2.1

Lancaster TCI

Aldrich Merck Janssen

Merck  Fisher tetrahydrofuran (THF)
benzophenone
dichloromethane
toluene benzophenone
2.2
22.1 ( Nuclear Magnetic Resonance
NMR)
Varian-300 MHz d-chloroform
tetramethylsilane 0 =0.00 ppm
77.24 ppm d-methanol 3.33 ppm
47.82 ppm ppm
S singlet d doublet t triplet

m multiplet
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2.2.2 ( Differential Scanning Calorimeter

DSC )

Perkin Elmer Pyris Diamond DSC indium
tin 2~5mg
10 /min 100 /min

2.2.3 ( Thermal GravimetricAnalyzer TGA)
Perkin Elmer Pyris 2~10mg
10 /min 100 ml/min
onset
2.2.4 ( Gel Permeation Chromatography
GPC)
Viscotek VE2001 Viscotek T50A

differential viscometer  Viscotek LR125 Laser refractometer

American Polymer column gel
10° 10° 10° A polystyrene ( PS )
tetrahydrofuran (THF) 35
2.0 mg 1.0 mL
tetrahydrofuran 0.2 um  Nylon filter
2.2.5 ( UV-Vis Spectrophotometer )

HP 8453  UV-Visible
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2.2.6 ( Luminescence Spectrophotometer)

ARC SpectraPro-150
450 W Xenon

(potoluminescence PL)

2.2.7 ( Cyclic Voltammetry CV)

Autolab ADC 164 -

Pt (standard
calomel electrode, SCE) (reference electrode) (Pt)
(counter electrode) 0.IM: . " TBAHFP / acetonitrile
50mV/sec
2.2.8 (photochemical reactors)

Rayonet photochemical chamber reactor Model RPR-100

12 350nm 40nm
:9.2mW/cm? 4
36.8 mW/cm?
2.29LED

Photo Research
PR-650 Spectra Scan
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2.3

M1~M7 P1~P7 Scheme 1 ~ Scheme
6
2.3.1 M1~-M7
2.3.1.1 2,7-Dibromofluorene (1)
250 ml fluorene ( 10 g , 60.16 mmol )
FeCl3( 0.49 g, 3.01 mmol ) 100 ml chloroform

bromine ( 20.11 g, 126.35 mmol ) 20 ml chloroform

12 30 ml Na,S,04 30
chloroform MgSO,
hexane 1571 g 80.6
165~166
'H-NMR (300M Hz, CDCIl;, oppm) 3.84(s, 2H,Bv "),
7.47 (d, 2H, aromatic protons), 7.51(s, 2H, aromatic protons), 7.64(d, 2H,

aromatic protons)

2.3.1.2 3-(((6-Bromohexyl)oxy)methyl)-3-methyloxetane (2)

500 ml 120 ml1 50 NaOH 100
ml hexane TBACI ( tert-butyl ammonium chloride )( 0.5 g )
dibromohexane( 60.25 ml , 391.6 mmole ) 3-methyl-3-oxetanemethan
-ol( 10 g, 97.91 mmole ) 75 4
hr haxane MgSO,
(2mmHg,90 )
182 ¢ 70.32%
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'H-NMR (300M Hz, CDCls, dppm) 0.97(s, 3H,-CHs), 1.26~1.76
(m,6H, CH,-(CH,);-CH,), 3.26~3.36 (m,6H,-CH,-O-CH,- -CH,-Br),
4.19~4.38 (m, 4H, ring protons)

2.3.1.3 2,7-Dibromo-9,9-dihexylfluorene®"” (M2)

100 ml 35 ml 50 NaOH
TBACI ( tert-butyl ammonium chloride )( 0.1 g) 1-bromohexane ( 3.36
g, 20.36 mmol ) 2,7-dibromofluorene ( 3 g, 9.26 mmol )
15 ml THF
70 ~80
MgSOy hexane
4.07 g 88.96
64~65
'H-NMR (300M Hz, CDCl;, Sppm)  0.75(t, 6H, -(CH,)s-CHs),

1.01~1.14 (m, 16H, -(CH,)-(CH,);-CH5), 1.88 (t, 4H, (CH,)-(CH,)4,-CHj3),
7.41 (s, 2H, aromatic protons), 7.44(d, 2H, aromatic protons), 7.51(d, 2H,

aromatic protons)

2.3.1.4 3-({[6-(2,7-Dibromo-9-{6-[(3-methyl-3-oxetanyl)methoxy]
hexyl}-9H-9-fluor enyl)hexyl]oxy}methyl)-3-methyloxetane (M1)

100 ml 35 ml 50 NaOH
TBACI ( tert-butyl ammonium chloride )( 0.1 g ) (2) ( 3.36 g, 20.36
mmol ) 2,7-dibromofluorene ( 3 g, 9.26 mmol ) 15 ml
THF
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70 ~80
MgSO, hexane
4.07 g 88.96
62~65
'H-NMR (300M Hz, CDCls, ppm) 1.03(s, 6H,-CH3), 1.24~1.91
(m, 6H, CH,-(CH,);-CH;), 3.28~3.44(m, 6H, -CH,-O-CH,- -CH,-Br),
4.26~4.46(m, 4H, ring protons),7.40~7.50(m,6H, aromatic protons)

2.3.1.5 2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

9,9-dihexylfluorene®" (M3)
50ml 2,7+dibromo-9,9-dihexylfluorene (1) ( 5 g,

10.16 mmol ) THF
-78 5 1.6 M n-butyllithium ( 15.87

ml, 25.39 mmol ) -78 2

2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane ( 6.22 ml, 30.48 mmol )  -78

overnight
n-butyllithium ether
MgSO, hexane
38lg 63.86 185~186

'H-NMR (300M Hz, CDCly, Sppm)  0.72(t, 6H, -(CH,)s-CH;),
0.98~1.11(m, 16H, -(CH,)-(CH,)4-CH3;), 1.36(s, 24H, -CH3;), 1.98(t, 4H,
(CH,)-(CH,)4-CH3), 7.68 (s, 2H, aromatic protons), 7.71(d, 2H, aromatic

protons), 7.78(d, 2H, aromatic protons)
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2.3.1.6 N,N-Di(4-bromophenyl)-N-(4-pentylphenyl)amine (M 4)

250ml 1-bromo-4-iodobenzene ( 3.5 g , 21.4
mmol ) 4-pentylaniline ( 13.32 g , 47 mmole ) 1,10-phenathroline
(0.385¢g,2.14 mmole ) CuCl(0.212 g, 2.14 mmol) KOH ( 12¢g,
214 mmol ) toluene 120 ml 12hr EA/Hex=1/10

73 g 72%
57~60
'H-NMR (300M Hz, CDCly, Sppm)  0.88(t, 3H, -(CH,)s-CH;),
1.23~1.59(m, 6H, -CH,-(CH,);-CH3), 2.54(t, 2H, -CH,-(CH,);-CH,),
6.86~7.32 (m, 12H, aromatic protons)

2.3.1.7 4,7-Dibromoe-1,2,3-benzothiadiazole (M5)

150ml diazothiophene ( 6.8g,mmol) HBr(30ml,
mmol) 125°C bromine(8.3ml,mmol)
24 50ml Na,S,04
bromine EA
13g 98% :187~189

'H-NMR (300M Hz, CDCly, dppm)  7.86(s, 2H, aromatic

protons)

2.3.1.8 4,455-Tetramethyl-2-(2-thienyl)-1,3,2-dioxaborolane

3)

50ml 2-bromothiophene ( 6 ml , 61 mmol )
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THF =78
5 1.6 M n-butyllithium ( 57.5 ml , 91.5 mmol )
-78 2
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane ( 16.3 ml, 30.48 mmol )  -78

overnight
n-butyllithium ether MgSO,
hexane
98¢ 78 59~62

'H-NMR (300M Hz, CDCl3, dppm)  1.31 (s, 12H,-CH;),
7.16~7.66 (m, 3H, aromatic protons)

2.3.1.9 4,7-Di(2-thienyl)-2,1,3-benzothiadiazole (4)

25 ml
3(3.2¢g,1523mmol) M5(2g, 6.8 mmol) Pd(PPh;),
(0.0g,0.0688 mmol ) K,CO;3(4 g, 28.94 mmol) Aliquat
336( 0.8 g, 2 mmol) 8 ml dry toluene
2 ml degas 85 1 EA/
MgSO, EA/Hex=1/10
1.65¢g

2.3.1.10 4,7-Di(5-bromo-2-thienyl)-2,1,3-benzothiadiazole (M 6)

100ml (4)(1g,3.33mmol)  N,N-dimethyl-
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acetamide 10ml NBS(1.48¢g,8.31
mmol ) N,N-dimethylacetamide
2hr
l.4g
0.4¢g
'H-NMR (300M Hz, CDCls, Sppm)  7.12(d, 2H, ring protons),
7.70(s, 2H, aromatic protons), 7.78(d, 2H, ring protons)

2.3.1.11 4,455-Tetramethyl-1,3,2-dioxaborolan-2-yl benzene

(M7)
50ml bromobenzene( 5 g, 31.85 mmol )
30 ml dry THF -78 5 1.6
M n-butyllithium ( 24.89 ml, 39.8L-mmel ) ' ~-78
2

2-isopropoxy- 4,4,5,5-tetramethyl-1,3,2-dioxaborolane ( 9.75 ml , 47.78
mmol ) -78
overnight n-butyllithium
ether MgSO,
hexane (
)2.38¢ 36.58 136~138
'H-NMR (300M Hz, CDCls, ppm)  1.31(s, 12H, -CH3), 1.32 (s,

OH , -C-(CHj);- ), 7.38~7.76 (m, 4H, aromatic protons)
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2.3.2 P1~P7 (66)
2.3.2.1 P1 P7

P1 P6 Suzuki coupling®”

Fig. 3-17

Pl

R.A® \\{/ﬂ R

\
{i Jl

- Pjin.a" AEPaIX
12 ‘\ 8
(a)
) L P/ﬂ
p-pg-Ph === p3! —= Ph-Ph + PdiD;
L L %
e =
(b)
Fig. 3-17 The mechanism of Suzuki coupling®”
Pd Pd(PPh;),
Pd Pd(0) Pd(
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arylhalide boron ester

aryl group Pd

Fig. 3-17(b)
aryl group Pd Pd
Pd(0)
23.2.1 P1
25 ml

M1(0.295¢g,0426 mmol) M3(0.5¢g,0.85 mmol)
M4(0.2g,0.422 mmol)  Pd(PPh3),( 0.01 g, 0.0086 mmol ) K,CO;

(0.55¢g,3.98 mmol) Aliquat 336( 0.08 g, 0.20 mmol )
8 ml dry toluene 2 ml degas
85 5 End cap reagent 4,4,5,5-
tetra- methyl-1,3,2-dioxaborolan-2-yl benzene ( 0.174 g, 0.85 mmol )
85 1 End cap reagent 1-bromo 4-tert-butyl
benzene( 0.175 ml, 1.02 mmol ) 70 1
12
THF 12
THF 6000

3

043 ¢ 70.11%

2.3.2.2 P2
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25 ml
M2(0.21g,0.425mmol) M3(0.5g,0.85 mmol)
M4 (0.2g,0.422 mmol )  Pd(PPh;)4( 0.01 g, 0.0086 mmol ) K,CO;
(0.55g,3.98mmol ) Aliquat 336(0.08 g, 0.20 mmol )
8 ml dry toluene 2 ml degas
85 5 End cap reagent 4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl benzene ( 0.174 g, 0.85 mmol ) 85
1 End cap reagent 1-bromo 4-tert-butyl
benzene( 0.175 ml, 1.02 mmol ) 70 1
12
THF 12
THF 6000
3
039¢ 73.83%

2.3.2.3 P3

25 ml
M1(0.41¢g,0.592mmol) M3(0.5g,0.85 mmol)
M5(0.075g, 0.255 mmol )  Pd(PPh;)4( 0.01 g, 0.0086 mmol ) K,CO;
(0.55g,3.98mmol ) Aliquat 336(0.08 g, 0.20 mmol )
8 ml dry toluene 2 ml degas
85 5 End cap reagent 4,4,5,5- tetra-
methyl-1,3,2-dioxaborolan-2-yl benzene ( 0.174 g, 0.85 mmol ) 85
1 End cap reagent 1-bromo 4-tert-butyl

benzene( 0.175 ml, 1.02 mmol ) 70 1
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12

THF 12
THF 6000
3
047 g 73.75%
2324 P4
25 ml

M1(0.295¢g,0.426 mmol) M3(0.5¢g,0.85 mmol)
M4 (0.08g,0.167 mmol ) M5(0.075g,0.255 mmol) Pd(PPh;)4( 0.01
g,0.0086 mmol ) K,CO;3(:0.55 g53.98 mmol ) Aliquat 336(0.08 g,

0.20 mmol ) 8 ml dry toluene 2 ml degas

85 5 End cap
reagent 4,4,5,5- tetra- methyl-1,3,2-dioxaborolan-2-yl benzene ( 0.174 g,
0.85mmol) 85 1 End cap reagent
1-bromo 4-tert-butyl benzene( 0.175 ml, 1.02 mmol ) 70 1

12
THF
12 THF
6000 3
040 ¢ 68.14%
2.3.2.5 P5

25 ml
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M1(0.295¢g,0.426 mmol ) M2(0.147g, 0.297 mmole )
M3(0.5g,0.85mmol) M6(0.058 g,0.127 mmol ) Pd(PPh;)4( 0.01
g,0.0086 mmol ) K,CO;3(0.55¢g,3.98 mmol) Aliquat336(0.08 g,

0.20 mmol ) 8 ml dry toluene 2 ml degas

85 5 End cap
reagent 4,4,5,5- tetra- methyl-1,3,2-dioxaborolan-2-yl benzene ( 0.174 g,
0.85 mmol ) 85 1 End cap reagent
1-bromo 4-tert-butyl benzene( 0.175 ml, 1.02 mmol ) 70 1

12
THF
12 THF
6000 3
041 g 63:13%
2.3.2.6 P6
25 ml

M1(0.295¢g,0426 mmol) M3(0.5¢g,0.85 mmol)

M4 (0.141g,0.298 mmol ) M6(0.058 g,0.127 mmol )  Pd(PPhj),
(0.01 g,0.0086 mmol) K,CO;(0.55¢g,3.98mmol) Aliquat 336
(0.08 g, 0.20 mmol ) 8 ml dry toluene
2 ml degas 85 5
End cap reagent 4.,4,5,5- tetra- methyl-1,3,2-dioxaborolan-2-yl benzene
(0.174 g ,0.85 mmol ) 85 1 End cap
reagent 1-bromo 4-tert-butyl benzene( 0.175 ml, 1.02 mmol ) 70

1 12
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THF
12
THF 6000 3
0.38¢g 61.18%

2.3.2.7 P7

25 ml
M1(0.295¢g,0426 mmol) M3(0.5¢g,0.85 mmol)
M4 (0.08g,0.17 mmol ) M5(0.05g, 0.17mmol ) M6 (0.039 g, 0.085
mmol ) Pd(PPh;)4( 0.01 g, 0.0086,mmol ) K,CO;5(0.55 g, 3.98 mmol)

Aliquat 336 ( 0.08 g, 0.20:mmol.) 8 ml
dry toluene 2 ml degas 85 5
End cap reagent’ 4.4,5;5- tetramethyl-1,3,2-dioxaborolan-
2-yl benzene ( 0.174 g, 0.85 mmel ) .85 1
End cap reagent 1-bromo 4-tert-butyl benzene( 0.175 ml, 1.02 mmol )
70 1 12
THF
12
THF 6000 3

04l g 68.22%
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2.4

24.11TO pattern
Merck Display Tecnology

10/ o indium-tin oxide ( ITO ) 20 mm
x20 mm ( pattern )
(1)
AF5040

(2) pattern,+1:300'<400 nm 60
3) 1% ~2%
(4) ITO 50

60

(5) 1%~3%
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242170

Sepl NaOH S 30
J, 30
Sep 2 30
Jv 30
Sep 3 30
Jv D.I water
Sep 4 IPA 30
Sep 5 110

24.3

1% ~2 % (10~ 20 mg/ml) Toluene

Diphenyiodonium Hexafluoroarsenate 5 ~ 7%

ITO PEDOT
ITO 500 rpm 5
1000 ~ 2000 rpm 35
20 130 60
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( Al Ca )

THF Toluene 5~10 THF

Toluene
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Ch
O 08, e
CH,OH

Bry NaOH Hexane
FeCly J CHCl3 TBACI J H,0
r
@ (2)
NaOH l TBAB

A

Scheme 1. Synthesis of photo-crosslinkable monomer M1
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(250

Bry
FeCl3

A

@

CHCI4

CgHp3Br 1 NaOH/TBACI

LD
Cehs” CeHiz Br_< >_| ¥ NH2—< :>—C5H11

M2
N-BuLi/THF l >—0-B 1

gt ~Og0-

M4

1

(5@

2% 50% 25%
0
R= o
NN\

P1

Scheme 2. Synthesis of photo-crosslinkable monomers M3 and M4
and polymer P1
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o)
\ /
O - O - OO
CeH1d CeH13 CeHad CeHiz
M2 M3

sH11
M4
|
|
(S IHO) N—<:>—)
oo oo 75% ¢ 25%
P2 -
] \
'\S/N

lNBS

OO D
9! IO

R R CeH1. CeHis N\S/

M1 M3 M

5

1

(SN )

5% 50% s’ 15%

O,

NN

Scheme 3. Synthesis of photo-crosslinkable monomer M5 and
polymers P2 and P3

P3
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CeH1d” CeHiz

GO0

sH11 M5
M4

25% 50% 10% N\S/ 15%

(o]

NN
P4
@-Br
n-BuLi l >_O_B<Z:é
Br‘QBr
1 \\_/ +

Q— \ﬁ (!

Suzuki coupling l

/\ I/ \

I\
AN

- SO O Q—Q—@

CeH1gd”  Cetis

l
0.0 (5 S

\
CeH1d”  Cetis N\ « N
25% 67.5% 7.5%

R \/\/\/0502 P5

Scheme 4. Synthesis of photo-crosslinkable monomer M6 and
polymers P4 and P5
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oSSR sla oate=

(A
NN

M6 CsHig

0.0 (LI O-O-OHO

i
CeH1 CeH13 N N
2% 50% 7.5% 17.5%

" \/\/\/& P6 -

M5 sH11

O.Q O.Q f?
5 o

Scheme 5. Synthesis of polymers P6 and P7
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0
vouti | D-og IS
o)

O 0O~

M7

End Cap Reagent 1 End Cap Reagent 2

Scheme 6. Synthesis of End cap reagent
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