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Microscopic structure of the hydrogen-xenon mixture
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We report a neutron-diffraction study of the microscopic structure of the H2-Xe binary mixture in the
Xe-rich phase,xXe50.78, atT5283 K and P5170 bars, i.e., in the vicinity of the second-type gas-gas
demixing surface. The site-site distribution functions are extracted employing the H-D isotopic substitution
technique. We report also molecular-dynamics simulations for a mixture of equivalent Lennard-Jones~LJ!
atoms. The experimental results are compared with previous ones obtained for the He-Xe and Ne-Xe mixtures,
which show a first- and a second-type gas-gas transition, respectively. The general picture already suggested by
the other two mixtures agrees also with the present results, although in this case the center-center distribution
functions H2-H2 and H2-Xe are clearly modulated by the Xe-Xe correlations. In particular the features found
in the distribution functions of the mixture suggest that the LJ potential model is not able to reproduce at a
satisfactory level the H2-H2 and the H2-Xe correlation functions and that a (XeH4) chemical complex is
present.@S1063-651X~97!08309-8#

PACS number~s!: 61.20.Ja, 61.12.2q, 61.20.Ne
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I. INTRODUCTION

Supercritical fluids and fluid mixtures are relevant to bo
applied and basic science. In particular, gas-gas demi
phase transitions may occur in binary mixtures of sim
fluids provided that the interaction potential parameters
the two components are strongly different. Such transiti
are inherent in the van der Waals equation of state and
though already foreseen at the beginning of the century, t
were observed for the first time only in the 1950s@1#.

Different behaviors of the critical line of the demixin
phase transitions have been found also in mixtures of sim
fluids. These behaviors are referred to in the literature@1# as
first-type and second-type gas-gas phase transitions, ac
ing to the initial slope of theP-T projection of the critical
line. In particular, for the transition of the first typ
(]P/]T)c ~where the subscriptc indicates that the deriva
tives are taken along the critical line! is positive, as in the
case of the He-Xe mixture@2#, whereas it is negative for th
second-type ones such as those found in Ne-Xe@3# and
H2-Xe mixtures@4#. First- and second-type demixing trans
tions differ also for the sign of (]T/]x)c , wherex is the
molar fraction of the less volatile component~i.e., Xe in the
above-quoted examples!. Indeed, since for gas-gas demixin
transitions (]P/]x)c is always negative, in a second-typ
transition the critical temperature increases withx, while the
contrary happens for a first-type transition.

It is reasonable to assume that difference in the sign
(]P/]T)c will be related to differences in the microscop
structure of the mixtures, described by the site-site distri
tion functions ~i.e., gaa , gbb , and gab for a binary a-b
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mixture!. These can be measured by a neutron-diffract
experiment, if the isotopic substitution technique is possib
or evaluated by molecular-dynamics~MD! simulation, if in-
termolecular potentials good enough to reproduce the exp
mental total neutron weighted radial distribution function a
available. Until now only two diffraction experiments aime
at studying the influence of the microscopic structure on
gas-gas phase transition have been published. These
performed respectively on He-Xe@5# and Ne-Xe@6# mix-
tures, at the same corresponding thermodynamic state. S
in these cases the isotopic substitution technique was
feasible, the site-site distribution functions were extracted
combining neutron-diffraction and MD simulation exper
ments.

In this paper we address the issue of determining the
croscopic structure of another mixture that exhibits a seco
type gas-gas demixing transition, namely, the H2-Xe one. In
this case we can take full advantage of the isoto
hydrogen-deuterium substitution in the neutron-diffracti
experiment and obtain the experimental site-site distribut
functions, without resorting to MD simulation.

II. EXPERIMENT AND DATA ANALYSIS

Several isobaric sections of the demixing surface of
H2-Xe mixture have been determined, measuring the refr
tive index of the coexisting phases@4#. From the curves re-
ported in Fig. 1 we find (]P/]T)c.212 bars/K; this value
must be compared with216 and135 bar/K, which are the
analogous quantities found for the Ne-Xe and He-Xe m
tures, respectively. The thermodynamical state chosen for
present neutron-diffraction experiment is atT5283 K,
P5170 bars, andxXe50.78 and its position relative to th
demixing transition is shown in Fig. 1. These thermod
namic state parameters have been chosen following the

-
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2994 56SENESI, NARDONE, RICCI, RICCI, AND SOPER
responding state principle in order to map, in the pres
case, a thermodynamic state that is nearly the same a
one already studied for both the He-Xe and the Ne-Xe m
tures@5,6#.

Gas samples, of 99.995% purity, were supplied by
Matheson Co. The mixtures were prepared, as previo
done @5,6#, in a reservoir~having a volumeVr) using the
following procedure.

~i! The empty reservoir is kept at a fixed temperatu
(T5298 K! and filled with an appropriate quantity of pur
Xe, the density of which (rgas

Xe ) is determined from available
thermodynamic data@7#.

~ii ! The reservoir is then cooled down to 77 K so th
the Xe content solidifies, occupying a volum
V5Vr(rgas

Xe /rsolid
Xe ), wherersolid

Xe is the density of solid Xe a
T577 K @8#.

~iii ! The empty volume of the reservoir (Vr2V) is then
filled at 77 K with H2 until its pressure reaches th
value required @9# in order to have rH2

5(1/xXe21)/(1/rgas
Xe 21/rsolid

Xe ), which then yields the de
sired mixture.

~iv! The reservoir is finally heated above the demixi
temperature. The homogeneity of the mixture is favor
stimulating convective motion, by the application of therm
gradients opposite to the gravitational field.

Several days before the neutron-diffraction experim
three different reservoirs were prepared, one for each sam
i.e., D2-Xe, H2-Xe, and H2-D2-Xe. The concentration of Xe
in all the mixtures wasxXe50.78 and in the case of th
H2-D2-Xe mixture bothxH2

andxD2
were equal to 0.11.

The neutron-diffraction experiment was performed on
SANDALS diffractometer, installed at the ISIS pulsed ne
tron source~Rutherford Appleton Laboratory!. This is a
small angle (3°<2u<21°) time-of-flight diffractometer
suited for studies of liquid and amorphous samples. Its se
and the advantages of using neutrons from a spalla
source have already been published elsewhere@10#.

FIG. 1. Behavior of the refractive indexn of the two coexisting
phases of the H2-Xe mixture at four isobaric sections of the demi
ing surface:p572 bars~full squares!, p5154 bars~open triangles!,
p5170 bars~full circles!, and p5215 bars~open squares!. The
dotted curve represents the best fit to the experimental data u
n12n25A(T2Tc)

b. The value ofb is fixed at 0.33, whileA and
Tc are fitted to each curve. The asterisk refers to the thermodyna
state at which we performed our neutron-scattering experim
(P5170 bars!.
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The sample container was machined from a Ti-Zr ‘‘nul
alloy rod ~see Fig. 2!. In the slab~6 mm thickness! shaped
central part an array of six square (434 mm2) holes con-
tains the scattering sample. The container design is a g
compromise between the need of having enough sampl
the beam area and safely withstanding a pressure of 200
The sample container was in thermal contact with a cop
frame, the temperature of which was regulated by circulat
of a liquid refrigerant. Two platinum resistors, placed b
tween the copper frame and the sample container at the
and bottom flanges, respectively, were used in order to m
sure the sample temperature: this was stable at 283.060.1 K
during the experiment. The sample pressure, measured
strain gauge, was 17061 bars and corresponds to a Xe pa
tial density of 0.8331022 mole/cm3 @4#.

The measurements on each mixture lasted roughly 2
during which several runs were recorded in order to ch
that the data reproducibility was well within the statistic
uncertainty. Measurements on the empty sample conta
~12 h! as well as on a standard vanadium slab and ba
ground were also performed.

The raw data have been corrected for multiple scatter
absorption, background and sample container contributio

ing

ic
nt

FIG. 2. Front (A), top (B), and side (C) views of the sample
container. The dimensions are quoted in millimeters. The conta
is clamped to two flanges. The one on the top contains the gas
tube.
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56 2995MICROSCOPIC STRUCTURE OF THE HYDROGEN-XENON . . .
following the standard procedure outlined in Ref.@11#. This
leads to the determination, for each mixturea, of the differ-
ential cross sectionSa(Q,2u), whereQ is the magnitude of
the wave-vector transfer and 2u the scattering angle. An ex
ample ofSa(Q,2u) is reported in Fig. 3. Bearing in mind th
presence of inelastic contributions in the atomic se
scattering and the presence of resonances in the neutron
tering from Xe in the region 8–16 eV, we can write

Sa~Q,2u!5Fa~Q!1Ssel f
a ~Q,2u!1S res

a ~Q,2u!, ~1!

where Fa(Q) is the interference scattering cross sectio
which does not depend on the diffraction angle 2u ~i.e., on
the detector bank!, Ssel f

a (Q,2u) represents the atomic sel
scattering contribution andS res

a (Q,2u) the contribution to
the scattering due to the Xe absorption. The two latter c
tributions are angle dependent since they are determine
the energy exchange. The presence of the so-called inela
ity effects, in (sel f

a (Q,2u), are relevant in the case of ligh
atoms and strongly determined by the experimental geom
@12#. In this respect the availability of neutron detectors
low angles, as in the case of SANDALS, is indeed of gr
help when dealing with hydrogen-containing samples si
in these conditions the systematic error due to the inela
effects is strongly reduced. Unfortunately, in the present
periment we could not use the lowest detector banks, ow
to the presence ofS res

a (Q,2u). Its signature, which appear
at Q>16 Å at 2q520° ~see Fig. 3!, shifts towards lower-Q
values as 2q decreases. As a consequence, only five dete
banks, out of the ten available on SANDALS at the time
the experiment, were useful and the availableQ range was
de factoshortened down to 12 Å21. As a consequence, o
these limitations, it should be emphasized that the qua
and statistical accuracy of the final results are below
present performance of SANDALS.

In order to extract the interference scattering cross sec
Fa(Q), we proceeded as follows.

~i! For each sample at each detector bank~i.e., 2u values!
the measured differential cross section, expressed as a

FIG. 3. Measured differential cross-section of the D2-Xe sample
at 2q520° as a function of the magnitude of the elastically e
changed wave vector.
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tion of the incident neutron energyE, was fitted with the
expression

Sa~Q,2u!5aa~2u!1ba~2u!
~E02E!

~E02E!21G2
~2!

in the region where the interference contributionFa(Q) is
negligible ~i.e., 4.2 eV<E<8.7 eV!. In Eq. ~2! aa(2u) ac-
counts for the high-Q level of the atomic self-scattering,E0
and G are the energy and width of the resonance, resp
tively, and ba(2u) is a normalization factor. As far as th
values of the best-fit parameters are concerned,E0 is found
to agree within a few percent with the value quoted in t
literature@13,14#, while G appears to be underestimated
some 30%. This rather poor agreement inG is not surprising
since we are fitting only the low-energy tail of the resonan

~ii ! From the measured differential cross section we s
tract the extrapolation ofSa(Q,2u) in the 0 eV<E<8.7 eV
range. Then we correct for inelasticity effects, fitting wh
remains, at each 2u value, with a stretched exponential b
sically following the procedure already described@15#. The
final result isFa(Q).

The reliability of the procedure followed is checked~see
Fig. 4! by looking at the reproducibility of theFa(Q)’s ob-
tained at the different 2u values: as a matter of fact bot
inelastic contributions and resonances effects appea
2u-dependentQ values, in contrast with the genuine featur
of the interference scattering. TheFa(Q)’s obtained at the
different detector banks were merged together and are sh
in Fig. 5 for the three samples. These can be expresse
linear combinations of the partial structure factors~PSF’s!
Hi j (Q) given by

Hi j ~Q!5d i j 1Ar ir jE @gi j ~r !21#exp~2 iQW •rW !drW, ~3!

where gi j (r ) are the intermolecular site-site distributio
functions~ISSDF’s!; r i andr j are the atomic number dens
ties of speciesi and j . TheFa(Q)’s may then be written as

-
FIG. 4. The interference scattering cross section for the D2-Xe

sample at the different 2q values. The scattering angle decreas
going from the bottom to the top~the curves are shifted by 0.1 b/s
atom!.
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2996 56SENESI, NARDONE, RICCI, RICCI, AND SOPER
FD2-Xe~Q!5xXebXe
2 HXe-Xe~Q!12xD2

bD
2HH-H~Q!

12A2xXexD2
bXebDHXe-H~Q!

12xD2
bD

2 sin~Qd!

Qd
, ~4!

FH2-Xe~Q!5xXebXe
2 HXe-Xe~Q!12xH2

bH
2HH-H~Q!

12A2xXexH2
bXebHHXe-H~Q!

12xH2
bH

2 sin~Qd!

Qd
, ~5!

FIG. 5. Interference scattering cross section obtained after m
ing the data collected at six different diffraction angles, for th
samples:~a! the D2-Xe mixture; ~b! the equimolar mixture of the
two, labeled HD-Xe; and~c! the H2-Xe mixture.
FHD-Xe~Q!5xXebXe
2 HXe-Xe~Q!12xH2

b̄2HH-H~Q!

12A2xXexH2
bXeb̄HXe-H~Q!12xH2

~2k1/2

11!21@~bH
2 1bD

2 !k1/21bHbD#
sin~Qd!

Qd
, ~6!

wherexH2
5xD2

50.22,bXe , bD , andbH are the atomic scat

tering lengths for the three atomic species@13#, and b̄ is
equal to (bH1bD)/2; d is the intramolecular H-H distanc
and k is the value of the equilibrium constant for the H-
exchange reaction. Due to the high value of the dissocia
energy of the hydrogen molecules, no exchange reac
should in principle occur at room temperature (k5`); nev-
ertheless, the metallic reservoir itself may behave as a c
lyst for the H-D exchange. As a matter of fact, our expe
mental data forFHD-Xe(Q), fitted in the high-Q region where
the value of theHi j (Q) functions is negligible, are compat
ible with a random distribution of the two isotopes (k51/4).

From Eqs.~4!–~6! we have extracted the PSF’s and eva
ated the radial pair distribution functions. The conversion
r space has been performed using a minimum noise a
rithm, instead of a direct Fourier transform, since th
method is particularly suited when noisy data have to
treated@16#.

The ISSDF’s are obtained after subtraction of the
tramolecular peak, which is very sharp and well separa
from the intermolecular contribution. We note that the H
intramolecular distance obtained from our data turns ou
be d50.74 Å, in agreement with the value quoted in t
literature@17#.

We have also performed MD simulations of a mixture
Lennard-Jones~LJ! atoms equivalent to our sample. In the
simulations we followed the dynamics of a mixture of 39
Xe particles and 110 particles equivalent to the centers,c, of
the hydrogen molecule over a time interval of 250 ps, af
having equilibrated at the same thermodynamic state as
experimental one for 250 ps. The time step was 50 fs. In
MD first simulation, hereafter referred to as MDI, the L
potential parameters used weresC-C52.72 Å, sXe-Xe53.85
Å, (e/kB)C-C5 36.2 K, (e/kB)Xe-Xe5 237 K. In a second
MD simulation, hereafter referred to as MDII, we used t
same potential parameters except forsCC , which was cho-
sen to be 3.3 Å. In both cases the parameters of the un
pairs were calculated following the Lorentz-Berthelot rule,
done by Bellissent-Funelet al. @5#. Although thesCC value
more frequently reported in the literature@18# is sC-C52.72
Å, we performed MDII following the indications of our ex
perimentalgC-C(r ), as will be discussed later. It is importan
to note thatgXe-Xe(r ) is practically the same in both simula
tions, as should have been expected. As far asgC-Xe(r ) and
gC-C(r ) are concerned, going from MDI to MDII, the onl
change is a shift on ther axis, while the overall shape re
mains the same as shown in Figs. 6~b! and 6~c!.

III. DISCUSSION

The comparison of our data with the present MD simu
tions and with the results reported for the He-Xe and Ne-

g-
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56 2997MICROSCOPIC STRUCTURE OF THE HYDROGEN-XENON . . .
mixtures@5,6# is more properly performed by looking at th
radial distribution functions of the centers of mass of the t
components, namely,gXe-Xe(r ), and the two functions in-
volving the center of massC of the hydrogen molecule
gC-C(r ) and gC-Xe(r ), respectively. These functions can b
extracted from the ISSDF’sgH-H(r ) andgH-Xe(r ), assuming
that orientational correlations between H2 molecules are ab
sent. The above assumption is reasonable since the an

FIG. 6. ~a! Site-site distribution function for the Xe atoms from
the present experiment~full line! compared with the results of th
MD simulation ~dashed line! and with that reported in Ref.@5# for
pure Xe~dotted line! at the same Xe number density.~b! gC-Xe(r )
function ~full line!, as obtained from the experimentalgH-Xe(r )
~dash-dotted line!, compared with the results of the MDI~dashed
line! and MDII ~dotted line! simulations.~c! gC-C(r ) function ~full
line!, as obtained from the experimentalgH-H(r ) ~dash-dotted line!,
compared with the results of the MDI~dashed line! and MDII ~dot-
ted line! simulations.
o

ot-

ropy of both the hard-core and long-range intermolecular
tential is very low. Under this assumption the functio
gXe-C(r ) andgC-C(r ) are given by@19#

gXe-C~r !215
1

~2p!2ArXerH
E HXe-H~Q!

sin~Qd/2!

Qd/2

exp~2 iQW •rW !dQW

~7!

gC-C~r !215
1

~2p!2rH
E HH-H~Q!

S sin~Qd/2!

Qd/2 D 2

3exp~2 iQW •rW !dQW . ~8!

As shown in Figs. 6~b! and 6~c!, these two radial distribution
functions differ only slightly fromgH-Xe(r ) andgH-H(r ), re-
spectively, since the intramolecular distanced is quite small.

As a first step we compare our experimentalgXe-Xe(r ),
gXe-C(r ), andgC-C(r ) with the MD results. In Fig. 6~a! we
report the experimental and simulatedgXe-Xe(r ) in the mix-
ture together with the one of pure Xe at almost the same
number density. As we can see from Fig. 6~a!, there is over-
all agreement between the three functions, although m
differences are detectable between our data and the MD
sults: in the experimental data the first peak ofgXe-Xe(r ) is
indeed slightly broader and the first minimum is clearly mo
pronounced.

Much more impressive is the disagreement, shown in F
6~c!, between experimental and simulatedgC-C(r ). In par-
ticular, MDI shows the minimum approach distance and
first peak position at a definitely lower-r value and presents
an asymmetric long-distance tail, as expected for a lo
density gas, while the shape of the experimentalgC-C(r )
function is more liquidlike. It is worth noting that by usin
MDII parameters only the minimum approach distance a
peak position can be recovered, but the overall disagreem
between experiment and simulation remains.

Similar significant differences between experiment a
simulation are present also in thegXe-C(r ) function @see Fig.
6~b!#. Moreover another discrepancy is evident in the reg
around 2.3 Å. The physical interpretation of this extra inte
sity found experimentally at distances shorter than 3 Å is far
from being obvious. If we assume that systematic errors
not the origin of this feature, then it is likely to be due to th
presence of a chemical complex involving hydrogen ato
around a xenon one~Xe-Hn). If this is the case, the shoulde
must be analyzed as a separate peak, located at roughly 2
with an area corresponding to;0.07 hydrogen atoms aroun
a central Xe atom. This would imply that if we assume, f
instance,n54, about 1.5% of the Xe atoms are involved
such molecular aggregates.

Finally, a comparison between the experimental neut
weightedg(r ) with the analogous function obtained by M
simulations is shown in Fig. 7. As might have been anti
pated, the neutron weightedg(r ) is not satisfactorily repro-
duced by either MD simulation. We recall that this lack
agreement between experiment and MD simulation was
present in either He-Xe or Ne-Xe mixtures@5,6#. For this
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2998 56SENESI, NARDONE, RICCI, RICCI, AND SOPER
reason we were confident that in those cases the ISSD
calculated by MD simulation, which used a potential mod
were reliable. On the contrary, in the present case we m
conclude that, at least in the thermodynamic state stud
here, the LJ potential model is not a good representatio
the intermolecular interactions in the H2-Xe mixture essen-
tially as far as H2-H2 and H2-Xe interactions are concerned

It is worth emphasizing that the structural discrepan
between experiment and simulation is seen in both theC-C
and Xe-C radial distribution functions. Systematic errors a
believed to be at a minimum for the H-H~5 C-C) distribu-
tion because the residual uncertainties from the inelasti
effects cancel to a very good approximation for this distrib
tion. This important result implies that until a more accura
interatomic potential is developed, any consideration of
microscopic structure of the H2-Xe mixture is reliable only if
we use the experimental ISSDF’s. We will therefore rely
the features of our experimentalgi j (r ) in order to derive
information on the microscopic structure of the H2-Xe mix-
ture and its relationship to the behavior of the critical dem
ing surface.

IV. Xe-Xe CORRELATIONS

As we can see from Fig. 6~a!, the Xe-Xe correlations in
the mixture, mainly as far as the overall shape is concern
appear to be weekly affected by the presence of the H2 mol-
ecules. In fact, the Xe-Xe correlations, in the mixture a
very similar to those measured in pure Xe at the same
number density@5#. Since this behavior has also been fou
in the He-Xe and Ne-Xe mixtures@5,6# we conclude that, a
least when the Xe concentration is;80%, the structure of
the Xe network is the same in all the three supercritical m
tures. We note that in all three cases an equal value
;5.6 Xe atoms is found for the nearest neighbors aroun
Xe atom.

V. H2-H2 CORRELATIONS

These correlations are given by the experimentalgcc(r ).
As we can see from Fig. 6~c!, the experimental function
shows clear oscillations beyond the first maximum. In b
computer simulations the position of this peak is determin

FIG. 7. Experimental total ‘‘neutron weighted’’g(r ) for the
D2-Xe mixture~full line! compared with that calculated from MD
~dashed line! and MDII ~dotted line! simulations.
’s
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st
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mainly by the two-bodyC-C effective intermolecular inter-
action, that is, it is consistent with the respective values
sC-C . Beyond this peak the structure damps away in
manner of a simple liquid. For the experiment we note t
the successive oscillations are similar in period to the Xe-
correlations, although they appear to be in opposite phas
them. Therefore, considering also Fig. 6~b!, the H2 mol-
ecules show a tendency to be located in shells where min
for the Xe atom distribution occur. These characteristics
peculiar of the H2-Xe mixture and may be a consequence
the much larger effective hard-core dimension of H2 mol-
ecules with respect to those of He and Ne.

VI. H 2-Xe CORRELATIONS

As already pointed out in discussing the comparison
our experimental results with MD simulations, thegH-Xe(r )
distribution function reported in Fig. 6~b! can be considered
to arise essentially from two distinct contributions, one c
responding to the Xe-Hn molecular complex, the other re
lated to intermolecular H2-Xe correlationsgH-Xe

0 (r ). The lat-
ter is obtained fromgH-Xe(r ) after subtraction of the
contribution due to the molecular Xe-Hn complex, fitted with
a Gaussian distribution. This subtraction can be done q
safely since the intramolecular correlations are relevant in
r range where the intermolecular ones are negligible. In F
8 we report the result of such a decomposition. Furtherm
as already discussed for the H-H correlations@see Fig. 6~b!#,
we feel safe to interpret the intermolecular contribution
terms of correlations between the molecular center of m
C and the Xe atom, namely,gC-Xe

0 (r ).
We note that, as in the case of H2-H2 correlations,

gC-Xe
0 (r ) beyond the first peak shows oscillations that a

clearly determined by the Xe-Xe correlations. Again the
oscillations are peculiar of the H2-Xe mixture, while they
were absent in both He-Xe and Ne-Xe mixtures. Howev
we want to stress that, as in the cases of the He-Xe
Ne-Xe mixtures, there is a clear overlap between the X
H2 and Xe-Xe first neighbor shells~assuming a Xe atom to
be located at the origin!. Following the procedure of Ref.@6#,
we calculated the fractionf of H2 molecule first neighbors
that do not overlap the first-neighbor Xe shell~i.e., the H2
molecules located atr<3.5 Å! to be f 50.14. It is interesting

FIG. 8. gH-Xe(r ) function~full line! decomposed in intramolecu
lar correlations, assigned to XeHn complex ~dotted line!, and in
intermolecular onesgC-Xe

0 (r ) ~dashed line!.
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to compare this value with the much larger values found
He-Xe and Ne-Xe mixtures, which were 0.63 and 0.45,
spectively@5,6#.

VII. CONCLUSION

Here we summarize the most relevant results of
present experiment and further clarify the connections
tween the features of the microscopic structure and the
culiarities of the demixing phase transition in supercritic
mixtures. We start by considering the two unexpected res
that are peculiar of the H2-Xe mixture.

The first result is the evidence of molecular complexes
the type Xe-Hn , although in quite low concentration, a
shown in Fig. 6~b!. Our suggestion is that this comple
should have the chemical form Xe-H4. Indeed, looking at
Fig. 6~c!, it will be noticed that the intense correlation pe
at r;3.5 Å in gH-H(r ) may contain also contributions from
the H-H correlations within the molecular complex and th
its position is in agreement with the presence of tetrahe
molecules of the type Xe-H4. We recall that there is at leas
another case in which Xe forms molecular complex
namely, Xe-F4 @9#.

The second result we want to stress is the failure of the
potential model in simulating both the H2-Xe and H2-H2
correlations, while it turns out to be a quite good approxim
tion for the Xe-Xe distribution. What is more surprising
that our experimental results indicate that the effective ha
core diameter of the H2 molecules in this mixture appears
be ;20% higher than the LJ value reported in the literatu
for pure fluid H2 @18#. This anomaly is observed in the H2-
H2 correlations, thus it cannot be ascribed to a failure of
Lorentz-Berthelot combination rule.

As a second step we present our ideas about the fea
of the microscopic structure of these supercritical mixtu
and their relationships with the behavior of the critical line
the demixing transition. Since in all the three supercriti
mixtures examined up to now~i.e., He-Xe, Ne-Xe, and
H2-Xe! the Xe-Xe correlations turn out to be the same, a
moreover independent of the lighter component, they can
r-

ys

rd
r
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e
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e-
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lts

f
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al
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J

-

-

e

e

res
s
f
l

d
ot

determine by themselves the type of the demixing transiti
It would be interesting to investigate up to what value of t
effective hard-core dimension of the second component
Xe network would remain undistorted.

In contrast, among the three mixtures we find differe
behaviors in the correlation functions that contain the ligh
component. In a previous work@6# we already pointed ou
that these correlations can be related to the type of demix
transition taking place; in particular, we believe that it d
pends on the value of the fractionf , namely, the fraction of
near neighbors of the lighter component within the hard-c
distance of the larger component. To show more clearly
connection we report in Fig. 9 the value off as a function of
(dT/dp)c for the three mixtures. As we can see, the boun
ary between the first- and second-type behaviors occurs
f ;0.60. Thisf value would be found in the He-CH4 mixture
according to the thermodynamic data@1#. Work is now in
progress to verify whether or not this is true.

FIG. 9. Fractionf ~see the text! as a function of (dT/dp)c for
three mixtures in which the concentration of lighter componen
;20%. The points refer to the mixtures that are indicated. T
curve is a guide for the eye.
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