Journal of Electrochemistry

Volume 16 | Issue 3

2010-08-28

Electrochemical SERS Studies on the Adsorption of
Benzoimidazole and Derivative in Nonaqueous Solution

Ya-xian YUAN
Feng-zhu YANG
Wei LIU
Ping-jie WEI
Jian-lin YAO

Ren-ao GU

Recommended Citation

Ya-xian YUAN, Feng-zhu YANG, Wei LIU, Ping-jie WEI, Jian-lin YAQ, Ren-ao GU. Electrochemical SERS
Studies on the Adsorption of Benzoimidazole and Derivative in Nonaqueous Solution[J]. Journal of
Electrochemistry, 2010, 16(3): Article 16.

DOI: 10.61558/2993-074X.3362

Available at: https://jelectrochem.xmu.edu.cn/journal/vol16/iss3/16

This Article 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/vol16
https://jelectrochem.xmu.edu.cn/journal/vol16/iss3
https://jelectrochem.xmu.edu.cn/journal/vol16/iss3/16

Bl H3W = Vol. 16 No.3
2010 4£ 8 A ELECTROCHEMISTRY Aug. 2010
X EH S :1006-3471(2010) 03-0343-07
=== 3 \ /4 43=
JE 7K f 5= 75 T WK 148 K7 43T A 490 W Bf Y
Kiva 5 L B s 3f =iq
BYFEREEREN S LIERR
F AL, HREK, 3 A, R, EAT, BAK
(IINRE BB S A2 A0 A3, T 95l 215123)
W AL I K T SR O3 (SERS) DK BB AL 2 AR S SRS T AR K A 2R 2 3w e

Lo 2-3i AT RS TE 5] R R SR TR % W A5 O S HC S = 2R i (pphy ) A7 19 2 T 3 . 7 45 7 rit 61X [ 246 e
W 2 B LA 1 8 O B P R 2 T A 5 L P07 DX T) R 3R T A JE K e 7 (CuBIM) i, HAT G2 P AR T, %)
A pphy BIZIRZR, Cu” B 5815 pphy BCOE AR E RO FHES 7, E AR IZ 5 5 BIM BC A A AR SE B3 90, =
BONREAE R T A A BB IR 1 A8 F K e 1) e pd A . 23R B A F KR AE Cu T 2 2808 1 [ 413 32 075X
7 FEL A A AT R A, L7 S 360 3 ) Pl (82 DX ) P, MBI 82 LS S 5 4 s R A Y, R A B 1] it Fl (82 1E % e 0%
8 i) F T T ELO U, AR R AR T I MBI 535312 . pphy BYIACR 20 MBI AE Cu LA T A BUBEAT .
P2 BB UL 5 1 %y 2t KA 2 BSCA r h F  S 7 ad R I T B Al

K gEiF
FESES: 0646

FEIR A ZR AL A AEAE o T Al ) DA E
%52 B 2 2 Bk H AR K 1 2 i AL~ 0 5T
EEAE PR LUA LY, B LR IR A 1 700 LA K
W ERAR 22 45 AT BIL o3 1A v A R T ) IR R B LR
THTBC A 2o 7 7 2 B o AR 2 A P B R
S G R R IR T % ) L % T AR A ) 4
FHIGHIAE FHALBEER S X 2 0 (BCAR) 5 6 B A
BAEHL AR B Lt Tl e 2 R i AR K
FAEA BT, P eI 52 AR K 1A 2 rh A AL G A A 2 )
% AT A4 R B S A3 1 ] o I iR TS 4540 ) o
He Ay BT 5 v 0O A R SR AR, A
PR IR B4R 5K DI BE. EL2 AR K A R 11 11 BOK I
S 2%, R AR KV TR R R S T AN M R A R
T2 fAT RT E B2 e v W h R 2 Al B R AT
U= JL ¥ ( Triphenylphosphine, pph; ) 7 5 J Aih
BeASEAE I, AR A [ A4 4 b AT A [a] /4 2 T
FORE A, Q-5 R = G e A I D) 5 4R 3% i
RS RN R TR AR A5 A R T AN R
SIS MR B R B ST A LIRS 4
SR A I 5 s v A 2 THT Y T R P e R

Yk H 41:2010-07-10, 43T H 1 :2010-08-02
[l 5% SR BL 364 (No. 20773091, 20973120) ¥ Bl

LA ATFORE s RRIR AR SR SR R BOiE; — R IERE

MHRFRIRED: A

A B TR AR KR F A HLIEC AR S ¥ 50 A
BF A TR Ak, T RN T A b S T A 1 3% T A A7
A BILBE K N 4 Ja 22 AR I A PILBE. LAAE B9
FENZEWKF- ST IR D) BB A LRSI ) 2 i
W BT A 3 A SR A S B AT A v 2 T R BB Y 3R
1fI 3% 38 P2 3% 5% R (surface enhanced Raman
spectroscopy, SERS) 1l 7377k F 24847 HL 7
T (BCAAR) Z57E 5t 42 s Rk 1 46 Ja P Al o T 17 W o
R 1 AR B TR 8 R T el A 2 il W%
Yy 5 4 JmAE IS 7 W) SR A W0 00 20 1 S 4 v 45
WA BRSNS , 5 78 A R AR LR 58 T B
FE R A, WE T 3 77K AT
FEEATLL S 5 b Ve C 4 3 77 I 9 3% T 0 B AT
S AL AR R B X R R AF 4R L
RS

TR e AT AR W) A A 2 U h B A
g e 2 AR 4 22
Xue ZEHF 57 IA N 28 3 BK & ( benzimidazole, BIMH)
Xt Cu #1922 1l 350% 2 9 = &Mk (BTAH) 55,
Walsh 45 i | NEXAFS ( near edge X-ray absorption

« W IRAVEZE, Tel : (86-512) 65880359, E-mail ; jlyao@ suda. edu. cn



. 344 - WAL

= 2010 4f

fine structure) 3 ARHBF5T T BIMH & Cu 3218 A% W Fft
F1 oM Wang %5 fy SERS HF4Y T BIMH 7E Fe il
BB BUBEA T AR W] BIMH AE £ 38
(R 251 T H A 3R T o B T A 92 bR/ D, EL
Al 2 )2 I, HL S FE R N i .

AN FHHL AR 2 3037 SERS A9 T AR KK &
H2Z Pl R BMIH K 2-23 i 28 JF B i ( 2-mercapto-
benzimidazole, 2-MBI) 7£ 4= J& 4% 3 @ AW fiHA7 R
DL K5 pphy HEAFI YR TE RN, 53 AR B AR
A7 T AL, F B 3 T A R AL S PR R 2 1
AR Y T8 7 40, AR T 3R 0 B LA B = 03 45
FHOCIL , E57. BMIH MBI JE7K R R Cu HLAR R 1f
FRIVER Fh B 3 T P T 7 A5 751
1 SEIGERSY
1.1 DMFRIEBHFENE

P il A HR800 3 £ i3 2 6 %
A (%[ LabRam) , i A2 304 F CHI660 H £k,
FTARRE. SERR 2 R o Al SN T E 2 AR
HEFE PR K.

IR GIE Ak 27ty Teflon T, 5%
JeFE SRR A St 1, = AR &R, TAEm K
0.1 em® {4 45 FL R 0B I 28 ML BRI O i
Ve, ARJE1E 0. 1 mol - L™" KCI /K& ¥ rfr 2 XU HL 037 [y
BRE ZUCORURE 3R 1H LA 3RS SERS 1Tk, 5 AR
THE. PR R AE XA, B S Ag/AgCl H
WAES: AR, % I TC /K B v
1.2 BEYHBUEELEH

T 100 mL Schlenk HEHH AN A — % i 1Y K I
I W i 2 - 25 5 R T DK e K b i R Bl (AR S Ay
HLE BT ) , LA S G VRV 00, 400 P 08 =2 95 i, 3 Hl IR
FEHLUEAE 10 mA IV W b 7 A 1 3, 7
Y2 Schlenk 3} i i | Uk ¥ B 1 Ja AR AR G0
K. T E 0 #r BIMCu ( Mr = 180. 67) i+ & {H
(% ).C46.53,H2.79,N 15.51;5ZM{H (% ) . C
45.94 ,H 2.81,N 15.62. MBICu(Mr =212.74)1f
B (%): C 39.52,H 2. 37, N 13. 17; 5290 (&
(% ):C39.94,H2.40,N 13.29.

o] 3R ZR AN pph, , 18 BB LI, B
A H, SR B T IR AL A DTE %L
VE LS ik 235 v IS VR AR DGR, T3 43 BT (pphy ),
(BIM) CuP,(Mr =741.71) 5B {EH (% ) :C 69.63,
H 4.89,N 3.78; 520 (% ) :C 70.05,H 4. 84N

3. 24 fH 2-FFEIRIFWRME ) B2 1 =4 I % A AR k.

HL Ak 2 RN A i DG R i LR AR B, B E
FEUL RS YRS R E 2R T 1.0 mol/F i
B Cu LL—Mr B AEE.

2 HR5TR
2.1 FEKBABRPEHFKBAE Cu BIRERE
R L= 3% SERS HiE

BIMH [ {& BH1 S35 & 1 iR, M % 63
DL 10 S0 S IR B IR U, 2k =2 BT
TEH , RS B R, o 3 VR 0 5% T 1) o %
(WLE2a). 7 -0.8 V. ~ —0.5 V X [a], BERIE
541 BMIH F{5 545 55 , (ORI 2147 F 778 em ™',
1008 em ™" {3 , T 43 Bl A S 25 34 ) I 1 3R B
A S A I AT IR 31, Wi W 7 12 f 437 [X ] BIMH
FE Cu HL B 5 1 W B T 3555 , ARl RS il &
A A SR . B IE RS, 7 920 em ™ b H B
T TTHE AR K VR G DAL HL A 5 i e o
AR AN i, ] R BIMH A 56 033 04 5 B 1] 4l
B4, 0 1271 em ' AR A PR IR TE P AE R BR 3. b4k
WA S T 1293 em ™' AbAYJE I, 0T HR AN
WKIEFR CH AR IR ), i {7 F 1355 em ™' Ab Y2
W SR AP 4 41 21y, DA 3 e ) > 0 B 5 [ A i e
HH E A 388 . I AT L 55 I e B A G B R Bl A
SR LA B AR A3 W, ELAT S [ A A 44 5.
B I — B IEA, JEOR A T 1293 em ™' Y J 1632 i
BRI ELAR e A i I A0 T 1285 em T AR
1271 em ™" P, Lewis 4554 MKAHLL B AR KA
AT Cu’t BT 5 BIMH (&4, (0 5
() Cu 25 SR 55 SE B 1 B B AR 2R R4 7 A AL
MR AR Cu B, AT A5 2 Ea 2 /Y Cu(BIM)
YT B B T A R AR PE . Lewis
WA GG B0 T UAE 3 R gt , & e
12 1) A7 7 458 K 22 31, 4% 51 & A7 T 1000 em ™',
1290 em ™' BF T (433 04 B B AR TR X%FF Cu(BIM)
ARG T 1032 em ™' A K 1298 em ' 4b T8 H.
AL 3 AN ERERRIE .

SCERFE B, BIMH [ SERS i e 5% J3 133 068 4t
SRR A7 A8 6+ /3 B 2, 76 1000 em ™' [T Bif
HL IE R T e i AE 5, 78 — 0.2 V Rl 2 7 F
1020 em ™' (15 I (76 BIMH [y [ 44 135 04 v 9 3 A
R ) R0 ) |, T2 04 T TA A DK e B 1T P A8 T 4R
SRR, A X iR Bl F A3 1E S 2R T 1 i, AR



SEMEANAE - R R ZR AT R R AT A e B 4 v A R TR SR 7 2 e EIF 5 - 345 -

3
— o 1007
v—1°o oy
=3 FCC o] 2 %i
A <
(N O T A
1 ¥ 1 * i * H ¥ i
200 400 600 800 1000

v T T Y
2800 3000 3200 3400
Wavenumber /cm’!

BT ZRIF DR e [ A ) o7 2 1%
Fig.1 Normal Raman spectrum of the BIMH solid

¥, ULl BIMH 55 G i 3 i & A2 e A5 0. 2 i iz
PiAEE 0 V DLIER, A i 656 8 2 A1, ik 3 22
i p T LM R AR X i) A R AR 2 bR S A T 2k
SERS {l PR 8. O 1R SE R i A AR B AL, B
AT TR BB, L% 3] v A 3% i BT € ke A R
AR, WS I 2 T I AT 55 €0, DA Ot 3 n K]
2a IR ZOGIERE S TE O V I Bl 75 (1) SERS
JERE AL, I HL5 SCRR A IE ) Cu ( BIM) S 36 4 il

film

05V
02V
01V

Intensity/a.u.

ov

-02V
-03V
0.5V
0.8V

N I ! i N i i I N 1
600 800 1000 1200 1400 1600

Wavenumber /cm’!

— 5, Fh I 9FE T Bt AL A7 D F% , BIMH 7% 37 16 FL A 6
THI B, 5 S5 B 45442 Cu ( BIM) | T ZE 44 f HL o7
IX 6], BIMH & 4 J& % I 0 /B A 55, 222 LA P ik
oy FIE 2

YERXT LG I pphy 5, HR TR 5
RUEAT R & A T R AR (DL 2b) , 2R B
E:T-0.8VE 0.3V X[EIP,HA - H G
BAAE S, 0.3 V AbH BLE S () BIMH {55,
MAEARF pphy MR R P, WAE -0.5 V T HBLE
f) BIMH {5%5.0.2 V [ pph, KR L MIF 5%
SRIESR, IF H B T 1030 em ' Ak g, [A] B
1292 em ™' JEIAAE I LA T Bk T, Hf 06 T
BETE AR RBARPETT M) A7 A6 AN A W, A 3% 0
155 85 A H AL DX 18] FEAS 75 pphy M8 &R B B 0
%, UL AT UL pphy Z AFFEZ A T BIMH 1% 3 1 A%,
FEEAT Ay . AFLLHs e AR DA Y P BB DG % T S 1
P2 55 G AE pphy KR W13 410, AT
IR A s 3 LA 2R B 5K pphy Y
A LIV I 22 ).
2.2 2-FRE 7K F K M 7 5 BB 4% 3% T A IR B

BIMH £ DIH N JFF 548 Co iR m/EH
T BSR4 A A £ F o7 X (B 2 22 LA 4 T
SR B T LA DX B) S B, B R N5 4 I 1
A7 B 9 O 35, pphy AT BACAR I 2 C AR 1 3 T G
PEAR2EAT . 33X B A2 -3 JE 2 - kg ( MBI) Ry 3],

=
5]
>
p=y
&
2
= 04V
02V
JLJLJW oV
A " 03V
A 05V
A A 08V
1 T 1 ¥ i 4 i L 1
800 1000 1200 1400 1600
Wavenumber /cm!

K2 ISR ATFOREIBE Cu HUB 2 T Bl L £ 22 R B9 SERS Dt
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Tab.1 Main normal Raman and SERS bands of the BIMH and their assignments

Solid SERS ( -0.2 V) Film Complex Assignments

546 549 bz ring bending (i.p.)
628 619 NH + CH bending (o. p. )
779 779 781 780 bz ring breathing
1007 1008 1007/1032 1002/1032 bz ring deformation (i.p. )
1248 1255 im ring stretching
1274 1277 1273 bz ring deformation (i.p.)
1302 1296 1304 im CH deformation
1347 1327 im ring stretching
1366 1368 1370 1357 bz ring stretching
1412 1439 bz ring stretching
1461 1450 1459 1464 C—C + G=N stretching
1479 1489 CG=N + C—C stretching
1499 C—C stretching
1590 1578 1582 1587 bz ring stretching
3068 C—H stretching
3093 C—H stretching
3115 C—H stretching

N HL 24 37 SERS K Hi Ak 2i & i RAFF5E T
‘B4 Cu KIEAGYEH]. MBI f [&] A7 2 i b il
Bf7E Cu HEBR S mIBE HEL A28 AR SERS S5 7351l 4
K3, 4 R, i Fi24 MBI AR SCHRShOETE A9
A, HHGE IR A % | BE eI WA TR 2 4
A AEARAE T 705 R i R ) 3 0 A X i L
R S5 B LA (4 728 A 5 2R ATS SR AT AR 24 W 2%
FL A 2 T Y R B R TE oz 5 AR e 3 AT DL 815
cm ™ BRI 19 3% 0 T DAk B 18T A0 IR AR,
T A P37 T iR R T T At 335 06 14 A X 5
JETNAAFERR R M. X 2R, 7R RS2 %
I SR 5 1022 em T I SR A, (HL7E
SERS i ( [&] 4 ) w2 5 B2 U] 2 505 3 e AR A
SERS ({2 T Ve , 76 3 B 5 J8 2K 11 1Y J7 1) FL 37 5
JEYE e Ry B S, AR B 23 TR A AR A BT
[ 736 AR IR SR o A e K. e, RV 4
AT 78 42 Ja 2 1 BG I BE HCTE).  MBL DLUSE 42
LI B F Al R T, DU T A i sl A A B i
ANBRE, , 550 R R B T 3 i N 1 2l
B 5E , WEE F LIRS , 20 I AT REIRUA)RE K AR
—E ML, EAT SCHRRE T KR & i MBI 78 42
T AR B 7 X, ARG R T e A K TR O3
(1 5 f2E AT A5 2 H -5 2 I (Rt ) £ S5 24 60° (MBI
o3 C20l 5 4 J 2 W 19 vE 07 1 i T £ ), A

2-MBI solid

= o
2 1 & <

ot =)

g gz L I

1 y
1 M 1 i 1 ' = 1 v i

200 400 600 800 1000

1199

1200 1400 1600

T T

i U
2600 3000 3200 3400

Wavenumber /cm'!

K3 2-B BRI K A [ (AL 2 1
Fig.3 Normal Raman spectrum of the 2-MBI solid

JEEAE TE HL AT DX 1 it R 7 72 P A AR JEE AR /N, A B R
PLIX BR324 5 80°, L Y 40 F- i T i
W RR, b aE ] LA TE L2 DX E) MBI 315 43 Jm 5%
T 2 AR AR L E RGBS R BR T AR



553 3]

SEMEANAE - R R ZR AT R R AT A e B 4 v A R TR SR 7 2 e EIF 5 - 347 -

Intensity/a.u.
=
wn
<

03V

ov
LM\NI\\«J‘—- 03V
LM_‘MMM 07V

L A SO |
800 1000 1200 1400 1600

It

Wavenumber /cm!

o~
>
=
[~
>
£ film
2 .’-’LJ
£ 0.7V
A 0.5V
WL 03V
.—AJ 01V
NL' 0.1V
AUV VNS DT W E——— ) i B V4
-, RN ——— R V/
( L]

1 E t K i * 1
800 1000 1200 1400 1600

Wavenumber /cm?

K4 CIERZR 2-5HA TR B 7 Cu FURR R TRTRE AL 122 fR B SERS St
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Electrochemical SERS Studies on the Adsorption of
Benzoimidazole and Derivative in Nonaqueous Solution

YUAN Ya-xian, YANG Feng-zhu, LIU Wei, WEI Ping-jie, YAO Jian-lin® , GU Ren-ao
(College of Chemistry. Chemical Engineering and Materials Science, Suzhou University ,
Suzhou 215123 | Jiangsu, China)

Abstract; The surface adsorption of benzoimidazole (BIMH) and 2-mercaptobenzimidazole ( MBI) was investi-
cated by electrochemical in-situ surface enhanced Raman spectroscopy (SERS) and direct electrochemical syn-
thesis on Cu electrode. The influence of the neutral ligand of triphenylphosphine ( pph,) on the adsorption and
surface coordination of BIMH and MBI were investigated respectively. BIMH interacted with metal surface by the
neutral molecule to form chemical adlayer in the extremely negative potential ,while it adsorbed onto metal surface
through the N atoms to form a polymer film which may suppress the corrosion of the metal. The introduction of
pph; destroyed the film formation of BIMH on Cu electrode through the production of dissoluble cation of Cu”
and pph;. MBI was adsorbed onto Cu surface by self assemble monolayer through S atom at the full potential
range. The orientation underwent a transformation from tilt to vertical to electrode surface when the potential was
shifted in positive direction. No influence of pph, was placed on the adsorption behavior. The results deduced
from the in-situ spectroscopic studies were in good agreement with the structural information from the complexes
synthesized by electrochemical method.

Key words: Cu electrode; benzimidazole ; nonaqueous system; surface enhanced Raman spectroscopy; triphe-

nylphosphine
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