Vol-5 Issue-1 2019 IJARIIE-ISSN(O)-2395-4396

A Review on Thermodynamic and Transport
Properties of Liquid and Liquid Mixture

Tarachand Badghaia“, Dr. Neelu Jain**
“Research scholar, Department of Chemistry, SSSUTMS Sehore (M.P.)

** Professor, Department of Chemistry, SSSUTMS Sehore (M.P.)

Abstract

The study of thermodynamic characteristics of liquids and liquid mixtures is crucial to
comprehending the nature of molecular interactions in the system. Excess thermodynamic
characteristics in  multicomponent  fluid  mixtures give important information on
intermolecular interactions. However, phase equilibria are frequently employed to assess the
correctness of any theory or chemical model defining the thermodynamic behaviour of a
solution. The current work is based on a review of thermodynamic and transport
characteristics of liquids and liquid mixtures.
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I. INTRODUCTION

The thermodynamic and transport characteristics of liquids and liquid mixes are used to
understand engineering applications such as heat transmission, mass transfer, and fluid
movement, as well as to research the molecular interactions between the various components
of the mixtures. The physical, chemical, and transport characteristics of fluids are important
in chemical process industries because materials are often handled in fluid form. As a resul,
information on certain of the characteristics of liquids and liquid mixtures, such as density
and viscosity, is widely used in solution theory and molecular dynamics. The interpretation of
data acquired from thermochemical, electrochemical, biochemical, and Kinetic research
requires such outcomes.

Understanding molecular interactions requires the study of thermophysical characteristics of
fluids, and it aids the design of many industrial chemical processes involving heat, mass, and
fluid movement. Owing to interactions between the solute-solute, solvent-solvent, and solute-
solvent, as well as interstitial accommodation due to structural factors, the variations in
thermodynamic and transport parameters are quite complicated. To design mass transfer
procedures, a quantitative assessment of liquid mixes is necessary.

More sophisticated treatments [3-4] of liquid mixtures derived their conceptual basis
from-

(@) the cell model for liquids and (or) from —

(b) the postulations of a universal form for the intermolecular potential expressed by
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where, r;j is the distance between centres of molecules i & j, i & r'j are characteristic
parameter for the pair, and ¢(r/r’) is the universal function of its agreement.

The intermolecular energy is usually discussed on the basis of the familiar Lennard-
Jones potential operating between the molecular centres. Even in comparatively simple
polyatomic molecules, the acentric distribution of polarizable electrons necessitates fairly
drastic modification of this potential. Kihara[3], Hamann and Lambert[4] and Pitzer[5,6]
have offered modified intermolecular potentials for polyatomic (globular) molecules,
especially those approximating spherical symmetry in form.

An extension [7] of these considerations which suggests itself, as a basis for treating
the intermolecular energy in liquid consists in integrating the interactions of elements of the
core of one molecule with the elements of all surrounding molecules, these latter being
treated as occupying the space outside the cavity reserved for the molecule in questions.

The result obtained departs markedly from the form of the intermolecular energy
according to the theory of Lennard-Jones and Devonshire.

In the limit of very large particles such that the range of intermolecular interactions,
attractive as well as repulsive, is small compared to the molecular diameter and to the
distance between boundaries of the domains of neighbouring molecules, the intermolecular
energy can then be treated as arising effectively from interactions between the surfaces of
adjoining molecules. The calculations support an account of the intermolecular energy on this
basis, and they indicate further that this manifestly approximation should be satisfactory even
for small polyatomic molecules. Certainly, this approximation, which has a long history of
usage in solution theory, is preferable to central force potentials, the Lennard-Jones type of
virtually all molecules. It offers the additional advantage to treatment of nonspherical
molecules and of mixtures of molecules deferring In size. Numerous theories have been
developed in past to study the properties of and interactions in liquid solutions are discussed
in the section below.

Il. LITERATURE REVIEW

Density and viscosity of saturated liquid dimethoxymethane were measured at various
temperatures by J. Wu et al' . P. Jain and M. Singh® measured density, viscosity and excess
properties of binary liquid mixtures of propylene with polar and non-polar solvents. G. Cruz-
Reyes et al® established a correlation of viscosities of pure gases and liquids with the use of
significant structure theory. R. J. Martins* interpreted the viscosity of pure liquids at elevated
pressures. L. T. Novok® proposed modeling of viscosity of liquid mixtures of polymer solvent
systems. Calculations of viscosity of ternary and quaternary liquid mixtures were carried out
by several workers®.

Excess Gibbs free energy model for calculating the viscosity of binary liquid mixtures is
given by R. J. Martins et.al.”. Generic van der Waals equation of state, modified free volume
theory of diffused viscosity of simple liquids were determined by, Laghaei et. al®, J. Wi’
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experimentally determined the viscosity of saturated liquid dimethylether at elevated
temperatures.  Viscosity of the homologous series of n-(trans-4-n-alkyl cyclohexyl)
isothioganate was studied by J. Jadzyn'®. Excess molar enthalpies of dimethylcarbonate and
(methanol, ethanol, 1- propanol) at various temperatures and pressures were studied by S. Li
and H. Dong'®.

Excess molar enthalpies and excess molar volumes of ternary system 1, 2-dichloro benzene +
benzene + hexane was studied by M. M. Mato et al*? at 25°C. G. C. Shekhar and M. V. P.
Rao™® studied excess molar volumes and speeds of sound of N, N-dimethylacetamide with
chloroethane at 303.15 K.

Valles'* measured the excess enthalpy, density, speed of sound and viscosity of 2-methyl
tetrahydrobutanol at different temperatures. Generalized correlation for the viscosity of
hydrocarbons based on corresponding principles and molar refraction was studied by M.
Riazi et al*®. Y.-Y. Duan et al'® measured the saturated liquid viscosity of cyclopentane and
isopentane. A. E. Nasrabad!” modified the free volume theory of self-diffusion and molecular
theory of shear viscosity of liquid CO2.

Determination of viscosity and density of di- (2-ethylhexyl) phosphoric acid + kerosene were
carried out by L. R. Koekemoer et al*®. 1. Johnson'® experimentally determined density,
viscosity and speed of sound in the ternary mixture of 2-ethoxyethane + dimethylformamide
+ N, N-dimethylacetamide and 2- ethoxyethanol + dimethylformamide + N, N-
dimethylacetamide at 308.15 K.

I1. CONCLUSION

Following a review of the literature, the study discovered that there is intermolecular
interaction between the components in the binary combination. Many volumetric
characteristics may be determined using thermodynamics. Temperature and pressure have a
significant impact on the thermodynamic and wvolumetric characteristics. There are many
properties of a mixture that have thermodynamic significance, including “thermal expansion
coefficients, excess thermal expansion coefficients, isothermal coefficients of pressure excess
molar enthalpy, partial molar volumes, partial molar volumes at infinite dilution, partial
excess molar volumes, and partial excess molar volumes at infinite dilution.”
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