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DIELECTRIC RELAXATION OF 1-PROPANOL IN 1,4-DIOXANE AND CYCLOHEXANE
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Dielectric relaxation times of l-propanol were measured in 1,4-
dioxane and cyclohexane at 25 °C by the TDR method. Dielectric
behavior of this alcohol varied greatly according to the nature of
the solvent. A single relaxation process was observed when the
hydrogen bonding solvent was employed, while two separate relaxation

processes were found in the inert solvent.

We have reported how the principal relaxation time of l-propanol changes with

9

concentration in a variety of solvents in the frequency range of (0.35—2.1)x107 Hz

1,2)

at 25 °C. In this work we studied the concentration dependence of this alcohol

in two typical solvents, i.e., l,4-dioxane and cyclohexane, for a wider concentra-

7 10

tion range at 25 °C in a wider fregquency range of 10°—10 Hz by the use of a new
)

equipmentB) of the time domain reflectometry(TDR) method.4 TDR measurements can
be carried out with remarkable speed and data obtained can be plotted uniformiy on
the complex plane diagram. Three examples of the Cole-Cole plots for cyclohexane
solutions of l-propanol obtained by the present work are shown in Fig. 1.

As is seen in Fig. 1, two relaxation processes were found clearly in cyclo-
hexane solutions of l-propanol. The complex dielectric constant €* of this solution

is assumed to be the sum of Cole and Debye contributions.s)

Ae Ae
c¥* = €+ p B+ S (1)
1 + (1pr) 1 + lwtg
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Fig. Cole-Cole plots for cyclohexane solutions of l-propanol with mole fractions

0.5, 0.3, and 0.1 of the alcohol. ®: the dot is obtained from the TDR

measurement. ==: the curve is obtained by calculations from Eg. 1. The

number near the curve denotes the frequency at the related dot in GHz.
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where €, is the high frequency limit of dielectric constant, Ae is the dielectric
increment, w is the angular frequency, 1 is the relaxation time, B is the Cole-
Cole parameter and subscripts p and s refer to the primary and the secondary
relaxation procesées, respectively. For 1l,4-dioxane solution we set Aes=0 because
no secondary relaxation process was detected.

Plots of the relaxation times t of l-propanol are made against the concentra-
tion f of the alcohol in Fig. 2. As l-propanol exhibits two separate processes in

cyclohexane, we have two T versus f curves in Fig. 2; Tp is for the primary process
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Fig. 2. Variation of the relaxation time of l-propanol with concentration.

p
-@-: T in cyclohexane; M : T, in pure alcohol;

-O-: Tp in cyclohexane; -3 : t_ in pure alcohol;

~®: 1 in l,4-dioxane.
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and Tg for the secondary process. Both Tp and T, Wwere observed for pure l-propanol
while Ty wWas not detected in pure methyl and ethyl alcohols. The relaxation time
of l-propanol in solution of 1,4-dioxane corresponds to Tp and it decreases with
decreasing concentration of the alcohol.

The primary relaxation is believed to be a cooperative process in large multi-

6) 1,2,7)

mers of alcohol molecules arranged in a straight chain. The dependence

of observed Tp upon the alcohol concentration has been explained from the above

)

viewpoint8 for a variety of solvents. Figure 2 provides us with distinctive
features of this effect for two typical solvents. After examining a few other
simple alcohols by use of the same TDR equipment we shall present a discussion in

detail”)

on the mechanism of the primary relaxation.
The secondary relaxation may be due to rotation of small alcohol multimers.
The present work made clear the existence of this relaxation first for l-propanol.
Lastly we shall turn to the Cole-Cole parameter: B8 was found to be equal to
unity except in the dilute region of the alcohol f=0.10—0.30 in cyclohexane. The

maximum deviation is: B=0.91*0.02 at f=0.15.

References

1) E. Arie, M, Nakamura, H. Takahashi, and K. Higasi, Chem. Lett., 1973, 533.

2) H. Sato, H. Takahashi, and K. Higasi, Chem. Lett., 1976, 623.

3) S. Mashimo, S. Yagihara, and A. Chiba, Macromolecules, 17, 630 (1984).

4) R. H. Cole, S. Mashimo, and P. Winsor, J. Phys. Chem., 84, 768 (1980).
Regarding the TDR method, see H. Sugget, "Time Domain Method," The Chemical
Society, London (1972), Vol. 1, Chap. 4, pp. 100—120. The weakness of this
method was first eliminated in 1980 by R. H. Cole and his coworkers cited above.

5) J. B. Hasted, "Agueous Dielectrics," Chapman and Hall, London (1973), p. 56.

6) S. K. Garg and C. P. Smyth, J. Phys. Chem., 69, 1294 (1965); R. Minami, K.
Itoh, H. Takahashi, and K. Higasi, J. Chem. Phys., 73, 3396 (1980).

7) M. W. Sagal, J. Chem. Phys., 36, 2437 (1962); H. Komooka, Bull. Chem. Soc.
Jpn., 45, 1696 (1972).

8) R. Minami, K. Itoh, H. Sato, H. Takahashi, and K. Higasi, Bull. Chem. Soc.
Jdpn., 54, 1320, 3684, (1981).

9) S. Mashimo, S. Yagihara, R. Nozaki, and K. Higasi, J. Chem. Phys., to be
submitted.

(Received October 8, 1984)



