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B HUOX CO PAH (rorma HUOX CO AH CCCP)
Iléronesa JIrogmuiaa Huxkonaesua npumsa B 1967
roay mocJje okondyanusa Hosocubupckoro
rocymapcrteeaHoro yausepcurera (DEH) o
CIIEIIMAJIPHOCTH XMW 1 ObL/Ia NPUHATA HA
IOJI;KHOCTB CTasképa-ucciaenonareis B JIabopaTopiuio
ramounHbix coequaenuii (JII'C), sosarnmasasaemyro I'.I'.
Axodconom.

B 1974 rony 130
MJIASIIETO HAYY
repeBeaeHa HA
a B 1987 — ma no
COTPYIHUKA.

a M0 KOHKYPCY Ha JOJI:KHOCTh
ro COTpyagHuUkKa, B 1986 rony
SKHOCTh HAYYHOI'O COTPYIHUKA,
HOCTH CTApIIIero HAyYHOro
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OCTAFLUORONAPHTHALENE RADICAL CATION
N.M.Bazhin

Institute of Chemical Kinetic and Combustion,

N.E.Akhmetova, L.V.Orlova, V.D.Shteingarts,

Tetrahedron
Letters

LeN.Bhchegoleva, G.G.Yakobson
Institute of Organic Chemistry, USSR Academy o
Siberian Division, Novosibirsk, USSR

We have demonstrated recently, that polyfl
undergo the reaction of electrophilic addition SRR 5
tion(1). Now we report the reaction of octafl
with oleun, S()3 and SbF5- In all of these octafluoronaphtha-
lene forms intensely green solution producing E«SR. sig-
nals(Fig.1a,b,¢).

Since some aromatic hydrocarbons produce radical cations
(RC) by the action of Lewis acids (2), the most plausible
interpretation of the E.S.R« spectra we observed seems to be
the formation of octafluoronaphthalene RC (ORC). The observ-
ed gpectra correspond to the theoretical one (Fig.1d) with
constants % equal 13,9 and 13.65+0.15 and 0; 447 and 4.6
0.05 for solutions in SOB and SbF5—(GH30)2802 respectively.
Since the ratio Q;/Q; = 3, a partial superposition of lines
is observed. The side quintuplets are much better resolved
in SbFS-(CH30)2m2 system compared with SO;. The observed in-

crease of the linewidth from the centre to the borders of the
"I“
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CoBeTCKO-9I0OHCKUI ceMUHAaR

C nepsrix jgert pa6orsl B JII'C 1 nmo
HACTOdAIIee BpeMs €€ OCHOBHAsA HayYHAadA
TEeMaTHUKa CBA3aHAa C
nmoarudTopapoMaTUIE€CKUMU COEIMHEHUIMU
1 X noH-paguxkaaamu. Illepsoii
ONyOJIMKOBAHHON B MHCTUTYTE CTaJIa padora
B Tetrahedron Letters (Bazhin N.M.,
Akhmetova N.E., Orlova L.V., Shteingarts
V.D., Shchegoleva L.N., Yakobson G.G.
OCTAFLUORONAPHTHALENE RADICAL
CATION // Tetrahedron Letters. 1968. T. 9.
Ne 42. C. 4449-4452), nocBAIIEHHAA KATHOH-
pagukany okrtadgpropHadTaanHa.

o xumMuu ropa



AEATFINA HAJK P

CHEUPCHORE OTRERRRAR
Hozocutupexuni LHCTHDYT Opraupvecwod wwuuym 00 AH COCP

Ha npasax pyronues

Reromena Iwauuna Humonaesna

EBAHTOBOXMNAYECKOE VMBYYEHRUE SIEKTPOHEOTO CTPOEHEA T CBONOTS
HEHOTOPHX [OTHOTOPAPOMATHYRCKNX MOKEEYE o KATUOH-PALRKATIOR

CL.O4.IY ~ smmusciag usuna,
B POM uMCHe [HoNEA FOPSEMA K B3 DHER

Bacoeprauma Ha comcxamue ywemold cvenexu
BEMARIATA XUMHUECKEZ HAYK

. FBeXeHs WA Hpyraax

i’i‘a;gm:@mpcx - 3979 7.
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Bayusslt pymosozurens

rummanbHLIX OIIIIOHEHTOB

on nuccepranuu JlrogMuiabl

ae 1 ¢craJ Ilerp BauecinaBsoBuu CuacrHes,
C KOTOPHIM II€PEPOC/IO B MHOI'OJIETHEe
HOE COTPYIHUIECTBO.

JlanepHeNIINe UCCIeJOBAHUA, B TOM YUCJIE B
paMKax 3a0YHOH aCHUPAHTYPbI IO/
pykosBoacrtseom a.x.H. JO.A. Kpyriaka
(MuacruryT Teopernueckon xumuu, r. Kues),
CJIOKHJIVICEH B JIUCCEPTAIMOHHYIO padoTy Ha
CONCKaHHe YUYEHOH CTelleHU KaHauaaTa
xuMHuuYecKux Hayk «KBanToBoxumMmuieckoe
N3y4YeHUe J3JIEKTPOHHOI'0 CTPOEHUA U
CBOMCTB HEKOTOPBIX
noaudrTopapoMaTudeCKUX COeJUHEeHUH U
KaTHUOH-PaJUKAJIOB», KOTOpad OnLIa
damumieHa B 1980 r.




Bb1710 OnTyOJITMKOBAHO IMIECTH COBMECTHBIX
crateii u mouorpadusa (Cuacrues I1.B.,

Sllléronesa JI.LH. CrpykTypHBIE HCKAKEHU
MOJIEKYJI B MOHHBIX M BO30Y:KIEHHBIX
cocroauuax. Hoeocuoupck: BO Hayxka,
1992). Ilo3anuee moHorpadusa Onlia
IIeEpeBeeHAa HA AHTVINMCKUN A3bIK U
nanana CRC Press B 1995 r.

N3meHneHnue 3apsaa MOJIEKYJISIPHOM CHUCTEMBI Bcerga
BJIEUET 3a cOO0M M3MeHeHIe e€ TeOMeTPUH.
BepTukabHEBIN 3aXBaT MJIN UCIIyCKAHUE 9JIEKTPOHA

T ) Molecular Distortions

m

1 L H. UETOJIEBA

CTPYKTYPHI)IE Tonic and Excited States
WCKAKEHHS MOMEKYIL OPUBOIUT K MOH-PATUKAJILY, UMEIOIIeMYy I'eOMeTPHUIO
B HOHHBIX e Sehasen B, HerTpaabHOro mpemimectrseHHuka. [locienyromas
1 BO3BYAIEHHBIX e pesakcanya HOH-PAIUKAJIA MOKET COXPAHATh
COCTOARMAX et CUMMETPHI0 HeHTpaJIbHOM MoJeKyJIbl. OgHaKo BO
 Dudmia Sichegiera PAD. MHOTHX CJIyYasX IMIPOUCXOIAT CTPYKTYPHBIE UCKAKEHISI
Tt siomf St c IOHM:KeHneM cuMMeTpuu. B pe3yibrare
R IIOTEHINAJIbHASA IOBEPXHOCTh CUCTEMEI YaKe He
2 SIBJIIETCSI OMHOSIMHOM, MHOTOSIMHOE CTPOEeHHEe
oo o IIOBEPXHOCTH IOTEHITNAJTLHOMN dHEPTHUH MOYKET
e HPOSIBJIATHCA B CHEKTPAJIBHBIX ¥ XUMUYECKUX

‘ ' CBOMCTBAX MOH-pagruKaJja.



JIpystcHbLll KOL1eKmMue UoH-
pPacuKanbuuKos
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B 1990 roay JI.H. IIle
3BaHue «3aciy:KeHH

CCCP».

JIEBOY IIPHCBOEHO
serepan CO AH

B 1995 rony JI.H. II1,
JIadopaTopuro dpus
M CCJIeJOBAHU A, KOTO

JIeBa IepeBegeHAa B
KHUX METOI0B
Boaraasiaay B.A. MamaTiok.
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JItroomuna Huxona@@ka ¢ yuenurxkamu,
Boicourum B.1I. u Géggezoeoii U.B. (cnpasa)

e. Physics and Chemistry of Elementary Chemical Processes.

B 2002 r. Ilog pykoBoagcTteomMm
IMleronesoii JI.H. 3amumena
nuccepramnusa beperosoii .B. Ha
COVICKaHHEe YYEHOU CTEIIeHU
KaHgugaTta (pu3nKo-MaTeMaTUYeCKUX
Hayk «IloBepxHocTH mOTEeHIIMATILHOM
dHEPruu 1 MOHOMOJIEKYJIAPHBIH
pacrang aHHOH-PAOUKAJIOB (bTOp- 1
XJIOPIIPOU3BOIHBIX 0O€H30JIa».



POCCHICKAST AKAJIEMIST HAYK
CHBUPCKOE OT/IEJIEHUE
HOBOCHBYIPCKIMI UIHCTUTYT OPT AHUUECKOM XUMIX

B 2007 r. IIléronesoi JI.H. samuniena
yiccepTannsg Ha COMCKaHMEe YYEHOU CTEeIIeHU
OKTOpa XuMHudecKkux HAyK «CTpyKTypHbBIE
CKa'KeHHUs NOH-PAJUKAJIOB apOMATHIECKUX U
€HAaCBHIIEHHBIX MOJIEKYJI».

nm. H. H. Bopoxiiosa

Ha npasax pyxonucn
HIET'OJEBA Joavuna Hukonaesua

CTPYKTYPHBIE UICKAKEHUS MOH-PAJTNKAJIOB APOMATUYECKUX
W HEHACBIIIEHHBIX MOJIEKY.JT

02.00.04 - Gusnyeckas Xumus

Z[I/ICCCpT AT Ha COMCKAHNE YUEHOH cTeneHn

I " IOKTOpa XMMHYECKHX HAYK
{

Hogocubupek — 2007

-

usa'"Coepemernnovie npooniemst opzarnuuecrkou xumuu", Hosocubupck,
évtli 0oxkniao: bepezosas HU.B., Illeconesa JI.H. Anuon-padurkasbt
as HedcecmKocmys u MOHOMOJICKYJIAPHbBLI PACNAO.

Bcepoccuiickas kongep
2007. IIpeocmassien cme
¢pmopobeH30.108: CMPYK
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Hprxymcka. Y3k

VI.H. Illezconesa, H.B. Bepezosasa
CrpyKTypHBIE HCKAKEHNI U IIOTEHI[UAJIbHbIE IOBEPXHOCTU MOH-
paguKaJIoB nmoJaudrTopapoMarudecKux MoJaekyJs // Xumusa

apoMaTUYIECKUX, FeTEPOIHNKINIECKHUX U IPUPOIHBIX COEINHEeHUN
(HHOX CO PAH 1958-2008) / HoBocubupck, 2009, crp. 147-170.

2008 roay n3dpaHa Mo KOHKYPCY Ha JOJIKHOCTH BeyIIero
HAYYHOTO COTPYIHHUKA.

C 1997 o 2019 roae! JIronmuiaa HukosraesHua Obljia pYKOBOIUTEIEM
mectu rpaiToB PODU.

B 2022 rony JI.H. Illéronesa nepeBeageHa B HOBYIO JIa0OpPaTOPHIO,
cosgannyo B HUOX CO PAH u Bosriasiaennyo JI.A. IllyaagpuabiM —
JIa6 ATOPHUIO 3JIEKTPOXUMHUYECKY aKTUBHBIX COEeIUHEHUN 1

arT a.TIOB, rue pa60TaeT 1o HaCToamee BpeMd.

Il U eOUHOMBLULICHHUKAMU — KBAHMOB8bIMU XUMUKAMU U3
eMUuHap ¢ K8aHmMosviMmu xumurkamu Ha Batikane.
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GEOMETRICAL AND ELECTRONIC STRUCTURE
OF FLUORO-SUBSTITUTED BENZENE RADICAL ANIONS
BASED ON QUANTUM CHEMICAL ANALYSIS OF HYPERFINE INTERACTIONS

L.N. SHCHEGOLEVA. LL BILKIS

Instinte of Organic Chemistry, Novosibirsk 630090, USSR
and

“P.V. SCHASTNEV

Institute of Chemical Kinetics und Combustion. Novosbirsh 630090, USSR

Received 11 July 1983

The INDO method has been employed to calculate the isotropic and anisotropic hyperfine interacuons for some ge

structures of the CF. . CHF{
considered together with three ty

Hanbosee 3aHavyuMbIMUI padOTaAMM

JIronmmaa HukoaaeBaa Illeroanesa cumraer:

1.2.4.5-F;C H3 radical anions. The = and o states of planar radical amons have been
of non-planar structures
pattern: (b) with neighbouring fluorine atoms d

) with out-of-plane distortions of the benzene ring following
laced in opposite directions from the ring plane due 1o ther

metric (of ¢, type) displacement of CF bends due 10 the interaction between the ground =

and lowest exited o-electron states within the pseudo-Jahn-Teller effect. It is the last modet that desenibes 4l expenmenital

data on

eters. This model is also preferable for energy reasons. Mot likely . this tvpe of non-planar
structures reflects the basic features of the real geometry of the above radical anions wh

2round state may be termed s

pseudo-m-electronic since the unpaired electron occupies an orbital that is 2 linear combination of the = and o orbitals o7 the

corresponding planar structure with a prevailing = component.

1. Introduction

ESR spectra of radical anions (RAs) for some
fluoro-substituted benzenes generated in an
adamantane matrix were first described by Wil-
liams et al. [1]. The highly sensitive optical detec-
tion method made it possible to take ESR spectra
of these particles in solutions [2]. The spectral
characteristics [1.2] practically coincide which
proves similar RA structures in both systems. The
extremely high isotropic hyperfine interactions
(ihfi) constants with '*F nuclei observed in C F, .
C HF~, C4H,F] run counter to the idea of their
planar m-electron structure which fact prompts the
assumption [1] of a planar o-electron character of
the RAs. The ap values obtained from INDO
calculations [1] of the RA o states performed for
the optimized geometry and planar structure agree
with the experimental ones in order of magnitude:

sometimes. however. they differ by a factor larger
than two. This model describes also fairly well the
constant ¢(*C)=a, = 12.1 G measured for C F,
[3]- According to the calculations, the o state is not
the ground one. However. since an increase in the
number of fluorine substituents reduces the energy
difference between the = and o states. it has been
assumed [1] that actually the terms may invert.
As shown by analysis [4.5]. the anisotropic ESR
spectrum taken for C.F, disagrees with the as-
sumption of its o structure. If the o sitate were
realized. the basic contribution to the anisotropic
hyperfine interaction (ahfi) with fluorine nuclei
would be made by the 2pf AO spin density and
thus, providing the RA rotates in the ring plane.
the parallel and perpendicular ahfi components
would be interrelated as A, <4, . Experiment.
however, shows an inverse relation. It has been
proposed [4] that the ihfi and ahfi constants for

0301-0104 /83 /0000-0000,/$03.00 © 1983 anh-Hollund

1 ' (Camas umMTmpyemas ctatba no PUHLL)
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GEOMETRICAL AND ELECTRONIC
STRUCTURE OF FLUORO-SUBSTITUTED
BENZENE RADICAL ANIONS BASED ON
QUANTUM CHEMICAL ANALYSIS OF
HYPERFINE INTERACTIONS

Shchegoleva L.N., Bilkis I1.1., Schastnev P.V.
Chemical Physics. 1983. T. 82. Ne 3. C. 343-353.
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Chemical Physies Letters 312 (1999) 325332
Potential energy surface of C F; radical anion
LN. V. B ,P.V. Sch
Wovasiirs st f rsenic Chmisiry, Nosiisk 630090, Rusia Fuderaton
Received 14 My 1999 sl fom 16 7y 1999
Abstract

A successive symmetry reduction of the € gF,  radical anion along the active Jehn~Teller and pseudo-Jahn-Teller]
onary points of the potential energy surface have been located a

s been considered with ab initio caleulations. Stationar
Lypes and inferrelations determined. The ey

includes six minima (¢

. ransition states (D,
Kl /mol from VIP2,/6 .

+G* calculations

and D, symmetry forming a pseudo-rotational surface are the lowest in energy.
nd six transi

e corresponding harrier height has been estimated
©1999 Elsevier Science B.V. All rights reserved.

1. Introduction

The hexafluorobenzene radical anion (RA) is of a
particular interest as a molecular system that com-
bines Jahn—Teller (JTL) and pseudo-Jahn—Teller
(PITE) cffeuts. The ESR spectra of this RA revealed
abnormally large hyperfine coupling (hfe) constants
for ¥ nuclei (a, = 134 G [1]). 1t has been a subj
of a number of experimental and theoretical investi-
gations and discussions [1-12]. However, no detailed
ab initio studics of the C,F;” structure and potential
energy surtace (PI'S) are available,

In order 10 explain the ESR data of C, K], we
proposed a theoretical model [7] based on vibronic
ntera etween the ground degenerate  (

pseudo-m-radical structures of Cs,q,, and D; s
ry. In this model, we considered a planar Dy

POTENTIAL ENERGY SURFACE OF C6F6-
RADICAL ANION

Shchegoleva L.N., Beregovaya 1.V.,
Schastnev P.V.

Chemical Physics Letters. 1999. T. 312. No 2-

turc of the carbon ring and neglected the potential
out-of-planc distortions, Thus, the amplitude ratio of o o — .

the fluorine atom deviations from the ring plane is
fully determined by the symmetry considerations
ru Xty = 20

Opalea,
'
Szt n-z) =D

- m

'
AR A LR LT LS

where = is an amplitude unit for the fluorine atom
shifl (|z,/ —z). Distortions along the model modes

and the low-lying excited o CA,,) cleetronic statcs
af the RA in a highly symmetric B, nuclear config-
uration. “Uhis interaction (PYTE) results in non-planar

(1) reduced the RA total encrey |7]. Resulling D,
and (., structures were ahout fully degenerat
encrgy. Averaging of the caleulated hite paran
aver these structures allowed us to explain existing
experimental ESR data.

2 el This model 7] suggests that the pscudo-reration
peculiar to Jahn—Teller (JT) systems occurs practi-

Comespuantig wtlor. T
Insunl nosharse.ra

00092614 /99,75 - see front matter 13 1999 lsevier Science B.V. All ights reserved.
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Potential Energy Surface as a Key to Understanding the
Structure and Properties of Short-Living Radical lons of
Cyclic Organic Molecules

Lyudmils N. Shchegobeva® and Irina V. Beregovaya

POTENTIAL ENERGY SURFACE AS A KEY
TO UNDERSTANDING THE STRUCTURE
AND PROPERTIES OF SHORT-LIVING
RADICAL IONS OF CYCLIC ORGANIC
MOLECULES

Shchegoleva L.N., Beregovaya 1.V.
International Journal of Quantum
Chemistry. 2016. T. 116. Ne 3. C. 161-173.
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£ TN STUDIED BY OD ESR AND QUANTUM-CHEMICAL
il METHODS

Barlukova M.M., Bagryansky V.A., Molin Y.N.,
_____________ Beregovaya 1.V., Vysotsky V.P., Shchegoleva L.N.

| The Journal of Physical Chemistry A: Dynamics,

Kinetics, Environmental Chemistry, Spectroscopy,
Structure, Theory. 2005. T. 109. No 19. C. 4404-4409.
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Polendial Energy Surfaces of HEMISTHT
Fluorshenzene Radical Antons

POTENTIAL ENERGY SURFACES OF
FLUOROBENZENE RADICAL ANIONS
Beregovaya 1.V., Shchegoleva L.N.

International Journal of Quantum
Chemistry. 2002. T. 88. Ne 4. C. 481-488.
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Buvicourkuii B.11., Illeconesa JI.H.

HKypuan crpykrypuon xumun. 2003. T. 44. Ne 6. C.
1026-1030.

A AP §
e AN EAL

s 3 e e
s e | 1,3

16 Novembe: 2001

prrrrnlles ! CHEMICAL
Pivsics PHYSICS
LETTERS

ELSEVIER Chemicad Physis Letiers 345 (2001) S01-506

wnw.elevier.com/-ocat

Potential energy surface and dissociative cleavage
of chlorobenzene radical anion

POTENTIAL ENERGY SURFACE AND
DISSOCIATIVE CLEAVAGE OF
CHLOROBENZENE RADICAL ANION
Beregovaya 1.V., Shchegoleva L.N.

Chemical Physics Letters. 2001. T. 348. No 5-6.

LV. Beregovaya, L.N. Shchegoleva *

Norasibirsk Tnssitute of Orgnie Chensbiry, Siberiun Rranci of Russian Academy of Sewnce, 9, Lavronife 4e,
630090 Nogostbirsk, Russia

Received 6 August 2001; i final form 10 Septsmber 2001

Abstract

Potential energy surfice (PIS) of the short-fived PRCT radical smiom hiss been studicd hy RONI631+¢ and 1
6-31+GHRONIT6A1 -G caleulations. The PIS peculiariti nd o resul. I o reasons: ) the qua
degeneracy of PRCI™ mstates: (b) the presence of a low-lying repulsive o te ¢ table L1 state has ber
located, and tnsition state for C €1 cleaviage has been found fescaling an asyimwctrical non-plavar structuse. Pussil
‘mechanisms of halobenzene anions dissociative cleavage ace discussed, with the PhCI™ as a model. © 2001 Elsevs
Science B.V. All rights reserved

1. Introduction may veeur & barrier-less intermediate RA split-ofl

for chloroethylene. An out-of-plane C—CI bond

Chlorobenzene radical anion (RA), PhCI s a deviation causes initial RA *N state to rapidly
suitble model 1o study the mechanism of C-Hal  change o  repulsive *E state, and crossing is thus o = o

bond heterolytic cleavage in the haloarene RAs.
Elcetron capture by a chlorobenzene molecule is
dissociative not only in solution, but also in the gas
phase [1]
PhCl ¢ > Ph | CI
Clark and Coulson [2] assumed an uctivation
barrier to exist due to symmetry change of the
system ground state during dissociation (the =(*I1)
and 6(2%) terms crossing, see also [3]).

owever, a recent non-empitical study [4]
shaws that for electron caplure by r-term there

* Corresponding author. Fas: +7-3832. 3447
Eonail address: shod@sun nioch pse.ru (L.

Shehegoleva).

0009-2614/01/5 - see front martsr © 2001 Flsevier Science B.V. Al rights reserved.
X

PILSD009-2614(01)0117

avoided with no barrier. Another case of crossing
avoidanco resulting from a T °E vibronic cou-
pling was considered in |5,6] when interpreting Lhe
trends of RA C T bond cleavage in halobenzene
derivativ
There is experimental evidence available for
chlorobenzene [7.8] supporting clectran
into hoth i ring orbitals (> and fy(z)
ordinate system of Fig. 1), and o* orbital of the C
Cl bond. The = levels (A, and *B.) of the
resulting RA were found to be nearly degencrare.
Overall, a low-lIying o state that provides out-of-
plane deviation of the C-C1 bond, as well as a high
value of the dissociation rate constant for PRCI™ in
solution [9] do not contradict the possibility for the
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