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(@) Nonlinear optical trapping of Vanadium dioxide
nanoparticles

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). We investigated the impact of the
phase transition on the optical forces acting on VO,
particles. VO, particles (submicrometer size) were
dispersed in water and trapped near the surface of a
glass slide using optical tweezers (laser wavelength:
1064 nm). However, instead of being trapped at the
center of the focused Gaussian beam, the particles
remained on a circular orbit which radius could be
increased by increasing the laser power. This phenom—
enon was explained by the reversal of the optical
gradient force due to the nonlinear response of the
temperature—dependent optical properties of the VO,
particles. The particles were attracted towards the
beam center until reaching a limit distance where the
laser intensity is large enough to heat the particles
via direct light absorption and induce the insulator-—
to—metal phase transition. Simulation results confirm
that optical forces can switch from attractive to
repulsive when the insulator—-to—metal transition oc—
curs.

Stable trapping of V0, particles at a off-centered
position allowed us to investigate unconventional an—
gular momentum conversion from the spin angular mo—
mentum of a circularly polarized laser beam to the
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B 1 (a) Circular trajectory (orbit radius Rorb) of a VO32 particle
trapped by a linearly—polarized, focused Gaussian laser beam. The par—
ticle is located inside the dashed circle. (b),(c) Angular position of the
VO3 particle trapped using a circularly—polarized, focused Gaussian laser

beam: (b) Left-handed circular polarization, (¢) Right—handed circular
polarization.

orbital angular momentum of the trapped particle. It
was demonstrated that the rotation direction of the
trapped VO, particle can be controlled by the direc—
tion of the circular polarization of the incident
light. Indeed, a transverse optical force arises from
the spin—dependent interaction between the incident
light and the off-centered particle. We are now in—
vestigating the case where the incident light pos-—
sesses both spin and orbital angular momentum by us-—
ing an optical vortex beam to trap VO, particles.

(b)  Effects of plasmon mode on crystallization be-
haviors by plasmonic trapping

The design of the gold nanostructure, size, shape,
and arrangement, restating in various plasmon mode.
This is the curtail point to realize the modulation
of various plasmonic trapping. The introducing of the
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B 2 (a) SEM images of 170 nm (left) and 230 nm (right) triangular
trimers. (b) Simulation results showing the enhanced electric field of
170-TT and 230-TT excited by a 1064 nm-wavelength light. (c) Trans—
mission images showing the size of the induced crystal with 170-TT and
230-TT (d) Transmission images showing the numbers of crystal induced
by 170-TT and 230-TT.

plasmonic trapping toward molecules, the crystalli-
zation is realized. It is believed the plasmonic trap—
ping of the liquid like cluster in the solution, in-—
creased the local concentration, which leading to the
crystallization. Because the plasmonic response of a
metal nanostructure depends on its size and shape, a
numerical survey of the plasmonic resonances of tri-—
angular trimer gold nanostructures of different sizes
is conducted. The triangle trimers with two edge
lengths were fabricated: 170 nm (170-TT) and 230 nm
(230-TT). The hotspot of the gap mode is excited at
the centered nanogap of the 170-TT. On the other hand,
in the case of the 230-TT, a few hotspots are dis-—
tributed at the peripheral angles of the triangle
trimer. It is found that not only the distinctive
difference in the necessary irradiation time for in—
ducing crystallization, also the resultant crystal
number and the crystal size are strongly affected by
the plasmon mode.
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&1 (a) Transmission image of an AgNW endoscopy probe upon insertion
into the cell nucleus of a single HelLa cell. Inset: An endoscopy
experiment schematic. (Adapted from Anal. Chem. 2021, 93,
5037—5045) (b) An example of the remote excitation SERS spectrum
taken from the nucleus of a single live HelLa cell. (Adapted from Adv.
Mater., 2014. 26, 5124-5128.)
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B2 Chemical and morphological changes induced by the galvanic
replacement reaction (GRR) and vyielding gold—etched AgNWs (Au—
etched AgNW) . (Adapted from Anal. Chem. 2021, 93, 5037—5045
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E3 Schematic illustration of the fabrication of a Au—etched AgNW via
GRR (a) and a Au—dep AgNW via photodeposition (b). STEM and SEM
images of an Au—etched AgNW (c) and a Au—dep AgNW (d), respectively.
(adapted from ACS Appl. Nano Mater. 2021, 4, 9886—9894)
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4 pH sensitivity evaluation. SERS spectra of 4-MBA from Au- etched
(a) and Au—dep (b) AgNWs in PBS at various pH values (the spectra
were normalized to the peak at 1079 cm—1). Related intensity ratio
between the COO— and C—C peaks (ICOO—/IC—C) as a function of
the pH (parts ¢ and d, respectively), with the orange solid line
representing the calibration curve obtained by Boltzmann fitting. Each
point represents the mean value = SD, with n = 5. (adapted from ACS
Appl. Nano Mater. 2021, 4, 9886—9894)
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5 Intracellular pH variations in cisplatin—treated HelLa cells obtained
by 4-MBA-modified Au—dep AgNW probes over time (a). Fluorescence

intensity variations of pHrodo Green AM in Hela cells upon cisplatin
treatment over time (b) and representative confocal fluorescence
images obtained at 0, 1, 3, 9, and 24 h of incubation with cisplatin (c)
(scale bar: 20 u m). The values are plotted as mean = SD, with n = 5.
(adapted from ACS Appl. Nano Mater. 2021, 4, 9886—9894)
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FIG. 1 | (Left) Schematic device structure of a solid-

300 °C, in air

state electrochemical switch of superconductor-metal-in-
sulators. The device is operated at 300 °C in air by ap-
plying £10 V. (Right) Temperature dependence of electrical
resistivity for YBaxCus0r-s films. The & values were mod-

ulated electrochemically.
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FIG. 2 | (Left) Schematic crystal structure of Bai/Co0s.
(Right) Temperature dependence of the Z7 of the Bai/3C00;
epitaxial film in the in-plane direction. Comparison
against commercially available p-type thermoelectric ma-
terials. The Z7 of the Bai;C00, epitaxial film at 600 °C
is comparable to that of p-type PbTe and p-type SiGe.
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FIG. 3 | (a) Remnant polarization of A-DyFe0; film and (b)
remnant magnetization of A-ErFe0; film as a function of

temperature.
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