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Abstract p-Aminothiophenol (PATP) is one of the most important probe molecules in surface-enhanced Raman spectros-
copy (SERS). Adsorbed PATP exhibits very unique and abnormally intense SERS signals. However, the understanding to-
ward the abnormal SERS signals is still in debate. In this review, we overview our theoretical and experimental studies to
understand the abnormal SERS of PATP. We first introduce the theoretical investigation on the SERS enhancement mecha-
nism of PATP. The theoretical study shows that the abnormal SERS signals of PATP are not from PATP itself but arise from
its surface catalytic coupling product p,p'-dimercaptoazobenzene (DMAB). The assumption is supported by carefully de-
signed experiments of PATP and the SERS signal of the synthesized DMAB molecule. Then, we summarize the experimental
factors that influence the photochemical conversion of PATP to DMAB on the surfaces of metal nanostructures. We then ex-
plore the reaction mechanisms for the surface catalytic coupling reaction of PATP in both experimental and theoretical as-
pects. Finally, we proposed the further direction of surface plasmon enhanced chemical reaction on the basis of our system-
atically studies of SERS and plasmon photocatalysis of PATP.
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Figure 1 Schematic illustration of photo-physical and photo-chemical processes of surface plasmon resonance
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Mo} 54 3 K% 19y (p-Aminothiophenol, PATP)J& SERS
WFST P i AR ET 70 12— PATP 431 n] DL
T R B E 45 K 22 40 SERS FEJE BB AR 1 41 80 5

Acta Chim. Sinica 2014, 72, 1125—1138



W F F R

>
SiF

&

(SAM), Jf H et A= e ke HAR 98 1¥ SERS {55,
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IEHAL T RSN, AT NI —I SR H I T CT
LB ok, JFIAh PATP (8] CT JilA e 4@ )5 1.
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SERS WIFT342 1, ERPERT M PATP (1) SERS Ytk =
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Figure 2 Modeling complexes of PATP interacting with different silver clusters. PATP interacts with small silver clusters via the sulfur at a top site, a
bridge site, and a hollow site and a double-end configurations. Reprinted with permission from ref. [53]. Copyright (2009) American Chemical Society.
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Figure 3 Simulated Raman spectra of PATP interacting with silver clusters in the single-end and double-end configurations. An excitation wavelength of
514.5 nm and a line width of 10 cm ' were used in the simulated spectra. Reproduced with permission from ref. [53]. Copyright (2009) American Chemi-
cal Society.
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Figure 4 Simulated resonance Raman spectra of PATP-Ag;; excited by
568.1 nm (a), 593.5 nm (b) and 632.8 nm lines (c) and the off-resonance
Raman spectra excited by a 632.8 nm line (d). Reproduced with permis-
sion from ref. [79]. Copyright (2011) American Institute of Physics.
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Figure 5 Simulated Off-Resonance (a, b) and Pre-Resonance (c, d) Raman spectra of Ags-DMAB-Ags (a, ¢) andAus-DMAB-Aus (b, d) complexes with
785 nm laser excitation. Reproduced with permission from ref. [97]. Copyright (2011) Royal Society of Chemistry
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Figure 6 Potential dependent Raman spectra from PATP adsorbed on roughened Ag electrode in 0.1 mol/L NaClO,illuminated with a laser at power
densities of 8 X 10° mW/cm? (a) and 2 X 10’ mW/cm? (b). Reproduced with permission from ref. [98]. Copyright (2010) American Chemical Society.

Acta Chim. Sinica 2014, 72, 1125—1138

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 1131



Air

Intensity

N, Atmosphere

fre

600 800 1000 1200 1400 1600
Raman Shift /cm™

Intensity

Au@SiO, NP

|

600 800 1000 1200 1400 1600
Raman Shift /cm’

B 7 (a) Au Film/PATP/Au NP &5 B2 RIS B4 263 (b) Au(111)/PATP/Au NP I Au(111)/PATP/Au@SiO, NP 25k i 201

| il [ 2% SCHR[134], Wiley Online Library JRAUFTAT.

Figure 7 (a) Raman spectra of Au Film/PATP/Au NP junctions recorded in air and N, atmosphere; (b) Raman spectra of Au(111)/PATP/Au NP and
Au(111)/PATP/Au@SiO, NP junctions. Reproduced with permission from ref. [134]. Copyright (2014) Wiley Online Library.
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Figure 8 Raman spectra of PATP adsorbed on AgNPs (a: 0.5 mol/L
NaOH, d: 0.5 mol/L H,SO,) and Au NPs (b: 0.5 mol/L NaOH, c: 0.5
mol/L H,SO4, e: 1.0 mol/L HCI) in solution. Reproduced with permission
from ref. [134]. Copyright (2014) Wiley Online Library.
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Figure 9 Schematic illustration of the reaction mechanism of the plasmon-enhanced chemical reaction of PATP at the solid-gas interface (a) and

solid-solution interface (b).
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Figure 10 Potential energy surfaces for the oxidation of PATP to DMAB by active oxygen species on gold and silver surfaces. Reproduced with permis-

sion from ref. [137]. Copyright (2014) American Chemical Society.
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Figure 11 Potential energy surfaces for the oxidation of PATP to DMAB on silver surfaces by “hot” holes as a function of irradiation wavelength and
solution pH. Reproduced with permission from ref. [137]. Copyright (2014) American Chemical Society.
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