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Fig. 1 Schematic of the experimental procedure
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Fig. 5 SEM images of patterned PEDOT nanofilms ((a) and (b), surface and cross- section morphology before cleaning,
respectively; (¢) and (d), surface and cross-section morphology after cleaning, respectively; (e) and (f), surface morphology

before and after cleaning with 5000x, respectively.)



Fig. 6 SEM images of PEDOT nanofilms on treated and untreated substrate ((a) and (b), surface morphology
before and after cleaning on untreated substrate, respectively; (¢) and (d), surface morphology before and

after cleaning on treated substrate, respectively)
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Fig. 7 SEM images of PEDOT nanofilms surface morphology with different PEG-PPG-PEG concentrations((a), (b) and (c),
PEG-PPG-PEG mass fractions are 0%, 0.1% and 0.2%, respectively)



Fig. 8 SEM images of PEDOT nanofilms surface morphology with different humidities for treating substrate ((a), (b) and
(¢), humidities are 40%, 60% and 80%, respectively)

R EVEIR T H A T PSREE ), 7 1IE T B ML
TR S AR Ao T NS RIS TRk 3
A1 00 2 713 BEL 1 JECAE A B 730w s i 1 A WL 7 1)
PR A AN IERS , A kIR A HLIE AR BB o X 2 i
T <P 47 P 25 SR A 3 T Vi MR 7R 7R A ALV SR T 46
S 1 AR [ A ALY 7R R, SR K R U R 23 <. PEG-
PPG-PEG 7E 7 [l & £ W0 I — M I B4 )2, 43R T
Wz B ik 2 AN B, PEG-PPG-PEG AN REE R T 4k 4EH
£, T 55 7K 5 R 3k 4 FH AT vy ) i A S5 o ik 4y 1 ik
B NI, T2 PEG-PPG-PEG 73 1 I 7E VA W
B E 5K, B SR /K AR TE — R TR BN A, o i ]
A5G WS FFEAIT a5 , 2R e o [

Z T I Ve S 2T AT ¥ — R SR (40 Fig.6
(b, d) FIT7R), oL G % A X B . 3K B B PEG-
PPG-PEG 1] LA H >k #& /&5 PEDOT 7 I 1) 5 HL %, (H
PEG-PPG-PEG J& T A T Lt K}, ¥ it 2 1) PEG-
PPG-PEG it £ , 2> 53 853 HL L 7= A R s , DT ARG
M TR K45 kUL, PEG-PPG-PEG 7E A&
XA AR TR £ FLE5 R 1 PEDOT #
JIE 1) SRR BT E

Tab. 2 Influence of PEG-PPG-PEG concentration on the
conductivity of PEDOT nanofilm

w(PEG-PPG-PEG)/% ThiCkneﬁSlfrsrfl;EDOT J;)(fsl-)fn]?gT
0 88.92 047
0.1 68.34 12.32
0.2 56.32 80.12

2.4 ACIREARAEE X E R E R A S

B B IR ) AR A R EEARCE AN R B 3R
BEUERE N CE 120 min J5 , 3E4T AT S R IR L
R G A R B AR E L 14 PEDOT # /1%, Fig.8(a~c)
Fr it Je 3] B A Ak B2 1) PR 5508 FE 43 0l A 40% 5 60% i1

80%. M Fig.8(b, ¢) "] LAF th, 2K H 60% 1 80%H 1
WP AR R AR R AR SR i % PEDOT
JIES, T LA B Th M 45 31 22 £, PEDOT 8 JI5E , SR 171 76 15 75
80% 1 Z&+ ~ , PEDOT # i (1) fL 42 CE I FLIZ 29 R
735 nm) B 5 HLIR FE 60% K15 % CFFLIR 4 A
248 nm) o il 5 5 Al Ak B PRS0 B PG B 40%
PEDOT I 1L 2% 1, KB I I a] WL i) (=%
YU, X I R R B RS e SR BN e, I B
BU B AR R 157 nm, Z/N T FIR# 735 nm #1248
nm , 3X Ut B 7E AR IR B2 P 858 T A 3 A o P AR
HANGEAF B &G 51 28 LB L, (9 15 B AT DL d i
5 i) A B AR AR B A R R A B SR 1
PEDOT B F14L1% . AT RERY A 4l Fig.9 AT ,
SR 5 HE AR B R A 1 B E SRR AE SRR
TRV T2 BT 75 B NS SR IR IR B IR K, TR 8
IREEWR R R SR 26T 5 RS 7K 2t
e BRI, Y R = BT R K o TR 2 KA TR
WSS 2 DL SR (00 T 3K 5 R BRORE 32 ATt s Jise o
FARHE AR K ZE AL ok, k7 e IR K 4
5 R AR 2z (A (R B 7T, AR R I R TRV 4 7K 1
MIERR b7, B 6 R IR R R DA ER A 1 71 745 it
“fEFM 2 b, i@ EDOT KR A, e &IV N Fig.8
(b, FT/RI Z LSS K . IR A, 2R BT
RS R 2 B K T, IO R e 42 UL IR ER
TR AT AE S AL IS WOE R 2, @ i EDOT 1 5%
A5 A TE BN Fig.8(a) BT 7R (M B 45 4 . X Fig.8
(a~c)3 Fofr i 5 i3k 47 L 25 ME RE R AL, MIAS ST S
F Y Tab.3 T , % PEDOT i i b FLI0 P15 FL1%
K, 5 HL SRR , IX A2 T LA, SR [ AR

YB3 A PEDOT 8 B (1 TR AR By, 5 LR A

PR



Reverse micelle

n-butanol,
Fedt

water, Fe3*

Absorption

,0

H;0
H,0 H;0
H,;0 H,0 H,0 H,0 H,0 H;0 H,0 H,0

H.
H,0

OH OH OH OH OH OH QH OH
§i Si SiOSioSiSi il il

Fig.9 Schematic diagram of the fabrication of hemispherical reverse micelle absorbed to substrate
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Fig. 10 (a) Raman spectra of patterned PEDOT nanofilm and (b) PEDOT molecular structure

Tab. 3 Influence of humidity for treating substrate on the conductivity of PEDOT nanofilm

Humidity/% Thickness/nm Hole size /nm o of PEDOT/(S-cm™)
40 88.92 132.41
60 68.34 248 83.68
80 56.32 735 80.12
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Fabrication of Porous and Conductive Poly(3,4-ethylenedioxythiophene)
Nanofilm Through Reverse Micellar Etching Method

Feng Ma'?, Mingwang Xiang', Jingjing Kong', Feifei wang', Anguo Xiao"’
(1. College of Chemistry and Materials Engineering, Hunan University of Arts and Science, Changde 415000,
China; 2. Hunan Provincial Key Laboratory of Water Treatment Functional Materials, Changde 415000, China)

ABSTRACT: Patterned conductive thin films have been widely used in the field of sensors. In this study,
patterned poly(3,4- ethylenedioxythiophene) (PEDOT) nanofilm with nanoporous is achieved by reverse micellar
etching. Firstly, the surface of silicon dioxide wafer substrate was hydrophilized, and a quite mount of water
molecules were absorbed on the surface of the substrate at a certain humidity. Then, the mixed solution of ferric
chloride/PEG-PPG-PEG block copolymer/n-butanol was coated on the surface of the substrate to form an oxidant
film containing reverse micellar nanospheres. Porous PEDOT films were obtained through vapor phase
polymerization method (VPP). Optical microscope and scanning electron microscope were used to verify the
formation mechanism of nanopore pattern, and four- point probe was used to test the electrical properties of
patterned thin films. A series of conditions affecting the pattern formation, such as the concentration of PEG-PPG-
PEG block copolymer and ambient humidity of silica wafer processing, were studied. The results of this study
show that the increase of PEG-PPG-PEG block copolymer concentration and ambient humidity contribute to pore
formation. The highest conductivity of the conductive patterned film can reach 83.68 S/cm, while its hole aperture
is around 248 nm. Reverse micelle etching method can greatly increase the specific surface area of PEDOT film.
Compared with other patterning methods, the method is simple in operation and low in cost, and has great
application potential in biosensor, gas sensor and other fields.

Keywords: poly(3,4-ethylenedioxythiophene); reverse micelle; vapor phase polymerization; patterned



