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ABSTRACT. The general properties of Cgo and M3Cgo alkali interstitial fullerides will
be briefly reviewed. We will argue that the high superconducting transition temperature
observed in K3Cgp may be the result of the peculiar s—p hybridization of the = electrons of
Cgo due to the curvature of its bonding network.

1. Introduction

The discovery that alkali fullerides with stochiometry M3Cgo have superconducting tran-
sition temperatures as high as 30 K,! the highest outside the high-T, oxide family and two
orders of magnitude higher than in similar graphite intercalated compounds, raised the fun-
damental question of the mechanism of superconductivity in these compounds. Electron
correlation in the conduction band of these compounds is expected to be strong and many
of the theory for non-phonon superconductivity in correlated electron systems developed for
the high-T, oxides can be adapted to the alkali fullerides. The traditional electron-phonon
coupling mechanism is however the simplest explanation for superconductivity in the alkali
fullerides.? Carbon—carbon bonds are quite strong and carbon is a light element, resulting
in high vibrational frequencies, up to a value of hv = 0.2 eV.? We have pointed out? that for
an average vibrational frequency of 1100 K superconductivity could be explained in K3Cgq
with a McMillan electron-phonon coupling parameter* of A = 0.5. This is one third of the
value of that parameter for Pb and slightly larger than for Al, therefore phonon mediated
superconductivity in M3Cgg is quite plausible.

Here the main properties of Cgg and M3Cgp will be review on the basis of density-
functional calculations of its properties.®~® Analysis of the electron-phonon matrix ele-
ments in Cgy and graphite show that the s—p hybridization of the conduction electron
wavefunctions of Ky Cgg allows for new channels for electron-phonon scattering that are not
present in graphite.® This strengthens the electron—phonon interaction and explains the
higher superconducting transition temperature, T, in the fullerides.?®
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2. Properties of M3Cgp
2.1. BAND STRUCTURE

The electronic structure of Cgp and K3Cgo has been discussed previously.5~? The agree-
ment between the density of states calculated with the first principles local-density aprox-
imation and the shape of the experimental electron photoemission® and inverse photo-
emission” shows that the basic theoretical band structure is correct. Because of the weakness
of the intermolecular interactions and the high symmetry of Cgg, the electronic structure
of solid Cgg (fullerite) consists of several “minibands” associated with the molecular states.
These molecular states can be characterized as being of ¢ or 7 character, and have wave-
functions with a dominant angular momentum component with respect to the center of
the molecule.®® The “almost zero-dimensional” molecular character of the solid is respon-
sible for the sharp features observed in both the photoemission and inverse photoemission
spectra. .

The most important band in M3Cgp is the one derived from the lowest empty states
of the Cgp molecule (LUMO-states). Calculations show complete charge transfer of the K
valence electron to Cgo,””® and both the photoemission and inverse photoemission spectra
show an half filled LUMO-derived band.? Analysis of the wavefunctions show that they are
of = type with a nodal surface close to the Cgg spherical surface of radius 3.5 A, and that
the dominant angular momentum is [ = 5 (we will call them 75 orbitals). The symetry of
the orbital is ¢1,, meaning that it transforms under the symetry operations like a vector or
an atomic p-orbital. However, while the three p-orbitals of a t;, representation have their
maximum probability density directed along three mutualy orthogonal axis, the three ¢y,
orbitals of 75 type have their maxima concentrated around three mutually orthogonal rings.®
Considered from the tight binding or LCAQO point of view, the 75 orbitals are derived from
atomic orbitals that are almost radially oriented and have ~ 15% s-p hybridization.?1® A
fair aproximation for the coeficients of these hybrid atomic orbitals in the molecular orbital
can be obtained from the icosahedral harmonics of angular momentum ! = 5 that generate
the same f1, representation.’

Because of computational constraints, most band structures of Cgp have been calculated
for an hypothetical crystal structure with fcc lattice, T} symmetry and one molecule per
unit cell. The observed X-ray diffraction spectra is consistent with the presence of orien-
tational disorder in such a structure (one can choose between two equivalent Tj, molecular
orientations ). An important question is which features of the band structure survive the
disorder. For example the necks on the second sheet of the Fermi Surface display the T},
symmetry!! and may not survive the disorder. However overall the band width depends
mainly on the strength of the intermolecular interactions and should be quite independent
of orientational disorder. The calculated local-density band width is 0.47 eV.? The average
density of states in that band is therefore 0.106 states per eV, C atom, and spin. For
comparison this is half the value of the density of states at the Fermi level in aluminum.

2.2. PHONONS
There are four kinds of phonons in K3Cgp. For each Cgp molecule there are 3 acoustic
modes, 9 “optical modes” associated with the vibration of the cations with respect to the

Cgo molecule, 3 libration modes associated with rigid rotations of the Cgp molecule, and 174
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