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ABSTRACT 
 

The ultrasonic velocity, density and viscosity have been measured for the ternary mixtures of ethyl 
hydroxy benzoate+ 2-propnol with benzene at 303K. Various acoustical parameters such as adiabatic 

compressibility (), inter molecular free length (Lf), free volume (Vf), and acoustical impedance (Z), molar volume 

(V), Internal pressure (), Gibb’s energy (G*) and Helmoltz’s energy (H*) are calculated from the values of 
ultrasonic velocity, density and viscosity that are experimentally measured at 303 K in the ternary system. The 
Ultrasonic Velocity was measured using a single crystal variable path interferometer working at 2MHz by standard 
procedure. The densities were measured using a specific gravity bottle by standard procedure and the viscosity 
was measured using Oswald’s viscometer with an accuracy of ± 0.1%. The results are interpreted in terms of 
molecular interaction between the components of the mixtures. 
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INTRODUCTION 
 

Ultrasonic measurements are very useful in chemical and food processing, material 
testing, under water range cleaning. Ultrasonic’s also has wide range of applications in the 
fields of physics, chemistry, biology and medicine. In recent years ultrasonic investigation find 
extensive applications in probing in to the physicochemical behavior of binary liquid mixtures 
leading to an understanding of the liquid state [1-3]. Ultrasonic technique has been adequately 
employed to investigate the properties of any substance to understand the nature of molecular 
interactions in pure liquid1 liquid mixtures [2-5] and ionic interactions in electrolytic solutions 
[6, 7]. Though the molecular interactions studies can be best carried out through spectroscopic 
methods [8, 9] the other non spectroscopic techniques such as dielectric [10], magnetic [11], 
ultrasonic velocity and viscosity [12] measurements have been widely used in field of 
interactions and structural aspect evaluations studies. The measurements of ultrasonic velocity 
have been adequately employed in understanding the nature of molecular systems and 
physicochemical behavior in liquid mixtures [13-16]. 
 

MATERIALS AND METHODS 

 
EXPERIMENTAL 
 
Chemicals  
 

The chemicals used in the present study are of AR grade (99% of purity) and hence used 
without further purification.  
 
Measurements 
 

The Ultrasonic Velocity was measured using a single crystal variable path interferometer 
working at 2MHz by standard procedure. The accuracy of ultrasonic velocity determination in 
the solution is ±0.001%. The velocities were measured at room temperature 303 K. The 
densities were measured using a specific gravity bottle by standard procedure and the viscosity 
was measured using Oswald’s viscometer with an accuracy of ± 0.1%. 
 

RESULTS AND DISCUSSION 
 

The calculated parameters such as acoustic impedance (Z), adiabatic compressibility (β), 

inter molecular free length (Lf), relaxation time (), molar volume (V), internal pressure (πi) and 
free volume (Vf) are calculated using the following relation (1- 7). 
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Table 1. Measured Ultrasonic velocity (U), density () and viscosity () and calculated acoustical impedance (Z), 

adiabatic compressibility (β), free length (Lf), relaxation time () and for Ethyl hydroxybenzoate+2-Propanol with 
benzene at 303 K. 

 

X2 

U 
ms

-1
 

 
mPa-s 

 
x10

3
Kg.m

-3
 

Z 
x10

3
 

β 
x10

-10 
m

2
N

-1
 

Lf 

x 10
-11

 m 
 

x 10
-13

 sec 
V 

x 10
-6

 m
3
-mol

-1
 

0.02% of EHB 

90% 1249.6 0.6970 0.8528 1065.7 7.5095 5.4371 6.9788 90.7244 

80% 1238.8 0.7276 0.8517 1055.1 7.6509 5.4881 7.4224 82.9161 

70% 1217.4 0.7794 0.8480 1032.4 7.9568 5.5967 8.2687 75.3177 

60% 1205.0 0.8116 0.8368 1008.3 8.2301 5.6920 8.9060 68.2591 

 0.03% of EHB 

90% 1244.0 0.7276 0.8619 1072.2 7.4973 5.4327E 7.2736 89.7666 

80% 1235.0 0.7595 0.8554 1056.4 7.6651 5.4932 7.7630 82.5613 

70% 1214.4 0.7931 0.8520 1034.7 7.9586 5.5973 8.4161 74.9641 

60% 1200.0 0.8337 0.8405 1008.6 8.2625 5.7032 9.1848 67.9602 

 0.04% of EHB 

90% 1250.2 0.7430 0.8619 1077.5 7.4231 5.4057 7.3538 89.6666 

80% 1239.4 0.7778 0.8570 1062.2 7.5962 5.4684 7.8786 82.4033 

70% 1228.2 0.8070 0.8517 1046.0 7.7839 5.5356 8.3754 74.9940 

60% 1208.0 0.8262 0.8464 1022.5 8.0961 5.6455 8.9189 67.4825 

 0.05% of EHB 

90% 1255.2 0.7556 0.8642 1084.7 7.3445 5.3770 7.3993 89.5277 

80% 1239.1 0.7856 0.8591 1064.5 7.5813 5.4631 7.9413 82.2018 

70% 1225.4 0.8048 0.8539 1046.4 7.7990 5.5409 8.3692 74.7973 

60% 1206.8 0.8280 0.8480 1023.4 8.0971 5.6458 8.9395 67.3568 

 

The measured values such as ultrasonic velocity (U), density ( ) and viscosity ( ) of 
Ethyl hydroxybenzoate+2-Propanol with benzene are given in Table 1. It is clearly evident that 
measured parameters like sound velocity, density are decreasing where as viscosity follows 
increasing trend for decreasing concentration of X2. The ultrasonic velocity studies carried out 
in the present investigation reveal that the velocity varies with concentration due to the solute 
– solvent interactions through molecular association. The existing particle-particle resistance 
initiates some more interactions and this is supported by the measured parameters. A keen 
look at the Table 1 suggest that the range of density, sound velocity, and their variation with 
concentration of EHB+2Propanol is appreciable, this liquid composition suggests the basis of 
structural changes as well as interaction between like molecules and unlike molecules. On 
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comparing the concentrations of EHB+2Propanol with benzene it is evident that the ultrasonic 
velocity and density keep on decreasing. The shear viscosity increases with increase of 
concentration once again confirmed the existence of solute – solvent interaction. 
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Fig.1 Variation of Internal pressure (πi) and Free volume (Vf) with X2. 
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Fig.2 Variation of Gibbs free energy (G) and Helmholtz free energy(H) with X2. 

 

 
The specific acoustic impedance Z is varied linearly with concentration of solution. 

Adiabatic compressibility (β) shows an increasing trend. The intermolecular free lengths Lf has 
been calculated by using semi empirical relation given by Jacobson [17]. The values of Lf reflect 
the same trend as that of β. According to Eyring and Kincaid *18+, the ultrasonic velocity 
increases, if the Lf decreases and vice – a – versa in a result of mixing components. The 
decrease or increase in the values of Lf can be explained on the basis of interactions between 
the solute and solvent molecules. Relaxation time shows an increasing trend and molar volume 
shows a decreasing trend. The computed other parameters like free volume and internal 
pressure are given in Fig 1. The values of Vf are decreasing in trend (for decreasing X2) which 
suggest that there is a specific interaction between the components of the mixtures. An inverse 
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trend is observed in case of internal pressure as expected. The observed decreasing values of Vf 
are due to close association between solute and solvent molecules. Similar trends were 
observed by earlier workers [19, 20]. 
 

Similar trend was observed for relaxation time in our dielectric work [21]. Hence the 
formation of hydrogen bonding between hydroxyl group (-OH) of 2PN and –CH group of 
hydroxyl benzoates restricts the free internal orientation of the molecules. Gibbs free energy 
and Helmholtz free energy also showed same trend (Fig. 2) [21]. This trend indicates the 
presence of interaction between the molecules of the mixture.  

The increase in adiabatic compressibility and free length with decreasing concentrations 
of X2 indicates significant interactions between Ethyl hydroxyl benzoate and the alkanol 
molecules forming hydrogen bonding through dipole-dipole interaction. 
 

As alkanols are liquids which are associated through hydrogen bonding and in the pure 
state they exhibit equilibrium between multimer and monomer species. 
 

The dipole-dipole interaction through hydrogen bonding between Ethyl hydroxyl 
benzoate and alkanols clearly enhance the decrease in isentropic compressibility and free 
length. Similar results were observed by earlier workers in their liquid mixtures. Further, the 
increase in free volume and decrease in internal pressure with rise in concentrations of X2 in all 
the systems clearly show the increasing magnitude of interactions [22]. 
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