2O 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 qualitative conclusion was made that the rate of RC chlorination may decrease with 
the pH due to the depletion of the reactive Cl+ species.  
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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 S2O82- 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 S2O82- 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 S2O82- 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 (S2O82-, 
[Na(H2O)6*S2O8]-) 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 Me16(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 –
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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 Me2M (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 bonds R2M=CR’2 
(M = Si, Ge, Sn) develops intensively in last 20 year. New perspective method of synthesis of 
I  is the interaction of heavy analogs of carbenes Me2M (M = Si, Ge, Sn) with phosphorus and 
arsenic ylides H2C=EMe3 (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 betaines Me2M

--CH2-E
+Me3 (I ) 

in all cases proceeds without energy barrier as rather exothermic process (dE -29,4 - -35 
kkal/mol). Further transformations of I  can proceed with elimination of phosphine (arsine) 
EMe3 and formation of Me2M=CH2 (II ) or with proton migration from carbon atom to 
anionic center yielding metal containing ylides Me2HM-CH=EMe3 (III ). The ylides Me2HM-
CH=PMe3 (III ) formed in the reactions of silylenes and germylenes Me2M (M = Si, Ge) with 
phosphorus ylide H2C=PMe3 are the most thermally stable products. In similar reactions of 
silylenes and germylenes with arsenic ylide H2C=AsMe3 the global minima of PESs 
correspond to the formation of II  (Me2M=CH2, M = Si, Ge). The formation of betaines 
Me2Sn--CH2-E

+Me3 (I ) is most favourable in the reactions of stannylenes with both ylides 
H2C=EMe3 (E = P, As). The activation energy of transformation, Z ,, 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 isomerization , Z ,,, requires high activation energies (31,5 - 48,4 kcal/mol) 
and should probably run intermolecularly. The carbenic decomposition of ylides III  (E = 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 ylides R2C=ER’3 (E = P, As) with carbonyl compounds 
R»2C=O and their analogs – thiocarbonyl compounds R»2C=S and imines R»2C=NR»’ make 
a basis of important general synthetic methods known as Wittig and Corey-Chaykovsky 
reactions. The PES’s of model reactions of CH2=EMe3 (E = P, As) with Me2CO, Me2CS and 
Me2C=NMe (gas phase, T= 0 K) have been investigated for the first time in detail at the 
PBE/TZ2P level of theory. Reactions of Me2C=O 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. Me2C=CH2 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 Me2C=CH2 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 Me2C=NMe with phosphorus ylides procceds by Wittig-
W\SH SDWKZD\� ����5-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 Me2C=S and imine Me2C=NMe with arsenic ylides can proceed both via Corey-
Chaykovsky and Wittig pathways. Gas phase reactions of thiones with CH2=AsMe3 is 
barrierless, but activation barriers are rather high in the reaction of Me2C=NMe (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 quantum-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. 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

���

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 quantum 
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 I 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, Ivanovo, 

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, Moscow, ul. Ordzhonikidze 3, 

?-PDLO� ZREXNKRY#VFL�SIX�HGX�UX 

 
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 energy WRWΕ  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 

parameters): ���������� 5U55U PP ΨΕ=ΨΗ
∧

 where ��5PΕ  is the electron energy 
corresponding to the given nuclear configuration (equilibrium geometry) of a molecule and 

�

∧
Η  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 
quantum evolves under the action of intramolecular mechanisms with determine 
photophysical and photochemical properties of organic molecules. 
 Obukhov A. E. [1-7]: -Laser Physics� ����� 9RO� ���� �� SS� ���� – 1131; -,ELG� ����� 9RO� ��� �� SS� ��� – 
722; -,ELG� ����� 9RO� ���� �� SS� ��� – 735; -,ELG� ����� 9RO� ���� �� SS� ��� – 939; - ,ELG� ����� 9RO� ����

2. pp. 347 – 358; -,ELG� ����� 9RO� ����� �� SS� ��� – 664; -,ELG� ����� 9RO� ���� �� SS� ���� – 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 CI METHODS 

 
A. E. Obukhov 

Russian Peoples’ Friendship University, Russia, 117302, Moscow, ul. Ordzhonikidze 3, 
?-PDLO� ZREXNKRY#VFL�SIX�HGX�UX 

 
When organic molecules are pumped by various UV excitation sources with an 

energy H[LWΕ  > 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 through ∗∗ → Q66� and Q77 →�  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 c 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 

the pumping pulse - 
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. For molecules the growth in 

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 

�����
����

−−=≈ FNN QU67 , is shown to give rise ∗∗ ⇔ Q66
�  transitions populating those highly 

excited ∗
Q6  states that are involved in spin-orbital interaction with triplet states (QL ). 

Obukhov A. E. [1-7]: -Laser Physics� ����� 9RO� �� �� �� SS� ���� – 1131; - Ibid. 
����� 9RO� ��� �� SS� ��� – 722; -,ELG� ����� 9RO� ���� �� SS� ��� – 735; - Ibid. 1999. Vol. 
���� �� SS� ��� – 939; -,ELG� ����� 9RO� ���� �� SS� ���–358;-,ELG� ����� 9RO� ����� �� SS�
644–664;-Ibid. 20��� 9RO� ���� ��SS�����– 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 energies (Λ+) [1] for the reaction of monosubstituted 
benzenes interaction with nitronium cation have been computed by the PM3 method. The 
subjects of investigation are molecules C6H5X, where X = CH3, C2H5, CH(CH3)2, C(CH3)3, 
CH2CN, CH2COOC2H5, CH2N

+(CH3)3, CH2NO2, CH2OCH3, CH2F, CF3, CH2Cl, CHCl2, 
CCl3, CN, CHO, COCH3, CONH2, COOH, COOC2H5, COCl, N+(CH3)3, NO2, OH, OCH3, F, 
Si(CH3)3, S

+(CH3)2, Cl, Br, I. 
We have found the linear correlations between lnY* and Λ+, where Y* are product 

yields (Y) refered to a quantity of the atoms of uniform type (Y*
ortho = 0.5Yortho,Y

*
meta = 

0.5Ymeta, Y
*
para = Ypara), for ortho, meta and para positions in molecules. For the series of 

compounds, the linear dependences lnY vs Λ+ for permanent positions in aromatic ring have 
been also established. The equalities lnY = a + bΛ+ and lnY* = a + bΛ+ agree with both the 
Arrhenius equation and the linear free energy relationships [2]. 

The anionic localization energies (Λ−) [1] for the interaction of 1-chloro-2-nitro-4-X-
benzenes (X = H, CH3, CF3, CN, CHO, COCH3, COC6H5, CONH2, CON(CH3)2, COOCH3, 
N=NC6H5, N=NOC6H5, NO=NC6H5, N3, NO2, SCH3, SO2CH3, SO2C6H11, SO2C6H5, 
SO2N(CH3)2, SO2N(CH3)C6H5, F, Cl, Br, I) with methoxide anion have been computed. 
Substituent rate factors correlate linearly with the Λ− values. 

The correlations obtained could be used for the facilitated semiempirical a priori 
estimation of nitration yields of positional isomers (ortho, meta or 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 Compounds  (in 
Russian). Moscow: Khimiya, 1992. 640 p. 
2. Pankratov A.N. J. Mol. Struct. Theochem. 2000. 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 E0 (instead of those, essentially the same formal potentials Ef found by the Walden 
method are often used), or due to the potentials of voltammetric oxidation E1/2, and also 
depend upon protolytic and polar characteristics. 

For diphenylamines, on the base of PM3 computations, the following type 
correlations have been found: E0 (Ef) = a + bI (1), pKa = c + d.PA (2), µwdki = eµl_hj (3), where 
I is ionization potential of amine or its protonated form, Ka is acidity constant of the 
diarylamine conjugate acid or constant of the compounds’ acidity dissociation via carboxylic 
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 the E1/2 = f + gI (4) type have been established. 

Using the relations (1) - (4) one can predict the E, pKa and µ 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 Mushtakova et 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 their Ef

exper values. 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 obtain Ef

theor 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 (C6H5)3XYZ 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, As+, As2+, As2, As3, As4, As4

+, PAs3, P2As2, P3As, AsH2, AsH3, As2H4, 
AsN, AsO, AsO+, AsF2, AsF3, AsF5, AsS, AsCl, AsCl3, AsSe, AsBr2, AsBr3, AsTe, AsI3, 
As4O6 {2,4,6,8,9,10-hexaoxa-1,3,5,7-tetraarsatricyclo[3.3.1.1(3,7)]decane}, CH3AsH2, 
(CH3)2AsH, (CH3)2As, (CH3)3As, (C2H5)3As, (n-C3H7)3As, (n-C4H9)3As, (CF3)2AsH, 
(CH3)2AsCF3, (CF3)2AsCH3, (CF3)3As, CH3AsF2, (CH3)2AsF, CH3AsCl2, C2H5AsCl2, 
(CH3)2AsCl, (CF3)2AsCl, CH3AsBr2, (CH3)2AsBr, CH3AsI2, (CH3)2AsI, 4-
CH3C6H4As(C2H5)-n-C4H9, (C6H5)2AsCN, (C6H5)2AsCl, (C6H5)3As, (4-CH3C6H4)3As, 
(C6H5)3AsO, (C6H5)3AsS, (C6H5)3AsCl2, (CH3O)3As, (C2H5O)3As, (n-C3H7O)3As, trans-
C6H5-N=N-C6H5, trans-ClCH=CHAsCl2, (trans-ClCH=CH)2AsCl, (trans-ClCH=CH)3As, 
10-chloro-5,10-dihydrophenarsazine (Pankratov A.N., Uchaeva I.M.. J. Mol. Struct. 
Theochem. 2000. Vol. 498, No. 1-3. P. 247-254); Sb, Sb+, Sb2+, Sb2, Sb4, Sb4

+, SbH3, Sb2H4, 
Sb2H4

+, SbN, SbO, Sb2O3, SbF, SbF3, SbF5, SbS, SbCl, SbCl2, SbCl3, SbCl5, SbOCl, SbSe, 
SbBr, SbBr3, InSb, InSb2, SbTe, Sb2Te2, SbI, SbI3, Sb3Bi, (CH3)2Sb, (CH3)3Sb, (C2H5)3Sb, 
(C6H5)3Sb, (4-CH3C6H4)3SbO, (C6H5)3SbS, (C6H5)3SbCl2, (C6H5)3Sb(OH)Cl, (C2H5O)5Sb, 
(C6H5O)5Sb; Bi+, Bi2+, Bi2, BiH, BiO, BiF, BiS, BiS+, BiCl, BiCl2, BiCl3, BiSe, BiBr, BiBr3, 
BiTe, BiI, BiI3, (CH3)2Bi, (CH3)3Bi, (C2H5)3Bi, (C6H5)3Bi, (C6H5)3BiCl2, (C6H5)3Bi(ONO2)2. 
Linear relationships have been stated, allowing a priori 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 BiH3. It has been concluded 
that the molecules (C6H5)3AsCl2, (C6H5)3SbCl2, (C6H5)3Sb(OH)Cl, (C6H5)3BiCl2, 
(C6H5)3Bi(ONO2)2 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 I. 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 1-amino-2,1’-azonaphthalene (I) and 4-
amino-1,1’-azonaphthalene (II) geometric isomers has been computed. Trans isomer of II is 
slightly over 2 kcal/mol more thermodynamically stable than cis form. Non-planar structure 
of the molecules of cis azo compounds doesn’t allow the conjugation between π-systems of 
naphthyl bicycles and azo fragment. The molecules of trans isomers are planar. A contributor 
of analytical signal (bright color carrier) is the product II. 

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

In gaseous phase, the compound I is protonated by amino group. For II, 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 II protonation product by Nβ atom are positive, 
that obviously corresponds to the negative hydration. 

In aqueous medium, preferable is protonation of both trans aminoazonaphthalenes by 
β nitrogen atom of azo group. Therewith quinoidization of the molecular system of II takes 
place leading to an analytical signal appearance. 

On the contrary, the Nβ-protonated compound I 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 II 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 I. 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+≡N fragment in the XC6H4N

+≡N cations, with the bonds 
orders of N≡N and C-N, with the charges on carbon atoms in para positions of the C6H5X 
molecules aromatic rings, with the mesomeric dipole moments of X substituents. On an 
example of 43 diazonium cations, it has been shown that bond orders of N≡N and 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. Pankratov1, Alexander A. Shcherbakov2, Alexei V. Shalabay1 
1Department of Chemistry, N. G. Chernyshevskii Saratov State University, 

83 Astrakhanskaya Street, Saratov 410026, Russia 
2Institute 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. J. Phys. Chem. 1991. 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 for a priori 
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 to the ab initio 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 systematic ab initio RHF/6-31G*//RHF/6-31G* 

investigation into the distance and specificity of the atomic groups electronegativity effect in 
linear aliphatic molecules C6H13X at X = H, CH3, C2H5, CH2CN, CH2OCH3, COOH, COO−, 
NH2, NO2, OH, O−, F, Cl. 

Charges on atoms were obtained within Mulliken orbital population analysis. For 1-
aminohexane, 13C 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 the C6H13 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, O−, F alter a sign of charge on C-1 atom to positive one. As for C-2 
atom, the groups CH3, C2H5, NH2, 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 knowledge on α and β effects in 1H NMR 
spectroscopy. The C-3 atom does not practically undergo the effect over the chemical bonds 
chain from such substituents as CH3, C2H5, CH2CN, CH2OCH3, COOH, NH2, O

−. Somewhat 
gain in negative charge on γ carbon atom occurs in the case of NO2, OH, 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 I. 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: 4 > 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 PM3 > AM1 > 
MNDO. For dimethyl-N-nitrosamine, the corresponding sequence is MNDO > AM1 > PM3, 
and in the case of diisobutyl-N-nitrosamine - AM1 > MNDO > 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 (II) - NaCl - H 2O AND Pd (II) - HCl - H 2O 

REACTION SYSTEMS 
 

Alexei N. Pankratov1, Vladimir B. Borodulin 2, 
Olga A. Chaplygina2, Dina V. Shcherbakova1 

1Department of Chemistry, N. G. Chernyshevskii Saratov State University, 
83 Astrakhanskaya Street, Saratov 410026, Russia 

2Department 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 (II) 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 HCl 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 (II) planar complexes 
by chloride ion has been performed. For all the complexes containing H2O and H3O

+ ligands, 
apart from [Pd(H2O)4]

2+, characteristic is the presence of intramolecular hydrogen bonds. In 
the complexes of [Pd(H2O)3(H3O)]3+ and trans-[Pd(H2O)2(H3O)Cl]2+ “non-classical” 
symmetric hydrogen bond of the type O…H…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 the K2[PdCl4] - NaCl - H2O and K2[PdCl4] - HCl - 
H2O systems with the data of quantum chemical investigations of ligands exchange 
thermodynamics is of no doubt. 

Logarithms of stepwise stability constants of the palladium (II) 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 a 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 (∆Hf), entropies (S), ionization potentials (I) and molecular dipole moments (µ) of 
pyridine and its 231 derivatives, the molecules of which contain C, H, N, O, F, Si, S, Cl, Br, I 
atoms. Linear dependences Pexper = bPtheor (P = ∆Hf, S, I, µ) 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 the pKa evaluations. 

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 CONH2, NHCOCH3, NO2, OCH3, OC2H5, OCH2C6H5, Cl, 
Br. The pKa and PA values of 4-X-2,2’-bipyridines with X = H, CONH2, NO2, OCH2C6H5, 
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 PA = ∆∆Hf, ∆∆Gf 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 NHCOCH3 substituent turn 
attention on itself. The data both for the species with obviously hydrophilic (CONH2, NO2), 
as well as with relatively hydrophobic (OCH2C6H5, Cl, Br) atomic groups are put in 
dependences pKa vs 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, pKa quantities, stability constants, dipole moments, vibrational frequencies of 
inorganic, organic, organoelement, coordination compounds, electronegativities, inductive 
parameters iota, 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 basidiomycete Lentinus edodes, transport 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. J. Mol. Struct. Theochem. 1997. Vol. 392, No. 0. 
      137-140. 
  2. Pankratov A.N. J. Mol. Struct. Theochem. 1998. Vol. 453, No. 1-3. 7-15. 
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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 aqueous solutions are modelled. The explicit hydration 
shell account showed that the anilines protonation occurs via the 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, the pKa vs PA 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 pKa vs 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 substituent in ortho position of aromatic ring 
(including those participating in intramolecular hydrogen bond: COOH, COOCH3, NO2). 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 the pKa values for anilines, 
construct the compounds with the desired acid-base properties. The approach proposed for 
evaluating pKa values of anilines, aimed at their molecular design, can be extended to other 
classes of compounds. 
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I?J?GHKBFHKLV�F:KRL:;BJMXSBO�FGH@BL?E?C�

IJHLB<�I?J?GHKBFHKLB�KBEH<UO�IHKLHYGGUO 
 

X�G� IZgq_gdh 
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<� Ehfhghkh\Z 

Obfbq_kdbc nZdmevl_l 
Ijb j_r_gbb h[jZlghc dhe_[Zl_evghc aZ^Zqb gZ [Za_ d\Zglh\h-f_oZgbq_kdh]h

kbeh\h]h ihey dZd bkoh^gh]h ijb[eb`_gby b i_j_g_k_gbb ihemq_gguo kbeh\uo

ihklhygguo gZ jh^kl\_ggu_ fhe_dmeu kqblZxl [1]� qlh kbeh\u_ ihklhyggu_

h^bgZdh\u ^ey d\Zabwd\b\Ze_glguo dhhj^bgZl \ koh^guo kljmdlmjguo ]jmiiZo

jh^kl\_gguo fhe_dme� L_f kZfuf mdZaZgguc ih^oh^ b]ghjbjm_l oZjZdl_jgu_

hkh[_gghklb kbeh\h]h ihey dZ`^hc hl^_evghc fhe_dmeu b ^_eZ_l h[jZlgmx fZljbpm

dbg_lbq_kdhc wg_j]bb iheghklvx hl\_lkl\_gghc aZ \hafh`gu_ k^\b]b qZklhl

dhe_[Zgbc b ^jm]b_ ki_dljZevgu_ hkh[_gghklb jh^kl\_gguo fhe_dme � gZ dhlhju_

i_j_ghkylky kbeh\u_ ihklhyggu_�  
Ijb fZkrlZ[bjh\Zgbb d\Zglh\h-f_oZgbq_kdbo kbeh\uo ihe_c jh^kl\_gguo

fhe_dme ijbgbfZxl h^bgZdh\ufb hlghkbl_evgu_ hrb[db� ijb\ghkbfu_ \ d\Zglh\h-
f_oZgbq_kdb_ kbeh\u_ ihklhyggu_ ^ey d\Zabwd\b\Ze_glguo dhhj^bgZl \ koh^guo

kljmdlmjguo ]jmiiZo ijb jZkq_l_ gZ hij_^_e_gghf l_hj_lbq_kdhf mjh\g_ � Wlh

ij_^iheh`_gb_ gZdeZ^u\Z_l ]hjZa^h f_g__ `_kldb_ h]jZgbq_gby � q_f ij_^iheh`_gb_

h i_j_ghkbfhklb kbeh\uo ihklhygguo \ k_jbb jh^kl\_gguo fhe_dme � < dZq_kl\_

ijbf_jZ ijb\_^_gu jZkq_lu qZklhl dhe_[Zgbc iehkdh]h ljZgk b g_iehkdh]h ]hr 
jhlZf_jh\ [mlZ^b_gZ-1,3 [2,3].  
1. A.G. Yagola, I.V. Kochikov, G.M. Kuramshina and Yu.A. Pentin, Inverse Problems of 
Vibrational Spectroscopy, VSP, Utrecht, The Netherlands, 1999, Chap. 11, p. 259. 
2�X�G� IZgq_gdh�@mjg� kljmdl� obfbb, 40 (1999) 548. 
3. *�5� 'H 0DUc� <X�1� 3DQFKHQNR� -� 9DQGHU $XZHUD� J.Phys.Chem., 101 (1997) 3998. 
 
 

KJ:<G?GB?�J?AMEVL:LH<�G?WFIBJBQ?KDH=H�

DHE?;:L?EVGH=H�:G:EBA:�B�J?R?GBY�H;J:LGHC�

DHE?;:L?EVGHC�A:>:QB 
 

X�G� IZgq_gdh 
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<� Ehfhghkh\Z�  

Obfbq_kdbc nZdmevl_l 
GZ ijbf_j_ ljZgk- b pbk-bahf_jh\ fhe_dmeu ]ebhdkZey khihklZ\e_gu

j_amevlZlu j_r_gby ijyfhc dhe_[Zl_evghc aZ^Zqb k fZkrlZ[bjh\Zgguf

g_wfibjbq_kdbf kbeh\uf ihe_f \ ijb[eb`_gbb FI�/6-�� =N
// FI�/6-31 =N
 k

j_amevlZlZfb j_r_gby h[jZlghc dhe_[Zl_evghc aZ^Zqb k bkihevah\Zgb_f lZd

gZau\Z_fhc [w^`_jh\kdhc fh^_eb kbeh\h]h ihey \ dZq_kl\_ bkoh^gh]h ijb[eb`_gby

[1]� IhdZaZgZ g_ijbf_gbfhklv ihke_^g_]h ih^oh^Z d fgh]hZlhfguf fhe_dmeZf  [2] b 
hlf_q_gZ g_khklhyl_evghklv ij_l_gabc gZ \hafh`ghklv dhgdmj_gpbb j_r_gby

h[jZlghc dhe_[Zl_evghc aZ^Zqb k gZqZevguf ijb[eb`_gb_f ih ;w^`_jm k

g_wfibjbq_kdbfb d\Zglh\h-f_oZgbq_kdbfb jZkq_lZfb� 
�� <�B� Lxebg� =�F� DmjZfrbgZ�X�:� I_glbg� E_ Oum Oh� @mjg� kljmdl� obfbb, 38 
(1997� ���� ��X�G� IZgq_gdh�@mjg� kljmdl� obfbb, 41 (2000) 157.   
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KHIHKL:<E?GB?�IJH=J:FF�>EY�HIJ?>?E?GBY�
F:KRL:;BJMXSBO�FGH@BL?E?C�>EY�D<:GLH<H-

F?O:GBQ?KDBO�KBEH<UO�IHE?C�FHE?DME 
 

X�G� IZgq_gdhZ�@�J� >_ FZjw[� G�N� Kl_iZgh\Z  
Z
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<� Ehfhghkh\Z 

Obfbq_kdbc nZdmevl_l 
[
K\h[h^guc mgb\_jkbl_l ;jxkk_ey� nZdmevl_l gZmd 

 
JZkkfhlj_gu g_dhlhju_ hkh[_gghklb b \uqbkebl_evgu_ \hafh`ghklb jy^Z

ijh]jZff ^ey hij_^_e_gby fZkrlZ[bjmxsbo fgh`bl_e_c � iha\heyxsbo wfibjbq_kdb
dhjj_dlbjh\Zlv d\Zglh\h-f_oZgbq_kdb_ kbeh\u_ ihey ih f_lh^m ImeZb� H[km`^_gZ
ijh[e_fZ mklhcqb\hklb j_r_gbc� ihemqZ_fuo jZkkfZljb\Z_fufb ijh]jZffZfb�
Qbke_gguc ijbf_j gZoh`^_gby klZ[bevgh]h j_r_gby ijb hij_^_e_gbb

fZkrlZ[bjmxsbo fgh`bl_e_c ih f_lh^m Lbohgh\Z [1] b ih ijh]jZff_� jZkkfhlj_gghc
\ [2], ijb\_^_g ^ey i_jnlhjwlZgZ� IhdZaZgh [2]� qlh ijh]jZffZ [1] \ gZb[hevr_c f_j_
^Z_l g_m^h\e_l\hjbl_evgu_ j_amevlZlu ^ey d\Zglh\h-f_oZgbq_kdbo kbeh\uo ihe_c�
jZkkqblZgguo \ ijb[eb`_gbb OZjljb-NhdZ.   
1. A.G. Yagola, I.V. Kochikov, G.M. Kuramshina and Yu.A. Pentin, Inverse Problems of 
Vibrational Spectroscopy, VSP, Utrecht, The Netherlands, 1999, Chap. 11, p. 259. 
2. Yu.N. Panchenko, *�5� 'H 0DUc� 1�)� 6WHSDQRY� Russ.J.Phys.Chem., 74, Suppl. 2 (2000) 
245. 
 
 

DHE?;:L?EVG:Y�:G=:JFHGBQGHKLV�B�

F:KRL:;BJH<:GB?�D<:GLH<H-F?O:GBQ?KDH=H�

KBEH<H=H�IHEY�FHE?DMEU 
 

X�G� IZgq_gdh
Z
� <�B� Imiur_\

Z
� Q�M� ;hd

[  
Z
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<� Ehfhghkh\Z, Obfbq_kdbc

nZdmevl_l 
[
NbeZ^_evnbckdbc mgb\_jkbl_l, Obfbq_kdbc nZdmevl_l 

 
< jZfdZo ihl_gpbZeZ Fhja_ jZkkfhlj_gZ k\yav f_`^m fZkrlZ[bjmxsbfb

fgh`bl_eyfb� ihemq_ggufb ih f_lh^m ImeZb [1-4] ba Zg]Zjfhgbq_kdbo b

]Zjfhgbabjh\Zgguo qZklhl dhe_[Zgbc e_]dhc fhe_dmeu b __ ly`_eh]h ZgZeh]Z �
IhdZaZgh [5]� qlh hij_^_e_gb_ fZkrlZ[bjmxsbo fgh`bl_e_c ba qZklhl dhe_[Zgbc

e_]dhc fhe_dmeu ijb\h^bl d f_gvrbf hldehg_gbyf jZkkqblZgguo qZklhl hl bo

wdki_jbf_glZevguo ZgZeh]h\ ^ey ly`_ehc fhe_dmeu� q_f h[jZlgZy ijhp_^mjZ� < wlhf

dhgl_dkl_ h[km`^_gZ kl_i_gv \uihegbfhklb ijZ\beZ >_ggbkhgZ �  
1. Yu.N. Panchenko, P� 3XOD\� )� 7pUpN� -�0RO�6WUXFW�� �� ������ ���� 
2. V.I. Pupyshev, Yu.N. Panchenko, Ch.W. Bock, G. Pongor, J.Chem.Phys., 94 (1991) 1247.  
3. Yu.N. Panchenko, *�5� 'H 0DUc� 9�,� 3XS\VKHY� J.Phys.Chem., 99 (1995) 17544. 
4�X�G� IZgq_gdh, <_klg� Fhkd� mg-lZ� k_j� obf�� 51 (1996) � �� ��. 
5. Yu.N. Panchenko, V.I. Pupyshev, Ch.W. Bock, J.Mol.Struct., 550-551 (2000) 495. 
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KH<J?F?GGU?�L?G>?GPBB�DHFIVXL?JBA:PBB� 
OBFBQ?KDBO�BKKE?>H<:GBC 

 
<� L� IZgxrdbg� G�G� ;mdh\� >� ?� :[jZfh\� 

Dm[Zgkdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l� ]� DjZkgh^Zj 
 
< gZklhys__ \j_fy ijh]jZffgh_ h[_ki_q_gb_ ^ey gZmqguo bkke_^h\Zgbc jZa\b\Z_lky \

gZijZ\e_gbb kha^Zgby bgl_]jbjh\Zgguo ijh[e_fgh hjb_glbjh\Zgguo kj_^ �
H^gh\j_f_ggh ij_h[jZah\Zgbx ih^\_j]Zxlky ijh]jZffgu_ f_lh^heh]bb � mqblu\Zy
ki_pbnbdm ijbdeZ^ghc h[eZklb� LjZ^bpbhggh \ obfbb ijbf_gyxlky jZagu_

fZl_fZlbq_kdb_ f_lh^u b fh^_eb ohjhrh ba\_klgu_ ba klZg^Zjlguo dmjkh\ h[mq_gby �
K_]h^gy jZajZ[Zlu\Zxlky kh[kl\_ggu_ f_lh^u ijh]jZffbjh\Zgby � kljmdlmju ^Zgguo

b l_ogheh]bb ijh[e_fgh hjb_glbjh\Zgghc kj_^u \ obfbb � Ke_^m_l hlf_lblv q_luj_
gh\u_ l_g^_gpbb� 
I_jkhgZebaZpby� GZmqgZy kbkl_fZ IH klZgh\blky [he__ \hkijbbfqb\hc dhgl_dklm

ihevah\Zl_ey� dhfivxl_jghc kj_^_ b \uqbkebl_evghc aZ^Zq_ � >Zgguc dhgl_dkl

ho\Zlu\Z_l bgnhjfZpbhggu_ j_kmjku ij_^f_lghc h[eZklb � 
>bgZfbq_kdh_ j_r_gb_ aZ^Zqb� LjZ^bpbhggZy iZjZ^b]fZ� \dexqZxsZy wlZiu

ijh]jZffbjh\Zgby� dhfibeypbb� aZ]jmadb b \uiheg_gby ihkl_i_ggh ba`b\Z_l k_[y�
Kh\j_f_ggZy ijbdeZ^gZy kbkl_fZ ^himkdZ_l j_dhgnb]mjbjh\Zgb_ \k_o iZjZf_ljh\ ijb

ihklmie_gbb gh\uo ^Zgguo� \hagbdgh\_gbx gh\uo aZ^Zq� ihy\e_gbx gh\uo j_kmjkh\ b

\u[hj_ gh\uo ijbhjbl_lh\� 
:\lhfZlbq_kdZy hilbfbaZpby IH� :gZeba b hilbfbaZpby jZkijhkljZgy_lky gZ [he__

\ukhdb_ mjh\gb ijh]jZffbjh\Zgby� q_f ijhklh yaudh\u_ fh^meb� P_evx wlbo mkbebc

y\ey_lky mijhs_gb_ ijh]jZffgh]h bgl_jn_ckZ� ijh\_jdZ Zevl_jgZlb\guo j_r_gbc

j_hj]ZgbaZpby ^Zgguo b ijh]jZff� <ukhdZy klhbfhklv jZajZ[hldb IH y\ey_lky

fhsguf nZdlhjhf� klbfmebjmxsbf jZa\blb_ l_ogheh]bb ijh]jZffbjh\Zgby

dhfihg_glh\� 
Khq_lZgb_ j_Zevguo b fh^_evguo kbkl_f� Fh^_ebjh\Zgb_ y\ey_lky ijZdlbq_kdbf
j_r_gb_f� _keb khhl\_lkl\mxsb_ obfbq_kdb_ kljmdlmju ohjhrh ihgylu � Z bo

\hkijhba\_^_gb_ \ j_Zevghklb eb[h g_\hafh`gh� eb[h kebrdhf ^hjh]h�
Dhf[bgbjh\Zgb_ \bjlmZevghc b obfbq_kdhc j_Zevghklb iha\hey_l kha^Zlv gh\u_

fh^_eb� h[_ki_qb\Zxsb_ ZgZeba obfbq_kdbo kljmdlmj gZ hkgh\_ ihlhdh\ bgnhjfZpbb �  
Ij_^eh`_ggZy b^_heh]by [ueZ bkihevah\ZgZ gZfb ijb kha^Zgbb bgnhjfZpbhggh]h

dhfie_dkZ jZkq_lZ qZklhl b nhjf ghjfZevguo dhe_[Zgbc fgh]hZlhfguo fhe_dme �  
 
 

GRECP/RCC-SD CALCULATION OF P,T-ODD SPIN-ROTATIONAL 
HAMILTONIANS IN HEAVY-ELEMENT DIATOMICS 

 

1)Petrov A.N., Mosyagin N.S., Isaev T.A., Titov A.V., 2)Eliav E., Kaldor U. 
1)Petersburg Nuclear Physics Institute, Gatchina, Petersburg district 188350, RUSSIA 

2)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 TlF, 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 
TlF 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://qcc.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(a1-3b)Gal(b1-2a)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 
CCl3MgCl, and the structure Cl2C�0J&O� �&�Y V\PPHWU\�� &DOFXODWHG YLEUDWLRQDO
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.  
 
 

DHFIVXL?JGH?�IJ?>KD:A:GB?�;BHEH=BQ?KDHC�

:DLB<GHKLB�OBFBQ?KDBO�<?S?KL< 
 

<�<� Ihjhcdh\� >�:�Nbebfhgh\ 
GBB [bhf_^bpbgkdhc obfbb bf�<�G�Hj_oh\bqZ J:FG� �������Fhkd\Z�

Ih]h^bgkdZy me�� ��� E-mail: vvp@ibmh.msk.su, filimon@ibmh.msk.su 
 
 ;bheh]bq_kdZy Zdlb\ghklv – h^gh ba \Z`g_crbo k\hckl\ obfbq_kdbo

kh_^bg_gbc – iha\hey_l gZclb bf ijbf_g_gb_ \ f_^bpbg_� \_l_jbgZjbb� iZjnxf_jghc
b ibs_\hc ijhfure_gghklb� gh fh`_l lZd`_ klZlv ijbqbghc lhdkbqghklb b hiZkghklb
\_s_kl\� IjZdlbq_kdb \k_ ba\_klgu_ nbabheh]bq_kdb Zdlb\gu_ \_s_kl\Z g_ y\eyxlky
Z[khexlgh ki_pbnbqgufb b h[eZ^Zxl p_euf gZ[hjhf \b^h\ [bheh]bq_kdhc

Zdlb\ghklb� H[s__ dhebq_kl\h ba\_klguo \b^h\ [bheh]bq_kdhc Zdlb\ghklb khklZ\ey_l
[he__ ����� ijbq_f wlh qbkeh [uklh jZkl_l� Hq_\b^gh� qlh ijZdlbq_kdb g_\hafh`gh

bkke_^h\Zlv \k_ kbgl_abjh\Zggu_ kh_^bg_gby gZ \k_ ba\_klgu_ \b^u [bheh]bq_kdhc

Zdlb\ghklb� Hij_^_eblv ijbhjbl_lu \ l_klbjh\Zgbb \_s_kl\ fh`gh gZ hkgh\_

dhfivxl_jgh]h ijh]ghaZ ki_dljZ [bheh]bq_kdhc Zdlb\ghklb k ihfhsvx

jZajZ[hlZgghc gZfb kbkl_fu PASS (Obfby \ Jhkkbb� ����� � �� k��-12). PASS 
hp_gb\Z_l \_jhylghklb ijbgZ^e_`ghklb d deZkkZf Zdlb\guo (Pa) b g_Zdlb\guo �3L�
\_s_kl\ ^ey [he__ ��� nZjfZdheh]bq_kdbo wnn_dlh\� f_oZgbafh\ ^_ckl\by b

ki_pbnbq_kdhc lhdkbqghklb� Kj_^gyy lhqghklv ijh]ghaZ \ mkeh\byo kdhevays_]h

dhgljhey k bkdexq_gb_f ih h^ghfm khklZ\ey_l ��%. IhdZaZg mgb\_jkZevguc oZjZdl_j
bkihevam_fuo \ PASS kljmdlmjguo MNA ^_kdjbilhjh\ �-�&KHP�,QI�&RPSXW� 6FL�� �����
39, 666-6��� b \ukhdZy klZlbklbq_kdZy mklhcqb\hklv ihemqZ_fuo hp_ghd \_jhylghkl_c
Pa b Pi (J.Chem.Inform.Comput.Sci., 2000, 40, 1349-1355). GZ hkgh\_ ij_^kdZaZgbc 3$66
m^Zehkv \uy\blv jy^ gh\uo nbabheh]bq_kdb Zdlb\guo kh_^bg_gbc k ijhlb\hya\_gghc �
ZglbZfg_klbq_kdhc� ijhlb\hhimohe_\hc� ]_iZlhijhl_dlhjghc b ^jm]bfb \b^Zfb

Zdlb\ghklb �http://www.ibmh.msk.su/PASS�� Kha^Zg ZHE-k_j\_j� ijh]ghabjmxsbc

[bheh]bq_kdmx Zdlb\ghklv \_s_kl\ q_j_a Bgl_jg_l (http://www.ibmh.msk.su/PASS�� <
^hdeZ^_ h[km`^Zxlky l_dms__ khklhygb_ b gZijZ\e_gby ^Zevg_cr_]h jZa\blby
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dhfivxl_jghc kbkl_fu 3$66� Z lZd`_ \hafh`ghklb khljm^gbq_kl\Z k obfbdZfb�
aZbgl_j_kh\Zggufb \ \uy\e_gbb [bheh]bq_kdhc Zdlb\ghklb m kbgl_abjm_fuo bfb

\_s_kl\� 
 
 
MULTIG EN: A NEW PARADIGM FOR “ MULTICONFORMATIONAL ” 

ALIGNMENT OF MOLECULAR STRUCTURES IN 3D-QSAR 
STUDIES§. 

 

Potemkin V.:.a, Arslambekov R.Ma, Bartashevich E.V a, Grishina M.A.c, Belik A.V.a, 
Perspicace S.b, Guccione S.b 

aChelyabinsk State University, Chemical Department, Russian Federation 
bDipartimento di Scienze FarmacHXWLFKH� 8QLYHUVLWZ GHJOL 6WXGL GL &DWDQLD� ,WDO\ 

cInstitute 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 that a minimum 
conformation is not critical  for bioactivity. 
In this paper a new algorithmic innovation called MultiGen(shortcut for Multiconformer 
Generation) to define multiconformational models 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 a multiconformers based model is created by the BiS1 superimposing 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: A= a + bMpiAi 
(where :i = partial activity of the conformer i; ji = 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 
multiconformer data on a dataset of 5-HT1A receptor agonists2. The MultiGen results are 
generally in agreement with Guccione et al.2 and allowed to pick up the most active 
conformer for each structure in the dataset when used as input for BiS1  and HASL2 
calculations. 
§This work has been supported by the Russian Foundation of Basic Researches (Grant 01-03-
96414) and is part of  S. Perspicace’ s graduation thesis. 

1 V. A. Potemkin, E. V. Bartashevich, M. A. Grishina and Salvatore Guccione, Proceedings 
of the 13th European Symp. on Quantitative Structure-Activity Relationships, Rational 
Approaches to Drug Design. QSAR 2000 Heinrich-Heine-8QLYHUVLW^W� 'vVVHOGRUI� *HUPDQ\�
27 August-1 September, 2000. Prous Science Publishers, in press . 2Guccione S., Doweyko 
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A.M., Chen H.M., Uccello Barretta G., Balzano F., J. Comput.-Aided Mol. Des., 14 (2000), 
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 

 
Ilya 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. 
 
 
KLJMDLMJGH-<?JHYLGHKLGUC�IH>OH> D�HIJ?>?E?GBX�

H;E:KLB�IJBF?GBFHKLB EBG?CGHC�FH>?EB�K<YAB�

©KLJMDLMJ:�–�K<HCKL<Hª 
 

F�B�Kd\hjph\Z� D�K�N_^y_\� B�B�;Zkdbg� <�:�IZexebg� G�K�A_nbjh\ 
Bgklblml hj]Zgbq_kdhc obfbb J:G bf� G�>�A_ebgkdh]h� 
Bgklblml nbabheh]bq_kdb Zdlb\guo \_s_kl\ J:G� 

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<�Ehfhghkh\Z 
 

H^gZ ba \Z`guo aZ^Zq kh\j_f_gghc l_hj_lbq_kdhc obfbb - ihkljh_gb_ b

bkke_^h\Zgb_ fZl_fZlbq_kdbo fh^_e_c� k\yau\Zxsbo kljmdlmjm b k\hckl\Z

obfbq_kdbo kh_^bg_gbc� Ihkljh_gb_ lZdbo fh^_e_c hkgh\u\Z_lky� dZd ijZ\beh� gZ
ZgZeba_ g_dhlhjhc \u[hjdb kh_^bg_gbc k ba\_klgufb k\hckl\Zfb � Ijb bkihevah\Zgbb
khhl\_lkl\mxsbo mjZ\g_gbc k\yab ©kljmdlmjZ – k\hckl\hª ^ey ijh]ghabjh\Zgby

k\hckl\ gh\uo kh_^bg_gbc \hagbdZ_l aZ^ZqZ gZoh`^_gby bo h[eZklb ijbf_gbfhklb �
l�_� \u^_e_gby deZkkZ obfbq_kdbo kh_^bg_gbc� k\hckl\Z dhlhjuo fh]ml [ulv

jZkkqblZgu gZ hkgh\_ \ur_mdZaZgguo mjZ\g_gbc k lj_[m_fhc lhqghklvx �  
JZkkfZljb\Z_lky gZb[he__ qZklh ijbf_gy_fZy gZ ijZdlbd_ fZl_fZlbq_kdZy

fh^_ev� \ dhlhjhc bamqZ_fh_ k\hckl\h Ziijhdkbfbjm_lky ebg_cghc nmgdpb_c

fhe_dmeyjguo ^_kdjbilhjh\� hibku\Zxsbo kljmdlmjm obfbq_kdbo kh_^bg_gbc� Z

dhwnnbpb_glu ebg_cghc nmgdpbb hij_^_eyxlky ih f_lh^m gZbf_gvrbo d\Z^jZlh\ �
>ey mjZ\g_gbc lZdh]h lbiZ ij_^eZ]Z_lky gh\uc ih^oh^ d ihkljh_gbx h[eZklb

ijbf_gbfhklb� hkgh\Zgguc gZ dhf[bgbjh\Zgghf bkihevah\Zgbb ZiiZjZlZ l_hjbb

\_jhylghkl_c b g_dhlhjuo dhebq_kl\_gguo djbl_jb_\ kljmdlmjgh]h koh^kl\Z �  
Ijb\h^blky jy^ ijbf_jh\� beexkljbjmxsbo ij_^eZ]Z_fuc ih^oh^� 

 
 
 



Computer Assistance to Chemical Research - 2001, Moscow, May 22-23, 2001 
Dhfivxl_jgh_ h[_ki_q_gb_ obfbq_kdbo bkke_^h\Zgbc�Fhkd\Z� ��-�� fZy ���� ]� 
_________________________________________________________________________________ 
 

___________________________________________________________________________________ 

<k_jhkkbckdZy rdheZ-dhgn_j_gpby ih \uqbkebl_evghc b d\Zglh\hc obfbb bf� <�:�NhdZ�
Gh\]hjh^ <_ebdbc� ��-�� fZy ���� ]� )RFN 6FKRRO IRU 4XDQWXP DQG &RPSXWDWLRQDO &KHPLVWU\, 
Novgorod, May 21-22, 2001 

���

H;�H>GHF�KIHKH;?�DH>BJH<:GBY�OBFBQ?KDBO�
KLJMDLMJ�<�A:>:Q:O�IHKLJH?GBY�F:L?F:LBQ?KDBO�

FH>?E?C�K<YAB�©KLJMDLMJ:�–�K<HCKL<Hª 
 

F�B�Kd\hjph\Z� D�K�N_^y_\� B�B�;Zkdbg� <�:�IZexebg� G�K�A_nbjh\ 
Bgklblml hj]Zgbq_kdhc obfbb J:G bf� G�>�A_ebgkdh]h� 
Bgklblml nbabheh]bq_kdb Zdlb\guo \_s_kl\ J:G� 

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<�Ehfhghkh\Z 
 

Ijb ihkljh_gbb fZl_fZlbq_kdbo fh^_e_c k\yab ©kljmdlmjZ – k\hckl\hª b 
hij_^_e_gbb bo h[eZklb ijbf_gbfhklb \hagbdZ_l aZ^ZqZ dhebq_kl\_ggh]h hibkZgby

obfbq_kdbo kljmdlmj� 
Ij_^eZ]Z_lky f_lh^ dh^bjh\Zgby obfbq_kdbo kljmdlmj � ij_^klZ\e_gguo

ijhklufb fhe_dmeyjgufb ]jZnZfb �F=�� DZ`^hc kljmdlmj_ khihklZ\ey_lky \_dlhj

X = (x1, x2, ..., xn), dhfihg_glu dhlhjh]h xi (i=1,...,n) jZ\gu qbkeZf \oh`^_gby \ F=

hij_^_e_gguo kljmdlmjguo njZ]f_glh\� gZau\Z_fuo [Zabkgufb� ;Zabkguc njZ]f_gl

Sk k k \_jrbgZfb (k≥�� khklhbl ba h[t_^bg_gby g_dhlhjh]h qbkeZ ke_^mxsbo

bahebjh\Zgguo ih^]jZnh\ - p_ihq_d ^ebgu �� �� ���� Z lZd`_ pbdeh\ jZaf_jZ �� �� ���� d
\_jrbgZf dhlhjuo ijbkh_^bg_gu �� �� �� ��� p_ihqdb _^bgbqghc ^ebgu \k_fb

g_wd\b\Ze_glgufb kihkh[Zfb�  
JZajZ[hlZgu Ze]hjblf b dhfivxl_jgZy ijh]jZffZ ]_g_jZpbb [Zabkguo

njZ]f_glh\ ^ey ex[h]h qbkeZ \_jrbg k b ihkljh_gby khhl\_lkl\mxsbo fhe_dmeyjguo
dh^h\� 

<u^\b]Zxlky ke_^mxsb_ ]bihl_au�  
�� Kljmdlmju ex[hc aZ^Zgghc dhg_qghc \u[hjdb fh]ml [ulv h^ghagZqgh

aZdh^bjh\Zgu \ur_mdZaZgguf kihkh[hf� 
�� Ex[hc bg\ZjbZgl ]jZnh\ f� jZkkfhlj_gguc gZ ]jZnZo ^Zgghc \u[hjdb� fh`_l

[ulv ij_^klZ\e_g \ \b^_ g_dhlhjh]h fgh]hqe_gZ f(x1, x2, ..., xn) [Zabkguo iZjZf_ljh\ xi 
(i=1,...,n). 

IhdZaZgZ kijZ\_^eb\hklv \u^\bgmluo ]lihl_a ^ey ^hklZlhqgh [hevrbo b

jZaghh[jZaguo deZkkh\ F=� Ij_^eh`_gu kihkh[u Z\lhfZlbq_kdh]h hl[hjZ g_[hevrh]h

qbkeZ [Zabkguo njZ]f_glh\ ^ey ihkljh_gby dhjj_eypbc ©kljmdlmjZ – k\hckl\hª b

hij_^_e_gby h[eZklb ijbf_gbfhklb ihemq_gghc fZl_fZlbq_kdhc fh^_eb � Ijb\_^_gu
ijbf_ju�  
 
 
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 quantum mechanics as mathematical theory is a topic of the theory of real pure-jump  non-
Markovian stochastic processes.  
 

<U<H>�MJ:<G?GBY�DE?CG:-NHD:-=HJ>HG:�BA�
G?F:JDH<KDH=H�KLHO:KLBQ?KDH=H�MJ:<G?GBY�

DHEFH=HJH<:-=BOF:G:-KDHJHOH>:�>EY�
>?CKL<BL?EVGH=H�QBKLH-J:AJU<GH=H�IJHP?KK: 

 
Kdhjh[h]Zlh\ =�:� 

 
K fhf_glZ \uoh^Z \ ���� jZ[hlu ?�FZ^_emg]Z ba\_klgh� qlh iZjZ khijy`_gguo

mjZ\g_gbc Rj_^bg]_jZ \aZbfgh-h^ghagZqgh khhl\_lkl\m_l ^\mf mjZ\g_gbyf

“ ]b^jh^bgZfbq_kdh]h ij_^klZ\e_gby” ^ey iehlghklb \_jhylghklb w(x,t)=ψ(x,t)2 b

kj_^g_]h bfimevkZ p(x,t)=i(h/2π)(ψ∇xψ*-ψ*∇xψ)/2w  Wlb ^\Z mjZ\g_gby ihemqZxlky ba
d\Zglh\h]h ljZgkihjlgh]h mjZ\g_gby �DLM� ^ey iehlghklb \_jhylghklb P(p,x,t) \
nZah\hf ijhkljZgkl\_� dZd ^\Z mjZ\g_gby ^ey i_j\uo ^\mo fhf_glh\ w(x,t)=∫P(p,x,t)d3p  
b  〈p〉x,t =w-1∫pP(p,x,t)d3p < k\hx hq_j_^v DLM ihemqZ_lky ba d\Zglh\h]h
dbg_lbq_kdh]h mjZ\g_gby �DDM� -g_fZjdh\kdh]h klhoZklbq_kdh]h mjZ\g_gby

Dhefh]hjh\Z-=bofZgZ-Kdhjhoh^Z ^ey ^_ckl\bl_evgh]h qbklh-jZaju\gh]h kemqZcgh]h

ijhp_kkZ� :gZeh]bqgh� mjZ\g_gb_ De_cgZ-NhdZ-=hj^hgZ \u\h^blky ba

j_eylb\bklkdh]h d\Zglh\h]h ljZgkihjlgh]h mjZ\g_gby �JDLM�� Z ihke_^g__ – ba

j_eylb\bklkdh]h d\Zglh\h]h dbg_lbq_kdh]h mjZ\g_gby �JDDM�� H[gZjm`_gb_

DLM� DDM� JDLM b JDDM hagZqZ_l kha^Zgb_ IHEGHC d\Zglh\hc f_oZgbdb� 
 
 
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 Löwdin’ 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 
VWDWHV �:� DQG �<� FRUUHVSRQGLQJ WR '�G V\PPHWU\ RI PROHFXOHV ZHUH FRQVLGHUHG� 7he 
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 
7G��?�V\PPHWU\ ZDV FDOFXODWHG E\ &$66&) WDNLQJ LQWR DFFRXQW ILYH ORZHU O\LQJ HOHFWURQLF
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, 
NbI4. 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, NbI4 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, CH3O, CCl3, 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 + a1 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, CH3O, 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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D<:GLH<H-OBFBQ?KDH?�BKKE?>H<:GB?�J:AEBQGUO�
IML?C�=?G?J:PBB�D:J;?GB?<UO�BHGH<�BA�HE?NBGH<�B�

:EDBENLHJB>H<�<�KJ?>?�+) 
  

KhedZg <.G. 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>� A_ebgkdh]h� J:G 

 
F_lh^Zfb OZjljb-NhdZ �ON� k mq_lhf we_dljhgghc dhjj_eypbb gZ mjh\g_ 03� b

nmgdpbhgZeZ iehlghklb %HFNH�/<3 \ [Zabk_ �-����*

 bkke_^h\Zgu j_Zdpbb

]_g_jZpbb dZj[_gb_\uo bhgh\ ba he_nbgh\ b Zedbenlhjb^h\ \ kj_^_ `b^dhc +)� GZ
hkgh\_ jZkkqblZgguo wglZevibc j_Zdpbc hij_^_e_gu \hafh`gu_ imlb ]_g_jZpbb

dZj[_gb_\uo bhgh\ \ kbkl_f_ �he_nbg - +)�� b k^_eZg \u\h^� qlh gZjy^m k

ijhlhgbaZpb_c he_nbgZ bklhqgbdZfb dZj[_gb_\uo bhgh\ y\eyxlky khhl\_lkl\mxsbc

Zedbenlhjb^ b _]h ijhlhgbjh\ZggZy nhjfZ� < jZfdZo ^bkdj_lghc fh^_eb

fbdjhkhev\ZlZpbb� Z lZd`_ fh^_eb iheyjbamxs_]hky dhglbgmmfZ �3&0� hp_g_g \deZ^
khev\ZlZpbb \ ihgb`_gb_ Zdlb\Zpbhggh]h [Zjv_jZ ]_l_jheblbq_kdh]h jZkiZ^Z

Zedbenlhjb^h\ \ kj_^_ `b^dhc +)� Ijh\_^_gu jZkq_lu f_lh^hf FJ� ih\_joghklb

ihl_gpbZevghc wg_j]bb �IIW� ^ey ^\mo kbkl_f ��bah[mlZg � �KG���K��� ��+)� b
�bah[mlZg � �KG���KG��� ��+)��� H[gZjm`_gh� qlh \ kemqZ_ \lhjhc kbkl_fu

ijhbkoh^bl [_a[Zjv_jguc i_j_ghk ]b^jb^-bhgZ hl bah[mlZgZ d dZj[_gb_\hfm bhgm

�KG���KG���� >ey i_j\hc kbkl_fu gZ IIW h[gZjm`_g fbgbfmf � khhl\_lkl\mxsbc
dhfie_dkm k kbff_ljbqghc ehdZebaZpb_c ]b^jb^gh]h bhgZ

�+)���KG���K�����G��K�KG�����)+�� b lhevdh mq_l \k_]h hklZevgh]h jZkl\hjbl_ey \

jZfdZo fh^_eb JKF ijb\h^bl d ihy\e_gbx g_[hevrh]h Zdlb\Zpbhggh]h [Zjv_jZ �
F_lh^hf 03� \ [Zabk_ �-��*

 bkke_^h\Zgu j_Zdpbb ijbkh_^bg_gby �KG���K��� bhgZ
d he_nbgZf �bah[ml_gm� �-[ml_gm b �-[ml_gm� \ kj_^_ `b^dhc +)� GZ hkgh\_

jZkkqblZgguo wglZevibc j_Zdpbc i_j_]jmiibjh\hd i_j\bqgh h[jZamxsboky

dZj[_gb_\uo bhgh\ ���� k^\b] f_lbevghc ]jmiiu b ��� b ��� ]b^jb^gu_ k^\b]b�
hij_^_e_gu gZb[he__ klZ[bevgu_ K��� dZj[_gb_\u_ bhgu \ bkke_^h\Zgghc kbkl_f_�  

JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih^^_j`d_ Jhkkbckdh]h nhg^Z

nmg^Zf_glZevguo bkke_^h\Zgbc �ijh_dl 1 ��-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,Cl,Br,I)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. 
 
 

G?DHLHJU?�KHHLGHR?GBY�>EY�IHEGUO�WG?J=BC�

NMEE?J?GH<�Kn�B�BO�IJHBA<H>GUO��KH>?J@:SBO�
:LHFU�;HJ:�B�:AHL:�<�IHEBW>JBQ?KHF�D:JD:K? 

 

B�<� KlZgd_\bq
 � J� Kwlh

  

Bgklblml we_f_glhhj]Zgbq_kdbo kh_^bg_gbc� ������Fhkd\Z� me� <Z\beh\Z� �� 


Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� nbabq_kdbc nZdmevl_l� Jhkkby�

������Fhkd\Z� <hjh[v_\u ]hju 
 
Kj_^b ^hklZlhqgh rbjhdh]h deZkkZ obfbq_kdbo kh_^bg_gbc � kh^_j`Zsbo Zlhfu [hjZ b

ZahlZ� kms_kl\m_l fgh]h kljmdlmj bahwe_dljhgguo b bahkljmdlmjguo bo m]e_jh^guf

ZgZeh]Zf� :gZeba him[ebdh\Zgguo jZkq_lh\ ihdZaZe� qlh aZf_s_gb_ \ m]e_\h^hjh^guo
fhe_dmeZo beb \ m]e_jh^ghf deZkl_j_ g_dhlhjuo k\ya_c K-K gZ k\yab %-1 ijb\h^bl \h

fgh]bo kemqZyo d agZqbl_evghfm mf_gvr_gbx iheghc wg_j]bb � GZijbf_j� jZaghklv
iheguo wg_j]bc fhe_dme [_gaheZ b [hjZaheZ� jZkkqblZggZy f_lh^hf 01'2� jZ\gZ ��
w<� Z ^ey deZkl_jh\ &60 b &58%1 ZgZeh]bqgZy \_ebqbgZ khklZ\ey_l �� H9�  

< ^hdeZ^_ ihdZaZgh gZ ijbf_jZo g_dhlhjuo ihebw^jbq_kdbo fhe_dme &n-2x(BN)x, 
qlh lZdh_ jZaebqb_ f_`^m ihegufb wg_j]byfb hkgh\guo khklhygbc bahkljmdlmjguo b

bahwe_dljhgguo ihebw^jbq_kdbo m]e_jh^guo deZkl_jh\ &n b bo %�1-ijhba\h^guo
bf__l ^hklZlhqgh h[smx ijbjh^m b g_ aZ\bkbl hl f_lh^Z \uqbke_gbc �dhg_qgh� _keb
lZdhc f_lh^ l_hj_lbq_kdb h[hkgh\Zg�� 

MklZgh\e_gh� qlh ^ey wg_j]bc hkgh\guo khklhygbc ^hklZlhqgh rbjhdh]h deZkkZ

deZkl_jh\ �%1�xCn-2x (n-2x≥�� kijZ\_^eb\u ke_^mxsb_ khhlghr_gby  

(( û)C(BN) 2xnx +−�  ��
Q

( C< � < wlhc nhjfme_ E(Q) – wg_j]by hkgh\gh]h

khklhygby deZkl_jZ Q b
__




νµν<µ=µ −
±=∆ ∑∑
55

�
(

Q

�

�]^_ R� - dhhj^bgZlZ �-h]h y^jZ� b
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JZ[hlZ ih^^_j`_gZ Jhkkbckdbf Nhg^hf Nmg^Zf_glZevguc Bkke_^h\Zgbc � Z
lZd`_ Jhkkbckdhc gZmqgh-l_ogbq_kdhc ijh]jZffhc ©:dlmZevgu_ gZijZ\e_gby \

nbabd_ dhg^_gkbjh\Zgguo kj_^ª� ih^ijh]jZffZ ©Nmee_j_gu b Zlhfgu_ deZkl_juª� 
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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 molecules (NH3, H2O, 
HF) on the energetic characteristics of the given reaction, and also estimation of cooperative 

environment effect. 
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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 - NH3, H2O, 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 shorteQHG IURP ����� ? XS WR �����
? ZLWK LQFUHDVH RI DPPRQLD DPRXQW DURXQG VXOIDPLF DFLG� 7KH UHVXOWV RI QRQHPSLULFDO
calculations for complex 3 with one molecule NH3 are in excellent agreement with gas phase 
experimental data for sulfamic acid.
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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 
LV UHYHDOHG WKDW WKH DWWHPSW RI PRGHOLQJ IRUPDWLRQ K\GURJHQ ERQGV VXFK DV G���SL �ZLWK
coordination hydrogen atom of water to pi system of purine) results in realization of structure 
with two equal hydrogen bonds such asG���1 RQ DWRP RI QLWURJHQ 1���� ,W LV HVWDEOLVKHG WKDW
the strongest hydrogen bonds (of nucleobases-water type) form groups of atoms N(3) and 
N(9) -G DGHQLQH� DQG WKH ZHDNHVW - C(8) -G DQG DPLQR JURXS 1����+�� ,W ZDV IRXQG WKDW WKH
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[1] 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 TlH 
 

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 TlH, 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 TlH. 
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. 
 
 
FHE?DMEYJGH?�FH>?EBJH<:GB?�15��B�15�%�KM;?>BGBP�

NMDA-J?P?ILHJ:�B�FHE?DMEYJGUC�>HDBG=�EB=:G>H<. 
 

Lbohgh\Z B�=�� ;Zkdbg B�B�� IZexebg <�:�� A_nbjh\ G�K� 
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�F�<�Ehfhghkh\Z 

 
 Ihkljh_gu lj_of_jgu_ fh^_eb 15� b 15�% km[_^bgbp 10'$-j_p_ilhjZ�
kh^_j`Zsbo kZclu k\yau\Zgby \ha[m`^Zxs_]h g_cjhf_^bZlhjZ ]emlZfZlZ �Z]hgbklZ
NMDA-j_p_ilhjZ� b dhZ]hgbklZ ]ebpbgZ� ih ]hfheh]bb gZ hkgh\_ dhhj^bgZl Zlhfh\

AMPA-ih^h[gh]h \h^hjZkl\hjbfh]h j_p_ilhjZ� GZ hkgh\_ ihkljh_gguo fh^_e_c b

ebl_jZlmjguo ^Zgguo ih kZcl-ki_pbnbq_kdhfm fmlZ]_g_am [ue ijh\_^_g

fhe_dmeyjguc ^hdbg] Z]hgbklh\ b ZglZ]hgbklh\ d \ur_i_j_qbke_gguf kZclZf � Z
lZd`_ h[km`^_gu kihkh[u bo k\yau\Zgby� Ihkljh_ggu_ fh^_eb dhfie_dkh\ [ueb

bkihevah\Zgu ^ey h[tykg_gby ba\_klguo aZ\bkbfhkl_c ©kljmdlmjZ-k\hckl\hª�
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aZ\bkbfhklv Z]hgbklbq_kdbo �ZglZ]hgbklbq_kdbo� k\hckl\ hl ^ebgu b hl ijbjh^u s-
dbkehlghc ]jmiiu � ij_^ihqlbl_evghklv aZf_s_gby ZlhfZ ZahlZ Zfbgh]jmiiu b '-
dhgnb]mjZpbb objZevgh]h p_gljZ� Ijh\_^_gh fhe_dmeyjgh-^bgZfbq_kdh_
bkke_^h\Zgb_ ihemq_gguo dhfie_dkh\ ©eb]Zg^-j_p_ilhjª� Ihemq_ggu_ ^Zggu_ fh]ml
[ulv bkihevah\Zgu ^ey ^baZcgZ gh\uo eb]Zg^h\� dhlhju_ fh]eb [u klZlv

l_jZi_\lbq_kdbfb kj_^kl\Zfb ^ey e_q_gby jy^Z hkljuo b ojhgbq_kdbo

g_cjh^_]_g_jZlb\guo aZ[he_\Zgbc� 
 
 

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 KEKULÉ STRUCTURE COUNT FOR 
ALTERNATE HYDROCARBONS 

 
Francisco Torrens 

Institut Universitari de Ciència Molecular, Universitat de València, Dr. Moliner 50, E 
46100-Burjassot (València), 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 matrix for N  atoms can 
be written in such a way that only an 4 � × 4 �  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·mol-1 each time that the Kekulé structure count is multiplied by number e. 
 
 
J:KIHAG:<:GB?�KLJMDLMJGUO�NHJFME�>EY�J?R?GBY�

A:>:Q�HJ=:GBQ?KDHC�DHFIVXL?JGHC�OBFBB 
 

F� B� Ljhnbfh\ 
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h Jhkkbckdhc ZdZ^_fbb gZmd�

email: mtrofimov@online.ru 
 
Ijb j_r_gbb rbjhdh]h djm]Z aZ^Zq hj]Zgbq_kdhc dhfivxl_jghc obfbb qZklh

\hagbdZ_l g_h[oh^bfhklv \\h^Z \ dhfivxl_j bgnhjfZpbb h obfbq_kdbo kljmdlmjZo

hj]Zgbq_kdbo kh_^bg_gbc k [mfZ`gh]h ghkbl_ey �dgb]b� `mjgZeZ� kijZ\hqgbdZ b l�^���
Ij_^eZ]Z_fZy \ ^Zgghc jZ[hl_ f_lh^bdZ Z\lhfZlbq_kdh]h \\h^Z kljmdlmjghc

bgnhjfZpbb ij_^klZ\ey_l kh[hc dhfihabpbx jy^Z rbjhdh ba\_klguo Ze]hjblfh\

fZrbgghc ]jZnbdb b jZkihagZ\Zgby h[jZah\ �lZdbo� gZijbf_j� dZd ij_h[jZah\Zgb_

OZnZ�� Z^Zilbjh\Zgguo k mq_lhf dhgdj_lghc ki_pbnbdb ij_^f_lghc h[eZklb - 
hj]Zgbq_kdZy obfby� Ijh]jZffgZy j_ZebaZpby f_lh^bdb \uiheg_gZ gZ dhfivxl_jghc
ieZlnhjf_ 0DFLQWRVK� <oh^guf ihlhdhf y\ey_lky bah[jZ`_gb_ kljmdlmj - gZ[hj

fhe_dmeyjguo ]jZnh\ �F=� \ jZkljh\hf ]jZnbq_kdhf nhjfZl_ �gZijbf_j� klZg^Zjlguc
^ey FZdbglhrZ nZce ^Zgguo lbiZ 3,&7�� <uoh^ghc ihlhd khklZ\eyxl� fZljbpu
kf_`ghklb F= b fZljbpu dhhj^bgZl \_jrbg ^ey bah[jZ`_gby F= � Ijhp_kk
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jZkihagZ\Zgby dZ`^hc kljmdlmju khklhbl ba ke_^mxsbo lj_o klZ^bc � kdZgbjh\Zgby, 
kh[kl\_ggh jZkihagZ\Zgby b nhjfbjh\Zgby F=� Ihke_ \uiheg_gby wlh]h ijhp_kkZ ^ey
hq_j_^ghc kljmdlmju hg pbdebq_kdb ih\lhjy_lky ^ey ke_^mxs_c � ihdZ \_kv \oh^ghc
ihlhd g_ [m^_l bkq_jiZg� Wdki_jbf_glu k j_Zevgufb kljmdlmjgufb nhjfmeZfb �
\aylufb ba ebl_jZlmjguo bklhqgbdh\ k\b^_l_evkl\mxl � qlh ^ey jZkihagZ\Zgby

djZlguo k\ya_c g_h[oh^bfu mkeh`g_gby� ijbq_f baf_j_gby ijh]jZffguo j_ZebaZpbc

ihdZau\Zxl� qlh wlb mkeh`g_gby \ � b [he__ jZa m^ebgyxl \j_fy jZkihagZ\Zgby� Z \
g_dhlhjuo kemqZyo kgb`Z_lky _]h ^hklh\_jghklv� Ihwlhfm ijb j_ZebaZpbb f_lh^bdb

ij_^klZ\ey_lky hijZ\^Zgguf ijbgylv jZamfgu_ h]jZgbq_gby gZ \hafh`gu_ kihkh[u

ij_^klZ\e_gby kljmdlmj ih^e_`Zsbo jZkihagZ\Zgbx � djhf_ lh]h� \ ijh]jZffghc

j_ZebaZpbb klhbl ij_^mkfhlj_lv \hafh`ghklv hldexq_gby nmgdpbb jZkihagZ\Zgby

djZlguo k\ya_c� Hl^_evghc aZ^Zq_c� \g_ jZfhd ^Zgghc jZ[hlu� y\ey_lky aZ^ZqZ

dhfivxl_jgh]h jZkihagZ\Zgby kljmdlmjguo nhjfme � kh^_j`Zsbo ]_l_jhZlhfu b

^jm]mx khimlkl\mxsmx ZenZ\blgh-pbnjh\mx bgnhjfZpbx �gZijbf_j� agZq_gby ^ebg
k\ya_c� \dexq_gguo g_ihkj_^kl\_ggh \ jbkmghd kljmdlmju�� Imlyfb d j_r_gbx

ih^h[guo aZ^Zq fh`_l [ulv dZd dhf[bgZpby ^Zgghc f_lh^bdb k lbih\ufb f_lh^Zfb

OCR (Optical ChDUDFWHU 5HFRJQLWLRQ�� lZd b i_j_oh^ gZ ihemZ\lhfZlbq_kdbc j_`bf

jZkihagZ\Zgby – ijb dhlhjhf ijh]jZffZ jZkihagZ_l ebrv kljmdlmjguc kd_e_l � Z \\h^
]_l_jhZlhfh\ b ijhq_c ^hihegbl_evghc bgnhjfZpbb ijhba\h^blky aZl_f \jmqgmx k

ihfhsvx ki_pbZebabjh\Zggh]h j_^ZdlhjZ F=� Wlhl `_ j_^Zdlhj kem`bl p_eyf

ijhkfhljZ b dhjj_dpbb \uoh^guo ^Zgguo� 
 
 
J:KQ?L�I:J:F?LJH<�YFJ�>EY�PBDEBQ?KDBO�FHE?DME�

HJ=:GBQ?KDBO�KH?>BG?GBC 
 

F� B� Ljhnbfh\� ?� :� Kfhe_gkdbc  
Bgklblml hj]Zgbq_kdhc obfbb bf� G�>�A_ebgkdh]h Jhkkbckdhc ZdZ^_fbb gZmd 

email: mtrofimov@online.ru 
 
Ij_^eZ]Z_fuc jZkq_lguc f_lh^ [Zabjm_lky gZ ij_^eh`_gghf jZg__ Z\lhjZfb kihkh[_

jZkq_lZ we_dljhhljbpZl_evghkl_c Zlhfh\ hj]Zgbq_kdbo fhe_dme k \\_^_gb_f ihijZ\db

gZ lhiheh]bq_kdb_ hkh[_gghklb ^ey pbdehkh^_j`Zsbo fhe_dme >�@� F_lh^ g_ lj_[m_l
ljm^h_fdbo \uqbke_gbc b fh`_l ijbf_gylvky ^ey wdkij_kk-hp_gdb nmg^Zf_glZevguo
k\hckl\ pbdehkh^_j`Zsbo �\ lhf qbke_ ZjhfZlbq_kdbo� hj]Zgbq_kdbo kh_^bg_gbc ijb
j_r_gbb rbjhdh]h djm]Z aZ^Zq hj]Zgbq_kdhc dhfivxl_jghc obfbb � Dhfivxl_jgZy
j_ZebaZpby ij_^eZ]Z_fhc fh^_eb ij_^klZ\ey_l kh[hc fh^mev ijh]jZffu (',3>�@� K __
ihfhsvx f_lh^ bkiulZg ^ey jZaebqguo deZkkh\ hj]Zgbq_kdbo kh_^bg_gbc iml_f

kjZ\g_gby \uqbke_gguo agZq_gbc dhgklZglu kibg-kibgh\h]h \aZbfh^_ckl\by J��C-H k

wdki_jbf_glZevgufb� \aylufb ba ebl_jZlmjguo bklhqgbdh\�  
 
EBL?J:LMJ:� 
1. F�B� Ljhnbfh\� ?�:� Kfhe_gkdbc� HibkZgb_ aZ\bkbfhklb

�We_dljhhljbpZl_evghklv Zlhfh\ pbdebq_kdbo fhe_dme - ^Zggu_ YFJ-ki_dljhkdhibb�
\ jZfdZo bg^_dkgh]h ih^oh^Z� �� Ba\_klby :G KKKJ� k_j�obf�� ����� 1 �� k� ���-406.  
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2. M.I. 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.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 (CI) 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, HCl and YbF were 
chosen. 
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THE ACTIVE CENTERS DISTRIBUTION ON STRUCTURE AND 
STEREOSPECIFICITY OF ACTION UNDER THE 

POLYMERIZATION OF DIENES ON NdCl3 3TBF-AlR3 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-mail: mishae@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 on γ-Al2O3, kieselguhr and silica-alumina.  
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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 the  H+ ion directed to the O atom  along 

the  C–O bond of the alkanol molecule fragment  . The basic sites were modelled 
by  (HO)3SiO–  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 cycle via  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.I.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 
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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 
qualitative 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, A17, 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.O.Cheranovskii and I.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 Chernozatonskii a, Madhu Menon b 

a Institute of Biochemical Physics, Russian Academy of Sciences, Moscow 117977 
 bUniversity 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 (all sp2 atoms) to high dielectric gap crystal with all sp3 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). 
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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 
standard ab initio (UHF/6-311G** ) and DFT (UB3LYP/6-311G** ) 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 scope of ab initio approach the same quality 
of the results can be achieved only by adoption of more extended (than 6-311G** ) basis 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, Izv. AN, Ser. Khim., 1999, p. 1459. 2) N.D. Chuvylkin, A.M. Tokmachev, 
Mend. Comm., 1999, p. 183. 3) N.D. Chuvylkin, A.M. Tokmachev, Izv. 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, I.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 
 

(�)�6KHND��� � ?�:�1LNLWLQD������ 9�$�=D\DW]� ,�<D�*LQ]EXUJ��� 
 

(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-AM1 [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, I.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.I.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 Ti2O3 (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, CO2 and C2H4 have been studied in detail as well as 
the model reactions of methane carbonylation (CH4+CO) and carboxylation (CH4+CO2). 
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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