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1.INTRODUCTION 
 

Ultrasonic velocity in liquid mixtures have been calculated 

and compared with experimental values using various 

theories(Nomoto,1958; Van and Vangael,1955; Ernst et al., 

1979; Jacobson,1952;  Junjie,1984; Schaaffs,1963; Baluja 

andParasania,1995;GokhaleandBhagavat,1989; Kudriavtsev, 

1956).This comparison is expected to reveal the nature of 

interaction between component molecules in the mixtures. It 

is also useful in defining a comprehensive theoretical model 

for a specific liquid mixture. In the present investigation, 

Methyl Isobutyl Ketone and Benzene is mixed with 1- 

Alkanols like 1-Propanol and 1- Butanol at different mole 

fractions to study the extent of interactions between 

dissimilar molecules. 
 

2.THEORY 
 

The following relations/ theories are used for the prediction 

of ultrasonic velocity in the binary liquid mixtures and is 

extended to ternary mixtures. 

 

Nomoto’s relation(NR) 

 

Nomoto(1958) established on empirical formula for 

ultrasonic velocity (U) in binary liquid mixtures on the 

assumption of linear dependence of the molar sound velocity 

(R) on concentration in mole fraction (X1 and X2) and the 

addition of molar volume. The linearity of molar sound 

velocity can be expressed as    

R = X1R1 + X2R2                                        -------   (1) 

The molar sound velocity is related to molecular weight (M) 

and density (ρ) by  

R =  U1/3 = VU1/ 3                                    -------   (2) 

Where the molar volume V obeys the additively    

V = X1U1 + X2U2                                ----- (3) 

Extending the same for ternary liquid mixtures the ultrasonic 

velocity is  

 UNR =[             --------  (4) 

 

Ideal mixture relation (IMR) 

 

Van and Vangeel (1955) suggested the following relation for 

sound velocity  

 =  +   --(5) 

                                                

Where M is the molecular weight and X is the molar 

concentration 

UIMR = [   +  ]-1/2[  ]1/2
 ------(6) 

The degree of the molecular interaction parameter α can be 

computed from the equation 

 α = (U2
expt/U

2
IMR) -1                         ----------(7) 

 

Junjie’s method (JM) 

 

Junjie(1984)  has proposed equation for the evaluation of 

velocity of sound in a given liquid mixture, and is 

represented by 
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 Uj =  [   + ] [  ] 1/2  

[   +  ]-1/2      --------------------------------8   ----(8) 

Where M1, M2 are molecular weights of constituent 

components. X1 and X2 are their mole fraction.  ρ1, ρ2 , ρ3 are 

their densities. 

 

Impedance Relation (IR)     

 

Impedance (Baluja and Parasania, 1995) is the product of 

ultrasonic velocity (U) and the density (P) of a liquid 

mixture. Hence the impedance relation predicts the ultrasonic 

Velocity of the given mixture by simply using the values of 

impedance (Z) and the density(P) values Impedance relation 

is given as 

UIR   =    -           ---------(9) 

Xi – mole fraction, ρi is the density of the mixture and Zi the 

acoustic impedance. 

Rao’s specific Velocity method Relation(UR) 

 

Rao‘s (Gokhale and Bhagavat, 1989) specific Velocity is 

given 

  

UR =[   ]3     ----(10)

  

Where xi is the mole fraction, ρi is the density of the mixture. 

Ri is Rao’s specific constant. 

  Ri =   Where Ui  is the ultrasonic velocity  

3.RESULTS AND DISCUSSIONS 
 

Alcohols used for the present study 1-propanol, 1-butanol are 

highly polar aprotic.  Alcohols usually exist in polymeric 

form. In the presence of polar molecules they dissociate into 

moments with the increase in order of alcohols, the tendency 

for intermolecular hydrogen bonding also increases. The 

association is stronger and we expect a larger variation in the 

parameters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values of ultrasonic Velocities computed using 

Nomoto’s(1958), UNR, ideal mixing method (Van and 

Vangael,1955),UIMR, Junjie (1984), impedance relation   
 

method(Baluja and Parasania, 1995), UIR and Rao’s specific 

velocity method(Gokhale and Bhagavat, 1989), UR together 

with experimental values for the systems 1-propanol, 1-

butanol, mixed with methyl isobutyl ketone and benzene are 

presented in Table 1 and Table 2 and their corresponding 

variation with mole fraction are represented graphically in 

Figure 1 and Figure 2. 

 

It can be seen from Tables 1 for the 1-propanol + methyl 

isobutyl ketone + benzene system; there is a less agreement 

between experimental and theoretical values calculated by 

Nomoto, ideal mixing method, impedance relation method 

and Roa’s method but a good agreement among themselves.  

Higher variations are observed in Junjie’s method. 

 

Similarly for the 1-butanol + methyl isobutyl ketone + 

benzene system Table  2 there is less satisfactory agreement 

between the experimental and theoretical values computed by 

all the four methods but all the four computed methods agree 

with one another except Junjie  method which shows large 

variations. 

 

Table  3 and Table  4 gives the percentage of deviation for 

the different theoretically computed methods from 

experimental values and the molecular association parameter 

α for the system 1-propanol, 1-butanol, mixed with methyl 

isobutyl ketone in benzene and their corresponding variation 

with mole fraction are presented graphically in Figure 3 and 

Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From these tables it is observed that Nomoto’s relation shows 

a percentage deviation of (0.1 to 0.9) % in system [1-

Table 1 Ultrasonic velocity of 1-propanol+methyl isobutyl ketone + 

benzene 

 

Table 2   Ultrasonic velocity of 1-Butanol + methyl isobutyl ketone + 

benzene 

 

Table 3 Percentage of deviation of theoretical ultrasonic velocity with 

experimental value for the system: 1-Propanol + benzene+ Methyl 

isobutyl ketone  

 

Table 4 Percentage of deviation  of theoretical ultrasonic velocity with 

experimental value for the system: 1-Butanol + benzene+ Methyl 

isobutyl ketone   
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0.5930     0.5390     10.6085     0.4310     0.4460 

     UJ, Impedance   relation 
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propanol mixed with methyl isobutyl ketone in benzene] and 

(0.1 to 1.8) % in system [1-butanol, mixed with methyl 

isobutyl ketone in benzene].  Whereas the ideal mixing 

relation shows variation of (0.01 to 2.9) % for system [1-

propanol, mixed with methyl isobutyl ketone in benzene] and 

(0.08 to 2.04) %  for system [1-butanol, mixed with methyl 

isobutyl ketone in benzene]. For the Junjie’s relation the 

corresponding percentage of deviation for system [1-propanol 

mixed with methyl isobutyl ketone in benzene ] and system 

[1-butanol mixed with methyl isobutyl ketone in benzene ] 

are as follows (9.1 to 10.3) % and (8.4 to 11.0) % 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Similarly for impedance relation method, for system [1-

propanol mixed with methyl isobutyl ketone in benzene] and 

for system [1-butanol mixed with methyl isobutyl ketone in 

benzene] the percentage of deviation are (0.04 to 0.77) % and 

(0.02 to 0.94) % respectively and that for Roa’s relation 

method the percentage of deviation for the two systems are 

from (0.3 to 1.38) % and (0.01 to 1.2) %. 

 

The limitations and approximation incorporated in these 

theories are responsible for the deviations of theoretical 

values for experimental values. In Nomoto’s theory, it is 

supposed that the volume does not change on mixing. But on 

mixing two liquids, the interaction between the molecules of 

the two liquids takes place because of the presence of various 

types of forces such as dispersive forces, charge transfer, 

hydrogen bonding, dipole-induced dipole-dipole and dipole-

induced dipole interaction.  In Van Dael and Vangeel 

equation the deviation might be due to the compressibility of 

the components liquids in the present mixture. 

The deviation in impedance and Rao’s relation imply the 

non-additivity of acoustic impedance and Rao’s velocity in 

liquid mixtures. Large deviation is observed in case of Junjie 

relation. Further this deviation is reported in the 

literature(Viswanatha Sharma et al., 1999). Thus the 

observed deviation of both theoretical and experimental 

values show molecular interaction are taking place(Begum et 

al., 2012) between the unlike molecules and in liquid mixture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are high deviations in some intermediate concentration 

range suggesting the existence of strong tendency of 

association between components molecules as a result of 

hydrogen bond(Ramo Rao et al., 2005).Looking into the 

behavior of all two ternary mixtures, it can be understood 

that, positive percentage of deviation in velocity are 

attributed to the molecular associations. 

 

The ratio U2
exp/U

2
imx is an important tool to measure the non-

ideality in the mixture especially in such cases where the 

properties other than ultrasonic velocity are known 

(Viswanatha Sharma et al., 1999). The evaluated interaction 

parameters are positive for all systems, indicating stronger 

interaction between mixing molecules. Except for X1 = 0.0  

mole fraction which indicates the binary mixture of benzene 

and methyl isobutyl ketone) and for X2 = 0.7009 (binary 

mixture of 1-butanol and benzene) indicating stronger 

interaction between mixing molecules. The negative value 

indicates the dominance of dispersion forces arising from the 

breakage of hydrogen bonds in the associates ie between 

Figure 1 Variation of ultrasonic velocities with mole fraction for the 

system 1-propanol+methyl isobutyl ketone + benzene 

 

Figure 2 Variation of ultrasonic velocities with mole fraction for the 

system 1-Butanol+methyl isobutyl ketone + benzene 

 

Figure 3 Variation of Percentage of deviation of theoretical ultrasonic 

velocity with experimental value for different mole fraction for the 

system 1-propanol+methyl isobutyl ketone + benzene 

 

Figure 4 Variation of Percentage of deviation of theoretical 

ultrasonic velocity with experimental value for different mole 

fraction for the system 1-Butanol +methyl isobutyl ketone + 

benzene 
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benzene and methyl isobutyl ketone and between benzene 

and 1-butanol. The specific percentage of deviation values 

are high in system 2 than that in system 1Table 3 and Table 

4. 

4.CONCLUSION 
 

Data reveal that the ultrasonic study of the ternary mixture of 

the systems 

1) 1-propanol + methyl isobutyl ketone + benzene 

2) 1-butanol  + methyl isobutyl ketone + benzene 

Shows molecular association between the components are in 

the order 1-propanol < 1-butanol. 
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