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Self-Assembling Supramolecular
Nanostructures from a C60 Derivative:
Nanorods and Vesicles**
Alan M. Cassell, C. Lee Asplund, and James M. Tour*

Extended fullerene structures such as those found in carbon
nanotubes have attracted considerable interest from both
structural and applications perspectives.[1] Similarly, nonex-
tended C60 derivatives have shown promise for numerous
applications.[1] In an effort to bridge the gap between self-
assembling, extended structures and modified fullerene
materials, we describe here the supramolecular assembly of
a derivatized C60. C60-N,N-dimethylpyrrolidinium iodide (1),[2]

prepared in two steps from C60 [Eq. (1)], can self-assemble
into either nanorods or vesicles depending on how the
solution is treated.

Nanorod structures were prepared from a two-phase
mixture by diluting a solution of 1 in dimethylsulfoxide
(DMSO) with one part water and then adding one part
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benzene (Scheme 1). Two layers were obtained, and the
mixture was agitated by shaking until an emulsion formed.
The emulsion dissipated after 15 min, and the two layers
separated. The benzene layer contained a flocculent, hairlike
material (75 % yield), which was inspected by transmission
electron microscopy (TEM). Rodlike structures were ob-
served with diameters of 14 ± 120 nm and lengths of over
70 mm (Figures 1 a, b). The precise molecular orientation and
spacing of 1 in the supramolecular structure is not known;
however, that such extended fulleroid structures could self-
assemble is striking, especially since a long hydrophobic tail is
not appended onto the fullerene rings. To our knowledge,
there is no similar process for the rapid supramolecular
assembly of fullerenes or their derivatives in such high yields.

The scope of this process was investigated. Self-assembly of
1 into rodlike structures was not seen at concentrations less
than 2.5 mm. The precise order of solvent addition was also
critical: addition of benzene, then water, to a solution of 1 in
DMSO followed by agitation failed to provide nanorods. To
screen the effect of different solvents on nanorod formation,
benzene was replaced by hexane, cyclohexane, diethyl ether,
chloroform, and dichloromethane. The self-assembly experi-
ments in chloroform and dichloromethane were inconclusive,
resulting in thick milky white solutions. Using diethyl ether as
solvent resulted in two clear layers absent of solid. No self-
assembled structures were observed in these layers by TEM.
Use of cyclohexane and hexane led to much shorter nanorods
having lengths of 1 ± 2 mm and diameters similar to those
obtained with benzene.

We also explored changes to 1 that might affect assembly
into nanorods. Changing the counterion in a surfactant can
influence essential parameters necessary to form micellar
structures.[3] In the case of 1, exchanging the iodide for
bromide, chloride, and nitrate did influence the formation of
nanorods. Ion exchange of the iodide on 1 was performed by
passing a solution of 1 in DMSO through an ion-exchange
resin containing the desired anion. Anion exchange was
detected by energy dispersive X-ray analysis (EDAX). In the
case of nitrate, the absence of iodide by EDAX was proof of
counterion exchange since the lighter elements cannot be
detected with the system utilized. Under the same conditions
employed with the iodide salt, nanorods formed from both the
bromide and nitrate salts. However, no rods were detected
when chloride was the counterion. We speculate that with the
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chloride salt of 1 a tighter ion pair may inhibit the formation
of rods. The TEM analysis data on the nanorods formed from
the salts is shown in Table 1. While a broad range of sizes is
attained with different counterions, the mean sizes are similar.

The extended fullerenes structures could be isolated and
dried, but ultrasonication destroyed the assemblies. Although
the full range of materials properties for these nanorods has
not been investigated, their facile self-assembly and ease of
manipulation is remarkable.

N

CH3

CH3

NN

N N

NN

  C6H6 ultrasonication

crystallization of nanorods vesicle formation

DMSO

1

I

I

I

I

I

I

I

 H2O

Scheme 1. Preparation of nanorods
and vesicles of 1 by self-assembly. The
structure shown in brackets was not
observed or isolated. It merely suggests
that ordering might ensue where the
polar groups project outward toward
the polar solvent (DMSO/H2O), and
then form a nanorod in the benzene
layer.

Figure 1. TEM micrographs of the nanorod formations of 1 a) at low magnification and b) at high magnification.

Table 1. Data derived from TEM of the nanorods obtained from 1 with
different counterions.[a]

NO3
ÿ Brÿ Iÿ

mean diameter [nm] 44 39 53
no. of structures sampled 25 50 55
minimum diameter [nm] 14 9 14
maximum diameter [nm] 245 112 120

[a] All diameter measurements �10 %.
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Various methods have been described for preparing vesi-
cles, including disruption of surfactant solutions by ultra-
sonication. Aqueous solutions of 1 were treated with ultra-
sonication, and ill-defined structures not containing rods were
observed by TEM. No vesicles were easily seen; however,
after passing the suspension through a 0.45-mm filter, the
resulting clear suspension was imaged by TEM (Figure 2).

Figure 2. Vesicles of 1 observed by TEM analysis after filtration.

Vesicles had clearly formed that had diameters of 10 ± 70 nm
and wall thicknesses of 3 ± 6 nm.[4] No rods were detected; the
vast majority of the regions observed contained only these
vesicle structures. Again this represents a rapid assembly of
nanometer structures from a simple fullerene derivative.

These results demonstrate the facile access to various
supramolecular fullerene nanostructures through simple
modification of solution conditions. Further reactions such
as photochemical cross-linking may provide covalently linked
supramolecular structures that are more robust.[5] The breadth
of fullerene and surfactant chemistry should permit routes to
other derivatives and conditions capable of yielding supra-
molecular structures from these highly conjugated building
blocks.

Experimental Section

TEM was performed on a Hitachi H-8000 electron microscope operating at
an accelerating voltage between 100 and 200 keV. Copper grids (150 mesh)
coated with a carbon film (Electron Microscopy Sciences) were prepared in
the Electron Microscopy Center at the University of South Carolina or
purchased from Ted Pella, Inc. Water (HPLC grade, triply distilled) and
Dowex-1 ion-exchange resin were purchased from Sigma Aldrich. Poly-

tetrafluoroethylene filters were used for the vesicle formation studies.
EDAX was performed on a Hitachi S-2500D scanning electron microscope
equipped with a Kevex detector. A Branson Model 5200 ultrasonic bath
was used for vesicle formation.

Nanorod preparation: A soluion of 1 in DMSO (150 mL, 3.4 mm) was mixed
with filtered, distilled water (150 mL). After 5 min benzene (300 mL) was
added, and two layers formed. The mixture was agitated and an emulsion
formed which separated into two layers after 15 ± 30 min. The rods were
contained in the top (benzene) layer in 75 % yield. Nanorods were
prepared for TEM analysis by placing a 2-mL drop of the suspension
containing the nanotubes onto carbon-coated TEM grids. The grids were
then wicked free of solvent by touching the grid with filter paper.

Vesicle preparation: A spatula tip of 1 (0.001 g, 0.0011 mmol) was placed in
triply distilled water (3 mL) and sonicated for 12 h. Filtered (0.45-mm filter)
and unfiltered materials were examined by TEM.
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