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CHAPTER VIII

ELECTRICAL CONDUCTIVITY ANOMALY IN BINARY LIQUID
MIXTURES NEAR THE CRITICAL POINT.

Introduction:

A number of publications have appeared concerning
the temperature dependence of the electrical resistance
R(T) of some selected binary liquid mixture near the
critical points has attracted considerable attention
recently. The behaviour of the transport properties
for a binary liquid mixture was first reported by
Friedlander (1901). Later on, it was observed by num-
ber of authors (Stein et al, 1972) that the viscosity
of binary l1iquid at criticél system éhdws 2 anomaly as
Tc is approached from single phase region. Stein and
Allen (1973) established the existance of strong diver-
gence in the temperature dependence of resistivity for
isobutyric acid + water very close to critical teampe
rature T, Gawwmell and Angell (1974) studied the tem-
perature dependence of the electrical resistance for
the above mention system, but could not detect. any
anomaly at 211 due®criticel fluctuation. Stein and
Allen (1973) further analysed their data by the help
of four methods at very close to Tc( € = 1077) and
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found the critical expoﬁent 'd' in the raﬁge 0.50 <
¢ < 0.77 and concluded that the derivative (g%i— )
.is strongly divergént near Tc. Jasnow, Goldburg and
Semura (1974) reanalysed the data of Stein and Allen
and showed that over a 1imited range of reduced tem-
perature 2 x 10'5<f € < 10‘2, their data could De

fitted to the functional form

_ 1-« ¢
que ’ -_be s 00 801
Rec :

where a = 4.1, b= 1.6 and ¢ = 0.12. Jasnow et al.
(1974) discarded those data which were very close to
the critical point (3.3 x 10’7$ € < 10'5)‘on the
ground that they might be subjected to gravitational
effects° Shaw and Goldbﬁrg'(1976) have repeated the
Isobutyric aéid * water experiment of Stein and Allen
and élso have carrie@ out similar studies in a criti-
cal mixture of pure phenol * water and KCl: - doped
‘Phenol - water mixture. They observed that their expe-
rimental data as well as the data given by Stein‘and

Allen were nicely fitted to the equation

o :(21.:2:.) o
R. o 1

‘in the reduced temperature range 10=2 £ € L 10™2 ana

6 + Bzéz ) ‘ oo‘o, 8.2

noticed that their results were consistent with the



existence of a conductivity singularity of the form

9 S 415
O;ing = A ¢ where o ‘:O.70_‘10
»Gopal et al (1976, 1977) and Ramkrishna (1978) have
studied the temperature dependence of electrical resi-
stivity of several polar, nonpolar critical mixture
system near critigal point and found the critical
coefficient £ = b = 0.35, which is becoming the

accepted value for giving singularity in derivative
(%)
dT -

.The purpose of the present experiment is to
measure the electrical conductivity of the three
binary liguid systems such as (Methyl alcohol +
carbondisulphide), (Nitrobenzene *+ n Hexane) and

.(Aniline * Cyclohexane), in the critical teuperature
region at a frequency of 400 KHz in order fo study
whether our conductivity data aiso 2xhibit a singu-

o 9 =26
larity of the form Oging= 4 € or not.

Experimental Arrangements

The schematic diagram of the experimental arra-
ngement and the method of determining the r.f. conduc-
tivity of the mixture has been described in detail in

the chapter II section 2.1.
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Thé oscillator frequency for measuremént of r.f,
conductivity was fixed at 400 KHz. A dielectric cell was
made up of pyrex glass tube of diasmeter of 2.5 cms.,
fitted with a pair of stainless steel circular elect-
rodes of diameter 1.5 cms. and 5 mm’apart. ‘

Anelar grade sample supplied by BDH (London)
were used without further purification.'The cell was
filled with the liquids in proper proportion to the
critical mixture was then flamed sealed at the top. To
avoid the self-heating of a sample only a low voltage
given to the electrodes of the cell by making the very
loose coupling. All the measurements were made while
looking the liquid from the one phase to two phase
région._A thermdstat having millidegree temperaﬁure
stabilify'was.used for this study. The dgtéction of

T, was supplemented by a visual observation.

Resul ts and Discussion:

The self diffusion coefficient of orgmnic polar
liquid, which is usuélly closely associated with ionic
mobility do not show any unusuai,behaviour near the
critical temperature T,» But it has been possible to
detect (Dutta, Thesis, 1983) a suitable change in ionic
mbbility'by the help!of resistance measurement of mix-

ture at critical solution temperature. On this basis it
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has been thought that the electricel resistance of binary
liquid mixture should show some anemaly due to the cri-

tical fluctuation near T,

In order to show the existence of a singular
contribution to the'electriqal resistance of the seve-

ral binary“liquid.system near the critical solution
temperature and to determine the cfitical exponent 'b',
- number of authors (Jaénow et a1, 1974), choose various
functional forms.to £fit the data'of temperature depen-
dence resistance R(T) of the systems. The singularity

dR

in ( dT ) of binary liquid arises from the cri-

tical concentration fluctuation which grow in range
and magnitude in the critical region. In the one phase
region the functional form of the resistance is given

(Gopal, et al, 1976) by

R =R, — A(T*_Tc>b : e Bu3
where b = 0.3 is the critical exponent and Re is
the'! electrical resistance at critical tenperature Tc,
Also in the one phase regién Show and Goldburg (1976)
showed that the conductivity of the binary critical

miXture mﬁst_contain a term of the form Uang::A 0=2p3

where the reduced temperature € :;(Tf'n: )

T
and the critical exponent 0 =2 X whé%e @ is an

exponent which characterise the shape of the : coexis-
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tence curve. They further outline a percolation model
of the electrical conductibn process in the effective

medium approximation and showed the critical exponent

O =28 .

A Simple Expression for Conductivity o~ (T) From

Percolation Theory:

The percolation theory is more directly appli-
cable to o~ (T) rather than R (T). At a particular
instant of time there exists a spatial-variation of
compo sition in the mixture-of polar, nonpolar liquid
i.e. G1é-=(cc + % Co ) and this variation gives rise
to a spatial variation of the local cénductivity g (nt)
of correlation length € ., But if the 1ife time.of the
concentration fluctuation is sufficientl& long and the
composition of the mixture of spatially inhoﬁpgéneousv
medium considered as static then only the percolation
" theory is applicable. Approximating the distribution
function of composiﬁion, the conductivity as a bimodel
one reduced temperafure € <1 and latter on avera-
ging the fluctuation over a correlation volume ( f3 )

we get a relation

26 ,
O\ging < € cee (804 a)
or o f
2P '
O\S/ing :M€ o e e 8.4 b
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where M is the parameter ¢ ::<I;Llh;> is the
reduced temperature and (3 is the cf&%ical coefficient
which characterises the shape of the coexistencg curve.
Further congidering effective medium approxi-
mation and taking equation (12) of Reference (Landaner,m

1952 ) the conductivity‘ o~ can be written as

2.
o~ = 0\0 + OB‘B((%C)>_§3 eee B.5 a

or

SRECIRE(COPY IERPELE

where

LR N J 8.6

5 - _1_{2<@~sz_ Uﬁj ) (52 ]
U, o Mo,

~ where n is the viscosity, and n is the ion density

o? system and n, , Mo and Jo denotes the value of

mean ion density, wviscosity and conductivity at ¢ = Ce¢

(critical concentration). Using sealing theory and sfan—

dard statistical arguments, one find (Jasnow, 1975)

-2 2 2@
cc<(£c)>?3 =d€ .0 8.7

where d 1is - of order unity.
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On combining equations (8.6) and (&.7), we get the

desgired relation

20
Jg° = 05 + 0;BdE€ ‘ vee Be8 8
oYX,
o*:0‘5+M€2(5 ces 8.8 D
Or,
o~ = 06 + (}S/‘lng . PR 8.8 C
where M = ( I Bd ) and actually o¢; has been

regarded here as analytic in &£ .

All the experimentel binary liquid systems were
brought into one phase.region about 5°C above Tca The
liquids were sllowed for few minutes to attain thermal
equilibrium. Then the gsystem were slowly cooled with
millidegree steps till the mixture comes down to the
critical or opalescence region, The r.f. conductivity
(k') of the binary liquid mixtureé, such as (a) methyl
al cohol + carbon diswlphide ( CHL0H * CS, ) (b) Nitroben-

zene * 1n - hexane (66H5NO2 r

- +
06H14) and (c¢) Aniline
cyclohexane (G HgNH, * C.H,,) have been measured at
400 KHz and at various temperature starting from one
phase region to down to T,e Much care has been taken on

measurement of K; » the critical temperature r.f.
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conductivity. Thé values of the r.f. conductivity of
the tﬁree systems at various temperatures above Tc and .
at T  are placed in Table (8.1a- 3a). As it is the ten-
perature derivative of electrical resistance is strongly
diﬁergépt near Tc; So an attempt has been taken to study
the r.f. conductivity anomaly near critical temperatu:e
of the three polar - nﬁnpolar liquid mixtures at criti-
cal concentrations. The r.f. conductivity data are plo-
tted against the reduced temperatﬁres for the three
systems shown in Fig. (8.1, 8.2, 8.3). It is observed
that the .temperature variation conductivity closer to
T, is gquite large but when it is away from T, the varia-
tion is small. Thig clearly indicate the asymtotic beha- .
- viour of derivative of conductivity and strongly susggest
the existahce of r.ff,conductivityanomaly near TC.
Stein and Allen chose to fit the resistance

versus temperature data to various functional forms

' . -?d .
Ror —(A’ LI
(¢) R-r.  =Ad %’ | .. 8.9

(d) (AR '—AR) Am< II—,d_- E1J—d) . B,,, 3 —EJ)

«ee 8.9 d
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; i ist d
where Rideal is the back ground resistance an

: ' II/— A -
AR = (R *Rideal> and parameter A _(—1-_-&.) 5

m n

B=-B <

Ag the percolation theory is applicable only to tempe-
rature variation of conductivity rather than R (T). So
we tried to analyse and least squares fits our r.f.

conductivity data XK' (T) to the Shaw and Goldburg

empirical equation of conductivity,

, 8
O~ =K + o 4B *:BIzEZ »ee 8270

Therefore we can write the equation (8.10) of form

/ _ / @ 7 ; ' 7 2

K =A¢€ +Kc+B1€ -\—826 see Be11 a
or

/ / / 7 )

K KC — Ksinqulqr‘*' Kbkg RIS 8.11 b .
where A', B' , and B and 8] are the leagt

1 2

sguares fit velues or parameter, singular conductivity

K,S'lhqular =A € / and b?c};gro?n% conductivity
o K _ :
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Writting the above equation (8.11 a) for conductivity

in dimension less unit, we have reduced conductivity

!
K = — = ~* T ... 8412
R KL KL K Ke
or )
’ ) 2
—:_ L B 2N 3 8.13
KR Ac¢ +B1E+B2€
A B
where the least squares parameters A = % Ty 81:-?%
' C C

B

In our present analysis we did not use the higher power
of € » S0 we have eliminated the term 8252.

Therefore, the eguation (8.1%) becomes,

!’ [ :
KR —AE +B»]€- oo 8.14‘

In order to get the best least squares fits parameters,
we have varied the range of féduced temperature of the
order 10_4f$ € K 19'2 and determined least
squares fit parameters for three sets of ¢ , using
the equétion (8.14) for each systems. The values of

the fité parameters are placed in the Table (8.1 a,
2a, 3a).
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It is further observed that all our measured
data for three different systems are fits well in equa-
tion (8.14) if we consider the criticai exponent value

® = 0.71, which is the slope of plot log Ky
against log, € . Figures (8.4, 5 and 6) shows
the results of second set ( 107 4< Y 1072) of al1
the systems (CH50H + CS,) , (CgHgNO, + CgHyy) and
(CGHSNHZ + 06H12)'respectively; In the graph of log1OK'

R
plotted against log. € the .« upper dashed line

running through the liperimental data points which are
the 1least square fits data obtained from equation (8;14).
The lower dashed line is the same as upper one but with
background.conductivity | ngg subtracted. In the
data analysis; only linear background terms (B1€ ) was
considered. The values of log K'( € )y log ( K% -'K;kg)
and log& € of the three systems are tabulated
in table (8.2 a, 2b, and 2c¢) respectively.
| So we find that our data aré best fitted to the
equation (8.14) in the reduced temperature range1o €<(10
end the amplitude ratio of singular to backeround A/By 1,
provides strong evidence that the §onductivity singularities
which we have obgerved, is an experimental fact;

The striking observation made in fhis studies

is that apart from the shape of the conductivity curves

Fig. (8.1, 8,2, 8,3) the critigel exponent § for the
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three different systems almost have the same value O =
0.71 which agree excellently with the value reported by
previous workers (Gopal, 1976).

It has been reported that very near to T,
there is every possibility to expect frequency depen-
dent conductivity anemaly (i.e. of the inverse of the
applied frequency) being of the same order of magnitude
as the fluctuation 1ife time. But the frequency depen-
dent relaxation : effect occurs in the 1010 to 1012 Hz
region in the>pure and dilute solution of polar liquid
in nonpolar solvent and 1little high value may be
expected at critical opalescence temperature Tc'

But . in our present experiment we have taken
the frequency 400 KHz, which is quite low compare to
the time constant for decay of composition fluctuation at
.critical temperature. So we can Eonsider that there is
no noticeable effect of frequency on critical exponent

© has taken place at that frequency.

Thﬁs we can conclude that in the one phase
region, the conductivity of the binary liquid mixture
near critical temperature Tc'mgst contain the term of
the form, K;ng= A.EG:Ze with S = 0.71
and (® =~ 0.35, which is an universsl value for the
temperature variation of the order parameter in cri-

tical phenomena.



Table 8.1a

Valuee of r.f. conductivity (K'), reduced r.f.conductivity (K'R) at different reduced tempera-

tures ( € - ), fitting equétion parameters ( 6 , A, B1) and the amplitude ratio A/B1, R.F,

conductivity at critical temperature ('l‘c = 40.5°C) K', =

sets ,

Methyl
al cohol 1
(15 per-
cén t by
weight)

4
Carbon
disulphide
(85 percent
by weight)

Solution 3

t
[}
] v
1]

] ]
€ x10°' k' x 1010 k1
\ ]

esu

0.3114
0.1998
0,088

0.99
0.75
0.393

1.651
1.232
1,093

0.71

0,50

1.792 x 10710 ggu.

A . B, . A/B,
~0.017 248,23  -6.8%10"
27.42 80.59  0.34
13026 23022 0.57
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Table 8e1D

Fitted values of reduced temperature ( € ), reduced conductivity
(K'R) and reduced conductivity with background term sub?tracted

Ty '71
(KR_KJ,»kg> . Eitted equation is K'y = 27.42 € + 80.59¢ .

S 3 - ! :

Svet Ly ' t ' t ' ' /
ysten 'EX 10 ' K'p 'KR Kbk ) log € ) log KR 'log(K —Kbkg)

Methyl 1.00 0.2839 0.2033 =3.00 -0.5468 -0.692

al cohol 1,59 0.4107 0.2825 =2.799  ~0.3865 -0.549
+

carbon 2.00 0.4937 0.3325 -2.699 -0.3065  -0.,478
phide 3.19  0.720%  0.4632 -2.496  -0.1425  —0.339

4.78 1.002 . 0.6173 ~-24321 +0.00087 -0.2095

5.00 t.040 0.6373 -2.301 *0,017 -0.196



Table 8,2a

Values of r.f. conductivity (K'), reduced r.f. conductivity (X'p) at different reduced  tem-

perature ( € ), fitting equation parameters ( ® , A, B,) and the amplitude ratio A/B,.

Taking r.f. conductivity at critical temperature (Tc

—
—_

o) -
j4 C) o

e BU.

mm s e me e wSe  Sme  En s emm e e NS En Gme GES S Sme M e TER WES mme GEe M e GmE G BER  MEa e T e SEA e eme  SMe GAR  GER  GEe  wme WER e e S ey W

Nitroben~
zene(50
percent by
weight)

' +
n-hexane
(50 per-
cent by
weight)

Solution

1040
8.2

7.0

0.0

-— e ar e e e e M e e e MR mr GEr SMm G See  Gmp me A G mAs  ses

" 06239

1537
1.375
1.242

0.71

= 0.678 x 10~ 10
A ' B1
59.0 89.58
31.36 52.69
52.84 -56.32

' 0.60.

- e em s e e s e e e @E me S S B G R m e TR M S M e e e e G e e e e e e . e eve  ame e e e e o e e cwe e
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Table 8.,2b

Fitted values of reduced temperature ( € ), reduced
conductivity (K'p) and reduced conductivity with back

ground term subtracted (K'R—K'bkg).

Fitted equation is K'p = 31.36 & U714 52.69¢.
] t ' K ' ] ]
System ' € x10°' X! ¢ 5 OR- + Loge .L?g v Log
: U R ! K'bkg ' ' KER U (KIR_
__________ e e e L ' _'x'ikg )
1.742 0.4365 0.3448 -2.759 =0.360 =0,462
Nitro- 5 g 0.4857 0,3803 -2.699 -0.314 -0.420
benzene
' + 2.5 005773 : 004456 -20602 —00239 —00351
3.0 0.6652 0.5071 =2.523 =0.,177 -=0.295
n-hexane

3,484  0.7475 0.5639 =2.458 =0.126 20,249

4.5 0.91324 0.6763 =2.347 =0.039 --0.170
5.226 1.0274 0.7521 -2,282 +0,012 =0.124

545 1.0697 0.780 -2.,260 *0.029 -0.108



Table 8,3a

Values of r.f. conductivity (K'), reduced r.f. conductivity (K'R),at different reduced tem-

perature ( € ), fitting eQuation'parameters (6, 4, B1) and the amptlitude ratio A/B1.

Taking r.f. conductivity at critical temperature (Tc = 31°) K', 7 3.0.x 10-12 esu.

e e eee amr mee e aew e e e —-———-——.—-——-————___——'—_—_————.—.—_—.——_-—.-—

'
1] ] 1 . ]
System No. of ' ¢ x 107 k'x10'2 ! K'g . O LA o By . A/By
. sets : ‘ :' esu : ' ' ‘ : '
? 1] \
1.1 3.95 04317 i
Aniline 1 0.6 3455 0.183% 0.87 490,28 -950.1 -0.,52
(46 percent L 0.3 - DB.50 0010
by weight) 0.0 3.0
* 4,93 6411 1.037
Cyclohe- 2 3,29 5433 0.777 0.71 35.60 45.5% 0.78
xane(54 'per- 1.64 4.333 0.444
cent by weight) 0.0 - 340
Solution 10.4 7.895 1.632 ‘
: 3 7.9 715 1.383 0467 50.07 -71.23  ~0.70
845 6.70 1.233 '
0.0 3.0

-———__-_—————u——-—————————-—_———_——-—-—-—_-———-—-——.————
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Table 8.3b

Fitted values of reduced temperature ( € ), reduced conduc-

tivity (K'y) and reduced conductivity with background term

sub:stracted (K'R-K'bkg). Fitted equation is K'R = 35.6 6‘71 +
45 .53 ¢
S
' 30 ' ' ) '
System '€ x10 ! K'g K'gK'yygr 108€ ' log K'p, Log(K'g-
1 4 L L}
L t A t
t [] ] t ] K'bkg)
1.0  0.3094 0.2639 =3,0 -0.509 -0.579
Aniline 2.0 0.5228  0.4317 -2.699 -0.282  -0.%65
+
ey cl o- 2.5 0.6196 0.5058 -2,602 -0,208 | -0.,296
hexane 3.29 0.7645 0.6147 -2.483 -0117 -0.211
4,0 0.8883 0.7062 -2,398 ~0.051 -0.151

4.93 1.0436 0.8192 ~-2.307 t0.0185 -=0.087
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