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Abstract   

Liquid state study of binary and ternary mixture shed more light on intermolecular 

interactions, leading to various applications in industry. Ultrasonic interferometer is used to 

measure the ultrasonic velocity, density and viscosity at various temperatures, concentrations and 

different frequencies.  Further it can be used to calculate the acoustical and thermodynamic 

parameters. The method of calculating the acoustical parameters, variation of parameter with 

respect to frequency and its correlation to the intermolecular interactions are highlighted in this 

paper. 

 

Introduction  

 For the better understanding of the molecular science, one needs to study the 

intermolecular interactions in binary mixture[1-6], ternary mixture and ionic interactions in 

electrolytic solutions.Several techniques are employed to study the intermolecular interactions. 

They are Nuclear Magnetic Resonance (NMR), ultraviolet (UV), Infrared (IR), dielectric 

constant and ultrasonic studies (ultrasonic interferometer). Ultrasound studies play a vital role in 

understanding the intermolecular interactionin mixture liquid state[7-10]. Earlier studies have 

shown that the ultrasonic velocity and acoustical parameters are related to molecular interactions 

and physico-chemical behaviour of the system[11-19]. 

 

1. Adiabatic Compressibility (β) 

The electrostatic force of interaction is the key player to make the structural changes within the 

mixture of molecules[20-26]. The structural changes of molecules lead to significant changes in 

a adiabatic compressibility. The adiabatic compressibilityis expressed as follows   

 β = 1/ U
2
ρ Kg

-1
ms

2
 

Where U is the velocity of ultrasonic waves  

ρ is the liquid mixture density.  
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2. Free Length (Lf) 

 The free length is the distance travelled by the ultrasound wave between the surfaces of the 

closest molecules and expressed in the equation form as follows   

 Lf = K / (ρU)
1/2

m  

Where U is velocity of ultrasonic waves  

ρ is liquid mixture density  

 

3. Acoustic Impedance (Z). 

The specific acoustic impedance is the product of liquid mixture density and the velocity of 

ultrasonic waves. Z is expressed as  

    Z=Uρ Kgm
-2

S
-1

 

 

 4.Relaxation Time.( τ). 

Relaxation time (τ) is calculated using the following equation   

τ = 4η / 3 ρU
2
 sec  

where η is the adsorption coefficient 

 

5. Attenuationcoefficient (α/f
2
)  

Attenuation coefficient is expressed as   

(α/f2) = 8Π
2
η/[3ρU

3
].Npm

-1
s

2
 

but it depends on various parameters like pressure, frequency and temperature[27-35]. 

 

6. Free Volume 

 The free volume is defined as the average volume of free space in which the molecules can 

move inside the hypothetical cell due to the repulsion of the proximal molecules[36-50]. 

Vt=V(Vg/U)
3
 

                             Vg=(γRT/M)
3/2 
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RESULTS AND DISCUSSION 

 

The liquid state study of liquid systems using ultrasonic interferometer has gained lot of attention 

among researchers to explore the intermolecular interactions in the liquid state. More researchers 

are focused to elucidate the acoustic and thermodynamic parameters of different liquid systems, 

which throw more light on intermolecular interactions like hydrogen bonds, and dipole-dipole 

interaction present in the liquid system. In this paper, the recent ultrasonic velocity 

measurements in liquid mixtures (binary and ternary mixture) and in electrolyte solution are 

highlighted. 

 

Binary mixture 

In histidine-water binary system, the ultrasonic velocity, density and viscosity are measured at 

35
°
C. The concentration plays a vital role in the histidine-water mixture. With the increase in 

concentration, the density, viscosity, specific acoustic impedance, ultrasonic attenuation, free 

volume and ultrasonic velocity also increase, but decrease in free length and adiabatic 

compressibility is observed. Here the increase in concentration enhances the molecular 

interaction and the dipole-dipole interaction. In N, N-dimethyle acetamide and benzonitrile 

binary system (Patil et al., 2013), the increasing concentration of binary mixture leads to 

decrease in density, viscosity and impedance. Higher the concentration, the ultrasonic velocity, 

free length, free volume and compressibilityare observed to be increasing.  These parameters 

show that the molecular interaction could be due to specific hydrogen bond and dipole-dipole 

interaction. A detailed investigation is done on Atropine sulphate – water mixture (Balakrishnan 

et al., 2012), where the increasing concentration resulted high free length, compressibility and 

density but reduce in the ultrasound velocity. The acoustical behavior of polymer, polyvinyl 

acetate in acetic acid has been studied (Singh and Bhatt, 2010). The effect of temperature with 

different concentration have been studied.  

 

Ternary mixture 

The liquid state study of ternary mixtureN-Ndimethylformamide,nitrobenzene, and cyclohexane 

is performed (Praharaj et al., 2013) at 45
°
C which revealed that the concentration variation of 

liquid mixture leads to decrease in density and viscosity but the velocity of ultrasonic waves are 
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increasing. The adiabatic compressibility is measured at different frequency in which the 

decrease in adiabatic compressibility resulting decrease in free length and free volume. Here the 

ternary liquid mixture is mainly stabilized by weak interactions, dipole-dipole moments, dipole-

induced dipole and hydrogen bonding. In addition, pi – pi interactions are observed.  

 

CONCLUSION  

Enlarged data set of molecular interaction is a must for molecular science. The expansion of 

liquid state study of various liquid systems, pure and mixture, will deduce the molecular 

interaction in a precise manner.  
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