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Abstract . — X-ray measurements reveal a tenfold symmetry in a single crystal of fullerene Cgp
grown from a n-hexane solution. Among various hypotheses, that of a quasicrystal is considered.

It is generally admitted that the crystalline structure of fullerene Cgp is face-centered cubic
at room temperature [1], but a hexagonal close-packed lattice has also been proposed [2]. The
structure seems also to depend on the presence of some amount of Cz [3] or on the solvent
from which the solid samples have been crystallized [4]. For instance, Hawkins et al.[4] assigned
a P63/m space group to Cgo single crystals grown from n-hexane solutions, that is a structure
which is neither hexagonal nor cubic closest-packed.

On the other hand, Fleming et al. [5] have described a pseudotenfold symmetry for crystals
of Cgg or Crg cocrystallized with n-pentane. They explain their results in terms of twinning of
monoclinic crystals. We initially aimed to investigate the influence of solvents on the structure
of crystallized Cgo and the observations we made on crystals grown from n-hexane led us to
analogous apparent tenfold morphologies but a different assignment seems necessary.

(*) URA 1110, CNRS.
(**) URA D 1104, CNRS.
(***) URA 233, CNRS.
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Experimental.

Soot was prepared according to the method of Haufler et al. [6] and purified as described
elsewhere [7]. The purity of Cgy was tested by HPLC, IR, UV and mass spectroscopy. No
impurity could be observed.

About 1 mg of Cgy was dissolved in ~ 100 ml of n-hexane and the solution was allowed to
slowly evaporate. After a couple of days, shiny black crystalline rods (~ 75 um length and
25-40 pm diameter) had grown.

Figure 1 shows two photographs which were recorded through scanning electron microscopy
(SEM) with a JEOL apparatus. It can be seen that the rods are decagonal ones and that
the side faces are rectangular. They are closely similar to the crystalline rod recorded on the
SEM photograph shown by Fleming et al. [5]. Goniometric measurements show that the angle
between any two adjacent side faces is equal to 36° within experimental uncertainty. The
angles between the side faces and the pyramidal end faces are 32°.

X-ray Weissenberg photographs (Acyka = 1.5418 A) reveal a crystallographic axis with a
parameter equal to 10.25 A along the oscillation direction (Fig. 2) which is the axis of the Cgo
rod.

On a zero-level Weissenberg film (Fig. 3), symmetrical reflexions with equal intensities are
located on each side of reciprocal lines between which the angles are equal to #/5 and x/10.
Therefore, the oscillation direction seems to be a tenfold rotation axis.

Fleming et al. [5] describe an analogous crystal morphology as resulting from a particular
twinning of a monoclinic lattice with a twinning angle equal to 35.5°. In order to compare
our crystals with those of Fleming et al., data collection has been performed with the Enraf-
Nonius FAST system combined with a FR 571 rotating anode (/\CuKa = 1.5418 A). The FAST
detector is standardly equipped with a CAD4 kappa goniostat to orient the crystal.

The crystal has been oriented with the use of the goniostat, resulting in mm-symmetry of
the diffraction pattern, which corresponds to some plane containing the crystal rod axis. Then
w changes were performed. The mm-symmetry is retained through (36 + 0.005)° w rotations,
but it is entirely lost when (35.5 £ 0.005)° rotations are made.

All these results show that the tenfold symmetry really exists in the crystals we grew from
n-hexane solutions.

Discussion and conclusion.

It has to be noted that our crystals are different from those obtained by Hawkins et al. [4] for
crystals grown from n-hexane solutions because the symmetries are not compatible. Obviously,
the morphologies of the two kinds of crystals are very different, as they describe crystalline
platelets, while we have got decagonal rods.

We have tried to understand the structure of our crystals in terms of the lattice proposed
by Fleming et al.. The morphologies of both systems are very close, but our results disclose
definite differences. First, our value for the parameter along the crystal axis, 10.25 A , is
higher than the 10.1 A value found by Fleming et al.. Then, their crystal overall symmetry
corresponds to 35.5° rotations around the rod axis whereas such rotations do not match the
symmetry of our samples. Instead, 36° rotations do. Thus, the crystals they have grown from
n-pentane solutions are different from those we have obtained from n-hexane solutions.

Further studies are necessary to determine whether the tenfold symmetry of our crystals
corresponds to twinning [8], to a microcrystalline structure [9] or to a quasicrystal [10].
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pell ig.80 JEOLS

Fig. 1. — Scanning electron microscope photographs of single crystals of quasicrystalline fullerene Cgg.

If this latter explanation happened to be true, it would be the first example of an organic,
molecular, bi-dimensional quasi-crystal. Moreover the stacking unit, the Cgg molecule, is a
unique entity.
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Fig. 2. — X-ray oscillation Weissenberg photograph of a single crystal of quasicrystalline fullerene Cgp
at room temperature. The oscillation direction corresponds to a crystalline axis.

Fig. 3. — Zero-level Weissenberg photograph of a single crystal of quasicrystalline fullerene Cgg at
room temperature.

It can be wondered whether the fivefold symmetry of the molecule is the origin of the
crystallization process of this polymorph of Cgp, as near fivefold symmetry is the origin of the
dynamics-driven incommensurability of some crystalline phases of thiophene [11].
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