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Abstract: Poly(3,4-ethylenedioxythiophene) (PEDOT), which has the highest stability in conducting polymer was em-
ployed to electrochromic (EC) film and studied about electrochromic properties according to the film fabrication method.
PEDOT films were coated by two different methods, electropolymerization (EP) and vapor phase polymerization (VPP).
Both of PEDOT films showed dark blue color at dedoped neutral state. Spectroelectrochemistry, switching ability and stabil-
ity of the devices were investigated by UV-Vis Spectrophotometer and Cyclic voltammetry. Surface morphologies of the
PEDOT VPP film at oxidized and reduced state were obtained by AFM. The average surface roughness of the PEDOT-VPP
film was 50 nm and more homogeneous than that of the PEDOT-EP. The EC property from the PEDOT-VPP film was im-
proved compared to that of the PEDOT-EP film, to show a response time of 1.5 sec, transmittancechange of 49%, and colo-
ration efficiency of 402.

Keywords: electrochromism, conducting polymer, thiophene, vapor phase polymerization, electrochromic property

.M B 7129 HAYAZHo|(LCD)Y 'EHr}o]  =(LED)Y
HE $REEIL LAY He wgos We A

7] A (Electrochromic) 2k ZHE- Q171614 2AZ AFE F Y3 AHAHo] @] i o AnE
7188 HQ 4t3l e Yk od) 9o 3, 2HE AL, JAAFe] T $82 F T34
A L o} B9 SASE AIY £ glosi g AT WA aRel §AA Be B4E 23 e
Edol, s, 9 7|e} EAAA 42 S lvi1,2] AeA 1EAE W2 9s &5 2 4 gbg, 52

WA 58 %9] AAE AV Y5-7]. 7P Fol AR
H slo] A} uj(Valance band)$} 714 @A HFEHA
%2 w(Conduction band) AFe]2] oA 2}o)(Ey)7}

471 EX BAER0) A1999 A2 olpHn

Tz ZHe-mail: eunkim@yonsei.ac.kr)



S7)5HoE AZRY AR

49 44& AAs, o) & A
ing/dedoping& 23 v = ik FLAE A o
WERGIL ASdE A 28 HE S 3939 (catho-
dic coloration)o]2}3 3} WO;, Nb,Os, MoOs, TiOs
SO Ao A AHA ok =9 FAE oA
S w2 g3, AdsbdEelA Az} Yehud akshda
(anodic coloration)©] 2} 3l V,0s, [rO,, NiO $°] %
Al Arshd Ao A T Eo|THS.

£ A7 A& E2E) 23 (Polythiophene) 4G F)
7H¢ 4 ©]4¥ 3 9l PEDOT (Poly(3,4-ethylenedi-
oxythio-phene))< ©] 8 A7]HA vloro] Az g

Ao F3A 442 dop-

2 EAE QTG Ha g oA Aolg AT
Sl PEDOT 81404 Alo] bt sheluy

2.2, doped FejNM e EHe a4 YERIL de-
doped H el M= 1& F&4L Jehith9,10]. A

1 FR O, 27 S 8 T A 9 Az e
Th.o. E

T2 -

Z

¢

Ay om, $8 74 a7l
Bhe Fa i HolE W Az 27¢

A5t AF 1]

i JE O{N
o

E
54

o

a]

=]3=F|

ek

x|
2.1, 28 4 77|

3,4-ethylenedioxythiophene (EDOT)S T A2 A4
3+93.2.H, Lithium perchlorate (LICIO,)E H3)3 Qo2
anhydrous acetonitrile™ £ 2 A7 %3] AHL5 ),
571 THE % A8A ZE Iron(Ill) p-toluenesulfonate
hexahydrate2 A-8-3F% 3L Tsopropyl alcohol} pyridine]
AREEATE BE AFELS Aldricho) Al FeE At

=29 54 HME 489 Avaspec-2048 fiber spec-
trometer”} AHEE O] UV-vis®] FHEE ZH3Qx
Cyclic voltammetry Z74-& 98t CHI624Bo] A&
Sith. Alpha step (TENCOR INSTRUMENTS, Alpha-
step 1Q)s AHE3t] wute] FAE 248y, 1Y
2 91ske] Atomic Force Microscope (AFM) (Digital
Instruments, Santa Barbara, CA)°] AF&-%3ich.

2.2. PEDOT g9} &AM

A HMAR A7ZEE o] &8t Wepe
Acetonitrile 10 mL9)] LiClO4 1 mol®} EDO
Yol A715%ol a3 298 A =xslgrt, 1l
ste] 0 VoI +1.5 V (Scan rate : 0.5 V/s) %’H el A

o
>~
"2 3
2
EO:L

Ké*é%

TRA wete) 47) WA B4 9
4004

—_
]

E

~ 300

v

o

e

.'cj 200 ~

o2

b=

:-§ 100 /

2
O T A T RARAt Dol T
0 i 2 3 4

Cycle

Fig. 1. Film thickness change according to the number of
cycle in PEDOT-EP.
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Fig. 2. Cyclic Voltammogram of PEDOT films in the ap-
plied potential from -2.5 V to +2.5 V with a scan rate of
0.1 V/s ; PEDOT-EP film (Dotted line) and PEDOT-VPP
film (Solid line).
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Fig. 3. Optical response of PEDOT films was monitored at

590 nm ; Potential applied between +2.5 V and 2.5 V with

10 sec duration time. ; PEDOT- EP film (Dotted line) and

PEDOT-VPP film (Solid line).
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Fig. 4. UV-vis transmittance of (a) electropolymerized (PEDOT-EP) and (b) vapour phase polymerized PEDOT film
(PEDOT-VPP) according to the applied potential, from top to bottom ; +2.5 V to 2.5 V.
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Table 1. Electrochromic Properties of Electrochromic De-
vices Using PEDOT-VPP and PEDOT-EP

PEDOT-VPP  PEDOT-EP

Film Fabrication Vapp ' ElecFro .
polymerization polymerization
ATransmittance (%)™ 49 37
Coloration Time™ 1.5 2
Bleaching Time" 1.3 1.8
Coloration Efﬁciency<d) 402 216
Memory Effect for 180 min® 74% 66%

(a) Transmittance (%) at 590 nm. (b) Switching time to the
70% of colored state. (¢) Switching time to the 70% of bleached
state. (d) n. = log(Te / Te) / Qs (em’C). (d) Transmittance
change within 180 min after 3 V appliance

@ L.

@

Fig. 5. AFM images of PEDOT-EP and VPP film at ecach
state ; (a) Oxidized state PEDOT-EP with 86.8 nm rough-
ness, (b) reduced state PEDOT-EP with 59.2 nm roughness,
(c) Oxidized state PEDOT-VPPwith 52.3 nm roughness and
(b) reduced state PEDOT-VPP with 11.6 nm roughness.
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