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Abstract

Surface plasmons are highly versatile electromagnetic modes that occur at optical
wavelengths at the surface of metallic structures, due to the interaction between incident
photons and the conduction electrons within the metal. This electromagnetic field is
highly localized at the nanoparticle surface, which is strongly enhanced, and decays
rapidly away from the surface/dieletric interface into the dielectric background. Lights
from plasmon resonant nanoparticles can break through the diffraction limit, and be
manipulate in unique ways.Theoretical analysis and experiments indicate that interaction
energy of two nearby oscillators redistributes in the interjunction region under the
coupling effect, which is strongly depended on the spacing distance (d). This interaction
energy is strong, so the interjunction region is nicknamed “hot spots”. Couplings is
divided into three categories, including the coupling between two particles (LSP-LSP),
the coupling of a nanoparticle to a metallic film(LSP-SPP), and coupling of a nanoarray
to a metallic film(LSP- LSP-SPP). While LSP-SPP sensor can detect changes of spacing
distance of NP-film coupling system, it is unique for its localized sensing capabilities.
The sensing resolution depends on the coupling of LSP-SPP sensor and Figure of merit
(FOM) of the nanoparticle. Therefore, optimize sensing resolution can be achieved by
choosing proper nanostructure.

Metallic shell structures exhibit properties different from their homogeneous
counterparts. Nanoshells possess two tunable resonances arising from the hybridization
of the plasmons on the inner surface of the shell with the plasmons on the outer shell
surface and can be tuned by varying the relative size of the inner and outer radius of the
metallic shell layer. Thus, the two plasmon resonances of a nanoshell are denoted as
“bonding” and “antibonding” plasmons, in direct analogy with molecular orbital theory.
Besides, a theoretical model shows that FOM of Nanoshells may be enhanced,
comparing with their homogeneous counterparts.

In chapter 2, we report the design and demonstration of Au nanoshell based spindle-

shaped M, O,@Si0,@Au(M=Ti, Fe) nanomatryushkas, consisting of a semiconductor
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Abstract

nanoparticle core surrounded by a silica spacer layer and then an outer thin Au nanoshell.
The shape-controlling mechanism and optical properties were also investigated.
Changing the inter-core geometry of the nanomatryushkas not only modify the
corresponding structure of the nanomatryushkas, but can also tune its optical properties.
The results showed that morphology of TiO, nanocore has been varied by changing the
monomer structure of peroxo titanic acid(PTA) and experimental parameters, such as
hydrothermal reaction temperature, PTA concentration, and et al. Geometry of Fe;O;3
nanocore can be tuned by optimizing KH,PO4-FeCl; mole ratio, higher mole ratio would
result in a larger aspect ratio of Fe;O3;. The M, O, (M=Ti, Fe) nanocore was coated with
silica following a modified Stober method. The fabrication of Nanoshell involves seeded
metallization of spindle-shaped MO,@SiO,(M=Ti, Fe) nanoparticle cores. Small Au
nanoparticles (~2 nm in diameter) are immobilized onto the surface of (3-aminopropyl)
trimethoxysilane (APTMS) functionalized cores at a nominal coverage of ~30%. The
immobilized Au colloids act as nucleation sites for electroless Au plating onto the surface
of core particles by using CO reduction method, leading to the gradual formation of a
coarse and thick Au shell layer. The amount of HAuCly added determines the final
thickness of the goldshell, which is no less than 20 nm. An expected Fano line-shape in
the absorption spectra can not be detected, becasuse of its thicker Au layer. Therefore, a
novel and efficient procedure must be developed for synthesis of nanoshell with ultrathin
Au/Ag layer.

In chapter 3, the metallic Au(/Ag)-ultrathin layer with thickness of 1~2 nm was
successfully functionalized on the spindle-shaped TiO, surface for the fabrication of the
core-shell structure (TiO,@M(M=Au,Ag)), by using polar macromolecules as connector
between TiO, surface and metal ions. The TiO,@M core—shell structural characteristics,
and optical properties of the resultant functional spindle-shaped TiO, were systematically
investigated using SEM, HR-TEM, uv-vis-NIR spectroscopy, and scattering spectra.
Polar macromolecules containing positively or negatively charged sites that can
electrostatically bind to metal ion of opposite charge from a concentrated metal ions

confined to the TiO, surfaces. Uniform and ultrathin metallic layer formed by the
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borohydrate reduction of the corresponding metal ions in water/ macromolecules solution.
For example, poly-L-histidine was chosen for Au shell deposition, and sodium
polyacrylate for Ag nanoshell deposition. HR-TEM and EDX results demonstrates a
core-shell structure with ultrathin metallic shell. We investigated the optical property of
as-prepared TiO,@M(M=Au,Ag) nanoshells. There are no absorption peaks in visible
range, which may be hidden by strongly absorption of TiO, core. Two extinction peaks at
530, 700nm were observed in scattering spectra, corresponding to transverse plasmon
mode and longitudinal plasmon mode of TiO,@Ag nanoshell.

In chapter 4, we reported a novel fabrication of dark-field nanotip, which is the
major component of a nano-gap coupling enhanced surface plasmon resonance scanning
microscopy, also be named as Tip Enhanced Dark Field Microscopy. The coupling
between tip-Au film can result in largely red-shift resonance and strongly enhanced
intensity. Therefore, LSPR of nanoparticle on the dark-field nanotip is distance sensitive.
The control precision of distance is divided into two regimes, including a strong coupling
regime(1~0.3nm) and original coupling regime(10~1nm). In the strong coupling regime,
an angstrom distance resolution can be achieved. In original coupling regime, optimized
nanoparticle on the dark-field nanotip would also lead to a nanoscale distance resolution.
By measuring the LSPR feedback for distance control, the developed tip enhanced dark-
field microscopy was utilized to investigate the surface and interfacial properties such as
the electric double-layer structure, adsorption and desorption, and applied for nano-
imaging and composition analysis.

Keywords: Surface plasmon resonance; Coupling; Core-shell nanostructure; Distance

sensor; Dark-field; Tip; Tip enhanced dark field microscopy.
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Figure 1-1 Illustrations of (A)propagationg surface plasmon polariton(SPP); (B) Localized
surface plasmon(LSP).
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Figure 1-4. (a) Real and (b) imaginary parts of the complex dielectric functions of silver (lower

curves) and gold (upper curves). (¢) Absorption spectrum of gold colloid solution.
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