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As an extension of previous investigations of the first temperature derivatives of viscosity, dcnsitv , and
refractive index of various liquids and solutions, some preliminary measurements are reported here for the first derivative of
dielectric constant, e, of benzene from 28°C. to 41°C. The measurements are made by tilling benzene in a coaxial cylin-

drical capacitance cell, constructed specially for the purpose, and the quantity ~11./ flT is obtained for intervals fl T of•2oC. The results show an approximately sinusoidal variation, having a period of about 6°C., and an amplitude of about
± 30 percent about the mean value. Other liquids are being studied.

Introduction

Over the last decade, a considerable amount
of experimental work has been carried out by
Qurashi and coworkers on determining the tem-
perature variation of the activation energy, E1J,
for viscous flow of various liquids and solutions.
The results have led, on the one hand, to the
finding of periodic oscillations in this energy for
ethyl alcohol," benzene- and certain other
hydrocarbons.s and to the discovery of a
step-like energy-level structure for the activation
energy for water,4 ethylene glycol,5 dilute aqueous
alcohols and some aliphatic hydrocarbons.?

In an effort to elucidate these phenomena, a pro-
gramme was initiated for making similar measure-
ments of the coefficient of dilatation J3 and re-
fractive index n, as well as their first derivatives
with temperature, i.e. 013/8T and on/8T.
Some experiments along these lines have so
far been carried out on o13/oT and on/8T for
water, 8,9 and on 13for ethylene glycol.t? and
currently benzene is being studied. These in-
vestigations have so far indicated that periodicities
exist in these properties as well, and are moreover
definitely correlated with the steps and the cyclic
oscillations previously observed in E·~. The
refractive index proved especially interesting, and
it was therefore considered worthwhile to under-
take a similar study of the temperature variation
of the dielectric constant, e , and its first derivative
i.e. 0./8T. Such a study is expected to be of
great value in view of the ideas put forward at the
1962 Conference on Liquids I I that a correlation
probably exists between the anomalies found in

the viscous behaviour and the dielectric relaxa-·
tion phenomena measured at radio-frequencies in
several liquids.

A~cordingly, the present communication gives.
a bnef accc;mnt of some of the preliminary experi-
ments carried out on benzene, using a measuring
interval of 2° to 3°C. in the narrow range of 30°C.
to 45°C.

Experhnental Technique

The basic idea is to measure the small changes
fl. in the dielectric constant from measurements.
taken at small intervals of temperature flT, and

calculate ~ 11./I1T. ow if the fixed (parallel-~
plate or cylindrical) capacitor is filled with the
liquid under test, and the capacity C measured
at two temperatures T, and T +flT, then we have

C= • xCvac. (1)
whence toC= CT+tJ.T-C=Cvac X {.T+toT-ET}

= CvacXto•
toE toC

andt.ln.=-; =C' (2).

Mn. to. toC
so that toT .toT =--C - toT (3)'

I t is seen that the constant Cvac disappears-
from (3), which provides the basic equation for
our measurements, and is comparable with the
equation previously used for obtaining E1J from
the viscosity measurements. Care must of course
be taken to note that C has to be corrected for-
stray capacitance of the leads, etc., from the
capacitor to the measuring set-up, while AC is.
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independent of this effect. Two types of capacitors
were made for this experiment: first a parallel-
plate type with two plates of 75 sq. ern. area and
variable distance, mounted between two thick
glass plates held apart by spacers; and then a
cylindrical condenser having an outer metal
cylinder of 6.47 ern. diameter and 18 em. height,
with an inner coaxial cylinder of 14 em. height
and 5.7 I cm. diameter suspended from an
ebonite disc fitted in the outer cylinder, thus
leaving an annular space of nearly 4 mm.
between the two cylinders and a gap of I ern.
between the bottom of the outer and inner
cylinders (Fig. I). The parallel-plate capacitor
was tried in a few preliminary experiments,
but was later rejected in .favour of the
-cylindrical coaxial design.

precision of 2 parts in 10,000 under favourable
circumstances.

Results and Discussion

In the first set of measurements with benzene,
the range from 31°C. to 41°C. was covered in
eight steps, and five readings were taken at each
temperature, the zero setting of the bridge being
reset each time. The results are shown in Table
I (a), together with the r.m.s. scatter of the
mean capacitance at each temperature and
values of ilC/ ilT for intervals of 2° .to 3°C. It
is seen that the values of ilC/ilT are reliable to
within 25 percent, and have been plotted in
Fig. 2(a) as solid circles with the short vertical
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Fig. 1.-Diagrammatic sketch of the coaxial cylindrical condenser constructed for liquids, placed inside
t he thermostatic water bath. The constructional details of the condenser are shown alongside.

The cylindrical capacitor of about 70 ILILF
-capacity in air was filled, to a mark about I ern.
above the top of the inner cylinder, with liquid,
and rhe outer cylinder was itself immersed (up to
well above the liquid level) in a thermostatically
controlled water bath, as shown in Fig. I. For
measuring the capacitance, various bridges were
tried for stability and precision, and finally a
Boonton Model 75A-S8 bridge working at one
Megacycle/Sec. was adopted. This bridge has one
decade-reading dial and a vernier dial subdivided
into 250 equal divisions, and it will give a

lines through them representing the Lm.S.
experimental errors.

Since this limited data shows a regular smooth
variation in IlC/Ll.T, the experiment was repeated
(with more careful zero resetting) from 32°C.
to 42°C., and these resul ts are given in Table I (b)
and plotted as hollow circles in Fig. 2(a). This
plot resembles the earlier one, but displaced side-
ways a little, and the bottom curve in Fig. 2(b)
is a combined plot of both sets of data. The
second scale for the ordinates shows the quantity
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TABLE I (a).-MEASUREMENT OF CAPACITANCE OF

THE CYLINDRICAL CONDENSER CONTAINING

BENZENE AT DIFFERENT TEMPERATURES AND
DEDUCEED VALUES OF .6.Cj6.T.

Capacitance C (in [1.[1. Farads) 6.C for
alternate

readings (in
11.[1. Farads)

6.C

6.T
r----------,

Actual Mean
readings

31.00 (147.00
1146.65
1146.64 146.601:0.12
1 146.25
L146.45

31. 99 r 146.10
1146.60

146.30 146.36±0.12 +0.06±0.16 +0.03±0.08
146.70

L146.10

32.99 r 146.95
1147.20
1147.10 146.66±0.26 +0.30:1::0.16 J +0.12±0.06
1 146.10
L145. 95

r 146.55
1146.65

146.80 146.66±0.10 -0.20±0.16 - 0.07±0.05
34.53 146.60

L146.70

36.02 ['46.75146.45
146.90 146.46±0.16 -0.82±0.16 -0.31±0.06
146.05

1146.15

37.1S (146.35
1 145.88
1145.70 145.84±0.11 -0.54±0.16 -0.27±0.08

145.70
145.70

L145.68

38.00 (145.93
1 145.91
1 145.92 145.92±0.01 +0.14±0.16 +0.07.:1-0.08
1145.90
L145.93

39.15 146.00
1145.95
1 145.99
I 145.93i 145.99 145.98±0.01 +0.08±0.16 +0.04±0.08

145.96
1145.99
l145.99

39.81 ( 146.00
1145.95
1146.00 146.00±0.02 +0.04±0.16 +0.02±0.OS
1 146.05
L146.00

40.91 ( 146.00
1145.95
1146.10

1
146.10
146.00

1146.00
1146.00
L146.00

146.02±0.02

R.M.S. deviation of
ten readings=±0.12.
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Fig. 2(a).-Graphs showing experimental measurements of
I:!.C/I:!.T in the range of 320 to 41oC. It is seen that there is a
general correspondence between the results of Experiment I and
Experiment II.

Fig. 2(b).-The lower graph shows a combined plot of the
data of Experiment I and Experiment If providing evidence for
the existence of a sinusoidal variation with a period of about 6oC.
The upper graph shows the results obtained from a more refined
experiment in which the zero adjustment of the capacitance bridge
was made once for all and the residual drift was corrected by taking
the mean of measurements during heating and cooling. The
graph shows the improved accuracy obtained and confirms the
previously noted sinusoidal variations. The inner scale for this

. 1000ordinates denotes ~I:!.EjD.T.
. E

1000 fAT hil hi bi d h- - 6.EflJ. • W let IS com me grap does;
e

show a definite undulatory behaviour with a
period of 5° to 6°C., it is clear that an increase in
the precision of I:!.Cj I:!.T is called for, because the
r.m.s. scatter of the points about the mean graph
is±o. I and ±o. 05 for the data of Expt. I and II,..
respectively.
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TABLE I(b).-REPEAT MEASUREMENTSOF
CAPACITANCEAND L'lC}L'lTFOR THE CYLINDRIOAL

CONDENSERCONTAININGBENZENE.

capacitance C (in [L[L Farads)
,----------.....,

Actual Mean
readings

L'lC(in[L[LF)
for alternate

readings

36.70

38.00

39.01

-40.21

32.10 r 144.10

1

144.15
144.15
144.10

l144.10

32.69 r143.92

I
·143.92
143.90
143.88

I' 143.82
143.82

l143.83

:33.72 r 143.80
143.80

1 143.80
1143.80
1143.79

34.68 -r 143.70
143.70

l143.78
143.79
143.79

35.68 r 143.60
143.64

1

143.60
143.62
143.60

1143.62

r 143.45

1
143.48
143.45

l143.48
143.46
143.46

r
143.34
143.34
143.36

1143.36
l143.36

1-+4.12±0.01

143.87±0.02 -0.32±0.02 -0. 198±0.01

143.80±0.00 -0.12±0.02 -0.060±0.01

143.75±0.02 -0. 19±0. 02 -0.097±0.01

143.61±0.01 -0.29±0.02 -0. 143±0.01

143.46±0.01 -0.26±0.02 -0. 112±0.01

143.35±0.01 -0.27±0.02 -0.118±0.01

r 143.18
1 143.16
1143.18 143.19±0.03 +0.06±0.02 +0.027±0.01
1143.20
1143.25

r143.42
1 143.42
1143.40 143.41±0.01 +0.13±0.02 i 0.064±0.01

l143.40
143.41

41.06 r143.32
1143.30 143.32±0.01 -0.16±0.02 -0.093±0.01
I 143.32
1143.34
1143.32

41.93 r 143.24
I 143.22i 141.25 143.25±.01
1143.28
1 143.2S
l143.26

R.M.S. dcviation e--j-Ov GlS.

As a first step in this direction, it was decided to
dispense with the adjustment of the zero- setting
knob for each reading, and instead to wait for one
to two hours before commencing the experiment,
so as to allow this setting to achieve sufficient
stability. Also, in order to cancel the effect of
any remaining slow drift of the zero, the readings
were first taken during the heating of the ther-
mostatic bath and then while cooling the bath.
The mean of the two values of L'lCjL'lT thus ob-
tained at each temperature will now be sub-
stantially independent of error due to this cause,
as well as any similar systematically varying error.
Table 2 shows the results obtained from two such
experiments, one from 27° to 36°C., and the other
from 36°C. to 41°C. The stability is seen to be of
the order of ± 0.0 I [L[LF, which is excellent, and
the fluctuation in differences between the values of
L'lCjL'lT for heating and cooling is about 0.05

flfl F JOC. The mean values of L'lCI 11T are plotted
as solid circles and crosses in the top of Fig. 2 (b),
and a smooth curve is drawn through them, the
r.m.s. scatter of the points about this curve being
of the order of ± 0 . 02. The inside scale for the

di 1000 Ior mates represents __ 11£L'lT, as obtained
£

from equation (3).

This curve confirms the lower graph of Fig.z (a)
based on the earlier approximate measurements,
and the two pairs of maxima correspond to within
1°C. It can now be concluded that the values

of ~-I1£II1T for benzene show evidence of a
£

roughly sinusoidal variation, having a period of
the order of 6°C. and an amplitude of nearly
±30 percent of the mean value, which. is ab~ut
-I X 10-3. These findings bear comparison With
our reported measu remen ts of E-~ for. benzen.e,7
and with similar experiments already bemg carried
out to investigate the beh~viour of the coefficien~ of
dilatation and refractive mdex of benzene, which
will be reported separately. In the meantime,

I
the dielectric measurements of-11 01L'lTare

e
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TABLE 2.-REFINED MEASUREMENTSOF CAPACITANCEAND t.CIt.T FOR CYLINDRICALCONDENSER
CONTAININGBENZENE. .

Measurements with rising temperature Measurements with falling temperatures
.,

Mean value t.C Mean value t.C
Mean valueTemp. of capacity for alternate t.Cj t.T Temp. of capacity for alternate t.Cj t.T

of0c. in !.l!.l Farads readings 0c. in !.l!.l Farads. readings t.Cf sr

27.00 143.64±0.005 27.00 143.41±0.002

28.00 143.58±0. 002 -0. 18±0.003 -0. 09±0. 002 27.95 143.35±0.002 -0.20±0.005 -0.10±0.002 -0. 095±0. 02

29.00 143.46±0.004 -0. 23±0. 003 -0. 115±0.002 28.95 143.21±0.003 -0.24±0.005 -0. 12±0.002 -0. 12:iO.02

30.01 143.35±0.003 -0. 20±0. 003 -0.10 ±0.002 29.96 143.11±0.01O -0. 20±0. 005 -0.10±0.002 -0.10±0.02

30.98 143.26±0.003 -0. 18±0.003 -0.09 ±0.002 30.94 143.01±0.001 -0. 12±0.005 -0. 06±0. 002 -0.08±0.02·

31. 99 143. 17±0.003 -0. 17±0.003 -0.085±0.002 31.96 142.99±0.003 -0.02±0.005 -0.01±0.002 -0. 05±.o. 02'

33.03 143.09±0. 004 -0. 16±0.003 -0.08 ±0.002 32.92 142.99±0. 004 -0.01±0.005 -0.005±0.002 -0.04±0.02

33.98 143.01±0.003 -0. 21±0.003 -0.105±0.002 34.00 142.98±0.004 -0.07±0.005 -0. 035±0. 002 -0.07±0.02

35.24 142.88±0.003 --O.20±0.003 -0.10 ±0.002 35.00 142.92±0.005 -0. 17±0. 005 -0.085±0.002 -0.09±0.02

35.99 142.81±0.004 39.99 142.81±'0.004

R.M.S. deviation R.M.S. deviation
=±0.003 =±0.005

36.00 142.77±0.003 36.00 140.64±0.002

37.01 142.39±0.001 -1. 16±0.004 -0.58±0.002 37.00 140.67±0.007 -0.01±0.004 -0. 005± O.002 -0.29±0.05

38.01 141. 61±0.003 -1.10±0.004 -0.55±0.002 38.00 140.63±0.003 -0.05±0.004 -0. 025±0. 002 -0.28±0.05

39.02 141.29±0. 001 -0.41±0.004 -0.205±0.002 39.00 140.62±0.002 -0.03±0.004 -0.015±0.002 -0.11±0.05

40.02 141.20±0.002 -0. 38±0. 004 -0. 19±0.002 39.98 140. 60±0. 003 -0.01±0.004 -0. 005±0. 002 -0.10±0.05

41.02 140. 91±0. 006 41.00 140.61±0.004

R.M.S. deviation
=±0.004

being extended to ( I ) cover a larger range of
temperatures for benzene and (2) examine other
liquids.
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