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Additive components of heteroatom influence in substituted alkanes.
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Abstract

The general expression for the common one-electron density matrix (DM) of saturated organic molecules obtained pre-
viously in the framework of the Hiickel type model (V. Gineityte. J. Mol. Struct. (Theochem) 343 (1995) 183) has been applied
to reveal the additive components of the heteroatom influence in substituted alkanes.*To this end, the occupation number of a
basis orhital has been expressed as a sum of three terms describing the polarization and depolarization of bonds and the
intramolecular charge transfer. These terms, in turn. have been related to certain types of direct (through-space) and indirect
(through-bond) interactions of bond orbitals (BOs). In particular, changes in the secondary polarization of C—~C and C—H bonds
under the influence of a heteroatom giving rise 1o their induced dipole moments has been related to differences in the indirect
interaction between the two BOs of the given bond before and after substitution. Additive quantum-chemical analogues of the
classical inductive and electron-donating effects have heen established. The above-mentioned expressions for the occupation
numbers have been also applied to substantiate the implicit postulates of the classical chemistry about additivity of the

heteroatom influence in substituted alkanes. € 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Additive models for evaluation of various observed
characteristics make up an important part of the
classical theory of the structure of saturated organic
molecules. Thus, dipole moments. polarizabilities,
energies of formation, etc., are successfully estimated
in this case as sums of local increments associated
with particular bonds, lone electron pairs and/or func-
tional groups | I-3]. These models are based on expli-
cit assumptions about additivity of properties under
study.

Furthermore, numerous implicit postulates of simi-
lar nature may be revealed within simple rules of the

classical chemistry concerning mutual influence of
effective atoms in saturated molecules, in particular
within those describing the heteroatom influence in
substituted alkanes |4-7].

Thus, heteroatoms are supposed to exert influence
upon the electron density distribution in two ways,
usually called the inductive and the electron-donating
effects. The first of these effects may be traced back to
the difference in electronegativities of heteroatoms
and of hydrogen and carbon atoms. The electron-
donating effect is commonly associated with lone
electron pairs of a heteroatom. The two effects
under discussion are implicitly assumed to be additive
or at least roughly additive. Similarly, the total
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influence of several heteroatoms is also expected to be
approximately additive. Finally, the total electron
density ot a substituted molecule is supposed to con-
sist of a sum of two terms, the first one coinciding with
the electron density of the parent hydrocarbon and the
second one being entirely associated with the hetero-
atom influence [4].

In this context, a question arises whether quantum-
mechanical additive components of the heteroatom
influence may be found. These components (if
established) are likely to yield a substantiation of
the above-mentioned implicit postulates. Moreover,
any decomposition of the heteroatom influence into
meaningful parts might offer a new tool of inter-
pretation of the electronic structure of substituted
alkanes.

It should be noted, however, that a straightforward
application of sophisticated quantum-mechanical
methods is unlikely to be the most appropriate way
of achieving the above-mentioned end. Indeed. addi-
tive components of quantum-mechanical characteris-
tics obtained using self-consistent ab initio
approaches prove to be too involved in contrast to
the extremely simple rules of the classical chemistry.
In particular. quantum-mechanical studies of hetero-
atom influence in substituted alkanes [8- 4] showed
that several types of intricate interbond interactions
make vp the quantum-mechanical analogue of the
classical inductive effect. But more importantly. the
general nature of the classical rules, namely their
applicability to any substituted molecule, becomes
lost when turning to the relevant exact quantum-
mechanical expressions.

The latter aspect may be traced back to the fact that
establishing the relation between Schrodinger’s equa-

tions for molecules containing difterent numbers of

both electrons and nuclei (e.g. mono-substituted
alkanes involving a heteroatom of the same type) is
not an easy problem in quantum mechanics. Difficul-
ties arise here because the numbers of electrons
and nuclei are the principal parameters of the
Schrodinger’s equation but not ot the chemical clas-
sification of molecules (the latter is evidently based on
definite features of their local constitution [7]). As a
result, quantum-mechanical expressions usually refer
to a single molecule. It is noteworthy, however, that
the problem of the unified description of related
molecules becomes less involved 1t we prefer

simple quantum-chemical models to sophisticated
approaches.

The Hiickel type models of molecules (see e.g.
Refs. [15-17]) may be mentioned here in the first
place. This approach allows a simple relation to be
established between secular problems for a substituted
molecule and for the respective parent hydrocarbon.
Indeed. substitution of a carbon (hydrogen) atom by a
heteroatom may be modelled here by alteration in a
single parameter, namely in the Coulomb integral
referring to the site of substitution. This feature of
the Hiickel model has been used extensively when
studying the heteroatom influence both in conjugated
molecules [15-17] and in substituted alkanes [18—
22]. It should also be noted that the Hickel type
models for the inductive effect have been related to
characteristics of the so-called bond points within the
electron density functions [23].

For saturated organic molecules, an additional and
more important generalization proves to be feasible in
the framework of the Hiickel-type model. This gener-
alization consists of the possibility of constructing a
common model Hamiltonian matrix H for the whole
class of compounds under study and of solving the
relevant problem for the respective representation of
the one-electron density matrix (DM) P {24~31]. The
problem under discussion coincides with the commu-
tation equation for matrices P and H that follows from
Dirac’s equation in the case of the time-independent
Hamiltonian [32].

In the basis of bond orbitals (BOs) this problem
has been formulated and solved in Refs. [29,30]
using certain matrix form of the perturbation
theory. The respective general expression for the
common DM of saturated organic molecules has
been obtained in terms of matrices describing
particular types of the direct (through-space) and
indirect (through-bond) interactions of BQs (the
very concept of these interactions has been suggested
in Refs. [33-35]). Application of these expressions to
investigate the heteroatom influence in substituted
alkanes [30] resulted in an interpretation of the
whole effect in terms of the interbond charge transfer
being related to the direct (through-space) interactions
of BOs.

It is unlikely, however. that the interbond charge
transfer is the only consequence of substitution, even
more so because heteroatoms are commonly assumed
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to give rise to certain induced polarization of the
neighboring C-C and C-H bonds {4-7].

In this context, the main aim of the present study
consists of revealing all kinds of additive components
of the heteroatom influence in substituted alkanes,
including the interbond polarization. Moreover, we
are about to offer an interpretation of the interbond
polarization in terms of indirect (through-bond)
interactions of BOs and to substantiate the above-
enumerated rules of the classical chemistry concern-
ing additivity of the heteroatom influence.

As it is shown in Ref. |31] devoted to alkanes,
passing to the basis of sp’-hybrid AOs (HAOs) is
required for describing the interbond polarization. In
Section 2 of this paper we perform an analogous pro-
cedure for substituted alkanes.

In contrast to Ref. [31], a local transformation of the
two-dimensional DM block corresponding to a parti-
cular bond only is carried out, and occupation numbers
of the relevant two HAOs are expressed in terms of
sums of separate increments. Section 3 deals with sub-
stantiation of the classical postulates. In Section 4 the
induced dipole moments of C—C and C--H bonds are
analyzed in terms of indirect interactions of BOs.

2. Algebraic expressions for occupation numbers
of HAOs of a heteroatom-containing bond

Let us consider a separate (/th) bond containing a
heteroatom (Z) and a carbon atom (C) and being
involved within a substituted alkane. The HAOs
and x¢ ascribed to atoms Z and C, respectively, and
directed along this bond will be represented by
Coulomb parameters oy and «¢. whereas the bond
itself will be characterized by resonance parameter
B. The equalities ac = 0, a7 = o and 3 = | will be
accepted further for convenience. An equality o = 0
will be assumed in addition if we consider the parti-
cular case of a C—C or C—H bond (Uniform Coulomb
parameters may be ascribed to lsy AOs of hydrogen
atoms and to HAOs of carbon atoms {21,22.24--26]
owing to similar values of electronegativities of these
atoms |2]).

To obtain the expressions for occupation numbers
of HAOs x, and x¢. we shall use the general form of
the DM of saturated organic molecules {29]. To this
end, we turn to the basis of BOs at first and invoke the

expressions for occupation numbers of two BOs of a
bond and for the bond order between these BOs
derived in the above-cited paper. Thereupon we
retranstform the relevant two-dimensional DM block
into the HAO basis again and find its diagonal
clements.

Let us define the bonding and antibonding BOs of
the /th bond as eigentunctions of the respective two-
dimensional Hamiltonian matrix block in the basis

{xz xcl ie.

Cey=axz+Hbxe: ¢y =bxy —axe (h
where the coefficients ¢ and b are |22

a=cos(y/2), b=sin(y,/2),

y=arctg(2/a), 0 =y =< (x/2) (2)

i

(More electronegative heteroatoms (Z) versus carbon
and hydrogen are considered here and « is assumed to
be positive in 8 units). In the particular case of a C~C
(C—H) bond we obtain

-2

a=0, y=m/2, a=hb=2""" (3)

A pair of BOs like those of Eq. (1) may be evidently
defined for any bond in the molecule. Orbitals of lone
electron pairs (if any) may be treated similarly to
bonding BOs [29].

Occupation numbers of BOs ¢,,,; and ¢,_,; may be
expressed as follows [29]

ABOs ) ‘,‘ BBOs N
X[H:’:z{l—' Z (G(IJH')“}: X(-' )i:z Z (G(l),”/)“
'[’

(4)

where G),; is an element of certain first order matrix
G, describing the direct (through-space) interaction
between the bonding BO (BBO) ¢,,,; and the anti-
bonding BO (ABO) ¢,.,; of the Ith and Jth bonds
and sums over r and p embrace all the ABOs and all
the BBOs of the molecule under study. The element
Gy takes the form

<ol g >
E(+):'_E( -

Goyy=— (5)
where the numerator contains the element of the
Hiickel type Hamiltonian matrix (the resonance
parameter) between BOs indicated within the bra-
and ket-vectors, and the denominator involves the
difference in one-electron energies of BOs.
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Furthermore, the bond order between the two BOs
of the /th bond is [29]

My==2Gy; (6)
where G»,, is the element ot certain second order
matrix G-, representing the indirect (through-bond)
interaction between BOs ¢.,,; and ¢, .. This element
may be expressed as follows

G 1
Fiyii = e
i Ec
m{g\ <ol x> <ol
x{{ —
4 S0k Ty
"\HZ(’)’ < @ fl!lH“rc(* P, Hip )=
r [1(,+ ],“1_‘,( I

{7)

where the meanings of designation coincide with
those of Eq. (5).

As a result. the occupation numbers of HAOs x,
and x¢ are

Xy zuzX, Ty +[J:X| —it 2abM,;
X :/)ZX( gy +(12X( i —2abM, (8)

Using Eqgs. (4) and (6). the occupation numbers X,
and X may be rewritten in the form

1
X (Xe)=1 £ cos y+ %AX, T td, ()

where the upper signs refer to x, and the lower ones
correspond to x¢. The last three terms of Eg. (9) are

AX; =X+ X i =2=2 TG0 (G o))
7

10y
pr=—2Gpy; siny (1)
and
dy=— { Y (G + Gy )eos 7} (12)
/

Let us consider the increments of Eq. (9) separately.

The zero order dipole moment ( = cos vy) is inher-
ent in the bond under consideration whatever the
structure of the whole molecule (y is defined by
Eq. (2)). This dipole moment coincides with the

respective value for an isolated Z-C bond and it
may be called the primary dipole moment. In
accordance with the expectation, the population of
the HAO x; of the more electronegative atom Z
proves to be increased, whereas that of the HAO of
the carbon atom is reduced as compared to 1.

The second order term (1AX,) describes half of the
total population alteration of the Jth bond due to the
interbond (or lone pair-bond) charge transter | 30]. It is
seen that AX, contains a sum of contributions each of
them associated with a bond (lone pair) J being pre-
sent in the given molecule. Thus, AX, mav be
expressed as follows

AX;= X AXyy) (13
R

where

AX;y,=2{(G )" = (G (14)

is the increment of the Jth bond (lone pair). (Note that
G )., =0 in accordance with the definition of BOs and
AXyy,=0in Eq. (13)). The increment AX,,;, depends
on the difference between squares of the direct
(through-space) interactions of the BBO ¢ ,,; and of
ABO ¢, ;. on the one hand. and the BBO ¢.,,; and
ABO ¢, ;. on the other hand. Hence, this contribution
is actually determined by the mutwal arrangement of
the two involved bonds and it is independent of the
constitution ot the rest of molecule.

The second order dipole moment = p, shown in
Eq. (11) proves to be related to the indirect (through-
bond) interaction between the BBO .., and ABO
@..); of the Ith bond by means of BBOs and ABOs
of other bonds (lone pairs) defined by Eq. (7). In this
connection, the above-discussed term describes a
secondary polarization of bonds.

Additivity of the dipole moment =+ p, of the Jth
bond with respect to contributions of the remaining
bonds (lone pairs) follows trom additivity of the indi-
rect interaction of BOs ¢, and ¢,_,; with respect to
mediators (BBOs and ABOs). Thus, on the basis of
Egs. (7) and (11), we obtain an expression for p, like
that of Eq. (13), and the partial increment of the Jth
bond (lone electron pair) equal to

2siny [ SRy R0,
Ey=E i Ey-E_, ELz—E_y

(15)

Piy = —
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where the following designations are introduced
S;=< ¢(+),»|H|go(+y >, Ry=< eoilHle >

Qll =< Pi- )l'|}:”‘p(*li> ( 16)

(Since R;; = 0, py;, = 0, i.e. no self-contribution is
present within the expression for p)).

From Eg. (15) it follows also that p,; may be
further decomposed into two terms describing the con-
tributions of the BBO ¢,,,; and of the ABO ¢, ie.

Prin =P+ TPrs-) (17)
where
285,R;; siny
(Epyi—E_yNE L, —E )
2R, Qi sin y
(Eoyi=ENE i —Ey)

Pur+)= —

P = (18)

The last dipole moment * d; shown in Eq. (12) is
related to the non-uniform distribution among the
HAOs x; and x¢ of the population lost (acquired)
by both the BBO ¢,,; and the ABO ¢, ,; of the /th
bond. Indeed, comparing Egs. (4), (11)and (12) shows
that d; = 0 it no charge transfer refers to both the BBO
¢, and ABO ¢_,;, ie. if both Z,-(G‘]J,,)::() and
2 (Gl],/-,-)2 =(). On the other hand. a non-zero dipole
moment = d; is allowed in the case of zero total
population AX, lost (acquired) by the /th bond and
defined by Eq. (10).

[t is also noteworthy that the dipole moment * d,
refers to Z—C bonds only and it turns to zero for C-C
and C~H bonds (if y = #/2 as shown in Eq. (3). 7, =0
in accordance with Eq. (12)).

It is seen that ¢, is negative. Hence, the HAO x,
pertinent to the heteroatom Z loses its population
owing to the formation of the dipole = d,, whereas
the HAQO x ¢ of the carbon atom acquires an additional
population. Therefore, the primary dipole moment
( * cosvy) of the /th bond becomes reduced after
‘embedding’ this bond into a molecule. In this con-
nection, the term = d; may be called the depolariza-
tion dipole moment.

Opposite orientations of the primary dipole
moment and of the depolarization one may be
accounted for by the fact that the population acquired
by the Z—C bond becomes localized mainly on the
ABO ¢, [30]. Hence, it i1s the shape of this ABO

that is responsible for the orientation of the depolari-
zation dipole moment. This shape, in turn, follows
from Eq. (1). Inasmuch as ¢ > b, the HAO x¢ of
the carbon atom acquires more population as com-
pared to the HAO x, of the heteroatom.

From Eq. (12), it also follows that the depolariza-
tion dipole moment = d; of the /th bond is additive
with respect to contributions of other bonds (lone
pairs), and the partial increment of the Jth bond
{lone pair) is equal to

(]/U): '~(G(2|),-,'+G[2“/-,-)C()S'y (I())

On the whole three additive components reveal them-
selves within the populations of HAOs of substituted
alkanes, as shown in Eq. (9), and these describe
the intramolecular charge transter, the secondary
polarization of bonds and depolarization of hetero-
atom-containing bonds. Moreover, each of these con-
tributions may be represented as the sum of partial
increments of various bonds (lone electron pairs) of
the given molecule.

3. Substantiation of the classical rules concerning
additivity of the heteroatom influence

Let us dwell in this section on the main features of
the heteroatom influence in substituted alkanes. Let us
compare the electron density distribution of a substi-
tuted molecule to that of the parent hydrocarbon.

The occupation number of the HAO x, of the sub-
stituted molecule may be represented in the form

X, =X, + X =X =X +6X, (20)

where X is the respective occupation number for the
parent hydrocarbon and

(Sszxk"X;, (21)

is the difference under interest.

Let the heteroatoms under study (Z) be described
by the difference in the electronegativities of orbitats
(HAOs) pertinent to the Z-C bond, as discussed in
Section 2, and contain lone electron pairs in addition.
Then from the additivity of the occupation numbers of
HAOs with respect to various bonds and lone electron
pairs it follows that any population alteration 8X;
contains a sum of two terms traced back to the
above-mentioned two peculiarities of heteroatoms
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separately. Since the influences of the latter upon the
final electron density distribution are called the induc-
tive and electron-donating effects, the correction 8X;
consists of two terms representing the partial incre-
ments of these effects, i.e.

8X, =X, + x4 (22)

Both terms of the right side of Eq. (22) and thereby the
total alteration in the occupation number 6X; turn to
zero if we resubstitute the heteroatoms by hydrogen
atoms. Hence, the correction 6X; may be entirely
ascribed to the heteroatom influence.

It may be concluded, therefore, that substitution
gives rise to extra terms within the expression for
the occupation numbers that should be added to
those of the parent hydrocarbon.

The C-C and C-H bonds in alkanes have been
established to be described by transferable occupation
numbers of HAOs and lsy AQs [24-26]. Hence, the
corrections X; of Eq. (20) may be regarded as trans-
ferable characteristics of various parent hydrocarbons.
Then the population alteration 6X, associated with the
heteroatom influence may be studied in the general
case without regard for the structure of a particular
molecule. This result serves to substantiate the general
nature of rules governing the heteroatom influence in
substituted alkanes commonly assumed in classical
chemistry.

Additivity of the occupation numbers of basis orbi-
tals with respect to increments of separate bonds (lone
electron pairs) allows us also to conclude that influ-
ences of several heteroatoms on the occupation num-
bers associated with HAOs of the hydrocarbon
fragment of a polysubstituted molecule are additive
with respect to partial increments of these hetero-
atoms. Indeed. for a molecule containing N hetero-
atoms we obtain

N
ox M= > 8x,” (23)
p=
The left side of Eq. (23) describes the population
alteration of the HAQO y, referring to the hydrocarbon
fragment of the polysubstituted molecule, whereas the
right side contains the sum of N corrections, each of
them describing the influence of a particular (pth)
heteroatom. The terms of Eq. (23) may be further
decomposed into contributions of the inductive and
electron-donating effects of each heteroatom separately.

It is evident that the above conclusions are true not
only for total occupation numbers but also for separate
additive components AX,, d; and p; shown in Eq. (9).
Alternatively, the two terms of the right side of Eq.
(22) referring to the inductive and electron-donating
effects may be represented as sums of three additive
components describing the intramolecular charge
transfer, the polarization and the depolarization of
bonds. Hence. the inductive and the electron-donating
effects both manifest themselves as sums of three
terms describing the above-mentioned intramolecular
interactions. These additive components may be
regarded as making up the quantum-chemical content
of both classical effects in the framework of the
employed model. These conclusions also indicate
that these effects are of similar nature although of dif-
ferent origin. The fact that the electron-donating effect
of a heteroatom gives rise to an additional polarization
of bonds has been observed previously [36].

Therefore, we have substantiated the postulates of
the classical chemistry concerning additivity of the
heteroatom influence in substituted alkanes.

4. Analysis of the secondary (induced) dipole
moments of C—C (C-H) bonds in terms of indirect
interactions of BOs

The above results show that the influence of a
heteroatom upon the hydrocarbon fragment of a sub-
stituted molecule resolves itself into a sum of the
interbond charge transfer and of the secondary
polarization of bonds. The first of these effects has
been studied in Ref. [30] in detail. Hence, let us
dwell on the secondary polarization in this Section.

From Section 2 it follows that additional (induced)
dipole moments of C~C (C-H) bonds arise if the
secondary polarization of the given bond changes
after substitution. The origin of such a change (if
any) lies in the respective alteration in the indirect
interaction of BOs of the bond under study by
means of other BOs of the molecule.

To illustrate this general expectation, let us con-
sider the C,—C; or C,—H bond located near the site
of substitution. It is evident that the changing nature of
BOs of the bond under substitution and appearance of
lone pair orbitals of heteroatoms as additional
mediators are both likely to contribute to changes
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in the indirect interaction of BOs of the given C-C
(C-H) bond.
Let the heteroatom Z be located in the 1st (J1)

49

the alteration (Ap;) in the dipole moment of the /th
C,-C;3 (C,~H) bond due to substitution is

position of the Jth (Z—C,) bond (Fig. 1). Then Ap) =Apy+Apy, (24)
J1 Je 12 I1
o —
Q i
-1 Qoo E LN >
r. A
P e
(-4 R0 RO ()i
L 51
QD( +)] L J <p( )1
+1 Crmm e e o >
S,
ST ] T T
\\_/}/ Q /k__/ Y\\__ /w)
J1 Ja 12 11
H*Ca CO(—CB
a
T E 12 Il
J1 Jz2
-1 QJ!
L Lo
o~
L
E( =) T
A Py SRy Ry
L'R @
1 “y (+)1
\ / -
\V// . . —
En LSS L iJ A
¢, o fe v
E N 12 11
W, -
L €, Ca
J1 J2
Z—Ca b

Fig. 1. Diagram reflecting the one-clectron energies of BBOs ¢, and of ABOs ¢, _, of the Z-C,, (Jth) and C,~C; (C,—H} (fth) bonds, and the
shapes of these orbitals. Meanings of the resonance parameters S;, R;;, R; and @ are shown in Eq. (16). Diagram (a} describes the parent

hydrocarbon. whereas (b) corresponds to the substituted molecule.
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where
Apiyy = APy —Piuys APy =P, (25)

are the increments of the Jth (Z-C,) bond and of the
lone electron pairs of the heteroatom, respectively
(the superscript o refers to the parent hydrocarbon).

Let us start with the first increment Apy;, of Eq.
(24). Inasmuch as y=7/2 and thereby sin y = 1 may
be substituted into Eqs. (15)~(18) determining p;,,
and pj;, for the /th C,~C; bond. and the energy dif-
ferences £(y )~ E(_;, E{,;—E{.,, E{,;—E{_, for
hydrocarbon along with E.. ;- E,_,; for the substi-
tuted molecule may be taken to equal 2 (in negative
3 units), we obtain

Apy o =Apyy o+ Apyy - (26)
where
1 SR,
A = =SORG — — L (27
pl(-/+) 2 (7] E(+)j_E(_)j )
R;Qy |
A = =gt _ _R('}' (i (28)
Pi -y Ev—E_, 2 ij%i

From Fig. 1 it follows that £, ,,—E,_; > 2. whilst
E = E ), <2 Inasmuch as the "center of gravity’
of the BBO ¢, becomes shifted towards the
heteroatom Z after substitution, the inequalities

0<S; < S Ry <Ry <0, IRl < IRl (29)

follow and this implies a negative sign of Ap;,,,. On
the other hand, the ‘center of gravity’ of the ABO ¢,
is shifted towards the /th bond and we obtain

Q> 05 >0, R; <R <0, IRy > IR} (30)

ji
and Ap,, ., < 0. Hence, a negative sign of the total
induced dipole Ap,,, follows. As a result, the HAO
xs1 of the carbon atom Cj loses its population, and an
additional positive charge appears on this atom.

The contribution of the lone pair orbital ¢, , to the
indirect interaction of BOs ¢, ; and ¢, _ ; and thereby
to the induced dipole moment of the /th bond is

SyRji

3= — T
Ay 1) E[+):'_E(—)i (31
and it proves to be positive as R, < 0. Hence, the
electron-donating effect of the heteroatom contributes
to a negative charge of the atom Cj. This conclusion is

in line with the results of Ref, [37] as well as with
the expectation expressed in Refs. [38,39] that the
so-called charge alternation in substituted alkanes fol-
lowing from certain numerical calculations might be
due to overestimation of the electron-donating effect
in the employed method.

It is seen, therefore, that contributions of the induc-
tive and electron-donating effects of the heteroatom to
the induced dipole moment of the C,~C; (C,—H)
bond are of opposite signs, and the final result depends
on their relative absolute values. In addition, the
increment of the intramolecular charge transfer should
be taken into consideration when looking for the total
charge of the atom C in the substituted molecule (see
Eq. (9)).

The C-C (C-H) bonds have been established to
lose their populations after substitution [30]. Hence,
the charge transfer contributes to the positive charge
of the atom Cjy. Since the above-mentioned atom is
commonly expected to be charged positively in the
classical chemistry [4-7] on the basis of indirect
experimental studies, the contribution of the elec-
tron-donating effect is likely to be a small correction
only. This result is also borne out by evaluations of
relative contributions of the inductive and electron-
donating effects made in Ref. [37].

5. Conclusions

The results of the present study indicate the large
extent of additivity of the heteroatom influence in
substituted alkanes:

I. Substitution of hydrogen atoms by heteroatoms
gives rise to extra terms being added to occupation
numbers of HAOs of the parent hydrocarbon to
obtain the respective occupation numbers for the
substituted molecule.

2. These extra terms. in turn, are additive with respect
to increments of separate heteroatoms so far as the
C-C and C-H bonds of the substituted molecule
are concerned.

3. Quantum-chemical analogues of the classical
inductive and of the electron-donating effects of
heteroatom within the population alteration due
to substitution also prove to be additive.

4. Three additive components reveal themselves
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within the quantum chemical analogues of the clas-
sical effects, and the relevant terms of the occupa-
tion numbers describe the secondary polarization
and depolarization of bonds and the intramolecular
charge transfer.

5. Each of the above-enumerated three intramolecu-
lar interactions has been expressed as the sum of
partial increments of separate bonds and lone elec-
tron pairs being present in the given molecule.

The additive components of the classical effects
have been studied in more detail. Thus. depolarization
of bonds (i.e. a decrease of the primary dipole moment
of the given bond after ‘embedding’ it into a mole-
cule) proved to be peculiar to heteroatom-containing
bonds only. As a result, populations of HAOs of C-C
and C—H bonds in substituted alkanes are determined
by the sum of intramolecular charge transfer and of
the secondary polarization. The first of these incre-
ments leads to a decrease of the total population of
the C~C (C—H) bond under study after introducing a
heteroatom [30]. The secondary polarization gives
rise to an emergence of an induced dipole moment
of the given C-C (C-H) bond after substitution.
This effect is related to the difference in the indirect
interaction of the two BOs of this bond by means of
BOs of the H-C (Z-C) bond before and after
substitution.
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