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Abstract

Since the discovery of electrically conductive polyacetylene in 1977,
conducting polymers have attracted considerable attention in academic fields and
industrial secters due to their novel optoelectronic properties and apparent potential
use in organic electronic devices. An important characteristics of conducting
polymers is the conjugated m-system along their backbone, making them typically
both fragile and rigid, which severely limits their practical uses. Here, we developed
three stratgies to solve this problem. First, we synthesized various types of soluble
poly(3,4-propylenedioxythiophene) (PProDOT) derivatives with a long alkyl side chain.
The strong dependence of the change in .tl_leir thermochromic property upon the
insertion of long alkyl chain (C,,) indi€ates tﬁat side-chain disordering increases their

steric hindrance to adopt a nonplanar éotifg_rrhdtion at high temperatures. On the other

-
g—

hand, their corresponding water soluble c;g%li;cting polyelectrolytes was hydrolyzed by
NaOH(aq.) on the ester polymer -'p'recﬁ;ors. Wh'en_:_pH is decreased from 12.5 to 7, the
Amax Of PProDOT derivatives was blﬁe shift in UV—Vis absorption. The blue shift should
be related to a transition from rigid-rod to a random-coil conformation of the PProDOT
derivatives, as any twisting of the conjugated backbone leads to a decrease of the
effective conjugation length. In the second part, we present a new approach for
preparing stable conductive core-shell nanoparticles without any surfactants. This
method includes synthesis of a starburst polymer via atom transfer radical
polymerization (ATRP) of n-butylacrylate as a core using a multi-arm molecule,
followed by the growth of conjugated segments from each chain-end of the star polymer
to yield a dendritic block copolymer. Atomic force microscopic (AFM) images clearly
indicate that these polymers form unimolecular spherical nanoparticles with a

well-defined core-shell structure. In the third part, a novel conductive polymer
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composite with core-shell-like nanostructure was successfully synthesized using
12-armed terthiophene-terminated starburst poly(n-butylacrylate) as precursor.
Solid-state coupling among terthienyl groups on the chain-ends of the star polymer can
be effectively performed by simple oxidative polymerization using FeCl; as an oxidant
to yield a three-dimensional network of oligoterthiophene. The unique core-shell-like
structure enables the composite film to possess good conductivity at very low
conjugated moiety content. Furthermore, the use of elastomeric poly(n-butylacrylate)
(PBA) as core in the star growth core-shell polymer allows the preparation of a uniform
and large-area conductive thin film with notable flexibility and excellent adhesion to a

wide variety of substrates.
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weights of conducting polymer veights of conducting polymer
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(7] &
PPy/PS l a= |
a\l|_g |/
ii%éﬁ,gﬁ&;%* A+ﬁﬁwwg BA O APEE N LA

374 T B 4 + —poly(3,4-propylenedioxythiophene) (PProDOT)¢jiw4 4= » %%’ d
BB Y U AdERa N - Kdas S o R H G RT- Rg BIRA
C R E - RS TR HABER S RAATERKR-E H e F AP
AR ERE A UV-vis 38 B S Sl 8 (M) § 7 F 8 IR % 0 T

Y =

£ 3 &t 3TE R R R F (temperature sensors)2. i * B o ¥ oo 50 @ RRB

LE TR A AL T kR R B og - LRI R A
ATk RRT R A LA T HAL G T T hokipin o T pH

-

g R B AT o Ayt o AP UVevis ¥ o ALE 57 pH BT 0§34
FeEEN 2 BB N ETRIA TPV A R I RPPELFLR > B R
(han) 175 5
i$:ﬂ¢’£ﬁﬂ”ﬁ%%@ﬁﬁ@m%%M%ﬂﬁ?%?ﬁ%&iﬁﬁ
HREL 0 W - A A PETPRET  F A AP - ERE A
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—poly(n-butylacrylate) (PBA) & +%< » T % kg e fren 38 @ H Rz A3

3 HT B A hH e (thiophene) » 2 (5% § P R & 8o @ H kA
EFETBAFTMADIE (NP - ERERS AT AR AT AR
BaEerdty o P A RF AT H PR IDHE Y H R RAZ K Ea o Fpt o A

FRAARL - A PR ED AR o 0 - PRAED A RS
Bip A L) BB ER 2 R RETE AT L RT L

TERT P AR E AR AT s o kR
4+ —poly(n-butylacrylate) (PBA) & +% < » £ ks A ec F e 34 o K= efpen

t—[‘_”“ evrs A\ . _\;_\‘ ]FB ‘;é’_;

™

(terthiophene) & + 1% A7t & R R ch =B 0 5 XA HT B 4 F chmdkdr » 213
AR B A A E e, B A% B F (Y R 82 02 iron(TID) chloride % ¥ 1
B G AR DE Y > REF CREES WA ETE A o PR

BHF AT R RIRD e R iR )

f BB T T R A g P B BT

ﬁiﬁﬁ’ﬂW%@m;ﬁ%%%*‘ﬁ PR o AW L - s E g
&%%ﬂiam@»%ﬂi@&—mgﬁé% LS RV N G T
“,f Hpsdr @ B SRR HET L %"Jﬁ FARF o £L ~ B 1985 95 37 4 (core-shell latex)

b A

&?%?ﬁ$&4ﬂﬁmﬁw’¢%ME—9%ﬂﬁ%aﬁ%ﬁ4o;\%@
TETPAEREFEABEF L G R R F A T AR ET R AT
Eﬁ?ﬁ%%’iﬂ%?ﬂiﬂﬁ%%%ﬂiﬂﬁg@ﬁiﬁﬁﬁgigﬁo
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1.1 Poly(3,4-ethylenedioxythiophene) (PEDOT)

w90 # R4l d AETEFHRER D - ﬁ%ffi“l Tk it F—
poly(3,4-ethylenedioxythiophene) (PEDOT & PEDT)  d **H E 4 3 (T B %2 H1%

BAg AL REM - HEIEP AL EXHERFIERLEM
PEDOT + ¥ % Fogrdhird to2 - f-"-——f‘*f"“i? Fo- BRRCES & L ATL A
CHF RS F BRI 0 - BR PEDOT { 5 3 H 2

P CRRE un B KT T b d 5 PEDOT wed Tk F cn P %
3|32 @ & + (heterocyclic ring)#T i3k » Flpt > AR EPF > T 7 € FBRF L PR %
A 7T 0Bl NhAd P HEER A2 AR RS RiE T
PHETERACETES A rﬁ(d FERTEERETEZILAFTETRYR
400~600 S/cm) » { FrhenE > & —ﬂ CETRAT IR HF L RBLEP
~*yﬁzmﬂﬁé~m@§ ﬂ@ﬁ'%mémﬁlw?’@ﬁ@*¢m
TR T TR r“mm? %P S E R B 2 R~ 1TO 3
LR ER SR I YRR = ﬁﬁ?ﬁ\ 2| /JE % ‘Eﬁ‘} (organic/polymeric light
emitting diodes, OLEDs/PLEDs)®).c j

VI':\

Sy
liid

-

-k OPEDOT R &3 X3 =2 ¢ 7 " § " REF BRI EREF
B2 £ BEF i

(@) ¥ “REF B

EDOT % thiophene 474 = 2. — » ] }* thiophene % & * ;4 ¥ & * *> EDOT
4+ o Ft EDOT 7~ # 4] * § it & & (Sugimoto and Yoshino route) Olifa= 2t 7 B
& F oo — 4% >t EDOT e & + > % % 2§ 1“4 5 FeCly & Fe(OTs); » M 2-1 %
EREWER - Wt 2 RENPFLF - RIATVRHAM - poseF A3z
&ﬁiéiﬁﬁi—ﬁ%%%ﬁﬁf@éﬂﬂﬁﬁm’%%ﬁﬁﬁﬁé%ﬁ@i
A AR EBER o - D2 EBRRERES TGRS AR E B
) e HE ez 8 HHER L2 IRPET o V- B F AR
A 2 7 (Bayer AG)#7T B 3 41 k éh# S(Baytron P)z e puiz 2 8 8 0 — ki
T ET TR F e A L(PSS) 5 o 0 £ # EDOT = i3t PSS cficfs +
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TRERBR -

o
(e]
(@)

€
Bl 2-1. PED@*T J“E; xﬁz? WM

j-"'rj_,i.f'

OOOOO

SO3 SO3 080 SO
©

B] 2-2. Bayer AG.#7# % 2. PSS/PEDOT % 4 =+ 4§ & g L110]
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b) T igxel?
TEREFN - RETRF AT NE I A BT LR o 6 0
¥ PEDOT 2 HjFd a3 » o - BApE R * > QR EZ B 23 5

e
=
=
.
!

“HR L2 LPEDOT 2 #jmrd 4o R FREF LB LA™ 55— BLR > %
BT T ESLI T RFITOEM Y > 2 I i N0 @ EDOT E8 R &30 1
LS R SRS F TS BB

LOEMT RS AR CEREY TREMT RE LETE MY LIRS

HWAMAETFAT e Z PEDOT UG P8 F Lizn 2 > HEM» £
% 10~50 mg 2. & -

2. PRSI PETR BF b R BB L 2
FRAFLF T IR TLTLTARML TS EEUR L on
B o

m R i %?%‘fwi@’“.i'l"‘
@eng A3 Hin U ied e

4w NMR g GPC % » {7 - N\

CN

~ N — U “7'7Qf

vinylene cyanovinylene ethynylene furan thiophene
25 26 27 28 29
EDOT
RO
— - —Q— - <
OR
benzene dialkoxybenzene biphenyl pyridine
32 33 34 35
5—
= 1
& AOata
N\\S//N s
9,9-didecylfluorene silole BDT TTF
38 39 40 41

B2-3. % 2§ K %2 PEDOT 2 # fe2 4o 2 3 4012



© £Bs e r g
Fobo LR A B A do Ni & PAd % 1% 48422 7 2% & PEDOT »
g\"%'\'QPPELﬂJEJ;}‘J J'V%"\?’-,WEEP%V”\Q = E ’@24 r-r—nr"::\*);}@‘ 13..?]

VAN VanN

NiLm(0)

/\M*/\

X=Cl, Br...

®2-4. &4 488 F R E PEDOT £ o LW

PEDOT ¥ f§d #c & rged & & ¢ ki dion & e % pleas F ii 5 933 F
WA enied o0 4] 2-5 4T 1 (1998 R Reynold #3235 0§ b b Hiik
TR e P 0 B A A S N RN S L E R A B A f LR

RN e

B 2-5. & 487 b PXDOT =4 2 %457 &



1.2 Poly(3,4-propylenedioxythiophene) (PProDOT)

PProDOT €+ PEDOT # ¢ — faf74 4 » # 57 = I%\.pf; » F e H R
7+ PEDOT % > ® t 1998 & B > Reynold ##: & & — % 5| % [p PEDOT 472 %
¢ 14, 4% 7 PProDOT # PEDOT $ ¥ { i 2 ¢hk 4544 » W E T & %3 > PEDOT
EI R L 86 Sem: @ PProDOT B 5 12.1 S/cm » % PProDOT 2 ¥ 1 jt 2738 f i
BF Ak R 58 R (A%T) 5 62% 0 @ PEDOT & 3 44% ; %18 12k
PEDOT » # & H i if2 £ 4514 % % § PProDOT =~ 447 Bt » %~ 3 4p

FoehiB (A PE S AL KT B /A > 1 PProDOT-Me, % » # 444 ]
2647 s HF P EEBRAELT LEPFFRLT a}iﬁ“(A%T)ﬁkPProDOT L
F 8% mHF AR ERREZ S BROFRF o RI R TN ATRES

(electrochromic) 42 + » § Fi& & (i * B

# 2-6. PProDOT:Mes 2. 4 7+ &

— A =
-).I'T!F,

» P ProDOT HE & &5 =272 » A %5 ¢

(a) Williamson etherfication!"!

Boo- o 3 2 & o= F o i ¥ A ke 0 & PG
3,4-dihydroxy-2,5-carboethoxythiophene &2 tp $t s 2 B Z B~ A2 L 4> &
BdIRB P N DMF AR TEFE R FRERES 0 R A ek kA
o defe i@ H oo =% carboxylate -k f#3) = carboxylic acid v B {8 £ I *
CuO » ** quinoline 75 T » i {7 decarboxylation » ¥ {F & 2 A 4 o g2 5 -

4% % PEDOT ~ PProDOT % H ji72 2 & F Lehiaz > B 2-7 22 F BT R
g] o



HO, OH

R. A<
OH

0

0" "0
l_S\ DMF/K;C0O4 90°C NaOH/H,0
I\ i/ \ - - I\
Et0OC™ Ng” ~COOEt  g,~R~pg, EtOOC~Ng” ~COOE! HOOC™Ng” ~COOH
1 2 (a-h) 3 (a-h)
-R. R -R.
0 ALY
N CuO /quinoline QP 1. Electrochemical oxidation
M\ 150°C 2:" \; 2. Electrochemical reduction , ff \
HOOC~Ng” ~COOH s s
3 (a-h) 4(a-h) P4(a-h)
H: 'Hzc cHg-
“(CHz)z- -CH2CH(CHy)- -CH,CH(Cy4Hag)- -CH2CH(Ph)-  -(CHa)a- -CH,CH(CH3)CH,-  -(CHy)s-
a b c d e f g h

® 2-7.

(b) Transetherfication!'”

N N 1
R B EA e

FR, FR=ZRES

i

LengaE o Bl 2-8 (a) & Williamson etherﬁcatlon 2_F B %% PProDOT i=4 #

2 h AR A2 A A

% Williamson etherfication 2.

’L#Lﬁ‘ it L"«Jr"’?-B' 82
#inshe e do iy A0k o o Bt

F 7 3wt

sy 38 “f’m/%,ﬁq]’l‘

,W?ﬁéd/aiﬂu,vv;&uﬁ%oLw%E#*“%'
|
#-% 42 PEDOT ~ PProDOT \_[ i
&% Ri#FRy) @7 Y= 'ﬂ;:%lln% IL DOT» PProDOT 2 H jiw# $ 2 & ¥

» B 2-8 (b) = transetherfication ¥ * ** ¥ 4% fﬁi
PProDOT jim# (B 7 A B~1

“ 2_ PProDOT, PProDOT-Me,)2. & = o

2 B PN 2 wpen H AY

4}14‘”(*] Wllhamson etherfication & ;= * ** 4}



X X

a S w S Ot S ® z
) EtoocMCOOEt L EtOOCMCO L KOHHO )
HO  OH K,CO3, DMF, 90 C o o 2. CuO, Quinoline 05(,0
R H R H
1 2 3

ProDOT R=H and X=Br
ProDOT-Me R=Me and X =0Ts

S

S HO OH  pTSA S\ ,’Z

\ i —
Tolueng, 80C O O
H3CO OCH3,

B 2-8. (a) Williamson etherfication ¥? (b) Transetherfication 2. & = 7+ &, e

b)

(c) Mitsunobu chemistry!!’

LAE S <]

W1111amson etherﬁcatlon #E o H 42 ds v & F

ETIES

3.,4-dihydroxy-2, 5—carboethoxyth1-ophene ,.Er"ifﬁ &'1')% i A B2 i E Pt

F\.

2 DEAD ~ PPh; » *% THF m,g‘% 'i' f'r'ﬁc’?b ,” TERFREREL R A
|

~
i SRR R e B TR oo pg_ carbo||}q3/late Lﬁ¢ﬂ = carboxylic acid » # {$
£ f1* CuO > »* quinohne %k T 0 i {7 decarboxylation > T {8 B ¥ A 4 o

$ 2 2 L 7 Williamson etherfication™ 2. & /% & = ¥ %&;”g 7e 2 2. PEDOT -~

PProDOT % H jird $ 2 4385 » ¥ F ot frif 2 Tit 7 » A 54 ApE &
P RFEERITEF D eh? x5 B 2-9~2-10 ~ %] 5 PEDOT % PProDOT % H
A2 BT LWl e



HO OH

Ry R>
B S &
EtO,C CO,Et HO OH

S
DEAD 4
3 PPh; or PBu; 4aR, R,=H
THF, reflux 4b R, =H, R, = Et
8-12h 4c Ry, R, = Me
Ri  Rp 4d Ry = H, Ry = CqoHz
o] o)
5a Ry, Ry = H (95%)
/ \ 5b R, = H, R, = Et (70%)
Et0,C™ g~ "COEt  5CR;, Ry =Me (60%)
5d R1 =H, Rg = CmHm (71%)

Bl 2-9. Mitsunobu ;2 £ 2 EDOT % H 74 32 £ g7 2,017

HO OH R_ _R
T3 e
EtO,C S CO,Et OH OH
DEAD 6
3 PPh, or PBu,
6aR=H
THF, reflux 6b R = Me
6-12h 6c R = Et
I>< 6d R=Bu
O 0 7a R = H (92%)
7b R = Me (85%)
/ \ 7¢ R = Et (85%)
EtO,C s CO,Et 7d R = Bu (78%)
7

Bl 2-10. Mitsunobu ;% & % ProDOT % # ji74 %2 F 77 3.7

F] PProDOT 2k & {2 5 & PEDOT { % 14 » 2 5 i

]
P gt o @ 17 PProDOT 2 H f7d f» {3 & e * 3v kT 2 it o



1.3 & = 1 & T 2 ¥ (Conjugated polyelectrolytes, CPEs)

X RT f#F(CPES) i 4 B L & p > SRS R BB ] £ B2
- Y PR R R B B R o ARTE A
dat > F G AT AT A FIL T URETF AT RS TR ENKB RS
HP GRS S 2 BT ¥ 0o d 0 CPEs R R § R A AR
R EARERA M S 4 PRARL AL S0 TR 0 AR R R e
A RARRZ p EER G A2 R E o FRE X P 484 (conformation) £
Fe 0 A kTR Bl 2-11(A & B)SA 0 A 4aFRE A AL
WO RAETG R ERETRATOEFEAEM  EA R UVEPLAS Fi
# (blue-shift)sIR % o

A~ —

T

Twiston

B)[/ —

TR
— 1=

Non-planar

Bl 2-11. CPEs r’g AN L.Lﬁé’]‘%’.qj?'{%ﬁ- ‘;g) ]};][18]



G CPEs ¢ # Rir A Mengha » 7w % 4 2 onil 4 ch 3% wirg )}

éiﬁaé’ﬁﬁﬁéﬁﬁ%gi&%,ga@%ﬁ£&é4%ﬁ’ﬁé{ﬂ*

foin & faEen N pisa S o R E A

CPEs £ 4 Ji* »t g | B+ 2 4 5 p w12 CPEs ehjig * g;e[ﬂé 5
(a) Fadk R P2

d N ET B LG AMANRET F G T A FIEH LAY Riglbagi

WERE > FIE R R RERE > A T anty > FRETE A
FEFEERDRL o - BEFPRILBFT I wENF I OGS
41y ) P AR E WA (linear) » B o4 F B 5 4 fass 0 ERE 4 5 FIERRE
FRABEEFMN WP JopE s A3 E R A TR ARBRY > BB
TRERAS TR SRS RE A chk b domain c HAp R R R A
§ R it T B3R g UV BRPL chskip b0 B A jrhg s ¢
$e B A o ARy e a i odcfl 2-12 477 0 2007 £ > Bunz
weVlg 2 - BT 3 4 NRA F ¥ s Poly(p-phenyleneethynylene) (PPE)> #
da b g A BEA S %‘f\mﬁ‘;ﬁépﬂﬁﬁ'“ B Of R 2B R A o
KA MR E o ) /»\—kié\F”}‘rFl%ﬁﬁ’ij L UV&‘\ ok % A 408 nm s §
pH ETHpE 8§ 72 é;g” “;iﬂéll'ﬁ AE BT AL T KR
Moo Fpt o o3 A2 R LA A %’,‘\E:u’l & i~ E $e domain » H &+ s #ic
A W2 e m B2-12 L BIP A AR pHET o H oS 2 PL B
BEEIL AT R R RGEPE > A 3 gaprdtdcg > ) E PL R R #E 0§ pH
BTER S S 4aR A 4 BB > FIP PL R RN E K J - %2 UV Hp
CEIE



O
— n
0]
0]
O'Na*
300
250 4
200 4
“pH3 -;
= pH 4 s
—PpHS Z 150
—pH 7 §
=—pH 12 [
100 +
50
. v : . 0+ . . - .
325 375 425 475 525 425 475 525 575 625
Wavelength (nm) Wavelength (nm)

e P r

1 2-12. Bunz ¥ #74 % 2 poly(p-phenylencethynylene) (PPE) * + pH # % 2.
F =

“+#8 UV(Z®)% PL (%R ..:_;1
(b) 4+ gl E R . o8
= [ i \

T EAT AN RS DA T I B E T 2

T Sy a8
z-.. K . K 1:'.-"_, '..'1| Yy 2 R ] .
B FIATFRATE NS e S A5 M i 2 T )
oA o 5 'J = B

a.;._' ,J:
N7

FH ST > ERET R A '*.iﬁ' E R engis o B 2-13 5 Leclerc %32
POlass 2 2 1 % j7 4 polythiophene f-k 3% ¥ #AB~7 F e f T i a4+ (F, CI,

HUV gt > KUV BER § B33 5 T8I pF > 25348
2R BARBH A 0 T TG L e FR o KUV P T PRGOS Pl 2 F
Mg g4 o ¥ b B 2-14 5 McCullough % #PUerg 22§ 7 72

Br, IN{s

| %

‘.._—_

polythiophene f-Kia % ¥ #RB% el 7 7 =@ 5> B UV i > § i@ >

CAPCRES:.
R s> Bt T 343 ¢332 43 B = MRBRA TR
OB PR - Be&ARRPAS TMAA LY v AR EHET R T UV A

/ ',,/ % °
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ch O- (CH2)m

S CH3

Absorbance

300 400 500 600 700 800
Wavelength (nm)
] 2-13. Leclerc Foiz i 4 20 % i 23 polythiophene G-k i3 i # 157 k2
f \ (]

L [@F, (), @B, (Twﬁé Qb UY g 0

- |
1A

o
&

e W N

o
4]
2

Relative Intensity
o
&

G MO

¥ m‘Ht 1]

T ¥ Li L 1 LB T 1
300 350 400 450 500 550 600 650 700 750

] 2-14. McCullough #c#2P" 54 £ 2. § % j7 4] polythiophene **-k 3 i% ¥ 475~
F el AR o B UV g o
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(c) 2 “RpIE

& 2002 & - Leclerc #4224 * # & 7 72 polythiophene » ¥ % L2 ¥
DNA £ 3 24Feflfed » F)pt > I * & & § jm2 polythiophene %t 5 %
DNA > PR T F 4+ d R > S #AEIT random-coil » &%+ DNA &)
% Duplex 54 > 4 F 48 DNA A 3+ £.3 > @ H £ £ B H 4 UV s foif 1
A o (2t - 45 & R L 22 % (hybridization) } ¥ - 3% DNA {s » A= Triplex
B LEFETRA G MAERR LY R EATMEFER T UV
BERFEA F ot - Mg G B RETERTEFT Y 5T DNA st o
B 2-15 5 Hwrp b DNA 48 (8 11 3 (8 A= fe 2 {8 2 ‘%’h& T & B > B 2-16
% (@ % B & 3 4] polythiophene » (b) 5 = * + H 3% DNA
(X1=5"-CATGATTGAACCATCCACCA-3*) » # 14 —é UV 3 ¥ P
red-shift’ § 33 + ¥ - % DNA# I(Yl=3’-GTACTAACTTGGTAGGTGGT—S ')
T Lf A UV A2 blde-shift e 2:16(6) 0§ ¥ % - % DNA 4e(d)
(Y2=3’ GTACTAACTTCGAAGG’E(}GT:«S\) By F - % DNA(e)
(Y3=3 —GTACTAACTTCGTAGG G_EEB-‘SJﬁ EB R AR EHT R A IR
DNA et » #7275 G\ﬁ‘@.i L i

%Vﬂvﬁfmrw]zdéﬁ%% € AL PR o

= = = &
® i - " y
+ 5 .~ Bl<® el e
+ = =
@y & * = _k)..\: ~ o P e & \SE
@ < B Y D <) T Hybridization ©1 W
() * - i it - ” 4
=~ r [+ 1 i o : e
@ T e oge — &gl e
® - ORIl = & D
€ e S~ 4
iti i elle o ‘0
Positively charged Single-stranded e =4 W
Polythiophene DNA probe \ % P
®<IC (SH 1
Duplex" Triplex

Bl 2-15. Hap~+ AT HRTET2 2 orgt DNAME S M2 322 (82
iR T LW
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Bl 2-16. BHF A FETHLRTEF 2 Aorgt DNAME S Z S A3 (82
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THF AT S Agad Hig s BT RS 0 - BIH BHER T E
P R ﬁﬁﬂ;,‘_k,rg 3B R gk engE ,;;gﬁirgﬁﬁ 4p 1
FEEI o S A AR B B e F o BAWY Y 0 ST L ETRA

-

G 1B F A APEE N - G AU ET R AT —

=3
T+
<)
3
4y
s
i
o
J\r
<7
|

\z
v
=

poly(3,4-propylenedioxythiophene) (PProDOT):r4i74 4+ » %ﬁ d BB b g A
GRS N - Bgas S o B R A - RGBT S F - Bgas 3o
HEBER > fAAE e R-¢ o F a7 b > F Ak s ERE & UV-vis £

PR RN E ) € F EEHPRR o FPE G R NERER R E
(temperature sensors)2. Jis * § & o ¥ ¢ > i E Y %ﬁd EX P EARI N EELSE - N TR
,% MENEFEERTBRT  TREIR AT LR BB AT 4k
2 REFAL 234 5 5 8@ Bl okid ik ? o $30 pH Eh% i 5
HER o At o A UVAvisss a4 FRopH BT 0§44 G 42

R S e %? R E B > B () PR 0

s
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N
2.1 #7%] ProDOT 72 42 & S &2 & 47

OMU

NaOMe

o) o / />4 /\
*@ - A*@ U
4 OH

OH

B 2-17. * £+ 52 & X7 7B

=

A g E - % 71377 PProDOT jin «Jrf' p e de] 2-17 #77r » 2% i - thiophene
e~ R BOREFLL > @ HiaE B ,Q}_ zﬁA”LrB’» 2. tetrabromothiophene (i* &
¥ 1) ¥&¥F > f1* n-Buli it L‘q‘ﬂ_;-,., a'lﬂ_é_—»/-l-‘#lfl’(ﬁ:];& 2 H> 1%
3,4-dibromothiophene(i* & = 2) o B f9| i “ st 2 ¢ »“CH;0Na (30 wt-% in MeOH):%
A %ﬁ* CuBr it ™ » & },IT';—,)% 4 3.4- d1methquth10phene (i &4 3)» Hiuwipen
F st o) 2-18 417 5 ek ;,@,:* . CuBr & CH:ONa £ Jis + 2 & 5 - % 4
otz P B2t - P XA E 245 pd A2 methoxide » £ &
3,4-dibromothiophene & {75 & o fpt F B® o &R K SR AR £k
BT > UELF RY FHrA S 2 pd A4 50 @ id S thiophene * B~ A -Br
fHk 2 -OCH; 2 & i+ 5 i< o

A
RONa + CuBr — |[ROCu| —— RO*+ Cu(0)

BrUBr
RO OR
.

S
) 2-18. 3,4-dimethoxythiophene 2_ 4% ip| ¥ Jis 1 4] B>
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&£ 2 ProDOT s nt + » Lg% 03 ;2 % transetherfication reaction » #* —

FRAr% 22 F 4 5 B-i=% 5 methoxyl BB~ 2_ thiophene > 12 2 — & 3 diol 2 i*
Ed s Bt - F P > APE Y 2 2-bis(hydroxymethyl)propionic acid (bis-MPA) >
Fl#* gt it &4 F 5 diol ¥ & 3,4-dimethoxythiophene £ {7 transetherfication & &= =
ProDOT 472 17 5 ¥ ¢h > 7 ri 4% Spdp b ordh 5 2 pRk L8> XU fig 1 & e 5o
T - plgat ATA H g AP~ 2 ProDOT 4724 47 1 o &y » 7 L #- bis-MPA &
% i (KOH) ch Tk 8 & > 4c » ethyl bromide i& 7 fig * £ & » ¥ 1@ ethyl
2,2-bis(methylol)propionate (i* & 4= 4); £ #-iv &£ 4 4 & p-TSA it T 22 £ 4 3
i# {7 transetherfication +~ & 3; = ProDOT 4+ 24 ¥ — Ethyl
3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate (ProDOT-C,
ester, 5) °

)

—h'__

B 2000 R gl 12

A2 bis-MPA I * fig it & e VR g AT H iy A B2 2 ProDOT #7424
Piplddk & o 7 L #-bis-MPA % dk(KOH) 335 ™ » 4 » dodecyl bromide i {7
fin i & & > ¥ 17 dodecyl 2,2-bis(methylol)propionate (i* & 4 6); £ #-i* &4 6 &
p-TSA it T » &2 it & 4 3 i& {7 transetherfication » J& > ¥ ¥ ¥ — ProDOT #+2 #
—dodecyl 3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate
(ProDOT-Cyp ester, 7) » B & £ 77 & 4§ 2-19 #7577 o

o el m%w




288 0 AP LA - Fh AR K2 A7E] ProDOT 472 4 » 5 4 » 3w
2,2-bis-hydroxymethyl-malonic acid diethyl ester & 4245k 4~ > % p-TSA #it T >
griv £ % 3 it {7 transetherfication * & > ¥ # ¥ — P X A2 ProDOT /74 = —
diethyl  3,4-dihydro-2H-thieno  [3,4-b] [1,4]  dioxepine-3,3-dicarboxylate
(ProDOT-diC; ester, 8) > H & = 7% & 4B 2-20 #77% o

Bl 221 s A 1iee 408 )

|
Em\:&

2_ {80 AP R e B g i’xﬁ" x* 4 wfr’“] EmDQT T a‘ﬂ B4z £ A& -7 £ % malonic
acid 75 4 (KOH) e3R8 ™ 2 4c A doﬂec?ﬁ)romlde f‘f fin * ¥ & ¥ ¥ malonic acid
didodecyl ester (it &4 9) 3 151":;2,..} & 42 9 kg it T > 32 {7 hydromethylation
reaction > ¥ 2,2-bis- hydroxymethyl malomc acid d1dodecyl ester (1* &4 10)> 2_{s £
2 3 4-dimethoxythiophene :i£ {7 transetherfication » J& » ¥ 7 % — g A BN 2
ProDOT ## # # — didodecyl 3,4-dihydro-2H-thieno [3,4-b] [1,4]
dioxepine-3,3-dicarboxylate (ProDOT-diC;; ester, 11)> H & = 77 & 4B 2-21 #77F o

d o NPET E- k0BG 7 ak 2 H B fEAg AP 2 2 373] ProDOT
A (£ 4 5,7,811) > 2 4R E T BT o
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2.2 #3 PProDOT j=4 $# 2. & & &2 &0 7
A A B g D ahe & ProDOT #74 4 > 1% 5 i B g 38 35
X HTF A~ F PProDOT » fyt B & #1iE * 2% 1 & 5 & 1 48 (FeCl3) » 3
nitromethane ® (GE & 2 1 M) » 2 {5 #-H %82 /% (0.1 M in CHCIl3) 4 M 4c » ¥ - &
A oo HF W R H A2 g £ 5 4:1 0 ¥ thiophene & 5|ehF (Y B &
ERARR o s FRlas gt — kMg 24 A 5 nitromethane ¥2 CHCI; 2 8
&% % » & thiophene & 7| ehF i R & ¥ #ri¢ * 22 CHC3 72 Fp » H P e 3t 4 »
$R8 4 nitromethane i "% X3 R EF Bk B S o Hadrdls P REF RS
AT ARG R endTaa A 4 o HOE Rt R Bl B 2-22 Ao e
FHEMBRAETETER S F R PBRY L ERREIIHRR L
FOR 12 o] s 0 4o~ B R A B v=(hydrazine) {s 0 2t PFIR TR AL
2 MBETI K ’iT-F-ﬁ)‘lM ﬁ’xl\/pni’—rﬁ"’”;"g‘}@ﬂmif v 3
xl%.i o 2 AR PV R A AR _ruf.i XEAAF ROH R E AR5 I
AR RN E B 5N uﬁ‘ﬁgc f&ﬁﬂ% ’“ﬁk—iﬁ}@v‘ AFRB2ZHEMZE B
IR CHzCIZﬁé?-?;‘%‘ﬁ%Mz%?M”:I Ao B w50 & F 12413514~
15w fa8 A+ > T4 GPC' 48| & |/

%A#g1£9ﬁo
dGMﬁw&&mwmzm)hg#15'$.ﬁr&’ﬁa FEM)H S
27000 A3 £ A G 5 1,565 8 T IR AR E(X)— 115 % % pesp $19. & PEDOT
% PProDOT i 5|2. § &~ &+ » H m-mstacking ff % > 13 & H o 3 4apt 5']5'47?4? %o
RAFEREL > BT 2R - B AR FE L BANY ER 2 R4E 2

R L B RRAE  FI o i EF 128k F 0 B R - B )

o BREY O RRARL R e G - LEAR S THRRERALG LK
Mkt 1255 PREBEASFERK -
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/ \ FeCl4 \ / ) n\ /

Oxidative polymerization
B o {7

()

S o o
e e
o o
R=CHs 3 R=C,H; (12)
Gt (0 R=C5Hys (13)
[} o
o o R R
I \.0 o/
R
\o O/R -
& LY Y
llr' 1
9] Al Xy
FeCl3 e - 1
||£?'
/ \ Oxidative polymer zrt -'[ | i
s "
2 | 2. |I ; o
R=C,Hs (8) . )
N\ 7 \
R=C,H,5 (11) ; o N
R=C,Hs (14)

R=C/,Hys (15)

B 2-22. i*£% 121314152 & 27 3 B

Ao~ p4BE R L 12 BALZ ProDOT #724 4+ (it £ 4 13)» o5 L B A 15 »
# GPC M 7 (4cB 2-23) > £ 43 B(M) & 5 8,150 &+ 3 4% 5 1.70» # =

PR LR N FX)=213 0 FIH A 5 plaat 3t 10 Batsaz £ R > FlU A F A
PR T A RAELA T BRI AF 12400 AT B LM

B e
Fobo i ggre g ProDOT e (1 & 4 14) 55 * K& 18 # GPC
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BAE T (4o 2-23) 0 243 E(M)H 5 32000 ~ 3 £ 41 5 1440 £ T0R &
Bf s (Xo)=110 &2t &4 12 2 g 5% 4p i o 22 fEP- % Fh 2. ProDOT 472 4~ & i&
F VR ERTFHPFAAZ P HERREPALA X » B EAER AL 482 11

stacking > &/ st g A F 2o FE o ed BN A2 AL S WL - BA
LER RN B AP ET R AT RS E RS L
e BN Az ProDOT 474 4 » #-H - B pl4af BIou £ 3 L - Brida
L ERLEF B LA H GPC B A (4oF 2-23) 2 A F (M) 3 38,600
£

Al s 2800 HTBE LR KL (X)=66.5 FIH - A3 flaass s 10

b

SR A F 42 [ ehm-m stacking 0 T2t fe g 05 W ¢ o

£
F
AR WEH 4> B LT A3 E U W = 48 PProDOT 4p b » 3 A3

&

E
23

R B S ok 2-1 G HFEe 7 F ProDOT /74 553 " REH L urd &%

ek

it o

i _.k'. f xx.
100 (la=si 1)
. | = || — PProDOT-C, (12)
; Hm | .. =—— PProDOT-C , (13)
80 Kl 5 | | V. PProDOT-diC, (14)
AN 1% —— PProDOT-diC_, (15)
60 +
©
(]
2 404
o
o
(7]
(O]
o
20 +
0
-20 T T T T T T T T T T 1
6 8 10 12 14 16 18 20 22 24 26

Retention time (min)

B 2-23. it &£4 12~13+14155% it B & {62 GPC H
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% 2-1. = 8 ProDOT 72 55 " e 2 » 3 &

+
=~

Sample entry M, My PDI
i &4 12 2,700 4,200 1.56
it &% 13 8,150 13,850 1.70
iv &4 14 3,200 4,600 1.44
it &% 15 38,600 108,000 2.80
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2.3 #73] PProDOT 472 $ 2 # 3% % ¢ {4 (thermochromic effect)#s 3¢
% 1 &4 12-13-144v 15 & %];3 > THF FF> >t 38 7 (20°C)#7ip| ¥ 2. UV-vis
ko H B A Sz £ AN S 525nm (1t &4 12)~537, 575,620 nm (it & $ 13)-
526 nm (1 & 4 14)% 522 nm (1 & 4 15) > 4o H 2-24 57 » H ¢ = w2 g 4%
e Lz Apin s Wiv & 13 A A LW Hrk2Z % o At 54 12 87 13 eh
UV-vis ¢ > d 3% 13 » & chptigd > 935 F ¢ pUK T A F 447 -1 stacking 7
BAFREN R E M)A 2 Fefole At #1852 %% % 24pF > R 7|3 THF
Wit &4 13 m 2 > £ £ - B4 3 F|(good solvent) » FI AR ? € G Mk
18 B & (micro-phase aggregation)enIL % A 4 > g A & F4AT fpRF] > Em A 4 X
RS A AL FE S > B R B ARR RS2 B (3-2 AEre)iE
2. UV-vis Ap 0 o R8P F ac i &4 13 22 2 F 4 B3 7% ¥ A FEA > 1 =
2. % I & K& 2 conjugated domain fff e t'*__— Bhy F 2 }F*J% srdp Y o 5 AR
$ 13 3% CHCLy B » 4o B 2925 HrUVede V55 f i % B kA5 03T (00 b & 4
12-14 2 15, H g F1 &k p 3% CHClgéaL%‘ 1“ £ 13m 5 o AT R o i
R S T AN A R ¢ rmmgi :

1.0 S\ |
: W _— PProDOT—C2
0.8 4 — F)PrODC)T-C:12
PProDOT—diC2
_— PProDOT-diC12
:): 0.6
<
(O]
<
S 0.4
2
8 4
0
< o2 _\,
- \\‘_‘.‘"“'——w
0.0
T I T I T I T I T 1
300 400 500 600 700 800

Wavelength (nm)

B 2-24. PProDOT-C, ~ PProDOT-C;; ~ PProDOT-diC, ~ PProDOT-diC;, ** THF *
Z_ UV-vis [
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2.0 4

in CHCI3
in THF
1.5
Q
2
S 104
2
(@)
[%2]
O
<
0.5
0.0
T I T I v I T I T 1
300 400 500 600 700 800

Waveleﬁgth (nm)

e

F 2-25. &4 13 T Tﬁ% |THF z CHClg\ UV-vis ]
|l .

Mot NP E S TBB’»TNiZ%%§-r-i’Pﬁ(;DOT y & hapghz B (Y & 4
14) 4 > d 3 plAaFUE « © A S AL & PProDOT 7] b gk » ]
B UV-vis & i« &4 124p 2o A%~ = BB a5 5 £ aea(C=12)2 iR
(* & % 15) 2 H (Aax) 2 ‘2482 B~ % A PProDOT 4p 12 » ¥ 32 § J1IL 7] £ st ddig &
Fes P chI e 4 > b7 T~ E 4h2 Bt A5 PProDOT F > d 30 B~k A
BHRG RS EIRAPIHMBE EERILSFEF ORI @A L4
154 3 &Y ZiEAKRL ) Ft > H UV eajek#aize it £% 13 & THF
PRI e R o

2 {6 AP UV-vis R aE R > k5t v /& PProDOT &7 Fif
T o H UV-vis 2. 1t o it £ 123> THF ¢ » k¥ RARREI F o
%22 £ 20°C # 15 SCipl- == UV 2 5| 65°C 5 2k > KW 2-26 ¥ >+ #
o REERE > Qma) ST 7 F 0 FIREP AL TR el e 3
P BABIE S 7 € A T ARG T b 5 i AR > %10 & 4 1273 % toluene
o UV BRI EREF I 95C H ma)® X R AT
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1.0 4 200C

——25°C
30°C
] ——35°C
40°C
——45°C
50°C
——55°C
——60°C
——65°C

Absorbance (A.U.)

0.0

T T I . T T T T 1
300 400 5000 % 600 700 800

Wavelengths(am)
B 2-26. 1 &3 12 ,g & fI;LP v*_,s‘:?:l“'tu E’:MT 2. UV-vis B
NI s
218 #1Y L 4 13 %*“THF'{ IL 1%1;é_ﬂzw B hE o S iE o B
20C# 15 S°Cipl- = UV 23 65°Cn ¥ - i 2-27 7 # > § 8 R T H% 3
PFo B A 620 nm osfe g R R PER Rt BT > REF & 537 nm e
STk R IR R A st BNEZ 2 0 575 nm ek gk R RdE A %S
B2 Flipl4aBe (A T A N R RE P BBIEPR O BT R s S
g b SR RELFEREL TR AR RGES 4 D F(ZE
T 20°C)iE 2 K 4 (65C) 0 @ -1 &4 137343 toluene ¥ - UV £ B > B
v 3 95°C > H g A o S 539 nm s H 626 £ 580 nm Sfc ki B L

TErB 2-28 ) MR A F AR R ERB S
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Abs.

Abs.

—20°C

0.45 4
0.40 —-
0.35 —-
0.30 —-
0.25 —-
0.20 —-
0.15 —-

0.10

0.05

T

T T

G(I)O
gth (nm)
--TL" " {F'h:

T
500

Wavelen
g =g

0.0

T T T T T T T T 1
400 500 600 700 800
Wavelength (nm)

B 228 24 137359 9 » 473 kA T 2 UV-vis B
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MivE 143> THE » > R ERERREI gk o > 22 L 20CH
Fe SCRl- s UV EF65C 5 0k » ERI2-29F 3> 7 g4 3 E R > 4
) S5 3 % > B AR 5 BB 2 4 > (@ FlRI4RB- % LA 3 4k 4k X
o ERER O RARTIER A A FADEF T o F A 2 SRR
&4 143> toluene ®» > UV ERIF > BRE A4 F I 95C H (hpax)» X F = %

(4 ] 2-30 257 ) o

0.8 + 200C

X ——45°C

8 % 50°C

S 2% ——55°C

? g ——60°C
Q0 - o

< 5 ——62°C

N ———65°C

- oy,
L __
i =

c -..} ey ! ¥ -
e T -

I Sy
A _l{_ j: _!JF

0.1 -

0.0 -

I ' I ' I ' I ' I
400 500 600 700 800
Wavelength (nm)

B 2-29. t &4 143> THF ¢ > 72 FE R ™ 2 UV-vis B
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—20°C
——25°C
30°C
—35°C
40°C
——45°C
50°C
——55°C
——60°C
——65°C
——70°C
75°C
——80°C
——85°C
—90°C
95°C
100°C
105°C
——110°C

1.5

Absorbance

0.0 T r el — | . |

400 5oo eqo . 700 800
Wavelength (nm)

g« . N )
B 2-30. i &% 14%%:’::"‘;}1#5\“ AN mezw UV-vis
i |' "
Z ll%-&éﬂ?’*%é7 1LL‘;}»,»I A—%’\]IHF:{ ,’j\*gp_énﬁéi (5’%5 E’—ﬁp_‘}j‘%,

3022 B 20°C & fg 5°C iRl = =0 UV" E i 65°C % 5 B 231 T AR 7 §
bl RHER > H(ma) BT 7 % AT LR N2 g R LS T g
RAMRE B A5 1340000 g A HB R A2 ¢ MG 0 F A T a2
R Lo ?‘f% B A S Fp d B (free volume)f > F]pt ¢ BB B P B
g . 7§ H e FAESPEIIE  ag Sk R & 4 15 7330 toluene
UV BRI RSB D 95°Co (e R F 5 % R (hoF 232 47 ) ¢
¥ ¢b > A solid-state P38 A » APt 24 132 15337 ¥ ¢ 5 L 3
A BRI R R FHE AR > I - FAFEERERAH
RS hFE o B E 1HOC P » ()i F = % 52 (- 2-33 #77) © 2§
Flk p >t solid-state fi/m T o A F4AER S BT LG PRE R REEE
Flb 0 FiR G BRRES hRAL o FHEE o i &5 A solid-state Sk T 0 A
UV-vis B+ 2. (Amax) & 2 5 & 05 fc L% (501 ~ 542 ~ 589 % 649 nm) > H 3R § &
HP 3 7] 2 B (3-8 HBeEer )iz UV-vis 49 iz o @ F ot — F54c s 3 110°C p& >
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(o) 323 % % R (ho B 2-34 %07 ) 0 R TR £ 130

0.5 4 0
e 2()C

1 —15"C
/ e 30°C
0.4 —_— 350C

40°C
—45°C
0.3 50°C
—55C
e 60°C
0.2 - e 65°C

Absorbance

0.1+

0.0

B 2-31. i & 4 1553 ¥ E R T 2 UV-vis

—20°C
—25°C
—30°C
— —35°C
' ' 40°C
—145'C

50°C
—355C
—60°C
—65°C
—70°C
——75C
—380°C
—385°C
90°C
0.1 —_—5C

0.4

0.3

Absorbance

0.0 , . , . , .
400 500 600

Wavelength (nm)

B 2-32. i &% 1537 F¢ » 47 FER T 2 UV-vis B
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—20°C
—30°C

Absorbance

T

T T T T T T T 1
400 500 600 700 800

_t__Wét_\_{%Jghf'gﬁ_(nm),_

.., 1= & B
Bl 2-33. 1+ &4 13 solidsstate 7 B R T 2 UV-vis
i r L Rl
= '_E‘q T

& = " E —_—20°C
| oy —25°C
; & e
0.35 _ 8 —35°C
| nr & £ 40°C
e a8 ——45°C
0.30 | 0°C
. ——55°C
0.25 - —60°C
—65°C
o —70°C
% 0.20 — 75°C
o _ —30°C
o ——85°C
2 0.15 1 —orC
< 1 —095°C
0.10 ——100°C
105°C
] 110°C

0.05 —

0.00 T T T T T T T T 1

400 500 600 700 800

Wavelength (nm)
B 2-34. it &£ % 15 solid-state T > &% FE B T 2. UV-vis B
FIPb o it &4 12~15 ¢ > au it &4 13 £ 5 R * 3YE B R B F (temperature
sensors)z. 4 o
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2.4 73| PProDOT /72 H R R fRFL &3 44

Q

Bl 2-35. * £ 16~19 e TR T RfRF B2 & 2T BB
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FOEIRBEL ETERT AN 0 AP T kR A R B2
MEFRBAEZF AT 0 B 235 FHKEF B2 EXT R o Bl 2-36 50 &4
16 2 FT-IR :3# A 17 B¢ > 7 2R &4 16 B¢ & F i £(1732em™) -
&4 NaOH 4 M-k f2 Ag2 14 © &% >4 % COOH (1703 cm™) »

o W

T T T T T T z T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Bl 2-36. 1+ & 4 16 (a)-k j& 3 22 (b)-k & 14 2 FT-IR % 3 4 17 ]
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2.5 #3) PProDOT ##2 % R R A2 X T F

% 24 27773 PProDOT /w4 4 B T f2 % 2 0.1 M NaOH -k i3 %3 f2is > £
12 0.1 MHCL 3 e » BEFRFen R E 47 pHET » $304 3 4
Z Mgt d N ETUI AT LN I R EIRVEFLILIFLER > ER
UV-vis ¥ B % &gk £ eee & o

v g 16 kg o d R HE L F4aEE > F]UF RE Y pHio R 243
RT3 L > A H UVE A gl T |« Lo

it &F 177> 0.1 M NaOH -k %P> sk 2 pH § 5 1250 2 UV
Bt BTk B (Amax) ¥ 2 530nm > F pH & T % > (pay)> B2 E 048 o H R 7
Ao ¥ pH @B P> A 348 CO0OH % > 232 COO » }pFA 3 4% T
AR R FpaEN > H o S 4E2 A FELRRE S E pHETRER J L
+4ad COO M i & v COOH’A\+'*’A> 2 HFRT A TR AL TR
B oo @A T2 XL R RE (}»max)%ﬁﬁ 2 E B I G (Ao B 2-37 47

7T ) o T P s

1}
0184 H11.0 " 0 | Wn
_I H 10.0° |5§
y pH 9.0 11 ;
0.16 4 R _LPH 52 lI5|20'-

0.14 4 3
5104

e
-
N
L

Abs. wavelength (nm)

500

Absorbance (A.U.)
o
5
1

490

e
=3
®
L

0.06 - 480 [ ]

T T T T T T T T
400 500 600 700 800 ! ! ' : ; !

13 12 11 10 9 8 7
Wavelength (nm) pH value

B 2-37.1 &4 17 k3¢ »pH Eec®pr > 2 UV-vis R B(= W) & 4
17 2. pH @ % i 22 UV & % sjeik £ 2 B % B(+ B)

FUt oo A OTEP - R RF A 0 Ft o AR Y o A4 » 0.2 M NaCl 3t
e AT kiR o FHAEAFOPHEE? o ARE An) % >
FULEF AT ApH ET R (max)> PG EEHBTmM g B 28 atg R R

(B 2-38 #rom) s RFI G BEE-RAR B3RP B - 2T ET Fadps o 7

PAERAS RS RS o g AR R A Fe s
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Htg BT % 0 B 2-39 2 0ki3 % T 2 0.2 M NaCl i3 0% T 20 pH B 22 (Anax) W 72 B+

foooom - MG ENPREPlp o HiC A 17T 2 KA D pH BT R4

Gt 4o [B] 2-40 TR o

0.10

0.08

0.06

Absorbance

0.04

——pH125

300

Bl 2-38. 1 £ 4 17 0.2 M NaCl -kig i 45 |
& X
Fl): it & 4 17 % 0.2 M NaCl -k /6% ¥ 2 p

B (+ ®)

i 2-39.

T
400

—\

L

T
500

Abs. wavelength (nm)

T
600

T
700

Wavelength (nm)

——pH 12.0
———pH 11.0 1 "
——pH100 525-_ u
pH 9.0 ]
—pH 80 524 1
—PH 70 E 522
£ i
£ 520
=2 .
c
O 518
o .
© 516 4
g si6 1
2 514
<
512 -
510
T T 1 508 T
800 900 1000 13 12
LT
A e

g by

T T T T T
11 10 9 8 7

pH value

W ] in 0.2 M NaCl
530 ° T ] " . (aq)
. o % e = Ay ® in water
| ] 4 R Iz i
- ST oy T
520 °
4 ° L -
[ |
510 |
[ ]
[ ]
500
[ ]
490 -
480 °
T T T T T T T T T T d
13 12 11 10 9 8 7
pH value

#

17

39

ackizaeT 2 02MNaCl i3z~

PH & 22 () B % ]



In water

In NaCl (aq. )

v L4 19733 0.1 MNaOH "ki3 % ¢ » % pH @ ® PF - 4 + 48 COOH
2238 COO > A F4AFIET T4 RE > FA-BAFIF 32 B 7R
bR R AR Y BN RE AR E L FE TG 0 F o R K E R
BAH UV ERAS T m S L% 4oB 2-41 #7m o FJpb > A4~ — [
B+ AR o & A —hexadecyltrimethylammonium bromide (CTAB) » ] * & § &
FEeilens SV e g Tt it £ 19 pl4at o d UV-vis kY F R
¥ %t CTAB & 3 18 0 H dhe < S0l (o) 285 £ 524 nm > &2 £ 48K 27 12
Freng & 3 (10 £ 45 15)2 hma) AP 12 0 4B 2-41 9757 5 4 ¥ FF 4 &4 19k
fais UV 81 2 fash -

Flt s SFE M Ry APER An A2 it A4 > it &4 17 A

pHE® > Hpd 2 UV el o3 PRESORL  Fpt > - HEE25
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* %t pH sensor 2. B4 o

0.5 —pH 12,5
[¢B)
(&)
c
@
2
o
[0}
o)
<
T T T T B - T T T T T T T 1
300 400 500 600~ 700 800 900 1000
Wavelength (nm)
B 2-41. 1 &4 197 KA R PrspH @ 8 UVivis % 1 )
S
0.8
0.7
| e compound 19
0.6 o compound 19 + CTAB
0.5
D <
2 04-
S o
e _
2 034
Q0
2 |
0.2
0.1
0.0
-0.1 T I T I T I T I T I T I T I
300 400 500 600 700 800 900 1000

Wavelength (nm)
Bl 2-42. i &3 194 » B 6 1L H(CTAB)# {2 UV-vis # i F
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—

- RA®

3.1 B A

1.

N

10.
11.
12.
13.
14.

15.
16.
17.
18.

19.
20.
21.
22.

Iron(III) chloride anhydride (Acros) > i * m " F 8 T %3 § pump
(1x107 torr) i}é“@"ﬁ% K= o] PE o

Thiophene 99+% ( Acros ) °

n-butyllithium 1.6 M in hexane » (n-BuLi) (Acros) °

Bromine ( Acros) °

1-Bromododecane 98% ( Acros ) °

Methylene chloride 99.9% ( Mallinckrodt) » 4 CaH, % ",% & ki
'k s o

Trichloromethane 99.9% ( Mallinckrodt) » 14 CaH, & ",ﬁ% KA A
%ok 5 o

Methanol ( Mallinckrodt )

Magnesium sulfate ( Fxfe /5 1‘%;‘“? g ji)

Acetone (Mallinckrodt) © _ P'E -
Hexane ( Mallinckrodt ) e : ; | <8
Hydrochloric acid 37% (Aéros_)l °

Potassium hydroxide ( Acros) °

Tetrahydrofuran ( Mallinckrodt ) » ¥4 Benzophenone & 35 7 4 - ;_ﬁ‘]iik“ﬁ? K F AR
fs i@ * o

Silicon oil (H1 v Eg&E 2 )o

Sodium hydroxide ( Acros) °

Sodium bicarbonate ( Acros) °

Ethyl ether (Mallinckrodt ) » 14 Benzophenone & 4p 77 | - Z_ﬁkb&% K F AR S 1
* o

Sodium methoxide (30 wt-% in methanol) (Acros) °

Malonic acid 99% (Acros) °

Formaldehyde ( Acros) °

2,2-Bis-hydroxymethyl-malonic acid diethyl ester ( Acros) °
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27.
23.
24.
25.
26.
27.

Celite powder °

Nitromethane 95% (Acros) °

Toluene (Mallinckrodt ) °

Silical gel » Geduran si 60 particle size 0.063-0.200mm ( Merck ) °
Ethanol 99.5% (Fefrit H k3% € 4L)

Hexadecyltrimethylammonium bromide 99.5 (Acros)
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32 RE
Bohv o L AFEE TR 2 F AR (99.999%)F & v BER N F R AP

BE T Al R RN EBEEIER S coming o 414 A2 PC-420 A F

WALPF ST 2 o AL R L Fargo o 7 474 & 2 MS-90 4] 5 S f=Bedrid ¥ 2. %

#5 METTLER TOLEDO 2z AG-204 4] ; A 348 & 4 7% * 2 4w 8 5 SIGMA

S drd A2 3K-18 #7] ;) R &FEc TR Y 2B Z 48 5 5% DENGYENG = &

“r2 A > £ 2§l ULVAC 2 7 %74 2 2. G-100D 4] 5 # &k e arie » 2 %k

¥ 5 ELEYA = @t » »x § E(aspirator) 5 A-3S 3] » (B 452K i% H (water bath)

% SB-650 %] » TLC &=z _#7i¢ * 2. UV % 45 = Chromato-Vue Cabinet 2. CC-10 7] -

(1) +% &2 = #& £ 3 (Nuclear Magnetic Resonace Spectroscopy, NMR) : Bruker
SPECTROSPIN (400MHz) » {* # =4 ™ ppm 5 ¥ = '"H# A 23 & 2% 5 °
st HME ~d: Rt 2 R amt S e AR -

(2) %S K 7 R (Gel Permeation Chroméfognaphy, GPC): 5 JASCO #7] » i+ #&
PEATi 2 B Lo & v#vmwmﬁ ,JLE: ~40°C; 2 3 BR* & JF 5 JASCO
a4 A2 PU-1580 A= i ﬁ%lﬁ 0. 1ml/min~10ml/min ; H HE LR :
Rheodyne7725 4] » & &= é{’ﬁ_\fsﬂlﬂ = IOOul A‘é}ﬁ AT 2 fg % Jordi #74 A&
2_ % 12 Gel-Mixbed /& /& 3% ’g 7}3_”Lr3 B }E' 35 % ENSHINE #74 & 2. SUPER
CO-150N 7| ; g b #7ig * 2 'ﬁ%ﬁ Rdovl kv Bk k3 14 B JASCO =
Ferd A2 UV-1570 4] - A&7 E* 2 4#F 5 190~900nm ;5 37545 0 46 F &
JASCO = & #74 # 2. RI-1530 3] -

(3) % ¢ k-¥ R & k¥ ik (Ultraviole-visible Spectrometer, UV-vis) : % Hitachi
U-3410 > #5455 lom o

4) &+ 4 Bpcsi(Atom Force Microscopy, AFM): % PSIA #74 & 2. XE-100 #%%

(5) #Hiz & Pl ik (Particle-size) : % Malvern Instruments # & 2_ Zetasizer nano S %
Al > FEEAE S 633nm e

(6) ¥ k¥ ik (Photouminescence spectroscopy) : JOBIN YVON #74 # 2. Tau-3

s—

fluorescence-lifetime » £ & 5 & 5 & -
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33 L E&F2 &

Br Br

/

Br Br

Tetrabromothiophene (1)1 & =

P~— 250 mL 2 [f] &g » 4v » thiophene (20g, 0.25 mol);3 ** CHCI; (100 mL)*® - &
RET O EWBF > Bra(63.2mL, 1.25mol) 0 F B 12 ) B R RS RIS 0 S » Bk
(20 mL)r2 ¥ ok F i > # 4c » CHCL; (50 mL)fFf# > #8180 %K (200 mL) 5 P~ 5 =t >
ERFROKIpEGT AL e i ’Kéﬁﬁﬁi‘%“% ks R R R > WR

FRY Mgt - FRE b § CHCL R fEsF » P e Rk @0 § AT L A
A3 85% -

T

3C.NMR (100 MHz, CDCLy) : 8= 116.94)110:28
| ‘;;,,L_‘ . |

Br Bri:

3,4-dibromothiophene (2)e1 & =

Po— 250 mL 2 [l &% > 4 » i & 3 1(70.5g, 0.18 mol);3 >+ & -k ¢ @ (160 mL)*® >
frkis T 0 EBUF ~ n-BuLi (1.6 M in hexane) (220 mL, 0.35mol) > » J& 8 /] B ; &
BERLE > 4> B RQ0mL) % 2 F > £ 4~ 2 B8 (50mL) R RISk
(200 mL)F 3~ 3 =0 i3 5 4e » E-RFRALAE TR K (8 o ORIRRSEI R T W 4 R
e RE o 2t R O RR A A SN (T S 14 (60°C, 0.01 torr) 0 B ¢ R > A K 78
0 o

K F L
'H-NMR (400 MHz, CDCls) : 8= 7.28(s, 2H)
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BC-NMR (100 MHz, CDCl;) : &= 123.77, 113.95

3,4-dimethoxythiophene (3)= & =

Bo— 250mL 2. FSERIARFL > 4o~ it &4 2(24.22,0.1 mol) > ** § § T 4 » sodium
methoxide (30 wt-% in methanol) (88.2 g, 0.49 mol)%# CuBr (2.85 g, 0.2 mol)4r #t 3% /it
FRE A8 ) L FE BB RS 0 4 » CHoClL (100 mL) > £ 12 %K (100 mL) % B~ 3 =X {4 ;
SR ’Jiﬁﬁ«‘riiéé“,f ki R kBRI W R 2B E MR
R 47 0% 38 17 % 1 (hexane:EA=9:1, Rf=0.6) » F & ¢ b k/xtd > A5 70% -

LHTH _

'H-NMR (400 MHz, CDCls) : 8= 6178, 2H), 3184(s, 6H)

C-NMR (100 MHz, CDCl3) : '6+'14713, 96/18, 57.51

M

ethyl 2,2-bis(methylol)propionate (4)=7 & =

Bv— 250 mL 2 B 58 Fl R ¥L 4 ~ bis-MPA (26.8g, 0.2 mol)%2 KOH (12.3 g, 0.22 mol)
is » £ 4c » DMF (40 mL)** 100°C T #8411 -] BF ; 2_ {4 » 4 » 1-bromoethane (26.2
2,024 mol)> 100C T & 5 16 -] ok g &5 4]* & 5 pump % DMF 3¢ s >
Kt A 0% 20 CHCl (100 mL) » g i et @ g kg acis » W5 4 0
AR 2 16 L E R 4702 i (7 8 1 (hexane:EA=1:3, Rf=0.7) > {8 & ¢ ¥ ki 48 >
A% 90 % o

T
'H-NMR (400 MHz, CDCl;) : 8= 4.20(q, 2H), 3.89(d, 2H), 3.68(d, 2H), 1.27(t, 3H),
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1.03(s, 3H)
BC-NMR (100 MHz, CDCL) : &= 175.92, 67.41, 61.00, 49.00, 17.08, 14.02

ethyl 3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate (5) &
A

Po— 50mL 2 BRI AFL 4 » (08 423 (0.43 g;3. mmol)~ i+ & 4 4(0.97 g, 6 mmol)
% p-TSA (57 mg, 0.3 mmol) > ’ﬁti fF o Ao R T F (10 mL) o A R B

X fs o B R 57 0 SR 24 A o B A 4T % BT (hexane:EA=3:1, Rf=0.6) > 1

ROAPRAT S AF 0 AT BYl T
| 'I

LT -

'H-NMR (400 MHz, CDCL;) : &= 6.44(s,2H), 4.47(d, 2H), 4.20(q, 2H), 3.91(d, 2H),

1.27(q, 6H)

BC-NMR (100 MHz, CDCls) : 6= 173.43, 149.20,105.18, 75.25, 61.21, 50.23, 18.80,

14.10

5 oH
dodecyl 2,2-bis(methylol)propionate (6):7 & =

Bv— 250 mL 2z BF5F [F] A 75 4 » bis-MPA (26.8 g, 0.2 mol)2 KOH (12.3 g, 0.22 mol)
{8 » & 4c » DMF (40 mL)** 100°C * g4 1 /] FF ; 2_{¢ > 4c » 1-bromodecane (39.5

mL, 0.22 mol) > 100°C & ¥ i 16 -] FF - & = £ 16 » 1% 2 3 pump # DMF 3 52
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6o #ATE A $ 320 CHCL (100 mL) » g Mg i e kP icis > 95
db kiRl 2 SR M p k472 27 ¥ 1 (hexane:EA=1:1, Rf=0.7) » ¥ & ¢ b %
ekl A2 88% e

LT
'H-NMR (400 MHz, CDCly) : &= 4.12(t, 2H), 3.86(d, 2H), 3.66(d, 2H), 1.62(m, 2H),

1.23(m, 18H), 1.03(s, 3H), 0.83(t, 3H)
3C-NMR (100 MHz, CDCls) : 8= 176.01, 68.23, 65.20, 49.05, 31.87, 29.59, 29.52,
29.46,29.31,29.17, 28.48, 25.81, 22.65, 17.11, 14.08

s[ |

dodecyl 3,4-dihydro-3-methyl-ZH-thle'no [3,4-b] {1,4] dioxepine-3-carboxylate (7)
6 -

Bo— 50mL 2 5 FIAFL 4e » it £ 4 3(0.43 g, 3 mmol)~ i* & 4 6(1.8 g, 6 mmol)
% p-TSA (57 mg, 0.3 mmol) > &% # & > 4r > &-K? F(10mL) > ek =
Tts o BB B g 0 TE LR A S g ALk 472 ¥ 1 (hexane:EA=2:3, Rf=0.5) » ¥

g4 AR R AP > A% 55 % o

KA

'H-NMR (400 MHz, CDCls) : 8= 6.44(s, 2H), 4.47(d, 2H), 4.12(t, 2H), 3.92(d, 2H),
1.62(m, 2H), 1.23(m, 20H), 0.86(t, 3H)

BC-NMR (100 MHz, CDCl;) : 8= 173.48, 149.24, 105.17, 75.28, 65.35, 50.35, 31.88,
29.60, 29.52, 29.46, 29.32, 29.16, 28.45, 25.79, 22.66, 18.63, 14.10
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diethyl 3,4-dihydro -2H-thieno [3,4-b] [1,4] dioxepine-3,3-carboxylate (8)=1 & =
- 50 mL 2z FHF F A¥g > 4 » it &£ 3 (1 g 694 mmol) ~
2,2-Bis-hydroxymethyl-malonic acid diethyl ester (3.06 g, 13.9 mmol)% p-TSA (131.9
mg, 0.694 mmol) > &% F T v S > KT F(I0mL) > 4k i F = X {8 0 B3
FF§C 0 T2 A L E ALK 472 & 1Y (hexane:EA=5:1, Rf=0.5) > {7 & ¢ Akfk %
Wrsdy AFS51%-e

KT
"H-NMR (400 MHz, CDCly) * 8 6.43(s;2H),4:63(s, 4H), 4.24(q, 4H), 1.253(t, 6H)

BC-NMR (100 MHz, CDCl3) :+6=.167.3 1,448.55, 105.03,71.66, 62.27, 61.55, 13.91

malonic acid didodecyl ester (9)e1 & =

Pv— 250 mL 2z g F1A %> 4 > malonic acid (10.4g, 0.1 mol)%2 KOH (12.34 g, 0.22
mol){é > & 4c » DMF (40 mL)>* 100°C * #4% 1 -] pF; 2. {& > 4r » 1-bromodecane (53
ml, 0.22 mol) > 100°C * ¥ & 16 -] P - & = £ {5 > 1% 2 3 pump # DMF 3 3¢
& o #-riB & $ 3 3 CHyClp (100 mL) » A ip s - 1o *@iifééﬁﬁﬁﬁﬁ ot > #x
¢ bR 2t E A 472 i 7 ¥ 1 (hexane:EA=10:1, Rf=0.8) » {7 & ¢ ALk
A AKX 91 %

LA
'"H-NMR (400 MHz, CDCls) : 8= 4.11(t, 4H), 3.40(s, 2H), 1.61(m, 4H), 1.25(m, 18H),
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0.85(t, 6H)
3C-NMR (100 MHz, CDCls) : 8= 166.70, 95.66, 65.68, 41.70, 31.90, 29.63, 29.56,
29.50,29.33, 29.21, 28.45, 25.78, 22.67, 14.10

OH OH

10
2,2-bis-hydroxymethyl-malonic acid didodecyl ester (10)e7 & =
Po— 25mL 2 Fl&Fg > 4r > * &4 9 (4.4 g, 10 mmol)2 HCHO (37 wt-% in water)
(1.8 g,22 mmol){é » £ 4 » THF (15 mL); 2. {¢ » 4t » potassium hydrogen carbonate
(80.1 mg, 0.8 mmol) > FE ™ & 24 [ FF o Fg=x & 15 » % THF $# 3z » %477
A 3 CHLCl (100 mL) > 4 W7k SOMI)EEE 205 > 4c » fi k7 e ds ki
MRS R 0 MR R IR R L R R e
{* (hexane:EA=3:1, RI=0.75) - ‘7 &| B4 5% 88 % -
LT >
'H-NMR (400 MHz, CDCls) : 5= 4.16(t; 4.H),.4.08(d, 4H), 2.80(t, 2H), 1.60(m, 4H),
1.27(m, 18H), 0.85(t, 6H)
BC-NMR (100 MHz, CDCl;) : 6= 169.62, 66.05, 64.21, 61.00, 31.10, 29.63, 29.56,
29.50, 29.33, 29.18, 28.39, 25.70, 22.67, 14.10

/

S

e

11
didodecyl 3,4-dihydro-2H-thieno [3,4-b] [1,4] dioxepine-3,3-carboxylate (11)7 & =

Bo— 50 mL 2 BESFRAST 0 4~ it £ 3(0.22 g 1.5 mmol) ~ * &4 10(1.5 g, 3
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mmol)% p-TSA (28.5mg, 0.15mmol) > &% % © > 4r » &K 7 F(10mL) > 4r F 1% Jit
Flz 2t B3 Apic »THE2Z AP g4k 472 ¥ 1 (hexane:EA=15:1,
Rf=0.7) @& ¢ AT LAy > AF 51 %

LA

'"H-NMR (400 MHz, CDCL3) : &= 6.42(s, 2H), 4.63(s, 4H), 4.16(t, 4H), 1.61(m, 4H),
1.25(m, 18H), 0.86(t, 6H)

3C-NMR (100 MHz, CDCl;) : 5= 167.36, 148.58, 105.00, 71.70, 66.38, 61.66, 31.10,
29.63,29.61, 29.55, 29.49, 29.34, 29.16, 28.38, 25.72, 22.67, 14.10

R=C,H; (12) R=C,Hs (14)

R=C,H,s (13) R=C/,H,; (15)

PProDOT 74 47 (12~15)sn & =

P-— 25mL 2z ¥ g [F] AL 4 » ProDOT 474 # (it &4 5:121 mg; it &4 7: 100
mg; * &3 8:150mg; i* &4 11: 174 mg)> » %];3 >t & -k 7 CHCI3(i* & 4 5: 5.1
mL; * &% 7:2.6mL; i* &4 8 51mL; i* &£+ 11:3.0mL)? ;& ¥ - 10mL
2 8 FFRIAFL 4 » FeCly (it & 4 5:324mg; it &4 7: 170 mg; * & $ 8: 324 mg;
it &4 11: 194 mg) > 4~ %|;% ** & -k e nitromethane (1* & 4 5: 2.0 mL; * & 4 7:
1.05mL; 44 82.0mL; * £4 11: 1.2 mL)7" ; 2 75 %-% 1V B3 7% % M e »

ProDOT /724 $ i3k ? @ B & BT F B 12/ B F B8 & 154 » Bi(1 mL)
B R o0 ##30 A 418 5 £ 4 > CHCL (50 mL)##E > £ 2 0.1 M HCI i3 i

EEI FBZ A0 fe R KRS R 1S R 2R B AR

o
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o H AR e B AR 0 B ?ﬂﬁﬁﬁ’ﬁwﬂgﬁ‘

=

i ;ﬁa/ﬁf?‘ﬁ Pis s der CHCL» 18 8 & 330 > g
- FREIR P AT LA (AN A 4 12513
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RIE SRS EL 2
% 1986 # > d Jasne 2 Chiklis @ 4 7 S #-E T 3 A+ 8- 87 L3 FURIER
- B EP BT - AR BT AT EIE S B P 2 Lk

5B AT R AR G > b oS HARTE > T N A

—b
o
e
=N
_\\

FRIRE N T d - B £ KRR A FEBTRY
B A IR AT N 2 AF & R FIpt B R 45 e WO o & 1987 £ > Yassar
# A PR RE A Rtk 2 BOF R IR E T AT £ L - A e
B GAiEE AT PR T - B BT A LA RS
B eng B S A 4 43R %\(ﬁrﬁl 3- 1 "“r—r) #L 58 #4 3#2 e0 percolation threshold ¥

v I '. ':‘- :r-.{".:":--
L8 wt% o F I

1%

7

. Soft polymer latexes
@ Conductive polymer coated
Soft polymer latexes
h—gl 3-1. %:., ]vjl r5 o3 xﬁ..g,,w,igﬁ_}ﬂ ptrﬁ ]v} r§ o3 Zw/igﬁ_}ﬂ % _ﬂz;}%/,b 2 % WE@"H

90 & %2 {5 > Sussex % Armes” % X ®HF - ke pUTenf RS o}

?'J?r bR g ¥+ % m ‘33'&‘%]'1;"?‘1.%_ A %ﬁé A B

<k

AR - B P EFR TR

EE A :/g,’imi g o ¥ -3 g F}L‘i'j'ﬁ- A\—? S xh: 1

-

H . @ H AR ia

ey

4

BERE NS P RGHELETIIEE BRI 2 A EESTAR -

cﬂ
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S

PS —? Monomer
g Latex I —
a. 5 Oxidant
“V n O
~2 m

Conducting Polymer
Overlayer

Monomer: U , Q , O/_\O
H NH. U
NH, S

Oxidant: FeCl; ,(NH.d);SgOs R Fe(tosylate);

Bl 3-2. 7 P&t Az m

PNVP Stabilizer

EpEBEL BT S xsﬂ" ; ’Armest i B0 e ko
TR A TSR E jg‘ ; \é ﬁ i ﬁ& 773 [poly(methyl methacrylate),
PMMA] ~ % 7 A & ﬁ%ﬂﬁﬂﬂ%ﬂﬁmﬁfmmwwmaJ%MAP%a%aﬁq

7 _"‘. |
(polyurethane, PU)®" % » & %\ .\i 1, O 2 V'. SteI‘lC stabilizer B| 7 poly(N-vinyl
pyrrolidone) (PNVP)% poly(ethylene 0X1de) (PE@)% KRR AF MR - BT
BT on KL R AT AREH Y BU¥ * chF ¥t 0 % polypyrrole”!
2 poly(3,4-ethylenedioxythiophene)™?/ % % ; @ ¢t &k %5 B A F Bl E_ 3 il AL B2
SR A G AR XL R 0 FRIEIR § 4 2Tl

- SO ET IR TP d BT g A T i
GRIESEE - A DET R AR Tt S R B - R SR R
Boom {395 Armes BT > - F B ET B A FHZ 2 HF 520 wt-% > %*u

HRpE P T AP el A BEREAROETE AT R T A
- H el do@] 33 1R o gt PR MR G A et 1 A i

TR RE RS R
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electrically conducting
polypyrrole overlayers

electrically insulating
polystyrene cores

1 3-3. P A 8 T s g a5
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12 $TF ~F 5+ R¥F

é%%?%@%éé#ﬁi@z%ﬁ’% - g BB REREL
PR A ded o TRt d - B - AR R AT A n eh

L=
nJ
H\

WETF AT E - P TREOE AT 87357 (blending) © kA F 2 H BT
1B RipfAe U 2 A VL DI AR A PR EE o F]P 0 ¥ - fhic g e
T2 2 EMAEI PR AT R RSN LE - LR HRE S
FOER BRI GBR R DR ER 0 L LA YRR B e H
It e
58 > 90 # %48 > Francois f= Olingal™*®a « s-sid ¥ o % & A et
Pl 281 §F L REG N BIRF FIoREr L RES 0
EIT A ATk > BT S ENR B 1T FIRERR T s o s
"“n

_||f".-'

%‘,\wﬁ\i AT %

° [

[36

F] 1994 # Francois @Fiﬁﬁfr 41 T »ﬁﬁ BFOBEBEF P
C 2/%41 “‘ FEREE N NP s B

S »;}ﬁ Yo ] 3-4 457 o
4

(polystyrene- b—polyparaphenylene,r

I — rod-coil B F e Q%‘

N o
"’ K.' 5-"“\.

(-.

-
LY

B 3-4. B F e 2 RPN L RS 0 & CSBR Y EWITH S F e o
pliE A S Rk K 2 AFM BP

2 14 » 1998 # > Jenckhe % % P™¥j 4% % & — rod-coil &2 BT £ K —
poly(phenylquinoline)-b-polystyrene, PPQ-PS » # PS £ good solvent (CS;)*® 5.
Wi e > B Eg R AP 2 34K {3k en 4 (hollow-sphere) (4B 3-5 #757 ) »
FET N CSH B 0 FERESFTERM B B E

F_k

m

56



BEAAANMSEREY FRAY 2R PR FEREFPRRE
0.5 wi-%0pF » & #7032 A f#(HCP)_“ ST OO RR R R e
BRI3-6F AR RERESF LR U RARKFE P mEDFEL o

Rod Coil
* Good solvent for coil

B 3-5. B £ R $ (poly(phenylquinoline)-b-polystyrene, PPQ-PS) » i3 *+ CS, % %
Yo gERITRE L ekF LA AR

I'A rB

B 3-6. ¥ k&g i Bl 2. BB £ B 4~ (poly(phenylquinoline)-b-polystyrene
(PPQ-PS) %+ CS, 3 i ¥ & % 1 2. f % {7 5 (a) 0.005 wt-%, (b) 0.01 wt-%, (c)

0.5 wt-%.%
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¥o4ho £ 2000 & 0 LooYu # 4 PI) % coupling reacting e 3 o
oligo(phenylene vinylene) (OPV)# t poly(ethylene glycol) (PEG)!% 2} = rod-coil
5-1-%#_ H % 3p.d 3 PEG . -L*#; Ak A THFE %734 0 @ OPV il vk 3 30
THF » Blo 2 = £ RE 4233 20 K/THF 32 835 pF > o AFM 17 g i f e
£ %k R (4o Bl 3-7 47on )

2002 # McCullough[4 )t ly(3 exylthlophene) (P3HT) >

TR kAT 3 &,i%\%,;
methacrylate 5 5 %8 » & & 314 %%:}3' E%ﬁi—éﬁ %‘ri L sag e g e d e
BAFEE T LG4 A B2 %uﬁ: @38,1,*5*"/%7.&.@ HER
BT B L+ HEFHFPS-b-PHT)A T F{8 > RG> AHY » Sh3+ 3 Hiksd
oo Top A - 2R A §p KA % 8 H s (nanowire) g HE (Y- )
3-9477R) s - MG AT FRRYRAFN A B PR HANEEFIER

B ST G A

; ‘\ » A& W12 styrene %
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CeHis
1. butylllthlum/THF

., O iy
CH,CH,OTHP > BrCH2CH20THP

3. [Ni(dppp)CI2)/ 0°C
40%

CeHiz / \ CeHia
ZnCI CH,CH,OTHP
5 CHzCH0THP_ THIHC - THEF/HCI
TaC 9%

[Ni(dppp)CL,], 55°C
96%

S S -40°C to 25°C S
1 4 78% 3
10
1. LDA/THF/-70°C 1. butyllithium
2. ZnCI2 2. ZnCl,

CeH1s

CoHis
CHCR,OH B'QCH(CHﬁBr CH2CH2OCCH(CH3)Br
T NCHyyTHE
25°C 98%

methyl acrylate/toluene or
styrene, CuBr, 90°C

92 X="Ph -
! X~ COOCH (il ™

B 3-8. McCullough.'b'LF.';é' PHPE TS RE RS2 LT R i

| rd

B 3-9. McCullough #7 & + &+ H T B 4 5 £ B4 2 AFM B

%2005 # > E. Cloutet*1 & & — o ¥ 4 § 3 mifibipz e Al > 241% 3
BAREERIEHS D AREF B3 0
2eped HAE 0 2 18R e r 3ot Aepeie T S BAF i 11354 rod-coil B2 #

=% ¥ 3 poly(t-butylacrylate) (PtBuA)



FEF RBI3-10 2 HF BT AR o 218 LEH7 P B3R EFE - 2 RP 2
PaEEFE F R BRIk 2 (cyclohexane)fF » o 30Tk & Y ¥t BoegedhEl @
% >t poor solvent » ¥ PtBuA @ 3 R 4E_good solvent > F]t & F 3= H R rgradhifl €
I ARR B s ag i pere kR eh R B o 1P fE k478t K (dynamic light scattering, DLS)
BRH i AR E AP (R)O S 152 nm s § 08 i L4t R BRI > 2R
Fe f(R)A 5 147 nm > # 3 F ot 595 0970 § R/ RuABir> 1 #
+ 3] 5 F1zksk (hard sphere) » d p* 7 Fv o gt - L RPNk B o H g A
oA 2

1
) A\ ﬁ hl/le BuA, PMDETA, CuBr
O—(CHZ)—O—C—C—Br O\,
S X |

Me
(11) CgH13 tBu
FeCly
/ \ + 2 —_—
CHLCI
S 2 PHT-6-PfBuA

|
?]310EC10utet“rbr\4ro{Lcmt #L@G‘ 3 @

S\ '1
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F#E#p J AF & F R(Atom Transfer Radical Polymerization, ATRP)M“#%
ERAFREF Y Ao oonpdlE PRI T B2 oS

- EEPFRIHEY S PR T AWML ERANERREF
(living polymerization) » F] % H % 3t¥ #1532z pd AERAPE & M > & FF 10 &

1+ F & (chain termination) s 4 > M RIN R g FIg A F L FE P H L FE L

Ik

FAR R OB oo Flt o T AIEE A 4 KR & F & (controlled/living  radical
polymerization) (CRP)EiT 8 # k3 A F B L3279 4pg L P Lah— BLES o

B+ &A% p d AR & F Jk(atom transfer radical polymerization, ATRP) » & - f&
90 # ¢ HRAF R 2T IHPIELL I AREF Bin? 22— > d Atz F
EHEER Ao A CHERHEREF BRI F ML EREEE
iR+ 8P pd A K L& F R (transition metal catalyzed atom transfer radical

polymerization)**! » # & fig 4 4] 4o Bl3:11 BT

R- + X-M™"Y/Ligand

R-X + M"-Y/Ligand

t .
monomer termination

Bl 3-11. i & B eim = & édf&%@fff@%}% m

He pd Aengd 4 £d BE 42 B8 £+ M -Y/Ligand) » §d - 7 e Rk
A2 TUREFRRSFRX) - BEFF AR - R R+ X)) 4
Y T i ¥ - peizz(ligand) s T T3+ (counterion) o JtiEARE F oI iFF i F ¥
He(Kaet % Kieaet) @ Bt F P » HE ik Renk R F 4 g | 33 B F B
FREFVH a §FF BREAF S Q0T - BREF B 5 ¥ liky) ™
& ATRP ¢ %1t & J(k)~» € %2 > 231 & R FEp d % & (radical coupling) 2 %
32y it & i (disproportionation reaction) > it F_— i R & & J&iE i+ £ 4] 2 4F e ATRP
Fl > d 3t kd 3 p d AR R M (Kgeae>>Kae) » FIRV B L F R €8 2 &0
ksl b o

T AT R F RER GV RFGLFEF L F NS - AT
BB T EARENTT A 5% FINHEME BB RS 3 E2LF % o & ATRP 0

S

FRe? 5 @ 27 F A REPPUA T 6 A4 H 8 (monomer) ~ 424574 (initiator)
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~ fBLib | (catalyst) ~ % A&[(solvent) ~ JE & (temperature) ~ & J&P¥ FF (reaction time)
5% -
A H gplat]

Sd ATRPe V" U # R EF 52 ke BFEZE R > BI3-125 - &y L+ * 3%
ATRP% & 2. ¥ #8 > 3 methacrylates & 7|(M1~M12) ~ acrylates % 7|(M13~M18) -
styrenes & 7 (M19~M32) ~ acrylamides % 7|(M36~M39)% acrylonitrile s 7| % » H &

#m;}i‘r%h“ MEF VTR Rt A AREF BT > TR AR
BETRY AR A F - BEWS EEF AR BT 23 YR
BlERET T F B(Keg= Kot/ Kieac) o270 BEF B 5 5 5 T ¥ s o
ATRPF 3 7 g8 BB Feip g S s pF ¥ § THd s 2 @ L np)
EFlepd AERREFH RELF RFAPIH A T UEF I RFF CLED
B AR &Y DAL o Aot F O A RE0E |2 4 f8 (dormant species) > v #5
o dopt B ¢ F PR OR A F B Foo T~ < FEEMY 3 A Rhpd A RE
$’ft’é4~%%iﬁﬁﬁﬁé' Bdék&ﬁﬁdéémwmkﬁf?

IARA & E PR AIRE £ RRP 10

Q!

”§--§-o=§-=§-g§=0_§-o _§=o=§=o _g-o -g-o_g=o-5-o o "m0 b
b ? bC§ @ Y % %—q§

M-5 W& M7 M-13 M1

%b@b@b'@b b@b@@
oo ?Z;j“f@ gx /,thz;;:;:*«z

M3 MM M35 M3§  MIT M3 M M-30 M-41 M2 M4 -4
BI3-12. % * >>ATRPF g2 ¥ §5l4
b' %i'ﬁé'i’yﬂj [44a,b]

A E B F B F A SRR R o FARF R F T 3 Y
FRH N F o B SRR e p £ BB PR R AR S o -
ATRP 15 io? o dedohl 3 % A 4 #(RX) @ BB F et A dit ok R a5
o BE o 5T —E—Jy B rR L FE L FDP ﬁj"{%ﬁg_“\"t‘]“#;”.} 575{"]7%},%!:*'\4'?‘}3
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R AR Y > F) LR AN S R

-~

SBLRIEBA D BREF A K0

3
»y

B 3-13 % % 32 ATRP F o2 5 F v & Al 4e 4] 9
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c. (R apldat]

% ATRP ¢ Wit &AT 7 I EHHT g » A L BB BE LSS A
B ende 4 L e S0 L A E A E R hE iR o § ok iR & B i Al
LA ABEE - AR FEF A AT IR DT UF L - BRF ER
SF R AR IHENERFE G LIRS o 52 CREEE R
Flz fe Tk 347 0 F L a BEBRPDOFRHEFRF o e ~REATEHCE
PR LS c R E - B AT HERE S AR & R EME R G SR
ERREIHZ fei ke 3 AR R 3-14 S A udr 2 A 2 F L &R AR R 1-18
Bl E - B % 2N S &R B e e B A R ALY (R 3-15,
L1~L17) ~ = ¥ & (8 3-15, L18~L26)% » ¥ (M@ 3-15, L27~L33) o

Cu(l) Cu(0)
CuCl Cu
CuBr c

Cu(OTf} [Cu(OTf), + Cu

Cu% F } [CU(OTH), ] Cu(ll)
Cu(OAc) CuS
Cu(2-thiophenecarboxylate) CuSe
CuSCN CUC'Q
CUQO CUBra
CuoS

CuoSe

CuyTe

CuSFPh

CuSBu

CuC=CPh

Bl 3-14. % * 5> ATRP & fis 2 4 & /f, fiie ) (44

64



Fy
F,dc

o kbt s

Lv7

oTo oo o™ J@m e

L-18 L-13 L2t L=
IW

B

(\NA]\ LN~I> (F‘:C.H.cg);u N{camcfu), AU
L |. L-26 L-29 L-30
l“wm | ,
y M-,
e O e, 4
,O)AI@ ,v'wa AN \_) \) M RN
GG
L L-32 i L3 L-34 o
Bl 3-15. i * *ATRP # & fie o [492
d. [44b,45]
ATRP # 11 f 32 % 8 (bulk) ~ 3 /& (solution) & £33 4p

(heterogeneous) & {7 F & B @ < )I?eﬁﬁ We o leqF s Mkt & ATRP & &
F J&t > 4e D benzene ~ toluene ~ anisole ~ diphenyl ether ~ ethyl acetate ~ acetone
» dimethylformamide (DMF) -~ ethylene carbonate ~ alcohol ~ water % carbon
dioxide & o B &4 » F G i B F > AN EREL DB A F I R A D
EW%%m&%?@W°$M¢§ﬁéﬁﬁfﬁﬂ%’Eﬁﬁiiméﬁﬁﬁ%
MR T AR B §F A Tk BRE R R 2 B ailfelds o
FRBNHETFBHE T PR > 4ol 12 CuBr(bpy)s LY ki {7 ATRP

~
\
T
<l
&

& & n-butyl acrylate sk JE @ » i * ethylene carbonate £ @ +* %, %8 (bulk) ¥ J& & &
PR G F) A e R AN € B PSR R AR R BT g BRR e
#® & o bl4e Az CuBr(bpy)s B FF > 4 ~ 109%(v/v) DMF 7 2§ e* 22 f3m 1135
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Al
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(@)
ETS
F_L
N

% # T > 12 CuBr/bpy %k ® & n-butyl acrylate

N —io— Ethylens carbonate = i~ 1 g-Dirneihe sy beneene <& Progylene carbonae B
- - - Bk -1 — Ciphenyl sther - % — Dimethyl carbonate
=y Arirsnle = =l- - 1, d-Dhuzirne - W= Hangend (B0"C)

1.5 _--------“"-.i“-

o

=]

pg fm e
= .

o S
cr

g

(=2

b

-

G&nversmn

%

B3-16. 7 i3 A& ¢ CuBr/bpyR‘\A‘ nbutyl acrylate’ A AR Ry Y

% ) : i’h"‘;! _.r.:\ll
WIR |
i w1 |
—. e\ (B ) 4
AmPF@ﬂ%ﬁﬁﬁgﬁﬁﬁéﬁéﬁy’ﬂ HuB R giapd 4

éﬁﬁﬁﬁﬁﬁﬂﬁéﬁ%iﬁﬁﬁﬁﬁﬁofgﬁﬁﬁ«%’@ﬁﬁaﬂuﬂ
FORS L et ds S IgH e 0 A 2 I RS fRT i §EF R A S
o FlYt B iRk BB RBATHER o BIVR R i dlz s+ E o

FFRBARBE MBS SEF R F i PR T A gl
FRdFFA S EMERAM » FLT AP Y2 T 0 TSR R R
FIH R T 10096 B2 BB AT AT RAG o L AT A § 4
4 REE A A ﬂ““”ﬁﬁma“Mm%%?ﬁﬁ&@uéﬁaﬁﬁ%%*ﬁ
FFrilee 2 REF b R #F o2 PP A g
HADE Rl e

(me

94%

95 %rip MEIL AL A
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14ATRP 3 45 ks fhec

fI* ATRP #rf & ikeng & 3o d $HIFERAERT AL fF i
Flpt o Fougg kR I L FF RREFT R AN R ERTF G HARS R
M2 F s AP SR e 7 0 B 3-17 202 ATRP B & e o3 0 B %
A hF e 7 R E N F i (nucleophilic) s LT F B~ % & g (electrophilic)
ME o RFEE o FRd S BT TR B RR A DRRE S L

A ey i fhas 3 o

(O]
e PBUS

©Br

t o

BusSnH P(n-Bu)s

in situ
(o]
M
//\/m
P NF NaN3, DMF PPh, N=PPh,
_~_-SiMeg TiCl,
LiAIH, H,O,THF
O-SiM 2
oo o \ /
f\/OH
’ H
R Br
,WJL\/OH
" 3-17. #ELATRP SRS T
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15 7§ P

EAFHRESH TP AP * 5L K & (emulsion polymerization) s <
B WK D3B3 2 g G- DR FOFES)M BT LR AL
B AR w AR Tt R - R > V- P as I - T
g+ > @ F '%(aniline) E # FF 1t A BT PS Sk anth R B A
=% 1 & & (in-situ oxidative polymerization) ¥ &) = & _F %%(polyaniline, PANI)
Bk o EE NP PSo A S PANI 2 3 &b > - ko F g
HafBum2 B o B ET R LR F RS~ £ OB GH(3-18 BHrF)T F Ao
H percolation threshold £ 5 2.5 wt-% > 7% % 4 » 2.5 wt-% e F =4 + - H

W TR T 42T PANI 75 R (~ 1 S/em) 9.

0
~ 1 F o0 L™ ® [ ]
5 ®
@ 2 F °
; 3T ."H'\. .l'rfq\':
= al i
= 4 | E.’: {1
o : | = ||
= e | e ||
= -5 | | ”I!_*. I
o i |
2O NP
S 7 @

-8 -

0 2 4 6 8 10 12

PANI loading (wt.%)

%HJ&NQMH%?ﬁ%%%ﬁ41%?§ﬁ¥m@h€%ﬁﬁm

12

T HEIPBENRES A AN aEkB um 2 F o Fak S < )
22N R ARG EEA PR £ R A R H T TR EN kB
I A e) I IPE e | S
(1) "% MRz T4 -
(2) E5hha FAS T ERBIHPERAHTHR G - Fla F MR
BAB R FE
AW THERF FERUF N ZHF R AZEDTRT > PR Y S

B TRk PR o B AP - R B AT E - A3 PR
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TEART b APPEIRGA RN TSR RR I FRES - 57
% K

okt o Al R @S ARG R E SN ERF A —

poly(n-butylacrylate) (PBA) 5 2 & f] * 4B~ 5 F BB (7 R xh AR e F o 8- % R0

fe #h i3 &5 2 22 (OH) A& 0 2§86 £ 1 * fig i* F J& #- 3-thiophene acetic acid ¥ | & ;&
Fenk o Bfste r 3-2 At F HME TR =% I B & F & (in-situ oxidative
polymerization) o 7= p 4% 5 A k%~ F PBA @ B A 5 T MR A2

Er+3 ¥R 20+ R3O HELFPBRIEFTZ AT L 65 T

% B o
2 {8 o AP * 4B K JR K 3 R (nuclear magnetic resonace spectrascope,

NMR) ~ 5% % % & 17 & (gel permeation chromatography, GPC) %k 7& 2 £ B 4 2
RS R A G Kb kT 0k k3 R(UV-vis)2 ¥ % %k #(PL)

RAATR R T EAL 0 BT e SRR H L R TR

= o

X 3 X
X X
X X—>
X X

X yx X

]
I
=

B 3-19. EA4F WP HEANET 2 T2 £ 2% T7 31
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- BE3H
21 = ~ 3 ~ Lo FFBATRP AR B2 & S B F A 47
AP B L FREE ZBFRESY 7 AEAOH)SHEZ e s

» fedg Y MR eRTR BT 0 22 2-bromo-2-methylpropionyl bromide & {7 acylation ;

4y

®z K4z ATRP A4 & (1 &£ 4 20) > 2 & 2 5 % B 4 B 3-20 -

Bn

OH

O
(o)
> SN G
OFC i = B%*H
OH *+ Br 0 o)

%3'20 TL‘@;}’%ZOLQQ\‘T—FE\)]—%—]

H

(e}

20 SRR 3 R R T e N s gl 5 € A
% 2. ATRP 424 o F L4 * % =5 at«:etomde sk e bis-MPA anhydride (i & 4~
22) > & DMAP # pyrridine £77iglit 'fl fk’ ﬂw%‘ + (3OH):E {7 B » 5 ehfig I & i o
5o gt — L S A Dowex50>l<8 1()1) ﬁ’iﬂi}%‘}'ﬁq T e Ed AR B
EivEP LA 6Bk #~9+Nb#2®ﬁ.??&ﬂb#&% 57k I R
it {7 acylation » 1§ = EF4a2. ATRP A24e@(iY & 7 25) » H & = 77 & Bl4cB) 3-21 -

Fied o AP 6 Bl u s 3 (it &4 24) 0 &2 £ 585G acetonide i
71 bis-MPA anhydride(i* & 4= 22) » % DMAP £ pyrridine 718t & i& {7 § 2T g
VR Jls o 214 0 #pt — 1L & 4 & Dowex50% 8-100 e M ffin chis T > {74 FH
AFE BN EFAF T RBEAZPOSF(CEF 2D REflr Bt L4
e s ¥ A 4532 (7 acylation; - = EF4az. ATRP A=4n@|(1v £ 4 28) H & & 7 &,
B) 4 BB) 3-22 -
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FEYHERHRESE NP FY acetonide -3 7 bis-MPA anhydride 4 +
(C&f 2)keFR it F o "HE N EHAPRL ARy > 2L &
2-bromo-2-methylpropionyl bromide & {7 acylation> 12 & = 11 & 7 [ k¥ 4afic2. ATRP
Azded o 'H 2 PC-NMR B 7 a7 8 1 £ 42 (B B4 5 &= AFaadedodl 2
'"H-NMR B} > & =710 ppm 5 ¥ % c7H iz § > 6= 2.05 ppm 3 A= 4% 5 1
"H b Heugh - Brghz. '"H-NMR Bl & 8=7.06 ppm 5 ¥ %k chH ehiz % » 6=
1.92 ppm 5 Asdeml 4 b 7 A L H amust s L - a2 'H-NMR B¢ & 6= 1.90
ppm 5 ¥ %} ehH ez % 0 6=2.05ppm A ér:izé,f?s‘lj.%ﬁéj ?A P Hanug d & w
TR BRAGF LT DB ARt B o A AFHRY 0= 2 v Lo

kF4a2_ ATRP 42408 2 ddct 635837 100% -
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22 B REFARAFHRE "Rl & AALH

~ ~
NG o $ .
Br%g),\{(m ? CuBr, PMDETA Brw QOO 0)%3'
be

:(}:o
g >< > ﬂ\ ><
B, 0 : CuBr, PMDETA
agig O-Aoe §&O$.*€
r

Br Br,

g e e L
?qg;y;o% TS % &QQQ )

%)O o) C\PJB\[ %:O X . OS/Q/% %ﬁg\g(x

@&B.Wgﬁm'miazgﬁni@

28 0 A pE A &%mﬁmé’ﬁﬁﬁt%w<ﬁw@+ﬁﬂsdéﬁr
Fle> MEF 2 b AFalich 25 RBAI(Z ~» ~L - FFpa)o B 3-23 ZH e
T AB c AR &PEr 4 5 nbutylacrylate » CuBr 2 PMDETA 3 4 % 2 it
22 ligand s B EPF > 4v » SFeanp ik o FIE4E P B A 3 22 ligand i 353 B 03 2
W RRN 0 @ F ARSI F s o

FRG &G #3433 REE- 8w ALO; powder 2§ 1114 “$—i gL
o RIS MR SRS F U R R £ AR T BAR(0/)R R s
AFRER > F hE > RAAP I TAREERSBFF Braz ~ 2 2R
%&#%ﬁ%&ﬁﬁ%mBAmﬁ%A&ﬂﬂmHM°ﬁiﬁﬁi&#ﬁﬁ%&

37 fp 2 'HANMR(E] 3-24)¢ - a 2 b (5= 7.05 ~ 6.97 ppm) % 4= 453 + ¥RV H th
WEL ;€ (6= 0.94 ppm) = butyl acrylate & ssais A =57 L F & a5 5 d (6= 1.36

ppm) ~ € (6= 1.60 ppm) % f (6= 4.05 ppm)~ %] 5 & g4éad ¢t p = B L+ g g
7



5.59(0=2.0ppm)% h(6=2.2 ppm)R| 5 2 48k + 3 5 5 ¥ ¢k > d 3 ATRP

5

2

Bilkgr > F R A I LA FEIRT AL L EA 5 d NMRE? ¥

-

J1
iy
’

5%
EF B F A — o B 5 ATRP 2454 2. - » P FEFF A T 48K

7
i 5=4.05ppm § N ILEAA A S ERITIAS ALY HE o d JIUELT URE Rk 2

~=\

APRA YL ATRP LR EFEF 55 ad 'HNMR ¢ % 44 6 ##
Wate=2:3n HY nFLTHRELARL 144 d THRELRET UL E- Ht

HE A F £ Monwr=6,150 ©

o © < < O © © © O MmMwOd
©O <~ w wn ~ < O 0O
N OO o oo - O O Mmoo
~N N~ O < <& < o A ddo
S / % //
QO _
h 1
c
a b n
29 o o)
Q
f
e
d h
! ¢ By, [ —
- 1 e
Yol |
—
- | [
T | d
| m I
- il
I
|
.
ay .
i i
_ L
B s B e e B e s s s B s T s BB s s B B
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (f1)
B 3-24. i+ &4 292 'H-NMR B
@ ¢ 6PBA-Br 2 'H-NMR(F] 3-25)7 A4 A ¢ a:b=6:3n> 27 n
T L ITHERERL I8 d THERERAV UL E-HPFEEeHL T E
Muxmr=16,000 ©
¢ 12PBA-Br 2. '"H-NMR(R] 3-26)¢ & # A s - a:b=6:3n> ¢ n ¥

R TERERL 1744 THERERET M- #HE B LT E Mywwr=30,200°
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203288 8 22328898
88338388 8 233388
mmmmmmmmmmmmm
ORNHIY ¢ ANG83S

SSEESE NI

— 7.2698
— 6.9274
4.2497

30
J/\\ a
' T ' T ' I ' T ' T ' T ' I ' T ' T ' I
PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 10 0.0

B 3-250 1L & #7302 S -NMR Bl 3#

{ .Ro?}l o § O"§0R. .

lf
ooié
‘?o

0.999 —C

O | 8694

PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

Ly

B 3-26. it & 4= 31 22 H-NMR Rl #

dZ RFpah R R R T a2 GPC Bl@ 2 dp T390 5 B (My) 3 5,650 €
75



FTHLFEL 65000 A3 EAGE 115 » B4k REFFELI T iz GPC
BEH P T30+ EM)E 14500 £ €T30 325 15600 4+ F &4 5
1.08: + = RF4a 5 R B P ipe st 7 fiaz GPC RIW Hdcp T54 5 E(My)5 18,800
T THLsFE 5 203000 ~FEL TS 108 d ptiE% ¥ > 1w ATRP R & /2
FVUEI - AIEAGREDBAT > A B FEZATES RP T ATRP
T NRE - REAAAIF A SRR RF A AT A S R
P F AR FSOR e fud GPC #1343+ £ (%P genatd NMR #73+ &

e F R BV PR T] . RpAERF A FERESZ R ORF L G2 4T
hi & 5§ APehdp ARG 0 B oo 3 o AR FIIOR 0 8 R A 3 R
4] % random-coil > F]pt » AR PEF A F ZERE T2 GPC A 727 » B R F L F
EAFRFREBATR e ped Wle f o m A hnd R s
P4 # GPC #riF~ 5 £ 82 NMRIZR Sa, o B0 > U A% 5 & & K451

# = (multi-angle light scattering, MALS) % ;iﬁ RIL GRS TR BHATEA

5 123 ¢ #7182 % AT HNMR il z: s+ g o

G2 RPARE ROR L " e T o S (M) 5 5,850 2 A3 R4 G

& 1105 » BRda kR B3 el ﬁqiﬁ"l BB (My) 5 15,8500 &~ + £ 4 i

w1135 4 - B4R R P Tpﬁ’x,l. Glﬁ ﬁ;;g-.lj;m,\ FEMy) & 27,5000 &+ & &
|

=
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23 Ba AR A BRRPRFFHE T L A B SN
"2 ATRP B & #7182 % R R[EF LD 7 fig > d % ATRP e ¢ # 2 @ oe> 2

AR T A Sk Fl AR d i £ o ethanolamine % 2 NH,

3%

Higfs
AP (SN)F s BRI B A KA BREFFED T fig o s F &Y
B4 7% & & & polar aprotic solvent » F] gt 24 ¢ riE * 594 FK| L DMF » @ i 5 3
B0 g F T A AR R Ayt > A arde 2 DMF h B S Hk R R
i ~’.Tpﬁj§‘;ﬁ T AR Bl R ¥ b &R ¢ A4 » < £ chethanolamine 0 P e
» ki i ke > ethanolamine fr P32 Fhe H AR E ) AW aE Y
AL F et E i@ 2R F 4o~ triethylamine 5 4k #& 0 # ethanolamine 3 FL4% 4| &
o F RATEZ A AR FEN o BB AT kA &2 % 2k ethanolamine
el Fpl s 22BN E R R F A AH R Y B E o ethanolamine(fr PF T 5 &
ERRpEDREA € 4

BK

S ; L = L | |
o 0 o : :l L {1‘ I, i' 0
BWO Q O o%@r v-. !"zN [} H |I .I HO/\/HWO
29 B ;

N
I
32
H H
\E% ¥ HN_ X X NH
< I~
lf .
OOOO OO;gOI/

o]
2
X ‘\X 2 AN
OH X o] X
e} ¢]
O
O

x X Oté\(o O % X 5 on L x Ao o o .
Bﬁ g}ﬁ O 08\{0 )(‘)\H\d’"\rB’ L HMNW% O g %WN/VOH

B 3-27. it £4 323334 2
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A F Y der 0 £ DMF 73 fR=z ~ b2 RR4B2 B ORE R RGP R
T fg(it &4 29~31)¢ s 2 {54 » B £ ¢ ethanolamine(§ £ v* 100/per-arm) % &
TRERFASERAF BB 327 FEFRTAB)F RS R EHLLREFFZ
R LSS Y F R ﬁa o B 3-28~3-30 A B 5 H = v &
Lo RBE A REAERRFFEE T iz HNMREBl-d Bl® 233 5 Br
CH(CsHgO,) . &= 4.1 ppm ¥ > ) 2 122 CH,OH (b) & &= 3.69 ppm &
(CsHy0,)- NCH- (a) % 8=3.4ppmEiend &> Pe U s & 3B s kaa i
ERRFFRL T fg e
d GPC BT » = R4 R B[ WHRL 7 g R Ac i » Higep Ton
+&d RA 5650 %3 4050; >~ FF4ad dicp T390 3 84 R A 14,500 "% T 8,200 ;
Lo AP H g Tias 3 Ed R 18,800 % % 7350 Hig kRS E - F 5 34
>+ (NH £ OH)» & THF & Tl A REE R F AT Z2 4 A3 T 4> Fa
BB A % GRO AT A RS B 1 WEF R s 4o 0 2 A
FAHAT g R S Ak o BB F P, freevolumeigﬁ TiE AN OJTHFARR R o

g 4 g g d 0 ”;\M%mmm el
il .

mmmmmmmmmmmmmmmmmmmmmmmmm

SERn PSRNt olaaon s nonEsNsEn o nEE
n-«ngnnm SRS YiLaRE S oY EREREESS

——7.23380
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0
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0 0O
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] 3-28. it & 4= 32 22 'H-NMR Rl #
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’ P 2,3 o
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24 B> kb2 BAREP RFFRE T fal & E L

1% L7 A2 BRRPGMRE T B H AT F 2 55 A A ®(OH
group) > £ 7% § ¥ fik 7L B 2_ v &+ (thiophene acetic acid) > & {7 fig i* & i » & 3 F
Bt BERBAT > RERMAAF G ETHR A EY -y
F
M=z o B 3-31 5 it K 2 K RIS HIE e

L 2
kS

4 % §_% P Frederick E. Ziegler and Gregory D. Berger®'1% 4 3t 1979 & #7142

N

.O)xj\}?i'. I ol : o o
R'COOH r ARy R'COOH ', & . | | .
R—N=C=—=N—0¢R R—N—=C=—FN—R e R=—N—C—N—R + R—C—0—C—R
* o "-\. Wl
: .l"_\\l-\l' 0 "'-\l |
,C [k DMAY /g | |
‘ | "‘F; ! | R'OH
7 0 ‘r!‘ I| { -y > DMAP
R_n_aﬂ_n\% /%
/5 R'COOH
o E

/ \ / N——COR' /\ R'COOR"

R"OH DMAP /H*

M 331 fig (K fo2 F At
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< > X %
ore q_«o oo 0o 8
j) HO
H OH o o
O\ wm o=, N . ¢ "
X o O X T\ X ox o O M&
X
o % 4 < (o o 3
OO OO
X X M
B o 33 o A S 5 36 d ;
A H NH n
o N_\OH o/ N
e
= ° \ 7 0 =
d‘« icg ~
H OH 3 o
> ¢ .
He S - T
OH % o ,
H% 3 = ) Q < 5
X * X S o X _
HN—¢ x i NH I Q(o \;\ - 0
HO- N on s A Y
Ay 03 007, NI < 5@ oot N/[
H, o o H W 4 O% & "
0 o q s
© N Hi o o o N
o © A £ o o X
o

s
D o]
H u Q © o i - " o n
HONWO?O 34 mmbw = ;@_Pﬁ B S50 A o 1Yy %\O
: | 37 I N
géo o%% ; L . | : @?& og% )
* X l s _ Lox
¢ | Py H
i & 5" X=COOBuU "5%
Y/ \ d

B 3-32. it £4 3536372 & =7 & R

WL r b B kR E LD 7 fa 0 & DCC ~ DMAP 122 p-TSA ¢hig &7 o
¥t 3-2 fié #h vra (3-thiophene acetic acid)ie 7 fig i & (B 3-32 2 2 & 27 2B >
R ERBFGELE T Mkl F G - B H o @A 1% - BREEBELE
BETEA AT IERE R R F R R ke Fepe o RS -

4442 THNMR IR 7 % k22 b kB AF kBT 3 2 2858
e H Lo AR 3-33 7 0 6=7.0~73 ppm 2. FFH.(d, e )R P AEEN = FF4d2
AREBPFREE T fachkige S4ER L R T 0 @ §=3.66ppm =¥+ HIR
— L fciE 0 S wpea TR b oacetic 60 A b & gl o d GPC Y 0 F U OF
AR ER gL s R ERF AT EALG PDIELIS HA G EAE

I RPREOREGEBWEEAFE ST ELIET LA o
81



gegan e FRSEOERRE g Zgsy EEx08Es
RSP -v'-1'-w'mmnmnmmr‘mm—--—----—--«-«--«-—--«-«-—-vﬂ-.ﬂ»-oo::
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0 efr
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RO LI 7% /_‘—>_0)1 N\/\OJ\/\/
W W
0O 0 o
35 0, 0\7
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ef
o 1 I T I I ) ! I J T

Bl 3-334, i+ & #’35 H-NMR [#]

LB 3347 > T RS 1570~73 R B, e f)end I > PR R >
482 B REPCFRL T fgehk s C g bR A 3 > @ B 6=3.66 ppm =%
IR - BofTE o SR TR b oacetic (T B P 4 gl e d GPCRIY o Wi IR

H A

B isa+ EHG L% > B A FRFSHLFE LG PDI=LIT

e
g

S E T A AP R FlEF RTISE a—gﬁu\ FAIEH L o

% 3-35¢ 2 387.0~73 2 FaE(d e )i g PrEzEp L - kP42 &R
PRl fainkihe SaER PR A T 0 @ 25 3.66 R b IR BT
eEer TR b oacetic (0P A b @ gL o d GPC B¢ ,—p”;ﬁ WE s AsFER
PR s P A FRFasFE LT PDI=128 0 H 4
PESFIZFBETEEAFRLAFIELET AR PR FRATARF
SIEAEY o N E RS IR — RSP R SSRenIE 2T 0 B RR A FRALE T fig

ik RERE R o gE A R IR H AR .
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2.5 E_ﬂ%qk{ﬁii“ﬁf\&{% ESHRAFRET Ik R L &S E T
APRET M ERF A S ks awge B s ek s )% 3 f(divergent) g 54 o
RAE 7R e i W R AR B R B E S EDL R A SR BRE

WA 5 AR h 2 4§ 4 F 4 (Sugimoto and Yoshino route) Pl jE o gt~

i

E2 RS F RN ETUF A FEMO AP > REALREF B SRR
& Uit ehiy & F Ji(metal-catalyzed coupling) PPk B & Bt 2 0 B E I R
SBHESRT om AT 0 FICREPFEY HE WA F 7 A R4
2. 3-2 Avgree 0 H P 7 E L0 3B RURro B - AL IR M2 B Rl o

Tz g VA VR R G e Apldaz e A

?‘_
o
‘F_*
ek
Rg

VARG B R e Borh R G R R R ER2 B AR kA > REF IV E 2 RS
Fl o R AR S EOTE R "*“E’%ﬁﬂ%?ﬁwﬁaﬁﬁiﬁé;
P Bt i B g A S BAERRERIERS A R R ekt B e
— e F > APT ALY L EAE BT RART L T e Y RE A 4o

— e BIARSR T 3D AR o A T BREMTRE F o AP Rk g S
RSN SRS E;»VEV’\(poly:(iéﬁé?éylthlophene) P3HT) > % if 5 — &4

s

g g o BEELE A g l : ;?z 1) E‘;'B’_» % (Soxhlet extractor) & it {5 » &
1

f
f

i L s A u PR iaer:",F)%v‘ :@ﬁ’ § 1M (FeCly) » 184 [ i k 5 P~
A FEREZ AR AES g Mam R IR TR AL 2 B AR

¢

AR A - Rl A IS AP A AR T en P3HT 2 A 5§
T (<10%) 2t S5 BEom o M R IE R PR ETA L 2 M P PIHT
%gd FARE AR T g R 2 AR Fhekes o
Bz s L R ER R A RA R TRy A= &
i 480% > & -k 2 B 2L P 2% (nitromethane) ® - @ % S K enTR T > {1 * syringe
pump #-3-2 Fheper g R e~ bR Y o B RS AR ARG T
PIEEAE S eh 3-0 AeRed E AR AT KRN 0 p FRE S RN OR 32 A
Aot F Y o F PR3- A BRI RS 20 2 RN
CRE-CHEHMEF VARG EV L 4 H P s AP 3-2 A ERahp R &
FRALE) - F BRAEZET #ES IF - F R dis &

6 &
ARAE I B R RE A IR AR E > RNFE P
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ﬁgﬁ‘ﬁﬁ‘ﬁaﬁﬁﬁiiﬁﬁﬁ%ﬁéﬁﬁ’i@iuggﬂﬁﬁé#@
- 25

LB R 3R A e RGP F D T fia £ R (1

Ro\l,llo o - N~ ~ I R°~|/“o o
35 Hé\%\ﬁ%g - = 38

B 3-36. 1 &4+ 38392402 & 4 7 &

A F e "H-NMR B 2% 38 77 (] 3-37~3-39 2 3-41)> £ 6= 6.95 ppm ek 4T 2
Fos WP REH L 0 b SR AE 2 S > @ 0 =T7.28 ppm HR i 2k p & R
BAGESTR Y 6 & apgoR o RET o S - FHCERIE R 24 0 25 Bk

Borbeges A F AR S K 0 BT - B E RGP o

B 3-38 s = kF4as k3 A~ 32 GPCRAVR P HEE- X R ST P REHE
ARG APREDRE S RA F P REDI N T RZEPAREF B FI0E
A R4 I B(PDDsE S H+ 2 1702 ¥ ¢b > 7w 4% 'H-NMR £ H k3§ =
FPeah kB L+ R ES 2o FER R 2% £0=695ppm =¥ F dwges ik
(@) A BE(HERPFFRE 7 faism b gz % - Bt & R+ (bf
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AEQH)Z v & B8 D 2R B AR ch TR LR L 745 {iE-

R E B AR R AR A 3] LA X RB A SAMAK

B 2 mf PRS2

D2
4y
[
. 3;
&ﬁ

Responsed

T T T T T
10 15 20 25

Retention time (min)
B 3-38.= kP42 & 3 23 2. GPCHBl > (a)i* &4 29~(b) it &4 32~(c) * & ¥
35~ i+ &% 38
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#3-1. - kPl Z KP4z Bk g AT A R

M. Gec ij GpC Mn, MALS PDI Mn NMR (Xn/armc)
FEF 29 5650 6500 5850 1.15°/1.10° 6,150 (14.4°)
“EF 32 4050 4700 6250  1.16'/133 6,100 (14.4%
“E#35 4200 4850 6500  1.15°/1.19° 6,500 (14.4°

“E38 13,500 22,950 38500 1.70°/1.85° 44,100 (14.4° /74.5°)
RI # # &

® ¢4 & B k4754 ¥ B(multi-angle light scattering detector, MALS)
°d 'H-NMR #72+ 5 (92 L% & &
IPBA 4hf 2 TR L R
°P3HT 48 2. T¥a% & R

1 3-40 5 - P48k B A F & *-GPC L3 %-@ PR BT £ R RS
S SR LA ’f“ﬁ“ m“ﬂ S TISEE VTS WUE:

A & A 1 4 B(PDI)v; 3 3 . /F\l ﬂﬂ* THNMR & 38 B(®) 3-39) %3+
B AR R AL REP AL yﬁﬁJ%@Na B A T 0K 8

/
K TR b s R e

Fos 80.85 L - i ‘e‘iﬁ"ﬂ:é‘%f él AL B2 5‘—’*& v 4032 LIRS RRAA2
) ; :

1

B] 3-39. i £ % 39z 'H-NMR |
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(a) (C (b)
(d)

Responsed

T T T T T T
10 15 20 25

Retention time (min)

Bl 3-40. = BFghiz B @ A5G GPC §) » (a)i* &42°30~(b) * £4 33~ (c) * &
(la=si 1)
% 36 (d) &% 39 '

Y —

%032, - il R Bk B 30 3 R eng

M, arc My are Mo viaLs PDI M,

e 30 14500 15600 15850  1.08°/1.13° 16,000 (18.8")
R 33 8200 9450 16500 1.15°/128° 15900 (18.8°)
“e4 36 9100 10650 18,000  1.17°/1.16" 16,650 (18.8")

“E1 39 28500 52,700 89,500 1.85°/1.79° 98,200 (18.8" /80.8°)
“RI ¥ # =2
® ¢ & B k4rst i & B (multi-angle light scattering detector, MALS)
°d 'H-NMR #73+ 5 (72 T 1% 2 &
IPBA 4aif 2. T 0% &
°P3HT 4afiz. T 3a% & B

B 3-42 5L - FFash k3 A5 2 GPC A7 B P B+ B £ B of L R 2

CPRESI N T RFEAIEREF B T

fead+dF AP REDIE > Ra §
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HAoF 4 G @D S H < 2 174 ¥ ¢b > 4% 'H-NMR %3 F(F 3-41) %
AL REBAE R A FERESF L AT E T R LR R A
BenTHmB LR L 625 (- Ha P ENEBERBERFLA TR £ 33 %
BT - RPaz B R F A G SARBARTE 2 F RS F RN o

100

80

@) @0

60 —

40

Intensity

20 -

T T T T T T
10 15 20 25

Retention time (min)
B 3-42. - FF4a2 B k3 o3+ 2 GPCEBl > ()it &4 31~(b) i* &4 34~ (c) i*
4 37~(d) &4 40
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%033, - kAl L KFaEa B R AT AT R

C
Miare  Mygre My s PDI M, e (X0/arm)

& 31 48700 20200 27,500 1.08°/123° 30,200 (17.4°)
“E4 34 7300 9,500 29850  1.30°/1.04° 30,000 (17.4°)
“E# 30 8050 10300 30,500 128%/1.18° 31,500 (17.4°)
5440 35500 61,600 135500 1.74'/1.69° 156,700 (17.4" /62°)

“RI  # %

® 4 & B k4gst i ¥ B (multi-angle light scattering detector, MALS)

°d 'H-NMR #73+ 5 (72 T10% 2 &

IPBA 4852 T0F LR

©PIHT 4afiz T 0% &

Po— P[RR E B4 2 CHClWA % e UVevis Bofc k#5871 0 B X 2k &
Ouma) 2 ] 5 430 ~ 433 2 432Mm (2= b i His Fb) o [l 343 5 L - A
i&##ﬁ%iCW%@&ﬁUVMﬁ%fﬁW%R&&#%Qi#ﬁ%ﬁﬂk
BT & Amax= 432 nm(curve b) 0 & 5#%%7?,\‘: AR 2R T K 3 (M= 435 nm)

(cureve c)fpiT ; ™ % * R & F Bar %;iiﬁli«’: UV 2R ES) & NI 2 %«;’Tm'}g—] 4

o

i (redshift) eI % 3 P EST S RE PR 2 R 2 e dafl A £ TR

1.0 -

(a)

Absorbance

Wavelength (nm)
Bl 3-43. L = EF4a %k A 5 2 UVovis %35 » (a)it &4 37~ (b)i £ % 40~ (c)

¥ P3HT
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d b2 A TR BEH R SRR F R T S g -

22 A D R R B RG A E) RGP L T s RSP o A
45 PBAA G A Bk A ETHPIHT A 3 2 P B2 FTHRERSENE A
FEB L o

Aoz Rz HTAEE R A S £ RF R CHCL * GEA 5 3.8x107°M) > if
WEEAEMET G oo 5 RS 4 B Hcsi(atom force microscope, AFM)#F 5 0 0 H
2o A o M- A FRESREA LT RS o AR L) a0
2530 nm 2 [+ 4cfF] 3-44 St 0 HpT 5 g P A PP RS -

AP IR R A AT ] o AP ENA > A - WEFRL A HPE AT
—PBA 5 ]t A preRA > AU free-rotation (<> = 2nl*)inpE A kB H A S
R 4 ﬁ_%’i% R4 o d BEF R AT BHRG R > - s 3 ] ARIT
rod A1 » Ft A B % 3 G @ fod P A kR o B E B -

B B E - A3 e 4 9% 30 pme

F ook A E sk e L kg st xi;(dxnamm light scattering, DLS) k & |t - A F
| -"J_\".-- 'l.-'

2_-k 4 2L jZ (hydrodynamic radius) (&rﬁﬁﬁ) "I B H g 5 36.5nm 0 AT E P e

LN R P
\i

=

PO RS REGRED S #P%‘f\% r;t”rf o A o

Jﬁ"‘/—"’\;{ﬂ";‘z ﬂ'f 194 AFM

.
Mt

11} ¥

1

2.4

80

40

0 40 80 120 0 25 50 75 100 125
nm nm

B 3-44. i* &£ 4 38 22 AFM Hl
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14
12
10
> 8
£ |
c
L 64
£ |
4 -
2 -
0
2 ' R =y '_'_l L e | T T T T T
3 < 7100 1000
Partlcle size (nm)
: i -.;_-"-*'s '
y I |,
Bl 3-45. 1t q 4’/»}38 _i;l;'}::v_,{;i/}_—é: B
| | ;

Ao B D PLE A RS 0 CHCL ¢ GEA 5 48x10°M) » i
W R AT e oo SRS 4 B Hcd(atom force microscope, AFM)#F s 0 d H
5 A G BT 0 doB] 3-46 #ron 0 Bk A 4 PR OPIE N 0 FIPBA & F 0 Tg
R FI 2R T PBA S #ti A > 22 PBA Ap g2 T > P3HT R4 kA >

MEFEAFEL G P PBA A3 X D454 o Fla A48 AN H
PEA K2 2R o - R3] 2 BRI H - 23 AT 2 A PR
AR oAt BT AN R I A YA 35~40nm 2 B 0 L HE - A3 hED

AP UEARFEHLF DA > FTE - 2 a2 ERERSE - A

s
<
n
ETTS

33nm e gt - % BT AFM SRR ST % )

yoobo ApE R DLS KB - & F 2ok 4 LE (IR 3-47) 0 #HE RN
L2 nm o (8 Flegen 4 IR i 2 AFM SRRLRIE 0 VAL B A S A3
R o BHAFRGWE > AT Rl R o
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120

nm
80

40

0 40 80 120 160 200 0 40 80 120

nm nm

B 3-46. i* & 4 39 2. AFM R

18-.
18—-
1e ]
1‘2-

10

Intensity

10 100 1000
Particle size (nm)

B 3-47. it &4 39 2 ks A F
Ml - Rrshs BT BAERAE AT ERFAN CHCL Y GER 5 1.3x107°M)0 i
WE &AM ORT R oo SRS 4 B csi(atom force microscope, AFM)# s 0 o H
L5 A B 0 4o 3-48 i 0 F — BAs o AFM 4E £ eh JE4E 5 (f) 302.51 KHz
P ShiRlhd 6 L (] 348 a) 5 MSkRAES » A AL RF AL P LE
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TR T EPAEOP-REHE 0 EEF AFM FE R RS 3 f = 30248
KHz » $%8 B 4017 50 AFM 3F 45 chd d 07 535 0 678 10 P13 i I ARAR S P
Bg o g F)§ RF4agc P H 4o pF > P3HT %'J'riégﬁiﬁﬂ%)iiﬁgi tv o Fpt ¥ AFM ¥ 44518
oo e+ LGRS R T g3 URAL S RIEFE DR RP T
BET S AR R Er 4 o Fa @ PBAA S LR L senT A
A A A% A58 8 025 7 7 B A5k (donut-like) 2 2 F #F (B] 3-48 b~d) > o+ —
f#i‘l v BRI - A3 ETEAPER I MANE oAt - £

3«\

Sre

FAF enA A 2527 nm 2 B o R E - AF BT 2T o d AFM #F
BURlenS % » S - APH T o DY 0 NEP L - A3 SR L - PRERLET A
K e

AP MEAERFERELFI DA > FENN - FRERFE - A F RS
% 27nme g - B %8 AFM #TBURBIERE ) 4p 7 o

T oob s 2 E ks DLS gk Borlpm A 2 ok L T (o ] 3-49) 0 @ H T
5 32nm s o Bl T A SN 2 et (R ABNLSTRLRI W 0 AL A A S Bp
v Ho G iRoh R & er;E,'m-}f_,(wﬁg‘g—\ b

ali}
4

Lk

d

an

(]

8] 3-48. it &4 40 2. AFM ] - (a) f=302. 51 KHz, (b) f=302. 48 KHz, (c) f=302. 44
KHz, and (d) f=302.36KHz.
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20 4
15
%‘10-
[ =
2
£
5 4
0
T T T T rTrrr| T T T T T T1r1r]| T LN B B I R |
10 100 1000

particle {nm)

B 3-49. /1 54 402 i E W
B TR B R A E R (f EREBBLAO L SR e G )
* FeCly %5215 » MiR% Ve 44;;4» lpE T RRE R TR 2 BT AKE
drd 3-4 -
%34 - i Ad ket R RS2 TR

Sample entry Conductivity (mS/cm)
iv &4 38 22
iv &% 39 3.8
iv £ % 40 4.2

¥ ¢k % 12-arm PBA-b-P3HT #% > ITO L33 + -1 * § 1 £ 453 F Ju(doping)
H

T #ie
{82 _UV-vis Bl ¥ (B 3-50)7 % > & 780 % 1250 nm 4~ %] & 4 H 4p 4 & 2. polaron
% bipolaron 2 # M e jgiE » @ - EHEES KR Ak L E% ;5 2L
RT3 Bk (de-doping)fs 0 B (Amax) P ¥ F| 445 nm > EF S PlE v
BRAzZotrd o - AMALTEFWT S T ES AL BB BRF
Moo REF|EWFES hB AL PR HEE R T RE S (electrochromic)

/gﬁ }@’i’r/g&a!o
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0.4

12-arm PBA-b-P3HT
03 - doped
de-doped
o 027
(&)
C
@
2
?
2 014
<
0.0 H ————
0.1 T ' T TN A T ' | ' |
400 600 ¢ 800~y . jx 10800 1200 1400
0o S '\'QLa\velgngth (Am)

[~ |

| . ¥
I— :
@) 3-50. 12-arm PBA-b-P3HT /& % & x'«%%ﬁ%ifé 2 UV-vis # ~ B 4 ansg iv B
2 l ||l
I e
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—

C R %

SNENLE &% |

1.

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
27.

Iron(III) chloride anhydride(Acros) - i * 0 ** 2§ T %53 § pump
(1x107 torr) i}é“@"ﬁ% K= o] PE o

3-Thiophene acetic acid 98% ( Acros ) °

4-Dimethyl-aminopyridine 99% (DMAP) ( Acros ) °
N,N’-Dicyclohexylcarbodiimide 99% (DCC) (Acros ) °
p-Toluenesulfonic acid monohydrate 99% (p-TSA) (Acros ) °
Methylene chloride 99.9% ( Mallinckrodt ) » ™4 CaH, % ",% & ki
'k s o

Trichloromethane 99.9% ( Mallinckrodt) » 12 CaH, 2 ",ﬁ% KA A
%ok 5 o

Methanol ( Mallinckrodt )

Magnesium sulfate ( Fxfe /5 1‘%;‘“? g ji)

Acetone (Mallinckrodt) © _ P'E -
Hexane ( Mallinckrodt ) e : ; | <8
Hydrochloric acid 37% (Aéros_)l °

Sodium bicarbonate ( Acros) °

Tetrahydrofuran ( Mallinckrodt ) » ¥4 Benzophenone & 35 7 4 - ;_ﬁ‘]iik“ﬁ? K F AR
o1 % o

Silicon oil (H1 v Eg&E 2 )o

2-Bromo-2-methylpropionyl bromide ( Acros) °

Sodium bisulfite (SHOWA ) -

2,2-Bis(hydroxymethyl)proionic acid (Bis-MPA) 99% ( Acros ) °
2,2-Dimethoxypropane 98% ( Acros ) °

Triethylamine (TEA) (Acros) » % CaH, “,/TT K EAIS R o
1,1,1-Tris(4-hydroxyphenyl)ethane 99%, (30H) ( ALDRICH ) -

Dowex50 % 8-100 ion exchange resin ( Acros ) °

Copper bromide 98% (CuBr) (Acros)> # * @ 12 7k s fe 3+ 75 % overnight i >
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23.
24.

25.
26.
27.
28.
29.
30.

“f—i PREFEE > £ Ao~ 2 EUFE 0 EAF RS S B8 )Y ethanol 2T P A R
i ",%é. AR SRBRISES R F o
1,1,4,7,7-Pentamethyldiethylenetriamine 98% (PMDETA) ( Lancaster ) °
n-Butyl acrylate 99% (BA) (Acros) » & * w1 12 CaH, j%i#’—“,% ki
SRR F AR5 (40°C T 12 1x107 torr) i * o
Silical gel » Geduran si 60 particle size 0.063-0.200mm ( Merck ) ©
Celite powder °
Aluminium oxide, neutral 50-200micron(Al,O3; powder) (Acros) e
N,N-Dimethylformamide(DMF) ( Acros ) °
Ethanolamine 99% ( Acros ) °

Nitromethane 95% (Acros) °
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Bn

2

3-arm ATRP initiator (20)s7 & =

B~ 1,1,1-tris(4-hydroxyphenyl)ethane (3 g, 10 mmol)2. % ** 100 mL 2 [f] & ¥g ® i@ »
B ogd e dvlf 5 F 54 0k THE G0mL) # 22 33 f3 15 0 £ 4e
#-K TEA 3 mL) > B *t7kig ™ o 1045 F 5§ 4 » 2-bromo-2-methylpropionyl
bromide (5.6 mL)> 2. 15> % F iR R SR w D] T RS F B24 /[ FoF BB
#fn & 4 73 %% CHyCly (50 mL) 2% 1 MNaHSO, -k i (25 mL) ¥ B = = 1 » 12 4o e
NaCl -k i3 j% (25 mL) % Pr— S f10% 2 _\Ne;ZCOg_ KA RQ25 mL)EF P2 =X > B
fe &g 4o NaCl -Kiz R 5B 2 ¢ 1212 Kféﬁﬁw EERTFARICET ¢ AW T
SAF O ATHE 8% W f |

1] il

J R

'H-NMR (400 MHz, CDCls) : 8= 7.06 (dd, 12H), 2.16 (s, 3H), 2.05(s, 3H)

PC-NMR (100 MHz, CDCls) : 8= 170.23, 149.01, 146.33, 129.70, 120.45, 55.35, 51.68,

30.61

21
acetonide-protected bis(methoxy)propionic acid (21)=7 & =
P~— 100 ml F] & #g 4 %4 » bis-MPA (10 g, 74.55 mmol) ~ 2,2-dimethoxypropane
(13.8 g, 111.83 mmol)% p-toluenesulfonicacid monohydrate (0.71g, 3.73 mmol);% **
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acetone (50 mL) ¥ 34~ > F & 2 /| ¥ {5 4c » NH3/EtOH (1:1):® & 7% /% (1 mL )12 % 1
F R0 £ 0SS W3 M 37 o ¥4 A 330 CH,CL (250 mL) » £ 14 # -k (10 mL)
TP R P AR e FRRREE R R 1S 0 R REE BRI 0 R -9 d
WrL Ay 2595 8%«

KT
'H-NMR (400 MHz, CDCl3) : 8= 4.16 (d, 2H), 3.62 (d, 2H), 1.40(d, 6H), 1.18 (s, 3H)
BC-NMR (100 MHz, CDCl3) : &= 180.35, 98.33, 65.83, 41.75, 25.15, 22.00, 18.45

1

acetonide-2,2-bis(methoxy)propionic aﬁhydﬂ_ri@q (22)svE =

B~ 250 mL [l & ¥#g4e » (v & 421 (203_‘-??'g“, I-1:14.9 mmol) " & 7RI T EF F 0 4
» 1% 7k 2 CH;Cl (100 mL)e ¥ p?x— 5p|mL' m }%;%1«:4\:. * "NiN-Dicyclohexylcarbodiimide
(DCC) (11.97 g, 58 mmol) 14 5 7 %i}“" i _i?' é,f "':“‘t ¥ “T k2. CH,Cl, (25 mL) 8 % 7k
BT FiEARY B RS R EFRETEEERYIIZEFR 8 I F AR
{6 > BB IR T ﬁzfé'/“fé DCU » #- k& ficis 8- 5 ¢ AR > HFH
ALt £ CHCLfe erkif T S BiF » ~ € hexane ¥ ##-19 ¢ HHM IR 2
s #-hexane AR B 3-T8C T A Ar 1 [ pF s R A R 247 0 2 8B T Esls o
WAt v d FAM - A5 96% -

EHFH

'"H-NMR (400 MHz, CDCL3) : &= 4.16 (d, 2H), 3.62 (d, 2H), 1.40(d, 6H), 1.18 (s, 3H)
3C-NMR (100 MHz, CDCL) : &= 169.19, 97.98, 65.32, 43.34, 25.50, 20.98, 17.22
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00

kS
O 7 O Q (@)
%O}*OI% o X

acetonide-protected [G#1]-dendrimer (23)c & =

P~— 100 mL F] & Fg4 % 4c > 1,1,1-tris(4-hydroxyphenyl) ethane (1.532 g, 5 mmol) -
DMAP (610.85 mg, 5 mmol) ~ 4c » “,/]E Kk 2_ pyridine (25 mL)#% 4r » *2 -k 2. CH,Cl,
(A0mL)i¢ B = 273 f#f > B3/KFET o ¥ B— 50mL Fl&Hg4e » It &4 22(6.6 g,
20 mmol);% ** CHCL (35S mL) s » 3 7kip T4r » P32 3% %Y F 8| FF o F ik
# 6 4 » pyridine (5 mL)#- % &2 anhydride ¥ 1t { » 4¢ » CH,Clo (100 mL)##4¥ >
12 1 M NaHSO, -k 7% 7% (50 mL) % B== X 18 > 1444 NaCl -k ;3 7% (50 mL) 5 B~— =% >
£ 12 10% NayCO;3 -k i% i (50.mL) ¥ Be= = ﬁxié ™ NaCl ka5 P~1 ¢ M1 "fTT 4

o5

AW RFETRRICEE - rﬂ*ﬁ"“‘v :‘iéf.«f" VA G5 86% o
| =1
: | f
x| 1
'"H-NMR (400 MHz, CDCl;) : =7.02/(ddf"12H), 4:28 (d, 6H), 3.73(d, 6H), 2.14 (s, 3H),
1.42(d, 18H), 1.31(s, 9H)
BC.NMR (100 MHz, CDCl;) : 6=172.87, 148.84, 146.11, 129.58, 120.77, 98.16, 65.98,

51.56,42.23,30.81, 24.90, 22.34, 18.45

OH OH

O
o

Ho— T O ? on
HO})ko o O O)K{OH
24
[G#1]-(OH)e dendrimer (24)s7 & =
B~ 50 mL F] A& FL4 ~ it & 4 23 (1.42g) ~ Dowex50 % 8-100 (2 g)i4 4c » ¥ fE(30
mL)* S0CT & i 8 | PE(B % d iR § S ) > MR iBiR 1 h 4 Dowex #f
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g icE -6 FAMTS AR AF N5 93% -

LT
"H-NMR (400 MHz, DMSO) : = 7.03 (dd, 12H), 3.64 (d, 6H), 3.51(d, 6H), 2.12 (s, 3H),
1.18(s, 9H)

3C-NMR (100 MHz, DMSO) : 8= 174.14, 149.42, 146.24, 129.61, 121.77, 64.40, 51.70,
51.25, 30.83, 17.30

Br;O

6-arm ATRP initiator (25)=1& &

v & 4 24(5g,77mm01)\ o I(JOmLalF]f%ﬁit’ JECAPAS 2 3 lﬂff—i S BRY
KF8F F 5 4~ &-k THF (5'0 mL)I% WL Ay2f 0 £ 4~ &k TEA (7 mL) »
BEAUKRIET o AN E B et » 2-bromo;2-methylpropi0nyl bromide (8.5 mL) > 2
o EFREARASEMTIIZE F 24 R BRI #r A F 3 CHCL
(50 mL)p > 2 1 M NaHSO4 -k 73 7% (25 mL) ¥ B~ = = {5 » 12 &2 v NaCl -k % ;% (25 mL)
B = L7 10%2. NapyCOs /K% % (25 mL) ¥ B~= = » & 14 12 NaCl -k i i 3 B~
IR RA RRETRRICERES S HM TSAS > AF N5 80% -

EHFH
'H-NMR (400 MHz, CDCls) : 8= 7.04 (dd, 12H), 4.47 (g, 12H), 2.13(s, 3H), 1.92(s,
36H), 1.47(s, 9H)

3C-NMR (100 MHz, CDCl3): 6= 171.11, 170.98, 148.55, 146.35, 129.75, 120.79, 66.29,
55.19, 51.66, 47.08, 30.67, 17.88
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Yo 0%
ps
0
Xo(j;\(o o O o %OJL
A e
%ﬁ/& © 26 N%
acetonide-protected [G#2]-dendrimer (26) & =
P-— 50 mL ] & Fg A %] 4e ~ it & 4= 24 (900 mg, 1.38 mmol)~DMAP (168.06 mg, 1.38
mmol) -~ ",% -k 2_ pyridine (6.88 mL) - ",4rf k2. CHoCl (13 mL) 8 ki o ¥ B~— 25 mL
Fl R Hg4e » v & 4 22(6.813 g, 21 mmol) % CH,Cl, (8 mL) & ki ™ 4v » mo i 273
v F 24 ) BE o B R & {8 e ~ pyridine (5 mL)#- % 42 anhydride ¥ iF {8 0 4c
» CH2ClL (100 mL)##1¥ > v+ 1 MANaHSO, -Kiz 7#(50 mL) % P~ = & {8 » 1248 v NaCl
K% 7% (50 mL)F B~— =t » £ 10%2 NayCO;7k A% (50 mL)Z B~= =t » £ {8 12

NaCl kg i ¥~ 1 ¢ P 2R 40 B ZET HEGH -6 ¢ ANT L A4
‘ | i\
11 il

AFNHE T8% -

KT _ _
'"H-NMR (400 MHz, CDCls) : 6= 6.99'(dd; 12H), 4.43 (s, 12H), 4.14(d, 12H), 3.60(d,

12H), 2.13(s, 3H), 1.39(d, 36H), 1.10(s, 18H)
3C-NMR (100 MHz, CDCly): 8= 173.53, 171.25, 148.56, 146.23, 129.66, 120.73, 98.08,

65.92, 65.24, 51.58, 46.98, 42.20, 30.86, 26.04, 21.75, 17.91
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H %5 .

H

H OH

27
[G#2]-(OH)1, dendrimer (27)¢14 &
B— 50 ml [l & Hg4e » 1 & 4 26(1.1 g)~Dowex50 % 8-100(1.5 g) & > 4x » @ F#(30 ml)
W S0CT F fis 8 ) PEGR R D R S ) MR Bk 4 Dowex # 0 b

- AT LAY RS N5 9%

KT _ L
'H-NMR (400 MHz, DMSO) 4 5= 7406 (dd, 12H)34.26.(q, 12H), 3.47(dd, 24H), 2.15(s,

! i

3H), 1.31(s, 9H), 1.04(s, 18H)

Yo T to el o
Br@ o O}\S&Br
(0]
o 28 o
Br Br

12-arm ATRP initiator (28)c1 & =

B 25mL 2 B FFRI 4~ G5k G2 £ B 27(999.3 mg, 0.74 mmol) & Az
A > x4e» TEA (187 mL)iF % s #l » t2 iF R 4T > 4o~ k2 THF (10 mL) -
HONFof 2§ F € B VBN E BELY o skiF 30 4 48 - #- 2-bromo-2-methylpropionyl

bromide (1.62 mL, 10.66 mmol) 4 4 F F Bt » F stz kSp > B pr k5iv 5 0°Cen
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BET BRI REFAMMTAIZRFR24 IR F BERE  BEA S
7% % CH,Cl (50 mL)p > 2 1 M NaHSO, -k % i# (25 mL) % B~ = = {4 » 12 49 4r NaCl
KA (25 mL)FB— % & 2 10%2 NayCOs ki 5% (25 mL)% B~= = » #1412
NaCl -k % 553 ¢ 'tt%é",éfé AR AFTETRERICETEFALF AT S T1%-

KT
'H-NMR (400 MHz, CDCls) : 8= 7.04 (dd, 12H), 4.47 (g, 12H), 2.13(s, 3H), 1.92(s,

36H), 1.47(s, 9H)
BC.NMR (100 MHz, CDCLy) : 5= 171.63, 170.84, 170.68, 148.47, 146.34, 129.79,

120.67, 65.96, 55.30, 46.98, 46.81, 30.58, 17.91, 17.80

Br .
X X
<
y I%/ﬁf

o "".r-l- " i
: : _;;'- = k ” ° x
o OO s o ([ Z}* o*é
x
| o
29 Lo f .:; 30 Br
Br Br.
X X
= c
X X X X
Br 5% Br
o N
Br Q o Br
¢ o \% EL/ o]
X o o QX
X o X
Q o)
o)
IREE IR S Vg
o e O T
r
B'Wo?ﬁo ooy
X X o XX
X © 31 X
N
X % X
Br Br
X= COOBu

it &9 29~-3Ll g =

A BB 5 OF R ghARde A (1Y & 4 20: 750 mg, 1 mmol; i & $ 25: 1.55 g, 1 mmol; it
& # 28:1.25 g, 0.4 mmol)~CuBr (= &*4#&: 432 mg, 3 mmol; - & 4&: 865 mg, 6 mmol,;
L = EF4#a: 690 mg, 4.8 mmol) & >+ 100 mL FlAFLp >3 » § 5 » “ﬁ% 4k xP gk
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F 1% #  4v » &~k n-butylacrylate (= &*4&: 44 mL, 300 mmol; = &*4#: 88 mL, 600
mmol; -+ = E*4a: 70 mL, 480 mmol) > £ 4c » "T ¥ B0 (= A4 11 mL; » AR
22 mL; -+ = B 4a: 18 mL) » 2 & ¥ 3 (5 » £ 4~ 1, 1, 4, 7,
7-pentamethyldiethylenetriamine (= &%4&: 630 ¢ L, 3 mmol; = £%4&: 1.3 mL, 6 mmol;
L - BFga: 1mL,4.8mmol)Z_ 18 s 2 x 60°C i ig® F 1 | PFo F RS Ser 2 &
CHoCly w23 b F flg » iRl & R ¥ {25 g g 4 i Al }aﬁw #-E 4
R R R kT /I0)R EiRir Y 0 @5 § SRR F BRI
Tie B E RS EAR AR TEAL o SB[ G2 v A s C a2 B

R R

h HN.
5 3 a S

= e X X
H X - : o0 oo
X & L 05\) OoH

r_\\.l:__-o::'}g\‘\ﬂ:l le} HNI

e 1P
e : X (o) QO ® X
i =157 & BTN a3
o | d
i \

N
32

| M 1] O})k )K{
B 0_ g v (1D £ o o
e HOIN.H B 33 K HN

HowNW Qi#’ O i{ Wwww
How”fw*"fa*

(e}
\x;h}\ 34 % X= COOBu
X N X
2

NH HN

oy Lo
v & 32~34 g =
BB R EP ’T’F et 7 fa(it &4 29: 3.08 g, 0.5 mmol; it & 4= 30: 1.60 g, 0.1 mmol,;
it &% 31:3.00 g, 0.1 mmol) ¥ ** 50 mL F] &¥g® > 4 » & -k DMF (= A*4&: 15 mL;
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* BF48: 10 mL; - = BF4&: 15mL) i@ H L &3 3> £ 4c » ethanolamine (= AF4#: 9.15
g, 150 mmol; = &¥4#:3.70 g, 60 mmol; -+ = E*4&: 7.50 g, 120 mmol) > ** 8T F &
S A F BB #DMF R4 (5 MR TR R ARG 0~k ik
A & &2 ethanolamine » & Bk 16 Mo P RIS E AT S AR TLA

Fro AEEZ v s o R Bk R RER FRE T i o

-
ng s\%«o '\Eo%(o D\Ago\[ 3
” OxNH oio) HNIO
&

(o] (e}
N 37
x >
o o
-z N X=COOBu
/ \ g

P~— 100 mL 2 ¥ $f [f] & &35 > 4v » 3-thiophene acetic acid (= AF4#: 427 mg, 3 mmol;

it &4 35~37 e & =

= KF4#: 85.3 mg, 0.6 mmol; -+ = EF4&: 68.3 mg, 0.48 mmol) DMAP (= &*4&: 367 mg,
3 mmol; = E*4&: 73.3 mg, 0.6 mmol; -+ = E*4#: 58.6 mg, 0.48 mmol)% p-TSA (= &*
44: 570 mg, 3 mmol; = &F4é: 114 mg, 0.6 mmol; -+ = &F4é: 91 mg, 0.48 mmol) > 17 x
FEIFCEITEZF F &0 L &K CHoCli k(= AF4&: 20 mL; = AF4#: 15 mL;
Lo RAE I0mL) T UAZF A RTRE R 2RE8 0 BN O0OCKIET o FBY -
S50mL 2z H §F R RS 4e » Beprs AR AR KRR [ A 7 fa(t &4 32:1.53 ¢,
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0.25 mmol; i & 4= 33: 795 mg, 0.05 mmol; * & # 34: 600 mg, 0.02 mmol)%2 DCC
(= BF4&: 930 mg, 4.5 mmol; = E*4&: 186 mg, 0.9 mmol; -+ = A*4é: 149 mg, 0.72
mmol) > Mg FRITIEE R < F 0 £ @&k CHCLiZ (20 mL) » 1425 it
RFREDINAIEL S B0 Crkip™ 30 #dse -3 7 E kB L+ 232
3-thiophene acetic acid 2_ ;3% » »PF 5L 2 0 CHIBRE T - 2 HE R MM w2

IREFRF ek BRE G238 i @ gkiieg 2 84 2 CHCL
AR BFIAF F 2 T AR R (150 mL) ¢ o g B H ik 4 B K 403 3 CHRCL
(100 mL);A % # » 4c » 0.5 M HCI 3% (20 mL)i& {7 5B~ » £ 12 45k F { I35
= #-CHyClia i pH B4 3 @ 118 14 fo2. NaHCO; -k i3 ;% (50 mL)ig {7 % B~ »
B rUgEAg-RERT Y RS BE G AR I BokAERAES “{fﬁ%‘%i A
§oa kR I AR TEEAL 0 AL v v D Rz EeRes ks AR R
B L™ fig e

ol Tl Son
A

ROH }E»Qili{ %ore H

\g 40 OORO
- i

N~

it & 4 3842 chb &
B~— 50mL ¥ 572 [l &g » 4v » FeCls (= AF4#: 973 mg, 6 mmol; = AF4a: 1.95 ¢, 12
mmol, + = BF48: 1.95 g, 12 mmol) » M s RS 0 EFET 0 pump # E 3
H30 A4 P riRLFF 0 BT RS E K o £ L F F SR

9o U B 4Y3 ~ & oKk 2 nitromethane (30 mL) > # H % 273 f% o ¥ BB ek
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#HH2 By s+ (Y44 35 66 mg, 0.01 mmol; i £ % 36: 167 mg, 0.01 mmol;
it &4 37: 158 mg, 1 g mol) > 4 » & -k nitromethane (10 mL) » ** 87 » i 4e
» FeCl3i% i » 218> ¥ B~ 3-hexylthiophene (= AF4#: 505 mg, 3 mmol; = AF4#: 1.01
g, 6 mmol; - = EF4#: 1.01 g, 6 mmol) > 4 » & -k nitromethane ;% /% (10 mL) > ¥ %
25mL Fl&x¥g > G2 = 23 fF > £ 02 10 mL 2 gL3d 3 844 F e B~ > 1% gsyringe
pump )2 0.1 mL/min & & > | BF L AP SN FETELF BOF B8P
%F@%ié%’i”ﬁﬁﬁﬁ%%i*%Qi%ﬂ’@%ﬂ%ﬁ@i*ﬁﬁg
R RAAR S ML KR o I RNFE S AT

e~ e mipe R PEBRERZ RS 50 0 F 02 CHCL 3 WA S o Mgt

¢
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$ B R
A RH A - g
B BEAEL P EGHFHAEREEIEEL AR LDl E o T

ELBAF A N EF A BR LR T HED ARE
=

o gk

.é\ry\ﬁnxmg:%7—,,gd—>«ﬁ @}};

n\\-
-5

—=

FLF A Faefo - Bk R IR AR DEAR - B A
PABETAGENF A LETHF A RERR N FLLET R PR
BPEF2HETHE R A3 AFTEFTLREES > F > A ¥ AL KA
HrenIp g o

F] & 1985 # Elsenbaumer™ % 4 % 1 icd B R i 4L > oL 4Rl A

%*%?%94—%wﬁﬁﬁ3ﬁ&ﬁw%&ﬁ&ﬁp#uﬂ%ﬁ T E
NKREBEEFREF R P AE 2 A;%\(3 % é%v’\) [poly(3 -alkylthiophene), P3AT] -
I éwﬂ’“iﬁimmﬁﬂmﬂiﬁmﬁﬁ’% . S
¢ 5 4o & #(CHCl) ~ ”nwm%m@ aiﬁwﬂHDi;»ﬂ&<Wﬁ4,
B b oenip e fe iz v pep N iE T 3 4 9% AL e T 40 ] f S
B s o £ phaba K AR E b dhAx T it Bl AR > FE A S
B LT ERETEREIAEL -

& 1992 # > Rubner ## % 4 24— 7 p i3 o3 5 3-3 4%
o ed 3 Aekerdif L A A ET R G APFTIRE B AT T
BoENT - 3 AT —RFF(PS) LA ATHE—HF - o # PS AT
TE A - AR FlA R 3-F AR MR H T A R IBMBET R A FRABS
ea R HEATENERERE N A H TR BT B AT hhe P 2 J A
KR AL - T PG s AT g o

¥ b 41996 £ » p & Shirota ##EPUE D V- BAMBPETF AT L RS
GWEE o B AT AR GRS 2 o BEAMAZ Z A+ F 0 £ 2 AIBN
e pd AREF 0 A RUAARY Z ke 2 BT AP R 2T R
e N plgaz KT B AFHMNMAREFE MU IIBAET AT LR
P BF T R BACR 41 477 e SAPET R A F R RS L s —AE S
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BB L3 hmAgd o T HE A #cehg A 5 RldaTt ETrgr3dv B Lz 520

AR S EF A TARS B RRE P TR P T ARG BT 2
i&ﬂH_} PR UFIEEREAANCERE S 2 EFETBATF B IR

EH

\\
S

N
el
=]
(w

N B o HE T R PE T AL L FH 4 o 4 TPt A ELS

AR R LIRS P R

NaBH ,

n-Bu,NCIO,

Electrochemical oxidation

B 4-1. Shirota B & 22 IWMAELT I A I L ES 2 2273

A pEd 0 A2000 £ 5 £ Fa AL & CA Mirkin #042P72 2 005 48 plea
F = s 2 3 Begenr 2 3 20 poly(norbornylene)® A F 0 L MR P EREN L FR
e s g HAUSIM(B425HF RT LB & ig_“fﬁ'li‘éé::‘:}iv’}.%ﬁ_ifs A
FRMEEFEEay CRE Flage s F 2§ R R R
Ao a AT S HELT RS 1072 2 107 Slem > H A fE R

4e o

pa

-

.
1

3 iviEm B

e

=<
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Bl 4-2. Mirkin Fc497 & = 11 3 faip]48F = efrs & 5 2 poly(norbornylene) g 4 + 2
£ gl
2001 & £ @ 8§ % i@ 2~ 4 R C. Advincula 34250 £ g &

- pl4aT F g s 2R iu, §i .%‘%-% ;\—1 ?3\47: N NI
maAM A G g - /é]%ifkmgjgz S lbﬁ,%‘“qm” N adE 4 BAES
i%%%H@M85ﬁF%W&@;? ﬁ—nﬁpe%£9+i4@%ﬁﬁ@
AR R (Tg) ¥ % & a’iz*mr;\"”l': EA’ LAl ’Fﬁ'ﬁiﬁ it Tt ¥R R
RBAETME AT TN 4 5P L$W£%w‘ib~%% RS
%?%ﬁ’ﬁ&—%?ﬁﬂﬁ@ﬁﬂ$9+ﬁ@%:ﬁ%@%mmCQMQMMg

diodes, PLED)z2_ &+ o

NP H/O}\ |
Br, = si Si si” O] ©
h A (CHgr  (HC)s i o s s S%/
Zf Y CH,
S Mg, NidpppCly " HoPICe (CHz)
=
S /
< /O\(S[ _ON L
Electropolymerization Si | $
o . {CHz)11
I\
§ /m
polymer backbone
\ @
A T2 a2 . electropolymerization P % Sy Q’
QGP ma (:) ) , AEELY =
= \
electroactive units N\ . Inter-molecular coupling
Intra-molecular coupling
Bl 4-3. Advincula &R N2 B - P A F 283 30 F k2 £ % H S

FHr T ERE s £ 37 0
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2002 # > EFBE 2 w4 H ¢ HE A K G A Sotzing %P £ A s
F = I = > & 3 2. norbornylene 0 2. {8 72 B Ik F_ & j# (ring-opening metathesis
polymerizaton, ROMP):£& 7 norbornylene % & > @ # i norbornylene sh& % ¥ ~ >
THFoB=gerrF 2Rl FETEEREL S IHAFTF A F LR
Pod NELREFRBRY EFRIEZETFAF > T ARG A2 KT
FHOAEHPEEGIER > KT CERE M BB  HET R A2

IX10° S/em e 5 - A &2 HR M B4-4 52 F 7 AW -

OH
s, 1. Dy GHyGlg, Gxalyl thiorida

2, EtN, Dry Et0,

‘,J%\/ :
1. CigiPCys}gﬂu—\‘HPh &
n 0 0 &
2 Ethyl vinyl ether

O G
5 2 1. [0x] S
B e S &
s % s Y & 2Med 3 @ poly(2s}
VAR VETE Y ¢ o ey
_polvza) & A n
. -,_.d_

B 4-4. Sotzing #7412 poly(norbornyl"ene)%%l rs AR H AL = 2
TRERL AT b ﬁf&w?ij”': '

2002 & > B. C. Simionescu & %1%, £ %“_I— BE AP T R-T AP FR)EA
FhE BP o 2 8 41* 4-2 G A F R R hydrosilaton - # 7 A ¥ 4B Rl4aT
i gk 04 & A4 5 ek (amino group) 5 £ FI* U - MRA BRI AR S B A R

plaad RA R L ET B AT e H R 0 B SR b x ek eh

—

z §F fhvtek > 3 H
HREFTPERE RESIBAETZ AT LRES B 45

TS
o
Y
oM

Blod b2 TW{EZHERTBAFTEE 55 2428 F T 2R
a2 KT EE > HETREFHBRS AR 0 445 0.3~3S/em ¢

(\x
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HaCl,

CHy 1€y ] rCHy 7 CHy
(.‘Hu—.&i—O%S:—OH%!—O}Si—[ZII, + CH::CH—@—NH
(L O!IH, x-H l

7
" 100110 °C, toluene
"Hy yCHy
CH, -I:u, CH, f“‘ J ‘? CH, (‘H| CH, :I'n_\
CH,—A.-GFi—oH#._o}s.—( Hy ———= CH,_£ -0 Sl— .‘I!i—n SieCH,y
é’-H; ¢1I, it R \!H] é‘l{, Jm st R y}:il\

NH, NH—CHy—CH—Cl—N

oH
R=—CHy—CHy— 3 addition isomer or
Wy
=CH=

ay =71
Mn= 8000 ( Prepolymer)

o addition isomer

Scheme 1

CH CH. CH CH . CH

| o & 1T Eecwolysis CHy |CHJ i”’ .
CHy=Si—0Si—0f §i~0TSi—CH, —» cty=di-ob-Si-o0 ji-otsi—cH;

A-Hl J’.}l‘ itR ¥CH; é & E'H J‘ l

“Hy "Hy "R yUH; H-N

v
H

NH—CH;—(IZH—CH;-N NH—CH:—SI'H—L'H;"N

OH OH

] 4-5. Simionescu # "Lrﬁ 2 ‘*&L 93?4’“],%? B A

2004 & > Sotzing ?{#[61 ’;‘M:”,r;ﬁ 7
- FEE AR norbomy %

= e A

\
-
N

y

T norbornyle_ne'

i ARWAR S poly(norbomyle ) ﬁx@g

5 =Y. 2L
»ai”«
20, ooy
y A

X
cross-linking method, SOC){%, 7/ ’*‘*b}

s

l /:"\"LBBP @46:77‘@

LA

j&-wﬁv'\ N = V;;F’,,\ N

N A

< B ;% (solid-state oxidative

&7

HEEF 5 (VT g i ﬂﬁpéw;’}ﬁ:g(mj?%g C B R R T AR o

042 *Iz%n
oi ‘L. ROMP 0,07 0.0
I
)

NT PNT
1-10x soc
2. [Red]

NPT PNPT
m 21 (31
NT = NIT N2T N3T
PNT = PNIT PN2T PN3T
NPT = N/A NP2T NP3T
PNPT = NIA PNP2T PNP3T

> [61]



12 =3 B en
FETRA TN TRAMAD B FR I L 2 REEY R EA
R - Rt 22 2 ERPFTRFDFLAIEET R A FEFHR

=2 -~

L3 T AN RE PP ALY o T b Fi2 > PIEART A F hE M)

Hor - L4an 3 > BURH & S a5 > @ B nomstacking 2o % T 'R o e d 3N E
- Rgn @A T aaER R F > FTF AT AETULHRIET R
T 00 ERHERT - AMAFTIALF KRS 1T - 1 PR L

SR ETRA S PE ML F AR o S AR SR ER ~ bR T g
WA ENTS o LI HDF PRERETR A TR TE L LER
A d IR A G2 AR BT Ft > R R A F 2L A FAER X
LA REPFTAERZET AAFTY > APEE T ET AR T EIHES
bFaprg o M ERE A —?—poly(n-butylacrylate PBA) & #%w » £ A AR
17 345 -2 e (terthiophene) 27 i 5\"“%;!* Bk S L A ET F AT
A o \wﬁz—a"%\#im*ﬁwz\m—%” é‘*‘ = i‘f’]’* SECE I PENRE T
W e fuR g o ﬂahmkmriﬁ?£|ﬁr@m<%ﬂ$%m5¢ofa
FLPp PR AL AS .PB{\ ’ *%I““” ’ﬁ PUG R B A R R s A
TR EE UL L L V- i%# ST EPTERTY

Zfs 0 N PR & IR - B Jia (nuclear magnetic resonace spectrameter,
NMR) ~ 5% % i% & 17 & (gel permeation chromatography, GPC) % r& T # £ F 4 2
RS AT RE R A AP 4 RoT Lk k¥ R(UVovis) 2 ¥ % £ (PL)

KAFTH LT R fIr e BIE A EREHEZETR -
inter-chain cross-linked ~ intra-chain cross-linked

- ’ \ inter-/intra- chain cross-linked

PBA

@ ligo-terthiophene

Bl 47 PRI MR T R 2 SRS LW
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e Lt
21 E BB = e (44)2 & 2 A4

A~ B 402 3-thiophene acetic acid 5 42404 B0 5 7 WA SR AR A F
BPEALEF o Flo o FANERCF BREFARARORERS B 25
BREEET O B R ERMF o o B AL FREPRF R ER AL o F
J&ts S5 p 1~ Yt(hexane:EA=10:1, Ry = 0.75)1F it &4 41 #-it &+ 41 ;g%:«_ﬁlﬁ
Pooder NBSH AT F B F g & $M4 ~#k(1 M NaOHg)) # & 5w
I P b E O o 1855 F 14 dt(hexane:EA=15:1, Ry= 0.6) 17 i & 4= 425 2_ {4
v & 40 42 &2 2-(tributylstannyl)thiophene % Pd(II)si7 &7 > &7 stille coupling
F R F ks 4 #(Toluene, Ri= 0.6)1F fig A B~ % 2. = wped H (1 & 4
43) 5 B S tdk i3 T (20 wt-% NaOHyq)) 8 (7K fEF > 873 WA F B> B
AB-iN 2= epes H 8(2,27;5°,27-terthiophene acetic acid, * & 4= 44); H & = & i o7
LA 48 5 7 o ' -
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2 Bz AL B RRFRFFME ML A BAH
fl*F- b S0 L7 PR A A2 B REF ML 7 g0 &

+ 3 A B2 = e & (2,275,227 -terthiophene acetic acid) » & {7 fig it F i o i@
% —‘F%;,ié‘. A BT RMATECET > RERMABF F ETHB AT EY

it F % % » §_% P8 Frederick E. Ziegler and Gregory D. Berger™"% « ++ 1979 &

N

WA
H
o
" 5
X H
X —x
X
o
7 o
O o s A\ 4 S
H H < " a " s
o T O et oMo
x X X x A x "X X s
45
} =
b s rs
A - s )
| ”, =
3\ o
H '\OOS R
NH

o o oo
e L
o e
o) X
<\x ¢ o O o M
o 0)1\6
gy % ; caratty
J}W g
) o X
46 2
NH N N
Ho—/ i
d =
S
&
) Os
SN 7S
S s
QJ %, )
s
HO  OH s o 0 S s AJ_
s O 2 S 7 J N
NHHN

X=COOBu
Bl 4-9. i* &4 4546 47 2_ & 2 7 3. B
Fore DR HARRAL BREF FME T fiy 0 & DCC ~ DMAP

%—{-;
l\;‘
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& p-TSA e773 &7 > ¥ 3-2 e 2k = #e(2,27;5°,2” -terthiophene acetic acid):& {7 fig
CERE(RA49 R B EST AR R A RBFFRE " fabhF F - B o d
Aoodga fIF P - BRI EFETUF A FEME AR F MRS
FE e

4 442 'H-NMR hRI#7 * k2% = FFaah ko3 hk i3 2 2 @8
SZvpe H Ao AU AR 4-104-12 % 4-14 ¢ > 5= 6.99~7.35 ppm 2 F 2 H )
Mo PREEP BRERFRLE T (= ~ A > 2 Rk e g5 = s oh
o @ A 6=3.69ppm % b IR - R fTiE o LoeEea TR oacetic en® P G g
B3 Ade S HE T A H emusi(d= 1.11 ppm, 6H, b)22 = sed - H 321 8.(5=7.35
ppm, 1H, @) & & fr2 v 8 > ¥ E = vpea st B R A2 Bk 0 AT &
P2 v s LRz BB o3 H REZ R 2 B 5354537 100% o

d = kF4ak kg o5 2 GPC@](&L"?]411) ﬁﬂiﬁ){%ﬁfé&—?ﬁfi:ﬁj,ﬂ{,’(

A o R F R DA G B PDI=]. 2

W

AF BRI Aed 4-1 Hfor

= B4 2 L - RFshas. GPC g]vr—uaﬁm b (Il 4213 2 4-15)0 7 % 4-2 2 4-3
A EEE T 5 d GPC 2 IH-NMR"Lr/FJ B2 o kP42 L - Rk k3 o3 0T E R
it om A GPCH® # A3 ﬂzhwﬁm-iz BB R F R EREEA FEA
+E LA AL AR Eﬁj.ﬁn’“}%%«ﬁ-\ ttﬁ;,-f.u FEORAEEALY 0 LR (S

ﬁ%“‘—ﬁ.ﬁiﬁ& a4k g iET Er}[»’:ﬂ:’f\ﬁ Fﬁ;_}_" fig e & F*éﬂ]ﬁiklﬁ—;}f*f’:]ﬁ“ °

3
o]
]
e
o
o]
i
o]
o]
e
o

Bl 4-10. it & 4 45 2. 'H-NMR F]
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80
70-

] b
60 (a)(C)( )
50

40

30

Responsed

20 +

10

-10 4

y T y T y T
10 15 20 25

Retention:time (min)

B 4-11. = A4k k3 A5 GPC Blar(a) i 229 ~ (b)©* & 4 32~ (c)i* & 4 45

i

oAl - ool BT B Ak A ARSI 3 A R o 4
M, arc M, are. Mg MALS i W gD M., e X0/ arm’)

e 29 5650 6500  5850°" 1.15'/1.10° 6,150 (14.4°

FEF 32 4050 4700 6250  1.16'/133 6,100 (14.4°

“E4 45 4400 5250 6650  1.19°/1.15 6,950 (14.4°)

“RI  # %
® ¢ & B k4784 & B (multi-angle light scattering detector, MALS)
“d 'H-NMR #73+ 5 82 T30% &

IPBA tag 2 TR L B
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 NER D
() (©)

b

= )
O
n
c
o
Q.
n
Q
x

e ——
T T T T T T
10 15 20 25

Retention time (min)
Bl 4-13. = FF4ak kg~ + GPC Kl > (@) &4 30~ (b)I* &4 33~ (¢)i* & 4~ 46
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%42, - kA2 R4z B RBAFRBARFLEALS T Z ORI A

Migre My gee My yacs PDI M, e (Xn/arm’)
&30 14500 15600 15,850  1.08%/1.13° 16,000 (18.8")
&4 33 8200 9450 16,500  1.15'/128° 15,900 (18.8")
e 46 9450 11,000 15100  1.16'/1.16" 17,650 (18.8°)

“RI i ¥ =
% & B ks & B (multi-angle light scattering detector, MALS)
°d 'H-NMR #73+ 8 2 T30 & B

IPBA safz TR LR

‘H—

W,

P sh o o 7h T G T s T A T A T T 4 ob

Bl 4-14. 1 & % 47 2. "H-NMR ]
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100

80 -
@) (c) (b)

60
2
2
g 404
£

20

0
T I T I T I
10 15 20 25

Retentiontime (min)

W 4-15. = Pk 3 A 5 GPEW () 931 (D)1 £ 4 34~ ()1t & 4 47

=k

443, - 32 B Ereba bk gA S A S

n, GPC MW,GPEZ. :Mn,MALS' & PDI

g i
M

M c
. NMR (Xn/arm )

“E78L 18,700 20200 9,27,500 108" /123" 30,200 (17.4°)
e 34 7300 9,500 29,850 130°/1.04° 30,000 (17.4°)
“EF AT 10750 12,700 31,000 1.18°/1210 33,500 (17.4°)

“RI 1 =

® ¢ & B k4rst i ¥ B (multi-angle light scattering detector, MALS)

°d "H-NMR #72+ & 82 T 0% &

IPBA stafz TR LR

122



23 XBAFTHERZAFILRF L3004

fel 1wt-% 2 & kg A3 0 dkt 3R (it &4 45~ 46~ 47) > riRgd g T E o
BRAPM I EGF AT DARF F BT 5 - AF F EN . 013 Mg (A
(FeClL)R s g % % » -3 B RE G F LA FERL > A FFW

Fod FOMARSE T LBR AN B B R § R

™V

N

o R R g e EAY PRER > HE N Y B

NS

e
RS
[

A
i\

=

&
Ny

b

o
T

~

E:N

FE- R FEEW S HRTFIV Sz a2 wAB 3 4 F 2 B gh(cross-linking

POt > » ik - kA2 AL R o TR RARE 0 B UHRL o 8
ARMEERF AR P RER I EWA PRI B R RS T
RO Z R FRRERF A R RE o 2 E T R
H 4o &+ B 2. % B Bh(cross-linking point) 0 & H A= - faw B2 LB E Ry Fp

o gi‘fﬁ},iﬂﬁ ) Fﬁ’fig‘h I }F;s%éﬂé-_r_;'iﬂ'f'aﬁ,’g_ —‘?J" P FFF-I w d S, H oo
o= -y % e W

=,

q\/&\/ PBA

@ Oligo-terthiophene

Bl 4-16. ©* &4 48 +49 +50 2 47 &
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A ORFE2 BRI T E AL H UV R AL FATP L
B A A 5 K 3450m A3 475 nmoe K5 VBRGS0~ kFpa2 BB AT
G R HE s Sl R RH
deos F s g UV T LA B i = (red-shift) I % ch A 4 > 4B 4-17(a)22 (b) - &
B {820 F kK F(PL)Y [4oB 4-17(c)2(d)] > A2 B w4kt 3 » F St & 350

dkhz D E AR A A IR A ST AmE

a

nm 2z SEJRECHE (8 0 A 452 nm sk 0 A g TS o UV R A wjeit £ B S
475nm > F] o 2 450 nm 2 R RiEE S 0 IR A F K B Lo ) 595 gk 5 d
PL*Y . #I7TPEACEHIEE > &4 PEREP TIEBE endF2 > g 244 &
gedaE g oo @ gt — B fron(IID) perchlorate 4% 3218 » H UV-vis £ 3% ¥ (4-

4-18) > 4 %3t 768 nm~ 1380 nm A # 4p # & 2- polaron % bipolaron 2_ & 4 e T o

0.4 I T I
| L 1.00E+009
0.3 (@) |
<—_¥:H: - 8.00E+008
1 4\
g 027 / \ - 6.00E+008 T
c Ju} \ r~
? —
3 i / 0 v - =]
B . A - YY g
8 0.1 - Feanann \ YY - 4.00E+008 )
< \ 7 I <
§\ - 2.00E+008
7 ™
0.0 g
T ﬁ - 0.00E+000
011 : , : , : , : : :
300 400 500 600 700 800

Wavelength (nm)

Bl 4-17. = BPahz 2B\ ET AR E A S £ B2 UVvis 2 PL %28 » (a)2 5
3~ (b)% B 15 2. UV-vis %38 » (c)2 B ~ (d)2 B 15 2 PL sk 3¥
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Absorbance

O-O I T I T I T I T I
500 1000 1500 2000 2500

Wavelength (nm)

B 4-18. = BFehs < Al B p ﬁ%é%ﬂﬁﬁﬁﬁ 2. UV-vis %3 » (a)i
sed o (DM 1 | V&

Lo Reh ATBET AW AIWE L 0 B A UV B juk £ ¥

pas
2

F_*

m
TP A2 2B E A2 > 8 345 nm §
2ZERF L IR DR E AR LT P RALS T AT o REAS T4
EgEE R Flt o K UV 7 RS T e 4 (red-shift)Ih % 0 & 24 4oR) 4-19(a)
2(b) o H 28w {s 2§k LFHPL)® [4rB 4-19(c)&(d)] > B nigd § o+
Sk E 350 nm 2 K RECE 15 0 2k 450 nm Sk 0 AE IS 0 UV d 4 s ok £
A3 475 nm 0 FIt o 10450 nm 2 KRR S 0 RER A F £ By o 2l 610
nm ek > A PLY L FHRFRTPHENLEEHSBRGE > 5L PR EPIBE R
FA o pHAG L pesal g o @ gt - Fas iron(Il) perchlorate % 3eis » #
UV-vis &3 ¥ (4B 4-20) > & %> 760 nm ~ 1440 nm A # H 4p# & 2. polaron %
bipolaron 2. 4F e fciE > H e gl g & 2 FP4a2 B aofiE 4p i o At s HRIRT
TIF Gt 0 R AR R 2 IR o

125



2.0 1 : T : T : T : T : 1.00E+009

I 8.00E+008

I 6.00E+008
o T
= i C
>
.g L 4.00E+008 §
2 2}
< I <

L 2.00E+008

Vﬁ?j R Na Vvv““\“““““\““w“w‘ “““““““"vawww
\D T wmnaenonnannennm W 0.00E+000
0.04 “0~0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0-0-
T T T T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

Bl 4-19. L - Brasz 2 A 87 a3 A ® 2. UVivis 2 PL 3§ » (a)%
T~ (b)2 Wi 2 UV-vis 3 5 (o) Bii_ ()2 B tso PL %3

4 —
[}
(&)
g (b)
<2 eI
o ST T
S 1 N N
Q ~~~~~~~~~
G .
0 I T I T I T I T I
500 1000 1500 2000 2500
Wavelength (nm)
4-20. - - RP4aZ RBHAIETHE R F A F 2 BB 182 UV-vis £ > (a)

)
Baew o (b)Eei
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L BTN TR Rk G e o T e b kg
o ATHET EEL BR hoRR R R A S B ABK R i 500 rpm i iF 0 3T
AW G VR TEZETEYSE RS 225 nm o § @R e HF
WOE B4 RE2 T % (1500 rpm 2 3000 rpm #F 2 WA S B 5 130 2 90 nm) o #F

g (B R 5 225 nm)i5 AFM £ B > 2 4 6 Je kR (root-mean-square roughness,

ms)s 1.13nm- 2 2 pERZ FW > 2oL - @2 pd T2 L6 A8 -

4 e

1.6

1.2

r3

E s

1 =t

o

0 o
® 4-21. i—ﬁﬁk<%ﬂ%ﬁ*“ﬂf B2 E AFM B (55 R 5

225 nm)

BL- kA2 B E T E (1 & 4 29~31) 0 1% Fe(OCly); 3325 » 12 4R 50
Eg&#’;f ,—},’\i WTB/P %_;F: -Flg_;s lﬁﬁ:lﬁ'ﬁ‘-"z~:44° _\?)i&‘:{ _\q?[ﬂ]

ARBAETE TP - BETF A FREEAHAF A F 2 50~60% 0 H
T RBKEGE 107 Slom ;s fpt— xiavd = FFpaz L - FFeas B ok E AT A HE
LEAFTEEFTHS% TEED Y R ET A ﬂﬁﬂ&%ﬁ%ﬂ%ﬁ’
TR METHFIALAFIZ R PP EFPE R ET R AT LT A

AR R FP o ERETERAFTHTE 4

%’é‘:
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244 - kA2 B RBAFIERSFZETR

Sample entry Conductivity (mS/cm)
v £4% 29 NA
v £% 30 0.31
iv£4% 31 0.62

yobo g AmA T Ft ITORI > f1* § - B335 (doping)is o
K _UV-vis Bl ® (B 4-22)7 3 %> & 750 2 1600 nm 4 %] 2 4 H 4p ¥+ & 2. polaron %
bipolaron z_ 4F{F e fgi > @ P - EAEEE S KR Ao d LRSS 2L
T BT3B F B(de-doping)is > H (Ama) B 7] 480 nm > EF¥EE S RlEw R
A2 ficd o - AWMAYAFETHEET LI T E N F GBI BRF

KEPEHR I R SR TR RHE L F T X% (electrochromic)
2L A
1.0 - =
| M
| B dedoped
0.8 - 24 | - +1.8 V scan
' : -0.4 V scan
i +1.8 V scan
()]
(&)
c
]
=
o
0
Q
<
0.0
I T I T I T I T I

I T I T I T
400 600 800 1000 1200 1400 1600 1800 2000
Wavelength (nm)

S
Sy
RS
e
(w

B 422, - a2 ABAIETHEREAFIERPZ_E RSV F
UV-vis B4 Bk % e L B2 2 5% ¢ 7 4 B

P
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—

C R %

3.1 B A

1.

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
27.

Iron(III) chloride anhyride (Acros) - & * w3t 2§ 7 54 § pump
(1x107 torr) i}é“@"ﬁ% K= o] PE o

3-Thiophene acetic acid 98% ( Acros ) °

4-Dimethyl-aminopyridine 99% (DMAP) ( Acros ) °
N,N’-Dicyclohexylcarbodiimide 99% (DCC) (Acros ) °
p-Toluenesulfonic acid monohydrate 99% (p-TSA) (Acros ) °
Methylene chloride 99.9% ( Mallinckrodt ) » ™4 CaH, % ",% & ki
'k s o

Trichloromethane 99.9% ( Mallinckrodt) » 14 CaH, & ",ﬁ% KA A
%ok 5 o

Methanol ( Mallinckrodt )

Magnesium sulfate ( Fxfe /5 1‘%;‘“? g ji)

Acetone (Mallinckrodt) © _ P'E -
Hexane ( Mallinckrodt ) e : ; | <8
Hydrochloric acid 37% (Aéros_)l °

Sodium bicarbonate ( Acros) °

Tetrahydrofuran ( Mallinckrodt ) » ¥4 Benzophenone & 35 7 4 - ;_ﬁ‘]iik“ﬁ? K F AR
o1 % o

Silicon oil (H1 v Eg&E 2 )o

2-Bromo-2-methylpropionyl bromide ( Acros) °

Sodium bisulfite (SHOWA ) -

2,2-Bis(hydroxymethyl)proionic acid (Bis-MPA) 99% ( Acros ) °
2,2-Dimethoxypropane 98% ( Acros ) °

Triethylamine (TEA) (Acros) » % CaH, “,/TT K EAIS R o
1,1,1-Tris(4-hydroxyphenyl)ethane 99%, (30H) ( ALDRICH ) -

Dowex50 % 8-100 ion exchange resin ( Acros ) °

Copper bromide 98% (CuBr) (Acros)> # * @ 12 7k s fe 3+ 75 % overnight i >
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23.
24.

25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.

37.

“f-i PREFEE > £ Ao~ 2 EUFE 0 EAF RS S B8 )Y ethanol 2T P A R

fs > “,%i B SRBICRS R -

1,1,4,7,7-Pentamethyldiethylenetriamine 98% (PMDETA) ( Lancaster ) °

n-Butyl acrylate 99% (BA) (Acros) » & * w1 12 CaH, j%i#’—“,% Kt

SRR F AR5 (40°C T 12 1x107 torr) i * o

Silical gel » Geduran si 60 particle size 0.063-0.200mm ( Merck ) ©

Celite powder °

Aluminium oxide, neutral 50-200micron (Al,O; powder) ( Acros) °

N,N-Dimethylformamide (DMF) ( Acros ) °

Ethanolamine 99% ( Acros ) °

Nitromethane 95% (Acros) °

N-bromosuccinimide (NBS) (Acros) » fé# 7 5= £k ¢ & {7 | .

W GRBiICESRT o

2-(tributylstannyl)thiophene 95%~(ALDRICH)
dichlorobis(triphenylphosphine)pailéﬁ;@i@,’ [Pd(dpp.)Cl,] (ALDRICH)

Toluene (Mallinckrodt )

Acetic acid (Acros)

Ethanol (F2rft £ $55% ¢ 44).
Iron(I1I) perchlorate (Acros)

fi
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/

s
41

ethyl thiophene-3-acetate (41)s7 & =

P~— i 50 mL [f] % ¥g 4 » 3-thiophene acetic acid (5 g, 35 mmol) > *r » % ¥ 2 f%(30
mL){$ > £ 4 > FRfE(2mL) > £ 95°C T R TR o F O 12 0] BEES S A 3RA
BALR R REEST ARl 0 2e 2ICHChi(S0 mL)#-A i3 218 > F 4~ & e
Na,CO; 7k 7% 7% (50 mL)iE {7 3 Bx 55 Be= :'E..'?;‘i R M fra RS BT P ML o
S Y BN ’}iﬁﬁ‘rii%*ﬁ%ﬁli fs }--ﬁaizﬁ#ﬁ’a%-ﬂ CCAE R - I I = L
(7 % i (#4p 5 Hexane:EA=10:1 - Rf;.ing"?ﬁl) P EAY S EI BRIRH AT

1l M
88% - | B

KA

'H-NMR (400 MHz, CDCl;) : 8= 7.26(s, 1H), 7.13(d, 1H), 7.02(d, 1H), 4.14(q, 2H),
3.63(s, 2H), 1.24(t, 3H)

BC-NMR (100 MHz, CDCls) : 8= 171.13, 133.75, 128.50, 125.67, 122.77, 60.90, 35.96,
14.22
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[\

S

Br Br

42
ethyl 2,5-dibromothiophene-3-acetate (42)1 & =
Po— i 50 mL [l & Fg e » 1 & 4 41 (4 g, 23.5 mmol) > 4v » ARAFFE(GBOmL) e o {4
»~ NBS (8.45g,47.5mmol)> >+ 8T F Jigo F g 2 /] P M4 » 1 M NaOHyq)
Bk sd fedtw B¢ 2o de 2 CHoCly (50 mL)#-2 473 f3 14 > £ 4r » 4¢fr Na,COs
ki3 iE(GO ML) FEP s Bz (s > P e d BRERI P B L o ch T
PR o EORELERAR R R 0 B R T TR A o e A 0 E R T R R
L ($54p 5 Hexane:EA=15:1 » Ry=0.6)» 19 Ade S50 &0 8 2 A » A 5 4 % 75% o
KHTH - | =5

1l & | .
'H-NMR (400 MHz, CDCIy) . 76=6.92(s,1H), #15(q; 2H), 3.53(s, 2H), 1.25(t, 3H)

ey | 1
BC-NMR (100 MHz, CDCl3) : 8= 169.624134:45.:131.35, 110.96, 110.70, 61.25, 34.97,

14.15

ethyl (2,2°;5°,2”-terthiophene)-3-acetate (43)e1 & =

Po— & SO0mL ] &K ¥gse » it &4 42(4 g, 12 mmol) > 4v » & -k THF 30 mL){s » £

4v » 2-(tributylstannyl)thiophene (9.4 g, 25.2 mmol); 2. {5 > ¥ B~— 25 mL 2 F] &>
4v »~ dichlorobis(triphenylphosphine)palladium (0.35 g, 2.52 mmol);% >+ & -k THF (10
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mL) > B3R R A AF F TR bR 03 80°C T Ao e k0 KR 24 )
PRI > ek XA R R E R R SRS S gc s 5 4e » CHCl (50 mL)#-2 473 f#
o e RRFBZ S0 o e B f A 0 L RKREIREG K BRI ICE
A A o Hde AL F 4k T2 2 (7 1 (82 4p 5 Toluene » Ri= 0.6) » # A 4 5 &

kg okt AFAFHE 58%-

EHFH

'H-NMR (400 MHz, CDCl3) : 8= 7.33(d, 1H), 7.19(q, 2H), 7.15(d, 1H), 7.11(s, 1H),
7.07(t, 1H), 6.99(t, 1H), 4.18(q, 2H), 3.71(s, 2H), 1.26(t, 3H)

BC-NMR (100 MHz, CDCLy) : 8= 170.79, 136.77, 135.87, 134.78, 130.81, 127.85,
127.76, 126.77, 126.61, 126.14, 124.67, 123.87, 61.13, 34.96, 14.20

2,2°;5°,2”-terthiophene-3-acetic acid (44)e & =

Bo— B 50 mL [ A¥g4e » i &4 43(2 g, 6 mmol) » 4x » 7 FR(5 mL){E 0 4 » 20
wt-% NaOH(yq) (20 mL); 3t 100°C T 4tz i & & 12 7] pBF{é > 4 » CH,Cl, (50 mL)
AR Fhz s otk MHBRMRERFL R BRI ARTRAER
Bk o EERE P b 2 CHoCl (50 mL) M-k e i3 3 18 > 1l befe & Bk 575~
St e ek A ECRERRES RS BB IEEAS > 28554 AN
AP AFHL 9% -

LT

'H-NMR (400 MHz, CDCl5) : 8= 7.33(d, 1H), 7.21(d, 1H), 7.19(d, 1H), 7.16(d, 1H),
7.11(s, 1H), 7.07(t, 1H), 6.99(t, 1H), 3.77(s, 2H)

BC-NMR (100 MHz, CDCLy) : 8= 176.67, 136.60, 136.11, 134.48, 132.50, 129.85,

127.86, 127.03, 126.97, 126.48, 126.34, 124.79, 124.02, 34.51
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NH HN1
- ° o A X=CooBu
) o W
v i L i
\ |
AR e A [ )
iv & e A5~47 cn & = ; i s | |
|

P~— 100 mL 2. ¥ 5 [f] & 5~ 4o %:l 12,2{,25’,27{-terthi0phene acetic acid (= AF4&: 460
mg, 1.5 mmol: = kF4é: 184 mg','v'.(').._6_ n;lmol: "'I‘—l ._':ﬁ*é;é: 147 mg, 0.48 mmol) ~ DMAP
(= AF4&: 183 mg, 1.5 mmol; = /%*é:é: 114 mé, 0.6 mmol; + = EF4&: 58.6 mg, 0.48
mmol)% p-TSA (= AF4&: 285 mg, 1.5 mmol; = E*4#&: 183 mg, 1.5 mmol; -+ = kF4a:
91.0 mg, 0.48 mmol) » 14 s F % v HITH2 § § 15 0 i1 » -k CHCly (= AF4a: 20
mL; = AF4f: 1SmL; - - B4 10mLy)3 ik SRS AR R E 2 238050 8
WOCAKET o RPF - S0mL 2 HFFFIAEAR 4e » BEAABAZ 5 RG AT
(= BF4&: 1.53 g, 0.25 mmol; = EF4&: 795 mg, 0.05 mmol; -+ = &¥4&: 600 mg, 0.02
mmol)% DCC (= A&F4&: 466 mg, 2.3 mmol; = £F4&: 186 mg, 0.9 mmol; -+ = k*4a:
149 mg, 0.72 mmol) > 115 FEH T HEE 4 F X F 0 £t~ &k CHCl % (20
mL) > MAZFABRTRHEDINAFEE D B OC/AKEFT 30 A4ac BB A RAA
% %% &+ 3% 2~ 3-thiophene acetic acid ;37 # » J*PFF 5 5eim 2 0OC B ™ o
REFARBRRYZIZE B F R FREFEFZZX o F 48 ek
SR+ 308 2 CHOCL 3 A 0 #1804 3 » 7 i3 2 (150 mL)¥ - 4 o3l L

$5 B AP 52T CHCL (100 mL);3 5% # » 4 » 0.5 M HCI i3 7% (20 mL)i& i7 3
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&“ﬂuﬁa«ﬁ&ﬁ&zﬁu@ammﬁﬁpH@ﬁiﬂﬁﬁ:u%%iN&m@
7ki%?l E" ' £ '171—'96? kiez ¥ ER fs E"ﬁ }él/w/& ?'J’* ﬁd\ﬁﬁ;‘i;_i
fﬁfk, R S I TE A > AP L F 4RI AR

49

v & 4 48~50 e & & Y > &
APk km A S Ak (10 mg):cj%f“(’fﬁdgb(017 mL)® o B % 2R iR 2 ks
BB A AR R R R R (I 500 ipm)iE g A G R A G o T B
AOCHRE? o d B G YRR A A T FeCl (49 9)
4v » CHCl3 (10 mL) % & B ¥ $035A 7% ¢ 0 385 1V 8 cnd $0% MO % 7 ehs
BERBILTEE S AR IR

(w.

PSR R ST I TR IRAi- IR T i T S

REPFEEAT N EIARAYERFRER 5L S EARL R F
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AP AR A SN R ET R AT A R 0 T i B
Hovaf o Fh - Ma > APRFN- k583 EFRZ ERR Ui
it 7 opigaE B P A poly(3,4-propylenedioxythiophene) (PProDOT) i+ 24
(v &4 12-13-14-15); AP F R E E » 4L B RE P HE BN A2
PProDOT(* & # 13/ » fif i ¥ # UV-vis £3¥ ¢ 22 5 & & H % fcié
Flhtpidat BiE T - & B P(C>10) 0 2 PProDOT 4 +'% 7 148} qn

=

stacking #7ig & ent 7| ¢h > Hfplghs ¢ X P CFR A A A4 P Fla dd - R
P72 EFL g A3 B AN R ELT R A F@FIRAIET]7iE &2 7
e & & 2. conjugated domain F B o 2. {5 > AP e UV-vis £ RIFF g & > K F
HRERRES hF o FEHBANA2Z BERE 2 74 H(C=12, t &% 13) &
7% (THF & toluene)® - % ,&&: by BpF S 620 nm ek ol g TR R
b R T 837 e jOBEE S Y 0 R 575 nm Bl A R
Hpiepgpd » d § 3%;1?"@,3_&@#'%‘%%_]_950(}% H 539 nm %z
P W%ﬁ’ﬁﬁk*mﬁﬂﬁ%ﬁig°ﬁ&ﬂﬁ FOEPF O H Rl
PR L L CRE:T 3 L ER ) 1mwéif&ﬁﬁm@’&—%ﬁ
RELF R AR BB o2 5o A PT]» i T kR # B R
HErH > S EASH X ARAR T RA g FE N A2 sa R RE 2
#A 4 (C=12, it &4 13)» % pH @B PF(pH=12.5) > 4 3 42 COOH = > j23f
2 COO > Jo A F4aFFT R4 chBl (2 R A T4 W > 34 3482 LR
ok Amax=530nm) ; % pH T " pF > d 34 3 4ad COO R #& v COOH » 4
FELFI2BETTS TE BN IARLEY > R EAS I XL RE S
@@m#%mmnymwﬁﬁé%&ﬁﬁm%oﬁﬂ%ﬁm&—%ﬁ%ﬂi?
,%En! °
By o R4 o A BBk (core-shell latex):e BT 1% A W AT

o
P
o
23

=

S

f"‘r

PEA > R NE - A AnET RS CF A APEE - ERF AT —
poly(n-butylacrylate) (PBA) 3 7= » & 1% hspfhecfen= ;4> @ 8 %i#éi'x%"ﬁ L

T B A+ nH f8—gro (thiophene) > 2 6 1% § P R e 54 @ H kxh e

3

B AR E S d - BRER 2 ST k&&%&—?{]%#iﬁ%b’%@
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Bo P ARFAFIHEPAL DRI AR RAZ A B T AP T RERL
- PEAIET AN RS o S - PR AET ARSI IR AY L KB
B f#R > f & CHCL Az % » 12 AFM kg BpFanREA )L -H- 43
% B ¥ REF EGR A S AR 4o B AFM 28 iR b & IR7] 7 Bl (donut-like)
AR 0§ AF4afR 4 3 L - pF o 2 AFM B ¥ &2 % R donut-like %) 5% > R NEF
H 4 dF £ endR doE F pF > B 3 iE bk IR donut-like 7 A& o @ j$_DLS #2 AFM #7j
RIT| o > FREF 0 4 FIEF R KX B2 core-shell particle 2. %
-

AEZMA L APAHE LT ETRAL I BAMER AT PREL 0 LA
M B & F —poly(n-butylacrylate) (PBA) 5 1% » £ 12 & 2% 7L 2% %‘r 7 5N s 2 ey
(terthiophene) s + i3 AF > & R4 ek 44 5 IBA|HT F 4 F a4k » 2 {8 %5
A g A A E T, A B F =2 2 iron(Ill) chloride & ¥ 4%

”.

o AR I o 3 F R AT RSN T e 2 d AR A

@4GBM%¢$ﬂ&$‘%iﬁ*kﬁﬁﬁfﬁ%%ﬁiﬁﬁ’ﬂ% i g
TL?/\@fzJEv'}‘]LLL s VOl 'I'FZ%:‘HPTI?; H.;Fﬁ-% . Egg’fﬁb—;{f'@fi

ek

- > E"P—\;’:}’?g‘_”}; %

w0

spd At H 7k 2 core-shell "‘“}# , 'ﬂtl- ,_ja 1 méﬁ— oA
2 #F R (10*S/em) - ' :
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C-NMR of tetrabromothiophene (1)
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"H-NMR of dibromothiophene (2)
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BC-NMR of dibromothiophene (2)
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"H-NMR of 3,4-dimethoxythiophene (3)

o i
=

:!Ju-‘lf{ :-J-.FII;

i
o

Fogagad

&

e

145



BC-NMR of 3,4-dimethoxythiophene (3)
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'H-NMR of ethyl 2,2-bis(methylol)propionate (4)
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BC-NMR of Ethyl 2,2-bis(methylol)propionate (4)
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'H-NMR of ethyl 3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate (5)
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BC-NMR of ethyl 3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate (5)

SpinWorks 2.5 pro-DOT-ester 400MHz C13 (250p to -10p )
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'H-NMR of dodecyl 2,2-bis(methylol)propionate (6)
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BC-NMR of dodecyl 2,2-bis(methylol)propionate (6)
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BC-NMR of dodecyl 3,4-dihydro-3-methyl-2H-thieno [3,4-b] [1,4] dioxepine-3-carboxylate (7)
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'H-NMR of diethyl 3,4-dihydro-2H-thieno [3,4-b] [1,4] dioxepine-3,3-dicarboxylate (8)

opn
—7. 240014

BE2-311 400z Hi

——b6. 42954

N e

Ll H L]

1,27768

1.25989

1,24207
|
i

—1.58178

e
’Illllir.lilillil
ini

]
fittnd o

—_
p=

B BRE—
2.2861 _—

2.30717_—

E - ™
H'T. . é by _r'_a_' . - é i L 5 rrrrrr é'-' L ¥ ; 'arr

155



BC-NMR of diethyl 3,4-dihydro-2H-thieno [3,4-b] [1,4] dioxepine-3,3-dicarboxylate (8)

BE2-31) 400w C1) ( 2309 e -100 )
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'H-NMR of malonic acid didodecyl ester (9)
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BC-NMR of malonic acid didodecyl ester (9)

BE2-317 400MHz C13 ( 250p to =10p )
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'H-NMR of 2,2-bis-hydroxymethyl-malonic acid didodecyl ester (10)

BE2-330 400Mrz HI
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PC-NMR of 2,2-bis-hydroxymethyl-malonic acid didodecyl ester (10)
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'H-NMR of didodecyl 3,4-dihydro-2H-thieno [3,4-b] [1,4] dioxepine-3,3-dicarboxylate (11)
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BC-NMR of didodecyl 3,4-dihydro-2H-thieno [3,4-b] [1,4] dioxepine-3,3-dicarboxylate (11)
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"H-NMR of 3-armed ATRP initiator (20)
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C-NMR of 3-armed ATRP initiator (20)
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'H-NMR of acetonide-protected bis(methoxy)propionic acid (21)
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BC-NMR of acetonide-protected bis(methoxy)propionic acid (21)
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PC-NMR of acetonide-2,2-bis(methoxy)propionic anhydride (22)
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'H-NMR of acetonide-protected [G#1]-dendrimer (23)
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PC-NMR of acetonide-protected [G#1]-dendrimer (23)
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'H-NMR of [G#1]-(OH)s-dendrimer (24)
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PC-NMR of [G#1]-(OH)s-dendrimer (24)
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"H-NMR of 6-armed ATRP initiator (25)
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PC-NMR of 6-armed ATRP initiator (25)
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'H-NMR of acetonide-protected [G#2]-dendrimer (26)
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PC-NMR of acetonide-protected [G#2]-dendrimer (26)
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'H-NMR of [G#2]-(OH),»-dendrimer (27)
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'H-NMR of 12-armed ATRP initiator (28)
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PC-NMR of 12-armed ATRP initiator (28)
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"H-NMR of ethyl thiophene-3-acetate (41)
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BC-NMR of ethyl thiophene-3-acetate (41)

180



'H-NMR of ethyl 2,5-dibromothiophene-3-acetate (42)
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PC-NMR of ethyl 2,5-dibromothiophene-3-acetate (42)
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'H-NMR of ethyl (2,2;5°,2”-terthiophene)-3-acetate (43)
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BC-NMR of ethyl (2,2°;5°,2”-terthiophene)-3-acetate (43)
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'H-NMR of2,27;5°,2” terthiophene 3-acetic acid (44)
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BC-NMR of 2,2°;5°,2”-terthiophene-3-acetic acid (44)
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Since the discovery of electrically conductive polyacetylene
in 1977, conducting polymers have attracted considerable
attention in academic fields and industrial sectors due to their
novel optoelectronic properties and apparent potential use in
organic electronic devices.! An important characteristic of a
conducting polymer is its conjugated m-system along its
backbone, making it typically both fragile and rigid. The most
common method for solving this problem is to blend thermo-
plastics or elastomers into conducting polymers to produce
polymer composite. Potential applications of these materials
have been found in various fields,> such as electromagnetic
shielding, anticorrosion, and antistatic coating. In recent years,
several routes for preparing conductive polymer blends have
been described, including in-situ polymerization, solution blend-
ing, colloidal dispersion, emulsion, and electrochemical polym-
erization.” Another interesting route is the electrochemical
polymerization of a precursor polymer that contains a covalently
bound pendant electroactive monomer in an electrolyte solution
to generate a thin cross-linked film with an interpenetrating
network of conductive polymer.* The main ad vantages of this
technique include the easy of control of the film thickness and
the excellent processability. However, the total surface area of
the working electrode severely limits the size of the polymer
film, which is generally very small. The conductive film can
be prepared only on a conductive substrate, and the viscous
precursor solution may also reduce the rate of polymerization.

Recent studies have demonstrated that polymer composite
particles with nonconjugated cores and conducting polymeric shells
can have a very low conductivity percolation threshold—normally
only 5-20% of conjugated polymers by mass’—enabling the
mechanical and optical properties of the core material o be
optimized, such that they can be used practically in the coating
industry. These core—shell particles are generally prepared by
coating sterically stabilized latex, such as polystyrene, poly(methyl
methacrylate), and polyurethane, with a thin overlayer of conduct-
ing polymers via in-situ oxidative polymerization.® This work
elucidates a facile route for synthesizing conductive core—shell-
like polymer film by the solid-state oxidation polymerization of
terthiophene-terminated starburst poly(n-butyl acrylate). This ap-
proach is easy to implement and rapidly produces a large uniform
conducting film on almost any substrate.

* Corresponding author. E-mail: leewang @ ntu.edu.tw,
" Center for Condensed Matter Sciences. National Taiwan University.
“Institute of Polymer Science and engineering, National Taiwan
University.

# Mational Cheng Kung University.

10.1021/ma801129z CCC: $40.75

Macromolecules 2008, 41, 6608—6611

Scheme 1 illustrates the route for synthesizing conductive
core—shell-like polymer films. The dodecabromo-functionalized
initiator was used as a core molecule to build 12-armed poly(n-
butyl acrylate) via atom transfer radical polymerization (ATRP)”
in the presence of the CuBr/PMDETA complex. The feeding
molar ratios of the catalytic complex and monomer to dodeca-
bromo-functionalized initiator were set to 12 and 6000, respec-
tively, to ensure sufficient activity of catalyst on each chain
end of the polyfunctional initiator and to prevent star—star
coupling. The GPC trace of as-prepared 12-PBA exhibits a
single symmetric peak and a narrow molecular weight distribu-
tion (PDI = 1.09). indicating the well-controlled growth of
poly(n-butyl acrylate) chains during polymerization. Both GPC
and 'H NMR techniques were adopted to determine the number-
average molecular weight (M) of 12-PBA. The average degree
of polymerization (X,) per polymer arm on the star was
calculated from the ratio of the areas under the peak of the
methylene protons (6 = 4.05 ppm, 2H) on n-butyl ester side
chain of the polymer backbone to that under the peak of the
peripheral methyl protons (& = 1.10 ppm, 6H) on the core
initiator and was found to be around 33, which is equivalent o
a M, of 56 600. However, a much smaller M, (40 700) was
obtained using the GPC technique, in which linear polystyrene
samples were used as standards to establish the calibration curve.
Several investigations have reported that the GPC method
frequently underestimates the molecular weight of hyper-
branched polymers because branched polymers in solution have
a more globular conformation than linear polymers, leading to
a smaller molecular size of the branched polymer than of the
linear polymer for the same molecular weight.

The w-bromo ends of the 12-PBA were modified to generate
the same number of hydroxyl groups by nucleophilic substitution
using excess ethanolamine as a nucleophile and base. The complete
substitution with ethanolamine was verified by the total disappear-
ance of the signal at & = 4.05 ppm. corresponding to the proton in
the terminal —CHBr— groups, and the appearance of two new
signals at & = 3.1 and 3.3 ppm in the 'H NMR spectrum,
corresponding to the methylene proton on ethanolamine. Interest-
ingly, the GPC-determined M, of 12-armed star decreased drasti-
cally from 40700 to 25500 as their arm ends were simply
transformed from —Br to —OH moieties, perhaps because the
strong intramolecular H-bonding between —NH and —OH groups
in 12 PBA-OH limits the extension of polymer chains into solvent
and thus reduces molecular size. A similar observation has been
made of the OH-terminated 3-armed polystyrene system.”® 12-PBA-
OH was then esterified with (2.2":5".2"-terthiophene)-3-acetic acid
in CH:Cl; with DCC and DPTS as the dehydration agent and the
reaction promoter, respectively. The product (12 PBA-terTh) is
very soluble in a wide range of organic solvents, including acetone,
chloroform, dichloromethane, and THF. Similarly, the extent of
terthiophene functionalization on 12 PBA-OH was estimated from
the ratio of the area under the peak of the methine proton (6 =
7.31 ppm. 1H. a) on terthiophene in the "H NMR spectrum to that
of the peripheral methyl protons (& = 1.10 ppm, 6H, b) on the
core initiators, as displayed in Figure 1. The a:b ratio was
determined to be 1:5.95, revealing a terthiophene grafting
efficiency of almost 100%. Table | presents the molecular
weight characteristics of these starburst polymers determined
by both GPC and NMR methods.

After a precursor film on glass substrate had been prepared
from 1 wt % 12-PBA-terTh solution in chloroform by spin-
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Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan 106, and Institute
of Polvmer Science and Technology, National Taiwan University, Taipei, Taiwan 106

Received December 7, 2007; Revised Manuscript Received May 29, 2008

ABSTRACT: A synthetic route for highly stable electrically conductive core—shell nanoparticle was developed.
It involves the synthesis of multiarmed poly(n-butyl acrylate-b-polystyrene) (PBA-b-PS) starburst block copolymers
via the atom transfer radical polymerization method from polyfunctional initiators under very dilute condition
using n-butyl acrylate and styrene as monomers, sequentially. Both NMR and gel permeation chromatography
analyses reveal that the as-synthesized copolymers had a well-controlled molecular weight with a polydispersity
of below 1.2. Then, the outer PS shell of the star copolymer was converted into hydrophilic poly(p-styrenesulfonate)
with acetyl sulfate to generate amphiphilic PBA-b-PSS unimolecular micelles. The '"H NMR spectrum confirmed
that a sulfonation of almost 100% was reached without hydrolysis of the side butyl ester chain on PBA blocks.
Finally. the oxidative propagation of 3.4-ethylenedioxythiophene (EDOT) on the PSS chains was carried out by
counterion-induced polymerization to produce a stable aqueous dispersion of star-shaped PBA-b-PSS/PEDOT
complex, which can be visualized as a conducting core—shell nanoparticle. The obtained products were
characterized by FT-IR and UV —vis spectroscopy. All thin films prepared by casting from 4-, 6-, and 12-armed

complexes exhibited excellent flexibility and strong adhesion to glass substrate; their conductiv

es were determined

by the four-point probe method to be 6.7, 4.9, and 6.8 mS/cm. respectively.

Introduction

Polymeric micelles have been extensively studied in recent
years because of their wide range of applications in medicine
and biotechnology." In particular, polymeric micelles have been
developed as drug and gene delivery carriers for various
therapeutical purposes.” However, since the formation of
polymeric micelles is a thermodynamic process, micelles are
quite sensitive to fluctuations in the surrounding environment
and easily dissociate into free chains at concentrations below
the critical micelle concentration (cmce). Alternatively, hyper-
branched polymers with covalently bonded core and shell
architectures can be regarded as “unimolecular” polymeric
micelles (UPM) with excellent stability in dilute solution because
the chemical structure is firmly connected and is independent
of concentration.” UPM is frequently prepared using either
dendrimer or a star-shaped polymer as the core moiety and by
sequentially modifying its chain ends with functional blocks to
form a core—shell structure.” Herein, the use of a star-shaped
polymer as core typically simplifies preparation since fewer
synthetic steps are required. The star-shaped polymer can be
synthesized using either the arm-first or the core-first strategy,
and the latter has been widely developed because the crowding
effect of the incoming polymer arms at the reactive sites on the
core molecule can be greatly reduced and living polymerization
technique can be adopted to grow the polymer chain in a highly
controlled manner.® Atom transfer radical polymerization
(ATRP) is one of the most useful living/controlled radical
polymerizations because the dynamic equilibrium of the transfer
of halogen atoms between the dormant polymer chain and the
ligand is such that the polymerization can be effectively
controlled to produce polymers that bear predictable molecular
weights and low polydispersity.” Therefore, versatile polymer-
based architectures, such as block copolymers. graft copolymers.
and even star-shaped copolymers, can be easily created.”
Recently. we demonstrated an easy route for synthesizing well-
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defined Cgg-anchored star-shaped polymers via the effective
cycloaddition of Cgo with malonate ester-bearing star-shaped
poly(rert-butyl acrylate) (PtBA), which was prepared using the
ATRP technique.®

Conductive core—shell particles have attracted considerable
interest because they exhibit excellent processability and a very
low conductivity percolation threshold—normally of only 520
wt % of conjugated polymers—enabling the mechanical and
optical properties of the composite to be optimized by the use
of maximum amount of core material.” Accordingly, they can
be used in effective anticorrosive and antistatic coatings.'"” These
particles are usually prepared by coating sterically stabilized
latex, such as polystyrene, poly(methyl methacrylate), and
polyurethane, with a thin layer of conducting polymers via in
situ oxidative polymerization.'' However, once the dimensions
of the latex particle drop from the submicron scale to the
nanoscale, the formation of a stable colloidal dispersion after
the surface has been coated with a conducting polymer becomes
difficult. Given this concern, UPM is highly suitable for the
preparation of conducting core—shell “nanoparticles™ because
of its nanoscale dimensions and remarkable stability in solution.
Another interesting route for synthesizing stable electroactive
nanoparticle involves the use of starlike block copolymer as a
template and stabilizer to incorporate metal particles formed in
situ into its matrix.'” However, the reports on the preparation
of conductive all-organic core—shell nanoaprticles based on
starburst polymers or dendrimers are still rare.'* This work
demonstrates a new route for preparing electroactive core—shell
nanoparticles using an amphiphilic starburst block copolymer
as a template. Scheme | depicts this novel conducting nano-
particle. First, well-defined star-shaped poly(n-butyl acrylate)-
b-polystyrene (PBA-H-PS) was synthesized by ATRP. Then, a
gentle sulfonation reaction converts oleophilic star-shaped PBA-
b-PS 1o hydrophilic star-shaped poly(n-butyl acrylate)-b-poly-
(styrenesulfonate) (PBA-b-PSS). Since amphiphilic star-shaped
PBA-b-PSS has a hydrophobic PBA core and a hydrophilic PSS
shell favors the formation of UPM structure in water, the
oxidative propagation of 3.4-ethylenedioxythiophene (EDOT)
was carried out along each PSS chain through counterion-
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