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[60,70]-Fullerene–ethylenediamine microparticles with
sub-mm size were obtained by simply mixing fullerene and
ethylenediamine in organic solvents under ambient condition.
Amazingly, well-defined rhombic dodecahedral particles were
obtained for C70–ethylenediamine adducts only in the mixing
ratio of C70:ethylenediamine = 1:1000.

Fullerenes have been considered as a promising nanocarbon
material for use in high-performance (photo)electronic devices.1

To realize this, several approaches for tailor-made functionaliza-
tion of fullerenes have been carried out, such as implanting
organic functional groups,2 solubilization,3 and clustering.4 Es-
pecially, fullerene clusters have been attracting much attention
because assemblies of fullerenes exhibit high mobility of
electrons.5 The most popular method for the preparation of C60

clusters is sedimentation (precipitation) from a solution of C60

by the addition of a poor solvent.6 As to C60 clusters, Kamat
et al. reported a photoelectric conversion property of sub-mm
C60 clusters.6,7 Considering these recent developments, control
of shapes and structures of fullerene clusters is an extremely
attractive research goal to materialize tailor-made high-perform-
ance molecular electronic devices using fullerenes as a compo-
nent.

In the meantime, early studies reported that the addition
reaction between C60 and some aliphatic diamines generated
cluster-like precipitates, though no morphological studies were
described.8–10 This addition reaction seems to be useful for the
shape and size control of fullerene clusters. As a verification,
we recently found that the reaction of C60 with a large excess
of ethylenediamine (EDA) afforded uniform sub-mm spheres
consisting of C60 and EDA. In addition, we also found that the
resultant sub-mm spheres substantially enhanced photocurrent
generation from a polythiophene film.11

In this study, we have investigated the effect of mixing
ratio of fullerene (C60 and C70) to EDA on the shape of resultant
fullerene–EDA products. Amazingly, well-defined rhombic
dodecahedral microparticles of C70–EDA product was obtained
only in the mixing ratio of C70:EDA = 1:1000.

The preparation procedure of fullerene–EDA microparticles
is as follows: In a typical case, 10mL of toluene solution of C60

(14.4mg, 2� 10�3 mol dm�3) and another toluene solution
(10mL) of EDA (100, 1000, and 10000 equiv to C60) were pre-
pared independently. The solutions were mixed at room temper-
ature under sonication. The color of the mixed solution changed
from brown to dark green. The period of color change depended
on the ratio of C60 and EDA. The reaction mixture was left at
room temperature for 30min to 2 days (after completion of color

changing). Resultant sub-mm powders of C60–EDA products
were collected by vacuum filtration and dried in vacuo, to obtain
C60–EDA microparticles, denoted as C60PA, C60PB, and C60PC,
respectively, where the mixing ratios of C60:EDA were 1:100,
1:1000, and 1:10000, respectively. In the preparation of C70–
EDA products, 10mL of o-dichlorobenzene/toluene (3/7 v/v)
solution of C70 (16.8mg, 2� 10�3 mol dm�3) was used instead
of toluene solution of C60. Resultant products, C70PA, C70PB,
and C70PC, with the mixing ratios (C70:EDA) of 1:100,
1:1000, and 1:10000, respectively, by the same protocol as in
the case of C60–EDA preparation, were also sub-mm powders.
It should be noted that the formation of C70PB was
exceptionally instantaneous, while other samples were formed
in time courses.

Scanning electron microscopy (SEM) images of the
fullerene–EDA adducts are shown in Figure 1. Randomly fused
microparticles of C60–EDA products were observed in the
case of C60PA and C60PC. On the other hand, isolated spherical
particles with the mean diameter of 325� 24 nm were observed
in the case of C60PB. A similar tendency could be seen in the
case of C70–EDA products. The roughly spherical microparticles
of C70–EDA products were observed in the case of C70PA and

Figure 1. SEM images of fullerene–EDA adducts, a) C60PA,
b) C60PB, c) C60PC, d) C70PA, e) C70PB, and f) C70PC.
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C70PC. Note, however, that rhombic dodecahedral particles were
observed in the case of C70PB with highly regular dimensions.
Sizes of C70PB were in the range of 200–500 nm.

From elemental analysis of resultant fullerene–EDA prod-
ucts, the composition ratio of C60:EDA in the case of C60PB
was estimated to be about 1:3. In the case of C70PB, the ratio
of C70:EDA was also about 1:3. The reason for this similarity
for the composition ratio is not clear at this stage. In the case
of other fullerene–EDA adducts, the composition ratios of
fullerene to EDA varied from 1:5 to 1:6.5. These values were
relatively larger than that of fullerene–EDA adducts of C60PB
and C70PB.

Powder X-ray diffraction (XRD) patterns of fullerene–EDA
products were measured to investigate the structural properties.
As to C70–EDA products, C70PB gave sharp peaks as shown
in Figure 2, though other adducts showed much broader peaks.
In the case of C60–EDA products, on the other hand, all peaks
were broad, yet the peaks of C60PB were relatively sharp (see
Supporting Information).13 These results suggest that C70PB
has the highest structural regularity among the fullerene–EDA
products in this study.

Rhombic dodecahedron holds four threefold axes and three
fourfold axes, expressing cubic symmetry of m3m point group
class, and its twelve well-defined crystal faces can be indexed
to {110} planes.12 Considering the cubic symmetry of C70PB,
its peaks are assignable to a simple cubic lattice structure as
indexed in Figure 2, and the lattice constant was estimated to
be about a ¼ 10:4 Å.

Figure 3 shows absorption spectra of C70–EDA products.
All spectra were measured using an integration sphere. C70PB
showed a broad absorption band over the wide near-infrared
(NIR) region with a shoulder at around 1100 nm. This broad ab-
sorption is probably due to a charge-transfer or electron-transfer
interaction between EDA and C70. On the contrary, other C70–
EDAs and all C60–EDAs showed no appreciable absorption
bands around NIR region different from the case of C70PB
(see Supporting Information).13 These results suggest that in
the case of C70PB, the driving force for crystal structure forma-
tion is not only the well-known addition reaction between amine
and fullerene but also steric and/or electrostatic interactions
between C70 and EDA.

Although the detailed mechanism is still not clear, it implies
that some specific interactions between C70 and EDA play an im-

portant role for the formation of rhombic dodecahedral particles.
Further investigation is now in progress.

In this study, we have demonstrated that the control of
fullerene–EDA interaction is a fascinating approach to organize
fullerenes into specific objects. This approach seems to be
applicable to the higher fullerenes, carbon nanotubes, and related
compounds. We have already examined various combinations
of fullerenes and aliphatic amines, and results will appear
elsewhere.
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Figure 2. XRD pattern of C70PB.

Figure 3. Absorption spectra of C70–EDA products and C70

(measured in KBr pellet).
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