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2 AR FFo A7IEM mEAQ  poly[1,4-bis(2-(3,4-ethylenedioxy )thienyl)-2,4-
dialkoxybenzene] (PBEDT)& #43lich. f7iguldle]l 71848 Z2341717] sl ko
T30 VI Ee] LAEL x¥slgct. PBEDTE si8d oz = H7|gstd oz H4 ¢
ov 22X FolY THF Fo| 4wt 4714 & 4=, PBEDTE #7gstgoz 4
8t/ 8AAl in-situ UV-Vis 29 EH S #33 23, 27)9 ¢& AYo|A= 550nm 4E &
Fto] vehitow FAbHQte] Fvksld mixl gl 4slvl As e wjat o] Foule A7lE
B2 Zashs 49 800 nm dHel F5ue] A7)17} FA15te #EE 4 AU

ABSTRACT: A novel electrochromic polymer, poly[ 1,4-bis(2-(3 4-ethylenedioxy)thienyl)-2,4-
dialkoxybenzene] (PBEDT) was synthesized. A branched alkyl chain was substituted into
monomer structure in order to enhance the solubility. PBEDT was synthesized by chemical or
electrochemical polymerization, and a resulting polymer was highly soluble in organic solvents
such as chloroform and THF. During cyclic voltammetry of the polymer film, the in-situ
UV-Vis spectra were observed. The absorption band at 550 nm region was observed at low
potential. As the polymer was oxidized by the positive scan of potential, this band decreased
gradually and a new absorption band at 800 nm appeared.

Kevwords: electrochromic, poly[1,4-bis(2-(3 4-ethylenedioxy)thienyl)-2,4-dialkoxybenzene].
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Thiophene ©Ekslo] 3, 4¥ xjo] &7} &)
&, F#Al fcoupling ¥H-& AT + A= B
o] Uk kg Fxe| @A} AUHE 6l e
dl, dialkyl7l= A28 A FHEAE REsle] T
22 msta,! alkoxyrle YA PAETAE 7A
SlZ|Rh, 20 ARz ZSele olg 7te| whiEoz <
&l @e A7|AE=gE Jeldy,”? dialkoxy71& £

Roz ddA QUrk’® ojsjge WHE Ay 9st
o, BayerAlA & 3, 4 949 ethylenedioxy 2
Fo] 12)o] g2 X 3g 3,4-ethylenedioxythio-
phene (EDOT)elgl= M2¢ A=y nExte g3
AE 23, ole alkoxyrlol &% Hzgo
ANE @G 38 AYdA gA £l 2 + Utk
o] alkoxy7le UM PN &3t £F AAE F Ao
e WIHREEE UeE 5 de $HL BH8
k.31 EDOTE #8tdozy Azjsstae
o2 44l F3ol =9, polythiophenert} &
=7 (1.6eV)E Yehlln, A=A S of £3
EAE FAFsAT B9lo] =YW e FEAE
H71AN JE & vehd. olge] A7
2o gl szl sl ezt A8 E o
gl QA F2E WY dFE0] FiH
%\:})5-17

nEze] FZd) bithiophened} phenylene’| & %
Aol B53td, 421l A phenyleneo]| |89
TZ2E f4A 98T £ ] PR aEAe] W=
€ gl =8 5 o gl o]Se FAA
7 (optoelectronic properties) & HAl A& 4= ¢}
ok ols} ZE FAHeAM, £ AFME EDOTS}
phenylene g 7|2 722 3= Hz2& F29 AV
WA A8 2ERE $A3taal sgn o) @ a1
2o Advt §7] Lol Qg S =S Folv] Y3
o phenylene?] 2, 5% 9|9 alkoxy7|& X &st
dom, 1, 49 $xo] EDOTE %x43ld bis
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X 2. Ethylenedioxythiophene (EDOT)& Bayer
AlZRE Fdstden ZAgt TR AR
2-Ethylhexylbromide, hydroquinone, bromine, #-
butyl lithium, ZnCl,, tetrakis (tripheny! phos-
phine) $& AldrichAte] Ajeke At ¥ A
&3¢9t 222¥ 8, THF, methylene chloride,
acetonitrile, 7so-propanol 52} £v]2} ammonium
hydroxide, potassium hydroxide, hydrochloric
acid, glacial acetic acid 5& FisherAe] A<k
£ FA Aol Algsldc). Arisler £48 dF
& AYAFo 2= 09x5em? A7|9 YA
indium tin oxide (ITO) (FWA3 .7 /)& o)
g9 on, Juldsgegs $U3 I AFHE
ol g-3llon] Ag/AgCl (X3} KCIg) 71&43
(A7 2mm)& AHg-sidTh

TE 8. TEke] 7 242 Gemini 300 FT
NMR& o]g3lith. A7jdzkE  KeithleyAlel
236 source measure unit& A}g-8led 4 probe meth-
od2 A2dA F3shct. Exeke WatersAle
HPLC-500 (515 HPLC pump, 717
autosampler, 2487 dual A absorbance detector %
)& olgai¥t. A3t 54 BAS 100/W
electrochemical analyzer& AM-3to™, in-situ
UV-Vis &4 2¥Edge HP 8453 diode array
spectrophotometer & o] &3t}

G2k B4

1,4-Dibromo-2,5-dihydroxybenzene (DBDHB) : i
Wzt RE" 2L 2 ZEela3d 1101g
(1 mol)2] hydroquinoneg 500 mL&] XAz} 37
500 mL methylene chloride® Y& ¥ 47| & 3t
A BFAACE 336 g (2.1 mol)e] bromined
100 mL.9] CH,Cl,9l] 34{3}ed addition funnel& o}
gale] o 24745%F ANal AR olo] o
10A]2bgt ¥hg ¥ #do] AAEL ARsld ;-
propanol2 2| 2Rl Bale] 24 DBDHB
£ 44%°] #&2 9. 'H NMR (ppm) : 9.94,
7.03.
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1,4-Dibromo-2,5-diethylhexoxybenzene (BEHOB) :
0.05 mole] DBDHBE (134g) <¢Z7I1&F 3lolA
50mL 9] ethanold] =< % KOH/ethanol &<
(6.36 g KOH/50 mL. EtOH)& % WeH AA3]
A7lsle] o 2412t WHEAIZTE o] & 2-
ethylhexylbromide/ethanol 89§ (23.18 g/25 mL)
& MA3) H7ke ¥ 50 CAM 24NZEESE g
Aok whe-g F88] 98le o 100mLe} B& 3
748l 20 methylene chlorideE o} g3l F&3
of WE ZMe AHE FAr) olE AY FH3HA
=@Ml YA Ay BEHOBE 77%9 +#&82 43
t}. '3C NMR (ppm) : 150.3, 118.2, 111.2, 724,
39.8, 30.8, 29.2, 22.8, 22.6, 14.1, 10.6.

1,4-Bis[ 2- (3.4-ethylenedioxy ) thienyl] -2,4-diethyl-
hexoxybenzene (Bis-EDTB): »-Butyl lithium 0.68 g
(0.0283 mol)& EDOT/THF (0.02764 mol/30 mL)
gollof] -78 TolA La3F FlA MM H7tst
Fon 1A7Hget WEE sl =@M §H4E
gttt o]3@A ¥olA lithiumo] X &g EDOT £
& Zrl%el FEE ST & ULE YTL o8
canula ¥ og ZnCl,/THF (0.0283 mol/30 mL)
Fqo g M3 o] FAIY F 1AFA WA Z
o}¢] EDOT-ZnCl, §4& 0.04 g (3.6 107" mol)<]
Pd(Phy), #ul& 3718 BEHOBS| &itelo] HA
3 7He F 50 ColM o T2AIZHEL wesdTh
e § Aoz 2x& Jgx 1.5mole} HCl #
go1g Wrkslel We-e FRANUTH of W EUT
& tolueneg olgdtel #7132 2o *&
e NaHCO; 4845 5748 o8t oefw
A Hstdet. Toluene % §4L FFulavgoz
AZAZ & gulE A A3 e toluene/ethanol &
FgodoM AAYsl =M ZY Bis-EDTBE
47% 9 F&2 2tk "3C NMR (ppm) : 149.2,
141.1, 138.4, 120.8, 113.6, 113.5, 99.3, 72, 64.8,
64.3, 39.5, 30.6, 29.1, 23.9, 23.1, 14,1, 11,1.

TIExe| 35 M. Bis-EDTBE Z223% &
o 3¢ 8- (6.88 1074 mol/15 mL) FeCl,/E=
2F¥E £9(2.75 103 mol/5 mL)& A3 H7}s}
o FHE F=Qo A2 EFAL S8R 8
A 24AZFN WgEd e dEE s Hrisd
W& FRIHAT. A2 BUL oo g

&2 A23Y A2z 19993 3¢

23} 3552 43 AFsgen oo 222X 89
2440% NHOHE 234 #7tslel 89471
200E ZUAA SIS ABT S St

3] Y& acetonitrile?} methylene chloride& 98:
22 4e EFEUE o143t 0.1 Mol N(Eb),*
ClO,~ 89¢ Az AR o7]d TBHA Bis-
EDTBE 001 M 552 g8l F¢ dsidoz
AHRlAT RE AN 4E& 58 BFAY
& Al A3 e sk A|YAFL ITO
A -0.3~08Ve] £¥HYE 50mV/sece] &
B &£22 3o &M 7B

SME DEX MISEE BN, 48 np
o] Atz/g9) W] wWE ArEEE 4EE FAle}
71 18] o] mEa WEo] =XE ITO A3& §uf
2 AHS & daool @i o A7t Ag -0.1~
06V BoE slo] oHAGAF TG AU o
m o] 100 mVe] Mt ¥s} wivirh UV-Vis F5 2

A=y H4sArh
Znt ol &

chailo] g, oAl 4o A AL H=
& Fig. 14 Yeldidict. DBDHB (338 A):=
hydroquinone®} bromine& CH,Cl,/CH;COOH £
Aol Al wEeAlA LUrt. BEHOB (31318 B)=
2-ethylhexylbromide®} DBDHB¢] dipotassium €
& o]&-3led Willlamson ether synthesis ¥go =z
sttt izl A AMEE YA Bis-
EDTB (31512 C)o] A2 EDOTE buthyl
lithium 3} ¥+&A] 71 & ZnCl, 9} w3 AA ZnCl-
EDOTE =z #43la, ©]& tetrakis (triphenyl
phosphine) Zul| & o]&-3l«] BEHOB$} coupling ¥t
2% 3. Bis-EDTB+ :=@tile] Aoz oF
47% 9 &2 Qolzxd. Bis-EDTBe} 'H3t 'C
NMR & Fig. 29| Jehddd).

DEXS] S giM. aRate] 3EE AL
FeCl;& AslAl2 ol&sle] 222IE LolldA
23 FEsiden £ F FAAYE AX F
NH,-OHE o|&3ld Z22¥g &YdA 8¢4]79|
W Fgdle oAx| Moz WAsn] AP LHHY

301



of
Jad)
rkr
ofp

ri

OH

1. EtOH / KOH
_—

2.RBr

Brof CHCly
———

OH

oH OR
J\I: ,Br
Br/©a/ 8r
oH OR
A
. i ZnCl
Buli ZnCh .
THF ) o o
“/ s

8)

O\-—/O

RO [ o
PA(PPh3)s
A) + (8 5
g o OR
A/

(%]
R = CHCHCHCH,CHCHy

Figure 1. Synthetic schemes for Bis-EDTB.
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Figure 2. 'H and '3C NMR spectra of Bis-EDTB.

o dutdoz qakle] alkoxy X #AH|9] =77}
UE Zow M85 282 s alkyl Akgo] Y%
7] o S%rt Yo, 3 YT I A=
A Abge]l 23 & Y £ W) W) g} A
ElE ol ARG L Aoy MuF 2-
ethylhexoxy 2| #7]= HZ% Zojeo] 7}x89] alkyl
AbE olE2 953 S EE BEsE Hew U
st

DEXY H7(si8X M. Bis-EDTB watsj &
ArigH o fAsted YAA A EL tetra-
ethylammonium phosphate (TEAP) & o]£35}%.6
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Figure 3. Repeated potential scanning electropoly-
merization of Bis-EDTB (Potential ; V vs. Ag/AgCl).
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€ 9% g7l e dFo] A Mg UV-Vis
A0 A e F FE A%k YA o
7} A¢E -300~800 mV=E 3} 50 mV/se] £52
T3 82 o LojW FVAYAF THEL Fig
39 vehliglch A WA AgegdA A3
M7 700 mVrt =W FAG AsAFe Aol
yehta, A F AgFAbe dgko] ulhe wja)
S7HEAY AR 4% 7ot dojuy oj% 8
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Figure 4. Cyclic voltammograms of PBEDT (Poten-
tial ; V vs. Ag/AgCh).

sl SRAYBF FAR in-situ UV-Vis §5
2HERL 74} Aol B2 2o o Fig.
45} 50| Ztzt UepAich Fig. 49 &PFAY
F4L 50mV/se] SHERE 3l HWYFALe H
1€ -100~600 mV Alel2 AFATt ol ©F
A7t g A ANA FAL Aol wig- FolAF 11
zte] zpabst wrg oz <lald mExaL Abal/ @
9] 71940l H3lE 4 Av] dEolth o] &3
29 4 AsiA] 400 mValiA AsdF F=z
Uelfio], 894 o 100mV G904 #UAF
Uag dehla Ut ol Fig. 33 d|w}A

i X = A

400 mV 99} =7} AlebEee ¢ 4 ot wa
A Fig. 3914 ¢4 Yehd 400 mV 399 =
B R BEHe] TY AR Nsg vy
A Ee o Fo| AR HfEQ Aoz oF

& 4 9ok

Fig. 59} UV-Vis §5A9EAL 34} Agto]
-100 mVZ%E 600 mV7Ae] #M]elA 50 mV/s
o] &5z FAIE o u] 100mV 278 o v} &
o] RAolr}, x7ie W& HlolME 550 nm ¥
o] &4 Wevto] Yehts| FAL Aol Frtsled 1
a "ge] syt APl uje} o) MEE Pz
2489 A9 800 nm FYe| M=yt Zrl5te o
8 5 Aok ojd) 600 nm ©)dle] F4 W=} 3
Me] AFEE 7aE Yehlls Aoz Bol o] 11
s d3Y FEE IYPY oz Azdglf A
FAbe] A7)+ 500-600 nm M=o ZAAa &5
800 nm M=o FIEAIE w9 =glAl YT
FAE S Mol 300~500 mVe] dHollM FH3IA
Ws}ate, 600 nmolA F318 $F 57 (isosbestic

o fr yE
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Figure 5. Optoelectrochemical analysis of PBEDT.
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