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Abstract  

The Ultrasonic velocity (U), Density (ρ) and viscosity (η) have been measured for the ternary liquid mixture of 

acrylonitrile (AN) with benzene in N-N-dimethyl aniline 303, 308and313K respectively. From the experimental data 

various acoustical and thermo dynamical parameters such as; adiabatic compressibility (β), and Specific acoustic 

Impedance (Z), Absorption Coefficient (α/f
2)

) and Relaxation Time (  ) have been computed using the standard relations. 

The results have been analyzed on the basis of variation in thermodynamic parameters. These parameters are found to be 

very sensitive in exploring the interaction between the component molecules, which enable to have better understanding 

of the liquid mixtures. 

Since the system show similar trends for evaluated parameter so the constituent ternary mixture at different temperatures. 

The results have been interpreted in terms of dipole induced dipole interaction. 

Keywords: Ultrasonic Velocity, Adiabatic compressibility, Absorption Coefficient (α/f
2)

),    

                    Relaxation time. 

 

Introduction 

                       In recent years, the measurement of ultrasonic velocity has been successfully employed in understanding the 

nature of molecular interactions in pure liquids and liquid mixtures. Ultrasonic velocity measurements are highly sensitive to 

molecular interactions and can be used to provide qualitative information about the physical nature and strength of molecular 

interaction in liquid mixtures.[1–3]. The significance of acoustic, volumetric and thermodynamic studies in mixtures have 

been used for understanding the intermolecular interaction   by many researchers for interpreting different type of   

interactions   viz   dipole-dipole4-6and dipole induced dipole [7-10]; polar-polar[11,12] and polar-non polar[13,14] systems. 

Ultrasonic velocity of a liquid is fundamentally related to the binding forces between the atoms or the molecules and has been 

adequately employed in understanding the nature of molecular interaction in pure liquids and liquid mixtures. The variation 

of ultrasonic velocity and related parameters throw much light upon the structural changes associated with the liquid mixtures 

having weakly interacting components as well as strongly interacting components [15,16].   

                        Acrylonitrile is a versatile liquid that finds use in the polymer industry to produceacrylic fiber, acrylonitrile–

butadiene–styrene resins, adiponitrile, nitrile rubbers, elastomers, styrene–acrylonitrile resins, etc., which have a variety of 

uses in the modern world. Thus, studies of the physicochemical properties of binary mixtures containing acrylonitrile has 

attracted considerable interest [17–19]. Aniline molecule is highly polar and self associated through hydrogen bonding of 

their amine group.  Being aromatic, aniline with amino group is comparatively a strong electron donor.  The H atoms in the 

NH2 group can also play the role of electron-acceptors centers [20]. It is used in manufacturing of synthetic dyes, drugs and 

as an accelerator in vulcanization of rubber21. Benzene is a non- polarsolvent, which can freely miscible with many organic 

solvents[22].  

                 Consequently, a study of the thermodynamic properties of ternary mixtures of  acrylonitrile with  benzene in  

aniline, N-methyl aniline and N-N-dimethyl aniline is of considerable interest. Moreover, a literature survey indicates that no 

ultra-sonic study on these ternary systems has been reported. Therefore, the present study was undertaken in order to have a 

deeper understanding of the intermolecular interactions between the components of the ternary liquid mixtures. For a better 

understanding of the physico-chemical properties and the molecular interactions between the participating components of 

these mixtures ultrasonic velocities and densities are measured at 303K, 308K and 313K over the entire concentration range 

for three ternary mixture systems. 
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Materials and methods 

The chemicals used in the present work were analytic Reagent grade obtained from E-Merck, India.  The mixtures of various 

concentrations in mole fraction were prepared by taking analytical reagents.  In all the mixtures, the mole fraction of Benzene 

(X2= 0.4) was kept fixed while the mole fractions of remaining  Acrylonitrile with aniline  were varied from 0.1 to 0.6 so as 

to have mixture of different concentration.  The density was determined using a specific gravity bottle by relative 

measurement method.  The weight of the sample was measured using an electronic digital balance.  An Ostwald’s viscometer 

(10 ml) was used for the viscosity measurement.  An Ultrasonic Interferometer having a frequency of 2MHz (Mittal 

Enterprises, New Delhi, Model: F-81) has been used for velocity measurement.  An electronically digital operated constant 

temperature water bath is used to circulate water through the double walled measuring cell made up of steel containing the 

experimental solution at the desired temperature. Density and viscosity measurements were carried out in a well stirred water 

bath whose temperature was controlled to 0.01K. 

Theory and Calculations 

Using the measured data of density (ρ), velocity (U) and viscosity (η), the acoustical parameters such as adiabatic 

compressibility (β), free length (Lf), free volume (Vf), internal pressure (πi) and Gibb’s free energy (ΔG) have been calculated 

by the following standard expressions  

Intermolecular free length  

 Lf =KTβ
1/2

m 

Where KT is temperature dependent constant called as Jacobson constant and β is the adiabatic compressibility that can be 

calculated from the velocity of sound and the density of the medium. 

                                             N
-1

m
2. 

The relation for free volume in terms of ultrasonic velocity and viscosity of the liquid 

                                               M
3
mol

-1 

The expression for the internal pressure by the use of free volume as 

                                                      Pa 

Viscous Relaxation time (τ) 

 

Acoustic impedance (Z)           

            Z = Uρ 

Results and discussion  

The experimentally measured values of ultrasonic velocity, density and viscosity for the liquid mixtures of of acrylonitrile 

(AN) with benzene in N-N-dimethyl aniline at 303, 308 and 313K were listed in the Table1.The computed values of adiabatic 

Compressibility, free length and free volume for all the mixtures were depicted in Table 2. Table 3 represents the calculated 

values of internal pressure and acoustic impedance respectively. Table 4 depicts the computed values of relaxation time and 

absorption co efficient for the mixtures.  

From the table (1) it was found that the density and viscosity decreases with increase in mole fraction of N-N di Methyl 

aniline (amine group) for all the system and decrease with increase in temperature. Viscosity decreases in system, suggesting 
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thereby more association between solute and solvent molecules.  Further sound speed increases with increase in mole fraction 

of amine group and increase with increase in temperature. This velocity behaviour is different from the ideal mixture and this 

can be attributed to the intermolecular interaction in the systems [23]. When benzene is added with aniline, dipole-induced 

dipole interaction arises between NH2 and the loop of 6π electrons of benzene ring. Acrylonitrile are highly polar. The 

behavior of their mixtures can be explained in term of 1) physical forces: dispersion, and 2) chemical forces: dipole-dipole 

interactions 

Table 1:Density  (ρ), ultrasonic  velocity (U),Visocisty at  303K, 308K, 313K 

Mole fraction Density x10
3
 Kg/m

3
 Viscosity (η) (10

-3
Nsm

-2
) Velocity (U) (ms-1) 

X1 X3 303K 308K 313K 303K 308K 313K 303K 308K 313K 

0.0999 0.5999 755.5 748.1 747.1 0.3351 0.2164 0.1614 1560.2 1566 1574.2 

0.1999 0.5000 738.3 734.9 733.3 0.2889 0.1904 0.1447 1566.1 1570.2 1579.2 

0.2999 0.4000 737.6 724.4 723.0 0.269 0.1746 0.133 1582.5 1583.8 1584.8 

0.4000 0.3000 721.8 715.9 714.2 0.2376 0.1553 0.1174 1584.4 1585.20 1586 

0.5000 0.2000 707.3 704.0 703.0 0.2138 0.1400 0.1056 1591.3 1594.00 1594.9 

0.6000 0.0999 696.0 689.6 685.9 0.1919 0.1246 0.0934 1596.8 1597.2 1598.1 

 

Table 2:Adiabatic compressibility (β), free length and free volume  at different temperatures (i.e., 303K, 308K, and 

313K 

Mole fraction  

β x 10
-10

 Pa
-1

 

 

Lf  x 10
-11

 m 

 

 

Vf x 10
-13

m
3
mol

-1
 

X1 X3 303K 308K 313K 303K 308K 313K 303K 308K 313K 

 

0.0999 

 

0.5999 5.4375 5.4507 5.4013 4.6527 4.6584 4.6372 13.7926 7.1976 4.6726 

 

0.1999 

 

0.5000 5.5224 5.5190 5.4682 4.6889 4.6874 4.6658 10.0060 5.3745 3.5914 

 

0.2999 

 

0.4000 5.4136 5.5032 5.5069 4.6425 4.6807 4.6823 8.1637 4.2742 2.8443 

 

0.4000 

 

0.3000 5.5189 5.5587 5.5663 4.6874 4.7043 4.7075 6.0112 3.1789 2.0909 

 

0.5000 

 

0.2000 5.5833 5.5905 5.5921 4.7147 4.7177 4.7184 4.5296 2.4063 1.5776 

 

0.6000 

 

0.0999 5.6349 5.6843 5.7086 4.7364 4.7571 4.7673 3.3510 1.7538 1.1392 
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Table 3: Internal  Pressure (  ) and Acoustic impedance(Z) at (303K, 308K, 313K) 

Mole fraction    x 10
4
 Pa Z x10 

5
Nm

-2
 

X1 X3 303K 308K 313K 303K 308K 313K 

 

0.0999 

 

0.5999 
5.7610 4.6665 4.08127 11.7873 11.7152 11.7608 

 

0.1999 

 

0.5000 5.7011 4.6841 4.1319 11.5625 11.5393 11.5802 

 

0.2999 

 

0.4000 
5.9673 4.8265 4.2739 11.6725 11.4730 11.4581 

 

0.4000 

 

0.3000 
6.0730 4.9624 4.3766 11.4362 11.3484 11.3272 

 

0.5000 

 

0.2000 
6.2803 5.1455 4.5358 11.2552 11.2217 11.2121 

 

0.6000 

 

0.0999 
6.5751 5.3518 4.6906 11.1137 11.0142 10.9613 

 

4: Absorption Coefficient (α / f
2)

) and Relaxtion Time (  ) at (303K, 308K, 313K) 

Mole fraction  

α / f
2
10 

-15
Nps

2
m

-1
 

  X10 
-13

 s 

 

X1 X3 303K 308K 313K 303K 308K 313K 

 

ACRYLONITRILE  + BENZENE +N N DI METHAL ANILINE 

 

 

0.0999 

 

0.5999 
3.0706 1.9803 1.4560 2.4289 1.5723 1.1620 

 

0.1999 

 

0.5000 2.6784 1.7595 1.3173 2.1267 1.4007 1.0547 

 

0.2999 

 

0.4000 
2.4195 1.5951 1.2151 1.9412 1.2808 0.9763 

 

0.4000 

 

0.3000 
2.1760 1.4318 1.0833 1.7479 1.1507 0.8711 

 

0.5000 

 

0.2000 
1.9723 1.2909 0.9735 1.5912 1.0433 0.7871 

 

0.6000 

 

0.0999 
1.7805 1.1659 0.8772 1.4414 0.9441 0.7107 

 

From the table2 it was observed that as the concentration increases, there was an decrease in adiabatic compressibility, free 

length and free volume. The adiabatic compressibility shows an inverse behaviour compare to the ultrasonic velocity in the 

mixtures with increase in concentration. It is primarily the compressibility that changes with the structure and this lead to the 

change in ultrasonic velocity. In view of greater force of interaction between the molecules there will be an increase in 

cohesive energy and the occurrence of structural changes take place due to the existence of electrostatic field. The 

intermolecular free length and adiabatic compressibility supports the variation of sound speed in the system. Arise in 

temperature leads to less disordered structure and more spacing between the molecules. The decrease in density and viscosity 

with temperature indicates that decrease in intermolecular forces due to increase in thermal energy of the system.24. 
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The addition of aniline with the mixture of benzene disturbs the structure due to the presence of dipole- induced dipole 

interactions. This contributes to a decrease in free length and hence compressibility. The regular fall in free length with the 

mole fraction of aniline may be attributed to the close approach of the molecules. According to Eyring and Kincaid [25)] the 

regular fall in free length causes a rise in sound velocity in the mixture. This is also in accordance with expected decrease in 

adiabatic compressibility following an increase in the sound velocity in all the mixtures studied. Further this trend is an 

indication of clustering together of the molecules into some cage like agglomerates due to associative effect of the polar 

group predominating over the other types of interactions 26. The former factor increases the intermolecular free length as 

described by Ja-cobson26 

                    From table 3The internal pressure may give information regarding the nature and strength of forces existing 

between the molecules27.In pure acrylonitrile there are dipole-dipole as well as the usual dispersive interactions. The effect 

of adding a non-polar second component is primarily to disrupt the dipolar inter-action of the first component, but if the 

second component is also polar, then dipole-dipole interactions between unlike molecule are most likely to occur which 

results in a volume contraction and the mixture becomes less compressible 28. 

The free volume is the space available for the molecule to move in an imaginary unit cell. This reduces internal pressure. As 

stated above the internal pressure (πi) decreases with increase in concentration of Acrylonitrile in the systems. The decrease 

in free volume shows that the clustering is due to dipole-induced dipole interaction. It is primarily due to the formation of 

spherical cage-like structure owing to the closer packing of the molecule 29 

   The relaxation time decreases with increase in temperature. This suggest that the closed packing of molecules inside 

the shield. Similar results in some liquid mixtures were also reported by others [10].The relaxation time (τ) increases with 

increase in mole fraction, which is in the order of 10
-12 

sec., is due to structural relaxation process 30and in such a situation, it 

is suggested that, the molecule gets rearranged due to co-operative process31.Hence acrylonitrile forms stable complex with 

N,N-dimethyl aniline Due to the electron releasing methyl groups in N,N–dimethyl aniline.31 

Conclusion 

 

The results obtained for the present study indicates that the molecular interaction is present in the liquid mixtures.  From 

Ultrasonic velocity and its related acoustic parameters for ternary mixtures of Acrylonitrile with benzene in N-N –dimethyl 

aniline for various concentration at 303K, 308Kand313K, The result establish that amine molecule forms donor-acceptor  

with Acrylonitrile in benzene.The formation constants indicate the presence of electron releasing group in acceptor 

molecules. The dipole induced dipole interaction is higher in acrylonitrile with benzene in– N,N – dimethyl aniline . 
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Fig.2 
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