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Abstract

The general expression for the common one-electron density matrix (DM) of saturated organic molecules obtained
previously in the framework of the Hiuel type model [V. Gineityte, J. Mol. Struct. (Theochem) 343 (1995) 183] has been
applied to investigate intermolecular bonding. To this end, the total DM of two interacting molecules has been expressed as a
sum of two matrices, the first one coinciding with the direct sum of DMs of isolated molecules and the second one being a
correction describing the intermolecular bonding. As a result, additive intra- and intermolecular contributions have been
revealed both within occupation numbers of basis orbitals and within the total energy of interacting molecules, and an internal
additivity of intermolecular terms with respect to increments of pairs of bonds has been established. These results have been
used to substantiate the local models of intermolecular bonding commonly used when studying the early stages of chemical
reactions between two saturated molecules. Conditions for which the local model is adequate have been formulated explicitly.
© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction Alternatively, simple approaches and models are
usually used when looking for qualitative rules
Studies of chemical reactions are among the main governing chemical processes. In contrast to numeri-
goals of quantum chemistry [1-5]. As with electronic cal results, these rules commonly embrace certain
structures of isolated molecules [6], chemical type of reactions instead of an individual process. In
processes may be investigated from both quantitative this case, qualitative rules serve to provide classifica-
and qualitative points of view. In the former case the tion and interpretation of the entire information about
relevant results (if sufficiently accurate) allow certain chemical reactions.
predictions to be made about the reaction path and The so-called PMO theory [1] of chemical reactiv-
transition states [7]. It should be noted, however, ity of organic compounds based on the perturbation
that extremely involved numerical calculations of theory in the framework of the Hikel model is
potential energy surfaces are required for quantitative among the most popular qualitative approaches. An
studies of most reactions. early stage of reaction is usually studied using this
method. In particular, bimolecular processes are
% Fax: + 3702 225361 modelled by formation of an intermolecular bonding
E-mail addressgineityte@itpa.lt (V. Gineityte) represented by respective resonance parameters.
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Intramolecular interactions, i.e. resonance para- assumption that the intermolecular bonding may be
meters between pairs of basis orbitals inside isolated studied independently of the intramolecular one. In
molecules, are taken into account from the very outset other words, the above two types of interactions are
of applying the PMO theory. This step coincides with assumed to be additive. Moreover, the consequences
diagonalization of two separate Hamiltonian matrices of the intermolecular interaction are supposed to
and obtaining two sets of delocalized (canonical) depend mainly on the structure of the directly contact-
MOs of individual molecules. Taking into account ing fragments.
the intermolecular resonance parameters constitutes In this paper we are about to substantiate the above-
the second step of this theory. A perturbative mentioned implicit assumptions and hence bear out
approach is applied there for diagonalization of the the local models for intermolecular bonding of satu-
total model Hamiltonian matrix in the basis of delo- rated organic molecules. In addition, we will reveal
calized MOs of individual molecules. the conditions for which this model is adequate.

Turning to the basis of delocalized MOs creates an  To this end, we will consider the extent of additivity
impression that whole molecules participate in the of inter- and intramolecular contributions both to the
reaction under study even if local fragments actually total one-electron density matrix (DM) and its parti-
come into contact. Local characteristics of interacting cular elements and to the energy of two interacting
molecules, e.g. charges on atoms, coefficients of high- molecules. Thereupon, we will study the internal
est occupied and/or lowest vacant MOs, etc. also may structure of the intermolecular terms.
be obtained and studied in the framework of the PMO  The additivity of electronic structure characteristics
theory. Nevertheless, the above-described impressionobtained using the standard PMO theory is known to
remains because the canonical MOs, which these localbe rather low (except of the trivial additivity of the
characteristics are based on, depend on the structurdfirst order corrections) [1]. Furthermore, the deloca-
of the whole system. lized (canonical) MOs are hardly the most appropriate

The above-described standard PMO theory was terms for substantiation of the local model. Hence, it
especially successful in studying chemical reactions would be advisable to avoid turning to the basis of the
of conjugated hydrocarbons and their derivatives. canonical MOs at all.

This fact allows us to believe that the concept of a  Therefore, we are about to employ the direct
non-local intermolecular interaction taking place way of obtaining the one electron DM and the
between entire molecules is actually adequate for total energy of any saturated system [9] based on
conjugated systems. the solution of the commutation equation [10] by

So far as reactions of saturated molecules are means of a perturbative approach. Thus, the general
concerned, an opposite approach is applied herealgebraic expression for the DM of any saturated
[1,2,4,8]. The essence of this approach is as follows: system obtained in [9] will be applied here to the

Intermolecular interaction is studied directly in the case of two interacting molecules. Additivity of the
basis of localized orbitals with no regard for intra- total DM will be studied in Section 2, whilst that of
molecular interactions. For example, a local inter- occupation numbers and of the total energy is
action between the lone pair orbital of nucleophile discussed in Section 3. The case when only two
and the antibonding orbital of the Z—C bond of the bonds of interacting molecules come into contact is
substituted alkane (Z is a heteroatom) is considered considered separately in Section 4.
when investigating an\& process instead of numer-
ous interactions between delocalized MOs of both
molecules. 2. Intra- and intermolecular contributions to the

The above-described local model may be traced one-electron DM of two saturated molecules
back to respective modification of the PMO theory
for saturated molecules where delocalized MOs are  The basis of bonding and antibonding bond orbitals
replaced by localized two-center bond orbitals [1]. (BOs) along with lone pair orbitals (if any) has been
When applied to intermolecular bonding, however, used in [9] when deriving the general algebraic
this local model seems to be based on an implicit expressions for the DM of any saturated system. In
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Fig. 1. A diagram representing the intra- and intermolecular interactions between the mokearid8. Matrices containing resonance
parameters between various subsets of basis orbitals are shown in the upper part (a). The case of a local intermolecular contact is displayed in the
lower part of the diagram (b).

addition, the total basis set} has been divided into  where
two subsets .} and {$(-)} containing the bonding
BOs (BBOs) along with lone pair orbitals and the S R
antibonding BOs (ABOSs), respectively. Furthermore, R" Q
the intersubset interactions have been assumed to be
first order terms vs. the energy differences between The diagonal blocks (submatriceg),) + S and
BBOs and ABOs. —E() + Q of the total matrixH contained the intra-

As a result, the common 'Huel type Hamiltonian subset interactions (resonance parameters), whilst the
matrix of saturated moleculétshas been expressed as off-diagonal blockR involved the intersubset reso-
a sum of first- and second order matrices, i.e. nance parameters. The minus sign in frontEof,

has been introduced for convenience, and the super-

H=Hqg +Hq D script + designates the transposed matrix. It is also
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seen that zero order intrasubset interactions are The blocks of Eq. (6) denoted by superscrigy (

allowed in Eq. (2), and these are included into
submatrices ;) andE

The one-electron DM (bond order matrix) corre-
sponding to the Hamiltonian matri¥!{ has been
obtained in [9] in the form of power series. The first
three terms of this series are

; ‘2| 0‘ ; 0 Gu|
©=lg of P0= Yool @
GwGa G
:_2 + + (3)
Ga  —GuGq

wherel is the unit matrix. The matriceS;) andG
have been expressed in the form of integrals

Gy = J expE+ DR exp(E - tydt,
0

G = Jo eXp(E()DV exp(E - bt 4
where
V'=SGy — GuQ (5)

Let us introduce the following simplified notations
for integrals shown in Eq. (4)

Ga) = (E|RIE-)), G = (E)VIE-) (43

The above-described form of the DM may be easily
applied to the case of two interacting saturated mole-
culesA andB. To this end, the subset of BBO&{;)}
will be further subdivided into two parts¢(?} and
{dﬂ))} referring to moleculesA and B, respectively.
Similarly, the subset of ABOs will consist of two parts
{6} and {¢{”}. As aresult, the total basis set may
be represented in terms of four subsets, idg} {=
D) (e} {6 {62

The blocks (submatrlces) of matricklgy andH
will be subdivided accordingly, viz.

(@) (@)
E: O |ES 0
B = 0o o[0T o gof
) )
S M R. K Q T
Mt s L Ry T TY @

©)

and p) contain interactions (resonance parameters)
inside the molecule\ and B, respectively, whilst

the blocksM, K, L andT consist of the intermolecu-

lar interactions as shown in Fig. la. Eq. (6) also
involves an additional assumption that intermolecular
resonance parameters are first order terms comparable
to those contained within the matricBg andR,,.

The block-diagonal structure of matric&s,, and
E(, resulting from the above-mentioned assumption
implies that matrices exf(.t) and expEyt) are
block-diagonal too. As a result, the total matfy,
may be represented in terms of four blocks, viz.

(K)
G(l)

(b)
Gy

(@
G(l)

L
Gy

Gy = (N

where the blocksG() and G} taking the diagonal
positions within the matrixG,, contain intramolecu-
lar interactions only. Using the notations shown in Eq.
(4a) we obtain

G(a) — E(a))|Ra|E(a)

b) __ b (b
@ = G( ) E( ))|Rb|E )

D= ®

The off-diagonal blocks of the matri&,, in turn,
depend on the intermolecular resonance parameters,
viz.

gE®
(+)

E®

Ky _
Go = (+)

) 9

It is seen that these blocks turn into zero matrices if
the intermolecular resonance parameters contained
within the blocksK and L vanish. Hence the sub-
matricesG(}) and G{j} may be referred to as the
intermolecular subblocks of the matr).

Using Egs. (3) and (7), the first order correcti®g
of the DM P may be obtained in terms of intra- and
intermolecular subblocks.

The above-described structure of the mat@y,
proves to be essential also in the formation of the
second order correctioy of the DM P. Thus,
sums of intra- and intermolecular contributions arise
W|th|n the diagonal positions of produdg;, (1)’ and
G(l) Gy owing to the above-described constitution of
the matrixGy, e.g. the sunGHGH" + GG "
stands for the first d|agonal block of the matrix
GGy An analogous additivity proves to be inher-
ent in the matrixv defined by Eqg. (5) and thereby in
the matrixG,. As a consequence, the total Dvof

|K|E(b))) G(L)

O L |E(a)))
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the interacting molecules andB may be represented
in the form of a sum
P = PiSOl + SP (10)
to within second order terms inclusive.

Let us consider the terms of Eq. (10) separately.

The first three corrections making up the matrix
Pso take the form

187

are the second order intramolecular terms, and

Va = SaG(a)

_ ® _ g
@ G

GE%Qa, Vp = SoG(l) (1)Qb (13

It is seen that the matriRs, actually contains the
direct sum of DMs of isolated molecules. In particu-
lar, Puyso involves intramolecular bond orders
between occupied and vacant BOs of molecules

and B separately, whereas,R contains intramole-

@
0 0 Gj O
2l 0 0 o 0 GY
Pojisol = » Pijisol = —2 @+ (119
Gy 0 0 0
(b)+
0 Gy 0 0
@@+ @
GCauGa 0 Go) 0
b)~ (b b
0 Ggey 0 G
P2jisol = — @+ @ @ (11b)
Go) 0 Gy Gy 0
b b+ (b
0 Gy’ 0 -Gy Gy
cular diagonal blocks in addition. Diagonal elements
where of the latter evidently describe the intramolecular
charge transfer.
G = (EZ IV.E®), Gy = (ERIVHEY) (12 The first three corrections of the second tenof

(SP(O) = 0, (SP(]_) = _2

KK+
G(l) G(l)

(ab)+
F(Z)

(ab)+
G(Z)

(ab)+
Ce)

6P(2) = - 2

the DM P take the form

K)
0 o 0 Gf
0 0 Gj o0 y
o cb* o 0 (149
®
GH™ o 0o 0
(ab) (ab) (ab)
Fo) Gy Ca)
G(L)G(L)+ D(ab) G(ba)
LW %) @
peb+  _gL+gL) (@D (14b)
%) » Pw %)
(ba)+ (ab)+ _ ~K)+~K)
Gy Ne2) Gy Ga
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where the subblocks of the second order correction
oP are

GE%b) = (E§?>|Vab|E@>)’ Ggg?) = (EE?>|Vba|EEE)>)
(159
C3) = ED)|Wap + Yan)|EP). D
= (E®)|(Xpa + U EP) (15b)
@) _ ~@aL)+ K=+ p@b
Foy =GuGw + Gy Gu » N
_ @+~ K) L)+ ~(b)
=Gy Gy *t Gy Gp) (16)
and
Vay=MG{j) = G)T", Vpa=M"GY) - GY'T
(179
Way = S - G0y, Yar = MO - GT
(17b)
Xea = S,G5) ~ G5/0n, U= M"GY ~ GHT*
(179

The first order correctiodP(;) shown in Eq. (14a)
contains intermolecular bond orders between occu-
pied and vacant BOs proportional to intermolecular
resonance parametefs andL ;. Analogously, diag-
onal elements of the second order correctiify,
describe the intermolecular charge transfer. It is also
seen that botBP;) anddP,) turn into zero matrices if
L =K =M =T = 0. Hence, the correctiodP may
be entirely associated with intermolecular interaction.

Therefore, the total DM of two interacting mole-
cules consists of a sum of two matrices, the first one
containing the direct sum of DMs of isolated mole-
cules and the second one being a correction originat-
ing from the intermolecular interaction.

3. Additivity of occupation numbers of basis
orbitals and of the total energy

Additivity of occupation numbers of BOs with
respect to intra- and intermolecular contributions
follows directly from the results of Section 2. Indeed,
any alteration in occupation number vs. that of an
isolated BO (equal to 2 and 0 for BBOs and ABOs,
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respectively) contains a sum of two terms describing
the intra- and intermolecular contributions as it is seen
from Egs. (10)—(17c). For example, the occupation
number of the BBO®(?) of the moleculeA takes
the form

(@ __

@ __ (ayintra (ayinter
X = 2+ AXGy = 2+ AXE5 + AXE; (18

whereAx?); is the total alteration consisting of intra-
and intermolecular contributions equal to

) vaqA)
p
) vaaB)
=23 Gl ash
m

respectively, where the sums embrace the vacant BOs
of moleculesA andB.

Each of the contributions shown in Egs. (19a) and
(19b), in turn, is additive with respect to increments of
separate bonds (lone pairs).

On the whole, the above results show that the inter-
molecular contributions to occupation numbers may
be considered independently from the intramolecular
ones. Thus, the intermolecular increment to occupa-
tion number of arABO, ¢ is

ocaB)

(ayinter __ L)
AT =2 > (G
[

)? (20)

To consider the influence of the intermolecular
interaction on the internal characteristics of bonds
(e.g. dipole moments), occupation numbers of-sp
hybrid AOs (HAOs) and 1s AOs of hydrogen atoms
(Isy AOs) are required, and these result from the
above-described DNP after transforming it into the
HAO basis [11,12]. The bond orbitals (BOs) are
assumed to be defined as linear combinations of
pairs of HAOs and 1s AOs belonging to separate
bonds in this case.

Let us consider thé-th Z-C bond containing two
HAOs xz and xc. Then the occupation numbers of
these orbitalsy; andxc) may be expressed as follows
[12]

wherey, = arctg(2&), ande = oz — acis the relevant
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difference in the Coulomb parameters of HAQsand
Xc- The third term of Eq. (21) is the total alteration in
the population of thé-th bond Ax; = Ax(4y + AX(y).
The forth term (p is the secondary dipole moment of
thel-th bond equal to

P = —2G )i Siny (22

where—2G,; coincides with the bond order between
the BBOd ;. and ABO¢_y. And finally, d, is the so-
called depolarization dipole moment equal to
d = %(AX(Hi — AX(-y)cosYy, (23
and containing the alterations of the occupation
numbers of the BBGb,y and ABO ¢y and thereby
being directly related to the charge transfer.

Let us assume now that theh bond belongs to the
moleculeA. Then additivity of the total alteration in
the population of this bond\x,) with respect to intra-

and intermolecular contributions is evident.
For the dipole momentg, andd, we obtain
p = pilntra + pilmer dl — dilntra + dilnter (24)
where
P — 2GS siny, " = —2G3) siny, (25
) vaqA) ocqA)
1l
d'=—1 > (G, + Z (GE))* peosy,
p
(269
) vaaB) - ocaB) L
diner = —{ > G+ Z (c¥) }cosv.
m
(26b)

These results imply that the total second order
corrections within the occupation numbegsand X
are additive with respect to contributions of intra- and
intermolecular bonding (the initial values of occupa-
tion numbers are ¥ cosvyy).

Let us turn now to the total energy of two interact-
ing molecules.

Given that the one-electron DM of the system under
study is represented by Eg. (3), the relevant total
energy may be defined as [10]

E = Spur(PH) 27

189

and expressed in the form of power series. The first

two terms of this series take the form
E(O) = ZSpUIE(Jr), E(l) = 23)[.”5 (28)

and contain the sum of one-electron energies corre-
sponding to doubly-occupied BOs. The second order
correctionE ) is

E) = SpurtH )P + HioPr)

Substituting Egs. (1)—(3) into Eq. (29) and invoking
Eq. (27) of [9] in addition, we finally obtain

—SpunG R + RG(3)

(29

E(Z) = (30)

Let us consider now the case of two interacting
molecules. To this end, the expressions Rrand
Gy in terms of four submatrices as shown in Egs.
(6) and (7) should be substituted into Eqg. (30). We
then obtain

Ep =EQ +ES + E5® (3D)
where
=) = ~SuGR: + RGE. Y

= ~SpurGERy + RuG(y)") (32

are the increments of intramolecular bonding. The last
term of Eqg. (31) takes the form

|mer

EQ = —Spul(G)K™ + KGH™) + (GEL™

+LGH*y

D (33

and describes the intermolecular interaction energy.
The expression of Eq. (33) may be represented in an
alternative form, i.e.

ocqA) vaaB)

> 2 GlmKm
m

i
ocaB) vaqA)

-2 Z Z G(l)h'-"

[
It is seen that the intermolecular interaction energy
is additive with respect to contributions of various
pairs of bonds.
We may conclude, therefore, that occupation
numbers of basis orbitals of two interacting molecules
and the relevant total energy both contain zero order

Eimer _

(34)
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terms corresponding to isolated basis functions and For example, the eIemeﬁiEf){d equals to
two additive second order corrections describing the -
contributions of intra- and intermolecular bonding Ggfﬁd :J [expE(Y DK [exp(EEti))t)]“dt (36)
separately. Hence, intermolecular contributions to 0
the above-mentioned characteristics may be studiedand it does not vanish also fér# i andl # j.
independently of intramolecular ones. Let us consider now the particular case when
An internal additivity of the intermolecular E® E" E® andE® are diagonal matrices
contributions also follows from the above-described containing one-electron energies of BOs, i.e.
results. Thus, occupation numbers of HAOs contain @ @
sums of three terms describing the intermolecular Efik = EGi
charge transfer, polarization and depolarization of @ ® ®)
bonds, respectively. Moreover, both the total inter- =ESi%, B s =EC)0s 39
molecular contributions and their separate compo-
nents are additive with respect to increments of
pairs of bonds.
The above conclusions, in turn, may be regarded as
a consequence of additivity of the one-electron DM
described in Section 2.

b _ b @
S Eiyim = B+ %m» ECyir

Eq. (37) corresponds to an assumption that intra-
and intermolecular resonance parameters are of
comparable values, and both are first order terms vs.
the differences in the one-electron energies. The elec-
tronic structure characteristics (e.g. occupation
numbers) referring to the above-mentioned approxi-
mation will be further designated by ~.

The " elerlpents ?f the first order matrices
@ ~b) A = : .

4. The case of a local intermolecular contact. Gy). G- Giy) and Giy) _describe the — direct
S (through-space) interactions between the respective
Substantiation of the local models for

i B
intermolecular bonding pairs of BOs. For example, the elemdaff)“ takes

the form
Let us suppose now that only two bonds (lone pairs) -y, Kijj 38
of moleculesA andB (the Ith and theJth one) come @i — E®@ 4+ g® (38)

) b
nearer when these molecules contact. As a result, four e =)

intermolecular resonance parameters shown in Fig. Substitution of expressions like that of Eq. (38) into

1b, i.e. Egs. (19b) and (20) allows the intermolecular contri-
butions to occupation numbers of B@§, and(?),
M = (2Rl Ty = (@25 1A12). K; of theIth bond to be expressed as follows
A A . i 2 ~ .
= GRIAL). Li =L = @RI axamer= 2 JE i
)i E@ +ED 2’ X
(35 (+)i (=)
2
may be assumed to take considerable values, whereas =2 (L) (39)
the remaining resonance parameters may be (EE?)j + EE"i))i)z

neglected. In other words, local nature of the intermo- _ ) .
Itis seen that the corrections to occupation numbers

lecular overlap (resonance) parameters will be ) )
assumed. However, this does not necessarily ensureSNOWn in Eg. (39) depend only on squares of the direct

an analogous local nature of consequences of this ((Nfough-space) interactions between BOs of the two
interaction directly contacting bonds. Further, the respective
' b b - contributions for BOs¢®, and ¢ of the Jth
Thus let &), EC), E(, and E) be arbitrary bond are related to tho(i(eﬂtj)f E ((Z‘(Si))J viz
matrices. Then non-zero elements arise within the Q- U
intermolecular matricesG(;) and G{ not only it _ _ Ax@imer jyimer _ _ fy@inter (40
between pairs of orbitals ¢?),¢",) and e o ) o

((bg?)jmﬁ@)i) but also between the remaining orbitals. whilst other orbitalsb .y, k # i,j and b ym M # i,
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are characterized by zero intermolecular corrections form
to occupation numbers.

Therefore, non-zero intermolecular contributions to  xap 1 M;;Lji KiTi
occupation numbers of BOs arise for directly contact- — @i — ngi))i + ngi)ﬁ EE?» + Efi)ﬁ a Ef?)i + EEE))]_
ing bonds only and these are determined by the nature
and spatial arrangement of these bonds and are inde- (44)

pendent of the remaining fragments of molecules.  and it describes the indirect interaction between the
The total populations lost (acquired) by ttk and B?s¢§"ﬁ‘2>i 3nd¢§?)i of thelth bond by means of either
Jth bonds meet the relation ¢ or ¢ of theJth bond. This element depends on
. _ the spatial arrangement of thia andJth bonds only.
Ax{@mnter — _ J ypinter 41 The relevant secondary polarizatipfi*®" equals to

; +

Hence, a local interbond charge transfer between ginter — 2siny bMiiLii __ KiTj -

the Ith andJth bonds actually takes place as a result EYy +E2 \ER), +ER  ER) +E2,

of the above-described local intermolecular contact. (453
Similar conclusions refer also to the internal dipole

moments of bonds. Thus, the intermolecular contribu- ~ Similarly, the intermolecular contribution to the

tion to depolarization dipole moment of thex bond secondary polarization of thkh bond of the molecule

equals to B takes the form
ginter — pimer — _ 2siny, ( MKy LTy )
= ®) ®) @ ®) ® @
B TEG \E&i TES By +ES
B (Kij)? N (L) cos (45b)
E@ +EO® 2 (E® 1 E@ )2 N o
()i () () ()i whereas secondary polarizations of other bonds keep

(42 unchanged, i.ep"®" = 0 unlesK = 1,J.

Therefore, non-zero intermolecular contributions to
secondary dipole moments of bonds also arise for
directly contacting bonds only, and these are deter-
mined by the nature and spatial arrangement of
these bonds. The same conclusion evidently refers
to total occupation numbers(xc) of HAOs of inter-
acting bonds.

Let us turn now to the energy of the intermolecular
interactionE" shown in Eq. (34). If we substitute
the expressions foB(y, andG(y) like that of Eq.
(38) into Eq. (34), we obtain

whilst the relevant expression fdij“er resembles Eq.
(42) only cosy; stands for cos, and a plus sign arises
before the braces instead of minus of Eq. (42). Other
bonds K # 1,J) prove to be described by zero depo-
larization dipole moments. Hence, local nature of the
depolarization effect may be concluded as well.
Given that thdth andJth bonds contain the same
types of atomsy; = +y;), depolarization of these bonds
proves to be of similar values and of opposite signs. In
the general case, the following ratio may be estab-

lished between the depolarization dipole moments 2 2
=inter __ (Kij) (Lji)
Eo = @ ORr=0) @ (46)
5 ESi TES By TES
|d||nter| cosy, (43) ] ]
jditer — cosy, Itis seen that the intermolecular interaction energy
_ E{" turns into a local interbond interaction energy
To study the secondary dipole momepi&" origi- between the two directly contacting bonds whatever

nating from the intermolecular interaction, the the structure of the remaining fragments of molecules.
elementngﬁ? under conditions of Egs. (35) and Hence, the remaining fragments of molecutesndB
(37) are required. An element of this type takes the may be ignored when studying the intermolecular
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interaction, and a two-bond four-orbital model
becomes adequate.
Therefore, we have substantiated a local model for

investigation of the intermolecular interaction.

5. Conclusions

1. Adequacy of the local model for investigation of
the intermolecular bonding of saturated organic
molecules may be traced back to the above-estab-
lished high extent of additivity of the one-electron
DM and of the total energy of interacting mole-
cules with respect to intra- and intermolecular
contributions. Hence, validity of this model has
nothing to do with relative values of intra- and
intermolecular resonance parameters (comparable
values of these parameters are allowed).

2. Two conditions providing for adequacy of the local
model may be mentioned:

i) Relatively insignificant values of intermolecu-
lar resonance parameters for orbitals of all bonds
except for several directly contacting bonds, i.e. a
local intermolecular contact;

i) First order magnitude of both intra- and inter-

V. Gineityte / Journal of Molecular Structure (Theochem) 465 (1999) 183-192

interactions in saturated systems also deserves
attention. Thus, investigation of the heteroatom
influence in saturated molecules [12] showed that
intramolecular charge transfer, as well as polariza-
tion and depolarization of bonds are the additive
components of this intramolecular effect. The same
contributions make up the intermolecular bonding
as established above. Additivity of both intra- and
intermolecular interactions with respect to incre-
ments of separate bonds also may be mentioned
among their common features. These, in turn,
may be traced back to similar structures of intra-
and intermolecular contributions both to occupa-
tion numbers of basis orbitals and to their separate
terms as it is seen from Egs. (19a), (19b), (25),
(26a) and (26b).
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