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Extended Abstract 
 

Liquid-Liquid equilibrium at low pressures is usually described by activity 
coefficient models. At high pressures equation-of-state models are usually the 
only alternative. However, equations of state are not as accurate as activity 
coefficient models for complex mixtures.  
 

In this work, a new model for the excess Gibbs free energy that covers 
high and low pressures is proposed. The model is based on a combination of a 
recently suggested volume-explicit equation for hard non-spherical molecules 
with exact pair correlation integrals. Molecular shape, size and specific 
interactions are accounted for in this model. 
 
  Typically equations of state are separated into repulsive and attractive 
terms: 
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The volume-explicit equation developed by Hamad (1998) can successfully be 
used as the repulsive part in developing excess Gibbs energy models for 
mixtures consisting of hard bodies. The equation is expressed in terms of 
dimensionless pressure and a parameter m to take care of the non-sphericity of 
the molecules. 
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The reduced pressure is defined by ( ) i ip P mRT v x= ∑ . The parameter m is 

related to the non-sphericity parameter i i i ix r s vα =∑ ∑ ∑  by the expression  
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where ir  is the mean radius of curvature, is is the surface area and iv is the 
volume of a molecule.  
 

 
 



 
     For real molecules the attractive contribution at high densities should be 
similar to that of one-dimensional fluid. Based on an exact solution for one-
dimensional square well fluid (Thompson,1972) we approximate the attractive 
contributions by the following: 
 

,

( 1)
exp{( 1) }

ij ij
Att ij

ij ij

p q
Z

q p
λ

λ
−

=
− −

    (4) 

 
where 
 

1 exp( )ij

ij

T
q

T

∗

= − −      (5) 

 
and T* is the reduced temperature. 
 
The attractive contribution to the mixture equation of state is given by 
 

,Att Att ij i jZ Z x x=∑∑     (6) 
 
The overall equation of state can then be written as: 
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Based on the equation of state presented above we can derive the Gibbs 
energy model using the following thermodynamic relation:  
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This model can be used to predict the LLE for systems at low and high pressure.  
Results will be presented for a number of binary systems. 
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