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O R A HTIE vE, DAL FO X 2R R (p-toluenesulfonic acid, p-TSA) A JEURHAC il e N 7E ¥R, LA
SnO, 3% W 5 L BE T A JE I, 7 BT A5 — 25 & A R S (polypyrrole, PPy) . BIF 7L T LAk 2% & il P 3 3 HL AT
SR B AR T ] 4 14D R L P A5 %) 65 A R B B0 MR BE U . 45 SRR B, fEWTLE HAT 0.7 V, N £100 mV
TETZ PR b, AU AR O AR A 5 T PPy EEEETOR (04 73 A T2, AR B AR A BR 58, RO/, R
BAE TR A AR B 1071 ~ 10% Hz I, il % 1) PPy IR (1) ri 508 6 PR RE AR £, 3L 800 nm i AL 1)
VR B IE 2 65.4%, Z 8 IFE BAT B IR H B0 (B, 35 G RAR A TT ORI 1 43 0 5 s A1 6.5 s, HHE (s R
L3 137.4 cm®-C ™, 100 Y HL B A i 16 1A il i 2 DR B 238 TTIE 65.7%
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Effect of Alternating Current Frequency Range Variation on
the Electrochromic Properties of Electrochemically

Synthesized Polypyrrole Films

LOU Jinhan®, ZHU Xiangrong®”, YANG Xin®, ZHU Luping®
(a. School of Energy and Materials Engineering; b. Shanghai Engineering Research Center of Advanced Thermal
Functional Materials, Shanghai Polytechnic University Shanghai 201209, China)

Abstract: A simple and effective one-step synthesis based on the electrochemical impedance spectroscopy was carried out to obtain
polypyrrole (PPy) thin films on the fluorine-doped SnOs transparent conducting glass substrates. The pyrrole and p-toluenesulfonic acid
(p-TSA) were chosen as raw materials to formulate reaction solutions. The effect of the variation of the alternating current frequency
range in the electrochemical synthesis on the structure and electrochromic properties of the prepared polypyrrole films was investigated.
The research results showed that the variation of the alternating current frequency range changed the distribution morphology of the PPy
film particles based on the initial level of 0.7 V and the application of 100 mV sine wave, and the wider the frequency range variation,
the smaller the film particles. The particle size was close to the nanoscale. The best electrochromic performance of the prepared PPy
films was achieved when the alternating current frequency range was 10~ *-10% Hz, and the light modulation amplitude reached 65.4% at
800 nm. The film also had a rapid electrochromic response with the coloring and bleaching switching times of 5 s and 6.5 s respectively,
and the coloring efficiency reached 137.4 cm®-C~'. The retention rate of light modulation amplitude after 100 electrochromic cycles

was 65.7%.
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calomel electrode, SCE) A% Lt LK, R H = %
R R B 28 28 i AL F T BT (electro-
chemical impedance spectroscopy, EIS) il & . H{#]4H
HLAZ 0.7 V, Jti N A2 I R 4R 18 100 mV. 43 3l 72
102 ~ 103, 10! ~ 103, 10° ~ 103, 107! ~ 103 Hz
R PAPTE, H 45 4 HFES . 5340, BLIHI B )
DC %4 PPy #iJi, /E %t EZH, DC HL#4[E & 0.7
Vo BEAKEHRE, FH 28 T KGEHRAE i LLE BRI
B AR ST o IR SR A RIOR S 8L ) B AR, 28 R b
1 24 h JE3R1T PPy .

Z:HH
(SCE)

TR XFELAR

(FTO) ™=

0.1 mol - L1 nEn% HfA
0.1 mol- L 1p-TSA

I 1 PPy i f ] 4 A R
Fig. 1 Flow chart of PPy film preparation
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Fig. 2 (a) XRD patterns of FTO substrates and PPy films, (b)
FTIR patterns of PPy films in the wave number range of
500-4 000 cm™*
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B3 AR EE R AR PPy MR H S M SEM E18  (a) 10> ~ 10° Hz, (b) 10" ~ 10° Hz, (c) 10° ~ 10° Hz, (d)

107! ~ 10% Hz

Fig. 3 SEM images of the surface morphology of PPy films polymerized in different frequency ranges (a) 10%-10% Hz, (b) 10*-10?

Hz, (c) 10°-10° Hz, (d) 107 1-10° Hz
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Fig. 4 Photographs of electrochromic films prepared in different frequency ranges (a) CV curves; (b) transmittance curves; (c) time
response curves; (d) digital photographs in colored (top, gray-black) and in bleached (bottom, light yellow or brown) states

F 1 A ) %K) PPy MU B0 (ke
Tab. 1 Electrochromic properties of PPy films prepared in

different frequency ranges

Frequency Bleaching  Coloration CE/
AT/%
range/Hz time/s time/s (cm?.C™1)
102 ~ 10° 445 14.0 7.0 77.6
10' ~ 108 53.6 9.0 6.0 97.7
10° ~ 10 58.8 8.0 5.0 121.4
107 ~10% 654 6.5 5.0 137.4

& B3R (coloration efficiency, CE ) & /7 & i
[ SR AR REEN A AN EESY, v
RS FELAT T DG AR A (AOD) K IE L, CE
BT H A
_AOD _ log (T}, /Tv) 0
Q/A Q/A
Forr, T, AT, 53 5 3R s 4R R i 38 1Y) o 2

CE

T E; A N BUEEEE TR, Q AL TR
RN LA

Kl 5 SR T 7E 800 nm AbFE i 1) AOD HH2E
i % K & (CE Hh2k). v LLE H, Bl & ) &
AR ] B 38 0, R A R R P .

A 5 1 2 P AR €0 o B ) B M e 2 —
X E B L DL AN R AR AZ U0t T 1 45 1) PPy eI
AT PR AR E YD, M ELAE 800 nm Yk K Ak
753 ZEFEAE PR B AR A O, 1 6 s .

M 6 ATLLE H, XFF DC il % f) PPy jHJE,
HoF i AT 5 R BA B R0 T &, £E 100
OGN J5 W 43 i v B LA B R fg,
6 2 P ) M A KR T P 2 1% SR T 7E 22
LR ) £ 1 PPy T, O 2% U i HR i AELZE | 100
B D A BT, o P KRR T ELIAL L 1) % () S
B, XFF 1071 ~ 103 Hz 4715630 Bl 1 % 1) S, 76
100 Bl 7 ¥4 5 o6 fil e 4B A B 65.4% T B 21| 43%,
S R 1) S (R B 2R T IA 65.7 %
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Fig. 5 Coloring efficiency curves of PPy films prepared by AC in different frequency ranges
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Fig. 6 Variation of transmittance of PPy electrochromic films prepared in different frequency ranges with the number of cycles at 800

nm optical wavelength (a) DC; (b) 10%-10% Hz; (¢c) 10*-103
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