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Report:

Alkali fullerides with stoichiometry A;A'Cqy (A, A'= alkali metals) are
superconducting with 7¢ at ambient pressure ranging from 3.5 K for NapRbCqg to 33 K for
RbCs;Cgo. The only exception to this behavior has been provided by Li,CsCgy and Li,RbCyg
which were found not to show superconductivity down to 50 mK. The absence of
superconductivity in the Li fulleride family has been associated with the presence of strong
bonding Li*-C interactions. As a result, the formal charge of the C%; ions in Li;A'Cy is less
than 3, implying a less than half full #,, band. In an attempt to overcome the intercalate-
carbon interactions and achieve half filling (n= 3) of the #,, band, we synthesized the family
of lithium fulleride salts, Li,CsCso with x ranging from 1.5 to 6. By adjusting the Li content,
x, we can control the electron transfer from the alkali metals to Cg and tune the filling level
of the conduction band continuously. Half filling is achieved for the composition Li;CsCsg
which is a bulk superconductor with 7.= 10.5 K.

In these experiments, we addressed the problem of the structural properties of the
Li3;CsCgo superconductor. At low temperatures, its crystal structure is primitive cubic (space
group Pa3 ) isostructural with the metastable phases of the superconducting Na,A'Cy salts
with orientationally ordered C2; ions present in the unit cell (Fig. 1). The tetrahedral and
octahedral interstices of the structure are occupied by the Li and Cs cations, respectively,




while the excess Li (one per Cg unit) is disordered at the corners of a cube with an edge
length of ~3.4 A, centered at the octahedral sites. On heating to room temperature, a phase
transition occurs to a fec structure (space group Fm3m) which contains orientationally
disordered C2; ions. The results provide clear evidence of the importance of the Li*-C
interactions in sensitively controlling the structural, conducting and electronic properties of
the family of lithium intercalated fullerides.

Fig. 1 Basal plane projection of the primitive cubic structure of Li3CsC60, showing the Li
defect geometry, centered at the (Y2,%2,%2) position in the unit cell.
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Fig. 2 Final observed (O) and calculated (solid line) synchrotron X-ray diffraction profiles
for Li3CsCq at 4 K (A= 0.81073 A, space group Pa3). The lower solid line shows the
difference profile and the tick marks show the reflection positions. The profile has been
expanded for clarity by a factor of 10 at Bragg angles larger than 17.5°.



