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favour of a frequency plot, since a 'master curve' in t. 00 
this diagram is produced without a scaling of the 
frequency. Thus the temperature-timescale prin- 
ciple in this way can be directly justified. ~ . 800 

The shapes of the three normalized electrical -- 
relaxation functions derived from Z, G~ and M are ~ 
shown in Fig. 1, revealing a substantial difference E ,600 
between the susceptibility and the two modulus E 
functions. The latter two differ only slightly but are 
discernable. The corresponding plot for the silicone = . 400 
oil is not shown since all three functions is this case 

C7~ 

have nearly the same shape. This is because the E 
relaxation strength of this liquid is much smaller -- 200 
than Z( ~ ). 

Figs 2 and 3 show a comparison of the nor- 
malized shear modulus, G~., and the relaxational .080 
part of the electric modulus, G~.. It is seen that the 
difference between G~. and G¢. is much smaller 
than the difference between G¢., M.  and Z. shown 
in Fig. 1. The observed slight deviation between G~. 
and G,. is within the experimental error. 

The loss peak frequency, fp, was determined by 
fitting a second order polynomium to the 
datapoints around the absolute maximum point. 
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Fig. 2. Shear mechanical and dielectric measurements on sili- 
cone oil. The figure shows the normalized shear modulus, Gs, 
(10 Hz-60 kHz) at 227.5 K (IS]) and the inverse electrical suscep- 
tibility, Gen, (100 Hz 10 MHz) at 232.5 K (O). 
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Fig. 1. Dielectric measurements on 1, 3-Butandiol at 194 K. 
The three curves represents the normalized relaxational part of 
the following three response functions: A, susceptibility Z.; O, 
the inverse of the susceptibility Ge,; [2, modulus M,. 
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Fig. 3. Shear mechanical and dielectric measurements on 1, 3- 
Butandiol. The figure shows the normalized shear modulus, G~ 
(10 Hz-60 kHz) at 190.0 K (IS]) and the inverse electrical suscep- 
tibility, Ge,, (10 Hz-10 MHz) at 194.0 K (O). 
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The uncertainty on a log scale is 0.1 for Gs and 
0.001 for G~. Figs. 4 and 5 show log (fp) for G~, Ge 
and Z. For the silicone oil, the loss peak frequencies 
for G~ and Z are nearly identical (because of the 
small relaxation strength). For 1, 3-Butandiol, the 
loss peak frequency for G~ is 1.8 decade and 1.4 
decade above that of Z, at low and high temper- 
atures, respectively. The shift in log (fp) between G~ 
and G~ is 0.6 and - 0.7 for silicone oil and 1, 3-Bu- 
tandiol, respectively, independent of temperature. If 
these shifts were caused by a systematic temper- 
ature shift, the latter would be 2 K and - 2.5 K, 
respectively, for the two liquids, which means a fac- 
tor of 10 larger than the experimental error. 

4. Discussion 

Fig. 4. Loss peak frequencies as function of temperature of 
silicone oil for the shear mechanical modulus, G, (D), the dielec- 
trical modulus, Ge (4>), and the dielectrical susceptibility, 
Z(A). 
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Fig. 5. Loss peak frequencies as function of temperature of 
1, 3-Butandiol for the shear mechanical modulus, G~ (U]), the 
dielectrical modulus, G¢ (O) and the dielectrical susceptibility, 
Z(~). 

In Eq. (4), the left hand side represents the nor- 
malized relaxational part of 5. This function is 
shown in Fig. 1 (A, g,). If the right hand side of 
Eq. (4) were to be normalized in the same way, then 
K would become infinite, which is unphysical. The 
best fit to Eq. (4) is obtained by K = 2× 10 -8 
Pa -1 for 1, 3-Butandiol and K = 4 x  10 -9 Pa -1 
for silicone oil. Since the fits to Eq. (4) (not shown) 
are qualitatively poorer than a direct comparison 
of Ge. and Gs, as seen in Figs. 2 and 3, we maintain 
the idea that Ge, and Gs, should be correlated. For 
clarity, each relaxation function is shown for one 
temperature only. The difference in temperature 
between G~. and Ge. has been chosen in order to 
compensate both for the shift in loss-peak fre- 
quency between G~ and Ge and for the difference in 
the applied frequency interval between the G~ and 
G, measurements. We have found the temper- 
ature-timescale principle held at the temperatures 
in consideration and in both types of measurement. 
Thus the difference in temperature does not affect 
the shape of the shown relaxation functions. 

In order to relate G~ and G~, we can invert Eq. (3) 
and obtain 

G~(og) = (1/4nn~x(~))- ½. (51 

As seen from Eq. (5), Ge and not M is additive in the 
microscopic modulus, ~-1, in Clausius-Mossotti 
approximation. If we generalize Debye's 1. theory 
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putting q = - Gs/ia~ and ignore the atomic polar- 
ization, we obtain from Eqs. (1), (2) and (5) 

G~(~o) = Go + KGs(e~), 

where 

3kaT 1 6R 3 
Go - 4•np 2 3' K - -  / ~ 2  " (6) 

From Eq. (6) one has G,, = Gs,, which is in good 
agreement with Figs. 2 and 3. On the other hand, 
Eq. (6) disagrees with Figs. 4 and 5, since the loss 
peak frequencies of Ge and G~ from Eq. (6) should 
be identical. 

It has been shown that the shift in loss peak 
frequencies between G~ and Z is temperature-de- 
pendent, and that the loss peak frequency of Gs 
within experimental error follows that of G~ but is 
shifted to higher and lower frequencies for liquids 
with low and high low relaxation strength, respec- 
tively. It should be noted that, by adding a constant 
~a (which could be an atomic polarizability) to Z(~o), 
the two loss peak frequencies in this way could be 
adjusted to coalescence. This procedure creates two 
problems, namely, (i) ~a would become negative for 
1, 3-Butandiol and (ii) the shapes of Ge, and Gs, 
would differ significantly both for 1, 3-Butandiol 
and the silicone oil. Further measurements on more 
liquids are in progress in order to study whether the 

found identity between the shapes of Ge and Gs is of 
a general nature. 

5. Conclusion 

Two liquids have been studied, one with a strong 
relaxation strength (1, 3-Butandiol) and one with 
a small relaxation strength) a silicone oil). The 
normalized relaxational part of the shear mechan- 
ical modulus, Gs(~), and the dielectrical modulus, 
Ge((O), defined as the inverse susceptibility, are iden- 
tical in shape, but with different loss peak frequen- 
cies. The ratio of the loss peak frequencies of Gs and 
Ge are independent of temperature, and that of Gs is 
higher or lower than that of Ge in the case of small 
or strong relaxational strength respectively. 
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