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Fig. 1. Schematic diagram of the mechanism of plasmon mediated chemical reaction: (a) The enhanced localized electromagnetic

field generated by plasmon increases the probability of molecules reaction, thereby increasing the rate or yield of chemical reaction;

(b) the hot electrons generated by the plasmon relaxation are directly or indirectly transferred to the adsorbed molecules, resulting

in chemical reaction of molecules; (c¢) with the increase of the local temperature of the particles, the chemical reaction accelerates.
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Fig. 4. (a) Schematic diagram of shell-isolated nanoparticle satellite structure with Au NPs corel; (b) in situ Raman spectroscopy

of the PNTP to PATP catalytic reaction process monitored by SHINES technology®; (c) in situ Raman spectroscopy of CO oxida-
tion reactions on PtFe-on-SHIN and Pt-on-SHIN nanostructures monitored by SHINERS technology®.
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Fig. 5. (a) The measurement schematic diagram of the molecular reaction of PNTP to DMAB at the single molecule level™;

(b) schematic diagram of PNTP to DMAB molecular catalysis at single molecule level between two gold nanoparticles*”; (c) schem-

atic diagram of PNTP molecule decomposition at the single molecule level; (d) time-dependent Raman spectroscopy of PNTP mo-

lecular with plasmon catalysis/0.

TCERTERAN G-I SN, A TAB I ZRAE, R E 55 2
WO AT e = X LA 20 1T HE A . 7E 1997 4
(PR s FEAIPE SCRE 4GB T ER 43 F SERSHOA
H & BLLAR, iZ07 M HUAS T R i e 12490 T
HLOrF SERS AR H W 45 B oA i i o
WA FZARIE 1619 5] 5(a) FE 5(b) R T 850
T SERS $ A B LR g SE 3G 8T]

TESF B OTHUK IR A AR, an =R AR Y
[ B4k, v ASRAS AR @ IG5 T (10%), REfSHE
HE R A5 1R A5 5 1G5 T S 73 SERS £
M. FATFIFHEAS T SERS HiKR, & PNTP 431
TELA S 7KV B[R Ak B g el 2 1401
Kl 5(c) FIE 5(d) Fras, KBRS S R Bk — R 4k
HFWEEN 10° M (1 M = 1 mol/L) § PNTP 43
T SERS F, WL %] PNTP 43F 3 s #55 5X
THAR, X RIS EAE S B oo (bt B vh MR EA |
KA, SR AT A SR A

A T e S L T PNTP 4> 7 3] DMAB (1) — 5
FRL, s T B FKF - PNTP 0Tk
BTG, X T AR T 550 F SERS £iA
Xof A B O AN K R BA T EAR Y W

EEHTENLHER SERS FRIE

TR SERS 20K 3% 1H 45 25 T3 i H 2 Fl
Pepst (Rl BRSO EIE A LS &, I 55 B T i
Ay ik S uR A OE s N 51 2 d Vg |
FEREIPOL [E 6(a) R T H s R, X545 2550%
UL ISR &, R SERS REfg bR m (k2
SN AL F B 540« BB oA LA SRy Al 45
1518, O 45 BT HE LA ) 38R L R s 55 fh
AN BETHER 2T 2.

R T BRI A B BT AN K R AR SR e TR
e W8 S S el 1) - o = B = s
(] 50 R LA S 3RS R B AR WU 3 2ot g
0 FE 5 3 R0 R T HE S 0T S 0 1 A X B

2.5

147102-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019)

147102

Coherent 10—100 fs 1—10 ps =100 ps
plasmon excitation plasmon damping and electron-phanon lattice: cooling
electron thermalization scattering
1.2 1.2
(b) 450 . 40 Wiom? () 450 * 50 W/om?
= 160 W/cm? = 200 W/cm?2
Instrument response 10 « 500 W/cm? 10
g, _Solvent response ' Instrument response '
\< P = Solvent response P
v 400 - g v 400 g
® o @ F085 P -0.8 g
= : K ® 3
@ 4 % @ @
Q g g— g
5 06 & ) -0.6 2
2 350+ £ 2w g
k3] S © S
9] Q (o] Q
1 1S €
i 1 1 tosas 0.4 3
® ®
e C
Heating due - -
to SERS probe
3004 L 0.2 300 0.2
LI 2 i
|l ¥
T T T T r 0 T T T T 70
-10 0 10 20 30 -10 0 10 20 30
Time/ps Time/ps

& 6

(a) MEPREF BT IR FIIRE) 19 43 3l ) 240 107 2 6O (b)) E 518 nm P HOERBUL T, W B3 42 24 K J50kL 5 4R A 1

B9 PNTP 43 (A R0k % 5 0 R OB OC R () 78 1035 nm BERKEOGHIRUE T, W M2 6 99k B0k R 420k L PNTP 73 7194

R 1 55 IRF 161 A O 2% )

Fig. 6. (a) Schematic diagram of molecular dynamics measurements of ultrafast plasmon excitation and driving/®”; (b) dependence of

effective temperature on time of PNTP molecules adsorbed on gold nanoparticle aggregates under excitation of 518 nm laser; (c) de-

pendence of effective temperature on time of PNTP molecules adsorbed on gold nanoparticle aggregates under excitation of 1035 nm
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Fig. 7. (a) Schematic diagram of an atmospheric TERS experimental devicel?; (b) schematic diagram of the ultra-high vacuum
TERS experimental device); (c) device diagram for the measurement of phenyl isocyanide molecules (PIC) on Ptg,/Au(111) sub-
strates®); (d) TERS spectra of 4-chlorophenyl isocyanide molecules (CPI) adsorbed on Pt(111), Ptg;/Au(111) and Ptyy,/Au(111)

substrates!?.
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Fig. 8. (a) Schematic diagram of plasmon-induced photocatalytic conversion of CO, to hydrocarbon on the surface of Au NPs,
wherein the reaction products and reaction rate are monitored by GCP; (b) schematic diagram of the structure of Cu-Ru-AR,
which consists of a Cu-Ru surface alloy; (c) photocatalytic rate (9.6 W/cm 2) of Cu-Ru-AR monitored by GCP.
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Fig. 9. (a) The chemical formula of the plasmon catalytic reaction of sec-phenethyl and benzyl alcohols, color change before and
after the reaction of the sec-phenethyl alcohol under 532 nm light irradiation; (b) photocatalytic product conversion monitored by
high performance liquid chromatography (HPLC-UV), the conversion percentage of thiophenone dependent on the number of laser

irradiations; (c) photocatalytic product conversion monitored by HPLC-UV, conversion percentage of acetophenone and benzalde-
hyde dependent on LED light irradiation timel6,
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Fig. 10. (a) Schematic diagram of STEM monitoring of
plasmon-induced Pb nanocube phase transitions; (b) schem-
atic diagram of the phase transition of Pb nanocube from
beta phase to alpha phase under light induction/¢!.
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Fig. 11. (a) Schematic diagram of STM monitoring plasmon-induced CH3S, molecular decomposition; (b) STM topography before
and after decomposition of CHjS, molecules?); (c) schematic diagram of STM monitoring plasmon catalyzed porphyrin molecular

transformation configuration; (d) chemical structure and STM image of porphyrin molecules in trans and cis configuration!®?.
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Fig. 12. (a) Schematic diagram of chemical reaction measurement using the device SECM; (b) schematic diagram of the catalytic

mechanism of hot electrons revealed by SECMI63)
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Fig. 13. (a) Schematic diagram of plasmon catalysis of Ag NPs driven by sunlight; (b) the UV-visible absorption spectrum of the re-

action product under sunlight, and the inside illustration is the corresponding solution color!®4
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SPECIAL TOPIC—Plasmon-enhanced light-matter interactions

Surface plasmon mediated chemical reaction”
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Abstract

Surface plasmons are collective oscillations of free electrons at the interface between metal and dielectric.
Surface plasmons can break through the diffraction limit of light, because the electromagnetic field is confined
in a very small space near the surface of the nanostructure, which provides a possibility for nanometer-scale
light manipulation. By using surface plasmon resonance, the local surface electromagnetic field can be strongly
enhanced, which can be used to enhance the molecular fluorescence and Raman signals. In addition, the
plasmon relaxation induces thermal electrons which can drive the catalytic reaction of surface molecules to
achieve a selective catalytic reaction at normal temperature, which is so-called plasmon mediated chemical
reaction (or plasmonic catalysis). As a new type of catalytic system, plasmonic catalysis can mediate chemical
reactions that are difficult to occur under various conventional conditions. Due to the complexity and diversity
of plasmon catalyzed reactions, it is still a huge challenge to fully characterize the reaction kinetics and
understand its reaction mechanism. Characterizing the intermediate and final products in the catalytic reaction
accurately and obtaining more detailed information in the reaction process are essential for exploring the
theoretical mechanism of plasmon catalysis. In this paper, we review the characterization techniques used in
plasmon catalysis in detail in the progress of plasmon catalysis. First, the basic concepts of plasmon catalysis
and several common catalytic mechanisms are introduced. Second, the Raman spectroscopy, including the
application of surface and tip-enhanced Raman spectroscopy in plasmon catalytic in situ monitoring are
reviewed. Then, the other techniques such as gas chromatography, gas chromatography-mass spectrometry, high
performance liquid chromatography, scanning transmission electron microscopy, scanning tunneling microscopy,
scanning electrochemical microscopy and UV-visible absorption spectroscopy for monitoring plasmon catalyzed
reaction are introduced in detail. Finally, the characteristics and advantages of these characterization techniques
in the study of kinetic catalytic process and catalytic mechanism of plasmon, and the future development and

challenge are mentioned and analyzed.
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