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The semi-empirical delia-function modcl of chemical binding
proposed by Lippincott and Stutman has becn emplcyed to
calculate the bond region electron contributions and nonbond
region electron contributions to the boud parallel component of
the polarizability, the bond perpendicular componert of tic
polarizability and the average molecular polarizability of a- and
@8- halogenonaphthalenes using delta-function clectronic wavce-
functions. The atomic polarizability dexrees of freedom (n,, ) for
these system has been determined by the same approach as in
J. Phys. Chem, 77 (1973) 2552. The calculated results aic found
to be in good agreement with experimental values of molecular
polarizabilities reported by LeFevre e aul.

1. INTRODUCTION

Various methods!?2 based on the quantum mechanical modcls have been
adopted to calculate the atcmic and molecular polarizabilities of muny ious,
atoms and simple diatomic moleculcs. These investigations were limited to
simple atoms jons and diatomic molecules and were not applicable to triatomic
or even simple polyatomic molecules. Lippincott and Stutman!® applied the
semi-empirical delta-function potential model in calculation of bond and
molecular polarizabilities for various diatomic and polyatomic molecules with
the assumption that in a polyatomic molecule each bond bebaves as if it
were a simple diatomic moleculc and the contributions of all thce bonds in
the entire molecular system can bc added up to obtain the average or mcan
molecular polarizability. This model has been successfully applicd to simplc
polyatomic molecules by Lippincott et al'*, Nagarajan'®, Sanyal et alf"” and
Beran and Kevan!®. Further, Sanyal et al?® successfully extended this model
for the evaluation of molecular polarizabilities of substituted hydrocarbons
with ring and chain structues. In all these investigations,. it was assumf:‘d
that every bond of a polyatomic molecule is a pure diatomic molecule. This
assumption does not lead to any significant deviation from the correct value

of mean or average molecular polarizability of a simple polyatomic molecule

but it will not be applicable in the case of heavier and highly complex
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molecules. It is because the C = C bond in ethylene cannot be considered
as a pure diatomic molecule as the dclta function strength of the carbon
atom in ethylene is smaller than in a purc diatomic molecule. The main
rcason for this is that there is a greater distribution of polarizability along
the bonds from the carbon atom of ethylenc than from the carbon atom of
a purc diatomic molecule, Nagarjan®® has computed the delta function
strengths, atomic polarizabilities ant average molecular polarizabilities for few
simple polyatomic molecules on an improved model. This improved approach
has been extended by Sanyal and Ahmad®*' for some condensed hydrocarbons

and the results were found in reasonable agreement with the experimental
values.

In the present paper. we have calculated the bond and molecular
polarizabilities of a- and B-halogenonaphthalenes. The calculated results are
discussed in terms various characteristic bonds and the configuration of
molecular systems.

2. THEORETICAL CONSIDERATIONS

The delta-function potential model can be explained by considering an
electron in a diatomic molecule moving in a potential field consisting of two
finite potential wells, one about each nucleus, the width of cach potential
well is allowed to shrink and the height is at the same time allowed to increase
without limit in such a way that the area remains finite and constant. The
potential about each nuclcus then becomes a delta function. The integral of
the potential over all space, however, is finite and cqual to a parameter, called.
delta-function strength or reduced electronegativity.

“The potential energy for the n-electron problem is considered to be the
sum of the single delta-function potentials, each having the following form
for a diatomic system—

V= —[Agd(x —1a) + Apg 8(x + 1 a)] (1)

where X is the coordinate of the motion along the inter-nuclear axis, a is the
delta-function spacing, A, and A, are the delta function strengths for nuclei
1 and 2 respectively g is the unit delta-function strength (the value for the
hydrogen atom) and §(x) a delta-function whose properties are—

3(x) =0 when x = 0
8(x) = » when x = 0 (2)
and “+m S(x) dx =1
-

fl
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Substituting this potential function in Schrodinger wave cquation and adopt-
ing the variational treatment® first introduced by Hylleraas®* and Hasse!, one
get the parallel component of bond polarizability in bond region as

4b Ao
o (x~2)* 3)
-

where b is thc bond order, a, is the radius of first Bohr orbit and

=JR+ - (4)
2CR»*

in which R is the internuclear distance at the equilibrium configuration and
Criz = (n; no Ny No)/% (A, A)V: . Here ny, N, and n., N. rcpresent
the principal quantum number and number of clectrons making the contribu-
tion to thc bonding in atoms | and 2 respectively.  A. is the geometric mean
of A; and A.. The delta-function strength for an atom having a bonding
with another is different from that of the same having two or more bondings
with other atoms, becausc of the difference in the clectronic distributions.
The valuc of A for an atom in the bond of a diatomic molccule and that of
an atom in a bond of polyatomic molecule can bc obtained from the equations

X 1/2
A = [
2.6n —1.7p — 0.8D + 3.0F (5)
(n—3)
and (A*)? = A2[ S — respectively.
(n—1)

X is the electronegativity of the atom on Pauling Scale® n is the principal
quantum number, p is 1 for an atom with p electrons in the valence shell,
D is the total number of completed p and shells and F is the total number of
completed f shells in the atom.

In the heteronuilear type of bond, thc bond parallel component of the
polarizability must be corrected to allow for a charge density not in the bond
region by virtue of the polarity induced by the electronegativity difference of
the atoms. Thus, the bond parallel component of polarizability witk the
polarity correction is given by

Cpgp = A yp - exp[— i (x] - X2)2] (6)
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The contribution of non-bonded electrons to the bond parallel component

Tay,=2 b )
-]

of polarizability is expressed as where f. is the fraction of the valence elec-
trons in the jth atom not involved in the bonding and & is the atomic polari-
zability of the jth atom.

The bond perpendicular component of polarizability is calculated by an
cpirical approach made by Lippincott and Stutman'® which is expressed as

xiz"‘)
Z2a,=ny I (8)

where n s the residual atomic polarizability degrees of freedom obtained

from the considerations of symmetry and geometry of the molecule (as in
ref. 19).

Thus the average molecular polarizability with bond polarity corrections
can be expressed as

.3
."i[z Aip+ T oy, + Doy 2 *;j";'"] A(9)
J 1

3. RESULTS AND DISCUSSION

Table 1 presents the delta-function strength A in atomic units and atomic
polarizabilities in 10-2% c¢cm3 of hydrogen, caibon, fluorine, chlorine, bromine
and iodine atoms for the bonds of diatomic and polyatomic systems.
Calculated values of average molecular polarizabilities of «-halogeno-naph-
thalenes have been given in table 2, alongwith the experimental values.
Molecular polarizabilities of these molecules have also been calculated by
assuming the molecule as made up of pure Giatomic molecules. These values
have also been presented in same table (indicated by asteriks). Internuclear
distances were taken from the work of Sutton2s: It is evident from the
table that the values indicated by asteriks are lesser than experimental values®?
while the calculated values (with A and « for polyatomic molecules) are
greater than experimental values and these values are mwuch closer to experi-
mental values when substituent atoms are heavier.
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Table 1. Delta-function strengths in atomic units and atomic polarizability
in 10-2% cm® of some elements for bond of diatomic and polyatomic systems

Element

A

Al

oA
Hydrogen 1.000 —_ 5.92
Carbon 0.846 0.757 9.78
Fluorine 1.065 0.953 4.90
Chlorine 0.753 0.715 1388
Bromine 0.633 0.612 1941
lodine 0584 0 565 29.72

1The values for the bonds of polyatomic molecules.

Table 2. Molecular polarizabilities of substituted naphthalencs in 10-2% cm?3)

Molecule

Naphthalene

o-Fluoronaphthalene

¢-Chleronaphthalene

a-Bromonaphthalene

o-Iodonaphthalene

z a:ln

277.699
307.307*

282.659
308.944*

303 878
331.681*

313.545
341.806*

331.308
361.001*

Zaus

0000
0.000

5.899
4 200*

13937
118972

22.226
16.630*

28.129
25.470*

z 2a,

283 215
184 520+

231.108
175 485*

254.738
197.482*

270 038
205.670*

274.749
216.367%

oy (cal)

186.971
163.942+

173.218
162 876+

190.851
180.353+

201.937
188.035*

211.3%4
200.946*

oM (obs)

174.8
164.6
176.8
163 667
186.333
193 667

211.333

Ref.

26
27
28

27

27

"‘Seé text (Results and discussion).

It is also concluded that the C-C and C-H bond polarizability is cLaracteristic
one and can be easily transferred from one system to another similar system.
The internuclear distances in all the a- and B-halafeno-naphthalenes are not
known. But the experimental values?” of average molecular polarizabilities

are same for a- and @-substitutions.

In the delta-funciion model the parallel

component of polarizability depends upon the fourth power of internuclear
distances and perpendicular component depends upon the number of atoms.
Hence it can be concluded that from a- to $-subgtitution either there is no

change in internuclear distances or the algebraic sum of the changes in
similar bonds is zero.
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