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It is well known that fullerene &is easily
polymerized by applying pressure. There are twali
of two-dimensional g polymers, rhombohedral (2D-3R)
and tetragonal (2D-T) phases. Most of the polymens
so far prepared usingsgpowders, and thus the resulting
polymers were not well crystalline for the singtgstal
structural analysis. Because of the poorly regblve
X-ray profiles, even powder Rietveld analyses have
been attempted. In this study, we have succeeded i
preparing the single crystals of the two types gf C
polymers, and determined the detailed structures.

Ceo single crystals with submillimeter sizes were
first grown from Gy powder by sublimation in a
vacuum-sealed glass tube with a temperature griagien
520-600°C. The obtained &g crystals were buried in
hexagonal boron nitride (h-BN) powder in an h-BN
crucible, which was placed in a cylindrical grapHieater.
The sample assembly was in turn set in a pyropéylli
cube and subjected to a high-pressure treatmeng asi
cubic multianvil type press. For the synthesithef
2D-3R polymer, the sample was treated at a presdire
GPa at 500C. For the synthesis of the 2D-T polymer,
the condition was 2.5 GPa at 50D. Both samples
were gradually cooled down to room temperature unde
pressure, followed by releasing the pressure very
gradually. It was found that the crystal morphglegas
kept after the treatment. The X-ray intensity dztthe
single crystals were collected at room temperatara
Rigaku RAXIS diffractometer with an imaging platea
detector, using graphite monochromated Maiédiation.

Structure of the 2D-3R polymer

The 2D-3R polymer was first prepared by Iwasa et
al. [1] using high-pressure and high-temperature
conditions. Niéez-Regueiro et al [2] proposed a
structural model in which & units were polymerized
within the plane of the fcc packing via [2+2]
cycloaddition. The basic structure has been foortukt
the same, and the bond distances and bond angles we
precisely determined by the structural refinemests
shown in Fig. 1. Two types of the stacking modetstiie
2D polymer layers have been proposed as showrgir2Fi
The present study revealed that the stacking @jriect,
in which the hexagons of adjacent layers are faeawh
other, while in the other stacking (b) the pentagare
facing so as to form pentagonal antiprisms [3].

Structure of the 2D-T polymer

The so-called “tetragonal” (2D-T) phase was found
to actually crystallize in an orthorhombic spaceugyr
Immm rather than BAmmc as reported by other groups
[4]. The lattice constants ase= 9.026(2)b = 9.083(2),
c=15.077(3A. The ORTEP representation of thg C
2D network of the orthorhombic (“T”") pahse is shoiun
Fig. 3[5]. The calculated energy difference betwéhe
P4,/mmc and Immm stackings was estimated be be very
small [6]. Although the PAmmc is considered to be
energetically slightly favorable, the existencetaf
Immm phase will not be excluded.

Fig.1. An ORTEP plot of the partial structure of
the 2D-3R polymer via [2+2] cycloaddition.
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Fig. 2. Projection of the g 2D network of the 3|
phasealong the [001] direction: present structural
model (a) compared with that proposed by
Nirez-Regueiro et al. (b).
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Fig. 3. An ORTEP plot of the £ 2D network
of the T phase.
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