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Fig. 1. Basic physical properties of LSPP and PSPP: (a) Oscillation of free electrons in metal nanoparticle with respect to the
particle center when driven by the electric field of incident light, indicating ignition of surface plasmon resonance and excitation of
LSPP; (b) surface charge (minus electrons and positive ions) oscillation with respect to each other at the metal-dielectric interface
when driven by the electric field of TM-polarized incident light, indicating the excitation of PSPP and the subwavelength localiza-
tion of electric field around the interface; (c¢) absorption spectrum of gold nanorod, indicating the existence of short-wavelength
transverse LSPP and long- wavelength longitudinal LSPP mode simultaneously in this nanoparticle system; (d) the dispersion curve

for a PSPP mode at the metal-dielectric interface (solid curve) together with the dispersion of light in vacuum (dashed curve).
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Fig. 2. Calculated UV-vis extinction (black), absorption (red), and scattering (blue) spectra of silver nanostructures: (a) Anisotropic

sphere; (b) anisotropic cubes; (c) tetrahedra; (d) octahedra; (e) hollow sphere (with 10 nm shell); (f) thinner shell walls (with 5 nm

shell) (Fig. 2 adapted from Ref. [14] with permission).
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Fig. 3. (a) The SEM image of bowtie nanoantenna exposed on the SisN, membrane with varied gap sizes in the range of 3 to 24 nm;
the FDTD calculated electric field intensity, |E|27 of the gold bowtie nanoantenna with 6 nm gap at an excitation wavelength of
(b) 785 nm and (c) 632.8 nm; (d) the SEM image of a sea urchin-like nanoparticle with an external diameter of 400 nm; (e) the typical
distributions of the electric field strength (|E |2) calculated in a plane across a vertical axis of particles irradiated at 633 nm

(Fig. 3(a)—(c) adapted from Ref. [17] and (d)—(e) adapted from Ref. [18] with permission).
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Fig. 4. (a) The SEM image of silver nanobars; (b) the Vis-NIR extinction spectrum of nanobars (Fig. 4 adapted from Ref. [27] with

permission).
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Fig. 5. (a) The SEM images of individual nanobars and the corresponding normalized scattering spectra; (b) DDA calculated scat-

tering spectra of nanobars with varied lengths in 100, 150, and 200 nm, keeping width in 55 nm and height in 50 nm (Fig. 5 adap-

ted from Ref. [27] with permission).
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Fig. 6. (a) The excitation process and (b) the radiation pro-
cess of normal spontaneous Raman enhancement; (d) the
excitation process and (d) the radiation process of spontan-
eous Raman enhancement (Fig. 6 adapted from Ref. [48]

with permission).
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Fig. 7. (a) Bright-field and (b) fluorescence microscopic imaging of single live cancer cells; (c¢) control image shows no obvious pho-

toacoustic signals for cancer cell not treated with gold nanoparticles; (d)—(f) typical images and corresponding enlarged images for

cells treated with gold nanoparticles, showing photoacoustic signals strong enough to identify single cancer cells in dashed circles

(Fig. 7 adapted from Ref. [105] with permission).
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Fig. 8. Analysis and roadmap for the current state and future development perspective of plasmonics.
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SPECIAL TOPIC—Plasmon-enhanced light-matter interactions

Surface plasmaons enhanced light-matter interactions”
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Abstract

Surface plasmon polaritons (SPPs) have been widely investigated in the past decades. Due to their unique
feature of field localization, optical energy can be strongly confined in the subwavelength and even nanoscale
space. This strong confinement gives rise to dramatically increased electromagnetic field strength, leading to
greatly enhanced light-matter interactions. The properties of SPP are strongly dependent on material,
morphology and structure. The wavelength of surface plasmon resonance can be readily manipulated over
broadband optical spectra, covering ultraviolet, visible, near infrared to far infrared. In this review article, both
working principle and applications of surface plasmon enhanced light-matter interactions, such as fluorescence,
Raman scattering, nonlinear optics, heat effects, photoacoustic effects, photo-catalysis, and photovoltaic
conversion, are comprehensively reviewed. Besides, the current problems and future research directions of
surface plasmons are discussed. Our paper provides valuable reference for future high-performance plasmonic

device and technology applications.
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