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Equations of state of nonspherical fluids by
spherical intermolecular potentials

Sorin BASTEA, Francis H. REE
LLNL

The equilibrium properties of anisotropic molecular fluids temperatures. For the rigid rotor calculations we exge6po-
can be in principle calculated in a statistical mechanics frame+tentials:
work, but the theory is generally too cumbersome for many
practical applications. Fortunately, at high densities and tem- V(r) = e l(a —6){6exp[a(1—r/r*)] —or(r* /r)G}_ @)
e e epercent Somunl . an e NN and 0-0 parameters were extaced fom Hugono
; . data and for N-O we used the Lorentz-Berthelot rule.
that produces reliable thermodynamics [1,2].

The proposal of Shaw and Johnson [1], which turns out to We show in Fig. 1 the results of constant density simulations

be the so-called median potential [2], is very successful in pre-for the N + O, mixture. The agreement between the rigid rotor

dicting the thermodynamics of simple fluids such ashtl CQ and the median potential results is very good in a wide range of

at reasonable high pressures and temperatures [3]. Lebowitz arfy E3SUres and temperatures. For the+NCO, mixture the

. . .agreement is limi I r densities, largel i
Percus [2] pointed out some time ago that the success of thigd ceme tis limited to lower densities, largely becausgi€e

e . . Stronger anisotropic molecule. We propose a heuristic method
approximation could perhaps.ble understood in terms ofa S'mpl?or improving the median recipe for such molecules by taking
theory that treats the asphericity as a perturbation. The medlannto account three-particle correlations.

appears to be the best choice for hard nonspherical potential [4], Perhaps the greatest advantage of the median potential ove

which may explam_lts SUccess for fluids at h'gh densities, Whereother effective spherical potentials [6] is the fact that it is inde-
the hard core contribution is known to be dominant.

For the more general case of a mixture the median is definegendem of density and temperature. The success of the mediar

independent of density. temperature and concentrations for bothustifies in fact the analysis and interpretation of experimental
nadepel ) y, temper shock-wave data on anisotropic fluids in terms of isotropic po-
like-pair and unlike-pair interactions by

tentials These potentials, generally obtained by fitting Hugoniot
data [7], prove to be reliable in predicting thermodynamic prop-

Isgn((/’ab — @§°)d0;dQ, =0, 1) erties at high pressures and temperatures [5].
Given the success of the median, in particular for molecules
where ¢ is the anisotropic potential angf® is the spherical- like N, and Q, we believe that such potentials can be in fact

treated like medians and inverted to yield atom-atom potentials.
We carried out this task for,Nand Q by assuming a@xp-6
form for the N-N and O-O interactions. This simple functional
form turns out to be sufficient for extracting with very good

ized one for the interaction between thendb components,
and the integration is performed over the angular orientations o
the two interacting molecules.

100 . : : accuracy atom-atom potentials from theM, and Q-O, inter-
— median potential plgiemy 2.9 molecular interactions. The agreement between our O-O poten-
. * tial and an O-O potential used to model solid state data of mo-
symbols  ngid-rolor - . . .
* lecular Q is very good, showing that unique sets of atom-atom

potentials should perhaps be sufficient to describe the thermo-
dynamic properties of simple anisotropic molecular systems in

- both fluid and solid states.
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