K & TN HhiE

B5LIef &

ERLHFOEM H F

FUREES  HPE 6832 2

PFABEEORT 20234 3H 24H

FAIREOEH  BARANIER HOER A A B R S R

(SAALBLRIEE 4 26585 1 THRE )

Chemical reactions induced by localized light and their application to metal nanofabrication
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This thesis presents chemical reactions of molecules bonded on metallic nanosurface, which are induced by localized
light, monitored with surface-enhanced Raman scattering (SERS), and their application to metal nanofabrication.

In the thesis, the chemical reactions of para-toluenethiol and 1-butanethiol are described by comparing the shape of
SERS spectra at different incident intensities, which were measured on silver nanoparticle (AgNP) 2D array prepared
by self-assembling method. Furthermore, the SERS monitoring dimerization of para-aminothiophenol was performed
with different excitation wavelengths and incident intensities. From the results, it was concluded that shorter excitation
wavelength or higher incident intensity promotes the photochemical reaction. The material dependence of the reaction
was also evaluated by comparing the reactivity between gold and silver. The comparison of SERS spectra suggested
that silver was more favorable for the reaction compared to gold.

Based on the results mentioned above, I proposed the geometrical modification of metal nanoparticles (metal
nanofabrication) using the chemical reaction induced by localized light at metal nanosurface.

First, gold nanoparticles (AuNPs) fixing glass substrate was immersed into a gold ion aqueous solution and
illuminated by light. The scanning electron microscope (SEM) images revealed that the gaps of fixed AuNP pairs were
filled with gold generated through gold ion reductions under the light illumination. The geometry of the AuNP pairs
were transformed to rod-like shape through dumbbell shape by the linkages. The SEM observation and theorical
simulation indicated that the process of the geometrical transformation depended on the spatial distribution of electric
fields, implying the reaction induced by light localized at metallic nanosurface. The linkages of AuNPs were also
performed for the AuNP oligomers dispersed in the solution by adding gold ions to the solution and illuminating it.
High-resolution transmission electron microscopy and energy dispersive X-ray spectroscopy revealed that the gold ions
were reduced by localized light and the generated gold bridges AuNPs. It was also confirmed that the extinction peak
of AuNP oligomer solution decreased at ~520 nm and the intensities increased at near-infrared (NIR) regions by light
illumination. By the theoretical calculation, it was predicted that the extinction peak of AuNP oligomer decreased
because the resonance wavelength was shifted to the NIR region due to the linkages, resulting in a new peak at the NIR
region. It can be considered that the experimentally observed transition of spectral shape reflects the peak shift through

the linkages.
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