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Figure 1 (Color online) (a) Schematic of surface-enhanced spectroscopy incorporating optical (electrical), molecular, and metallic nanostructure
interactions. (b) Schematic of SPR [30]. (c¢) Scheme of local enhanced electromagnetic field distribution at the top of a nanoparticle. (d) Scheme of
local enhanced electromagnetic field distribution in the nanogap between nanoparticles.
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Figure 2 (Color online) (a) Schematic of light-driven metal-to-molecule direct and indirect charge transfer and intramolecular resonance excitation.
(b) Schematic of light-driven molecule-to-metal direct and indirect charge transfer and intramolecular resonance excitation. (c) Chemical enhancement
induces intramolecular generation of a leaping dipole moment. (d) SERS spectra of pyridine molecules [76].
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Figure 3 (Color online) Schematic diagrams of the photon-driven
charge transfer from a metal electrode to an adsorbed molecule in the
EC-SERS measurement [95]. Left: the conceptual model of the energy
levels changed with the electrode potential in the CT process in double
layer of electrochemical interfaces. Right: the relevant energy states
involved in the electronic levels and the vibrational levels in the CT
process. Right bottom: the corresponding SERS intensity-potential
profile. V; denotes the applied potential.
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Figure 4 (Color online) (a) Reduction of p-nitrothiophenol to p-aminothiophenol. (b) Reasons for the enhanced SERS spectra of PATP [99]. (¢)
Experimental Raman spectra versus simulated Raman spectra of DMAB. (d) Catalytic coupling on the surface of PATP to generate DMAB [114]. (e)
EC-SERS of PATP in electrolyte solution at pH=11.07 [115]. (f) Reaction mechanism of PATP to generate NPQD.
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Figure 5 (Color online) Variation of EC-SERS with time when stepping from 0.1 V to (a) 0.5V, (b) 0.6 V [115]. Variation of NPQD at 1495 cm™

1

characteristic peak intensity over time at 0.0428 mW (c) and 0.36 mW (d) [115]. Variation of DMAB at 1443 cm™! characteristic peak intensity over

time at 0.0428 mW (e) and 0.36 mW (f) [115].
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Figure 6 (Color online) Photoelectrochemical coupling reactions of adenine adsorbed silver electrodes [130]. (a) Schematic diagram of the
mechanism of the hot-holo-induced adenine coupling reaction of a plasmon exciton [130]. (b) SERS of a time series of 0.2 mmol L™ adenine and
0.5 mmol L™ silver nitrate mixed dropwise after drying of silicon wafers. (c) Surface-enhanced Raman spectra of representative biometabolic
molecules with an adenine moiety. (d) Comparison of Raman spectra (i) and calculated spectra (ii) of azapurine silver complexes.
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Figure 7 (Color online) Debromination hydrogenation reaction of 8-bromoadenine [27]. (a) Schematic diagram of the mechanism of the plasmon
exciton hot-electron-induced debromination reaction of 8-bromoadenine. (b) Schematic representation of the debromination reaction by EC-SERS
coupling photoelectron. (¢) SERS of photoelectrocatalytic co-catalyzed debromination on silver nanoparticle-modified silver electrode surface. (d)
Comparison of the changes of thermal electron transfer for debromination under different potentials and wavelengths of light.
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Figure 9 (Color online) Schematic representation of SPR-mediated chemical reactions at an electrochemical interface.
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Enhancement mechanism of surface-enhanced Raman spectroscopy
and plasmon photoelectrochemical reactions
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Abstract: Electrochemical interfaces are important places for energy conversion and chemical transformation. The
interaction of light with metallic nanostructures at electrochemical interfaces can significantly change the surface
spectroscopic properties, as well as the thermodynamics and kinetics of chemical reactions at the interfaces. Surface
plasmon resonance (SPR) effect in chemical reactions with metal nanostructures as a medium redistribute and convert
the photon energy into localized photoelectric field, hot electrons, hot holes and photothermal energy, which not only
produces surface-enhanced spectroscopy, especially surface-enhanced Raman spectroscopy (SERS), but also induces the
interface to occur in new mechanisms of chemical reactions and energy conversion. Meanwhile, SERS can be used as a
characterization method to study the surface physical and chemical processes on nanostructures. In this review article,
the electromagnetic enhancement mechanism and chemical enhancement mechanism of SERS are firstly introduced to
reflect the basic principle of SERS as a means of high sensitivity characterization of interfaces. Secondly, the action
mechanism of hot carriers (hot holes and hot electrons)-induced chemical reactions is specifically discussed in three
model systems of para-thiophenol, adenine derivatives and 8-bromoadenine, and the selectivity and photon quantum
efficiency of plasmon photoelectrochemical realizations to modulate the chemical reaction process are analyzed with
respect to the fact that plasmon photoelectrochemical reactions exhibit distinctions and potential advantages over the
conventional chemical reactions. Finally, in view of the challenges of selectivity and low photon quantum efficiency of
the plasmon photoelectrochemical reaction, combined with the current research progress in this research direction at
home and abroad, two outlooks are put forward based on the resonance effect of surface plasmons and their structural
features, which will provide a new way of thinking for the conversion and utilization of light energy.

Keywords: surface plasmon resonance, surface-enhanced Raman spectroscopy, chemical enhancement mechanism,
plasmon photoelectrochemical reactions, photon quantum efficiency
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