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Compton profile measurements on KnC60 ~n53 and 4!, CsRb2C60, Rb4C60, and C60 powders have been
carried out using inelastically scattered photons. We compare the experimental Compton profile difference
~CPD! of KnC60 (n53,4) and that of C60 with the corresponding calculated results, obtained fromab initio
self-consistent field calculations of the energy band structure. This permits us to isolate the contribution of the
distortion of the C60 orbitals for each compound and to compare them, as a function of alkali intercalation. For
all the samples we have obtained an overall agreement between theory and experiment. Nevertheless, in the
case of K4C60, the comparison between the calculated and measured CPD’s widths is not satisfactory. The
calculated width is larger than the experimental results. Furthermore, similar measurements performed on
heavy ions intercalated compounds~Rb4C60 and Rb2CsC60! show clearly that CPD depends on the number of
ions and not on their nature. We put forward two possible hypotheses in order to explain the mismatch between
theoretical and experimental CPD’s of K4C60: ~1! The orientations of C60 molecules in these compounds vary
with n and they are not taken in account by calculations.~2! Jahn-Teller effect for the negatively charged C60

molecule in the solid.@S0163-1829~99!12447-0#
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I. INTRODUCTION

The family of compounds,AnC60 ~A5K, Rb, and Cs;n
51, 3, 4, and 6! exhibit a diversity of structural and elec
tronic properties which has made them subject of a great
of interest. They exhibit conductivities ranging from supe
conducting to metallic to insulating as a function of alk
ion concentration. The orientations of C60 molecules in these
compounds also vary withn. They are completely, ordered i
K6C60,

1 randomly occupy sites with two inequivalent orie
tations in K3C60 ~Ref. 2! and K4C60,

3 and polymerize to form
chains in K1C60.

4

We have already reported on our investigation of mom
tum density in C60 ~Ref. 5! and K6C60 ~Ref. 6! and in this
work we extend our experimental and theoretical studies
K3C60, K4C60, Rb2CsC60, and Rb4C60. The wave functions
obtained fromab initio energy band calculation of thes
compounds are used to calculate directional Compton
files, which are the projections of electron momentum d
sity along specific directions. Experimentally, inelastic sc
tering of x-rays from powder samples is used to measure
averaged Compton profile. Experimental and theoret
studies of electronic structure in momentum space are
ticularly suited for investigation of valence electrons in s
ids due to their extended nature. Furthermore, the incohe
PRB 600163-1829/99/60~24!/17084~7!/$15.00
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nature of the x-rays inelastic scattering makes this appro
ideally suited in cases where high-quality samples are
available.

Since the information provided by Compton scatteri
about the ground-state electron distribution can be dire
related to the Fourier expansion of the wave function, t
approach can be used as a direct probe of the quality of
calculated wave functions.

Sections II and III present Compton scattering and
theoretical approach. Section IV presents the experime
procedures, including sample preparation and characte
tion. Results and discussions are presented in Sec. V
conclusions given in Sec. VI.

II. COMPTON SCATTERING METHOD

When photons are inelastically scattered by electrons,
wavelength shift of the photons can be related to scatte
angle and the initial momentum of electrons through cons
vation of energy and momentum. The resulting shift is giv
by

Dl5
2h

mc
sin2S w

2 D1
2l1

mc
sinS w

2 Dq, ~1!
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PRB 60 17 085EXPERIMENTAL AND THEORETICAL STUDY OF . . .
wheref is the scattering angle,l1 the incoming beam wave
length, andq is the value of the initial electron momentum
the scattering direction.

The first term, i.e., the Compton shift, is simply the res
of photons scattered by electrons at rest. The informa
about the ground state momentum density is contained in
second term, which is a broadening of the Compton peak
to the motion of the electrons.

In the impulse approximation~IA !, one assumes that th
scattering is fast enough so that the interaction potential
be regarded as unchanged during the process. Within
approximation, the Compton profile is defined as

J~q,e!5E n~p!d~p•e2q!dp5E x* ~p!x~p!d~p•e

2q!dp, ~2!

wheree is the unit vector along the scattering vectorK ,n(p)
is the electron momentum density andx(p) is the wave
function of the electron in momentum space, i.e., the Fou
transform of the wave function in real space.7–9 Throughout
the remainder of this paper we shall use atomic units~a.u.!,
for which \5m51.

III. THEORETICAL APPROACH

The electronic structure of C60,
10 K3C60,

11 and K4C60
~Ref. 12! were calculated within the local density approx
mation using the Ceperly-Adler exchange-correlation fu
tional. The Kohn-Sham equations were solved using theab
initio linear combination of atomic orbitals method. The l
calized orbitals were expanded on a set of Gaussian-or
basis functions. The basis set for carbon included 4s-type
and 3p-type Gaussian functions while for potassium it co
tained fives-type and fourp-type functions. The calculation
were self consistent, with no restrictions on the form
charge density or potential. Due to the large size of the u
cell, a singlek point ~G! was sufficient to achieve conve
gence in the Brillouin Zone~BZ! integration. The details o
the formalism are given in Ref. 13.

The calculated ground-state wave functions are rep
sented by their plane-wave expansion,

cn,k~r !5(
G

Cn,k~G!exp@ i ~k1G!•r #, ~3!

whereG’s are reciprocal lattice vectors. The large sizes
the primitive unit cells for these compounds result in ve
short lengths of the reciprocal lattice vectors. Therefore
number ofG’s necessary to obtain convergence in this s
is large. This number was 32 000 in this case as compare
2000 in graphite.5 Using this expansion in Eq.~2! results in
the following form for the directional Compton profile

J~q,e!5
1

N (
n

(
k

(
G

uCn,k~G!u2d@~k1G!•e2q#q

3~En2Ef !. ~4!

The summationG is over all the reciprocal lattice vectors fo
which the Cn,k(G)’s are non-negligible. Summationk is
over the symmetry-reduced sector of the Brillouin Zone~BZ!
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of each compound, using a tetrahedral interpolat
method.14 The volume of this irreducible sector of the BZ
divided into tetrahedra by choosing a grid ofk points. The
actual wave functions are calculated at each grid point an
linear interpolation is carried out foruCn,k(G)u2 within each
tetrahedron. Due to the small volume of the BZ for the
compounds, a relatively coarse mesh is sufficient for the
integration, 11k-points for K3C60 and 13 for K4C60. The
summationn is over the occupied states. The functionu cuts
off this summation at the Fermi energy in the case where
material is a metal or a semimetal. Since the measurem
are performed on powder samples, the comparison is m
with the average theoretical profile obtained by calculat
four directional profiles.

IV. EXPERIMENTAL PROCEDURE

A. Sample preparation and characterization

C60 powder from the Hoechst company is used in th
study. Before its intercalation, the powder that contains so
impurities, in particular sulfur, is meticulously purified. Th
purification consists of a very slow outgassing under h
vacuum, from room temperature to 400 °C. The tempera
is progressively increased, so that the pressure remains lo
than 1025 mm Hg. The process takes four to six week
XANES ~x-ray absorption near edge structures! study was
used to show that this treatment has removed all impurit
even oxygen, completely.15 After outgassing, the powder i
transferred under a pure argon atmosphere to avoid any
gen contamination.

The saturated K6C60 compound is prepared by reaction
an excess amount of alkali metal and by a weighed quan
of C60 powder ~200 mg!. The reaction is carried out in a
vacuum-sealed Pyrex glass tube at 200 °C for 3 weeks
gradient of a few degrees is maintained along the tube
prevent metal from condensing onto C60. The x-ray powder
diffraction pattern collected with Mo Ka1 radiation shows
clearly that all reflections can be indexed on a body cente
cubic lattice with a parameter ofa511.39 Å.

KnC60 ~n53 and 4! were produced by a solid state rea
tion between weighted quantities of C60 and K6C60. The re-
action is carried out in a vacuum-sealed Pyrex glass tube
2–3 months. The evolution of the reaction is controlled
x-ray diffraction until complete reaction of K6C60 and hence
disappearance.

B. Experimental set up

The experiments on KnC60 ~n54 and 6! and pristine C60
were carried out using the high-resolution spectrometer
the high-energy synchrotron at Laboratoire d’Utilisation
Rayonnement Electromagne´tique in Orsay, France.16 The
positron storage ring operates at 1.85 GeV and a 3-pole
perconducting magnet wiggler provides a beam with a cr
cal energy of about 8 keV. The synchrotron radiation beam
monochromatized by Bragg reflection from a double Si~220!
monochromator to produce a beam of energies up to 19
eV.17 The beam is sagittally focused on the powder sam
of K4C60 by the monochromator’s second crystal. T
sample is a cylinder of 5 mm height and of 6 mm diamet
The powder was kept under dry argon atmosphere at
times.
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17 086 PRB 60M. MARANGOLO et al.
A high-resolution focusing spectrometer is used to ene
analyze the photons scattered by the sample at an ang
135°. The Cauchois analyzing crystal is made of curved s
con, asymmetrically cut to employ the~620! reflection. Pho-
tons of the same energy are focused at a single point on
Rowland circle and detected by a position sensitive detec
filled with xenon at 4 atmospheres. The whole spectrum
collected at the same time. The entire-path of this scatte
beam is maintained under vacuum.

The resolution function is deduced from the full width
half maximum ~FWHM! of the thermal diffuse scatterin
~TDS! peak, which was 0.17 atomic units of momentu
~a.u.!. The separation between the experimental data poin
equivalent to 0.03 atomic units when expressed in term
the momentum scale. 106 counts were collected at th
Compton peak. For the purpose of comparison, the Comp
profile of C60 powder was also measured exactly under
same experimental conditions, with 106 counts at the Comp
ton peak.

The experiments on K3C60, CsRb2C60, and Rb4C60 were
carried out using the Compton spectrometer of the hi
energy beamline~Insertion Device 15B!18 at the European
Synchrotron Radiation Facility in Grenoble, France. T
synchrotron radiation beam was monochromatized to se
55.8 ~K3C60 and Rb4C60! or 57.9 keV (CsRb2C60) photons
and then focused on a powder sample. The powder was
in a 1-mm diameter Lindemann capillary under Argon atm
sphere. The collected Compton spectra were energy anal
using the Ge 551 and Ge 440 Bragg reflections for incom
photons of energy respectively equal to 57.9 and 55.8 k
Each spectrum achieved 106 counts at the Compton peak.

The energy-dependent resolution function is dedu
from the full width at half maximum~FWHM! of the thermal
diffuse scattering~TDS! peak, which was 0.25 atomic unit
of momentum~a.u.! for Rb4C60 and CsRb2C60 and 0.2 a.u.
for K3C60.

C. Data processing

After subtracting the background, the raw data were c
rected for wavelength-dependent terms such as absorp
~in the sample and analyzer!, detector efficiency, and ana
lyzer reflectivity predicted by kinematical theory.19 The
wavelength scale was then converted into a momen
scale. The spectra were normalized to the number of e
trons per carbon atom. The contribution due to multiply sc
tered photons was subtracted from the measured profile
order to obtain the total Compton profile. These multip
scattering contributions were calculated using a Monte-C
simulation and taking into account beam polarizatio
sample geometry and density.20

In order to obtain the valence electrons Compton profi
the core electron profile was subtracted from the total m
sured profile. Under the impulse approximation, the c
contribution is obtained from atomic wave functions. Th
approximation is valid only if the energyDE transferred
from the photon to the ejected electron is large compa
with the binding energy of the electron.21

In the 19.9-keV experiments, the Compton shift is 12
eV, while the binding energies of potassium 2s and carbon
1s range between 200 and 300 eV. Therefore, it was ne
y
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sary to move beyond the impulse approximation and to
the quasi-self-consistent-field method~QSCF! to obtain the
core profiles for the C 1s and K 1s ~Raman departure afte
14 a.u.!, 2s,2p,3s electrons.22

The potassium 3p core electrons will be treated as
‘‘pseudocore’’ as described in the next section. After remo
ing the core and pseudocore contributions, the remain
profile is normalized to the number of valence electrons
carbon atom, i.e., 4 in C60, 4.05 in K3C60, and 4.067 in
K4C60.

In the 55.8- and 57-keV experiments, impulse approxim
tion Hartree-Fock Compton profiles for rubidium and cesiu
core electrons were subtracted from the total measu
profiles.23

V. RESULTS AND DISCUSSION

Band-structure calculations, in general and those for60
compounds in particular, are usually performed in order
obtain quantitative information about the charge distribut
and Fermi surfaces~where applicable!.10–12Our interest here
is in the momentum space representation of the wave fu
tion, x(p), leading to the electron momentum density a
the related Compton profiles. While the calculated mom
tum density is obviously less intuitive than the real-spa
charge density, it has the advantage of~1! providing an in-
tegrated view of the characteristics of the electrons,~2! is
sensitive to the contributions of the more delocalized el
trons ~valence and conduction!, and ~3! can be directly re-
lated to the results of Compton scattering experimen
thereby providing an excellent test for the calculated wa
functions. The utility of this approach has already been de
onstrated in intercalation compounds of graphite24,25 and,
more recently, for C60 ~Ref. 5! and K6C60.

6

A. Compton profile analysis

In the following, we will consider the experimental an
theoretical Compton profiles of KnC60 (n53,4) minus that
of C60 ~normalized to 6 electrons!. The difference profile is
the result of three contribution:

~1! The K 3p electron contribution. The area of this con
tribution to the CP, is normalized to the number of K 3p
electrons per carbon atom, i.e., 0.15, 0.2, and 0.3 in the l
energy side of CP (q.0), for n53, 4, and 6, respectively.
~2! The conduction profile. This contribution is due to th
electrons in the upper complex of three bands originat
from the lowest unoccupiedt1u molecular orbitals in C60.
This complex forms the conduction band in KnC60, which
becomes completely filled forn56. It is normalized to
0.025, 0.0333 and 0.05 forn53, 4 and 6, in the low energy
side of CP (q.0).
~3! The distortion profile. This contribution is related to th
distortion of the pristine C60 electronic density due to the
presence of the K1 ions. The net area under this profile
zero.

The comparison of experimental and theoretic
KnC60-C60 ~n53 and 4! Compton profiles~with their own
correct normalization! is shown in Fig. 1. The overall agree
ment between theory and experiment is good for K3C60 and
K4C60.
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For K3C60-C60 and K6C60-C60 ~Fig. 2 of Ref. 6!, the ex-
perimental width is well reproduced by calculations. On t
other hand, we notice that, in the K4C60-C60 case, the experi-
mental Compton profile is narrower in the 0.5–1.5 a.u.
gion and larger for the 1.5 a.u.,q,3.5 a.u. region compare
to the theory.

In order to be able to compare KnC60 and C60 in a mean-
ingful manner, it is necessary to subtract out the K3p con-
tribution from both the calculated and measured profiles
KnC60. We define the Compton profile difference~CPD! as
the sum of the conduction profile and the distortion profi
i.e., representing the effect of the additional electrons in
solid after the potassium intercalation, as well as the mo
fications in the pristine C60 electronic distribution brough
about by intercalation. While we can separate these two c
tributions in our calculations, in the experiment it is obv
ously not possible.

B. The hybridization of carbon bands with K3p

We have shown that in the case of K6C60,
6 it was possible

to separate the contribution of K3p ~pseudocore! from the
calculated Compton profile in order to focus our attention
the bands resulting from C2s, C2p, and K4s. However, in
the case of K3C60 and K4C60 this procedure is not possibl
due to the mixing of carbon bands with K3p orbitals. The
same situation was encountered in all electron Korrin
Kohn-Rostoker band calculations in KC8.

26 We stress that in
pseudopotential calculations, K3p is included in the core and
therefore their corresponding bands do not appear as a pa
the valence complex.

In the following analysis, we will remove the contributio
of K3p from the Compton profiles of K3C60 and K4C60 using
the pseudocore obtained for K6C60.

6,27 Then we will obtain
CPD’s by taking the difference between the profiles of ea
of the two compounds and that of C60.

FIG. 1. Comparison between the experimental and theore
valence-Compton profiles of KnC60 minus C60 for n53 and 4. The
theoretical profiles~solid and dashed lines! are convoluted with the
experimental resolution. The experimental results are represe
by solid circles and open squares.
e
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C. Comparison of Compton profile differences

In Figs. 2 and 3, we compare the experimental and th
retical CPD’s~n53 and 4! with the calculated conduction
profile, which is positive for the two compounds and reach
zero nearq53 a.u.. We note that:

~1! in both cases, the experimental CPD is closer to
theoretical CPD than to the calculated conduction profile

~2! the response of K4C60 to the alkali intercalation pre-
sents a marked negative structure at 1 a.u., which is
observed in the K3C60-C60 CPD.

These facts lead to the conclusion that a nonzero dis
tion contribution to KnC60-C60 ~n53 and 4! CPD must be

al

ed

FIG. 2. Theoretical and experimental differences betwe
valence-Compton profiles of K3C60 and C60 ~CPD!. The potassium
3p contribution to the CP has been subtracted. The dashed lin
the calculated conduction profile.

FIG. 3. Theoretical and experimental differences betwe
valence-Compton profiles of K4C60 and C60 ~CPD!. The potassium
3p contribution to the CP has been subtracted. The dashed lin
the calculated conduction profile.
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17 088 PRB 60M. MARANGOLO et al.
taken into account. These profiles can be compared to
K6C60-C60 CPD ~Fig. 4 of Ref. 6! for which we concluded
that the presence of K1 ions leads to a small but clearl
observable distortion of the charge density of C60 molecules
in K6C60. The following points are worthy of special notice

~1! For all the measured spectra the magnitude of
distortion contribution is well predicted by calculations ev
if it is small compared to the total Compton Profile.

~2! The calculations do not reproduce completely the
perimental K4C60-C60 CPD: the latter is narrower fo
0.5 a.u.,q,1.3 a.u..

~3! compared to the K4C60-C60 CPD, the K3C60 results
present a better agreement between theory and experim
the marked structure around 1 a.u. is absent in the K3C60 case
and the profile is always positive. This fact leads to the c
clusion that, in this material, a smaller distortion contributi
to CPD is present.

~4! Compton scattering can, in principle, detect the in
lating character of K4C60 and K6C60 and the metallic charac
ter ofA3C60. Chou, Cohen, and Louie25 and Rabii, Chomilier
and Loupias25 have shown that for LiC6 and LiC12 there is an
oscillation in thec-axis profile because of the maxima an
minima in the cross section of the Fermi surface and
resulting periodic variation of this cross section in the pe
odic zone scheme. The periods of these oscillations are
and 0.5 a.u. for LiC6 and LiC12, respectively. In K6C60, we
should have no oscillation since there is no Fermi surfa
The calculations give metallic behavior for K3C60 and K4C60
so there should be some oscillation of a period equal to
reciprocal vector in the direction of the scattering vector.

Since the reciprocal lattice vectors in KnC60 are much
shorter than in LiC6 and LiC12, the period of these oscilla
tions will be smaller. Now, if K4C60 is really an insulator, the
measured difference profile (K4C60-C60) should have no os
cillations in the lowq region while for K3C60 we should
observe oscillations.

Unfortunately these oscillations cannot be measured
our experiments for two reasons

~a! The period is smaller than the experimental resolut
~0.17–0.20 a.u.!.

~b! The Compton profile of powder samples is the avera
of many directional profiles: this fact leads to more than o
set of oscillations.

In order to measure the metallic-insulator state of inter
lated fullerenes, very high resolution measurements on si
crystals should be performed.

D. Distortion contribution

In order to analyze the distortion contribution to the me
sured Compton profiles, in Fig. 4, we compare the calcula
distortion profiles for the three compounds~the difference
profiles are not convoluted by the experimental resolutio!.
We note that the overall behavior of the distortion in K4C60
is similar to K6C60. The distortion profile is positive at lowq
~denoting electron delocalization!, shows a structure aroun
q50.8 a.u and approaches zero forq larger than 3 a.u. Such
general behavior is typical of a delocalization ofp orbitals in
real space. It is well known thatp orbitals that are parallel to
the scattering vector lead to a Compton profile that is zer
q50 and have a non zero momentum maximum in the
he
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gion of q51 a.u. On the other hand,p orbitals that are per-
pendicular to the scattering vector, lead to a Compton pro
whose maximum is atq50, and have no structure in th
region ofq51 a.u.. Since C60 molecules are almost spher
cal, some of thep orbitals will be parallel, some perpendicu
lar, and some at intermediate angles with respect to the s
tering vector. The delocalization of these orbitals in re
space leads to the shift of their contribution to CP towa
lower q values~momentum space!. So, theq50 maximum
reflects the shift, to lowerq, of the contribution ofp orbitals
which are perpendicular to the scattering vector and thq
50.8 structure reflects the shift, to lowerq, of 1 a.u. maxi-
mum CP, derived from thep orbitals parallel to the scatter
ing vector.

In order to explain the less marked behavior of the dist
tion contribution to CPD, in K3C60 case, we remark that th
potassium environment around a C60 molecule in K4C60, can
be viewed as that in K6C60, but with some vacancies. On th
other hand, in K3C60 it presents a very different structure
potassium ions fill the tetrahedral and octahedral sites o
fcc structure. As a consequence, the free volume for the
tassium ion is larger in K3C60 than in the other compounds
178 Å3 compared to 143 Å3 (K4C60) and 91.6 Å3 (K6C60).
We can assume that in these intercalated molecular ma
als, this parameter reflects the molecular charge density
tortion.

Furthermore, we have noted that the calculated distor
~compared to pristine C60! is more important in K4C60 than in
K6C60: the tetragonal symmetry of the former material,
contrast to the cubic structure of K6C60 and pristine C60, can
be invoked as an explanation.

E. Comparison with rubidium and cesium intercalated
compounds

In order to make a meaningful comparison of the resu
for CsRb2C60 and Rb4C60 with those of KnC60 ~n53 and 4!,
we obtain CPD for these compounds by subtracting
Compton profile of C60 and of the core electrons23 of Rb and

FIG. 4. Calculated distortion profiles for KnC60 for n53, 4, and
6. These profiles are not convoluted with the experimental res
tion function.
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PRB 60 17 089EXPERIMENTAL AND THEORETICAL STUDY OF . . .
Cs from the total CsRb2C60 and Rb4C60 profiles. These re-
sults are presented in Figs. 5 and 6 where they are comp
to the CPD’s of potassium intercalated compounds. We
conclude that the CPD’s ofAnC60 ~n53 and 4! compounds
do not depend on the nature of the intercalated ions
rather on their number. The trends in the experimental he
ions intercalated CPD’s reproduce the figures discussed
viously: i.e.,A4C60-C60 CPD’s show a marked structure at
a.u., which is absent in theA3C60 case. We note that th
width of the measured Rb4C60-C60 CPD is larger than that o
K4C60-C60, but still narrower than the theoretical K4C60-C60
CPD.

VI. CONCLUSIONS

We have measured the Compton profiles of KnC60 (n
53,4,66), CsRb2C60 and Rb4C60 and obtained CPD betwee
these compounds and pristine C60. In the case of potassium
intercalated compounds, the simulation of CPD’s byab initio
calculations can describe the main trends of the experime
results; this permits us to isolate the contribution of the d
tortion of the C60 orbitals for each compound and to compa
them, as a function of potassium intercalation: K3C60 pre-
sents a distortion that is less important than in the K4C60 and
K6C60 compounds and this is probably linked to the low
concentration of intercalated ions. For K4C60, as in the case
of K6C60, the main structures of the calculated distorti
profiles are explained by an overall delocalization of cha
away from the C-C bonds. However, in the case of K4C60,
the comparison between the widths of the calculated
measured CPD’s is not satisfactory: the calculated width
larger than the experimental one. For K3C60 and K6C60 ~Ref.
6! we have obtained a better agreement between theory
experiment.

Furthermore, similar measurements performed on hea
ion intercalation compounds~Rb4C60 and Rb2C8C60! show
clearly that the CPD depends on the number of ions and
on their nature.

We put forward two possible hypotheses in order to
plain the mismatch between theoretical and experime
CPD’s of K4C60.

FIG. 5. The measured difference between valence-Comp
profiles of Rb2CsC60 and C60 ~CPD! compared to K3C60-C60. The
alkali core contribution to the CP has been subtracted.
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~1! The orientations of C60 molecules in these compound
vary with n. Only in the case of K6C60, where the molecules
are orientationally ordered, the calculation was performed
the actual orientation. InA3C60 and A4C60 compounds, the
present calculations are not able to take into account
randomly occupied sites with two inequivalent orientation

~2! Jahn-Teller effect for the negatively charged C60 mol-
ecule in the solid. In its ground state, the neutral C60 mol-
ecule possesses a closed shell electronic structure. The
est unoccupied molecular orbital is threefold degenerate
a Jahn-Teller interaction will be possible when C60 is excited
to this orbital and for anions such C60

2 , C60
32 and C60

42. O.
Gunnarssonet al.28 have compared experimental and the
retical photoemission spectra for C60

2 and deduced that the
inclusion of the Jahn-Teller effect in the calculations is e
sential.

In order to take into account such a phenomenon in s
intercalatedAnC60 ~n53 and 4!—where the molecule is
charged by alkali ions—local density approximation calcu
tions should be performed allowing atoms to relax from th
equilibrium position. Our calculations are performed for
rigid configuration of the atoms in the molecule and th
effect, if present, is neglected. We note that in the K6C60
case, the complex of three bands originating from the low
unoccupiedt lu molecular orbitals of C60 is filled and no
Jahn-Teller effect is expected.

ACKNOWLEDGMENTS

We would like to thank Dr. A. Issolah, for providing
OSCF calculations of the contribution of core electrons
the Compton profile, P. Suortti and J. Moscovici for use
discussions. We are grateful to C. He´rold, J. F. Mareˆché, Ph.
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FIG. 6. The measured difference between valence-Comp
profiles of Rb4C60 and C60 ~CPD! compared to K4C60-C60. The
alkali core contribution to the CP has been subtracted.
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