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Abstract

When a noble metal nanostrucutre surface is illuminated by a visble light, or the
light meets the wave vector at a dielectric-metal interface, a collective oscilation of
electrons within noble metal (e.g. Au, Ag, and Cu) will be induced, which is known
as plasmon resonance. Due to the excitation of SPR, photons will be confined in
a sub-wavelength near field. Meanwhile, Raman scattering or fluorescence
singals of probes nearby will be manified by the enhanced local electromagnetic
field. These are surface-enhanced Raman scattering (SERS) and fluorescene
(SEF), respectively. SERS is a SPR-based nanophotonic technique and could
provide ultrasensitive “fingerprint” vibrational information. It have greatly
expanded our knowledge in surface science, material science, life science and
people’s daily life. Especially, the local electromagnetic field would be significantly
enhanced due to the coupling effect in a nanogap resulted from two apporaching
nanostructures. The “hot” spots have been used for single-molecule Raman
scattering and chemical image. However, there are two main limitations of SERS
for the applications, concerning a morphology-specific property and a poor
material generality. In 2010, our group invented a new approach called shell-
isolated nanoparticle-enhanced Raman spectroscopy (SHINERS). It has
overcome the long-term drawbacks in SERS and could be applied on atomically
flat surface without the material-speicific limitation. However, there are several
aspects of SHINERS need to be improved, such as an ideal candidate of
SHINERS core for application in the wavelength below ~530 nm (the plasmonic
perfomance of Au nanoparticle in this range is poor due to the interband
transition), and a higher spatial resolution. Hence, the primary content of the
research in this thesis is summarized as following:

1. Ag nanomaterial is an ideal candidate for SHINERS core due to the high

quality factor across the spectrum from ~300 to 1200 nm wavelength. However,



the surface of Ag is easily oxidized or sulfurized in an ambient condition. In
addition, Ag+ ion release will significantly hamper the shell coating in SHINERS
synthesis. Herein, we used a simple treatment of Ag sol with NaBH4 solution to
avoid the formation of silver oxide or sulfide on the Ag surface. The as-prepared
Ag SHINs exhibited excellent plasmonic capability with remarkable chemical
stability even after a storage around 16 months. Ag SHINs are highly suitable for
practical applications and the potential commercialization. Meanwhile, to further
improve the spatial resolution, we also invented shell-isolated tip-enhanced
Raman spectroscopy (SITERS) for near-field optical technique. Both of Ag
SHINERS and SITERS methods feature an alternative photocatalysis reaction
pathway by blocking “hot” electrons.

2. Normally, the enhancement is only about 10~20 fold in the previous
publications. To further enhance the sensitivity in SEF, we have employed a Ag
film-spacer-fluorophore-Ag SHINs coupling configuration to accelerate
spontaneous emission process of organic fluorophore and improve quantum
yield. The local density of states is maximized around the SPR range in the
nanocavity which greatly enhanced the radiative decay rate. Meanwhile, with the
presence of plasmonic nanoatenna, the fluorescence photons could be coupled
with the directional plasmon scattering pattern, which increses the collection
efficiency. As result, a emission enhancement more than 105 fold was achieved.
With this coupling mode, single-molecule Raman scattering along with single-
molecule fluorescence signal is obtained at room temperature.

3. Previous investigations of “hot” spot are based on a coupling configuration with
various nanogaps. However, it is quite difficult to probe the electromagnetic field
distribution in the “hot” spot. A set of viologen-tye self-assembly monolayers have
been used as fixed nanogaps between Au(111) surface and Au SHINs, where the
4.4’-bipyridine moiety could be shifted along the vertical direction with ~2.1

&#197; spatial resolution. Therefore, the electromagnetic field in the fixed



nanogap could be obtained from Raman scattering intensity of 4,4’-bipyridine
moiety. As result, the highest electromagnetic field enhancement is observed
towards Au SHIN within the nanogap, and the tendency of electromagnetic field

distribution correlates well with the FDTD simulation.

Keywords: Plasmon resonance; shell-isolated nanoparticle-enhanced
spectroscopy (SHINES); shell-isolated tip-enhanced spectroscopy (SITERS);
electrochemical Raman (EC-Raman); single-molecule spectroscopy (SMS);

angstrom scale spatial resolution
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