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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 
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~ .. 
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) 



99 

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 
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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 



'·)( 

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· 
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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 



··:t 

Microwave conductivity and dipole moment of polar dielectrics 293 

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) 



M icrowc;~:e conductivity and dipole moment of polar dielectrics 299 

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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