This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

| Physics and Chemistry of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistrv of Liguids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Excess Molar Polarization in Binary Mixtures of Polar Liquids
S. K. Ray® J. Rath?; C. Dwivedi*
2 P.G. Department of Physics, Ravenshaw College, Cuttack, Orissa, India

Norman H. March

- -
A0 Emerics Protessos, Ouanl Unbeesity. UK
K. Angilella

&,
{Co-Erfter) Uriversith  Catanis, (enarca, Itsiy

To cite this Article Ray, S. K. , Rath, J. and Dwivedi, C.(2001) 'Excess Molar Polarization in Binary Mixtures of Polar
Liquids', Physics and Chemistry of Liquids, 39: 2, 227 — 237

To link to this Article: DOI: 10.1080/00319100108030341
URL: http://dx.doi.org/10.1080/00319100108030341

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100108030341
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:57 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 2001, Vol. 39, pp. 227-237 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

EXCESS MOLAR POLARIZATION
IN BINARY MIXTURES
OF POLAR LIQUIDS

S. K. RAY*, J. RATH and C. DWIVEDI

P.G. Department of Physics, Ravenshaw College,
Cuttack—753003, Orissa, India

( Received 9 July 1999)

Excess Molar Polarizations (APw.q, APpp) have been evaluated in the binary
mixture of associated + associated and associated + nonassociated polar liquids
using Winkelmann - Quitzsch and Davis—Douheret equations. It is observed that
Winkelmann - Quitzsch equation (APw.q) is the more appropriate one for interpre-
tation of dynamic characteristics of the molecular association in a liquid mixture.
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INTRODUCTION

The study of dielectric properties of binary mixtures of polar liquids
over a wide frequency range yields qualitative information on mo-
lecular dynamics and molecular interactions in the liquid mixture.
Hoéring and Michael [1] have proposed an equation for a binary
mixture of polar liquids based on Onsager’s equation which takes
Lagragion interaction into account and neglects the short range spe-
cific interaction of polar liquids. Theoretical treatments [2] which are
useful in the interpretation of structure and thermodynamic prop-
erties in case of weak interactions give inaccurate results when ap-
plied to such hydrogen bonded systems. This is due to the fact [3]
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that the interaction arising out of the short range forces and
long range forces such as dipole—dipole interactions cannot be
readily distinguished in case of nearest neighbours since the dipole-
diople interaction energy contributes to hydrogen bond energy.
Winkelmann — Quitzsch [4] however developed a relation linking
the dielectric constant of a binary mixture considering both long
range and short range dipolar interaction between similar and dissimi-
lar molecules using the Kirkwood [5] correlation factor of dielectric
polarization. Subsequently Davis—Douheret [6] have developed an
empirical expression for molar polarization. But the expected proper-
ties such as thermodynamic parameters, dielectric parameter efc. in
a binary mixture do not vary linearly [7]. The deviation of these
parameters from the linear behaviour termed as excess parameters
is considered to be very important and helps to find the nature of
interactions between the two liquids [8]. Again the dynamic molecu-
lar aggregation in the binary mixture of polar liquids depends on the
polarizability of the polar molecules. So we have evaluated the ex-
cess molar polarization using these Winkelmann—Quitzsch (W.Q.)
and Davis—Douheret (D.D.) expressions in the associated + asso-
ciated and associated + nonassociated polar liquid mixtures.

THEORY

Winkelmann —Quitzsch [4] have regarded the binary mixtures of po-
lar liquids as a homogeneous medium represented by a uniform dielec-
tric constant ¢,. They have developed the mixture equation taking
into account the reaction field factor on the basis of Onsager’s treat-
ment [9] utilizing the concept of statistical theory of Ramshaw [10]
and Wertheim [11].

Em—1 3X,Vi(eoor —1) ( Eoor +2 )2 4nN
V= + 3 (=2 ) et
rzab (2em +€00r) r;z’b 2m+Eoor (2em+1) ger 9kT
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where

a, b refer to the molecules of variety of @ and b,

X, denotes the respective mole fraction of the component in the
mixture,

V, and V,, denote the molar volumes of the components and mixture
respectively,

N is Avogadro’s number,

k is Boltzmann’s constant,

T is temperature in kelvin,

Lgr is gas-phase dipolement of the component,

€ 18 the dielectric constant of the mixture,

Ecor 18 taken as the square of the refractive index of the component,
g represents the linear correlation factor between identical mole-
cules a—a and b-b,

g denotes the mutual correlation factor between the dissimilar
molecules.

Winkelmann— Quitzsch [4] have developed the expression for the
molar polarization of the binary mixture utilizing the separation of
total correlation [12]

4rNe,y, (Ecor+2)
= X,
r=ab (26'" + E°°’)

Eoor+2 2
E X, +/9KT
" r=ab (2Em+eoor) (25"'+1) ’ l"’grg’ /

(Eooa + 2)(5oob + 2)(2em + 1) Hgaligh

T emtewd)Cemt o) kT G~ D| @

where «, is the polarizability of the respective component in the
mixture.
The excess molar polarization is given by

APW‘Q.=Pm.W,Q. - Z X,P, (3)

r=ab

Where, P, is the molar polarization of the component.
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Davis—Douheret [13] have defined the excess correlation function
‘Ag’ as a measure of departure from the ideality.

2 2
Moty — Hefrid
Ag=—"2_<01 4
- @
Where,
#2 — _9k_T_ Vm(Em - 6oom)(Z":m +Eoom)
ol ™ 47N Em(Ecom +2)2
Fitria =Xa 8aa 13, Xb b6 3y
g =Xa - phga+Xp - g

Davis—Douheret have developed an alternative expression [6] for
molar polarization from Onsager theory for the binary mixture of
polar liquids.

_ (Em —Eoom ) (25m + 6oom)
Em(Ecom -+ 2)2

PmDD. Vin (5)

where ¢, is the square of the refractive index of the binary mixture.
The excess molar polarization is given by

APpp.=Pmpp.— Y X P, (6)

r=ab

EXPERIMENTAL

The experimental methods used for determination of dielectric
constant, refractive index, density etc., were same with that of Swain
[14]. The experiment was performed at 307°K. The dielectric meas-
urements for liquid mixtures were carried out by a wavemeter—
Oscillator combination at 455 kHz. This device was standardised with
standard liquids [15] with known dielectric constants (benzene, tetra-
chloromethane). The cell temperature was controlled with an elec-
tronic thermostat arrangement with temperature variation of + 0.1°C.
The refractive indices were measured at the regulated temperature
by a Pulfrich refractometer at Sodium D-line. The density measure-
ment was done by semimicrobalance with a py-kno-meter of 25ml
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capacity. The chemicals (n-proponol, n-butanol, i-butanol, ¢-
butanol, chlorobenzene) used were of reputed make, purified and
redistilled before use. The reproducibility of dielectric constant meas-
urement at radio frequency was =+ 0.003. The reproducibility of
refractive index and density measurements were =+ 0.00002 and
+ 0.0002 g/cm? respectively.

RESULT AND DISCUSSION

We have evaluated APw g and APpp, from data such as dielectric
constant, density, refractive index etc., from the experiment at 307°K
for the binary mixtures of associated + associated and associated +
nonassociated polar liquids. The result of APw q and APp p, at dif-
ferent mole fraction of first component in the mixture are presented
in Table I and displayed in Figures 1 and 2.

TABLE 1 Variation of APwq. and APpp. in cm*mol ! in binary mixtures of polar
liquids at 307°K

Mole fraction Dielectric APy g, APpp.
of 1st constant Cn® cm’
component (m) (8 — 1) ‘Ag’ mol™! mol ™!
1 2 3 4 S 6

{(A)Associated + Associated)
(i) t-butanol + n-propanol

.104 18.680 155 071 0.70 82.308
179 18.153 .198 152 1.13 77.343
280 17.643 .286 216 1.68 72.429
375 16.902 .295 .253 2.02 64.848
439 16.414 330 255 2.18 56.304
.507 15.830 335 264 3.32 53.154
.621 14.909 331 .258 2,40 42.200
.761 13.475 270 .250 2.30 25.106
(ii) t-butanol + i-propanol
.065 17.000 068 .061 0.49 2.781
125 16.706 .080 .099 0.83 4.083
192 16.291 162 122 1.06 4202
.260 16.000 .168 125 1.22 5.513
372 15.196 181 161 1.31 3.831
436 14.805 190 .184 1.49 3.766
.516 14.337 154 .149 1.66 3.759
.633 13.410 132 127 1.57 0.277

757 12.532 .075 072 1.45 — 2.565
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TABLE I (Continued)

Mole fraction Dielectric APy, APpp.
of 15t constant cm® cm?
component (m) (s — 1) ‘Ag’ mol~! mol ™!
1 2 3 4 5 6
(i) -butanol + i-butanol
057 16.149 .114 .038 0.28 85.888
138 15.804 137 .067 0.53 78.022
265 15.260 170 113 0.92 68.539
.356 14.972 219 .168 1.31 62.34
449 14.535 232 190 1.49 54.009
511 4.251 234 204 1.53 48.014
.598 13.601 233 A7 1.49 37.712
722 12.876 .193 172 1.41 25.143

[(B)Associated + Non-associated]
(iv) n-propanol + Chlorobenzene

0.149 5.519 — 0.063 -0.144 - 1.69 - 16.982
0.233 5.734 - 0.287 -0.317 - 1.12 — 22.881
0.319 6.195 - 0.376 - 0427 -0.25 — 26.425
0.385 6.915 - 0.425 —0.463 0.66 —-27.212
0.423 7.649 — 0.430 - 0.519 1.22 - 27.204
0.546 9.988 —0.358 —0.482 237 — 23.555
0.653 11.902 -0.275 - 0.409 2.58 - 19.636
0.692 14.416 - 0.151 -0.292 2.60 -17.374
0.785 17.053 - 0.036 - 0.147 2.37 - 12.412
(v) n-butanol + Chlorobenzene

0.11 5.628 - 0.247 - 0.263 —1.83 — 12.366
0.22 6.020 —0.366 - 0.386 —2.26 - 2247

0.32 6.630 - 0.447 —0.498 -19 —27.043
0.43 7.546 - 0473 —0.539 - 098 —30.119
0.53 9.048 —0.369 - 0.449 -0.90 - 24.906
0.63 10.449 - 0.286 -0.370 1.71 —20.591
0.72 11.908 —0.183 -0.279 1.96 — 14.818

(vi) i-butanol + Chlorobenzene

0.102 5.614 - 0.200 -0.213 -1.39 ~ 13.528
0.206 5.866 - 0.384 - 0.413 - 272 — 24416
0.299 6.101 —0.544 —0.589 -3.71 — 33.884
0.397 6.836 - 0.603 — 0.668 -292 - 3785

0.478 7.498 — 0.640 -0.712 - 236 — 40.463
0.559 8.575 - 0.593 - 0.685 —1.18 —~ 38.124
0.658 10.117 — 0.491 —0.586 - 0.014 — 32.348
0.742 11.575 - 0.384 — 0.469 0.46 -25.77

For the binary mixtures of associated + associated polar liquids
(i.e., t-butanol + n-Propanol, z-butanol + i-butanol, t-butanol + i-
propanol), it is observed in Table I and Figure 1, both APy g and
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FIGURE 1 Variation of (AP)W.Q. with the mole fraction of tertiary butanol in
alcohols at 307°K.

APpp, are positive. With increase of concentration of first compo-
nent in the mixture, the value of excess molar polarization (APw q)
increases and attains a maxima and then decreases. This is probably
due to the fact that the associated liquid mixtures favour parallel
orientation of molecular dipoles (a-clusters) at lower concentration
of one component which becomes maximum at equimole fraction
of both components. Thereafter there is a gradual conversion of
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FIGURE 2 Variation of (AP)W.Q. with the mole fraction of alcohols in chloro-
benzene at 307°K.

molecular dipoles from the parallel orientation (a-cluster) to antipar-
allel orientation (B-cluster) due to molecular interaction among
the similar and dissimilar molecules in the mixture. This corroberates
with the finding of Swain [14] and Ray et al. [16] that the excess
correlation factor (g, — 1) and Ag are positive for associated +
associated polar liquids mixtures. But in case of excess molar polari-
zation (APpp) using Davis—Douheret equation, it has been ob-
served that (APpp) maxima are in lower concentration region of
first component in the mixture. Again it is observed in Figure 1 that
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in the binary mixtures of associated liquids, (APw o) maxima are in
the order, n-propanol > i-propanol > i-butanol which are consistent
with the facts that the dipole moment of above polar liquids are in
the same order (i.e., p(n-propanol)=1.68 Debye, u(i-propanol)=
1.66 Debye, u(i-butanol)= 1.64 Debye). On the other hand (APp p)
maxima are in order; i-butanol > n-propanol > i-propanol which
cannot be explained satisfactorily on the basis of the molecular and
physical properties of liquids in the mixtures.

We have observed in the binary mixture of associated liquids
(n-propanol, n-butanol, i-butanol) in non-associated liquids (i.e.,
chlorobenzene), APp p, remains negative throughout all mole frac-
tion of associated liquid in mixture. But it is found in Figure 2 that
Py . remains negative in the associated deficient region and be-
comes positive in associated rich region. This is presumably due to
the fact that the antiparallel alignment of molecular dipole predomi-
nate in the region where nonassociated liquid is in excess and parallel
alignment of molecular dipoles is the dominant factor in the asso-
ciated rich region where the long range electrostatic interaction plays
a vital role for polarization [17]. It is also observed that the mole frac-
tion of associated liquids in the mixture in which APy o remains
negative, are in the order, i-butanol > n-butanol > n-propanol. This
may be due to the fact that the molecular dipole moments of the
above mentioned associated liquids are in the order, p(i-butanol) <
(n-butanol) < u(n-propanol). As the nonassociated liquids favour
antiparallel orientation of molecular dipoles [14], so formation of
more (-clusters is feasible in the binary mixture of i-butanol +
chlorobenzene. As molecular dipole moment of n-propanol is larger,
APy o remains negative in the low concentration region of n-
propanol and soon with the increase of mole fraction n-propanol in
the mixture, it favours the formation of a-clusters due to its associated
character and hence APy q. becomes positive. This result tallies with
the fact that the magnitude of (APw.q) minima are in the order,
i-butanol > n-butanol > n-propanol.

Thus we are led to conclude that though there is a qualitative
agreement between both the equations yet quantitative difference
makes one superior when compared to the other. The development
of W.Q. equation based on the assumptions that the linear correla-
tion factor (g,, or g,) between similar molecules is the same as that
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of the pure liquids. With this concept Winkelmann—Quitzsch have
developed the expression for the mutual correlation factor (g,).
But Davis—Douheret while attempting to formulate a relation for
ideal molar susceptibility of a binary mixture of associated liquids
extended the mixture equations of Onsager liquid [9] by incorpo-
rating Kirkwood - Frohlich correlation factor and ignoring the mu-
tual correlation factor g,. Davis—Douheret have formulated the
expression for the excess correlation factor ‘Ag’ based on the as-
sumption that for a binary mixture of associated liquids to behave
ideally, the orientational correlation between the unlike molecules
should be a suitably weighted average of the correlation between like
pair of components [13]. Thus in the evaluation of Ag, they have
not considered the mutual interaction factor between two compo-
nents of mixtures. Again Davis—Douheret have formulated the
expression for molar polarization of pure polar liquids without tak-
ing into consideration the molecular properties such as molecular di-
pole moments of each component and mutual correlation factor of
dissimilar molecules in the mixture. But the Winkelmann—Quitzsch
expression for excess molar polarization is the only relation that
recognises the short range interaction between the dissimilar mole-
cules and similar molecules in the mixtures taking molecular prop-
erties of the polar liquids in the mixture into consideration. Hence
we are of the view that the Winkelmann—Quitzsch equation for the
evaluation of .the excess molar polarization is the better choice
to analyze the structural and dynamic characteristics of the pattern
of molecular association in the binary mixtures of polar liquids.
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