72

Short Communication

Pakistan J. Sci. Ind. Res., Vol. 24, No. 2, April 1981

DIELECTRIC AND DIPOLAR INTERACTION STUDIES OF A NON-POLAR SOLVENT
INDUCED INFRA-RED FREQUENCY SHIFTS

Noor Ahmad and Nasim Rehana

National Centre of Excellence in Physical Chemistry, University of Peshawar, Pakistan

(Received June 23, 1979)

THEORY OF SOLVENT SHIFTS

In order to compare frequency shifts in different
regions of the spectrum, the observed displacements are
discussed by reference to the vapour frequency:

AV/V = (Vvap_ l"sol)/pvap

The theory considers a simple model of a diatomic
oscillator in a continuous solvent medium of macroscopic
dielectric constant € and the shift is assumed to result
from instantaneously induced polarization of the surround-
ing non—polar solvent molecules by the solute dipole.
Using classical electrostatics and equating the -energy of
the vibrating dipole to that of an anhormanic oscillator
in its reaction field, the derived expression is:

Avfy = C(e-1)/(2e+1)

This relationship is commonly referred to as the KBM
[1] relationship. C is a constant depending upon the di-
mensions and electrical properties of the vibrating solute
dipoles.

Buckingham [2] analysed the prablem in a more
general way and he expanded the above equation for a
non—polar solvent as:

_ e-1

Avy = CHAC+CI (=)

Where € and n represent the dielectric constant and
refractive index factor respectively. Plotting the observed
relative shifts in non—polar solvents against the dielectric

function ( €=1 Jyields values of C from the intercept and
2€+1

(Cc+C,) from the slope.

EXPERIMENTAL

The spectra of ethyl bromide in tetrachloro methane,
benzene, cyclohexane and 1,4-dimethyle-benzene is taken

on JASCO IR-I. The spectra is shown in Fig. 1 and Fig.2.

Dielectric constant of various solvents are ‘measured
on dipole meter type DMO1 [3] at 20°C. The relative
shifts Av/v are calculated and are given in Table 1. These
values are plotted against the dielectric function (e - 1/
2 € + 1) which yields Fig. 3.

Dipole moment values of ethyle bromide in these
non—polar solvents are calculated using dipole meter type
DMOI [3] and are tabulated in Table 2.

RESULTS AND DISCUSSION

Considerable attention is focussed on the effect of
non—polar solvent environment on IR frequencies. Table 1
shows that relative frequency shift is'minimum in benzene
while it is maximum in cyclohexane. This is comparable to
the results given in Table 2, which shows minimum dipole
moment in benzene and maximum in cyclohexane. We
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Fig 1. Spectra of ethyl bromide in (1) cyclohexane; )
Tetra chloromethane (JASCO IR-I).
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Table 1. Relative frequency shift of ethyl bromide

r\/‘\ in various solvents.
1 €e-1

S.No. Ethyle bromide oy Avfr103
in 2€+1
1. Vapour state 770 — —
740 D Cyclohexane 760 13.0 0.203
3. Tetrachloro- 758 16.0 0.226
(3) (4) methane
4. 1,4-dimethyl 740 39.0 0.229
benzene
S. Benzene 675 123.0 0.231
V
U 678 Table 2. Dipolemoment of ethyl bromide in
\ . cm-! different solvents at 20°.
800 600 S —
800 600 Solvent  Cyclo- Tetrach- 1,4-dimethyl - Benzene
Fig. 2. Spectra of ethyl bromide in (3) 1,4-dimethyl benzene; hexane loromethane  benzene
(4) benzene (JASCO IR-I).
Dipolemo-
ment 1.93 1.86 1.79 1.69
(Debyes)

be predicted on the basis of the dipolar association theory.

However, neither of the two major factors which con-
tribute to the IR solvent shifts can be ignored and that their
relative significance varies from case to case, being depen-
dent as much on the particular dipolar absorber as on the
solvent medium itself.

AV/v X100

€-1/ 2 ¢ ————
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