Synthesis of Au nanoclusters supported upon a TiO,
nanotube array
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Gold nanoclusters were successfully deposited in the interior of TiO, nanotubes
fabricated as ordered arrays. This approach is a useful fabrication platform for
miniature planar fuel cells, gas sensors, and heterogeneous catalysts. A pressure
impregnation process was used to inject the titania and Au precursors into mesoporous
alumina. After thermal treatment, Au nanoclusters were well-dispersed on the interior
walls of nanotubular TiO,. The TiO, nanotubes were shown by x-ray diffraction to be
entirely anatase. Transmission electron microscopy imaging confirmed that 80% of the

Au particles were 4.1 nm + 2.0 nm in diameter. This material exhibited catalytic CO

oxidation activity at low temperatures.

Because of titania’s biocompatibility, low cost, and its
ability to photochemically catalyze a large variety of
redox reactions with ultraviolet (UV) light and even sun-
light, this wide-bandgap semiconductor has been
extensively used on an industrial scale for water and air
purification, mineralizing organic compounds to CO,,
destroying viruses and bacteria, and isolating toxic metal
ions from waste lines.'? In the last three decades, a large
number of methods (including sol-gel, Ti metal oxida-
tion, and chemical vapor deposition) have been used to
synthesize titania with morphologies specific to particu-
lar technological needs.”™ For many applications includ-
ing catalysis, chemi- (bio-) sensing, fuel cells, chemi-
(bio-) filtering, and dye-sensitized solar cells, titania
must have a high surface area and be highly permeable to
both reactants and/or photons. To address the need for
creating a heterogeneous catalyst, we report a facile ap-
proach toward fabricating high surface area, nanotubular
TiO, films impregnated with metal nanoparticles.
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Several methods have been developed to introduce
nanoclusters inside a nanoporous matrix. Dag et al. util-
ized chemical vapor deposition (CVD) to prepare photo-
luminescent Si clusters within the hexagonal channels of
a mesoporous silica film.® Overbury et al. synthesized Au
nanoparticles within mesoporous silica and mesoporous
titania, utilizing a co-assembly approach for the former
and deposition-precipitation (DP) in the case of the lat-
ter.” Fan et al. synthesized a three-dimensional (3D) ar-
ray of Au nanoparticles within mesoporous silica in a
one-step process directed by the self-assembly of water
soluble nanocrystal Au micelles.® This paper, however, is
the first report of metal nanoclusters synthesized upon an
array of high aspect ratio nanotubes.

Although bulk gold surfaces are considered to be
chemically inert, Au clusters less than 10 nm in diameter
supported on various materials are well-known catalysts
for several reactions.””'" It has been shown that nano-
particulate Au initiates CO oxidation at very low tem-
peratures.'” By tuning the gold cluster size and by choos-
ing the appropriate support material (e.g., TiO,, Fe,05),
the reaction can be catalyzed at temperatures below
150 K. TiO, has been demonstrated to be particularly
effective as a catalytic support for Au nanoclusters."?

© 2005 Materials Research Society 1093









Rapid Communications

In summary, planar, ordered arrays of titania nano-
tubes with a large length-to-diameter ratio were prepared
inside the pores of commercial alumina membranes by
pressure impregnation. The inner walls of the TiO, nano-
tubes were functionalized with Au nanoclusters, and the
resulting nanostructured heterogeneous catalyst showed
activity in low-temperature CO oxidation. The method
used to synthesize these nanotubular titania arrays con-
stitutes an alternative fabrication platform with a broad
range of potential applications, including gas and liquid
phase catalysis, photocatalysis, gas sensing, and filtra-
tion.
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