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Abstract

Densities and viscosities have been measured for the binary mixtures of 2—methoxyethanol (2—
ME) and water at 298.15, 303.15, 308.15 and 313.15 K. From the precise density measurements,
the excess molar volume (V) were calculated, VF results are negative over the entire range of mole
fractions and become less negative as the temperature increases. The deviation in viscosity (An) and
excess molar Gibbs free energy of activation of viscous flow (AG ©) have been calculated from
experimental viscosity measurements at different temperatures. nA and AG™© data are positive over
the whole mole fraction range.

The observed results of VE, nA and AG™ are discussed in terms of molecular interactions in
these binary mixtures. Generally, molecular interactions dominant these behaviors are of type,
disruption and formation of intra—and interhydrogen bonding between like and unlike molecules,
respectively and dipole—dipole interaction. The experimental excess functions V& nA and AG*
were fitted to the Redlich—Kister polynomial equation to evaluate the adjustable parameters and
standard deviation from ideality.

Introduction

2-Methoxyethanol is the first member of
alkoxyalkanols and used extensively as solvent
and solublizing agent in many industries with
interests ranging from pharmaceutical to
plastic products. From theoretical point of
view, it is very interesting molecule having the
ability to form intra-and intermolecular
hydrogen bonds. On the other hand, alkanols
(alcohols) are the most well- known solvents
with protic and self —associated properties.

2 Methoxyethanol, an ether alkanol, shows
physiochemical characteristic midway
between protic and dipolar aprotic solvents®.

Studies on excess functions of binary
liquid mixtures are of considerable importance
in understanding the nature of molecular
interactions that determined by intermolecular
forces (hydrogen bonding, charge transfer
complex, Van der Waals forces, etc.) . To
determine the extent and type of interactions
between 2-ME and water molecules, the
densities and viscosities of binary mixtures of
2-ME with water have been measured.

Experimental

2—Methoxyethanol (CH30CH,CH,0H)
was obtained from Aldrich  Chemical
Company, with purity > 99 %. The solvent
was kept on activated molecular sieves type 4
A° for 24 hours then filtered before use.
Bidistilled deionized water, its conductivity
(0.6 x 10 s.cm™) was used. The experimental
measured values of density, p and viscosity
n for both solvents are agreed well with those
values published in the literature “®,
Table (1).
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Table (1)
Comparison of Densities, p, and Viscosities, n, of Pure Components with Literature
Data at 298.15 K.

Component

2—Methoxyethanol 0.96029

0.96010%
0.96041®
0.96002"
0.96015®

0.99705

All  mixtures were prepared by using
determined volumes to obtain samples
covering the whole range of mole fraction
(0 > x > 1). Mixtures were kept in air tight
stoppered bottle to revent any contamination.
The possible error in mole fraction is
estimated to be less than + 1x107*,

Densities of pure liquids and their mixtures
were determined using a digital densimeter
(Anton paar DMA 60/ 602), the density values
were reproducible to within 1x107° g.cm™. On
the other hand, the viscosity of pure liquids
and binary liquid mixtures were measured
using a Schot-Gerate (AVS 300) viscometer
thermostated with a digital water bath
(T 1500). The flow times were determined
electronically with an electric timer of
precision *0.01 s. The accuracy in the
measurements of viscosity was + 0.001 mPa.s.

Results and Discussion

The experimental results for the density (p)
of the aqueous solution of 2— ME at 298.15,
303.15, 308.15 and 313.15 K are listed in
Table (2). The excess molar volume, V&, was
calculated from the following equation ©:

XM, +X M
VE fem®mol ™) = AT T2R2
p 2

M M
X —L =X, —2.....(])

P1 Py

0.96015®
0.997317)
0.99705®

where X1, X2, M1, My, p1 and p, represent the
mole fraction, molecular weight and the
density of the pure component liquids 1 and 2
respectively. p is the density of the mixture.
Excess molar volumes calculated from eq.1
are listed in Table (2).

The experimental results for the viscosity
(n) are presented in Table 3. Fig. (2) showed
the variation of viscosity as a function of the
mole fraction of 2-ME, this figure show
maxima at about 0. 30 mole fraction of 2— ME.

The viscosity deviations, nA are obtained

by:
An/cp=mgo —X{Mg = XoMNp cee (3)

where 112 IS the viscosity of the mixture and
X1, M1 and Xz, m2 are the mole fraction and
viscosity of pure components 1 and 2,
respectively. The viscosity deviation, An, at
298.15, 303.15, 308.15 and 313.15 K are
presented in Table (3). nA is plotted as a
function of 2— ME mole fraction, Fig. (3). nA
values are positive as the temperature
increases with maxima at about 0.35 mole
fraction of 2— ME.
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Table (2)
Densities p, and Excess Molar Volumes, V- for binary mixtures of x; 2— ME + X,
water at different temperatures.

T=298.15 K T=303.15 K

X1

p/g.cm VE/em®.mol™ p/g.cm™ VE/em®.mol™

0.00000 0.99705 0.0000 0.99565 0.0000
0.02562 1.00005 -0.1336 0.99762 -0.1204
0.09221 1.00602 -0.4784 1.00237 -0.4514
0.19159 1.00722 -0.8521 1.00267 -0.8163
0.35615 0.99679 -1.0308 0.99181 -0.9879
0.68084 0.97522 -0.6967 0.97046 -0.6801
1.00000 0.96029 0.0000 0.95558 0.0000

T=308.15 K T=313.15K
X1

p/g.cm VE/em®.mol™ p/g.cm™ VE/em®.mol™
0.00000 0.99403 0.0000 0.99222 0.0000
0.02562 0.99543 -0.1156 0.99377 -0.1242
0.09221 0.99993 -0.4784 0.99699 -0.4495
0.19159 0.99884 -0.8006 0.99541 -0.7946
0.35615 0.98737 -0.9663 0.98337 -0.9548
0.68084 0.96595 -0.6735 0.96162 -0.6608
1.00000 0.95098 0.0000 0.94669 0.0000

0.00

'1.20 T ‘ T ‘ T ‘ T ‘ T
0.00 0.20 0.40 « 0.60 080 1.00
1

Fig. (1) : Excess molar volumes, VE, for (x, 2— ME + X, water) versus x; at different
temperatures: (0) 298.15; (m) 303.15; (o) 308.15; (e) 313.15 K.
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Table (3)
Viscosities n, Viscosity deviations, nA, and Excess Molar Gibbs free energy of activation of
viscous flow, AG™E for binary mixtures of x;, 2— ME + X, water at different temperatures.

0.00000
0.02562
0.09221
0.19159
0.35615
0.68084
1.00000

0.00000
0.02562
0.09221
0.19159
0.35615
0.68084
1.00000

nlcp

0.0 \ \ \ \
. : : 0.0 0.2 04 4 0 0.8 1.0
Fig.(2) : Viscosity, 1, of (x12 — ME + X, Fig. (3) : Excess Viscosity, An, of (x12— ME
water) versus X, at different temperatures: (o) + X, water) versus x; at different
298.15; (m) 303.15 (0); 308.15; temperatures: (0) 298.15; (m) 303.15;
(o) 313.15K.. (o) 308.15; (e) 313.15 K.
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The excess molar Gibbs free energy of
activation of viscous flow, AG™F, have been
calculated from density and viscosity data
according to the equation @

AG*E = RT[In mm Vm - Xlln n1V1 - X2 In 1’]2V2]
................................ %)

where x; and X, are the mole fraction of
2-ME and water respectively. nm, m1 and 2
are the viscosity of mixture, 2-ME and water
respectively.Vy, Vi, and V, are the molar
volume of mixture, 2-ME and water
respectively. The calculated AG'F values are
given in Table (3). For the mixture studied, the
AGF values are positive over the whole mole
fraction range at all temperatures as shown in

Fig.(4).

4.0

AG"E/ k3. mol™

0.0 T T T T
0.0 0.2 0.4 X4 0.6 0.8 1.0
Fig. (4) : Excess activation energy of viscous
flow, A G'F, of (x;2— ME + X, water) versus
X1 at different temperatures: (o) 298.15; (m)
303.15; (o) 308.15; (e) 313.15 K.
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The calculated values of VE, nA and AG
were fitted to a Redlich — Kister polynomial
equation

n .
YE — X]_ X2 ZOAJ (X2 — Xl )J (5)
J:

where YF the excess property, VE, nA or
AG™® and n is the number of adjustable
parameters A, in each case for all mixtures, the
optimum number of adjustable parameters is
ascertained from an examination of the

variation in standard deviation, o, as given
by(12)

VE _VE 1/2
vEy —| fobs™ Teal | ... (6)
o(¥™) N_P
where N represent the number of

experimental points and P the number of
adjustable parameters. The values of these
parameters, A;, along with the standard
deviation, o are listed in Table (4).

Table (4)
Redlich — Kister coefficients A; and Standard deviation, ¢ for the excess molar quantities of
solution of (x; 2= ME + X, water) at different temperatures.

Property

A

VE/cm®.mol?

-0.3944
-0.3438
-0.5687
-0.6085

1.7829
1.4975
1.2228
1.0069

114716
11.2966
10.5877
10.0275




Excess molar volumes (VF) are negative
over the entire range of mole fractions and
become less negative as the temperatures
increases Fig.(1). Fig.(1) shows that the
minimum lies at a mole fraction of about 0.35
2-ME. Many effects may contribute to the
negative value of VE. These effects are the
disruption of (i) intramolecular hydrogen
bonding of 2-ME and H,O themselves
(if) intramolecular dipolar interaction in
2— methoxyethanol (iii) the possible formation
of hydrogen — bond interactions between
2-ME and H,O and (iv) the interstitial
accommodation of the component into the
other. Many studies in the literature ** on
water and 2-ME mixture agree with our
present  results are indicated  that
intramolecular hydrogen bonding exists in
2—ME in the liquid state. Moreover, the values
of the Kirkwood correlation factor, gk (give an
idea about the intermolecular forces between
the solution contents through the dielectric
constant measurements)‘®*”, for pure 2-ME
in the temperature range 25, 35, and 45 °C are
not much greater than unity (the gy of 2-ME
are 1.483, 1.478, and 1.463, respectively).
These values indicated that 2-ME is relatively,
unstructured liquid having strong but not
specific dipole — dipole interaction.

Fig.(2) shows that the An values of
mixtures of 2-ME and water are positive over
the whole mole fraction range at all
temperatures passes through a maxima at a
mole fraction of 0.35 2-ME which also gives
an indication of the presence of specific
interaction  between 2-ME and water
molecules, supports the VE behavior*®!%. On
the other hand, the A G = values was also
positive, the positive deviation from ideality of
An and A G'F for mixture were attributed to
the larger and positive interaction effect of
2-ME and H,O that also supports the results
obtained for V.
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