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Photonic Shaping and Applications of Metal and Semiconductor Nanoparticles (Institute of
Industrial Science, The University of Tokyo) OTetsu Tatsuma

Various nanomaterials and nanodevices exhibit functionalities when they interact with light.
Such materials and devices are fabricated by top-down methods such as electron beam
lithography or bottom-up methods such as chemical synthesis using templates, both of which
have some advantages and drawbacks. We have been developing new methods to fabricate such
nanomaterials by taking advantage of photoelectrochemical reactions based on optical near
field generated by localized surface plasmon resonance (LSPR). Since the methods are based
on interaction between light and matter, it is expected to allow metamaterials and metasurfaces
for light manipulation to be fabricated at low cost over large areas.

The reactions involved in the nanofabrication processes are based on plasmon-induced
charge separation (PICS, Figure la)," in which charges are separated due to LSPR. By
appropriately controlling the shape of plasmonic metal nanoparticles, their surrounding
environment, and the wavelength and polarization characteristics of irradiated light, resonance
occurs at specific sites on the particles, generating optical near field. This allows PICS to cause
dissolution*® and deposition® reactions at those sites, and enables photonic nanofabrication
beyond the diffraction limit. In addition to control of the particle shape (Figure 1b),>* the
position of a co-catalyst on a plasmonic photocatalyst can be tubed for controlling the
photocatalytic activity.? In addition, chiral nanostructures are fabricated by deposition and
dissolution of dielectrics®” and metals® under circularly polarized light as the chiral source
(Figure Ic¢).

Nanofabrication by near-field photocatalysis on the basis of Mie resonance of semiconductor
nanoparticles is also possible (Figure 1d)” as well as that on the basis of LSPR of metal
nanoparticles. If those techniques are applied to magnetic nanomaterials, magneto-chiral
metamaterials can be fabricated, which break reciprocity of light and achieve asymmetric
transmission of visible light.
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Figure 1. Photonic shaping of metal and semiconductor nanostructures. (a) PICS. (b)
Plasmonic shapingbased on PICS. (c) Chiral shaping. (d) Shaping based on Mie resonance.
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