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Clusters of C60 Molecules**

By Doroteo Mendoza,* Gonzalo Gonzalez, and
Roberto Escudero

After the discovery of the method for production of large
quantities of C60,[1] the structural and optical properties of
this material have been studied in the form of single crys-
tals, thin films, or in solution in a variety of liquid sol-
vents.[2] The commonly accepted crystalline structure of
solid C60 consists of a fcc lattice at room temperature that
undergoes a structural transition to a sc phase at
^249 K.[3] Nevertheless, other studies indicate that, de-
pending on the experimental conditions in which solid C60

has been obtained, a mixture of fcc and hcp phases may co-
exist at room temperature.[4±6] The optical absorption spec-
tra in the UV±vis range are very similar among the differ-
ent forms in which C60 has been studied, namely in solid
form and in solution.[7] This implies that the intermolecular
interactions are weak, of the van der Waals type, and that
solid C60 is considered as a molecular crystal.[8] Generally
speaking, the four main peaks in the absorption spectra, lo-
cated in the range of 2±6 eV, remain the same with small
red shifts in energy and broadening in the peaks of solid
C60 compared with those in the molecules.[7] On the other
hand, C60 has also been studied in the form of clusters in
the range of 13±55 molecules, being the intermediate clus-
ters in a set of ªmagicº numbers.[9] One of the main conclu-
sions of that work is that, in these small clusters, icosahe-
dral symmetry is preferred. Greater aggregates of C60

molecules, in the range of 100±140 nm, have also been
synthesized via aerosol routes.[10] In this case, the clusters
of C60 molecules are spheroidal and polycrystalline. To our
knowledge, no optical properties have been reported for
these kinds of systems.

In the present work we report on the synthesis and char-
acterization of clusters of C60 molecules. The most intrigu-
ing finding is that the optical absorption spectrum in the
UV±vis range of the material obtained is different to that
usually observed in C60 thin films. The results presented
here might be useful in future optical applications or for
catalytic purposes, such as have been proposed for similar
nanophase fullerene particles obtained by a different meth-
od than that reported here.[10]

Figure 1a shows a TEM micrograph of one of the sam-
ples. It can be observed that the sample consists of isolated
spheroidal clusters which, based on statistical analysis of
the size distribution, have a mean diameter of 180 nm. Fig-
ure 1b shows the electron diffraction pattern associated
with the cluster system, which indicates its nanocrystalline
nature. Simple analysis of the diameter of some of the most
prominent diffraction rings gives the following interplanar
spacing: 8.19, 5.01, 4.29, 3.21, and 2.9 �. These interplanar
spacings can be attributed to either a fcc (with a lattice pa-
rameter of a ^14.1 �) or a hcp (with lattice parameters a
^10 �, and c ^16.4 �) crystalline structures.[4±6] With the
present data we are not able to determine which of the
crystalline structures might correspond to the clusters of
C60 molecules, and further analysis will be necessary in this
respect. Nevertheless, it is certain that these interplanar
distances do not belong to graphite or any other possible
residual phases resulting during the preparation process.

In Figure 2 the optical absorption spectrum in the UV±
vis range of the cluster system is shown (solid line). For
comparison the spectrum corresponding to a film obtained
under high vacuum conditions is also presented (dashed
line). Note the typical absorption spectrum for this film,
and note for the cluster system a red shift of the main ab-
sorption bands. It is worth mentioning the large enhance-
ment of the ratio of the absorbance at low energies (2 eV)
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with respect to the high energy region (6 eV, for example)
compared with that of the film obtained under high vacu-
um conditions. This is a surprising finding since we should
not expect any chemical modification of the C60 molecules
due to the method used to obtain the samples.

To obtain more information about the chemical nature
of the clusters, we scraped some material from the fused
quartz substrate and mixed it with KBr powder to form a
pellet for IR characterization. Figure 3 shows the IR spec-
trum where the four most prominent peaks associated with
C60 are observed,[1,11] confirming that the clusters mainly
consist of C60 molecules without any chemical modification
suffered during the thermal evaporation in the argon atmo-
sphere. Additional evidence of the integrity of the C60 mol-
ecules was obtained by scraping material from the fused
quartz substrate and dissolving it in toluene. The UV±vis
spectrum gives the characteristic band of C60 at about
3.7 eV in toluene solution, as reported by Hora et al.[7] (see
inset in Fig. 4 of that reference). Clearly this further evi-

dence confirms that the C60 molecules remain after the
evaporating process in the argon atmosphere.

The question remains whether some kind of polymerized
C60 was formed. Polymerization by thermal evaporation of
C60 under an argon plasma has been reported,[12] but the
IR spectra of the material obtained show broader bands lo-
cated at different wavenumbers instead of the four main
peaks associated with the C60 molecules. Also, the UV±vis
spectrum of that material is different to that shown in our

Fig. 1. a) Electron transmission micrograph of clusters of C60 deposited on
an amorphous carbon-coated copper grid, the mean diameter of the clusters
is about 180 nm. b) Electron diffraction pattern associated with the clusters.
The most prominent rings beginning from the center of the pattern give the
following interplanar spacing: 8.19, 4.29, 3.2, 2.9, and 2.76 �.

Fig. 2. Optical absorbance of the cluster system obtained by thermal evapo-
ration under an argon atmosphere (solid line), and for a continuous film de-
posited under high vacuum conditions (dashed line). The numbers indicate
the position in energy (eV) for the main peaks.

Fig. 3. Infrared spectrum of the C60 clusters mixed with KBr (the KBr back-
ground has already been subtracted). Note that the main four peaks asso-
ciated with the pristine C60 are present in this spectrum.



Figure 2 for the cluster system (solid line). In addition, the
optical absorption spectrum in the UV±vis of polymerized
C60 films obtained by another method (i.e., photopolymeri-
zation) is similar to that of a continuous film,[13] but differ-
ent to that obtained in the present work (Fig. 2, solid line).
One partial conclusion is that our cluster system presents
different optical properties than the polymerized C60 re-
ported so far, and an alternative explanation of our results
is needed.

As an attempt to explain the optical absorption spectrum
of our cluster system, we considered the following system:
assume spherical C60 clusters embedded into a dielectric
matrix (vacuum for instance). Then we can proceed to cal-
culate the optical absorption following the Maxwell±Gar-
nett approximation, using for this purpose the real and ima-
ginary parts of the energy-dependent dielectric function of
pristine C60 reported in the literature.[14] As a free param-
eter we used the volume fraction (f) occupied by the C60

clusters with respect to the vacuum. The result gives an op-
tical spectrum similar to that of a typical continuous film
but with an overall decrease in the absorption intensity and
small shifts of the absorption bands to the ultraviolet re-
gion as f is decreased. Therefore we can discard an effec-
tive medium effect to explain our results for the cluster sys-
tem.

Nevertheless, it is worth mentioning that an optical ab-
sorption spectra with close resemblance to that presented
in our Figure 2 (solid line) has been reported,[6,15] but the
experimental conditions in which those samples were ob-
tained are different to those used in the present work.
These authors found that after prolonged periods of an-
nealing, the absorption spectrum in the UV±vis range
changes from the typical spectrum for the continuous film
to that similar to the spectrum shown in our Figure 1 for
the cluster system. The authors claim that after the pro-
longed thermal treatment, the structure of the pristine C60

film changes to a closer packed lattice (hcp lattice), which
is accompanied by the change in the optical absorption
spectrum.[6,15] This could explain our results for the cluster
system, as we pointed out at the beginning of this work;
however, with the results of the analysis of our electron dif-
fraction patterns we are not able to decide the crystalline
structure of the clusters, and a hcp lattice might be the case.
It is important to mention that a red shift of the absorption
bands is consistent with a closer packing of the C60 mol-
ecules observed in going from the free molecules in solu-
tion to the solid phase, and to those experiments where an
increase of the optical absorption of solid C60 subjected to
external pressure for photon energies less than ^2 eV is
observed.[16,17] In any case, the strong change in the optical
absorption spectrum for our cluster system remains to date
an open question, mainly because in principle, one should
not expect such a noticeable change due to the fact that the
interaction between C60 molecules is weak.

In conclusion, we have synthesized clusters of C60 mol-
ecules which show an optical absorption spectrum different

to that usually observed in thin films obtained in high vacu-
um conditions. IR spectroscopy shows that no chemical
modification of the C60 molecules exists, and we also dis-
card the existence of some kind of known polymerized
phase. Besides, no explanation for the optical absorption
spectrum from an effective medium effect based on a Max-
well±Garnett analysis is compatible with our experimental
results. Instead, it might be possible that the clusters consist
of a hcp majority phase, and that this closer packed lattice
is the origin of the observed optical absorption spectrum.
More careful structural analysis of the clusters is necessary
in order to establish this point.

Experimental

The samples reported in this work were prepared by thermal evaporation
of C60 powder (99.5 % purity from MER Corporation), under two condi-
tions: high purity (99.9 %) argon atmosphere at 30 Torr, and high vacuum
conditions (^4 ´ 10±6 Torr). Fused quartz substrates for optical characteri-
zation and copper grids (amorphous carbon coated) for transmission elec-
tron microscopy observations were loaded at 8.5 cm above the tungsten
boat in the same run. The substrates were held at room temperature, and
the role of the substrate temperature was not studied. The optical density of
the cluster system deposited on the fused quartz substrate was controlled
only by the time of evaporation, keeping a constant rate. In spite of this, we
never obtained a continuous film under the 30 Torr conditions, although this
was obtained under high vacuum conditions.

Currently we are carrying out experiments in order to test different con-
ditions to form clusters of C60 molecules to obtain more insight about the
physical nature of this interesting system.
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