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Abstract :  The Ultrasonic velocity studies on intermolecular interactions of  binary liquid mixtures of Ethylene Glycols 

(EG) + n-butylamine (NBA), + sec-butylamine (SBA) + tert-butylamine (TBA), + n-hexylamine (NHA), + n-octylamine (NOA) 

and + cyclohexylamine (CHA) have been measured at 308.15K.  From the experimental results the excess molar volume (VE), 

excess viscosities (ηE), and excess molar Gibbs free energy of activation of viscous flow (G*E) have been computed as a function 

of composition.  The parameter d1 of the Grunberg and Nissan expression has been computed.  The values of VE are negative 

whereas the values of ηE, G*E and d1 are positive.  Deviations from the ideal behavior are discussed from the point of view of the 

molecular interactions present between the unlike molecules.  The strength of these interactions is related with the chain length of 

the amines.  The results are discussed in terms of the theories of non-electrolyte solutions.  

 

IndexTerms - viscous flow , binary liquid mixtures , molar Gibbs. 

I. INTRODUCTION 

 

Ultrasonic technique is a versatile tool for investigating the physical properties of matter-solids, liquids 

and gases.  Ultrasonic velocity measurements have proved that they are useful in dealing with the 

problems of liquid structure and molecular interactions in liquid mixtures.  This method has been applied 

both to pure liquids and to electrolyte solutions.  For four and a half decade, extensively ultrasonic 

velocity measurements have been carried out for a large number of liquid mixtures.  Ultrasonic 

propagation parameters yield valuable information regarding behaviour of binary liquid systems because 

intramolecular and intermolecular association, dipolar interactions, complex formation and related 

structural changes affect the compressibility of the system which in turn produces corresponding 

variations in the ultrasonic velocity.  

It may be mentioned here that the sound velocity is not a primary thermodynamic parameter and there is 

no single agreed view regarding the method of evaluation of sound velocity in an ideal mixture.  Even 

though the sound velocity in an ideal mixture can be expressed as an additive on the mole fraction basis1,2 

or weight fraction basis3, the excess sound velocity so obtained does not properly characterize the 

deviations of the acoustic properties of the mixture from ideality.  However, the attempts made by Ernst 

and Glinski4 and Kiyohara et al.5,6
 indicate that sound velocities evaluated making use of 

thermodynamically valid expressions may be utilized to obtain excess sound velocities which are useful 

in understanding the solute-solvent interactions.  It is worthwhile to note here that Kudriavtsev7 derived 

expressions for evaluating theoretically the velocity of sound in pure liquids and liquid mixtures based on 

thermodynamically valid equations for internal energy in liquids and liquid mixtures and found that the 

expressions yield velocity data in good agreement with the experimental data for binary mixtures.   
In many industrial applications, liquid mixtures are mostly used in processing and product formulations rather 

than single component liquid systems.  Thermodynamic and transport properties8-10 of liquid mixtures have 

been extensively used to study the deviation of real liquid mixtures from ideality.  In addition, these properties 

have been widely used to study the intermolecular interactions between the various species present in the 

liquid mixtures8-10.  Ultrasonic velocity and related data of liquid mixtures are also found to be the most 

powerful tool in testing the theories of liquid state.  In addition, ultrasonic velocity data can be utilized to 

deduce some useful properties of liquid mixtures which are not easily accessible by other means. 

The high precision of ultrasonic velocity measurements make it possible to calculate many other reliable 

parameters which gives information regarding deviations of the system from ideality.  Molecular association 

in solution and some important correlations with various parameters, e.g. ratio of heat capacities, isentropic 

compressibilities, free volume, intermolecular free-length, available volume, internal pressure, energy of 

vaporisation, solubility parameter, non-linearity parameter, thermoacoustical parameters etc. can be very well 

studied through ultrasonic velocity measurements in liquid mixtures. 

It has been pointed out by several workers that excess thermodynamic functions sensitively depend not 

only on the differences in intermolecular forces, but also on the differences in size of molecules.  It is 
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obvious that the study of excess compressibility and other excess acoustical parameters provide important 

information on the intermolecular forces existing in the liquid mixtures.  Through the statistical theory of 

solutions, using the ultrasonic velocity and density data, it is also possible to investigate the solute-solvent 

interactions. 

 
II. EXPERIMENTAL 

An ultrasonic interferometer is a simple and direct device to determine the ultrasonic velocity in liquids with a high degree of 

accuracy. 

 

The principle used in the measurement of velocity (u) is based on the accurate determination of the wavelength ( ) in the 

medium.  Ultrasonic waves of known frequency (f) (2 MHz in the present study) are produced by a quartz plate fixed at the 

bottom of the cell.  The waves are reflected by a movable metallic plate (reflector) kept parallel to the quartz plate.  If the 

separation between these two plates is exactly equal to the multiples of the sound wavelength, standing waves are formed in the 

medium.  The acoustic resonance gives rise to an electrical reaction on the generator driving the quartz plate, and the anode 

current of the generator becomes maximum. 

III. RESULTS  AND DISCUSSIONS  

The density (ρ) and the ultrasonic velocity (u) have been measured over the whole composition range for the binary liquid 

mixtures of EG + NBA, + SBA, + TBA, + NHA, + NOA and + CHA at 308.15 K.  The acoustical parameters like acoustic 

impedance (Z), isentropic compressibility (Ks), intermolecular free-length (Lf) and relative association (RA) have been 

calculated from the measured density (ρ) and ultrasonic velocity (u) values using the relations given in Section 1.  The results 

are given in Tables 1 to 6. 

 

From the Tables 1 to 6, it is observed that the values of u, z, Ks, Lf and RA with the mole fraction of EG (XEG) varied non-

linearly.  This indicates the presence of interactions between the components in these binary liquid mixtures.  The variation of 

ultrasonic velocity (u) with mole fraction of EG for all the mixtures is shown in Fig. 1 as a typical graph. Fig.1 shows that the 

speed of sound for these mixtures increases monotonically with an increase in the ethylene glycol content of the mixtures and it 

is observed that the ultrasonic velocity value for EG is high. Normally when the medium is thick the higher values of ultrasonic 

velocity is expected. In the present study the higher ultrasonic velocity values are observed in the EG rich region of the 

mixtures which indicate the presence of strong intermolecular interactions between the ethylene glycol and amine molecules. 

This further confirms the formation of complex between the unlike molecules. This complex formation is responsible for 

thickening of the media in the ethylene glycol rich region which might be responsible for higher ultrasonic velocity values. 
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