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The results of the quadratic changes in. electric permittivity = measurements in

carbon tetrachloride solution of chlorobenzene. The data indicate the intermolecular inter-
actions in chlorobenzene, which cause antiparallel orientation of nearest dipoles.

1. Introduction

The present study was undertaken to investigate the intermolecular interactions in
chlorobenzene by the quadratic changes in electric permittivity method. Previously, fre-
quently cited works reporting the results obtained by Kautzsch [1-3], indicated that there
were no distinct intermolecular interactions in chlorobenzene. However, such effects
are éasily noticeable when other methods, such as NMR [4], are applied. Due to this reason

. As
it was decided to repeat the 2 measurements in chlorobenzene and carbon tetrachloride.

2. Experimental B

The quadratic changes in electric permittivity method consists in determining changes
in the dielectric permittivity of solution contained in a condenser if a strong electric field
E is applied

Ae = ¢F—¢
These changes are proportional to E2 and can be depicted by the formgla

de = f(T, 1 e) R - E?,
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where R, is the correlation factor R; = S/S;, and S is the molar constant defined [5] as:
opdie
S =
o(F*)
where PSP is the molar dipole polarization and F is the local field component,
S, = ATNug
YT 4sK3T

Here N is Avogadro’s number, k is Boltzmann’s constant, T is the absolute temperature
and po is the dipole moment of a free molecule. R, is a measure of the intermolecular
interactions. Applying the Onsager local field model R, can be depicted by the formula [5]:

3 (26> +n*) (2e+n*)? V 4e
s 84(n2_|_2)4 Sl E2 k4

" - . Ag
where # is the refractive index and ¥ is the molar volume. = measurements have been

performed using apparatus with phase detection capabilities [6] and that developed by
Matecki [7]. The results obtained on both devices for pure chlorobenzene were consistent
to an accuracy better than 2%;.

3. Results

The measurements were performed on chlorobenzene — supplied by Polskie
Odczynniki Chemiczne, Gliwice — afier twice distilling and drying on molecular
sieves. obtained results” for various chlorobenzene concentrations in carbon tetra-

Ae

chloride, are shown in Fig. 1. All the values are given in the cgs system. The o

. dg . de
values are comparable to the electrocaloric —E—:— , and electrostriction —Ezi effects.

According to [2] these values for chlorobenzene they are

Ae, - Ae, _
Eez- = —42-1071°, fgz—=2-1'10 1

Providing that magnitude of these effects in the solution is proportional to the chloro-

benzene concetration, the straight line 2 in Fig. 1 should be considered as the concen-
Ag,+A4g, . ) . ]

tration dependence of —"EZ “¢'. Line 3 in this figure represents the quadratic changes

in electric permittivity participation of carbon tetrachloride. The resultant course of

-j:z— for chlorobenzene is shown by line 4 in Fig. 1.
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Fig. 1. The concentration dependence of ¥ for the solution of chlorobenzene in carbon tetrachloride:

. ' Ae ) Aeg+Ae, q
1 — the experimental values of F for the solutions, 2 — the dependence g Vv§s concentration,

3 — the effect attributed to CCl,, 4 — the resultant effect attributed to CsHsCl

4. Discussion

) Ade
The dependence of zz on concentration for chlorobenzene (Fig. 1) resembles that for

nitrobenzene [2]. Fig. 2 shows the dependences of R, and R,, where R, is the correlation
2]

factor defined as R, = —'MT with fi* being the mean dipole moment of a molecule in the
Ho .

solution. For this plot the value py = 1.69 D was accepted. According to Piekara [8]

Ae
such a form of the concentration dependence of 5 as well as the value of R, < 1, may
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be attributed to short ratige intermolecular interactions which make the ‘neighbouring
dipoles arrange themselves, so they form an obtuse angle. The investigations of the chemical
shift of protons [4] indicate that the mean value of this angle is about 150°.

‘The interpretation of experimental results presented here takes into account only
the dipole interactions. The theory developed by Kielich [9, 10] takes also into consideration
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Fig. 2. Plots of Ry and R, (upper curve) on concentration for the solutions of CsHsCl in CCly

other mechanisms, i.e. the radial angular correlations and statistical — fluctuation effects.
They has been checked for some non-dipolar substances and yields results in approximate

agreement with the experiment [10].
The author is indebted to Professor J. Malecki for making his labora'to'ry accessible
to perform the measurements. :
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