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Preparation and Electrochemical Properties of
Poly(3,4-ethylenedioxothiophene)/Graphene/Ti Electrode

GAO Su-Hua SHEN Hao-De LI Hong-Ji*
(School of Chemistry and Chemical Engineering, Tianjin University of Technology, Tianjin 300384, China)

Abstract: Poly(3,4-ethylenedioxothiophene) (PEDOT)/graphene/Ti electrodes were synthesized via the two-step
method. The graphene was grown on Ti substrate by the direct current arc plasma jet chemical vapor deposition
technique, and PEDOT was deposited on the surface of graphene by electrochemical oxidation polymerization.
The PEDOT layers with nanowires or foam morphologies were synthesized by adjusting the polymerization cycles.
The fabricated PEDOT/graphene/Ti electrodes demonstrated high specific capacitance and good coulombic
efficiency in 0.1 mol -L™" KCI electrolyte. The maximum potential window of the 400-cycle PEDOT/graphene/Ti
electrode was 1.4 V. The specific capacitance calculated from the CV curve at a scan rate of 10 mV +s™ was

about 269.6 mF-cm™ (0 to 1.2 V). The specific capacitance of the 400-cycle PEDOT/graphene/Ti electrode was
calculated to be 42 times larger than the PEDOT/Ti electrode.

Keywords: graphene; electrodes; chemical vapor deposition; electrochemistry

0 3] = WEA SR G AT, KRBEIL A
T H AR B S b P R S A S R A e, e e R
G PR — B T LR R SO AT TR B A K R A LA T R
Ik AR RE g AF BB MRS A A5 EE F RS R DN A
LA AR B T WO KK R R JE K R A Al S A A A R R K R 8 ol 2 S A
ke F17.2019-01-18, WiEBH A 191.2019-03-15.,
RHETT A RFEF L4 (No.17JCZDIC32600) % By 1 H
“EAEKER A, E-mail ;:hongjili@yeah.net




#
&

7

PR ARAE R 3, 4- L0 AR /A SR A A B T g B fl A R e 1177

15 B 338 U — 2 I FH i) 32 R

A1 BRI S — TR B AR R A RE R S £ A
B 5 AR S T 25 4 AN R 3R e | L R
KB EABAFHUE A2 A20E T 02 H AT AL
fitt il 2 B v 4 32 DG TR I R b b 2 11 {HL fi
RE AR b 8 T A0 380 K 2 2 1 % 1, I
XA BRI 28 2o v R K5 AR AR TR TP B R B i R
B AR MO B, BIE HEAT 138 5t | H AU B Y &
AR, ELME DL AR S Al i B 28 k2]
AHUTRRE AT DL B 7 4 )i SR ) 2B K A B
{45 A S0 R B 3 B TR AE K AR K —
JE 5 TR B RIE L = 4 Z LA AT
DL — 20 R F A 80 B R i R T80 AR 38 T A ik /b
S FA B A R E 2 AT B ARCIR 2 11 H 2
PERE , #E— LR T H b2 pE, R 3, 4-400 A
BEW (PEDOT) & —Ff LR &Y, R A 841 T H
PE Al 2= AR Pk, JUH T HAY & 90K T S 454
ANAAT DL 5T iR e A B I B o 3 AT R R F - 1Y
RS BN HI R A IR 2 AR R e

PRI | SR AR 2 SR DT B 5 (C VD) Rl HL BT AR
ARG A 07 15 % PEDOT/ A1 85 M5 /K Ha i | % 4%
L T AL BT PEDOT/ A 85 M /6 H B FL 25 1 R 1Y)
SEMR I 0 BT BT I R HAE K R
BT LR A S LIRS B S e
2% 0 FLBRE IR 2 R 2 A LA A R

1 SEWHES

1.1 HBERHE&EHE

e, SR E UL IRAE B AR CVD B
TERST R 2 emx1 em WK (T2 IS B 6 4 1 8546,
HLREAEE TR R 3T FLWE YR8k A i CVD
WA N =N I EZE RS 2 1 Pa LU
WA 2 mLemin™ A 1.5 mL-min™ &I 0
f 3% H e, FRAE A 200 mL-min™ H B, {1 B R AR E
£ 3 000 Pa, i EIEF] 1000 CLAEA G, FFRAERKA
B 10 min, KA, S5 R AR A5 BURE | 3115
A ST

B A s/ S TAE R B0 ke s
Ag/AgCl UM 2 LU Mt , )3 = H Al 1R 3R 04 A
0.1 mol- L™ B KCI F1 0.1 mol - L™ 3,4-Z. 45 — S WEW;
PR AW L 100 mV-s™, 7£-0.4~1.8
VB NS RS 5~400 MER , A 4
K R O AT T AR AR DB BOR [ 1Y

PEDOT/ A1 855 /Ti FAA , A7 5846 /Ti HBR A FRL A
LA PEDOT WA N 1 emx1 em, A TULA T
400 W8 /) PEDOT/ A 2 #/Ti M W% 8T #% 2 PEDOT/ A
S0/ A,
1.2 FRIESWRK

K FHTEE Carl Zeiss 2~ 7] B MERLIN Compact
Y % 5t 9 4 B 8% (SEM) WL 5% T 1 8204 1 PEDOT 1%
JERL, TARHIEN 10 kV, A1 8246 B O S B A
JEOL 22wl ) JEM-2100F i 5 it 7 @3 BE (TEM)W
A2 L TAER RN 200 kV, K H A Rigaku 2
A () D/Max2500/PC %Y X 5 AT SF AL (XRD)# 47 T
YIRS S54 4 B, R L R 40 KV, HLI R 40
mA , F TS Cu # Ko 5P 2(0=0.154 1 nm), 4
AN 100 -min~, HIEWE N 10°~110°, H A
HORIBA Scientific %! Raman Y1 A H T £ 25 M 45
¥ 531, WO WK A=532 nm, I 25 Escalab
250Xi #Y X S 2 L T R 3 AL (XPS) X RE 2% 18T T
EME AT BRI A Al Ka 5
28 . 5 E Bruker 28 A Tensor 27 7l {# B M- A5 i
ZLAMETE A (FTIR) R B KBr J& /7 #:%F PEDOT/ A1
R ST S5 AT,

A1 8505 /T X PEDOT/ A 85475 /Ti AE R TAE R AR,
B R AE 6 LA, Ag/AgCl FAARAE S 2 L FLR 4 3
— AR R | # $ CHIGO0E (L1 = 1k i 1k 2% TAE
3 EATAE PR 22 (CV) A 38 il FL (GCD) R 423t Fi i
WE MR M0.1 mol - L™ 1 KC1 /K,

2 HRFIE

21 AEBNMUERSENST

Bl 1(a,b) A0 2846 /Ti LKA SEM BT, % HL il
14 A1 B8 05 T 4 P DR B I T 2 T 00 R AR
B, XA AR R T AR R TR
T 5 31, A 8806 R A BRI T = 4k 2 4L
AL (] 1a), 3% ARG K T 5 Fo A R 422 fk T8 AR, Oy
LR PEDOT #2438t 7 & 1 i i A, b A S8 05 /T
FY BT SEM (B 1b) Al A ZAE b B A i 1
JEEZ) 15 pm 47, B 1e A 840 TEM Bl %
Bl iE— 25 E 5 SEM & v 58 7R 19 1 88 045 14 T 30 4%
1E Kl 1d & A 850 19 HRTEM &l AT I | ks 45
URIEE A 0.34 nm , X5 W A7 85 4 19(002) A T8 8] B 1M
REB o A1 B R 2~5 2R B R T2 8 B Al
UL A7 B0  JE D R AR

Bl 2a A1 S50 /Ti HLA Y XRD Bl % FE i 11



1178

xoH Ak

n2

2y,
¥

%M %535 %

XRD B W/R T Ti TiC KA 8% = FhAH AT 5 g, 3
JE Ti B FFAEIENL T 63.6°H1 77.0204L | 435l % Ry T
Ti B (110)F1(201) & 1 (PDF No.89-5009), 7 4iT 5 ffi
k1 36.72° .42.56° .61.32° .73.2° F 91.66°4b H B4
WA 3 3 6 B2 T TiC B9 (111),(200) ,(220) . (311) 52 (400)
i T (4477 33 A AR I (PDF No.02-1179), 3% 2 i A= K A
SR A AR R T RIS A0 2 T SE Ak AL TR e ot
A TERT I AR 26.94° 40 3BT X6 BT A 55 (002) i
T ) A7 5 45 AR I (PDF No.23-0064) , % 75 1 Ti &%
IR T A B,

K 2b B T A BI6/Ti AR Raman 15 1% K
BT 3 ANRBURRENE | 43000 T 1 34736,
1 577.64.2 693.6 cm™ &b, 33X B UK YT 10 ik A1
M D W G UK 2D W2 i AT UL 2D A1 G Y
FRo3 T BB B LU AE T B 1.1,2D) U6 R X AR P A
T LA SR R A D R R SR, 5
Ah D W5 2% T T e SR LR B AE G AN ik
S D IR AR A B T ELAE K AE T SR B K
ZALEE K H AR SR T R (9 3 A A G

A7 B /Ti AR B SEM (a, b), TEM (c)Fl HRTEM ()&l

1
Fig.1 SEM (a, b), TEM (c) and HRTEM (d) images of graphene/Ti electrode
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Fig.2  XRD pattern and Raman spectrum of graphene/Ti electrode
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Fig.3 SEM images of PEDOT/graphene/Ti electrodes following electropolymerization for 200 (a), 400 (b, ¢) and 100 (d) cycles
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Fig.5 (a) CV curves of graphene/Ti and different PEDOT/graphene/Ti electrodes in 0.1 mol- L™ KCI solution at a scan rate of

50 mV-s™; (b) Specific capacitances of electrodes for various PEDOT deposition cycles; (c) CV curves of the PEDOT/Ti

and PEDOT/graphene/Ti electrodes after electropolymerization for 400 cycles
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Fig.6 Electrochemical properties of PEDOT/graphene/Ti electrodes in 0.1 mol- L™ KCI solution: (a) CV curves at different

potential windows (50 mV-s™); (b) GCD curves in different potential windows at a current density of 10 mA -cm™;

(¢) Specific capacitances from the GCD curves; (d) CV curves at different scan rates; (e) Specific capacitances at

different scan rates
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