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Fig. 2 (A) CVs from an Au(111) electrode in 0.1 mol- L' NaClO, solution without pyridine (Py) and with Py at 0.1, 1, and 10

mmol-L". (B) SHINER spectra of Py adsorption on an Au(111) electrode in 0.1 mol-L" NaClO,+ 1 mmol-L"' Py. The de-

pendence of Raman frequency (C) and normalized Raman intensity (D) on applied potential for the Py 1 ring breathing

mode!™,

3 RRBERFEBETFEHNR

TERF s, &8RS RO Z E
FHEL AR 22 52 21 A ARk L 1 45 A Y 56 21 T
Bl an, 48034 J B R (ORR) 1% 74 5 1% AL BE /Y <k 1l
B 5 2 f BE MR B A ) R A B R FL 1 245 4 X 5
T A SN P E A RS MR 0, LR kg, 3o AN ] i Ak
T R R, HES T
IRV DA AR 5 o < J T P L S A AR TH A7 A
PR

UTAFR AT I AN R 5 2 DA 6
Ji 2 R A A 45 4 S ) S PR AR TR 4T Koolb
VR A 3E R Pd B SR DU AR B A [ B R R
R AT ARG AL A PR RE AT 5T, 1t — 2 A
T d-band R SUBLRT 2 18] ) 5 07, A PR 4
AL TE Au(111) 52 1AL £ AN TR )2 80 Pd T
JZ , LS 2 5 1 (PIC) A o i = 545 -, AL

SHINERS 4% R ¥R 58 T 5 07 B s S 1 1) fL 7 25 44
(T 3A)US, g 53 3 2 57 OB 7 YA 7E Au(111)
R REAF 1 ~5 )20 Pd IR 7200 @ik STM
Kl AN E A K Pd T BE % T ALY 5T 9 B iR T
JZHE A Au(111) 5 & Al = 1H (181 3C) ™. & 3D
1 PIC 3+ W [l #E Pd Ji )28 5 09 Au(111) 19
SHINERS %5 %, W& fif 7~ ,2044 F1 2155 ecm™ 43 51
SR B ASE ANTOUE R B ) C =N it 45 I sh 7 2 0. Bt %5
Pd JEF 2 E 38, AR C=N {4 4k o
UEE (wnepa coriaee ) 70 10K U2 0 Ml B 2= 2002 em™, ¥ B
Au(111) 54 B Pd 72 BT854 & 2B T ek
AR FHXT N B XPS 45 R R, Pdig, B4 G BEREE
Pd 5 2 E0 3G I FEA , BEHT Pd Rk B
FRMEL Au i F. NC K 50 fil 27 TR PLiE
S5&BMEEH GAET o-d REBEM d-m" f 05,
M358 o-d Fl d-m" VEHIERRE(E NC S sl 5522, fn 5]



i

ER ] b

BECAR < 2 T U WF R ity FRL A R T PR S

« 57 -

3F fioR, P2 Pd 8 A B RN Au
JEF, RECE /DR H TR 2 NC S H 25 1) 2" B
A5 d-m" M EAE RS, 3 23 oncnarie 1) 90 U2
Bl A% . G 0 4 B8R 5 455 BE Pdag, CHE (A
3G), KR Pd R 2E00 G N, Pd 16 1) H
TR, S8BT EACHES G Re H d-nt M EAE
FHIESR R FE one KAELAH.

Z S5 R FH SHINERS A | 3 i i 1 1T 5% Al
DFT 58 UESE T Pd R4 H B FIEARIEA
T L BV Y A BRI MR R R B Au(111) & TH DT
FUR)Z Pd R 2 G e84l CO MMM 55, S35
25 IO 45 R ket TR R R 1 P ARk A AR LA T 4y
AL P RE. £ EJITid  SHINERS i A fE % A 30
FHF 5 0 4 B0 & BT 1 LT 25 A 0 A B, ik
T4 BE T A A 1 i Ab R BRI BEIS 4
4 Pt(hk) R R FERIER KN JE AL

SHINERS # 3%

SHINERS $ ARAALRE W FH T 4 W B 4 750 A1l

50 4 R AL T A TG, I R A R B S

Laser

PR AL A 2R OB ST, 2015 4F , F 25 i A0 20 3 1 )
FHEA HL Ak 2% SHINERS $ A, JA7 W Au(hkl)
i FEL I 2 1T A R AR AL AR, B T 3 A 21 Au(hkl)
L R T H AR b A AR T b () g e B
B OH i F 790 cm™ &b i) 25 il 9% 2h 06 | I ZR G ik 5¢
TORTA] AT A ) B B X 4 o 2 1 H A AR 1Y
S20R. SHINERS 5 AR 78 Au(hkl) B & 2 1 H A 1k 1A
RN, B R B 6% F — 20 T Al
o T P O PR A R T A S o R R YL R
FIE 9 ORR A Ay IR Ak vl vt d5 80 2 1) B A S 7, K
WL E T ANz 6E, (H—HIGEER
il 22 TH KA ORR I H [|) 4 F i) L2615 B
Tk ORR BRI R R ik 458, feift, 4 IR
A FF A SHINERS $ARIESGE T Pr(hkl) 5 5 1
ORR i 2 , B WKAE Pt(hkl) 5 5 A T 3545 T ORR
SeR R B AR B ETEIESE , B E T ORR EAK [ i
TR,

ST e 5 T R SR T Pr(hkl) S
% 19 ORR 33 . 78 Pt(111) 5 5l il R 1, Bl %5
ORR J ¥ Y 4T, #E 735 em Bt H B 7 5 09 Fr

g

A high

1800 1800

"

: (‘ 200200 nm?
—Au{111)
Au(100)
Au(110)

0o L2} 0z LA
ElVvs. SCE

) Ji! ’
Binding Energy’ eV

2000 2100 2200 2300

Raman shift / cm’'

-}

g

-]

= -
Binding Energy | oV

Reman Shiftj em™? :

L

1 t 3 4 s
Number of Pd layers

5 3 (A)SHINERS i A #£ I AL i A F AL 1 BEMLEE 1] 5 (B)Au(hkl) 1 Cu K ALUIEL CV 4R ; (C)DLALHL)ZE Pd 1Y
STM & J; (D)PIC Wt £ 1~5 2 Pd () SHINERS J6i € ; (E)XPS F4E ; (F) d-m" M EAEHEBLE ; (G) £)2 Pd )

+:
Eaiey

UNCPd(bridgc)*” Pdsg»n fig G & [E08,

Fig. 3 (A) Schematic diagram of in-situ SHINERS used for studies of interfacial electronic and catalytic properties. (B) CVs of
Cu UPD on Au(111), Au(110) and Au(100). STM image of 1 ML Pd (c) on Au(111). The bottom panel of (C) shows the
height profile obtained at the blue dashed line in the corresponding STM image. (D) SHINERS of PIC adsorbed on the 1~5
ML Pd on Au(111). (E) XPS spectra of Pd overlayers on Au(111). (F) Schematic diagram of d-m" interaction depending
on Pd/Pt overlayer thickness, the surface electron density and vy shifts. Correlation of (G) Pd overlayer thickness against

the frequency of vxcpa s and the binding energy of Py,
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In-Situ Raman Spectroscopic Study of
Electrochemical Reactions at Single Crystal Surfaces

SU Min, DONG Jin-chao, LI Jian-feng"
(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Since the 1970s, in-situ spectroscopy (Raman, infrared, etc.) has been used to systematically study the electrochemical
interfacial reactions which can provide more information about surface reactions and reveal the mechanisms from microscopic view
due to its excellent surface sensitivity and energy resolution. With the development of nano-technology, surface-enhanced Raman
scattering effect spectroscopy has made rapid progress. Recently, the emergence of SHINERS provides a good in-situ spectroscopic
technique for the study of catalytic reactions on single crystal model electrodes with deterministic surface structure. In this paper, we
have summarized the application of SHINERS in the study of single crystal interface, and outlined the perspectives of SHINERS re-

search in different fields.

Key words: shell-isolated nanoparticle-enhanced Raman spectroscopy; spectroelectrochemistry; single crystal electrode; in-situ
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