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Figure 3-1. Mechanism of a cationic ring-opening polymerization

Table 3-1. Molecular weight of P1 ~ P4

Polymer My M, M,,/M,,
P1 3530 27380 1.27
P2 4600 3540 1.30
P3 2760 1570 1.76
P4 4860 3650 1.33

321 B &% P1~P42 B &£25%3#%

AT ALTENNEGF kBB ZT S f@ﬁiﬁj / TR
@ 1,3,4-oxadiazole f® &~ F F ALY S F AR F T H AT S @ﬁ%]
fe 4 20 L@ F iR 4 1,3,4-oxadiazole 1T 5 Rl4AF i fL o ¥ ¢F 12 PEO
Thigh I BB Ra 2 B B Y % 1,34 oxadiazole § 4
F it feT Ry okiaite g ',4;,1 » ¥ % 1,3,4-oxadiazole 2_ 3 B % A F #
3 (Highest Occupied Molecular Orbital » HOMO)-* 4 4 > £-6.2 eV >
wo i byl & R g Sk R BB Bk A PLIS R 1 F Rt AR S 3R

F_&
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3.3 MEF L
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Laff e PR F R AL Feoa METHET AL FEOETE T
Pef e " FHORIEIHPE AL D TR IATFE ALV F L
A A AL AT RFEFTTERAE L FHENMERTAS
EGEETH o AR AT EF AR o A g I AL AR
T M ANREETHAFEAT F G ORRNPEI] A AR i
GFFFARREOEA - RFEALHAVEHREA D
(Defect) - »‘]‘*‘*r’g AT o FHAERRERZESER (Glass
BB A3 a4 BAED  dogt - Ko
BTG WE TR A A 5 TG AT HEE
3 BAE LA tR o 354 2 RTGAZDSCHE 715> & st - B &
P1~P4 2. TGA% DSCR] LBl 8 <12 » @ Tq% T, iz 7>+ Table 3-2 -

Transition Temperature > T,) F >

d 3 1,3,4-Oxadiazole i i A28 - Flpt v p 8 H W28 R & €
%% 1,3,4-Oxadiazolesnz & MAvm 3 4 - %‘%’E’ TGA #7ip| 15 e7Ty11 %
DSC#7ip| {7 c7T,» ¥ ZE M 5L F M1 H f 4 40 > 7j&P4 2 P17 B (7 2 A
fRE R E BIHEAS IR R G E B 2 iR o

Table 3-2. Thermal analysis of P1 ~ P4

41



TGA DSC

Polymer
T4 (°C) T, (°C)
P1 257 74.20
P2 242 73.94
P3 229 72.54
P4 226 70.79

34 B Ep2 ik Lk Le ¥ Lk A

AT E 2 R EP Pl ~ P4 58 00 PEO 5 448
1,3,4-oxadiazole 7 Rl4a B2 F R Prlod P R EF PRI ZTF @
B R bR A R R s ek g kA H
ﬂi%%ﬁ%%ﬁwfiﬁ’uﬁ%%%%kz%¢m4®ﬁ/a
IEFE R AT s Flm M AR a0k IR0 Tt AT A
ZETHR B gk FLRNETRA A R ERT ﬂ,%ip%l?]m

Pl ~ P4 2 # b sk 0 sk fesb 3 10 3 8 sk id sk 3 e < 43k
i 7|4 3% Table 3-3 © j3 7% fi v JT & b3 R fie ¥ 3973 > THF » 1 #%-
SofTi Rl e B E A RR A THE ¢ > g § o
SN L E R F A R

P1 % ¥ %2 M1 2. Homopolymer (UV-Vis~PL % 3 & ** Figure 3-1) »
H 1,3,4-oxadiazole 2. Bt F i A 2 P &g > B> 297 nm > H F 5k
bt GE 2 HTE Y 362 nm oo @ A5 B (S AR 2 BT i B % it
WY 2SR g A WE 297 nm =4 3 30l nm 22 362 nm

#3337 nme P BEE AL > Td A3 A ER AR
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v [ 2 9
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R OF RS ORGA R S A0 B S A S 42 I A AT G ik
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AT A A T > AR T B E 297 nm oo ERCAE PR T R K
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oag R T O RAP B e I "E ¥ 1,3,4-oxadiazole 7 £ 3 4r 0 H ot
5 J& 7T gl‘ijfiﬁgét °

Pl~P4 2 B &4 3% itz % 5% 360 ~363 nm 2. FF » &9k
P32 365 ~371lnm 2. F » 39308 ek kg > Tl > TR T FET R A

BRBEE R '*@%J [ TR S EA Tk HE T ¢
KRR HBREST AT T EEE

8
o+
@%’:

Table 3-3. UV-visible absorption and photoluminescence maxima of
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oligomer P1 ~ P4 in solution and thin film state

UV-Vis (nm) PL (nm)
Polymer Solution Film Solution Film
(THF) (THF)

Pl 258 » 297 261 » 301 362 371
P2 255 295 261 » 300 363 367
P3 255 296 261 > 303 363 368
P4 255> 303 261 » 307 360 365

10| —— UV (THF) 410

t L == -- UV-Film
y —— PL (THF)

—~ 08 . =--- PL-Flim 408
E \\.. U
[} -
o <
i 0.4 - 404 D
£ £
>
)

0.2 - = 0.2

0.0 L . 1 e T = 0.0

250 300 350 400 450 500 550

Wavelength (nm)

Figure 3-2. UV-PL of P1
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Figure 3-4. UV-PL of P3
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Figure 3-6. UV-Vis spectra of P1 ~ P4
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3.5 & &K% (Cyclic Voltammetry) 4 15

OB fEMTE SN2 Pl~P4 2 B &4 H HOMO 2 LUMO % it #
HF MM FIUHEAF Pl ~ P4 EREFEFHEBRIFEAS
17 o FEH&FIL 01 M 2 Tetra-n-butylammonium hexafluorophosphate
(TBAHFP):7 Acetonitrile 7% /% = & f#F » % 4 F %4 Pl B304 (PY)
Tl R ORI S50 mV /o sec i FAFpy 0 e § LR R

WA o

FRHHOEAF R EIRPPRFRL LS a0/ T
FREdgac 4 RIW B G REATE A fe f H R A A IR TR E
& ehikdy o #3042 T+ #54ts (lonization Potential » IP) » 2 H ¢

+ #.4e+  (Electronic Affinity)#cdy 0B~ » 5§ 8 0> 2 i £ CV
g fe & UV-Visible sk 3 2 sz licdy K4 035 o - a5 48
Xk AET B ﬂiaal R4 EIPSBA %+ 14 (Energy gap » E,) sk

S [51] .
ig‘z\»ﬂf}zt%if'-r I

HOMO =44+ Ex onset
LUMO = 4.4 + Ereq, onset

@%&%Qéfﬂﬂgi%mV%%ﬁuM§&ﬁﬁl’éﬂ%?’ﬁﬁﬂ@
PREL R REAT R ERME AL DRRY RT PR T

#%E&@ﬂ%ﬁ’ﬁﬁ%$ﬁiﬁ%ﬁ&@a—&{%g
UV-Visiblesk 3% # & & i £ oo adedo il £ (Mopee) %t 1434 8

E, = 1240 / honset

B P honser . 7 2 nm 2 @ AT IFE e H 5 eV oo Figure 3-7 5 35 B 88
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Figure 3-7. Energy-level diagram for M1, polymer G2 and P1 ~ P4
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Figure 3-8. CV-yoltammogram of M1
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Figure 3-9. CV voltammogram of P1
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Figure 3-10. CV voltammogram of P2
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Figure 3-11. CV voltammogram of P3
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Figure 3-12. CV voltammogram of P4
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(2) ®# kR ATFE pattern £ 300 ~ 400 nm & £ % Pk gk 55
o
B) & B:i1%~2% £EF A~ FERZBEEHNRZRER -

4) & %

=
,fF-‘;;
«’}3‘9

B i (6 e ITO Iy A ~ 50C ek Bk
2% 530 F) -

X S L
% iR 48

(5) 2 kil 19%~3% 'é“a—}—j‘k\‘ ,}§)§7 13 l"{[}?\ J\/P/fé'jﬁlT

B o

o ITO Iyl 4 ~ @5 FmA T - 2 £ %HF5F PR 7% Table
3-4 ¢

Table 3-4. Glass-cleaning-process

Cleaning step Time
Detergent 10 min
H,O 10 min
NaOH,) 10 min
D.I water 10 min
Acetone 10 min
IPA 10 min

Oven 150 °C 12 hr
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Oligomer / Ca / Al » 2 # poly (3,4-cthylene dioxythiophene) (PEDOT)
FARFEBEE HEG FETRNE VEORELL 2 H SRR
Moo Flp 2 eGP F kAL TADRFE o ¥ b PO LR &
P R @%‘—J [ TR 0 FFd B4R HOMO it 1 i 8 11
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Lok s iem i Ak AR
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A FEE L Toluene: § A IAZHORE F6 B = 23 f3{8 £ 12045
um ﬁ?Telfoni@ﬂ,Eé‘%ii‘lFiﬁizﬁ°?:*@@?J [ RO AL R R 0
ML o kR AHE 05mg/mL>025mg/ mL ¥ 7 F kB3> 2-ethyl
ethanol » ¥ %7 kR T 53t > L FRFRFaLizifiE o md 3t
Pl ~ P43 Respia® o> Spo0 Rl P LEFLE T I3 TR%
A

Fookood 20 Pl A N AT A 0 T LR ok Tk R
WE oL Pl Eg R AL T3P A4 F P 0.5mg/ mL
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o BP2IRESFIPRFERERYE

EE P - @] BA G MR F a3 N2 o 4 PEDOT
gl o 0E 2 5 6500 rpm o X EgE 30 ) 0 % R A1 0 2 150 °C

T ) B o

53



rﬁ%};%; B PR }gkpcik FIE R X5 80~ 150 nm & & iF iF
o L REECGENE A o Rk R % F iE L 1500 rppm > F
30 g T N1 120°CHEE - ) o R F i’,—?@ﬁa?] /=
Mg & B2 8000 rpmiE 7 g A o0 I g 30 ) 0 3 120 °CTT
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Figure 3-13. Structure of Multilayer Device
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WAL Y T L ,o;\ BEH R A (Solvent Process)ﬁl T35 K
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F-N W& &gl do@ SR 02w & ke > TPV % 3 pR ~ Bagis
FEF P UMM AR I RF A B Ak E AT I ER
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Hi@ ke FIRr P2 LichErmd v WD A E 4o
Table 3-5. EL analysis of the devices with P1 ~ P4
Device Turn-on Max_brightness Current [?ensity at I\/Iax.'C,turrent
configuration voltage (cd/m2 @ V) max. brlghtzness Efficiency
(V) (mA/cm?) (cd/A@ V)
G2 8 62081(14) 514.6 1.36 (9)
G2 /Pl 8 5877 (14) 476.7 0.89 (7)
G2/P1: Li 8 6379 (14) 5233 1.46 (7)
G2 /P2 8 6952 (13) 562.1 1.36 (11)
G2/P2: Li 8 10540 (13) 458.8 2.16 (12)
G2 /P3 8 6654 (13) 444.2 1.45 (10)
G2/P3 : Li 8 8456 (13) 617.1 1.76 (8)
G2/ P4 8 4870 (13) 323.9 1.11 (12)
G2/P4: Li 8 6417 (13) 570.2 1.29 (8)
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Figure 3-14. EL spectrum of polyfluorene-G2
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Figure 3-15. Current Density-Voltage curves for the devices with

configuration of ITO /PEDOT /G2 /Ca/Al and ITO /
PEDOT/G2/P1~P4/Ca/Al
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Figure 3-16. Luminance-Voltage curves for the devices with configure-
tion of ITO / PEDOT /,G2/ Ca /Al and ITO / PEDOT / G2 /
P1 ~P4/Ca/Al
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Figure 3-17. EL Efficiency-Current Density curves for the devices with

configuration of ITO / PEDOT / G2 / Ca / Al and ITO /
PEDOT /G2 /P1 ~P4/Ca/Al
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Figure 3-18. Fowler-Nordheim plot, In (I/F?) vs. 1/F, for the devices with
configuration of ITO /" PEDOT / G2 / Ca / Al and ITO /
PEDOT / G2 / P1 ~ P47/ Cay/ Al
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Figure 3-19. Luminance-Voltage curves for the devices with configura-
tion of ITO/ PEDOT /G2 /P2 or P2 : Li/Ca/Al
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Figure 3-20. EL Efficiency-Current Density curves for the devices with
the configurationsof ITO / PEDOT /G2 /P2 or P2 : Li/Ca/
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Figure 3-21. Luminance-Voltage curves for the devices with the

configuration of ITO / PEDOT /G2 /P3 or P3 : Li/Ca/
Al
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Figure 3-22. EL Efficiency-Current Density curve for the devices with
the configuration of ITO./PEDOT /G2 /P3orP3 : Li/Ca/
Al
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Figure 3-23. Luminance-Voltage curve for the devices with configure-
tions [ITO/ PEDOT /G2 /P4 orP4 : Li/Ca/Al
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Figure 3-24. EL Efficiency-Current Density curves for the devices with
configuration of {TO /" PEDOT / G2 /P4 or P4 : Li/Ca/ Al
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Figure 3-25. Luminance-Voltage curves for the devices with configure-
tion of ITO/PEDOT /G2 /P1orP1 : Li/Ca/Al
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Figure 3-26. EL Efficiency-Current Density curves for the devices with
configuration of ITO / PEDOT /G2 /P1 or P1:Li/Ca/Al

42 —a— G2
—o— G2 /P2 Li
' ——G2/P3:Li
44 - A —+— G2/ P4 : Li
——G2/P1:Li
46 |

In(I/F?)

r x‘\S\C\D\>\

T

52 |- < —
1 " 1 " 1 " 1 " 1

5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10°®
1/F (m/V)

Figure 3-27. Fowler-Nordheim plot, In (I/F?) vs. 1/F, for the devices with
configurations of ITO / PEDOT / G2 / Ca / Al and ITO /
PEDOT/G2/P1~P4 : Li/Ca/Al
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