New Nanomaterial, 'NanoBuds,' Combines
Fullerenes and Nanotubes
30 March 2007, By Laura Mgrdichian
synthesis of single-walled carbon nanotubes
(SWNTs) in a standard reactor. The resulting
SWNTs seemed to be coated with clusters of
carbon atoms, but a closer investigation, using an
electron microscope, revealed that most of the
clusters were actually fullerenes.
The fullerenes coating the nanotubes displayed
unusual behavior. Using a transmission electron
microscope, the researchers saw that these
fullerenes did not move around upon the nanotube
surface. This in not typical of fullerenes on SWNTs
and indicated a strong fullerene/nanotube bond,
(left) Two transmission electron microscope images of a which was further verified by several tests.
single-walled carbon nanotube with fullerenes attached
to its surface (right) A fullerene/SWNT hybrid structure –
The group further probed the NanoBuds' structure
a NanoBud. Credit: Esko Kauppinen, et al.

using ultraviolet spectroscopy. The resulting UV
spectra showed the attached fullerenes to be
similar to C70, the 70-carbon-atom fullerene, which
has a slightly ellipsoidal shape compared to C60
Researchers have created a hybrid carbon
and other spherical fullerenes. This deviation from
nanomaterial that merges single-walled carbon
nanotubes and spherical carbon-atom cages called the characteristic fullerene sphere, or “bucky ball,”
fullerenes. The new structures, dubbed NanoBuds could have been due to the presence of covalently
attached oxygen or hydrogen. Further
because they resemble buds sprouting on
measurements detected oxygen in each NanoBud,
branches, may possess properties that are
superior to fullerenes and nanotubes alone. They and a round of infrared spectroscopy revealed the
are described in the March 2007 edition of Nature presence of two types organic compounds known
as ethers and esters. These compounds may act
Nanotechnology.
as bridge-like structures connecting the fullerenes
to the nanotubes.
“Both fullerenes and single-walled carbon
nanotubes exhibit many advantageous properties,
but despite their similarities there have been very Kauppinen and his colleagues say that NanoBuds
few attempts to physically merge them. The novel may find use as cold electron field emitters –
hybrid material we discovered merges the two into materials that emit electrons at room temperature
under a high applied electric field – due to the
a single structure, in which the fullerenes are
fullerenes' many curved surfaces, which make for
covalently bonded to the nanotubes,” said Esko
better emitters that flat surfaces. Cold electron field
Kauppinen, a scientist involved in the work, to
emission is key to many technologies, including flatPhysOrg.com. Kauppinen is a professor and
researcher at the Helsinki University of Technology panel displays and electron microscopes.
and the technology development organization VTT
“We believe that NanoBuds may have other
Biotechnology, both in Finland.
applications, such as molecular anchors to prevent
SWNTs from slipping within composite materials,”
Synthesis of the NanoBuds began with the
says Kauppinen. “Additionally, since the optical

1/2

and electrical properties of the fullerenes and
nanotubes can be individually tuned, NanoBuds
provide SWNTs with distinct regions of different
electrical properties. This could be useful for many
applications, including memory devices and
quantum dots.”
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