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Abstract
Excess Volume for three binary mixtures viz. ethanol + [empy][EtSO4],
water +[empy][EtSO4] and 1-propanol +[empy][EtSOs] and ternary
mixtures of ethanol + water +[empy][EtSO4] at different mole fractions at
temperature 298.15K
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Introduction

Knowledge of excess volume is very useful in predicting the behaviour of
attraction forces in liquid mixtures. Excess volume of binary mixtures has been
experimentally determined by various workers'. But for many practical
purposes it is necessary to predict the properties of multi component liquid
mixtures from the properties of pure components and from the data of binary
systems. More sophisticated treatment of the liquid mixture is given by the
refined version of the cell model of Prigogine* which requires various
parameters for computational purpose showing poor agreement with the
experiment. As far as our knowledge is concerned, very few planned
investigations have been carried out on multi component liquid mixtures>3. In
most of the theories, properties of the multicomponent system are determined

with the help of the properties of their binaries®!? but only Flory’s statistical
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theory can be successfully utilized to predict the properties of the multi

component system from those of the pure components. Most of the work on

excess volume for binary systems has been carried out by Cibulkaet al.'*, Van

and Patterson'* Costas and Patterson'®>, Zhang and Benson'®, Barreiros et al.!”.
Ionic liquids (ILs) are room temperature molten salts with unusual properties,
such as their very low vapor pressures. This and other properties, such as their
ability to solubilize an enormous variety of compounds, good thermal stability
which make them liquid over a large temperature range including ambient
temperature, nonflammability, and facility to recycle, make the ILs a new
alternative of solvents for different processes. To design any process involving
ionic liquids on an industrial scale, it is necessary to know a range of physical
properties including viscosity and density. The most studied ILs are those
containing ammonium and imidazoliumcations. Nevertheless, there are few
investigations on ILs containing pyridinium cations'®. In this work, we report
excess volume of mixture of the ionic liquid 1-ethyl 3-methylpyridinium
ethylsulfate, [empy][EtSO4], ethanol, water and 1-propanol. This is a relatively
new ionic liquid, and little information about its physical properties is available
in the literature. In the present work the experimental measurements of excess
volume for three binary mixtures viz. ethanol + [empy][EtSO4], water
+[empy][EtSO4] and 1-propanol +[empy][EtSOs4] and ternary mixtures of
ethanol + water +[empy][EtSO4] are shown at different mole fractions. All

measurements have been carried out at temperature 298.15K

Experimental:
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Bicapillarypyknometer, which is used for measuring densities of liquid mixture
is described by Parker and Parker!®. The pyknometer was calibrated at the
desired temperature with the help of double distilled water. The pyknometer
was kept immersed vertically in a thermostat maintained at 25°C + 0.01°C for
about half an hour for each measurement. Accuracy in the density measurement

was found to be + 0.0004.

Theoretical

Flory model
The first cell model of Prigogineet al.?® for chain molecule liquids uses a
dependence of the configurational energy on volume equivalent to the Lennard-

Jones(6-12) energy distance relation?! i.e.

-~ 2 —4

u(v)y=-2v +v (1)

All the more by and large for a (m,n) potential,

_—-m/3 _-nl/3

U= (—nv +mv ) 2)

(n—m)

This prompts the accompanying condition of state as,

1/3 ~—n/3  _-m/3

&_ _ -1 mn v -v
=(1-bv ) +3(m—n) ) (3)

T
where b is a pressing component and equivalents to (m/n)1/(n-m).

In this way, Prigogine and collaborators used the cell partition 2° function of
Hirschfelder and Eyring and a dependence of configurational energy?? on
volume propelled by the Lennard-Jones(m,n) potential between point centres.

Flory and colleagues have additionally utilized the partition function of
Hirschfelder and Eyring in addition to the van der Waals vitality volume
connection.
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u=-v
Formally at least this connection might be gotten from eq (2) by putting

m=3, n—>o.

So as to stretch out relating state hypothesis to manage the surface strain,

Patterson and Rastogi?® utilized the reduced parameters as,

Gt = k1/3p*2/3T*1/3 )
Called the characteristic surface tension of the liquid
Here k 1s the Boltzmann steady, Patterson and Rastogi expanded the basic cell
model hypothesis of the surface strain of round particles by Prigogine and

Saraga®* to the instance of chain atoms. A segment encounters an expansion in

the configurational vitality equivalent to — M (u)(v) because of the passing of a

portion, M, of its closest neighbours at the surface while moving from the mass
stage to the surface stage. It's most appropriate esteem ranges from 0.25 to 0.29.
In the present case the estimation of M is taken as 0.29 all through computation.
The cell segment capacity of a portion at the surface is expanded because of the

loss of obliging closest neighbours in a single bearing, so that,

1/

3
(I)suszace (L m (5 )

(I) ) 1/3
Bulk (V —b)

Here b is a packing fraction given by

m 1/(n—m)

n
and tends to unity when n—oo.

According to Prigogine and Sarag the reduced surface tension is given by,
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- - 7" -0.50)
o(v) =-Mu@)-Th—7z—— (6)

v -b)

The surface energy and entropy are given by

. . - "> = 0.5p)

Ou =—MM(V); Os ZII’IT (7)

(v -b)

The quantities T, oo and 3 rare given as functions of v by Patterson and

Rastogi?® for the different models. For example with the eq.(3) choice of (m,n)

on Flory model, eq.( 7) becomes,

o s @30 37-05)

cm=Mv —— In— (8)

o) v =D

Flory's measurable hypothesis has no immediate connection with ultrasonic

speed. In this way, the assessment of ultrasonic speed of ternary fluid mixture
through Flory's statistical theory requires the utilization of surely understood

and very much tried Auerbach connection which is communicated as ,

C= (L)m ©)

6.3x10™p
where C, o and p signify the ultrasonic velocity, surface tension and density of
ternary liquid mixture individually. This method has been developed recently to
evaluate the sound velocity in pure liquids and liquid mixtures. The legitimacy
of Auerbach connection has likewise been tried.

In this manner, based on Flory hypothesis, surface tension of ternary fluid

blend is given by the articulation,

6 =6 6(V) (10)
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The characteristic and reduced parameter engaged with the above condition of
surface strain can be found from Flory hypothesis by the accompanying

technique.

The intermolecular energy Eo for the liquid is expressed by,

NrS
Eozr_n (11)
2V

where N is the number of molecules, V is the volume per segment, rS is the
number of contact sites and m is a constant characterising the energy of
interaction for a pair of neighbouring sites.

The reduced equation of state derived from the resulting partition function is

given by,

1/3

Pv % 1
= T3 T (12)

T v -1 vT

The reduced quantities P,V and T are given by

~ p *

P=F=2pv /Sﬂ (13)
N S

T=_"_=2vckT/Snm (14)

T *
v=v/v¥=V/V* (15)
Thus
P" =ckT" /v’ (16)

Where V=rv is the molar volume. The isobar at zero pressure is

4/3

Tv
_1/3 (17)

From which
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f;:[ ol +1]3
L |

wherea is the thermal expansion coefficient at P=0 (or without appreciable error

(18)

at 1 atm.). The temperature derivative of eq. (12) at constant volume evaluated
for P=0 gives
Pty (19)
Br

Where Br and y are the isothermal compressibility and the thermal pressure
coefficient respectively. The quantities T*, P* and V* can be computed
froma.,Br and v as prescribed by eq. (14) to (19).

Excess volume have been calculated by using following well known

expressions

VE=V-(XiVi+ X2 Va2 + X3V3) (20)

Result and Discussion

The experimental and literature values of density of pure liquids are shown in

table 1.1.

For binary mixture of ethanol + [empy][EtSOs], density, excess volume (VF),
are given in table 1.2.A close perusal of the table reveals that the minimum and

maximum excess volume are -0.709 and 0.000 respectively.

For binary mixture of water + [empy][EtSO4], density, excess volume (VE), are
given in table 1.3.A close perusal of the table reveals that the minimum and

maximum excess volume are -0.095 and 0.000 respectively.
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For binary mixture of 1-propanol + [empy][EtSO4], density, excess volume
(VE), are given in table 1.4.A close perusal of the table reveals that the

minimum and maximum excess volume are -0.338 and 0.000 respectively.

For ternary mixture of ethanol+ water + [empy][EtSO4], density,excess volume
(VE) are given in table 1.5.A close perusal of the table reveals that the minimum

and maximum excess volume are -1.107 and -0.257 respectively.

Table 1.1 Densities, p of Pure Liquids at T= 298.15K

S.No. | Component Liquids PExp pLit™ (8.
(g
cch)
cch)
1 Ethanol 0.78546 | 0.7854
2 Water 0.99705 | 0.99705
3 1-Ethyl-3-methylpyridintummethylsulfate
[empy][EtSO4] 1.22226 | -
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1-Propanol

0.79960

0.79960

*Ref.25

Table 1.2 Densities, p, Excess Molar Volumes, VE, of the Binary Mixture

Ethanol (1) + [empy] [EtSO4] (2) at T=298.15 K

X1 p(g. Ve o
cc)

0.0000 1.22226 0.000
0.0609 1.21493 -0.117
0.1108 1.20833 -0.200
0.2066 1.19393 -0.336
0.3083 1.17571 -0.460
0.4004 1.15573 -0.540
0.4998 1.12953 -0.620
0.6034 1.09496 -0.674
0.7034 1.05168 -0.709
0.8452 0.96167 -0.596
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0.9389

0.87077

0.405

1.0000

0.78546

0.000

Table 1.3 Densities, p, Excess Molar Volumes, VE, of the Binary Mixture

Water (1) + [empy] [EtSO4] (2) at T = 298.15 K

X1 p(g. Vet
cch)

0.0000 1.22226 0.000
0.0526 1.22169 -0.085
0.1412 1.22012 -0.161
0.2445 1.21780 -0.240
0.3233 1.21558 -0.296
0.4174 1.21221 -0.360
0.4972 1.20839 -0.402
0.5880 1.20253 -0.446
0.6975 1.19135 -0.465
0.7928 1.17405 -0.436
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0.9005 1.12944 -0.250
0.9484 1.0862 -0.095
1.0000 0.9972 0.000

Table 1.4 Densities, p, Excess Molar Volumes, VE, for the Binary System 1-
Propanol (1) + [empy][EtSO4] (2) at T = 298.15

X1 p(g. Ve (cc)
cch)

0.0000 1.22220 0.000

0.0863 1.20844 -0.089
0.1279 1.20122 -0.134
0.2201 1.18356 -0.215
0.3243 1.16024 -0.279
0.4177 1.13568 -0.317
0.5126 1.10618 -0.338
0.6093 1.06997 -0.328
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0.7176 1.01990 -0.324
0.8240 0.95678 -0.304
0.8834 0.91304 -0.265
0.9658 0.83778 -0.144
1.0000 0.79950 0.000

Table 1.5 Densities, p, Excess Molar Volumes, VE, for the Ternary Systems

Ethanol (1) + Water (2) + [empy][EtSO4] (3) at T= 298.15 K
X1 X2 p(g. VE (e
cch)

0.0559 0.9196 1.02817 -0.335
0.1155 0.8615 1.00618 -0.624
0.1918 0.7872 0.97826 -0.879
0.2634 0.7175 0.95224 -0.994
0.3432 0.6397 0.92623 -1.068
0.4352 0.5501 0.89992 -1.107
0.6720 0.3194 0.84395 -0.910
0.8189 0.1764 0.81607 -0.619
0.0658 0.8853 1.06050 -0.445
0.1401 0.8149 1.03049 -0.734
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0.3049 0.6587 0.96677 -1.033
0.3952 0.5731 0.93603 -1.093
0.6019 0.3773 0.87548 -1.011
0.0466 0.9420 1.00625 -0.257
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