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INTRODUCTION 

.... ~ 
_:: Molecular behaviour of dielectric.liquide under· 

:. · . . : . :· 

·-th::e· innuence of electromagnetic radiation has been a 

subject of investigation for many years and the different 

aspects has been emphasized in different periods. 

In 1912, Debye succeeded in deriving an exten

sion of Clausiua-Hosotti equation and showed that the 

dielectric constant depends not only on the molecular 

polarizabUity, but al.so on the permanent electric 

moment of the molecules. On the basi_s of this concept 

of molecular permanent dipole moment in the theory of 

dielectrics, he explained the anomalous dispersion of 

dielectric constant which ·was observed by Drude and others 

workers. He further pointed out that the process of orien

tation of the permanent electric moment connected with 

·changes in theJfield requires a definite time interval, 

since it depends on the rotational movements accomplished 

by the ·molecules. 

From Debye assumption concerning the molecular 

reorientation, 1 t follo~s that after the removal of an 

externally applied field the. average dipole orientation 
' decay exponentially with time. The characteristic time 

of, this exponential. decay is Called the dipole relaxation 

time. 
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Experimentally the ~elaxation time was found,to 

depend exponentially with the reciprocal of temp_erature, 

this l.ed to consideration of the dielectric relaxation 

process, which is nothing but a rate phenomenon. 

Several modifications and extensions of Debye•s 

theory for- dielectric relaxation time have been proposed. 

i'hia lead to the replacement of th.e single relaxation 

time by a set of different relaxation times in the desc

ription of the macroscopic relaxation process. For the 

description of the experimental resUlts in the microwave 

region the continuous distribution of relaxation time 

was also proposed in many cases. 

It appears trom the above account that in thi8 

way in the near future further advancement may be achieved 

in the theory of dielectric polarization and dielectric 

dispersion in order to understand the molecular-and inter

molecular structure in the pure liquid and solution. 

Thus, in order to have a Clear idea of the 

subject of dielectric polarization and its relation 

with molecular structure a brief survey of various 

theories and their modification together with a brief 

review of earlier works are given in the following sec

tions. The scope and object of the present investigations 

are given at the end of this section. 
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CHAPTER I 

A BRIEF SURVEY OF THE THEORIES OF DIELECTRIC-POLARIZATION~ 

·DIELECTRIC CONDUCTION TOGETHER WITH A BRIEF REVIEW.OF 

PREVIOUS WORKS 

'1 .1. Debye Theory of Dielec~ric Polarization and 

Compl.ex Dielectric Constant:-

All matter is built up from electrically 

charged partiCles; negative electrons and positive nuClei, 

combining some times to neutral atoms and molecules, but 

in other case the particles w1 th a net charge~, such as 

ions in solution and in crystal. When a material is bring 

. into an external electric field, then every particl.es in 

the material is subjected to an "internal field" which 

is proportional to applied electric field. Under the 

influence of external field in some material. s the elect

rons in metals and ions in solution moved over a long dis

tance, such materials are called conductors. But in the 

case of insulators or diel.ectries, a very small displace

ment of charges occurs. When an electric field is applied 

to the dielectric material the force acting upon the 

charges bring about a small displacement of the electrons 

relative to the nuclei, as the field tends to shift the 

positive and negative charges in oppos~te direction. This 

di spl.acemen t is l.imi ted since the electrons are bound to 

the nuClei and therefore, reactive forces arise, which 

are proportional to the displacements for not too high 

\ 
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field intensity. Thus when electrons of an atom are 

displaced by the electric field the dielectric is said 

to be polarized and th~s type of polarization is called 

electronic polarization. Another form of polarization is 

due to the fact that the applied fields tends to direct 

the permanent dipoles. During the formation of this pola

rization a certain amount of dielectric charges is trans

ported through every plane elements in the dielectric. 

·This transport is called the displacement current~ 

After .. reo,ching the state ot equilibrium in an applied 

electric field every volume element of the dielectric 

has aquired an induced moment. 

The moment of a set of charges relative to a 

tixed point is defined by relation 

___, "' ---+ m=L-e.r. 
j I I 

••• 1 .1 

..., 
where ri is the radius vector, pointing !rom the 

chosen point to the ith. charge• The induced dipole 

moment in a volume element .6V around a point is 

denoted by 
\ 

.. .;. 
~ _... -+ 

m . :::. Pt. v = ~ N. e . S.b. v . 
rnd 1 1 r • •• 1.2 

where N.l:N 
I 

is the average number of charges e. 
I 

with displacement 
~ 

s. 
I 

, in the volume element b. '.J • 
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The vector p is generally called the "electric 

polarization" and it is the induced dipole moment per 
~ 

unit volume. The vector P is connected with the 

dielectric displacement vector 

or, 

~ ~ _, 
D = E + 4TIP 

~ ---;> 

~ D- E 
p =- --:---

4 /I 
_ (E-1)E 

~7\ 

-7 
D as 

••• 1.3a 

where • dielectric permittivitr 

and E4 7\
1 = X is the dielectric succeptibility E 

is the applied eJ.ectri c fiel.d. 

Now, it consider that a dielectric sphere of 

radius •a• in vacuum, then the formula for dipole 

moment becomes 

-7 E-1 3~ 
m:::: -~a E0 E+2 • • • 1.4 

'when a 
ry 

dielectric is pl.aced in an el.ectric field, E0 

in vacuum, then due to induction, its pol.a.r mol._ecul.es 

orientate themseJ. ves along the direction of the applied 

fiel.d. Each mol.ecule is an el.ectric dipole possessing -an electric moment. This moment m 

to 
----7 
E • So it can be written as 

0 

~ ~ 

m = o< E 0 

is proporti"onal 

• 
• • • 1 .5 

where o< is a constant cal~ed polarizabUi ty of -the 
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dielectric, which is given by 

o<.= E:-1 ••• 1 .6 
f + _2 

Thus polarizability has the dimension of volume. For 
3 

o{ = a conducting sphere polarizability • 
The conc~t of the polarizabUi ty is very impor

tant for the molecular description of matter, since all 

atoms, ions and molecules are polarisab.le. 

Polarisation f5 is divided into two parte PA 
-t 

caused by the orientation of permanent dipoles and ~ 

caused by the tranSLational effect. 

'.rhus 
••• 

Then term 

••• 1.8 

and 
-4- -

~ =L. N A 
k k k 

••• 1.9 

where N is the number of particles per unit volume, 
_, 

cl... the average po1arizabUi ty of a partial.e and E. 
I 

the average fie1d strength acting upon the parti~e. 
. \ ... 

The index K refers to the k th. kind of partiCle. 
~ 

( E i is the interna1 field which is equivaJ.ent to 
-7 -4 

that of applied field E ) • /{ k is the average val.ue 

of permanent dipole moment for k th. mo1ecule. 

< . 
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Now, in an uniform directing field Er the -AVerage dipole moment vector '/""(. ot a dipole mo~ecule 

in thermal equil.ibrium wi tb a large number of other 

molecules is, 

,_ --'1 
/-{. 

3kT Er ••• 1.10" 

---7 

In the other theories E r 
-7 

was taken equal. to E i . 

However, Onsagar showed that this is only satisfactory 

tor gases at low pressure, since in the general. case 
~ 

only a part of the internal field E· 
' 

·has a diree>-

ting influence upon the permanent dipoles. 

Combining eq. (1.9) and (1.10) 

• • • 1 .11 

From eq. (1.7), (1.8) esnd (1.11) 

--4 
p ••• 1.12 

, This is the fundamentaJ. equation. 
I 

To describe the dielectric behaviour of ga~es 
\ 

·.and po~ar molecules in a static and in a low frequency 
I 

alternating field Debye equation is used. To obtain 

De bye equation by substituting E ( f + 2) j 3 

both for (E;\ and- (~r)l< in eq. (1.12). 

~·-
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The result is 

. . 2 

E - 1 = 4f L N k ( q k + :,.k) ••• 1.1'3 
E. + 2 k 

The Debye equation ie used for calculation of 

dipole moments from measurements on dilute solutions 
~ 

of a polar compound in a nonpolar solvent. But this ie 
1 not very accurate method. Now introducing the molar 

- E_- 1 _Ii__ 
polarization [P] of the solution [PJ - E + 2 d 

where density and M -=- ~ xkMk , average 

molecular weight, 

components and 

Debye equation 

where 

is At.o~ardo'e number. 

are the molar fraction of the 

their molecular weights. The 

becomes 

• • • 1 .14 

In the solution of polar compound in nonpolar 

sol vent 

••• -~·1 .15 

where c\
0 

is the polarizabili ty of the sol vent mole-

cules, c< , )1_ and x are the polarizability, perma-

nent dipole moment and molar fractions of the solute 
. l 

respectively. 



-~ 

9 

If [Ps] ie molar polarization of the pure 

solvent the Clausius-Mosotti equation becomes 

or, 

[ Ps] = ; 7T NA "<o 

E - 1 M ,__ 4 7T NA 
3 o(o ( + 2 d 

••• 1.16 

0 

Further. introducing the ideal molar polarization [P]d 
of the polar compound. 

. . . 2 

[ ]
0 4 T\ ( /-'( ) 

p d = ) NA \ o( + 3kT 

or, 

• • • 1.17 

Debye formula can be written in different form by elimi

nating o( with the help of the Lorentz-Lorentz equation, 

'L 
np() - 1 
n;_ + 2 

4 n N o( 
3 

A 2 _ 9 k T . ( E: - n: ) . 3 
- 4 7T N ( ( + 2) (_n~ + 2) 

where 

• • • 1.18 

Considering the correction for the reaction field and 
!.. 3 
3 7TG N = 1 Onsager reduced the eq.(1.18) taking 

to 

2 ( 2 2 ~ =- 9 k T . E.- nao) ( 2 E:. + n00 ) 

~ 7\ N E ( i -t- 2 )2 
• • • 1 .19 
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This is an important formula of Onsager's theory for 

:calculating the dipole m~ments. But the difficulty is 
' 

that, for determing_ the value of no() the atomic 

polarisation shoULd be known. 

·1.2. Physical Interpretation of Dielectric Lose 

( f" l and Loss 'Tangent• (tanS ): 

Wnen a dielectric is subjected to an alternating 

electric field there are two possibilities are found, 

. which depends on the frequency of the applied field,· the 

temperature and the kind of material. 

a) In some cases there are ·no measurable phase diffe-
-t ~ ~ r~E .renee between D and E then the relation D =- c. 

·is a1 so valid for aJ. ternating field. 

b) In otfter cases there is a eui tabl.e phase diffe-
~ ~-

_renee between D and E • Then the simple relation 
4. _. 

D = · E B is not valid for and the phase difference 

:between the potential and the true charges. of the con

denser makes it impossibl.eto use the simple formula 

C = E C
0 

for the capacity of the condenser. 

The important difference between these ,two p~ssi-.. 
bilities that in the first case no energy is absorbed by 

the dielectric from the electromagnetic field whereas in 

the second case there is- a dissipation of energy in the 

dielectric~ The dissipation of energy in the dielectric 

due to the absorption o·f electromagnetic wave is cBiled 

the "diele'ctric l.oss•. 
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A phase difference between D and E can be due 

· to three different mechanisms: 

, I) Electrical conductivity. (II) Rel.axation effect 

:due to permanent dipol. es and (III) Resonance effect 

due to rotation or vibration ot -atoms, ions or electrons. 

All a1 ternating fields are as so cia ted with eJ. ect

'romagnetic waves, thus the theory of diel.ectric loss is 

Closer rel.ated to.the theory of the absorption of el.ect

romagnetic waves by dielectric m·aterials. · 

In the case of phase difference between 
~ 

~ 

D and 

:E it is useful to describe the rel.ationsbip between 

the scalars D and E with the a;l.d of compl.ex nota

tion as 

and rf. = j(wt-~) 
D e 

0 

where b is the phase difference and w = 27ft 
,... . 

is the frequency of the electromagnetic wave; Bu:t ]) = f E 

~r, 

f -

~hue the dielectric. constant becomes compl.ex at 

frequency. The_complex diel.ectric constant 

split up into real and imaginary part E and 

respectively 

. /I 

E: - J E. 

••• 1.20 

' high 

can be 
If 

f. 

• • • 1.21 
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where 
I 

E 
· 0 r 11 

Eo Coso .and · ( 
0 

The die1ectric loss at a certain frequency is often 

indicated by the value of tan o 
II 

where tanS = E:. 
~ ••• 1.22 

Again, the dissipated energy per unit volume per second 

"of the electric field is 

2 2 II 

W 
:= wEo ,.- s· c _ WEo ( 

BIT c ma- 871 • • • f.2'3 

II 
Thus the energy is directl.y proportional t.o E:_ and 

hence to sin S 
II 

• Therefor~ t: is generaJ.ly cal.J.ed the 

J.oss factor and sin 6 the power factor. 

1. 3. DIEr.ECTRIC CONSTANT AND LOSS: 

~ • 3a. Di electric loss and reJ.. axa ti on time:-

Let in the static field the polarisation is 

•••. 1 .24 

where indicates the part of due to per-
--?> 

manent dipoles and P~ the part- due to the polariza.-

bility of the particles 

~ E:_c><J- 1 ~E 
p :: 

' co 47T 
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The time in which the permanent dipo~es needs to 

- reach the equilibrium distribution subsequent to the 

application of a static electric field is of the order of 

magnitude between 10-6 and 1o-13 seconds. This time depe

nds on the temperature, the chemic~ composition and the 

structure of the dielectric molecules. During this time 

interval the part (~)dip of 

and polarisation increases from to 
-7 

Since the time required to established Poo 

to time required to build up 

is bui1d 
-7 

l Ps) · 
reJ.ative 

is neglected. 

Then after a certain time t during this interval the 

relation becomes 

where 
---7 

pd. rp 

~ -:l ~ 
pt = p + p..J. 

o() ~.:~lp 

1 s the part of (~)d. 
lp 

already been build up. Assuming the increase of 

••• 1.26 

that has 
-> 

d Pdip 
dt 

is proportional to the difference between the final 
~ 

value and the actual val. ue of pd. • lp 
Thus 

~ 

d ( Pdjp) - _1 { ( R) - p 0 J 
d t - T 5 dip d 'P • • • 1.27 

T is a constant which measures the time lag, so it is 

called the relaxation time. 
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The re~axation time 'T may be defined as the 
1 time in whiCh the polarisation is reduced to --- th. e 

times of its original value, where e is the base of 

the natural ~ogarithm. 

Now integrating the eq. (1.27) and using the 

condition 

0 

~ -t;~ 
fd; P =cPs )diP ( 1 - e ) • • • 1 • 28 

At the a1 ternating fi.Ud at a time t, 

( 
~) - E's -1 ,.. - f 06 - 1 E* 

Ps . - , 7T Et 4 t dip 4 · .1T 
••• 1.29 

. from eq. ( 1.27) and eq. ( 1 .29) 

••• 1.'30 

the general so~ution of the above equation is 

PN- c -t;-& 1 t:s - (co E J. wt 
din = e + ;.,, . oe 

,... 411 1 +JW't" 
••• 1.'31 

The first term on the right hand side will decrease to 

an infinitely smal1 value after some time and therefore 

it·may be neglected. 

.1 .. 
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Thus the total polarisation is giVJen by 

or, 

p~~' = [(o<) -1 -t- _ _]_ . . Es - foe J E j wt 
4 71 47\ 1 + JtSt.. 0 e • • • 1.)2 

This formula indicates tha.t p* is a sinusoidal function 

of the time with the same frequency of the applied.field. 

Now the dielectric displacement ca.n be cal oulated from 

* ~ * eqlil. ( 1 • )2) and D = E E , 

D* = * * E · + 4-.r~...... P 

or, 
••• 1.33 

* Thus the complex dielectric constant (. is 

Yf- _ · Es - E.~ J-
E_ - [ Eo() + 1 + j C0'r ••• 1.)4 

or, 

• • • 1·. ~5 

The real part of the eqn. (1.35) is 

••• 1.36 

l_. 
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and the imaginary part is 

••• 1.37 

1.:5b. Distribution of relaxation time:-

According to the equations (1.:56) and (1.)7) 

it is possible to deduce 

I 

E - (00 1 
- + W2T2 Es- ("C,- 1 

••• 1.)8 

and 

II 

E uy -- -.1 +W2 T 2 E5 - {_oe ••• 1 .39 

By plot.ting the left hand side of these equations against 

log we: symmetrical curves are obtained as shown in 

Fig. 1 .1 and Fig. 1 .2 respectivel.y. The m·aximum val.ue of 

absorption is reached for log w L_ = o. Thus the an-

gular frequency corresponding to the maximum value of 

absorption is 

••• 1.40 

This resuJ. t can also be obtained from eq. ( 1 • .37) 

by taking 
d f_ II 

• The corresponding values dW =.O 
I II I If 

E. max and Lmax of € and E are obtained 

by introducing W'L= 1 in eq. ( 1 • :56) and eq. (1.)7). 
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I 

Fig -1.1 Plot of E- E.oo versus log c..n:: • 
E.s -~~·oc:.· 



Fig-1.2 

0 
log WT 

Plot of 

.. 

II 

E. versus logwl. • 
Es- E.o 
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':!1 

I 
,.. 

+ _Eoc 1 .41 t.s ••• 
t__max - 2 

and 

II Es- foe tmax - 1.42 - ••• 
2 

·The cy-cl.ic frequency f= Wm 
271 corresponding to. 

the angular frequency CVinc:~x = Wm is generall.y -

call.ed as critical frequency. The curves of Fig. 1.3 and 
.. 

Fig. 1.4 obtained from eq. (1.36) and eq. (1.37) are 

generally called Debye curve. 

1.3c. Representation of permittivity in the complex pl.ane:-

Debye Semi Circle 

The equations for the complex permittivity 
I II 

E- E."~ 1 E w-e -
' -

1 + G.?-y'2. 
-

(s ~ Eoe Es- (ov 
-

1 + w'Lrz.. 
I (I 

are the parametric equation of a· circl. e in the ~ -and E: 

plane, on eliminating the parameter GJ Y between two 

equations and rearranging 

. 112 
( ts - t_'l) ( t_ t- (oe) :::: ( ••• 1.43 

••• 1.44 



.....---------------------, ·• 

I 

E: 

i 
~--...:!::.._ 

log w-r 

Fig -1.3 Plot of 
I 

E'. versus log w'L • 



II 

E 

log G.J 'L 

fl 

Fig-1.4 Plot of E. versus logc.. .. n:: • 
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which is the equation of a cirCle whose centre is 

and radius ( £s ~ E.c:0). 

,The intersection points with the abscissa are characte-

rised by 
/ 

E_ 
I 

t. = f_s respectively. = E oc. and 

This semi cirCle is shown in Fig. 1.5. This semi cirCle 

is called Debye Semi Circle. 

1.3d. Cole-Cole Distribution:-

The :-,arc dispersion function of Cole and Cole 

has been applied to analysis the experimental dielectric 

data most frequent because of the attractively .simple 

graphical form by which data of f_
1 

( w) and t-"(0) 

can be analysis in its term. Cole and Cole have shown 

that the Fig. (1.6) Debye semi cirCle centre of which 

the arc is a part'is depressed below the abscissa axis 

and the diameter drawn through the £oe, point makes 

an angle with the abscissa axis. The angle 

o<. gives the measure of distribution of relaxation time 

which may vary with temperature but not with frequency. 

The value c< lies between ( 0 and 1 ). 

The Debye equation is modified by. them as 

• • • 1.45 



.. :-.. 

II 

(s, + E.-o 

- I -2_ - - - - - - -

Fig-1.5 Plot of 

.)-

..., 
·--- -------
1 
I 
I 

I 

E.'--~ 

/1 I 
€. versus E: • 



II 
E. 

I 
E. -~-4 

II I 
Fig-1.6 Cole-Cole Plot of £ versus£. 
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with the most probable relaxation time 'lo 

cal. culated from the relation 

1- co( 
·y ( ) U ::: \. Wlo 
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which can be 

••• 1 .46 

where v is the distance on the Cole-Cole plot from 

£ 5 point to experim~ntal point and u is the distance 

from the same experimental point to the E.oO point, if 

which is o( is zero 
v 
U· becomes equal to 

the true Debye equation. 

1.4. Expression for Dielectric Relaxation in Dilute 

Solution of Polar Molecules in Nonpolar Solvent:-

/ II 
The expre~sion for E and E have already been 

I II 

derived and if E- and E:. are determined .separately at 

certain frequency of the applied electric field the rela

xation time ~ may be determined. 

If o( 1 be the polarizabili ty of a molecule of 

the·first component (non-polar solvent) and o<
2 

that 

of a molecule of the secorid component (polar solute), and 

represent the number of molecules present 

in 1 c.c. of the solution then 

E:ac- 1 
E.O{) + 2 

I 

·'· 

•••• 1 .47 
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and 

§-:- 1 • f1 Ml + f 2 M 2 
( 5 +2 e ••• 1. 48 

where E. 00 and E: 5 are the dielectric constant of 

the solution for infinite frequency and static field res

pectively. M1 and M2 are the molecular weights of 

the two compo~ents. The density of the solution is deno

ted by f , f1 and t2 the mole fractions of the two 

components are given by 

f = ~ n1 f - n 2 
1 n1 t- n2 / 2 - n

1 
+ n 

2 
from eq. ( 1 • 47) and ( 1 •. 48) we get 

2 
E _ € _ 47TN C A 

. 5 o6-27kT 

reepecti vely, 

••• 1.49 

where C denotes the concentration of the solute molecules 

in mole/c.c. 

:··. Substituting the values of 

eq. ( 1 • 37 ) i • e. 

or, 
1[. 

£. = 

( 
.. 

E s - ~ o() · ) in 
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·!, 1 

~r, .. ·' . . . . ' 

••• 1.50 

In case of dil ~t e sol uti on of polar solute in nonpolar 

c ........ E and without c. s ,.....,. ' oCJ solvent it is assume t~at 

_ causing much error € 5 and Ec.o each can be taken 
I 

equal to E . 

Hence, 
{' 

••• 1.51 

.. 
It is seen from tbe above equation (1.51) that 

II 
for fairly low concentration the value of € is linearly 

dependent on the concentration ot polar solute molecules 

in nonpolar sol vent and -~n _ tbe :case of infinite dilution 
, . " . . I . . 

i.e. as C ---7. 0 the ·~~&l.ue of € may be repJ.aced by 

Es the static die1ect~io constant ·ot t~e solvent and 

eq. (1.51) becomes 

11 = (Es + 2 _)~ 4JTNG;.ct
2 

E. 3 ) 3kT" · 
(, . ..JC:: . 

1·+,w'---c2: ••• 1.52 

The eq. (1.52) has,been,used 1n the present investigations 

for determining the value of dipole moment and al.so rela

zation time, whenever·, possible ... from expf!rimental.l.y deter-

mined value of diel;ectrio loss 
II 

f at different frequen-

cies, temperature and concentrations. 
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. 1. 5a. Dielectric Loss and High Frequency conductivity: 

The experimental determination of dielectric 

absorption is a measure of energy 4issipation in the 

medium and in practice most system show energy loss from 

this process other than dielectric relaxation. Generally 

·these will be small and related to the d.c. conductivity 

of the medium. Assuming a homogenious medium of conduc

tivi ty K ( ohm- 1 cm-1 ) the Joule heating arising from 
II 

the conductivity contributes a ~oss ·factor E:.c (con-

ductance). So at a particular frequency, 

Total dieledri:c loss = f_'/ (total) 

- £"(dielectric) -t-

E~ ( condu dane tV 
••• 1.53 

In an ideal dielectric there would be ·. no free ions 

conduction but in actual insulating material Joules 

heat may be developed by the drift of free electrons 

and free ions in the applied field. Therefore, the total 

heat developed is the sum of the dieJ. ectri c loss and 

Joule heat. 

If a potential E is estab~ished between the 

parallel plate condenser whose dielectric material. cons

tant E and distance between· the plates and surface area 

are d and A respectively then a charge q per unit area 
l_ 

wiJ.l appear on each plate and a polarisation p will be 



I 

I ~ 

23 

created in the dielectric. The current flowing in the 
/ 

lead of the condenser is ( A J tg ) • If it is assumed 

that conductivity due to free ions may be neglected then 

the conductivity is 

- 1 d q 
K- r·crr ••• 1.5~ 

Since v D 
E = =- - and D = 4 rr q d E = E +4ITP 

The eq. (1.54) becomes 

_ dq _ 1 d 0 _ E 
KE - CfT- 4TT dT- 47fd 

dV 
·~· dt 

where all the electrical quantities are expressed in 

e. s. u. 

When the applied potential is alternating then v 
jc.Jt may be expressed as the real part of V =V

0 
e 

where w =-27ff and the dielectric constant as 
* j . " complex E = E:. - J e:: • 

Then the total current density in dielectric 

I= dq = ~* d v ~ j w E*" v, ejcut 
dt 4Tfd dt- 411d . 0 

where E0 = ~<D 
l., 

. . ~ I • 

I ( CO E.. + · G..J E ) j UJt 
- 4 7f J 4 7f Eo e ••• 1.55 
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The total current density 'I' in the dielectric 

can be considered as the sum of displacement or capaci

tive current and conduction current 

I ::: Id + 1cond 
••• 1.56 

Murphy and Morgan (1939) deduce~ an expression 

on total. conductivity K which is a complex quantity 

and is the sum of conductivity due to displacement 

current (X") and conductivity due to conduction (x•·) 

. .. 1 1/ 
K=-K+jK ••• 1.57 

Now comparing the eq. (1.55) and eq. (1.57), the real 

part of eq. (1.55) can be considered to 

• • • 1.58 

and the imaginary part K" ••• 1.59 

Therefore, ( / . II) jGJt 
I = K +J K Eoe ••• 1.60 

For convenience in connection with subsequent account 

of methods of measurement, t~e admittance of the con

denser may be expressed in terms of' an equivalent 

para11e1 capacitance CP and conductance GP so that 

••• 1.61 
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b 

where Gp in mhos, C · in farads and 0.9 x 10~ 2 is p 

the ratio of the farad to the e.a.u. of capacitance and 

also of mhos to the e.e.u. of conductance. By using the 

expression for empty condenser capacit~ce C
0 

in farad 

A 
CO =.. ·~-- 47\ d X 0 • 9 X 1 012 

••• 1 .62 

So we can write, 

d q ,c 1 ( . ) j wt en- =. 47TCo Gp + J W Cp E0 e 
••• 1.63 

Comparing eq. (1.55) and (1.63) it is possible ·to get 

/ 

~ E - 1.64 -
Co • • • 

f/ Gp 
E. - 1.65 - wC0 

• • • 

and 

Gp 
1/ 

/ CUE K - 1.66 - 4 7T Co 47\ ••• 

The X' in ohm- 1 em -1 can be written as 

// 

K I =- _€ __ co __ ......, t 

4nx0 .. 9x101
2. 

// 

f~ 
• • • 1.67 
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where f is the frequency of the applied fie~d. 

The instantaneous power or heat deve~oped per 

second. which is the mUltip~ication of current given 

in eq. ( 1.55) and vol. tage given by B
0 

Coe we and 

· integrat~ng over hal.f period, the mean power or heat 

developed 

{/ 2 

28 

2 
1 E0 W per second = K - 2- G.Jf: I 

4 71 
. E0 ergs sec 

••• 1.68 

.Heat devtaoped per cycle in the dielectric 

II 2 
E: Eo 
- 4 ·· W per cycle = ergsjsec 

••• 1.69 

' 
Eq. (1.68) and eq. (1.69) shows that K' is proportional 

C 1/ to the heat developed per second and ~ is proportional 

to the heat devel.oped per cy<ll e. 

1.5b. High Frequency Conductivity of Die~ectric 

Po~ar Mo~ecul.ee:-

1/ 

'Ft : WE:_ II , In .n. , E. 1 s eubsti tuted from the 411 . 

Debye equation (1.37) i.e. 

t...'':::. Es - (oo wl:' 
1 + l.>.:l-'L2 

the high frequency conductivity K' becomes 

••• 
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This equation !!bows that !:' does not pass thr.ough maxi-

mum as 
II 

E , but increase with W , approaching to 

limiting vaJ.ue Koo , the infinite frequency conduc-

~ivi ty, which is reached when 1 can be neglected in com-

pari son with 6.}--r-2 that is as W-7 oo , w2c:;'2-)) 1, 

so that 

••• 1.71 

1.5c. High Frequency Conductivity of Dilute Solution o~ 

Polar J4olecu1es in Non-polar Solvent:-

It is seen in eq. (1.51) that for fairly low con-

'' centration the E is iinearly dependent on the concen-

tration of polar solute molecules in nonpolar solvent 

(II=(. E:' + 2 _,
2 

471N C/1._2 . Wl: . 
3 J 3 k T 1 + w2 --(2.. 

But at very low concentration that is at c -7 0 the 

f.' may be replaced by · £ 5 dielectric constant of the 

solvent. Then the above equation becomes 

(_
11 =( (5 + 2_)

2 
4 7T N C x

2 
GJ'L 

3 ) ~3~kTT~-----~1~+~W~~~L~L 

/I 
Substituting this value of E in K' = 

~. ,: . 

(I 
WE:. 
4 Tr . 

The high frequency conductivity of solution becomes 
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2 2 2 
K1 

::: ( Es + 2). N c ~ . w --r 
3 3 k T 1 + w 2 y 2 

••• 1.72 

Tbie eq. (1.72) nas been used in the present investigation 

for.determining the value of relaxation time ~ and as well 

as the dipole moment ( A. ) of polar molecUles. 

1.6a.. Relax~Q;_£)n_ T,!.me LT_ 2 !:illd its Relation with 

Mi oro scqpi o_and_M£l.£Z'£? ... ~ • .C.Ql?i..£. l?roj!erties:""' 

In the previous sections the expression for £ 
II 

and E. have been given in terms of the relaxation 

time c .. 

I 

In Debye theory the turning couple on dipolar 

molecule caused by the applied field is opposed by a.· 

torque proportional to the angular velocity of the dipole 

and this constant denoted by-~ is dependent on the 

surrounding medium .. Debye ahown that if the dipoles are 

regarded as spheres of radi ue 'a.t imme1•sed in the 

medium with internal viscosity coefficient ~ 
Cint the 

constant J is given by the stokes formula 

a.nd the relaxation time 1~ obtained ae 

-5 
2kT 

••• 1.73 

• • • 1. 7 4 
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co~bining eq. (1.1') and eq. (1.74) we g~t 

'L- 4 7\ a
3 

k T '>lint 

DeQye assumed that the internal viscosity ~ · 
lint 
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which is a microscopic property is equal to the macro-

,j,copic viscosity ( ~ ) .of the polar liquid and thus 
,, 

the Debye relation can be written as 

T- • • • 1.75 

The above ~quation (1.75) shows that from the 

measured value of the relaxation time T. and the 

coefficient of viscosity ~ at a certain temperature ·-~ 

T the size of the rotating polar molecule may be cal

culated from the equation 

3 a ;:: 't k T 
4 Tf f'L, ••• 1.76 

where a =r ra4ius of the polar pol_ecule. Ai ternatively 

if the size of the polar molecule is known from measure

~ente, the determination of the value of the relaxation 

time ~ afford a method of obtaining the value of ~int 

fro~ which information on the structui·e of the polar 

medium may be obtained. 
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1.6b. 'Modification of D~b:y;e' s relation:-

Pe:rr:i.n f1934) modified the De bye r~lation eq.( 1 .76) 

which is app~i~bie tqr the spherically symmetric mQlecul~. 

Perrin treated the rigid di~olar q10lecule as a.p ellipsoid 
___, 

with moleeuJ.ar tlipole moment r having component ~~ 

/1--b and~ SJ.ong the three principal. axes ( ap b, c) 

of the ellipsoid ~d obtained .· .:~ an expression for the 

average moment per molecule in which the term y} / / /1 -t- jcsr 
of, equation 

1 s replaced by 

So the eq. (1.77) becomes 
~ 

/Y.-2 
3kT 

pi!-= E - 1 M 
E~+ 2 ·r 

Or, 

••• 

.. • • 1 ~ '78 

p*' = /."(\ N [o< + _]_{ ~ A
2
b ~ \) 

, . 3 :II 3kT\'1-t-Jo.rr0 -t 1+ jw11, -t J+jw~. • • 1.79 

wh~re ~-- , 'Yb and Lc -are the relaxation times of 

the dipole moment components along the three axes. 
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In ~any casQe the rigid polar molecules is approxi

~ated by @ el.lipsoidal. shape instead of being a perfect 

sphere. Moreov~r, the dipole may be along one of the axes 

of Qonsideration. In such a case the time of relazation is 

given by Fischer a~ 

47\abcf 
- k T 

. • • • 1 .so· 

~h~re a, b,· ~d c· are the semi axes of the ellipsoid 

and f is a structure factor. 

1·.7· 

f~eJ.d 

duced 

( 

Radiofreglfency. Oonductivi t' of Polar Dielectric 

Liquids and Relaxation Tirne: -· 

In an actu8.1. di eJ. e ctri c when a radiofrequency 

E ::a -E e 
j wt 

) is applied, the total heat pro-. 0 

is ~ue to the combin~d effect of dielectric loss 

and Joule'• s hefJ:ting. Thus the radiofrequency conductivity 

measurement provides an information regarding the displa

cement current and conduction current in a dielectric 

liquid. 

In reference to the previous theory of the diele

ctric conductivity eq. (1.58) it is observed that the 

product of angULar frequency and loss factor is equi-
. " . 

valent to a dielectric conductivity ( K' = ~ ~ ) 

The dielectric conductivity K' may represent as well 

an actu~ oqmio con4uctivity caused by migrating 
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charge carrier as. refer to an energy loss associated with 

a frequency dependence (dispersion) of E 
II 

, for example, 

the friction ~ccompanying ·the orientation of -dipoles. 

Sen anU Ghosh (1974, 1978) put forward a theory 

o~ conductivity based on the assumption of existence of 
I 

;free ion~· in ~oiar dielectric liquids, so that when a 

~r8.dio frequen<'Y field 1~;~ applied in the polar liquid, 

there is not only the displacement component contribut

i~ to the conductivity as assumed by Murphy and Morgan, 

but the conduction current due to free ions plays a domi

nant role• Using Murphy and Morgan's eq. (1.58) of con

Auc~ivity and Debye• s dielectric loss equation ( 1.37) 

.a general e~uation for conductivity has been obtained • 

:substituting the relaxation time 
3 

47\Yl_a 
kT 

••• 1181 

in eq. ( 1.58) which is in most cases of common dialect-

ric liquids is of the order of 1o-11 sees. The eqn.( 1.37) 

of the radio frequency conductivity becomes 

••• 1.82 

H~re at rt;ldiofrequ~ncy stage w2-y2 oonsidered to be 
2 2 

very small i.e. W L << 1 • 
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Thus it is evident that if measurement of radio

frequency co~ductivity are made at graduaL1y higher and 

higher teQipert:~.tu.re then as ( E. 5 ~ ( 0{) ) . and 4L/r 
are both decr~~sing factor of temperature, therefore K' 

shoUld decrease with the increase of temperatur~. But the 
• l ! ' 

:experimental resta ts showed that the radio frequency 

;oonductivity increases with the in<lrease of temperature. 

It is well. known that in· ca8le of ·eJ.ectro1ytes where con-· 

ductivi ty is mainJ.y due to ions, Walden's rul.e is val.id, 

which states that the product of equivalent conductance 

at infinite dilution and the viscosity of the solvent 

i~ approximately constant and independent of the nature 

of diel.ectrico 

A simUar relation observed in case of polar die-
/ 

l.ectric 11quids where K ~ = constant arid it follows 

Walden • s rule. 

Taki~ the analogy from the motion of an electron 

in an ioni~ed aas when the degree of ionization is s~all 

and assuming the resistive force as due to viscosity, 

the equation o+ motion of the ions is given by 

Q • • 

where ~a" · is the radius of the moJ.ecul.e and yt the 

coefficient of viscosity then 

V= E 
jwi 

e 0 e 
••• 1.84 
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where 

Now, 

••• 1.85 

if n denotes the number of free ions/o.c. and the 

current ic = n e v 

Then the conduction current 

finding the real 

0~, 

part of the conductivity 

n e2-Y 

••• 1.86 

••• 1.87 

as em, Y(_ -== 1 o- :3 poise and M = 1 o-28 gm s. 

-then >> w. 

Thus conductivity due to free ions is 

••• 1.88 
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Now, the total conductivity is given by K' = dielectric 

conductivity .... ionic conductivity. Tb.us from ·eq. ( 1.70) 

$nci eq~ ( 1 ol38) 

.,..,. 1o89 

o:t·~ K' = A ~· B/'rl 
.... 141190 

Thi.s is th~ fundamental equation for radiofrequancy 
1 

47f A- ( 
·2. 

Es- foO)wt:; 

. GJ ::i:27Tf 

K 9 a.gai,n~::lii 1,/ Yf a.nd A :L s ·tb.e intercept" ]!x·om these 

values ~~e+ectri~ rela~ations can be deterwinedo 

Ul tt~ .... lt~a.1~·e 9 ue~ Gl '? Co~.a9~£. o ~ .1Y£i crJ> .. W,.YJ! 

ili?A~fu~~~ .. ~~~.J.~ .. Jill: ute 
., 'l' ,, ', ·, ' 'l ·: ·- ' . 

At tqe "i{t;Jry dUute solution of the pol.ar sol u.te 

in nonpol.a.:r so+. v~tit the paroen tage of free ions preeent 

in aQ~ution is negligibleo Again at U~H.F. and microwave 

field there will' be no displacement of existing ions 

present in t~e dilute solution but o~\y the oscillation 
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ca.n be exp~ct13!d. So the seoo~d part of the eq. ( 1.90) m.aY 

be omitted" so at :f:,pfinite dilQ.te sol.v~tion of polar solute 

in nonpolar solve~t ~he equation (1"90) becomes, 

K' ~ A9 = The U.H.F. or microwave conductivity at 

infinite di,l utio.n, 

or, 
'_ ( £,;-1- 2 f NC A

2 2 
. we 

I< - -. k 1 + w2 T-r. 3 3 T 

since 
I 2 2 2. 

A_ ~E:s+2} NC A WL::' 
- 3 3 kT 1 + W20T2-

••• 1.92 

this eq. (1~91) is same as eq., ( 1 o72)o 

In o~r present investigation this eq. (1.91) is 

u~H7d fc.>:r' det~:rwining the time of re~axa.tion c or 

Dieli:n:rtric,Dilf~:g..!!Sion anJ_~~g~p~ion_jmd Some Related 

Phenomena o~ S~tq,e 01·e;a.nic Pol.a.r DielEtptric Liquids,L-

In the year 1850 Mo~sotti and in 1879 Clausius 

established a quantitative relation to reveal. the nature 

of the liquid dielectrics in presence of an external 

electric field. 

Lorentz (1892), Von-Helmboltz (1892) and Drude 

( 1904) independently exp~ained the ano.mcllous dispersion 

of refractive ~ndex of dielectric liquids at optical 
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tre~uencies. Similar an«malous dispersion of dielectric 

con'stant at very high frequency el.eotric field was a1. so 

modified by Drud$ in ( 1904) •. 

Most of the e~lier works were centered round the 

stu~ies of app1ica~1litJ of Debye•s ·•quation in det,rmi

~ing the mol.eq~~ r~ii f~o~ t~e measurement of relaXa

tio~ tim•s and mac~osc;opic vi~cosi.tJ and the experiments 

were done mainly on ~he polar rigid and non ~igid mole

cUles in no~po].ar solvents. 

In g,neral the ~igh frequency a~sorpt1on in l.iquid 

system s'udies may be Classified in two ·categorie~ 

(a) Solutio.n of polar· r~gid and .non rigid mol.ec'U].es 

in non polar sol vents. 

(b) Pure pol.a~ liqUid so 

The t~rst quantitative verification of Debye 

theory was attempted b.Y tizU:Shiaia. He ·1n 1926 carried out 

the investigation on di«Leotric dispersion of several 

a1. cobol a and Xet<)ncts ili tnetr4:l wav~ l.ength region and over 

a wide ~ange of temperature ~d observed absorption peak 

~t l.ow temp•rat~~~ He verified Debye theory 1~ the case 

~t.ialcc>hQl. l;»,y c;al.c-ql.•t~Jl$ •o:J.$cul.ar radii and to~d th~m 

· ~o:b~ ~~9•t o1 '~' ~~g~t ~rder witQ gi,ycerin• ~s ~ 
exception;i having ~00 .$11 a v~~~ for mol.ecular radius. 

I I o , ') 
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J.D. S't):"anathan (1928) studied. the diei.ectrio 

~e~av~our of 4A~te sollltion of several. al.$oho1s in 

be~zene ,Qlu~~~~· ~e i~und that the zero. o6noentration 

(alolecu+ar lOlWQ~ V$ conqentrat~on c~• at diff~rent 

~emp~ratures) i~tetpept~ tor methyl, ethyl~ prop'l and 

amyl al.Q9hol 1~-d to the values of electric moment of 

~oleoUle~ wbiQb are es$ent~ally independent of tempe

ratures thus is i~ agre,ment with Debye theory, 1~ is 

contrast to the Qehaviour of the pure liquid alcohols. 

DebJe ~imsel.f ( 1929) successfully explained the 

anemal.ous dispersion observed by Drude ( 1904) and postu

. lated that the ch~racteristic property of the liquid 

~eeponsible tor ana..OLous dispersion at radiofrequency 

~ange is the polarity of their molecULes. 

Pischer (19,~) mea~~ed the relaxation times of 

a, number of 11quid c(,mpQUQ.ds i:q dUut~ solutions and 1~ 
pure l~quid and to1.1Jld to:r the aJ.ephatic ch$in mplecqles 

(Xetones, mono!uUogenides, al. cobol e) the r~lati ve time 

increases in $~quence alcohol, ketones, haJ.ogenides. The 
' . ' . ' 

absolute· val. ~es of reJ.axation times can be evaluated by 

introducing molecULar ~iscosity w~ich is sm~ler than 
I 

macr9soopic viscosity. The result show for acetone, nitro

benzene ~d •onocbl.oroQenze;ne in undU uted· state in agree

'ent with Debye ~qeory of quasiorystalline structure of 

J.iquid s, but the general th·eory does not exp!'ains the 

behaviour of ~cobol with their strong interaction of 

( - OH ) g*oups. 

' ·-· 
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· Spengler ( 1941) shC)wed relaxation time as a 

function· of concentration with. two liquids o6H5Ko · a~d 
o6u5~ • He pointed out that according to De bye• s law, -

rel~a~ion time ( '1:' ) varied with viscosity ( TL ) 

' 39 

~_...._ holds :for dilute solution where Brownian movement is 

,. 

a major factor in th• arrangement of the dipole, with 

high concentration the mutual action between t~e dipoles 

is more important ~Q. the ratio ( rt I 'tt ) the reduced 

relaXation ti•e 4eoreases. 

Jackson $lld PoweJ.s (1946) determined the value of 

reJ.ax~tion time in benzene and in paraffin solution and 

o~served that th' v~ues o~1.increased b~ 4- 7 fold 

~or:$ increase ~~ v~~c9si t.r of eis~t fold. 
: 

curties (1~'2) and Smyth C1954) observed that 

al. tbo~h the vis¢o~i ty of ·th' liquid was: same, · . · · .. · _ 
value qf rel.axatio~ ti11e was different in sol utlons and 

in liquid st~te. 

Kiiller ( 195()) observed that molecular radii cal

culated by using Debye equation for few molecules from 

~~ eXperimental val.~•s of critical wavelength and critical 
- r • -

frequency were toQ lOW compared with Values obtained 

trom other method. He further observed that the mole

cUlar ra411 beco•es still lower with the increase of 

viscosity of the me¢1um. 
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Sinha et al (1966) studied the fnfluence of visco

si t7: on relaxation time and concl. uded that the macrosco

~ic _nscosi t)' d~d no.t correctly represent the intern~ 

viscosity of the liquid. 
' \ 

-~. Mehrotra ( 19"(2) determined the relaxation. 1;1me 

'"(, and au~tual vi sco~i ~y "'1.12 of seven substituted 

~en•e~e p-toludin~, ~~itro~niline etc. in t~e mic~owave 

~egion . ·~ at vario"Q.s t~"'peratures and concl.uded that the 

mutual viscosity is • bet~er representation of the resie

~ance ot' the rotl;ltio~ ot til~ in~ividuel. solute molecules. 
II 

:P.c.Gupta ( 1~78) m~~s~eci the dielectric loss ( €. ·) 

~ ~d dielectric permittivity in dUute solution of benzene 

in ,. ~~~~. 11icrowave re~ion of· benzoyl.acetone,· p-fluoro, 

p..chio~o, ~brqmo ~d P-metbyl benzoyl.acetones at 40°0 

and :calculated th~ relax~tion times, the dipol.e moments, 

the tree energies of activation for dielectric relaxation 

and vi~cous flow. 

DieJ.ectric D.~tmersi9n and 4begrpta,pn 2( N?n
ri§id. llol~cUjLe, in lfon:pola.r Sol.vents:-

~easuri~~ die~ect~~c los• •t 4.:5 JQeter wavel.engtll c;»btained 
' ' I I , 

re~ative valu~s. d:t ~fl~i;t.tiotl times ~f some aromatic 

~alides. The short'*" r~axation times in l.arger lbol.QulEts 

were'explained by ~hem as being associated with q~ienta

~ion:ot OH2X group rotation around their bond ring. 
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P.R. Goss ( 1940) analysed the dielectric polariza

tion of certain binary mixtures of polar with nonpolar 

liqu14s and $bowed tqat the solvent effect can be resol~ 
·' ved into contri~u~io~s depending on the anisdtrQpJ of 

the e].ectr~c fi~C1s Which varies with the shape of the 

~on spherical molecUles an~ o~ induction effect related 

to the ~ieJ.ectric constant of the liquids ~d arising 

both from the re~qtion field and from permanent dipoles. 

Bchellam~rqh ( 1946) experimentaJ.ly showed that 

dielectric raL~ation time and viscosity of a number 

o.f long chain l~q'q.ids are not generally eqU~A, in cont

r84t:ctio~ to th~ behaviour of liquids of low molecular 

weights. 

Gopala tr~Sbna (1957) gave a method for determin

ing the dipo1e moment and relaxation time of polar subs

tances in nonpo~ar solvents at microwave range of fre

quency. The spe~ial. advantage of his method is that it 

.need not req~red the density and concentration of solu

tion for d,termining the re~t;on time. 

Bi~ce after the development of Budo•s· theory th~ 

m9~~c~~ ~d ~nt~rmo~ec~ar rqtations have ~~en obser

vttc;l i~ 111rge ;n~ber of molecUles ~~ke - oa~3 , - p 2 , 

- CH20l, - Cll2~tt - 0~2Clf, - OK oy Fong arid Smyth 
( ~ 963).' 



Jaiprak$~h (1969) developed a method ~ased on 

Prolich's equat!qn to~ calculati~g the relaxa~+on time 

of sphericaJ. po~~ Qaolecllle ;l.n nonpolar sol vent~ The 

calculated .rela'%$.t~on time of· five molecules were com

parable with those oaJ.quJ.ated from Gopal.a Krishna's 

method. 
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Tay and Gos$ley (1972) analysed bromoalkanes and 

Ketones, interms of rotation of molecules as a whole but 

in :amines the ·BB~ group rotation has been attributed 

to be re$Ponsible for dielectric relaxation. 

Arrawatia et ~ ( 1977) ·determined the dielectric 
: . I q 

permi tiv:l. ty € and dielectric loss E: of. 0-Chlzorobenzen~, 

Y 4-chloro-,-ni trobenzotrifl.uoride and 4-chl.oro-'-ni trotol~en~ 

at '5°C in dilute ~olutton ot benzen~ and oa~bon tetrach~ 

loride in miorowav~ region, The relaxation time ( rr ), 
the· distr:L bution pat~e.ter ( o( ) and the dipc:)le molllent 

( f'<, ) have been eva+ uated from the measured diel.ectric 

data. 

Gupta et al (1978) studied the dielectric absorp

tion of some simple liquids viz. fluorobenzene, 

Q..;.diohl.orobenzene and 0-chlorotoluene a.nd their binary 

~qixtures in dil.ut' benzene solutions at the ' em. mi crowavf;t 

re,ion over the temp.rature range 20°c - 6o0 c and deter

min•d the r~axatio~ time and the thermodynamic parameters 

viz~ free eneru. enthalpy and entropy of activation .• 



·~~e res~ts obtaineq are explained on·the basis of pola~ 

rity~ s~~e of the •o~ecUles and the Change in the mole

oUla~ •nyironMen~~ W$s~ink and Borde~jk (1978) ~·termined 

the diel~~tric·rel'**ti~n ~imes for mixtures of N-methyl-

·i tormide, N-ethyl a9etami4• in carbontetrachl.oride by 

t;me domain reflectometry. 

Sharma e't a1. ( 1985) used a standard microwave 
' . 

~band technique and GopBJ.a-Kri$na• s single frequency 

· co~centrational variationaJ. method ·. determi~ed the 

Q.iel.ectric relaxation times ( 'T ) ·.,. of the dUute .sol.u

tions of lf ,lf-dimethyl forma.mide ( DMF), methanol and 

several. :PMF + MeOH mixtures in~ benzene at different 
I 

temperatures and also calcULated.the thermodynamical 

paramete~s. 

Agarwal (1986) mea~ured the dielectric constant 
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< E. >.and a_i~ectr;t.o 1e>s~ < c' > of tour different com

pounds of ~ifferen~ sha~es viz. ~~butyl chloride (linear) 

Chl.orobenzene and ~romobenze~e (planer) and tart-butyl 

Chloride ( nearl.y sph~rical) in bepzene sol uti.on at '2°c 
-~ and 9.96 GHz an~ observed t~at for nearly the same mol.ar 

volume of the sol.u.te mol.ecu1e. the rel~xa.tion time { T ) 

· ~~ affected by .molecu;Lar shape in the fol.l.owing manner 

llinear ) lpl~er ) -r spberi~al. 
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[• ' 

-~adan (1987) st~d~ed ·the die1ectric absorption ot 
thiophone. a~etorie; ben~opb~non and their mixtures in 

dilute solutions ·in the microwave region over a wide 
"l , I • • _,f':_., • , ' ') ' 1 

' · 

range·.of tempe·r.a1;"~g's and developed a rel.atio~ :tor cal-

c~~t:lng- the rel~xati,~n ... ~i~es ·and tbermodynami c parameters. 
. . ·: ; . .._ .. ..:":·~ .-.. ~ '· ,-.! . . . .· ·-. ' 

The :v8J.ues ag~'es with~\;.t,]:ie· gj,ven· dat-.·. 
' . . .· .. 

. '.; ·,- .. ;: . ::. ::·: ;:~./.~:· :_·~.~- :': ~- ·,-.::. . 
. . ·' 

' ,• . ~ ' . / ' ; 

. -, ::f;~ ~- ; .. ~ .:·>~;~::·\:.<: . 
Pure ·Liguicis:~ --· . ~ : 

~ : . 

. . The e•r1i$~ ;studies -~f: tnol.~cuiar ~ape and 
. : . . . . . : ' . :· . . .· :' ~ ' ; . :. ' . ' . ~: ~ ~' ' . . . . . . . . . . . , ' ' 

· diel·e()tric reJ.*a~io~.·:h•ve.· .beeq.. r~viewed comprehens~VelY 
. : . ' ., ·:-·· . . ·. . 

by: s~yt~. AQcordi*g ~9- · $1~ple_ ~ie:J,.e()t:i"ic theory th~ d~e-

~ectJ'~c con~;r~~t ~-~ th• ·pol, a~ 'li~ut4s sbouJ.d ·be direo1ay 

"-x-1v.bi e- trom 1;b.~tt ~~bJl~IPi_cai: .. ~t:r~o~ures. :Sut Horgan 

&.nd .:Y~e~ ·( 1~4Q) (;~$·"~4- tbes~. v$;}.ue$ grea~y diffefent. 
' . 

·They explain. the 4«iiP~~tlires may be que to association or 
. ' ' ' . ' • . I 

intere.ct:J.on cau~~~ t~e ~o~·ecuies to act as anassociated 

· pair~ in 'f(q~Qh· th" ei.ectrio:".~~-~en"t ~~· 1ow because the ··· .. 
. . 

d.ipoles are so. di~ect$d · ( ~) · to o_ppose one another or 

(b) the effect of ·_1h'\iern8l. f~ictior.a.. o,r vie9os:t. ty is 

restr_icting the PlOt;ton: o~ tber mol;ecUJ.es. Whiffen and 

Thomson ( 1946) .:from ·dielectric mee..auXement o"Ptained ( 'T: ) 
' . ·:· '• ', . . . . 

· vaiue f'or ·toJ.uene, -..'o .... ;,J.ene, p-cyanine etc.- :t.n pure 11quid 

$tate, which a~e 1~:.-accord~ttg:.:to the si~e of tbe·mo1e;cuJ.es •. 

Hiat~1n. (·1~4;~:)r-~e~e,~~ned ~ermittivitt of. isQ-
. . . . . ·: .. ·-:·. <:.:1,.;._1 .,.: .•... _·.:··. . ,' . . . . 

butyl al~Qbo1 in Pute' 'and in viscous so1vents. StFo~g 

~d ·weak so1~tio~ i~ 9en~e~~ behaved in accordance w~th 
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Debye theory but t4e •ed;um solution behaved differently 

from·the simple th~ory. 

Petro and Smyth (1948) observed the same effect 

as observed by Whiften and Tho01son· in (1946), Garner 

(1948) showed that simple Debye theory does n~t hold 

for many insol uting liquids sue~ as glycerine, phenolic 

resines and sug8ested ,an equation 

1 ·In· .1) 
E." =a \. x. + ·Xfi 

when 0 <_ n <. 1 r~prese;tts dielectric· behaviour moJ"e 
II 

coiTectl.y the lo~s f&rctor · € and x = W"t" fihere 

'7::. =- re+axa~~o* 1it~,.· 

Pro~ 4i~~~tt~9. ~oss me.asu~ement ot ~o~e r~gid 
mole.cules of moriqs~bst~ tu~ed. benzene in liq~d state, 

Poley (1955) 9bt~i~e~ the reLaxation times which inc

. reases with the mol.ec'UJ:,ar siz.es. 
. I 

~iiller 8,Jld Smyth (1956) examined the direction 

of dipole moment with respect to the molecular plane 

~ on the relaxation beh~viou.r of the molecules of diffe

rent shapes and si'ze in liquid st~te and showed that 

though the molecules 2,. 4, 6 trimetliyl. pyridine and 

. 2, 4, 6-t;rimetilyi j ,'3,5-trioxane are ·of equal. size, ! 

dipole moment and. vi,:;oosity in. the liquid state, the· 

two moleou;J.es have quite different (. (; ) values, beQause 



/~
~ 

···'.·; 

. I 

o:ti the directio"- of·the d~pol.e moment were paraJ.lel. and 

perpendiQular respectively to the spheroidal mol.ecUJ.ar 
. ' 

pJ.ane. 

Petro ~d _Smyth (195.7) from the investigation 
' 

48 

1n; substi t:uted be~zene and pyridine in the liqUid state · 

o_'~served a ree;U\a~ inc:rea•e it). the ( 1: ) va:Lues · wi ~h 

tbe incre~s•. 1~ t~e 'eize _of the substituente. 
. . . 

H18a!4 ~t 4 ( 196Q) :J;"ean~ysed the ~xper~mental 

d~ta of n~allcYl b~o,ide. 1~ +iquld _state in term a of 

dist~tbuti.on 'Qe4ft,n~>:t~o li~i't;s given by.:Frq:tieh ·(1949). 
' .. ' .'. . ' •.·· .···1: .. ' . ·.. . ' . ' . . . . 

The ( 1:'··) values ·~h.l~"et-_···ij,,a,i1; was associQ,t.ed With the 
: ! ·'. -:-".;~";:_ ... :~): ·. ·. • ~- •• ' - • 

re1e.xation ti~e of: iR·~~rn~.:-. rotatfo~. of j~.C:ij2Br. group, 

w~:Lie th~ up~er l;.imit:_~t-o' th$. ~rie~tatiolf·.· of' ·the whole 

moJ.ec~e. 

ReJ.eJtatio~ t;i.ioe .C'l: ) and _viscosity ( "1 ) 
~s been experi.~IJ.i;a1.lY: d_•t~;rm_ined. by Bhanumati ( 1963) 

•·.• · .. :· !' 

at ·different tempera~ures tor a· t.ew.iiquids, such as 
. ·, . ' . ' . ~ . 

·. o(. ~. qhl;or.ona:p_thal~n~s, ·butyJ.-phthSlene_ an~ iso-
. ! ' ·, _·: ,. . . 

· allyJ.phthBlelle ··etc. The._val.ue·s · Qf potential, bar~ier 
- . . . .., ' .. '}- . l ' · ... ·' 

heights for. ·dip<:)le. r~l~atiop ( A H 1:" ) an~ that for 

V~fJOOUS :f'low ( A~ 1. ) ·;;;·.were evaJ. uated from the . 

· linear plots ·of lqg ( 'L·T ), ·vereuQ ( r · ) .and l.~g 
( :. 1 ) v.ersue, <-. · t :. :·1 re·s~eQtiv~y. The ca;J.,~u.l.~~ed ·. 
val. b.~$ Qf' ( .'A.I--4 l).:~:j·~·-··'.~e<toulid to ·l;)e greate~···t~q<: · · 

( · 4 HL' ) ae .t4t;: t»h~~qQien~~:. of vi~cous flow oc)ns~de-; 
red th, PfOCEJS$ of tr&Asl~tion as wel.l. as rotation but 

only rotation8l ~'6eess~as considered in dipoJ.e r~a

xation • 



--
---~-

Xrishnaji ~d Maneh~ngh (1964) reported ~hat the 

di~ect1'!1c relax;atioP. of alkyl 9yanides and of Bl.kyl thil)ls 
l 

' 

~nor,aa~n$ s~z~- t>'l ~Q$ Qlql,;eo14. ee i~ former o~:s~ t$d. more 

tJ:u~~Ji ~wa ~el·at~t~o~ ~el1av1our ill th, latter case was 

tollnd. 

, Bhatt·Qh·rfy& et 81 (1966) reported in polar 

_l.iquid_s with rigid d.ifoles having mqment ( k =- 1.5 D or 

less), the _effect _of Q.ipole interaction was ~eg).·ig:J.bJ.e. 

Sinha, Roy ~d X:asth~ ( 1967) showed in 7 mm mic

rowave region the tem~erature dependence of relaxation 

time of a number o'f polar ·molecule~ of different shape, 

· size and dipol.e momeJ;lts in very .dU ute solution of non

polar solvents. The dependence of ( "t ) at any temp,e-

rature (f) ·all vi,:sc()s~ ty ( YL ) of the sol-ution is 

· repr~sentecl ·by · · T ~ = (constant) '"'t.y, wher' '1 is 
' . 

the ratio of the-h~at~ of ~ctivatio~ for dielectric 

~e:Laxatio~ and visco)la fl.oYi._' · 

Gatg ~d SQi)d;h ( 197') reanalysed the diel.ectric 
. . . 

data ot ~isol- and aniline ~n ~iqUid state. They obtai-

47 

ned val. ~es for iDet~H~Jr;f group ro.tation as '.2 p. sec. and 

its "'ei~ht fract1o~ ~~ o.~ _whUe th~se values in dil.ute 
- - . 

solutio.n are abo~t a· to o.s respectiv.Uy. 
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Mol'ecular Association. of Associated and Associato-

Associated. Polar .Liguids:: 
: . ). ' 

.\. 

Molecuiar_ ~ssoQiation may be expected to .influ~nce 

dielectric.rel.~ation·by modifying the structu:re of the 

liq.uid." -~he investi~.aticni of. dielectric relaxation in .-this 

connection continued actively in recent years. 

Mecke and R~uter (1949) made precision measure

ments of perm:iitivi ty on various solution of ~H3oH, c 2H5oH,. 

nC 4H6oH, nC8H17QH, c 6H?QH', PC6H4(~N)CH3 in C6H611 001 4 and 

cycl.ohexane at 20°0 ah(t40°0 .• They computed the.molecular 

association .and found. fo~ alcohols and phenols .dipole 
~ . } '. ' . . -

... 

moment is reduced i bt':.association and the binding moment 

of oil group :i.E;J usu~ly. not in-q.ch more than half the vaJ. ue 

of· th~ tree una !:leo cfated mol ecul. es •. (_' 

"'· ' 
· -Kl'emmli~g (1~50) _ 113ade apsorption me~suretoeP,.ts 

' . . . 
. . ' ' . I . . ' . . . 

PP.. aJ,.iphatic cbJ.6.Ji4dci( 8;p4 ·:~cobol a. He found diff;icult 

·to. sort out tq.e ·fi!tt'eq1;s due· to polar ·association, H-bo.nd 

fo;-mation, change .of' mc;>1ecular shape, internal.- rotation, 

ttJui tipl.e rel.axation. times etc. 

Brot (1956) mad-e a conclusions from his measure~ 

m~nts on straight chain. alcohols cH3(cH2 )nOH with n = 5-9 

and· 11. In second ,eli sper.sion region the principle of super

position of reJ.axa.t:lqn:- ti.JDe .did, '.not hold good.· A. third 
... ' . . ' .. ·_i . . 

- dispersion region ·n~ar · ·· .. ·· ··A- = 1 em was assigned to 
, I 

the reorientat:t:on. ·o:t:"tl?.e dipoles in the interior of ·the 

polymeric specie~. 
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Schellm~ ( 1957) ·developed equations which take 

into account the association in liquids on dielectric 

saturation. Sriva~tava and Varshni .(1957) also sugges

tecJ an equation fot.vaz-iation of dielectric constant of 

mi«ture of polar liqUids (associated-associated) with 

concentration a an' temperature T°K 

. ( tn ) . l· . q . 2' · E ·= l + r + :P -r -,:v2 )xc + z c _ ••• 1.94 

wbe;re p 1 q 1 . l • .· ni and ~ are constants, V$-riatio~ 

of ·,,E w~i;~ a i$ line~riP t~e equation has been Ulust-

~at'ed for water fll.8t4yl. a;Lco}J.o~ and w~ter butyl. alcohol 

mixtures w1 th sa~isf~ctory :resuJ. ts•.· 

Conway·(1959) examined· theo~ of absplute 

~eactlon rate fo~ the case _o+ relaxation in associated 

. pplar liquids and Sh~:rfled the mech&D.ism of" absolute reac

tion rate to be consistent with other theoreticall.y 

~erived q~itie~ an(!~ with mechanism-of proton mobUity 

in water. Mur&Lidhara, Rao (1959) studied. the dielectric 

-~' los~ and dielectric co~stant of two liquid mixtures 
! 

Jl-butyl.. alcohol. + $J.fcer<;)l (botli associated) ~d Iso. 

butyl. · al, co4ol· + n_ p;ropyl bromi~e · ( a~s9-non-associateci). 

Two :Pi~s were ob~ene~ itt both. t.he cases in E."- . 
tr~qu&DCf and (!/ • ~eiQ}»~ratux-' C~V'es. SchaJ.l~arc~ t 8 ·. 

( 1946) sugs~sti~n was' th~t th. process of diel~c1ir1~ 

r~ax-t;on cannot be d;~ectly conneoted with individual 
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· aaolecal.ea but ie aD. 4ist~'ban~e over an appreciable region 

· ill tb.e liq:&U.cl does nb't ~ppear to· be valid in the said 

miztue. · 

Mc.Dutfie Jr• aod L1~ov1t• (1962) studied the , I •• 

di~eot~ic prop~~ti,e Qf t~e ae~~iate4 liquids suCb as 

· butane4~ol; 1, '~ ~,.•t)~lll~ ~·~t~ed~OJ. 2,4,glyc.,ro~- and 

. bexanetriol, 1 , 2, 6 over the te11pera t\J,re :range .. 20°0 to 

+ 10°0 and over a tJ>•'lli•:Q.cJ r~~ .of 0.01 to 1~00 MB;z. 
" ' ' -~ ·. ·, . . 

.bieJ.eotrio :r~~a1;~on ;~~DUl~ and· ~pe~r' distri"butions ~ave 

·b,en determined ~~ 1 oJ,,_~6-:.•~·.:·t~:.•~: ,~:. ·.(~_) all four liq~d s 

·:ex~ bit an aespetl1;o :41:,~~~~~~:~~, ·~t r~a,;atio~ ti•ea of 
~ •. · ·.· . . <,''··~.-~ ~/~-~----. ,·:··.'' '.-.. ,. . ' ' ' . 

tJ;se »•vidson and dol.• .f,ot,ii';.:,::'- ('bl:'' w1 tb. the exception of 
' ' : : : :· . ~ ... : .. : :: ·.~,- ~· . :.- ·. _:·.~. ; . . . . 

bexanetriol 1,2,6, t•e.~ai··~tJi_1bu1;ioJ;l:. of relaxation times 
' ' • ' <• '• >"•;'·,~ I.'· J ' 

'b•co11e~ n~rowe:r w~ ttl ·-:~~ .. ~~~~g ·::~_,.lllper~tures. !bey con-
. ' ' '·::-·' .' ,f, ' .· 

Cl.uded 'tb.a~ the d1eleo\Ji'~.q\_or~.,~~·tiqn 1$ closely :r ... ated 
. ' ·. .·· ··;.,_;_·:··~·.~·-:: . .-.:.~.'; .... _·_. .··.;·:.·. _~ \' '• 

to the -:-•.;;. e'truo't\W.:J.';:::~r·~·u.p .ot-.''tih~_:gl:'oup and the struo-
. . . . -t:_~·-.;~·--~~>,~·i~?-~~\~:--· ~-~:· <.':. ~-~ .· ·, " . . ·. 
-e.lu.'~ .~r-~. up is a .q~.~~:~t.-~1;1v_.,- ... ~;l"o_ot;tse,. 'fbey expl~ined 

. . ; . . : .. , .. : .. J'::' __ :·,' . ·. • _- .. _.·,_, ;·' . 

... the teaperatQre 4•pend~~C?•-.;:Q~.-~~tt1f~41;b. o~ the d1~tribu-
.·_.\ ._.., • · . · - .. ·1. ~r .--:-.::: :--:<::~;._ :- ~- -~ ~- · 
~i9Dr •v ~- due. tQ cle,q.:.r,,,~ •. : Q~:-.-lr,~v.lt eiz.e W1 th increase 
'.: ' ' ' '' ',,.,,:,t-:. ' ' ' ' ' ', '.· 
ot temperature ancl as· t~•tqouP,~ ~.0011. slilalle:r, the 
'I ' . ' '.'· .:~·<'!.~~<· ,' ·~·:<,•>. ''·. ', - ' 
e~:ruotural. clecv· prq~9sa.::.l,)_,c;o"••: 8lOl'4t expot:lent:l.aJ. • 

. ''f ;\!' : . .. ' •,. " ' 

J4~uff1e J:r, Quinn &Acl ~i~Q~1_1;., <'1962) -.easured tbe 

41electric relaxation t~~~·.·,:izl:~:~z :re~qn. and at low 
. ' . ' .·-' ·~·~(-~~::.;~·-,\. t:·· ::_;:·-": .. . ~ : ' . ; 
'ttt•ll•.rature for. Bltoe~o~,;·!i·,•J! aat.xt~e. ~he mixtures' 

~a,J1~1DB f:rorQ relativeJ.~_: __ p,J~~ ~~o~:rol to equal mola:r 

concentration of B].yce~Ql and water. Prom the data a 
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,singl~ distri~ution of rel-axa.tj.on times was infered for. 

'thea~ mixtures rather than two individual distri~utions. 

:They expl-ained their experimental. findings in terms of 

the grou~ concept of SOhallamach in which it was assum~d 

that in a mixture~ of associated•associated liquids, 

. such as _glyceroi and water dielectric orientation" occurs 

:throug~ co-operative effect in groups of molecules and 

.these groups containing molecUles of both kinds. 

Dielectric measurements of Garg and Smyth (1965) 

·on the normal,. al cobol form propyl to doQecyl- in pure 

:liquid state have shown three distinct dispersion regions 

as was previo~Sly reported by other workers. The relaxa

,tion times for 1st, 2nd, and 'rd. were 1 to 2.2 x 1o-10 

.sees• 1.7 to !f x 1o-11 and 1.7 to 4 x 1o-12 sees. 

:respectively. The ~ong rela_.--<xat~on times are associ&-, . 

ted wi tl'l. :poiymeri o ~ usters resulting from the st:fotlg 

hydrogen bQXJ.d~~g 'Qetwee~ (-OH) group short~st reJ.axatiori 

times was asor~~ed to the orientation o~ the <~oH) g~o~p 

.:and the intermediate relaxation time was attributed to 

:tqe rotation Qf the tree a1cohol molecules. 

Barbenza (1968) r~ported the dielectric property 

'of methyl ~ cohoi (:pure) in temperature range 5° to 55°C 

.and at wave length from 15 to 5 em. Can be represented 

by a single relaxation time. The strong temperature 

dependence of ext;r-apolated values of Eoa leads to a 

second dispersion region. Moreover, the measurement 

show that the main dispersion can ·be described as a rate 

process with an activation energy of 3.4 K Cal/mol. 



----------~----~-
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Rizk, I. ~anwar (1970) meas~red the frequency 

dependence of comp~ex di~ectric constant of gLycerol-
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! so propyl a1 coho:l and g1ycerol-I so butyl al cobol within 

the~frequency band-105 to 107 c/s and the range of tem

perature -19 to + 50°C for entire concentration range. 

It:is found for each mixture there is one main relaxa

tion process. ~lie average relaxation time in each system 

is found to va7;y exponentially with the molecul.ar concent

ration of glycerol. The increase of'gLycerol content in 

· eacb; syste~ is acQompanied ~Y a linear incr'ease of the 

activation enthaLpy ~d entropy change for diele9tr1c 

relaxation. It is euggested that the diel·eci;ric relaxa

tion in these ~ixtures occurs through a co-operative 

effect in groupe contai~ing molecules of both kinds

and that the interaction be~ween these molecules are 

~tronger in ~rcerol-isobutyl alcohol system than in 

gLycerol ~so-propyl alcohol system. 

Purohit and Sharma ( 1971) determined the dielect-
' . I/ ric constant ( E. ) and dielectric loss ( ( ) of 

methanol, ethanol, 2-.propanol, :5--methyl-1-butanol and 

1~butanol in benzene solution for concent~ation varying 

f~om 0.004 ~o 0•08 weight fraction in the X~band. They 

found in all cases except 1-butapol, the tan 8 
concentration curve ~ows a ~arked increase in the 

concentration range o.o, - 0.04 mol. fraction and this 

b~haviour ~as beep explained as due to the fotmation of 

·dime~s by assoo~a~ion ~d due to solute-solvent interac

tion •. 
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sen and Ghosh (1972) and Ghosh and sen (1980) 

cal.culated the dieJ.ectric rel.axation time of some normal 

primary Blcohol.s in ~onpolar solvents from ~adiofrequency 

cond~otivity meas~ements. They observed that the rate 

of breakup of the Cluster of molecUles is affected·with 

dil.ution in dif~erent nonpolar solvents. 

V~-Ge~$rt ~d Deloor (197') investigated die• 

].ectric ralaxat;~n and activation energies of some 

normal. alcohol.s in nonpolar sol.vents. The r~axation 
l 

ti~e for alcohol benze~e ~ixtures are found in all cases 

smdl.er than those observed for other sol vents, the . ' .. . . I 

energy of activation in different solveftts do not differ 

significantly, but are constantly higher than for the 

pure aJ. cobol. s. 

Rajyan, Ramasastry and Murthy (1977) studied 

dielectric dispersion of two pure liquids glycerol 

and diethylene BlY9bl at radiofrequency, Uhf and 

microwave regio~ at ao0 c and confirmed the Cole ~avidson 

type dispersion. 

.Mul.eCki ~d B.Ua:Qicke, ( 1980): studied the self 

associa1;1oD. of t...bijtyl alcohol ~d devel.oped a method 

for a simultaneous determination of three independent 

values of free e~e~gy of self association from experi

me~tal datas. 
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Pr~ash and ~ai (1986) determined dielectric 

constant ( E.'12 ) ;;uid dielectric loss ( E:'~ 2 ) at diffe

rent concentration of five ~ixture of aniline and nitro

benzene mixture I (25% nitrobenzene and 75% aniline), 

mixture II (5o% ni tr.o beneene + 5o% aniline) and mixture 

III (75% nitrobenzene + ?5% aniline) and also of pure 

nitrobenzene using benzene as a nonpolar solvent at 

different temperatures and frequencies. 

found to increas~ linearly with the addition of nitro

benzene in the aniline - nitrobenzene mixture except 

for mixture III. Similar deviation have also been recor-
l 

ded in relaxation times and thermodynamic parameters. 

These deviations may be attributed either to.the exis

tance of interassociation or to the complex formation 
' 

in the last mixture (III). 

El.ectri~al Qonduc.ti!it,Y of Dielectric.Li9Uids, 

in :0.0 •. And High Freguenc:t Electric Fields:-
' ' I ' ' I ' ' 1 J • • ' ' ' 

Quinck~ (1895) first showed that the curr~nt 

through the liquid depends upon voltage, gap width and 

nature of the li~uid and conaluded that the cur~ent is 

non~ohm~c and probably electrolyt~c in origin. 

Curie (1902) ob~erved that the electrical pon

ductivity of petroleum. ether, carbon tetrachloride car

bondisUlphide and benzene was increased by exposure to 

gamma rays or X-rays. 
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Schweilder (19Q7) showed eXperimentally that the 

oond~ctivity of s~t~r~ted hydrocarbons decr~ased with 

increase~ purification. 

Jaffe ( 190G) studied the current voltage charac-

5'5 

teristic of hexane when irradiated by gamm~ray and con

sidered that the cUrrent as the sum of the two separate 

currents, one rising to a saturation value like the current 

in the gas, w~ile the second is the ohmic : current. In 

1909 he succeded i~ measuring the small current develo-

ped when a voltage was impressed on highly purified hexane 

in a brass conduotivity cell. His resUlt shows that in 
I 

I . • 

p~re state the condqctivity-of hexane was due to cosmic 

radiation and ne-.r apput 146 ions were produced p_er c. c. 

per sea. similar resUlt was obtained for hep~ane and pet

roleum ether, but Jaffe (1913) discarded this view of 

separate currents, ~n favo~ of a theory according to 

whi'oh the ions are produced in very densely packe~ column 

isolated from eaQh other. The columns are the tracks of 

the photoelectrons reacted by .Y -rays and he co·ncl ud~d 

that the field of less than 100 V/cm, a large part of the 

current is caused by external ionising radiation. 

Nikuradse (1932) studied the current in liquid 

dielectrics over the wide range of field strength and 

gap width. He- observed that current depends on the puri

fication of the liqtU.d, electrode geometry and electrode 

.J 
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material, bu,t ~ndependent of pressure but wh~n 8.11 the 

ionizing agents au~ as ~rays and other radio active 

sources were r$~oved there still exists a residual or 

natural conductivity in these liquids. The residual 

conductivity of a supposedly pure insoluting liquid 

h·as been reduced by a factor of a thousand or more by 

treating it in such a way J!',s to remove traces of water. 

Whe~ a reasonable lQw limiting value. of conductivity · 

bas been reached, the- next problem is to find out, how 

it originates. However; there is no general. agreement 

as to its·oharacter~stics. 

Baker and Boltz (19'37) and·Dronte (1940) inter

preted their investigation to mean that the conductivity 

is due to the~o~onic emission from the cathode combined 

with Schottky effect. Le-page and Dubridge ( 1940) observed. 

th~t log (I) i$ ~ lin~ar fuqction of (E) and later con

Cl~ed that the current is due to field enha~ced. ther

moionic emission ~nd derived the following relation 

I 

3 1/2 1. 

' . 2 t q>e 1 (\~) J 1.95 J =AT exp- kT T ••• 
2.3 R T 

where K' is the dieJ.ectric constant of the liquid. 

Plumlef (1941) and Pao (1943) interpreted with 

experimental supports that the potential dissociation 

theory originally proposed by Onsag_er ( 1934) ;for very 

weak eJ.ectrolytea. According to their view there are -
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even in purest·hydrocarbon such as hexane, a very small 

number of ions exist resUlting from the spontaneous disso-

ciation of molecUles. 

Ruhle (194~) developed the idea of induced con

duction and Eck ( 1949) showed that the- variation~. of 

current strength with time can be represented by the 

equation 

Wher~ 1
0 

~a th~ ~niti~ current, I"" is the limit-

ing ourrent _and ~ is the constant which 9ontains the 

ionic mobilities. The effect is assumed to Qe due to 

init~al existenc$ of the ionic Clusters in the body of 

the liquid whi~ grad~ally disperse~ He performed ~xpe

rimente on acetone, nitrobenzene and acetone substituted 

compounds. 

Goodwin and Mac-Fadyen (195~) showed that the 

current is a function of electrode gap width and field 

strength. Extrapolation to zero gap width showed the 

existence of a zero width current that obey a field 

emission relation of the form 

••• 1.97 
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Ja#fe a.nq. ~ e~ay ( 195:5) studied time dependent 

ourr~nt in he~aue for wide gap and voltage of low value 

and conCluded that the current are ionic. The breakdown 

in dietec~ric liquid g~ve~ ~dditional info~ation con-, . 

cerJling the cond~ct1on current in dielectric liquid. 

Green (1955) has studied the conduction and. 

breakdown in hex~e and as~umed that positive ions are 

al.ways present in the liquid, because of external. radia

tion or disso-ciation of impurity molecules. When an 

external field 1$ applied, these ions drift towards the 

cathode but the cathode surface layer impedes their 

-~· immediate neutrali~atio~. The ions then set up a local 

field across the surface layer that tend _to produce 

electron emission. T~e-size of the local field depends 

upon the m~nitude of the io~ic current and the proba

bility of neutralisation of the ions. 

Standtham~er and Sayer (1957) have obtained 

evidence for the formation of pure ions in cyQlohexane 

and cyalohexane saturated with water. 

R~ehl (1955) and Keepler (1960) observed that ' 

the level of conducti~n of some polynuClear aromatic 

compounds, such as napt~alene and anthracene increases 

by a factor 10:5 to 106 on melting. It has been suggested 

that the higher conduction in molten form is due to 

higher mobility of the charge carrier. 
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Hart and Mung~i (1957) observed that the con

duction current in chlorobenzene continued to decrease 

even after. continuous distillation for ae long as three 

months. 

Le-B1ance (1959) suggest that eLectrons exist 

. in n-hexane in quasi ·trapped state. 

Forster (1962) studied the nature of condu~ 

tion in pure he~~e and ben~ene and aLso at different 

concentrations of n-bexane-benzene mixture and obtained 
r.-- . ......- CK h r:-- i tb a rel.ation v 5 _::a; ,_.H ··e w ere vH s _ e con-

duction of n-hexane. K is the constant and C is the 

concentration. He 'further suggested that the transforma

tion of electron from one benzene molecule to another is 

a ·fimction ~f the number of ._oleoules located between 

th,e electrodes and assumed that oilly electron migration 

rather than el. ectron diffusion is valid in the conduction 

process. The incre~se of conduction due to increase of 

temperature of the liqui4 woULd be the resUlt of enhanced 

transfer probabilities resUlting from an increase of mole-
r' 

cul.ar coll.ision leading to electron transfer. 

l'orster (1964) again showed that conduction in 

alephatic hydrocarbons is mos~ probabl.y related to tbe 

presence of polar impurities or trapped electron pre

sent in ~he liq~d or generated at the electrode surface. 

In unsaturated bydrooa.rbo~s experimental~~· ev~dence sugges.-

·ted t~e ~xistanc~ ~f elect~Gnic conduction. He sU!g~sted 



-~ 

an empirical r«Lat1on to~-tbe ao,iyation energy ot 

q~e1 trapped mecbaniem €a • 0•()67 P eV, wbere P 

18 the nwuber of per1pherial TT - electrons and th"s 

confirmed the electronic .n-.ture ot :the conduction 
current. 

SUver (1965) has d•vel.oped\a theoretical 
,.-

model tor cond~ot1on of o~~ent in insUlating liqUids 

which ~owe that it is possible to. oaJ.oUlate from the 

measur-..umt of potential distribution,- the rate ot I 

to~ation alld 11otion ot cba.rsee._ O~e consequence of 
. . ' .. 

his theory is that the conduot:t..vity is a tUDotion ot 
electrode spacing and the to~ 

••• 1.98 

wh~re • and B are const&Qta, V is the applied 

voltage, J is the current densi t.Y and L is the 

gap length. This theory expJ.a1ned suocesefuJ.ly the 

variation of conduct! vi ty w:L t~ electrode spacing at 

various constant voltage in bezusene, but the reeUl. t 

in nitro~enzene BUB8ested that the cathode acta as 
an 1njector of electrons. 

F&l~Jeuthan anct Venne Out ( 195.7) con at uded that 
-.-- .: 

tile enh'ID0811Jent ot !10nd~ot1v1t¥ 1n 1nauJ.at1ne ~1qu1d 
IDa,y be due to the, presence ot depressed conducting 

part.i al. es in the insUlating li<JU1ds. 

60 
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Adamczewski and JaChym jo~ntly {1968) investigated 

the electrical conductivity on number of saturated hydro

carbons which are cha~acterised by the conductivities of 

two order of me.gni tude l.ower than those of other liquids 

+ and conal.uded that the natural conductivity values of 

~ organic liquids is a function of temperatures. They 

further observed that ~ong all the investigated organic 

compound which occurs in liquid state the lowest conduc

tivity values are found _in nonpolar liquids. 

Adamczewski (1969) measured the ionic mobilities 

in hexanee, heptanes and nonane, and other mixtures. He 

)<- observed that mobility val. ue in al.l cases lies between 

7.2 x 10-5 to 5-.8 x 1o-4 cm2v-1sec-1 • 

Gaspar~ ~d Gosse (1970) gave a Clear evidence 

of ionic conduct~on in pol.ar dielectric. They used mem

brane~. el.ectrodes and g-.ve evidence for three distinct 

regions of conduction and in each case the conduction 

is ionic in natut"e. ~~ is due to the impurities at low

and medium fields and injections of ions at high fields. 

~- T.hey observed oonsiderabl.e err~tic variation of current 

with time under electric field. 

Lohneysen and Na.gerl. ( 1971) determined the mobi

lity of polar li.quids by temporal variation of current 

method and conCluded that the existance of natural charge 

carriers in liquids are of two kinds having mobilities 
i.A+ -
ILl and /-1-z_ • 
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Nioolan, S$careanu and Moiseecu (1971) etu~ied 

the electric8.1 conductanbe a,f n- butyl and amyl al-eohol 

in th~ ·temperatur" r~ge of 0-97°0. The variation of 

conductance with temperature for those alephatic alco

boJ.e was expJ.ained ~n the light of intermolecular hydro-, 

gen bonding and conCluded that intermolecular hydrogen 

bo~ding p~ays ~ i~pa,rtant ro~e in the mechanism of 

electrical conduc~ion. 

Sen and ~bosh (1974) and Ghosh and Sen (1980) 
' . 

determined the r.f. conductivity of some polar associat-

ing and non-associating dielectric liquids in the solu

tion of differe~t non-polar sol vents and temperatures . 

and-calculated the free ion density, ionic mobility and 

energy of activ~tion for conductivity. 

Ghosh, s.x., Ghosh A.K., and Acharyya s. (1980) 

established a relation for calculating the h.f. conduc

tivity of polar liquids in infinitely dilute nonpoJ.ar 

solvents at microwave region and showed that the h.f. 

conduotivi ty varies linearly with concentration. 

Ghosh and Choudhury (1982) measured the r.f. 

conductivity_ of pure gLycerol and glycerol water mixture 

at :1 KHz frequenof and ·at various concentrations over 

the temperature r~ge of 20° to 50°0 and calculated the 

ionic mobility and the average ion number density. They 

observed a mark~d decr~ase in eieotrical resistance with 
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the addit~on of water as impurity and thus confirmed 

that the impurity conduction prevails in pure polar 

liquid and tbe cond~ction of g1ycero~ water mixture i~ 

an exponential fdn6tion of concentration • 

Critical Foint. Phenomena in Electric Resistivity of 

Bin~y :Liquid Systems: 

63 

The phenomena of critical opalescence was first 

observed by Andrews {1869) in connection with his Qlassi

c~ investigation of carbon-dioxide isothermal. After 

that many investigators came forward to unveil the diffe

r~nt propertie·s such as scattering, change of diel ect.ric 

constant, viscosity, Ultrasonic absorption and electrical 

resistance or conductivity of critical opalescent binary 

liquid mixture ~t and very near to .critical temperature. 

Friedlan~er (1901) probably the first worker to 

report on the s~udy of transport phenomena for a binary 

liquid mixture near the critical point and showed quali

tatively that the electrical conductivity is less sensa

tive to critical behaviour than the viscosity in isobuty

ric acid-water mixture. 

Gammel and Angell (1972) studied the temperature 

dependence of the resistivity for the system isobutyric 

acid + water b~t c~uld not detect any influence due to 

critical fluctuations• Steib and Allen (1972) eetabli~h-ed 
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the existanoe of ~ ~t~ong divergence in the temperature 

derivative of the resistivity for the same binary liquid 

mixture ve7:y Close to. critical temperature T
0
.-

Again Stein and Al~en (1973) measured the elect

rical resistance of seaJ.ed solutions of isobutyric acid 

water at the critical composition in the reduced tem

perature range 3.3 x 10-7 ~ E ~ 6.6 x 10-2 , using a 

Jones a.c. bridge and lQck the amplifier. The tempera

ture derivative of the resistance exhibits a strong diver

genae very ClQee to T
0

• 

Further, Gammell and Angell (1974) measured th~ 

electrical condqoti vi ty of the same system for· severf(i .. 

concentratio~l ~d SJ.so at crit;i.caJ.· concentration. Measure-

ment were ma4e u~ing a hybrid conductance/viscosity cell 

a modifif;M ubb~hode v;i.scometer which permitted almost 

simUltaneous measurements of viscosity and conductance. 

The resUlts of their measurement indicated that, the 

electrical CQnductivity does not exhibit any critical 

anomaly down to 'l' 
0 

+ o.o,0 c even which it is wel.l. into 

:the region (T
0 

to T
0

+ 2°c), when the viscosity anomaly 

becomes apparent. 

Jasnow, Gold burg and Samura ( 1974) analysed the 

data of Stein and Allen and 

'value of 
. T - Tc . 

Tc 
t • 

ced by gravitational effects 

showed that the data below a 

= 5 x 1o-5 may be influen-

which has been not accounted 

for the original analysis. They suggested ~ fit equation 
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R R 1-.o<. of the form c- ::::::: At + Bt 
Rc 

the specific heat exponent), when the 

(where o1. is 

temperature range 

is above the value E = 5 x 1o-5• 

Shaw and Goldburg (1976) measured the electrical 

conductivity of several binary liquid systems such as 

pure phenol-water, KQl doped phenol water and isObQtyr!d 

acid-water nea~ their critical point. All the me~surement~ 

were made within the reduced temperature r~ge 10~5 ~ 

E ~ 10-2 and all the ·sy~tems showed Clearly the exiB-r 

t~ce of a sing~ar contribution to the conductivity. A 

least squares t~t of the data for the equation 

\'-(r ~ere ) oCt:.~+ O'bkg sqowed that tqe singular! ty could be 
t0.15 

characterised by ~ c~itical exponent ~ =0.70 
-0.10 

Critical point phenomena in the electrical resistivity 

of binary liquid system cs 2 + CH
3

CN and cs 2 + CH 3No2 
studied by Gopal et a1 (1976) •. They reported that the 

liquid mixture at the critical composition, the resistance 
b 

of the system above T0 follow the relation R =Rc-A (r- Tc) 
with the_ critical expon~nt b = 0.6 ~ 1 and below the 

conductivity of the two phases obey a relation 
. ~ 

( 02 ..., eli) = 8 ( Tc - T) 
with critical etpbnent (9 = o.34 + o.o~. 

~ 

Kumar and ~Qp~ (1919) measured the electrical 

resistance of tne bi~ary liquid system, cyclohexane + 

acetic ~ydrid• in the critical region ( ( % 1 o-6) 

both in the p~re mixture and when the mixture is doped 

with small $mount ( ~ 100 ppm) of H2o;n2o i·mpuri ties. 
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They showed tb~t the critical. exp_onent .. b ~ 0•'5 +n the 

fit of the resistance d~ta to the equation appreciably_ 
. . . I 

- dR 
by the impurities, but th-ere 1~ a sign reversal of d T 

in the non-c~itic~ region. 

Sen and Ghosh (1980) measured the r.f. conduc

tivity for methyl al.cohol + nhexane, methyl ~cohol + 

carbondisul.pllide and methyl aJ. cohol + cyclohexane at 

critical temperature. Ghosh and Datta (1985 ) measured 

the electrical conductivity and mobilit~ at critical 

solution ·t_emperature of five 'binary liquid systems and 

observed a sudden change in ionic mobility and viscosity 

of binary liq\iid solution at the critical point. 

SCOPE-AND OBJE;CWOF THE PRESENT INVESTIGATION-

It is evident from the brief review of the eatlier 

works in both tqepretical and e~perimental aspects on 

dielectric relaxation time and electrical. conductivity_ 

of polar liquids that it is possible to obtain certain· 

informations regarding the state of a system and the 

structure of the molecUles. The interaction of electro

magnetic field with polar molecules results into the 

orientation polarization of molecules which gives rise 

to dielectric relaxation. It has been admitted that 

dielectri-c relaxation offei" an important method to study 

the dipole-moment and. the shape and size of the mole-

~ cule in the pure and dilute state. 
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Various methods have been reported for determ·i

rcU.axation time ( "'t' ) of pure ~iquids and even 

the re~a.Xatioli time in dU ute so~ uti on of nonpo~ar so~ vents, 

but it invites a Slight person~ error within a certain 

range. Reoen~~ in the ~rocess of determi~atio~ of dipo~e 

moment ( )1., ) 9f po~~r ~iq.~ds in nonpolar aolven~ from 

the r.f. eo11duc~:l:vi ty m·f!a~urement shows ~h~t the relax~ 

tion time ( 7: ) ' piays a very s~gnificant role in 

yielding the proper val. ue of dipole mom en~ ( /'{ ) • Thi$ · 

particular id~a open the door to evaluate the relaxation 

time at 4U ute so:;t uti on ( Ts ) from tbe high frequency 

o~ mi~rowave cond~ctivity data. The method of determi-

: nation of 't based on sound mathematical. foundation • 

. The accurate Val. ue of Ts of the polar solute is of 

··much. importapce as it throw much light on ·the structure 

·of the mo~ecule and also for calculating the exact value 

·of dipo~e moment •. 

The ultra l:ligh frequency (UHF) and microwave 

conductivity da~a in the low concentration region are 

of much interest as they reveal a completely different 

situation in comparison to those of higl:l concentration 

regiono 

The Q.ipo~~molQ.ellt cal.culation from 1;he va1ue of 

relaxation ti~e ~ "(5 ) of polar solute in non polar 

so~yent at ldwer .and b~gher concentration giv$s an idea 

of the formation of monomer. and dimer. It also predict 

the associ~tion of polar unit. 
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Thus it may be con~uded that the variation in 

the vBJ.ue of di:pole moment ( ~j ) at diff~rent co~cen

tration$ fQr ~h~ ~~bs~ituted molecules in ben~ene may 

be due to (1,) th~ difference in the v~ue of gro~p 

moments and (~i) inductive effect. 

Purther t~e variation of r.f. conductivity, 

relaxation tim~ and thermodynami caJ. parameters of some 

alephatie monohydric alcohol in a nonpolar solvent at 

various concentrations and temperatures gives an idea 

of th.e rate of breaking of hydrogen bonding of the 

liquids with dU ution and aJ. so the dipole orientation 

at infinite dilution. 

Thus the scope and object of the present 

investigatio~s were as follows : -

(I) To st~dy the microwave conductivity and dipole-, . 

experiment$l. ref!lul ts will reveal some fresh ideas on 

the variation of <lipolemoment with temperature of organic 

polar l.:l,quids. 

(II) To study the microwave conductivity and dipol.e-

moment of subs~i tuted benzenes, the expe.rimentaJ. conduc-

. tivity data o! polar, nonpolar liquid mixtures at lower 

and higher concentration region may give some suggestion 

~n 'the formation of.dimer and monomer at higher and lower 

· concentrations of the mixture. 
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(III) ~be Ultra high frequency conductivity data of 

polar~nonpol~r liquid m~xtures at infinite dilution 

may be used to -~tim$te the temperature and concentra

tion dependence of dipole moment of the following 

liquids (a) N-~ethyl acetamide in benzene (b) N-methyl 

acetamide in dioxa~e and (c) p-Bromonitrobenzene in 

benzene. 

(IV) The ¢o~ductivity, relaxation time apd energy 

of activ$tion of some al.iphatic alcohol in ben~ene at 

:infinite d~lutio~ may suggest that the rotation of 

dipole molecuie ~s not hin~ered by the interact~on witA 

· the ot4er ne1.ghb1>u.rins; di~ole molecules,· t~e rotatio~ 

. is due to rotational orientatiQn of the (•OR) group 

. of a molecUle. 

(V) The ~xperimenta:L data of energy of activation 

and dipo~e r,1oment of water may be used to cal. culate the 

correfation factor • g• of water, which may be used· to 

compute.the ~e~ding of the bond angles with temperature. 

{VI) The el~ctrical conductivity of binary opalescent 

:liquid mixture near · critical temperature measured at 

·radio frequency (400 KHz) in order to study the high 
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frequency effect on critical exponent e and to show 

that the r~sUlt$ are consistent with the existance of 

a cond ucti vi t1r siagul ari t1r of the form rr:. - Ar 9 
., .. , " smg- ~ 

The ijxpe+imental resUlts and discussions 

of the wor~s h~v~ been presented in chapter IIt to 

chapter VIII e.n4 e. swiuna:ry of the results is given 

· in chapter IX. 
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'cHAPTER II 

EXPERI~ENTAL TECHNIQUE AND THEORIES OF MEASUREMENT. 

In the previous chapter the object of the present inveS

tigation has been dealt Clearly. For putting these objects 

in the field of. application and for achieving the desired· 

result, the techniques·adopted and employed for perfor

ming the exp~riment, are described in this chapter. 

In order to investigate molecular behaviour 

of l.iq\U.ds s~ch as 

(a) qipol. emoments and molecular structqre of pol.ar 

molecules (b) diel~ctric relaxation phenomena of polar 

molecules in nonpolar solvents (c) electrical conducti

vity of critical opalescent mixture near critical tempe

ratures, the following measureme~ts have been made in 

the laborato~y. 

(i) Measurement of radio frequency and high 

frequency conductivity (K') of. liquids at different 

temperatures and concentrations. 

(11) Determination of dipole moment of polar 

liquids. 

(iii) Measurement of coefficient of viscosity 

( "1 ) at dif.fEtren t temper~ tures~ 
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2. 1 • Theory.of Measurement and Experimental Arrange~ 

'~ent for Determining·Radiofreguency Conductivity. 

A. Theory of Measurement of Radio-Frequency 

· Cond ucti vi ty. 

Th~ block diagram of the experimental arrangement 

can be represented by a simple network circuit as shown 

in Fig. 2.1. 

Let Zp be the·equivalent impedance, then for 

paraJ.l e~ combination 

R 
1 + j wCR • • • 2. 1 

and the impedance for the series combination 

• • • 2. 2 

From eq. (2.1) and (2.2) 

R 
" ... 2.:3 

and 

1 wcR
2 

0c/ 1 +- GJc2R2 

•. 
• • • 2.4 

and as w 2c2
R

2 > > 1 ' then 

Further the resonant current (Io) with empty glass cell 

is given by 

E 
Io - R 

0 
5. • 2. 5 



R.Fmeter Thermostat 

Oscillator 

(a) COUPLED CIRCUIT 

O 1 I 

C=C 
c R 

·'- . ' R 

( b ) ( c ) 

Fig- 2.1 (a) Circuit arrangemerd 

(b)and(c) Equivalent circuits.. 
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Fig- 2.3 · 



where R
0 

is the r.f. resistanqe for the secondary 

tuning circuit. ·At the resonance condition the R
0 

can be represented as 

••• 2.6 

where !
0 

i¢. the reeo~ant current, c1 and c2 are 

the iower half power ·and upper half power point capa

ci t.ance ~esp~ctively, that is at the resonance current 

1 1 = 0.707 of I
0

• ~he capacitance were ~easured by the 

hel.p of a LOR l:>ridge (Model. No. Universai bridge, 

No. 2700, MarcQni., Instruments Ltd.) .. 

Again when the cell is filled with dielectric 

liquid, the re$onant current becomes 12 and is 

given by 
E 

or E 

••• 

If we cal.l io :: o( 1 then from eq. ( 2.5) and 
2 

eq. (2.7) we get the radio frequency res~stance 

R -
1. +- J 1 - 4 R~ (o( -1)20 ~./"cz. 

2 Ro(o< -1) u)c2 ••• 2.8 

J 
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In the prese~t experi~ental set up 
2 2 2 2 

4 Ro ( o( -1) W C < ( 1 

then r;f. re~istance of d-ielectric liquid 

R - 1 ••• 2.9 

But we know resist~ce 
l 

R =- P5 

-_ when f is the specific resistance, is the 

electrode distance and S is the· cross sectional 

area of the electrodes. 

If K' is the conductivity of the dielectric_ 

then K' can be written as 

or, · 

I 1 
K ;:T 

k ' = __.._l---
SR • • • 2.10 

Since tbe cell 1 s a pa.raJ.l el pl. ate condenser t~ue the 

capaci tarice of the ceil can be w:ri tten &fi 

c ;::: s • • • 2.11 
2rtl 

Therefore tqe r.f. conductivity can be expressed 
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as 

I 1 
K =- --:-4-TI_R_C __ 

This is the fundamental formUla for measuring the radio 

frequency conduc-tivity of the dielectric liquids. 

B. The Ultra High Frequency and Microwave 

conductivity ( Kjj ) of the polar liquid 

dielectrics in non polar solvent were calcu

lated from the experimental val.ue of dialect-

'' ric lo ~s factor ( E ij ) and di~l ectric eons-

' tant ( E·· )~at the centimeter wave length . ' IJ 

region. 

As we know from Murphy and Morgan rel~-

tion 
. I II 

that hi§;h frequency conduet1v1 ty ·is K·.-= K·· + J. K~. 
· · ,; · I J I J , I J 

I (J f· • If G.J f." 
K ij = 4 T'\rJ 1 s tb e reaJ. part and K ij ::: 

4 
rt'J where 

is the imaginary part of the conductivity. The magni-

tude of high frequency conductivity can ~e calculated 

from the relation 

K .. = 4~ J e,? + E'~~ . IJ I\ IJ IJ ••• 2.1'3 

·where c0 is the angular frequency = 2Tif • 

The complex diel.ectrio constant of the sol.u

tion can be written as 

• • • 2.14 
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~ 
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the imagin~ry part 
•I/ 

f .. 
IJ which is the dielectric lqs~ 

is reeponsib~e for absorption of electrical enetgy to 

give the resistance to polarisation. But at dilute solu

tion, under t,he application of microwave electric field 
I I/ 

1 t can be consid~r as E.. ) ) E.. • There-
IJ IJ 

fore microwave conductivity of the solution becomes, 

I /f 

as (. )/E .. 
IJ IJ 

Considering Debye equat~on (1.36, 1.37) we 

can write 

Theretore &rt Q.t. r¢gion assuming 

eq.(2.15) c~n ~e written as 

I 

E·· IJ 

,, 
E E1: =- . . -t- ---=-u_ 

ljo() w "C 

• • • 2.15 

••• 2.16. 

• • • 2.17 

where E .. 
lJ 00 

is the optical dielectric constant of 

the sol uti on• Tperefore at infinite dilute solution 

h. f. conductivity ( K .. 
IJ 

) becomes the form 

I 

K .. =K K·· 
2.18 + IJ • • • IJ . O(j 

W'Ls 
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where K oO is a constant apd '"t
5 

is the relaxation 

time of the solute molecule in solution. 

2.2. Theor: of Determination of Dipole Moment:-

~ To calculate the dipole moment of polar solute 

in non pola~ ~otvent we consider the eq. (1.7~) ~s 

Q't; 
-·1 

2 2 2 
K:~. = (_ CiJ + 2)' NC.i .A-tJ • W T 

1J '\ 3 . 3kT 1 + w'l-r;2 

I 
·K .. = 

IJ 

2 2 
~.Nf;F; • W 't's ·W 
3 MJk T i + W'l.T~ j 

••• 2.19 

wher.e ,11-{ j is the dipole moment of polar solute, 

N is the Avog~d:pows number, ¥ is the Bol. tzmann cons-

tant c.= f; Wj 
J M. 

i.J· 

where is the mol. ecuJ.ar 

weight of the sol. ute, wj 1s the weight fraction, A 
is the densit1 of the solvent at infinite dilution, 

ly 
F 1 = is the l.ocal field of the sol. vent at infi:rti te 

. ( E + 2 _ ~2 
dU uti on = 1 

3 ) , E· I 
static d~electric constant of the solvent and 't"

5 

is the 

we have 

:re+axation time of the solute. 
., 

Sino~ K·· - IJ is ~ function of 

from f,tq. (2.18); 

W T ( d. Ku ) ::: GJ l's ~ 
s c) w. w 0 J . --7 

J . 

W· 
;: 

J 

•• 1' 

so 

2.20 



where ~ 

.w. ~0. 
J ' 

:i,s the slope of K .. - W· 
IJ J 

curve ~t 

Now frotp eq. (2t!19) and eq. (2~20) 

88 

••• 2.21 

sq. (2.21) is used to caJ.cul.ate the dipole moment of 

polar solute in non polar sol vent. 

2.:5a. Activfi.t1.~n Eners:y for Dipole Rotation: 

The dielectric relaxation has been treated 

as a rate prqcess in which polar moleoule rotate from 

one equil~b~i~ position to another. 

Eyring ideQt~fies K, the number of time~ 

per seconq that-a dipole acquires sufficient energy 

to pass over the potential barrier from one equilibrium 

position to the other, with 1/ T' where -r' is the 

(micros·copic) relaxation time. Therefore, the relaxa

tion time is given by the rate expression 
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r' ~ __b_ eX p rD Fx)· 
k T \RT 

••• 2.22 

where h is the Pl.anck constant, k is the Bol tzma.nn 

constant, T is the absol. ute temperature, R is the 

universal gas constant and is th~ free 

ene~gy of activation for dipole relaxation, 

since 
••• 2.2'3 

Th e:refore, 

--r' ·= _!}_ exp(- f\~l\~xp(6Hi·)·· 
kT ·~ RT 

••• 2.24 . 

where and are the molar enthalpy 

and molar entropy of activation for dipole ~elaxation 

respectively. is ob~ained from the slope of 

the curvt:l obtained by plotting In (--r'T) against 
1/ A ~I 
1 T • Knowing L...l H -c and 1.. 

can be cal aula ted from tb.e eqo ( 2.24) .. 

Activation Ener,sy for Viscous FloW: 

Th~ viscosity of liqqdds may be aRproached 1~ 

an analogous manner, 

Visco~s flow is prefered as movement of one· 

layer of mo~ecul.es with respect to another layer, 
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invo~ving tranSlatiop as wel~ as rotational motion of 

molecules with an activation energy to pass over a 

potential. barri~r. The equation for vis co si ty terms 

·of this mech~nism may be written as 

··~ 2.25 

whe:re is the ftee energy of activation for 

viscous now, · .tl the P:lahck constant, N. the 

Avogadro Is number and v is the mol.ar vo~ ume and 

Then eq. (2.25) may be written as 

wb.ere B = h N 
y 

• e -t.5l£. /R) 

energy for viscous flow and 

activation for viscous flow. 

• • • 2.2p 

• • • 2.27-

the heat activation 

the entropy of 

;2. 4. Theory: of Least Square Fit Method: 

It is 4e$cribed to fit a· straight ~ine or a 

parabolic equa~ion to a set of experimental data 
(x,,y1),~z.,Y2);"·-·,.(xn, Yn) • 

j 
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In case of str~ight line equation for each 

val. ue· of x there are two val. ues of y the actual. 

v.allle y and the value y' predicted by the fitting 

straight line 

y = a+ bx ••• 2.28 

some deviatione 

cl. - Y. 
I I 

y ' -: y. ...... (o + b x 1 ) I I . ' • • • 

are positive, others are negative. The squares are 

ail positive. we consid~r that line as the line of 

best fits which ~inimise the sum of squared devi~ 

tiona~ 

n 2 
f(a,b):: J. ( Y.- a- bxi) ••• 2.30 

I= 1 I 

To find the suj. table val. ues of . a, b for this pur-

pose, we write; 

and 

~f -0 
"'Cl - ' 

~f -0 ab - ) 

r.e. 

). E'. 

• • • 

a)x. -t- b~ x?:::. L. x. y. 
L I L- I I I • •• 2.32 



_)!! 9 2 

I~ 

By solving the~e equations {2.31) and (2.32) we can ~ 

get a and b. Putting the values of constants a and 

b in eq. (2-.28) we get the desired fitted striagllt line 

equation. 

Now in ~b~ case of parabolic equation 

. 2 
(1 + ~,)( + C X ::: y ••• 

We can get the val. ues of the constant a., p and c 

by so~ving the fo~~owing equations, 

na+ b.Lx. +c~x?:::: '\y. 
I L I L I 

• •• 2.'34 

2 3 a[x. + b.[x. +c.[x. :: Ix. y .. 
I I I I I • • • 

2 . 3 4 2 
a[x. +bL:x. -t c,Lx. · ;: :Lx. y 

I I . I I j • • • 

Then the reqqited fitted parabolic equation may be 

obtained by putting the values of a, b and c in 

the equation (2.'3'3). 

2.5. Determination of coefficient of Vis~osity 

of the Liquid: 

The co ~ffi ci en t of viscosity of -liqui~s at 

clifferent temp~ratures were me~sured by the help of 

Ostwald's viscometer. The vis co si ty ~ oftb.e 

liquid at a desired temperature was ca-t. cul at ed from 

\ I 
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the rel-ation 

Y) -:::: 1 d, tl 
1 2 d2t2 

••• 2.'37 

where . 1 is the coefficient of viscosity of a. stan
'2 

dard liquid (water) d1 and d2 are the densities. 

· The time of fall · t 1 
and t 2 of the investigating 

liquid and standard liquid (water) were noted by the 

help of a high precession. stop watoh at the desired 

temperature. 

Purification of Liquids: 

The purity of liquids are very important 

factor to the study of ~olecular behaviour of dielect-

·ric liquid. In the present work, we have used pure 

qual.i ty of chemic~ a wbi.cll we have obtained f;tom repu

ted manufacturing c~mpanies, namely E.Merck, British 

Drug Hous~ (B.D.H.).· 

Washing and Cleaning of the.Dielectric Cell: 

Initially the g].ass cell, tube fUld other glass 

wares ~ere thoroughly washed with dilute chronic acid 
' 

and after that ~hese are thoroughly washed with NaOH 

solution and then washed several times with distilled 

water. 

J 



To remove traces of waterp the wash glass wares 

and instruments were kept inside the thermostat. 

Th~ dried glass instruments and wares wer~ again 
,, I • 

Washed with dehydrated pure 'benzene and then 

dried. 
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CHAPTER III 

MICROWAVE CONDUCTIVITY AND PIPOLE MOMENT OF POLAR 

DIELECTRICS 

Introduction: 

One of the main application of the .dielectric 

theory in physics and chemistry is stUl the determi-

nation of per~anep~ dipole moMent of molecules. These 

values can be of great use, in both organic and in

organic chell!istry for t}le elucidation of molecular 

structures and also in the study of the chemical bond. 

In-view of the impo~tance of the permanent dipole

moment of molecules we have tried to determine the 

dipole moment of the polar molecUle in non polar 

solvent at different temperatures. 

The temperature dependence of dipole moment 

of a polar liquid is not a new concept, (Ras and Borde

wijk, 1971) yet it is found to occur when the polar

nonpolar liqqid mixture is subjected to an al ternat

ing microwave electric field. There are several methods 

(Gopaia Krishna,1957, Sen et aJ. 1972) to compute the 

dipole relaxation time Irs of polar liquj.d d,issol ved 

in nonpola::r solvent under the _application of radio -

frequency and microwave alter~ating electric field• 
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Gopala Krishna's ~oncentration variation method in the 

microwave r~gio~ and Sen's graphical method in the ~.f • 
._ 

r-egion alw~s invi ~e a Slight personaL judgement to 

~oca"t;e the ~xact ~d ac-curate value of c
5 

Within a 

certain con~iderab~e range. In qrder to avoid this 

difficUlty we; in the process of derivatidn of th~ 

dipo~e moment A j of po~ar ~iquids in nonpolar 

solvent from the cqnductivity data in h.f. region 

devised a simp~e procedure (Ghosh et al,19Bo, Datta 

et al 1981) to obtain the re~axa.tion times 'Ls of 

po~ar iiq~ds from the microwave and radiofrequency 

conductivity data based on sound mathematical rounda

tion. When the frequency of the impressed field exceeds 

a certain critical value, the permanent dipoles of 

solute molecules cannot follow the exact alternation 

of the applied field. This measurable lag is commonly 

known as dielectric relaxation, and the re~axation 

time of a so~ute is defined as the lag in response 

of po~ar solute wi t.h the forces to which it is sub

jected~ U~ing the slope ot concentration va;riatio~ o~ 

total microwave ~onductivity K.. at infini~e 
IJ 

dll ution we attempted to ·.··: obtain the rel.axation 
' . 

time a.t different t~mperature~ with the single kj 
value as obtain from literature. we found that the ' -

sing]. e vSJ. u.e df It j could not yield the magnitude 



of 'L s though it gave the re+ative temperatu~e deRen

dence of computed '[ 
5 

only. This fact at once indi-

cates that in the h.f~ region is not a fixed /'t. 
J 

quantity, but ~oet probably it Slightly varies with 

temperature to ascertain the actual magnitude of T5 • 

Theor.r:-. 
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According to Murphy and Morgan (19,9) the h.f. 

conductivity is a complex quantity * K , where 

• • • ; .1 

In the case of polar nonpolar liquid mixture the high 

frequency conductivity 9an be represented as 

I (I 

K.
1
J::. K .. ;- J. K .. 

IJ IJ • • • 

I where K·· is the real part of the con~uct~vity 

[ 

1 IJ G.J t_·'~ J II 
K.. = 

4 
. .JJ and K.. is the 

IJ 7T 11 IJ _ f~, J 
imaginary part of the conductivity. [ Kij ~ ~ 

71
'J 

of the· solution. 

Now the m~gni tude of the total high frequency 

conductivity cari be written as 

( 
,2 

K ij = Kij + ••• '3.'3 

J 



• 

but th~ magnitude of 

from the re~ation 

K .. 
I J 

is usua.l.~y cal cul.ated 

( 
"2 ,2 )V2 

K .. -=:. 'WTT (.. -t- (_ t'. 
lj ' 4. lj J • ... '3.4 

I 

of the sol u-But in the microwave region 

98 

~ .. 
lj 

tion is very smal~ and equals to the optical dielect-

ric constan·t~~ but sti~l. 
, . {I 

(ij >> (ij and 
II 

( .. 
lj 

.is responsible for the absorption of elec~ 

rical e~ergy t¢ yieLd to polarisation. 

Now from the eq. (3.4) the totaL conductivity 

should be 

I 

0E;J K .. = 
lj 4Tr 

,, = K .. lj ••• ;.5 

Thus the total conductivity of the solution 

equaJ.~ to the imaginary paft oif the conductivity in 

the microwave frequency. 

But for high frequency it can be shown by 

using Debye equations 

and 

, the h.f. die~ectric constant, 
. I . 

( .. = t::.. T 
lj ljoC) 
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or, 

. . 
••<! 3.6 

where f._ ij c~:; is the op1;ical dielectric constant of 
the sol uti on 8,4d K00 is a constant and 'Ts 

·is. the relaxation time of the solute mole cui e in 

solution. 

Now, the real part of h.f. conductivity : .. : 
1 

nonpolar solution is obtained from K ij of PQlar 

eqn. (1.72) as 

2 . 2 
I ( (. + 2 ) N C· AJ· 

K u = IJ 3 7 _,3~~-r=------ .... 
Smyth (1955) introduced the idea of weight fraotionwj 

and replaced the mol~ concentration of solute Cj 

by cj o flj Wjj Mj 

ciens1 ty of the sol uti on, 
where f:. ie the 

.IJ 
Mj · is the molecUlar weight 

of the solute. Hence from eq. ('3.7-) we get 

I 

K .. . IJ ••• 3.8 



~~ 
is 

we 

or 

lQO 

the d~pole moment of polar solute, N is 
the Boltzmann .constant and 

the loca+ 

Since 

have from 

field. 

K .. 
lj 

eq. ( ,.6) 

~ -( 
d K;J ) 
d wJ w __..) o 

J -

is a f'Q.llction of wJ 

( d K(j) - :: (.J""rs ( ~ W~ )w 0 = Wcsf3 

, so 

... ,.9 
d wj WJ ~ o J j --7 

whe~e ~ i~ th~ slope pf K ij vs W j curve at 

tb,e ~ensi ty p.. of the sol uti on becomes f., 
IJ 

the density of the sol vent and the local fieid Fij 

-of the solution is F·, = the locaJ. field of the - 2 
sol vent = [ ( E'; t- 2)/3 J 

Unde~ the cirQumstances, eq.(3.8) on being-differen-

tiated wi~h respect to 

the form 

w· J and as w.~ 0 takes 
J -

2 

( 
CJ Ts ) 
1 + u.?-r~ 

••• 3.10 



181 

From eq. (3.9) and eq. (3.10) we get 

or, 

or, 

or, 

. . 

--'--...--~ =Yi(A}NPiF; ·W) ;b(say~ 1
0 + W2T· 52 3 l A k T ) . I'Yij ••• 3.11 

-10 
.,_. ?\ X 1 0 J,....,L 1--
Ls = 18.84 1) - 1 

when GJ = 2 Tf f is the 

frequency of the applied 

field. When f = C/'71. 

C is the velocity of 

electromagnetic radiation 

7\ is the wave length. 

~ow :trQm eq. (~"'11) the dipole moment of the solute 

can b~ writ t 81;1 14 the :f' o rm 

~. = ( 3Mjk T • (3 ~Y2 
J NP·F· wo 

I I . ••• 3.13 



I ---+ 

I~ 

1Cl2 

The eq. (:5.12) is used to compute b from reported "t's 

data and hence the dipole mom~nt of polar solute /t j 

when it is dissolved in a noP,polar sol vent· 

ResuJ. ts and Discussions: 

The ~adiofrequency and high frequency condu~ 

tivity (Sen and Ghosh, 1972) of polar nonpolar liquid 

mixture is comparatively easy to measure down to 

very low concentration by the help of Hartley and 

IO.ystron valve oscillator in the laboratory. But as 

the· experimental conductivity data under radio fre

quency and microwave electric fields are very scanty, 

it is theref9re, used the available concentration, 
' U I 

variation e~perimentaJ. data for (.. and E_.. of 
· - IJ IJ 

seven systems i~ benzene suan as: 2-5 dichloronitro-

.. benzene and 2-5 dibromonitrobenzene under 3.13 em. 

wavelength e~ectric field {Pant et al, 1977) and 

3-nitro-0-an~sidine, 2-chloro-p-nitroaniline,p-phene~i

dine:~; 0-nitroaniline and p-anisidine under :;.17 ems. 

wavel.ength eleQtrio field (Some Vanshi et al 1978) to 

obtain the corresponding e~perimental microwave conduo-

tivity K .. 
IJ val.ues from the eq. CS.4) which is the 

extended relation of Murphy and Morgan 

K·· - ~.j ~'''2 E'.2. 
IJ - 47\ c.ij T IJ 
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at various temperatur~s 2o0 c, ~o0c and 4o0 c. Th~ Kij 

values of th~ a,bove mention ~ol utes in benzene sol u

tion are plott-~ aga~nst weight fraction ( wj ) at 

different temp~ratures ~re shown in fig. (~.1) and 

Fig. ( 3.2). 

~he temperature aependence of K .. 
IJ 

for each 

system is vi8'iQ.ly exposed in the plot. ·But at the 

lower concentration region the conductivity Kij 

varies almost l~nearly with Wj • As the weight 

fraction w. 
J 

approaches to zero, it is assumed 

that the solvent benzene possesses a constant value 

of conductivity which is independent of experimental 

temperature. It is considered because of the fact 

that the quanti~Y ( p .. F .. IT IJ IJ 
) in e q • ( ~ • 8 ) 

approaches nearly a fixed value which is in the neigh-

:bourhood of 0 .oo6. Consequently, at 

conductivity of a given system at all temperatu.l'e 

remain the same. Nevertheless, at W· = 0 the K·· J IJ . 

Values of diffe~e~t systems are different. This is 

due to solvation effect ( :Pa tta et a1. 1981). 

From Fig. ( '3 ,_1 ' ;.2) it is clear that at w.= 
J 

i:t,e. , at infinit$ dilution where the solute mol ecul. es 

immersed in macroscopic amount of solvent and meeting 

of the curves at a point indicate that there are no 

0 

effectof temperature on K .. 
IJ 

, therefore the change 

·I 

J 
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in K.. val uee. at W. = 0 may be considered due to IJ . J . 

solvation effect, wh~ch 1~ ipdependent of temperature 

over a large t$mperaturs range (Bottcher and ~ordey?'tj.k, 
1978). 

For each systems in the lower concent~ation 

region there :ts a regU!ari ty in increase of al.opes 

·of the 1 curves with· temper~ture. At any experimental. 

temperature the variation of Kij with Wj is 

excel.l·ent to suggest that h .f. conductivity can be 

represented by a fitted formula 

where 

2 
K .. = o< +-~W. + 1w. 

IJ j J ••• :3.15 

o( , (3 and Y are arbitrary constants 

depending upon the nature of the respective sol~tion 
of polar nonpolar liquid mixture of which [3 Plays 

a very i~portant role in estimating dipole mome~t ft j • 

Of course we h~v~ tried for determining the numerical 

values of o( , f-> and 1 by 1 east square fitting 

teahniq~e. Bqt unfQ~tunately the process Was abandoned 

because the available .data are not smooth enough for 

the said technique. However, at linear po;rtion the 
slope of K .. 

lj aga:l,nst w. 
J curve at 
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Though errors due (a) experimental uncer

tainty and (b) theoretical approximation done in 

obtaining eq.(3.9) ~ay be expected to accumulate in 
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determined f1: j by this method yet we hav~ adopted-

this method because the ( :J.) conductivity data are_ 

very scanty in t~e lower co~centration region and 

(ii) · the error due to theoretical approximation is 

negligib~y smaLl ~n t:qe h.f, r~gion. 

Using ,q. (,.12) t~e valu~s of 'b' wete deter

mined with the repprted relaxation time l's value for 

each systems ~t temperature 20°, 30° and 4o0 c and 

are placed in table (3.1). The correspondi~g ftj 

values for all th~ cllosen sy~tems were also cal.cu

lated from eq. (3.13) at those temperatures and are 

pl.aced in tabJ..e<:3 •. l) along with the reported and theo

retical one~ for comparison. The dipole moment JUj 

values thus obtained were found to satisfy the follow

ing empirical formulae: 

(1) 

(ii) 

~'iii} 

2-5 di chlo:roni tro benzene: 

J-tj = 3.1729 ':"" 3e143 X 10-3 t + 4.51 X 10-4 t 2 

2-5 di bromQni tro benzene: 

)tj ~ 5.220~ + 2.7966 X 10-2 t- 1.423 X 1o-4 t 2 

3• ni ~rQ-0~ 8J1.1 aidine: 

_lf-1j= a.154 + 1.8412 x 1o ... 2 t + 3.5226 x 1o-3 t 2 



.. 
(~v) 

(v) 

(vi) 

(vii) 
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2- chl o;ro-p-ni troanil.ine: 

/'1- j a 0.2~158 + 0.11997 t - 1.221 :i: 1 o-3 t 2 

p-phen,~ti~ine: 

o~ni troan:;..J,ine: 

fi' = 1.1532 + 4.87' X 10-2 t - 2.616 X 10-4 t 2 J 
and 

p-ani sidi~e: 

A j =-1.4232 + 2.2068 x 1o-1 t- 2.958 x· 1o-'t2 

value of variation of the oomp~ted dipole moment 

for different systems with temperature t in o
0 

• The 

fl. 
J 

4f polar liquids against temperature in °C are shown 

grapbic~ly by the fitted liAes in Fig. (3.3). 

From table. (3.1) it is obvious that A j in 

all the cases inoreas~s with experimental temper~tures 
.as observeq by ot~ef' workers (Rae et al, 1971) showed 

th~t dipole mottlents of some liqqid compounds ... _ such as 

glycerol triacetate, gLycerol tributriate etc. increase 

w:. ... th temperature bot~ in the pure form and in solution 

· ::1 th benzene Wlder the microwave aJ. ternating electric 

f'4.G~d though th,e Values of pure compounds differ up to 

'i percent from those determined in benzene. So far as 

the ma.gni tude is concerned, the dipole moments of our· 



-
: 

-~ 

6~ 
\. 

6.0 
t 

_.. ------5.0r/ 
~ 

J 
a, 
::., 
.0 

~. 
·c:·."tf:~·:i: ·~ 1: 

·- 4 
4-1 
c 
Q.l 

~ 
0 
E 
ell ------0 

~ .9- 3. 
0 

/ --
~ 

/ 

0.0 _ ... ,_.; 
··Q· ... ',.' 20 30 

Temperature ;it1 ,c 

II 

r 

v 

.rrr 

50 

]!: 

20.0 

15.0 

10.0 

8.c 
6 

1-~f~ure 3.a-Compuk'<l dipole mom<.>nt..i p. i ol se\·en pt11nr liqnicls aro plotted agaiiJht 
. t.cmpera.turc iu ·c. 
For system II 1 : fl. j (0-l[JD) is showu 011 the right ::;ide of the graph 

while for other bix .-;ystcmtl: p. j (O-u·.'j D) un the ldt !iido of the· 
graph. 



·")& 
:~, 

107 

systems computed fro~ eq. (3.13) are in excellent agree-

-ment witb. the report':ed ones based on Gop~a Krishna's 

(1957) method and those theoretiqa.lly calcULated from 

ve.ctor atom model (Datta et al, 1981). However, for the 

system: 3-nitro-0-anisidine(III) the values at 20°C 

is very Close to the reported data, but at 30°C and 

40°U they are abnormally high. This coUld not be 

explained at present. Though the reported data of 2-5 

dibromanitrobenzene (II) and 2-5 dichloronitrobenzene 

(I). ·are not avail. able, the dipole moments as o);)tained 

trom eq. (3.13) of t!le former is always greater than 

those of the latter. This indicates that the bulky 

molecule poss8s$es a greater dipole moment to yield 

high 'Ts vEll, -q.~s than, those of lighter ones. Hence the 

size and ~hape of the mol ecuJ.. es are important to lo ca-'~e 

the magnitudes qf both relaxation time and dipole moment.

The greater v~q.es of tne dipole moments which are very 
.. ' 

close to the theoretical on~s for 2-5 dibromonitroben

zene (II) undoubtedly confirms our methods to be a 

correct one. In fig. (3.3) the compute;d experimental f-1.· 
. J 

of seven polar liqu2ds are plotted against the tempe-

~ature in °C in the ~ange of 0 to 60°0. At present we 

are not interested ,to study t_o beJ.ow and above this 

range of the said organic compounds. 
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It is observed that in all thee~ cases that 

the dipo~e ~owent f{· J 
~ncreases with te~peraturea 

in aqcoi'dt,n.~.: to the mathematical relation given by 

I f I 2 
,A--tj =o+bt+ct 

where a•, b' and c' are the arbitrary constants 

depending upon the nature of the respective solute 

molecule in benzene under the h.f. alternating elect

ric field and t is the temperature in degree centi

grate. 

The a• terms of all the systems are positive 

except the laQt one i.e. p-anieidtne (VII) for which 

it is negat~ve. For 2-5 dicbloronitrobenzene (I) dipol~ 

moment increases monotonically with temperature produ

cing a Slight concave nat~re of the curve because the 

b' term of eq. (3.16) is negative wh1le c• is posi

tive. For 3-nitroi-0-anisidine (III) a•, b•, and c' 

terms of eq. ().16) are positi~e. As a result, the 

dipole moment of this compound becomes v~ry high at 

comparatively higher temperatures, still, it agrees 

with ·the reported ,M. j ~t 20°0. The most interesting 

system is p-anisidine (VII) for which a• and c' are 

negative, nevertheless, its dipole moment within the 

experimental range of temperature is finite which 
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agrees fairly well with both the experimental and theo

retical values.; Beyond the experimental range of tempe

ratures its dipole moment becomes zero at 7.1°0 and at 

67.5°0 as observed from the curve (VII) of fig. (3.3) 

as weJ.l as i~om its empirical. relation·. This fa.ct is 

also coroborat~d with the reported data which could 

also s~tisfy an empiric8J. relation 

rep~ . .. 1o-1 . •3 ·2 
A j ~ ~ 7; 46 + 6 • 49 A 1i + 9. 9 0 :X 1 0 t • • • 3 .-17 

givin~ zero value of AA • 
Q / .... IJ 

This trend is ~eo visualised in curves (IV) and (V) 

of 2-chloro-p-nitroaniline and p-phenetidine respec

tively of fig. (3.3). We therefore, conClude that para 

molecUles of organic pol a~ liquids 
.• 

1 must show the 

zero Value of dipole moment at lower and higher tempe-

_ratures most probably due to association of polar 

units as well as due to the solvation effect, occured 

due to specific interactions between solute molecule 

and the solvent molecule -and also to the bulk proper

ties of the solvent especially the dielectric constant. 
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Tabl.e 3.1 

Coau>uted dipo].e moment Aj (compt), rept~ dipole mqment;«j 
(rept), reJ,a:ta1;ion t~q~es L's ; and b at temperature 

20°, 30° and 4o0 c. 
--------,--~--,-----------------

' . I A 1 I Al I _;t{• System • Tem~ b ' 12' /""-j r /-'j I J 
' ' comp.''rsx 10 , (compt.) 1 (rept.), (theor.) , o0 • 1 

' rep.in ' in D ' in D ' in D 
• sec. ' ' I --------..1 ___ _ 

-~--~-~---~--------
1 ) 2-5 dichl.oro- 20 

nitrobenzene 30 
0.6620 
0.7060 
0.7477 

11.87 
10.72 
9.65 

** 

2). 2-5 dibro
monitro
benzene 

3) 3-ni tro-0-
ani.Sidine 

4) 2- chl. oro-p ... 

nitroani
l.ine. 

5) P-phene
tidine 

6) 0-ni tro
aniline 

7' p-ani.ei
dine 

40 

20 0.3736 
30 0.4090 
40. 0.4369 

21.51** 
19.97 
18.86 

20 0.6165 13.27 * 
30 0.6793 11.56 
40 0.7282 10.28 

20 0.7170 
3o 0.743~ 
40 0.7706 

10.57 
9.89 
9.18 

* 

·20 0.6975 
30 0.7147 
40 0.7409 

11.08 * 

20 0.7648 
30 0·7779 

10.63 
9.95 

9.33* 
8.99 

5.72 
5.93 
6.11 

3.93 
5.88 
8.53 

2.82 
3.09 
3.22 

2.02 
2.38 

. 2.68 

2.44 
3.28 
3.93 

2.24 
2.78 
3.14 

:;.95 
2.19 
2.24 40 0.8050 8e28 

20 0.9493 3.89*~ 

30 0.9546 3.67 
40 0.9657 3.17 

1.81 
2.51 
2.67 

1.56 
3.10 
2.66 -~--------------~-----------

4.23 *** 

4.23 *** 

4.93 *** 

1.53*** 

4.25*** 

1.87*** 

-----* Somevanshi et al (1978), **Pant et al (1977), 

CaJ.cuJ.ated from the vector model assuming mol.ecUle to be 
p].anar. 
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Abstract: The siope of the concentration variation of high frequency conduc

tivity of polar-nonpolar liquid mixture at infinite dilution has been employed tD 

estimate the dipole moment of polar solute at different temperatures. The cslcnla
tions showed that in the microwave electric field the dipole moment of a polar unit 
is uot .fixed, but varies uniformly with temperature. 

1. Introduction 

The variation of dipole moment of a polar liquid with temperature is not a 
new concept (Ras and Bordewijk 1971) but it really occurs wh~n the polar
nonpolar liquid mixture is subjected to the alternating microwave electric 
field. There are several methods (Gopala. Krishria 1957, Sen et al 1972) to 
compute the relaxation times -r, of polar liquid dissolved in nonpolar solvent 
under the application of radio frequency and microwave alternating electric 
field. Gopala Krishna's concentration variation method in the microwave 
region and Sen's graphical method in r.f. region always invite a slight personal 
judgement to locate the exact and accurate value of -r, within a certain 
considerable range. In order to avoid this difficulty we, in the process of 
derivation of the dipole moment llj of polar liquids in solvent from the 
conductivity data (Ghosh and Acharyya 1977) in h.f. region, devised a simple 
procedure (Ghosh et a/ 1980, Datta et a/ 1981) to obtain the relaxation 
times r, of polar liquids from the m.w and r.f. conductivity data based on 
sound mathematical foundation. When the frequency of the impressed field 
exceeds a certain critical value, the permanent dipoles of solute molecules 
cannot follow the exact alternation of the applied field. This measurable 
lag is commonly known. as dielectric relaxation, and the relaxation time of 
a solute is defined as the lag in response of polar solute with the forces 
to which it is subjected. Using the slope of concentration variation of total 
conductivity Kat infinite dilution we attempted to obtain the ralaxation time 

~91 
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at different temperatures with the single {ti value as obtained from literature. 
We found that the single value of ft; could not yield the magnitude of 'Ts though 
it gave the relative temperature dependence of computed 'T, only. This fact at 
once indicates that in the h.f. region f.'; is not a fixed quantity, but most 
probably varies with temperature to ascertain the actual magnitude of 'T s. 

All these points put us in a sound position to utilise the concentration 
variation of conductivity data to evaluate f.'; at different temperatures for 
the following seven systems of interest. fl; values thus obtained were found 
to satisfy the following empirical formulae : · 

(i) 2-5 dichloronitrobenzene : f.';= 3.1729-3.143 x 10'"'8 t+4.51 x lo-.:.t 9 • 

(ii) 2-5 dibromonitrobenzene : ft; = 5.2209+2.7966 x IO-llt-1.423 x I0- 4 t2 • 

(iii) 3 nitro-o-anisidine: ft; =2.154+1.8412 x 10- 11 t+3.5226 x Io-stll. 

(iv) 2-chloro·p-nitroaniline : f.'; =0.22158+0.11997t-1.221x I0- 8 t 2
• 

(v) p-phenetidine: fl; =1.8453+6.3216x IQ- 11 t-7~22x10-"t9 • 

(vi) o-nitroaniline: f1-..;=1.1532+4.873xl0- 2t-2.616x10-'t 9 • and 

(vii) p-anisidine: tt; = -1.4232+2.2068x I0-1 t-2.958x I0- 8 t 11 • 

for different systems with temperature in oc. 

2. Theory 

According to Murphy and Morgan (1939) the high frequency conductivity of a 
polar-nonpolar liquid mixture is given by K = K' + j K', where K' =the real part 

roe'.'. 
of the conductivity =-

4
• 1 , and K'' =the imaginary part of the conductivity 

. 1T 

=we~ i. Now the magnitude of the total h.f. conductivity is usually calculated by 
41T 

the relation 

(1) 

But, in practice, as e'i i decreases wit.h frequency and eventually equals the 
optical dielectric constant in the h.f. region, and ./~ i increases with frequency 

to attain a maximum value at w =! and then begins to decrease, the real 
'T 

part K' of h.f. conductivity of polar-nonpolar liquid mixture of weight 
fraction W; of polar solute at any temperature ToK is given by . 

K'=ll,NPijFij( w
13

T )w. (2) 
3M;kT 1 +w 2 r 2 J 

where 1-L; is th~ ~:ipole moment of polar solute of molecular weight M;, N is the 

Avogadro ptJmber, -~ .~s _th~ B~ltzman const~nt 11n<;i Fi;=rii:
2r is the 
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local field. This c:; i however, is the complex dielectric constant of the 
solution of density P; i and is expr~ssed as c:, i =c:~ i- jc:';' 1 of which the 
emaginary part <i is responsible for the absorption of electrical energy to 
yield resistance to polarization. Now for microwave electric field ~', i) )c:~' i and 
the conductivity of the solution becomes u·-~ 

K=~f· .. 
47T I J 

But for h-f region it can be shown that 

. + " I £ i j = C: i j • 0> f i j WT 

where •; i'"' is the optical dielectric constant of the solution. 
and (4) the total h-f conductivity of the solution.takes the form 

K=K..,+K'/wr 1 

.:.· (3) 

(4) 

From eqs. (3) 

(S) 

where K"' is a constant and .,., is the relaxation time of the solute molecule 
in solution. AsK is a function of w;, we have from eq. (S) 

(1~) • ;-~o =WT' ( ;~) • j+o =wr ~~ (6) 

where ~ is the slope of K- w i curve at w ;--~0~ When w i approaches zero, 
the density p; i of the solution becomes p; the density of the solvent, and 

local field F,i of the solution is F;=the lo~al field of the solvent=(f•i2( 

Under the circumstances, eq. (2) on being differentiated w.r. to· w. as w .~o 
] ] 

takes the form : 

Taking 

(dK') _p.~NP;F; ( ws.,., ) 
dw; .., ;-+o --3M;kT l+w2.,.~ 

b=~!(I!:_'Np;~{.w) 
. 3M;kT 

we have from eqs. (6) and (7) 

b I 
-::-c,----:=-2 --;;

2 
and whence 

l+w .,., 

.,. = 2_J!-l ~.\X IQ-1oJ-l-
' 27TC b - 18·84 b-l 

(7) 
.,. 

'• 
:f (8) 

(9) 

Now from eq. (8) the dipole moment of the solute molecule can be written in 
the form · 

(10) 
; I, 

J 
! 
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With reported values of T, at experimental temperatures b may be calculated 
from eq. (9). With a knowledge of the slope ~ from K-w; curve at w;~O and 
corresponding b it is easy to calculate 1-'; of the solute .molecule from eq. (10) 
because all other quantities of the solvent benzene are known. Further, it is .... 
clear from eq. (9) that for a given frequency w of the applied field the relaxation· 
time 'T', depends upon the magnitude of b which in turn depends on f.l;. As -r, ,: 
changes wiJ:h temperature, f-l; should change with temperature in order to locate 
the magnitude of -r, in the microwave region. because the change of the factor 
{3/p;. F; with temperature of eq. (8) alone cannot cope with the pace of change of 
-r 8 with temperature. 

3. Results and discussions 

The h.f. conductivity (Sen and Ghosh 1972) of polar-nonpolar liquid mixture 
is comparatively easy to measure down to very low concentration by Hartley 
oscillator and klystron valve in the laboratory. But the expt. conductivity data 
under radio-frequency and microwave electric fields are very scanty. We, 
therefore, used the available concentration variati9n expt. data fore';' i and e';; of. 
seven systems in benzene : 2-5 dichloronitrobenzene and 2-5. dibromonitro
benzene under 3.13 em wavelength electric field (Pant et al 1977), and 3-nitro-o
anisidine, 2-chloro-p-nitroaniline, p-phenetidine, o-nitroaniline and p-anisidine 
under 3.17 em wavelength electric field (Somevanshi et al 1978} to obtain corres-

ponding experimental K values from Murphy-Morgan relation K=.!:!... .J.e'/;+e'l'· at 
\ 471 1 

20°, 30° and 40°C, The values of K thus obtained are shown graphically in 
Figures 1 and 2 for every stage of dilution for seven systems. 

The temperature dependence of K for each system . is vivid. K vari~s 

almost linearly with w; in the lower concentration region. As· w; approaches 
zero, the solvent benzene assumes a constant value of conductivity independent 
of experimental temperature. This is because of the fact that the quantity 
P;;Fu/T in eq. (2) assumes nearlya fixed value which is in the neighbour
hood of 0.006. Consequently, at wi =0 the conductivity of a given system at 
all temperatures remains the same. Nevertheless, at w. =0 the K values of 

1 ' 
different systems are different. This is due to solvation effect (Datta et allQ81). 

For each system in the lower concentration region there is a r~gularity in 
increase of slopes of the curves with temperature. At any experi~ental· tempera
ture the variation of K with w i is excellent. to suggest that h.f. conductivity 
can be represented by a fitted formula K=<{+f3w; +rw; 11 , where ot, f3 andy are 
arbitrary constants depending upon the nature of the respective solution of 
polar-nonpolar liquid mixture of which {1 plays a very important role in 
estimating 1-' i. Of course we tried for numerical values of <{, {1 and y by 
fitting technique. But the process was abandoned because available data are 
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not smooth enough for the said technique. However, the slope {3 of K-w; 

curve at w i~ was estimated by drawing a tangent to each curve at w i-)o.() as 
demanded-by the relation (6). 

1.20 

t 
::0 us-.. 

f .,. 
• <:: 

0 
-0 

X 2-5-0ICHLORONITROBENZENE 
::i: 

> 1.-:c-
1-

2 
1-
() 
:::J. 
0 
z 
0 
y 

3 -NITR0-0·-,·.:::::c,:~JE 
:2: 

2-CHLORO-P-NITRO ANILINE 

O.SS'--. ~----_.__ _____ j_ _____ __.___ _____ ___, 

JO 0.025 0.050 0.075 0.100 
WEIGHT FRACTION OF SOL UTE Wj ___..., 

Fi~ure J. :'.Iicrowave conductivity K is plotted against weight fraction w j at 
:lO'O, 30'0 and 40'0. 

----0-----o at 20'0, 
----6. ----6, - ---·-at 30'0, 

-----::J C at 40'0. 

Though errors due to (1) experimental uncertainty and (2) theoretical 
approximation done in obtaining eq. (6) may be accumulated in f.L; determined 
by this method. still we have adopted it because (i) conductivity data are very 
scanty in the lower concentration region and (ii) the error due to theoretical 
approximation is negligibly small in the h.f. region. Further, the uncertainty in 
drawing K- w 1 graph drawn with available e'; i data for different concentrations. is 
5 vu f:/'f71cUL . 
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Using eq. (9) values of b were determined: with reported T, for each 
system at 20°, 30° and 40oC and are placed i~ Table 1. The corresponding 
!l j values for all the chosen systems were also calculated from eq. (10) at 
these temperatures and are placed in Table 1, .along with the r~ported and 

Tubhl I. Oompn~tn1 dlpoln IHOil\011~ I' 1 ''"""''' rnpl .. tllpnln IHilllHllllo I'J ''"'''• 
relu.xu.Liou Limu>~ -r, aucl /; u.L tumporu.tures : 20", 30" and 40"0. 

System 

(i) 2-5 dichloroni
trobenzene 

(ii) 2-5 dibromoni
trobenzene 

(iii) 3-nitro-o-a.ni-
sidine· 

(iv) 2-chloro-p-nitro-
a.niline 

(v) p-phenetidine 

(vi) o-nitroa.niline 

(vii) p-a.nisidine 

Temp. oa 

20 

80 

40 

20 

30 

40 

20 

30 

40 

20 

30 

40 

20 

so 
40 

20 

30 

40 
20 

80 

40 

• Somevanshi. et al (1978) 

•• Pant et al (1977) 

b 
com pt. 

0.6620 

0.7060 

0.7477 

0.3736 

0.4090 

0.4369 

0.6165 

0.6793 

0.7282 

0.7170 

0.7432 

0.7706 

0.6975 

0.7147 

0.7409 

0.7648 

0.7779 

0.8050 

0.9493 

0.9546 

0.9657 

T 1 X 10 1
' 1-' j com pi· 

rept in ~ec, in D 

11.87'* . 

10.72 

9.65 

21.51 .. 

19.97 

18.86 

18.27* 

11.56 

10.28 

10.57* 

9.89 

9.18 

u.o8* 

10.63 

9.95 

9.33* 

8.99 

8.28' 

3.89** 

3.67 

8.17 

3.29 

3,48 . 

3.77 

5.72 

5,93 

6.11 

3.93 

5.88 

8.53 

2.18 

2.72 

3.07 

2.82 

3.09 

3.22 

2.02 

2.88 

2.68 

1.81 

2.54 

2.67 

••• Oalculated from the vector model assuming molecule to be pla.oar. 

P.; rcpt• 
in D 

2.76 

3.11 

3.76 

U4 

3.28 

3.93 

2.24 

2.78 

3.14 

3.95 

2.19 

2 •. 24 

1.56 

~.10 

2.66 

1-' j thcor• 
in D 

4.23*** 

4.23*** 

4.93 ... 

2.39*** 

1.53*** 

4.25*** 

1.87*** 

theoretical ones for comparison. The 1-tjB thus obtain,ed are a,lso shown graphi
caiJy by fitted Jines in Figure 3. 

From Table l, it is obvious that 1-' i in all the cases increases with experi
mental temperatures as observed by other workers (Ras et al 1971) who showed 
that dipole moments of some lipid compounds such as glycerol triacetate, 
glycerol tributriate etc. increase with temperature both in ·the pure form· and · 
in solution with benzene under the microwave alternating electric field though' 
the values of pure compounds differ by up to 7% from those determined in 

,: 

i; 
·! 
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benzene. So far as the ·magnitude is concerned, the dipole moments of our 
systems computed from eq. (10) . are in excellent agreement with the reported 

1.20t----------------------

2-5-DlE!.20MONITRO BENZENE 

~----cJ-=-- 40°C 

----tr-- 30°C 
---0---~!..._ 20°C 

0-NITROA~\ILlNE 

t00~------~----
0.0 0.025 0.050 0-075 0.100 

WEIGHT FRACTION OF SOLUTE Wj-+-

·Fi~ure 2. ~Iicrowave condncti vity K is plotted against weight fmction ~w j at 
20°0, 80°0 and 40°0. 

0 0 at 20°0, 

A !J. at 30°0, 

c :::J at 40°0. 

ones based on Gopala Krishna's (1957) method and those theoretically calculated 
from vactor atom model (Datta et a/1981). However, for the system : 3 nitro
o-anisidine (III) the values at 20oC is very close to the reported data, but at 
30oC and 40CC they are abnormally high. This could not be explained at present. 
Though the reported data of 2-5 dibromonitrobenzene (II) and 2-5 dichloronitro
benzene (l) are not available, the dipole- moments as obtained from eq. (10) of 
the former is always greater than those of the latter. This indicates that the 
bulky molecule possesses a greater dipole moment to yield high T, values than 
those of lighter ones. Hence the size and shape of the molecule are important to 
locate the magnitudes of both relaxation time and dipole moment. The greater 
values of the dipole moments which are very close to the theoretical ones for 
2-5 dibromonitrobenzene (II) undoubtedly confirms our method to be a corre~t 

I! 
- 1: ., 

I' 

J 
!, 

,, 
I 

i I 

u 
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one. In Figure 3, the computed experimental 11-; of seven· polar liquids are 
plotted against the temperature in oc in the range of 0 to 60oC. Below and above 

0 

E 
Cl> 

0 
.9- 3. 
0 ...... 
~ 

10.0 

5.0 

Temperature in °C 

Figure 3. Computed dipole moments p. j of seven pomr liquids are plotted against 
temperature in °0, 
For system II I : p. j (0 -lliD) is shown on the-right side of the graph 
while for other six systems : p. j (0-6'5 D) on the left side of the 
graph. 

this range we are not interested because the liquids are organic compounds. 
However, in all these cases, dipole moment increases in the fashion 

f£; =a' +b't+C't2 (11) 
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with temp;:rature in oc, where a', b' and c' are the arbitrary constants depending 
upon the nature of the respective solute molecule in benzene under the h.f. 
alternating electric field. 

The a· terms of all the systems are positive except the last one i.e. p-anisidine 
(VII) fo~ which it is negative. For 2-5 dichloronitrobenzene (I) dipole moment 
increases monotonically with temperature producing a slight concave nature of 
the curve because the b' term of eq. (11) is negative while c' is positive. For 
3-nitro-o-misidine (III) a', b' and c' terms of eq. (11) are positive. As a result,
the dipoJo= moment of this compound becomes very high at comparatively higher 
temperatures, still, it agrees with the reported fL; at 20°C. The most interesting 
system is p-anisidine (VII) for which both a' and c' are negative ; nevertheless, its 
dipole moment within the experimental range of temperature is finite which 
agrees fairly well with both the experimental and theoretical values. Beyond 
the experimental range of temperatures its dipole moment becomes zero at 
7.1 oc and at 67SC as observed from the curve (VII) of Figure 3 as well as from 
its empirical relation. This fact is also coroborated with the reported data which 
could aho satisfy an empirical relation : 

p.J'Pt = -7.46+6.49 X 10-1 t-9.90 x.l0-8 t 11 (12) 

giving zcro value of fL; at 14.9oC and at 50.7°C. This trend is also visualised in 
curves {IV) and (V) of 2-chloro-p-nitroaniline and p-phenetidine respectively 
of Figure 3. We, therefore, conclude that para molecules of organic polar 
liquids must show the zero value of dipole moment at lower and higher 
tempera!ures most probably due to association of polar units as well as solvation 
effect. 
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CHAPTER IV 

MICROWAVE CONDUCTIVITY AND DIPOLE MOMENT OF SOME 

SUBSTITUTED BENZENE 

Introduction: 

In recent years, much attention has been drawn 

to study the conc~ntration variation of big~ frequency 

conductivity (Ghosh s K et al, 1980 and Datta S K et aJ. 

1981) to yie~d the die~ectric re~axation parameters such 

as: re~axation time ( '"(; ) ' dipole moment ( 1'-tj ) of. 

po~ar dieJ.ectrics, heat enthaJ.py ( ~H'L ) , entropy of 

die~ectric relaxation ( LlS't') and the activation energy 

( E 't ) etc. In the previous chapter (III) it has 

been shoWn that under the microwave e~ectric field the 

dipole moment is not a fixed quantity, but varies with 

temperature though it is supposed to ~e constant under 

the low frequency and·the d.c. e~ectric fields. 

The present chapter ~il~ report the permanent 

dipole moment and bond moment of the following seven 

die~ectric l.iquids .. The dipole moment were calculated 

from the concentration variation of microwave conducti

vity method. The theory and method of determination of 

dipole moment ( /'tj ) from variation of h .f; •. conductivity 

with weight fraction Wj are given in chapter (III). 
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The seven dielectric liquids (i) ~-aminobenzotrifluori'de 

(11) 0-nitrobenzotrifluoride (i~i) m-nitrobenzotrifluoride 

(iv) 0-chl.orobenzotrifluoride at 3.0166 em wave length, 

( v) 0- chloroni troben~ene (vi) 4- chloro-3-ni tro benzotri

fluoride and (vii) 4-chloro-3-nitrotoluene at 3.0 em 

wavelength electric field, the systems are very interest

ing regarding the sizes and shapes of the molecule whose 

dipole,moments and bond· moment have been reported. 

Result and· Discussion: 

The ·microwave conductivity K.. of polar -
. . IJ 

nonpolar liquid mixtures we;:t"e cal. culated with the help 

of the fundamental eq. ( 3.4), i.e. 

W ( II 2 I 2 )1;2 
K iJ' .::: -;-- E.. -t ( .. 

~.+ Tf IJ IJ • • • 

Further the total. conductivity .Kij for the h.f. 

region is represented by eq. (3.6) i.e. 

••• 4o2 

where K 
OCJ 

and ~s are constants (d.c. conducti-

vi ty ~d relaxation time of the solute molecules in 

the dU ute sol uti on respectively). Therefore the total 

conductivity can be·written with the help of eq. (3.8) 

and eq. (4.2) as 

• • • 4.3 



~ 

The eq. ( 4.)) clearly shows that the K .. 
IJ 

of weight fraction. Hence the variation of 
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is a function 

K .. 
IJ 

with W· 
j 

could be expressed according to mathematical relation 

K .. = o{ + (3 w. ••• 4.4 
IJ J 

where o( and ~ are constants. The constant (:3 

is the most important factor for determining the T5 

and A· 
J 

• The slope (3 could be obtained from 

the graphicaL plot of K .. 
IJ 

against w. 
J 

at 

Wj ---7 0 or from the eqn. ( 4.4). The Kij of the 

seven respective solutions computed by using the follow-

ing l. east square fit relations are 

i) 

ii) 

iii) 

iv) 

v) 

vi) 

vii) 

K·· X IJ 
1 o-1 o == 1 .1106 + 2.3536 wj 

K .. X 1 o-1o == 1.1169 + 4.1557Wj IJ 

K .. X 1 o-10 = 1 .. 1262- + 1.7747Wj IJ 

K .. X 
lJ 

1 o-1 o = 1 .. 1199 + 2.0159W. 
J 

K·· X 10-10 = 1.1265 + 4.05)9 w. I J J 

K .. X 1 o-1 o = 1.1286 + 1 .1894 wj and IJ 

K .. X 10-10 = 1 .1250 + 2.8594 wj IJ 

To calculate the variation of K·· at various 
IJ , 

weight fraction W. , the experimental data of ( .. 
1, J IJ 

and (.. given the paper of (Arrawatia et al.1977), IJ 
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and Gupta P C et aJ., (1978) have been considered. 

The K values thus obtained are tabulated . ·ij 

in table (4.1a, 1b). The nature of variation of Kij 

with weight fraction w. and also the nature of 
J 

their fitted curves are shown in fig. (4.1a -4.1 g). 

The dipole moments of seven systems of inte

rest have been computed with the help of eq. (3.13) i.e. 

_ ( 3 Mj k T (3 )1j2 

j4 j - N pi F i . CJ b 

and it is observed that the dipole moment values of 

many molecules measured in solution were consiPtently 

different from one solvent to another and this effect 

has been considered as due to solvent effecte So the 

correct values of induce dipole moment.calculated from 

the most convenient MUllers empirical equation 

are also tabulated in table (4.2) along with the avai-

labl.e literature dat·a for comparison .. 'rhe ;Vt. 
J 

data 

have ·-:::, al.so been computed :f'rorrt the bond dipole mtlment 

and bond angles, assuming that the benzene molecule is 

~ planer one. The molecular parameters needed for this 

computation of theoretical values of ~- are shown 
J 

in fig. 4.2 and placed in table (4.3). 



I+ 

1 • 3 

-t- r m- Aminobenzotrifluoride 

:::l 
l/1 
C1.J 

c: ·-
0,..-....,_ 

..-0 
....... 

~1.2 
~-....._ 
>-
I-
I-f 

> 
H 
1-
(.) 
::::> 
0 
z 
0 
u 

1 .1 o.o 0.01 0.02 0.03 0.04 Q.OS 0.06 0·07 

WEIGHT FRACTION ( W. j 
J 

,Fig- 4.1a Conductivity Kij is plotted 

against Weight fr,acfion W. 
of solute • J 



r 

>
I
H 
> 
I-t 
1-
u 
:::) 

0 z 
0 
u 

1.3--------------------- --------

o- Nitrobenzotrifluoride 

1.1L-----~----~-------------------o.o Q.Q 1 
WEIGHT 

Fig- 4.1 b 

Q.Q2 o.o 3 Q.Q4 o.os 
F R A C T I 0 N ( Wj ) > 

Conductivity Kij is plaited 

against \Afeight fraction wj 
of solute e 



1.2~--------------------------------~ 

T 

c 

-0 
<1"""0 

X 
:=-1.1 s y 

>-
1-
~ 

> 
t-1 
1--
u 
::> 
0 
z 
0 
u 

m- Ni trobenz otrifluoride 

1.1L-----~----------------------~ o.o 0·01 0-02 Q.Q3 o.o4 o.os 
WEIGHT FRACTION C Wj) ) 

Fig-r4.1c Conductivity K .. is plotted IJ 
against Weight fraction w. 

of solute • J 



r 
c 

>
I
H 

> 
H 

1-
u 
::::> 
0 
z 
0 
u 

1.2r--------------------------~----~ 

Q 

o- Chlorobenzotrifluoride 

1o1k,--------------~----~----------~ 
o. 0 0. 0 1 0. 0 2 0 ° 0 3 0. 0 l. 0. 0 s 

) WEIGHT FRACTION (Wj) 

Fig -.4 .. 1 d Pondu<:tivity Kij IS plotted 

against. W'eight fraction Wj 

of solute • 



I 
I 

c 

>-
1--
1-1 

> 
1-1 
1-
u 
::) 
a 
z 
0 
u 

o- Ch!oronitrobenzene 

1.1~------------~--------------------o.o 0-01 0-02 0.03 0.04 o.os 
WEIGHT FRACTION ( Wj) 

· Fig-4.1e Conductivity Kij is plotted 

against Weight fraction W. 

of solute • 
J 



·t 

-~ 

:::J 
l/l 
<lJ 

c 

1.2r·--------------------------~----~~ 

X 
:=:"1.1 s 

>...... 
H 

> 
H 
t-· 
u 
:::> 
0 
z 
0 
u 

~-Chloro-3- nitrobenzotrifluoride 

1.1------------------~~----~----------~ o.o 0·01 0.02 0.03 0.04 · o.os Q.QG 
\ 

WEIGHT FRACTION ( Wj ) ) 

Fig-~.1f Conductivity Kij is plotted 

against Weight fraction w. 
J 

of solute • 



1.3 
'~ r 

::J 
l/1 
ClJ 

c ·-
...-. 

9 
..-a 
~ 

X 
:::'1, 2 

::::s:: 
........ 

>-...... 
t---1 

> 
t---1 

....... 
u 
::::> 
0 
z 
0 
u 

1.1· 
o.o 

4-Chloro -3- nitro toluene 

0·01 o.o2 o.o 3 o.o4 o.os 
WEIGHT FRACTION ( Wj) ----:-+ 

Conducti~ity Kij is plotted 

against Weight fraction w. 
J 

of solute • 



116 

The microwave conductivity data in the low 

concentration region are of much interest as they reveal 

a completely different situation in comparison to those 

of high concentration which is shown in the previous 

chapter (III). This is the reason which led us to study 

the systems reported here and to calculate their dipole 

moments. High concentration conductivity data of a polar 

nonpolar liquid mixture is liable to yield the dipole 

moment due to dimer formation while those in low con-

centration region behave linearly with the weight frac

tion and give the dipole moment due to monomer formation 

i.e. solute-solvent association. The computed dipole 

moments agree with those reported experimentally 

as well as computed theoretical ones, as illustrated 

in table (4.2). This fact suggests the basic soundness 

of the method adopted here. 

The variation in the ~· values for these 
J 

substituted molecules in benzene might be due to 

(1) the difference in values of group moments and 

(ii) inductive effect. The dipole moment of 0-nitroben

zotritluoride is always greater than that of m-nitroben

zotriflu.oride (Table 4.2) both shovm by the computed ~nd 

theoretical. A· 's due to the two different positions of 
J 

the N0 2 ( sho-..vn. in fig. 4.2) group in the compound. 



Fig4~onformadon or &he di!Terent ~lecules studied showing the , 
orientation oftbc bond aies and the dipole moments and also bond 
moments.: [!~ m-AminobCnzotrilluoride; 2. o-nitrobcnzotrifluoride: 
3. m-niuobemotrilluoride: 4, o-chloro~~otriOuoride; 5, . 
o-dlloronhrobmzene;. 6. 4-chloro-3-nitrobenzotriOuoride & 7, 

· -. · 4-chloro-3-nitrotoluene] 

•' --

"' .. 
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The other two compounds, viz. m-aminobenzotrifluoride 

and 0-chlorobenzotrifluoride have smaller values of 

dipole moments due to the same reasons as mentioned 

earliere 

The group moment of -cF3 groups acts in 

the reverse direction to that of - Cl group and hence 

its net effect Js to reduce the total moment along the 

common axis. 4·- chloro-3-ni tro benzotriflu.oride thus 

shows the lower ·value of A· J 
in benzene than in 

0-chloronitrobenzene .. - The group moment of- CH
3 

group. 

acts in the direction of -Ci group and hence the 

res~tant dipole moment increases along the common 

axis. That is why the last ·compound in table ( 4.2) and 

in fig. (4&2), i.e~ 4-chloro-3-nitrotoluence has highsr 

dipole moment in benzene than. 'in 0-chloroni trobenzene. 

The close agreement between the computed ft· J 
values 

with the theoretical ones shows that the dipole moments 

of these compounds have a preferred conformation, as 

depicted in fig .. (4 .. 2). Regarding the group moments 

assumed by us~ they compensate each other to a certain 

extent. 



-=t, 

Table 4 .. ·1a 

Values of dielectric constant ( E~- ), loss factor ( 
<li 

( .. 
IJ 
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) 

cond ucti vi ty ( · K ij ) and weight ~raction ( W j ) at wave 

length 7\ = 3.0166 ems. 

- - - = - - - - - - - .- ~ - - - --------
Systems w. 

J 
I 

E:_ .. 
IJ 

1/ 
( .. 

IJ 
K·· X 

1 ~.L 1 0 

in esu 

--------- - - - - - - - - - - - -- - - ---- --- --
1 • m-Aminobenzo- 0.0142 2.306 0.053 1 .147 

trifluoride 0.0265 2_. 351 0.088 1.170 

o.o379 2. 4t2 0.131 1. 201 

0.0561 2.480 0.178 1.236 

0.0682 2.556 0.233 1.276 

---------- ------------- - --- ----
2. 0-Ni trobenzo- 0.0085 2 .. 315 Oq058 1 0 151 

trifluoride 0.0167 2.386 0.108 1.188 

0.0244 2.445 0.159 1 .218 

0.0335 2.515 0.205 1.255 
0.0402 2.571 0.255 1.285 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3. m-Nitrobenzo- 0.0096 2.302 0. 032 . 1 .145 

trifluoride 0.0173 2.322 0.060 1.155 
0.0245 2.347 0.082 1.168 
0.0326 2.375 0.106 1.182 

0 .. 0380 2.404 0.128 1.197 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -
4. 0- chloro benzo- 0.-.{)()Sj I"\ "'!~0 n r-.?7 1 .. 133 C:..,_c:-.;:_-i ~· '-""'·-V-I 

trifi uoride 0.0142 2.315 0.048 1.151 
0.0225 2.350 0.061 1 .169 
0.0312 2.368 0.087 1.178 
0.0374 2.404 0.1 06 1.197 

- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
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Values of dielectric constant ( E~. ), loss factors 
lj 

" ( E:. ij ) cond ucti vi ty ( K ij ) weight fractions ( wj ) 

at wavelength 7\... = 3.0!:ms. 

---------------------
Syst-em w. 

J 

I 

E .. 
IJ 

If 

c. 
IJ 

K .. 
X I~ 0-10 

in esu 

5. 0- chl o-roni tro- 0.0109 2.340 0.066 1.170 
benz-ene 0.0173 2~393 0.100 1.198 

··0.0217 2 .. 422 0.126 1.213 

0.0280 2 .. 479 0.165 1 .242 

0.0330 2.511 0.192 1.259 

--- -------------- ---- --- --- - --
6. 4-chloro-3-nitro- o.oo96 2.266 0.021 1 .133 

benzotrifl uoride 0.0154 2.289 0.035 1.145 

0.0275 2.316 0.058 1.158 

0.0410 2.369 0.093 1 .185 

·o.o519 2.386 0.112 1.194 

------------- - - ----- ----------
7. 4- chloro-3-ni tro- Oo0072 2.298 0.046 1 .149 

+.1'\1 .,_.,..,.,Cl 
0.0144 2. 322 i • 1 6-2 ~'---~-- ..... Oo08B 

0.0224 2.375 0.133 1.189 

0.0323 2. 426 0.179 1.216 

0.0453 2 .. 499 0.252 1.256 

------------- ---- ---- ---- ----- -
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Table 4.2 · 

The Computed Values of 

at 35°C 

b, A5~, ;« j ( Compt.), )vtj, (Rept) 

- - - - - - - - - - - ,- - - - - - - - ,- - - - f- - - - - - - -

12 I <s> ! • I • I • 

System b 'LsX10 :)-tjinD,#jlnO,,MjlnD;AjlnD 
I ' I 
,(Rept) :(co.mpt)"(Compt), (Rept): (Theor) 

-----------------------------
1\.: 3.0166 Ctno 

m-Aminobenzo

trifl uoride 
0.7234 9.9 

0-Nitrobenzo- 0.6913 10~7 
trifluoride 

m-Nitrobenzo- 0.6403 12~0 

trifluoride 

0-Chlorobenzo- 0.7356 9$6 
trifluoride 

3.1971 

4o7332 

3.2138 

3.1062 

7\ = 3 o 0 em • 

0-Chloroni tro
benzene 

4-Chloro-3-
ni tro benzo
tri n uoride 

4-Chl oro- 3-

ni tro- toluene 

0 .. 5816 13.5 

Oo 7088 10.2 

4.6137 

2. 7084 

5.0899 

3.40 3.16 2.48 

5.03 4.54 6 .. 18 

3.42 3.33 3.74 

3.30 3.15 3.98 

4.91 4.71 5.28 

2.88 3.17 

4.88 5.58 

-------------------------------



Table 4.3 

Electric moment_of groups and bonds. 

Group or bond 

- Cl 

--,---- ---
Electric moments in 

Debye units. 

2.86 

1.166 

4.23 

1 .. 69 

-0.4 
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The slope of the curve of the variation of the microwave 
conductivity with concentration at infinite dilution, is used to obtain 
the dipole moments .. of some substituted benzotrifluorides and 
substituted benzenes at 35°C, subjected to the 3.0166 and 3.0 em 
wavelength electric fields respectively. The data thus estimated are in 
agreement with the reported /lJ values, suggesting the uniqueness of 
the method adopted. 

In recent years, much attention has been drawn to 
study the conce11tration variation of high frequency 
conductivity!. 2 to yield the dielectric relaxation 
parameters: relaxation time (t), dipole moment (Jl) of 

'"' .. -polar die1ectrics, heat of enthalpy (!l.H"), entropy of 
dielectric relaxation (!l.S<) and the activation energy 
(E"), etc. Recently, it has been shown by Acharyya et 
al. 3 that under the microwave electric field the dipole 
moment is not a fixed quantity, but varies with 
temperature though it is supposed to be constant under 
the low-frequency and the de electric fields. 

The microwave conductivities (K;i) of (i) m
aminobenzotrifluoride, (ii) o-nitrobenzotrifluoride, (iii) 
m-nitrobenzotrifluoride, (iv) o-chlorobenzotrifluoride 
at 3.0166 em wavelength electric field are found to vary 

Kii X 10- 10 =·1.1169 + 4.1557 Wi · 
Kij x 10- 10 = 1.1262 + 1.7747 wj 
Kij x 10- 10 = 1.1199 + 2.0159 wj 
Kij x 10- 10 = 1.1265 +4.0539 wj 
K.ij x 10- 10 = 1.1286 + 1.1894 wj 
Kii x 10- 10 = 1.1250 + 2.8594 Wi 

with the help of the available data4
·

5
. 

Theoretical Formulations-The high frequency 
conductivity6 of a polar-nonpolar liquid mixture is 
given by Kii = Kii + j Ki} wht;re K;i is the real part of 
the conductivity = w s;jj 4n, imd Kij is the imaginary 
part of the conductivity= w ci) 4n. Now the 
1llagnitude of the total high frequency conductivity is 
usually computed from the relation 

w 
J(. : = _ [£'.'.2 + e'. ?-] 112 

I) 411: I) 11_ ... (1) 

The c;i of the solution in the microwave region is very 
small and equals the optical dielectric constant, but still 
c;i ~ c;j and c;j is responsible for the absorption ~f 
electrical energy' to yield resistance to polarization; 
hence the real part K;i of hf conductivity of solution of 
weight fraction Wi of polar solute at temperature T K 
is given by 

... (2) 

where f.i.i is the dipole moment of polar solute of 
molecular weight Mi, N is the Avogadro number, k is 

(
f.·.+ 2)2 

the Boltzma~n constant and F;i = -T is the 

local field. Hence, it requires that the total conductivity 
should be 

linearly with the concentration expressed in weight w 
fractions (Wi). Similarly do those of (v) o- Kii = 4n a;i ... (3) 

chloronitrobenzene, (vi) 4-chloro-3-nitrobenzotri- But for hf region it can be shown that 
fluoride and (vii) 4-chloro-3-nitrotoluene at 3.0 em 
wavelength electric field, thereby ·yielding a constant 
slope P at any stage of dilution and thus makes the 
procedure more reliable than those done earlier3

. 

Moreover, the systems mentioned above are very 

a;i = sii. oo + si') w-r ... (4) 

where cii. oo is the optical dielectric constant of the 
solution. From Eqs (3) and (4) the total hf conductivity 
of the solution takes the form 

interesting regarding the sizes and shapes of these Kii = Kc, + Kiifwr:. . ... (5) 

molecules. Of the seven systems, five are benzo- where K oo is a constant and -r is the relaxation time of 
trifluorides and two are comparatively less simple. The the solute molecule in solutio.n. As K · · is a function of 
variation of Kii with Wi could be expressed by K;i =.IX w. we have from Eq. (5) 

11 

+ p wj of which pis the most important to yield both"· J• 

as well as Jli of the polar liquids. The Kii of the· (dKW;i) =wr,(dKW;i) =w-r.P . .'.(6) 
respective solutions are computed by using the d i w1 - o d i W

1 
_, o 

following relations : 

Kij x 10- 10 = 1.1106 + 2.3536 wj 
'\ 
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whue f3 is the slope of K;i- Wi curve at Wr~O the 
density Pii of the solution becomes P;, the density of the 



NOTES 

solvent, and the local field Fii of the solution is Fi =the 

local fi~ld of the solvent = ('i; 2 y. Under the 

circumsta,nces, Eq. (2) on being differentiated with 
respect to wj and as wj-> 0 takes the form 

(
dK;i). J.l.J N PiFi ( w

2
r. ) 

dWi w1-o = 3MikT 1 +w1 r; 
Taking, 

b = f3 ;·(J.l.J N P;Fi. w) 
. 3MikT 

We have from Eqs (6) and (7) 

b= 1 
1 + w2 r; 

and whence 

A. 0, A.x10-1o ~ 
r.=2nC·{E- 1 = 18.84 -vb- 1 

... (7) 

... (8) 

... (9) 

Now from Eq. (8) the dipole moment of the solute 
molecule can be written in the form 

. = (!_Mjkr ·_p_)i'2 
J.l.J Np-F- wb 

' I I 

... (10) 

The Eq. (9) is used to compute b from the reported r. 
data and thence the dipole moment of polar solute 1q> 
when it is dissolved in a solvent. From Eq. (1 0), Miiller 7 

gave a relation between lfJ5> and J.l.i 

liJs> = Ui [1 - C(ei- 1)2
] ••• (11) 

where liJ5> is the dipole moment of th'e solute in a 
, I 

solvent and J.l.i the dipole moment of the polar solute, C 
= 0.038 which is claimed to be a consta~t for a large 

I 

number of liquids, and ei the dielectric constant of the 
solvent. 

Results and discussion-The dipole moments of 
st:ven systems of interest have been computed and 
listed in Table 1 with the reported ILi data available 
from the literature for comparison. The ILi data have 
also been computed from the bond dipole moment and 
bond angles, assuming that the benzene molecule is a 
planar one. The molecular parameters needed for this 
computation of theoretical values of J.l.i are shown in 
Fig. 1. 

The microwave conductivity data in the low
concentration region are of much interest as they 
reveal a completely different situatiOn in comparison to 
those of high-concentration region, as recently shown 
by Acharyya et a!. 8 This is the reason which led us to 
study the systems reported here and to calculate their 
dipole moments. High-concentration conductivity 
data of a polar-nonpolar liquid mixture is liable to 
yield the dipole moment due to dimer formation while 
those in low-concentration region behave linearly with 
the weight fraction and give the dipole moment due to 
monomer formation, i.e. solute-solvent association. 
The computed dipole moments agree with those 
reported experimentally as well as computed 
theoretical ones, as illustrated in Table 1. This fact 
suggests the basic soundness of the method adopted 
here. 

The variation in the J.l.i values for these substituted 
molecules in benzene might be due to (i) the difference 
in the values of group moments and (ii) inductive effect. 
The dipole moment of o-nitrobenzofluoridt: is always 
greater than that of m-nitwbenzotrifluoride (Table 1), 
both shown by the computed and theoretical J.l./s due 
to the two different positions of the - N02 group in the 

Table !-The Computed Values of b, IL/'>, ttJ (Compl), ILJ(Rept) at 35°C 

System b 'ts X 1012 ,iy'> !l) !lj j 

(Rept) (Compt) (Compt) (Rept) (Theo) 

A.= 3.0166 em 

m-Aminobenzo- 0.7234 9.9 3.1971 3.40 3.16 2.48 
trifluoride . ' 

o-Nitrobenzo- 0.6913 10.7 4.7332 5.03 4.54 6.18 
trifluoride 
m-Nitrobenzo- 0.6403 12.0 3.2138 3.42 3.33 3.74 
trifluoride 
o-Chlorobenzo- 0.7356 9.6 3.1062 3.30 3.15 3.98 
trifluoride 

· A.=3.0 em 

o-Chloronitro- 0.5816 13.5 4.6137 4.91 4.71 5.28 
benzene 
4-Chloro- 0.7088 10.2 2.7084 2.88 3.17 3.78 
3-nitrobenzo-
trifluoride 
4-Chloro-3-nitro- 0.3670 20.9 5.0899 5.41 4.88 5.58 
tolue!)e 
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Fig. !-Conformation of the different molecules studied showing the 
orientation of the bond axes and the dipole moments and also bond 
moments: [I, m-Aminobenzotritluoride; 2, o-nitrobenzotrilluoride: 
3, m-nitrobenzotrifluoride; 4, o-chlorobenzotrifluoride; 5, 
o-chloronitrobenzene; 6, 4-chloro-3-nitrobenzotrifluoride & 7, 

4-chloro-3-nitrotoluene] 

compound. The other two compounds, _viz. m

aminobenzotrifluoride and o-chlorobenzotrifluoride 
have smaller values of dipole moments due to the same 
reasons as mentioned earlier. 

The group moment of -CF3 group acts in the 
reverse direction to that of - Cl group and hence its net 

486 

·effect is to· reduce the total moment along the common 
axis. 4-Chloro-3-nitrobenzotrifluoride thus shows the 
lower value of ILi in benzene than in o
chloronitrobenzene. The group moment of - CH 3 

group acts 'in the direction of - Cl group and hence the 
resultant dipole moment increases along the common 
axis. That is why the last- compound in Table 1 and in 
Fig. 1, i.e. 4-chloro-3-nitrotoluene has higher dipole 
moment in benzene than in o-chloronitrobenzene. The 
close agreement between the computed lli values with 
the theoretical ones shows that the dipole moments of 
these compounds have a preferred conformation, as 
depicted in Fig. 1. Regarding the group moments 
assumed by u~, they compensate each other to a certain 
extent. 
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CHAPTER V 

ULTRA HIGH FREQUENCY CONDUCTIVITY OF POLAR - NONPOLAR 

LIQUID MIXTURES. 

Introduction 

The dipole moment of polar liquids varies 

with temperature when the dielectric liquid mixture is 

subjected to microwave field or rather to an alternat

ing high frequency electric field. There are several 

methods (Go pal a Krishna, 1957 s Sen and Ghosh t 197 2 

and Ghosh et al, 1980) to compute the relaxation times 

as well as dipole moment of polar liquids dissolved in 
I 

nonpolar solvents under the application of microwave 

and .radiofrequency electric fieldso But most of these 

methods suffer from extrapolation difficulties at 

infinite dilution i.e.. Wj~ O. The microwave conduc-. 

tivity data for nitromethyl acetamide (NMA)~ have been 

computed from the recent studies on dielectric absorption 

in the very low concentration region by Dhull et al( 1982) 

at temperatur~ 25°C, 35°C, 45°C and 55°C in two different 

nonpolar solvents benzene and dioxane and also ·in the 

high concentration region in benzene at 25°C. Nitrome

thyl acetamid·e is supposed to be an important dielect

ric solute due to its very high values of dielectric 

constant and moreover its wide applications in biolo-

gical research. Hence it attracted the attention of a 
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large number of workers Sato et al (1976) to study its 

different dielectric parameters., 

We too get interested to this system and an 

attempt has been taken to study the variation of micro

w~ve conductivity of NMA in very dilute sol uti on of 

benzene·- a.fld dioxane at various tempe-ra.tures, viz. 25°C, 

35°C, 45°C and 55°C and also at relatively high concent

ration region at 25°C. So it is thought that the calcu-

lated data of UHF conductivity of the mixture K .. 
IJ -

can be used to show that the low concentration region 

of this solution the association is solute-solvent 

type, i.e. monomer which changes into the solute-solute 

association or dimer at rela.tively high concentrations. 

Moreover, the extremely low concentration conductivity 

data may reveal new information regarding the solvation 

effect. As the information regarding the various types 

of interactions of solutes in solution could, however, 

be inferred from the estimated values of the dipole 

moments. Hence the dipole moments A·' s of NMA as J 
well as p-bromonitrobenzene ( P-BNB) have been calcu

lated·from the concentration variation of UHF conducti-

vity of the solution. 

Theory:-

The HF cond ucti vi ty due to Murphy and Morgan 

(1939) of polar-nonpolar liquid mixture iE given by 
I 

K·· = K .. 
IJ I J 

where 
I 

K .. 
IJ 

is the real part 
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of the conductivity = ( ~ ;:: ) and 
II 

K .. 
IJ 

is the 

imaginary part = ( w E.
1
ij /4 71 ) • The magnitude of total. 

hf cond ucti vi ty· 1 s usuaJ_ly given by 

• • • 5 .1 

I 

E.. of sol uti0n in the microwave region ( 7\. = '3 .004cm) 
IJ 

though very smal.l and is equal to optical. dielectric. 
I II II 

constant, but still E ... )) E:... where E:.. i_s res-
IJ IJ IJ 

ponsible for the absorption of electrical energy to 

offer resistance to polarization. Hence the rea~ part 

of K .. 
IJ 

fraction 

is 

where f-'t.· J 

of HF conductivity of solution of weight 

W. of polar solute at temperature T K 
J 

• • • 5. 2 

is the dipole moment of polar solute of 

molecular weight M· 
J 

, N 

k is the Boltzmann constant and 

is the local field. Hence it is evident that, for 

the microwa-ve electric field, the total conductivity 

becomes: 

.•• 5.3 
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But, for HF region, it can be shown that 

••• 5.4 

Using eqn. (5 .. :3) and (5.4) it is shown that 

I 

Kij = Kcv + KijjW'Ls ••• 5. 5 

where K 
00 

is a constant conductivity and Ts 

is the relaxation time of the solute molecule in the 

solvent. Since K .. is a function of W· from 
J IJ 

eq o ( 5. 5) we have : 

• • • 5 .6 

where is the slope of Kij - W j curve at 

Wj ----l 0 • When Wj -----7 0 the density of the sol u-

f.. be comes f 
IJ I 

tion the density of the sol vent 

and the local field. F.. of 
IJ 2 

the solution becomes 

Fi = [ ( E i + 2)/3J ' 

the local field of the sol vent~ 

Under this condition eq .. ( 5.2) on di fferen-

tiation with respect to w. 
J 

and as W.--70 takes the 
J 



form: 

( 
d K~ · ) 
~w o . J j -----7 

.-. • 5. 7 

Taking 

••• 5.8 

and using eqs. (5.6) and (5.7), we can have 

b :: 1 

Hence 

lf -10 112 
'Y _ = ~ (-1 _ 1) 2 :=, 'A X j 0 (!_ -}) 

S 2 TT C b · 18. 84 b . 

From eq. (5.8) the dipole moment, 

solute can be evaluated by 

!4· J 

••• 5. 9 

of polar 

••• 5.10 

Eq. (5.9) is used to compute 'b' from the reported 
(S) 

'Ls data thence .the dipole moment A j of 

polar solute when it is dissolved in solvent, from 

eq. (5 .. 10). 
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Miill er ( 19'34) gave a relation between <s> -1-tj 

and the corrected ;4 . 
.J 

of solute by 

<S> 2 
j-{j =f<j[1-C(fj-1)] • • • 5. 11 

where c is a constant which is claimed to be 0.0)8 

for a large number of liquids and 

lectric constant of the solvent. 

f:. 
I 

is the die-

Results and Discussions: 

The eq. (5.2) 

of h.f. cond ucti vi ty 

w. 
J 

of polar solute 

of concentration. So 

cond ucti viti es ( K·· lj 

shows that the real. part of K .. 
Jj 

of sol uti on of weight fraction 

at temperature T K is function 

it is observed that the microwave 

) of NMA in e.s.u. in benzene 

solvent at different temperatures, is a function of 

con centra tion and which can be written as : 

-10 
at 25°C K .. X 10 = 1.1415 + 7 .o699 wj , u 

K·X 1 o-1o = 1.1278 + 8 .17?8 wj at 35°C IJ 

K .. x 1 o-1o = 1.1178 + s. 4588 wj at 45°C IJ 
and 

K .. x 1 o-1 o = 1 .1 062 + 9.1398 w. at 55°C IJ J 
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Similarly it follows in dioxane solvent also and h.f. 

· cond ucti vi ty can be represented as: 

and 

K .. x 1 o- 1 0 = 1 .11 o7 + s. 1173 wJ. 
IJ 

K .. X 1 o- 1 0 = 1 .0943 + 9 .-5}19 wJ. at '35°C IJ 

K .. x 1o- 10 = 1.0922 + 9.2835W. at 45°C 
IJ J 

The results ca..n be shown graph~caJ.ly by the h.elp of 

fitted curver:: along with the experir.nentaJ.. points on 

them. The microwave conductivities in e.sGu. are 

plotted agaj_nst the weight fractions w. 
J 

of the 

solute sh0\l'fl1 j_n fig. (5e1) and (5o2) .. It is observed 

from the linear plot that from the region wj = o.oo22 

to wj =o··oo94 of the solute in benzene and also 

from W. = 0., 00 30 to 
J 

w.= 0.0123 of the solute in 
J 

dioxane as the temperature of the systems increases, 

the UHF conductivity decreases$ but maintaining a 

regular increase in slope·s. The h.f~ conductivity in 

the lower concentration region would vary linearly with 

wj because ( f .. F .. IT IJ IJ ) in eqn. (5.2) aE:sUUJed to 

be a constant value in the neighbourhood of 0.006 in 



l.osl~ ___ _J_,__ 

0 o.oo:. 

I 
i 
• ! 

..J____ ·--.....L_ ___ .J 
0.006 0.009 0.012 0.015 

w.l 

Fig.Sj-concenira!.ion vanation or K of N MA m bcauenc: al 

different temperatures . 
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the limit- wj = o, at aJ.l the experimental tempera-

tures. But at higher concentration the plot of K ij with 

Wj will be mostly nonlinear .. This is shown in Fig.(5.).) 

in which the h.f. conductivity of NMA in benzene at .25°C, 

It has been only plotted with w. 
J 

having its range 

from W· = 0.0212 to J w. = 0.0520. This fact is also 
J 

corroborated by the data of p-bromonitrobenzene in ben

zene, its nature of concentration variation also is 

shown in Fig. (5.4). 

The nature. 

with weight fraction 

of variation of conductivityK .. 
lj 

W· J 
both in benzene and dioxane 

shown in Figs. (5e1) and (5.2) indicate that the con-

ductivities at different temperature have tending to 

meet within a certain zone in the higher concentration 

region, which clearly indicate that higher values of 

Kij with respect to increasing temperature are 

expected at higher concentration , region. The curves 

of the high concentration K .. 
lj 

data thus available 

are found to be temperature dependent quantities, i.e. 

the elevated temperature of the mixture gives rise to 

higher value. of K .. 
lj 

after a certain concentration 

zone. Thus for high concentration the conductivity data· 

of mixture of polar-nonpolar liquids forced us to draw 

the curves of K .. 
IJ against w. 

j 
at all experimen-

tal temperatures to meet at a common point on the Kij 
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axis in the limit. 

mined value ·:rrom · 

w. = 0 which is apriori dete~. 
J . 

( Kij) W. ----70 
J 

- (wt! .. '/4n) 
IJ W · ----70 

J 

for most of the solute-solvent systems. This is 

usual.ly attributed to· .. the sol vatiqn effect. When the 

conductivity data of P- BNB in benzene·are consi

dered then the curves in Fig. (5.4) presenting the 

conductivity data at different temperatures, measured 

at relatively higher concentrations from W· = o.0162 J 
to w. = 0.041.6, 

J . 
are found to meet at a common 

point on the K .. 
IJ 

axis at w.= 
J 

o. 
In fact, the information regarding the low 

concentration conductivities of polar compounds in 

nonpolar solvents can no longer be borrowed from high 

concentration conductivity data. 

The data of K ij (table 5.1 ~' b, c) for NMA ·in 

benzene and dioxane available from the diele~tric absorp

tion studies by Dhull et a1 (1982) revealed a new pic-

ture regarding the concentration variation of K .. 
IJ data 

at al.l stages of dilution, so far as the lower concent

. ration region is concerned. Both in benzene and dioxane 
'. 

as solvents, the UHF· conductivities of the present 

system at wj ~ 0 gradually decrease as the tempera

ture increases from 25°C to 55°c shown by the normal 
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equ~tions relating K.. and w. as derived from the 
_: IJ J 

available experimental. data and also as illustrated gra-

phically in Pigs. 5.1 and 5.2 respectively. But there 

• may· exist a certain link between the low and high 

concentration data of K .. 
IJ against w. • In the 

J 
limit wj = o, the graphs using lower concentration 

conductivity data for some suitable system in any sol.-. 

· vent like benzene or dioxane, do not meet at a common 

point» but at different points on the K .. IJ . axis as 

sho~n is Figs. 5.1 and 5.2 .• The vaJ.ue of the intercepts 

for K.. at · W. = 0 decreases with increase in 
IJ J 

temperature. But both these features are not exhibited 

in case of aromatic compounds like p-BNB in benzene. 

In the higher concentration region, the· experimental. 

curves (Fig. 5.1 and 5.2) have a tendency to meet each 

other within a certain higher concentration zone, below 

and, above which 1;he system investigated has most probablY·· 

a different physical nature. 

Dipole Moment And Structural Form: 

The dipole ,moments ;4. j of NMA and p-BNB at 

different te~peratures were then computed from eq. ( 5.10) 

and the~~· equation ~f .fitted curves of the· variation of 

A j as function of temperature in °C !or the given 

solute of interest are given below: 
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The 
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1o-6 t 2 . 
;4.· = 3.6071 + 0.0112 t - 8.3 X for NMA in 

J 
benzene 

;4.. = 3.4294 +.Q.Q126t- 6.7 X 1o-5 t 2 for NMA 
J ! . . 

in dioxane 

;{-{. = 2.114 + 0 .0747t - '3 .8 X 1 o- 4 t 2 for P-8NB in 
J 

benzene 

;Y. .' 5 of these systems were found to increase 
J 

in a regular fashion with temperature in °c. The correc-

ted ,At. 
J 

values were obtained from eq. (5.1'1). However, 

both the values of:dipo~e moments computed from eq.(5.10) 

and • ( 5.11) using the reported val. ues of T 5 are higher 

than those of actual values because of the estimated error 

(Bhul~· et al. 1982) of the order Qf 10 percent in the 

caJ..cuJ.ated values of 'l"s 'and hence the computed vaJ.ues 

of the dipole moments from these data would naturally be 

higher. Both these values of A·' 5 J are given in· table 

.(5.2), with those of reported ;'{j'~etc • 

. The. computed f-lj vaJ..ues from eqQ> (5o10) are finally 

shown gra.phical.ly in fig" 5 .,5 against temperature .. From 

tabl.e (5.,2) it is evident that A.' 5 are always higher 
J . 

when measured from,_low concentration conductivity data of 

NMA in benzene and dioxane, but at 25°C the high concent

ration data (Fig. 5.'3) always gives us the low vaJ.ue of 
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dipole moment. However, . p-BKB in benzene does not fall 

in this category. As observed by Dhull et al (1982), the 

high values of dipole moments of NMA in benzene and 

dioxane are 4Ue to monomers, i.e. solute-solvent asso

ciation which may actually occur in the lower concent

ration region. This state of affairs changes above a 

certain concentration zone to dimer, i.e. solute-solllte 

association. The variation in the theoretically compu-

ted A· J 
values for these molecules, one aliphatic 

ketonic group and the other substituted benzene might 

be due to (i) the difference in the values of group 

momenta and (ii) inductive effect. The dipole moments 

of NMA in solvents at lower concentrations (Table 5.2), 

shown both by the experimentally computed and theoreti-

cally obtained A ·' s J due to the solute-solute 
' 

association, i .e. dimer formation. For p-BNB group 

moments of C-No2 and c-Br act at a certain angle, 

assuming the benzene ring as a planar one (Fig. 5.6). 

With this conformation in view, the theoretical· value 

of /'\· J 
in terms of bond moments and bond angles 

gives us only the monomer A· J value in case of p-BNB 

as it excellently agrees with the computed f,{j's 

(Table 5.2). Thus p-BNB gives the dipole moments at 

higher concentration due to monomer formation. The 

group moments of C-cH3 , C-N and N-H groups act along a 

cpmmon axis as sketched in Fi g . 5.6. But the group 
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-, 

moments of ·C = 0 and N-CH3 act al.ong the direction normal 

to that of C-cH3• With this preferred conformational 

directions for NMA as depicted in Fig. 5.6, the resul-

tant. A· J 
value was obtained for monomer formation. 

These data for /'{.' s 
J 

agree with the computed 

thus _obtained aJ.so exce~lently 

~ . ' s ( Ta bl e 5 • 2 ) • But for 
J 

the dimer formation of NMA in benzene the two monomers 

attach each other with their most electropositive and 

el e ctronega ti ve el einen ts, i.e. [-H} and [- o..:J 
form a cert.ain angle viz. 123.5° as calculated both 

from·experimental. and theoreticaJ. AJ values as 

shown in Fig. 5.6, while the electropositive and elect

ronegative e~ements project themselves al.ong the dipole 

axes. Thus the monomer due to this preferred angie, the 

imm~diate obvious feature in fig._ 5.6 ( ii). Further the 

dipole moment (Fig. 5.5) is a temperature dependent 

quantity when the system ·. is subjected to UHF aJ.terna

ting fie~ds. Hence it is concluded. that the high values 

of dipole moments are due to formation of monomer and 

less value due to formation of dimer in dielectrics, 

particularly in the case of NMA in benzene and dioxane. 
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Table 5.1 a 

I 
Values of dielectric constant ( Eij ), l.oss factor 
uhf . conductivity ( Kij ) weight fractions ( Wj 
different temperatures ( t . ) • 

-
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II 
(. f.. ) 

fj 
) at 

~-·~---------------------------
' ' ' Systems 1 Temp. W. c' ~"" 11 1 KiJ. 

t t 0 I j . '- ij . C ij I X .1 o-1 0 
' c ' ' 

in esu ------------------------------
N-rn ethyl. aceta
mide in benzene 

( . 

25 

35 

.45 

55 

N-methyl.aceta- 25 
mid e in benzene 
in high concent
ration·. 

0.0022 
0.0053 
0.0073 
0.0094 

0.0022 
0.0053 
0.007:5 
0.0094 

0.0022 
0.0053 
0.0073 
0.0094 

0.,0022 
0.0053 

0.007:3 
0.0094 

0.0212 
0.0310 
0.0406 
0.0520 

2.317 
2.361 
2.390 
2.415 

2.295 
2.344 
2.379 
2.409 

2.281 
2.321 
2•}61 
2.399 

2.261 
2.305 
2.346 
2.389 

2.512 
2.553 
2.594 
2.638 

0.0220 
0.0456 
0.0700 
0.0951 

0.0195 
0.0414 

0.0684 
0.0875 

0.0182 
0.0364 
0.0620 
0.0824 

Oo0152 
. 0.0336 

0.0593 
0.0792 

0.1532 
0.1866 
0.2020 
0.2369 

1.157 
1.179 
1.194 
1.207 

1 .146 
1.171 
1.188 
1.204 

1.139 
1.159 
1.179 
1.199 

1.129 
1.151 
1.172 
1.194 

1.257 
1.278 
1.307 
1 .32:r. 

-- -~---------- .... ------------ -·---



Table 5.1 b 

I 
Values of dielectric constants ( Eij ), loss factor 
uhf conductivity ( K ij ) and weight fraction ( W j 
different temperatures (t ) 

137 

-------r----------------------
. • ' t ' 

Systems Temp' 
• 

: t oc:' 
w. 

J· 
I 

• E. .. 
IJ 

K:. 
•. ~~ 1 o-1 o 

,, 
E .. 

IJ 
in esu ------------------------------

acetamide 
in dioxane 

25 

35 

45 

55 

• 0.0030 
7 

0.0058 

0.0091 

0.0123 

0.0030 

0.0058 

0.0091 

0.0123 

Oe00:30 

Oe0058 

0.0091 

0.0123~ 

0.0030 

·o.oo58 
o.oo91 
0.0123 

2 .. 279 

2.310 

2.369 

2.422 

2. 24'7 

2.303 

2.)66 

2 .. 419 

2.349 

2.415 

2.241 

2.274 

2. '346 

2.412 

0.0489 

0.0817 

0.1188 

0.1488 

0.0450 

0.0777 

0.115'1 

0.1430 

Oo0401 

0 .. 0716 

0.1072 

0.1'357 

Oo0361 

0.0649 

0.0994 

Oo1242 

1.138 

1.154 

1 .18'4 

1.212 

1.122 

1.150 

1.18'3 

1.210 

1 .121 

1.144 

1.174 

1.208 

1 .119 

1.1'36 

1.173 

1.206 

------------·------------------
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Table 5.1c 

Values of dielectric constant ( E~
IJ 

uhf conductivity ( K .. ) and weight 
IJ 

II 
) , loss factor ( f.. ) 

IJ 
fraction ( W j ) at 

different temperature (t). 

--------~-------~----~--------' I t t 

Temp. ' 
t 

' t o0 , 

t II t K·· 
E.. ' IJ 10 

IJ v X 10-

·System vyj I 

E. .. 
IJ 

' , in esu -------------------------------
p-Bromonitro-

benzene in 

benzene 

20 

30 

40 

0.0162 

0.0202 

0.0342 

0.0375 

0.0416 

0.0162 

Oe0202 

Oe0342 

0.0375 

0.0416 

000162 

()e0202 

Oet0342 

0.0375 

0.0416 

2.21 0.0263 

2.2313 0.0302 

2.2352 0.0346 

2.2423 0.0436 

,2.2539 0.0447 

2o2483 0.0265 

2.2621 0.0316 

2.2670 .0.0346 

2.2739 0.0374 

2.2880 .0.0458 

, 2o2394 0.0346 

2o25)1 0.0447 

2.2582 0.0583 

2.2691 0.0632 

2e2789 Oo0793 

1.104 

1 .114 

1.116 

1.120 

1.126 

1.123 

1.130 

1.132 

1.140 

1.143 

1 .118 

1o125 

1e128 

1.134 

1.139 

-------------~----------------
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Table 5.2 

Values of ( )-{j ) compte( f1. j >rept( 1-1 j ) theor( T s >rept 

and b(comput) at different temperatures. 

- - - - - - :- - -. -; - - - -; - lS - - ,- A j -;, -A j - :- - - 1- (-A.. ~ 
System ,Temp. 'b( compt) (rept~x '(comp.) ' (c~rr) ,( Aj) 1 J 

, in o ' 1 +12 ' ' 1 theor: 1 rept. 
, C1 •.10 '~q.10J'[Eq.11]' D' 

. ' ' , ' Sec. ' D ' D ' ' D . 
- - - - - - ,_ - - ..l - - - ..1. - - - - ,_. - - .l. - - - ,_ - - ,_ - - -

N-methyl 

acetamide 

25 

35 

in benzene;. 45 

N-methyl 
acetamide 
in dioxane 

N-metbyl 
acetamide 
in benzene in 

55 

25 

35 

45 

55 

25 

high con centra-

0.6334 12.13 3.882 4.135 

0.7068 10.27 4.008 4.262 

0. 76'"37 

0.8065 

8.87 

7.81 

0.7185 9.88 

0.7824 8.41 

0.8252 7.34 

0 ~86'31 '6 $ '35 

0.6987 10.47 

4.064 4.313 4.30 3.80 

4.216 4.467 

. 3.647 3.862 

3.886 4.109 

3.830 4~043 

3e 907 4.117 

3.82 

3.66 

3.69 

3.78 

3.83 

2.236 ·2.383 2.48 1.87 

._. tion. 

L 
~ 

p-Bromo
nitroben~ 
zene in 
benzene 

0.7905 

0.8259 

0.8657 

8c21 

7.'32 

6.28 

'3.456 '3.687 

4.013 4.272 3.658 

4.494 4.774 

-------~------------------------
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The variation of UHF conductivity Kii of nitromethylacetamide in benzene and dioxane solvents in the lower as well as 
higher concentration regi0ns of a polar solute, has been extensively studied to throw light regarding a constant conductivity at 
infinite dilution due to solvati(•ll effect at different temperatures. It is found that the measured data of Kii for the lower 

concentration regi0n is perfectly linear with WJ, the weight fraction of t~e solute, but differs radically at WJ ..... 0 due to solute
solvent association or monomer formation in dielectrics. This observation, however, escapes detection when the K;1 data for 

higher concentration region are used as found in the case of p-bromonitrobenzene in benzene. The slope of curves showing · 
UHF conductivity data versus concentration of the solution at infinite dilution, is finally used to estimate the temperature 

dependence of dipole moments for these liquids. 

1 Introduction 
The dipole moment of polar liquids varies 1• 2 with 

temperature when the dielectric mixture is subjected to 
an alternating microwave or ratqer high frequency' 
electric field. There are several methods3

-
5 to compute 

the relaxation times as well as dipole moments of polar 
liquids dissolved in nonpolar solvents under the 
application o(microwave and radio frequency electric 
fields. But these methods 3 • 

4
, unlike our method 5 , suffer

from extra-polation difficulties at Wi ~ 0. The 
microwave conductivity data for nitro-methyl 
acetamide (NMA), have been computed from the 
recent studies on dielectric absorption in the very low 
concentration region by Dhull et a/. 6 at temperatures 
25°C, 35°C, 45°C, and 55°C in two difff·rent solvents 
(benzene and dioxane) and also ~n the high 
concentration regions at 25°C in benzene. NMA is an 
important dielectric solute because of its very high 
dielectric constant, and its wide biological appli
cations. Hence it attracted the attention of a large 
number of workers 7 • 

We, therefore have chosen this system is order to 
report the microwave conductivity data of NMA in 
benzene and dioxane at different temperatures, viz. 
25oC, 35°C, 45oC and 55°C in the extremely low 
concentration region as well as those at relatively hjgh 
concentration region only at 25°C. The data for Kii are 
then used to show that in the low concentration' range 
of this solution the association is solute-solvent type, 
i.e. monomer which changes into the solute-solute 
association or dimer at relatively high concentrations. 

*Principal, Balurghat Mahila Mahavidyalaya, PO Balurghat Dt 
West Dinajpur ' 

tDhupguri High School (XII), PO. Dhupguri, Dt Jalpaiguri 
tDepartment of Chemistry, Siliguri College, PO Siliguri Dt 
~re~ , 
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Moreover, the extremely low concentration con
ductivity data may reveal new information regarding 
the solvation effect8

. 

Finally, the information regarding the various types 
of interactions of solutes in solution could, however, be 
inferred from the estimated values of the dipole 
. moments. Hence the dipole moments IL/S of NMA as 
well as p-bromonitrobenzene (p BNB) have been 
calculated from the concentration variation of UHF 
conductivity of the solution by the method described 
elsewhere 1

. The ILi values thus obtained are found to 
increase with temperature as already shown by 
Acharyya er af.l for other systems. The fitted curves of 
the variation of !Lias a function of temperature in oc for 
the given solutes of interest are 

/Lj = 3.6071 + 0.0112t- 8.3 X J0- 6 t2 

for NMA in benzene 

·IL}=3.4294+0.0126t-6.7 x 10- 5 t2 

for NMA in dioxane 

and 

!Li = 2.114 + 0.0747t- 3.8 X i0- 4 t2 

for p-BNB in benzene 

The lt/s of these systems were found to increase in a 
regular fashion with temperature (in °C). 

2 Theory 
The HF conductivity due to Murphy and Morgan9 

of polar-nonpolar liquid mixture is given by Kii = Kii 
+ jKij where Kii is the real part of the conductivity 
= (1)8/j/ 4n and K ij is the imaginary part = (l) 8ii/ 4n. The 
magnitude of total hf conductivity is usually given by 

K .. = ~(8~'.2 + 8~~)112 
I) 47t. I) I) 

... (1) 
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eii of solution in the microwave region (.1. = 3.004cm), 
though very small and is equal to optical dielectric 
constant, but still eii ~ eij where e~ is responsible for the 
absorption of electrical energy to offer resistance to 
polarization. Hence the real part of Kii of HF 
conductivity of solution of weight fraction wj of polar 
solute at temperature TK is 

0 0 0 (2) 

where Jli is the dipole moment of polar solute of 
molecular weight Mi, N the Avogadro number, k is the 
Boltzmann constant and Fii = [(eii + 2)/3] 2 is the local 
field. Hence it is evident that, for the microwave electric 
field, the total conductivity becomes: 

K .. = .!!!.._ B~ . 
'' 4n '' 

But, for HF region, it can be shown th!lt 

I + "/ Bij = B;joo B;j WT 

Using Eqs (2), (3) and (4) it is shown that 

K~
K--=K +-'' 

'' oo wr. 

0 0 0 (3) 

0 0 0 (4) 

0 0 0 (5) 

where K 00 is a constant conductivity and -.. is the 
relaxation time of the solute molecule in the solvent. 

· Since Kii is a function of Wi from Eq. (5) we have: 

--'' = WT --'' = OJT P (dK~-) . (dK-·) . 
dWi Wr+o s dWi wro s 

0 0 0 (6) 

where pis the slope of K;i- Wi curve at Wi--+: 0. When 
Wi--+ 0 the density of the solution Pii becomes p; the 

. density of the solvent and the local field Fii of the 
. solution becomes F; = [(e; + 2)/3] 2 =the local field of 
the solvent.- .,;, 

Under this condition, Eq. (f)_ on differentiation with 
respect to wj and as wj-+ 0 takes the form : 

. (dK;i) . J.L] N p;F; ( w2 r~ ) 
dWi w ro = 3 MikT 1 + cv2 r; 

.Taking 

b = p /(J.LJ N p;F;crJ) 
JMikT 

and using Eqs (6) and (7), we can have 

1 
b = -,------,,--, 

· I+ w2 r; 
Hence 

= ~(! _ )1/2 =A X 10-·10 (!- )1/2 
r. 2nc b I I8.84 b 1 

0 0 0 (7) 

0 0 0 (8) 

0 0 0 (9) 

From Eq. (8) the dipole moment Jli of polar solute can 
be evaluated by 

0 0 0 (10) 

Eq. (9) is used to compute b from the reported r. data 
and thence the dipole moment !Li<s> of polar solute 
when it is dissolved in solvent, from Eq. (10). 

Mliller10 _gave a relation between ft/s> and the 
corrected fti of solute by 

J.L/s> = {tj[l - C(e;- 1)2 ] ••• (ll) 

where Cis a constant which is claimed to be 0.038 for a 
large number ofliquids·and e; is the dielectric constant 
of the solvent. 

3 Results and Discussion 
The microwave conductivities ofNMA in benzene at 

different temperatures, as a function of concentration, 
are given by: 

K X 10- 10 = 1.14I5 + 7.0699 wj at 25°C 
K X 10- 10 = 1.1278 + 8.1738 wj at 35°C 

K X 10- 10 = 1.1178 + 8.4588 wj at 45°C 

and 

K X 10- 10 = 1.1062 +9.1398 wj at 55°C 

while those in dioxane are: 

K X 10- 10 = l.II07 + 8.1173 wj at 25°C 

K X 10- 10 = 1.0943 + 9.53I9 wj at 35°C 
K X 10- 10 = 1.0922 + 9.2835 wj at 45° 
and 

K X 10- 10 = 1.0859 + 9.6I32 wj at 55°C 
and have been shown graphically by the fitted curves 
along with the experimental points on them in Figs 1 
and 2, in which the microwave conductivities in e.s.u . 
are plotted against the weight fractions wj of the 
solute. It is found that from the region wj = 0.0022 to 
wj = 0.0094 of the solute in benzene and also from wj 
= 0.0030 to Wi = 0.0123 of the solute in dioxane as the 
temperature of the systems increases, the UHF 
conductivity decreases, but maintaining a regular 
increase in slopes. The HF conductivity in the lo~er 
concentration region would vary linearly with Wi, 
because piiFii/Tin Eq. (2) assumes a constant value in 
the neighbourhood of 0.006 in the limit Wi = 0, at all 
the experimental temperatures, but at higher 
concentration the plot of K;i with Wi will be mostly 
nonlinear. This is shown in Fig. 3 in which the HF 
conductivity ofNMA in benzene at 25oC only has been 
plotted with wj having its range from wj = 0.0212 to 
Wi = 0.0520. This fact is also corroborated by the data 
p-bromonitrobenzene11 in benzene (Fig. 4). 

In the variation of K;i with Wi both in benzene and 
dioxane the Kii's as shown in Figs I and 2 have 
tendency to meet within a certain zone in the higher 
concentration region and then they are expected to 
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Fig. !-Concentration variation of K of NMA in benzene at 
different temperatures 
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Fig. 2-Concentration variation of K ofNMA in dioxane at different 
temperatures 

give the higher values of K;j data with respect to 
increasing temperatures in the higher concentration 
region. The curves of the high concentration Kij data 
thus available are found to be temperature-dependent 
quantities, i.e. the elevated temperature of the mixture 

236 

t.3s,-----------------'----, 

0 

" f-30 

"' .. 
o· 
-S! 

X 

"' 

0 

1.25 

1.20":---------::--:~----~-=-------=--:! 
0.0 0.03 0.06 0.09 

Wj 

Fig. 3-Concentration variation of K of NMA in benzene at 25"C 
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Fig. 4-Concentration variation of K of p-BNB in benzene at 
different temperatures 

gives nse to higher value of K;j after a certain 
concentration zone. This had already been de
monstrated by Acharyya et al. 1 for a large number of 
polar compounds in benzene at relatively higher 
concentrations. Thus, for high concentrations, 
conductivity data of polar-nonpolar liquid mixture 
forced the experimentalists to draw curves of K;j 

against Wj at all experimental temperatures to meet at 
a common point on the Ku axis in the limit Wj = 0 
which is a priori determined value from (K;)w i ... o 
= (we;) 4n)w r 0 for most of the solute-solvent systems. 
This is usually attrib1,1ted to the solvation effect8

. In the 
case of p-BNB in benzene (Fig. 4), the curves presenting 
the. conductivity data 9 

· at different temperatures,' 
measured at relatively higher concentrations from Wj 
= 0.0162 to Wj = 0.0416, are found to meet at a 
common point on the K;j axis at Wj = 0. 

In fact, the information regarding the low
concentration conductivities of polar compounds in 
nonpolar solvents can no longer be borrowed from 
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high concentration conductivity data. The high as well 
as low-concentration data of K;i are very scanty. This 
is why the data of K;i for NMA in benzene and dioxane 
available from the dielectric absorption studies by 
Dhull et a/.6 revealed a new picture regarding the 
concentration variation of Kii data at all stages of 
dilution so far as the lower-concentration region is 
concerned. Both in benzene and dioxane as solvents, 
the UHF conductivities of the present system at Wi ~ 0 
gradually decrease as the temperature increases from 
25aC. to 55aC as shown by the normal equations 
relating Kii and Wi, ·as derived from the available 
experimental data and also as illustrated graphically in 
Figs I and 2 respectively. But there may exist a certain 
link between the low and high concentration data of 
K;i against Wi. In the limit Wi = 0, the graphs using 
lower-concentration conductivity data for some 
suitable system in any solvent like benzene or dioxane, 
do not meet at a common point, but at different points 
on the K axis as shown in Figs I and 2. The value of the 
intercepts for Kii at Wi = 0 decreases with increase in 
temperature. But both these features are not exhibited 
in case of aromatic compounds like p-BNB in benzene. 
In the higher-concentration region, the experimental 
curves (Figs I and 2) have a tendency to meet each 
other within a· certain higher-concentration zone, 
below and above which the system investigated has 
most probably a different physical nature. 

The dipole moments JLi of NMA and p-BNB at 
different,temperatures were then computed from Eq. 
(10). The corrected Jti values were obtained from Eq. 
(ll). However both the values of dipole moments 
computed .from Eqs (10) and (II) using the reported 
values of -r s are higher than those of the actual values 
because of the estimated error6 of the order of I 0% in 

the calculated values of r s and hence the computed 
values of the dipole moments from these data would 
naturally be higher. Both these values of fL/S are given 
in Table I, with those of reported ILi• -r,. etc. The 
computed JLi values from Eq. (10) are finally shown 
graphically in Fig. 5 against temperature. From Table 
1 it is · evident that pjs are always higher when 
measured from low-concentration conductivity data of 
NMA in benzene and dioxane, but at 25°C the high 
concentration data (Fig. 3) always gives us the low 
value of dipole moment. However, p-BNB in benzene 
does not fall in this category. As observed by Dhull et 
al. 6

, the high values of dipole moments of NMA in 
benzene and dioxane are due to monomers, i.e. solute
solvent association which may actually occur in the 
lower-concentration region. This state of affairs 
changes above a certain concentration zone to dimer, 
i.e. solute-solute association. The variation in the 
theoretically computed JLi values for these molecules, 
one aliphatic ketonic group and the other substituted 
benzene might be due to (i) the difference in the values 
of group moments and (ii) the inductive effect12

. The 
dipole moments of NMA in solvents at lower · 
concentrations will be greater than those at higher 
concentrations (Table 1), shown both by the 
experimentally computed and theoretically obtained 
Jt/s due to the solute-solute association, i.e. dimer 
formation. For p-BNB the group moments ofC- N0 2 

and C- Bract at a certain angle, assuming the benzene 
ring as a planar one (Fig. 6). With this conformation in 
view, the theoretical value of Jli in terms of bond 
moments and bond angles gives us only the monomer 
!Li value in case of p-BNB as it excellently agrees with 
the computed Jt/s (Table 1). Thus p-BNB gives the 
dipole moments at higher concentration due to 

Table !-Values of (Jl)oomput• (pi)rept; (pi)theol" ('rJrept and b(comput) at Different Temperatures 

System Temp. in b(Comput.) '• rept. (pj) comput. (pi) corr. (pj);. (pj);. 
oc 10-125 [Eq. !OJ [Eq. II] D rept D 

N-methyl 25 0.6334 12.13 3.882 4.135 3.69 
acetamide 35 0.7068 10.27 4.008 4.262 3.78 
in benzene 45 0.7637 8.87 4.064 4.313 4.30 3.80 

55 0.8065 7.81 4.216 4.467 3.82 

N~methyl 25 0.7185 9.88 3.647 3.862 3.66 
-acetamide 35 0.7824 8.41 3.886 4.109 3.69 
in dioxane 45 0.8252 7.34 3.830 4.043 3.78 

55 0.8631 6.35 3.907 4.117 3.83 

N-methyl 25 0.6987 10.47 2.236 2.383 2.48 1.87 
acetamide in 
benzene in 
high ·concen-
tration 

p-Bromonitro- 20 0.7905 8.21 3.456 3.687 

benzene in 30 0.8259 7.32 4.013 4.272 3.658 

benzene 40 0.8657 6.28 4.494 4.774 
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Fig. 5-Variation of experimentally ob~erved dipole moment with 
temperature in oc along wit!~ the fitted curves 

monomer formation. The group moments· of C- CH 3, 

C- N and N- H groups act along a common axis as 
.sketched in Fig. 6. But the group moments of C = 0 
and N -CH3 act along the direction normal to that of 
C- CH 3 . With this preferred conformational 
directions for NMA as depicted in Fig. 6, the resultant 
/li value was obtained for monomer formation. These 
data for 11/s thus obtained also excellently agree with 
the computed ft/s (Table 1). But for the dimer 
formation of NMA in benzene the two monomers 
attach each other with their most electropositive and 
electronegative elements, i.e. - H and -0- form a 
certain angle viz. 123.SO as calculated both from 
experimental and theoretical.fti values as shown in Fig. 
6, while the electropositive and electronegative 
elements project themselves along the dipole axes. 
Thus the dipole ·moment of dimer formation is less than 
those of monomer due to this preferred angle- the 
immediate obvious feature in Fig. 6 (ii). Further, the 
dipole moment (Fig. 5) is a temperature-depenpent 
quantity when the system is subjected to UHF 
alternating fields. Hence it is concluded that the high 
values of dipole moments are due to formation of 
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Fig. 6-Coiiformation of the different molecules showing the 
orientation of the bond axes, bond moments and also the dipole 
moments [(i) structural form of NMA: (ii), structural form of dimers; 

and (iii) structural form of p-BNB] 

monomer and less value due to the' formation of dimer 
in dielectrics, particularly in the case of NMA in 
benzene and dioxane. 
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CHAPTER VI 

CONDUCTIVITY, RELAXATION TIME AND ENERGY OF ACTIVATION 

OF SOME ALCOHOL + BENZENE MIXTURE AT RADIO FREQUENCY 

FIELD. 

INTRODUCTION: 

Alcohols presents a complex and interesting 

problem in liquid structure because of the possibility 

of strong hydrogen bonding between adjacent molecules. 

The dielectric properties of aJ. cohol was ini tiaJ.ly 

carried out by Mlzushima (1927) and then by Debye (1929). 

Lateron many workers extensively investigated the die

electric properties of pure aliphatic alcohols and also 

of dilute solution in different nonpolar solvents. Mea

surement over a very large frequency range later on 

showed that in aliphatic alcohoJ:s, the anomalous dis

persion and absorption cannot be described by a single 

relaxation time. The different behaviour of the alcohols 

in pure state and in dilute solution in nonpolar solvent 

indicates that the dipole orientation is essenti~ly 

determined by the association of 
. \ 

-OH groups v1a byd-

rogen bridge and not by the properties of the indivi

dual group. Garg and Smyt_h (1965) measured the diele

ctric constant and losses of the normal alcohols at 

l_. 
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various temperatures and frequencies and obtained 

three different relaxation times for each alcohol 

viz. (a) in the low frequency region it is around 

1 to 22 X 10-10 sece (b) in the intermediate fre-

quency region it is about the order of 1.7 to 5 X 

10-11 sec. and (c) in the high frequency region it 

is around 1.7 to 4 X 10-12 sec. which can be taken 

as dipole rotation of singJ..e molecule. Sen and Ghosh 

(1972) estimated the time of re1a%ation of some pure 

normal alcohol in radio frequency region which fall 

in the low frequency region~ As there is no suitable 

expression for finding out the relaxation time for 

normal alcohols in dilute solution of nonpolar sol

vents from radio frequency conductivity data, we used 

the De bye dispersion equation (Smyth, 1955) 

2 
, ~ N e .. F·· K = IJ IJ 

3 Mj k T . 

where r.f. conductivity 
r 'Ell 

K' = v....J 

47\ 

••• 6.1 

and (
11 

is the 

dielectric loss. It has already been established that 

the dielectric properties of the liquid varies with 

temperature, concentration in nonpolar solvent as 

well as with frequency in the dispersion region •. ~There

fore a relatively large change in dielectric relaxation 

is expected by decreasing or by increasing the viscosity 

of liquids, either by temperature variation or by varying 

the concentration of •. the- polar, molecules in nonpolar 

__ sol vents. 
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So in the present paper an attempt has been 

taken to study the nature of variation of dipolar rela

xation time of three normal alcohols sucl:i as methyl, 

ethyl and propyl alcohols at various concentrations in 

benzene and at different temperatures from radio fre

quency conductivity measurements. The activation energy 

which characterised the dipole relaxation pro cess in 

reaction kinetic energy consideration can be determined 

by ~sing Eyring (1941) rate equations 

0 ::: ~exp(L1F-r) 
T RT 

••• 6.2 

This equation has been utili sed to calculate the 

variation of thermodynamical quantities of orienta

tion, such as free energy of activat-::ion LlFy, 

enthalpy of activation and entropy of acti-

vation b.Sr of the three normal alcohols. 

Experimental Arrange~ent: 

The schematic diagram of the experimental 

arrangement and the ~ethod of determination of racrio 
~t.: 

frequency conductivity at 1. WJiz. has been described in 

detail in chapter II section 1. 

The dielectric cell was made up of a pyrex 

glass tube of diameter 2 ems. with a pair of stairiless 

steel circular electro1des of diameter 1.5 ems., sepa-
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rated by a distance of 1 em. Before filling the diel.e

ctric liquids, the glass cell was cl.eaned· with chromic 

acid, then with distilled water and finally with benzene. 

The liquids under investigation: such as methyl aJ. cohol 

ethyl aJ. cohol, .. propyl aJ. cohol and benzene were all 

Analar grade obtained from Messrs, British Drug House, 

London• The viscosity of the liquids were measured with 

an. Ost:·wald viscometer taking water as a standard liquid 

for comparison. The temperatures in al.l the experiments 

were controlled within~ 1°C by a thermostat. The method 

of measurement of viscosity and purification of· chemicals 

are given in chapter II section 2. 5 and 2.6 respecti vel.y. 

Results and Discussion: 

The high frequency conductivity of polar 

dielectric liquid in nonpolar solvent is expressed 

(Smyth, 1955) as 

-It K I . // 

Kj j = i j + J K ij ••• 6.3 

where 
I 

K .. 
IJ 

is the real part and 
1/ K .. 
IJ 

is the imagi-
\ 

• 
nary part of the r~f. conductivity of the dielectric 

solution. Assuming there is no free ion present in the 

dielectric liquid, the real part of the conductivity 

has been expressed by the relation 

I 
K .. 

IJ 

// = 0 £.jj 

47T 
and 

I/ 

E .. 
IJ 

l:.(Yihere 
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are the dielectric loss and angular frequency of the 

applied field respectively. Now the number of experi

mental facts has established that, pol·ar liquids espe

cially alcohols contain atl east some. percentage of free 

ions which are responsible for thei·r higher conducti

vity. But in our present experiment we have tactfully 

eliminated the effect of free ions by estimating the 

r.f. conductivity at infinite dilution of alcohols 

in nonpolar solvent. 

I 
The r. f. cond ucti vi ty ( Kij ) in esu of polar 

and nonpolar ·: .. liquid mixture of differen_t weight frac-

tions (Wj) and temperatures can be expressed by the 

three terms polynomial equation in weight fraction 

Wj as 

K;j = o< + 0Wj t- -1~2 ... 6.4 

where o( , p and -1 are the constants. The com-
I 

puted values of the K .. 
IJ 

in esu -of various weight 

fractions at different temperatures of the three sys

tem s ( 1 ) methanol + benzene, ( 2) ethanol + benzene ~d 

( 3) propanol + benzene are given in the table ( 6.1 • a, b, c) 

Table (6.2.a,b,c,d)and Table (6.3.a,b,c) respectively • 

.. . : 



System 1 

Methanol in Benzene. 

K:. x 1o-3 = o.552 - 1.499 wJ. IJ 

K~.x 10-3 = 1 .. 269 - 3.91 WJ· IJ + 

+ 
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2.792Wj 
2 at 

temp. t = 30°C 

2 
4.93Wj at 

temp. t = 40°C 

K~.x 1o-3 = 1.192- 3.986 W· + 5.471 w_2 at 
IJ . J J 

temp • t = 5 0° C • 
System 2 

Ethanol in Benzene. 

K;j X 1o-
2 = 2.178 - 8.321 wj + 10.515 w} at temp. 

t = 30°C 

K~.x 10-
2 

= 3.922- 14.37W. + 16.87W~ at temp. 
IJ J J 

I . 
1o-2 

15.404W. + 2 
at K .. X = 4.356 18.527 W. temp IJ J J 

t = 50°C 

2 i I 

1 o- 2 K.x = 3.624 - 12.195W. + 17.059 w. at temp. IJ J J .. 
t = 6o0 c. 
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and SYstem 3 

1-Propanol in Benzene 

I 

= 1o-2 
4.851 8.624 \\] 2 

at temp. 
K .. x - + 6 .119·W. IJ 

J 
t = 30°C 

I 
1o-2 

4.:59 -
. 2 

temp. 
K .. x = 7.065 w. + 5 .771W. -at IJ J J 

t = 4o0 c 

K~.x 1o-
2 

=· :5.684- 5.539 W. + 6.266W~ at temp. 
IJ J J 

. t = 50°C 

The coefficients of w. of the above equations are J 
important to evaluate the relaxation time T

5 
cif polar 

solute in dilute sol uti on of nonpolar solvent. 

Eq. (6.1) on being differentiated with respect 

to W. as 
J W. ~ 0 takes the following· form: 

J 

( d K'u) _ 1-1
2 

N e; Fi ( · C.J..} Ts ) _ (3 
·d wj w. --70- 3 MjkT 1 + w 2

1:,}-- -
J 

since c..}Tf<<1 in the radio frequency region 

••• 6.5 

so ·. \ 
eq. (6.5) finally becomes 

• • • 6. 6 

t:: 
•'(, 



l 
2 

;:j 
l.fl 
ClJ 

c 

,.._ 
M-
10 

........ 
X 

..... :::-1 
~ 
......... 

>-
........ 
I-I 

> 
I-I 
~ 

u 
~ 
0 
z 
0 
u 

0 o.o 

Fig-6.1 

o.s 
WEIGHT FRACTION ( Wj ) 

I 
Conduc1ivity Kij 

against Weight fraction 

1. 0 

W· 
I J 

for methanol Jn benzene 
0 

at 30 C • 



I~.· 

3 r-----------~------------~---------

2 

::J 
\II 
v 

c ·-

-("') 

Ia 
..-
X 

~ '•. 
._, 

-£ 
1 ....... 

>-
I-
t-t 
> 
t-t ...... 
u 
:::> 
0 
z 
0 
u 

0 o.o o.s 1. 0 
. WEIGHT FRACTION ( Wj) 

I 

Fig- 6.2 Conduc~ivity Kij is plotted 

against Weight fraction Wj , 

for methanol 1n benzene 
0 

at 40 C • 



3.0~------------------------------------

I 
2. 0. 

s:: 

,..-, 
(Y) 

'o 
X 

.... :::-» 
~ 1.0 

>-
1--
1--4 

> 
t-1 

1-
u 
~ 
0 
z 
0 
u 

o.o o.s 1.0 

WEIGHT FRACTION ( Wj) 

Fig- 6. 3 
I 

Conductivdy Kij is plotted 

agotns~ Weight fraction Wj 

for methanol in benzen~ 

0 
at 50 C • 



4.5~·--~--------------------------~~--

N 
Ia 

.--
X 

3.5 

- :::' 
:::::,c: 

- 1.5 
>-
1--
1-4 

> 
1-4 
1-

.u 
:J 
0 

~- o.s. 
u 

0~--~----------~------------------~ o.o o.s 1.0 
WEIGHT FRACTION ( W.) 

Fig-6.4 Conductivity 

. J 
I 

K .. is plotted 
IJ 

against Weight fraction Wj 

for e-t hano\ in benzene 

at 30°C • 



7~------------------------~--------~ 

5 

c 
·-3. s 
,...... 

N 
Ia 

·--. ... ·-
~ 

>- 2 
t--
~-

> ....... 
t-
u 
:::::> 
0 
z 
0 
u 

0~----~--------~------------------~ o.o 0·5 1.0 
WEIGHT FRACTION (W.) 

J 
I 

Fig-6.5 ConductivHy Kij is plot ted 

against Weight fraction W. 
J 

for eth.anol in benzene 

at 40°C • 



,.-.. 
N 
'a 

X 

>-
1-
t-i 

> 
t-i 
~ 
u 
:::::> 
0 
z 
0 
u 

O·L---------~----~----------------~---
0.0 

WEIGHT 
o.s 1. 0 
FRACTION ( w.) --~ 

J 
I 

Conductivity Kij is plotted 

against Weight fraction Wj 

for ethanol in benzene 

.at S0°C • 



c 

,...... 
N 
'o 

X 
·--. 5 ... ·-
~ 

o.s 
WEIGHT FRACTION ( Wj ) 

Fig-6. 7 I 

Conduct i vi 1 y Ki j i s pI ott e d 

against Weight · fraction Wj · , 

for ethanol in benzene 

at 60°C • 



c 

>
~ 
....... 
> 
~ 

~ 

u 
:::::::> 
0 
z 
0 
u 
1.5~--------------~----------------~ o.o 0.5 1. 0 

WEIGHT FRACTION ( Wj) 
I 

Fig-6.8 Conductivity Kij IS plotted 

against Weight fraction Wj 

for 1-propanol 1n benzene 

at 
0 

30 c . 



·.~ 

c ·-
,...... 

N 
lo 

>-
1--
1-l 

> 
1-l 
1-u 
~ 
0 
z 
0 
u 

3.5~-------------------------------

2.0"··~ --------------------------------~~ o.o o.s 1. 0 
WEIGHT FRACTION ( '!Yj ) 

Fig-6.9 is plotted Conductivity K{j 

against W'ei ght 

for 1-propanol 

fraction wj 

in benzene 
40°C • a~ 



T 

c 

,...... 
N 

'o 

> 
I
~ 

> 
~ 

1-
u 
:::) 

0 
z 
0 
u 

s ~----------------------------------~ 

o~·--------------~--------------~ 
0 ·0. 5 1. 0 

WEIGHT FRACTION { Wj ) 

. I 

Conductivity Kij is plotted 

against Weight fraction Wj 

for 1-propanol in. benzene 
0 

at 50 C • 



148 

where 
I 

is the s1.ope of K .. - W. 
IJ J 

plot -. · at 

W. -7 0 an~ f.
1 

the density of the sol vent, :F i 
J . 

the local field, )-<. ·the dipole moment of the solute, 

MJ, N and k, are the mo~ecular wei.ght, Avogadro's 

number arid Boltztqann's constant respectively. 

It is evident that the dielectric properties of 

polar liquid varies with temperature, concentration 

and also with the frequency in the dispersion region. 

Therefore relatively a large change in die~ectric 

_relaxation time is expected by decreasing ·or by inc

reasing the microscopic viscosity of the liquid either 

. by temperature va~iation or by variation of conQeritra

tion of pol~r tqdl. ~clil. ~e iri nonpolar sol veh te. So in 

this paper an attell)pt has been made to study·, the 

nature of vari~tion of dipole relaxation time of some 

monobydric al pohol at various temp·eratures and con

centra~ion ip. nqnpolar liquid benzene. The vaJ. ues of 

relaxation t:J_~e Ts for various concentrations of 

alcohol. in benzene sol uti on and at different tempera

tures (T) have been computed from the equation (6.6). 

The time of relaxation at infinite dilute ( ~~ ) has 

'been cal. culated from the rel.ation, 

• • • 
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where l'lo and Yl are viscosities of nonpolar solvent 
l 5 

and of the extremely low concentration of solute respec

tively. Again the Onsager (N.E.Hill et al, 1969) model 

T~ :: (}) 'T5 has been applied to calculate the mole,.;;: 
I 

cular relaxation Too of the polar molecule. All 

these calculated values of relaxation time are placed 

in the Table 6.4. It is observed from the table that 

the calculated values of relaxation times agrees fairly 

well with literature (Bottcher, 1952) values and also 

indicate the tendency of decreasing with the increase 

of temperature. Further it is observed that Taa 

slightly varies with number of carbon atoms. The effect 

of solvent on the mea~urement of dipole moment of polar 

solute is well kno~m and with this view in mind the 

sol vent effect of benzene on the relaxation time of 
JJ 

polar molecules at infinite dilution T 0() has been 

calculated from the relation 

·.-,-
loa . . . 6.8 

where C is the constant for which MUller (Smyth·;f955) 

gave a value of 0.038 and E: is the di electric constant 

of the sol vent. The values of * TaG thus calculated 

for each alcohol mol·ecul es from eq. (6.8) are entered 

in table 6.4. The higher values of * for a 'To() par-
I 

ticular temperature indicate that the variation of 
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local environment has a definite influence upon relaxa-

tion time. It is further observed that the computep 

values of relaxation times of polar molecules at infi

nite dilution are much lower than those of the pure

compound, which indicates that at an infite :,·:dilute 

solution in nonpolar solvent the rotation of a dipole 

molecules is not hindered by the interaction with 

other neighbouring dipole molecules. 

The diel ectC.ric mechanism may be explained in 

terms of absolute rate theory (Glasstone et al,1941) 

by treating the dipole ori·entation as a rate pro cess 

in which polar molecules rotate from one equilibrium 

position to another. The process of rotation requires 

an activation energy sufficient to overcome the energy 

barrier separating the two mea.Ii equilibrium position 

and is. given by 

• • • 6.9 

where A is known as fre~uency factor ~~d is given 

by A - h 
k 

where h and k are Plank's constant 

and Boltzmann's constant respectively and R is the 

universal gas constant. 

The enthalpy of activation and the 

entropy of activation for dipole relaxation 

are related with free l:energy of activation ~ F-r by 
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the equation 

• • • 6 .1 0 

Hence from the equation (6.9), we can get 

••• 6.10a. 

or 

••• 6.10b. 

where A
1

'== Aexp (- ~~'"t:) 

Further the molar free energy of activation for viscous 

flow jj.·Fyt , the heat activation energy flHY(_ 

arid the entropy of activation £::,5 1 for viscous flow 

of the infini tly dilute sol uti on of alcohol in benzene 

also have been calculated for the purpose of co!!lpari-
\ 

son by using the relation 

••• 6o11a 

or 

~: .: 

YL =Be x p (- LlRS~) ex p ( L1 Hrt) 
. RT 

••• 6.11b 



Here 8 
_ hN 
- v known as the frequency factor, where 

N is the Avogadrds number, V is the molar volume, h 

is the Plank's constant and yt is the coefficient of 

viscosity of the liquid. 

In this chapter the temperature dependence of 

relaxation time have been utilized for determining 

the molar free energy of activation 6.. F L" , ethalpy 

. of. activation energy D.. H --c and the entropy_ of 

activation energy. h,S'L for the dipole orienta-

tion of polar molecules in nonpolar solvent. The com

puted values of ~ H 'to0 for the three alcohols, 

methanol, ethanol and propanol, have been determined 

from the slope of the usual plot loge ( T 00 T ) , 

against ( .1- ) ' shown in the figure, (6.11, 12,13) 
T 

The intercept of the plot of the curves gives the 

values ofl the factor A' , which have been used for 

computing the values of entropy JjST andthe 
oO 

magnitudes of for different systems have 

been determined from equation (6.10). The computed 

values of 

three different systems at various temperatures are 

tab ul ate d in ta bl e ( 6 • 4 ) • Th e v a1 u e s of 

are very nearly same to the values as refer by 

Bordewijk and Bottcher ( 1978). Similarly the heat of 

activation energy for vi sea us flow b H '1 has been 
oG 

calculated from the linear plot of loge YL against 1;
1 
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sho~~ in figure (6.14). Here the activation energy for 

vis co si ty D. H 1(, has been considered due to the effect 

of viscosity of unit mole fraction of benzene in alcohol 

benzene sol uti on, which is eventually the vis co si ty of 

benzene at pure state. The activation energy for rela-

xation of dipole orientation is often compared with 

that for the activation energy for viscosity and it 

is found that these are approximately equal 

( LJ F'1 -;::::::_ £::,. F-rco) for rigid molecules. From the table 

(6.4), we observed that .6.H~ and ..6.H11 are 
[o() \..., 

approximately equal for the first two systems whereas 

it differ widely in the case of 1-propanol, the third 

system.It is further observed from the table (6.4) 

that the heat activation energy D. H 'lo0 for methanol, 

ethanol and 1-propanol gradually increases with the 

increase of chain length or with carbon atoms and the 

values are closely agree with the values given by 

other workers (Bordewijk, et al,1978). The slightly 

higher value of ~ H 1. compare to DH--co() for 

methanol and ethanol may be interpreted as that for 

viscous now the molecules involves both tranru.at'ional 

as well as rotational motion whereas for dipole rela

xation it is only related to orientational motion of 

the dipole molecules. But the verv high value of 6H-L 
~ 00 

for 1-propanol compare to b. H 1- indicate that the 

energy concentration tlue to its higher chain length. 
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The po si ti ve value of implies that, certain 

number of molecules surrounding the one, rotates dur-

ing the process of orientation, but, momentarily, co~

plete discharge occurs between one another under the 

applied field. But again they resume their configura

tion with net displacement orientation in the new

direction, which exhibited as, increase in the freedom 

of activation. Further it is observed that due to the 

positive vAlue of AS--co6 the calculated values of L'lFycC 

becomes relatively small compared to. L.H ~ 

Debye (1929) equation L :::. 4TDla3fkT 

• 

has 

been used here to calculate the radius of the molecule. 

All the radii values thus calculated are placed in the 

Table (6.4). It is found th~t the values are nearly 

equal to the actual values. This suggest that the Debye 

equation is not adequately represented the relation 

between relaxation time ( T ), molecular radius (a) 

a.11d the macro scapi c vi eco si ty ( YL ) of the rnedi urn. 

All most uniform values of radius of the molecules 

given in table (6.4), furth-er suggest that the rela~ation 

-·· time To0 at infinite dilution of alcohol molecule in 

nonpola.r solvent, is relatively low in comparison to 

the time of relaxation of pure solute (Bottcher,1952) 

and al::::o depend very little upon the size of the mole

cul es and temperatures~. Therefore, we may conclude that, 

the dipole relaxation at infinite dilution in nonpolar 

solvent is due to the rotational orientation of the 

(-OH) group of a mole cui e. 



':'f. ~ 1'1' 
,_._ ·~ 

T a bl e 6 • 1 a , b , c 

Values of r.f. conductivity ' K·· IJ 
in e. s. u., wi ehgt fraction ( w. 

J 
), constants of the fitting 

equations and dielectric parameters i.e. static dielectric constant ( E0 ) dielectric constant 

at infinite frequency ( fro ) and dipole moment ( ~ ) of the different systems at different 

temperatures. 
Table 6.1 a 

System - Methanol + Benzene at temperature 30°C. 

---I------ I--·- I---,---------------- I---------------
Weight 1 R.F. 

I I I 

, Weight Weight' Weight I 
1 Fitting 1 Dielectric parameters 

frac- 1 cond uc., frac- 1 frac- I f I 2 31 t • I rae- 1 , -3 , , - equa lon __________ ··- _ 
tion 'ti vi ty, tion ' tion 1 tion 1K •• xW.x10 , K .. Y. W. x 10 ' constants 1 f 1 

{_ /'{ 
1 I -3 2 i 3 I 4 IJ J IJ J I I - 0 I <£ ' 
•K..X10 I w I I I 

W. w. I w. I , ·in esu I in esu 1 in 0 ' IJ I • ' I I 

J 1 . in . J ' 
J I J 

' esu . I I ----------------------------------------------
1.00 ·1.81 1.00 1.00 1.00 1o81 1.81 
0.95 1.67 0.9025 0.8574 Oo8145 1.5865 1.5072 o(=0.552 
0.89 1. 48 0.7921 0.7049 0~6274 1.3172 1.1723 
0.83 1 • 21 0.6889 0 • 57 18 0 • 4 7 46 1.0043 0.8'336 ~=-1.499 31.55 3.30 1.69 
0.76 1.02 0.5776 0.4390 0.3336 0.7752 0.5892 
0.69 0.82 0.4761 0.3285 0.2266 0.5658 0.3904 {= 2.792 
0.55 0.59 0.3025 0.1664 0.0915 0.3239 0.1782 

1---'-
0.48 0.47 0.2304 0.1106 0.0531 0.2270 0.1089 CJ1 

U1 

-----------------------------------------------
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Table 6.1 b . 

System - Methanol + Benzene at temperature 40°C 

----,------
Weight ' R.F .• con- 1 

frac- ; ~ucti~Jty; 
K .. X 10 

tion· 
w. 

J 

1.00 
0.95 
0.89 
0.83 
0.76 
0.69 
0.55 
0.48 

I IJ . I 

rn \ 
-' esu 

---
2.32 
1.96 
1.74 
1 .37 . 
1 .15 
0.94 
0.63 
0.51 

-----~------

Fitting ' Dielectric 
eq. con~- - - -
tants. ' f::o 

1 in es·u 
' 

---- ----

o( =1.269 

~ =-3.91 31.53 

~= 4.93 

Table 6.1 c 

parameters 

·E:O(.) 
in esu 

System - Methanol + Benzene at temperature 50°C 

---------, -,-

158 

/-{ 

in 0 

1.69 

-,-

Weight 1 R.F. con- 1 Fitting , 
equation ,
constants, 

Di electric parameters 
·' d ucti vj. ty , 
I I -j 
K·. X 10 .I 

: IJ . I rn 
esu 

frac-
tion 

W. 
J --- ---

1.00 2.69 
0.95 2.32 
0.89 2.05 
0 .. 83 1.57 
Oo76 1.34 
0.69 1 .04. 
0.55 0.67 
0.48 0.54 

---

---- ~ 

o{= 1.192 

~= -3.986 

-1= 5.471 

----·-
' in esu , 

----

31.50 

I 

in esu 1 

---

3.62 

A 
in 0 

---

1 .6-9 
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Table 6. 2a 
. 0 

System - Ethanol + Benzene at Temp. 30 C 

-------------------------- ----------.--------
I I I I I 

Weight , R.-~.con- ,Weight , Weight ,Weig-·ht, ' Fitting 

Equation 

constant 
fractiorl d ucti vi ty 'fraction ' fractiorl frac- ' 2• 2 2• I f -2 I 2 I 3 I 1 I ·- t I - 1 w. ' K .. X 1 0 I w. ' w. I tion I Kux w.x 10 IKuxw x10, 

j Jj j n 1 j t j t 4 T ·J I j 1 

esu , , ~-"J-·---------
1.00 
0.93 
0.85 
0.78 
0.69 
0.59 
0.49 
0.39 

4.46 
3.47 
2.68 
1.96 
1 • 51 
0.99 
0.69 
0.46 

1.00 
0.8649 
0.7225 

. 0.6084 
0. 4761 
0.3481 
0.2401 
0.1521 

1.00 
0.8044 
0.6141 
0.4746 
0.3285 
0.2054 
0.1176 
0.0593 

1.00 
0.7480 
0.5220 
0.3702 
Oo2267 
o.f212 
0.0576 
0.0231 

4.46 
3.2271 
2.278 
1.5288 
1.0419 
0. 5841 
0.3381 
0.1794 

4.46 
3.0012 
1 .9363 o(= 2 0178 
1.1925 
0.7189 ~= -8.321 
0.3446 
0.1656 i=10.515 
0.0699 

' Dielectric parameters 
- - -- - - - - - - - - -

~0 
I I /U EO() I /-' 

, in esu , in esu' in D '· :;, 

..;' 

23.52 2.23 1.67 

~ 

c.n 
--.J 
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Table 6 .2b 

System - Ethanol + Benzene at temperature 40°C 

----- ------
Weight t I R .F. cond uc-

' I 

fraction ' tivity 
I -2 w. I K·. X 10 

J ' IJ . 1n 
esu --- ---

1.00 6.64 
0.9) 4.93 
0~85 3.89 
0.78 2.75 
0.69 2.13 
0.59 1.48 
0.49 1.04 
0.39 0.74 

- ,- - - - - - - - - - -
Fitting 

Equation 

constants 

o(= ).922 

~= -14.37 

1 = 16.87 

Table 6.2c 

,Dielectric parameters 

f__ ' 
' o() 

/-{ 
1 in esu, in in 0 

esu , 

2).50 2.)0 1.67 
I 

System - Ethanol + Benzene at temperature 50°C 

Weight frac

tion 

W. 

1.00 
0.93 
0.85 
0.78 
0.69 
0 .. 59 
0 .. 49 
0.39 

J 

'R.F.con-

' ductivi ty 
I -2 

K .. X 10 
IJ . 

1n 
esu 

7.80 
5.72 
4.62 
3.36 
2.71 
1 • 91 

1.34 
~· .02 

-,-
Fitting 

Equation 
con sta...11 ts 

o{= 4.356 

0= -15.404 

Y= 18.527 

.- Di electric parameters 

' f:o , fo<; A 
'in esll in esu' in 0 

23.48 2.40 1.67 

------------------
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Table 6 .2d 

System - Ethanol + Benzene at Temperature 60°C. 

--- ------ - -- - - - - -- - - - -
I 

Weight :'UiF. cond uc- I 

' 
Fitting 

' 
Dielectric parameters 

fraction ;ti ;i ty -2 
w. 'K .. X10 

J IJ . 
1n 

' Equation 
f_o (_ob I fC constants. I 

in esu 'in esu' in D 

esu ---
1.00 8.64 

0.9) 6.99 o( = ).624 

0.85 5.44 .. 0.78 4.24 r=-12 .. 195 23.46 2.55 1.67 

0.69 ).56 

0.59 2.45 

o.49 1.84 'i= 17.059 

0.)9 1.)4 

--- ---- ---------------------

I. 



,)!.-

-- -, 
Weight 'R .F. con, 

' frac- ,d ucti- 1 

I 

tion 'vi ty 2 , 
I I -

W K .. X10 I 

J
. I IJ . 

' 1n 
_e~u-

1.00 2.4 

0.921 2.0 

0.823 1.9 

0.730 1.9 

0.635 1.8 

-.L ,'~ ,;Jj -~ 

Table 6. 3a 
.- •. J, 

System - 1 Propanol + Benzene at temperature 30°C. 

I ---• -I --------,-----------1 

Weight' Weight 'Weight , Fitting 1 Dielectric parameters 
frac
tion 

w.2 
J 

1o00 

0.8482 

0.6773 

0.5329 

0.4032 

' ' . frac
' tion 

w~ 
J 

1.00 

0.7812 

0.5574 

o. 3890 

0.2560 

frac-
1 tion 

w~ 
J 

1 .oo 

0.7195 

0.4588 

0.2839 

Oo1626 

I I 

r I · -2 I I 2 -2 t 

- I K .. X w. X 1 0 ' K" xw. X 1 0 ' 
IJ J IJ J 

! 

' 

2.4 2.4 

1.842 1.6965 

1.5637 1.2869 

1.387 1.0125 

1.143 0.7258 

Equation 
constants 

o{ = 4o851 

f = -8.624 

;=·&.119 

t- -- f 

•f ',...<-<. f oGl 
0 

' in ' in D 
' in esu 'esu ,. 

-17o30 2.10 1.66 

------------- -·- - - - - - - - - - - - - - - - .- - ·- - - - - - - - - - - - -

,....... 
(J') 

0 
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Table 6.3b 

System - 1 Propanol + ~enzene at temperature 40°C 

------------------------' Weight 1 R.F.conducJ Fitting , Dielectric parameters 
I 

fraction 1 tivity Equation t 

Eo ~oO A 
w. 

J 

1.00 

0.921 

0.823 

Oo730 

0.635 

----

Weight 
fraction 

w. 
J 

1.00 

0.921 

0.823 

0.730 

0.635 

I I . -2 
K .. X 10 

' IJ in 

I 

' constants, in esu ' in esu ' in D 

esLJ - - - - - - - - - - - - - - - -

3.1 

2.8 o( = 4.39 

2.4 (3 = -7~065 17.28 2.12 1.66 

2.4 

2.2 

---
Table 6 .3c 

System - ! Propanol + Benzene at Temp. 50°C 

R.F.conJ Fitting 
, ductivity , Equation 
' K~. x 1 o-2 · ' constants 
' IJ i n 

esu 

4.50 

3.72 

3.42 

3.07 

2.64 

o{ = 3.684 

. ~ = -5.539 

i = 6.266 

Dielectric parameters 

E:o EO() ' A 
1 in esu in esu, in D 

t7.26 2.15 1 .66 

--------------
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Table 6. 4 
~ 

Values of relaxation times for solution ( "L5 ), for infinite dilution ( L'o(; ),molecular relaxation 

I * times ( To() ) and due to sol vent effect ( co6 
( ~H--r ),entropy of activation (£:::.51: ),free 

~ ~ 

) , thermodynamical parameters (Heat activation energy 

energy of activation ( L:. F-c:
0 

) . for dipole rel1axation 

activation ( L1 S 'l'L_ ) J free energy of activation ( tJ.. F 7(_, ) and heat activation energy ( 6H-rt_ ) .... entropy of 

for viscous flow)J viscot:oity coefficient ( 'fL ) and radius of the molecule ( a ). 
-------,--------------,-------~--~ 
System 1 T.emp. Relaxation times in sees. I I 

ll HT IDs 
1n 1-----------------------------K I I ' 

I 1l ' 11' I 1 011, L>'f 1 (J11' 
:'tsX10 'ro0x1 0 I TJ' I O(jx 

o0 1 Yeo 
KCal/ I Cal/ 
mole 1 mole 

I 

' Li F ' 
I lo() I 

I KCal/ I 

' mole ' 

'LlH ' L:IS I b.F 
~ I ~ I ~ I ~ 
in ,Kcal/ 1 cal/mol~KCal/ 

,mole 1 , mole 
CP , 

I 

1 Radius 
1 (a) o 
1 in A 

--- _1_- ~-------------- ~---------------- ~--- -~--- _1_-
1. Metha- )03 0.515 0.45 0.)4) 0.51 1.173 2.026 0.53 -0.984 .. ,:2.898 1. 48 

nol 313 1.365 1 .o9 0.91 1.23 2.381 -0.9126 2.095 0.48 2.60 -1.087 2.940 2.14 
323 1. 407 0~94 0.938 1.06 -0.9149 2.085 0.40 -1.002 2.924 2.32 

----------------------------------------~---------
2. Etha- 303 0.696 0.61 0.464 0.69 0.6898 

no:L 313 1.234 0.99 0.823 1 .1.2 2.419 -0.5987 
323 1. )48 0.899 0.899 1.01 -0.7081 
333 1.076 0.65 0.717 0.73 -0.3453 

---------------~---------------3. 1-Propa- 303 1. 299 1 • 11 0.866 1.26 5.2614 
nol 313 1 • !'04 0.85 0. 7'36 0.96 4.167 5.2909 

323 0.897 0.58 0.589 0.65 5.5802 

-----------------------------

2.210 0.53 -0.984 2.898 1.63 
2.606 0.48 2.60 -1.087 2.940 2.07 
2.648 Oo40 -1.002 2.924 2.29 
2.534 0.36 -1.056 2.952 2.22 
-------------------

2.573 0.53 -0.984 
2.511 0.48 2.60 -1.087 
2.365 0.40 .;,:1o002 

2.898 

2.940 

2.924 

2o01 

1.992 

1 ,996 

1---4 
m 
N 
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CHAPTER VII 

ENERGY OF ACTIVATION, DIPOLE MOMENT AND CORRELATION 

PARAMETER OF WATER. 

Introduction: 

Considerable amount of work has been carried 

out by different workers in an endeavour to clarify 

the dielectric behaviour of liquid-water under the 

alternating electric stress. nespi te its apparent 

complex molecular structure, liquid-water closely 

follows a simple Debye type relaxation ( L =471Yl_a
3
JkT) 

Sexton and Lane (1946) described measurements of the 

dielectric properties of water at microwave frequency 

range and at different temperatures. After that Collie 

et a1 ( 1948) established that, the dispersion observed 

in water seems to be explicable in terms of single 

relaxation time, They calculated the value of 

IC = 0.85 x 1o- 11 secse from Debye equation at a 

given temperature. 

Lane and Sexton (1952) gave a very· accurate 
\ 

method for measuring the refractive index and absorP.~ ·, 

tion coefficient of water and showed that the diele-

ctric properties of water can be expressed in terms 

of only one relaxation time at any given temperature. 

l. 
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It has been further obs~rved that the associated mixture 

which contain group of molecules of both kinds also shows 

a single relaxation time. Dalbert et al (1949), compared 

the various available measured values for '"( of water 

and aliphatic alcoholsand concluded that it is diffi

cult to get .reliable values for relaxation time from 

dielectric measurements. 

Considering the above mentioned facts, we have 

paid special attention in our present experiment to study 

the temperature dependence of relaxation time ( T ) ' 
the thermodynamical parameters ( fJ. H1: ' 6S't. ' llF-y ) , 
the dipole moment ( /t ) and carrel a tion factor (g) of 

water in the radio frequency field. 

Exp erim en tal Arrangement: 

The schematic diagram of the experimental arran-

gement and the method of determining the r.f. conductivity 

of the mixture has been described in detail in the 

chapter II section 2.1. The oscillator frequency was 

fixed at 5 .MHz. The dielectric cell was made up of a 

pyrex glass tube of diameter 2.5 em.) fitted with one .,. 

pair of stainless steel circular electrodes of diameter 

1.5 ems. and separated by a distance of 1 em. Analar 

grade glycerine supplied by M/s. British Drug House 

(London) was used without further purification and highly 
~ . 

pure distilled water (H20)was used for this ~xperiment. 

------
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The viscosity of the experimental water was 

measured ~~th Ostwald viscometer at different tempe-

ratures. The temperature variation was regulated by a 

good thermostat whose accuracy is better than ~ 1°C. 

All the measurements were accurate upto ~ 2 percent. 

Results and Discussion: 

The dielectric phenomena with which we are 

principally concerned and most conveniently discussed 

in electrostatic units, in which the complex dielect-

. * r~ c constant E represent by 

-- I If t_ -E_-jE_ • • • 7 61 

II 

The dielectric loss E is a parameter, which des-

cribes the motion of electric cha.J"ge, i.e. the elect-

ri cal conduction ph en om en on. Certain d i el e ctri cs are 

found to display conduction which arises. not from 

the effect of polarization on the diRplacement current, 

but from the actual charge transport just like ionic 

conduction in electrolytes. Such conduction would· 

normally be described by volume conductivity K' 

h -1 -1 Th o m em • e effect of· conductivity is an addi-

tional term of the dielectric loss. Therefore, the 

conductivity term K' can be expressed as 

where GJ is the angu+ar frequency. 

II 
' wE 

K ~ 4n 



A mathematical expression connecting radio 

frequency conductivity K' and the macroscopic vis

cosity YL of the dielectric liquid given by Sen and 

Ghosh (1974) as 

••• 7. 2 
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where A and B are constants. The detail deduction of 

the equation (7.2) is given in chapter I, section 1.9. 

The constant B gives the ion density 'n' of the liquid 

mixture. Using the eq. (7.2) the average number of ion 

density has ·been obtained from the slope B is of the 
18 ' 

order of 1.7 x 10 ions/c.c. 

The radio frequency conductivity of the glyce

rine + water mixture at 50 percent concentration to 

down to unit mole fraction of water has been measured 

at 5 MHz over the temperature range 20°0 to 60°0. The 

measured conductivities at different temperatures and 

concen tra ti ons are accurate up to ! 2 percent. 

In the present paper an attempt has been taken 

to calculate the time of relaxation 'L: of the mixture 

at various concentrations and temperatures using th"e · 

given relation deduced by Ghosh et al ( 1980). 

2 a e 
••• VkT 

where 'a' is the radi)~s of the molecule, 'e' is the 

electronic charge, v is the mobility -: of the free ions 



obtained from the equation K' = nev , k ic: the 

Boltzmann's constant and T is the absolute tempera

ture. The time of relaxation values ( 'L5 ) thus cal

culated are placed in the table (7.1). The fig. (7.1) 

ehows the plot of exponential variation of relaxation 

time ( T
5 

) with mole fraction 'f' of mixture. It 

is observed that at a particular temperature the inc-

rease of water concentration is accompanied by expo-

168 

nentiaJ. decrease of relaxation time which eventually 

become the time of relaxation of water ( 'T0 ) at unit 

mole fraction of water at pure s:tate. The time of rela-

xation Lo determined from extrapolation curve at 

unit mole fraction of water at different temperatures 

are placed in table ( 7. 2). The observed To values 

obtain from r.f. conductivity measurements are little 

greater than the values obtained by Mason et a1 (Von 

Hipple, 1954) from microwave data of pure water at 

different temperatures. Von Hipple (1954) had caJ.cula-

ted the value of 1:0 = 0.25 x 1o-10 sec. at room tempe-

rature, considering the radius of the molecule 'a' = 2.i 

and viscosity YL = 10 m poise. He showed graphicall.y, 

that Lo for water is located near the wavelength 

'A._= 1 em. It may be ascribed that slight high value 

of 'L0 for water at the present experiment may be due 

to the presence of certain minute quantity of glycerine 
l' 
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as an impurity, which increases: the hydrogen bonding 

between water molecules with the impurity molecule-s. 

Thus the existance of the organic molecule increase the 

relaxation time for water. Generally it is observed 

that the Lo d~creases with temperature. A number of 

studies reveal ea that the neutral molecules especially 

alcohol group increase the value of relaxation time 

for water. The decrease of 'Lo value for water with 

temperature has been sugg:ested by 0 ster (.1946), may be 

due to breaking of hydrogen bond with rise of tempe

rature. Powles (1953) equation 

'to' = 2 Es + E_oe, T 
3 E. 0 s 

has been applied for calculating the molecular rela-
I 

xation time • The different values of L'0 at 

.various temperatures are tabulated in Table 7.2. 

Determination of molar enthalpy of activation b.H't"o. 

It is possible to treat the dipole relaxati.on 

process as analogous to a chemical rate process 

(Glasstone et aJ., 194.1). The theory of rate process 

applied to the temperature variation of single rela-

xation time yields the equation 

l .· 

_h_ ex p (D FTo) 
k T · RT 

••• 7. 4a 
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or, 

Lo _h_ expf-.15--ro) exp(~H--ro) 
kT , ~ R RT • • • 7.4b 

is the molar entropy 

is the molar enthalpy of activation 

·free energy of activation. From the 

of activation, fl HTo 

and 1:,. F'Lo is the 

equation (7.4a) 

it follows that a graph of loge ( T 0 T ) against Vr 
should be rectilinear and from the Slope of the graph 

shown in Fig. (7.2), the molar enthalpy of activation 

has been calculated. The order of magnitude 

of the enthalpy ~--H-r. clearly shows some invol-
0 

vement of molecular energy in the dipole relaxation 

process of water. An individual water molecules may 

require one, two, three or four (OH-0) bonds in all, in 

order to build a tetrahedral structure. Again the re

orientation of dipole due to the effect of external 

applied field in.vol ves in breaking of typical ( OH-0) 

hydrogen bond which give the principal relaxation time 

for water. The amount of enthalpy of activation energy 

needed to rapture such bond in water is·., 

generally of the order of 4.5 Kcal/mole (Hasted,1973). 

in our present experiment we obtained L1H-r. = 4.8 
0 

Kcal/mole which agrees very well with the literature 

value. 
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The values of free energy of activation 11 Fro 

enthalpy of activation and entropy of acti-

vation .6.5 T at different temperatures are placed ~ 
0 

in Table ( 7. 2). 

If we consider .6 H--r
0 

to be of the same order 

of magnitude of dipole-dipole interaction energy then 

it gives us an opportunity to calculate the apparent 

dipole moment of water by applying Debye-Keesom (Ketelaar, 

1953) expression~ 

Determination of correlation Parameter 'g' and Anparent 

Dipole Moment 11app 
• 

Polar liquid such as water posses its own 

static dielectric constant, dipole moment, relaxation 

time and correlation factor ·.· 'g'. The correlation 

parameter 'g' is a measure of the local ordering in 

the material. The structure of water has been the sub-

j e ct of Eucb study till today .. · Kirwood ass urn ed a single 

structure similar to that suggested by Bernal and 

Fowl. er ( 1933) ·in order to calculate the correlation 

parameters g. The Kirkwood (Smyth, 1955) carrel a tion 

parameter 'g' can be determined by using the equation 

• • • 7. 5 
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where ~app is the apparent dipole moment of the 

water and )-'\Vapour is the dipole moment of· water 

at gaseous state. Assuming the enthalpy of activation 

~ HL.o = 4.8 Kcal/mole is of the same order of 

magnitude as the dipole-dipole interaction energy, the 

apparent dipole moment value fiapp at different tempe

rature has been calculated from the Debye-Keesom 

(Ketelaar, 1953) expression 

4 
" 2 Aapp 
uH'to=3'a6kT 

• • • 7. 6 

where a = 1.48 .R is the average intermolecular dis-

tance. The )-{app thus calculated from equation 

(7.6) are placed in Table (7.2) and found that the 

values of /'\. > ·/'--{ app Vapour has tendency to inc-

rease Slowly with rise of temperature. It may be inter

preted as, with the rise of temperature, the rotational 

vibration of the molecules increases, which causes the 

Slight increa.se of dipole moment. It is observed that 

the correlation parameter is large in associated or 

associated - associated liquid (Bordewijk et al, 19'78) 

because the material possesses high degree of corre. -

lation between dipoles. In liquid water the local forces 

between dipole molecules are very large. So, it could 

be expected that 'g' value should differ appreciably 

from unity. Here also ~e found that the 'g' values thus 
2 

calculated from the relation g ~ (Aapp j f-£vapour) 
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are greater than unit. But the variation of g values 

is small, that can be taken as constant within our expe-

rimental range of temperatures, and the values are given 

in T a bl e ( 7 • 2 ) • 

After the work of Bernal and Fowler (1933), 

almost all the theories adopted a tetrahedrally arranged 

hydrogen bon-ded model of water. Haggis et al ( 1952) 

modified the model further and proposed that each water 

molecule may be hydrogen - bonded to four other water 

molecules. In the case of water Kirkwood (Smyth,1955) 

gave a relation 

2 7.7 g = ., -t- Z Cos ~ ... 
where 0 is the angle of (H-0-H) bond taken as 104° 

and z == 4, is the number of nearest neighbour mole-

cules, which surro·und each water molecules. The bond 

angles have been calculated at various temperatures 

using equation (7.7) and the values are liEted in 

Table (7.2). Thus we may conclude that the correla-

tion parameter of water g > 1, suggest that the 

structure of water has appreciable effect on dii6lar 

polarization which· causes A ) /-1. and the 
app Vap()Ur 

riFe of temperature results in bending of hydrogen 

bond • 
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Values of conductivities (K'), rriobili ties ( V ) ~h1d relB.xatidrl times ( 'l5 ) of the solution at 

different temperatures (t) and mole fra~tions (f): 

--------------------------------------------------I 

Temp., 20°0 30°0 
• 

45°C ' 60°0 I 
I I 

in ,_ - - - - - - - - - - - ,_ - - - - - - - - - - - .... - - - - - - - - - - -----------I I 

; K1 X105 : v x1 0 4 I 11T I I t I I I 

oc 1 Tsx 10 1 K'x1o5 •vx104 1 'fsx1o 11 :K 1 x1o5 1 vx1o 4 •1:x1o 11 'K'x10~ 1 Vx1o 4 
I-t x1 011 

I 2 -1 ' I I t 1 I 5 I I I $ 

Mole: mho/ em em V 1 sees. ' mho/ em ' cm 2v- 1 ' 
I 

I 
I 2v-1 I I 2 -1 I 

I I -1 I I ' -1 I sec. 1 mho/ , em sees. , mho/ , em V , sees. frac., ' em I 
1 Sec I I , sec . I 

I -1 I 
I I -1 t;i:on I em 

:~ . . . r ' I ' I ' I 1 sec 1 I 1 sec 
.;'f ... - - - ----------------------------------------
0.19 3 .. q99 1 .156 5.0 4.458 1.393 

0.15 3.933 1. 229 4.7 5.770 1.803 

0.09 4.202 1.'313 4.4 6.387 1.996 

0.05 4.403 1. 375 4.2 6o877 2.149 

0.02 4.624 1. 445 4.0 7. 45 2.328 

4.01 5.494 1. 717 3.10 

3.10 6o815 2.1297 2.50 

2.80 7.098 2.218 2.40 

2.60 7.744 2.420 2o20 

2.40 8.518 2.662 2.00 

9o04 2.825 

9.245 2.889 

11.622 3.632 

12.,051 3.766 

13.018 4.068 

1.80 

1.76 

1. 40 

1.35 

1.25 

~ 
-J 
~ 
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'i'able 7 .;2 
_... - .J..c_-

Values of relaxation time ( 'l.o ), moiar relaxa1c±en time ( ~ ), viscosity { Y(_ )J enthalpy of 

activation ( LH'lo ),entropy of activation ( b,S-ro ) ' free energy of activation ( ll F 'to ) ' 
ap~arent dipole moments ( Aapp ), dipole morn en t in vapour state ( /{ V p a our ) , correlation 

factors (g), bond angle ( cY ) of water and radius of the molecUle 'a' at different temperatures. 

------ ·--------------------- -_------1 I I 1 I t I I ' I 

Temp .. loX1011 Jo 11' "/_ I !::,H'to I b. STo 6.F'Lo 
I 

I 1)-{ ';l{ ' 
• 

1 1 10 1 mpoise 1 Kcal/ I I 1 app, Vapour, 

~n ·sees.' 1 ' ' CaJ../ • Kcal/ I in D 1 in D I 

0 
, , sec s 1 , mol e I mole I mole ., 

c ~ . t . . . 
- - - - - - - - - - - - - - - - - - - - - - - - - -\- - - - - -

20 4.075 2.72 1 o. 01 5.358 3o230 2.83 

30 2.425 1. 62 8.0 4o80 5.788 3o046 2.86 1.8 

45 1.963 1 .3·2 6.05 5.366 3.094 2.89 

. 60 1.275 0.85 4.77 5.457 2.983 2.92 

___________ .._ ____________ _ 

' 'g' ' 
I 

---

2. 47 

2.52 

2.58 

2.63 

t90 
I 

r 

.._ I 

105.36 

103.9 

102.1 

100.7 

a 

in i 

2.3 

2.16 

2.25 

2.14 

.......... 
-J 
U1 
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CHAPTER VIII 

ELECTRICAL CONDUCTIVITY ANOMALY IN BINARY LIQUID 

MIXTURES NEAR THE CRITICAL POINT. 

Introduction: 

177 

A number of publications have appeared concerning 

the temperature dependence of the electrical resistance 

R(T) of some se~ected binary liquid mixture near the 

criticaJ. points has attracted considerable attention 

recently. The behaviour of the transport properties 

for a binary liquid mixture was first reported by 

Friedlander ( 1901). Later on, it was observed by num-

ber of authors (Stein et aJ., 1972) that the viscosity 

of binary liquid at critical. system sho"ws a anomaly as 

Tc is approached from single phase region. Stein and 

Allen (1973) established the existance of strong diver-

gence in the temperature dependence of resistivity for 

isobutyric acid+ water very close to critical tempe 

rature T
0

• Gammell and Angell (1974) studied the tem

perature dependence of the electrical resistance for 

the above mention system, but coUld not detect any 

anomaly at aJ.l due':criticaJ. fluctuation. stein and 

Allen (1973) further analysed their data by the help 

of four methods at very close to T ( E. -:::::: 10-7) and c 
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found the critical exponent 'd' in the range 0.50 < 
d < 0.77 and concluded that the derivative ( ~ ) 

dT 
·is strongly divergent near Tc. Jasnow, Goldburg and 

Semura.(1974) reanalysed the data of Stein and Allen 

and showed tha~ over a limited range of reduced tem

perature 2 x 10-5( E < 10-2 , their data .could be 

fitted to the functional form 

Rc- R 1- c( r 

·-=a( -bE:. 8.1 
Rc • • • 

where a= 4.1, b = 1.6 and o(= 0.12. Jasnow et aJ.. 

(1974) discarded those data which were very close to 

the critical point (3.3 x 10~7~ E. ~. 10-5) on the 

ground that they might be subjected to gravitational 

effects .. Shaw and Goldburg ( 1976) hav.e repeated the 

Isobutyric acid + water ex~eriment of Stein and Allen 

a.nd aJ. so have carried out similar studies in a cri ti-

caJ. mixture of pure phenol + water and JCL:. - doped 

'Phenol - water mixture. They observed that their expe

rimental data as well as the data given by Stein and 

Allen were nicely fitted to the equation 

"R. ::. ( a-~ 00) = A E S + B1 E: + s2 E 
2 ••• 8.2 

' 

in the reduced tempe:r;-ature range 1o-5 ~ E. ~ 10-2 and 

noticed that their resuJ. ts were consistent with the 
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existence of a conductivity singularity of the form 

s 
~ng =-A ( where 

+ -15 
G = o. 70 

' -·10 

Gopal et al (1976, 1977) and Ramkrishna (1978) have 

studied the temperature dependence of e~ectricat resi

stivity of several po~ar, nonpolar critical mixture 

system near critical point and found the critical 

coefficient ~ = b = 0.35, which is becoming the 

accepted .value for giving singularity in derivative 

·The purpose of the present experiment is to 

measure the eJ.ectricaJ. conductivity of the three 

binary liquid systems such as (Methyl alcohol+ 

carbondisul.phide}, (Nitrobenzene+ n Hexane) and 

. (Aniline+ Cycl.ohexane), in the cri ticaJ. temperature 

region at a frequency of 400 KHz in order to study 

whether our conductivity data also exhibit a singu
~ =2.~ 

J.ari ty of the form 6S\ng = A E or not. 

Experimental Arrangement: 

179 

The s ch em a tic diagram of tl1 e exp erim en tal arra

ngement and the method of determining the r.f. conduc

ti vi·ty of the mixture has been described in detail in 

the chapter II section 2.1. 
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The oscillator frequency for measurement of r.f. 

conductivity was fixed at 400KHz. A dielectric'cell was 

made up of pyre~_glass tube of diameter of 2.5 ems., 

fitted with a pair of stainless steel cir_c'lll.ar elect

rodes of diameter·1.5 ems. and 5 mm apart. 

Analar grade sam.ple supplied by BDH (London) 

were used without further purification. The cell was 

filled with tae liquids in proper proportion to the 

critical. mixture wa·s then flamed sealed at the top. To 

avoid the self-heating of a sample only a low voltage 

" given to the electrodes of the cell by making the very 

loose coupling. All the measurements were made while 

looking the liquid 'from the one phase to two phase 

region. _A thermostat having millidegree temperature 

s~ability was.used for this study~ The detection of 

T
0 

was supplemented by a visual observ·ation. 

ResuJ. ts and Discussion: 

The self diffusion coefficient of organic polar 

liquid, which is usually closely associated with ionic 

mobility do not show any unusual. .1?ehaviour near the 

critical temperature T
0

• But it has been possible to 

detect (Dutta, Thesis, 1983) a suitable change in ionic 

mobility by the help of resistance measurement of mix

ture at critical solution temperature. On this basis it , 
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has been thought that the electrical resistance of binary 

~iquid mixture should show some anomaly due· to the cri

tical fluctuation near Tc. 

In order to show the existence of a singUlar 

contribution to the-electrical resistance of the seve-

ra.l binary liquid system near the critical solution - . 

temperature and to determine the critical exponent •b•, 

number of authors (Jasnow et a.l, 1974), choose various 

functional· forms, to fit the data of temperature depen

dence resistance R( T-) of the systems. The, singUlarity 

in ( ~ ~ ) of binary liquid arises from the cri

tical concentration·· fluctuation which grow in range 

and magnitude in the critical region. In the one phase 

region the functional form of the resistance is given 

(Gopal, et al, 1976) by 

• • • 8.3 

' where b = o.-3 is the critical exponent and Rc is 

the t electrical. resistance at critical temperature Tc. 

~so in the one phase region Sh~w and Goldburg (1976) 

showed that the conductivity of the binary critical 

. t . t t . t f th f & :::; :2.~-m~X ure m us con a~n a erm o e o,rm "sing =.A E. 

where the reduced temperature E :::. ( T- Tc ) 
Tc 

and the cri ticaJ. exponent G = 2 (3 where (3 is an 

exponent which characterise the shape of the -. coexis-
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tence curve. They further outline a percolation model· 

of the electrical. qonduction process in the effective 

medium approximation and showed the critical exponent 

0 =2@ • 

A Simple Expression for C.ond ucti vi ty a-- (T) From 

Percolation Theory: 

The percolation theory is more directly appli

cable to o-' (T) rather than R (T-). At a particular 

instant of time there exists a spatial.· variation of 

comp9sition in the mixture of polar, nonpolar liquid 

i.e. c12 = (c
0 

+ <0 Co ) and this variation gives l:"ise 

to a spatial. variation of the locai conductivity o('Y',t) 

of correlation length ]' .• But if the life time of the 

concentration fluct11ation is sufficiently long and the 

composition of the mixture of spatiSlly inhomogeneous 

medium considered as static then only the percolation 

theory is applicable. Approximating the distribution 

function of composition, the conductivity as a bimodel 

on·e reduced temperature E < < -1 and latter on avera-
3 

ging the fluctuation over a correlation volume ( 5 ) 
we get a relation 

or 
OSing 

2(.' 
~hg =ME 

••• (8.4 a) 

••• 8.4 b 
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where M is the parameter . E_ = ( T ~eTc ~ is the 

reduced temperature and 0 is the critical coefficient 

which characterises the shape .of the coexistence curve. 

Further considering effective medium approxi

mation and taking equation (12) of Reference (Landaner, 

1952) the conductivity o-- c~ be written as 

2 
••• 8.5 a cr--- - 00-t- a;- 8 < ( coc) )33 

or 

2 
o-- 00[1+B(l<Dc))3] ••• 8o5 b 

r 
where 

· (~~) 2 (~n) 2 
8 = -t{ z( ":[o) _ ( ~ o) _ ••• 8.6 

where ~ is the viscosity, and n is the ion density 

of system and and denotes the value of 

mean ion density, viscosity and conductivity at c = Cc 

(critical concentration)u Using scaling theory and stan

dard statistical arguments, one find (Jasnow, 1975) 

••• 8.7 

where d is -- of order unity. 
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On combining equations (8.6) and (8.7), we get the 

desired relation 

or, 

or, 

2~ 
00 + G;BdE 

2~ 
o-- = 00 + M E:: 

a-- -=- 00 + OSing 

••• 8.8 a 

••• 8.8 b 

••• 8.8 c 

where M = ( % Bd ) and actually cJ;; has been 

regarded here as analytic in .~ • 

. Ul the experimental binary liquid sy'stems were 

brought into one phase region about 5°0 above Tcu The 

liquids were allowed for few minutes to attain thermal 

equi~i bri un1. Then the system were slowly cooled with 

millidegree steps till the mixture comes dovm to the 

criticaJ. or opalescence region. The ·r.f. conductivity 

(K') of the binary liquid mixtures, such as (a) methyl 

alcohol + carbon di sulphide ( cH3oH + cs2 ) (b) Nitro ben

zene + n - hexane (C 6H5No2 +- c6H14 ) and {c) Aniline + 

cyClohexane (c6H5NH2 + c6H12 ) have been measured at 

400 KHz and at various temperature starting from one 

phase region ~o down ·to T c• Much care has been taken on 
I 

measurement of K
9 

, the critical temperature r.f. 
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conductivity. The vaiues of the r.f. conductivity of 
\ 

the three systems at various temperatures above Tc and· 

at Tc are pl.aced in Tabl.e (8.1a- 3a). ~s i.t is the tem..;. 

perature derivative of el.ectrical. resiE~tance is strongly 

d~vergent near Tc• So an attempt has been taken to study 

the r.f. conductivity anomaly near critical temperature 

of· the three pol.ar- nonpol.ar l.iquid mixtures at criti

cal. concentrations. The r.f. c-onductivity data are plo

tted against the reduced temperatures for the three 

systems shown in Fig. (8.1, 8.2, 8.3). It is observed 

that the.temperature variation conductivity Closer to 

Tc is quite l.arge but when it is away from Tc the varia

tion is smaJ.l. Thi~ c1 earl.y indicate the asymtoti c beha- . 

viour of derivativ.e of conductivity and strongly suggest 

the existance of r.f. conductivity anomaly near Tc. 

Stein and Al.len chose to fit the resistance 

versus temperature data to various functional forms 

(a) dR ..,.d 
+BE.

2 + C E. +0 dT i::A€ ••• 8.9a 

(b) Rc-R ~A fd '2 ' I 
E:. Rc ::. 1_d E + 8 E + C E. + 0 ••• 8.9b 

(c) R-R.d l 
11·1-d II II 

=AE +BE +C 
1 ea . , .. 8.9e 

••• 8.9 d 
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where Rideal is the back ground resistance and 

6.R = (R- Rideal) 
111 II 

"' ( A ) and parameter A-= H , 
B = -8 

As the percolation theory is app~icable only to tempe-

ratur·e variation of conductivity rather than R (T). So 

we tried to analyse and least squares fits our r.f. 

conductivity data K' (T) to the Shaw and Goldburg 

empirical equation of conductivity, 

I 0 I I 2 
()'-- =A E. + 0C +, BlE +B

2 
~ ••• 8.10 

Therefore we can write the equation (8.10) of form 

.... 8.11 a 

or 

I I I J 

K- Kc-=- Ksingular + K 
. bkg 

••• 8.11 b. 

where A', B~ ., and. B 1 

1 2 
and f) are the least 

squares fit values or parameter,singular conductivity 

K~inqular =A E~ and bacl(ground conductivity 
I I I 2 

K b kg = B1 E + 8 2 f -
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Writting the above equation (8.11 a) for conductivity 

in dimension 1ess unit, we have reduced conductivity 

I I I I 2 
K' _ K - Kc = A_ E_ f:J + 8 1 E + 82. ( 

R K' K' K' K' 

or 

where the least 
I 

and s2 = ~f • 
_c 

c c c c 

I 

A squares parameters A = ~ 
c 

••• 8.12 

••• 8.13 

In our present analysis we did not use.the higher power 

of E , so we have eliminated the term a
2 

E2• 

Therefore, the equation (8.13) becomes, 

••• 8.14 

In order to get the best least squares fits parameters, 

we have varied·the range of reduced temperature of the 

order 10-4 ~ E: ~ 10-2 and determined least 

squares fit parameters for three sets of ~ , using 

the equation (8.14) for each systems. The values of 

the fits parameters are placed in the Table (8.1 a, 

2a, 3a). 
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It is further observed that all our measured 

data for three diff$rent systems are fits well in equa

tion (8.14) if we consider the critical exponent vaJ.ue 

s - I = 0.71, which is the slope of plot log10 KR 

against log, 0 E • Figures (8.4, 5 and 6) shows 

the results of second set ( 1o- 4~, E. ~ ., o-2) of all 

the systems ( cH30H + cs2) , ( c6H5No2 + c6H14 ) and 
I (c6H

5
NH2 + c6H12 ) respectively. In the graph of log

10
KR 

plotted against log E the . '~ upper dashed line 
10 

running through the experimental data points which are 

the least square fits data obtained from equation (8.14). 

The lower dashed line is the same as upper one but with 

background cond uc.ti vi ty subtracted. In the 

data analysis, o~y linear background terms (B1() was 

considered. The values of log K' ( € ) , log ( K~ - K~kg) 

, and log E. of the three systems are tabulated 

in table (8.2 a, 2b, and 2c) respectively. 

So we find that our data are best fitted to the 

equation (8.14) in the reduced temperature range1o4~E~1o-2 

and the amplitude ratio of singular to background A/B 1 < 1 ,, 

provides strong eviden.ce that the .conductivity singularities 

which we have observed, .is an experimental. fact. 

The striking observation made in this studies 

is that apart from the shape of the conductivity curves 

Fig. (8.1, 8.2, 8.3) the criticaJ. exponent 8 for the 
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three different systems almost have the same value e = 

0.71 which agree ex cell en tly with the value reported by 

previous workers (Gopal, 1976). 

T c It has been reported that very near to 

there is every possibility to expect frequency depen-

dent conductivity anamaly (i.e. of the inverse of the 

applied frequency) being of the same order of magnitude 

as the fluctuation life time. But the frequency depen

dent relaxation :: effect occurs in the 1010 to 1012 Hz 

region in the pure and dilute sol uti on of polar liquid 

in nonpolar solvent and ·little high value may be 

expected at critical opalescence temperature Tc. 

But .. in ourpresent experiment we have taken 

the frequency 400 .KHz, which is quite low compare to 

the time constant for decay of composition fluctuation at 

critical temperature. So we can consider that there is 

no noticeable effect of frequency on critical exponent 

e has taken place at that frequency. 

Thus we can concl. ude that in the one phase 

region, the conductivity of the binary liquid mixture 

near· critical temperature T must contain the term of c 
I 8=2~ 

the form , K 5 i ng = A E with 8 = 0 • 7 1 

and (2> -::::::.. 0. 35, which is an universal value for the 

temperature variation of the order parameter in cri

tical. phenomena. 
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Table 8.1a 

Values of r.f. conductivity (K' ), reduced r.f •. cronductivity (K'R) at different reduced tempera

tures ( E ·),fitting equation parameters ( S , A, B1 ) and the amplitude ratio A/B1 , R.F. 

conductivity at crit;ica.l temperature (Tc = 40.5°0) K' c = 1.792 :x 1o-10 esu. 

- - - - - ,- - - - ,- - ---
' ' Sy-steQJ; No. of: Ex 10~' K' x 1010 : K'R 

' , sets , esu 
e A B1 A/B 1 

_. _______ ...,. ________ ---- -------------------------
Methyl 1.~ 

al cobol - 1 o.8 
( 15 per-

' 
0.4 

cent by 0 
weight) 

+ 4.78 

Carbon 2 ~.19 

disulphide 1.59 

(85 percent 0 

by weight) 
11.10 

Sol uti on ' 6.5 
5.4 

0 

2.)5 

2.15 
1.95 
1.792 

~.568 

~.1:58 

2.496 

1c792 

4.75 
4.0 

3.75 
1.792 

o .. -J114 
0.1998 
o.oaa 

0.99 

Oo75 
0.~9~ 

1.651 
1.2~2 

1.09~ 

0.12 -0.017 248.2~ -6.8x10-5 

0.71 27.42 80.59 0.:54 

0~50 tJ.26 2~.22 0.57 

-------..----------- --------------- ------------
~ 
(.D 

CJ 
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Table 8.1 b ---
Fitted values of reduced temperature ( E. ), reduced conductivity 

( K 1 R) and reduced cond ucti vi ty with background term sub: tracted 
·71 

( K ~ - K b k g ) .. Fitted e qua ti on i s K ' R = 2 7 • 42 E + 8 0 • 59 E • 

---- ------- ------------- -----
' I 

'EX 1 o3 
I 

I I I 

I[ {!' I ) System K' 'K - K - I I og E- ' log KR 
I R , R bkg' I logKR-Kbkg 

----- ------------ ---- ------- -----
Methyl 1o00 0.2839 0.2033 -3.00 -0.5468 -0.692 

alcohol 1.59 0.4107 0.2825 -2.799 -Oo3865 -0.549 
+ 

carbon 2.00 o. 4937 0.3325 -2.699 -0.3065 -0.478 

di sul- 2.5 0.5911 0.3896 -2.602 -0.2283 -0.409 

phi de 3.19 0 .. 7203 0.4632 -2.496 -0 .. 1425 -0.339 

4.00 0.8663 0.5439 -2.398 -0.0623 -0.264 

4.78 1.002 0.6173 -2.321 +o.ooo87 -0.2095 

5.00 1~. 040 0.6373 -2.301 *'0 .. 017 -0.196 

---- ------ ----- ----------- -----

,. 
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=rable 8.2a 

Values of r.f. conductivity (K' ), reduced r.f. conductivity (K'R) at ~~fferent reduced· tem-

perature ( E. ) , fitting equation parameters ( ~· , A, B1 ) and the amplitude ratio A/B 1 • 

Taking r.f. conductivity at critical temperature (T ~ 14°C) K' = 0.678 x 1o-10 esu. c . c 

---------------------------------------------' ' ' t 
I 

System 1 No. of I 

X 103 : K'x1o10 ' 
sets ' E K' ' 

e 
' 

A ' B1 ' A/B1 I R 
·I ' ' I eeu '' ___________ ......._ __________ - ------------------------

1~6 0.94 0.386 
Ni troben- 1 0.9 0.84 I 0.239 0.85 59.0 89.58 , Oo66 
zane{ 50 0.5 0.77 0.136 
percent by o.o · o •. 678 
weight)· ~ 

+ '5 ~'226 1.378 1o032 

n-hexane 2 3.484 1.178 0.737 0.71 31.36 52.69 0.60 

(50 per- 1.742 0.978 o.'442 

cent by o.o 0.678 

weight) 

Solution 10.0 1.72 1.537 
3 8.2 1.62 1.375 0 • 70 52.34 -56.32 -0.94 

7.0 1.52 1.242 
o.o 0.678 

_.. 
(.£} 

N ----------------------------------------------
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Tab].e 8.2b 

Fitted values of reduced temperature ( E ), reduced 

cond ucti vi ty ( K 'R) and reduced cond ucti vi ty with back 

ground term subtracted (K'R-K'bkg). 

Fitted equation is K 1 R = 31.36 E 
0

•71 + 52.69E. 

·System 

Nitro
benzene 

+ 

n-hexane 

I I 

1 E x1 o3 ' 

1.00 

1. 742 

2e0 

2.5 

3.0 

3.,484 

4.0 

4.5 

5.226 

5.5 

K' R 

I 

' K'R-

: K' bkg 

0.2852 0.2325 

0.4365 0.3448 

0.4857 0.3803 

0.5773 0.4456 

0.6652 0.5071 

0.7475. 0.5639 

0.8328 0.6221 

0.9134 0.6763 

1.0274 0.7521 

1.0697 0.780 

.I I 

1 Log E. , Log , l.og 
' 

I K~ R I ( K I R- . 

' - ~ X'.l:lkg ~ 

-3.00 -0.545 -0.634 

-2.759 -0.360 -0.462 

-2.699 -0.314 -0.420 

-2e602 -0.239 -0.351 

-2.,523 -0.177 -0.295 

-2.458 -0.126 -0,249 

-2.398 -0~079 -0.206 

-2.347 -0.039 --0.170 

-2.282 +o.o12 -0.124 

-2.260 +o.o29 -o.1os 
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Table ·8.3a 

Values of r.f. conductivity (K' ), reduced r.f. conductivity (K'R) at different reduced tem-

perature ( E ) , fitting equation parameters ( f) , A., B
1

) and the amplitude ratio A/B
1

• 

Taking r.f. conductivity at critical temperature (T = 31°C) K' f 3.0.x 1o- 12 esu. 
c c -------

' --------
' ... -

Syste~; No. of' Ex 103: K'x1o 12 ' K'R f} A 

sets. 

-----

Aniline 1 

( 46 percent 
by weight) 

+ 

Cyclohe- 2 

xane( 54 'per

cant by weight) 

Sol uti on 

3 

1 0 1 
0.6 
0.3 
o.o 
4.93 
3.29 

1.64 
o.o 

10.4 
7.9 
6·.5 
o.o 

- - - - - - ·- - - - - - - -

esu 

3.95 
3.55 
?J.·JO 
3.0 
6.11 

5.33 

4.333 
3.0 

7.895 
7.15 
6.70 
3o0 

0.317 
0.183 
Oo 10 

1.037 
Oo777 

6.444 

1.632 
.1. 383 
1 •. 233 

0.87 490.28 

0.71 35.60 

0.67 50.07 

-------------------

-,-
' B1 A/B'

1 

··.-.·· .... 

-950.1 -0.52 

45.53 0.78 

-71.23 -0.70 

---------

,.; /(; . 

~ 
(D 

-+::o. 



1-

+ 

195 

Table 8. 3b 

Fitted values of reduced temperature ( E ) , reduced conduc-

tivity (K'R) and reduced c9nductivity with background term 

sub . .:tracted (K'R-K' bkg). Fitted equation is K'R = 35.6 E •7 1 + 

45.53 E_ • 

' . ' 
Syste~ 'Ex1o3 ' 

' 

1.0 

1.64 

Aniline 2.0 
+ 

cyclo- 2.5 

hexane 3.29 

4.0 

4.93 

------ ----

K' R 

0.3094 

0. 4496 

0.5228 

0.6196 

o. 7645 

0.8883 

1 • 0436 

' ' ,K'R-K' bkg, logE 

' ' ' 
t 

0.2639 -3o0 

o. 3749 -2.785 

0.4317 -2.699 

0.5058 -2.602 

0 .61_47 -2.483 

0. 7062 -2.398 

0.8192 -2.307 

-- -------
' t 

' ' log K'R, Log(K'R-

' K' bkg) 

-0.509 -0.579 

-0.347 -0.426 

-0.2S2 -0.365 

-0.208 -0.296 

-0 0 117 -0.211 

-0.051 -0.151 

+o.o1s5 -0.087 

---- ---- -------- - .,..---
\ 

..... ;. 
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CHAPTER IX 

SUMM:ARY OF THE RESULTS OF PRESENT WOF.K AND CONCLUSION 

·The reEul t and dir;cussions of the present inves-

tigation have been described in detail in Chapter III to 

VIII. Here a c~terwise summary of the results are given 

below. 

Chapter III 

MICROWAVE CONDUCTIVITY AND DIPOLE MOMENT OF 

POLAR DIELECTRICS. 

The high frequency conductivity of the seven systems 

in benzene, such as (i) 2-5dichloronitrobenzene, 

(ii) 2-5 dibromonitrobenzene, (iii) 3-nitro-0-anisidine 

(iv) 2-chloro-p-nitroaniline (v) p-phenitidine, 

(vi) 0-nitroaniline, (vii) p-anisidine have been cal

culated from the relation 

K - ~ j Q ,,2 
ij - 4 rr Eij + Eij 

II 
where f._ .. 

IJ 
I 

is the dielectric losE" a..11d E_.. is the dielectric 
IJ 

constant at various temperatures. The computed con-

ductivity K .. for each systems varies almost linearl,i \ 
IJ . 

with weight fraction W. ; specially in the· lower 
J 

concentration region. The slope of the concentration 

variation of h.f. conductivity of polar- nonpolar 
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liquid mixture at infinite dilution has been employed 

to estimate the dipole moment /{· 
J of polar solute at 1; 

[
3 M·kTP] 

2 
relation ft: =- _ _,__J __ different temperatures by using the 

0 
J N~F;wb 

where [3 

density, 

is the slope of the curve J 1; is the 

is the local field and b = 
1 • 1 +c..}·-y2... F. 

I 

It is further observed that in all the systems, the 

increase of dipole moment can be expressed by the rela-

A.~ I I , 2 
tion /~'-. =a + b t + c t where 

J 
a', b' and c' are the least square fits const~nts 

which depends upon the nature of the respective mole

cules in benzene under the high frequency al. ternating 

electric field. It is observed from the computed values 
') 

of dipole moment at different temperatures that,in mic

rowave electric field the dipole moment of a polar unit 

is not fixed, but varies uniformlY with temperature. 

Chapter IV 

MICRO"IVAVE CONDUCTIVITY AND DIPOLE MOMENT OF 

SOME SUBSTITUTED BENZENE 

·This chapter reported the measurement of perrna.rJ.ent 

dipole moment and bond moment of the following dielec-

tric liquids -

(a) m-Aminobenzotrifl uoride, (b) 0-Ni trobenzotrifl uoride 

(c) m-Ni tro benzotrifl uoride (d) 0-Chl oro benzotri fluoride 

(e) 0-chloronitrobenzene (f) 4-chloro-3-nitrobenzo 
l ... 

trifluoride (g) 4- chloro-3-ni trotol uene. 
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method in the 3 ems. wavelength range is same as pre

vious chapter. The data of dipole moment at higher and 

lower concentration explain the formation of dimer and 

monomer. The ;t{j values have also been computed from 

the bond moment and bond angles, assuming that the ben-

zene molecules is a planer one. It has been considered 

that the variation of /--'l. for the substituted mole-
J-

cul es in benzene may be due 'tt>- the difference in values 

of gro.up moment and the inductive effect. 

Chapter V 

ULTRA HIGH FREQUENCY CONDUCTIVITY OF 

POLAR - NONPOLAR LIQUID M-IXTURES 

The UHF conductivity of ni tromethyl acetamide ( NMA) 

in benzene and in dioxane sol ven-t in the lower as well 

as higher concentration reg~on of polar 8olute have 

been determined from dielectric absorption data in the 

temperature range of 25°C to 55°C.It is ob2.erved that 

at lower concentration regio,n t-he UHF conductivity 

data varies linearly with the weight fraction of the 

solute, but differ radically at weight fraction w. ~o, 
' j 

which has been considered due to the solute solvent 
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association effect. At the higher concentration the 

above mentioned effect was not detected in the case 

of NMA but found in p-bromonitrobenzene (P-BNB). 

From the slope of the curve of UHF conductivity 

against concentration of solute molecules at infi

nite dilution, the dipole moment have been estimated 

for above mentioned liquids at various temperatures 

using the equation given in chapter III. It has been 

suggested that in the case of NMA in benzene and 

dioxane, the higher (computed) values of dipole moment 

~re due_to the formation of monomer and slightly lower 

estimated values may be due to the formation of dimer. 

Chapter VI 

CONDUCTIVITY, RELAXATION TIME AND ENERGY 

OF ACTIVATION OF SOME ALCOHOL + BENZENE 

MIXTURE AT RADIO FREQUENCY FIELD 

A study has been made on the nature of variation of 

dipolar relaxati-on time ( L' ) for three normal 

al cobol s such as, methyl al cobol, ethyl al cobol a~d 

~ \ 

1-propyl alcohol at very dilute sol uti on in nonpoJ:-E.r 

solvent benzene and at various temperatures. The time 

of reraxation has been determined from radiofrequen cy 

conductivity measurements at 1 MHz. The radio frequehcy 

conductivities of the three systems at various dilute 

solution and at different temperatures have been 



computed from least square fit equation 
I 2 

K -=o( T \_JW. +-!W. 
J J 

and the time of relaxation ~s determined from the 

relation given in chapter III. The relaxation time of 

dipole at infinite dilution ( 'L 00 ) at various tern-

peratures (30°C to 60°C) were computed from the rela-

and also the changes due to 

solvent effect were estimated. It has been concluded 

that the lower values of compared to T 5 

indicates that at infinite dilution the rotation of 

a molecule is not hindered by the interaction with 

other molecules, which suggests that rotational orien

tation occured due to (-OH) group of a molecule. 

The temperature dependence of relaxation time 

has been utili~ed for deter~ining the molecular free 

energy of activation 6F· "lc0 ' enthalpy of acti-

vation energy llH'LoO and entropy of activation 

energy ~SrcoO for the dipole orientation of polar 

alcohols in nonpolar solvent. It is observed that 

and activation energy for vi sco si ty .6. H
1 

are almost same for two systems where as it differ 

wid ely in the case of propanol. It has been considered 

that slightly higher value of !} H L'c0 for propa.Ylol 

compared to may be due to the energy con-

centration for its higher chain length. 
l .. 
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Chapter VII 

ENERGY OF ACTIVATION, DIPOLE MOMENT AND CORRELA

TION PARAMETER OF WATER. 
/ 

In th.i:41 chapter the radio frequency conductivity K' of 

water and glycerine mixture at 5o% concentration down to 

Un.it mole fraction of water has been determined at 

5 MHz over the temperature range 20°C to 60°C. The 

relaxation time 'Ls for the mixture at various tem-

peratures and concentration have been caJ.. culated from 

2 
2 . 

the relation a e where a is --:Ls =- y· vkr ' 
the radius of the molecule, e is the electronic charge 

and v is the mobility of the free ions calculated from 

the relation K' = Nev • The time of relaxation of 

water T 0 at various temperatures have been deter-

mined from the extrapolation curve' at unit molefrac~ 

tion of water. It ·has been thought that the little 

may be due to the presence of 

minute quantity of glycerine as impurity, which inc

reases the hydrogen bonding between water molecules 

with the impurity molecules. The decrease of T 0 

value with the rise of temperature suggested due to 

the breaking of the hydrogen bond. 

The theory of rate process has been used to 

the temperature variation of single relaxation time 
l; _: 

in order to calculate the 'thermodynamical parameters 
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for water. Assuming the ll H --r = 4.8 Kcal/mole is 
0 

of the same order of magnitude as the dipole-dipole inte

raction energy, the apparent dipole moment for water has 

been calculated from the Debye-Keesom relation 
2 A 4 

· 
~ HTo = 3 of> k fp ' 

where a= 1.48 X is the average intermole-

cular distance. The correlation parameter for water 
2 . . 

g :::. (Aa.pp/Msa.s) was calculated and found greater than 

unity ( g ) 1 ) The bond angle f) of ( H-OH) has 

been calculated at various temperatures from Kirkwood 
2 

relation g = 1 +Z Cos ~ · 

Analysing th·e results a conclusion has been 

drawn that, the structure of water has an appreciable 

effect on dipolar polarisation which causes Aapp) /{gas 

and the bending of hydrogen bond with the rise of 

temperature·. 

Chapter VIII 

ELECTRICAL CONDUCTIVITY ANOMALY IN BINARY 

- LIQUID MIXTURES NEAR THE CRITICAL POINT 

In this chapter a study has been made on the electrical 

conductivity anomaly of three critical binary liquid 

mixtures at the critical !~emperature region. The elect

rical cond ucti viti es of the_ three binary liquid mixtures 
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such as, (a) Methyl aJ.cohol+.car.bondisUlphide, 

(b) Nitrobenzene + n-Hexane, (c) Aniline + cyclohexane 

have been determined at various temperature starting 

from one phase region to down to T at 400 KHz. The c 
coriductivi ty (K') data fi tt.ed against reduced tempe-

rature ( E ) for three systems indicated the 

asymptotic behaviour of derivative of conductivity 

and existence of conductivity anomaly near critical 

temperature Tc. 

As the percolation theory is applicable only 

to temperature variation of conductivity rather than 

resistivity R(T) near T
0

, so it has been tried to 
I I 

' K -Kc fit the reduced conductivity data KR = K 
c 

at the reduced temperature range 1 o4 < E ~ 1 o-2 

" ' I $ 2 
in the least square fit equation KR =-A f_ + B16: + B2 E. 

where A, B 1 and B2 are the least squ~re fit param~ers and 

(9 is the critical exponent, which is the slope .of the 

linear plot log10KR·-· against log10 E • The linear plot 

further proved that the validity of the above mentioned 

fit equation, when the caLculated fitted.data points 
·,·,, 

run smoothly through ·the' experimental data points. 

~he striking Gbservation made in this studies that 

apart from the shape of the conductivity curves of 



·the three systems, the critical exponent l9 for 

the three different systems are almost have the 

same value G = 0.71. Therefore it has been sugges-

ted that in the one phase region, the conductivity 

of the binary liquid mixture near critical tempe-
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& ::2.13 

rature must contain the term of the form K~ singular =A( , 

. vdth ~ = 0.71 and . ~ = 0.35 

which is an universal value for the temperature 

variation of the order parameter in critical 

phenom~na. 

.. 
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