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THERMODYNAMIC PROPERTIES OF PENTANOL 
DEDUCED FROM ULTRASONIC VELOCITY DATA 

OF ITS AQUEOUS SOLUTIONS 

ANIL KUMAR 

Department of Chemistry, Institute of Basic Sciences, Agra University, Khandari Road, 
Ayra 282 002. India 

(Receitied 30 October 1989) 

The thermodynamic method of Eyring and Hirschfelder has been employed to evaluate intermolecular 
free length L, whereas free length theory FLT of Jacobson was used to compute the theoretical data of 
ultrasonic sound velocity CFLT.  A maximum variation of 0.06% is observed between experimental velocity 
and the velocity deduced from free length theory (C,,, CFLT), while uncertainty for Cerp data is as high 
as *0.02%. The ultrasonic velocity data C,,, and density p of pentanol in water have been used to 
compute coefficient of thermal expansion a. isothermal compressibility BT, ratio of heat capacity 11, internal 
pressure p ,  and pseudo-Gruneisen parameter r for the system. The results confirm that, upon increasing 
the temperature of the system, the solutions become easier to compress. 

KEY WORDS: Ultrasonic velocity, density, free length theory. 

INTRODUCTTON 

The internal pressure of liquids has been a subject of extensive investigation since 
the appearance of a review by Barton', although its physical significance and other 
details were originally discussed by Hildebrand and c o - ~ o r k e r s ~ - ~ .  Major work has 
since been done on pure The study of pseudo-Gruneisen parameter, a 
dimensionless quantity, for the structural and interaction investigations of liquids 
was initiated in the recent past"-". Pandey et u E . ' ~ - ~ O  and Subrahmanyam et aL2' 
and others22 have emphasised the role of internal pressure and the pseudo-Gruneisen 
parameter for investigating intermolecular interactions in binary liquid mixtures. It 
has been concluded that both internal pressure pi and the pseudo-Gruneisen para- 
meter r are thermodynamic properties. 

The present study embodies calculations on pentanol in water where the internal 
pressure and Gruneisen parameter are computed from ultrasonic velocity C,,, and 
density p alone. In the traditional procedure, however, one requires the values of 
thermal expansion coefficients a, isothermal compressibility PT and the heat capacity 
at constant pressure C, or constant volume C,, in addition to C and p values, in the 
evaluation of these thermodynamic properties. 
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88 A. K U M A R  

EXPERIMENTAL 

1-Pentanol (Merk) was purified by refluxing the reagent over calcium hydride for 
1Oh followed by fractional distillation. All solutions were prepared by weight using 
degassed conductance water. The solutions were kept at a constant temperature for 
about 2h in a thermostat. The data for density were taken from Ref. 23. The density 
were reportedly measured using a vibrating tube flow d e n ~ i m e t e r ~ ~  (Sodev Inc. model 
03D) sensitive to 3 ppm. 

A multi frequency ultrasonic interferometer (M-83, Mittal Enterprises, New Delhi), 
operating at 4 MH,, was used to measure the ultrasonic velocity of the solutions at 
different temperatures. The maximum uncertainty of velocity results was 50.02%. 

THEORETICAL 

The intermolecular free length L, have been evaluated employing thermodynamic 
method of Eyring and H i r ~ c h f e l d e r ~ ~  using the following equations, 

L, = 2Va/Y 
v, = v, - v, 
V, = y[l - (T/T,)o.3] 

where V,, V,, T signify for available volume, molar volume, experimental temperature 
and T, is 0 K. The surface area pel- mole is given by 

Y = [ 3 6 ~ N V i ] ” ~  (4) 

where N is Avogadro’s number and V, is the molar volume at 0 K. The theoretical 
values of adiabatic compressibility /jrS and ultrasonic velocity C were then computed, 

I?, = L+K ( 5 )  

where K is the temperature dependent Jacobson’s constant25 and p is density of the 
solutions. 

The internal pressure Pi, of a liquid can be obtained from the relation, 

at atmospheric pressure ( P  = 1 atni) this reduces to, 

Pi = rT/BT 

The Gruneisen parameter is a dimensionless measure of the change in entropy 
with volume or the thermal pressure coefficient, it is usually investigated, through 
the relation 

(9) 
rc 

c, aT 
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RESULTS AND DISCUSSION 

The intermolecular free length 4 have been computed by thermodynamic method 
of Eyring and Hi r~chfe lde r~~  employing equations (1-4). The data of ultrasonic 
velocity C for pentanol in water at different temperatures were subsequently evaluated 
using Eqs. (5 and 6). A maximum variation ofO.O6% is observed between experimental 
velocity and the velocity deduced from free length theory FLT (C,,, > C,,,), while 
uncertainty for Cexp data is as high as *0.02%. It is found (Table 1) that both 
ultrasonic velocity as well as intermolecular free length decrease whereas data for 
available volume V,,  surface area per mole Y and adiabatic compressibility p, increase 
with increasing the temperature. Figure 1 explicitly shows the effect of temperature 
and concentration on ultrasonic velocity, and the variation between experimental 
and deduced data of ultrasonic sound velocity for the given system. 

From the density values of pentanol in water taken from Ref. 23, coefficient of 
thermal expansion a was obtained using the relation, 

a = p(y) P 

The isothermal compressibility bT of pentanol was obtained from the relation26 

B,a4/3 = 1.2 x (11) 

where CJ is the surface tension. The values of 0 were obtained using the well 
t e ~ t e d ~ ~ . ’ ’ . ~ ~  Au e r b a ~ h ~ ~  relation, 

c = ( a )2’3 

6.3 x 10-4p 

where C is the ultrasonic velocity. The values of a and b, for pentanol were computed 
from the relations (lo), (11) and (12). The ratio of the heat capacities y was obtained 
from, 

(1 3) 
where B, is the adiabatic compressibility. In order to carry out the evaluations of Pi 
and 

The values of various thermodynamic properties of pentanol at different tempera- 
ture are recorded in Table 2. 

It is observed (Table 2) that both internal pressure as well as pseudo-Gruneisen 
parameter decrease whereas isothermal compressibility and the ratio of specific heats 
increase with increasing temperature. These results (Table 2) confirm that, upon 
increasing the temperature of the given system, the solutions tend to become more 
compressible i.e. easier to compress. 

Y = C P K ,  = BTIB ,  

for pentanol, the Eqs. (8) and (9) were employed. 
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Figure 1 
in water at different temperatures. 

Plots of ultrasonic velocity C (ms-') as a function of pentanol concentration m (k rno1/1000 kg) 
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92 A. KUMAR 

Table 2 Computed values of thermodynamic properties for pentanol 
at different temperatures. 

Temp. 2 oT x 104 p i x  r 
(KJ ( d e g - ' )  ( a r m - ' )  (arm) 

288.15 0.0995 1.557 14.69 18.41 0.477 
298.15 0.0993 1.786 14.86 16.61 0.467 
308 15 0.0991 2.9 14 15.04 10.48 0.460 
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