35

CHAPTER III

MICROWAVE CONDUCTIVITY AND DIPOLE MOMENT OF POLAR
DIELECTRICS

Introduction:

One of the main application of the dielectric
theory in physices and chemistry is still the determi-

‘nation of permanent dipole moment of molecules. These
valqes can be of great use, in both organic and in-
organic chemistry for the élucidation of molecular
strdctures and also in the study of the chemical bond.
In view of fhe importance of the permanent dipole -
moment of molecuies we have tried to determine the
dipole moment of the polar molecule in non polér
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 liquid mixture is subjected to an alternat-
ing microwave electric field. Thére are several methods
(Gopala Krishna,i957, Sen et al 1972) to compute the
dipoie relaxation time T of polar liquid dissolved
in nonpolar solvent under the application of radio -

frequency and microwave al ternating electric field.
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Gopala Krishna's concentration variation method in the
microwave region\and_Seh's graphical method in the r.f.
region always invite a slight personal judgement to
locate the exact and accurate value of T, within a
certain considerable range. In order to avoid this
&ifficulty we; in the process of derivetion of the
dipole moment /ij of polar liquidse in nonpolar
solvent from the conductivity data in h.f. region
devised a simple procedure (Ghosh et al,1980, Datta
et al 1981) to obtain the relaxation times Ty of
polar liquids from the microwave and radiofrequency
conductivity.data baéed on sound mathematical founde-
‘tion. When the frequency of the impressed field exceeds
a Qeftain critical value, the permanent dipoles of
solpte 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 sub-
jected. Using the slope of concentration variation of
fotal microwave conductivity Kij at infin;te
di;ution we attempted to  obtain the relaxation
time at different femperatures with the single /M j
value as obtain from literature. We found that the

single value of /%j could not yield the magnitude
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of T though it gave the relative temperature depen-
~dence of computed ’ES only. This fact at once indi-
cates ﬁhat in the h.fs region /1; is not a fixed
quantity, but most probably it sliéhtly varies with

temperature to ascertain the actual magnitude of 7.

Theory: -
According to Murphy and Morgan (1939) the h.f,
cdnductivity is a complex quantity' K* » Where

K=K+ jK” - e 3t

In the case of polar nonpolar liquid mixture the high

frequency conductivity can be represented as

/
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where 'ng is the real part of the conductivity
g " '
[K’.U. = &Z_TETu_] and K. is the
I{ ¢ .t
imaginary part of the conductivity-[j KG :-%¥%L

of the solution.

Now the magnitude of the total high frequenocy
conductivity can be written as |
,2 2 95

K., :(KU + K;i]) vee Do
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but the magnitude of Kij is usually calculated

from the relation

2 2 V2
=L (" 4
S w(é.u. i ) cee 3.4
But in the microwave region ,E/ of the solu~

1]

tion is very small end equals %o the optical dielect-
i

ric constant, but still eﬁj > € and

7

{,j .48 responsible for the absorption of elect-
[

rical energy %o yield to polariss¥ion.

Now from the eq. (3.4) the total conductivity
should be

~
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Thus the total conductivity of the solution
equels to the imaginary part of the conductivity in
the microwave frequency.

Butlfor high frequency it can be shown by
using Debye equations
il

- ' I |
€s 7 Cee k _ \65 - \QO>CAJAC
€ = (G,o + 11—,&)2’?:?‘) and € = T+ o2

. the h.f, dielectric constant,

!
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or,

Q& - Wiy . well

4L A 4T LT WTs
/
"' KU = Koo +KIJ/GJTS . eee 3.6
where € is the optical dielectric constant of

1j oG
thelsolution and Kee ~ is a constant and T,

is the relaxation time of the solute molecuie in

solution.

Now, the real vart of h.f. econductivity
Kh of polar nonpolar solution ig obtained from

eqn. (1.72) as

b A\"" ¢ 1./ x
y j s ﬁJwG//M- where P ie the

d e | )
density of the Bolution, Mj is the molecul ar weight

of the solute, Hencé from eq, (3.7) we get

2 .
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where /'(J.' is the dipole moment of polar solute, N is

the Avogadro number, k is the Boltzmann constant and

_ (e,--, + 2)2
3
is the local field.

i) ) 80

we have from egq. (3.6)

Since K.. is a functiozi _of Wj‘

i J
or
dK’l = L)T (dK ) = ) ‘
(dw )W .—__’0 S d J W __)O TS@ e ea 309
where £ is ‘the slope of Kij VS Wj curve at

W— 0  the density (D of the solution becomes {;
the density of the solvent and the local field Fi;

"of the solution is F-l = the local field of the

solvent = [(q + 2)/3]

Under the circumstances, eq.(3.8) on being differen-

tiated with respect to Wj and as Wj——> 0 takes
the form
oy 2 2
<~_u_d‘<"> = @3’;’465 (C‘) Ls 1) ves3.10
dW.j WJ-—'*O jkT 14+ W5
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From eq. (3.9) anad eqd. (3.10) we get

w"c‘s@ — ,[NP‘ Fi C\)ZTS

3M kT 1+Qﬁ¢f

or,
1 /4 NBF =b ( sa
Tror t V(“%W#“) )
or, ’
T =5 T3
~ ,1_ =277 f
or, T:s ‘ﬁ?_b 1 when @ is the

frequency of the applied
field. When f = C/a

C is the velocity of
electromagnetic radiation
N is the wave length,

-10
- A Xx10 T
BRI [ -7 A SR-NER

Now from eq; (3, . 11) the dipole moment of the solute
can be written in the form

1
3MikT @ /2
& ( NPF "wb | cee 3.13
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The egq. (%.12) is used to compute b from reported T
data and herce the dipole moment of polar solute /%j

when it is dissolved in a nonpolar solvent.

Resul ts and Discussions:

Tﬁe radiofrequency and high frequency conduc-
tlvity (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
Klystron valve oscillator in the laborafory. But as
the experimental conductivity data under radio fre-
nquency and microwave electric fields are very scanty,
it is therefore, used the available concentration,
variation eXperiﬁental deta for 66 and QG of
seven systems in benzene such as: - 2-5 dichloronitro=
. benzene and 2-5 dibromonitrobenzene under 3.13 cm.
wavel ength electric field (Pant et al, 1977) and
3-nitro-O-anisidine, 2-chloro-p-nitroaniline,p-pheneti-
dine;y O-nitroaniline and p-anisidine under 3.17 cms.

- wavelength electric field (Some Vanshi et al 1978) to
obtain the corresponding experimental microwave conduc-
tivity Kij values from the eq. (3.4) which is the
extended relation of Murphy and Morgan

. = w_ [ 2 2
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at various temperatures 20°C, 30°C and 40°C. The Ki;
vélues of the above meéntion solutes in benzene solu-

tion are plotted against weight fraction ( \Nj ) at

_ different tempeératures sre shown in fig, (3.1) and
Pig. (3.2).

The temperature dependence of K for each

system is viti&ly exposed in the plot. But at the’
1lower concentration region the conductivity Kij

varies almost linearly with \Nj

fraction VVj epproaches to zero, it is assumed

that the solvent benzene possesses a constant value

. As the weight

of conductivity which is independent of experimental
temperature. It ie conpidered because of the fact
that the quentity ( (;F; /1 ) in eq.(3.8)

approaches nearly a fixed value which is in the neigh-
boufheod of 0.,006. Consequently, at : M@ = (0, the
conductivity of a given system at all temperature
remain the same. Neverthelees, at‘ Mﬁ = 0 the K;;
values of different systems are different. This is
due to solvation effect (Datta et a1 1981).

From Fig. (3.1, 3.2) it is clear that at VV = 0

ibe. at infinite dilution where the solute molecules
immersed in macroscopic smount of solvent and meeting

of the curves at a point indicate that there are no

effect of temperature on }<U , therefore the change
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in KU values at WJ-‘= O may be considered due to
solvation effect, which ig independent of temperature
over a large temperature range (Bottcher and Bordewijk,
1978).

For ‘eacﬁ systems in the lower concentration
region there is a regularity in increase of slopes
‘of fhe yourves with tempersture., At any experimental
temperature the variation of KJ with Wj is
excellent to suggest that h.f. conductlvlty can be
represented by a fitted formula

2 |

where { » [ and Y  are arbitrary constants
depending upon the nature of the respective solution
of polar nonpolar 1iquid mixture of which 3 plays
8 Very important role in estimating dipole moment /’t
0f course we have tried for determining the numerical
velues of o« , (3 and 7 by least square fitting
technique, But unfortunately the brocess was abandoned
because the available data are not smooth enough for
the said technique. However, at linear portion the
glope (3 of Kij against Wj curve at W-—-—>O
was estimated by drawing a tangent to- each curve at

W — 0 as demanded by the relation (3.9).
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Though errors due (a) experimental uncer-
tainty and (b) theoretical approximation done in
obtaining eq.(3.9) nay be expected}to accunulate in
determined /%j by this method yet we have adopted
this method because the (1) conductivity data are
very scanty in the lower concentration region and
(11)  the error due to theoretical approximation is
negligivly small in the h.f, region.‘ _

Using eq. (3.12) the valués of 'b' were deter-
mined with the rebprted relaxation time T, value for
each systems at temperaturé 20°, 30° and 40°¢ and
are placed in table (3.1). The corresponding /%
values for all the chosen systems were also calcu-
lated from eq. (3.13) at those temperatures and are
Placed ir table(3,1) aLong with the reported and theo-
retical ones for comparison, The dipole moment M
values thus obtained were found to satisfy the follow;

ing empirical formulae.

(i) 2-5 dichloronitrobenzenes

M= 341729 - 3.143 x 1073 4+ 451 x 1074 42
{i1) 2-5 dibromonitrobenzene:

M= 5,2209 + 2.7966 x 1072 ¢ - 1,423 x 10-% 42
€iii) J-nitro~-0-anisidines;

/M7= 2154 + 18412 x 10°2 ¢+ 3,5226 x 1073 42



1086

(4v) 2- chloro-p-nitroanilines
A= 0.22158 + 0.11997 t - 1,221 x 10-3 42
(v) p-phenetidine:

/)= 1.8453 + 6.3216 x 1072 t - 7.22 x 10-4 42

(vi) O-nitroaniline:

M= 11532 + 4,873 x 1072 % = 2.616 x 10~ 42
- end

(vii) P-anigidines

Ay ==1.4232 + 2.2068 x 10~ ¢ - 2,958 x 1g-342

for different systems with temperature t in oy « The
value of variation of the computed dipole moment /"t
¢f polar liquids against temperature in °C are shown
graphically by the fitted lines in Fig. (3.3).

From table (3.1) it 18 obvious that /1 in
all the cases increases with experimental temperatures
a8 observed by other workers (Ras et a1, 1971) showed
that dipole moments of some liquid compounds . such as
8lycerol triacetate, g€lycerol tributriate etc. increase
witia temperature both in the pure form and in solution
Lith benzene undef the microwave aiterneting electric
tield though the values of bure compounds differ upto
7 percent from those determined in benzene. S0 far as

the magnitude ig concerned, the dipole moments of our
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systems computed from eq. (3.13) are in excellent agree-
‘ment with the reportted ones based on Gopala Krishna's
(1957) method and those theoretically calculated from
vector atom model (Datta et al,1981). However, for the
system: 3-nitro-O-anisidine(III) the values at 20°C
is‘iery close to the feported data, but at 30°C and
40°C they are abnormally high, This "could not be
explained at presenﬁ. Though the reported data of 2-5
dibromanitrobenzeng (I1) and 2-5 dichloronitrobenzene-
(I) are not available, the dipole moments as obtained
from eq. (3.13) of the former is alwaye greater than
those of the latter. This indicates that the bulky
molecule possésses a greater dipole moment to yield
high Ts velués than those of lighter ones, Hence the
size and shape of the molecules are important to locate
the magnitudes of both relaxation time and dipole moment.
The greater values of the d;pole moments which are very
close to the theoretica; ones for 2-5 dibromonitroben-
zene (II) undoubtedly eonfirms our methods to be g
correct one. InAfig. (3.3) the computefd experimental /4
of seven polar liquids are plotted against the tempe-
rature in °C in the range of 0 to €0°¢C. At present we
are not interested to study to below and above this

range of the said organic compounds.
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‘"It is observed that in all these cases that
- the dipole moment /%j increases with temperatures

in according:: to the mathematical relation given by

M, —d'+ Bt 4t ee 13416

where a', b' and ¢' are the arbitrary constants
depending upon the nature of the respective solute '
molécule in behzene 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 last ohe i.e. p-anisidtne (VII) for which
it is negative. For 2-5 dichloronitrobenzene (I) dipole
moment increases monotonically with temperature produ-
.cing a elight concave nature of the curve because the
Y term of eq. (5.16) is negative while c¢' is posi-
tive. For 3-nitro-O-anisidine (III) a', b', and c'
terms of eq: (3.16) are positive. As a.result, the
dipole moment of this compound becomes very high at
comparatively higher temperafures, still, it agrees
with the reported ,¢;  at 20°C. 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



108

agrees fairly well with both the experimentsl and theo~
rétiéal values. Beyond the expeérimental range of tempe-
ratures its dipole momént becomes zero at 7.,1°C and at
67.5°C as observed from the curve (VII) of fig. (3.3)
as well as from its empiricsl relatibn; This fact is
al so coroborated with the reported data which could
elso satisfy an eampirical relation

/IFPL - T+46 * 6.49 x 1077 £+ 9,90 x 10°7 42 ... 3,17
giving zero value of M5 8% 14,9°C and at 50.7°%,
This trend is also 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
molecul es of organic pdlar liquids . . must show the
zero value of dipole moment at lower aﬁd higher tempe-
.ratures most probably due to association of pélar
iunits as well as due to the solvation efféct, occured
~due to specific interactions between solute molecul e
and thé solvent molecule. and also to the bulk proper-
ties of the solvent especially the dielectric constant,
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Table 3.1

Computed dipole moment /M (compt), rept. dipole moment/“J
(rept) relaxation times T,  and b at temperature

20°, 30° and 40°.

Tt === i Ay jk{'— S ';; T _/Q -7
Systen ' Tem b 12 ' oo
v : o % compzqéx 10 v (compt,) , (rept.), (theorJ
¢! 'rep.in ' dinp ' in D ' in D
' . ' sec., ! ' :
———————— -l..____.l._...'__'___.._.l.__...__..-——
1) 2-5 dichloro- 20 0.6620 11.87** 3.29 s
nitrobenzene 30 00,7060 10.72 3448 4,23
40 0.7477 9.65 3477
2)  2-5 dibro- 20 0.3736 21.51** 5,72 -
monitro-— 30 004090 19.97 5093 4023
benzene 40 - 0.4369 18.86 6.11
3) 3-mitro-0- 20 0.6165 13.27% 3.93 2.7 s
40 0.7282 10.28 8.53 3.76
4) 2-chloro-p- 20 0.7170 10.57* 2.13 2,44 i
nitroani- 30 0.7432 9.89 - 2,72 3,28 2,397 %%
line, 40 0.7706 9.18 3,07 3.93
5) p-phene- 20 0.6975 11.08" 2.82 2,24
tidine 30 0.7T147 10.63  3.09 2,78  1.53%**
6) O-nitro— 20 007648 9033* 2.02 3095
aniline 30 0.7779 8.99 2.38 2,19 4o25%xx
40 0.8050 8,28 - 2,68 2.24
dine 30 0.9546 73,67 2.51 3.10 1,87#%*
: 40 0,9657 3,17 2.67 2.66

* Somevanshi et a1 (1978), #* pant et al (1977),

.. P¥* Calculated from the vector model assuming molecwl e to be .
~ planar, ‘ |
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Abstract : The slope of the concentration variation of high frequency couduc-
tivity of polar-nonpoler liguid mixture at infinite dilution bas been employed to
estimate the dipole moment of polar solute at differont temperatures. The calcula~
tions showed that in the microwave electric field the dipole moment of a polar unit
is not 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 when the polar-
nonpolar liquid mixture is subjected to the alternating microwave electric
field. -There are several methods (Gopala. Krishna 1957, Sen et al 1972) to
compute the relaxation times =, 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 g; of polar liquids in solvent from the
conductivity data (Ghosh and Acharyya 1977) in h.f. region, devised a simple
procedure (Ghosh er o/ 1980, Datta er al 1981) to obtain the relaxation
times 7, 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 K at infinite dilution we attempted to obtain the ralaxation time
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at different temperatures with the single u#; value as obtained from literature.
We found that the single value of #; could not yield the magnitude of =, though
it gave the relative temperature dependence of computed =, only. This fact at
once indicates that in the h.f. region u j is not a fixed quantity, but most
probably varies with temperature to ascertain the actual magnitude of =,.

All these points put us in a sound position to utilise the concentration
variation of conductivity data to evaluate u; at different temperatures for
the following seven systems of interest. #; values thus obtained were found
to satisfy the following empirical formulae :

(i) 2-5 dichloronitrobenzene : p;=3.1729-3.143x 107%¢+4.51 x 10— #s2.

(ii) 2-5 dibromonitrobenzene : g ;=15.2209+2.7966 X 10~%¢—1.423 X 10742,
(iii) 3 nitro-¢-anisidine : B =2.15441.8412 % 10~274-3.5226 x 10572,
(iv) 2-chloro-p-nitroaniline : p;=0.22158+0.119977—1.221 X 10-2¢2,
(v) p-phenetidine : #;=1.8453+6.3216x 1027—7,22 X 1042,
(vi) o-nitroaniline : g, =1.1532+4.873% 10-21~2.616% 1042, and
(vii) p-anisidine: u;=-1.4232+42.2068%107*7—2.958x 10~%¢%,

for different systems with temperature in °C.

2. Theory

According to Murphy and Morgan (1939) the high frequency conductivity of a
polar-nonpolar liquid mixture is given by K=K+ jK’, where K =the real part

1)

.. we,; . " . . ..
of the conduct1v1ty;%, and K"=the imaginary part of the conductivity

1

=%f-;. Now the magnitude of the total h.f. conductivity is usually calculated by
the relation

o ' .
=4—n[€’;l,g+5.‘2j 1/8 (1)

But, in practice, as i decreases wft_h frequency and eventually equals the

optical dielectric constant in the h.f. region, and ¢’ ; increases with frequency

to attain a maximum value at w=1 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 T°K is given by

. _MINP;;F;;1 % )
K= 3MET \14wir?) ) @
where p; is the dipole moment of polar solute of molecular weight M;, N is the

Avogadr_o number, k 1s _;hg Bpltzman constant and F,-,-=(€'“——1312)9 is the
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local field. This ¢,; however, is the complex dielectric constdnt of the

solution of densnty p;; and is expressed as c‘j-—e —jeif; of which the
emaginary part e is responsible for the absorption of electrical energy to
yield resistance to polarization. Now for microwave electric ﬁeld e’ e a

the conductivity of the solution becomes

w,. y
K= 4—7", i . 'r (3)

But for h-f region it can be shown that
5".). € e otel /wr - (4)

where ¢, ;,, is the optical dielectric constant of the solution. From egs. (3)
and (4) the total h-f conductivity of the solution.takes the form

K=K, +K'[ar, 5)

where K, is a constant and 7, is the relaxation time of the solute molecule
in solution. As K is a function of w j» we have from eq. (5)

(d )“ >0~ (:_f; uj->o=""'ﬂ A ) (6)

where 8 is the slope of K-w; curve at w;=>0. When w; approaches zero,
the density p;; of the solution becomes p; the density of the solvent, and

local field F;; of the solution is F;=the local field of the solvent=(‘—i3i2)s.

Under the circumstances, eq. (2) on being differentiated w.r. to'wj as w;~>0
takes the form :

(‘iff_ pEND, F; (lwaf, ) ' -

dwj w ;>0 3M kT + w27t
Taking
_ ﬁ/(n Np.F ®)
we hav_e from egs. (6) and (7)
1+l % and whence
1, Jax107° /77 -
T 2nc\/ ~ 1384 \/ -1 (%)

Now from eq. (8) the dlpole moment of the solute molecule can be written in
the form

} .
;= (3M kT B (1;0)"

Np;F; wbl.

[SPT
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With reported values of =, at experimental temperatures b may be calculated
from eq. (9). With a knowledge of the slope § from K—w; curve at w;—>0 and
corresponding b it is easy to calculate p; of the solute molecule from eq. (10)
because all other quantities of the solvent benzéne are kmown. Further, it is;
clear from eq. (9) that for a given frequency o of the applied field the relaxation-
time 7, depends upon the magnitude of & which in turn depends on #;. Asr, %
changes with temperature, &; should change with temperature in order to locale
the magnitude of =, in the microwave region.because the change of the factor

B/p; F; with temperature of eq. (8) alone cannot cope with the pace of change of
T, 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 variation expt. data for ¢;; and ¢';; of
seven systems in benzene : 2-5 dichloronitrobenzene and 2-5 dibromonitro-
benzene under 3.13 cm wavelength electric field (Pant ez a/ 1977), and 3-nitro-o-
anisidine, 2-chloro-p-nitroaniline, p-phenetidine, o-nitroaniline and p-anisidine
under 3.17 cm wavelength electric field (Somevanshi et al 1978) to obtain corres-

ponding experimental K values from Murphy-Morgan relation K= y ,je“ﬂ +eiE at

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. X variéé
almost linearly with «; in the lower concentration region. As w; approaches
zero, the solvent benzene assumes a constant value of conductmty independent
of experimental temperature. This is because of the fact that the quantity
pi;Fi;/T ineq. (2) assumes nearly a fixed value which-is in the neighbour-
hood of 0.006. Consequently, at w;=0 the conductivity of a given system at
all temperatures remains the same Nevertheless, at w;=0 the K values of
different systems are different. This is due to solvation effect (Datta et al 1981)

For each system in the lower concentration region there i Isa regularlty in
increase of slopes of the curves with temperature

At any experlmental tempera-
ture the variation of K with w;

j 18 excellent to suggest that h.f. conductivity
can be represented by a fitted formula K= «+Buw; +rw;®, where «, 8 and y are

arbitrary constants depending upon the nature of the respective solution of
polar-nonpolar liquid mixture of which g plays a very important role in
estimating p;. Of course we tried for numerical values of %, 8 and ¥ by
fitting technique. But the process was abandoned because available data are



Microwave conductivity and dipole moment of polar dielectrics 295

not smooth enough for the said technique.‘ However, the slope B of K—w;
curve at w;—>0 was estimated by drawing a tangent to each curve at w;—0 as
demanded-by the relation (6).
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Figure I. Microwave conductivity K is plotted against weight fraction w j at
20°C, 30°C and 40°C.
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Though errors due to (1) experimental uncertainty and (2) theoretical
approximation done in obtaining eq. (6) may be accumulated in u; 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, graph drawn with available ¢} ; data for different concentrations. £5
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Using eq. (9) values of & were determined: with reported =, for each
system at 20°, 30° and 40°C and are placed in Table 1. The corresponding
#; values for all the chosen systems were also calculated from eq. (10) at
these temperatures and are placed in Table 1, -along with the reported and

Table 1. Computod dipole momoent i1 compr, roph,  dipolo momont, 1y ront,
relaxution times 74 aud & ab temperatures :  20°, 30° and 40°C.

Temp. b 75 X10'% M compt. # ¢ rept. 5 theor.
Bystem ¢ compt,. rept in sec, iaD inD iJn'DWr
20 0.6620 11.87* © 399
() 26 dichloroni- 30 0.7060 1072 348 - 4,93
40 0.7477 9.65 8.77 ‘
. ' 20 0.3736 21,51 5.72
() 2-8 dibromoni- 30 0.4090 19.97 5.98 4.98%*
40 0.4369 18.86 611 .
20 0.6165 18.27" 3.93 2.76
(i) - 8-nitro-o-ani- 30 0.6793 11.56 5.88 8.11 4.93%*
40 0.7282 10.28 8.53 3.76
_ ' 20 0.7170 10.57° 2.18 244
(iv) - 2-chloro-p-nitro- 30 0.7432 989 . a7 828 2.39%
40 0.7706 9.18 8.07 3.98
] 20 0.6975 11,08~ 2.82 a4
(v) p-phenetidine Y 0.7147 1068 3.09 2.8 1.58***
40 0.7409 9.95 8.22 8.14
20 0.7648 9,33 2.02 3.95
(vi) o-nitroaniline 30 0.7779 8.99 2.98 3.19 495"
40 0.8050 . 8.8 2.68 2,24
20 0.9493 3.89* 1.81 1.56
(vi) p-snisidine 30 0.9546 3.67 2,54 3.10 187"
40 0.9657 8.17 267 2.66

* Somevanshi, et al (1978)
** Pant et al (1977)
*** Qalculated from the vector model assuming molecule to be planar.

theoretical ones for comparison. The u} thus obtained are_ also shown graphi-
cally by fitted lines in Figure 3. . '
From Table 1, itis obvious that p; 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 upto 7% from those determined in
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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

1.20
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‘Figure 2. Microwave conductivity K is plotted against weight fraction fw j at
20°C, 80°C and 40°C.

O O at 20°C,
A A at 30°C,
C ] —at 40°C.

ones based on Gopala Krishna’s (1957) method and those theoretically calculated
from vactor atom model (Datta er al 1981). However, for the system : 3 nitro-
o-anisidine (III) the values at 20°Cis very close to the reported data, but at
30°C and 40°C 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 ([) 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 7, values than
those of lighter ones. Hence the size and shape of the molecule are impdrtant 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 correct
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one, In Figure 3, the computed experimental u; of seven polar liquids are
plotted against the temperature in °C in the range of 0 to 60°C. Below and above
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Figure 3. Computed dipole moments p ; of seven pouiar liquids are plotted against
temperature in °C,

For system ITI1: u j (0-16D) is shown’on theright 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
pj=a'+b't+C'r? (11
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with temperature in °C, where a’, b° and ¢’ are the arbitrary constants depending
upon the nature of the respective solute molecule in benzeme under the h.f.
alternating electric field.

The & terms of all the systems are positive except the last one i.e. p-anisidine
(VII) for 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 ¢’ is positive. For
3-nitro-oznisidine (III) &', b’ and ¢’ terms of eq. (11) are positive. As a result,
the dipol: moment of this compound becomes very high at comparatively higher
temperatures, still, it agrees with the reported p; at 20°C. The most interesting
system is p-anisidine (VII) for which both &' and ¢’ 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°C aed at 67.5°C 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 akso satisfy an empirical relation :

pjert=—7.46+6.49 % 10"17—9.90 x 10~°72 (12)

giving zero value of u; at 14.9°C 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
temperatures most probably due to association of polar units as well as solvation
effect.
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