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Abstract 
The study of molecular interactions and the variations in these interactions due to 

structural changes has been carried out by numerous experimental techniques such as 

Infrared, Nuclear Magnetic Resonance and Raman Spectra and Dielectric property 

measurement. The three binary mixtures chosen for the investigation of molecular 

interactions of  are 1,2 Dichloroethane as a basic solvent which was mixed with cresols 

such as o-cresol, m-cresol and p-cresol .Ultrasonic sound velocity(u), density(ρ) and 
viscosity(ŋ) were measured experimentally at four different temperatures namely 
303k,308k,313k,318k and at different compositions of 1,2-dichloroethane. The physical 

properties such as molar volume adiabatic compressibility, mean free length, acoustic 

impedance Rao’s constant and free volume are calculated using these experimental values. 
The results obtained are utilised to analyse the interactions between the component 

molecules. 
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Introduction 
Introduction 
The study of molecular interactions and 
the variations in these interactions due to 

structural changes has been carried out 
by numerous experimental techniques 
such as Infrared [1], Nuclear Magnetic 
Resonance [2] and Raman Spectra [3] and 
Dielectric property measurement[4].The 
thorough understanding of the nature of 
intermolecular method. The successful 
use of acoustical methods to the 
physicochemical investigation of solutions 
has become possible after the 
development of adequate theoretical 
approaches and methods for precise 
ultrasonic velocity measurements. 
Lagemann and Dunbar [5] pointed out the 
sound velocity approach for the 
qualitative estimation of interaction in 

liquids. A parallel measurement of sound 
velocity and density of solution agree one 
to obtain information about their volume, 
elastic properties and changes in their 
properties. Composite formation in liquid 
mixtures has been extensively studied by 
ultrasonic methods by many workers. The 
formation of hydrogen bond in liquid 
mixtures and its effect on physical 

properties of the mixtures have received 
much attention. 
 

Experimental Details  

By using jobs method of continuous 

variation, we have to prepare the mixture 

of required portion with the help of two 

separate burettes. The mixed proportions 

of the liquids are stored in the conical 

flasks and kept aside for nearly 24 hours. 

They are allowed to attain the thermal 

equilibrium. 

The author has used antonpaar to 
measure the velocities and viscosity of the 
liquid and liquid mixtures. Comparing the 
relative merits of various techniques, the 

antonpaar viscometer is a simple and 
direct device to determine the ultrasonic 
velocity in pure liquids and liquid 
mixtures with high degree of accuracy. It 
is known for its easy operation and 
reliability 

• Pulse excitation method (PEM): To 
determine the density and sound 
velocity using Antonpaar. The U- 
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shaped glass tube is made to 

oscillate to its stable state and gets 
excited. After the excitations the 
oscillations fades out freely. This 
sequence of excitation and fade 
out repeats continuously creating 
the pulsing oscillation pattern 

• Rolling ball principle: To determine 
the viscosity of the liquid and 
liquid mixtures using micro 
capillary tube in which the gold 
coated ball is inserted for free flow 
of liquid within the tube. 

•  
Specification of   Sound Velocity & Density 
Meter (DSA 5000 M): 

 Density range is   

 : 0 - 3 gm./cm3 
 Sound Velocity  
 : 1000 m/s to 2000 m/s 
 Measuring range of temperature
 : 0-100°C 
 Pressure range  
  : 0-8 bar 
 Measuring time per sample 
 : 1 to 4 min 
 Sample volume  
 : approx. 3.5 ml 
 
Before starting measurement with the 
instrument, make it sure of primary 
connections and settings as given in the 
manual. The measuring cell and syringe 

must be clean and dry. Then prepare the 
instrument for measurement, following 
the instructions on the screen.  Following 
the instruction on the touch screen make 
the instrument necessary measurements. 
After measuring the process is completed 
we will get the display message ‘Finish’ on 
the screen and shows “Master Condition” 
output is “Valid”. 
 
After recording data measuring cells must 
be cleaned as directed in the manual and 
make them dry for the next measurement. 
We have taken the data of density, kinetic 
viscosity and the speed of sound 
parameters of pure, binary and ternary 

mixtures of liquid of study.  
 
From the measured values of ultrasonic 
velocity (U), density (ρ) and viscosity (η). 
The Adiabatic Compressibility (βad), 
Internal Molecular Free Length (Lf), 
Acoustical Impedance (Z), Molar Volume 
(Vm), Rao’s Constant (R), Wada’s constant 
(W), Viscosity (η), internal pressure (π) 

and free volume(Vf) were calculated by 

using the following standard relations.  
 
Theoretical Parameters: 
Number Of Gram Molecules of The Two 
Components: 
If “v1” of a liquid of density(ρ1) and 
molecular weight(M1) is mixed with “v2” of 
liquid of density(ρ2) and molecular weight 
(M2) then the number of gram molecules 
of the first liquid(N1) present in this 
mixture will be 
 

N1=
𝝆𝟏𝒗𝟏𝑴𝟏  

 and for the second liquid it will be 𝑵𝟐 =  𝝆𝟐𝒗𝟐𝑴𝟐  

MOLE FRACTION OF THE TWO LIQUIDS 
(X1, X2): 

The mole fraction of first liquid is 
given by 𝑿𝟏 =  𝑵𝟏𝑵𝟏 +  𝑵𝟐 

 
Mole fraction of second liquid is 

given by 𝑿𝟐 =  𝑵𝟐𝑵𝟏 +  𝑵𝟐 

 

Adiabatic Compressibility (𝜷𝒂𝒅): 𝜷𝒂𝒅 =  𝟏𝝆𝒖𝟐 𝑵−𝟏𝑴𝟐 

INTERMOLECULAR FREE LENGTH (𝑳𝒇): 𝑳𝒇 = 𝑲𝜷𝒂𝒅𝟏𝟐  

Where “K” is the temperature dependent 
constant known as Jacobson Constant. 

The value of “K” calculated for working 
temperatures of the experiment are given 

as 

Temperat
ure (K) 

303.1
5 

308.1
5 

313.1
5 

318.1
5 

Value of K 627 631.5 636 640.5 

Molar Volume (V): 

V=
𝑴𝝆   m3 mol-1 

Impedance (Z): 
The acoustic impedance (Z) of a material 

is defined as the product of its density (ρ) 

and acoustic velocity (u). 

Z = u ρ Kgm-2 s-1 
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Free Volume: 𝑽𝒇 =  [𝑴  × 𝒖𝑲𝜼 ]𝟑𝟐
 

Where “K” is constant and its value is 
4.28 X 109 for all liquids.  
 
Rao’s Constant or Molar Sound 
Velocity(R): 

Rao’s constant is calculated by 
using the formula 

R=Vm𝒖𝟏𝟑 
Wada’s Constant (W): 
Wada derived a relation between adiabatic 
compressibility (βad ) and molar volume 
(V) of liquids.Wada’s constant of the 
solution is calculated by using the 
formula 

W=V (βad)-1/7 
2.3.5.8. 

Internal pressure 
(π):π = b R T [𝑲ɳ𝒖 ]𝟏/𝟐 [ 𝝆𝟐/𝟑𝑴𝟕/𝟔] Nm-1 

Where ‘b’ is the packing factor (b = 2), “k” 
is a constant, and its value is 4.28 X 109 
for all liquids, “R” is Universal Gas 
Constant and “T” is absolute temperature 
Enthalpy (H): 

Enthalpy is determined by using 
the relation 

H = πiVm      Jmol-1 

 
Where  πi is the internal pressure and Vm 
is the molar volume of the liquid solution. 
 
Gibbs Free Energy for Activation 
Flow(∆G) 
The relaxation time is related to the 
activation free energy for a given 
transition. The variation of relaxation time 

with temperature can be expressed in the 
form of Eyring salt process theory and the 
equation is given  as 
 

∆G= RT ln[𝜼𝑽𝒎] 
 
Where “R” is universal Gas constant 
8.31432 X 107 JK-1, and “T” is Absolute 
Temperature 

 
Table 1 (a) 

Binary Liquid Mixture – I: 1,2-Dichloroethane +M- Cresol at Temperature 303 K, 308 
K,313K 318 K and Density, UltrasonicVelocity, Viscosity and some related acoustic 

parameters 
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Table 1(b) 

Binary Liquid Mixture – I: 1,2-Dichloroethane + M - Cresol at Temperature 303K, 308 K,313 
K,318 K  Some related acoustic parameter 
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Table 2(a) 
Binary Liquid Mixture – I: 1,2-Dichloroethene + O - Cresol at Temperature 303 and 308 K 

and Density, UltrasonicVelocity, Viscosity and some related acoustic parameters 
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Table 2 (b) 

Binary Liquid Mixture – I: 1,2-Dichloroethene + O - Cresol at Temperature 303 K, 308 K, 
313 K,318 K Some related acoustic parameter 

 
 

 
Table 3(a) 

Binary Liquid Mixture – I: 1,2-Dichloroethene + P - Cresol at Temperature 303 and 308 K 
and Density, Ultrasonic Velocity, Viscosity and some related acoustic parameters 
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Table 3 (b) 

Binary Liquid Mixture – I: 1,2-Dichloroethene + P - Cresol at Temperature 303 K, 308 K, 
313 K,318 K Some related acoustic parameter 
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Results and Discussions 
Ultrasonic velocity(u), viscosity(ŋ) and 
density(ρ) were measured at a fixed 
frequency of 2MHz for the whole 

composition  of 1,2 Dichloroethane at four 

different temperatures, 

303.15k,308.15k,303.15k and 318.15k, 

are given in tables (3.1(a).3.2(a),3.3(a)) 

.The other physical properties such as 

molar volume, adiabatic compressibility, 

mean free length, free volume , acoustic 

impedance, Rao’s constant  are calculated 
with the experimental data.  

The variation of sound velocity with mole 

fraction of 1,2Dichloroethane at four 

different temperatures is shown in 

Fig(3.1.1,3.2.1,3.3.1). The sound velocity 

decreases as the mole fraction of 1,2 

Dichloroethane increases. The similar 

trends are observed for the system at all 

the four temperature Density (ρ) is the 
measure of solvent- solvent interactions. 

Density increases with concentration 

indicates the increase in solvent- solvent 

and solvent- solute interactions whereas 

decrease in density indicates the lesser 

magnitude of interactions. The decrease 

in viscosity values of mixture could be 

explained by the strong electrostatic 

interactions between the molecules[6].For 

all the three mixtures the same trend is 

observed. 

The adiabatic compressibility increased 

with increase in temperature. This leads 

to structural reorientation of particles 

which increases the compressibility[7].It 

is observed that in all the mixtures the 

molar volume decreases with increasing 

the temperature and also with increase in 

the temperature[8]. It is clear that the 

interaction become weaker at higher 

temperatures .  The Rao’s constant ( R) 

and Wada’s constant (W) for  the three 
systems at different temperatures are 

presented in tables ( 

3.1(a),3.2(a),3.3(a)).The corresponding 

plots of Rao’s constant vs. molefraction 
and Wada’s constant vs. mole fraction are 
given respectively in figures 

(3.1.23,3.2.23,3.3.23,3.1.24,3.2.24,3.3.24

) for all the three mixtures. The space 

between the molecules is decreasing with 

the increase of temperature. This 

behaviour of W and R, supports the 

possibility of weak interactions between 

the molecules of liquid mixture 

components[9].  In the present study the 

intermolecular free length (Lf) follows the 

same trend as that of Adiabatic 

Compressibility (βadThe free volume 
values are calculated and presented in 

tables(3.1(a),3.2(a),3.3(a) ) for the three 

binary mixtures and the corresponding 

plots of free volume vs. mole fraction are 

given in fig(3.1.17,3.2.17,3.3.17). Thus 

increase in the value of  free volume (Vf) 

decreases the intermolecular distance, 

making relatively less gap between the 

molecules[10] 

In the present study the internal pressure 
values are decreased with an increase in 
the temperature for all the three binary 
mixtures and are presented in the tables 
(3.1(b),3.2(b),3.3(b)). It can be concluded 
that the decreasing trend suggests the 
strong interactions among the molecules 
of components of the system[11]. Gibb’s 
free energy decreases with increase in 
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concentration which confirms the 

hydrogen bonding formation in binary 
liquid mixtures [12]. 
 
The decreasing values of acoustic 
impedance (Z), decreases the 
intermolecular distance, making relatively 
less gap between the molecules.[13] 
 
The relaxation time (τ) values decrease 
with increase of mole fraction of 
1,2Dichloroethane. This may be account 
for the decrease of dielectric constant of 
the medium and change of intermolecular 
and intramolecular interactions between 
the molecules[14] .In the present study 
,the absorption coefficient values decrease 

with increase in the mole fraction of first 
component in the three mixtures[15]. The 
corresponding plots of molecular 
interaction vs. mole fraction  of the first 
component  1,2 Dichloroethane  are given 
in fig(3.1.27,3.2.27,3.3.27). The trend is 
negative and negative values are 
increased up to 0.6 molefraction of 1,2-
dichloroethane and then increases. 
 
Conclusion 
The ultrasonic velocity, density, viscosity 
and other related parameters were 
calculated. The existence of type of 
molecular interactions in solute-solvent is 
confirmed from the U, ρ, βad, Lf, Z, Vm, 
R, W, η, π and Vf data. All the 
experimental determinations of acoustic 
parameters are strongly correlated 
between1,2 Dichloroethane and o cresol p 
cresol and m cresol. 
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