e R
71

5% i
Spectroscopy and Spectral Analysis

i Vol. 27,No. 4,pp707-710

April, 2007

BERFE L Coo MM RE R BT

EESE P |

fo gk, B

TNKZEAZEF L TLI8 JRJ 215123

mE

TERR AR T R — 2 Coo WRIRE s 7351 1E LI T WK 38 00 AT 3 11 39 588 137 2 0631 (SERS) F 58

HA W AT UL NITTTH R TR 19 Coo TR AT M Coo 19 SERS 35 K1 AT REVE . WFFELEREM . Co
Or TR FRPERI AR B SERS il & Ak 103 R REROAE I ERDERE R AE SERS 0% iR 58 . 1™

AT TR

W o 25 3R 5 DA TR R 7MDK SR A AR T 1) Coo 23 T IOWFFE S5 AR . 5 Z AR I 2 AE 2

VBRI KA 1) SERS 3% P AR B X P 43 07 348 1 311 em ' 264 i B — A7 . 23 43 al Ikl i

W5 Coo 2 J HE I A A LA A K

KEER  REIMIRPLZ IS Coo MR AR
FESES: 0657.3 XEARIRES: A

1 "

Coo B IAR JSAA 2 27 S50F 2 U 6 )2
A XA AT AR R A AT 4% b A o 14 B 58 % R AN B
it = Herp Coo 5 542 J 22 1] 9 AH ELAR 2 B T i F 58
Pz — o R R D5 ok 8 Coo 15 42 JB R TH R AR HL T
FERB I B A ) A RN Bh J3 24 PR B L AR B B A S A B A —
i AT F- B o Chlistunoff %5 PEAIA 24 1 58 1 6 AR %
R (CV) | i AL WA 7 1 (SECMD 25 Z Rl A 2 F-Bx
PRV HL AR R T Coo JEFY — R BN AL E PR T (H2 IR B
REAE SN T LML 1% Coo IRZ BUASHI N Coo- 2R BEIR Y
FEAEA, BRIk R R A M8 —F A
oy R RACRE R oy A K T k. 3 Y 8 L 2 Ot i
(SERS) REMZ 5 Ay T 20 1A 485 38 <5 Jas v A0 3 i B R )22 A 45 4
R A9 P, A A DA B -1 4 T AR =2 T ) AR
YR . DRRE oA s i RAUEL Y SERS $oR 5 £ 5 AL~
PRES G XPEmaR I Coo BB LA BT 508 2 —1F
B TAE . A ORISR A 2B

XTI BT AR AR T Coo 12 THT 1 8 10 2 L 1S FRAT 4
T BRI AE T ZNE T A5 IR R MR R F AR R I
1 Coo 20T BT SR BL BOETE, b 14350 0w, R
W T HAZ AR T 1Y B A A P AN ST A SRR B s (R
SRR P AETE Y Coo T RE 23 X W B 78 B L Al 2 T 1 Coo 19
SERS j5 & 7= A0, HAEA SO AT & e AR AR R i

s B H: 2006-02-08, f&IiTHHA: 2006-05-16

TEHS: 1000-0593(2007)04-0707-04

il B Coo TR . P HEREAT 2 ThT 47 & B4 58OLTE 52 5 . 330
WF9E T NS ORI P AR v A 3 1T Coo THE RS PR AR FRL(SZ
AEAE Iy SERS Jei . R BEAT T4

1 SEgEsy

1.1 SREBIRREERE

R ZE 67 A AREPAE. 1, 0.3, 0.05 pm AL O, #H¥iG
ZEEIE . ARG 3 AR P i Ve R . oAb S 1)
FRELRE A 0. 1 mol « L' KCLAK¥E W+ R AR AR
%k (Ex situ ORC) #EATAURE . MRS 20 72 52 AR5 R H =1k
Eih QU IR AY /G R S
1.2 CoHRERH&E

BT AR Coo X G EI T, DAE S U7 % 5% Coo
FEAR HU R R T G 1 FL A2 R AE . FRATT TR 7 Fi AR 3R TR A
— )2 Coo WML, 17 JE BRI &4 10 mmol « L7 Coo 9 B RV
W AR AR AR T, AR R PR R T 2EE
J& s BRI A TR CRERUKE R PR, R, B
TS AT Com Mia, WILX B IERR
@T 0.1 mol « L' N(C, Ho )y Br fE Ky 3 Hr i i
1.3 SKIG{NEE

P8 %56 R L [ Dilor /4w () LabRam [ #4434k
BB RS, kLR 632.8 nm 1) He-Ne 0k, 4%
I EGR.G 2wl i PAR-173 T fE o (74X . SR = i 4
R DV AE il B AR AR T R HLR (SCE) S 2 L

HEUH: BRARPIEIAEIH (29873033) FE [ E] 435 16 9 BEAL 24 [ 5K 1 05 SE 56 28 151 5

EBERAT: AhEAR. 1976 4R2L . SRR R LANTE A

* SR A

e-mail: ragu@suda. edu. cn



708 JeikeE S T

21 %

Rt FFLAERAT 5 R A i A i
PG A A 4, i A 67 B AR X SCE.

2 #R5hE

2.1 €F0.1mol - L7' N(C,H, ),Br ¥ Z BT PIREMN
L Co 5 FERT SERS

WME 1R, EHEBAT, [URE T D& Co BFHIE
T HR RS . R, FERAUR T IRZE RS TE L Coo
T J2 5 EL R R TRT Bt B 55 ZE il A R T, Coo 5 MR SR THI A
FH#S) HLEE o) a7 B ) BRI B BT LAAS 21 3 g A0 HL
PRI/, FERAIHAEE] 0.6 V, Co iGIEZEIRTH S, MAE~
348 em ' HY BRI A IS, X 5 ZHEE I Coo 1 BIRTE
ML AR 1) SERS §% B AR K22 5. Garrell 551 76 4x
AR FA33]~340 em ' B HTIE, Moscovits 250 7F 341 em !
WA R i, JF HERIEENTHE T Co 588 ALK HY
HAEEM . FAT DA A S50 o BUAE 348 em ' 2245
[FFETTRE S Coo 542 JB B AUVE A 3G, 24 v A3 32 ¥ 11 3
—0.1 VIFCanE 1 fR, Hh ROFE AL —UGRED . Ce
ORI SCERT R O, O HOHIR B A P . TERIR R
IR BT S R A A AT A4, FE—0. 2 VIR A 2
JIER) s RARA BN RS2 7w B Y Coo RIS OEIE A X
AT RESE N TESS — B I PR R 2 AT fli i A b s Coo RSV i
J& MAFAT T UURRAE AR SR AT [ g a2 L A5 X [R] 908 B i 72
s 2 A R R R T I SR R R A . OB 2 T — IR R
HLry R ORC MBS AR . EB 43 Coo 2B OIS Ha A R 1
FAR JEF LRI 4R A & SERS IS MERG A o K IbEt Coo 9

\152
-0.2 VRRR

-0.4 VRRR
—0.7 VRRR

-0.9 VRR

-0.6 VRR

-0.2 VRR
0VR

SERS U B 55 A2 IS A LB Cingk 1 FzR) . AT LA
B, SRR Co BN SERS WFFE 25 KA ML, thT3k
1 Coo 53 FRIFRIEMEALT I T H, FRah B 5 ERIHFEM
gz, N REIE A A T 24 (0 1 575 em™ ' 43380 1 541
1577 em 5 739~877 em ' AN SR 774 em 432U
ZEH 1026, 1056 F11 103 e (Y B4 5 1 099 em™!
HIARE D . [FEr, BRI IER, ikt EE
SERS %00 B v o A 75 AR T2 1 1 v B B G e g A =X
FATPLRIEE, T4 T H PR E4 (n 999, 1126, 1 273,
1367, 1389 ecm™ %),

J 2000 cps

Wave number/cm !
Fig. 1 The SER spectra of the Cg film on Ag electrodes
in the 0.1 mol « L™' N(C,Hy ), Br acetonitrile
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The SER spectra of the Cq film on Ag electrodes in the 0. 1 mol « L' N(C,H, )4 Br
acetonitrile solution after in-situ ORC
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Table 1 Raman frequencies of Cg

Raman/cm™1[A] SER Spectra( Acetonitrile solution)[®]

SER spectra(Water Solution)[¢] Assignment

273 265

437

496

527 o8

577

710 T11vw

774 739~877
999

1099 1026,1 056,1 103
1126

1183

1 250 1 229vw

1273, 1367, 1389

1428

1470 1447, 1 465

1575 1541, 13577

H, squashing

311
H
381, 392 ¢
504, 522 A brkfathmg
600, 611 tu
Fi,
712 H,
763vw, 802, 821vw, 854
999
1088 H,
1128
1 157vw Fi, (An infrared active mode)

1234 H,
1273, 1315, 1392
Hg7 F
1449, 1 468 Ag pentagonal pinch

1557, 1586

[A]: data from ref 8; [B]; in our work 2.1, at—0. 2 V(after in-situ ORC); [C]: in our work 2. 2, at—0. 1V(vw-very weak)
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Fig. 3 The SER spectra of the Cs film formed at more positive
potential on Ag electrodes after being dried by N,
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Fig. 4 The SER spectra of the Cg film on Ag electrodes in a
0.1 mol « L™! KCI solution
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Abstract

nitrile solution and water solution respectively. The influence of Cs from bulk solution on the SERS of the adsorbed Cg was re-

The thin films of Cs on Ag electrodes were studied by in situ surface-enhanced Raman spectroscopy (SERS) in aceto-

moved by pre-forming Cg, films on the electrode. The results indicate that the split of some relevant Raman bands was attributed
to the loss of vibrational degeneracy due to the lowering of the Cs) molecular symmetry. Moreover, the surface selection rule was
extended because of the influence of the surface electromagnetic field in which some forbidden modes became Raman-active. The
results were similar to that of Cs molecules adsorbed on Ag electrode in the solution of Cs,. A weak band at about 348 and 311
1

cm ! was observed for the Cg films in acetonitrile solution and in aqueous solution respectively, which could be assigned to the

interaction of Cs and Ag electrode surface.
Keywords Surface-enhanced Raman spectroscopy (SERS); Cq films; Ag electrode
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