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We present local-density pseudopotential calculations of the structural and electronic properties of
potassium fulleride K,,Ceo (n = 1,2, 3, 6) crystals, with an emphasis on the superconducting K3Cso
phase. The calculated enthalpies of reaction for all of the potassium fullerides are within 1.4-1.7 eV
per K atom. The pressure-versus-volume equation of state indicates that K;Ceo is less compressible
than Ceo. The band structure of K3Ceo is very similar to that of Ceo, and we discuss how it changes
with pressure. Using calculated valence charge densities, we show that the valence electrons of the K
atoms are almost completely transferred to the lowest unoccupied bands of the Cgo molecular solid.

I. INTRODUCTION

Fullerene, Cgp, is a spheroidal “soccer-ball” shaped
molecule! with icosahedral symmetry, where all of the
60 carbon atoms occupy equivalent sites. The recent
production of this molecule in macroscopic quantities?
has generated a large interest in its solid-state properties.
Solid Cegg is a semiconductor, but upon exposure to alkali-
metal vapors, films with moderate electrical conductivity
can be obtained.3 Superconductivity has been observed
for the compound K3Cgy with an onset temperature? of
T. = 18 K. Superconductivity has subsequently been ob-
served for other A3Cgp phases, with A an alkali metal,
and with values of 7, that scale with the compound
lattice constant, reaching 7, = 31.3 K for RbyCsCpgp.®
These remarkably high values are two orders of mag-
nitude larger than those observed in graphite interca-
lated with alkali atoms,® raising fundamental questions
about the mechanisms for superconductivity in the alkali-
metal-fullerides. Here we present detailed local-density
calculations of the structural and electronic properties of
Ksceo.

Solid Cgq (fullerite) crystallizes in the fcc structure
with a lattice constant of 14.2 A, corresponding to a
10-A separation between molecular centers.22”"1% Each
Ceo molecule has two types of bonds with lengths“'12
1.40 and 1.45 A, respectively, which are characteristic
of aromatic C-C bonds. The diameter of the molecule
is ~ 7.05 A. The closest C-C distance between carbon
atoms from neighboring Cgo molecular units is ~ 3.2 A.
This is slightly smaller than the 3.45-A distance found
between graphite planes, but it still indicates that the
interaction between the Cgg molecules is weak.

The alkali metals, and a few other elements such as the
alkaline earths, form interstitial alloys with Cgo. Present
evidence indicates that at saturation all the alkali metals
form a semiconducting phase with AgCgo stoichiometry.
KeCgo and CsgCgo have a body-centered-cubic structure

46

where the alkali atoms occupy all the quasitetrahedral in-
terstitial sites between the large Cgo molecules.!3 A body-
centered-tetragonal’*15 semiconducting phase of K4Cgg
and Rb4Cgp has also been identified. Metallic phases
occur for K3Cgp, Rb3Csn, and for a few Az_;B;Cso
mixed phases with A, B=K, Rb, and Cs. K3Cgp has
a face-centered-cubic lattice with the potassium atoms
occupying both the two interstitial tetrahedral sites and
the octahedral interstitial sites.!® There is experimental
evidencel? for Li and Na fulleride semiconducting phases
with stoichiometries LisCgo and Nay;Cgo but their struc-
ture has not yet been determined. The phase diagram
of the alkali-metal—fullerides turns out to be quite rich,
with both semiconducting and metallic phases.

We present a study of the structural and electronic
properties of the K, Cgo crystals, with a strong emphasis
on the K3Cgo phase. A similar study of the Cgp molecu-
lar crystal was the object of a recent paper'® and we will
frequently refer the reader to that work. In the next sec-
tion we will briefly review the computational method. In
Sec. III we present the structural properties, in Sec. IV we
show the band structure, and in Sec. V we discuss charge
transfer from K to Cgo. The results are summarized in
Sec. VI.

II. COMPUTATIONAL METHOD

The electronic structure of the K,Ce¢ (n = 1,2,3,6)
crystals was calculated using the first-principles pseu-
dopotential local-density method.!'® Cso forms a solid
with cubic close packing of the quasispherical molecules.
Here we assume that the lattice is face centered cubic and
that the crystal structure is tetrahedral with the space
group T2 (Fm3). The properties of KCso, K2Cs0, and
K3Cgo are calculated for the structures obtained by fill-
ing, respectively, the fcc octahedral interstices, the two
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tetrahedral interstices, and both the octahedral and the
two tetrahedral interstices of fcc Cgg. In the T,‘? config-
uration the Cgo molecules are oriented with hexagonal
faces in the (111) direction, thereby increasing the avail-
able space for alloying atoms in the smaller tetrahedral
interstitial sites. This is the structure experimentally
observed for K3Cgo neglecting the orientational super-
structure of the Cgo molecules.!® There are two ways of
putting a Cgp molecule in a fcc lattice with the hexagons
facing the tetrahedral interstices, and the x-ray spectral®
are consistent with structural disorder associated with
these two possible molecular orientations. The KCgo and
K2Cgo crystals have not been experimentally observed;
we use them as hypothetical structures in order to study
the effects of occupying only one type of the available
fcc interstitials. For KgCgo we assume a bcc geometry13
with the K atoms located at the i, %,0 quasitetrahedral
interstitial positions. In the real structure the potassium
atoms are slightly displaced from these positions so that
they are above the pentagonal and hexagonal faces. This
displacement is associated with the tetrahedral symme-
try of the molecule. In our calculations the bond lengths
within the Cgg molecule were kept fixed at the calculated
equilibrium values'®2° for pure Cgo, 1.382 and 1.444 A
for the hexagon shared bond and for the pentagon edge,
respectively. We monitored the forces on the carbon
atoms in order to estimate corrections to the energy and
geometry of the Cgp molecular unit, and found that they
were usually small.

The wave functions were expanded in a large basis
set containing all plane waves with energies less than
a chosen cutoff energy, E... = 49 Ry, and we used a
“soft” pseudopotential.?2! With this combination of cut-
off energy and pseudopotential, the total energy of all the
systems studied was converged to within 0.05 eV /atom.
This small energy correction for basis-set size was sys-
tematically included in all reported values of the cal-
culated energies. The basis set contained ~19000 to
~31000 plane waves, depending on the unit-cell volume,
and highly efficient iterative methods were used to diag-
onalize the Hamiltonian.2%:23 Because of the small size of
the Brillouin zone of K,, Cgg, two special k points are suffi-
cient to calculate accurately the self-consistent screening
potential. Using only the T' point for Brillouin-zone inte-
grals has a small but noticeable effect in the accuracy of
the calculations. For example, the enthalpies of forma-
tion of K, Cgo would have been underestimated by ~0.3
eV per K atom if we had used the single ' point, instead
of the two special points.

The carbon pseudopotential was generated in the
ground-state valence configuration 2s?2p2. The radial
cutoffs, i.e., the radius at which inside this point the
pseudo-wave-functions are allowed to deviate from the
all-electron wave functions, were r.,=r,,=1.50a,. We
used the p potential as the local component and ne-
glected the nonlocality of the d and higher scattering
channels. The potassium pseudopotential was generated
in the 4s'4p° valence ground state using radial cutoffs of
res=3.66a¢ and rc,= 3.80ag. We also included in the gen-
eration of the potassium pseudopotential an exchange-
correlation pseudocore correction.?* This was required
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because the 3p core orbitals of the potassium atoms are
quite extended, and have a significant overlap with the
4s valence states. In test cases with bce metallic potas-
sium, the calculated lattice constant and cohesive energy
without the core correction were 2.4% and 2.2% smaller,
respectively, than the experimental values. Using a pseu-
dopotential generated with the core correction improved
the lattice constant to 0.9% smaller and the cohesive en-
ergy to 1.9% larger than the experimental data. For
potassium, we use the s potential as the local compo-
nent, and we neglect the nonlocal contributions to the d
and higher scattering channels. The nonlocal p compo-
nent of the potassium and the nonlocal s component of
the carbon pseudopotential were transformed into sepa-
rable operators.?® We verified the absence of ghost states
by checking the logarithmic derivatives of the separated
pseudopotentials and by using the theorem of Gonze,
Kickell, and Scheffler.26

III. STRUCTURAL PROPERTIES

In Table I, we give the calculated enthalpy of reac-
tion for K,Cgo (n = 1,2,3,6) crystals and the number
of alkali atoms surrounding each Cgg molecule. The ref-
erence energies for the enthalpies of reaction are the to-
tal energies calculated for the Cgo crystal in the fec-T3
symmetry and the bce potassium metal, using the same
pseudopotentials and energy cutoffs for the plane-wave
expansion. We have neglected distortions of the indi-
vidual Cgg molecules due to the presence of the potas-
sium atoms. This introduces a correction to the en-
ergies of Table I that we can estimate from the calcu-
lated atomic forces and from the force constants that we
have previously determined in the optimization of the Cgp
molecular geometry.!® Our estimates agree with a recent
molecular-dynamics simulation®” of K¢Cgo, where it was
found that optimizing the internal coordinates lowered
the energy by ~1 eV, or ~0.2 eV per potassium atom.
The energy gained by the relaxation of the internal co-
ordinates of K3Cgo was smaller, and for the two other
systems, K2Cgo and KCgp, it is even smaller. Therefore,
the correction in Table I due to relaxation of the Cgg
molecules is at most ~0.2 eV per potassium atom.

TABLE I. The calculated enthalpies of reaction, AHZ,,,,
for K,Ceo (n = 1,2,3,6) structures. Also listed is the co-
ordination number N¢ for the number of potassium atoms
surrounding each Cgo molecular unit. All energies are in eV
per potassium atom. The enthalpies are referenced to the
calculated total energy for the bcc potassium metal and the
fcc Ceo solid. The lattice for the compounds are indicated
in parentheses and their structure is given in the text. The
negative values of AH?,, indicate that the compounds are
stable.

AHS,. (eV) Nc¢
KCeo (fcc) -14 6
K2Ceo (fcc) -1.4 8
K3Ceo (fcc) -1.7 ~14
KeCeo (bec) -1.7 24
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The Cgg potassium alloys have a moderate enthalpy of
reaction of 1.4 to 1.7 eV per K atom (Table I). There is
some correlation between the coordination number of the
doping sites and the calculated enthalpy of reaction. If we
assume a packing of hard Cgq spheres, then the sizes of
the fcc-octahedral, fcc-tetrahedral, and bcc-tetrahedral
holes for the fcc Cgg lattice are, respectively, ~4.3, ~2.3,
and ~2.9 A in diameter. According to Pauling’s rules,2®
all of these sites can accommodate a K* ion of radius?®
1.33 A, if we take into account the extra room at the
tetrahedral interstitials associated with the “dimples” at
the center of the hexagons and pentagonal faces when
we replace the hard “Cgo sphere” by a model consist-
ing of atomic spheres with the carbon van der Waals
radius. The Madelung energy for K*Cgo ~ is 2.5 eV, so
the calculated enthalpies of reaction are consistent with
the values expected for ionic bonding between K cations
and Cgp anions. Our enthalpies of reaction disagree with
a recent local-density calculation which found a value of
~10 eV per K atom.3°

Our numerical results predict that KeCgg is 0.04 eV per
K atom more stable than K3Cgg, that is, the last phase is
not stable, in disagreement with the experimental obser-
vation of a stable K3Cgo. However, the calculated energy
difference is smaller than the numerical and physical ac-
curacies of the present calculation, which are of the order
of a tenth of an eV. What we can conclude from Table I is
that the energy difference between alkali-metal-fullerides
with different stoichiometries is small, and therefore the
stoichiometry of the stable phases that will appear in the
Ceo-AsCso phase diagrams is a matter of a delicate en-
ergy balance, in the scale of a few hundredths of an eV.
The fact that LizCgo, NagCeg, and Cs3Cgp have not yet
been identified experimentally suggests that indeed the
Ceo-AsCeo phase diagram depends on subtle differences
between the alkali atoms. At the moment, the best ex-
planation for the absence of those phases may still be
that the Cs atoms are too large for the fcc-tetrahedral
interstitials while the Li and Na atoms are too small for
the fcc-octahedral interstitials.

In Table II we give the values for the equilibrium lattice

TABLE II.
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FIG.1. The volume vs pressure equation of state for solid

K3Ceo (solid line) and Ceo (Ref. 18) (dashed line). The lines
are obtained from fitting the calculated total energy at several
lattice constants to the Vinet et al. (Ref. 33) equation of state.
From the two curves we can see that K3Ceo is harder than

Ceo-

constant, the bulk modulus, and the pressure derivative
of the bulk modulus of K3C¢o. They were calculated
by fitting total energies calculated at seven lattice con-
stants in the range of 12.9-14.9 A to the equations of
state of Murnaghan,3! Birch-Murnaghan,3? and Vinet et
al.33 The small scatter in the parameters from the dif-
ferent equations of state illustrates the consistency of the
fits. In Fig. 1 we show the equation of state, volume ver-
sus pressure, for K3Cgp and compare it to our previous
calculation for Cgg.!® Both curves are from the fit to the
Vinet et al.®® equation of state. In Fig. 1 we can see
that K3Ceo is only slightly stiffer than Cgo. As will be
discussed below, K donates its valence electron to Cgg
and therefore in both cases it is the rather weak inter-
molecular bonds that are being compressed. The cal-
culated lattice constant of K3Csg is ~14.19 A, which is
~0.16 A larger than the calculated Cgo lattice constant

The calculated equilibrium lattice constant a, bulk modulus By, pressure derivative

of the bulk modulus B}, and enthalpy of reaction, AH?,,., for K3Ceo are compared to experiment.
The values are from fits of the calculated total energy to the equations of states of Murnaghan
(Ref. 31), Birch-Murnaghan (Ref. 32), and Vinet et al. (Ref. 33). The enthalpy of reaction is
per potassium atom, and is referenced to the calculated total energy for fcc C60 and bcc metallic
potassium. The negative values of AH?,, indicate that K3Cso is stable with respect to metallic

potassium and Cgo carbon.

Ref. 31 Ref. 32 Ref. 33 Experiment
a (A) 14.21 14.17 14.20 14.253,* 14.24°
Bo (GPa) 24 23 22 28.0°
B} 9 14 11
AH?,, (eV/Katom) —1.64 —-1.69 —1.66

*Reference 5.
PReference 16.
“Reference 34.
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and is in good agreement with the experimental value of
14.253 A5 The predicted bulk modulus is ~23.3 GPa,
which is larger than the value of ~17.4 GPa calculated
for Cgo, and is 16% smaller than the experimental value
of 28 GPa.34

IV. BAND STRUCTURE

The electronic structure of solid Cgp has been de-
scribed in our previous work,!8:20:35:36 which includes
a paper with detailed local-density calculations for the
structural and electronic properties of Cgo.!® The agree-
ment between the density of states of Cgp calculated
with the first-principles local-density approximation and
the features of the experimental electron photoemission3%
and inverse-photoemission®® spectra was excellent. Be-
cause of the weakness of the intermolecular interactions
and the high symmetry (I) of molecular Cgg, the elec-
tronic structure of solid Cgo (fullerite) consists of several
“minibands” associated with the molecular states. These
molecular states can be characterized as being of o or =
character, and have wave functions with a dominant an-
gular momentum component with respect to the center of
the molecule.'®2%:37 The molecular character of the solid
is responsible for the sharp features observed in both the
photoemission and inverse-photoemission spectra.

In Fig. 2 we show the band structure for K3Cso plot-
ted along the A, A, and Z directions of the fcc Brillouin
zone calculated for a lattice constant of 14.24 A. Figure 2
shows only bands 116 to 126, which are those close to the
Fermi level. The wave functions associated with the low-
est set of five bands of the figure have one radial nodal
surface and have angular character [ = 5 with respect to
the center of the molecule, hence the label 5. This set of
bands is derived from the h, fivefold-degenerate highest
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FIG. 2. The band structure of K3Cgo is plotted near the

Fermi level at a pressure of ~ 0 GPa. The Fermi level is
indicated by the dashed line. Comparing this plot to a similar
Ceo band structure (Ref. 18), we find that the inclusion of the
potassium atoms into the Ceo crystal introduce only minor
alterations in the band structure in this energy range.

1769

occupied molecular orbital (HOMO) of Cgy. The middle
set of bands is also of the w5 type and are derived from
the £14, threefold-degenerate, lowest unoccupied molecu-
lar orbital (LUMO) of Ceo. The top set of bands has = 6
angular character, is the lowest of the 7 states, and is de-
rived from a ¢;, molecular state. The Fermi level in Fig. 2
is at 1.34 eV and is shown by the dashed line. Comparing
the K3Cso band structure to the Cgo band structure!® at
the same lattice constant shows only small differences,
on the order of a few meV. This shows that the 7 system
of Ceo shifts rigidly upon alloying with potassium. Our
calculated band structure for K3Ceo is in good agreement
with two local-density band-structure calculations using
Gaussian orbitals.38:3° It does not agree with a recent
pseusiopotential calculation with a small Gaussian basis
set.3

In Fig. 3, we plot the band structure of K3Cgg at a lat-
tice constant of 13.62 A corresponding to a pressure of
~3 GPa. The same set of eleven individual bands (three
groups of bands) of Fig. 2 is shown. Bands from below the
75 HOMO-derived band are responsible for the avoided
crossings near the X point. On the top of the figure, an-
other 75 band just crosses the top g band near the Z di-
rection. These bands were deleted from the figure for ease
of comparison. The 75 HOMO-derived band widened by
0.38 eV, the m5-LUMO derived band is 0.22 eV wider,
and the g band is 0.30 eV wider. At the same time the
gap between HOMO-derived and LUMO-derived bands
narrowed by 0.35 eV. With increasing pressure, the 75
LUMO-derived bands become lower in energy at the I'
point than at the X point, and at ~15 GPa the I point
of the w5 LUMO-derived bands becomes lower than the
X point of the 75 HOMO-derived bands.

The width of the half-filled m5-¢;, group of bands of
K3Ceo i1s W = 0.41 eV, and the dependence of the band-
width on volume is given by dW/dInV = —2.09 eV.
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FIG. 3. The band structure of K3Cgp is plotted near the

Fermi level at a pressure of ~3 GPa. The Fermi level is indi-
cated by the dashed line. Comparing this to the zero-pressure
band structure (Fig. 2), we see that band dispersion has no-
ticeably increased.
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Assuming that a typical value of the density of states at
the Fermi level is given by N(Er) = 3/W we obtain the
density of states of N(Er) = 7.2 states per eV per spin
and per Cgpo, and a derivative with respect to volume of
dN(EF)/d InV = 36 states per eV per spin and per Cgo.
Using the calculated compressibility, the pressure depen-
dence of the density of states is dN(Er)/dp~ —1.6 eV~!
GPa~! per spin and per Cgg. The question of the experi-
mental value of N(EF) for K3Cgo is still under debate.*°
One photoemission result suggests a value of 1-2 states
per eV per spin and per Cgp,*’ while a value of ~ 20
states per eV per spin and per Cgq was obtained from
NMR.4? The density of states extracted from experiment
includes renormalization factors due to electron-electron
and electron-phonon interactions. These renormalization
factors are different for different experimental situations.
Since we do not know the magnitude of the renormaliza-
tion factors we cannot yet make a direct comparison of
the calculated density of states to the values extracted
from experiment. Erwin and Pickett3® calculated a den-
sity of states at the Fermi level of N(EF) = 6.6 states
per eV per spin and per Cgg for a conduction band of
K3Cgo with a width of W = 0.6 eV. Although local den-
sity underestimates band gaps it gives reasonable values
for their pressure dependence. We found for K3zCgo that
the volume dependence of the gap between HOMO- and
LUMO-derived states is given by dEg/dInV = 2.6 eV.
Using a calculated bulk modulus of 23 GPa we obtain
dE,/dp = —0.11 eV/GPa. Using the experimental esti-
mation of ~1.6 eV for the excitation gap,*® we find that
it should close for a pressure of ~15 GPa.

In Table IIT we compare the energies of conduction-

TABLEIII. Comparison of the energies of the empty elec-
tronic states at the point I' between Cgo, K3Ceo at ~0 GPa,
and K3Ceo at ~3 GPa. The wave functions are labeled ac-
cording to their symmetry in the tetrahedral space group and
their type (e.g., o, m, C, O, and T orbitals, see text) and by
the dominant angular momentum ! with respect to the molec-
ular center. All energies are in eV, and are referenced to the
highest occupied state at T'.

Label Cso Ksceo (0 GPa) KsCeo (~3 GPa)
Ts-tu 0.000 0.000 0.000
To-tu 1.710 1.740 1.724
me-tg 2.372 2.482 2.178
Ts-ty 3.469 3.459 3.345
Te-€g 4.052 3.937 4.007
me-lg 4.103 3.987 4.104
Co-ag 4.217 3.533 4.083
T7-€y 4.971 5.016 4.802
Te-Qg 5.149 5.005 4.889
m7-tu 5.515 5.328 5.371
O9-Qy 5.878 5.737 5.557
Te-lg 6.240 6.062 6.312
O9-ty 6.423 6.248 6.321
Oo-ay 6.495 6.055 6.185
Toa-au 6.974 6.595 8.025
Top-ag 7.212 7.187 8.131
Ch-ty 7.430 6.466 7.160
010-1g 7.454 7.179 7.498
og-ty 7.815 7.377 7.800

band states of Cgg to the corresponding states in K3Cso
at 0 GPa and ~3 GPa. In column one we give the
wave-function label'® and its degeneracy. In columns two
through four we give the eigenvalues at the I' point for
Ceso and K3Cgo at zero pressure and at a pressure of ~3
GPa. All the energies are in eV, and are referenced to
the I'-point energy of the equivalent 75 HOMO-derived
band. The m and o molecular states of Cgq and zero-
pressure K3Cgo have similar eigenvalues (Table III). The
nonmolecular states show appreciable deviations between
fullerite and the alkali-metal—fulleride alloys. The C; and
O, states, which are centered in the middle of the Cgg
molecule and on the octahedral holes, have a consider-
able decrease in energy relative to the surrounding states.
These states are the fullerene equivalent of the interlayer
states of graphite. Both the octahedral interstitial and
the center of the Cgo correspond to regions of very low
electron density. The added three potassium valence elec-
trons are transferred to the Cgo molecule, increasing the
electron-electron repulsion for the molecular states, and
therefore increasing their energy relative to the C; and
O, states. This effect is smaller for the tetrahedral states,
Ta; and Tg;, because the tetrahedral interstitial sites are
smaller in size, and there is a smaller spatial separation
between the tetrahedral electron states and the m and
o molecular orbitals. As the pressure on K3zCgp 1s in-
creased to ~3 GPa, the C; and O states, residing in the
large endohedral and octahedral holes, seem insensitive
to pressure. However, states localized on the small tetra-
hedral interstitials and are forced upward in energy with
increasing pressure. At higher pressures we find that the
Q; states start shifting upwards in energy due to the re-
duction of the octahedral interstitial volume.

V. CHARGE TRANSFER

We found that when Cgp is alloyed with K, a very
electropositive element, the valence electron from the K
atom 1is almost completely transferred to the lowest un-
occupied bands of the Cgg molecule. Figure 4(a) shows a
contour plot of the total valence (pseudo)charge density
of Cep in a (110) plane. In that panel the intersection
of the plane with two halves of Cgo molecules centered
on the left and right edges of the figure can be clearly
seen. The small overlap of the charge densities between
the two molecules is another sign of the molecular char-
acter of solid Cgp. In Fig. 4(b) we show in the same
(110) plane a contour plot of the sum of the square of
the wave functions for the three LUMO-derived 735-t, at
the T' point. Near the center of Fig. 4(b) we see two
characteristic carbon 7 bonds, one on each of the two
molecules, and which show a small intermolecular over-
lap. These two bonds correspond to a pentagon edge on
each of the molecules that are very close to the (110)
plane. At the edge of the figure the (110) plane inter-
sects a hexagon-hexagon bond. All the hexagon-hexagon
bonds are crossed by a nodal surface of the ¢, orbitals!®
and therefore there is a very small weight of the square of
the wave functions on those regions. In Fig. 4(c) we show
a contour plot obtained by subtracting the total valence
charge density of Cgq from the total charge density of
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FIG. 4.

Contour plots of the (pseudo)valence charge density for two adjacent molecules in the (110) plane of fcc Ce¢o and

K3Ceo. (a) The total valence charge density of Ceo with a logarithmic spacing of the contours from 68.1 to 1000 electrons/cell.

The charge density is concentrated near the surface of the Cgo spheres.

(b) The sum of the squares of the three lowest

unoccupied w5 orbitals at the I’ point (¢, molecular symmetry). The overlap between the neighboring orbitals is clearly visible
at the center of figure. The wave functions are larger outside than inside the Cgo spheres as a consequence of sp hybridization.
(c) The difference in total charge densities between K3Cgo and Ceo. By comparison with panel (b) we conclude that the three
extra electrons of K3Cso are associated with the empty LUMO-derived orbitals of Ceo. The location of the K atoms in (c)
is indicated by the filled circles, and the heavy solid lines separate the regions of charge depletion (note that there exist no
regions of high charge depletion) from the regions of charge increase. In both (b) and (c) the contours are spaced linearly by

2.5 electrons/cell.

K3Ceo. This shows the regions in the crystal where the
three added electrons can be found. The similarity of
Figs. 4(b) and 4(c) indicates that the K valence electrons
are transferred to the LUMO-derived states of Cgq. We
observed a similar charge transfer to the LUMO-derived
states for the other K fullerides, K,Cgo (n = 1,2, 3, 6).

VI. SUMMARY

We have calculated the electronic and structural prop-
erties of K,Cgo crystals. We found that the enthalpies
of reaction for the formation of the alkali-metal-fulleride
alloys from Cgo and metallic K are of the order of 1.4
to 1.7 eV per K atom. The calculated lattice constant
is in good agreement with the experimental value and
the calculated compressibility for K3Cgg is smaller than

the compressibility of Cgo. The valence electron of K is
transferred to the Cgo molecule, and we see a rigid band
filling of the lowest unoccupied orbital of Cgy upon al-
loying with K. We found that the bandwidth of K3Cs is
quite sensitive to pressure.
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