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Development of plasmon-resonance of metal nanoparticles

enhanced harmonic generation in nonlinear medium
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Abstract ;: With the development of nano-processing and preparation techniques, the characteristics of plasmon
optics of metal nanoparticles have been widely studied and applied. Based on metal nanoparticles plasmon-res-
onance characteristics, the article introduces metal nanoparticles plasmon-resonance enhanced harmonic gener-
ation in nonlinear media, and reviews the research results of harmonic generation and biological harmonic ima-
ging applications in recent years. The trend of plasmon-resonance of metal nanoparticles enhanced harmonic
generation in nonlinear medium is that the metal nanoparticles range from simple metal nanoparticles to metal

nanoparticles with complex shape and assembly. The novel metal nanoparticles have a good practical applica-
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tion in the field of nonlinear optics, biomedical diseases diagnosis and treatment.
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Fig.1 THG emission spectra from Al and Au films. Ex-
citation laser wavelength 1 560 nm. The insets
show two-dimensional optical images formed by

THG radiation, with exciting laser radiation fo-

cused into a spot of 4.3 wm in diameter ™’
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(a) Electric field amplitude enhancement inside a nanoslit

irradiated by a plane monochromatic wave at the thrid-
harmonic generation frequency(calculations)
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(b) Measured profiles of a two-dimensional optical images of a
nanoslit formed by THG radiation form the nanoslit and by THG
radiation from a 50 nm thick Al film without a nanoslit.
The inset shows a nanoslit image in an electron microscope®’!
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polarization along the long axis
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Fig.3  Histograms of the peak intensities above back-
ground for a pure 100-nm sample and (b) the

40-nm colloids of a mixed sample; (c¢) (d)
Raster-scanned image of a mixture of 40-nm and

100-nm gold colloids. The same scan is shown

with two different laser intensity scalings'"
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Fig. 4  Resonant enhancement of local fields obtained

from FDTD calculations of the averagely sized

Au NR (a) and Au/Ag nanoshuttle (b) at a

mesh size of 0. 2 nm. (c) Electric field en-

hancement profiles along the longitudinal direc-
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tle. The origin is at their centers. They are ex-
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Fig.5 (a) The diagram of reflective optical system;
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Fig.7 (a)Schematic diagram of the stretched-film process. (b) Optical microscopy images of the original and stretched

film under white light illumination with polarization parallel and perpendicular to the stretch direction. (¢)Measured

absorbance spectra of the Au NRs/PVA films. Spectra were normalized and vertically shifted for clear display. (d)

Measured absorbance spectra of another stretched Au NRs/PVA film under excitation polarized parallel and perpen-

dicular to the stretch direction. Solid lines are the corresponding calculations of a single Au NR™*’
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(b) THG image of Her2-knocked-down
MBT2 cells treated with anti-Her2 antibody
conjugated silver nanoparticles

(a) THG image of wild type MBT?2 cells
without being treated with silver
nanoparticles
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treated with anti-Her2 antibody
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Fig. 10  Demonstration of molecule-specific THG imaging of cancer cells, Image size; 80 pm x80 pwm
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Fig. 11

in ethanol solution. The dotted line is the

extinction of the Ag NP in aqueous

solution"’
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Fig. 12 SH and TPPL spectra for (a)the CdS QD sam-
ple(multiplied by 5); (b) the mixed Ag NP-
CdS QD sample™’
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Fig. 13 SHG signal intensity of CdS QDs and Ag NPs-

CdS QDs, gray symbols show the SHG for the

QD sample, while the black symbols show the

SHG for the mixed NP-QD sample. The dotted

line marks the spectral position of the maxi-
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Fig. 14 Finite-difference time-domain simulation of e-

lectric field enhancement. ('a) nanocage, and

( b)nanocage assembly, respectively*’
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Fig. 15

(a~d) P BIREEG BRI GRS IR AN (LNCaP) (a) FIIEH K R0 (HaCaT) (c) f9 SHG [&]
B VL BORES  BAR TE R A 45 M B RIS i 4 i (LNCaP) (b) FIIE B k20 ( HaCaT) (d) B WIS R
El(e) () W&5E A-RNA(HTIMRIE R 254)) 2K B2 & 45 2E A LNCaP 20 g Fl HaCaT Z1 Jfdf¥) TEM
e o) L (h) %4 AO-RNA T 0 0 K T 4 5 M AL LNGaP 20 HL0 B F- 50 P19 A0 91 5
1%[34]
(a) SHG images of nanocage assembly-attached LNCaP human prostate cancer cells, after cells were separated
from unbound nanocage assemblies. The SHG signal from the nanocage assembly-attached LNCaP was detected at
480 nm. (b)Bright-field image of the same LNCaP cells after separation. (¢)Normal skin HaCaT cell SHG ima-
ges after separation from unbound nanocage assemblies. (d) Bright-field image of the same cells after separation.
(e)TEM image of LNCaP cells after separation from unbound nanocage assemblies. Inset: zoom-in of area indica-
ted by arrow. The low magnification image clearly shows that nanocage assemblies are attached to the LNCaP cells.
Scale bar:1 mm. (f)TEM image of HaCaT cells after unbound nanocage assembly separation. Scale bar;1 mm.
(g) Two-photon luminescence images of nanocage assembly-attached LNCaP human prostate cancer cells, after

cells were separated from unbound nanocage assemblies. (h) Bright-field image of the same LNCaP cells after sep-

aration!™]
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