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Preparation and properties of electrochromic copolymer of
N-2-cyanoethylpyrrole/3,4-ethylenedioxythiophene
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DU Xianchao, QIU Dongfang, CHENG Xinfeng"

( School of Chemistry and Pharmacy Engineering, Nanyang Normal University, Nanyang 473061, Henan, China )

Abstract: A conductive polymer P(CNPy-co-EDOT) film was prepared by electrochemical polymerization
of N-2-cyanoethylpyrrole (CNPy) and 3,4-ethylenedioxythiophene (EDOT). The P(CNPy-co-EDOT) film
was characterized by FTIR, SEM, electrochemical workstation and UV-Vis adsorption spectrum. The
effects of n(CNPy) : n(EDOT) on the electrochromic transformation and open-circuit stability of
P(CNPy-co-EDOT) film were investigated by spectroelectrochemistry. The results showed that the
introduction of EDOT could significantly enhance the electropolymerization capacity of CNPy, resulting in
the formation of copolymer films with excellent electrochemical redox activity and optical absorption
characteristics. These films exhibited a relatively low bandgap (1.70~2.32 eV) and a porous particle
accumulation structure that facilitated electrolyte ion transport. The P(CNPy;-co-EDOT;) film prepared
from n(CNPy) : n(EDOT)=3 : 7 had excellent multicolor electrochromic properties, presented rich color
variations from yellowish brown (—0.8 V), grass green (0.4 V) to blue (1.0 V), showing good optical
contrast (35.7%), fast response time (0.76 s), high coloring efficiency (219.6 cm*/C) and good open circuit
memory performance in electrochromic properties. The transmittance of P(CNPy;-co-EDOT?,) film in the
oxidized and reduced state was almost unchanged, and the original color could be maintained without
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significant fading phenomenon, showing excellent optical storage performance.

Key words: conductive polymers; cyanoethyl pyrrole; 3,4-ethylenedioxythiophene; electrochemical

polymerization; electrochromism; functional materials
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# 1 CNPy. EDOT H1 PEDOT /i . P(CNPy-co-EDOT)HE A1 2 5k
Table 1 Spectral parameters of CNPy, EDOT and PEDOT film, P(CNPy-co-EDOT) films
FE Eonsed/(V vs. Ag 22) Amax/nm Jonse/NM E eV EnomoleV Erumo/eV

CNPy 1.31 220 237 5.23 -5.71 -0.48
EDOT 1.44 258 276 4.49 -5.84 -1.35
PEDOT fX -0.48 613 740 1.68 -3.92 -2.24
P(CNPy,-co-EDOT,) i 0.65 360 534 232 -5.05 -2.73
P(CNPy;-co-EDOT,)Ji 0.03 384 566 2.19 —4.43 -2.24
P(CNPy,-co-EDOTy) i -0.05 558 728 1.70 -4.35 -2.65
F: Eq=1240/Aonset; Enomo=—e(Eonset4.4) (V vs. SCE); Erumo=EnomotEgo
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Fig. 7 Electrochromic switching response of P(CNPy;-co-
EDOT;) film at 750 nm (a); Current curve of
P(CNPy3-co-EDOT,) film under alternating voltage
change of —0.8 V/1.0 V (b)

MIE 7 AILIEH, P(CNPys-co-EDOT)IRK) Ty,
1 45.8%, T. H 10.1%. Z3175, P(CNPy;-co-EDOT;)
JEH) AT R 35.7%, & G BiEtE] (¢.) 4 0.76 s,
BRI R A () S 1.43 s, CE N 219.6 cm?/C,
F W] P(CNPys-co-EDOT,) i H A7 i 2 1Y 6 % %F
R R e P[] RS v ) 3 3K
26 FEEIREMRED T

TCAL AR 2T L B (0 25 R AL T T MRS B Y
BiERERE ST, W RGRES, O T R g
PAE LBRANT RS AT AR LR (RS T IR R
EVEPY, SHADT B RRE RS LREE TR R
ASRH AR, A BT 258 i LR R i
FE2EReE, B SR RBRAIE . 8] 8 S P(CNPy;-
co-EDOT,)IEAE 750 nm Ab Y FF B e r 1 %

ME 8 FTLLEH, TGt RS ZiR R,
P(CNPy;-co-EDOT) I [ i 1 3 L-F- A A8 fk, HiAE

BEFFFORMAEE, AahBlEEmmaig., £
P(CNPy;-co-EDOT,) I 7E TF IR A T HA L 57 1ok
FEARPERE
60
55

50

45 ¢
Py -08V

B %
&

15 F 1.0V

0 200 400 600 800 1000
fif[al/s

8 P(CNPy;-co-EDOT)EAE 750 nm 4k 1) T i A 2 14

Fig. 8 Open circuit stability of P(CNPy3-co-EDOT>) film
at 750 nm
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