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Abstract

Density and ultrasonic velocity data have been employed for the calculation of isothermal
compressibility values (k). Significance of the study of cohesive forces in the light of internal pressure
has been emphasized during recent years. The internal pressure (Pi) and Pseudo-Gruneisen parameter
(T") values have been computed by using the values of kr. The trend of variation in internal pressure
and Pseudo-Gruneisen parameter reflects the disruption of molecular association due to a decrease in
kinetic energy of constituents of solutions.
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Introduction

The equilibrium properties of a liquid are strongly dependent on its structure which depends
upon the forces between molecules. In general, it changes with composition and temperature
which, in turn, is reflected in the thermodynamic properties of solutions.

Isothermal compressibility, Internal pressure are the key parameters in molecular
thermodynamics of fluid phase equilibria. These parameters can be deduced by measuring
the ultrasonic velocity and density. The ultrasonic velocity and density data of solutions are
employed to determine some thermodynamic parameters such as isothermal compressibility
(x1), internal pressure (P;), solubility parameter (8) and Pseudo-Gruneisen parameter (I).
Isothermal compressibility is an important thermodynamic parameter and has been widely
evaluated by many workers %1 using several equations of state for pure and mixed liquids;
and melts. The knowledge of this parameter may enable one to account for the extent and
nature of interactions in solutions. Many researchers € have employed the isothermal
compressibility data for elucidating the intermolecular interactions in amino acids and
proteins in aqueous medium.

Internal pressure has been found to be a useful parameter for studying the solute-solvent
interactions of bio-molecules in agueous medium -9, This has been applied in the cases of
liquids and liquid mixtures initially by Hildebrand et al. ™ and subsequently by several
workers 1191 Internal pressure turns out to be a measure of the totality of forces including
dispersion, repulsion, ionic and dipolar interactions that contribute to the overall cohesion in
electrolyte and non-electrolyte aqueous solutions and liquid mixtures.

The Pseudo-Gruneisen parameter has been extensively used by a number of workers [16-18]
for investigating the anharmonic properties of liquids. Pseudo-Gruneisen parameter has also
been employed to study the thermodynamic behaviour of liquid systems [,

Present study deals with the study of various thermodynamic parameters of a binary mixture
containing Cycloheptane and Methanol.

Experimental

Job’s method of continuous variation was adopted to prepare the mixture of different mole
fractions of Cycloheptane in the mixture from 0 to 1. The binary mixtures of different
compositions were prepared by adding calculated volumes of the components. They were
then stirred and kept for a period of 2 hours for stabilization before the measurement of
density, ultrasonic velocity at different temperatures. The mixture was kept in tightly closed
flask for a sufficiently long time to ensure thermal equilibrium.
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A thermostatic water bath was used to maintain a uniform
temperature during the measurements. The overall
temperature stability was found to within + 0.01 °C. An
ultrasonic interferometer (Mittals, model: F-81) was used
for the measurement of sound velocity at a frequency of 2
MHz in the experimental temperature range. The density
measurement has been performed by using a pycnometer
consist of a small bulb with flat bottom and a graduated
stem.

Results and Discussion

The experimental density values of the system under
investigation have been least-sqaure fitted to a polynomial
of the form,

p = Thopit! (tK) [1]

The coefficients of which along with the standard deviations
are listed in Table 1.

The dependence of ultrasonic velocity upon the mole
fraction of compounds has been examined by least-square
fitting the following polynomial,

u=EisouX 2]

Where n=2 for binary systems. The results along with the
standard deviations are listed in Table 2

Isothermal compressibility of cycloheptane in methanol
solution have been computed using the McGowan’s [
expression,

1.33x1078
1{1!' s —
B \D
(5.4x1u-4u5p |
A

(3]

Where u and p are the experimental ultrasonic velocity and
density data, respectively.

The calculated «t values have been listed in Tables 3. These
values of kt have been found to first increase then decrease
with increase in mole fraction of cycloheptane. The decrease
in 7 values with increase in concentration seems to be the
result of a corresponding decrease in free volume. The xr
values also show increasing trend with increase in
temperature.

Table 1: Least squares fit coefficients of the density equation, p = po + p1T + p2T? as a function of concentration

Cycloheptane + Methanol Solution

Concentration (X) po(gem®)  |pix 10° (gem= KY)|p2x 108 (gecm2 K2?)|  ope x 10°
0.0000 0.8010 -0.0002 0.0000 50.0000
0.0169 0.8012 -0.0003 0.0000 47672
0.0544 0.8030 -0.0003 0.0000 22.1495
0.0981 0.8060 -0.0005 0.0000 32.9362
0.1494 0.8086 -0.0006 0.0000 2.4684
0.2107 0.8040 -0.0003 0.0000 36.1515
0.2851 0.8051 -0.0003 0.0000 65.4190
0.3773 0.8086 -0.0004 0.0000 40.2978
0.4946 0.8097 -0.0004 0.0000 99.9607
0.6490 0.8228 -0.0011 0.0000 18.9696
0.8611 0.8283 -0.0012 0.0000 4.5779
1.0000 0.8353 -0.0015 0.0000 0.0000

Table 2: Least squares fit coefficients of the equation, u = uo + usm + uzm? as a function of temperature

Cycloheptane + Methanol Solution

Temperature (K) Uo Ui uz Olu]
298.15 1115.50 -694.30 890.88 9.76
303.15 1110.00 -683.50 874.62 14.29
308.15 1083.10 -672.50 859.83 10.68

Table 3: Isothermal compressibility (k7 x10't, m?N1) as functions of concentration and temperature

Cycloheptane + Methanol Solution

. Temperature (K)

Concentration (X) 298.15 303.15 308.15
0.0000 16.5599 17.2001 17.8969
0.0169 16.8837 17.5350 18.3652
0.0544 17.5421 18.3849 19.3087
0.0981 18.5247 19.3183 20.3398
0.1494 19.4399 20.2419 21.2040
0.2107 20.2026 21.0779 21.9168
0.2851 20.8605 21.7034 22.6497
0.3773 21.2467 22.0651 23.0847
0.4946 20.9084 21.7484 22.7169
0.6490 19.2440 20.0325 20.8882
0.8611 14.6473 15.3586 16.0866
1.0000 10.6310 11.0780 11.5350
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This trend of variation may be attributed to the formation of
compressible aggregates as a result of increase in
temperature as shown in k71 Versus composition plot (Fig.1).

https://www.chemistryjournal.net

The xr1 values have been further used for evaluating the
internal pressure and Pseudo-Gruneisen parameter.
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Fig 1: Shown in kT1 versus composition plot

The Internal pressure values of the systems under study
have been obtained using the equation (9),

Pi = (aur/km1) - P [4]
The coefficient of thermal expansion, ot used in evaluating
the internal pressure has been calculated from the density
data by using the following equation (5):

ot = 1/p (0ploT)e [5]

The computed values of P; are listed in Table 4. The plots of
Pi against composition shows decreasing trend with increase
in temperature (Fig. 2). An examination of Table 2 reveals
that the internal pressure values decrease with increase in
mole fraction of cycloheptane. The variation with increase
in concentration may be attributed to the overall decrease of
cohesive forces in solutions. The decreasing trend of
internal pressure may be probable due to a increase in the
repulsive forces among the components of the systems with
increase in temperature.

Table 4: Internal pressure (Pix 108, Nm) as functions of concentration and temperature

Cycloheptane + Methanol Solution
. Temperature (K)
Concentration (X) 298.15 303.15 308.15
0.0000 37.5425 36.9816 36.3887
0.0169 35.9152 35.3795 34.5838
0.0544 33.2455 32.4554 31.6353
0.0981 30.6371 30.0593 29.2237
0.1494 28.7764 28.2759 27.6268
0.2107 26.1683 25.6534 25.2468
0.2851 23.4986 23.0964 22.6431
0.3773 21.7823 21.4483 20.9693
0.4946 19.3840 19.0512 18.6487
0.6490 19.2233 18.8810 18.5043
0.8611 20.8021 20.2709 19.7611
1.0000 24.7111 24.2260 23.7417

The Pseudo-Gruneisen parameter, T', which happens to be a
measure of the degree of molecular/ionic association has
been evaluated using the relation (20),

I'=vy-1/asT [6]

in which o and T have their usual meaning. The specific
heat ratio, y has been calculated using the equation (21),

Y= Cp/CV = KT1/K5 [7]

The values of Pseudo-Gruneisen Parameter have been listed
in Table 5. An examination of the table reveals that the
values of T increase with increase in temperature. This
increase may be due to a decrease in the kinetic energy of
molecules, which in turn, decrease the thermal motion of
molecules and disrupts the molecular association. The T’
values also show a decreasing trend of variation with
increase in concentration.
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Table 5: Pseudo-Gruneisen parameter (I') as functions of concentration and temperature

Cycloheptane + Methanol Solution
. Temperature (K
Concentration (X) 298.15 303.15 308.15
0.0000 -1.3504 -1.3182 -1.2859
0.0169 -1.3839 -1.3511 -1.3178
0.0544 -1.4379 -1.4034 -1.3688
0.0981 -1.4759 -1.4405 -1.4051
0.1494 -1.4959 -1.4601 -1.4245
0.2107 -1.5816 -1.5443 -1.5072
0.2851 -1.7047 -1.6650 -1.6251
0.3773 -1.8052 -1.7631 -1.7213
0.4946 -2.0624 -2.0149 -1.9680
0.6490 -2.2642 -2.2118 -2.1617
0.8611 -2.7659 -2.7034 -2.6444
1.0000 -3.2298 -3.1580 -3.0915
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Fig 2: Shows decreasing trend with increase in temperature

Conclusion

The variation in isothermal compressibility of cycloheptane
in methanol with concentration and temperature shows a
decrease in molecular association. This variation in internal
pressure and Pseudo-Gruneisen parameter seems to be due
to breaking of clusters of alcohol by the addition of
cycloheptane molecule.
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