RE RN SR LR BB KR RS

Ffif:%g:gl’é'ﬂﬁkﬁlya%ﬁﬁjﬁzﬁﬁﬂﬁ_g’% }%%
(1. TR KPP A FMHE BHAREERFTRELLH T, KL 4300565
2. PO KRFFEEAFIESE, SN 510275; 3. POk FE SR P, M 510275)

FEE R A TR 45 T 3B % (Polyaniline, PANT) 44 K B2 | b A R 4R R 94 oK 0k 4R Je i, 1
2T B IR BB BT O FE R (Surface-enhanced Raman Scattering, SERS) AF 5% T PANI 44 K 4% 0 4> T 55 7F Ag
SRFMMMEAEN, LHERRRH T Ag &8 #1955 F ARV, PANI 40 F b N R T 9%¢ T 5
Ag 1 B H L AR SR G0N A5 PANT 23 785 109 i 47 ST 404 . 45 2R C—H i & i SR sh i /1 C—C 4
B AR 44 90 23 1) AR B 1) B8 3l O S ) 5 i 2 TS A0 4 498 i 1) AT 7 4 Ji 3001 o) T T 43 B 109 2 AL B 2 i
SFF AT 2 8 55 119 Kk 141 76 4 J 2R T A0 1) AT T 4 Tk Rl

KB BN RMBRN OGS WA MR

5l &

ZS 1A B SR P B B 615 3 R (Surface-enhanced Raman Scattering, SERS) J2& i 43 & J& o i 1Y
—FEIE T VL . & Jm AR RS b2 77 AR SERS YA A, B kK BLAE 4k SERS B & R A Ag.Au.Cu F
Pt %, H i Ag (1) SERS ®U0 et e A # W .t T SERS HAG K R 5088 157 3 B 56 1 B A0 vk 3 A6
BRSO A, ST AR SR AT E TR G X — D7 IR AR SR B AN 31 L DX [ 2 S A AR L 2 T A I 1) AR T3] 14 [+
Toft 43~ 01 55 T [ 431 (040 B ) ARG G 45, - BIF o 2 o R L I (% B B T B B ZE I (Polyaniline, PANT)
EAE S FRE T R R SR RS Y RIS i A AR D A R R M 3R A
P RRAE 2 B TR o TR 2 AL = A 854 . B RS R RS S 2 R ES . TEAN R
B AR EE A WL B ALY 198 2% | A R A SIS0 A TR R L L A PR T Y T BE A B R LA
Al AR AL G5 0 PANT 4355 (14 45 46 23 Bl A L 2% 10 1 0 2 i 5L A5 A () 1) 3l 25 5 4 3k i 8 285 45 4 1) A2
b 23 L He 5 W 43 5 OWL AR B A BRI Sl R R S A AR A4 . Dy T IESE PANT 43 76 4 J& ST 1]
() F4) G AR AR AR SCR) H AL 2 DORREL 1 485 T RERCIRER Ag PG R IBR: Ag 1E R 34K >R SERS SEiEH AR
WY T RIARRL KB Ag SR T 1A S RRAE .

1 ZRHH

1.1 FEBR (PANI) 4K B &

IR BLAAR M AR 2300 T 4RI, 20 B 20D R 8 5 A 1« 8 R e SR A R i A R R I R 3he
N, VB R A4 SR R 3 s ol 6 185°C il R 28 488 . il 45 i) R e B A ) NaOH 1 — B A5 175 H

16 10mL ZE MK i A B 20k 98 %6 B Hk B R (HL SO, ) 0. 490, SR 5 JiN A 0. 093¢ B 2 iz B A 1%
VR COR g VAR B R 1) B R LG 125 2R e B o AR VS VI 2 11 € [ A A i 906 Vs VR0 22 Y25 o) T 11
AR g PR B R P AR IR o DA TR A R Ak B AR R H R A 2 L L, 5 L B B (TTO L R
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30X 70mm*) Ky TAE B M, TAEH R 3V, f b= U AL 30min, il 15 28 48 @ (19 5 2K I 94 K # (PANI
nanorods) .
1.2 KR SERS Ekp &l &

1. Omg/mL WS BREE 1 0. 02 %0 T Z, 4% B (polyvinyl alcohol, PVA) K& , £/F N, 4% F 48 30min,
V5 ] 2 2 1) V5 A T A G P AR R A Tt 2R AT P A A DT AR 6min, H e S L BE 5 TTO0. 6 £0. 04em®) fE
B T AR AR VR X A T AR R 3. 0V, 25 W 43 ) AR A 110 il 2 V5 YA & T R 2% W /K T e » 4R
JEIRHLAE 0. 1M KCl KW 25 30min J& . I N, WK 25 H L B il 25 19 Ag JE44H 90K B0k

20mL 0. 025M SRR N, N-— F ZLH ft i (N, N-Dimethylformamide, DMF) % ¥ i il ] 20mL
GAT 0. 075M B 2,475 ik W& i il (Polyvinyl pyrrolidone, PVP) i DMF ¥ e rh /E v % 5t 1 5 L 3% 355
ITOC0. 640. 0Odem®) 1y TAE LB AR AE S X il . TAEHL R R 3. 0V, AL 22 TR 30min, 274 43
S R ARG s 1) R TR U TR L TR N 2R AR /K T U SRR IR AR 0. 1M KCL K 29 30min, ] N, K+ 4%
F Bl & Ag JEAAR g BEA R
1.3 U=H[iEH

BRI AR B G TEAL (Via Laser) , 96 H 5 JE 4370 W i d 7 i i8R (S-4800) » H AR H 37 28 7] 5 3 4t
FL4% A (JEM-2010HR) , H AR L F AR &4k s X S L AT S (D-MAX 2200) , 78 8 £ & 58 23 7 s LAk 2F TAE
i (CHI 660C) , I JR AR A PR A .

P EETE MR A 1 - 6% 1 B & UK A 514nm (Ar ™ & TR L O R Leica 4 5% (Leica 50 X,
0.75 No ALl T B IR B3R L I SRR A L 380 B B3 100 %6 Y AR AL 3

2 #HXR 5k

Kl la ZWECIRGEH Ag HAK (Ag dendritic nanostructures) i SEM &, Ag & A 2 B0 H 58 % 09 B 4
ARG B AR5 BB X B B9 RS AS S it B ] DL . AATRT T o 4 ] B AT 60 R ASIR Ag B T
PE R A 45 AL FIUHLURE 7Y 2 ZRA5 4 o 30 P 45 AR R AR BT B BSCIR A i BO DR L RO THHUBE B9 Ag I8 5001
f Ag AR L) | Ta) B 25 A6 AR It 18 B 285 A0 RRAIE o (5 A IR A B0 K 45 A B A A TN R A1 9K 88 23 1 1Y
Rtk R E S SERS IR PERON ™ . P 1b J2 BT il £ 1 Ag SR UKL ) SEM &, by P AT 10 RF 43 A
¥ —, 2928 100~120nm,

k‘

Bl 1 BAER Ag MR BURLR Ag SRR SEM [
Figure 1 The SEM image of (a) Ag dendrite substrate and (b) Ag nanoparticle substrate.

H T TR A Ag FEAR ISR AFAE W X B AT ST (XRD) 43T W 2 s . Ag 40K i
BRI EEE RS Ag (R R AT R (JCPDS, 04-0783) 5 & W) 4 . 7 0=38. 12°,44. 28°,65. 43°F 81. 24°4b
() 4 A SR U 3 60 18 T IO 7 7 (FCCO) Ag 9 (111) . (200) . (220) F1 (311 [ » [A] B (111) L F1 (200) B A~
Fivy T P4 77 S5 068 40 588 38 v, 6 W AR 0 KOk 1 52 11 Pl 22 TR AR 45 4010 3k — RT3 TR 485 #9 RAIE (i 75 Ag 44K
i BEAE R SERS fyAG I A, AR Ag BT ST IBERR T X R (111) (200D, (220) F (311 [ 4, ik 2
— AN (222) (¥ it 1T A7 S5 06, 0 DR A AR RIR AR LA T 2 R TR R B A (D) T A AT S 0 R R T
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Figure 2 XRD curves of Ag dendritic nanostructures and Ag nanoparticles

P13 4 [ e i Ca) 1 Ch) 2 1) F Ak 2 AR 3 o 4 19 PANT B 451 4 i 58 6 181 (SEMD g i e 7 2
R (TEMD . H B o] HL PANT 44K (19 BLAR 2908 200nm, R0 hGH . A T 05 4 )8 5 X PANI
YK A FHE S5 R RS2 L & 3 T BRI 2 PANT 44K K 19 A AF 45 My 63 , JLARAE A7 R £ 3R N .
A14em "BHE C—H T AMEIEE 8 GUR T +C— N = C {5645 2h A7) (BRENZ5F9) .51 7em " BiF T I
AR +C—N = C HE IS (U 1), 713em ' [ 3T 3 A8 T 4 28 35 30 (RN 4549) , 832em ! [ 3T
0T N AS T IR 3h (BR S5 48D - 890em ™ B 3IT 1% 34 1) 17 P4 A48 TE ik 8h (R &5 48) , 1003em ' BiF 3 24 1) 1T 9
RS (FRA 254D , 1196em ' [t 3r C—H 18 N &5 ih 4k 3 OR X Z549) . 1293em ! B3 G 7 T 2544
1376cm I R C— N+ 4 95 3h CEBR X3 . 1569em ' f Tl C = C Midi ¥k sh (BR R 454) . 1621em !
R C—C g sh OR g5k
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Figure 3 The Raman spectrum of PANI nanorod. Inset images are (a) SEM and (b) TEM of PANI nanorod,

respectively. (Electrochemical deposition for 30min)

Ozbay W W RFFE F W 43 J8 2 1811 [ b o 76 706 B % A T BOE R 32 3h & 1 24 06 e — 7 2% A8
TS B w5 A A S S 2 F TR R R AR P RS L AR R S A A 28 B T AR R
SR T U X PR B Eh T AR v U I e < T A T RO B SR R R 3 A T BE AR S 4 R R T AN S
ARG E TGP 7 00 7 et 1 s A ) B BORAR A M BT . T G BRI A L 7R SERS SGig i 5T vh - R
BEPEHLIN” (surface selection rule) F e 53 H7 W B 75 4 Ja 51T 14 43 4 44 G AL - B 43 Ji 3% i1 46 B 1
FEAIR B A BG4 S8 U 3 TT B4 R % 37 56 JRE o AT 52 g 7 2 IO SR o 93 A — A SR AR S RO L Ry
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Ak 2E T AR AE Ag SRSy F 4 @ ST R Ak 2 B, i Ag—N L Ag—O Ag—S, 5 Ag—X(X=
KRG U NI R B TRETEAR SR - AR A5 . FEAL 2B R b, o T RE RN Ag SEIRAR
HAER AR TR A A 4 DR 5 FE E A S IE )RR T BRI Ak 23X 32 B8 i SERS Gk R AE 06 1
LRSS ARBL L MR AN A AF 5 AT 0 24 5 — A (00 7 2 TS A R ) 8 st G X %) 35 A 1)
TR ARGY/ 48 R0 50 T 0 KA s B2 B SR SRR BRI W AT A
HREAE DL B3 AT, 1 4a 2 10 g/ L PANT G4 K45 £ B 53 BIORCH 32 Je e U s i O e TR 7E R BCIR Ag Fi
kR Ag FINAE SERS SGi . m B A1, R MR Ag BEAK [ PANT A REAE B 31 % 414,517,1262,
1376 F1 1492cm " {47 2 HIUS 90 B2 1G5 L 3K R Ag 43 8 3R T A5 55— 1A Ay iR 28007 il 850, 33 26 8 S 4 3
Sy A JE F C—H m RS OBl ) +C—N = C HIF R 3 CAM ) AR IR 3+ C—N = C 1§
P2l IR ) RN C—C M4k gh R Z5h C N MgidRsh ft C—H i 5h . MR SERS i
BRI, 21— J 1AT (1 7 42 0 A 0 I 588 85 A L T A A1 7 22 0 23 ) B 5 R T e 2 A D) ) e
T FHEEM A, B PANT Jp 155 bk S A 7E Ag FER 3R T A 44 G2 B {0 1) 2 B T4 FREM Kl 78
ARAEPL G H  1196em HE T C—H 1 S i 4k 3h . i 7E Ag K Bl 7 PANI 437 N R 194K
XTS5 Ag 9 A i i 7 & A T RPN L A3 PANT 4y 746 1 ) f for BB7 40 A L 806 C—H NS
M4 sh 76 SERS i h i 2= 1190em ' 5L, i1 F N 5 54 (9 A T AEH , i 45 PANI 2 74 -
RAWIRAE R A T o8, R EORI | C—C 509 1 45 931 32 B AR B B A AE 800 0 %8 1621em ' % 2
SERS [ 1595cm ™', 890cm )@ F AR AL LR 3 , 76 SERS S it b Ho v 2 Bl 58 B SO TR, SR
16T 4 J8 ST AR I BR 1 7 AR 09 42 2 845 R PR ] 47 T 43 85 8 an &l 4b B, 534 PANT 4
KFEAE R A 1) Ag LA b B 80 H R 19 SERS JE 1B JEA — 2, 600 4 J8 SR B R4S AR & 5
i PANT Y SERS Y,

(a) (b)
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Figure 4 (a) Normal spectrum of (1) bulk PANI nanorod (PANI ethanol solution is 10 *g/L); SERS spectra of PANI
nanorod (PANI ethanol solution is 10 ®g/1.) dip-coated on the Ag nanoparticles substrate (2) and Ag dendritic substrate (3).

(b) The electromagnetic effect and chemical effect mechanism of PANI nanorods dip-coated onto the Ag surface.

3 Hib

AR SCHM R AR 2 7 i D il 4% 1 PANT GK A% L IR 2 134 98 7 2 JURDEIE B TS T PANT 44K 4%
B B AR AR 5 A A i BT L > TR SRR . SEIR R ] PANT 99Kk HE 2 THE B C—H A
PR3l O 7 +C—N = C HLE IR 3 G ) R IE IR 3 +C— N = C #UF IR 3 O ) R FR T N
C—C % 4k 3h B =X *1"3* C— N i Pk s A C— H A 4 9 Sl 5 1) 5 7T 7036 A9 4 Bl 5 R 3R AL 2 AR 30
1] A7 T o> 78k A ORI R T A R Bk 1 TR K < R A T Y SR
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The Chain Conformation Transform of Polyaniline Nanorods
Studied by Surface-Enhanced Raman Scattering

CHEN Shao-yun', HU Cheng-long'* , CHEN Xu-dong®, ZHANG Wei-hong’, CHEN Jian’
(1. Key Laboratory of Optoelectronic Chemical Materials and Devices of Ministry of Education ,
Jianghan University , Wuhan 430056, China; 2. School of Chemistry of Chemical Engineering ,

Sun Yat-sen University , Guangzhou 510275, China;

3. Instrumental Analysis and Research Center , Sun Yat-sen University , Guangzhou 510275, China)

Abstract: In this paper, the interaction between Polyaniline nanorods (PANI) and Ag nanoparticle (or dendritic

nanostructures) was investigated by Surface-enhanced Raman scattering ( SERS). It indicated that the molecular

conformation of PANI nanorods could be changed via localized surface plasmon resonance of Ag substrate. The

experimental results showed that the conjugative effect between N atoms of PANI molecule and free electrons of Ag could

be induced by surface plasma resonance effect. As a result, the vibration frequency of C-H in-plane bending and C-C

stretching vibration blue shifted to low wavenumber. Meanwhile, the groups onto the Ag metal surface which Raman

scattering intensity increased in SERS was perpendicular to the long axis of PANI molecular, and the groups onto the Ag

metal surface was parallel to the long axis of the molecules revealed by decreasing Raman scattering intensity in SERS.

Key words: Polyaniline (PAND ; Surface-enhanced Raman scattering (SERS); Silver substrate; Conformation
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