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Abstract

Abstract

Surface-Enhanced Raman spectroscopy (SERS) is one of the most important
techniques in the studying of surface sciences as it has high sensitivity and can detect
single molecule signals. By using the Surface-Enhanced Raman spectroscopy (SERS),
we can carry on a series of studies on the structures and chemical reactions of
molecules adsorbed on the surface of metal nanoparticles. P-Aminothiophenol (PATP)
is one of the most important SERS probe molecules. When PATP adsorbs on the
surface of Ag (or Au or Cu) nanoparticles, unusual Raman signals can be observed at
~1140 cm™, ~1390 cm™, and ~1440 cm'l). Relevant researchers have large
controversies on the nature of the abnormal SERS phenomenon. In previous studies,
there reported three kinds of interpretations, such as photoinduced charge transfer
mechanism, the benzene-benzoquinine isomerization, and charge tunnelling
mechanism. Recently, the theoretical calculations from our research group showed
that the nature of the unusual peaks come from the Raman signals of a new surface
species, p,p’-Dimercaptoazobenzene (DMAB). The surface species is produced from
surface catalytic coupling reaction of PATP adsorbed on Ag nanoparticles under the
Raman laser irrdiation.

Although our research group has demonstrated the conclusion from the
theoretical and experimental evidences by synthesizing DMAB and measuring the
SERS spectrum of DMAB adsorbed on the Ag electrode, some research groups still
have doubt on the our reports. To demonstrate the previous reports with further
evidences of theories and experiments, we propose further SERS evidence with
isotopic labeled materials to testify the early reports. Our theoretical calculations
support our mentaioned-above. Through comparing the relevant SERS spectra of
deuterated  p-Aminothiophenol (d4-PATP) and p,p’-Dimercaptoazobenzene
(d8-DMAB) with d4-PATP and d8-DMAB adsorbed on Ag surfaces, we can

distinguish the peaks come from the initial adsorbed species or DMAB produced by



Abstract

surface catalytic coupling reaction.

This thesis combined with the theoretical calculation and the experimental
studies including organic synthesis and SERS measurements of d4-PATP. With the
relevant SERS characterizations of reactants, reaction intermediates and products such
as p-Chloronitrobenzene (CNB), p-Nitrobenzenethiol (PNTP), PATP, deuterated
p-Chloronitrobenzene (d4-CNB) and d§8-DMAB, we find that the PATP facilely
undergos surface catalytic coupling reaction in alkaline solution under general
condition of acquisition SERS signals. The SERS peaks from experimental
observation are in accord with that in theoretical calculations, where the unusual
Raman signals should come from DMAB, a product of surface catalytic coupling

reaction. Meanwhile, the pH value will enormously affect the photoreaction process.

Key Words: p-Aminothiophenol; p,p’-Dimercaptoazobenzene; Surface-Enhanced

Raman Spectroscopy; Silver; pH
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