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X-ray Structure Determination of Endohedral Metallofullerenes
and Alkali-Metal Doped Fullerenes by MEM/Rietveld Analysis

Masaki TAKATA, Eiji NISHIBORI and Makoto SAKATA
School of Engineering, Nagoya University

Endohedral metallofullerenes are novel forms of fullerene- related materlals, which encage metal atoms
inside a carbon cage The recent X-ray structural studles of metallofullerenes Sc@ng, Scz@Cg4 and SC3@ G
Cg, by the synchrotron powder dlﬁ"ractxon experiment are presented to illustrate the usefulness of the
MEM]/ Rietveld analysis, whichis a self-consistent iterative way in combination with the. MEM (MaXImum
Entropy Method) and Rietveld -analyses. The results of alkah metal doped fullerenes are also presented In.
_the MEM charge dens1t1es of lecsCGO, NaszCm, K2RbCsp and Rb,CsCoo, the distinct differences relatlng'
to their superconductmty were revealed for the rotational behavxor of Ceo molecule and the. charge transfer,
from doped metals to Ceo. The obtamed MEM charge densities of endohedral metallofullerenes clearly rev-.
eal the distinct features of encapsulated metals inside the fullerene cages as well as endohedral cage struc—

tures for Sc@ng, Sc;@Cy, and SC3@C82
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Figure 1. The experimental arrangement of Synchrotron X-ray
powder experiment using Imaging Plate (IP) as a detector (BL-6A,
Photon Factory). The Debye-Scherrer pattern recorded on IP is in-
serted.

Figure 2. The Large Debye-Scherrer camera in the experimental
hutch of BL02B2 at SPring-8.
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Figure 3. Flow chart of the MEM/Rietveld analysis.
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Figure 4. The process of estimation of observed intensities in
MEM/Rietveld analysis.
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Figure 5. The schematic representation of crystal structure for A,
BCy, fulleride.
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Figure 6. (a) Preliminary Rietveld fitting of Rb,CsCq, based on

the homogeneous spherical shell density model for Cg. (b) Final
Rietveld fitting of Rb,CsCe.
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Figure 7. (a)The preliminary MEM charge density of Rb,CsCg
based on the first Rietveld fitting of Fig. 6(a). (b) The final MEM
charge density of Rb,CsCq. Contour lines are drawn from 1.0 to
3.0 (eA-?) with 0.5 (eA-3) intervals for (110) plane.
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Figure 8. The merohedral disorder model of Cg molecule.
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(Color) The equi-contour (2.0 eA-3) density surface
for the MEM charge densities of (a) Rb,CsCg, (b) K;RbCg, (c)
Na;RbCy and (d) Li;CsC.
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Figure 10. Fitting for Rb,CsCy, based on the calculated intensities

from the final MEM charge density of Fig. 9 (a).
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Figure 14. (color) The equi-contour densitymap for the MEM
charge densty of (a) Sc@Cy, (2.1 eA—?), (b) Sc;@Cy, (1.3 eA3)
and (¢) Sc;@Cqy (2.1 eA ). Sc atoms are colored in red.
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Figure 15. Relative stabilities of Cy, (a dooted line) and Ci; (a
full line) isomers. Each line represents the energies (kcal/mol) of
the isomers relative to that of the C, (a) cage.: K. Kobayashi: Disser-
tation for a Degree of Doctor of Science, Tokyo Metoropolitan
University (1997).
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Figure 16. (color) (a) Equi-contour (2.1eA-?) density map of
the MEM charge density of Sc;@Csg. The Sc atoms are colored in
red. The C,y axis is almost perpendicular to the figure plane. (b)
MEM electron density distribution of Sc@C;, for the (100) section.
Contour lines are drawn from 0.0 to 6.0 [eA~?] with 0.3 [eA?]
intervals.

Figure 17. (color) A schematic representation of the structure
model of Sc;@Cy, determined by Rietveld analysis. (a) and (b}
show the side and top view, respectively.
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