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of an acrylic monomer (isobornyl acry-
late); one is dispersed with carbon black
pigments and another with titanium oxide
white pigments. The two solutions are fed
into each arm of the Y, respectively, to
form a two-color stream at the junction.
The two-color stream travels down the leg
of the Y and forms droplets when it meets
the co-flowing stream of a poly(vinyl alco-
hol) solution. The droplets are then carried
by the co-flowing stream and polymerized
into solid microscopic particles outside the
fluidic module. The researchers showed
that droplets of uniform size could be pro-
duced under a limited range of precisely
controlled fluidic conditions. Well-defined
biphasic particles 117 μm in diameter were
formed in these experiments. The re-
searchers also determined that smaller
particles (20–30 μm in diameter), which
would be needed for high-resolution dis-
plays, could be formed, although with a
less well-defined two-color boundary.

The prepared microparticles are respon-
sive to electric fields. The researchers built
a flat-panel display device with the
microparticles dispersed between two
electrode panels. In the presence of an
external electric field, these microspheres
turned to orient their black half to the neg-
atively charged panel. When the re-
searchers reversed the electric field, the
particles flipped.

The researchers also showed that it
would be possible to scale up the manu-
facture of Janus particles for commercial
applications. They further said that the
technique is not limited to polymer com-
ponents; ceramic or metallic materials are
also possible. The researchers speculated

that spheres with magnetic anisotropy
could be formed by dispersing magnetite
in one hemisphere, and that spheres with
optical anisotropy could be formed by
incorporating a liquid-crystal phase.
They also pointed toward the use of “bar-
coded” particles in potential applications
such as “biological multiplexing, multi-
component carriers for targeted drug
delivery, and 3D photonic crystals of dif-
ferent domains.” 

SHIMING WU

Self-Assembled CNT-Based
Electronic Devices

Despite significant progress in the scien-
tific understanding of the electronic, opti-
cal, and mechanical properties of carbon
nanotubes (CNTs), large-scale technologi-
cal applications of CNTs remain rare. This
is partly due to the fact that controlled and
efficient assembly of CNTs into electronic
devices with high spatial precision remains
a major challenge. Now, C. Klinke,
J.B. Hannon, A. Afzali, and P. Avouris
from the IBM T.J. Watson Research Center
in New York have discovered that the use
of chemical functionalizing could become
an efficient approach to the creation of
commercial-scale applications for self-
assembled CNT-based electronic devices. 

Most CNT devices have been fabricated
through electron-beam lithography.
Commercial production, however, poses
challenges, since this lithography tech-
nique cannot be applied at large produc-
tion scales because of its small yield. 

Klinke and co-workers—as reported in
the May issue of Nano Letters (p. 906; DOI:
10.1021/nl052473f)—used a high-dielectric-

constant insulator as the substrate on
which to assemble their devices. The
unique electrical properties of nanotubes,
however, are destroyed when another
chemical species is covalently attached to
them. To overcome this obstacle, the
researchers used a reversible functional-
ization of nanotubes with a chemical
group that makes the CNTs likely to bind
specifically to certain materials such as
hafnium dioxide or aluminum oxide—all
basic high-κ dielectrics—but not to silicon
oxide. Once the CNTs have attached
themselves at the desired location, the
chemical group is removed by a thermal
annealing process. 

Selective attachment was achieved
using the following procedure. Long and
narrow aluminum films were first
deposited on a SiO2 substrate. Al2O3 was
created by oxidizing the Al films using an
oxygen plasma. The CNTs were function-
alized with a diazonium salt and dis-
persed in either methanol or ethanol,
which was then deposited as a liquid film
on the substrate. The liquid film was
dried on a hot plate, sonicated in pure
methanol, and then dried in N2. The
CNTs aligned along the narrow Al2O3

strips. Field-effect transistors were con-
structed by depositing Pd to produce
source and drain structures. 

After this processing, the resulting tran-
sistors demonstrated excellent electrical
properties. This new technique provides
the possibility for large-scale integration of
CNT-based electronic components into
electronic devices, the researchers said. 
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