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CHAPTER ¥

UL TRA HIGH FREQUENCY CONDUCTIVITY OF POLAR - NONPOLAR
LIQUID MIXTURES.

Introduction

The dipolé moment of poler liquids varies
with temperature when the dielectric iiquid wmixture is
subjected to microwave field or rather té an al ternat-
ing high frequency electric field. There are several
methods (Gopala Krishna, 1957, Sen and Ghosh, 1972
and Ghosh et al, 1980) to compute the relaxation times
asﬁwell as dipole moment of polar liquids dissolved in
nonpolar solvents under the application of microwave
and radicfrequency electric fields. But most of these
methods suffer from extrapolation difficulties at
infinite dilution i.e. Mﬁ——~> 0. The wmicrowave 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 temperaturé 25%, 35%, 45°C and 55°C in two different
nonpolar solvents benzene and dioxane and al so in the
high concentration regioh in benzene at 25°C. Nitrome-
thyl acetamide is supposed to be an important dielect-
ric solute due to its vefy high values of dielectric
constant and moreover its wide applications in biolo-

gical regearch. Hence it attracted the attention of a
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large number of workefs Sato et a1 (1976) to study its
differenf dielectric parameters.

We too get interested to this system and an
attempt has been taken to study the variation of micro-
wave conductivity of NMA in very dilute solution of
benzene and dioxane at varicus temperatures, viz. 259,
3500, 45°¢ and 5500 and alsc at relatively high concent-
ration region at 25%¢, So it is thought that the cal cu-
lated data of UHF conductivity of the mixture KU
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 thé solute~-gsol ute
association or dimer at reletively high concentrations.
Moreover, thé extremely low concentration conductivity
data may reveal new information regarding the solvetion
effect. As the infqrmation 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 /&J’S of NMA as
well as p-bromonitrobenzene ( P-BNB) have been cal cu-
lated from the concentration variation of UHF conducti-

vity of the solution.

Theory: -
The HF conductivity due to Murphy and Morgan

(1939) of polar-nonpolar liquid wixture is given by
I

. 77 / .
ng = Kij + JKij where L<U is the real part
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"
of the conductivity = (%§ﬁ+L> and Kﬁ is the
imaginary part = (Qgeﬁj/477 ) o« The magnitude of total

M

hf conductivity is ususily given by

-]/
) " /
K.. = 22 /EU QU cee Dol

1 n k

élj of solution in the microwave region ( A = 3.004cm)

though very small and is equal to optical dielectric.

/ 174 /1
constant, but still é*j Vs EU where €U is res-

o~

ponsible for the absorption of electrical energy to

offer resistance to polarization. Hence the real part

- of Kij of HF conductivity of solution of'weight
fraction W% of polar solute a2t temperature T X
is

2 2
= ZNBFy ( W )w. -
1j 3MjkT : 1 + EQ%? ]

where /4j i; the dipole moment of polar solute of
mol ecular weight Mj s N the Avogadro's number,2

k is the Boltzmann constant and  Fjj =[<€ij+'2»6]
is the local field. Hence it is evident that, for

the microwave electric field, the total conductivity

becomes:

!

oW
KU—AﬁeU ceeDel



But, for HF region, it can be shown that

/

1
éU = EUOO + elj/w/t ee e 5-4‘
Using eqn. (5.3) and (5.4) it is shown that

where K_ is a constant conductivity and T
is the relaxation time of the solute molecule in the
solvent. Since K is a function of Wj from

J
-eg. (5.5) we have 3

C.l__ﬁ = C\)T 'd_KLi— = Cx)’t@ e e e 506
dW d W, w, —0 °
j /W—0 I
where (3 is the slope of K-U- - Wj curve. at

WJ-HO . When Wj —>(0 the density of the solu-

tion FU becomes ()I the density of the solvent
and the local field . Fij 5 of the solution becomes
Fi:[<€;+2L@J>

the local field of the solvent.

Under this condition eq. (5.2) on differen-

tiation with respect to wj and as WJ_——;O takes the
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form:
' MENOF [ o
<.d_KiJ.> = _.L_L_n_( L5 ) e 5T
Taking

@//{ NE F 0
3MkT oo 0 5.8
and using eqgs. (5.6) and (5.7), we can have

1

b= ———
1T+ W T%
Hence
1 10 ]
N AT RN A NG cer5.9
s~ 2mc \p ~ 18.84 \b~ )

Prom eq. (5.8) the dipole moment, /Hj of polar

solute can be evaluated by

© M 2
/(/( = ( jkT .
j NPiFi b@) 0..5.10

Bq. (5.9) is used to compute 'b' from the reported

'
Ty data thence the dipole moment /%j of

polar solute when it is dissolved in solvent, from

eq. (5.10).
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Miller (1934) gave & relation between /§>.

and the corrected /Hj of solute by

/ﬁh”%P'C@rﬁf] - cer 511

where ¢ is a constant which is claimed to be 0.038
for a large nugiber of liquids and Ei is the die-

lectric constant of the solvent.

Resul ts and Discussions:

The eq. (5.2) shows that the real part of KU
of h.f. conductivity of solution of weight fraction

WU of polar solute at temperature T K is function
of conéentration. So it is observed that the microwave
conductivities ( Ki; ) of NMA in e.s.u. in benzene
solvent at different temperatures, is a function of

concentration and which can be written as :

-10
KUXTO = 1,1415 + 7.0599vﬁ , at 25°C

Gy % 10710 = 1,9278 + 8.1738 W, at 35°C
K.x 1010 = 1.1178 + 8.4588W £ 45°
ijx o o | a 5¥C
and
K% 1010 = 1.1062 + 9.1398W, at 5590
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Similarly it follows in dioxane solvent also and h.f.

"conductivity can be represented as:

K.x 10-1% = 91,1107 + 8.11T3W,  at 25°¢

Ki.x 1010 = 4 _o9s3 + 95319 W, at 3500

Kiox 1010 = 4 9922 + 9.2835WJ. at 45°¢

and

K.x 10-19 = 1,0859 + 9.6132W; at 55%¢.

The results can be shown-graphically by the help of
fitted curves along with the experimental points on
them; The microwave conductivities in e;s,u. are
plotted against the weight fractions WU of the
solute shown in fig. (5.1) and (5.2). It is observed
from the linear plot that from the region \Nj= 0.0022
to W. =0e0Q094 of the solute in benzene and also

J
from WU = 00,0030 to W.= 0.0123 of the solute in

dioxane as the temperatur; of the gystems increases,
the UHF conductivity decreases; but maintaining a
regular increase in slopes. The h.f. conductivity in
the lower concentration region would vary linearly with

\Nj because ( QJFU /'T ) in egn. (5.2) assumed to

be a constant value in the neighbourhood of 0.006 in
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the 1limit- \Nj = 0, at all the experimental tempera-

" tures. But at higher concentration the plot of l<U with
MU will be mostly nonlinear. This is shown in Fig.(5.3)
in which the h.f. conductivity of NMA in benzene at'25°c.

It has been only plotted with \Nj having its range
from Wj= 0.0212 to byj= 0.0520. This fact is also
corroborated by the data of p-bromonitrobenzene in ben-
zene, its nature of concentration variation also is
shown in Fig. (5.4).

The nature. of variation of cohductivityKr

J
with weight fraction W; both in benzene and dioxane

J
shown in Figs. (5.1) and (5.2) indicate that the con-
ductivities at different temperature have tending to
meet within a certain zdne in the higher concentration

region, which clearly indicate that higher values of

KU with respect to increasing temperature are
expected at higher concentration . region. The curves
of the high concentration K data thus available

1
are found to be temperature dependent quantities, i.e.
the elevated femperature of the mixture gives rise to
higher value of KU after a certain concentration
zone. Thus for high concentration the conductivity data
of mixture of polar-nonpolar 1liquids forced us to draw
the curves of Kij against VVj at all experimen-

tal temperatures to meet at a common point on the KU
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axis in the limit { VY{= O which is apriori deters

minéd value from
/ t
K.- - ((AJG.-- Aﬂ)
( ”>wj—>o i/ W, —0

for most of the solute-solvent systems. This is
usually attributed to.the solvation effect. When the
conductivity data of P - BNB in benzene are consi-'
dered then the cﬁrves in Fig. (5.4) presenting the
conductivity data at different temperatures, measured
at relatively higher concentrations from Wﬁ = 0.0162
to ’V% = 0.0416, are found to meet at a common
point on the' Kij " axis at Wj= 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 Kij (table 5.19,b, ¢c) for NMA ‘in
benzene and dioxane available from the dielectric absorp-
tion studies by Dhull et al (1982) revealed a new pic-
ture regarding the concentration variation of KU data
‘at all 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 Vﬁ-ﬁ 0 gradﬁally dgcrease as the tempera-

ture increases from 25°C to 55°C shown by the normal
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1]
available experimental data and also as illustrated gra-

equations relating K and mq as derived from the

phlcally in Figs. 5.1 and 5.2 respectively. But there

{mayjexist a certain link between the low and high

concentration data of l(U against “G . In the
‘limit V@ = 0, 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
pointg but 8t different points on the Kij' axis as
shown is Figs. 5. 1 and 5.2. The value of the intercepts

Afor‘ KU at »WJ. =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 (Fig. 5.1 and 5.2) have a tendency to meet each
other within a certain higher concentration zone, nelow _
- iand;aboée which the sysfem investigated has most probably.:

e different physical nature,

Dipole Moment And Structural Form:

The dipole moments .ﬁ& of NMA and p-BNB at

B dlfferent temperatures were then computed from eq.(5.10)

and thes equation of fltted curves of the variation of
/A- as function of temperature in ¢ for the given

J
solute of interest are given bel ow:
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CMj = 3.6071 + 0.0112 ¢ - 8.3 X 1062 for NMA in
‘ | ‘ | | benzene

M= 3.4294 +.0,0126% - 6.7 10~2t2 for NMA

in dioxane
and

M= 2,114 + 0.0747t - 3.8 x 10-%42 for p-gNB in

benzene

The /{js of these systems were found to increase
in a regular fashion with temperature in °c, The correc-
ted /Mj velues were obtained from eq. (5.11). However,
both the values of dipole moments computed from eq.(5.10)
and (5.11) using the reported values of T; are higher
tha# those of actual values because of the estimated error
(Bhﬁll'et al 1982) of the ordér af 10 percent in the
calculated values of ’USA and hence the computed values
of the dipole moments from these data would naturally be
‘higher. Both these values of /%j’s are given in table

(5.,2), with those of reported /fj,’qsetc.

The computed /«i values from eq. (5.10) are finally
ghown graphically in f£ig. 5.5 against temperature. From
tdb;e (5.2) 1t is evident that .ﬁij’s are always higher
when measured from low concentration conductivity dafa of

'NMAlin benzene and dioxane, but at.25°q the high concent-

ration data (Fig. 5.3) aiways gives us the low value of
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dipole moment. However, p-BNB 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 due 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-solute
association. The variation in the theoretically compu-
ted /4j 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) 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 /Mj’s due to the solute-solute
association, i.e. dimer formation. For -BNB group
moments of C—N02 and C0-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 wmoments and bond angles
gives us only the monomer ,ﬁij value in case of p-BNB
as it excellently agrees with the computed /ﬂj’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

common axis as sketched in Fig. 5.6. But the group
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moments of C= 0 and‘N-CH3 act aloné'the direction normal
to that q? Q—CH3. With this preferred conformational
dire¢tions for NMA as depicted in Fig. 5.6, the resul-
tant /4j value was obtained for monomer formation.
Thesé data for /4j’s thus obtained also excellently
agree with the computed /4j’5 (Tabvle 5.2). But for

the dimer formation of NMA in benZene the two monomers
attach each other with their mosf'electrdpositive and
elecfronegative elements, i.c. [—Q]. and P—Oél
form & certain angie viz. 123.5% as calculated both

from experimental and theoretical M values as

shown in Fig. 5.6, while the electro;ositive and elect-
ronegative elements project themselves along the diﬁole
:gkes; Thus the monomer due to this preferred angle, the
immediate obvious feature in fig. 5.6 (ii). Further the
dipole moment (Fig. 5.5) is a temperature dependent
quantity when the syétem . 18 subjected to UHF al terna-
ting fields. Hence it is concluded that the high values
of dipole moments are dne to formation of monomer and

less value due to formation of dimer in dielecirics,

particularly in the case of NMA in benzene and dioxane.



Values of dielectric constant ( GU,), loss factor (. €.
) weight fractions ( W

uhf conductivity ( KT

different temperatures (t ).

Table»5.1a

J
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"

) at

" N-methylaceta~
mide in benzene

35

.45

55

N-methylaceta- 25
mide in benzene

in high concent-
ration. '

0.0022
0.0053

0.,0073
" 0.,0094

0.0022
0.0053
0,0073
0.0094

0.0022
0.0053
0.0073
0.0094

0.,0022
0.0053
0.0073

0.0094

 0.0212

0.0310
0.0406
0.0520

0.0220
0.0456
0.0700
040951

0.0195
0.0414
0.0684

~ 0.0875

0.0182
0.0%364

0.0620

0.0824

0.0152

- 040336

. 0.059%

0.0792

0.1532
0.1866

- 0.2020

0.2369

_-—»———-—————-———_——————_-————_---—_



Table 5.1b

H ) . . l
Values of dielectric constants ( €U ), loss factor

‘uhf conductivity ( K;

) and weight fraction ( W.

different temperatures (% )

N-methyl

25 .
acetamide
in dioxane
35
N - 45
55

0.00%30
0.0058

0.0091

0.0123

040030
0.0058
0.0091
0.0123

0.0030
0.0058
0.0091
0.0123"

0.0030

'0.0058

0.0091
0.0123

2.244
2,291
2.349
2.415

2.241
2.274
2,346
2,412

0.0489
0.0817
0.1188

0.1488

0.0450
0.0777
0.1151
0.1430

0.0401
0.0716
0.1072
0.1357

0.0361

0.0649
0,0994

0.1242

1.122
1.150
1.183
1.210

1.121
1.144

1,174

1.208.

———‘-__————-—'—_-————__———-—————
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Table 501c

Values of dielectric constant ( é ), loss factor ( €J )
uhf conduct1v1ty (K ) and welght fraction (VV ) at

dlfferent temperature (t).

_—— - = e e e
Systeq : Temp.: Vﬁ : é;‘ : éﬁ : KU 1o
't g : : J : 1J i X 10
! H ' ' v in esu
p-Bromonitro- 20 0.0162 2.21 0.0263 1.104
benzene in 0.0202 2.2313 0.0302 1.114
benzene 0.0342  2.2352 0,0346 1.116
0.0375 2.2423 0.,0436 1.120
0.0416 2.2539  0.0447 1,126
30 0.0162 202483 0,0265 1,123
0,0202 2.2621 0.0316 1.130
0.0342 2.2670 .0.0346 1,132
040375 2.2739 0.0374 1.140
10,0416 2.2880 10,0458 1,143
40 0.0162  2.2394 0.0346  1.118
0.0202 2.2531 0.,0447 1,125
0.0342 2.2582 0.,0583 1,128
0.0375 2.2691 0.0632 1.134
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Table 5.2

Values of (A4 )compts( M )rept( /4j )theor! Ts )rept

and b(comput) at different temperatures.

] ] ’[’ ] l (M )
System Temp. 'b(compt) (rept)x @OWW) @orq) (/ﬂ}).
v in o4 +12 ' theor ' rept.
. ' ',10 'Eq.10] '[Eq.11' D D
9 1} ] Sec ] D ] D ! L
— o wm e - L e T i i S J
N-methyl 25 0.6334 12.13 3,882 4,135 3469
acetamide 35 0.7068  10.27 4,008 4.262 3478
in benzene 45 0.7637 8.87 4,064 4.313 4,30 3.80
55 0.8065  T.81  4.216 4.467 3.82
acetamide g5 5 o854 8,41  3.886 4.109 3.69
in dioxsane '
45 0.8252 T34 3.830 4,043 L 3,78
55  0.8631 6,35 3,907 4.117 3.8%
N-methyl 25 0.6987  10.47 2,236 2,383 2.48 1.87
acetamide '
in benzene in
high concentra-
tiono
p-Bromo- 20 0.7905 8.21 3.456 3.687
‘t _ .
zene fa’T 30 0.8259  7.32 4,013 4.272 3.658

benzene 40 0.8657 6428 4.494 4.774
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The variation of UHF conductivity K;; of nitromethylacetamide in benzene and dioxane solvents in the lower as well as
higher concentration rezions of a polar solute, has been extensively studied to throw light regarding a constant conductivity at
infinite dilution due to solvaticn effect at different temperatures. It is found that the measured data of K;; for the lower
concentration region is perfectly linear with W), the weight fraction of the solute, but differs radically at W; -0 due to solute-
solvent association or monomer formation in dielectrics. This observation, however, escapes detection when the K;; 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 L

The dipole moment of polar liquids varies!'? with
temperature when the dielectric mixture is subjected to
an alternating microwave or rather high frequency
. electric field. There are several methods® ™ to compute
the relaxation times as well as dipole moments of polar
liquids dissolved in nonpolar solvents under the
application of microwave and radio frequency electric

fields. But these methods®'#, unlike our method?, suffer-

from extra-polation difficulties at W;—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 al. at temperatures
25°C, 35°C, 45°C, and 55°C in two different 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’,

We, therefore have chosen this system is order to
report the microwave conductivity data of NMA in
benzene and dioxane at different temperatures, viz.
25°C, 35°C, 45°C and 55°C in the extremely low
concentration region as well as those at relatively high
concentration region only at 25°C. The data for K;; are
then used to show that in the low concentration range
of this solution the association is solute-solvent type,
ie. 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
+Department of Chemistry, Siliguri College, PO Siliguri, Dt
Darjeeling e
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Moreover, the extremely low concentration con-
ductivity data may reveal new information regarding
the solvation effect®. )

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 p;’s of NMA as
well as p-bromonitrobenzene (pBNB) have been
calculated from the concentration variation of UHF
conductivity of the solution by the method described
elsewhere!. The y; values thus obtained are found to
increase with temperature. as already shown by
Acharyya et al.! for other systems. The fitted curves of
the variation of y; as a function of temperature in °Cfor
the given solutes of interest are

p;=3.6071+ 00112t — 8.3 x 10642
' for NMA in benzene

.= 3.4294 + 0.01261 — 6.7 x 107 %12

for NMA in dioxane
and '
pty=2.114 +0.0747t — 3.8 x 107412

for p-BNB in benzene

" The p;’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 Morgan®
of polar-nonpolar liquid mixture is given by K;; = K;;
+jKi; where Kj; is the real part of the conductivity
=we;;/4mand K}jis the imaginary part = we;j;/4n. The
magnitude of total hf conductivity is usually given by

w,, , o
Kij= o (67 + o) (D)
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&;; of solution in the microwave region (4 = 3.004 cm),
though very small and is equal to optical dielectric
constant, but still &;; > &; where &} is responsible for the
absorption of electrical energy to offer resistance to
polarization. Hence the real part of K;; of HF
conductivity of solution of weight fraction W of polar
solute at temperature TK is

WNpFi [ ot '

3M kT (1 + w?1? W Q)
where p; is the dipole moment of polar solute of
molecular weight M;, N the Avogadro number, k is the
Boltzmann constant and F;; = [(g;; + 2)/3]? is the local

field. Hence it is evident that, for the microwave electric
field, the total conductivity becomes:

Kii=

©
K;; =28 7 . | ...(3
But, for HF region, it can be shown that
8;'j=8ijoo+£:"j/cor ...(4)
‘Using Eqgs (2), (3) and (4) it is shown that

KI
Kiy=Ko+32 )

where K, is a constant conductivity and 1, is the
relaxation time of the solute molecule in the solvent.
- Since K;; is a function of W; from Eq. (5) we have:

(AKL\ - (dK P
(d—VVj)W}—oO =T (dW )w,-oo =wTf ...(6)

where f§ is the slope of K;; — W; curve at W;—0. When
W;—0 the density of the solutlon Pij becomes p: the
_ den51ty of the solvent and the local field F;; of the
-solution becomes F; = [(g; + 2)/3]? = the local field of
the solvent..
Under thls condmon Eq. (2) on differentiation with
respect to W; and as W;— 0 takes the form:

(dKy\
dW W0,

2 ) 2.
_WiNpFi[ © rz . e
IMET \1+ 0*; .
_Taking '
. 2 ‘
— uiNpiFi
b=§ /( IM KT ) ...(8)
and using Eqs (6) and (7), we can have
T 1+ w?t?
Hence : :
A1 A\M2 ax107Mo/1 YR
"‘ZE(E_I) =T 1884 (5“) +-0)

From Eq. (8) the dipole moment #, of polar solute can
be evaluated by

-~ the experimental

<> (3MKT B
K _<Np,F bco) ~(10)
Eq. (9) is used to compute b from the reported 7, data
and thence the dipole moment p*> of polar solute
when it is dissolved in solvent, from Eq. (10).

Miiller!® gave a relation between u;*> and the
corrected yi; of solute by

175 = [l — Cle — 1)*] ..(11)
where C is a constant which is claimed to be 0.038 for a

large number of liquids'and ¢; is the dielectric constant
of the solvent.

3 Results and Discussion
The microwave conductivities of NMA in benzene at

~ different temperatures, as a function of concentration,

are given by:

K x 1071° = 1.1415 4 7.0699 W; at 25°C
K x 1071 =1.1278 +8.1738 W; at 35°C
K x 1071° = 1.1178 + 8.4588 W; at 45°C

~and

K x 1071 =1.1062 +9.1398 ; at 55°C
while those in dioxane are:

K x 10710 =1.1107 + 8.1173 W, at 25°C
K x 1071%=1.0943 + 9.5319W; at 35°C
K x 1071°=1.0922 + 9.2835 W; at 45°
and

K x 10719 =1.0859 + 9.6132 W, 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 W; of the
solute. It is found that from the region W; =0.0022 to
W; = 0.0094 of the solute in benzene and also from W;
=0.0030to W;=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 lower
concentration region would vary linearly with W,
because p;;F;;/Tin Eq. (2) assumes a constant value in
the neighbourhood of 0.006 in the limit W; =0, at all
temperatures, but at higher
concentration the plot of K;; with W; will be mostly
nonlinear. This is shown in Fig. 3 in which the HF

- conductivity of NMA in benzene at 25°C only has been

plotted with W; having its range from W;=0.0212 to
W;=0.0520. This fact is also corroborated by the data
p-bromonitrobenzene!! in benzene (Fig. 4).

In the variation of K;; with W; both in benzene and
dioxane the K;’s as shown in Figs 1 and 2 have
tendency to meet within a certain zone in the higher
concentration region and then they are expected to

235
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Fig. 1—Concentration variation of K of NMA in benzene at
different temperatures
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Fig. 2—Concentration variation of K of NMA indioxane at different
temperatures

give the higher values of K;; data with respect to
increasing temperatures in the higher concentration
region. The curves of the high concentration K;; data
thus available are found to be temperature-dependent
quantities, i.e. the elevated temperature of the mixture
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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 rise to higher value of K;; after a certain
concentration zone. This had already been de-
monstrated by Acharyya et al.! 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;;
against ;at all experimental temperatures to meet at
a common point on the K;; axis in the limit W;=0
which is apriori determined value from (K;jw ;o
= (we;;/4m)w ;- o for most of the solute-solvent systems.
This is usually attributed to the solvation effect®. In the
case of p-BNB in benzene (Fig. 4), the curves presenting
the . conductivity data®- at different temperatures,
measured at relatively higher concentrations from W
=0.0162 to W;=0.0416, are found to meet at a
common point on the K;; axis at W;=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;; are very scanty. This
is why the data of K; ;for NMA in benzene and dioxane
available from the dielectric absorption studies by
Dhull et al® revealed a new picture regarding the
concentration variation of K;; 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 W; -0
gradually decrease as the temperature increases from
25°C.to 55°C as shown by the normal equations
relating K;; and W, -as derived from the available
experimental data and also as illustrated graphically in
Figs | and 2 respectively. But there may exist a certain
link between the low and high concentration data of
K;j against W In the limit W;=0, the graphs using
lower-concentration conductivity data for some
suitable system in any solvent like benzéne or dioxane,
do not meet at'a common point, but at different points
on the K axis as shown in Figs 1 and 2. The value of the
intercepts for K;; at W; = 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 [ 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 y; of NMA and p-BNB at
different temperatures were then computed from Eq.
(10). The corrected p; values were obtained from Eq.
(11). However both the values of dipole moments
computed from Eqgs (10) and (11) using the reported
values of 7, are higher than those of the actual values
because of the estimated error® of the order of 10% in

the calculated values of 75 and hence the computed
values of the dipole moments from these data would
naturally be higher. Both these values of u/s are given
in Table 1, with those of reported u; 1, etc. The
computed yu; values from Edq. (10) are finally shown -
graphically in Fig. 5 against temperature. From Table
1. it is evident that uj's 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
alb, 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,
ie. solute-solute association. The variation in the
theoretically computed p; 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 effect!2. 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
pj's due to the solute-solute association, i.e. dimer
formation. For p-BNB the group moments of C —NQO,
and C—Br act at a certain angle, assuming the benzene
ring as a planar one (Fig. 6). With this conformation in
view, the theoretical value of y; in terms of bond
moments and bond angles gives us only the monomer
u; value in case of p-BNB as it excellently agrees with
the computed u;’s (Table 1). Thus p-BNB gives the
dipole moments at higher concentration due to

Table 1—Values of (#;)computs (47} repss () theor {(¥Irept and b(comput) at Different Temperatures

System Temp. in b(Comput.) 75 rept.
°C 10712

N-methyl ©25 0.6334 12.13

acetamide | 35 0.7068 10.27

in benzene 45 0.7637 8.87
55 0.8065 7.81

N-methyl 25 0.7185 9.88

-acetamide 35 0.7824 841

in dioxane ' 45 0.8252 7.34
55 0.8631 6.35

N-methyl 25 0.6987 1047

acetamide in ’

benzene in

high concen-

tration

p-Bromonitro- - 20 0.7905 8.21

benzene in 30 0.8259 7.32

benzene 40 - 0.8657 6.28

(p7) comput.  (u)) corr. C (mha ()
[Eq.10]  [Eq 11] D rept D

3.882 4.135 3.69
4,008 4262 3.78
4.064 4313 4.30 3.80
4.216 4.467 3.82
3.647 3.862 3.66
3.886 4.109 3.69
3.830 4.043 3.78
3.907 4117 i 383
2236 2.383 248 1.87
3.456 3.687
4,013 4272 3.658
4.494 4774
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Fig. 5—Variation of experimentally observed dipole moment with
temperature in °C along with' the fitted curves

monomer formation. The group moments of C—CHj,
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 —CH,; act along the direction normal to that of
C—CH,. With this preferred conformational
directions for NMA as depicted in Fig. 6, the resultant
u; value was obtained for monomer formation. These
data for u;’s thus obtained also excellently agree with
the computed u/’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 —O — form a
certain angle viz. 123.5° as calculated both from
experimental and theoretical. ;t; values asshown 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-dependent
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—Conformation 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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