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It is known that the dielectric constants of the 

organic solvents are dependent on temperature1) 

and that those of binary mixtures are not usually 

equal to the calculated average values.2) In other 

words, the curve obtained by plotting the dielectric 

constants of mixtures against the molar fraction of 

one of the components usually shows some curvature. 

Although much data have been obtained for organic 

solvents and their binary mixtures at different tem-

peratures, relatively little has been reported on 
hydrocarbons, inert solvents and their mixtures, 

which are often used for studies on autoxidation. 

In the course of our study on the solvent effects in 

autoxidation,3,4) we have determined the dielec-

tric constants of tetralin, several inert solvents and

xheir mixtures at temperatures from 25℃ to 70℃.

  The measured dielectric constants for several pure 

liquids at different temperatures are summarized 

in Table 1 together with the values in literature.5) 

As a whole, the observed values show good agree-

ment with the reported values. Table 1 shows that

the dielectric constants for 9 out of 10 liquids de-
crease with an increase in temperature. The only 
exception is that for butyric acid, which increases 
with an increase in temperature. 
 Lowry and Jessop6) found that the following 

correlation exists between the dielectric constants 
of liquids and temperature.

(1)

where D0 and L are constants characteristic for each 

liquid. The equation

(2)

is derived from Eq. (1). In Fig. 1, the logarithm 
of D1/D2 is plotted as a function of (T2-T1) using 
the measured dielectric constants in Table 1 as-
suming T1 to be 298ﾟK. Figure l shows that Eq.

(2) holds for all the solvents measured. The cal-
culated values of L from the slope of the lines in 
Fig. 1 for each liquid are given in the last column 
of Table 1. The value of L varies with solvents 
by a factor of more than 7. The liquid with high

TABLE I. DIELECTRIC CONSTANTS AT DIFFERENT TEMPERATURES AND THE VALUES 

OF L FOR 10 PURE LIQUIDS

a) Literature values.5)

1) E. A. Moelwyn-Hughes, "Kinetics of Reactions 
in Solution," 2nd Ed., Oxford University Press, London 
(1947), p. 90; "Physical Chemistry," Pergamon Press, 
London (1957), p. 853. 

2) J. Timmermans, "Physico-chemical Constants 
of Binary Systems in Concentrated Solutions," Inter-
science, New York (1959). 

3) E. Niki, Y. Kamiya and N. Ohta, This Bulletin

in contribution. 
4) E. Niki, Y. Kamiya and N. Ohta, ibid., in con-

tribution. 
5) J. A. Riddick and E. E. Toops, Jr., "Technique 

of Organic Chemistry," Vol. VII, "Organic Solvents," 
ed. by A. Weissberger, Intersciencc, New York (1955). 

6) T. M. Lowry and G. Jessop, Trans. Chem. Soc., 
1930,782.
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TABLE 2. DIELECTRIC CONSTANTS FOR THE BINARY MIXTURES OF TETRALIN

AND VARIOUS SOLVENTS AT 70℃a)

a) D for pure tetralin at 70℃ is 2.657.

TABLE 3. DIELECTRIC CONSTANTS FOR THE SYSTEMS TETRALIN-NITROBENZENE-SOLVENT AT 70℃

Tetralin=20 vol%

Fig. 1. Variation of dielectric constant with tem-

  perature.
1. Nitrobenzene 

2. Acetophenone 
3. Diethyl maleate 

4. Chlorobenzene 
5. Anisole

6. Butyl stearate 
7. Benzene 

8. Tetralin 
9. n-Decane 

10. Butyric acid

dielectric constant gives a large value for L. It 

is interesting that the value of L for butyric acid 

is negative in contrast to other liquids. 

 The dielectric constants for the mixtures of tet-

ralin and various inert solvents were measured at

70℃ and the results are summarized in Table 2.

As shown in Fig. 2, the plots of the dielectric con-

stants against tetralin concentration give upward

Fig. 2. Dielectric constants of the mixtures of

tetralin and solvents at 70℃.

1. Diethyl maleate 
2. Nitrobenzene 

3. Chlorobenzene 
4. Anisole

5. Acetophenone 

6. Butyl stearate 
7. Butyric acid 
8. n-Decane
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and downward convex curves. In Table 3 

are summarized the dielectric constants for the

systems of tetralin-nitrobenzene-solvents at 70℃.

These values again gave convex curves when plotted 

as a function of the tetralin concentration.

Experimental 

Tetralin, n-decane and chlorobenzene were washed 
successively with sulfuric acid, water, alkali, and water, 
dried with calcium chloride, and then distilled under 
reduced pressure of nitrogen. Anisole and nitrobenzene 

were washed with alkali and water, dried and distilled 
under reduced pressure. Diethyl maleate and aceto-

phenone were fractionally distilled. Butyric acid and 
butyl stearate of guaranteed grade were used without 
further purification. The water content in butyric 
acid was less than 0.1 %. 
 The dielectric constants were measured at 2Mcps of 
frequencies using a Dielectric Analyzer Model FAM-3A, 
Yamato Scientific Instrument Co. Two kinds of dielec-
ric cells were used, one for the solution of low dielectric 
constant (smaller than 20) and the other for the high, 
dielectric solution (larger than 20). The cell constants 
for the two cells were determined with several solvents 
as standard. Since the same apparatus and technique 
have been used in this study, errors in the measurements 
will be relative and will not affect the general nature of 
the conclusion drawn.


