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ABSTRACT 
The density, viscosity and ultrasonic velocity 
have been measured for ternary mixture of 
Ethanol+1-Propanol+Benzene of fixed equal 
volumes of the components at temperatures of 
303.15 K, 308.15 K, 313.15 K, 318.15 K, 
3231.5 K and 328.15 K. The experimental data 
have been used to calculate some acoustic and 
thermodynamic parameters: adiabatic 
compressibility, free length, free volume, and 
internal pressure. It was observed that adiabatic 
compressibility (β), free length (LRfR), and free 
volume (VRfR), increased with increase in 
temperature, whereas internal pressure (πRiR) 
decreased with increase in temperature. Some 
probable reasons on the increase or decrease of 
acoustic and thermodynamic parameters with 
temperature change are presented. 
 
Keywords: Ultrasonic velocity, Ternary 

mixtures, Acoustic/Thermodynamic 
Parameters, temperature.  

 
INTRODUCTTION 
 

Liquid mixture containing components 
ultrasonic investigation is of considerable 
importance in understanding intermolecular 
interaction between the component molecules as 
that finds application in several industrial and 
technological processes. Ultrasonic velocity and 
the derived acoustical parameters like adiabatic 
compressibility, free length, relaxation time, 
acoustic impedance, etc., with their excess 

values, provide valuable information about the 
molecular environments. This has been studied 
for various binary and ternary mixtures with 
respect to variation in concentration of the 
liquids and temperatures.P

[3, 6, 8]
P. 

 Liquids ultrasonic study is of immense 
important in understanding the nature and 
strength of molecular interactions. The 
biological activity of drug molecules and the 
activation energy of the metabolic process 
basically depend on the type and strength of the 
intermolecular interactions. Thermodynamic and 
transport properties of liquid mixtures have been 
extensively used to study the departure of a real 
liquid mixture behavior from ideality. From the 
literature, the nature and degree of molecular 
interactions in different solutions depend upon 
the nature of solvent, the structure of solute 
molecule and extent of solutes taking place in 
the solution.P

[3, 1]
P. 

 In recent years ultrasonic investigations 
find large number of applications in 
characterizing of thermodynamic and 
physiochemical aspect of ternary liquid 
mixtures. The acoustical and thermodynamic 
parameter have been used to study different 
kinds of associations, molecular motion and 
various types of interaction and their strengths 
influenced by the size of pure component and 
the mixtures.P

[3, 2]
P. 

The accurate thermodynamic properties 
of alcohols, in particularly 1-propanol are of 
interest for different branches of science and 
engineering. Propan-1-ol is an important 
industrial chemical fluid. 0T 0TPropan-1-ol is used as 
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a solvent in the pharmaceutical industry. 
Hydrogen bonding is one of the most important 
types of intermolecular interactions play an 
important role in various physicochemical, 
biological and industrial processes.P

[3, 9, 5]
P  

In this paper, variation of some 
parameters of ternary mixture containing, 
ethanol, 1-propanol and benzene with 
temperature have been studied for a fixed 
concentration of equal volumes of the individual 
liquids making up the mixture.  
 
MATERIALS AND METHODS 
 

 A concentration in volume fraction of 
mixture was prepared by taking liquids of 
ethanol, 1-propanol and benzene (BDH grades, 
99.4% v/v). The volume fractions of the 
component liquids making the mixture were 
kept constant in the ratio of 1:1:1 throughout the 
variation of temperature. The density, viscosity, 
and ultrasonic velocity were measured as a 
function of temperature of the ternary liquid 
mixture at 2 MHz and at temperatures of T = 
303.15 K, 308.15 K, 313.15 K, 318.15 K, 
323.15 K and 328.15 K.  

The density of the various systems at 
different temperatures were measured using 
relative measurement method and the viscosity 
of the mixture was measured using an Ostwald`s 
viscometer. The flow time was determined using 
a digital stopwatch with an accuracy of ±0.01s. 
The ultrasonic velocity of the liquid mixture was 
measured using a single crystal variable path 
interferometer at 2 MHz. The selected 
temperature of the liquid mixture was 
maintained constant by circulating water from a 
thermostatically controlled water bath with an 
accuracy of ±0.1 K. 

Some acoustic and thermodynamic 
parameters were calculated.P

[3, 1, 6] 

(i) Adiabatic compressibility (β)  
                                                         (1) 
 
(ii) Intermolecular free length (LRfR)   
                                                      (2).  
 
(iii) Free volume (VRfR)  
                                           (3) 
 
(iv) Internal pressure (πi) 

                       (4)  
 
where U is ultrasonic velocity, ρ is density of 
the mixture, KRTR is the temperature-dependent 
constant known as Jacobson's constant (KRTR = 
2.131 × 10−6 at 318K), Meff is the effective 
molecular weight of the mixture (Meff = ΣmiXi), 
where mi and Xi are the molecular weight and 
mole fraction of individual constituents, 
respectively), k is a temperature-independent 
constant which is equal to 4.281 × 10 P

9
P for all 

liquids, η is the viscosity of the mixture, b 
stands for cubic packing, which is assumed to be 
2 for all liquids, T is the absolute temperature in 
Kelvin, , R is the universal gas constant, kRBR is 
Boltzmann's constant, and h is Planck's constant, 
f is the frequency of ultrasonic wave. 
 
RESULTS AND DISCUSSION 
 

The data obtained from experiment 
relating to density, viscosity, and ultrasonic 
velocity at indicated temperatures for frequency 
2MHz, for the given mixture, and calculated 
values of adiabatic compressibility, free length, 
free volume, internal pressure have been 
presented in Table 1.

 
 
Table 1: Density (ρ), viscosity (µ) velocity (U), adiabatic compressibility (β), free length (LRfR), free volume (VRfR) 

and internal pressure (πRiR)R Rof ethanol+1-propanol+benzene mixture 
 
 

http://www.jtaphys.com/content/7/1/23/table/T1
http://www.jtaphys.com/content/7/1/23/mathml/M1
http://www.jtaphys.com/content/7/1/23/mathml/M2
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T(K) ρ(kg/mP

3
P) µ(×10P

3
P 

NsmP

-2
P) 

U(msecP

-1
P) β (×10P

10
PPaP

-1
P) LRfR 

(×10P

11
Pm) 

VRf R×10P

7
PmP

3
PmolP

-1 πRi R×10P

-

8
PPa 

303.15 793.5 1.5042 1412.7 7.5247 5.5213 0.8432 5.3815 
308.15 790.7 1.3536 1392.6 7.8423 5.7212 0.9545 5.2628 
313.15 788.3 1.2646 1372.6 8.0534 5.8733 1.0475 5.1598 
318.15 786.7 1.2112 1348.5 8.2234 6.2063 1.1134 5.0114 
323.15 783.4 1.1625 1327.6 8.3926 6.5464 1.1566 4.8114 
328.15 781.3 1.1135 1209.5 8.5754 6.9456 1.2167 4.5255 

 
0TFrom 0T33TTable 1 33Tand Figures 1 & 2, it can be 

observed that the density, viscosity and 
ultrasonic velocity decrease with increase in 
temperature. The decrease of values with 
temperature shows a decrease in intermolecular 
forces due to the increase in the thermal energy 
of the system. The velocity decreases with the 
increase in temperature because the fact that free 
length increases with the increase of 
temperature. Since the association of the 
interacting molecules varies with the 
temperature of the ultrasonic wave, cohesive 
force as well as internal pressure increases with 
the increase of temperature.P

[3, 6, 5]
P   

 
 
 

 
 

Fig 1 Variation of ultrasonic velocity U(msecP

-1
P) of 

mixture with temperature T(K) 
 

However, adiabatic compressibility (β), 
free length (LRfR), free volume (VRfR) and except 
internal pressure (πRiR) increased with increase in 

temperature. The free length 0Tdependence0T on the 
adiabatic compressibility and show a similar 
behavior to that of the compressibility and 
inverse to that of velocity. It increased with 
increase in temperature of mixture, indicating 
that there is a less interaction between solute 
molecules. Free volume of the mixture increased 
as the internal pressure decreased with increase 
in temperature of mixture. This is most likely 
because of the loose packing of the molecules 
inside the shield, which may be brought about 
by the decreasing magnitude of interactions.P

[3, 7]
P. 

 
 

 
 

Fig 2 Variation of adiabatic compressibility 
β(×10 P

10
PPaP

-1
P), free length LRfR(×10 P

11
Pm), free 

volume VRfR(×10 P

7
PmP

3
Pmol P

-1
P) and internal 

pressure πRiR(×10 P

-8
PPa) of mixture with 

temperature 
 

From Figure 1 & 2, it can be seen that 
ultrasonic velocity (U), adiabatic 
compressibility (β), free length (LRfR), and free 
volume (VRfR), increased almost linearly with 
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increase in temperature. While, internal pressure 
(πRiR) decreased almost linearly with increase in 
temperature. As may be expected, the density 
and viscosity of the system decreased with 
increase in temperature. The molecules in a 
liquid are held together much more strongly 
than in a gas. A force is needed to overcome the 
mutual attraction of the molecules so that they 
can be displaced relative to each other. The 
more strongly the molecules are held together, 
the smaller the flow for a given shearing stress. 
With increasing temperature, the random kinetic 
energy of the molecules helps to overcome the 
molecular forces and reduces the viscosity.P

3, 4, 9] 
 
CONCLUSION 
 
The ultrasonic velocity and the thermodynamic 
parameters: adiabatic compressibility, free 
length, free volume, and internal pressure of 
ethanol+1-propanol+benzene mixture increase 
as the temperature rises. However, the internal 
pressure decreases with temperature increase. 
As usual, the density and viscosity of the ternary 
mixture decrease with increase in temperature. 
This could be due to the energy obtained to 
overcome the resistance to flow. The almost 
linear variation of acoustical parameters with 
temperature shows that there exist less 
intermolecular forces between the components 
of the ternary liquid mixture. 
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