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The dielectric relaxation times(s) have been evaluated from the measured values of dielectric 
constant(&’) and loss (E”)  of four rigid molecules in paraffin oil + benzene mixtures of varying 
viscosity extending from moderate to high values. Two of the rigid systems are nearly spherical 
in nature. An attempt has been made to find out the suitable viscosity term describing the dipolar 
rotation by applying the measured parameters to the earlier models as proposed by Debye, Hill 
and Kalman. Hill’s model which describes the motion by a mutual viscosity (qAB) term has been 
found to yield negative values showing its inadequacy for the systems rotating in high viscosity 
media. A comparison of Kalman’s equation with Debye shows that the former gives better 
results for the region investigated both in high and low viscosity media. Even the systems having 
spherical symmetry give more satisfactory results when applied to Kalman’s equation. In the 
process. the thermodynamical parameters and dipole moments of the molecules have also been 
evaluated and discussed. 

I NTR 0 D U CTI 0 N 

The Debye relation’ between the dielectric relaxation time T and viscosity 
q was found inadequate to define correctly the relaxation mechanism by 
several The discrepancy arising due to presumption of spherical 
shape of molecules and internal viscosity concept entailed the Debye relation 
to be modified. The discrepancy was more pronounced in highly viscous 
media.536 The modified equations’** have been tested for various polar 
molecules in solutions. 

The models based on the concept of mutual viscosity and averaged 
mutual viscosity were proposed by Hill’ and Vaughan et a1.” respectively. 
These models have been successfully tested for a few systems. However, in 

t On leave from Dept. of Phys. D.B.S. College, Kanpur. 
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336 J. P. SHUKLA ef al. 

some cases these have been found inadequate. An empirical relation between 
z and q of the type z = A?" was proposed by Higasi'l and was examined 
for about eight molecules in various solutions. Kalman and SmythI2 using 
Eyring's rate  equation^,'^ derived a relation of the type z = (C/T)qa, which 
gave satisfactory results over a small temperature range for some systems. 
The proposed models have been applied for systems comprised of numerous 
molecules of different shapes and sizes in several non-polar media. 

The relaxation behaviour of 1-butanol and 1-decanol in highly viscous 
media has been studied by Crossley et and the effect of viscosity on group 
process has been examined. Recently Crossley et a1." have studied some 
aromatic methoxy compounds for their molecular and intramolecular 
rotational behaviour and found that the group process is independent of 
viscosity. In view of the limited studies reported for the systems rotating in 
highly viscous media it was considered worthwhile to undertake an in- 
vestigation on some rigid polar molecules, both spherical and slightly 
elongated in shape, in high viscosity media comprising of the mixture of 
paraffin oil (p.0.) and benzene. The molecules investigated were pyridine, 
quinoline, bromobenzene and iodobenzene. It was aimed to investigate the 
applicability of the earlier proposed equations correlating the dilectric 
relaxation time and viscosity of the medium. Such a study is expected to be 
useful in getting an expedient viscosity term. 

The molecules chosen for investigation are rigid in nature and two of 
them are spherically symmetrical. Considering the Debye's model applic- 
able for symmetrical systems, this would provide an opportunity to apply 
Hill's and Kalman's models to these systems and observe the changes 
occurring therein. 

In the process, the thermodynamical parameters associated with the 
motion have also been determined and discussed. Dipole moments of 
various molecules have also been determined and compared with the avail- 
able literature values. 

Theory and method 

The fixed frequency method of Gopala Krishna16 has been adopted to 
determine the relaxation time. The technique employed was that of Roberts 
and Von Hippel.I7 The values of dielectric constant E' and dielectric loss 
E" have been calculated with the help of Dakin and Works'* method as 
described earlier.Ig 

Eyring's rate  equation^'^ have been used to determine thermodynamical 
parameters, e.g. free energy AFe, enthalpy of activation AHE,  AH,, and 
entropy ASE.  
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DIELECTRIC RELAXATION 337 

The mutual viscosity term q A B  proposed by Hill,' accounts for the solute 
solvent interaction and employs Andrade'szo theory of viscosity in deriving 
the relation 

q m o m  = X ~ V I A O A  + X ~ V B  QB + ~ x A x B v A B ~ A B  

where, qm, qA and qe are coefficients of viscosity of solution, solvent and 
solute respectively; x,, xB  are the mole fractions of solvent and solute and 
the d s  are the average intermolecular distances given as 

where M1 and M 2  are the molecular weights of the solvent and solute 
molecules, dl and d2  are the corresponding densities and d, is the density of 
solution; oAB is the average separation of the solute and solvent molecules 
given by 

0 A B  = $ t o A  + OBI 

The following six solutions of varying viscosities were taken for the 

1) Pure benzene 
2) 80 % benzene + 20 % paraffin oil (p.0.) 
3) 60% benzene + 40% p.0. 
4) 40% benzene + 60% p.0. 
5 )  20 % benzene + 80 % p.0. 
6 )  100% p.0. 

measurements for all the four molecules. 

at microwave frequency of 9.8 GHz. 

Chemicals 

All the chemicals used were of pure quality; pyridine, quinoline, bromo- 
benzene and iodobenzene were obtained from B.D.H. (Ltd.), England. The 
medicinal paraffin oil was obtained from Liberty Pharmaceutical (Ltd.), 
Bombay (India), and the solvent benzene (A.R. Grade) was obtained from 
B.D.H. England. Benzene was distilled twice before use. 

RESULTS AND DISCUSSION 

The values of zT/q, zT/qa, q A B ,  and the dipole moments have been listed 
in Table I. Table I1 and I11 contains thermodynamical parameters. 

It is observed from Table I that the relaxation time z shortens with in- 
creasing temperature as usual in all the investigated polar molecules. Also 
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TABLE I11 

343 

Enthalpies AH,, , A H ,  and the ratio CI 

~ ~ -~ 

Pyridine Quinoline 

Solvent AH,, AHe (2) AH“ AHz 

Pure 
benzene 

80 benzene 
+20% p.0. 

60 % benzene 
+40% p.0. 

40 ”/, benzene 
+ 60 7; p.0. 

20 % benzene 
+SO% p.0. 

pure p.0. 

Pure 
benzene 

SO % benzene 
+20% p.0. 

60 % benzene 
+40% p.0. 

40 ”/, benzene 
+60 p.0. 

20 % benzene 
+so % p.0. 

pure p.0. 

10.56 

10.94 

11.34 

11.78 

12.25 

13.32 

10.56 

10.94 

1 1.34 

11.78 

12.25 

13.32 

3.48 0.33 

3.82 0.35 

5.74 0.51 

7.65 0.65 

9.57 0.78 

10.20 0.77 

Bromobenzene 

6.22 0.59 

7.18 0.66 

8.14 0.72 

9.57 0.81 

11.49 0.94 

12.44 0.93 

10.56 

10.94 

11.34 

11.78 

12.25 

13.32 

10.56 

10.94 

11.34 

11.78 

12.25 

13.32 

5.74 0.54 

6.70 0.61 

7.66 0.68 

8.62 0.73 

10.05 0.82 

10.53 0.79 

Iodobenzene 

7.66 0.73 

9.09 0.83 

10.05 0.88 

10.53 0.89 

12.14 0.99 

13.24 0.99 

the relaxation time z lengthens with the increase in viscosity but not in paral- 
lelism with viscosity. As seen from Table I, in case of pyridine molecule z is 
observed to vary from 3.0 to 7.3 ps. where as the viscosity varies from 3.0- 
483.0 mp. It is because the pyridine molecule is spherical in shape showing 
rotational freedom over a wide range of temperature. This is in agreement 
with previous studies” exhibiting that nearly spherical molecules are less 
dependent on the viscosity of the medium. Similar is the case with the quin- 
oline molecule. The relaxation time in this case varies from 5.5 to 10.0 ps. 
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344 J. P. SHUKLA et nl. 

in the same viscosity range. This shows that the relaxation times of pyridine 
and quinoline molecules which are spherically symmetrical, exhibit much 
less dependence on the medium viscosity. 

The dielectric relaxation times of bromobenzene and iodobenzene mole- 
cules have been found to vary from 6.9 to 11.9 ps and 7.5 to 15.4 ps whereas 
the medium viscosity changes from 3.0 mp to 483 mp for both the systems 
respectively. In both the cases the variation in the relaxation time is very 
small with much larger changes occurring in the medium viscosity. This 
again shows that no direct correspondence between the z and q values are 
observed. Also, the dielectric relaxation times of bromobenzene and ido- 
benzene molecules are longer than that of pyridine and quinoline molecules. 
Further, z values of iodobenzene for all the concentrations are longer than of 
bromobenzene in solutions. This indicates that the elongated systems ex- 
perience greater hindrance to the dipolar rotation. 

Application of Hill's concept of mutual viscosity to the p.0. solutions shows 
its inadequacy for these data. As can be seen from the Table I, the mutual 
viscosity parameter qAB,  at least in three systems, yielded negative values. 
This is inconsistent with the concept of the medium viscosity and indicates 
that the Hill's equation is no longer applicable for representing the medium 
viscosity for dipolar rotation in highly viscous media. 

From Table I it is found that the pyridine molecule has the value of 
zT/q ranging from (190.57-291.8) in pure benzene in the temperature range 
of 306-322°K. The large variation in zT/q values with temperature is con- 
trary to what was proposed by Debye. In the same temperature range 
zT/q" values vary from (5.92-6.36) showing a slight difference in zT/q" 
values. The constancy in zT/q" has been observed in all the four investigated 
molecules in pure benzene at temperature range 306-322°K. Although the 
variation in zT/q" values with temperature is a bit more in the case of iodo- 
benzene yet it gives a better constancy over zT/q values. 

There occurs no appreciable difference in zT/q" values in a small tempera- 
ture range with increased solvent concentration up to 40 % benzene + 60% 
p.0. in all the investigated molecules. This behaviour supports the effective- 
ness of Kalman's relation over Debye's. 

In pure paraffin oil Kalman's relation yields the values of zT/q" varying 
from (3.91-5.56) for pyridine molecule whereas zT/q lies in the range 
(4.6-7.7) at the temperature range 306-322°K. There does not seem any 
significant change in both the relations of Debye and Kalman for high values 
of a, approaching 1. Similar is the case observed in the other investigated 
molecules in highly viscous p.0. 

A comparison of Debye, Hill9 and Kalman'' relations for viscosity and 
dielectric relaxation times indicates that the Hill's model is not suitable for 
the systems rotating in high viscous media where as the Debye's model 
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seems to be approximately true for spherically symmetrical systems. Among 
the three models suggested the Kalman’s relation seems to give better 
results for low and high viscosity media in the temperature range investigated 
here. It may be pointed out that as the factor a( = AHJAH,,) approaches 
unity, the Kalman’s relation terminates into Debye’s relation which is 
indicated by observing similar values of zT/q“ and zT/q in high viscosity 
region. 

Thermodynamical parameters 

It has been observed that the free energy of activation AF, of quinoline 
molecule is higher than that for pyridine. It was the effect of its bigger mole- 
cule size and hence, it experiences greater hindrance to the dipolar rotation. 
AF, values increase with the increase in temperature in all the cases of 
investigated polar molecules. It is because the increase in temperature 
enhances thermal agitation and, hence, dipoles require more energy to 
attain equilibrium with the applied field. Similar results have been reported 
by earlier workers. ’ 9 ~ 2  ’ 

AF, values have been found to exceed the enthalpy of activation AHE, 
thus, giving negative values of entropy AS, which shows more orderliness 
in the activated state than in normal state. These states are getting disordered 
as the viscosity is increased. 

The entropy values AS, are higher for the elongated systems than for 
spherically shaped molecules which can be interpreted as due to the greater 
hindrance caused by the surrounding molecules to dipolar rotation. Similar 
results have been observed by Kalman.” 

The enthalpy values for dielectric relaxation AHE are found to increase 
from spherically shaped molecules to the elongated ones. The enthalpy 
for viscous flow AHq are always higher than AH, as expected because viscous 
flow takes along both the rotation and translation where as it is only rotation 
involved in the relaxation process. 

The dipole moment p has been found to be 2.17 and 2.01 D in pure benzene 
for pyridine and quinoline molecule respectively which is in agreement with 
the literature Dipole moment changes irregularly with the in- 
crease in viscosity parameter. The irregular trend in dipole moment values 
with viscosity has been observed in all the four molecules. 

CONCLUSION 

Present investigations on the rotational behaviour of some rigid (spherical 
and elongated) molecules as regards to the mdium viscosity, indicates that 
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346 J. P. SHUKLA et al. 

the Debye equation is applicable only to the spherical systems. The Hill’s 
suggestion of mutual viscosity appears to be quite unsatisfactory in high 
viscous medium as can be seen from the observed negative values for qAB 
in p.0. solutions, at least in three cases. Kalman et al.” have also observed 
similar results in solutions. The Kalman’s equation gives better results for 
both the low and high viscosity region and as has been pointed out with 
A H J A H ,  approaching 1, this equation becomes same as Debye’s original 
equation. The energy parameters have been found to vary as usual, with 
higher entropy of activation in highly viscous media and also for elongated 
systems, in comparison to the spherically shaped molecules. It may be 
suggested that much further work is necessary for establishing a suitable 
representation of the viscous drag in highly viscous medium to understand 
the dipolar rotational process. 
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