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Abstract 
The theoretical velocity in ternary mixtures of alkyl acetates with butanol and formamide at 303K have been evaluated by 
using theoretical models of liquid mixtures such as Nomoto’s relation, Impedance dependence relation, Ideal mixture relation, 
collision factor theory and Junjie’s method. Ultrasonic velocity of these mixtures has been measured as a function of 
concentration and the experimental values are compared with theoretical values. U2exp/U2IMR has also been evaluated for non- 
ideality in the mixtures. The results are explained in terms of intermolecular interactions occurring in these ternary systems.  
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Introduction 

Ultrasonic study of liquid and liquid mixtures has 
gained much importance during the last two decades 
assessing the nature of molecular interactions. The 
study of molecular interaction in liquid mixture has 
been extensively carried out from theoretical as well as 
experimental view points 1-3. The theoretical evaluation 
of ultrasonic velocity in liquid mixtures and its 
comparison with the experimental values reflects the 
molecular interactions and arrangement in liquid 
mixtures, which is very much useful to build 
comprehensive theoretical model for liquids. 

In the present investigation, the ultrasonic velocity 
in ethyl acetate + butanol + formamide, propyl acetate 
+ butanol + formamide and butyl acetate + butanol + 
formamide ternary mixtures have been theoretically 
evaluated using Nomoto’s relation4, Impedance 
dependence relation5, Ideal mixture relation6, Collision 
factor theory7 and Junjie’s method8 at 303K. The 
suitability of these theories were checked by comparing 
theoretical values of ultrasonic speeds with the values 
obtained experimentally and also the non- ideal 
behavior of the mixtures are explained in terms of 
molecular interactions of the mixtures. 

 

Experimental Details 

The liquids used were of AR grade and were 
purified by the standard methods9. Liquid mixtures of 
different compositions were prepared by mixing 
measured amounts of the pure liquid in cleaned and 
dried flask. In all the systems, the mole fraction of  

 

second component, butanol was kept constant (X2=0.3) 
while the concentrations of the remaining two (X1 and 
X3) were varied from 0.0 to 0.7, so as to have the 
mixtures of different compositions.  

The ultrasonic velocity and density were 
measured using the ultrasonic interferometer [Mittal 
Enterprises, New Delhi] at fixed frequency of 2 MHz 
with an accuracy of ± 0.1% and specific gravity bottle 
respectively. 

Theory 

The theoretical values of ultrasonic velocity are 
calculated from the following relations, 

Nomoto’s Relation [NR] 
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Impedance Dependence Relation [IDR]
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Ideal Mixture Relation [IMR]
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Molecular interaction parameter[α]  
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Collision Factor Theory [CFT]
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Junjie’s method
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where exp and Uexp are the density and ultrasonic 
velocity of the mixture.  Xi is the mole fraction, Ui is the 
ultrasonic velocity, Ri and Vi are the molar sound 
velocity and molar volume, mi is the molecular weight, 
Zi and ρi are the acoustic impedance and density, Si is 
the collision factor and Bi is the actual volume of ith 
component in the mixture. Collision factor Si can be 
calculated by the equation 

    

Si = U/U Yf 

 

where Yf is the space filling factor, the value of U 

is 1600m/s, Bi can be calculated by the equation, 

       

Bi = (4/3) r3 N 

 
where N is Avogadro’s number and ‘r’ refers to the 

molecular radius and is given by  
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 where ‘b’ is van der waals’ constant. 

 

Results and Discussion 

The theoretical values of ultrasonic velocity 
obtained by using the relations (1-5) along with the 
experimental velocity are summarized in Table 1. Table 
2 shows the molecular interaction term and the 
percentage deviation of ultrasonic velocity was 
calculated using theoretical velocity from experimental 
velocity values for three systems. The plot of molecular 
interaction term against mole fraction of alkyl acetates 
is depicted in Fig. 1.  

 
Fig. 1. Molecular interaction term (α) with mole fraction of 

alkyl acetates. 
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Table 1. Experimental and theoretical values for the ternary mixtures of alkyl acetates at 303K 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2.  Molecular interaction term and percentage deviation of velocity for the ternary mixtures of alkyl acetates at 303K. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The deviation in the values of 
IMRU

U exp
from unity (α) 

is efficient to state the molecular interactions in the 
liquid mixtures, especially in those cases where the 
properties other than the sound velocities are not 
known. Fig.1. show the variation of molecular 
interaction term (α) against mole fraction of alkyl 
acetates at 303K. It can be seen that the α is 
completely negative for ethyl acetate and propyl 
acetate systems whereas for butyl acetate exhibit 
negative deviations over the entire composition range 
slightly positive deviation in higher mole fraction. This 
is due to interaction of alkyl acetate with butanol and 
formamide. The α values clearly indicate the existence 

of weak H-bond (C=O…H-N) between the proton-
acceptor oxygen atom of the C=O group of alkyl 
acetate and the proton-donor hydrogen atom of the –
NH2 group of formamide molecules. 

In Table 2, system 1 indicates that Nomoto’s 
relation shows minimum deviations in the range 0.15 to 
1.99, which predicts the experimental data well, 
followed by ideal mixture relation, with deviations in the 
range -3.30 to -0.86. Junjie’s relation, with deviations in 
the range -0.79 to 5.90 then by collision factor theory 
with deviation in the range -5.87 to -0.42. The 
remaining theory, Impedance dependence relation 
shows maximum deviations in the range -7.85 to 0.08.  

In the case of system 2, the percentage deviations 
for Nomoto’s relation, Impedance dependence relation, 
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ideal mixture relation, Rao’s specific velocity method, 
collision factor theory and Junjie’s method respectively, 
in the range -1.22 to 1.97, -8.47 to -1.52, -3.00 to -0.85, 
-5.28 to 0.98 and -1.23 to 6.13. Thus, for the above 
theory and relations, Nomoto’s relation seems to 
predict the experimental data well followed by Ideal 
mixture relation, Collision factor theory, Junjie’s method 
and Impedance dependence relation respectively. 

Table 2 show the percentage deviation of five 
method for system 3 and the values are given as: for 
Nomoto’s relation (-0.85 to 2.10), which is best suited 
with the experimental results, followed by ideal mixture 
relation (-3.00 to 0.66), collision factor theory (-5.28 to 
4.62), Junjie’s method (-0.88 to 6.46), impedance 
dependence relation (-8.78 to -1.21).  

Among the various theories taken into 
consideration Nomoto’s relation is found to give an 
excellent prediction of sound velocity for all the 
systems. Thus the linearity of molar sound speed and 
additively of molar volumes, as suggested by Nomoto4 
in deriving the empirical relation10, have been truly 
observed in the aforementioned ternary liquid mixtures, 
the success of Nomoto’s relation in predicting the 
experimental ultrasonic speeds for polar – polar 
mixtures has also been emphasized by others11-13.  

Conclusion 
It is concluded that out of the five theories and 

relations discussed, the Nomoto’s relation is found to 
be best suited with the experimental values. The 

existence of weak hydrogen bond between the 
components of the mixture is evident. 
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