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The Entropy of the Square-Well Fluid
I1. The Mean Spherical Approximation
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Abstract

The semi-analytical expression of the entropy is obtained for the square-well fluid
within the mean spherical approximation.
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In the first paper (1) the expression for the entropy, S, of the equilibrium
square-well (SW) fluid has been obtained in the random phase approximation.
Here, the expression for the SW entropy is derived by the same way in framework
of the mean spherical approximation (MSA) [1] in the semi-analytical (SA)
representation [2] which for the SW model is
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n r m
CSW-MSA(SA)(r) = mZ::‘)bm (O'j r=e ) (1)
- ﬂ¢SW (r)! rc

where c¢(r) is the direct correlation function, o - hard-core diameter,
- coefficients determined numerically from the condition that the pair
correlation function, g(r),isequaltoOat r<o, B=(kgT)™", kg- Boltzmann
constant, T - absolute temperature, ¢, (r) - SW pair potential at r>o:

0, r<o
dw(r) =16, o=<r<io . (2)
0, r>4ic

Here, ¢ and o(4-1) are the depth and width of the square well, respectively.
The Fourier transform of Cq, ysasa (1) IS

Cow-MsA(sA) (9) = Csa (q) — B, (0) (3
where
n+2 m (n+1)/2 m+1
Con (0) - [‘;—”j{z e S flaea-g+ 3, I }
(4)
b (Q) = 47e [sin(xA) —sin(x) — XA cos(xA) + xcos(x)] /q° , (5)
X=(o.

As a result the structure factor in the approach under consideration is being
written as follows:

1
SW-MSA(SA = ) 6
v (1) 1- pCsa (@) + Bodw (0) ©

where p is the mean atomic density.
Then, following the method of paper I, we integrate the expression

0 (ASSW—MSA(SA)) _ E oJ SW-MSA(SA) (7)
oT T oT ’
P p
where (hereafter, per atom)
ASSW-MSA(SA) = SSW—MSA(SA) - SHS’ (8)
2 3 3 l T 2
U sw-msasa) = 3 mpo”e(X =1) + Ar I [aSW-MSA(SA) (@) _1]¢sw (q)a°dqg, 9)
0

S,s Is the entropy of the hard-sphere (HS) system.

(aUSW—MSA—SA] =pkB.T ¢szw(q)q2dq ’ (10)
or ), 47" g [keT (= pesa (@) + pd ()]
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dT aUSW—MSA(SA) k /OOC 1
SSW—MSA(SA) = SHS +J‘T(8T ) = SHS + 422 ) - p2¢szw () X

k

x| In . + (1= pCsa (A))Asw_msasa) (d) |+ Const ¢ew (@)9%dg, (12)
Asw-_MsA(SA) (@)
where
Ink,(1- 1
Const = n‘ B 2:020Hs(q)) + . (12)
P Psw (@)
The result is

k o0
Ssw-msa-sa = Sps + 4 2 qu(ln‘(l_ PChs (q))aSW—MSA(SA) (Q)‘ -
TP

= (L= P Con (D) Asumsacony () +1H 0 (13)
It is the semi-analytical expression due to the coefficients b, in cg,(q)
are calculated numerically.
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