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Template-Grown Ni-Cu Nanowires
Show High Magnetization and
Enhanced Coercivities

Magnetic nanoparticles and their poten-
tial applications have received increasing
attention in recent years. Nanoscale parti-
cles of ferromagnetic elements are the size
of single magnetic domains and exhibit
high coercivities relative to the bulk metals,
making them candidates for use in memo-
ry devices. However, current methods of
assembling ordered arrays of nanoparticles
for inclusion in devices are not cost-effec-
tive. As reported in the February 11 issue
of Chemistry of Materials, a group of re-
searchers at the Chinese Academy of
Sciences has prepared an ordered array of
Ni-Cu composite nanowires by using a
facile template-based method. The nano-
wires exhibit the same desirable properties
as arrays of simple nanoparticles.

Yu-Guo Guo and co-workers used
anodic aluminum oxide (AAO) mem-
branes with well-defined arrays of colum-
nar pores as templates for nanowire
growth. The templates were immersed in
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a solution of copper sulfate and nickel sul-
fate, and the plating potential was pulsed
in order to fill the pores with alternating
layers of Ni and Cu. The AAO membrane
was then dissolved, leaving behind an
ordered array of nanowires, as confirmed
by transmission electron microscopy.
Magnetic force microscopy revealed
that each Ni segment behaved as a single
magnetic domain, and that the magneti-
zation direction was the same for all seg-
ments in the wire. The coercivity for an
array of nanowires was found by super-
conducting quantum-interference device
measurements to be ~490 Oe, compared
with 0.7 Oe for bulk Ni. The researchers
said that the saturation magnetization
was comparable to that of the bulk metal.
Arrays of magnetic nanowires had previ-
ously been grown within AAO mem-
branes, but the single-domain structure
seen in nanoparticles was lost, and the coer-
civity was accordingly much lower. The
researchers concluded that alternating seg-
ments of ferromagnetic Ni with nonferro-
magnetic Cu within the nanowire preserves
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the enhanced coercivities found in nanopar-
ticles while allowing for a simple method of
preparation. The group said that these fea-
tures make composite nanowires suitable
for use in high-density recording media or
in other technological applications.
CATHERINE OERTEL

In Situ Soldering Attaches
Nanotubes to Electrodes

In order to exploit the mechanical and
electrical properties of carbon nanotubes
(CNTs) in nanodevices, several attach-
ment methods have been developed.
These methods rely on lithographic tech-
niques, involve electrical connections, or
depend on the particular nanocompo-
nents involved. Recently, however, a
team of researchers from the Micro-
electronik Center (MIC) at the Technical
University of Denmark and the catalyst
company Haldor Topsee A/S in Lyngby,
Denmark, has developed a general, in situ
soldering method for attachment of CNTs
to microelectrodes by using a highly con-
ductive gold-carbon composite. This
method allows three-dimensional nano-
structure assembly without many of the
limitations of those previously developed.

As reported in the January issue of Narno
Letters, Technical University of Denmark
researcher P. Boggild and co-workers per-
formed the soldering by locally decompos-
ing dimethylacetylacetonate gold(III)
(which has a vapor pressure of 1 Pa at
25°C) with an electron beam. The organo-
metallic compound is placed in a container
with a narrow bore tube to control the dif-
fusion of vapor onto the sample. At room
temperature, a growth rate of 500 nm/min
was obtained with a 0.8-mm-diameter,
2-mm-long tube. Soldering bonds with
lengths >10 pum were grown without a con-
spicuous decrease in the growth rate.

Two cantilever microelectrodes on a sil-
icon chip, positioned with a nanomanipu-
lator stage, were connected to a dc voltage
source. Freestanding multiwalled CNTs
were prepared by chemical vapor deposi-
tion and shown by transmission electron
microscopy (TEM) to be >20 pm long and
80-120 nm wide. In an environmental
scanning electron microscope, a micro-
electrode pair was manipulated so that a
nanotube extending from the sample tra-
versed and contacted the electrodes. Two
cross-shaped, gold—carbon soldering
bonds were then formed by slowly scan-
ning the beam across the nanotube at the
point of contact to one of the electrodes.
In addition, a set of protective bonds near
the edge of the electrode were deposited
so that the nanotube section extending
past the electrode could be broken off
without affecting the soldering bonds.
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