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Abstract. By using optical means, we can actively control the fluorescence emission properties
of photo-activatable fluorophores. One can modulate the fluorescence emission profile of
individual fluorophores in time such that only an optically resolvable subset of fluorophores are
activated at any moment, allowing their localization with high accuracy. It has been well known
that photo-activatable fluorophores are the major obstacle in the wide-field sub-diffraction
imaging technique. This research project is therefore aimed to yield a refined understanding of
the photo-switching mechanisms, including the identification of all states and intermediates
involved, and to help the development of new improved molecular photo-switches. Important
issues on subcellular organelles, such as the interaction between cell-penetrating peptides and a
cell membrane, structures and diffusion process of lipid rafts in a cell membrane, will be
investigated to verify the functionality of the frontier sub-diffraction imaging and localization

tool established.
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Fig. 2: (Left) Schematic drawing illustrating the polar bonding geometry of Si nanocrystals in
porchannels of mesoporous silica network (MSN). (Midle) Image of MSN:FITC particles bound
to the surface of a glass slide. The diameter of one MSN is about 80nm. (Right) Zoom-in image
showing one bright point. The effective spot size is about 250nm, which is about three times of
the particle size of MSN.
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Fig. 3: (Left) Photon detection probabilities with different bin times from several photon streams
measured on MSN:FITC. (Right) 2D PCH analysis with two channels (two colors) PCH
measurements on a protein doubly labeled with two fluorophores in red and green color.
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Fig. 4: New demonstrations of architectural photonics concept with polar Si QDs/MS
nanostructured material. The new applications include near IR photodetection, nonvolatile
memory, and enhanced electron-interfacial phonon coupling.
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Revealing new optical response in a dense array of nanorods
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(09 0 0 » Nanorod array has been proposed and used to
g =vlo 09 o harvest photons. Arrayed nanorods could couple
- mutually. A model is developed and combined

A : with inelastic light scattering to reveal that
nanorods possess an effective polarizability with
99 02 0 nonvanishing electric quadrupoles.

~ka V=V 02 22 0 » The model impro.ves our understanding of nanorod
array and the design of a complex nanorod film
structure for an optical device application.
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Fig. 5: Schematic showing the asymmetric electron oscillation modes induced by an incident
6



optical field with polarization along the principal axis of the nanorods. The arrows and "+" and
"-" signs are the current and charge distributions, respectively. The azimuthal pattern of the inelastic
Mie scattering from tilted Ag nanorods was measured (filled squares) and the fittings to the model is
presented in red solid curve. The fitting yields polarizability tensors with both the electric dipole
and quadrupole.
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