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Abstract: The negative values of V,," for tert-butyl methyl ether (1) + amine (2) can be compared with negative
Vi values of tert-butyl methyl ether + 1-alkanol mixtures which is due to different effects like specific interactions
due to formation of multimers of alkanol and ether molecules; possible breaking of hydrogen bonded alkanol
structure; and geometrical fitting of ether into remaining alkanol structure. The mixing of ether with amine would
induce mutual dissociation of hydrogen bonded structures, that is, O-H-O and N-H-N present in pure liquids with
subsequent formation of new N-H-O bonds between proton acceptor nitrogen atoms of amine and hydrogen atom of
the —OH group of the ether molecule. Equally important is the formation of H-bond of the type N-H-O between the
hydrogen atoms of the -NH group of amine and oxygen atoms of the -OH groups of ether molecule leads to
contraction in volume which should result in negative V,," values. In case of positive values of tert-butyl methyl
ether (1) + dipropyl amine (2) mixtures, the breaking up of associated structures present in pure liquids leads to
expansion in volume. The V,* values change from negative to positive as we move from propyl amine to
dipropylamine. This change may be due to increase in steric hindrance with increase in one propyl group which lead
to decrease in hydrogen bonding. The behaviour of V,," has been found to be consistent with values of Axg for tert-
butyl methyl ether (1) + propyl amine (2) mixures. Negative values of Akg mean that mixture is less compressible
than corresponding ideal mixture suggesting that strong intermolecular hydrogen bonding with amine molecule.
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Introduction: of suitably selected items are available. Therefore it is
In recent years, there has been considerable important to have available experimental information
interest in the theoretical and experimental of mixtures which can be used as evidence either
investigation of the excess thermodynamic properties directly for process design, or for the development of
of binary liquid mixtures as the composition empirical correlations or for the improvement of
dependence of the thermodynamic properties of binary theoretical knowledge.
liquid mixtures has proved to be a useful indicator of Thermodynamics is the basis of experimental
the existence of the significant effects resulting from science. Thermodynamics is therefore concerned with
intermolecular interactions between the various macroscopic properties, the properties of systems
species present in the liquid mixture. The theoretical containing many millions of molecules. And, the
values of excess thermodynamic functions depend thermodynamic properties of liquid mixtures has
critically on the assumption about the depth of their relevance in understanding the nature and extent of the
interactions and size. For examples, mixtures of molecular interaction between the components of
molecules of the same size with different depth of mixtures, in developing the new theoretical models,
interaction have quite different properties from the and also in carrying out engineering applications in the
mixtures of the molecules differing mainly in size. process  industry. The ultimate goal of
However, if there is identical interaction, then thermodynamics of mixtures is to predict excess
differences in masses are responsible for the properties from the pure component properties without
characteristic deviations from the ideality of the any experimental knowledge of the actual system
solutions. The extreme sensitivity of the excess itself. Our knowledge about molecular size, molecular
functions due to size, shape and interaction has shown structure, and polarity allows us to make some
that important information about differences in the qualitative predictions about the behavior of such
intermolecular forces may be obtained from the study molecules in mixtures. However, the progress in the
of suitable mixtures. The current theories of solution field of molecular theory has not reached that stage
and their results, which are expressed in terms of where we can directly predict the properties of a
excess thermodynamic functions, can be successfully mixture from the nature of its constituents. The main
checked, if the experimental data for excess functions problem is the non-availability of data to understand

24



Report and Opinion 2019;11(10)

http://www.sciencepub.net/report @

the nature of interactions amongst the constituents.
Such types of interactions are involved in the
formation of complicated chemical complexes in the
binary liquid mixtures and are also responsible for the
non-ideal thermodynamic behavior of systems.
Pandharinath S. Nikam et al., (2003) have studied the
densities and viscosities of binary mixtures of N, N-
dimethylformamide  with  benzyl alcohol and
acetophenone at different 18 temperature. Using this
experimental data, excess molar volume and deviation
in viscosity have been fitted to the Redlich-kister
polynomial equation. Mc Allisters three body
interaction model has been used to correlate the
kinematic viscosities of binary liquid mixtures with
mole fractions.

Ali et al., (2004) had calculated the densities and
ultrasonic speeds in the binary liquid mixtures of
acetonitrile (ACN) with I-hexanol, 1-octanol and 1-
decanol, and in the pure components, as a function of
composition at 25, 30, 35, 40 and 450C. The
deviations in isentropic compressibility, excess molar
volume, deviations in ultrasonic speed, apparent molar
compressibility, apparent molar volume, partial molar
compressibility and partial molar volume of 1-alkanols
in ACN have been evaluated from the experimental
data of densities and ultrasonic speeds. The variations
of these parameters with composition of the mixtures
indicate that the structure-breaking effect dominates
over that of the hydrogen-bonding effect between
unlike molecules, suggesting that ACN-alkanol
interaction is weaker than ACN-ACN and alkanol-
alkanol interactions, and that the interaction (ACN-
alkanol) follows the order: 1-hexanol > 1-octanol > 1-
decanol. The excess molar volume data have been
analysed by using Flory and 19 Prigogine-Flory-
Patterson theories. Further, the ultrasonic speeds in
these mixtures were theoretically calculated with the
help of several theories and empirical relations using
the pure component data. The validity and relative
merits of these theories and relations have been
eventually discussed.

Anuradha et al., (2005) have determined
densities and ultrasonic velocities at 299K for the

binary mixtures of acetonitrile (ACN) with acetone/
ethyl methyl ketone/ Methyl isobutyl ketone and
acetophenone over entire composition range. From
these, isentropic compressibility, intermolecular free
length and their deviations namely excess isentropic
compressibility and excess intermolecular free length
have been calculated and interpreted in terms of
intermolecular interactions. Further theoretical values
of ultrasonic velocity in the four binary liquid
mixtures are calculated using two different theoretical
models. The relative merits of these theories and
relations have also been discussed. Prabakar et al.,
(2005) have been measured ultrasonic velocity and
density for binary liquid mixtures of acetone +
acetophenone, ethyl methyl ketone + acetophenone
and acetone + ethyl methyl ketone at 308.15K. The
experimental data have been used to calculate the
acoustical parameters namely adiabatic
compressibility, free length, free volume 20 and
internal pressure. The excess values of the above
parameters are also evaluated. The experimental
results were compared with those predicted by
empirical relations.

Prasad et al., (2006) have determined excess
volume of five ternary mixtures at 301.15 K. The
mixture includes acetophenone and 1-propanol as
common components. The non- common component
are benzene, toluene, chlorobenzene, bromobenzene
and nitrobenzene. The measured excess volume data
are found to be negative over the entire composition
range in the mixtures containing chlorobenzene,
bromobenzene and nitrobenzene.

Materials and Methods:

The experimental work carried out during the
present investigations consists of measurements of
density and speed of sound ¥ of the following liquid
mixtures at T = (288.15, 293.15, 298.15, 303.15 and
308.15) K and atmospheric pressure over the entire
range of composition.

Propylamine

Tert-butyl methyl ether + Dipropylamine

Table 3.2: Sources and grades of chemicals.

Chemical Source Grade

Propylamine Merck-Schuchardt, Germany zur-Synthese GC > 99 %

Dipropylamine Merck-Schuchardt, Germany zur-Synthese GC > 99 %

Tert-butyl methyl ether Fluka GC>99 %

Cyclohexane S.D. Finechem., Mumbai HPLC and Spectroscopic grade, min. assay (GLC) 99.7 %
Benzene S.D. Finechem., Mumbai HPLC and Spectroscopic grade, min. assay (GLC) 99.8 %
Molecular Sieves S.D. Finechem., Mumbai

Results: and positive deviations. On the other hand V,.E values

It is observed that V. values for tert-butyl
methyl ether (1) + propyl amine (2) shows negative

are positive for tert-butyl methyl ether (1) + dipropyl
amine (2) mixtures at all temperatures. The magnitude
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of V& values decrease with increase in temperature
for all mixtures studied.

From Figures 4.3 and 4.4, it is observed that
deviations in speeds of sound Au shows negative
deviations for tert-butyl methyl ether (1) + propyl
amine (2) but negative and positive deviations are
observed for tert-butyl methyl ether (1) + dipropyl
amine (2) at all temperatures and whole composition
range. Again magnitude of Au increases with increase
in temperature.

Deviations in isentropic compressibility Axg for
tert-butyl methyl ether (1) + propyl amine (2) shows
negative deviations but it changes sign at high mole
fraction of ether as evident from figure 4.5. Behaviour
opposite to the Au is observed in case of deviations in
isentropic compressibility Axs values for tert-butyl
methyl ether (1) + dipropyl amine (2) mixtures as
shown in figure 4.6. With increase in temperature, the
magnitude of Akg values increase for the mixtures
studied.

The negative values of V,,* for tert-butyl methyl
ether (1) + amine (2) can be compared with negative
Vi© values of tert-butyl methyl ether + 1-alkanol
mixtures which is due to different effects like specific
interactions due to formation of multimers of alkanol
and ether molecules; possible breaking of hydrogen
bonded alkanol structure; and geometrical fitting of

ether into remaining alkanol structure. The mixing of
ether with amine would induce mutual dissociation of
hydrogen bonded structures, that is, O-H-O and N-H-
N present in pure liquids with subsequent formation of
new N-H-O bonds between proton acceptor nitrogen
atoms of amine and hydrogen atom of the —OH group
of the ether molecule. Equally important is the
formation of H-bond of the type N-H-O between the
hydrogen atoms of the -NH group of amine and
oxygen atoms of the -OH groups of ether molecule
leads to contraction in volume which should result in
negative V,.E values.

In case of positive values of tert-butyl methyl
ether (1) + dipropyl amine (2) mixtures, the breaking
up of associated structures present in pure liquids
leads to expansion in volume. The V,," values change
from negative to positive as we move from propyl
amine to dipropylamine. This change may be due to
increase in steric hindrance with increase in one
propyl group which lead to decrease in hydrogen
bonding. The behaviour of V.. has been found to be
consistent with values of Axg for tert-butyl methyl
ether (1) + propyl amine (2) mixures. Negative values
of Akg mean that mixture is less compressible than
corresponding ideal mixture suggesting that strong
intermolecular hydrogen bonding with amine
molecule.
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Figure 1 Excess molar volumes for tert-butyl methyl ether (1) + propyl amine (2) mixtures at different

temperatures.
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Figure 2 Excess molar volumes for tert-butyl methyl ether (1) + dipropyl amine (2) mixtures at different
temperatures
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Figure 3 Deviations in speeds of sound Au for tert-butyl methyl ether (1) + propyl amine (2) mixtures at
different temperatures
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Figure 4 Deviations in speeds of sound Au for tert-butyl
different temperatures.
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Figure 5 Deviations in isentropic compressibility Axg for tert-butyl methyl ether (1) + propyl amine (2)

mixtures at different temperatures.
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Figure 6 Deviations in isentropic compressibility Akg for tert-butyl methyl ether (1) + dipropyl amine (2)
mixtures at different temperatures.
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