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Dipole Moments of a-, -, y-, and 3-Hexachlorocyclohexane

and of Tetrachlorocyclohexane (m.p. 174° C)
ENOK HETLAND

Universitetets Kjemiske Institutt, Blindern — Oslo, Norway

be following is a report of measurements of dipole moments of a-, 8-, y- and
é-hexachlorocyclohexane and of tetrachlorocyclohexane in benzene at 25°.

The measurements of the dielectric constant differences were carried out in
an oil thermostat regulated to 25.00 4 0.02° using the heterodyne beat
method. The solvent was purified by fractional distillation, the middle frac-
tion only being used for the measurements.

EXPERIMENTAL

The oscillator. The oscillator consisted of two generators capable of producing electric
vibrations of frequency of the order of 5 megacycles per second. The second harmonic
was always used and the precision obtained in the reading was about one per cent.

The cell condenser. The test condenser contained in the glass vessel shown in Fig. 1A,
in the following referred to as the cell condenser, consists of concentric gold-plated brass
cylinders which were held in position by glass rods, indicated in Fig. 1B. Solute could
be added to the cell through the opening H from a weighing tube Fig. 1C, the bent
form of which made the transfer easy.

The level of the solution can, generally without difficulty, be adjusted to coincide
with the marks MM owing to the fact that the mixing procedure intensely increases
the evaporation which further causes a lowering of the miniscus. If a rising of the
miniscus is desired pure benzene may simply be added.

Reference condenser. It was found very helpful to use a reference condenser with a
capacity which could be set very close to that of the cell condenser when filled with pure
benzene. It consisted of a precision air condenser in a glass vessel placed in the thermo-
stat. The oscillator could be connected either to the cell condenser or to the reference
condenser. Small changes in the stability of the oscillator could thus be detected and
corrected for.

The measuring condenser. The measuring condenser consisted of a small variable
precision air condenser which was wired parallel to the cell. A difference in the capacity
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Fig. 1. Cell condenser (test condenser).

The pressure inside the cell could be varied

using the glass tubes filled with calcium chlo-

ride, and, by aid of the bulb K, mizing of
the solution obtained.

of the cell condenser, due to an increment of the concentration, could thus be compens-
ated and measured. The measuring condenser was adjusted by means of a variable high
precision air condenser manufactured by H. W, Sullivan Ltd., London, two settings of
which had been determined by comparison with a high precision condenser belonging
to the Norwegian Broadcasting Station. The variation of the capacity of the measuring
condenser could with sufficient accuracy be regarded as linear.

Procedure. Successively increasing concentrations were made up in the cell and the
differences in the scale readings between that of pure benzene and that of the respective
solutions in a series were found. The stability of the oscillator was always checked with
the reference condenser.

Symbols and formulae ! used in the calculations:

¢ = 99.57 picofarads, capacity of air-filled cell condenser.

k = 0.025813 sensitivity of measuring condenser (picofarads/scale divisions).
Ae = k- d, increment of capacity due to dissolved solute.

d = reading of the measuring condenser due to dissolved solute.

e = 2.2727 dielectric constant of benzene at 25°2.

Ae
de = —
¢
g =¢€ +de
— 1
p = —z-_ﬁ— = 0.29786 for benzene
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_€1+2
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Q@ = weight of solvent in cell (33.110 g benzene sp. w. 0.8739).

¢ = weight of solute added, in grams,

M; = molecular weight of solvent (78.108 for benzene).

M, = molecular weight of solute.

fa = mole fraction of solute.

Ang = difference in refractive index, extrapolated. (dng = fs + 0.1085 used, for hexachloro-
cyclohexane; Ang = f, - 0.0404, used for tetrachlorocyclohexane).
n2—1

dpg = (n% + 2)? 4nz. Obtained by derivation of pg.

n = 1.5024 refractive index used.
V = 37.888 cm?®, volume of the cell condenser at 25°.
c

1000 X .
= ———M—I/q— concentration of solution in grammol/litre at 25°.
2
1000 , ) L -
Pyio= o (p—p" — Apg) sum of atomic and orientation polarization.

Pg°+o = sum of atomic and orientation polarization, extrapolated.

# = dipole moment = 1.273.10-2 |/ 7. P, ,

T = 298.2° absolute temperature.

RESULTS

Fig 2. gives the observed values d as a function of the weights ¢ of the
solute added to the cell.

Tables 1 and 2 is based on data taken from the graph Fig. 2. In the deter-
mination of PP, , a greater number of points were used than given in the tables.

Table 1.
Hexachlorocyclohexane, M = 290.8.

d g » 4pg c Prto
a-isomere (m.p. 156.8°).
50 2.2857 0.3000 0.00010 0.2015 100.7
100 2.2986 0.3021 0.00020 0.4021 100.7

P o =100.6; 4 =220.10"18 o.5.u.

B-isomere (m.p. 308°).

PR o~0; n =0.

y-isomere (m.p. 113.3°).

100 2.2986 0.30210 0.00012 0.02388 172.6
200 2.3246 0.30629 0.00023 0.04784 1714

PP o=173.3; p = 2.89- 10718 e.5.u.
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Fig. 2. Observed values (scale divisions) of the measuring condenser plotted agains
the weights of solute added to the cell. ’

W Tetrachlorocyclohexane A y-Hexachlorocyclohexane
+ a-Hexachlorocyclohexane O 6-Hezxachlorocyclohexane
® fS-Hexachlorocyclohexane

d-isomere (m.p. 138.2°).

50 2.2857 0.3000 0.00010 0.02097 97.3 .
100 2.2986 0.3021 0.00020 0.04193 96.3

PP o =972 u=217-10"18 o.5.u.

Table 2.
Tetrachlorocyclohexane, M = 221.95 (m. p. 174°).

d & ' 4pg ¢ Psto
50 2.2857 0.3000 0.00003 0.01813 116.3
100 2.2986 0.3021 0.00006 0.03621 1154

PR o =115.6; p = 2.36 - 10728 o.5. 1.
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Apg is found from the experimental values of An (difference between the
refractive index of solution and solvent) for different wave lenghts. By
plotting the experimental An values against the corresponding frequencies the
value An; at zero frequency may be obtained by graphical extrapolation. A
Pulfrich refractometer, fitted with a divided cell was used for the determina-
tion of An3

The y- and d-compounds were plased at our disposal by Imperial Chemical
Industries Ltd.

The obtained values for a- and 8-hexachlorocyclohexane show good agree-
ment with those of Hassel and Neshagen 4 and also with those of Williams &
for the q-isomere. B. Melander ® reports u = 3.6.107 for the y-isomere
and u ~ 0 for the g-isomere at 17°

I wish to express my gratitude to Nansenfondet, to Norsk Varekrigsfond and to
Houens Legat for grants which made this research possible. I am indebted to Professor
Dr. O.Hassel for placing room and apparatus at my disposal and for many helpful
suggestions.

SUMMARY

A cell, convenient for dielectric constant measurements of solutions, has
been described.

Measurements of the sum P, , of the atomic and orientation polarization
at infinite dilution of a-, 8-, y- and é-hexachlorocyclohexane and of tetra-
chlorocyclohexane (m. p. 174° C) have been carried out on solutions in benzene
at 25° and the corresponding dipole moments have been computed.
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