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Letter 
A Correlation Between a Hard Sphere System and 
Liquid State Theory 

CHANDRA PAL and K. N. KHANNA? 
Department of Physics V.S.S.D. College, Kanpur, India 

(Receitwd August 21, 1984) 

Currently two theories viz the hard sphere system and liquid state theory 
are primarily used to understand the thermodynamical behaviour of liquid 
metal alloys. However, these two approaches have been pursued inde- 
pendently and little attempt has been made to correlate the two theories. 
The present work explores the possibility of finding the correlation between 
the two approaches. We take numerical examples of NaHg and LiPb, the 
compound forming alloys, and apply the hard sphere results in liquid state 
theory. 

Recently Bhatia and Singh' developed a statistical mechanical model 
based on liquid state theory for compound forming alloys and explained 
several thermodynamical properties of liquid metal alloys. The model 
assumes the existence of appropriate chemical complexes A$, and that 
the energy of A A  or BB bond depends on whether the bond is part of the 
complex or not. Further by applying the grand partition function technique, 
they developed various formulae for discussing both the thermodynamic 
properties and the short range order. We present the formulations of Bhatia 
and Singh' that are being employed in the present calculations. The Warren- 
Cowley short range order (S.R.O.) parameter a:s3, for the nearest neighbour 
sites can be defined by the probability [B /A]  that defines atom B exists at a 
site 2 which is nearest neighbour to site 1. A knowledge of SRO is useful in 
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understanding many physical properties mainly for the calculation of struc- 
ture  factor^.^, Finally, Eq. (4.8) of Bhatia and Singh' can be written 

where fl  is defined by [Eq. 2.23 of Ref. (l)] 

B = J1 + 4C(C - l)($ - 1) ( 2 )  

which in turn is related with activity coefficients y A  and y B  and excess free 
energy of mixing GGc by 

GZC 
-- - C In y A  + (1 - C) In ye 
N K B T  

and 
C(1 - C)(1 + a1) 

1 - (2 - l)a, s c m  = 

(4) 

( 5 )  

Here q is a function related with interchange energy w i.e. q = exp(o/ZK, T).  
In the present work we assume that q is a function related with effective 
packing fraction of an alloy in hard sphere system. The notion does not seem 
unrealistic if we look to Eq. (5.19) of the work Chaturvedi et aL6 who have 
defined interchange energy in terms of compressibility which in turn is 
related with packing fraction in Percus-Yevick appr~ximation.~ As the 
exact relation between compressibility and effective packing fraction of an 
alloy is not known, q is assumed to be the effective packing fraction of the 
alloys of interest. This is an approximate relation and may not be true for 
all alloys. We know in an alloy if unlike pairs are preferred over like pairs, 
a1 becomes negative and vice-versa. The effective packing fractions at 
different concentrations employed in the present calculations are taken 
from our previous work.', Our model that calculates concentration 
dependent packing fraction and volume of mixing of an alloy is already 
discussed at length elsewhere', and needs no repetition. We interpret 
the observed behaviour of excess free energy of mixing G;', concentration 
fluctuations Scc(0), activity coefficients y A  and ye and the short range order 
parameter (SRO) a', on the basis of hard sphere parameter q. The coordina- 
tion number Z is the same as that quoted by Bhatia and Singh' for LiPb 
and obtained by fitting G K I N K ,  T to its experimental value" at equiatomic 
concentration for NaHg system. Figure 1, showing the short range order 
parameter a,(S.R.O.), reveals the existence of a privileged group of unlike 
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Short range order parameter FIGURE 1 versus concentration (a) NaHg (circle and dash 

-0-0-). (b) LiPb (full line) for the present calculations and dotted lines (. . . . . .) for LiPb 
due to Ref. 1. Same notations are used in all figures. 
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FIGURE 2 
Figure 1. XX experimental points from Ref. 11. 

Concentration dependence of ln(y,y,). Notations are same as described in 
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FIGURE 3(a and b) Concentration dependence of G r / N K ,  T(a) NaHg (b) LiPb. 
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C- 
FIGURE 4 Concentrations dependence of S,,(O) 
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pair of the cluster in both the compound forming alloys. Figure 2 depicts 
the ratio of the activity coefficients y = y A / y B .  G Z c  and S,,(O) are plotted 
versus concentration in Figures 3(a, b) and 4 respectively. The results are 
compared with the theoretical values of Bhatia and Singh' for LiPb and with 
the. experimental values" for NaHg alloy. Though the exact compound 
forming compositions i.e. NaHg, and Li,Pb are not predicted by our 
treatment, nevertheless the results, shown in Figures 1 to 4, are, in general, 
in reasonable agreement with available data particularly for NaHg system. 
Knowing that these properties particularly S,,(O) are very sensitive to input 
parameters, we can conclude that there is a possibility of finding a cor- 
relations between liquid state theory and the hard sphere reference system. 
However, more comprehensive efforts are clearly needed in this direction. 
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