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THE SOFT-SPHERE MODEL FOR METALS NEAR THE CRITICAL POINT*

J. W. Shaner
Loe AlamoeNational Laboratory

Loe Alarnoa, New Mexico 87545 USA

ABSTRACT

The eoft-ephere model ia convenient and accurate for predicting fluid phww therrno-
dynarnice. The validity of the model for dtswibing the equation-of-date derivative,
Griinehwn’s gamma and eound velocity, ie shown.
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The soft-aphem model for fluidn wae develo
P

in order to model the denee
liquid thernmclynunica better than it is d-ib by the van dor Waaln’ equation.
In the van der WAe’

7
uation the exclud~ volume ia treated crudely, eo althouqh

this equation works wel for Icnvdensity duds, there ia an unphysical singularity m
the uation of etate for denaiti- approaching the normal liquid. In order to better

T hd-i e the denm fluid an analytic fitto onte Carlo mmulationa of puticlee

(
interacting with ● C(U r)m repulsion hae been ●ugmented with a phenomenological
term accounting for t e ●ttractive tail in mal potential (Hoover et al., 1976 and
Shaner, 1988).

The form of the equation of state for thie model is

NkT
f=~

{ ()
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k theee equations, n ie the exponent of the repulsive part of the potential, c- is
the fcc static lattice Madelung energy, ~ = rwa/@, ●nd m in a phenomenologicd
parameter which deecrib~ the ●ttractwe

r
t of the interaction. For m = 1 we

recover the ckical! mean-field van der W 10’form. We have shown that molecular
fluids can be deembed by Eq. (1) ●ugmented by terms in the energy equation
describing the hILOrn~ degrees of freedom Shaner, 1988).

iOne of the coneeqmncee of the eoft-op ere model ie that one of the equation-
of-state aerivativee, Cruneieen’e gamma, can be expraeeed analytically ae

{

2 1 + l/27(n + 4)npn@(u/kT) ‘la
7Cl=- 13I+2/27(n + 4)pn/9(u/k7’) lJa ‘

(2)

Thio expremion ehowa that yu dependn on both density and temperature explicitly,
i’ly contrast, the queaiharmonic model of the eolid pheee gives only an explicit

. .. . . . . . . .. . . . .
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density dependence for 7@.
We have mmured 70 for Ii uid lead (Hixaon ●t al., 1986a and Ron- et al.,

1988a) and tantalum (Brown an 1 Shaner, 1984 and Hixson et al., 1986b) both in
shock compromion md iwbaric expansion. Them data are shown along with a
soft-sphere calculation for n = 8 in Fig. 1. The baaic feature of the invereion of
the density dependence between expansion and compr~ion are clear in tbia figure.
Since the temperature ia increasing with density for the shock compreAon part of
the curve and decream‘ng with density for the isobaric expansion part of the curve the
non-monotonic density dependence of ~G is attributed to the intrineic temperature
depe;~nt~eo~ Eq. (2).

= 8 repulsive potential, which io a reaxmable ●pproximation for
many liquid metals, one can show that the anund velocity around the normal liquid
density is (Shaner, 1988)

(
I/a

C=O.6 ~
kTe

M 4.14 x 10-4 )
(3)

where A ia Avaga&o’~ number, M ia the ●tomic weight aad Ta is the critical
temperature. We show in Fig. 2 sound velocity data St die melting temperature
of ● number of metaln (Webber and Stephena, IfKM). One aea for group in the

same column of the periodic table the dominant M-l/s dependence, The TC1/1

dependenm is alm clear u To incre= slightly for the Ii hter alkli rnetala.
fThe soft+phere model has proven to be both a udu interpolative apmtion of

otate over a wide density ran e of molecular and metallic fluids and s uoeful guide
!to inter reting experimental ata. Systematic adjustment of the parameter in the

!3model s ould make it even more useful for dmribing sptiflc fluid tyaterns.
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Fig, 1, Gruneiuen gamma for liquid Pb and Ta compmed with the wft-sphere model,
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Fig. 2, Sound velocity of liquid metala.
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