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ShRFIEZREIEREN, FEERIBPHFE S HEBENTMERE. RGHRAZAE
ZRIFEHFERARRNEHRREEN 3 HIEES, HFIRIHNROERE—FLARERH
FELMBETHHEREY. 3 HREM P-o-PD R ARSI WAL R R E—FHAR
GBI S PR T G ARBIR B PE AL RS TR, BT REE LT ENE
1638 JRYLE.
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HHLS R B A Y o T A M R Z 1 R AT SR TR T BRI BT ST U, H R 4R
KR (P-o-PD)RIRANIIE. FHEHE. SFHEREMANFRE RRE ™. KRAYE
AR B Al AT mREHA RIS T HAA N B ART BRI Z AL
SHREAYHER. RAUNHERANSKAEST ERTREVASHEME R B, 8
RRSE M RS R BN EMEAMIE, 2R EMEHAEEEERL

EA YR A B R BB M IE B A PR, Yano EE7EHTF P-o-PD JRAK
Xt LR B R B BB, B AG R SENWRBERRE T P-o-PD S FEEM 4
Fh o F45H9 R8BSR AR 5 Martinusz 250 FI A JE & KRR BORBT L P-o-PD IR R 7E
AR F B PR R B, APHER P-o-PD ZE&F pH HEIFR THWEE RN HE. H
RI%TF P-o-PD WZH X BAERMMA: Oyama FUAN P-o-PD B —FpAA BB IFEIH
& &Y, Lin Xianggin RN P-o-PD B—M B R &Y, EFEHS I W
YanoU" ik K P-o-PD RAYBREWR 1,4- BAFRMANELEH. RINOAGIHRNE
Yol LI RIS TR R AT —F R BEBERENE, XM EXT P-o-PD HFFEAE
RRAGBAEN T L, XNRBSFRERER, BREAERNBNIE, FERRYE.

Z3CR LR 56 1 i b S B AR X P-o-PD 7838 FR M ¥ W F B0 AL i SR B A AT B
5. FEMIEE B HAWMER L, B T EEAAEFEI R PFENRERLEFEMAR
SE PRI RHEEME, #—2ie T HEAERNE.
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+0.5 mol/L H,SO, B4 F1 1. 0 mol/L H,SO, WK A KFIW/KER. RWE RN
0.28 em® WEIAR Au HETAERIR, AR 6" @B EMEEH KK, A REE
KB Y MRS A Pt 435 S ik ARMERBR(SCE), XA @ik fi
BHXT SCE. ¥ALMIFH Au MIRBARA LRARSWN = e, EhlaikbfiE
—0.20 VHA+1.00 V Z[d, LA 20 mV/s HEEFATHERAE. P-o-PD A EE REHR
PAMBEB NN=15)%H]. BAEREE, 8 P-o-PD Ak, A1 0 mol/L A H,S0, ¥
BT WBES & A

1.2 (EMUBRS

FAEG & G273 {E i {X (X E PRAC A ED T BAIM R EERAES. 7B
WKL B PARC M270 R{FiC 5. 1B RZEEFA=Z 0 P #T. REAN SO
M AR 28T SR

Raman Y6iZ 3 & {# Ff§ U1000 & # 8 H7 & 56 {X (3 [E Jobin-Yvon /7)), Innoa200 &Y
Art #0648 (R E Coherent 4], AL B KN 514.5 nm, KBRS EMBOETHEKAN
140 mW, JURIEEAIHEN 8 cm ™, KO FRALS KA 2 em™, FASFBEIA 0.5 s.

UV-Vis S48 f§ M1421BR JeZE 07U (EE PARC 4H), EHREKFFI R
WA, T WEHEH 36 W R KIE84T, $SMEIER 10 W SIRAT, SeRy e A M1228 B (Y
(PARC 227, 1 PARC M175 BB¥U{E 5 K448 PARC M273 18 é (i {8k A SE B L AR HRL A
WA BIRREFR S #HIT. UV-Vis HiGWBRAEHAR KN BIFHEF R, %R %
RS (CW)HFIEE (Gate) BIAME R BEIT TAE. RA CW &0, B/hetRI4-HER K 5 ms, T
K FH Gate BaNAt, B/ et E] 2 BER AT KE) 3 ps.

1.3 UV-Vis £ 8Ena

T8 xd B AR B AL VR B R g 2% (AR/R~A), SIS ETRABINE, M E. AR K
Btk e AL A R A PRI AN R ST R 2 2, R & TREAL E, AP B R AR 5%,
ZWEER A TN ZHEEANA =45, WM& AR/R~A, E—EHKH T HERRA
B FEBEARYOLE. EEBRBAT E BEKEENE RED, AELSR, RAEFRAS
Fp A RIAG e AL ) 7 2 ATARRIE SCRRIM A6 (DESERBMAT £ 2B KEEE
W& R(E), B3F) AR/R~A RTaAF UV-Vis R £ (OBikBME E WK E. R
BRE—HIEL R(E,) , BBH) AR/R~A Rat[E)4$E UV-Vis [R4F25, HEBIGLR A uT R A
FREP AR E A BER. QO BRBAA E H—FRERHE E,, AMMFIRRE—FIIARFS
B RCEYCE f+F E, f1 E;, ZIBD. 18RI/ AR/R~2A JBAL5HE UV-Vis R4 3%

2 HRGITE

2.1 BPERRIREIBLFEITA

B 1A A BB MR AR AE 1. 0 mol/L H,SO, /KIFE B P BB R LB R R/ A
W v BHER. MER— TR ER S e 7T 0.00 V ML, BIABAKES. ¢ 5 FI60T
0.08 V fll—0.06 V fHf. IR 5 Oyama S0 B 5T 25 R (R E] — X L Pl %) KR
HIFHEW AR : (DFTFAR P-o-PD K EE (N=15) M 8H, X—STAEEHRD3
AWER i EWTHAMEE v WXRPBIAR—BIES QORANBBBNEEFIRE
([H*]=2.0 mol/L) i I, Oyama & A (pH=1) 5. Levi Z0C1f1 Martinusz M {82
TMEUBBEAREE, BAEIIRAARBERRFREAR, KEX P-o-PD # & bk JF i
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Fig.1 Cyclic voltammograms of the P-o-PD film electrode in a 1. 0 mol/L H,SO, solution with scan
rates changed from 30 mV/s(a) to 80 mV/s(k) in intervals of 5 mV/s(A) and
plots of the peak current i, vs. v(Scan rate) (B)

a. Anodic peak; &, c. Cathodic peak.

M FEE v X P-o-PD RBREIHR LB AR AT I, PHARIE o FEARIE o o
LU AR v ZERHIRE N, BAMR I & e e (o U BRI 4 BE BE A3 KT $a 48, 3 e Sii{E 7,
5v HEGFAREEXRRIA 1B)], BREEBEMBEAZETH, £ P-o-PD HEMALK
T AR R T R A b LA SR O B R T g AR

B RELREREKN, P-o-PD BERANEFRI BT ZOFELFE. EALSME
AL 3 MAXEEE M ELEES, NE 1AZRTER, BFESR B EEHERIgER
R AASHRFERPANMIL. A TREREAFROBAETH, TURRSE—MLH
FACE LB AR XS L A9 IR G TE R XS PR A, ZEULEERE b, XTPAMRIE 6. c IE B IEHTTH
B AR, SRR PIRIES. c AL 1« 3(REAS « FEAAT). XifH
¥ P-o-PD AT R P REA 1/3 AL EAMSREM N 2ENE XTREHTLH
HELAR P-o-PD BARE, AREMENEFRRBBEATEZH. XREBR BN
P-o-PD HUBFMEMEREFE, MARSAEARLBFELE=SHER. EHEMOFHMHREE
LR A RIS T IRIR.
2.2 PUGHIRRE NG

A 2 2 P-o-PD BRERTE 4 N AREAL T ARG IRAEOEE. B2 FREENHFIER
Bl FEAR B ALA AR, 1 410 em ™ IR BE A B AR AL. I 38 AR BB AR BB 0. 00 V Al
0.20 V Wik, H 2 MRATHRBREMEAKRGIFENFEN 7%, SHBXFBRANNT
P-o-PD fj[Rl— M — LA LRBBAEME] 0-50 V i, 1 410 em ™ HEH AR BE
RN BBt 65. 206, XATRER B ANA A 1/3 M4 H AL P-o-PD H i h 284S

P-o- PDOEMMR R LB A8 ) » M GLEMSEMMMAMRSITE 1 410 em ™ FERAE EFE

R T#1/3, Ui P-o-PD 4bF 0. 50 V ik A B ML EME _FHHEF, HYEREH2: 1
HEREAN—0.20 Vi, 1410 em ™ {EHF M 2TH K, KB P-o-PD 4L FiEJ&7S. Raman
I LR RIFRY: P-o-PD MAEHAMLFELIBDEDHFE 3 HEHNERNBEN AL

ARBTRAL, RAHR R 7 IREGE 5 BT ABOLH KRAER 2 F 4 &7 £ R & B
. ME, ¥F—1REENDTRE RBELBIANSECALEHNE XNRDER T LW
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5%. P-o-PD JR7EW] MLt X A7 1E s T IRWCH » B

1412
TR PoPD 4 FFEA L wr BEE 00 A e
FEAERGUS. B, 1410 em ™A BI IR 9 I
SR MASLTF P-o-PD 07 FLEHMIN WﬁLW*WNLMMJ&r\
RSB, RATET, U AR P TK;,dep-fk-~
75 5 R ) 2 A 2

%7 P-o-PD B7RALIT, 7E 1 408 em™ bR ‘°W

7@ AR IR B, EL B B R A A0 2R

600 900 1 200 1 500
e BE B EPT P-o-PD . I KK b 8 F0 A/em?
P-o- PDﬁB‘J#%%fE&E@J%%ﬁ(% b, = Fig. 2 In-situ resonance Raman spectra of the
HEEBE LRGN KXRA HHULEE T P- P-0-PD film electrode in a 1.0 mol/L
o-PD JER—F IR N T ELE WA TR H,SO, solution at four different elec-
EEESY, mMHA 3 ﬂ:;{j{i‘: H’J#W%E'Ujb trode potentials :
Semi-ox Total-ox

Table 1 Raman vibrational frequency(7/cm™!) comparison between P-o-PD film and adsorbed phenazine

P-o-PD  Adsorbed Possible P-0-PD  Adsorbed Possible P-o-PD  Adsorbed Possible
film  phenazine(!?] designation(1%-2°]| film phenazinel!%] designation(1%2%]| film phenazine(!9) designationl!9-20]
586 606 v10 ~1 254 1265 v9+v29 1458 1458~ v41+v55
796 801 v44 ~1 296 1292 v6 1 480 1478 v4
968 965 vl7 1 350 1355 v9+v10 1500 1503 2v9
1 026 1 020 v8 or v10+11 |[~1 375 1374 v34+153 1 580 1571 v3
1 090 1120* va27 1410 1 408 v5 1 606 1 608 v23
~1 166 1167 v7 1446 1420* vi4+v45

* Raman vibrational frequency of phenazine solution(?9.

75k, B P-o-PD BBARTETT MR T (HeEf&4RE 2) MR BH S 6E, BRMNIE
HERE. BREFESE 2 EA0.00 V F10.20 V it EAHE > 318 P-o-PD KR E T
BiEE. MERERSMeENSHAIRE, REE—ENITEG T A BHFEQELFESL
BJFD. H K P-o-PD JE e AR £ BRI VS WK A9 BE 140 49 Raman i 5 AT 2 JL3CERE .
2.3 BUFRSED-ATIRAG

#H P-o-PD /Y Au BLARFE 1. 0 mol/L H,SO, /KIEW F MM GHTa S 85T R 5T 275
ATH 3.

SCERIA R P-o-PD MR R T @K, REASRAIRERT, EHilt P-o-PD KL FATE
A RERAFEER FRIK, RIOTMLRESRIELTX— & B 3« FiE 36 J 9 IE /g 43 54K
# P-o-PD 28 HEMEEMTHRGERA UV-Vis RYOEIE. TR, 2845 R P-o-PD
TE£ 300 nm. 450 nm, 530 nm % 735 nm WHEFFER FRIUH?, Wik E L5589 P-o-PD 7E 300
nm, 430 nm FI 500 nm HEA B FRIKHE. H 530 nm f 500 nm 4351 IS MELENL
SHBRRBW B K. FHH P-o-PD k4 TRERMB AR T ((H" 1=2.0 mol/L), P-o-PD4}
THN EHIT B FREF MRS, B, FREFRECGEXRT P-o-PD 3 F i =
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n FERTE. ACERPURTBLEBL, R 0.25

300 500 104
A5 P-o-PD 45 BT LAY F AL FF 430
NTEF LA RN EYEEN- 7 ) "
A Y6 X 6 e F IR W 5P-0-PDRY € o5} b 0.2%
UV-Vis BUCEERBL XE— a8 0 o
fERIET T PoPDshgE ) T ?\ o
WA 0.05 “ 2 0.0

A—FE, BCV ERAH, & 200 300 400 400 600 800

¥ P-o-PD i iy 25k it 72 40 A WL A/nm A/pm
i, WAL E LA R AR/R HE G Fig.3 The in-situ steady state UV-Vis subtractive reflectance
A BEH(A=c¢ebc, Hp b HIEHE spectra of the P-o-PD film electrode in a 1.0 mol/L
B, c RESMAESHLENLER b3 H,SO, solution at potential of 0. 04 V/SCE with refer-
). H% P-o-PD gk Sl S HEE ence to 0.50 V/SCE (a) and at — 0.20 V/SCE with
S ZEHITRARL Z@’lﬁﬁﬁ:%ﬁﬁ reference to 0. 04 V/SCE (b)
e, F—FER, MAR/R), <A, <bey (AR/R)utoxissonm/ (AR/R) semivoncsoo nm = (B¢ ) ronat-on/

(b ) uamiox- E 3 BB ZILEMR 1/3, SHEFRELRERTE RE, XHBIEHA T P-o-PD
EHEATFEIRPRAELY /3 MEAASHEN LIS
g FRERLGER, P-o-PD WEME RSB FHRRRIT

N, N, N, g
\ \ /7 N\
XX + 2nH* 4 2ne == | Q )]

(Total-OX) H

(Semi-OX)
H
H H
1\\ N N N
/7
+ 2nH* 4 2ne === | )
N \N NNy AN

H H H

(Semi-OX) (Re)

2.4 G E S HEESNAT R 5 G

KT %t P-o-PD FESRERYE W AU B AL R E BB A B IR AN AR, R B o ] 2 B 4
A] G BAR B LR A R E T — RPN RA R E SR ROt BA
MBTE A CV ECE DA WL: P-o-PD R Ed B EHE LI BERBIEEZNEL, i,
S P B BR A A B R 1R P-o-PD MR E MEATHY. SN T X BB R R 23
5 v ]2 A X R A R e S AR S A IE R[], T AR ZRIN B I A9 /NI

MFRFEGRQ), HREMYE R UV-Vis Hi%HaTE 2 HrREXD) 5 ms B, B3HEE
FIRAR TR UV-Vis 6% E. —DF A RIEH (~625 nm) I X EEIE] 6 HKIEL
B R E R E S PERIEEF] 0.2 ms B, BRT 625 nm JHE A RIKH AL, FE 465 nm Fl
550 nm MHE I T 2 A EARBGELE 4(A)]. XULBITE P-o-PD i &L R R 2 (D) &,
WREHFTE 2 MAREM P ELE. XFEMAREDBEHNEESEGAR, iE RBE 30 ms)
W/ad (R 2 ms) B4, 5iX 2 /P (8] 2540 BL A9 AT B8 45044 76 /5 TR 0 S A s 22 11 [ o
—IEl. NTFEFIRQ, HREMNES UV-Vis keIt o BEFEEE 1 ms &, AU
EZIEERTFBAFTHY TS UV-Vis i%E, B4 2P EF) 0. 2 ms i, ZENLE



1662 BEFRALFEER Vol. 18

AHPBLE 4B ], ATAMREEE] 3 AH R UCH 43 HIALTF 445 nm. 520 nm 1 685 nm HHif. %
BZEP-o-PDM R R E ), ELFE—MARENPEY.
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Fig. 4 The in-situ time-resolved UV-Vis subtractive reflectance spectra of the P-o-PD film electrode
obtained at potential of 0. 04 V/SCE with reference to 0. 50 V/SCE(A) and
—0. 20 V/SCE with reference to 0. 04 V/SCE(B)

The time resolution is 0. 2 ms.
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Spectroelectrochemical Studies of the Conducting
Polymer of o-Phenylenediamine

WU Ling-Ling, LUO Jin, LIN Zhong-Hua*
(State Key Laboratory for Physical Chemistry of the Solid Surface, Department of Chemistry,
Institute of Physical Chemistry, Xiamen University, Xiamen, 361005)

Abstract The redox mechanism of the conducting polymer film of poly-o-phenylenediamine
(P-0-PD) in acid solution has been studied by cyclic voltammetry (CV), electrochemical in-
situ resonance Raman spectroscopy and UV-Vis subtractive reflectance spectroscopy. The
results of the CV show that the redox process of P-o-PD is controlled by the surface process-
es and three steady redox states are formed in the redox process. The in-situ resonance Ra-
man spectra not only verify the existence of the three steady states of P-o-PD, but also indi-
cate that the structure of P-o-PD is dominated by a ladder polymer with phenazine rings. The
three kinds of P-o-PD display different stabilities and UV-Vis aborption spectra. Further-
more, the in-situ time-resolved UV-Vis reflectance spectroscopy is used to study the dynamic
redox process of P-0-PD, and a possible reaction mechanism is proposed at last.

Keywords Spectroelectrochemistry, Poly-o-phenylenediamine, Redox mechanism
(Ed- : U, X)



