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Quantum corrections to thermodynamics of polar hard sphere fluids
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Abstract, The quantum corrections to the thermodynamic properties of polar hard sphere
fluids and fluid mixtures are estimated taking into account the influence of dipole and
quadrupole moments. Expressions are given for the second virial coefficient, free energy and
pressure and results are given for different values of p* and 6*. The first order quantum
correction arises due to the translational contribution only. The quantum effect increases

- with density, u* and 6* Numerical results are also estimated for binary mixtures of (i) hard
spheres and dipole hard spheres and (ii) hard spheres and quadrupole hard spheres. The
‘excess’ free energy for dipole hard sphere binary mixture is also reported. It is found that
the ‘excess’ quantum effect depends on the concentration and the particle diameter ratio
and increases with increase of p* and 6%.
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1. Introduction

This paper estimates the quantum corrections to the thermodynamic properties of
simple polar fluid and fluid mixtures. The simplest model for such fluids is hard
spheres with imbedded point dipoles and point quadrupoles. The pair potential for
such a system is given by

uay(xl’xz) = “?5("12) + “Zy(xbxz), . (1)

where ufs(r,,) is the hard sphere potential and u%,(x,, x,) is the angle dependent part
of the pair potential. In (1) the vector x; = (F;, ;) represents both the position of the
centre of mass and orientation of the ith molecule. For polar fluids we take

a _. ,4d dq qq '
Ugy = Ugy + Ugd + Uz, (2)

where ugs is the interaction between the permanent dipole moment of molecules of
species o and y, ust is the interaction between the dipole moment in one molecule and
the quadrupole moment in other molecule and 4! is the interaction between the
quadrupole moments of the molecules. They are expressed as

dd __ #«l“y
oy 7‘3

u [sin 6,sin 8, cos ¢,, — 2 cos ,cos 6,], (3)
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