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ABSTRACT

The density and ultrasonic velocity of 1-Chlorobutane with Benzene and Chlorobenzene has been taken in
different molar concentrations at temperatures 303.16K From the above data excess parameters such as excess
adiabatic compressibility (BF) and excess volume (VF) has been evaluate. The presence of hetero-molecular AB

interactions is reflected through the excess parameter such as excess compressibility (fa¥) and excess volume (V

F) . For understanding the nature and strength of hetero-molecular interactions, only two parameters fa® and VE

are considered simultaneously. These excess parameters are used to discuss an intermolecular interaction in

system. The study reveals that interaction is maximum in the category polar- polar mixture.
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I. INTRODUCTION

Ultrasonic velocity and related data of pure liquid and
liquid mixtures are found to be the most effective,
powerful and the
thermodynamics properties of liquids & liquid

reliable tool in testing
mixtures. In many industries, liquid mixtures rather
than single components, liquid systems are used in
processing and product formulations. Several attempts
(-9 have been made to use ultrasonic data in
the

mixtures. It has been reported by many workers “7:9

computing thermodynamic parameters of
that, occurrence of complex formation can be
explained successfully by excess parameters such as
excess velocity, excess adiabatic compressibility,
excess intermolecular free length etc. In the present
study excess adiabatic compressibility and excess
volume of binary mixture of 1- Chlorobutane with
benzene and chlorobenzene has been evaluated to

study molecular interaction in the mixtures.
II. EXPERIMENTAL

Ultrasonic interferometer model F-81 of fixed

frequency 2 MHz having accuracy + 0.03% and
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hydrostatic plunger method having accuracy + 0.05%
were used for measurement of ultrasonic velocity and
density of pure liquids and its solution of different
mole concentrations from 0.1, 0.2,
different The calibration of the
apparatus was done with air and deionizer double-
distilled water.

temperatures.

ITI. RESULT AND DISCUSSION

Adiabatic compressibility (B.) has been evaluates from
the experimental values of ultrasound velocity (u) and
density (p) of pure liquids by using the relation

> 1
B.=WUL?p)
The excess ultrasonic parameters®® has been claimed
to be an aid in characterization of molecular

interactions that are present in solutions and liquid

mixtures.
Excess parameter can be evaluated as :
E —_—
Z - Zexp - Zideal
Where , Zep = Experimental value and Zidea =

expected or ideal value of the parameter. Excess
volume (VF), excess adiabatic compressibility (")
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and excess velocity ( U* ) have been calculate by using
the relations :

VE=V__ -V

exp

IBaE :(IBa )exp - (IBa) ideal

It also give an idea about deviation of experimental
values from ideal or expected values. The presence of

ideal and

hetero-molecular AB interactions is reflected through
the excess parameter such as excess compressibility
[BsF ] and excess volume [ V ] . For understanding
the strength
interactions, only two parameters (. and VF are
considered simultaneously. Excess volume and excess

nature and of hetero-molecular

compressibility can be positive or negative hence the
following possibilities of variation of excess
parameters can be considered and may be called as

broad classification

(1) VE <OBF <O
2) VE>O Bf <O
3) VE <Ot >0
(4 VE>O Bf > O

If the component liquids in binary mixture are A and
B , then pure liquids A and B may exist as

Aiqg =(A, A-A, AAA, e )
Biiq = (B, B-B, B-B-B, ~----------———-—- )
(AB)mixture = ( A-B, A-B-B, A-A-B, ——-——————————— )

In hetero—molecular interactions, both the types of
molecules take part in causing the interaction.

Velocity of ultrasonic waves is a sensitive function of
space filling factor n according to Cornahan. If n
increases , ultrasonic velocity also increases. In
mixture of liquids , space filling factor may change
due to change in “V” ( volume ) or change in ‘b’
(vander — Waals constant ) or both. The change in ‘b’
would be due to change in intermolecular geometry
(macrogeometry). While change in V would be due to
a change in intermolecular cluster geometry
(microgeometry). Small changes in volume cause
significant changes in velocity of ultrasonic waves.
Volume of the liquid mixture depends upon the
structural arrangement in liquid as well as on
intermolecular interaction. An increase in the
strength of the hetero-molecular forces manifesting
in a decrease in adiabatic compressibility ( fa ) of a
mixture would tend to reduce the size of cluster,
hence decrease in the total volume of the mixture. If
there is one minimum, there would be one stable

cluster or two minima will indicate two relatively
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stable clusters. The process leading to the stable
clusters would be equilibrium at these concentrations.
The above association would occur due to the
presence of active subgroup in A type and an active
subgroup in B type molecules. If minimum is closer to
higher concentration of A, then interaction AA > BB.
If it lies closer to higher concentration of B, then BB >
AA. While a symmetrical variation would indicate
AB .> AA as well as AB > BB as the relative strength
of interaction. All systems in present study fall in the
category VE < O and PaE < O, hence there are
attractive interaction causing association between A
and B type of molecules. The forces present in the
mixtures are attractive in nature causing their
association between dissimilar molecules.

Figure -1 shows the negative variation of VE and
figure-2 shows the negative variation of f.f with
the systems 1-
,1-Chlorobutane +
Chlorobenzene.The data in given in table 1.

composition
Chlorobutane +

respectively  for
Benzene

Considering the solutions of 1-Chlorobutane with
hydrocarbon that is  Benzene there is strong
interaction. In this, the variation of both VE and f.*
is symmetrical depicting strong AB - type
interactions. A stable cluster is recommended at x =
0.6.
Chlorobutane + Benzene is a mixture of polar non-
polar.

1-Chlorobutane is a polar molecule so 1-

Table 1-Mole fraction(x),sound speed (u), density (p),
excess volume ( VF), excess adiabatic compressibility
(BF) at 303.16K

1-Chlorobutane + Benzene 1-Chlorobutane + Chlorobenzene

X u P VE BE X u P VE BE
mis Kg/m3x103 mi/s Kg/m3x103
1096.23 0.87538 0 0

1] 1096 .41 087538 0 0 1]

1117.34 091268 -1.752242 -3.59E-12

0.1 | 1116.57 0.87522 -0.36718 | -9.388E-13 | 0.1

1135.54 0.94016 -2.292219 -5.16E-12

02 | 1133.56 087492 -0.59838 | -1.139E-12 | 0.2

1151.87 0.96027 -2.013521 -5.45E-12

0.3 | 1150.65 0.87449 -0.77718 | -1.242E-12 | 0.3

1166.88 0.97528 -1.208651 -4.93E-12

04 | 1167.86 087411 -091063 | -1.259E-12 | 0.4

1181.86 0.99147 -0.554441 -4.32E-12

0.5 | 118598 0.87368 -0.98533 | -1.29E-12 | 0.5

1196.54 1.00368 0.4889319 -3.23E-12

0.6 | 1204.48 0.87338 -1.0237 -1.27E-12 | 0.6

1211.64 1.039118 -0.844737 -3.56E-12

0.7 | 1223.88 0.87257 -0.95853 | -1.208E-12 | 0.7

1226.54 1.08319 -0.999517 -2.88E-12

0.8 | 1243.33 0.87086 -0.75294 | -9.648E-13 | 0.8

1241 1.07964 -0.426008 -1.56E-12

0.9 | 1262.87 0.86885 -0.47554 | -6.061E-13 | 0.9

1253.51 1.09747 0 0.00E+00

1 1282 0.8653 0 0 1
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Fig.1- Mole fraction versus excess volume of (1-
chlorobutane + benzene o), (l-chlorobutane +
chlorobenzene ¢ )

Decrease in the volume in both the systems indicates
the association between unlike molecules. In mixtures
of 1-Chlorobutane with substituted Benzene i.e.
Chlrorobenzene excess volume and excess a both are
negative as shown in figure (1 & 2).

In case of Chlorobenzene mixture, there are two
minima suggesting two clusters out of which more
stable cluster may have been formed at x = 0.2. There
is positive value of excess volume and small peak in
Ba¥ at x = 0.6 suggesting the complex formation at
this composition. Dispersion forces may be existing
near x = 0.6 giving slight rise in faf and positive V.

1-Chlorobutane and Chlorobenzene both are strongly
polar liquids, hence dipole — dipole force are present.
From the figurel, it can be concluded that AA
interactions are stronger than BB interactions and AB
to be
Chlorobutane is more dominant than Chlorobenzene

interactions are found absent ie. 1-
in causing this type of interactions. Negative faF

supports the finding of excess volume.

0 'n!
0 0.2 04 06 0847 /1 12
-1E-12 ~ ____‘,,/7
2z '
g5 2w /
i)
Ze 312
< =
3 & ~7
E'E -4E-12 \ /
SE-12 //
S~
-6E-12
Mole Concentration
Fig.2- Mole fraction versus excess adiabatic

compressibility of 1-chlorobutane + benzene o) , (+
chlorobenzene ¢ )
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There are attractive interactions in 1-Chlorobutane
mixture with the given hydrocarbon and substituted
Chlrorobenzene ,the

Benzene i.e. strength of

interaction is of the order.

(1-Chlorobutane + Chlorobenzene) > ( 1-
Chlorobutane + Benzene) .The strength of interaction
in polar- polar liquid is greater than that of polar —
non polar liquid.
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