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DIELECTRIC AND INDEX OF REFRACTION
PROPERTIES OF BINARY MIXTURES OF
POLYOXYETHENE GLYCOL MONOBUTYL
ETHERS WITH WATER

JOSEPH MACNEIL* DALE TURNER and R. PALEPU**

Department of Chemistry, University College of Cape Breton, Sydney, Nova Scotia,
Canada B1P 6L2

( Received 20 September 1993 )

Dielectric constants and indices of refraction of aqueous mixtures of the homologous series of polyoxy-
ethene glycol mono-n-butyl ethers C,H,O(CH,CH,0),H (where m=1 to 3) were measured. From
the experimental data, excess dielectric permittivities, dielectric molar susceptibilities, molar and molar
orientational polarizabilities were evaluated. Also excess Lorentz—Lorentz molar refractions were evalua-
ted and the results were discussed in terms of departure from ideality and intermolecular interactions in the
mixtures.

KEY WORDS: Dielectric constants, Refractive indices, Excess properties, Alkoxy alcohols.

INTRODUCTION

In an earlier study, we have reported the effect of microheterogeneity on bulk and
surface properties of binary mixtures of polyoxyethene glycol monobutyl ethers with
water’. In the mixtures of water with hydrophobic alcohols, the dependency of excess
thermodynamic properties on the composition suggests the coexistence of microphases
in the water rich region?. Several intensive physical properties of liquids, such as static
dielectric constant (¢), viscosity (1) and index of refraction (n,) were commonly used
solvent parameters to interpret medium effect upon solute solubilities, acid-base equil-
ibria, electrolytic behaviour and reaction mechanisms for polar and ionic species®~°.
The magnitude of the static dielectric constant of a liquid system is determined by the
permanent electric moments, and the polarizabilities of its individual molecules and by
the nature of their mutual orientation. Hence a study of this property should be a useful
tool in the investigation of intermolecular forces and the local order which these forces
produce in binary polar mixtures. Dielectric constants of the binary mixtures of
water + C,H,O(CH,CH,0),, H(m =1 and 2) were measured at 298 K over a whole
composition range. Also the index of refraction of aqueous mixtures with
C,H,0(CH,CH,0),H (where m = 1 to 3) were measured at five different temperatures
to evaluate the variations in electronic polarizability of the systems.

** To whom correspondence may be addressed.

* Present address: Department of Chemistry, University of California, San Diego 9500 Gilman Drive,
La Jolla, CA. 92093-0506, U.S.A.

225



08:20 28 January 2011

Downl oaded At:

226 J.MACNEIL, D. TURNER AND R. PALEPU
EXPERIMENTAL SECTION

2-Butoxyethanol (ethylene glycol monobutyl ether or C,E,), 2-(2-butoxyethoxy)
ethanol (Diethylene glycol monobutyl ether or C,E,) were purchased from Aldrich
Chemicals of stated purity 99+ %,. Triethylene glycol monobutyl ether (C,E,) was
purchased from Tokyo Kasei Chemicals. All chemicals were purified by distillation
under reduced pressure and stored over molecular sieves. All mixtures were prepared
by mass with a precision of 0.1 mg from thoroughly degassed nanopure water. The
mole fractions are believed to be reliable to within 1 x 1074,

Dielectric constants were measured by changes in dielectric cell capacitance with
a Sargent Model V cathode coupled oscillator. The instrument was calibrated using
literature values for pure solvents®: methanol, acetone, nitrobenzene and acetonitrile.
Dielectric constants of the pure substances and their mixtures with water at 298 K were
determined employing the procedures described in the literature ’. Reproducibility of
measurements was approximately equal to + 0.15 dielectric constant unit. The calibra-
tion was periodically checked with standard solvents during the course of the investiga-
tion and no significant change was observed throughout the course of the study. The
index of refraction for the Na D-line was measured with a thermostatted Abbe-3L
refractometer (Bausch and Lomb) with an error of less then 0.0001 unit. The instrument
was calibrated with a glass piece of known refractive index (n, = 1.5125) supplied with
the instrument. The instrument was also checked by measuring the refractive index
of purified water, methanol and n-hexane at known temperatures’. Densities were
measured using a SODEV Model-02D vibrating-tube densimeter operating in a flow
mode and an Anton-Paar DM A 45 vibrating-tube densimeter operating in static mode.
A SODEV temperature controlled bath was used in the measurement of densities.
Densities have an estimated reproducibility of 5.0 x 10>,

RESULTS AND DISCUSSION

The experimentally determined physical properties of the pure components at 298 K
along with the literature values are listed in Table 1. The dielectric properties of
H,0 + C E, system at 298 K were reported in the literature® and our value 9.47 for the
dielectric constant of C,E, is in excellent agreement with the literature value of 9.43
(Table 1).

To estimate the strength of intermolecular interactions between the components
of the mixture, an adequate approach is to evaluate the departure from ideal behaviour
of noninteracting components®. The departure from ideality (A¢) is given by:

Ae=¢— ¢ 1)

where ¢ and ¢“ are the experimental and ideal dielectric constants of the mixtures
respectively. The ideal dielectric constants of the mixtures were computed by using
Dacroocq'’s formula'? in the general form:

. 1
gl =(1—-Y,)e, + Y282+2|:F———————j| 2)
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Table 1 Physical properties of pure compounds at 298 K.

Compound Property This Study Literature

C,E, Dielectric constant 947 9.43°
Density* 0.89647 0.89648°
Refractive Index 1.4175 14177

C,E, Dielectric constant 10.93 —
Density* 0.95218 0.9528¢
Refractive Index 1.4302 —

C,E, Density* 0.98275 0.9830°
Refractive Index 1.4380 —

* units: g.om 3, a: Ref (8), b: Ref (6), c: Ref (1).
where ¢, and ¢, are the dielectric constants of water and C,E, or C,E,, respectively,
Y, is the volume fraction defined on partial molar volume basis:'!

Y. = X,V
2‘X2V2+(1_X2)I71

3

where ¥, and ¥, are the partial molar volumes of C,E, or C,E, and water, respectively.
The partial molar volumes V; and V, were obtained using the following equations*?,
modified in the mole fraction scale:

V‘le_E__MXZd_—X_Z @
V,=M, e MXl—d*X—; (5)

and
M=X M, +X,M, (6)

It was found that A¢ values are negative and the plot of A¢ vs. Y, at 298K (Figure 1)
exhibits a pronounced minimum generally centered at Y, =~ 0.55 to 0.60 and the Ae
values are more negative for C,E, than C,E,. The values of molar susceptibility
(x.V),» molar polarizability of Kirkwood!? P, and molar orientational polarizability
derived by Frohlich!® P » were calculated using the following equations respectively:

AV Im=—- 1V, Q]

P - l:(e —1)Qe+ l)Vm:I ®

O¢
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sz[(s—nb)(2£+nD)Vm] o)

e(ny+2)

where V,, and n;, are the molar volume and refractive index of the mixture. Excess
values of these quantities (Z%) were calculated assuming mole fraction additivity for an
ideal mixture:

ZE=7 —(X,Z,+ X,Z,) (10)

The plots of the derived excess quantities (Z* ), against mole fraction of CE,, exhibited
negative deviations from the ideal behaviour (Figures 2-4). Refractive index data for
the binary systems at all temperatures was fitted into a polynomial equation as
a function of C,E,.

np= 3 A:X, (11)

i=0

The coefficients along with standard deviation calculated by the least-squares method
are listed in Table 2.

Lorentz-Lorentz molar refraction (R) is related to electronic polarizability a of
molecules by the expression:

n

—-1M
d

2o naN 12
+2 * (12)

0.0 0.2 0.4 0.6 0.8 1.0
Volume Fraction

Figure 1  Plot of Ac vs. Volume Fraction of C,E .
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Figure2 Plot of A(x,V),, vs. Mole Fraction of C,E,.
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Figure 3 Plot of Excess P, vs. Mole Fraction of C,E,.
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Figure 4 Plot of Excess P, vs. Mole Fraction of C E,.

where M is the molecular mass, d is the density and N is Avagadro’s number. The
excess molar refraction. AR, which represents the electronic perturbation due to
orbital mixing of the molecules is a quantity of interest which has been studied exten-
sively in the literature'*~'®, This quantity is calculated using the refractive index
mixing rules as follows:

AR=R,, —(R,Y,+R,Y,) (13)

where R, and R, are molar refractions of pure components. The excess valuesAR vs. Y,
for all the mixtures are plotted in Figure 5.

Each set of the derived excess quantities Z5(= A¢,A(x, V),,, PE, P% and AR) discuss-
ed above was fitted to the Redlich-Kister!® polynomial equation of the type:

n
ZE=C,C, Y a(1 =2Cy) (14)
i=0
to estimate the regression coefficients a; and standard errors ¢. Here C represents the
values of mole or volume fractions. These values are listed in Table 3 and

the continuous curves were generated using the values of these coefficients.

The negative values of A¢ for C,E, and CE, systems with water can be attributed to
the formation of polar associates with lower dipole moments'’~2° It has been
postulated that small negative deviations on this excess nonthermodynamic property
(Ae < 5) are a consequence of either a weak dipole—dipole association phenomena or
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Volume Fraction

Figure 5 Plot of AR vs. Volume Fraction of C,E,.

hydrogen-bonded complexes®. The observed behaviour of the other excess functions
A(x,V)m PE and P also leads to the same conclusion.

It has been shown?!22 that the quantity AR is an indication of the modification
of the electronic polarizability of the mixtures and in most cases allows one to draw
some conclusions concerning the inter and intramolecular forces operating. A negative
value of AR has been often interpreted?? as indicative of a tightening of the electronic
system. The negative values of AR follow the order C,E; > C,E, > C,E, (Figure 5).
Incidently, the volume contraction (V) for these systems also follows the same order,
leading to an order of modification of the electronic polarizability as follows:
C,E; +H,0>C,E, +H,0>C,E, + H,O. Also, an increase of packing density
increases the dipole concentration, leading to a lesser negative value Ae¢ for
C,E, + H,0 system compared to C,E, + H,O system.
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