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P AL A T4 BRI R R AR (TOS ), 25 ZARRHL (CLO; ) FISL 25 1~ (CIHB 2 A BE L I (PPy) .
FAPGERMR 22 (CV) VI FL 3L 7050 AR AL~ BT RS (BIS) S R T B TR s {24 25 i v BE. FH R B B (SEM) I X
SRR XRDYI BIRIFE T 3X = FhPPy BT ANLE. AFF0 R B, th T HA B 1L RTE SAFN S (04 Tk s
4, PPy-TOS #l PPy-Cl K HA 54 19 78 B L BB 1, 7RI BE Fo 50 B BP0 HL A AR /N H fb 2 i B, LB - Bd i
PRAH B 29800 85 T BOULEE. PPy-CICR & HL it 2 mAh-cm™) [ L A R 7EFI Ry 5 mV - s~ I 5 ik 270 F-
g™, FHiH A 200 mV - s B E 175 F-g7, FR5il2, H L ABR Rk 35.3 mWh- g™ PPy-TOS B4 Tt KM
B2 F(TOSH AT F 728 T M AR (146 F g™, 434 5 mV - s7), {H BA MR S8 HL BB ), ZE i 3% 200
mV-s? i, RARE N 123.6 F-g?, FH IR E ik 10 We g I B, Bidh e ibt iy BA 5 2 (AL 2R F gE.
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Effect of Doping Ions on Electrochemical Capacitance Properties of
Polypyrrole Films

WANG lJie XU You-Long" CHEN Xi DU Xian-Feng LI Xi-Fei
(School of Electronic and Information Engineering, Xi' an Jiaotong University, Xi'an 710049, P. R. China)

Abstract: Conducting polypyrrole films (PPy) doped with p-toluenesulfonate (TOS"), ClO;, and CI~ were electro-
chemically prepared, respectively. The electrochemical capacitance properties of the PPy films were investigated with
cyclic voltammetry (CV), galvanostatic charge/discharge, and electrochemical impedance spectroscope (EIS) techniques.
The morphology observation and structure analysis of PPy films were performed by scanning electron microscope
(SEM) and X-ray diffraction (XRD). The results showed that PPy-Cl and PPy-TOS were characterized with a highly
porous and ordered structure, which led to their fast ion switch processes. Moreover, they exhibited a rectangle-like
shape of voltammetry characteristics even at a scanning rate of 50 mV +s™, a linear variation of the voltage with respect
to time in charge/discharge process and almost ideal capacitance behavior in low frequency even on deeply charged/
discharged states in 1 mol-L™ KCl solution. Furthermore, specific capacitance of PPy-Cl (polymerization charge of 2
mAh -cm™) would reach 270 F- g™ (scanning rate of 5 mV +s™) or 175 F-g™ (scanning rate of 200 mV +s™) and its
specific energy could reach 35.3 mWh+g~'. Moreover, with heavier doping ion (TOS"), PPy-TOS (polymerization
charge of 2 mAh-cm™) had a slightly smaller specific capacitance (146 F+g™, scanning rate of 5 mV -s™) but very
rapidly charge/discharge ability (specific capacitance of 123.6 F-g™ at scanning rate of 200 mV -s™) and its specific
power could reach 10 W - g™, In addition, both PPy-TOS and PPy-Cl had a good cycleability. All of the above implied
that the PPy-Cl and PPy-TOS were two kinds of promising electrode material for supercapacitors.
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15 SR (HC10,) FIER R (HC) I 5 15 1) pH (B A 1-
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ULTRA Y X 5285 it 7 BB 5 12 (9% 8] KRATOS
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(1) VMP2 Rk 25 T ATl (S8 [ 35 R iy A 57)
AT BRI RS, SR nH AR A T AR,
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I3 7 e —E R HLA I — RIS 10 mV 948
T HLAL, AR LD 100 kHz—-10 mHz.

2 ZR5VHE
2.1 PPy-TOS.PPy-Cl #1 PPy-C10, i) CV &%

FIERL S R T RE BB E REH
W pH BAIRMREE B2 B R AR I T
() pH. FTI GV VR H F A BT R 28 ik A DR R %
PPy HifL 75w sg . 13 A LB A& s SR, T
JE 0 C, B % F 2 mA -cm™, pH=3, ML & HE EE 0.1
mol L7, B2 B T 0.3 mol - L. {4k i3k 5%
£, HLfRIT KCI, pH=6. H: P B2 AR R £ 2
BB TR 2E. e BB IBIL 1T, A8
HHEEIBIE T TOS, CIF Cl0; % PPy F{ 1k
2P RE 0 52 . S T 5 T 1% SR ML S A R 0 P 2
Jof I H BT SEFANE, DLR TS A SR B R A
L0 2 mAh-cm™, JEE 2 60-100 wm (5 FLKR
FHR).

% 1 4 TOS-, CI-Hll ClO; 43 2% 1¥) PPy Hi M 7E 1
mol- L™ KCLFRH ) CV &, L AHyE A —-0.4 —
0.5 V(vs SCE). Fl 1(a)" 4 R 5 mV s, A
EIH AT LIE H, =R 118409 PPy (1 CV £ 4R
FERATE, R0 s i 2 12544 140, PPy-Cl (1)
CV <k B o KT AL, ok J& PPy-Cl HAA e K
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Fig.1 CV curves of PPy-TOS, PPy-Cl, and PPy-Cl0, at different scanning rates

in 1 mol-L™ KCl solution, polymerization charge: 2 mAh-cm™
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Fig.2 Specific capacitances of PPy-TOS, PPy-Cl, and
PPy-Cl0, at scan rates of 5-200 mV s

in 1 mol-L™ KCl solution, polymerization charge: 2 mAh-cm™
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Fig.3 Charge/discharge curves of PPy-TOS, PPy-Cl,
and PPy-Cl10,

I=1 mA -cm™, polymerization charge: 2 mAh-cm™
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Fig.4 EIS spectra of PPy-TOS, PPy-Cl, and PPy-ClO, at different potentials
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Fig.5 SEM images of PPy-TOS (a), PPy-Cl (b), and PPy-C10, (c)
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Fig.6 XRD patterns of PPy-TOS (a), PPy-Cl (b), and
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