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An equation of state is proposed for the mixture of hard spheres based on an averaging process over the
two results of the solution of the Percus-Yevick integral equation for the mixture of hard spheres. Com
pressibility and other equilibrium properties of the binary mixtures of hard spheres are calculated and
they are compared with the related machine-calculated (Monte Carlo and molecular dynamics) data. The
comparison shows excellent agreement between the proposed equation of state and the machine-calculated
data.

While some successful attempts have been made in
recent years in the prediction of equilibrium thermo
dynamic properties of pure fluids by the methods of
statistical mechanics, the theories of mixtures are in
need of much more improvement than the theories
of pure fluids. The relatively successful theories of
pure fluids1-3 have put more emphasis on the ex
pansion of the properties of the system around a hard
sphere reference system by a power series, and trun
cating this power series, by some mathematical tech
nique, to the first few terms. While these approaches
theoretically can be used for mixtures, they have not
been as successful as for pure fluids, because of ad
ditional difficulties which are discussed elsewhere.4 One
of these difficulties has been the lack of a satisfactory
equation of state for hard-sphere mixtures. The need
for such a relation is also shown by the development
of the "van der Waals"5· corresponding states method
which has been superior to the previous approaches
of its kind. This approach shows clearly the importance
of an accurate prediction of the hard-sphere contribu
tion to the prediction of thermodynamic properties
of real fluid mixtures.
From the solution of the Percus-Yevick (PY ) in
tegral equation for the radial distribution function,
two routes to an equation of state can be derived.
One of these is the compressibility equation derived
from fluctuations in the grand canonical ensemble and
the other is from differentiation of the logarithm of
the configuration integral to give the pressure or
"virial equation." Thiele7 and Wertheim8 independently
have solved the PY equation for pure hard spheres,
while Lebowitz9 has solved it for the mixture of hard
spheres. For a hard-sphere mixture of m components,
the results are as follows9 :
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where Z = PV/NkT is the compressibility,
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the ith component. The superscripts v and c indicate
the virial and compressibility forms, respectively. y1,
Y2, and y 3 are defined as follows:
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TABLE I. Comparison of the compressibility Z for a binary
mixture of hard spheres (x1 =x2 = ½) with the Monte Carlo (MC)
data.a

�

0.1571

0.2618

0.3665

ddd1 = 1.1

Eq. (7)
MC

1.963
1.96

3.253
3.17

5.688
5.64

d2/d1 = 5/3

Eq. (7)
MC

1.879
1.87

3.041
3.04

5.214
5.24

a References 14 and I 5.

In the case of a pure system, Relations (1) and (2)
reduce to the relations derived by Thiele7 and Wert
heim8 for the pure hard-sphere system as follows:
(3)
zp c= (1+11 +112 )(l-17)-3,
Zp•= (1+211+3112)(l-17)-2,

(4)

where 17= ¼1rpd 3 and subscript p stands for pure system.
Carnahan and Starling 10 showed that for the pure
hard spheres the compressibility can be calculated
from the following equation more accurately than (3)
or (4), or even the Pade approximant of Ree and
Hoover11 :

(5)
zpcs= (1+11 +112 -173 )(1-17)-3,
pis the number density, ;
d is the hard sphere diameter
of the ith component, and x; is the mole fraction of where the superscript CS indicates the Carnahan1523

