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The equations of state(EOS) of RbxC60 (x=3, 4, and 6) were determined by high pressure x-ray diffraction
measurements. We focus on Rb4C60 since a Mott insulator-metal transition can be induced at around 0.8 GPa.
We observed an abrupt jump in the compressibility of Rb4C60 between 0.5 GPa and 0.8 GPa which is attrib-
uted to a structural phase transition preserving the tetragonal symmetry. Byab initio calculations we are able
to reproduce the experimental equations of state of RbxC60 (x=3,4). These calculations permit us to study the
pressure dependence of the internal coordinates.
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I. INTRODUCTION

The alkali-doped fullerene compounds A3C60, A4C60 and
A6C60 (A=Rb and K) present different properties. A3C60 are
metals and superconductors, A4C60 are insulators, and A6C60
are filled band insulators.1

The bct structured A4C60 (Ref. 2) (A=K, Rb) are perhaps
the most interesting compounds because they are nonmag-
netic narrow-gap insulators3 that undergo a pressure-induced
Mott insulator-metal transition at around 0.8 GPa.4 Theoret-
ical investigations invoke Coulomb repulsion, orbital degen-
eracy, and the Jahn-Teller effect3 to explain their nonmag-
netic insulating character rather than the metallic nature
expected in a band-structure picture.5 The main parameters
for describing these systems, which are close to a Mott tran-
sition, are the Coulomb interactionU between electrons on
the same molecule, the band widthW, and the critical value
sU /Wdc for the insulator-metal transition.6

In this article, we present a study of the crystal structure
of RbnC60 (n=3, 4, and 6) under pressure. The following
points motivated our work: while the Rb3C60 equation of
state has been measured by many groups, the Rb4C60 equa-
tion of state is unknown despite its great interest due to the
Mott transition at 0.8 GPa.4 In this context, it is very impor-
tant to know if a structural transition comes with the Mott
transition. Moreover, by changing pressure, we can modify
the band widthW, permitting a rough evaluation of the criti-
cal valuesU /Wdc around the Mott transition.

It is worthwhile recalling that it is not possible to prepare
samples without traces of either fcc A3C60 or bcc A6C60.

7

This means that x-ray diffraction patterns must be studied
very carefully. The measure of A3C60 and A6C60 under the
same experimental conditions permit us to determine their
contribution to experimental spectra. Moreover, this allows
us to compare the compressibility of A4C60 with compress-
ibilities of the other phases. Experimental results are reported
in Sec. II.

In Sec. III, byab initio fully relaxed electronic structure
calculations we study the Rb3C60 and Rb4C60 equations of
state. Moreover, these calculations give an insight into the
pressure dependence of the internal coordinates and permit
to discuss the Rb4C60 insulator-metal phase transition at
around 1 GPa.

II. EXPERIMENTAL DETERMINATION OF THE
STRUCTURAL EVOLUTION UNDER PRESSURE

A. Experiment

Diffraction experiments have been performed on two
powder samples of Rb4C60: one from the University of
Montpellier (France) (called Rb4C60-M) and the other from
the University of Nancy(France) (called Rb4C60-N). Diffrac-
tion experiments of Rb3C60 have been performed on a pow-
der sample from the University of Nancy. Rb4C60 and
Rb3C60 powder were synthesized by first preparing the com-
pound Rb6C60 using a vapor-transport method.8 Part of the
Rb6C60 was then used to prepare Rb4C60 and Rb3C60 by a
direct reaction with additional stoichiometric amounts of
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pure C60. All the samples were checked at ambient pressure
by x-ray diffraction. Figure 1 shows the patterns from
Rb4C60-M, which exhibits the coexistence of well-defined
Rb3C60 and Rb6C60 phases in addition to Rb4C60.

4,7,9,10

The x-ray diffraction powder data were obtained at the
ID-30 beam line of the European Synchrotron Radiation
Facility (ESRF, Grenoble, France) by the angle dispersive
x-ray diffraction technique employing monochromatic
sl=0.3738 Åd radiation. All measurements were carried out
at room temperature. In a glove box the samples were loaded
in a membrane cell with a diamond culet of diameter 350mm
(Rb4C60-M and Rb3C60-N) or 600mm sRb4C60-Nd.11

Pressure values below 5 GPa were measured by using the
ruby fluorescence method with a precision of 0.05 GPa.
X-ray diffraction patterns were collected in angle-resolved
geometry on an image plate detector(Mar345). The sample-
to-detector distance and the image plate angles were ana-
lyzed using the ESRF Fit2D software,12 and images subse-
quently integrated in conventional intensity versus 2u angle
patterns.

B. Results

1. Rb4C60 and Rb6C60

The results of Le Bail fitting are presented in Fig. 1
sRb4C60-Md and Fig. 2 sRb4C60-Nd at room pressure and
temperature, with no pressure transmitting medium.

The Rb4C60-M sample is a three phases assemblage, in-
cluding (1) Rb4C60, space group I4/mmm,a=11.96 Å,

c=11.02 Å (Ref. 2); (2) Rb6C60, space group Im3,̄

a=11.54 Å (Ref. 10); (3) Rb3C60, space group Fm3m̄,
a=14.42±0.02 Å(Ref. 10).

The Rb4C60-N sample is a three phase assemblage, in-
cluding Rb4C60, Rb3C60 and RbOH-H2O (space group
Cmc21). Some traces of Rb6C60 were detected only for pres-
sures above 1 GPa. In the case of Rb4C60 the best quality
diffraction patterns(shown in the following) have been ob-
tained on the sample from Nancy since only two fullerides
coexist in the sample. Moreover, it was possible to determine
the equation of state of Rb6C60 directly on the Montpellier
sample without performing further measurements on a pure

FIG. 1. The Le Bail fit of
full structure of a diffraction spec-
trum of the Rb4C60-Montpellier
sample at room pressure and
room temperature without the
diamond-anvil cell environment,
using a monochromatic beam
s0.3738 Åd. This sample contains
Rb4C60 (lower ticks) space group
I4/mmm,a=11.96 Å,c=11.02 Å
and two minor phases: Rb6C60

(upper ticks) space group Im3̄;

Rb3C60 space group Fm3m̄
(middle ticks). The quality of fit is
gauged by the weighted profileR
factor: Rpw=2.7%, Rp=2.1%,
x2=1.4.

FIG. 2. The Le Bail fit of full
structure of a diffraction spectrum
of the Rb4C60-Nancy sample at
room pressure and room tempera-
ture within the diamond-anvil cell
environment, using a monochro-
matic beam s0.3738 Åd. This
sample contains Rb4C60 (middle
ticks) space group I4/mmm,
a=11.96 Å, c=11.02 Å and two
minor phases: Rb3C60 (upper

ticks) space group Fm3m̄ and
RbOH-H2O space group Cmc21

(lower ticks). ). The quality of
fit is gauged by the weighted
profile R factor: Rpw=0.92%,
Rp=0.58%x2=0.3.

SABOURI-DODARAN et al. PHYSICAL REVIEW B 70, 174114(2004)

174114-2



Rb6C60 sample, since three clear and intense bcc reflections
were observed at all the probed pressures. The equation of
state of Rb6C60 is shown in Fig. 3.

In order to detect the equation of state of Rb4C60, data
were analyzed using the General Structure Analysis System
(GSAS) in the Le Bail configuration:13 unit-cell parameters,
profile shape parameters, and the individual Bragg intensities
varied independently. At room temperature and at atmo-
spheric pressure, lattice parameters of Rb4C60 are in agree-
ment with values reported by other groups,2 i.e. for Rb4C60,
a=11.96 Å andc=11.02 Å. Since we were successful in fit-
ting spectra by GSAS only at low pressures, lattice param-
eters above 0.56 GPa were obtained by fitting the position of
four peaks of the Rb4C60 bct structure, namely thes200d,
s301d, s103d, s222d reflections. Moreover, whenever possible,
other reflections were added:s002d, s211d, s332d, s402d, and
s622d. This latter method is corroborated by the analysis of
spectra below 0.56 GPa since it gives results identical to
those obtained by GSAS. The pressure dependences of three
of the four peaks analyzed with this procedure are shown in
Fig. 4. At each pressure the position of available reflections
could be indexed using the tetragonal unit cell.

The pressure dependences of the lattice parameters(a and
c) of Rb4C60 are shown in Fig. 5. We notice that thea pa-
rameter decreases almost linearly with pressure. On the other
hand, a phase transition preserving the bct structure leads to
a jump in c-direction compression and to a contraction in
length between 0.56 GPa and 0.8 GPa.

2. Rb3C60

In the following we will present measurements performed
on Rb3C60 samples. Results will be compared with previous
measurements obtained before by other groups.14–16 Our
measurements were performed over a more extended pres-
sure range(up to 13 GPa). The Rb3C60 sample was pure and
measured using argon as the pressure-transmitting medium.
Room temperature diffraction profiles for phase-pure
samples of Rb3C60 (the first measurements are at 0.32 GPa)
are shown in Fig. 6. As for Rb4C60, data were analyzed using
the General Structure Analysis System(GSAS) in the Le
Bail configuration.13

Finally, we have compared the equation of state of Rb3C60
with measurements performed by other groups as shown in

Fig. 7. Our data match nicely with those obtained by Zhouet
al.14 and Diederichset al.15 On the other hand, data by Lud-
wig et al.16 give a lower compressibility in comparison with
our results, Fig. 7.

C. Comparison of equations of state of RbxC60 (x=3, 4, and 6)

Since the experimental bulk modulus and its first deriva-
tive can be evaluated by different fitting procedures leading
to slightly different values, we show in the following the
results obtained by three methods:(i) by a linear fit of the

FIG. 3. The Rb6C60 equation of state as obtained by monitoring
the minor phase of the Rb4C60-Montpellier sample.

FIG. 4. X-ray patterns for four peaks 200, 301, 103, and 222 of
Rb4C60 (tetragonal structure). These peaks were used to obtain the
Rb4C60 equation of state. Diffraction peaks of other phases are also
observed: The solid square is thes111d reflection of RbOH-H2O.
The solid triangle is thes400d reflection of Rb3C60. The reflection
with the open triangle is attributed to traces of Rb6C60 (reflection
s301d.

FIG. 5. Rb4C60 under pressure:a/a0, c/c0, andV/V0. A struc-
tural phase transition preserving the tetragonal symmetry is ob-
served between 0.56 GPa and 0.8 GPa.
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Psln Vd curve at 0.0–0.5 GPa and at 0.8–1.3 GPa.(ii ) By
the first order Murnaghan EOS,17 and (iii ) by the Vinet
EOS.18

Also theoreticalB0 values were calculated using three dif-
ferent methods:(i) by deriving the polynomial fit of the cal-
culated total energy curveEsVd shown in Figs. 8 and 9, i.e.,
B0=V0s]E2/]V2dV0. The two other methods exploited the de-
rivative with respect to the volume of theEsVd polynomial
curves, i.e.PsVd polynomial curves. ThesePsVd curves were
fitted by (ii ) the Vinet’s EOS and(iii ) by the first order Mur-
naghan’s EOS.

Results are given in Table I. For Rb3C60, by considering
that the cell parameter at room pressure is 14.42±0.02 Å
(Ref. 10), we can estimate the bulk modulus between
11.7±1.5 GPa(Vinet methods) and 15.0±2 GPa(linear fit).
We notice in Fig. 7 that our points recover data by Dieder-
ichs et al. even if they found by Murnaghan EOS a bulk
modulus of 17.35±0.2 GPa. This is maybe due to the fact
that their measurements were performed only up to

0.73 GPa.15 We notice that Rb6C60 is much less compressible
than Rb3C60 (see Table I). A comparison between the free
volume of Rb3C60 and Rb6C60 is fruitful: at ambient pressure
the free volume of Rb3C60 (the volume of the primitive cell
minus the volume of the molecule) is large compared to
Rb6C60, namely 521 Å3 rather than 497 Å3. This can explain
the large compressibility of the former compound compared
to the latter.

The Murnaghan and Vinet formula17,18 cannot be used to
determine the equation of state of Rb4C60 because of the
phase transition at 0.8 GPa. As a consequence, in order to
compare the compressibility of the three different com-
pounds and to correlate it with the free volume, we per-
formed a linear fit of the low and high pressure data, below
and above the phase transition, taken as separate data(see
the first and second columns, Table I). It turns out that at low
pressure Rb3C60 is the softest compound and Rb6C60 is the
stiffest. Surprisingly, in spite of its large free volume, Rb4C60
is stiffer than Rb3C60 (34.9 GPa and 15.0 GPa, respectively)
and it is softer than Rb6C60 s55 GPad. Above the phase tran-

FIG. 6. The Le Bail fit of the
full structure of a diffraction spec-
trum of the Rb3C60 sample at
0.32 GPa and at room temperature
within the diamond-anvil cell en-
vironment, using a monochro-
matic beam s0.3738 Åd. The

space group is Fm3m̄ and the lat-
tice parametera=14.32 Å. The
quality of fit is gauged by the
weighted profile R-factor: gives
Rpw=1.02%, Rp=0.59%, andx2

=0.2662.

FIG. 7. The Rb3C60 equation of state(present experiments) is
compared with data obtained previously by other groups.

FIG. 8. Rb3C60 Calculated total energy versus volume. The con-
tinuous line is a fit of the calculated E(V) points by a fourth degree
polynomial.
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sition, at 1 GPa, Rb4C60 stiffens furthers72.8 GPad. This is
due to the sudden free volume reduction at the phase transi-
tion, i.e. from 547.4 Å3 to 516.2 Å3.

In the next section we will present the results of theab
initio calculations performed on Rb4C60. Since diffraction
spectra were too complex to be analyzed by Rietveld refine-
ment, calculations were performed in order to overcome this
difficulty and to give an insight into the pressure dependence
of the internal coordinates of Rb4C60. Moreover, the band-
width of the conduction band of Rb4C60 was evaluated in
order to extract the pressure dependence of theU /W ratio
and discuss the insulator-metal phase transition at around
1 GPa.

III. Rb xC60 (x=3 and 4): THEORETICAL DETERMINATION
OF THE STRUCTURAL EVOLUTION

UNDER PRESSURE

A. LDA Band-structure calculations

We obtain the electronic structures and the theoretical
equations of state of RbxC60 (x=3 and 4) within density
functional theory in the local density approximation, as
implemented in thePARATEC code.19,20 We use norm-
conserving pseudo-potentials21 and we expand in plane
waves using a 60 Ry cut off. By increasing the cut off to
80 Ry we found that the forces changed less than
1.8 10−4 Ry/a.u. andstress less than 0.08 GPa.

For the pseudopotential generation we use the 2s22p2

valence-atomic-configuration for carbon and the 4s2 4p6 4d0

configuration rubidium, i.e., we consider 4s, 4p, and 4d as
valence states. Within DFT-LDA both materials are metallic
with a small conduction band dispersion of approximately
0.5 eV. However, conduction electrons represent only 1/60
of total C60 valence electrons. For the BZ integration we use

FIG. 9. (Color online) Rb4C60 total energy versus volume. The
continuous line is a fit of the calculatedEsVd points by a third
degree polynomial. Continuous lines(black and blue) correspond to
parabolic fits of the high and low volume branches ofEsVd. The
yellow dashed line is a fit of the calculatedEsVd points by a third
degree polynomial.
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a Gaussian smearing of 0.2 eV22 and a 23232 Monkhorst-
Pack grid (4 inequivalentsk-points). The use of larger
k-point meshes has a very minor effect of the structural
parameters.23

Rb3C60 has a cubic cell, thus at a given volume the only
free parameters are the internal coordinates. For different
values of the volume we have minimized the total energy
until the forces on atoms were smaller than,0.002 Ry/a.u.
Rb4C60 presents two kinds of free parameters at a given vol-
ume: the internal coordinates and thec/a ratio. For different
values of the volume we have minimized the total energy
until the forces on atoms were smaller than 0.002 Ry/a.u.
and the nonhydrostatic components of stress computed using
the Nielsen and Martin theorem24 were less than,0.1 GPa.

We did not include a possible merohedral disorder
effect,6,25,26but fixed the C60 molecules in the most symmet-
ric configuration (standard orientation),1 i.e., three double
bonds are perpendicular to,100. directions and,111.
directions pass through centers of hexagons. In the case of
Rb4C60 this choice induces an artificial orthorhombic relaxed
structure with a small difference betweena andb parameters
(less than 0.04 Å).

In Figs. 8 and 9 we show theEsVd curves calculated for
Rb3C60 and Rb4C60. The EsVd curves have been fitted by
polynomials (the third and fourth degree polynomials for

Rb3C60 and Rb4C60, respectively). In the case of Rb4C60, we
also fitted the calculatedEsVd points by two different
branches, i.e. a low pressure branch(or high volume branch)
and a high pressure branch(or low volume branch); see con-
tinuous lines in Figs. 9 and 11. We notice that the high pres-
sure branch in Fig. 9 cannot be distinguished from the total
fit curve.

In Figs. 10 and 11 we plotVsPd curves, obtained by the
calculation of theEsVd derivative, i.e.P=−]E/]V, and cal-
culatedVsPd points obtained using the Nielsen and Martin
theorem. If minimization with respect to internal coordinates
is achieved, the two coincide. An overall agreement is found
for both materials. In the case of Rb4C60 the agreement is
better forP.2 GPa. At low pressures the double fitting pro-
cedure, i.e. the low and high pressures branch, seems to
match better with Nielsen and Martin theorem calculated
points. This seems to support an isostructural phase transi-
tion, as observed experimentally.

Now, we focus on the comparison between experimental
and theoretical results. In Fig. 12 we notice that for both

FIG. 10. VsPd points calculated by Nielsen and Martin theorem
(open circles) lie on the V(P) curve obtained by the derivative of the
EsVd curve of Fig. 8. Negative pressure calculations are obtained by
applying a tensile pressure.

FIG. 11. (Color online) VsPd points calculated by the Nielsen
and Martin theorem(open circles) lie on theVsPd curve obtained by
the derivative(i) of the total fit of theEsVd curve(the dashed line in
Fig. 9) and (ii ) of the twoEsVd branches(continuous lines in Fig.
9). Negative pressure calculations are obtained by applying a tensile
pressure.

FIG. 12. A comparison of ex-
perimental and theoretical equa-
tions of state:(a) Rb3C60 and (b)
Rb4C60. Negative pressure calcu-
lations are obtained by applying a
tensile pressure.
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materials we obtain an overall agreement between experi-
mental and calculated equations of states. Calculated bulk
moduli, given in Table I, corroborate experimental findings:
at ambient pressure Rb4C60 is stiff s34.7 GPad and Rb3C60 is
softers22.49 GPad, as obtained by the polynomial procedure
discussed above.

B. Discussion

1. Rb4C60: Pressure dependence of the relaxed atomic positions

Since calculations on Rb4C60 suggest a possible phase
transition close to ambient pressure, as observed experimen-
tally, we looked at the pressure dependence of the calculated
relaxed atomic positions in the unit cell. The reader must
consider that a comparison with the experimental findings is
not straightforward since we did not include the possible
merohedral disorder effect that can affect the molecule dis-
tortion and the Rb atoms’ position.

Concerning carbon atoms, the C60 molecule lying in the
tetragonal structure is stretched by pressure to become more
oblate. Already at ambient pressure, the C60 molecule pre-
sents an oblate shape: the difference between the long(along
the a direction) and the short(along thec-direction) axes is
around 0.03 Å. At 1 GPa the difference between the long
(along thea direction) and the short(along thec direction)
axes increases to around 0.05 Å.

Concerning rubidium atoms, we notice that, in the stan-
dard orientation, relative to a given C60 molecule, the 16
nearest-neighbor alkali atoms can be grouped in four
groups.27 Rb atoms sit(1) symmetrically above a pentagon;
(2) strongly asymmetrically above a pentagon;(3) strongly
asymmetrically above a hexagon;(4) weakly asymmetrically
above a hexagon. In Fig. 13, we report the figures for each
group. Two groups of Rb(groups II and III, strongly asym-
metric) only have one radial movement in front of the hexa-
gon and pentagon under pressure(Fig. 14). The two other
groups (groups I and IV) not only move radially but also
tangentially in front of the hexagon and pentagon(Fig. 14).
Figure 14 shows that this tangential movement is activated at
0.5 GPa. This phenomenon could be responsible for the
abrupt jump in the experimental compressibility of Rb4C60
between 0.56 GPa and 0.8 GPa.

In our calculations we find that Rb-atoms migrate under
pressure preserving the symmetries of the space group, as the
initial Rb-position for all four groups is determined by Flem-
ing et al.2 sz,0.5,0.0da with z=0.22 at room pressure. The
evolution of thez-parameter is given in Fig. 15. We notice
that at 15.0 GPa the value of this parameter is 0.195.

2. Rb4C60: Pressure dependence of the bandwidth

In the inset of Fig. 16 we show the evolution of the
t1u-derived bands as a function of the pressure. At atmo-
spheric pressureW is around 0.45 eV. At 1 GPa, close to the
insulating-metal transition,W is around 0.5–0.55 eV, in-
creasing to 0.73 eV at 5 GPa. As expected,W depends
mainly on lattice parametersa and c. Indeed, we re-
calculatedW at atmospheric pressure, 0.8, 1.9, and 5 GPa by
changing the shape of the molecule or the positions of Rb

atoms(low pressure atomic positions were introduced in the
high pressure unit cell andvice-versa). The conclusion is that
the influence on the band-width of Rb-atoms positions in the
cell and the shape of the C60 molecule is negligible.

The relevant quantity for the insulator-metal transition is
the U /W ratio. Other authors have measured and calculated
U at atmospheric pressure. The calculated value ofU by
Pedersonet al.28 is around 1.3 eV, while Antropovet al.29

obtained lower and upper bounds of 0.8 and 1.3 eV, respec-
tively. Lof et al.,30 using Auger spectroscopy, measured
1.6±0.2 eV. Brühwilleret al.,31 using the same technique,
obtained 1.4±0.2 eV for this quantity. In Fig. 16, we plot the
U /W ratio taking U=1.3 eV, independent of the external
pressure. Since the insulator-metal transition occurs at
around 1 GPa, we can extrapolate to obtain the value of
,2.5 for the critical ratiosU /WdC. If we had considered that
U=0.8 eV, we would have obtainedsU /WdC of ,1.5. These
estimates are relevant for a comparison with recent theories
about the magnetic Mott insulator state of Rb4C60.

Hanet al.32 and Caponeet al.33 have applied the dynami-
cal mean-field theory(DMFT) to understand why A4C60 is
an insulator. The former study concluded that the cubic struc-
ture favors A3C60 being a metalfsU /WdC,2.5g while the
tetragonal structure leads to A4C60 being an insulator
fsU /WdC,1.3g. Caponeet al. proposed that(i) electron cor-
relations drive the Mott insulating state, while a Jahn-Teller
distortion makes the ground state a singlet and(ii ) that the
sU /WdC critical value is 0.9–1.0. As a result of our measure-

FIG. 13. (Color online) In the standard orientation, relative to a
given C60 molecule, the 16 nearest-neighbor alkali atoms can be
grouped in four groups(Ref. 23). Rb atoms sit(a) symmetrically
above a pentagon;(b) strongly asymmetrically above a pentagon,
being much closer to one of the pentagon atoms;(c) strongly asym-
metrically above a hexagon, being much closer to two of the hexa-
gon atoms;(d) weakly asymmetrically above a hexagon. Notice that
nearest neighbor C atoms have been numbered.
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ments and calculations we conclude that these values
s0.9–1.3d belong to the very lower bound of critical values.
Indeed, if we suppose thatU does not vary strongly between
0 and 2 GPa, we have to lower its value to less than 0.7 eV
in order to be consistent with the theoreticalsU /WdC critical
values.

IV. CONCLUSIONS

We have determined the equation of state of RbxC60
(x=3, 4, and 6) using high pressure x-ray diffraction. We find
that Rb6C60 is much less compressible than Rb3C60. This can
be due to the fact that the free volume of Rb3C60 (the volume
of the primitive cell minus the volume of the molecule) is

large compared to Rb6C60. On the other hand, it turns out
that Rb4C60 is very stiff, in spite of its large free volume.
Moreover, at around 1 GPa, an abrupt jump of the compress-
ibility due to a phase transition is detected. This phase tran-
sition preserves the tetragonal unit cell symmetry.

For Rb3C60 and Rb4C60, we find a good agreement be-
tween theab initio calculated and the measured equations of
state. Moreover, calculations suggest a volume instability at
low pressures. We speculate that a rubidium atoms displace-
ment in the unit cell can be at the origin of the calculated
volume instability.

FIG. 15. Atomic position of first group Rb atoms in the tetrag-
onal unit cell. The C60 molecule sits at the origin.

FIG. 16. Pressure dependence of theU /W ratio taking
U=1.3 eV after calculations of the width oft1u-derived band(in-
set). The U /W critical value is around 2.5 if we consider that the
insulator metal transition happens at around 1 GPa.

FIG. 14. The pressure induced
displacement of four groups of ru-
bidium atoms relative to the pen-
tagon and hexagon faces. All car-
bon atoms in front of rubidium
have been numbered in Fig. 13.
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By these calculations we also evaluated the band-width of
the conduction band of Rb4C60. This permits us to speculate
about the critical ratiosU /WdC at the Mott transition. Con-
sidering that (i) the insulator-metal transition happens at
around 1 GPa and that(ii ) the lower and upper bounds forU
are 0.8 eV and 1.3 eV, the critical ratiosU /WdC can be esti-
mated to be between 1.5 and 2.5.
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