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(a) Optical nanovortex in the nanogap of a
plasmonic multimer strucutre

The excitation of localized surface plasmons enable
the formation of very intense and localized
evanescent electric field, especially in nanoscale
gaps between two metallic nanoparticles. Although
plasmonic dimer structures composed of two metal
particles separated by a nanogap are being widely
used for confining the light on a nanoscale, only a
linearly polarized electric field can be excited in
such a nanogap. Our group recently demonstrated that
a circularly polarized electric field can be excited
in the nanogap of a gold trimer structure, enabling
the transfer the polarization state (i.e. the spin
angular momentum) of the incident light to the
electric field in the nanogap. This result was
extended to the transfer of orbital angular momentum.
It was theoretically and numerically demonstrated
that an incident vortex beam can excite an optical
nanovortex of same spin (s4) and orbital (¢4) angular
momentum in the nanogap of a multimer structure,
provided that the number of metal nanoparticle
composing the multimer structure is superior to twice
the sum |s + ¢|. The transfer of orbital angular
momentum to the evanescent electric field localized
in a nanogap could be used to dramatically enhance
the excitation efficiency of wusually forbidden
electronic transitions and selectively excite allowed
or forbidden electronic transitions, as shown in

(b) Dimer bonding
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1 (a) Optical nanovortex formed when the resonant localized
surface plamon of the nanogap of a gold pentamer nanostructure is
excited by a Laguerre-Gaussian laser beam (£=1). (b) Absorption cross—
sections of a model dimer molecule placed in the nanogap of a gold

pentamer nanostructure under (red curve) Gaussian beam and (blue
curve) Laguerre—Gaussian laser beam (£=/) irradiation.

Figure 1.
(b) Optical torque controlled enantioselectivity

in chiral crystallization by plasmonic trapping

The localized surface plasmon resonance (LSPR) of
metal nanostructures remarkably enhances and confines

the electric field on a nanoscale in the vicinity of

d-crystal

2 The direction of optical torque generated on the gold trianglar
trimer nanostructure is strongly correlated with the helical conformation
of the crystal structure.



the metal surface, enabling optical manipulation of
smaller targets beyond the diffraction limit.
Additionally, by designing an appropriate metal
nanostructure, LSPR can control the angular momentum
of the confined electric field. The plasmonic
trapping—induced chiral crystallization of an organic
compound, ethylenediamine sulfate (EDS) is examined
with the gold trianglar trimer nanostructure, as
shown in Figure 2. The excitation using a r—CP or 1-
CP Gaussian beam caused a significant imbalance in
the generation probability between both enantiomorph
Intriguingly, using the excitation of same handedness
LG beam reversed the dominant enantiomorph. And the
opposite handedness composition of LG beam shown no

enantioselectivity.
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(d) Laser-induced hydrothermal synthesis of
vanadium dioxide

Vanadium dioxide (VO,) is well-known for its fast
insulator-to—metal phase transition occurring at a
temperature relatively close to room temperature
(around 68 °C). VO, has been used for the fabrication
of thermochromic windows and electronic switches. We
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recently demonstrated the laser—induced hydrothermal

500 nm

4 Scanning electron microscope image of VO, microstructure
fabricated by laser—induced hydrothermal synthesis on a alumina—coated
gold thin film.

synthesis of V0, by heating a gold thin film using a
focused infrared laser beam. A 30nm—thick gold film
covered with a 3nm—thick layer of alumina and immersed
in a precursor solution was irradiated with a tightly
focused 1064nm CW laser beam. The local temperature
rise was large enough to trigger the hydrothermal
synthesis of vanadium oxide nanostructures about Ilpm
in diameter, as shown in Figure 4. Enhanced
crystallization was observed after the formation of
a microbubble during the laser irradiation time.

(This work was done in collaboration with Pr. H.
Fujiwara from Hokkai-Gakuen University, Sapporo.)
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FIG. 1 | (Left) Schematic crystal structure of Ba;/;Co0,.
(Right) Temperature dependence of the Z7 of the Ba/;3C00,
epitaxial film in the in-plane direction. Comparison
against commercially available p-type thermoelectric
materials. The Z7 of the Ba;;C00, epitaxial film at 600 °C
is comparable to that of p-type PbTe and p-type SiGe.
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FIG. 2 | (Left) Transistor characteristic of the In-Sn-
In—-0-based thin film transistor. (Right)Comparison of the
electron transport properties of the In-Sn-Zn-0 and In-
Ga-Zn-0.
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FIG. 3 | Design of a solid-state electrochemical thermal
transistor. (Left) Off state. Oxygen defects are generated
in the SrCo0, layer via the electrochemical reduction
treatment. Resultant SrCo0, layer (defect perovskite)
contains 1/3 oxygen defects against SrCo0;, and the defects
scatter the heat flow, reducing the thermal conductivity.
(Right) On state. Electrochemical oxidation treatment
causes the oxygen defects to disappear, increasing the

thermal conductivity.
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FIG. 4 | Photograph of the LSSO sheets.
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