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A quantum-chemical approach to the analysis of intramolecular interactions
using the fragment orbitals and MNDO method.
Calculations for vinyl fluoride and vinyl iodide
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A new guantum-chemical method for demarcation between the basic mechanisms ot
mutwl intluence of structural fragments v complex organic molecules (inductive ctfect,
conjugation, erc) and for assessment ot their signiticance for particular phvsicochemical
propertics is proposed. The cffects of difterent channcls of intramolecular interaction on the
molecufar geometry and energy, charge distribution, and the molecular orbital structures and
energies were considered taking vinyl halides as examples. In systems with an interfragment
bond of nigh polarity, separation of the contribntion of the ductive effect is to o great extent
meaningloss, while x-conjugation can be considered independently. The method allows a more
valid interpretation of the results of guantum-chemical calculations in terms of theoretical

organie chenistry.
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Modern quantum-chemica! methods have consider-
able computational opportunities and are widely used for
calculations of the properties of particular molecules. At
the same time, much less attention is paid to the inter-
pretation of the resuits of guantum-chemical calcula-
tions in terms of such basic concepts used in chemistry
as the chemical bonding, molecular structure, and mu-
tual influence of structural fragments of a molecule, This
s likely due to the fact that, physically. the gquantum-
mechanical description of a molecule regarded as a
system of interacting clectrons and nuclel requires no

further interpretation and, hence, the above-mentioned
chemical concepts seem to be unnccessary or even
meaningless. However, these concepts are widely and
successtully used in chemistry. Therefore, considering
quantum chemistry as a division of chemical science
rather than quantum mechanics, interpretation of the
results of quantum-chemical calculations in terms of the
above-mentioned basic chemical concepts is reasonable
and cven desirable. Tt would provide the possibility of
using quantum chemistry not only for simply obtaining
numerical data. thus considering it in essence as a
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particular form of computer experiment, but also for
interpretation of the results of calculations in terms of
theorctical chemistry,

In this work, we propose an approach which makes it
possible to analyze the clectronic structure and physico-
chemical properties of complex molecules in terms of
the interaction between the orbitals of thetr radical
fragments (FO). The use of the fragment orbitals in
quantum-chemical calculations presents of course no
mnovation (sce, e.g.. Rets. 1—10); on the other hand. it
scems likely that such an approachk has not been applied
systematicaily to the analysis of intramolecutar inicrac-
tions m terms of chemical bonding. molecular structure,
and mutual influence of structural fragments. A method.
which is formally very simitlar to the approach proposed
in this work, has been applied® 1o the analvsts of the
indications of the inductive and nicsomeric effects in
molccules (in particular, acrolein). Unfortunately, the
method uses some approximations, which imposc cssen-
tial restrictions on the arca of its application. For in-
stance. no varnavonal calculations for the molecular
frogments are carried out; rather, prefiminarily con-
structed hybrid orbitals are used. which (o a great exient
reduces the potentiatities of the method in studying, ¢.g..
the influcnce of the ctfects under consideration on the
molccular gecometry. As far as we know, no studics on
the development of this method have been reported.

Since 1 orzanic chemistry the mutual tiuence of
structural fragments is usually considered gualitatively
or, at best, semiguantitatively, 1 SCems appropriaic 1o
use modern semicmpirical quantum-chenmicat methods
{e.g., the MNDO! AMI1I2 and PM3 B methods) as
basic tools for our studics. For any one of them, 1t is an
Casy  matier 1o write the cxpressions for the matrix
clements of the Hartree—Fock operator in the FO basis
for 2 melecule represented as comprising two radical
tragments (f and )
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where the primed und unprimed mdices refer o different
fragments; €1y and &, Y1) arc the encrgies of the jth
and /'th FOs of isolated fragments [ and . respectively:
nand a7 are the populations of the kth and k'th
FOs in the isolated fragments. respectively: s sy -pe.
and ny- are the clements of the density matrix of the
molecule in the FO basis: ¥, g- and ¥y are the matrix
clements of the operator of the interfragment clectron-
core intcraction (the indices given by capital letters refer
to the nuclei and the indices given by small letters reter

to the FOs)y and (il&k"i). (jlan, (7 1k 1), and
(Y [ &y are the integrals of the inter- and intrafragment
clectron-electron interactions. The following notations
are also used:
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The formulas for calculating the quantities £,;-Mol!
and F;-P2 are derived analogously 1o expressions (2).

The (D), eI, a2 and gl values, as well as
the FO sets. are found trom preliminary calculations of
isolated radical fragments. The matrix clements of the
operators of the clectron-core and cleciron-clectron in-
teractions m the FO basts are caleulaed using the
corresponding values found in the basis of atomic orbit-
als {AOs). which are specific to the computatonal scheme
cmployved. For instance, the expression for the integrals
of the electron-clectron interaction has the form:

W= SCCNCC U pyrsy

pas AL rsetd

where the indices 7. 4. k. and [/ refer to the FO; the
indices p. g, roand s refer to the AOs: and CV,0 CY,
CY 0 and CY are the coctficicats at the AOs in the FO.
The self-consistent solution of the Hartree—Fock equa-
tion with the operator (1) gives a sct of molecular
orbitals (MOs) in the FO basis and the orbital energics.
By sctiing particular twerms in cxpression (1) equal to
ZCro, we can try 1o separate the contributions. which to
some extent correspond to such concepts as conjugation
and the inductive effect. and to assess their significance
for different propeanics of the molecule.

The approach outlined above was implemented using
ortginal software for the IBM PC written in the For-
tran-90 programming language. The control module of
the program allows calculations both mcluding and e¢x-
cluding particular contributions to the Hartree—Fock
apcrator (1) and any FFO subscts. In this work, we uscd
the MNDO semicempirical scheme!t with the corre-
sponding parametrization¥—1t% und the “half-clectron”
appraximation by Dewar!7 for radicals. Comparison with
other semicmpirical computational schemes will be given
cisewhere. Calculations were carried out taking the mol-
ecules of vinyl fluonide (1) and vinyl jodide (2) as
examples. Molecules 1 and 2 belong to the simplest
systems with the double C=C bond and have substitu-
cnts with strongly ditterent clectronegativitics. for which
onc would cxpect large contributions of n.r-conjugation
and the inductive effect. Hercafter, a vinyl halide mol-
ccule is represented as two radical fragments, CH,=CH”
(Vin*) and Hal". and the notation of the corresponding
molecular orbital (MQO) includes an indication of the FO
which makes the major contribution to the MO, e.g., the
Teee MO coc MO 0Ty, MO (', is the halogen
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orbital composed mainly of the contributions of the
p-AOs of the samie orientation as that of the =-FO of the
Vin® radical). erc.

Let us consider the following channels of inter-
fragment mteraction:

) the formation of an interfrogment o-bound by
mixing a singly filled FO of ¢ tragment with all FOs of
the other fragment;

2y the inductive effect, e.g., the mixing of the FOs of
one fragment, accompanicd by electron density redistri-
bution caused by (i) the charge induced on the fragment
at the formation of the interfragment chemical bond
(this charge is iirst of all dependent on the cnergy
ditference between the singly filled FOs) and (i) the
charge distribution over the other fragment; these con-
tributions are described by the FPO and FPOI2 erms,
respectively:

3) conjugation, e.g.. the mixing of doubly filled and
vacant FOs of particular types (the a.%-, nr-, na*-FO
ere.) of both tragments.

The initial calculations invoive merely the FHU
matrix clements for the orbitals indicated in paragraph |
and the resultant values are denoted as "Chm.” Those
resulting from caleulations involving the FPolt ang fFPoi2
matrix clements are suitably denoted as "Ind." whereas
the values calealated using the £ matrix elements
for the n- and o-FOs arc denoted as "Sgm” and those
caleutated using the £ marrix clements for the
n-. w- and n*-FOs are denoted as "Nr" oand "Ng*”
{(no-, nr-, and ar*-conjugation, respectively). The con-
tribution of particutar channels to the value of a particu-
lar molccular parameter will be represented as a differ-
cnee. For instance. the changes in the meec-orbital
cnergy relative to the Vin® radical energy duc to (i) the
formation of the interfragment chemical bond, (i) the
inductive cffect, (1) no-conjugation. (1v) nr-conjuga-
tionn, and (v) na*-conjugation witl be respectively de-
noted as

A AChmy = g (Chm) = g,(Vin).

Aegtind) = e (Chmind) — €.(Chn.

SetSgmy = ¢ (ChmSgm) — 1 Chm).

AtANT) = g (ChmNRr) ~ e (Chm).
and

A ANTH) = g (ChmN=™) — e (Chm).

Such an approach (Scheme 1) should be considered
10 be preferable. since in this case the terms of “mixed
mature” (hereafter, mixed terms) will of course make the
smaliest contributions to the calculated values. On the
other hand, we will also use other computational schemes
and, in particular, Scheme 2. which does not separate
the contributions of the formation of the interfragment
chemical bond and that of the inductive cffect

A4 Chmlnd) = g (Chmind) = e (Vin).

A Sem) = e (ChmIndSgm) - ¢ (Chmind).

A (N = ,(ChmiIndNry — ¢ iChmlind),
3 dNT*) = e (ChmindNr*y — ¢ (Chmind)

1t 1s possible to assess the extent 1o which the chan-
nels can be considered mdependent by comparing the
sum ol the contributions, Add (e.g.,

Add = Az (Chmind) + Ae (Sgm) + A (Nm) + Je(Nr™))

with the A(Scl) value obtained using the results of the
MNDO calculations for the entire molecule and for a
particular fragment (e.g.. A(Sef) = g (MNDO) —
e Vin 1. [t should be noted that the ficst cqualitics in
Schemes | oand 2 characterize the choice of the refer-
cnee, which is dictated by chemical considerations and
by salient features of the propenty in question. Further,
we will use both the rudical fragments and the "mol-
ccules-fragments,” aamely. the ethvience and mcethyl ha-
lide molecules.

Let us analyze how ditferent channcls of intramo-
lecular interaction affect the molecular geometry. To
this end. we will optimize the geometry of the tragment
under study or the length of the interfragment chemical
bond only at the desired level of approximation using the
molecular gcometry obtained from calculations with tull
optimization as initial approximation. Here. the cthyl-
cne and merhy! hahide molecules calculated with tull
geometry optimization will serve as references.

Caleulations performed for molecule 2 according to
Scheme | showed that the above-mentioned channels of
intramolccular interaction are not mdependent since
their contributions to the changes in the C=C and C—1
bond lengths are less than the sum of the mixed terms.
For malccule L, this nonadditivity is morc pronounced:
optimization of the C—F bond length (the Chm version)
jcads in fact to the bond cleavage. whereas simultancous
consideratton of the inductive effeet (the Chmind ver-
sion) leads to an R value which is only ~0.1 A longer
than that obtained from complcte MNDO calcuintions.,
The situation for the C=C bond in molecule 1 is much
the same as for molecule 2.

‘Table 1. Changes in the C=C and C~Hal bond lengths (3R) in
the viayl {luoride (1) and vinyl iodide (2) molecules caused by
ditferent channels of intramolecular nteraction (calculited ac-
cording to Scheme 2)

lateraction AR/A

‘l K .

channel Molecule 1 Molceule 2
C=C C—F C=C C-1

Chmindimoh™  0.023 0.079 0.002 0.00>5

Sgm -0.012 —0.081 —=1.001 —{3.041

Nt 0.006 —0.032 0.002 —0.016

Add 0.017 —0.034 0.003 =0.032

AScitmoly* 0.6 —0.023 0.002 —{.048

ASct — Add —0.001 0.011 =0.001 1).004

*All values are given relative to the corresponding bond
tengths in the ethylene and MceHal molecules.
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Table 2. Changes in the formation encrgics (A£) of the vinyl
fluoride (1) and vinvl jodide (2) molecules caused by different
channels of intramolecular interaction (calculated according 10
Scheme 2)

Interaction AL keal mol™!

interfragment chemical bond. this appcars to be pro-
nounced to an cxtent that scparation of independent
interaction channcls except for, probably, different types
of A*-conjugation scems (o be meaningless. This is con-
sistent with the interpretation of the inductive cffect as a
result of the clectric ficld etfect of one molecular frag-

channe! Molecule | Moiecule 2 ment on the other fragment, but not on the inerfragment
Chmtnd(rad)* 537 —60.8 chenmiceal bm}d (stcc. e.g.. Refs. 18, !‘)).

Sam 340 97 The resuits discussed below refer to the molecular
Nz* —147 -6 structures of vinyl halides. which were obtained atter full
Add —1326 —50. | geometry optimization in completc MNDO calculations.
AScitrad)* ~130.6 -79.4 Unlike the calculations carricd out above, hercafter the
ASct ~ Add 2.0 0.7 radical fragments (Vin®, F*. and 1) arc used as refer-

* Al values are wiven relative to the corresponding energics of

the Vin™ . F7oand |7 radicals,

The changes in the optimized C=C and C—Hal bond
fengths in molccules 1 and 2. which are due to different
channcls of intramolecular interaction (calculations ac-
cording to Scheme 2y arc listed in Table 1. As should be
expected, n.r-conjugation makes no contribution; hence
the corresponding row was not included 1n Table 1. As

can be seen. nor-conjugation causes a lengthening of

the C=C double bonrd and an appreciable shortening of
the C—Hal ordinary bond, the cffect tfor molecule 1
being more pronounced than for molecule 2. 1t should
be noted that the contributions of n,r*-conjugation cal-
culated according 10 Scheme 1 are close to those listed
in Table 1, whereas the contributions of n.g-conugation
(Sgn)y differ appreciably.

This suggests that the mixed terms are mainly due to
the changes in the character of the interfragment chemi-
cal bond (Chmy, the inductive cffect (Ind). and

n.g-conjugation (Sgmy, whereas the contribution of

n.t*-conjugation can be considered to some extent inde-
pendent (especially for molecule 2). For the C~Hal

cnces mstead ot the cthylene and methyl halide mol-
ccules, because in this casc the interpretation of results is
apparently muclh caster.

As for the bond lengrhs, calculations of the contribu-
tions of different channcls of intermolecular interaction
to the formation encrgics of the vinyl halide molecuices,
carricd out according to Scheme 1. also revealed an
important role of the mixed terms, Therefore, in Table 2
we preseni the results obtained using Scheme 20 which is
more appropriate in this casce. ft should be noted that for
both compounds the contributions of n,r*-conjugation
calculated using the two schemes difter appreciably. This
is duc 1o the tact that the nonadditivity of the intcraction
channels under study affects the energy parameters ol
the molcecules more pronouncedly than their gecometrics.
On the other hand, the encray effect of ne*-conjugation
for molccule 1 is much stronger than for molecule 2 (sce
Table 2). As should be expected, the contributions of
n,w-conjugation are very small; because of this, they are
not listed 1 Table 2.

Table 3 lists the atomic charges of molecules 1and 2
found 1) assuming the noninteracting radical fragments,
2) taking into account the formation of the interfragment
chemical bond, 3) as in the preceding case with inclu-

Hal H?
\ _2/
Fable 3. Calculated total, ¢-. and n-charges (¢) on the atoms of vinyl fluoride 1) and vinyvl iodide (2) molecules 4 H/ —C\HS
Atom  Charge g/au
tvpe
fsolated Chm Chmlnd Sct
fragment
1 2 i 2 1 2 i 2
b o =132 —0.143 0.129 0.042 0.080 —0.188 0.139 =0.183
T 0.070 0.070 0.070 0.070 ~(.039 =103 -0).029 -0 H7
Total —().082 ~0.073 $.199 0113 0.041 =029t 0.1 =1).290
Ci2) G =106 -0.066 —0.077 —.089 ={.093 —0.081 ~0.084 =1).H80
n =0.070 ~0.070 =070 —0.070 0.039 0103 ~0.030 .088
Total =131 -0.136 —0.147 -0.160 —0.056 0.022 —0.113 0.008
Hal e 0 0 —-.247 —0.093 ~0.248 0.084 —0.230 0.090
n 0 0 0 0 0 0 0.039 0.019
Total 0 0 —0.247 ~0.093 —{).248 0.084 -0.191 0.110
H(3) Total 0.061 0.038 0.061 0.053 0.074 0.054 0.063 0.051
Hidy.  Total 0.092 0.088 0.071 0.036 0108 0.076 0.074 0.073

H{3) Total 0.059 0.063 0.063 0.031 0.082 0.053 0.057 0.049
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sion of the inductive effect. and 4) in complete MNDO
calculations. As can be scen. the formation of the C—Hal
bond lcads to qualitatively similar charge distribution tor
both molccules. Since the energy of the singly filted
orbital of the Vin© radical is higher than that of the
halogen atom. a deficicncy ot the g-clectron density
appears on the C, atom and an excess o-clectron density
appears on the halogen atom: at the samic time. the
n-clectron distribution remains virtuatly unchanged.
Quantitative differences can be due to the greater elee-
tronceativity of F (according 10 MNDO calculations.
the open-shell encrgies of the F and 1 atoms and the
Vin® radical arc =9.9, —~6.9. and ~3.1 ¢V. respectively).

At the same time, the inductive ceffect affects the
charge distributions in molccules T and 2 in strongly
different manners. In the former case. it, on the one
hand. lcaves the aromic charge of F virtually unchanged,
and. on the other hand. favors the delocalization of the
large positive charge on the €, atom over the entire
vinyl fragment {this charge appears duce 1o the formation
of the C—F chemical bond). In the latter case, this
cffect is responsible for the changes in the signs of the
atomic charges of | and C, and favors both the concen-
tration of the negative charge on the €, atom and the
ncarly uniform distribution of the positive charge over
the other atoms of the vinyl group and the atom. This
difference between molecules 1and 2 is most likely due
to the relatively small encrgy difference between the
singly filled FOs of the Vin® radical and 1 atom (sce
above) and to the much wider energy gap between the
singly and doubly tilled FOs of the F atom compared to

the T atom (~6 vy, ~4 ¢V, respectively). The inclusion of

the inductive effect {the FPoU and FPO2 (erms) icads to
the mixing of the orbitals. As a result. the energy of the
singly filled FO of the 1 atom incrcases and appears to be
higher than that of the singly fitled FO of the Vin®
radical, which is responsible tor the above-mentioned
qualitative changes tn the o-clectron density distribution
over the Land C | atoms.

The dispiacements of the o- and a-clectron densi-
tics in the vinyl halide molecules due to n.o- and
n.m-conjugation. calculated according to a modilicd
Scheme 2. are shown in Fig. 1. The modification in-

a
c :4
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0.03% \/L ‘ L or e
\_’:& 02
Y oomw Y
H H H "
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N fH I 00z H
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l\\ H i H
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‘\—/t\ 0.033
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Fig. 1. Displacements of the ¢- and z-clectron densities in the
vinyl Huoride (1) and vinyl iodide (2) molecules caused by
n.o-conjugation (@) and not-conjugation (A1

chuded simultancous consideration of the mixing of the
lone clectron pair (LEP) orbital of the halogen atom
with the - and mt*-arbitals of the vinyl group (scparation
of the contributions of n,a- and n.x*-conjugation is of
no interest 1in discussing the charge distribution). As can
be scen., the displacement patterns for molecules 1 and 2
are gualitatively similar, but guantitative changes i the
former casc arc much more pronounced than i the
latter. Comparison with the data listed in Table 3 shows

Table 4. Cncrey shifts {a2/eV) of the orbitals of molecutes 1 and 2 due to different channels of intramolecular interaction {calculated
R=,

according to Scheme 2)

Interaction At Agy. AE 1 Ag,
he |

channy i 2 i 2 1 2 1 2
Chmindtrads* —0.87 —0.82 -0.87 ~(.81 [.35 0.0 1.30 0.09
Sgm -0.08 ~0.10 —0.08 —.01 ~0.41 —0.11 §.52 0.02
n.x 0.67 .85 .00 0.00 —0.67 -0.83 0.01 0.00
n.at 0.08 0.10 (5.37 .09 —{).52 -0.17 —-0.37 —-0.06
Add -(}.20 0.03 —{.38 —0.51 —{).25 -1.12 2.46 0.05
ASCF(rady* -0.12 0.03 —-{}.62 ~-0.82 -0.48 —-1.13 2.62 .02
ASCF — Add 0.08 .00 ~0).04 -0.01 -0.23 ~0).113 0.16 -0.03

* Al vatues are given relative to the corresponding encrgies

ot the radicat fragment orbitals.
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that these types of conjugation act 1o some extent simi-
larly to the inductive effect. For molecule 1, they cause 4
substantial decrease o the negative charge on the F
atom and an increase it both the positive charge on the
C, atom and the ncgative charge on the Cy atom. For
molecule 2. the positive atomic charge of | increases
shahely, while that of Cy decreases. As can be seen in
Fig. 1. n,r*-conjugation plays a key role for both mol-
ceules. It should be noted that the moditied Scheme 2
tsce above) used in this Scction allows u satisiactory
separation of the contnbutions of n.6- and n.a-conjuga-
tion in the viny!l halide molecules. namely. the deviation
from additivity was found to be ~107* for vinyl fluoride
and —107* for viny iodide.

Table 4 lists the energy shitts of the n- and n-orbitals
of the vinyl halide molecules calculated according to
Scheme 2. ft should be noted that the contributions of
n.e- and nor*-conjugation calculated according to
Scheme oare not much different from those obtained
using Scheme 2, whereas the contributions of n.g-conju-
vation (Sem) calculated according to the two schemes
differ appreciably. As in the case of geometry caleula-
tions, here the mixed terms are mainly duc to the
formation of the interfragment chemical bond (Chmy.
the inductive cetfect (Indy, and n.o-conjugation (Sgm):
at e same tme. nor- and ar*-comugaion are to a
certaimn extent mndependent {especially for molecule 2).

Despite the fact that separate quantitative character-
ication of tire influence of the formation of the
interfragment chemical bond and the mductive cftect for
the systems under study is impaossible, we believe that
calculavons according 1o Scheme |ocan allow some
qualitative cstimates. We found that the former factor
has almost no ctfect on both the t-orbital cnergies of the
vinyl fragment and the n-orbital encraics of the F atom
and substantially decreases the energy of the LEP orbital
of the 1 atom, which is oricnted in the planc of molecule
2: this is accompanied by the formation of a delocalized
MO with large contributions of the singly filled FOs of
the Vin® radical and 1 atom, This difterence between the
fluoro and jodo derivatives s likely due 1o the tact that
the n-orbital of the I atom lies on the energy scale ~5 ¢V
closer to the singly filled FO of the Vin® radical than the
corresponding orbital of the F atom. The inductive
effect cawses a substantial decrease in the ae.c- and
m*.c-orbital encrgies in both molccules. At the same
time. the n-orbital encrgics in the fluoro derivative
increase substantially, whereas in vinyl jodide the
n.-orbital energy remains virtually unchanged. while the
energy of the second LEP orbital increases appreciably.
Additionally, the energy shift of the last-named orbital
due to the formuation of the interfragment bond (see
above) is nearly compensated and the localization degree
ol this orbital increases from ~30% to ~90%.

Analysis of the peculiaritics of the o-clectron density
distribution in the vinyl halide molecules, found in cal-
culations carricd out taking into account only the forma-
tion of the C—Hal interfragment chemical bond, pro-

vides a simple and casy explanation for these manifesta-
tions of the inductive ctfect. As was mentioned above
{sce Table 3), a substantial decrease in the g-clectron
density 1 the region of the C=C bond and its concen-
tration on the F atom occur in molceule L, whiie only a
slight excess of the g-clectron density. which has hiile
cttect on the n-orbital cnergies. appears on the tatom n
molccule 2. On the other hand. the o-clectron density in
the region of the C=C bond decreases appreciably,
though to a smailer extent than tor molecule 1. This
charge redistribution apparently corresponds to the above-
mentioned changes in the m- and n-orbital cncrgics
found from calculations with inclusion of the inductive
cifect.

As can be scen from the data listed in Table 4.
n.e-conjugation atfects stropgly the corresponding orbital
cnergics of both systems. the effect tor molecuic 2 being
much stronger. Unlike this, nur*®-comjugation is pro-
nounced for molecude 1 and insignificant tor 2. It scemy
ikely that the cioseness of the encrgies of the r-FO of the
Vin® radical and the n,-FO of the T atom is the decisive
factor in the latter case. whercas for 1 the large encray
ditference between the g . and n,5 FOs is to a grom
extent compensated by the appreciable displacement of
the g-clectron density from the vinyl group ro the F atom
(sce above), AU the same time, n.o-conjugation has al-
most no cficet on the encrgics of these orbitals of mol-
ccuie 2. but causes a substantial decrease i the cnergy ol
the n -orbital and analogous increase tn the cocrgy of the
other LEP orbital for 1. Stnce, according to caleuiations,
the inclusion of n.g-interaction has virtuatly no cifect on
the structure of the ny-orbital, changes in its encrgy can
be cxplained only by a small decrease in the clectron
density on the Fand Cg atoms (see Table 3). In contrast
to this. the n-orbital. which is oricnted in the planc of
molecule 1, is strongly mised with sceveral 6-FOs of the
Vin® radical. The encrgies of these 6-FQOs are fairly close
to that of the n-orbital; because of this, the eneray
differences between the new, nearly completely delocal-
ized MOs and the n-orbital of the F atom appear to be
appreciable. Since the LEP orbital energics of the T atom
arc much higher. no similar cffects should be observed tor
molccule 2 (sce Table 4).

The results obtained show that the approach pro-
posed in this work provides the possibility tor detuiled
analysis of different mechanisms of the mutuai influcnce
of structural fragments in polvatomic molecules. Taking
vinyl halides as examples. we assessed the significance of
different types of conjugation and the inductive effect for
the cquilibrium molecular gcometrics. formation cner-
gics, charge distributions, and the MO structures and
cnergics. In principic. this approach aliows analysis of
the dependences of any physicochemical quantitics,
whose values can be caleulated using semicmpirical quan-
tum-chemical methods bascd on the Hartree—Focek ap-
proximation, on the molecular structure i crms of
theorctical organic chemistry. Studies on the reactivity
of molecules using this methoed in the framework of. e.g.,
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the fronticr orbital model also scem to be natural. In
some cases {e.g.. in studving molccules with an
interfragment bond of high polarity), the investigators
can face problems:; however, one should keep in mind
that somctimes scparation of particular contributions
appears to be meaningless. We belicve that the imple-
mentation of this approach in the frumework of the
existing ab initio methads. which arc based on the
Hartrece—Fock approximation, should not present seri-
ous problems: however, the possibility and utlity of
combining it with the manvbody approuacies arc still to
be clarified.

This work was financially supported by the Russian
Foundation tor Basic Rescarch (Project No. 97-03-
3376%).

References

. Ko Morokuma. dce. Chem. Res.. 1977, 10, 294,

CEC L Mcehlero S0 Chem. Phys. 1981, 74, 6298,

AL AL Buchachenko. A0 V.o Nemukhin, and N.F Stepanov,
Chem. Phys. 1990 148, 309,

4. M. Klessinger. Theor. Chim. Acra. 1978, 49, 77,

SOML Riessinger, Jar 0 Quani. Chem.. 1983, 23, 333,

6. M. Klessinger. Croar. Chem. Acta. 1983, 36, 397,

7M. Klessinger. Croar. Chem. Actu. 1984, 37, 887,

L) —

3.

ML

.M. d S

1. B. Bersuker, Elekironnoe strocenie i svoisiva koording-
tsionnyvkh soedinenii. Vvedenie v reorivu | Electronic Structure
and Properties of Coordination Compounds. lniroduction to
Theorv], Khimiya, Leningrad, 1986, 133 pp. (in Russian).

V.o Vo Mureakhtunov, Zh Seake Kidme, 1991, 3208 |4, Strucr.
Chem.. 1991, 32 (Engl. Transl)).

NV Murakhtanov, Zh, Struki, Kidsr 1993, 34, 3 |J. Strucr.
Chem., 1993, 34 (Engl. Transhy).

S. Dewar and W, Tluel, J. Am.
99, 1599

M. 1S Dewar. E. G. Zocbisch, £. F. Healy. and J. J. P,
Stewart, J. Am. Chem. Soc., 1985, 107, 3902,

Chem. Soc. 1977,

2303 P Siewart, J. Comput. Chem.. 1989, 10, 221,
NS0 S0 Dewar, ML

McKee, and H. S, Rzepa, J. Am.
Chem. Soc.. 1978, 100, 3607
Dewar and E
1983, 4. 542

M. 30 S, Dewar, E. Healy, and J ). P. Stewart, J. Compur.
Chem., 1984, 5, 338,

M. S Dewar. J. AL Hashmall, and C. G Veater, J. Am
Chem. Soc.. 1968, 90, 1933,

Healy, J. Comput. Chem..

AN Nereshehagin, Induktivayi effeke { The Inductive Effect).

Nauka, Moscow, 1987, 283 pp. an Russian).

V. P. Feshing Elektronnye c¢ffehry v oorganicheskikh
elementoorganicheskikh moiekulabh | Elecironie Effects in the
Molecules of Omanic and Hereroorganic Compounds). 1zd.
LUrO RAN. ERateninburg. 1997, po 46 (in Russian).

Received January 26, 2000:
in revised form June 0. 2000




