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

VOLIME L% WUMBIE 3 U0 HEN: B LR Physics and Chemistry Of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Acoustical and excess thermodynamic studies of molecular interaction in

aqueous mixed solvent systems at 303, 308 and 313 K
R. Palani®; A. Geetha®
* Department of Physics, D.D.E., Annamalai University, Annamalainagar, Tamil Nadu, India

Norman H. March

Emeritas Profesios, Oofond Unbee ity UE
M,

Giuseppe G. M. Angilella
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Palani, R. and Geetha, A.(2009) 'Acoustical and excess thermodynamic studies of molecular interaction
in aqueous mixed solvent systems at 303, 308 and 313 K', Physics and Chemistry of Liquids, 47: 5, 542 — 552

To link to this Article: DOI: 10.1080/00319100802562862
URL: http://dx.doi.org/10.1080/00319100802562862

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/10.1080/00319100802562862
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:29 28 January 2011

Downl oaded At:

Physics and Chemistry of Liquids Taylor & Francis
Vol. 47, No. 5, October 2009, 542-552 Taylor & Francis Group

Acoustical and excess thermodynamic studies of molecular interaction in
aqueous mixed solvent systems at 303, 308 and 313K

R. Palani® and A. Geetha

Department of Physics, D.D.E., Annamalai University, Annamalainagar, Tamil Nadu, India
(Received 17 June 2008, final version received 18 October 2008)

Ultrasonic velocity (U), density (p) and viscosity (1) for the ternary liquid
mixtures of water 4+ propylene glycol + tetrahydrofuran, water + propylene gly-
col + dimethylformamide, water + propylene glycol + dimethylsulphoxide and
water + propylene glycol + 1,4-dioxane have been measured as a function of the
composition at 303, 308 and 313 K. The experimental data have been used to
calculate some excess thermodynamical parameters such as excess viscosity (%),
excess free volume (VF), excess Gibb’s free energy (AG®) and interaction
parameter (d). The results are discussed and interpreted in terms of structural and
specific interaction predominated by hydrogen bonding.

Keywords: ultrasonic velocity; excess thermodynamic parameters; interaction
parameter; hydrogen bonding

1. Introduction

In recent years, the measurement of density, viscosity and ultrasonic velocity have become
valuable tools with which to learn more about the liquid state [1,2] because of the close
connections between liquid structure and macroscopic properties. The calculated excess
quantities from such data have been interpreted in terms of the differences in the size of the
molecules as well as the strength of specific and non-specific interactions between
components of the mixtures. Further, measurements of excess thermodynamic properties
are found to be greatly significant in studying the structural changes associated with the
liquids. They also provide important information about molecular packing, molecular
motion and various types of intermolecular interactions and their strength influenced by
the size, shape and the chemical nature of component molecules [3]. This in turn helps in
bringing out the facts which can have positive implementation for both industry as well as
the theory building process. A thorough knowledge of thermodynamic and transport
properties of ternary liquid systems is essential in many industrial applications such as
design calculations of heat transfer, mass transfer, fluid flow and so forth [4].

The present work deals with the study of excess thermodynamics and transport
properties of some aqueous mixed solvent systems at different temperatures. The liquids
under investigation have been chosen on the basis of their industrial application. These
uses have greatly stimulated the need for extensive information on the thermodynamic,
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acoustic and transport properties of these solvents and their mixtures [5]. The increasing
use of the solvents propylene glycol, tetrahydrofuran (THF), dimethylformamide (DMF),
dimethylsulphoxide (DMSO), 1,4-dioxane and their aqueous mixtures in many industrial
processes, such as battery, pharmaceutical and cosmetic have greatly stimulated the need
for extensive information on their various properties. Viscosity and density of these
ternary liquid mixtures are used to understand molecular interactions between the
components of the mixture to develop new theoretical models and also for engineering
applications [6]. 1,4-Dioxane is an aprotic solvent and it is reported to be valuable in
polymer manufacture and as a solvent for natural and synthetic resins. The most
important use of DMF as a dipolar aprotic solvent for polymer is in the preparation of
polyacrylonitrile solutions for the manufacture of fibrous poly acrylonitride. DMSO is an
aprotic polar solvent strongly associated due to a highly polar s =0 group in the molecule
and large dipole moment (3.96 D). DMSO is called a super solvent due to its wide range of
applicability as a solvent in chemical and biological processes and chemical intermediates
[7]. The study of DMSO is important because of its utilisation in a broad range of
applications in medicine. THF is frequently utilised as a solvent in many pharmaceutical
and synthetic procedures because of its broad solvency for polar and non-polar
compounds. Propylene glycol is mostly used as a co-solvent in the design and especially
for the elaboration of parenteral medication [8].

Keeping these important aspects in view, the measurements on ultrasonic velocity,
density and viscosity and their related excess thermodynamical and transport parameters
for aqueous mixed solvent systems of water 4+ propylene glycol + tetrahydrofuran (THF),
water + propylene glycol + DMF, water + propylene glycol + DMSO and water 4 propy-
lene glycol + 1,4-dioxane at 303, 308 and 313 K have been undertaken. The dependence
of excess parameters on composition has been used to explain the nature and extent of
intermolecular interactions in these mixtures. Moreover, a literature survey indicates that
no physico-chemical study on these systems has been reported. Therefore, the study of
intermolecular interactions in these systems will be interesting owing to their application
in industry.

2. Materials and methods

All the chemicals used in the present resecarch were of analytical reagent (AR) and
spectroscopic reagent (SR) grades of a minimum assay of 99.9% obtained from E-Merck,
Germany and Sd Fine Chemicals, India, which were without further purification. Water
used in the experiments was deionised and distilled and was degassed prior to making
solutions. The purities of the above chemicals were checked by density determination at
303, 308 and 313K 40.1K, which showed an accuracy of £1 x 10~*gem™ with the
reported values [9,10]. The ternary liquid mixtures of different known compositions were
prepared in stopper measuring flasks. The density, viscosity and velocity were measured as
a function of composition of the ternary liquid mixture at 303, 308 and 313 K for aqueous
mixed solvent systems in which THF, DMF, DMSO and 1,4-dioxane were added to a
binary mixtures of water and propylene glycol. For this purpose, binaries with fixed mole
ratios X7:X>=3:1 were prepared by mass. The density was determined using a specific
gravity bottle by relative measurement method with an accuracy of +0.01kgm™. The
weight of the sample was measured using electronic digital balance with an accuracy of
40.1 mg (model: Shimadzu AX-200). An Ostwald’s viscometer (10 mL) was used for the
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viscosity measurement. Efflux time was determined using a digital chronometer to within
40.01 s. An ultrasonic interferometer having the frequency of 3 MHz (Mittal Enterprises,
New Delhi, model: F-81) with an overall accuracy of +0.1% has been used for velocity
measurement. An electronic digitally operated constant temperature bath (RAAGA
Industries) has been used to circulate water through the double walled measuring cell made
up of steel containing the experimental solution at the desired temperature. The accuracy
in the temperature measurement is +0.1 K.

3. Theory and calculations

Various acoustical and thermodynamical parameters are calculated from the measured

data, such as

MU\
eff ) , (1)

F lume, Vi =
ree volume, Vi (KU

where M is the effective molecular weight (M=) m;x;, in which m; and x; are the
molecular weight and the molefraction of the individual constituents, respectively). K is
a temperature independent constant which is equal to 4.28 x 10° for all liquids.

The Gibb’s free energy can be estimated from the following relation:

KTt

AG = KTln(T>, 2

where K is the Boltzmaan’s constant (1.23 x 1072 JK ™), T the absolute temperature, 4
the Planck’s constant and 7 is the relaxation time (t = (4/3)nB8).
Excess values of the above parameters can be determined using

AE = Aexp — Aid, (3)

where Aiq = Y_ A;X;, A; is any acoustical parameters and X; the molefraction of the liquid
component. Grunberg [11] and Nissan formulated the following relation between the
viscosity of a binary liquid mixture and pure components:

Innmix = X1 Inny + XoInny + X1 X>d. 4)
On applying to a ternary liquid mixture, this equation takes up the form
InNmix = X1 Inn + Xalnny + Xz Inns + X1 X2X3d, (5)

where d is an interaction parameter regarded as a measure of the strength of molecular
interactions between the mixing components.

4. Results and discussion

The experimental values of density (p), viscosity () and ultrasonic velocity (U) of pure
liquids and four ternary organic liquid mixtures at 303, 308 and 313 K have been given in
Tables 1 and 2. The values of excess viscosity (%), excess free volume (VE), excess Gibb’s
free energy (AG") and Grunberg and Nissan interaction parameter (d) have been
evaluated and shown in Table 3. Further, the variation of these excess values of studied
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systems with molefraction of (X3) at 303, 308 and 313 K have been recorded in Figures 1-3
and the curves are drawn using least squares fitting.

The thermodynamic excess properties are found to be more sensitive towards
intermolecular interaction between the component molecules of liquid mixtures. The
sign and extent of deviation of excess properties depend on the strength of interaction
between unlike molecules [23].

§ 0.9
£
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Figure 1. Variation of excess viscosity (n%) of aqueous mixed solvent systems with molefraction of
(X3) at 303, 308 and 313 K.
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Figure 2. Variation of excess free volume (VF) of aqueous mixed solvent systems with molefraction
of (X3) at 303, 308 and 313 K.
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Figure 3. Variation of excess Gibb’s free energy (AGF) of aqueous mixed solvent systems with
molefraction of (X3) at 303, 308 and 313 K.

According to Fort and Moore [24] the excess viscosity gives the strength of the
molecular interaction between the interacting molecules. Systems where dispersion,
induction and dipolar forces which are operated by the values of excess viscosity are found
to be negative; whereas the existence of specific interactions leading to the formation of
complexes in liquid mixtures tends to make excess viscosity positive. The excess viscosity
(Figure 1) is negative through the whole range of concentration in all four systems. From
the analysis and close observation it is found that they increase with an increase in
molefraction of X3, and also with the rising of temperature. This increasing behaviour
shows the existence of molecular interaction between the components of mixture for all the
systems studied.

Figure 2 gives a qualitative picture of the excess free volume for the four ternary liquid
systems. This indicates the extent of deviation from ideal with the molefraction of the
mixtures. The excess values for all the four systems are found to be negative, except the
molefraction of X3 at 0. Further, these values decrease to reach a minima at X3=0.7 and
beyond this they increase for every mixture, whereas it is found to be increasing with the
rising of temperature. The results can be explained in terms of molecular interaction,
structural effect and interstitial accommodation, along with changes in free volume. The
sign of Vi depends upon the relative strength between the contractive forces and
expansive forces. The factors responsible for volume contraction are:

(a) Specific interaction between component molecules.

(b) Interstitial accommodation of molecules of one component into the vacant spaces
of molecules of the other components. This occurs preferentially when the size
difference between the component molecules is large, or when large gaps are
available in the structural network of molecules.

(c) Weak physical forces, such as dipole—dipole or dipole-induced-dipole interactions
or van der Waal’s forces.
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The factors that cause expansion in volume are the following:

(a) dispersion force,

(b) steric hindrance of component molecules,
(c) unfavourable geometric fitting,

(d) electrostatic repulsion, etc.

The negative part of V'F curves of the system asserts that the combined effect of the factors
responsible for volume contraction outweigh the combined effect of the factors causing
volume expansion, and vice-versa [25]. Adgaonkar and Agnihotri [26] showed a positive
value of VE, indicating the existence of weak molecular interaction in the liquid mixtures.
Fort and Moore [24] noticed that negative excess free volume tends to decrease as the
strength of the interaction between the unlike molecules increases, although they do not
parallel with the excess compressibilities. However, in the present investigation the
observed behaviour of VE shows the strength of molecular interaction greater up to the
level of 0.7 molefraction of X3; however, the strength of interaction is less beyond this
level, and also increasing in temperature. The magnitude of VE values follows the
sequence:

THF < DMF < 1, 4-Dioxane < DMSO.

The variation of excess Gibb’s free energy shown in Figure 3 is found to be
positive, except for lower mole fraction ranges of X3, in all systems studied. The
values of AG® are found to be increasing with increasing the mole fraction of X3,
whereas they are found to be decreasing with higher mole fraction of X3. However,
these values decrease with rising temperature. According to Reed and Taylor [27], the
positive AG® may be attributed to specific interactions like hydrogen bonding and
charge transfer, while negative values may be ascribed to the dominance of dispersion
forces [28]. In the present investigation, it is found that the magnitude of the positive
value of AG® is an excellent indicator of the strength of specific interaction. The
larger magnitude of positive AGF values is observed in THF, which shows the
strongest interaction between the molecules compared to the other three systems.
Recently, Ali and Nain [29] attribute the increasing positive values of AG* in liquid
mixtures to hydrogen bond formation between unlike molecules, which supports the
present investigation.

The interaction parameters, d, in the Grunberg and Nissan equation is a measure
of the strength of interaction between the mixing components. d-values were said to
indicate various types of interaction [30], as follows. Large and positive d-values
indicate strong specific interaction; small positive values indicate weak specific
interaction and large negative values indicate no specific interaction. It is evident
from Table 3 that the d-values are positive in all of the four systems studied. It is
seen that the values of d increase with increasing the mole fraction of X3 for every
mixture, and the same decreases with the rising temperature. Positive d-values may
be attributed to the dominance of specific interactions arising from the making of
hydrogen bonds in the associated components of the mixtures. Further,
the increasing behaviour of d-values exhibits the stronger interaction between the
unlike molecules. However, the strength of interaction gets weakened with the rising
of temperature, which may be due to the decreasing behaviour of the d-values for
all systems studied.
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5. Conclusion

The ultrasonic method is a powerful tool for characterising the physico-chemical
properties and existence of molecular interaction in mixtures. Excess ultrasonic properties
of ternary mixtures of THF, DMF, dimethylsulfoxide and 1,4-dioxane in water and
propylene glycol at 303, 308 and 313 K are considered to be reflecting agents of magnitude
of polarity and size of interaction in the molecules. The results of excess properties reveal
that a strong molecular interaction exists in the mixtures, which may be due to the
dominance of hydrogen bonding and charge transfer between the mixing components.
From the magnitude of VE and AG®, THF possesses stronger molecular interaction
between the molecules than the other three systems. The strength of interaction tends to be
weaker with an increase in temperature, due to the presence of weak intermolecular forces
and thermal dispersion forces.
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