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DIELECTRIC RELAXATION OF PARA POLAR LIQUIDS 
UNDER ffiGH FREQUENCY ELECTRIC FIELD 

5.1. Introduction 

The dielectric relaxation phenomena of a polar liquid in nonpolar solvent 

have already gained much attention of a large number of workers [1-3]. The 

process is thought to be a sensitive tool to investigate the molecular size, shape 

and structure of a polar liquid. The structural and associational aspects of the 

polar liquid can thus be inferred in terms of their measured relaxation time 1: 

and hence dipole moment 1-l at different experimental temperatures in °C. The 

subsequent use of the temperature dependence of 1:'s usually yields different 

thermodynamic energy parameters of a polar unit. The polar liquids having 

substituted polar groups in their para positions deserve to be specially 

investigated. The 1-l's of such para liquids are usually found to be zero [ 4], due to 

symmetrical distribution of bond moments of the substituted polar groups in a 

plane. Sometimes they show a resultant 1-l when the dipolar and free groups are 

out of plane with the parent ring. 

Earlier investigations [5] were made on substituted hydroxy and methoxy 

benzaldehydes in benzene to reveal that 1: is generally governed by both molecular 

and intra-molecular rotations. However, no such study on the long chain 

substituted parabenzaldehydes and phenones have been made so far. Dhar et al[ 6] 

and Some vanshi et al [7] have recently measured real£' .. and imaginary£" .. 
. I} I} 

parts of complex dielectric constant £ij * of p-hydroxypropiophenone, 

p-chloropropiophenone, p-acetamidobenzaldehyde, p-benzyloxybenzaldehyde in 

dioxane and p-anisidine, p-phenitidine, o-chloroparanitroaniline and 

p-bromonitro benzene in benzene respectively under 3 em. wave length electric 

field at different experimental temperatures. The purpose of their study was 

only to observe the molecular and intra-molecular group rotations in the 

molecules. Non spherical molecular liquids of such type also are known to be 

strongly non-Debye .in their relaxation behaviour. We, therefore, concentrate 



101 

our attention to these molecules [ 6, 7] to study dielectric relaxation phenomena 

by conductivity measurement technique [8] based on the internationally accepted 

symbols of dielectric terminology and parameters. The phenones together with 

other di- or tri-substituted benzenes having rigid and free dipolar groups at their 

para positions are included in the present investigation to compare the dielectric 

relaxation properties with the benzaldehyde groups. Moreover, our aim is to 

observe how "C1S and j.l1
S vary with respect to sizes, shapes and structures of the 

molecules and to get an idea of molecular environment of such polar liquids 

too, in solvents. For most of the polar liquids the imaginary part cr" .. varies • IJ 

linearly [8] with the real part cr'ii ofhf complex conductivity crit for different 

w. 1
S of a solute. But in the present polar- nonpolar liquid mixtures the variation 

J 

of a" .. with 0'1 
•• was not linear [9] to yield "C .• The ratio of the individual slopes of 

IJ IJ J 

0"
1
\ and cr'ii against Wi

1
S curves at wJ ~ 0, on the other hand, is used to get "CJ 's of 

these p - polar liquids in order to report them in Table 5 .1. 

Table 5.1 :The ratio of slopes of concentration variation of imaginary a" .. and real cr' .. parts ofhigh 
IJ IJ 

frequency complex conductivity a' .. at w. ~o estimated and reported 1:. in pi co second, dimensionless 
IJ J J 

parameter b [=I/( I +co21:.2)], coefficients a,~. y, of equation : cr .. = a+ ~w. + yw2
, estimated and reported 

J IJ J J 
dipole moment IJ.. in Coulomb-metre at different experimental temperatures in °C and the theoretical 

J 
dipole moment IJ.

1
heo in Coulomb-metre from bond angles and bond moments for different para 

compounds. 

Sy.stcmwllh Temp. Ratinnr F..stimated R~purted Dimt!ll- Cueftlclents In theequalinn F..slimated Reported Dipole 
Sl. Nn. and inuc slnpes or t

1
in p.sec t

1
1n p.sl'C slnnl~s cru.= a+ f}w1+yw1

1 J.L1xllf"' JLJ X 1ft-"' moments 
1\·lnll'Ctllar o"ii&a'IJ para- In In Jl.._xllt"' 
WclJ,:htM1 wllhW,(da"jd•jl mdl!r Cuulnmh Cnulnmh from 

xfy=--- h~ll metre metre hund 
(da'/dw1) (1+0>'1:~ angles and 

hund 
a ~ yxJU-1 mnmenrs 

-----------
i. Para hydruxy- 17 II.K287 llJJ\6 11.411711 1.13911 -4.44511 3.7653 11.1111 

pn1pi(•phcnnnc 2:\ 11.7451 22.11S 25.411 11.3571 1.14119 11.1812 1.2713 2.J6 lll.21l R.27 
M,=ll.l511kg. .111 11.71128 23.41 24.211 11.33117 1.1626 -2.17118 2.16411 11.1111 

37 1.11173 14.R6 23.1!1 11.55118 1.11979 4.6564 4.11529 15.113 
ii l1ara-chltlrnpnl I~ 11.7427 22.15 211.811 lUI 56 1.1177 1..1648 1.9445 9.43 

pinphcnunc 25 11.8261 19.92 19.711 11.41156 1.1457 -1.3627 1.4874 11.1111 9.84 9.13 
M, =II. 1685kg 31 11.7272 22.6.1 18.211 11.3458 1..14211 1.2634 11.11199 111.31 

.17 2.1799 7.5.1 17.10 II.R261 1.11168 12.2886 -5.71611 21.14 
iii. Para acctamidu- 17 11.5756 28.58 21.811 11.24911 1..15116 11.6998 1.6243 K.55 

benzaldehyde 2.1 11.7736 21.27 211.80 11.3744 1..1564 2.2621 -11.64111 12.75 10.37 13.12 
M, = 11.163kg. .111 11.72611 22.66 19.1111 11.3453 1.1427 5.1761 - 1.5843 211.51 

.17 1.11111 16.27 IK.611 11 .. 11156 1.1234 12.3384 -4.4758 26.62 
iv. Para hcnzylnxy 20 11.586.1 2X.06 211.1111 11.2259 1.15113 1.1738 - 11.3428 12.56 

hcnzaldchydc 2~ 11.6247 26.34 19.411 11.28117 1.16211 11.9386 III.R7 
M, = 11.212kg. .111 II.R358 19.69 18.1111 11.41 12 1.16911 1.1744 111.19 111.63 6.23 

.1.1 1.2238 13.44 16.911 11.599R 1.1822 11.7957 7.114 
v. l'araanisidinc 211 2.21211 7.43 3.89 11.83116 1.1377 5.41;.15 -1.4819 12.23 5.211 
M 1 =11.12.1k~ .10 2.4152 6.HI 3.67 11.8.137 I. 1621 1.678.1 6.H7 JIU.1 6.28 

411 3.4952 4.71 3.17 11.9243 1..1675 1.6843 6.71.) K.R7 
vi. l'amphcnitidinc 20 1.52NR 111.76 I 1.118 11.71111.1 1.1792 4.K244 I 3.21 7.47 15.114 

M;=ll.l37kg. .111 1.91149 X.64 111.63 11.7R3~ 1.13118 12.4534 -2.167 I 20.61 9.27 
411 2.111.16 7.X2 9.95 11.8J.IR 1.21166 3.4'159 11.21112 111.98 10.47 

vii. ( lrtht1-chloru- 211 1.5124 III.R8 10.57 11.6958 1.119311 1.1354 -0.11829 7.21 8.13 
paranitrnanilinc .111 1.9522 8.43 9.89 11.7921 1.12711 II. 1.159 2.57 111.93 15.93 
M,=O. I 725kg 40 2.2126 7.44 9.1X 11.83112 1.14112 II.IIX211 1.85 13.10 

viii. l'ara-hrtlffitl- 20 1.6446 1!1.111 11.721.)9 1.1823 11.61 18 II.IIIR9 ~59 
nitn1hcn1.cnc .10 1.7RI8 lJ.24 0.76113 1.2166 -11.6123 11.2231 0.00 R.411 
M,=ll.2U2kg. 411 1.9.103 X.-14 0.7917 i.2299 -11.4882 11.218K 0.110 
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The intercepts and slopes oflinear relationship of ln ('T.T) against 1/T as 
J 

shown in Table 5 .2, could, however, be used to obtain thermodynamic energy 

parameters like enthalpy of activation ~H1, entropy of activation ~S1 and free 

energy of activation ~F 
1 

of dielectric relaxation process of the rate theory of 

Eyring et al [1 0]. The enthalpy of activation mll due to viscous flow was, however, 

obtained from the slope y of the linear relationship ofln ( 'Tl) against ln11, where 

11 is the coefficient of viscosity of the solvent to test the behaviour of solutes in 

solvents. 

The values of ~S , ~H , and ~F of Table 5.2 give an insight into molecular 
t t t 

dynamics of the systems. The estimated Debye factor ('!l/11) and Kalman factor 

('T.T/11~') in Table 5.2 signify the applicability of the required relaxation model 
.I 

for such p -liquids. 

Table 5.2 : The intercepts and slopes of In 't.T against 1/T curves, energy parameters like enthalpyof 
J 

activation LlHr in Kilo Joule moie- 1
, the entropy of activation LlSr in Joule mole-1 K-1

, free energy of 
activation LlF in Kilo-Joule-moie- 1 for dielectric relaxation process, enthalpy of activation LlH in Kilo 

t ~ 

Joule moie- 1 due to viscous flow, y as the ratio of LlHr and LlH~, Kalman factor (1:iT/r]'Y), De bye factor 
('t.T/T]) at different experimental temperatures in °C and the coefficients of!J.-t equations 11 =a+ bt + ctz 

I J J 
of different para compounds. 

S)'SICIIl Temp. 
wilh in 
SI.Nn. "C 

i. Para hydroxy- 17 
pr11pinphent1n~.: 2' 

.111 
17 

ii. l'<mH:hloruprn Jl) 

piupln:nnnc 25 
:11 
.11 

iii. Para a~.:ctamidu· 17 
hcnzaldehydc 2~ 

iv. Pam henzylm:.y 
hcnzaldt!hyde 

v. 11araanisidinc 

vi. J•araphcnitidinl! 

vii. ( )rthn-chluru-
paranitroanilinl! 

viii.Paru-hromo-
nilrnhl!nzl!nc 

:111 
:17 

211 
2.~ 

:11l 

'~ 
20 
JO 
411 

20 
:111 
411 

211 
311 
411 

211 
:111 
40 

Intercept & AH,in 
slope or KJ 
lntJT mole-• 

Vs lrf 
Curve 
Intercept slope 

-21 . .:16 724.41 6.112 

-:1:1.17 4227.52 :15. n 

-24.76 17711.119 14.71 

-32.27 41122.:14 :1:1.4:1 

-25.94 1771.211 14.71 

-2:1.58 . 1167.25 9.711 

-24.52 144751 12.03 

-21.28 479.2:1 :1.98 

llS, 
In 
J 
mole-• 
K-' 

-19.112 
-211.49 
-21.64 
-18.51 

79.~7 

77.86 
74.:111 
81.(/3 

7.92 
9.17 
7.31 
8.77 

71.34 
69.81 
70.24 
71.49 

18.~4 

17.:13 
18.57 

-1.67 
-1.22 
-1.68 

6.19 
6.88 
6.18 

-211 . .58 
-211,64 
-211.58 

l!.F, r- l!.H, Kalman De bye Coefficients in the equation 
in (AH/ in foetor factor J.LJxlO·\Q = a + bt+ ctz 
KJ t.H,) KJ t

1
T/T]1 t

1
T/T]) 

mole-• mole-• xlH" 

11.5:1 19.7~xlll-' 4.01:1~ :1~.42.50 -:1.2286 11.11716 
12.118 0.~4 11.1~ 2:1.64xiO-• ~.11274 

12.58 27.~5x 111-• 6.2221 
11.76 19.J6xJO·' 4.67(l7 

11.90 11.2112 4.65:11 
11.9:1 2.6:1 1:1.:16 0.25:15 4.7:11111 92.9880 -7.1216 O.l4117 
12.54 0.2938 6.1424 
1(1.01 0.1890 2.3761 

12.41 11.12xlll-" 5.7757 
11.99 9.41x111-" 4.84311 - 4.2996 0.6554 11.0050 
12.49 1.10 1:1.37 11.86xlll4 6.0228 
11.99 111.2:1xiCI"' 5.1205 

12.52 19.57xlo-• 5.729:1 9.0620 0.4.582 0.11146 
12.62 1.89 17.68 22.42xlll~ 6.0379 
12.14 22.1l9xlll~ .5.2333 
11.41 211.70xiO-' 4.202~ 

9.29 3.20xlll·' :1.3647 
9.47 1.62 9.118 :1.82x 10~ 3.6781 38.7900 -1.85611 11.11264 
R.91 :uJ?xiO-' 2.8188 

111.19 22.87xlll'" 4.8728 
111.07 1.21 8.02 22.49x I o-•· 4.6(l6~ -52.68011 4.9975 -11.0851 
10.22 22.87x 1 o-•· 4.68110 

111.22 17.99xiO-' 4.9271 
111.1111 1.49 8.117 17.86xlll-' 4.5531 28.2500 -1.4440 0.0196 
10.09 18.11~xlll-' 4.4526 

10.111 9.25xlll-' 4.5:131 
1(1.24 0.47 8.47 9.44xw-• 4.99116 33.5400 -1.9565 0.0280 
10.42 9.21xill-' 5.11511 
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The dipole moments J..L's of all the liquids were finally worked out from . . J 

the slopes Ws of hf conductivities O";/s with w/s and dimensionless parameters 

b's with the estimated 1j at all the temperatures. All the J..L~s as placed in 

TableS .1, are found, to be temperature dependent quantities. The coefficients a, 

band c ofJ..L.- t curves·ofFigure 5.2, are, however, placed in Table 5.2, in order 
J 

to compare with the reported J..L's as well as theoretical ll thea's, obtained from 

bond angles and bond moments of substituent polar groups attached with the 

parent ones of Figure 5.3. The disagreement of the measured J..Lj's with J..L thea's as 

obtained from Figure 5.3, for these compounds establishes the fact that the 

inductive moments combined with the mesomeric moments of the substituent . 

polar groups with the parent molecules is a function of temperature. 

5.2. Theoretical Formulations 

Under the hf electric field the dimensionless complex dielectric constant E*. 
IJ 

IS : 

(5.1) 

where E '.. is the real part of dielectric constant and E.'' is the dielectric loss u lj 

factor. Hence Murphy- Morgan relation [11] for the complex hf conductivity 

aii· of a solution of polar-nonpolar liquid mixture is 

(5.2) 

where aii'(= COE0Eii" ) and aij" ( = COE0Eii' ) are the real and imaginary parts of 

complex hf conductivity, E
0 

=permittivity of free space= 8.854 x 1 o~12 F m-1, 

j is a complex number = --.l-1, co = 2rtf, f being frequency of applied electric 

fie.ld. 

The total hf conductivity <Jij is, however, obtained from. 
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cr .. = COE ..j E" .. 2 + E'. 2 
IJ 0 IJ IJ 

(5.3) 

The imaginary part of hf conductivity crii" is related to the real part of hf 

conductivity crii' by 

"- +(I) I cr.. - a .. -- cr .. 
IJ 00 IJ CO't IJ 

(5.4) 

where a .. is the constant conductivity at w. = 0 and 't is the relaxation time of 
""U . J 

a polar unit= 'Ci . Eq (5.4) on differentiation with respect to cr'ij becomes. 

dcr".. 1 
IJ 

(5.5) ' 

to yield 't. of a polar solute. It is often better to use the ratio of the individual 
J 

slopes of variations of cr .. " and cr .. ' with w. at w. ---7 0 to avoid the effect of polar 
IJ IJ J J 

- polar interactions in a liquid mixture to get 'ti from : 

1 
(dcr .. "/dw.)"' 0 /( dcr .. '/dw.)"' 0 =--

'l J ••j -7 u J "i -7 CO't. 
J 

or, x/y = 1 /co'ti (5.6) 

Again, it is observed experimentally that crii" is nearly equal to crii ofEq (5.3) 

under hf alternating electric field. Hence Eq ( 5.4) becomes : 

_ +( 1 ) 1 a.. - a .. ---ciYf" cr .. 
IJ ~IJ j IJ 

or (dcr' .. /dw.). =co't.R 
IJ J \I~J-70 jtJ (5.7) 

where ~ = (da,.
1
. ldw

1
.) the slope of cr .. - w. curve at w. ---7 0. 

IJ J .I 

All the ~ 's are however, presented in Table 5.1 for all the liquids. The real part 

ofhf conductivity [9,)2] cr'ii at T K of a given solution ofwi is: 

( Npij ~ i2 

27 k8 Mj T 

co 2 't. 
) ( . 

1 
) (E' .. + 2 )2 w. 

1 + co 2 't.2 IJ J 
J 

(5.8) 



which on differentiation with respect to w. and at w. ---7 a. yields : 
J J 

NJ.L.z P; 
d I /d ) - .f ( 0 ii wi wi ~ 0 - ._2_7_M_._k_

0

_T_ 
.I 

where 

N =Avogadro's Number 

P; = density of solvent 

(J)2't. 
.I 

£. = dielectric relative pennittivity of the solvent 
I 

M. =molecular weight of solute and 
.I 

k
8 

=Boltzmann Constant. 
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(5.9) 

All the symbols stated above are expressed in S.I. unit. From Eqs (5.7) and 

(5.9) one gets J.l. in Coulomb metre under hf electric field as : 
J 

27 Mjk8T 

Np;(£;+2)2 

in terms of a dimensionless parameter 'b' 

with the measured 't. of the liquid. 
J 

(5.10) 

(5.11) 

All the measured J.l 1 'sin terms of f3's and b's ofEqs (5.1 0) and (5.11) are, 
. . 

however, placed in Table 5.1 and compared with the reported .u's and J.ltheo 's 'the 

· latter ones are obtained from bond angles and bond moments of the substituted 

groups ofthe molecules as shown in Figure 5.3. 

5.3. Results and Discussion 

The relaxation time -r i 's of the para polar liquids as reported in Table 5.1 

in dioxane and benzene respectively were estimated from the ratio of the 

individual slopes ofboth the imaginary crii" and real cr'ij parts of high frequency 
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conductivity a .. * with weight fraction w. of polar solutes at different experimental 
ij . J . 

temperatures in °C under 3 em. wave length electric field. 't i 1
S of these liquids 

could not be obtained directly from the slope of Eq (5.5) of au" with au 1 

because of the non linear character [8]. Thus the individual slopes of a" .. - w. 
IJ J 

and a .. 1-w. curves at w. ---7 0 were used to get 't 1S of these para polar liquids from 
IJ J J 

Eq. (5.6) in order to minimize the effects of dipole-dipole interactions, 

macroscopic viscosity, internal field etc. 

-20.10 

-19.30 

I 
-18.50 L----.1..-----L-----L......-''------..___-~ 

3.1 3.2 3.3 3.4 3.5 
1fT X ]Q3 --+ 

Figure 5.1. S!raight lin~ plot~ of In ('TT) against ljT. (!) parahydroxypropiophenone (-0-l. (II) 
parachloropropiophcnonc (-a - ). (Ill) paraacetamidobenzaldehyde (-D-). (IV) parabcnzyloxybenzaldc
hydc (- ®- ). (V) p;1raunisidin<: ( -•-) (VI) parapheni!idine (- ~- ). (VII) onhochloroparanitroanilinc 
(-x-;-::> and (VIII) parahromonitrohenzene (-•-) 

. The estimated ratio of the individual slopes of aii " and aii 1 curves with wj 
1
S 

together with estimated and reported 't i 1
S are placed in the 3rd, 4th and 5th 

columns of Table 5.1. The 't /S thus obtained agree well with the reported 't 1S 
where such are available [ 6, 7] based on Gopalakrishna1S method [13 ]. As observed 

in Table 5.1, the 't 1S of molecules havingphenone and benzaldehyde groups are 

higher in comparison to other di-and tri-substituted para polar molecules. This 

is probably due to larger sizes of the rotating units. It is also interesting to note 

that variation of-t of such molecules as presented in Table 5.1 are irregular in 

disagreement with the Debye model of relaxation as observed elsewhere [ 4]. 
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This may be explained by the fact that stretching of bond angles and bond 

moments of polar groups with temperature and the distribution ofbond moments 

around the parent molecules leads to either symmetric or asymmetric shape of 

the molecules. The rest ofthe molecules show the lower values of '! decreasing 

with increase of temperature in agreement with the Debye relaxation in spite 

of the fact that they are nonspherical. 

~ 
<; 

30.0 

E 22.5 
.g 
.g 
5 
" .!: 

X 15.0 

7.5 

0.0 
0 10 30 ~ .......................... ---40 

t, temperature in oc 

Figure 5.2. Variation of dipolcmoments IJ.· X 10~11 in Coulomb metre against 1 in •c. (I) parahydroxypropio
phcnone (-0-). (II) parachlorupropiophcnonc (-,.-),(Ill) paraaccta·midobcnzaldehyde (-D-), (IV) 
parahcnzyloxybcnzaldchydc (- 0- ). (V) paraanisidine (-e). (VI) paraphenitidine (- ~ -l. (V (I) or
thochlnropaninitroanilinc (-x-l and (VIII) parabromonitrohent.cnc (- •- ). 

The process of rotation of the rotating dipoles requires an activation energy 

sufficient to overcome the energy barrier between two equilibrium positions, 

one can write according to Eyring et al [ 1 0] with the known'!. by : 
• J 

'!. =(NT) eLl F1l RT 
J 

(6F ==Lffi -T6S) r 1 r 

or, ln ('t"j T) = In (Ae-6s' 1R) + (Lffi,l RT) 

=In A'+ (~H1 /R). (liT) (5.12) 
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t 
(i) 1cm1 tcm 

li 
u 

H-C__..H scm ~ 
~~O<lCm c\1 1cmc 1Cm H H-....._.. 'LSJ o·Jcmlscm 9 ~ <?. 

E li 

=7 u 
c~o a) 

Co) 

~j 
0 <";>; N :3 
N "> .Q " I 

~ , ... 4·67Cm 
NHz 2·19c ?. ... ~l-1 

OH 

. H ~Jcm 

(ii) H~~H ~r~) O·JCm 

~-~~~~-~ E 

O·:JC~acm :$0 ~ =o ~ 

,,~ 
In 

0
s.6:JCm 

Cl 

CHO • 

(iii) el' ~,,. (vii) vt!,'l 
r~~ 

~ 
~ 

1·5 4·JJGm 
N__. H 

~~0 0·3C~ ~~H 
\Cm 

H NOz 

~~ 
S·93Cm 1<4-·lOCm 

(iv) <.;...,. ~ s.93Cm 

t·"'~ii) 
NO a 

~',<:i I 
.tr.' q.t) 

=9 ~ 8·40Cm 
· scm 0·30Cm rem H~ H 

O·:JOCm 

Br 5·70 em 

Figure 5.3 :Conformational structures from available bond moments and bond angles of para 
compounds : (i) para-hydroxypropiophenone (ii) para-chloropropiophenone (iii) para
acetamidobenzaldehyde (iv) para-benzyloxy benzaldehyde (v) para-anisidine (vi) para-phenitidine 
(vii) ortho-chloroparanitroaniline and (viii) para-bromonitrobenzene. 



109 

Eq (5.12) is a straight line ofln ( '"Cl) against liT having intercept and slope to 

measure the thermodynamic energy parameters like enthalpy of activation 

(~H,), entropy of activation (~ S't ) and free energy of activation (~ F't ) of 

dielectric relaxation process of the molecules. The intercepts and slopes of the 

least squares fitted In ( '"Cl) against 1fT curves as illustrated graphically in Figure 

5.1, were accurately obtained and placed in the 3rd and 4th columns of Table 

5.2. The variation of In '"Cl against liT are linear for almost all the liquids with 

the available experimental data. The enthalpy of activation ~H11 due to viscous 

flow of the solvent was, however, estimated from the slope of the linear equation 

o.f In ('"C.T) against Inn at different experimental temperatures. As evident from 
J 

Table 5.2, the values ofy (= ~H/~H11) > 0.50 for all the liquids except para , 

bromonitrobenzene exhibit the solvent environment around the solute molecules 

which behave as solid phase rotators. The low value ofy, on the other hand, for 

p-bromonitrobenzene may indicate the weak molecular interaction of such dipole 

with benzene. The values of ~S't 's for the system like p-hydroxypropiophenone, 

p-phenitidine and p-bromonitrobenzene are negative. This is due to the fact that 

activated states are rhore ordered than the normal states unlike other molecules. 

The high values of ~S't and ~H'tof p-chloropropiophenone and 

p-benzyloxybenzaldehyde indicate the activated states are not stable probably 

due to internal resistance suffered by larger dipole rotations. The rest of the 

molecules possess ~H't of nearly the same magnitude. The M "[ 's between the 

activated and unactivated states of all the systems are, however, the same as the 

activation is accomplished by rupture of bonds of dipolar groups in the same 

degree of freedom [ 6, 7]. Unlike Kalman factor ( '"C .TInY) at different temperatures, 
J. . . . 

the Debye factor ('"C lin) is almost constant signifying the applicability ofDebye 

model of relaxation behaviour for such para liquids [ 14]. The J...L . 's from Eq. 
J 

( 5.1 0) of all the p - liquids were obtained from slopes ~ 's of cr .. -w. curves and 
IJ J 

dimensionless parameters b's ofEq (5.11) involved with measured '"C's ofEq.(5.6). 
J 

The slopes and intercepts of crii against wi as presented in Table 5.1 were 

obtained by careful regression technique and are found to be almost constant at 

all the experimental temperatures under 3 em. wave length electric field perhaps 

for their same polarity. Thus cr .. ', cr .. " and cr.. with w's could not be shown 
IJ . IJ IJ J 
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graphically. Parahydroxypropiophenone (curve 1) and p-acetamido

benzaldehyde (curve III) showed the monotonic increase of ~i with temperature 

(Figure 5 .2) for their increasing molecular asymmetry at higher temperatures. 

The~-- t curves ofp-benzyloxybenzaldehyde (curve IV) and p-phenitidine 
J 

(curve VI) are convex in nature [ 15] showing zero values at lower and higher 

temperatures unlike the other four assuming minimum values at different 

temperatures as seen in Figure 5 .2. The least squares fitted ~j-t curve for p 

bromonitrobenzene which showed 5.59xl o-3° C.m at 20°C but zero values of~j 

at 3 ooc' and 40°C for its strong symmetry attained at those temperatures was, 

however, obtained. Like curves II, V and VII of other p-compounds it (curve , 

VIII) also showed minimum having-ve ~-between 30°C to 40°C, shown by dotted 
J 

line to satisfy the continuous curve. The usual variation of ~j against t°C for p-

hydroxypropiophenone ( cur\re I) is shown by least squares fitted dotted line 

together with the solid line drawn through the estimated ~/s. The above nature 

of~.- t curves are explained by the rupture of solute-solvent (monomer) and 
J 

solute-solute ( dimer) association due to stretching of bond angles and bond 

moments of substituted polar groups at different temperatures. 

The theoretical dipole moments ~theo's of all the p - liquids were also 

calculated from the vector addition of the available bond moments 4.67, 10.33, 

4.40, 4.40, 1.00, 8.00, 5.63, 1.50, 14.10 and 5.70 multiples of 10-3° Coulomb 

metre (C.m.) for C ---7 OH, C---7 CHO, C---7 OCH
3 

and C---7 NH
2 

bonds making 

angles 62°, 55°, 57°, 142° and 0° for the rest C---7 H, C => 0, C--7.Cl, C---7 N, 

C---7 N0
2 

and C---7 Br bonds respectively with C atom of the parent molecules 

which are assumed to be planer structures, as shown in Figure 5.3, The " 's 
~-"theo 

thus obtained are finally placed in the 12th column of Table 5 .1. Tlie slight 

disagreement between measured ~ i's and ~theo's reveals the presence of 

inductive and mesomeric moments of the substituent polar groups due to their 

aromaticity. In p-acetamidobenzaldehyde, p-phenetidine, orthochloro para nitro 

aniline and p-bromonitrobenzene, the~ h 's are larger while for others 11 's t eo /"" theo 
are smaller than the measured values. This fact at once predicts that the 
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substituent polar groups in. former molecules push the electrons towards the 

electro negative atoms and there by inductive effect is less than in latter systems 

where they pull the electrons. The electromeric effect is also prominent in the 

system containing C=> 0 groups. 

5.4. Conclusions 

A very convenient method to evaluate 't i 's from the ratio of the individual 

slopes of 0 .. "- w. and 0 .. '- w. curves at w. ---7 o and the corresponding ll·'s in 
IJ j IJ J J J 

SI unit of several chain like para liquids at different experimental temperatures 

is suggested in order to avoid polar - polar interactions. The slopes of 0it-0ii' , 

curves are very often not linear in almost all liquids and hence could not be used 

to obtain 't .'s . Both 't .'s and hence ll· 's within the accuracy of 10% and 5% 
J J J 

are now reliable. Para - hydroxypropiophenone and p - chloropropiophenone 

show zero values of 11 at certain temperatures owing to their symmetry gained 

at that temperatures. The variation of 11 with temperature in °C is not a new 

concept, but forp-liquids, the convex, concave or gradual increase occur probably 

due to association or dissociation of solute - solute and solute - solvent molecular 

associations and stretching ofbond moments of the substituent polar groups at 

different temperatures. Different thermodynamic energy parameters, could 

therefore, be estimated from the stand point of Eyring's rate theory [15, 16] to 

infer molecular dynamics of the nonsphericalliquids. lltheo's ofthe molecules 

could, however, be found out from the available bond angles and bond moments 

of the substituent polar groups attached to the parent molecules. They are. usually 

found to differ from the measured ll·'s indicating the existence of mesomeric 
J 

and inductive effects in polar liquids due to their aromaticity. 
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