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Photocatalysis is an efficient method to chemically harness the energy from the sunlight. A promising
photocatalyst that has been receiving considerable attention is titanium dioxide (TiO,) because of its
strong oxidizing power as well as physical and chemical stability. The enhancement of photocatalysis is an
important area of research that could provide fundamental solutions to many of our green- and
energy-related problems.

I aimed to enhance the photocatalysis on TiO; with plasmonic aluminum (Al) nanoparticles whose
resonance wavelength are in the UV range. In plasmonics, the excitation of localized surface plasmons
(LSP) on the surface of metallic nanostructures produces intense electric field amplitudes that can increase
interaction with light, thereby, improving the photocatalytic reaction rate on TiO». The amount of the
product by the photocatalytic reaction increases with increment of the number of Al nanoparticles.

I observed that UV photocatalysis on TiO, is enhanced with Al nanoparticles resonant at the absorption
edge of TiO,. Al nanoparticles were fabricated on TiO, nanocrystals using nanosphere lithographic
technique. For the test of the photocatalytic activity, methylene blue (MB) was dispersed on the TiQ,/Al
nanoparticles, and was irradiated with UV in the range of 260~340 nm. As a result, we observed a
decrement in the absorbance of the MB as an exponential decay function of irradiation time. The reaction
rate was [4 times larger than that of MB without Al nano-particles. The enhancement of photocatalysis
showed dependence of particles' sizes. Larger enhancements, as high as ~14, were seen for the 34 nm
particles with comparing to the 28 nm and 80 nm particles. To understand the size dependence, we
performed discrete dipole approximation (DDA) calculations for Al nanoparticles with each of Al
particles. Results indicated the size dependence is derived from localized surface plasmons in Al
nanoparticles.

In order to increase the amount of product by photocatalysis, I fabricated dense Al nanoparticles by tilted
angle evaporation. The diameter and the density of Al nanoparticles were controlled by the tilting angle of
the TiO; substrate and the evaporation rate. As the titling angle of the substrate and the evaporation rate
increase, the diameter and the density of Al nanoparticles shows increment. The reaction rate was achieved
to be 10 times and the amount of product increased by 3 times when the diameter and the density of Al
nanoparticles was 38 nm and ~ 8 x 10"/m>.

The results presented in this study are beneficial for a number of photocatalysis applications, especially
under a limited quantity of UV light, e.g. sunlight. Plasmon-enhanced photocatalysis in the UV range is
promising not only for conventional environmental applications but it also represents new strategies for
acquiring renewable and clean energy sources.
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