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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. U%xp/U%ur 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 13, 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 relations, Ideal mixture relations, Collision
factor theory” and Junjie’s method® 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 methods®. 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
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second component, butanol was kept constant (X2=0.3)
while the concentrations of the remaining two (X4 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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Collision Factor Theory [CFT]
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23:Vi 3 XV -1/2
Uiun = = [Z : IZ:|
= Ui . (5)

3 172
[2 Ximij

where pexp and Ueyp are the density and ultrasonic
velocity of the mixture. X; is the mole fraction, U; is the
ultrasonic velocity, Ri and V; are the molar sound
velocity and molar volume, m; is the molecular weight,
Zi and p; are the acoustic impedance and density, Siis
the collision factor and B; is the actual volume of ith
component in the mixture. Collision factor S; can be
calculated by the equation

Si= UM, Ys

where Y is the space filling factor, the value of U,
is 1600m/s, B;ican be calculated by the equation,

Bi= (4/3)nreN

where N is Avogadro’s number and ‘r’ refers to the
molecular radius and is given by

3b 1/3
r=| —
=

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 (a) 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
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Estimated ultrasonic velocity in ms-!

Mole fraction Uexpt

Ny X3 ms-! Uxg Ums Upur Ucrr Unw

System 1 Ethyl acetate + butanol + Formamide
0.0000 0.7000 1407.2 14005 15028 14495 1481.5 1328.6
0.0999 0.5999 1354.0 1341.4 14597 13931 14235 1276.0
0.1999 0.5000 1316.8 1283.9 14145 13426 1391.6 12391
0.2000 0.3999 1255.6 1255.0 13671 1297.0 13273 1211.9
0.4000 0.2999 1223.2 12225 13173 1255.6 1295.0 1181.0
0.5000 0.1999 11928 11849 1264 .9 1217.8 12412 11745
0.6000 0.0999 1158.8 11712 12097 11831 1187.8 1161.2
0.7000 0.0000 1141.2 11807 11515 1151.0 1146.0 1150.2

System 2 Propyl acetate + butanol + Formamide
0.0000 0.7000 1407.2 14005 1802.8 14495 1481.5 1328.6
0.1000 0.6000 1360.6 12402 1462.2 1289.0 1297.9 1277.0
0.2000 0.5000 1320.2 1294 .2 14197 1337 .4 1267.0 1242 .8
0.2000 0.4000 1267.6 1257.8 1375.0 1292.8 12195 12185
0.4000 0.2000 1236.4 12284 13278 12539 12688 1200.4
0.5000 0.2000 1206.4 1204 .2 12781 1219.8 1221.4 1186.5
0.6000 0.1000 117%.6 1183.8 12255 11897 1179.9 11755
0.7000 0.0000 1152.4 1166.5 1170.0 1162.9 11411 1166.5

System 3 Butyl acetate + butanol + Formamide
0.0000 0.7000 1407 .2 14005 15028 14495 1481.5 1328.6
0.1000 0.6000 1367.6 13402 14646 13821 1391.9 1279.2
0.2000 0.5000 1324.0 1296.2 14243 1327 .6 13412 1248.0
0.2000 0.4000 1270.4 12627 13819 1282.8 12977 1226.7
0.4000 0.2000 1240.4 1236.3 1337 .2 12457 12637 1211.3
0.5000 0.2000 1219.6 1215.0 1290.0 1214.9 1215.3 1199.6
0.6000 0.1000 1197.2 1197 .5 1240.0 11893 11419 11805
0.7000 0.0000 11728 11828 1187.0 11681 11337 1183.2

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

Mole fraction

Percentage Deviation

o
X, X Usn Uss Ures Ucer Urom
System 1 Ethyl acetate + butanol + Formamide
0.0000 0. 7000 -0.0575 .48 -G.79 -3.00 -5.28 5.59
0.0999 0.5999 -0.0553 1.40 -7.30 -2.89 -5.13 576
01999 0.5000 -0.0381 1.99 -7.15 -1.96 -5.68 5.90
0.2000 0.3999 -0.0629 1.00 -7.85 -3.20 -5.71 3.48
0.4000 0.2999 -0.0510 1.13 -6.55 -2.65 -5.87 263
0.5000 01999 -0.04086 0.as -4 85 -210 -4 06 153
0.6000 0.0999 -0.0408 .71 -2.55 -2.09 -2.50 -0.20
0. 7o00 0.0000 -0.0169 015 0.08 -0.86 -0.42 -0.79
System X Propyl acetate + butanol + Formamide
0.0000 0.7000 -0.0575 0.48 -6.79 -3.00 -5.28 5.59
0.1000 0.6000 -0.0407 1.48 -7.49 -2.10 -2.75 6.13
02000 0.5000 -0.0255 1.97 -7.54 -1.30 -3.55 587
0.3000 0.4000 -0.03E6 avT -8.47 -1.99 -4.09 387
0.4000 0.2000 -0.0278 0.64 -7.39 -1.42 -2.62 2.91
0.5000 0.2000 -0.021% .18 -5.94 =111 -1.24 1.65
0.6000 0.1000 -0.0168 -0.36 -3.89 -0.85 -0.03 0.35
0. 7000 0.0000 -0.0179 -1.22 -1.52 -0.91 0.98 -1.23
System 3 Buryl acetate + butanol + Formamide
0.0000 0. 7000 -0.0575 0.48 -G.79 -3.00 -5.28 5.59
0.1000 0.6000 -0.0209 2.00 -7.09 -1.06 -1.78 G.46
0.2000 0.5000 -0.0054 210 -7.58 -0.27 -1.20 574
0.2000 0.4000 -0.0192 .61 -8.78 -0.98 -2.15 3.44
04000 03000 -0.0085 033 -7.80 -0.43 -1.88 235
0.5000 0.2000 0.0077 0.38 -5B7T 0.38 0.35 1.64
0.6000 0.1000 0.0133 -0.02 -3.57 0.66 4.62 0.56
07000 0.0000 0.0080 -0.85 -1.21 0.40 333 -0.88
U exp of weak H-bond (C=0O...H-N) between the proton-
The deviation in the values of from unlty (G) acceptor oxygen atom of the C=0 group of a|ky|
IMR

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 (a) against mole fraction of alkyl
acetates at 303K. It can be seen that the a 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 a values clearly indicate the existence

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 t0 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 Nomoto#
in deriving the empirical relation0, 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 others'!-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.

References

Rama Rao GV, Viswanatha Sarma A & Siva Rama
Krishna, Ind J Pure & Appl Phys, 43 (2005) 345

Hossein lloukhani and Babak Samiey, J. Chem.
Thermodyn., 39(2) (2007) 206.

Shahla Parveen, Divya Sheekla, Shashi Singh, Singh,
K.P., Manisha Gupta and Shukla J.P., Applied
Acoustics,70(3) (2009) 507.

Nomoto O, J Phys Soc Japan, 4 (1949) 280 and 13
(1958) 1528.

Kalidoss M & Srinivasamoorthy R, J Pure Appl
Ultrason, 19 (1997) 9.

Van Dael W & Vangeel E, Proc First Int conf on
calorimetry and thermodynamics, warsaw (1969)
555.

Schaaffs W, Molekulara Kustik, Springer — Verlag,
Berline, Chapter XI and XII (1963).

Dewan R K, Kaur J & Mehta S K, Acoust Letters, 9
(1985) 13.

Weissberger, Techniques of Organic Chemistry, Vol VII,
New York: Inter Science (1995).

Kovelenko L S, Ivanova E F & Krasnoperova A P, J
Phys Chem, 57 (1983) 1790.

Pandy J D, Dey R & Dwivedi D K, Pramana, 52 (1999)
187.

Kaulgud M V & Tarsekar V K, Acoustica, 25 (1971) 14.

Ezhil Pavai R, Vasantharani P & Balu L, Annamalai
University Science Journal, 45 (2008) 99.

45



