
I.INTRODUCTION
The molecular interactions in ternary liquids mixtures can be 
determined successfully using values of ultrasonic velocity.The 
experimental values of ultrasonic velocities in addition with density 
and viscosity  were used to calculate the various acoustical 
parameters like Adiabatic compressibility, Free length, Free volume, 

1-Internal pressure, Acoustic Impedance,Absorption Coefficient, etc
2.The variation of these parameters with different temperatures for 
differentconcentrations provides information regarding the ions, 

3-5dipoles like hydrogen bonding, multi-polar &dispersive forces . The 
Ultrasonic investigations of liquid mixtures containing polar and 
non-polar components are of more important in analyzing 

6-9intermolecular interactions between the liquid components . 
Acoustic parameters help us for characterizing molecular 

10,11association and dissociation .
Here the ultrasonic velocity, density, viscosity of o-xylene and 1-
propanol with n-hexane were measured at 303K, 308K and 313K to 
predict the possible molecular interactions between the liquid 
components.

II.THEORY AND CALCULATIONS
To prepare liquid mixtures of various concentrations the AR grade 

12chemicals were puri�ed and used . The ultrasonic velocity 
measurements were made using an ultrasonic interferometer  
(Mittal type: Model :F81) working at frequency 2 MHz with accuracy 

-1of ± 0.1ms  .The density and viscosity were measured using a 
Pycknometer and an Ostwald's viscometer with an accuracy of  ± 

-3 -20.1kg m   and ± 0.001Nsm  respectively, at various temperatures 
303K, 308K, 313K. 

i. Ultrasonic Velocity (U):The expression used to determine the 
-1 ultrasonic velocity is given by, U = fλ ms  Where f - Frequency of 

ultrasonic waves; λ - Wave length

ii. Densities Of The Mixture: 
ρ  = (w /w ) ρ2 2 1 1

Where w  = weight of distilled water; w  = weight of experimental 1 2

liquid; ρ  = Density of water; ρ  = Density of experimental liquid.1 2

The viscosity was determined using the relation, η = η (t /t ) (ρ  ρ )2 1 2 1 2/ 1

Using the measured data, the following acoustical parameters can 
be calculated.

iii. Adiabatic Compressibility:                                                          
2 -1 -2κ=(1/U ρ) kg  ms Where U - Ultrasonic velocity; ρ - Density of the 

solution. 

 1/2  2/3 7/6iv.InternalPressure:(π ): π = bRT (kη/U)  (ρ /M ) Where  T - i i eff

Absolute temperature; - Density, R is the gas constant; M - effective eff

molecular weight.
1/2v.Freelength:L =(K/Uρ )mWhere U - Ultrasonic velocity of liquid; f

ρ  -  D e n s i t y  o f  l i q u i d ;  K  -  J a c o b s o n  t e m p e r a t u r e                              
-8K=(93.875+0.345T)Х10

3/2 3vi.FreeVolume:V =(M U/Kη) m Where, M =(X M +X M +X M ),X f eff eff 1 1 2 2 3 3

and M are mole fraction and molecular weight of the individual 
9.component in the mixture respectively.K=4.28х10

vii.Lenard Jones Potential:LJP=6V /V  Where  V - the molar m a m

volume and V  - the available volumea
2viii.ViscousRelaxationTime:=4η/3ρU Where -Density; η- 

viscosity.

ix. Acoustic Impedance(Z):   Z=ρ.U where ρ-density U- velocity.

III.RESULTs AND DISCUSSIONTable 1: Values of Ultrasonic 
velocity, Density and Viscosity of the system:o-xylene +1 
propanol+ n-hexane

From the above table,it is observed that as the temperature 
increases the velocity, density, viscosity decreases.

Table2:values ofAdiabatic Compressibility (k), Free Length (L ), f

Free Volume (V ) & Internal pressure (π ) of the system: o-f i

xylene+1propanol+n-hexane.
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Free length is the distance between the surfaces of the neighboring 
molecules. Free length decreases when the ultrasonic velocity 
increasesas the result of mixing the components.It is the magnitude 
of ion-ion or ion-solvent interaction or both. The increase in the free 
length shows weak molecular interactions and decrease in free 
length shows signi�cant molecular interactions.The free Volume 
increases with increase in concentration shows expansion of 
volume. The decrease in free volume  with increase in internal 
pressure leads to increase in intermolecular interactionsand vice 
versa. 

Fig 1: Variation of Ultrasonic Velocity Vs Concentration for system: 
o-xylene +1-propanol+n-hexane.

The plotshows the variation in the ultrasonic velocity with the 
increase in concentration is mainly due to the interactions between 
donor and acceptor molecules. On the basis of Kincaid and Erying 
model(1938) proposed for propagation, the variation of ultrasonic 
velocity depends on the increase or decrease of intermolecular free 
length after mixing the components��.

Fig 2:Variation of Adiabatic compressibility Vs Concentration for 
the system:o-xylene +1-propanol+ n-hexane at different 
temperatures.

Adiabatic compressibility shows a reverse trend to that of the 
ultrasonic velocitywhich indicates the extent of complexation.

Fig 3: Variation of Internal pressure Vs Concentration for the 
system:o-xylene +1-propanol+n-hexane.

Internal pressure re�ects the cohesive or adhesive forces available in 
the medium. The variation in the internal pressure gives information 
regarding the nature and the strength of the forces existing 
between the molecules. Internal pressure gradually increases with 
increase in concentration shows the formation of donor-acceptor 
complexes.

The increasing values of acoustic impedance with concentration 
supports the possibility of molecular interactions between the 
unlike molecules. The positive and negative value of molecular 
interaction parameters shows strong and weak interaction between 
the components respectively.

Table 3: Values ofAcoustic Impedance, Lenard Jones Potential, 
Free Energy of Activation, Molecular Interaction Parameter, 
Formation Constant:o-xylene + 1-propanol+ n-hexane at different 
temperatures.

Formation constant K:          
To calculate formation constant values of the charge transfer 
complexes, appreciable to weak complexes and in very dilute 
solutions. The stability constant is calculated using the relation

K=Y/(b-y)�dm� mol�
1/2Where, Y=[(a-k b)/(k-k1/2)];k=x/y

X=difference between Ucal and Uobs at lower concentration 'a'.
y=difference between Ucal and Uobs at lower concentration 'b'.  
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Formation constant is the measure of strength of the interaction 
between the components that come together to form a complex. It 
indicates the presence electron releasing group in the donor 
molecule, increases the tendency of complex formation. At high 
temperature thermal agitation of molecules takes place. Therefore 
at low temperature more stable complex is formed with high 
formation constant value.

IV. CONCLUSION
In this system the donor o-xylene is non- polar and the acceptor 1 
propanol is polar in nature and thereby forming induced dipole -
dipole interaction between the liquid components. The weak 
dispersive type of interaction occurs between 1 propanol and n-
hexane, due to the non-polar nature of n-hexane. Alcohols are liquid 
associated through hydrogen bonding and in pure state they 
exhibit an equilibrium between multimer and monomer species. All 
these suggest the existence of different types of molecular 
interactions may present in this ternary liquid mixtures.
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