
INTRODUCTION

The study of different states of matter,
especially the liquid and gaseous states, statistical
methods are being extensively used. A self
consistent theory for liquids is not available even
now. The main reason for this is the very complex
nature of interactions in the liquid state. The
statistical approach is to calculate the partition
function and then establish the equation of state
through thermodynamic variables. Ultrasonic
investigation of liquid mixtures containing of polar
and non-polar compounds is of considerable
importance in understanding intermolecular
interaction between the component molecules and
they find applications in several industrial and
technological processes.1,2 Further such studies as
a function of concentration are useful in gaining
insight into the structure and bonding of associated
molecular complex and other molecular processes.
The ultrasonic velocity measurements finds wide
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ABSTRACT
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applications in characterizing the physico-chemical
behaviour of liquid mixtures3 and in the study of
molecular interactions. Ultrasonic velocity of a liquid
is related to the binary forms between the atoms or
the molecules. Ultrasonic velocity have been
adequately explained in understanding the nature
of molecular interaction in pure liquids4 binary and
ternary mixtures.5 The method of studying the
molecular interaction from the knowledge of
thermodynamic parameters and their excess values
with composition gives an insight into the molecular
process.6,7 The investigations regarding the
molecular interaction in organic ternary liquid
mixtures having aromatic hydrocarbon group as one
of the compounds is of particular interest, since
aromatic hydrocarbon group is highly polar and can
associate with any other group having some degree
of polar atoms.  Ionic species play significant role in
governing the physical, chemical and biological
behavior of biological macromolecules like proteins,
nucleic acids etc. Knowledge of thermodynamic
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mixing properties of binary mixtures has great
relevance in theoretical and applied area of
research. These data are needed for design
processes in chemical, petrochemical and
pharmaceutical industries. To explain many of the
physico-chemical behaviour of a mixture of liquids,
statistical thermodynamics has been widely used.8,9

Theories like corresponding theory, Flory’s theory,
free length theory and collision factor theory have
made significant contributions in the understanding
of interactions in the liquid state.10,11 All these
theories have been largely employed to explore the
behavior of liquid mixtures. Since acoustic velocity
is a thermodynamic function, many thermodynamic
properties, especially the excess functions, can be
deduced from a knowledge of this parameter. It is
in this context that, the ultrasonic velocity
measurement has become a key tool in the
investigation of the behavior of liquid mixtures. From
the measure value of sound velocity, isentropic
compressibility can be found. Isentropic
compressibility along with the thermal coefficient
of expansion and the heat capacity at constant
pressure, can be used to compute isothermal
compressibility.12-20 The later may be employed to
test the reliability of theories of liquids and liquid
mixtures. Mahajan et al.21 reported the volumetric,
viscometric and ultrasonic studies of some amino
acids. Thermo acoustic studies of some electrolytic
solvent mixtures are also reported.22 In the present
study we are reporting the ultrasonic studies on
binary and ternary mixtures of some organic liquids.

EXPERIMENTAL

An ultrasonic interferometer is used for the
measurement of velocity. The measuring cell is filled
with the experimental liquid and the high frequency
generator is switched on. The ultrasonic waves
moving away from the crystal are reflected back
from the movable plate and stationary waves are
formed in the liquid. The micrometer is turned slowly
so that anode current on the micro ammeter falls
to a minimum. The distance moved by the
micrometer for the next minimum gives half the
wavelength of ultrasonic waves. The total distance
moved for n consecutive minima d is noted and
velocity is calculated as v= λf, where λ is
found from the relation d = nλ/2. Making use
of Newton-Laplace equation
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ρ , the adiabatic compressibility can be
calculated.

RESULTS AND DISCUSSION

The thermodynamic excess functions of a
composition of chloroform and ketones were studied
in this work. The ketones used as acetophenone,
cyclophexanone and ethyl methyl ketone. Ultrasonic
velocity for the liquid mixtures are measured over a
wide range of concentrations, using a single crystal
ultrasonic interferometer at a frequency of 2 MHz.
The binary and ternary mixtures studied are the
following: (a) chloroform + acetophenone (b)
chloroform + cyclohexanone (c) chloroform + ethyl
methyl ketone (d) chloroform + ethyl methyl ketone
+ acetophenone and (e) chloroform + ethyl methyl
ketone + cyclohexanone.  Using Newton-Laplace
equation, the adiabatic compressibility is calculated
in each case. Values of thermal expansion
coefficient and molar heat capacity at constant
pressure are taken from the literature.23 For a
mixture, the molar heat capacity at constant
pressure and thermal expansion coefficient are
assumed to be additive in terms of volume fractions
and mole fractions. The various thermodynamic
excess functions are given in tables 1 to 6.

For the binary mixtures of chloroform +
acetophenone and chloroform + cyclohexanone
excess isentropic compressibility is negative for
most of the concentrations. This means that the
mixing is accompanied by a decrease in the
intermolecular free space between the molecules.
This can be explained in terms of the possibility of
hydrogen bonding between the –CO- group and the
hydrogen of the chloroform. For chloroform + methyl
ethyl ketone, Ks is found to be positive for the whole
range of composition. The positive deviation
indicates that mixing is accompanied by an increase
in the intermolecular free space. This may be due
to a possible structure breaking effect. For all
systems studied, the maxima in EV  occur at XCHCl

> 0.5. The reason for this can be the following (i) in
addition to AB hydrogen bonded complexes (A =
chloroform, B = ketone) A2B complexes are also
formed. This is theoretically feasible because of the
presence of two lone pairs of electrons in the oxygen
of the –CO- group. The existence of such complex
formation can also be verified by measuring excess
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Table 1.

Chloroform + acetophenone

ΦΦΦΦΦ1 ΦΦΦΦΦ2 V ααααα ρρρρρ Cp Ks KT
E
sK E

TK

1.0 0.0 981.600 1.270 1.4436 0.9614 7.1893 10.6408
0.8 0.2 1048.150 1.190 1.3556 1.1124 6.7146 9.5040 0.3990 -0.1585
0.6 0.4 1128.533 1.110 1.2676 1.2844 6.1943 8.4419 -0.4805 -0.2415
0.4 0.5 1235.143 1.030 1.1796 1.4820 5.5569 7.3593 -0.0888 -0.3454
0.2 0.8 1357.800 0.950 1.0916 1.7150 5.0132 6.4478 -0.1180 -0.2781
0.0 1.0 1469.111 0.870 1.0036 1.9813 4.6167 5.7472
Chloroform + cyclohexanone
0.8 0.2 1040.657 1.208 1.3396 1.0784 6.8930 9.8931 0.0650 -0.0236
0.6 0.4 1112.950 1.146 1.2356 1.2151 6.6047 9.2026 0.1380 0.0100
0.4 0.6 1203.540 1.084 1.1316 1.3769 6.1008 8.3406 -0.0046 -0.1279
0.2 0.8 1311.730 1.020 1.0276 1.5715 5.6557 7.5766 -0.0884 -0.1677
0.0 1.0 1418.254 0.960 0.9236 1.8099 5.3828 7.0202
Chloroform + ethyl methyl ketone
0.8 0.2 987.822 1.259 1.3149 1.1237 7.7939 10.9823 0.3599 0.3077
0.6 0.4 1022.900 1.249 1.1862 1.3211 8.0573 11.0130 0.3785 0.3048
0.4 0.6 1066.400 1.238 1.0574 1.5667 8.3158 11.0643 0.3922 0.3225
0.2 0.8 1131.600 1.228 0.9287 1.8803 8.4087 10.9718 0.2403 0.1962
0.0 1.0 1218.920 1.217 0.8000 2.2948 8.4131 10.8092

Table 2: Excess volume for binary mixtures

Chloroform + acetophenone

ΦΦΦΦΦ1 ΦΦΦΦΦ2 X1 X2 V*

V EV

1.0 0.0 63.6283 1.2997
0.8 0.2 0.8528 0.1472 1,2845 0.06109
0.6 0.4 0.6847 0.3153 1.2845 0.06241
0.4 0.6 0.4895 0.5105 1.2530 0.06466
0.2 0.8 0.2657 0.7343 1.2366 0.06644
0.0 1.0 98.1455 1.2197
Chloroform + cyclohexanone
0.8 0.2 0.8371 0.1629 1.2880 0.06002
0.6 0.4 0.6584 0.3416 1.2760 0.05999
0.4 0.6 0.4596 0.5402 1.2639 0.06139
0.2 0.8 0.2431 0.7569 1.2514 0.06253
0.0 1.0 85.7840 1.2387
Chloroform + ethyl methyl ketone
0.8 0.2 0.8134 0.1866 1.297 0.05735
0.6 0.4 0.6205 0.3795 1.2957 0.05654
0.4 0.6 0.4193 0.5807 1.2937 0.05563
0.2 0.8 0.2141 0.7859 1.2917 0.05545
0.0 1.0 69.8819 1.2897
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Table 3:

Chloroform + ethyl methyl ketone + acetophenone

ΦΦΦΦΦ1 ΦΦΦΦΦ2 ΦΦΦΦΦ3 V ααααα ρρρρρ Cp Ks KT

E
sK E

TK

0.33 0.33 0.33 1177.524 1.1190 1.0824 1.6051 6.6632 8.8037 -0.0765 -0.2621
0.60 0.20 0.20 1078.275 1.1790 1.2269 1.3022 7.0102 9.5961 0.0907 -0.0997
0.40 0.40 0.20 1117.069 1.6880 1.0982 1.5364 7.2894 9.6941 0.1251 -0.0353
0.40 0.20 0.40 1184.890 1.0990 1.1389 1.5082 6.2540 8.3438 -0.1510 -0.3732
0.20 0.20 0.60 1290.677 1.0194 1.0509 1.7488 5.7122 7.3115 -0.1783 -0.3468
0.20 0.60 0.20 1193.943 1.1582 1.9694 1.8328 7.2365 9.4789 -0.1726 -0.2843
Chloroform + ethyl methyl ketone + cyclohexanone
0.33 0.33 0.33 1167.486 1.1490 1.0612 1.5457 6.9135 9.3040 -0.0815 -0.1860
0.60 0.20 0.20 1071.343 1.1974 1.2142 1.2670 7.1757 9.9437 0.1030 -0.0067
0.40 0.40 0.20 1123.015 1.1868 1.0854 1.5005 7.0350 9.8734 -0.0125 -0.1107
0.40 0.20 0.40 1168.338 1.1354 1.1134 1.4374 6.5795 8.9719 -0.1319 -0.2544
0.20 0.20 0.60 1281.120 1.9734 1.9127 1.6430 6.0163 8.0729 -0.3338 -0.4292
0.20 0.60 0.20 1189.508 1.1762 0.9567 1.7971 7.3872 9.7770 -0.1750 -0.2407

Table 4: Excess volume for ternary mixtures

Chloroform + ethyl methyl ketone + acetophenone

ΦΦΦΦΦ1 ΦΦΦΦΦ2 ΦΦΦΦΦ3 X1 X2 X3

V

EV

0.33 0.33 9.33 0.3833 0.3518 0.2648 1.2708 0.0810
0.60 0.20 0.20 0.6510 0.1991 0.1499 1.2825 0.0578
0.40 0.40 0.20 0.4419 0.4054 0.1526 1.2805 0.0556
0.40 0.20 0.40 0.4652 0.2134 0.3214 1.2669 0.0927
0.20 0.20 0.60 0.2506 0.2300 0.1594 1.2509 0.0978
0.20 0.60 0.20 0.2250 0.6195 0.1555 1.2784 0.0527
Chloroform + ethyl methyl ketone + cyclohexanone
0.33 0.33 0.33 0.3710 0.3403 0.2887 1.2766 0.0446
0.60 0.20 0.20 0.6389 0.1954 0.1657 1.2860 0.0331
0.40 0.40 0.20 0.4355 0.3978 0.1687 1.2839 0.0314
0.40 0.20 0.40 0.4470 0.2051 0.3479 1.2740 0.0512
0.20 0.20 0.60 0.2352 0.2158 0.5491 1.2617 0.0516
0.20 0.60 0.20 0.2207 0.6075 0.1718 1.2819 0.0290

functions. (ii) The Van der Waal’s interaction between
AB and B are stronger than the corresponding
interaction between AB and A. The high value of
for the mixture chloroform + cyclohexanone may
be mainly due to the fact that the carbon atom of
the –CO- group in cyclohexonone forms part of a
six membered ring. Surface tension of the liquid
mixtures also can be studied using Flory’s theory.
Values obtained are of the same order of magnitude
as those of similar types of liquids. For binary

mixtures of chloroform with acetophenone and
cyclohexanone, surface tension increases with
increase in concentration of the ketone. But for the
binary mixtures of chloroform and ethyl methyl
ketone surface tension decreases with increase in
concentration of the ketone. Therefore, from the
experimental values of surface tension, the
ultrasonic velocities and the composition
dependence of the interaction parameter can be
predicted, using this method of analysis.
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Table 6: Surface tension of binary mixtures

Chloroform +  acetophenone + cyclohexanone + ethyl methyl ketone

ΦΦΦΦΦ1 ΦΦΦΦΦ2 σσσσσ ΦΦΦΦΦ1 ΦΦΦΦΦ2 σσσσσ ΦΦΦΦΦ1 ΦΦΦΦΦ2 σσσσσ
(dynes/cm) (dynes/cm) (dynes/cm)

1.0 0.0 27.969 0.8 0.2 28.331 0.8 0.2 25.718
0.8 0.2 28.997 0.6 0.4 28.902 0.6 0.4 24.448
0.6 0.4 30.270 0.4 0.6 29.766 0.4 0.6 23.198
0.4 0.6 32.250 0.2 0.8 30.756 0.2 0.8 22.271
0.2 0.8 34.407 0.0 1.0 31.078 0.0 1.0 21.148
0.0 1.0 35.600

Table 5: Interaction parameter for binary mixtures

ΦΦΦΦΦA PA* 

×

ΦΦΦΦΦB PB*×10-8 P* ×10-8 XXXXXAB×10-8

0.8 88.6195 0.2 83.2641 61.0906 33.0723
0.6 0.4 62.4059 40.1191
0.4 0.6 64.6774 51.8222
0.2 0.8 66.4438 89.4570
0.8 0.2 81.2702 60.0163 33.9167
0.6 0.4 59.9860 42.8230
0.4 0.6 61.3881 57.0546
0.2 0.8 62.506 101.0474
0.8 0.2 71.4577 57.3544 34.7909
0.6 0.4 56.5405 42.0238
0.4 0.6 55.6284 56.7351
0.2 0.8 55.4450 97.2254
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