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National Chiao Tung University

Abstract

The aim of this research is to synthesize two kinéigoly(7,10-
benzacenaphthene vinylene) derivatives with twofedht side
substituents, includingr-decyl group and biphenyl liquid crystalline
mesogen. In order to increase molecular weightdamel emitting colors,
copolymerization was also carried out with the nmeo of MEH-PPV.
In addition to the identification of chemical sttuies, the optical,
electrochemical, and thermal properties of all pays were investigated
as well. Double-layer polymer light-emitting diodesgre fabricated, and
their potential use in electroluminescent devicesewevaluated.

All polymers were synthesized via the Gilch polymation. Polymer
1P is an oligomer with a glass transition temperatafel57 °C. The
molecular weight of polyme2P is increased to 2.04x1@/mol; its glass
transition temperature is also increased to 207 as a result of
incorporating biphenyl liquid crystalline mesogen.

The maximum absorption and PL emission wavelengftiis thin film
are located at 370 and 510 nm, respectively. Theirman absorption

and PL emission wavelengths 2 thin film are located at 365 and 508



nm, respectively. Both of them show bluish-greeroféscence. The CV
analysis shows that the HOMO, LUMO, and bandgapobfmerslP and
2P are -5.99, -3.05, 2.94 eV, and -5.63, -3.05, 294respectively. The
difference in HOMO is due to the liquid crystallineesogen attached to
2P chains.

The maximum absorption wavelength3® thin film is found at 368
nm, while its oxidation potentiéd 1.54 eV, which are similar tbP. The
optical properties of copolymer#P and 6P are similar. Among these
materialsSP. shows better device performance. The brightned<arrent
efficiency. of 5P were-reached 202 cdfmnd 0.009 cd/A, respectively,
from a device configuration of ITO/PEDOT/polymer/Al
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Figure 1-13. The structure of PBV derivatives.

PBVE & = 2 ngralie @B R gk » ot IR A - 8
(cyclopenta-fusedy 3 8 #-H 5 &g ¥ 07 + 8o s 2 g R TP
A5 % netypetlhe b @B 6 i 55 A A PR

ARG EXNABRES o F= BREFIP2 L A PBVR e &
Fenh gAY A BRI AT R AR A F R RR 0 # 2R
-G AT - BRESF2P? L_APBVRIB- AR - BEF R
(Biphenyl)iz & A B » # % %ﬁ d gt B A R A RS iR R

PR TN € TRETEES AL S0 EE e

i I EE R i 45 (blue-shift. p e e ¥ ¢h )b B X LB & 2F 0y 8 KA

15



482 R adp (aggregation) ¥ F]p 3k F B ke o

LRSS EE AL kS > 7 MEH-PPVE #8272 R

(3P~6P) o ﬂkiﬁ;&!ﬁ:’: %i%‘f#ﬁi?} , ;JT*;:?%_J.'E ch . ,a—ifb;’aﬁ; 'f(:
PR ZHUTERRAST T WP R B R AT RF kA

B o




LEE S L

2-138 %
AP BRIREZ AR p B ~ Merck~ Aldrich ~ Alfa Aesarp » >
At ERY o KT 2 moRke 7 orkem (THF) T § F BT 4 >

4tk ok o 3 1 Benzophenonet ;i 4n m A gk 22 feadiigr o

2-2 HEXRE
1. &£ 3 £ ¥ ik (Nuclear Magnetic Resonance Spectrometer, NMR)

it * BRUKER AVANCE 600 MHz NMR> = i * d-DMSO ¥
d-Chloroformi® % ;% #| » Tetramethylsilane (TMSYy 5 & 2 /L # - 4 &
# ¢ s 4o HE(singlet): d & 7+ & €% (doublet), t %57 = &%
(triplet) - q % 7= = £ # (quartet)> quin % -+ 7 £ *& (quintet): m % - %
£ 4% (multiplet) -
2. #c & 4%+ + 3+ (Differential Scanning Calorimeter, DSC)

% * TAQ200 DSC2 % ft % /4 4r i3 B2 F2 P EH R R

2 H 02 08003 8RB H 4k (80 L33 42 08 & (glass transition temperature,
TR B2 & & 8L o 8 & 12 indium 2 tin ¥4 > B~k 5 5-10 mg- #k

a2 e E 4 friE e % 10°C/min o

17



3. # £ &~ 7% (Thermal Gravimetric Analyzer, TGA)

% ¢ * Perkin-EImer Diamond 1 TGA 7 % ¥ #=2~#: & 5-10 mg>
te#uiE F 5 10°C/mine e F F i E 20 m/minT gl £ 2 #5257
4. #Z "% %k +7 &k (Gel Permeation Chromatography, GPC)

%1 * Viscotek VE3580 GPG # # * polystyrene (PSk# &% i®
A3 ERESR THE 3P 3k 0 F 4% & 32°C 2 58 P o
Aok ER S 4mg/2 mie
5. % ¢L-¥ 8 k¥ & (Ultraviolet-visible Spectrophotometer)s >k -k 3%
% (Fluorescence Spectrophotometer)

P FE Gk R W F£ * Princeton Instruments Acton 21583 o & S
ke L 3R 0 RE R R 0.5 widgie BUA R 0 U SRR 2
FOONE k2 phI R b o3 R R S a0l A T R 5 4% 11 0.1 mg/20
ml z_jk & % ®]i% & Toluene~ Dichloromethane (DCM3. THF ¢ » i
BpRFE A FENE 2R
6. ¥k K% 3+ & # (Cyclic Voltammetry, CV)

% @ * AUTOLAB PGATAT3 # 4] - e @ 0.1 M Tetrabutyl

ammonium tetrafluoroborate/acetonnitides j#;% » ¥ #§ & % & £ 4p

2 ITO A 175 1 (TR BEH BT R B-FRIG A+

N

e e

%% (Drop-casting} #*t ITO 1 ¥ 34 > |2 TR & F V 7

18



-3V o
2-3 PLEDs~ i 4] i¥
2-3-1 ITO A4 i 3¢
14 1TO £+ 3 5 1.9 cm x1.9 cme
2.fe % Detergent? 2 3+ AR (R84 1: 5)a3 % o
3047 fliE iR i i® ITO & 4F o
4.4 1TO 44 & » Detergents iz @ *5 14z 5k Bk 20 4 45 -
53N ITO AFE » 2 33 -k Az ik Bk 20 A 44 -
R BRI REREOMERA B REL o
730 ITO A4 8 » & 7452 90°C %% 30 4 45 o
8.iF H 4 #ris 5 11 UV-0zoneRk &+ 30 4 4 -
2-3-2 R iEgiTindn
1. PEDOT %% 4 4000 rpm/30 see. % #ck =% i > [TO & 4F
Foo BT E UEHP 11 120°C U 30 4 4 -
2.4 A R (GER L 0.5 wt%)2 2000 rpm/30 secn % Bk &
% > PEDOT/ITO} » £ 32 » £ 2 %44 ¢ 11 60°C %% 30 ~ 4a -

BB FEE S N FEBETROZHEES 4 6x10°%t0rr ) .

19



2-4 R L HHIM A 2M 2 £ &

H4 1M 2 2M 2. & = w4237 % Scheme 12 Scheme 2 -

Diethyl 8-oxocyclopent[a]acenaphthylene-7,9-dicarbglate (1)
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B)g 150 % < Toluene® » 250 % < gEgEsgp » 28 1 120 °C e i
30 ) PF - F s RS ERREBRIESE £ AR IS A (T

ezl fEe fr=1601 Bt HAR)e BikF 4 pal 1015 & % 72%-
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'H-NMR (600 MHz, CDC}, ppm): 8.763-8.751 (d, 1HJ=7.26 Hz,
aromatic proton), 7.886-7.881 (d, 1B+3.18 Hz, aromatic protons),
7.873-7.867 (d, 1H]=3.6 Hz aromatic proton), 7.843-7.831 (d, TH7.2
Hz, aromatic proton), 7.805 (s, 1H, aromatic prpt@n677-7.652 (t, 1H,
J=7.8 Hz, aromatic proton), 7.591-7.616 (t, 18£7.8 Hz, aromatic
proton), 4.646-4.538 (m, 4H=6.6 Hz, -COO-CHCH,), 2.781-2.755 (t,
2H, J=7.8 Hz, -Ph-CH(CH:)sCHg); +1.711 (m, 2H, -Ph-C}CH,
(CH,);CHs), 1.553-1.365 (m, 14H; =Ph-GEBH,(CHs).CH,), 0.914-0.890
(m, 9H, -Ph=(CH)sCHs, -COO-CHCH,). *C-NMR (600 MHz, CDCJ,
ppm): 169.17, 167.24,.138.26, 137.02, 136.89, 184133.64, 132.92,
131.68, 129.99, 129.72, 128.14, 127.73, 127.31,7726121.93, 84.69,
67.98, 61.62, 61.28, 33.36, 31.84, 31.39, 29.56512929.43, 29.26,
29.05, 28.70, 28.45. Mass (El): m/z 486.

8-Decyl-7,10-bis(hydroxymethyl)benzacenaphthene (3)

#-LIAIH, (255 » 48 =3 B)% 2t 250 % = BFspog® » &% 4 %
BTUEFI » 25 2 @k dvkmg o ¥ L42(2) (205 >4 %
EA)A b A m-ke g ke R N FiE2 ALY o F R

MEFF F 2 REBBF B F RELEAET ERF

|

G eRRFLAN KB R 1 WA 2 BE ISR T L R abik e ¢ AR
R Rt K ERERAE SR SR WOKF ¢ AR 1487 & % 89%
'H-NMR (600 MHz, CDC}, ppm): 8.280-8.268 (d, 1HJ=7.2 Hz,

aromatic proton), 8.038-8.026 (d, 1H=7.2 Hz, aromatic proton),
7.885-7.872 (d, 1HJ=7.8 Hz, aromatic proton), 7.861-7.848 (d, 1H,
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J=7.8 Hz, aromatic proton), 7.696-7.671 (t, 18£7.2 Hz, aromatic
proton), 7.667-7.642 (t, 1Hl=7.8 Hz, aromatic proton), 7.302 (s, 1H,
aromatic proton), 5.226 (s, 2H, -Ph-&BH), 5.191 (s, 2H, -Ph-CidH),
2.881-2.854 (t, 2HJ=8.4 Hz, -Ph-CH(CH,)sCHs), 1.706-1.654 (g, 2H,
J=7.8 Hz, -Ph-CHCH,(CH,);CHs), 1.466-1.270 (m, 14H,
-Ph-CHCH,(CH,),CH;), 0.891-0.868 (m, 3H, -Ph-(GHCH,).
3C-NMR (600 MHz, CDGJ, ;ppm): 141.76, 139.57, 137.66, 136.29,
136.22, 135.95,.135.45, 133.47,129.90, 128.51,1528 28.02, 127.09,
126.68, 123.93, 123.31, 63.79, 59.00, 33.22, 3B&AB9, 29.68, 29.62,
29.55, 29.32, 24.11, 22.67, 14.09. Mass (El): /2.4

8-Decyl-7,10-bis(chloromethyl)benzacenaphthene (1M)

Bt £4(3)(20.0% »5F £ A)% » 50 % = grepAL? » L 5F
< Thionyl chloride: *>& /F 3 12 | PF - 2 (84c » ¢ B O fig » £ &
ok E ke e ok o B kAR S K 1S iRk i o
AR A A MAS (P e %L RiR) - B9 ¢ R 195 A%
86% - H-NMR (600 MHz, CDC}, ppm): 8.224-8.212 (d, 1H=7.2 Hz,

aromatic proton), 8.115-8.103 (d, 1H=7.2 Hz, aromatic proton),
7.908-7.894 (d, 1HJ=8.4 Hz, aromatic proton), 7.888-7.875 (d, 1H,
J=7.8 Hz, aromatic proton), 7.716-7.694 (t, 187.2 Hz, aromatic
proton), 7.691-7.669 (t, 1Hl=7.8 Hz, aromatic proton), 7.223 (s, 1H,
aromatic proton), 5.139 (s, 2H, -Ph-¢3), 5.041 (s, 2H, -Ph-Ci&l),
0.878 (m, 9H, -Ph-(CH,CHs), 2.859-2.832 (t, 2H,J=8.4 Hz,
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-Ph-CH(CH,)sCHs), 1.764-1.712 (g, 2H,J=7.8 Hz, -Ph-CHCH,-
(CH,);CHs), 1.486-1.248 (m, 14H, -Ph-GBH,(CH,),CH,), 0.902-0.879
(M, 3H, -Ph-(CH),CH,). *C-NMR (600 MHz, CDGJ, ppm): 142.92,
139.63, 136.24, 135.57, 135.15, 133.08, 132.76,7031.30.47, 129.92,
128.12, 128.05, 127.41, 127.08, 124.37, 123.74654440.41, 32.49,
31.90, 31.61, 30.89, 29.73, 29.60, 29.51, 29.3%R214.10. Mass (EI):
miz 438.

4-[2-(Ethylhexyloxy)]-4’-hydroxybiphenyl (4)

P~ 4,4-Biphenol (205, » 107 £ 3 2) ~ 2-Ethylhexyl bromide (6.86
w.>35% ¥ B )-Potassium carbonate (22:2>160 % & 2 )f= Potassium
iodide (0.2675. » 1.6 % ¥ B);2>* 100% % DMSO " - #80°C ~ »
B 5L e F 2 (8@~ A2 e e KoCOs-kig i o iliig 2 (8 B
ok L phL i 5P A Y mORETELAR R SRS A T
AR EREITS (T ek e fe =41 S dkR) e e ¢ HRY
7.375% > A % 23% . 'H-NMR (600 MHz,"CDC}, ppm): 7.453-7.438 (d,

2H, J=9 Hz, aromatic protons), 7.430-7.416 (d, ZH8.4 Hz, aromatic
protons), 6.956-6.942 (d, 2B+8.4 Hz, aromatic protons), 6.886-6.872 (d,
2H, J=8.4 Hz, aromatic protons), 3.895-3.851 (m, 2H,
-Ph-O-CHCH(CH,CH3)(CH,)sCHb), 1.774-1.712 (m, 1H,
-Ph-O-CHCH(CH,CH3)(CH,)sCHs), 1.546-1.322 (m, 8H,
-Ph-O-CHCH(CH,CH3)(CH,)sCHs), 0.953-0.90 (t, 6H, J=3.6
Hz,-Ph-O-CHCH(CH,CH3)(CH,)sCHs). **C-NMR (600 MHz, CDC],
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ppm): 158.56, 154.57, 133.82, 133.12, 127.93, ¥ 7185.56, 114.78,
70.61, 39.40, 30.54, 29.70, 29.08, 23.88, 23.09)8l4Mass (El): m/z
298.

4-[2-(Ethylhexyloxy)]-4’-(5-hexynyloxy)biphenyl (5)

it £4(4) (55 » 16 ® 5 B) 6-Chloro-1-hexyne (2.06. - 17 &
¥ B~ Potassium hydroxide (1.36 > 24 £ 572 ) 30 £ 2 DMSO %
»~ 100% 2 grggsagp o g 2 70°C i on 3 o F et d 18 4 ~ 30
T g L anlroks efes BoRGie s A IR B KR
GBI RBIRY AP ENAV B RIS (R =T e fy
=12:1)> @ & $ 4.75% » & & 75% ‘H-NMR (600 MHz, CDC}, ppm):

7.471-7.454 (dd, 4H,),=8.6 Hz, J1.9 Hz, aromatic protons),
6.961-6.950 (d, 2HJ=8.4 Hz, aromatic protons), 6.947-6.936 (d, 2H,
J=8.4 "Hz, aromatic protons), 4.036-4.015 (t, 2H76.6 Hz,
-Ph-OCH(CH,)sCC=H), 3.883-3.869 (dd, 2HJ);=6 Hz, J,=5.4 Hz,
-Ph-O-CHCH(CH,CHg)(CH,)sCHs), 2.310-2.282 (td , 2HJ;=7.2 Hz,
J,=2.4 Hz, -Ph-OCKCH,CH,CH,CC=H), 1.984-1.975 (t, 1HJ=2.4 Hz,
-Ph-O(CH),CC=H),  1.960-1.913  (quin, 2H, J=6.6 Hz,
-Ph-OCHCH,(CH,),CC=H), 1.773-1.725 (quin, 2H,J=7.2 Hz,
-Ph-OCHCH,CH,CH,CC=H), 1.551-1.328 (m, 8H,
-Ph-O-CHCH(CH,CH3)(CH,)sCHs), 0.958-0.906 (t, 6H,J=7.2 Hz,
-Ph-O-CHCH(CH,CHs)(CH,)sCHs). **C-NMR (600 MHz, CDCJ, ppm):
158.31, 157.83, 133.32, 132.98, 127.45, 127.41,5814114.50, 83.88,
70.36, 68.40, 67.13, 39.19, 30.32, 29.48, 28.871(1824.84, 23.66,
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22.84, 17.95, 13.86, 10.89. Mass (El): m/z 378.

Diethyl 8-{4-[4’-(2-ethylhexyloxy)biphenyl]butoxy]}
benzacenaphthene-7,10-dicarboxylate (6)

Bt £ 4+(1) (1015 2 29F 5 B)~ it £4(5) (105 » 26 % % 1)
B~ 100F 2 gsprgp >0 2E T 120°Caw i 30/ P o F R R E R
VR E R AA (S Rl s e fp=6t 1 L R) - B
v od FRE 182 S A% 72%- 'H-NMR (6000 MHz, CDC}, ppm):

8.759-8.747 (d, 1HJ=7.2 Hz, aromatic proton), 7.922-7.919 (d, 1H,
J=1.8'Hz, aromatic_proton), 7.909-7.905 (d, 1M2.4 Hz, aromatic
proton), 7.839-7.827 (d, 1H=7.2 Hz, aromatic proton), 7.820 (s, 1H,
aromatic proton), 7.698-7.672 (t, 1H=7.2 Hz, aromatic proton),
7.634-7.609 (t, 1HJ=7.8 Hz, aromatic proton), 7.468-7.462 (d, 2H,
J=3.6 Hz, aromatic protons), 7.454-7.448 (d, 2H3.6 Hz, aromatic
protons), 6.958-6.944 (d, 4858.4 Hz, aromatic protons), 4.623-4.587 (q,
2H, J=7.2./Hz, -COO-CHCHs), 4.570-4.535 (g, 2H,J=6.6 Hz,
-COO-CHCH); 4.059-4.041.(t, 2HJ=6.6 -Hz, -Ph-(Ck);CH,O-Ph),
3.881-3.867 (dd, 2H,  J;=6 Hz, J,=5.4 Hz,
-Ph-O-CHCH(CH,CH3)(CH,);CHs), 2.868-2.844 (t, 2H,J=7.2 Hz,
-Ph-CH(CH,);0-Ph), 1.983-1.930 (m, 2H, -Ph-@EH,CH,CH,O-Ph),
1.765-1.714 (m, 1H, -Ph-O-GBH(CH,CHs)(CH,);CHs), 1.522-1.498 (t,
3H, J=7.2 Hz, -COO-CKHCH;), 1.482-1.458 (t, 3H,J=7.2 Hz,
-COO-CHCHz), 1.458-1.407 (m, 2H,
-Ph-O-CHCH(CH,CH3)(CH,)sCHb), 1.394-1.326 (m, 4H,
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-Ph-O-CHCH(CH,CH3)CH,CH,CH,CHs), 0.956-0.904 (t, 6H])=7.2 Hz,
-Ph-O-CHCH(CH,CHs)(CH,)sCHs). **C-NMR (600 MHz, CDCJ, ppm):
169.21, 167.27, 158.51, 158.06, 137.63, 137.14,1834.33.62, 133.52,
133.18, 132.99, 131.74, 130.02, 129.79, 128.25,8827127.65, 127.61,
127.42, 126.89, 122.04, 114.74, 70.57, 67.67, 6 5842, 39.40, 33.06,
30.53, 29.68, 29.14, 29.07, 27.90, 23.87, 23.04371414.22, 14.07,
11.10. Mass (El): m/z 698.

7,10-Bis(hydroxymethyl)-8-{4-[4’-(2-ethylhexyloxy)bphenyl]butoxy]}

benzacenaphthene (7)

F S BT R L (3)2e R T o Fbd R L U L
LIAIH,(1.745 45 % B)~ it £37(6) (2.0 5. » 28 T3 B)> U &

Ke@ekem 50 ml 5734« A% 55 ¢ F4 1.53 5 > A ZF 87%-

'H-NMR (600 MHz, CDC}, ppm); 8.262-8.251 (d, 1HJ=6.6 Hz,
aromatic -proton), 7.992-7.981 (d, 1H=6.6 Hz, aromatic proton),
7.877-7.863 (d, 1HJ)=8.4 Hz, aromatic proton), 7.853-7.839 (d, 1H,
J=8.4 Hz, aromatic proton), 7.685-7.659 (t, 18+£7.2 Hz, aromatic
proton), 7.649-7.624 (t, 1H=7.8 Hz, aromatic proton), 7.451-7.434 (dd,
4H, J,=8.4 Hz, J,=1.8 Hz, aromatic protons), 7.304 (s, 1H, aromatic
proton), 6.948-6.934 (d, 4H=8.4 Hz, aromatic protons), 5.217 (s, 2H,
-Ph-CHOH), 5.150 (s, 2H, -Ph-CDH), 4.055-4.036 (t, 1H}=5.4 Hz,
-Ph-(CH)sCH,0-Ph), 3.876-3.862 (dd, 4HJ);=6 Hz, J,=5.4 Hz
-Ph-O-CHCH(CH,CH3)(CH,)sCHs), 2.961-2.939 (t, 2H,J=7.2 Hz,
-Ph-CH(CH,);0-Ph), 1.936-1.899 (m, 4H, -Ph-@EH,CH,CH,O-Ph),
1.762-1.711 (m, 1H, -Ph-O-GBH(CH,CHs)(CH,)sCHs), 1.546-1.323
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(m, 8H, -Ph-O-CHCH(CH,CH;5)(CH,)sCHs), 0.953-0.901 (t, 6HJ=7.8
Hz, -Ph-O-CHCH(CH,CHs)(CH,)sCHs). **C-NMR (600 MHz, CDC],
ppm): 158.51, 158.01, 140.98, 139.60, 136.37, B61B5.87, 135.51,
133.44, 133.15, 132.69, 129.87, 128.37, 128.14,9827.27.66, 127.61,
127.10, 126.69, 123.94, 123.35, 114.75, 70.58,3%63.67, 58.95, 39.40,
32.77, 30.53, 29.68, 29.08, 28.78, 23.87, 23.0%)71411.10. Mass (EI):
m/z 614.

7,10-Bis(chloromethyl)-8-{4-[4’-(2-ethylhexyloxy)bphenyl]butoxy]}
benzacenaphthene (2M)

FRAART FRAM IM 29 &A% PR #5240 55
Thionyl chloride (2.4% 2 > 16.2% 5 2)% it £ 3 (7)(2.05% »1.62%
¥ A)4R G ¢ 748 1.585% 0 & % 75% "H-NMR (600 MHz, CDGC}, ppm):

8.244-8.232 (d, 1HJ=7.2 Hz, aromatic proton), 8.139-8.127 (d, 1H,
J=7.2 Hz,; aromatic proton), 7.927-7.913 (d, 1H8.4 Hz, aromatic
proton), 7.909-7.895 (d, 1H=8.4. Hz, aromatic proton), 7.732-7.706 (t,
1H, J=7.8 Hz, aromatic proton), 7.458-7.448 (t, 11#7.2 Hz, aromatic
proton), 7.472-7.462 (d, 2H+=8.4 Hz, aromatic protons), 7.458-7.448 (d,
2H, J=8.4 Hz, aromatic protons), 7.267 (s, 1H, aromairoton),
6.976-6.961 (d, 2H]=9 Hz, aromatic protons), 6.954-6.940 (d, 253.4
Hz, aromatic protons), 5.179 (s, 2H, -Ph-CH, 5.057 (s, 2H,
-Ph-CHCI), 4.090-4.081 (t, 1H,J=5.4 Hz, -Ph-(Ck);CH,O-Ph),
3.878-3.864 (dd, 2H, J;=6 Hz, J,=5.4 Hz
-Ph-O-CHCH(CH,CHs)(CH,);CHs), 2.979-2.956 (t, 2H,J=7.2 Hz,
-Ph-CH{(CH,);0-Ph), 1.989-1.979 (m, 4H, -Ph-@EH,CH,CH,0O-Ph),
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1.762-1.711 (m, 1H, -Ph-O-GBH(CH,CHz)(CH,)sCHs), 1.546-1.30 (m,
8H, -Ph-O-CHCH(CH,CHs)(CH,)sCHs), 0.953-0.901 (t, 6HJ=7.2 Hz,
-Ph-O-CHCH(CH,CHs)(CH,);CHs). “*C-NMR (600 MHz, CDCJ, ppm):
158.52, 158.05, 141.23, 139.74, 136.46, 135.52,0835.33.58, 133.18,
132.78, 131.79, 130.47, 129.94, 128.16, 128.09,7027127.63, 127.50,
127.19, 124.44, 123.86, 114.77, 70.59, 67.69, 4416210, 39.41, 32.11,
31.92, 30.55, 29.69, 29.35,129.20; 29.09, 27.9988323.06, 22.68,
14.09, 11.11. Mass (EI): m/z 650:

2-5 R &y 2 £ Ry 1P~6P2 & =

e 1P 2 2P 2 & = /nqg:57]*t Scheme 3 - & & # 3P-6P 2z &

& ynAR2E 7]+ Scheme 4 o

Poly(8-decyl-7,10-benzacenaphthene vinylene) (1P)

#-H 8 IM (055 > 1.14% ¥ 0)% > 100% & s ® > of #
T F o~ 90 F Heng ke g kg oo § Bk 7 fE 47 (Potassium
tert-butoxide t-BuOK) (0.535. > 4.85% 5 B )2+ 10 ¥ 2 ehg -k &
vheg 0 TSI HEBRY > MR TIHE24 0B F RER

MR REFE ~ 300F A 0 BRI 7R K X E AT % o BIRM

PR 4 FMM 0375 0 AF 79%-

Poly(8-{4-[4’-(2-ethylhexyloxy)biphenyl]butoxy]}-7,10-
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benzacenaphthene vinylene) (2P)

Fh AT SREAM AP %I F Ry R A NG HA
2M (0.5 » 0.77% 3 B)% t-BuOK (0.365 > 3.6 ¥ ¥ 1) g ke

@ vken 100ml 53 A& - PR 4 F42 0.285% > A 5 59%-

Poly(8-decyl-7,10-benzacenaphthene vinylened-poly[2-methoxy-5-
(2’-ethylhexyloxy)-1,4-phenylene vinylene] (3P, 4P)

Ef PERHZT SREEY IP2 F&HI o F ¥ f+5 £

Awlh DHAAM(0.5%»1.14% £ 2) - ¥ 44 3M (0.0295 > 0.126

¥ ¥ 8)2 t-BuOK (0.53% > 4.85% & 2) & 1udg kv & v 100 ml
A By ¢ B 0.255% 0 A F 30%-

Er AP F W FE S REM IPZ R RN - & B E A

WL D HAIM (05% > 1.14 3 2) H483M (0.26% »1.14% &

B)z t-BuOK (0.535.+4.85% % B)» ¥ @ ke & ek 100 ml 5 7%

A o B d FH0.265 AT 20%-

Poly(8-{4-[4’-(2-ethylhexyloxy)biphenyl]butoxy]}-7,10-
benzacenaphthene vinylenego-poly[2-methoxy-5-(2’-ethylhexyloxy)-
1,4-phenylene vinylene] (5P, 6P)

REH SPFBHAET LRI IP L F %5 - £t 258 A
W% cHA2M (055 0077 T A) - H 48 3M (0.02% > 0.085% &

m)z t-BuOK (0.36% > 3.6% ¥ A)> ¥/ ke & v4vd 100 ml 5 i3
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# o 9% ¢ FML0.15% » A F 20%:

BLy OPF BHHT LRI IP 2 F % H T o 5 d 25 £ A
Wi A 2M (05% > 0.77F ¥ 8)« ¥ 4 3M (0.18% > 0.77% ¥
)z t-BUOK (0.36% > 3.6 £ 0)» & g ke & rxv 100 ml % i3

Al o B¢ F4E 0.285 0 & F 24%-




O o COOEt
<‘. + (@]
Q o COOEt

MeOH l EtsN

COOEt

o

Scheme 1. Synthesis of monomié.
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Ji/\/ K,CO3 / KI
Br DMSO
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4

Scheme 2. Synthesis of monon2éd.
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2P

Scheme 3. Synthesis of polyméiRBand2P.
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CIH,C O CH2C|+C|H20—QCHZC| CIH,C O CH,Cl + umc—@cma

H3CO H5CO
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24

1< %320,

Scheme 4. Synthesis of polyma&i ~ 6P.
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CEE SN T

3-1% 4 1M 2 2M z

NUS
@&
\v

%‘ﬁa

LERIM2 &2 B £ F41* Acenaphthenequinon& Diethyl

=1
o)

1,3-acetonedicarboxylat& {7 #& i#.i* Aldol condensation¥ 3]+ & 4~
(1) £ £ 1-Dodecynei {7 Diels-Alders ji & = ) it & 4 (2) > % 11
LIAIH 4 :& {5 3R B B @ FI T & 47 (3) b fo 02 SOCh#- OH A & i+ =
ClEEHIM- » Fit £3 2 H 8 1M & NMR ~ Massfz o # 3£ o
wHEE 2M 2 £a2a > mEb 1% 4,4-Biphenol 2 2-Ethylhexyl
bromide:& {7 2E5FEfi F g F 3] it £ 42(4)» £ & 6-Chloro-1-hexyne
@ E ke r it EP (D) 20 RE RMERF T EFRO)E T
& $ (1) B i3 A enfFa5 T 0 30 120°C 4e#u3f it (7 Diels-Alder » &
Ea Ve 6) £ JI* LIAIH, R R F BEDC (7)) &1
f1* SOCL*#-OH £ it = ClF3H 4 2M»> # F 1t & 4 2 H 48 2M

< NMR ~ MasSFr it 3% o

15 B & F o3 Gilchroute® & 3 5% » R &4 1P 4 b » #-H
AIM 4 » 52 anf & dk t-BUOK 2 7R & F &> 4 HCl A= ¥k

g2 X R o R E S 2P 5 Gilch route® & > d ¥ 2P fip
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AP -+ Biphenyl 2 & > FIAEHEBIAIER 0 Tk Y
&2 o

B Ly 1Pz £ RT3 £ (Mw)i 2.69 x16 g/mols #icp T 354
+ #(Mn) % 1.75 x16 g/mol > » 3 & » i (polydispersity, PDI}
154> d Mn3 B 3%~ 4807 5~6 BHEM TS FaREPF
P45 %4 - B 64 2P2 Mn ~ MwZ% PDI ~ %] % 2.04x10 g/mol -
3.95x10 g/mol 2 1.94- d % & +» 2P 2 fpldse s fie 3 403 2 R
Fer 2P2r 3 B AP A tghgde o R E B en® i 25 o 3P 5
ERF AP R EEFAFRAF S MnE MwA ] 5 5.96x10 2
1.13x10g/mol > 7% 2 § A Btz 3M 51 » > T4 A5 F o B

» ¥V

EFBP2 A+ 2 2P it RAa REP BP2 A+ EFE AT

=
AR

it L MEH-PPV 2. #1484 %73 122 345 7.1 Biphenyli# & # - &

£ 2 % 4r Table 3-1%77 -
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Table 3-1. TheMn,Mw, and PDI values of polymeis$~6P.

X X
Polymer 'Eg}mig lz/lgv;m(l)g’ PDI
1P 1.75 2.69 1.54
2P 204.21 395.45 1.94
3P 1.79 2.62 1.47
4P 59.60 113.95 1.91
5P 221.64 324.69 1.47
6P 82.61 222.34 2.69

H4IM 2 & & 4 1P 2 'H-NMR k34 Figure 3-1%577 » ¥ § 2
CHCIB AR &g e 4 v Béd 1P 4t 7 5N B4z 4

5E.38ip & 6.8 ppme

SO USRS VR Y
T T I T T T I T T T I
8 6 4
O
A .
FEEEE ig
|| -— -
| v | O — —
S| S| =R S
T T ahe
T T I T T T I T T T I 1
8 6 4

Figure 3-1. ThéH-NMR spectra oflM and1P.
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H {8 2M 2 B & 4 2P 2. 'H-NMR £z 4e Figure 3-2%7% > ¥ #

CHCIBMA LR L e Stgif 4 a B L 2Pidht £ X gigs

/f _\% ‘%’;UK',BL F /‘

B FTReDd B2

AR P 351 I

L

| @mzu_, )
I § - - . . L
gEEy @
| ‘_ ‘_ T-’ ? ‘rr I | | ..HI il‘y!i_l"l" | |N|’|1N|‘ |
B 6 4

Figure 3-2. ThéH-NMR spectra oM and2P.

H f4 2M 2 5P % 2 % 2. 'H-NMR £ 3% 4 Figure 3-3#777 » 5 § ¢

2 -CHCl B & &% &

A ELIL P 2 6.8 ppme
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Figure 3-5. DSC thermograms of polymersiB)and (b)2P.

42



ul (@)3pP

-1.2

-1.3

228°C

ENDO ¢——EXO

Temperature (°C)

Figure 3-6. DSC thermograms of polymers3R)and (b4 P.

43



(a)5P

-1.32

144 F

ENDO ¢—— EXO

240 255

Temperature (°C)
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Figure 3-9. UV-Vis absorption spectra of polyr2éx
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Figure 3-11. UV-Vis absorption spectra of polyméx
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Figure 3-13. UV-Vis absorption spectra of polyr6éx
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Figure 3-15. PL spectra of polymap.
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Table 3-2. (a)UV-Vis absorptidh,.xand (b) PL emissiony,,0f
polymers1P~6P.

(@) UV-ViS Ayax(nNm)

Polymer Toluene THF DCM Film
1P 361 359 362 370
2P 364 361 359 366
3P 364 365 365 368
4P 488 485 490 489
5P 369 366 367 369
6P 488 485 483 493
(b) PL Amax(nm)

Polymer Toluene THF DCM Film
1P 483 487 485 510
2P 481 480 483 508
3P 490 498 496 517
4P 567 560 557 571
5P 492 506 515 523
6P 553 551 555 570

3-5 7 L8N
Rl L Bgr | § B UV-VES sofos 3 skdnsd kg 2 T ey
kxd od CVE MP 2 F it AT (Ep) 2 B AT (Eed » R
& 4 2. LUMO ¥ HOMO d T 51| L smpps 3t & o M9
HOMO = —| 4.4 + E|
LUMO = —| 4.4 + Eu|

E;=LUMO — HOMO

HY § L2 BRT 2 i REN) > @@ 52 HOMO
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LUMO 2 E 2z 8 =395 3 3 kF@eV)- d R &4 5 CV £ip7 B
RR i REFRE SR REAV P ERREFER
WA A Fla Rz AL N ED S LUMO & &
ARG P A BRI > - F d UV-Vis Sbgd @ d o foi 2
Az TR & (Aonse) K355 3 Eg> £ 1% CV R[HF R £ 42 HOMO

B e 42 LUMO 5 o 2384
Eg= 1240Aonset

LUMO = Eg—| HOMO/|

“rh E A F 2§12 BRT = HOMO - LUMO %2 Ey+4e Table 3-3
1o e B A P 1P~ 3P 2 4P 2_CV ¥ A Bl4r Figure 3-20151 » H E,,
A 571595 1.54% 1.06 V: F]t 2 HOMO &3+ 5 5-5.99> -5.94 %
-5.46 eV Bgar 4 3M H f831 » i2 7K BV 4 H HOMO & 5 i T F
LF B o = F 2 UVRVIS sofesk g indedin i § 4 B & 4222 441 2
575 nm> Fpt B Eya wl i 2942812 2.16 eV &35 & LUMO
k) 5 -3.05~-3.13% -3.3 eVe B & 4 4P 51 ~» 3M H £8(50%) > H &
£ F b4y 30> MEH-PPV z 4&f( > H 3 4a2 p-p* B8 2 % ip
MEH-PPVipF » =2 Eg¥8 MEH-PPVipk » § 5 2.2 eVe

B L4 2P~5P 2 6P 2 CV v % B4 Figure 3-21#77% » # E, A
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Hi 1.231.41% 1.17 V> #)* 2 HOMO &3+ %5 % -5.63--5.81% -5.57
eV AT 3M H A5 » e T B2 7 4 2 HOMO i > & § i
U5 5 r o2 %2 UVVis v fosk i ededn 2 8 A 0] B 427 427 2
575 nm> Fpt 2 Eya w5 290~ 2902 2.16 eV> &3+ E & LUMO
8 5 -3.1~-3.13% -3.3eVe

LR R L S 1P 8 2P i FE 0 B A 2P 2. HOMO i F#(-5.63 eV) #ie
1P 7 HOMO e Fa(-5.99 eV)i B » &4 F] 2 K &4» 2P e pl A #rid 4%

¢ Biphenyl z& B 25 % @ iy 7c & ST o

Table 3-3. The electrochemical properties of alyp@rs1P~6P.

HOMO LUMO
Poymer| &) | B0t | ey | ey
1P 1.59 -1.35 -5.99 -3.05 2.94
2P 1.23 -1.3 -5.63 -3 2.89
3P 1.54 -1.27 -5.94 -3.13 2.81
4P 1.06 -1.1 -5.46 o 2.16
5P 1.41 -1.27 -5.81 -3.13 2.81
6P 1.17 -1.1 _sre¥’ -3.3 2.16
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Figure 3-20. Cyclic voltammograms of polyméi3 3P, and4P.
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Figure 3-21. Cyclic voltammograms of polym@i3 5P, and6P.
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4P 3 6P ~ i Spfs 7 R AP M > F1 5 K &4 4P 2 6P H LUMO
G lEgi  HOMO e féde® »&a R @2 F 2 R F L AL x o4
Figure 3-32#757 » 4P 2 6P ~ 2 5.+ R & 4 8] & 1564 164 cd/m
x5 & % 5 0.0174- 0.018 cd/A-

wrg A E? BP AR R ARG > T 202 cd/m o s Rl E
0.009 cd/A 7 ff F1% R & 4+ 5P el 507 § TiF @ik &

AEm 2 AT S A EF T 2 7 i+ gy & T2 Table 3-4

P oo
Table 3-4. Device Characteristic of all polymers.
Max Max
Threshold . Current
Polymer Luminance B . Mnaxc = (M)
voltage (V) (cd/n?) efficiency
(cd/A)
1P 3 11 0.0002 506
2P 7 176 0.005 503
3P 8 12 0.00023 513
4P 3 156 0.017 576
5P 6 202 0.009 521
6P 3 165 0.018 578
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