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The stability of the stoichiometric solid structures Xe(Heh and Xe(He) 13 is investigated up 
to 30 GPa pressure at room temperature, T=300 K. The Gibbs free energy of these so-called 
van der Waals compounds is computed using simple semianalytical methods that are in good 
agreement with molecular dynamics computer simulations. The interatomic interactions are 
described by empirical pair potentials adjusted to fit high pressure experimental data. The 
Xe(He>z phase is found to be stable with respect to phase separation into pure components, 
while Xe(He)!3 is unstable. These results agree with simple packing considerations, but are 
rather sensitive to the precise form of the helium-xenon interaction. A brief comment is 
made about the occurrence of a Ne(Heh compound, that was recently found by Jean-Louis, 
Loubeyre, and Charon-Gerard. 

I. INTRODUCTION 

Recent experiments on He-N2 mixtures at high pres
sure have revealed a surprising new phenomenon: the for
mation of a van der Waals compound.! By a combination 
of x-ray diffraction, Raman spectroscopy, and optical mi
croscopy, it was found that a stoichiometric solid phase 
(i.e., of fixed composition, in other words a compound) 
He(N2) II is formed at 7.7 GPa at room temperature and 
stable to at least 20 GPa. In this phase, the components 
essentially retain their gas-phase van der Waals-like iden
tity. Similarly, another recent study has claimed evidence 
for a compound Ne(Heh on the basis of visual observa
tions.2 The reasons for these results are sought in an anal
ogy with the behavior of hard-sphere mixtures. For those 
systems, Murray and Sanders3 have shown that ordered 
structures, such as AB, AB2, and ABI3 have a higher pack
ing fraction than the pure component phases for diameter 
ratios of the components up to 0.62, and are therefore 
expected to be stable.4 Indeed, the thermodynamic stability 
of a hard-sphere AB!3 compound with respect to phase 
separation has been confirmed through computer simula
tions for diameter ratios near 0.58. S However, to help un
derstand the behavior of molecular mixtures, it is impor
tant to perform calculations using realistic potentials. Since 
the behavior of the N2-He system is probably critically 
dependent on the anisotropy of the potentials, we have 
rather chosen to investigate rare-gas mixtures, because of 
their computationally more tractable spherically symmet
ric potentials. In this paper, calculations are done up to 20 
GPa for the mixture He-Xe, since this system has a diam
eter ratio near 0.6 (see Sec. III B) and thus seems the most 
likely rare-gas mixture to form a compound phase on the 
basis of the geometric arguments3 mentioned" above. We 
will also briefly comment on the mixture He-Ne, that has 
been observed recently.2 An important difference between 
hard spheres and real systems is that the unlike interaction 
in real systems is not necessarily the mean of the like in-

teraction. Therefore, the unlike potential needs consider
able attention, since an arbitrary choice could stabilize or 
destabilize a compound phase at will. 

The paper is organized as follows: Sec. II describes the 
theoretical methods used for computing free energies and 
Sec. III, the choice of the intermolecular potentials. In Sec. 
IV the results are presented and Sec. V contains a discus
sion. 

II. COMPUTATION OF THE FREE ENERGY 

The thermodynamic stability of a van der Waals com
pound at fixed temperature and pressure is determined by 
the comparison of its Gibbs free energy with that of other 
phases. In principle, the Gibbs free energy of all possible 
phases (liquid, solid solutions with various crystalline 
structures, and van der Waals compounds) must be com
puted as a function of composition. The phase diagram is 
then obtained by constructing the convex envelope of the 
resulting set of curves (for the solutions in which the com
position can assume any value) and points (for the sto
ichiometric compounds). This full program is obviously 
not practically feasible, and in this work we shall content 
ourselves with determining the thermodynamic stability of 
the van der Waals compounds relative to the pure solid 
phases. The physical assumption underlying this restriction 
is that the size difference between He and Xe is so large 
that the solid phase solubilities are extremely small, which 
is justified by calculations and computer simulations.6 

Even with this restriction, the exact determination of 
the Gibbs free energy (or equivalently of the Helmholtz 
free energy) using computer simulations7 is a computation
ally demanding task. The uncertainties on the interaction 
between He and Xe (see Sec. III C) made necessary an 
investigation of several different pair potentials, and ren
dered this exact determination too costly. Other (approx
imate) methods of calculating solid free energies include 
self-consistent phonon theory,8 density functional theory of 
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freezing,9 and two recently proposed approximation 
schemes,1O the "local harmonic (LH)" and the "varia
tional Gaussian (VG)" approximation. Since both of the 
latter methods have been shown to offer an excellent trade
off between accuracy and computational efficiency, we 
have chosen to use them to study the stability of van der 
Waals compounds. The two methods are briefly summa
rized below. 

In the LH approximation, each atom on the lattice is 
treated as an independent three dimensional harmonic os
cillator. The three oscillation frequencies {J)p,i' (/1= 1,3) of 
the atom i with average position R? are obtained by diag
onalizing the 3 X 3 "local dynamical matrix" formed with 
the second derivatives of the total potential energy with 
respect to the coordinates of this atom, all others being 
held at their average position. The free energy for atoms 
interacting via pair potentials <P is then given by 

1", 0 0 
FLH =-2 £.J <pij(Ri - Rj ) 

bl=j 

+kBT ~ L In[2 Sinh(::P~)]. 
I P=I,3 B 

(1) 

In the classical limit (wi k BT) < 1, this becomes 

1 '" 0 0 '" '" [WPi] FLH =-2 ~. <pij(Ri -R) +kBT ~ £.J In k T ' 
bl=J I P= 1,3 B 

(2) 

with the first order quantum correction equal to 

11",,,, 2 
FLH,QM=24 k T ~ £.J (Wp;). 

B I P=I,3 
(3) 

In the same spirit, the VG method (which has been 
described several times by independent groups) 11,12 makes 
use of the Gibbs-Bogoliubov variational principlel3 with a 
trial Hamiltonian of the form 

1 L 0 0 kBT L 0 2 u __ .I.. .. (R.-R.)+- a.(R.-R.) nO-2 'I'IJ I J 2 I I I· 
bl=j i 

(4) 

The optimal value of the parameters ai is then determined 
by minimizing the variational free energy 

Fvar=Fo+{H-Ho}, 

1 L 0 0 3kBT L [aiA:] -- w··(R.-R.)+-- In--2 IJ I J 2 1T ' i=/=j i 

(5) 

where Ai is the de Broglie wavelength of atom i, the brack
ets denote averaging in the harmonic reference system, and 
wij is an effective interaction between atoms i andj given by 

wij(r) = [ (ap.j ) ]3/2 I dV<pij(r') 
1T ai+aj 

xexp ( - [(a~:~j)] (r' _r)2). (6) 

Both the LH and the VG method are easily imple
mented, even for relatively complex crystal structures. The 
straightforward LH method has the advantage of account
ing for quantum effects. The slightly more involved VG 
method, on the other hand, takes into account anharmo-
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FIG. 1. Equation of state of an XeHe2 compound, computed for a 
Lorentz-Berthelot HE--Xe interaction (a= 13.255, E=46.966 K, 
r* = 3.7563 A) at T = 300 K. The dots are molecular dynamics simulation 
results. The continuous curve was obtained using the LH method, and the 
squares using the YG method. 

nicities in a fashion reminescent of self-consistent phonon 
theory. It was shown by LeSar et af. 10 that both approxi
mations yield accurate predictions for the free energy of 
perfect and defective face-centered-cubic (fcc) crystals, 
when compared to exact calculations from computer sim
ulations. We have performed molecular dynamics (MD) 
simulations of pure hexagonal-close-packed (hcp) helium, 
fcc xenon, and of a mixed compound XeHe2' using systems 
of a 250 to 500 particles. These simulations all confirm the 
great accuracy of these methods for predicting thermody
namic properties such as pressure (see Fig. 1) and internal 
energy. The pressures agree very well, to within 3%. We 
found, however, that the mean square displacements of the 
atoms from their equilibrium positions is strongly under
estimated (by about a factor of 2) in both approximations. 
This failure can be traced back to the "single atom" nature 
of both methods, which makes them unable to account for 
the existence of long wavelength collective modes. Never
theless, the LH and VG approximations are valuable tools 
for calculating thermodynamic properties, since such 
modes contribute least to the free energy and give a good 
agreement with simulation results. 10 

III. INTERMOLECULAR POTENTIALS 

In order to test the reliability of the intermolecular 
potentials of He, Xe, and He-Xe for the high-pressure re
gime aimed at, it is necessary to compare theoretical results 
using these potentials to available experimental data at 
high pressure. For pure helium and pure xenon, ample 
data are available. Unfortunately, for He-Xe the only data 
that we are aware of are the fluid-fluid phase separation 
curves and volumes of the coexisting phases, measured up 
to 0.2 GPa by de Swaan Arons and Diepen 14 and later 
confirmed by Hanayama. 1S Thus, to constrain the He-Xe 
potential, calculations have to be performed in the fluid 
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TABLE I. Pressures of solid helium at room temperature as a function of 30~"'""7'--"""'r--"J--r-'-""""T"-.-...,--.--r-""-...--,--,.....,r--.--r--n 
volume V. Experimental results are from Ref. 9, the theoretical results are 
calculated using the potentials from Ref. 17 (YMR) and Ref. 18 (KS). 

p (GPa) 

V (cc/mole) Experiment KS YMR 

3.944 15.6 15.69 15.57 
3.871 16.2 16.65 16.54 
3.772 17.4 18.13 18.08 
3.422 23.3 24.81 25.32 

region. This implies that the Xe and He potentials should 
not only be good in the solid phases at high pressure but 
also in the fluid region where the He-Xe calculations are 
done. 

A. Helium 

In the case of helium, an effective pair potential16 of 
the three-parameter Buckingham exponential-6 (exp-6) 
form was shown to provide a good description of experi
mental data over a wide range of densities and tempera
tures by Young et al. (YMR).17 The potential ¢ as a func
tion of intermolecular distance r is given by 

¢(r) (a~6) {6 exp [ a( 1-~) ] -a(~) l (7) 

where E is the well depth, r* the separation at the minimum 
of the well, and a a parameter that governs the stiffness of 
the repulsive wall. Recently, an improvement has been pro
posed by Kortbeek and Schoutenl8 (KS) who fitted the 
three parameters to high-precision sound-velocity data up 
to 1 GPa in the fluid phase and found E=9.76 K, 
r*=3.0826 A, and a= 12.55. This parameter set also de
scribes room temperature sound-velocity data up to 12 
GPa (Ref. 19) very well, as well as shock compression 
data at very high temperature.20 Since we are here also 
interested in the behavior in the high-density solid phase, 
we have performed MD simulations of the hcp phase of He 
with both potentials. The first order quantum correction to 
the pressure obtained from the simulations was calculated 
using the LH method (Eq. 3); it amounts to about 4% for 
the KS potential and 5% for the YMR potential. In Table 
I, the calculated p( V) results are compared to the room 
temperature x-ray diffraction results of Mao et al. 21 As can 
be seen, both potentials are in good agreement with the 
experiments, although in both cases the deviations increase 
with decreasing volume up to 6% for KS and 8% for 
YMR. We have decided to use the KS potential in this 
work since it provides a better description of the fluid 
phase. IS 

B.Xenon 

An excellent statistical mechanical description of xe
non up to 175 GPa has recently been given by Kim et al. 22 

They used a combination of pure pair potentials and many
body corrections to obtain good agreement with experi
mental data in both the fluid and the solid states. Many-
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FIG. 2. Pressure as a function of volume for xenon at room temperature. 
Experimental results are from Zisman et aL (Ref. 29) (long dashed line), 
Asaumi (Ref. 28) (full line), and Syassen and Holzwalfel (Ref. 32) 
(corrected for T=295 K, dotted line). The MD simulation results for an 
exp-6 potential with parameters a= 14, ,,=226 K, and ,....=4.43 A are 
shown as dots. 

body potentials, unfortunately, are not well adapted to the 
kind of computations we consider. Parameters for a exp-6 
potential for xenon have been proposed in Ref. 23, but 
since these were obtained from a corresponding states anal
ysis and are thus not necessarily optimal, we decided to 
adjust an exp-6 potential to experimental data in the fluid 
and solid phases. For the fluid phase, we compared to 
p( V,T) data of Michels et al.,24 since these data are of 
higher accuracy than those of Vidal et al. 25 and span a 
range of temperatures. Variational calculations26 were 
done at 323.15, 373.15, and 423.15 K, at densities where 
the compressibility factor is greater than 1. The reason for 
this is that at lower temperatures and lower densities, one 
gets too close to the critical region and consequently the 
agreement between variational calculation and computer 
simulation results gets worse.26 The adjustment of the po
tential was done by systematically varying the parameters 
a, E, and r* in small steps over a certain range and com
paring to 15 experimental data points. We found several 
parameter sets that yielded an overall standard deviation 
less than a bound that we (arbitrarily) set at 1.5 MPa. 
Most sets had a values of 14 and larger. 

At room temperature in the fcc solid phase, three sets 
of p( V) data have been measured by x-ray diffraction by 
Schiferl et al 27 up to 23 GPa, by Asaume8 up to 32 GPa, 
and by Zisman et al. 29 up to 55 GPa. The last two data sets 
are expected to be more precise than the first one, but as 
can be seen in Fig. 2 there are some differences among 
them. 3o Therefore, we also took into account the p ( V) data 
of Anderson and Swenson,31 measured at 4 K up to 2 GPa, 
of Syassen and Holzapfel,32 measured at 85 K up to 12 
GPa. When the data sets are reduced to 0 K using a Mie
Gruneisen formulation33 one finds that those of Anderson 
and Swenson, Syassen and Holzapfel, and Zisman et a/. are 
in good mutual agreement. Those of Asaumi deviate from 
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the three other sets. Therefore, we have decided to adjust 
the potential to the data ofSyassen and Holzapfel (reduced 
to room temperature) which are compatible with two 
other sets and extend to the convenient upper limit of 12 
GPa. The calculations were done using the LH method. As 
with the fluid phase, the parameters a, E, and '* were 
systematically varied and the deviations from the experi
mental data was calculated. It turned out that optimal val
ues, with standard deviations less than 0.2 GPa were gen
erally obtained for values of a smaller than 14. 

Putting together the results obtained for the fluid and 
solid phases, we find that the following set of potential 
parameters (a= 14.0, E=226 K, and ,*=4.43 A) gives the 
best description of both phases. To obtain an additional 
check on the behavior in the solid phase, MD simulations 
were performed at room temperature with this pair poten
tial. The corresponding equation of state (Fig. 2) starts to 
deviatr. from the experimental results at pressures higher 
than about 20 GPa. This is hardly surprising, since the 
exp-6 potential is not flexible enough to describe both the 
fluid phase and the solid phase at a pressure on the order of 
100 GPa with high accuracy. Potentials with a large a 
perform better for intermediate densities, while those with 
a smaller a compensate for many-body interactions in very 
high density regimes. With neon, it was found that an 
exp-6 potential adjusted to fluid state sound velocity data 
(having a= 14.555) gave reliable solid state results up to 
about 25 GPa, while one with a= 13.2 gave a better de
scription of the solid phase up to 110 GPa.34 

From the intermolecular potentials of helium and xe
non, the diameter ratio can be roughly estimated. If we 
compare the diameters at the same potential energy for 
both components, the size ratio decreases from 0.62 at zero 
energy to 0.50 at 1000 K. Other estimates, such as the ratio 
of the Barker-Henderson \3 diameters or the ratio of the 
positions of the first peaks in the He-He and Xe-Xe pair 
correlation functions in the liquid mixture, all yield values 
of the diameter ratio between 0.55 and 0.60 at T= 300 K. 

C. Helium-xenon 

The intermolecular potentials for He-Xe that have 
been proposed up to now are pure pair potentials16 and 
therefore not suitable for our purpose.35 Thus, it was de
cided to optimize an exp-6 potential to the available exper
imental data; the fluid-fluid phase separation curve as re
ported by de Swaan Arons and Diepen 14 to pressures of 0.2 
GPa, since encouraging preliminary results were obtained 
by Ree.36 The Gibbs free energy was calculated by a com
bination of Ross' variational theory26 and an improved van 
der Waals I-fluid (vdWlf) approximation, which has pre
viously been shown to give good agreement with computer 
simulations for He-H2 mixtures.37 Calculations were done 
at a temperature of 333.15 K which is one of the highest at 
which experimental results are available, in order to avoid 
possible complications near the critical temperature of xe
non (Tc=290 K). The parameters for the He-Xe potential 
were constructed using the following combination rules:38 
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FIG. 3. Fluid-fluid phase separation curves of He-Xe at 333.15 K. The 
dots represent the data of de Swaan Arons and Diepen (Ref. 14) and the 
the crosses are the results of a calculation with Lorentz-Berthelot unlike 
interaction (a= 13.255, €=46.966 K, 1'*=3.7563 A). 

EHeXe= ~EHeEXe( 1-8), 

rHeXe=t(rHe+r~e) (1 +A), 

aHeXe= ~aHeaxe(1 +r)· 

(8) 

Taking 8, A, and r equal to zero (a generalization of 
the usual Lorentz-Berthelot rules) \3 gives a= 13.255, E 

=46.966 K, and ,*=3.7563 A. With this potential, a 
phase separation curve with a critical point at Pc=0.14 
GPa and xc=0.32 mole fraction xenon fraction was ob
tained, which is in reasonable agreement with the experi
mental result of about Pc=0.185 GPa and xc=0.33 mole 
fraction Xe (see Fig. 3). A better agreement with experi
ment was searched by varying the three parameters. The 
result obtained with the Lorentz-Berthelot rule, however, 
turned out to be one of the best. Raising a to 14 resulted in 
a shift of the critical point towards a lower composition. 
Lowering E yielded an increase of Xc and a dramatic drop 
in Pc while raising it essentially resulted in a sharp decrease 
of Xc' Varying '* from the Lorentz rule generally resulted 
in a decrease of Pc and an increase of Xc' At this point, it is 
not clear why the present results are not as good as Ree's 
results36 would suggest they could be. One difference is 
that in Ref. 36 different potentials were used for the pure 
components. However, due to unfortunate circumstances it 
is not known which potential parameters were used in that 
work.39 

Although the potential obtained using the Lorentz
Berthelot rules provides a reasonable description of the 
phase separation curve, we do not have any conclusive 
evidence that it correctly describes the interaction between 
He and Xe in the high pressure regimes we are interested 
in. Moreover, the vdWlf approximation is expected to be 
less good for such a dissimilar mixture as He-Xe, as com
pared to He-H2• Indeed, comparison of MD simulations 
and variational+vdWlfcalculations at 333.15 K for a He-
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Xe mixture showed that the deviations are larger than for 
He-H2;37 with an unlike potential according to the 
Lorentz-Berthelot rules, the vdWlf gives pressures that 
are 18% too high (e.g., 0.345 GPa vs 0.292 GPa at 29.3 
cc/mole and 50 mole% Xe). With an unlike potential with 
parameters a= 14.0, €=65.0 K, and 7*=3.5 A, the pres
sures from the vdWlf are 8% too high (e.g., 0.266 GPa vs 
0.245 GPa under the same conditions as mentioned 
above). Therefore we shall also consider the possibility of 
nonzero values for ~ and A. Special attention will also be 
given to the values that were found to be appropriate for 
the gas phase pure pair potentials,35 ~=0.46 and ,1.=0.075, 
which correspond to the set of parameters a= 13.255, E 

=25.4 K, and 7*=4.038 A. 

IV. RESULTS 

For the Xe(He)2 phase, we assumed the same AB2 
structure as Murray and Sanders.3 The Xe atoms form 
close packed hexagonal layers and are in position (0,0,0) 
of the hexagonal unit cell. The He atoms are in positions 
(2/3, 1/3, 1/3) and (1/3, 2/3, 1/3) of the hexagonal unit 
cell and form planar hexagonal layers that alternate with 
the Xe layers, the Xe atoms sitting above and below the 
centers of the He rings. The structure is characterized by 
the ratio cia of the height c of the hexagonal cell to the 
length a of the hexagon side. For a given density, this ratio 
was determined by minimizing the free energy with respect 
to its variations. It was found to be close to 1.04 and only 
slightly density dependent. 

For the Xe(He)13 phase, we have chosen the cubocta
hedrsl AB 13 structure of Murray and Sanders.3 The Xe 
atoms sit on the comers of the cubic unit cell in position 
(0,0,0). One He atom sits at the center of the cube at 
position (1/2,1/2,1/2). The 12 other He atoms are in po
sitions (1/2+a, 1/2+b, 1/2+c) where one of the three 
parameters (a,b,c) is equal to zero, the remaining two hav
ing equal moduli, but not necessarily the same sign. These 
positions are the comers of a cuboctahedron which has the 
six square sides parallel to the sides of the cubic unit cell, 
and the eight triangular sides perpendicular to the body 
diagonals of the cubic unit cell. The free energies are min
imized with respect to the ratio rid of the cuboctahedron 
radius r to the side d of the cubic unit cell. The optimal 
value of this ratio was always found to be close to 0.59. 

For each structure, the thermodynamic stability with 
respect to phase separation into two pure crystals is deter
mined by the sign of the difference 

Ag(P,T) =gcompound(P,T) -xgHe(P,T) 

- (l-x)gxe(P,T), (9) 

wheregi(P,T) is the Gibbs free energy per particle in phase 
i, and x the mole fraction of He in the compound phase; 
the compound phase is stable if this difference is negative. 

We first investigated the stability of the two com
pounds for a He-Xe potential obeying the Lorentz
Berthelot rules. A plot of Ag(P,T) vs Pat T=300 K is 
shown in Fig. 4 for the AB2 structure. Both the LH and the 
VG methods predict this structure to be stable at all pres-

-1 

-2 

..... 

-4 

10 15 20 
P (GPa) 

FIG. 4. Gibbs free energy difference between the XeHe2 compound and 
the pure phases at T=300 K as a function of pressure. The full curve was 
calculated with the LH method, the dashed curve with the VG method. 

sures at this temperature. Note that although the two ap
proximations used yield predictions that are extremely sim
ilar for the absolute values of thermodynamic quantities, 
they differ by about 0.4kBT in their estimation of the free 
energy difference Ag. This difference, however, appears rel
atively small compared to the amount by which the or
dered structure is stable (about 3kBT at 20 GPa). The 
AB13 structure, on the other hand, was found to be unsta
ble (using the LH method) by 5kBT at 15 GPa, with Ag 
strongly increasing with pressure. 

We considered the influence of deviations from the 
Lorentz-Berthelot mixing rules on the stability of the com
pounds. Data on pure pair potentials35 indicate that the 
most likely deviations correspond to positive values of ~ 
and A. These two types of deviations in themselves were 
found to have opposite effects on the stability of the or
dered compound. A decrease in the interaction energy pa
rameter EHeXe (~> 0) decreases Ago This indicates that the 
repulsive part of the potential plays a dominant role in the 
free energy balance. On the other hand, a positive nonad
ditivity of the diameters (il > 0) has a strongly destabiliz
ing effect on the ordered structure. In fact, if 8=0, a non
additivity of 2% to 3% (depending on the approximation 
used) is enough to destabilize AB2 over the entire pressure 
range we consider. The effects of positive ~ and il tend of 
course to compensate each other. In particular, we find 
that if we adopt the values that are available for the pure 
pair potentials,35 ~=0.46 and ,1.=0.075, the AB2 structure 
is still stable by about 1kBT at P=20 GPa. 

Finally, we also studied the effect of aHeXe en the sta
bility of the van der Waals compound. Using aHeXe= 14.0, 
~=0.46, and ,1.=0.075, the XeHe2 phase was still found to 
be stable, by about 1kBT at 20 GPa. This value of a is 
expected to be an upper bound since it is equal to the one 
of pure xenon. Therefore, and considering that this phase is 
stable for a large range of potential parameters, it is rea-
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sonable to conclude that XeHe2 is a stable phase with re
spect to the pure component phases. 

It was also explored by how much the parameters 
would have to be changed in order to yield a stable XeHe13 
compound. It was found that for A = 0, this phase was not 
stable for 8 as high as 0.5, which indicates that it is very 
unlikely to be found experimentally. This is consistent with 
the fact that for hard-sphere mixtures, AB13 has a lower 
packing fraction that the pure components. 3,4 

v. DISCUSSION 

Our calculations suggest that the existence of ordered 
compounds in mixtures of noble gases is compatible with a 
description in terms of simple pair potentials. This con
firms the idea of van der Waals compounds as composed of 
van der Waals molecules that interact in the same way as 
at low density. I The calculations seem to corroborate the 
predictions that can be made simply on the basis of the 
"size ratio" between atoms. The sensitivity of the results to 
slight deviations from additivity indicate however that 
such "naive" considerations could sometimes yield errone
ous conclusions. In fact, the ability of a pair potential to 
correctly predict the stability of ordered structures may 
constitute a sensitive test of its correctness, assuming of 
course that the stability of such structures is experimen
tally unambiguously established. 

Recent work by Jean-Louis et al. 2 has claimed experi
mental evidence for a Ne(Heh compound, which was sup
ported by theoretical calculations using a cell model. The 
existence of a compound phase in this case is unexpected 
on geometric grounds,3 since the diameter ratio of He and 
Ne is around 0.95. However we feel that the calculation 
presented in Ref. 2 for a pressure of 15 GPa could be 
improved, since it relies on pure pair potentials for Ne and 
Ne-He rather than effective potentials or inclusion of 
many-body interactions, and arbitrary adjustment of one of 
the Ne-He potential parameters. Here, we briefly present a 
calculation using an exp-6 potential for Ne that is fitted to 
high pressure solid-state data and found to be in very good 
agreement with melting data.34 For the He-Ne potential, 
an exp-6 potential with two estimated parameter sets were 
used; the first one is following Eq. (7) above and taking 0, 
A, and r equal to zero (Lorentz-Berthelot rules), and a 
second one, where 0 and A were taken to be the values from 
Ref. 35. In the first case, Ne(He)2 is unstable to demixing 
in the pure components by about 2kBT at 15 GPa, while in 
the second and probably more reasonable case, it is unsta
ble by about 5kBT. This shows that the present calcula
tions are in agreement with size ratio considerations.3 

More experiments are necessary to confirm the existence of 
Ne(Heh, since its existence counters simple size ratio ar
guments. 
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