Journal of Electrochemistry

Volume 22

Issue 4 Special Issue of Photoelectrochemistry
and New Types of Solar CelIsSEditors:Professor
LIN Chang-jian& LI Yong-fang

2016-08-29

Theoretical Study of Photoelectrochemical Reactions and EC-
SERS on SPR Metallic Electrodes of Silver and Gold

Yuan-fei Wu

Ran Pang

Meng Zhang
Jian-zhang Zhou
Bin Ren
Zhong-qun Tian

De-yin Wu

Department of Chemistry . College of Chemistry and Chemical Engineering, State Key Laboratory of
Physical Chemistry of Solid Surfaces, Xiamen University, Xiamen 361005, Fujian, China;,
dywu@xmu.edu.cn

Recommended Citation

Yuan-fei Wu, Ran Pang, Meng Zhang, Jian-zhang Zhou, Bin Ren, Zhong-qun Tian, De-yin Wu. Theoretical
Study of Photoelectrochemical Reactions and EC-SERS on SPR Metallic Electrodes of Silver and Gold[J].
Journal of Electrochemistry, 2016, 22(4): 356-367.

DOI: 10.13208/j.electrochem.160149

Available at: https://jelectrochem.xmu.edu.cn/journal/vol22/iss4/5

This Review is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol22
https://jelectrochem.xmu.edu.cn/journal/vol22/iss4
https://jelectrochem.xmu.edu.cn/journal/vol22/iss4
https://jelectrochem.xmu.edu.cn/journal/vol22/iss4
https://jelectrochem.xmu.edu.cn/journal/vol22/iss4/5

H22% 4
2016 4 8 A

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol.22 No. 4
Aug. 2016

DOI: 10.13208/j.electrochem.160149
Cite this: J. Electrochem. 2016, 22(4): 356-367

Artical ID:1006-3471(2016)04-0356-12

Http://electrochem.xmu.edu.cn

SPR $R & Bk _FXR A ER N
EC-SERS Bt

ZIE, R KR,k BRI FE AL R, W PR REyT
(IR T2 b fb 2 2, WRR T2 E R E A=, JE 1] 361005)

FEEE . BB AOKRRE 0 &, AT HE 5 4 i bl b 06 s AR WO 3 323848 25 T 10 e 4 J 40 K 4 LAy
SR A 2R TAT 45 0 OT 3R (SPR) N, ' REA RCHL R M 0t Ak D 3 70t ISR DG RE B 4 Js 2 T Xk, 7T LAFE %
T A 5 19 0 B 37 00, T A A A i ) A R -2 O 1 RO, TR T ] RUBE A BR800 PRt SPR 280,
A A T 2 T SR L T (SERS)RU N, FH T SR AR W B 23, TT L AT R 5 b 3 ThT A2 S NE, Sy 78 R Al 2 BT 5%
Ut 5 v B ) R4 Al 2 S T B AR R AR S S I 1 i v A L R TR IR Y A R R RS T AR R AL
AR A AL T B TR AL BN AN SERS SIS Y AR, I LATE B G OK S5 BB LK S BTl R Y
P e S AL ), O T R TR S 02 S0 i A RO R R 48 7R T SPR 2 501 HL b 2 S Y A B
KRR L% AL R AR SR AL RO AT R B MOC IR ; ek

FE5YE S 0646

H 1839 4 Becquerel 1 YU I 2] 7% 8T 2
AFRIR H By WA A ) 4 J e b2 Aot s i 2l By
i = I ANE (RS B A i TN B A S S 7
R, JFBWIE T Ak e ) o SR —
6 HL AR AL B AR B 00 B BOG HL A 2 10 R R A
RN, AH ARG H AR AR B IR E T R AL
1887 4F Hertz % B G5 J@ 23 1 16 By 5 A& 4
A HE T 5 IS AT IFAE
SEES AR AT T A AR RO e e

Ot HL Ak 2 SR A O FR U R T 4 e AR A
BE L HARELAT | IR D R K T HL R T T ) 2L B
Becquerel 7 1859 4 ft LI 51 ) H, 38 19 5 ) 44K
T FEL A TV R ) pHL (BRI B H AP, 2 RO iR
RTINS  (==l Ly N ¢ SRE  H U D E o E D
o B AT RHINER i A ERORTA S5 R AR FL A R
B, AATEOE AR 5 500 OR F R R B R O
0, TG b 2E O & AR B, DL K A B
AT 5O B YOG &R AE A R AR S T B
I, WNARAEAE B I W o F L AT IR 3K 4 R R
MU R A L kAT R & AR G Al 2 ., F

SMEAARIRAD . A

i AR AE B BE S TAE A Berg'™ Heyrovsky™Fl
Barker!"245 A\ 37 FF A9 TAE, IF WA & e T
AN TR B HL .

MR G T A AL, AR AR R
Gy =25 E 1A R, 2Rl AR AT
VIR Wb i A Ot B BOB R 9T R A4
RN P A OB H. B R R A B I
O, TE & R R A R T, R S I A D F Ak
RN AR A I 1B R, 5 SRR
4 JE A 2R T PR A T A R A T R B = 5 O
W, I35 A2 O kA FEX A IE LT, LR BT
VA VR B G A D R AS B RO A B, R LR
S TN S I R e = L g R e TR & [
S A B R A, MR 5 A SR
VEFC AT REAS , JF MO A SO F & A D L Ak 27
N AR IR LS. R RGO T, AT ek AR
T N4 S FE A B 43 1 F T B A e R (] 1C) M
oy T 3G JE A i B e i Rk R (K 1D). 5 &l 1
() Jz 1o 2 AR A B, AT LLKE: Berg!'F1 Barker 1Y
BLER A3 05 Ry 55— 25 (B TA)FISE — 25 (/) 1B), T

Wk B 9T . 2016-06-07, 21T H . 2016-08-08 * il i/EF | Tel: (86-592)2189023 ,E-mail: dywu@xmu.edu.cn
[ % A SR Bl 34 (No. 21321062, No. 21533006 F1 No. 21373712) B 973 4481 (No. 2015CB932303 ) DL & JE ] K244k 2%

AT B 1 A 3 T ) R Al 2 [ R S R A Y A RSB .



955 4 3] S0 E % SPR AR 4 f A | 6 L Ak 2% 2 1 Rl EC-SERS HS Hf 5% <357

Metjl Milecule Metal Molecule 1 EE{,K#:‘,% %iﬁf) fi i@ﬁqﬁ%

‘ 4 TESE B BT 00 [ B, e i AL 2 300 B 58 3

ElU==| |v BV 5 1 K . LI 6 4 R 22 T Ok K gt

| D | — P55 S 5 T 24 111 Fowler-Nordhelm F &0, & fig

T 205 F U B I 5 g 2 09 7 7 BUIE HE. {RL7E

A B ML R R, T LI R e 2 R T A

Metal | Molecule Metal | Molecule TRV RIS, 6 5 v A 2 SR T S % S ol 9

A TEAEBE AR 22 990 [l i, 7 7T 056 IX sl xd T 8 4

BU— " EO=N e K B A 06 T R REGRIE SPR fERE e i

o \5__ Sk 4 B LA D R ST TR TR R

SREE, AL 4R S T I A Ak

< L 7 VB9 2R 1 31 SR80 W 0, 4 i Wi % vl i e, 738

B 1 4 e v A TS5 6 AE FH AT BB A7 78 14 DU b e for 5% 75 P AL 45 AR AR A0 2E T R Y RE B A e N R o

PURE
Fig. 1 Four charge-transfer processes between metal elec-
trodes and probe molecules due to the light irradia-

tion

4 Heyrovsky AL T Sy 55 = 0F 58 1k R (K 1C
1 D).

S A JE R T OB B H g, (A H
BT — M4 i i b A6 L A ARG IR T 1%. X
FPARAR 09 516 L 2 AR AR R ol T H -8 O
WA, kS 5otk E RN, HEEE AR T
e T 5 AR RO . 1972 4F | Fujishima L TiO, 4
JE PR, UEAAE R BIAR , 6 7T LR SE30K 19 43 1
B 2 SARAE AR B ZS R LA 2, (R R
HL 25 7O A RO A3 25, Ar B R EE XS
b2 BN, B8 0 o Ak i a5 SR 048 B L A fb
RO IR F] 24% , FF IR R I LA T Ak Y
BB R R AR ORI O i e A R Bl T
20%!191,

AR SO SRR T R 2SO T B Y R
' LB R R E AR, ARG SRR T HE
HW TR LG R S W A% SERS G,
WF9E HA 3 SPR 4 4R 44 K 4 i 2 R B 43+ 1 W
BRI BN, 7% e 4 DK 235 R F B R K SR THED 1Y) O HL A
PN, LA B 75 3 e R 54k & W0 #E SERS W52
T K A B G LA 2 BB R T K R 2R 5 3 B AR
e A6 S HL A RN TR T O A e R SRR R
SR AE — 2 FL A PR T AR L R R RO LR R
SN, XK K BEf# SPR 2 5 OGS
FEERHETY ).

NSl P R AR IR G 51 R /Y SPR, H PR At 4
AL R R H A e RS AR O\ xR AR T
A BN — .

TE 1960 AFEACSE 1, AT & & 1 W A st 784 > ek
S IR O Ak 2 BT YOG R TR AR — R A S Ol
U v AT % T W AT 400 o 2 G v A 27 B vy 1 2 3 A5
TR, 1 oA AL AT fige R ' PR AR RN DY B AR H 3t {H R B
SR T MEAR B Sy 2R AR R R G — e B A R A
4 B IO K i A i St OB IR SRS A AL
Ve TN A O PR A 2 R NE L S — ol B A R R O
T8 T3, | % i Brodskii #1 Gurevich P4 H1 5
B 755, & AT LA R A v v 1 ' P A R BT i
WAL T LU i, DRGSR S 4 8 NI L
A 200, A 2 W 7 4 T8 R T 2 A RS LT RE R
(RIS 5 2) /N 2 DRI F 0 77 A 17T 52 T 45 T PR 348 17 4
J125 VA 5 3) 2 WS T I RE A RN X & AT R
SR T UL b = R R I AR A M A AR TR
i TV ) O F A 2 FL IR B2, (L T R U )2
ML 37 B 2 4312 A I R A SO0 iR R
8 R g NN s o PO S o NS LR T B 4
FETE B2 2 A AT LRI Y 1Y Tafel ¢ &.

1976 4 Bockris 5&22IH0HE 1O HL AR 27 HL it 1)
THE T AT % 8 T OGAE S 0 RS O
KR JLE UL 2 X0 ST g 22 52 i 5L A
e - N R N R e A N o PN S S
T Y 4 e A AR 3R TG F I B F A R ER OGS4
Rtk A IR R - i 5 i i R/ = W (11K (W = A
FEAN R G T RE T oK F R b B &0 18 Y FE i B
AL Y 22 Ak A A1 45 B A B L R R 2.85 eV, #E ik
S (3.0 eV AL B (H 3.15 eV. X el



-358. W,

1

A

= 2016 4f

HER IS T VA T B AR AR OB OR L R R
ERERFHEE, WHEETHEF5ERNST
ST VR B R AR R RN, (R BRI G A
RGPAA A AL R TR, WA 4 8 A AT 440K
Z5F I SPR ALV [ 5

TE 4 Ja Ll B A DO I A SN, 28 O
%S5 RN — HAFEF L. 1972 4 Gerischer TA N
TECHUR TS, 2 4 8 F R A6 B8 TE I, DG BH AR 4R 1k
LI AT BB R H 25 78S 5 W6 FA AR S 27, il o\l 7E
kT 7648 Fermi BB T SIS TR
iF %] Fermi Eg =z AR S A, B 7F Fermi HEY
ZF A 5 W B A B A U RE G VT C |, AT
RS FEARAE P X B TR RO R A 2E
ol 25 7R . R TE 42 8 R A A 1 S g i 5
TR — R L E SRR BN AR A
NG TR A AR, 2 S Y A AR
B E TN A RKEMABEF, HETALN]
ThT 4 s 3R 18 A7 25 XS 5 0 Ak B R M BEAS
JEWL 1985 4R Zc Ay, H fif B B 390 01 2k S M 46 J R A
T A T B2 XS 5O AL B g B
AETEMROASRER, MR EZFR ™Ak
56 B W AE A a2 JL~F A [R] , Murakoshi F1 Uosaki fE
R A SR ] e S AR I R TS AH DG, A ATTIA X
FBK [T LA e R 0 R AL B,

TE4 R Ry &S b, AT AT DL B AR B
4 ) R BN R R B MRS R, AT — 1)
YR K S5 T A R E 2 ANk R . B
T H AR T K 5 R Y JUART S RN, BN T &
R 58RI A, 02 &8 ik iy i
FE RO A PR BT BT T R 2O %
(SERS) EA7 1 A4S R BHRE | AS{SUXF J 11 40 oK 25
F) 35 Ry R T HL AT DL SR ARG 55 B IR 4 1,
TE 43 7K1 4 A4t 55 T 082 B0 R O' H A 27 S A A 0

AR, RZAMNHLEE EIAR SPROG AL AL~ F i 4 fe

2 ETUEHERZX

TE AR T, A A P K R T S Ty T Y
R S AR Sz e A 5 | ' BRI R A S T, T SR S
VA S T ER VAR S SRt ) VA R R Va3
A OB S, TR AR A SRR AL R ALk
A8 3 THT PR R BB ), SR BOWE B A L T AR A
RETAT L A= fl oy SN T AE DG IR FRL AR 3 1 r 1
ORI > T 3Otk , TE T ECR ASHaE I

gl kS & AR R . R, fEEAS TR O
LAk 2 R T B SRR T T 2 5 Wk 2E R
FE AN B FEAS S RE TH,  EL W Bk A R
1125 B A2 BN B {45 B 15 A8 A5 5 i 42 4.
T NERE BRGSO ek R, FRAT T S
T B A R A TR R I T S A G A A
B, REHR LM ASER,; Kk, A TH
EC-SERS JGil OCHE , FoATHE 6 22 52 1 49y 1y Wi s 1
BRI B, W 7 3RS R & 25 IR s R A ; B
J& , B AT 454 EC-SERS JGIEHRE | 43 B 5 1 G
b 2% I N o FR BT,

H A WA ES 7 T T o TR
FL A 3R TR ) R B A A L — T — M SR R Y
W7 R R B R P R T 3R T LI Y (L E R
XS BRI T VAT 32 R T A A v R A
R TE AR X 2R T R ST RO RfE. T
A E I A R A A AL A 3R TR PR AL
SEK  RRECAF MR Oy T 5 A JE I U EEVE T, R
& JE A LB A S AR L U5 vk, T DL R
FL AR HL AV X 43 R BRI B B S ), TR BB
AN, BFESA B BEIE K OF b B 55 g b s 2 T Wi
GhAL . Ak R 1 F LA B2 SERS % 6 5 3 A1 45 5
o401 [R) B, L F 4 M AE AR mT ) (o H AF 5 A 1k
W B 1 R 2 ) 0 S B B L 45 AL RN IR sh AR
I, FERMAES T FE R T &R R A
Ji k.

HiLfk 2% SERS % I 1Y 41 2 2 e Wi B 43 7 76 |
TR BRE A P . TR BR 4 A ) R B AR
PEAL T Z o1 5 R R AR G B R T
(14 FL Ak 2% SERS 35 U6 (149 531 38 | AH 6 2% 43 F 16 A
SUR WA T R RSl — BN, XRBT T
54 Ja v AR T AR ELAE R AR O 5 4
JaR SRR Ty VA AL H Ak A W A R, AT RASRAS 43
TE RN RS A5, IR TSR o>
PRI 2 43R 2 2R e Hb o BT B A R A Bl ok
JE YE R 5 ) R TR B AR AR Al s 5] A
JGHET, 7E EC-SERS JGilf il e (1 % 2l il = A 8
FR I | AT B J2 1 W B 3% Mg A AR A, Bl I 1
AR R A g S A BET R 28R T
2805 0k TS R R s I e v, X R
T it A2 O R AR AR G M SO R A A
SEAPE. SCHR PN T B TR T, R
FHE TR EE J137 07 8 S SR AT AR ),



54 4

R ITCAE A : SPR AR 4 W MR E oG Ak 2 2 i Al EC-SERS BB #F 5 359 -

W fE 5319 EC-SERS #0458 i 5 FL i 138248
FV R AR A G, — 7 T, B KM T 4 R 1 5 A
YRG5 R X B4 2 B N T4 40 SERS 1 5 AL B
I H R S 3 RS . s — O T, B AR T O D
K AN LA RS, RS T - &8 R
RUBTHL AR AL 22 R AR R, AT 5 4R A5 f R Y
W BhF 235 ) R Sl 0% B I TR BT 235 A 7 5 B Y
WOk OGTE B SARAN -4 B R R Uk S e i A 22
BRI, 2 B 2o AR Sy AR Ry 2 WU o AR
$7 2 5 5 G0 TN AR T G E P FRATTR A
R 3 07 B 580 - & SR R W AL AR X T4 4R 3
LA S 0, 5 SR O AR S S A4 hr 2 B IR, DA
) 2 T 53 HICS AT

MPMOEOLREE 50T - & ENM L SR E
AHFE I B VE FC R, SERS 15 502 i b g al e R Fi7 2
Tk R 2 AN AN B R R A O
HL A 5 40 7 1 98 25 45 0 A8 A AT K. 7 3l A
T, B 0 R I S Y 2 T A Y 1 A
5. FFH 2 ) %% 5 327 oK BEAE (TD-DFT) 5 3 vl 35
RS B AR SR 4 IR H A B A% AL 3G
$7 2 0 B 2 L RE I 4y T 5 4 R R AE A,
TE BLHT ) e TH AR B A2 A I OO T Fr 20 iE
SR 3SR S 00 T 3 FH 9 RO I R B0 X T =
5 BE TR, SCER P B R R TS TR B S D v
H:rp Hartree-Fock #l & S48 7 12 B8 4 4 b 11 5. 7
PR 7 2 5 T,

£ EC-SERS Y15 5246 rh | FLif fig g vl LAJ7
b3 S H AR H A 3% 2R R 4% . kTR EC-SERS #
W, BATK TD-DFT IR 45 & e AL Ak
78 - W B 25 A VRIS M S 2 F R 3
U b 43 B T RE 4 19 EC-SERS JGit. % ik 5
LAk 2% Stark RN 25 G, A7 ST Ji 4 1 b AR 400 B Ry
FLS I EC-SERS K Z&. ficilr , 78 H Ak~ 1T 19 M Sk
TR 48 A BB 7K R T AR N 4 AR 3 T ) R, R A
Hiff B T IR BR K B SERS SR

w5, ERMHBEERTR 54 )8 R NG
PEOL R P G SR SRR ) SRR A K TR AR 2
W23 WE R, I TER TR R W ik U 4 s O
NNy R R A DA R e N3 A R k= 2
SV, R, X 4 R TR 7 P 2 L AR XIS A B
% A A i XA 2 SR R 2 AT A AR YL X
FEW/IN T i A S, LR M M R AR R
oy 5 4 0@ 22 0] 0 Ak 2 U AR . AEAS SO 3R

1%} 42 Ja I 1 #45% F T LANL2DZ Jiif 3.
3 EAHRBFIERKERFHH

SRR

Vi A N = W = e W €. ol i Y e o o
fr—r TR E/DENFE 1.23 eV RURER. 7K L
nfar ) R BHOGRESR A K, R G k2R
W 4% 77 K R BB 58 7 1)L A B & A A iR N
JEMT &R N (HER ), T 76 PH AR & A= 1 4804k R g 2
Mréd % (OER). /245 OER SV # #N Jy S 8 h
DRIE B s 7 o A, (X L FRAT DR £ 2% 18 5 HER
SN O Y HE A A g ek B AR TR K O
I fE fk HER S hi o, FRATT & 5 DAL AE 5L T 174 152 Bff
SN F RGNS FLAE A | 4 g oK 25 4 HE A 3R T
) HER S AILEE.

KT FiL A % THT 1) PR SR S i) 0o T FEL AL N 4 J
P A B (18 P o 7 R A R T, 224 A R A
FE L faf LB IR, PRIK 53X P A 4 e A 3
FEXTARESS 7K A PR 5 T 1% W 6 B i) 2 i AL B 1)
BN it AR R A6 AR A 2 R g AL DL OE B 7K i
DA H 07 P A K1 A i B ) H AR R T X F 67 SR B
SANTH AL, &4 OER SR 1M 24 B AV 78 2 H fi
DA Fe R S T B ey 4 E I, oK 3 i 1] LA
H, 70 P /DN B S E ] P B R TR Y A A B S T
HLALEE &4 HER Jhy. BTk k2= PE S
FCWE B 25 R AR OG , An ] SRAE K (14 45 44 B R o7 1 28
A, 36 R 7K LA A PR SR Sy

EC-SERS i e £ ft H1 fb 27 5L 11 A [7] 4 Fh ) 48
SUE5, AT e A Ak o AT K S5 R R
EC-SERS A, & iUk I 1 4 AR 42 14
AR Ry W U= oh A = i
T EC-SERS 3%, Fo 41145 21 7 W fff 7k O-H fifr 4 i
SRR A HL AR 2 Stark SO0 B E T K ZEAS W] HL A%
2 ThT B4 W R &5 P 2, A AR RN 4 R A T, UK AR
B 7E H B 2 T, O-H il 47 41 31 41 % 1) Ha £k 2% Stark
RERAR A FEEAFR A, HL AL B B0 R SR 1T K
A= HER N, 00 BR )22 W BT 40 r i R T, /K GE
o AR KT R R, XK
O-H #R 3l 1Y Stark R} 358 /N1 75 404 45 40 K i
TR R TE b, SR A R R T 1] T BT X
B, Koy ¥ H 5 R EAAEH WK 7§ O-H fif
A5 9% B 1 Lk 2F Stark B R R ES),

Foyk, AT EE B S5 W AS 0k K 5y T



-360 - W,

= 2016 4F

EC-SERS i (1) 25" i1 41 0 452 (1% 38 58 28007 51 g W 4 520,
e, R Sl R B ANk R 45 0 1
gy Z—B B B S A TR O-H i 45 Hk
Bl SERS 505 | 25 i IR 3 #5514 SERS 1 =y i
& W K. 78 B3LYP/aug-cc-PVTZ (O,H)/ Lanl2DZ
(Ag,Au)/K - I FRATT2R A DFT J5 v5 T3 K FE 4R A
G HUAR - R B 9 A S FRATT I T A A SR SR
B, 7K A 7 2 O 1 R 1T R AOSE  J EL R dn L
AR ACE R R BT Al 0 4R B T
KA HLTAE Yl A i R Bl AR Y B2
5HR B i SR 1, — b K AR R AR AL R
SHEGEAT AT, 4RI YK 50 ) AR 1 B
Hfaf 1) 25 VR FH I, WK 25 i PR 25 5 O-H-M
SUHEAS il PR Sh R A R R ss , 5 BOK S ih PR
S 72 T B 0 RO, A e k2 ST BH AR 0 A A
Ak, F R B T FEL T B R R RN, A RO Ak
I, DT 18 TR 25 i 4 2l Ay o 2 5

e Ja , KA T R B A 4 JE 2, TR T
AMLBEZI N 11.6 eV, b5 ol 3 T A /F HH 2 i ik
L R0 b 14 7K 2 W P AR 2R 1T ). U VR pHL (2R
AR W KA T 5 R R R T 0 R RS MO R A R
B, XK 4 F Z IR S K 4y F 5 2 TRl 7 i =
AERVER, HBEERE WK T 5 R R 1R
HF LU 3 45, EC-SERS JGil 1 DFT i1 4244t 1
K G FHEAR R 4 P A SR T (Y WL BT 25 4, B2
ML TR L, K o Tl A S R 4
J& JE VR /N pH A, K A 7 i 2 %R Ak
JRW K 4 F 5 Mk 3 1 4 s R TR L AE AR pH
TR T K B BN R A AN T

i
/!

0000
A

P 2 K AR AN [ e T Pk 2 T Sy WA RS R 28 () /KA i 670 R P A0 30 TRT A 05 RS A 29 5 (B) /K 7 £ £ 1L 8

Ja B AL 2 v K 43 B r 2 5 B A X A 55 1
H.L) Eigen 5 Zundel J& 277 7 19 ¥ 5746 BT 1 A
AL 2 i A AR 552,

3 S HE K A BT 78 H R 4 3R T A W2 B A
R DL KHE DG R T R B 3 T ) Ak 5T 1) 3 D %
2. M T KA BT, A TR U SR TH Y Hembholtz
s 22 4 (W E 3A R 3B). 78 48K 4 b B
I, Z 6% 4 JE T M\ Fermi RER 2 T HILH#
BN B AR SR E, BSOBMOR R SRR
Fermi B Z bR G483, #7481 , i & it
ST SR B O , RAEREHL m RS, nEl 1B
7. AEAR AR T, /K B BT 1 38 2 7K 2 W B A F
W F1h . G K A BT A W AT REZ5# , BD Eigen
45K A1 Zundel 4519 B IX —F 1 RE 22 8/, HIHAA
H AL RE 2%, X 2 keal/mol Z2 A5, H g % F
KGR FZ 58k i & By 3 %2R
Eigen 45445y ] fig Y 455 AU 1202134 iy 4R R 4 Fi, AR X
HER S i 4 B B i ar BT R &L 76 P A
4B bW R RE 25 S TR LAl B L {2 HER F
J& Volmer-Heyrovsky ALEE 5% i 76 4 H A% 1)
HER & [ % J& Volmer-Heyrovsky #lL H FI
Volmer-Tafel #HLEE TR A5, 72K 3C 1, AT
ARVE T H A SR SPR AN 18R A 4 44 oK HL AR FOl
KT AP FE TR T - KGR
XML S, IR ERTECTES T BT &R N 1Y
w7 AR R 4 A e o A FL R R T, KA L
W JFRTDK A B, FOni ™ A iy & IF N J 4%
W B AR AR ST, T B TE R IR W E TR A
PR AR BRSO A BN B 3C FrR i R 7R

T 5L ST Y

T AR 24 5 (C) K T A 70 P 55 Tk 2 T 460 17 ) 8 9 T OB o g 74
Fig. 2 Adsorption configurations of water on different metal cathodes. (A) Water adsorbed on silver cathode; (B) Water ad-

sorbed on platinum cathode covered by a monolayer hydrogen through a hydrogen bond; (C) Water adsorbed on palladium

cathode with subsurface hydrogen atoms.
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Theoretical Study of Photoelectrochemical Reactions and
EC-SERS on SPR Metallic Electrodes of Silver and Gold

WU Yuan-fei, PANG Ran, ZHANG Meng, ZHOU Jian-zhang, REN Bin,
TIAN Zhong-qun, WU De-yin"
(Department of Chemistry, College of Chemistry and Chemical Engineering, State Key Laboratory of Physical
Chemistry of Solid Surfaces, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: At present photoelectrochemistry has received much concern back to nanostructures of noble metals from semicon-
ductor electrodes. This is due to the surface plasmon resonance (SPR) effect of metallic nanostructures, which can effectively con-
vert the far-field light to the near-field light and concentrate the photonic energy to the local surface area with high energy density.
Thus, the different enhancement mechanisms, such as the local optical field enhancement, the formation of light generated hot carri-
ers (hot electron-hole pairs), or the photothermal effect, have been proposed in literatures. On the basis of the SPR enhancement ef-
fect, the surface-enhanced Raman spectroscopy (SERS) can be used to characterize the surface species but also induce surface
chemical reactions. This provides a new idea to study the synergic effect of light and electricity in electrochemical interfaces. The
article first reviewed a brief history of photoelectrochemistry, and then summarized our work on the light splitting water to hydro-
gen molecules, the photo-driven surface catalytic coupling reactions of the p-aminothiophenol oxidation and the p-nitrothiophenol
reduction in electrochemical interfaces. Finally, we presented a simple prospective on the relationship of the SPR and the hot elec-

tron-hole pairs to plasmon-enhanced photoelectrochemical reactions.

Keywords: quantum chemistry; electrochemical surface-enhanced Raman spectroscopy; charge transfer state; surface plasmon

resonance; photoelectrochemistry
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