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Synthesis of new blue OLEDs with biphenyl structure and

Relationship between EL efficiency and Drift mobility

Tae Hoon Lee

Department of Graphic Arts Engineering Graduate school,

Pukyong National University

Abstract

Organic electroluminescence devices are light-emitting diodes in which the active
materials consist entirely of organic materials. Because of the high efficiency,
flexibility, long lifetime, low turn-on voltage, and inexpensive cost, organic
light-emitting diodes (OLEDs) have become one of the most promising next-generation flat
panel display system. Recently, many fluorescent organic materials have been reported and
the research of synthesis and application of new organic light-emitting materials has been
demanded.

This paper reports the optical and electrical characteristics of OLEDs using novel
polymers or monomers containing biphenyl structure.

First, Optical properties of two novel light-emitting biphenyl derivatives doped with
poly(9-vinylcarbazole)(PVK) are emitted blue, bluish green color, which is attributed to

the overlap area between PL spectrum of host(PVK) and absorption spectra of guests(polymer

or monomer). This blending device is discussed by Férster energy transfer process.

And, OLED devices were fabricated using poly (3,4-ethylenedioxythiophene) (PEDOT) as a
hole injection material and tris-(8-hydroxyguinoline) aluminum (Algs) as an electron
transporting material. EL devices fabricated as ITO / PEDOT / PVK doped with biphenyl
derivatives / Algs / Li:Al and I-V-L characteristics and emitting efficiency of EL devices
were examined.

Finally, the drift mobility of PVK doped with biphenyl derivatives and Algs were
measured by TOF technigue varying applied electric field. EL efficiency was increased as
the ratio of hole mobility of PVK doped with biphenyl derivatives and electron mobility of

Alg; was close to one.
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Figure 2. Cross sectional diagrams of (a) a single layer OLED, (b) a double
heterojunction OLED, and (c) and (d) single heterojunction OLED.
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o] W WiAYF 7zt A ER v|&Ed e 2ok
(1) #3} 2¥kat < (charge carrier injection) ©A| : Y3 (work function)”} =%
e AFEL FFoz Fu g5V B WFE 722 st £ ool
ZAtel Q7bgtomA Wkal7l ARE Tt AE Aol e 2
A2 o]lFst= HAHolrth

(forward bias)=

(2) A3t Ao} o]%(charge carrier transport) @A @ FHE HAe} HFo] W
= Yol Ax-Az A5 2HE(electron-lattice interaction) & ztzh &4 ZatE
(negative polaron) @ <A Z 2} & (positive polaron)2 ATl o] o AAdE ZE=
258 BaEY A& wEt 2F H7|(hopping) g €3 WHHH HdAFo=m olEd
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(3) 71z BAGA - AAE ZgEo] vt AIFo g olF it Al A
Az N ZAZeted YF38 ZeE o] 7] AH(singlet polaron exciton)E A /3 gHrh,

o] 7] 2} 7} w33 A (radiative decay)d
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Figure 3. Organic light emitting diode mechanism of band based model.
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Figure 4. General energy band structure and emission process of the Organic
Light Emitting Diodes (OLEDs).
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2-4-1. %% A S (Emitting materials)
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w3 &o Alg3t} o] d E=HE(dopant)® EF wet blue emissiono A red
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o] = host B2 25 E dopant® oA 7} Ho|wo] @& = 459 dopant A
qe @@ep Bgel T b MAVEe] Ak
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bt e |
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Table 1. Materials of emitting layer

Abbreviation name ApL Max (NM) color
Algs 519 Green
DMOS-PPV 500 Green
MEH-PPV 590 Orange
CN-PPV 710 Red
Balg 492 Blue
m—PPV 491 Blue
PVK 420 Blue
OXD-D 450 Blue
DCM 620 Red

2-4-2. AE 9% (Hole Injection Layer : HIL)& AS
Qg Zqzowi R4 WA U $5e BA CuPcrt ¥ 2o
o pge MS Uz 9yl Wi = Zek(fulll color) tAaAFdH ol Az
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CuPc PEDOT ; PSS

Figure 5. Chemical structure of Hole Injection Materials.

2719 AF £4% #0718 Anm: TPD/ £3 A893 Qov, 53 T 4
2 §712 AR AT o|BEt wetol M, T F5F-2FE AW 9749
e oAy faA olLs el 3T FYEH FFF Alold HAD F
g 74HE Aol Mg Fasth =@ BFFIA o £ Ax4E 413 Aol

<: ) Va
B —{»c—c}
CH; HQC Jn H n
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Figure 6. Chemical structure of Hole Transport Materials.
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2-4-4. A& 442 (Electron Transport Layer ; ETL) A%

A rEEE ARRE AUeR WA TS $4E AR 2UG 1 F
NME Algpe R0l Holun ARG =7E 27 g M FL& ARE 4
A glout A W Azl A £E7F Wolxi: wo] ok AR FUZE A
@2 AMREE g2 f7) Ane 5¥o] glov FE A £EF5E AR w5
& NMEE £33to] AHESIAY LIF 53 22 77180 AHgdn

CN OCgHys
OCgH3
PBD CN-PPV

FF AT guHoR ITOS A3, &3 A3 dFd$7E %e AHCs),
HELD), Z#Ca), t#MpED 2L 243 P 9o AT SR
Zzbo] Lo]d A2uH(AD, FE(Cu), S(AgEFH #ZL F£9 Fa& FE ALE
Fth, ©489 Table 2= ©l5 249 dF+E vehhgn. Y

Table 2. Work function of metals commonly used as cathode materials

Cathode Work function(eV)
Ca 2.8
Ag 4,35
Al 4.2
Cu 4.6
Li 3.4
Ca 2.8
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2B d(Mo)5 ¢ BE(boat)ol =2 23S Y1 dFE ZeiA 7tdetes A
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Figure 8. Schematic of physical vapor deposition system.
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2-5-3. 71§ et A Ay
(1) Casting methode

&2 W90 substrate® £ T 2 Yol solutions HPFEA & FH F2l P
= 2§ aspirator® ®w Sre] 719g "Weolme AA gojg AAse] et W

=
L

(2) Dip—coating methode
Dip-coating®] %% polvmer solutionol] 71#& & F AWE At 24& &
3 vtk FAE 2EE F Ao
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(3) Doctor Blade
Doctor blade:= 7139l

2=
-
=45 Q48 g 5 Ak

(4) Friction transfer technique methode

Hot-plate $1ol quartz plate® %3 substrate $loll polymer disk® &2%<
2AY #ZYsE Wyl
(5) Roll to Roll methode

Rollerel polymer solution vF2 3 7|#9jo] ZFalwA webs 34 she I

=T
Deposition Spin-up

Evaporation Spin-off

Figure 9. Process of spin-coating methode.
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Fig. 10014 2 vie} zo] 23g A7 AAE H7MA7W $#d A2 &
7+ Soleo A R 7+ oy Azt 12 el de F ARED Fdo ofs
H7tE AxZ 2tz Q). o] AElE polaronolti Fo} & o] F WA Mzl
2 27139 bipolaronol2tx &+ di-anion®] &

Bipolaron Bl & f #AAES 2t A AW W
452 stog A A=z A 471 & AA ste] A
gbod LA Q] zbf WA AEEo] EAHA Polw A= ARE AAddd 9 g
= QA Wse A @z s E AAste] 2o Fol (%A 9] polaron)& A

o}, a7t vs A HE Fel polarong A EH

Acceptor doping l

l Polaron (spin 2)

s

(radical cation)
more doping

)~~~

l Bipolaron (spin 0)
l (dication)

!

Formation of polaron band

Figure 10. Formation of polaron, bipolaron and polaron band with the doping.
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2-6-1. =3 ur
w3 wHo 2= 35A %P (chemical doping), A71838 = (electro-chemi
cal dopmg) 2 oo]L F9 Fo EEF Wy To] 2ol gtk A3} olF ¥hgol=

ol TelA nEAE DA A7
Yoz AXE ety =3, FH4E

O
sletd oz A Oli(dopant)g
&} IE2}FE dopantd] 7h2ol =F A

q47] sst# w=golgt g}, 3eHA

%& dopantE T3 %"—‘.‘oﬂ

ME Z2EAA FA EFL e WEE ol&®T dAx FA 52 LA
= dopantell = 22 (Brs, I, IBrg), #o]24HAsCIOs), ®7] ®2k &
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Figure 11. Schematic of the two energy transfer models.
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W e golo] % eHdshERFoR olF)% MRS BF AHMIRYeR
o517t tbEbd 4 50nm(: 02eV)ol g o] @AHE WA @y webd BRsd Py
o g HA AL : 04eV o4l eAF BAY & Utk B UPSE 17l

o) A7) 38F wHe £33 Ay dF(cyclic voltammetry)7h 91
bz o2 Absl-3Y wrgo] £t vAYE (mechanism) AT, 53

th L oj23l FHef Ha W=
F dtke FHol deow, ojes FHok AR
g Zoh 3 A AFHAA Ao B
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2-9. Drift mobility ©| &
2-9-1. Yo o3 AFfAY HA
2 2} (conjugation polymer)¥ sp” ETAAEE olFH T AFstL

R [e]
Sk AFEI BAL o|Rr A AV 02T AF 3 £ pAES 1A
I =

[e] =1
AHmEo] AHw ok Age stm Yoh = vAAS @ 12TE 2 vk o] BF
o 9xo] s wom HOMO® ¥ nxx7t LUMO AEiE 7FHA anti-n
clectron(n’)o] 31, A3gto] #ojx| A €t} ol& A A E electron hole pairg2 &
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2 E(soliton) oY} Ze}E(poaron)e] FEHE R ALEE mepA olFE 7 2
v}, Fig. 125 X A2 conjugated system$! poly-acetylene] W& ol n Z3to)

golxm, Astrt wAHE AYE wAFn ek, O

= N NN

+hv undisturbed chain

e o
= = = =
/ h+ @

electron and hole

s ..
% /_S+ NN
electron and hole

Figure 12. Formation process of carrier by photo (trans—polyacetylene).

2-9-2. Time-Of-Flight (TOF)®] ¢

TOFE &2 oA o] os) LA Ast7t Wi A5 o]ed o 7|
¥ A F(transit current)E SA st WA 7R ol FdtedH 2
timeS ZAate] ztzte] AMatel olF Z(mobility) B A3t ol &9 A4S ‘Q’O}LH“‘
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)

i

>,

()

I "
s

as

=

@

2.

_25_



A7l =L [TOE FF(anode) o2 st} Alge Foto] ¥ FF L= S
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Al ITO

DOS

—— Reverse ] d R
— blas e hole
S— O electron

Figure 13. Schematic of TOF measurement principle.

LUMO LUMO Laser pulse

ITO Al 1ITO
HOMO ® ol \Oo
O electron HOMOOo
a) No-bias b) Reverse bias

Figure 14. Flowing of transit current depend on band diagram.
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Figure 15. Chemical structure of materials in study.

3-2. BEA 2 1¥A) B4
3-2-1. 48 A%

o] AbEE AJekel 44'-Biphenol(97%), Methoxvmethyl chloride(97%6), Sodium
hydride (in mineral o0il)(60%), Butyllithium(2.5M solution in hexanes), 1,4-Dichlorometyl
benzene(93%). Triphenylphosphine(99%), Fluorene(98%), 1-Octylbromide(99%), Tetra
butylammonium bromide(99%), p-Formaldehyde(95%), Hydrogen bromide(30% solution
in CH3;COOH), 4-Methoxyphenol(99%), 2-Ethylhexylbromide(95%), Sodium ethoxide
(21wt% solution in ethanol), Benzylbromide(98%), tert-Butylbenzoylchloride(99%),
4-Methylcyanobenzene(97%), Sodiumazide(97%), Ammoniumchloride(99%), Carbontetra
chloride(97%), N-bromosuccinimide(98%5). Azobis(isobutyronitrile)(99%), Bromomethy
[benzene triphenylphsponium(99%), Cyanomethylbenzene(99%), Ammoniumhydroxide(1M
solution in MeOH)(99%)%5 & Aldrich Chemical Co., Inc.A1E9 5% Alek= AHE-stAT:

4w 2= N N-Dimethylforamide(DMF)(99%), Ethyl alcohol(EtOH)(95%), Hexane
(95%6), Methyl alcohol (MeOH)(95%), Tetrahydrofuran (THF)(95%), Chloroform (CHCls)
(95%). Dichloromethane (CH>Cl2)(95%), Ethylacetate(95%), Ether(99%), Pyridine(99%),
7)E} AEZ Magnesiumsulfate anhydrous(MgSO4)(99%), Sodium hydroxide(NaOH)(99%),

_29_



sodium Hydrogencarbonate(CHNa03)(99%), Potassium carbonate (K:CO3)e < Junsei
Chemical Co., Ltd.] #AES AA §lo] AH&3taAch

3-2-2. Biphenyl ¥ # F7HA &4
3-2-2-1. 4,4’ -Bis— (methoxymethoxy)biphenyl ZZtAl 34 (1)

AT S oupg Zehazo] 0Colske] AR 7] shel A NaHet DMFe] &3
o Yo ¥ 44 -biphenol(3.72g, 0.02mol)& # 3] A &H(dropping)d F, 0T ]a9]
ew2 gxawa 3087 wustth methoxymethyl chloride(3.66mL, 0.048mol)&
DMFel| 84417 gHe HHs #Hapstm Aol A A Sk wwt & F FFF
(H.0)2 o] ubee 23 AZIT) ether2 §71% &2 ¥ &£ MgSO.2 Axs}
T ether® #| A8 th hexaned} ethvlacetate® 43 Wi AAHE 3o 65% +
&9 g4 14 A}EL AATH
'HNMR(CDCl;, ppm) : 3.3897(s, 6H), 5.2135(s, 4H), 7.0708-7.0923(d, 4H, J=0.0215)

3-2-2-2. 3,3’ Diformyl-4,4'-bis(methoxymethoxy)-1,1'-biphenyl (biphenyl
- intermediate)?] ¥4 (2)

A £ nlg Tk 44 -Bis- (methoxymethoxy )biphenyl(1)(2.7g, 0.01mol)
9} etheroll Ha mukslHA A2 E27] A4 n-BuLi(25M in hexane, 9mL,
0.022mol) S M3 FYsth Ao 247 FeF wukek F 0T7HA ¥ZAA 7L

DMF(1.85mL, 24mmol)& #H3] Fh Fho] B F, HA27A &£=F &9
41 7¢ Eob wukslz X3 NHLOIFE Y 50mLE ¥l Wes 2474
Bthylacetate®. #71%& Relshn MgSO:2 Dx@ & 29 shold gulg 7%

ih

t}. ethylacetate$} hexaneo 2 3 AHAAL st 50% T8 o =4 A
HEs 9

'HNMR(CDCl3, ppm) :3.4599(s, 6H), 5.4162(s, 4H), 7.3927-7.4147(d, 2H, J=0.0220),
7.9331-7.9395(d, 2H, J=0.0064), 7.9615-7.9899(dd, 2H, J=0.0064, J=0.0064), 10.4417(s, 2H)
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1. NaH, DMF /

0°C, N, gas, 30min, stir ,—©O
o—

AN~
2.ClI~ O /

4.4'-biphenol .
DMF. r.t., N, gas, Sh, stir 4,4'-Bis-(methoxymethoxy)biphenyl
(1)

1. n-Buli, ether /
0°C, N, gas, 2h, stir /0
_/o o
DMF, r.t., N, gas, 4h, stir O
29 / cHo  (2)

3,3'-Diformyl-4,4'-bis(methoxymethoxy)-1,1"-biphenyl

Biphenyl - Intermediate

Scheme 1. Synthetic scheme of biphenyl intermediate.

3-2-2-3. 1,4-Dichlorometylbenzene triphenylphosphonium salt (Pl-interme
diate)°] A (3)

2 = Zeb A~ 39 1 4-dichlorometylbenzene(9g, 0.05mol)& DMFeo| &3] =
0l T AEoM HAA FE7] AeolA triphenylphosphine (30.4g, 0.11mol)& A
5 Wit 100TAA 1082 5 wvket § A270A] YAzt 43¢ 47
A0 Z7bE ether 500mLE wFHeAA WHgE-S HHS Hojrmyd A A3
AARol HEHT o]AL TY HEISI ether2 o8] ¥ AH3I] I AA
HES 95% FEE AUt
"HNMR(DMSO, ppm) : 5.14-5.18(d, 4H. J=0.04), 6.81(s, 4H), 7.66-7.92(m, 30H)

Cl P(Ph); DMF P*Ph;CI-
: cl B} “CIPhy P :

N, gas, 10h, reflux

fo g e
Lo

Y

1,4-dichlorometylbezene 1,4-dichlorometylbenzene
triphenylphosphonium salt

P1 - Intermediate (3)

Scheme 2. Synthetic scheme of Pl-intermediate.
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3-2-2-4. 99'-Di—n-octylfluorene®] ¥4 (4)

2 Zab A0 Fluorene(8g, 0.05mol)@ DMS09 EtdS ¥ 5 AA AEio
4 tetrabutyl ammonium bromide(TBAB)3} 50wt%2] NaOH +& & %3 wyksh
t} 9#H3 £3¥ & 1-octylbromide(19g, 0.1lmol)E 21 AZollA 2A17F &< ol
dhel 3 A7l dSBo] wheBE Hof wES FA AT ether® F7lE TE

23 & MgSO& Hzstn 2E F ether® AASAT, © Z23E2 hexanes
2 flash chromatography® 3tel 2717} 9y T3 die] ARNES 02%9 &
2 AUk

'HNMR(CDCls, ppm) : 0.45-1.02(m, 30H), 1.32-1.35(m, 4H), 7.23-7.45(m, 8H)

3-2-2-5. 2, 7-Bis(bromomethyl)-9,9’-di—n-octylfluorene?] &4 (5)

A ZglkaAo| 99 -di-n-octylfluorene(4)(7.8g, 0.02mol)¥} paraformaldehyde &
Y wukstoh, "4 297 Abejol A HBr(30% solution in CH3COOH)E 3 3]
Folslm 60°CoNA 24A17F Fob wukdlgh, whg FH F LT F AL7tA "ok
i, 72 L8] #HAs FYste] &S FZ A7tk chloroform® F71E€& F
% 3, F3A717] —?4311 ¥3} NaHCO; +& 43 £2FE2 o8 ¥ AFeo 1
g 22 33 A $ MgSO.2 #@z3o. PE T chloroformE A A33 hexane
© 2 flash chromatographyE 3t £7]7F & T3 Ao ZHEE 8% +

g2 A9
'HNMR(CDCl;, ppm) : 051-1.11(m, 30H), 1.35-1.42(m, 4H), 4.62(s, 4H), 7.32-7.48(d.
4H), 7.61-7.66(d, 2H)

3-2-2-6. 2,7-Bis(bromomethyl)—9,9’'-di—n—octylfluorene triphenylphosphonium
salt (P2-intermediate)2] #4 (6)

AR Z@ A~ 2 7-bis(bromomethyl)-9,9-di-n-octylfluorene(5)(5.8¢g, 0.01mol)
S Y3 DMFE o|&3t9 943 =9 F triphenylphosphine(5.7g, 0.022mol)< #
As wa, 100CAA 1047 Fob wwrst ¥ 42742 WA Y. A7k ether
S500mLE Wyl H A urgES A "dojmygw A3 A AH o] AEET o

AL 725 BESL ether2 3] U A Hstel AN A ZHEL N2%9] TE&%
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At

'HNMR(DMSO, ppm) © 0.78-1.19(m, 30H), 146-150(m, 4H), 5.28-532(d, 4H),
6.91-6.93(d, 2H), 7.09(d, 2H), 7.63-7.93(m, 32H)

CgHy7
O’ 1-bromooctane, TBAB O’ CeHir (CH,0), HBr(in CHyCOOH)
Q 50wt% NaOH aq., DMSO Q 60°C, N, gas, 2h, stir
r.t. N, gas, 2h, stir
fluorene 9,9'-di-n-octylfluorene
(4)
_BrPh3+P CeH
Br 8l 117 H
CgH CgHq7
g C8H17
O’ P(Ph); DMF Q
O N, gas, reflux 10h P*Ph,Br~
Br

2,7-bis(bromomethyl)-9,9'-
di-n-octylfluorene

(5)

2,7-bis{bromomethyl)-9,9'-di-n-octylfluorene
triphenylphosphonium salt

P2 - Intermediate (6)
Scheme 3. Synthetic scheme of P2-intermediate.

3-2-2-7. 1-(2-Ethylhexyloxy)-4-methoxybenzene2] &4 (7)

ol & A~ FB97] dlell A potassium
carbonate(10.4g, 0.075mol)E ol Ft}. 3083 873 F 2-ethylhexyl bromide&
Ax8 FYst 12413F 2 &7 o, ¥+ TRHT

2EE 2e7A Y4A

1 F T §oiE AATH de7ER $F @ EHBE °]63 hexane2
& 2

2 8E3NA FHE At AARES 0% reE :
'HNMR(CDCl;, ppm) © 09344-0.9747(m, 6H), 1.3221-1.5909(m, 8H), 1.7146-1.7898(m,
1H), 3.7822(s, 3H), 3.8340-3.8360(d, 2H), 6.8598-6.8652(d, 4H, J=0.0004)
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3-2-2-8. 1-(2-Fthylhexyloxy)-2,5-bis(bromomethyl)-4-methoxybenzene®] 34 (8)
1-(2-Ethylhexvloxy)-4-methoxybenzene(7)(10g, 0.0424mol)¥ para-formaldehyde
(6.4g, 02lmol)e] T3 & FAZE FY&HA hydrogenebromide (30wt solution in
acetic acid, 2024mL)S A3 FUITH 1243 5 60ToNA wyrg F A7}
2 WAL dg&2o] HH3 EEr} Dichloromethaneo® F&¢ F i3}
NaHCO; #8997 298z A¥san vpx|ute] 22 53 Ax¥E §F MgSO.2 7
zatth, S A A F, ethylacetate®t hexane®] &% &viZ flash chromato
graphyZ o] 88 272G 382%° F&2 LA
'HNMR(CDCls, ppm) : 0.9146-0.9516(m, 6H), 1.3232-1.3427(m, 4H), 1.4240-1.5758
(m, 4H), 1.7250-1.7848(m, 1H), 3.8639(s, 3H), 3.8733-3.8867(d, 2H), 4.5298(s, 4H),
6.8588-6.8669(d, 2H, J=0.0081)

o

3-2-2-9. 1-(2-Ethylhexyloxy)-2,5-bis(bromomethyl)-4-methoxybenzene triph-
enyl phosphonium salt (P3-intermediate)®] 4 (9)
1-(2-Ethylhexvloxy)-2,5-bis(bromomethyl)-4-methoxybenzene(8)(8.2g, 0.02mol)<
DMFo] €3] =0 & triphenylphosphine(10.5g, 0.04mol)& 3] i, 100C7}
2 sl 100CoA 1043 B9t mukdt & Ae7tx) WZAl7IL, A7he ether
S00mMLE WWHElE Al wgEe WHs] dojmeld MA3 M ARl HEET. o

Ag 73 YEED ether2 o7 W Aol B4 2P ARBE 6% FEE

'THNMR(DMSO, ppm) : 0.71-0.89(m, 6H), 1.05-1.09(m, 8H), 1.19-1.23(m, 1H), 2.82

(s, 3H), 2.96(s, 2H), 4.90-4.96(d, 4H), 6.45-6.46(d, 1H), 6.66-6.67(d, 1H), 7.57-7.92
(m, 30H)
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S e

2-ethylhexylbromide, KoCOs (CH;0)q  HBr(in CHyCOOH)
Acetone, N, gas, 12h, reflux 60°C, N, gas, 2h, stir
4-methoxyphenol o—
1-(2-ethylhexyloxy)
-4-methoxybenzene

™

Br P(Ph); DMF P*PhsBr
Br N, gas, reflux 10h BrPhg'P

o— O—
. 1-(2-ethylhexyloxy)-2,5-bis(bromomethyl}-4-
zggﬁmﬁm%yngﬁgienzene methoxybenzenetriphenylphosphonium salt
(8) P3 - Intermediate (9)

Scheme 4. Synthetic scheme of P3-intermediate.

3-2-3. Biphenyl %49 4 (P1, P2, P3)

Biphenyl-monomer(7.3g 2.2mmol)2} Pl, P2, P3%ZHA(2.2mmol)E  ethanol(40mL)
7} chloroform (20mL)¢] &3&uo] a2zl & argon 72 9171 3ol A sodium
ethoxide (21wt% solution in ethanol, 2.47mL, 6.6mmol)-& 3] FY3t.
Aol A 12417 Fob wuket & 3 stellA EE & E A A s
ubg-Eo] fojA &, 7]l chloroform 300mLe %o 34 A%
e}, o]l 2e MgSOs2 W=d F destu ZREZEES A7
SEo] dojzir
o] 1% 10mLe] THF thA &a8A12] & 500mLe| #e¥h&& wytstdA o] THF
S HHs "ojmeld ZAol H4F Ho oA

& 7
Cvlgre R 53 AEste] 2TB(PL P2 PHE A & YNk

2
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Polymer 1 & : 50%, pale green solid

'THNMR(CDCl3, ppm) 3.5077-3.5649(m, 6H), 5.2367-5.3066(m, 4H), 6.2877(d, 1H,
J=0.0302), 6.4395(d, 1H, J=0.0310), 6.6317-7.2318(m, 6H), 7.2842-7.6504(m, 4H)
Polymer 2 & : 35%, pale green crystal

'HNMR(CDCls, ppm) 0.7779-0.8541(m, 6H), 0.9458-1.2274(m, 24H), 1.9498-1.9753
(m, 4H), 3.3513-35840(m, 6H), 5.2364-52364(m, 4H), 6.5931(d, 1H, J=0.0174),
6.7033(d, 1H, J=0.0127), 6.7705-7.2496(m, 6H), 7.3013- 7.6346(m, 6H)

Polymer 3 <& @ 42%, pale vellow crystal

'HNMR(CDCls, ppm) 0.8746-0.9378(m, 6H), 1.2570-1.5728(m, 8H), 1.7340-1.7351(m
1H), 3.4651-3.5658(m, 6H), 3.9469(s, 3H), 3.9603(s, 2H), 5.1813-5.3136(m, 4H)
6.3854(d, 1H, J=0.0114), 6.5214(d, 1H, = J=0.0125), 6.5120-7.2435(m, 6H),
7.266-7.6998(m, 2H).

OHC
/—O
o Py P Ar l ppngar  NAOEL CHiCH,OH, CHCly
je
CHO Ar gas, r.t., 12h, stir
Biphenyl - Intermediate P1, P2, P3- Intermediate

Ar : Sy caHﬂ /©/O
Qg 0
|
Polymer 1 Polymerr 2 Polymer 3
P1 P2 P3

Scheme 5. Synthetic scheme of polymer derivative.
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3-2-4. Biphenyl @& 74 &4

3-2-4-1. Bromomethylbenzene triphenylphsponium (Ml -intermediate)®] 344 (1)
Benzylbromide(6.91g, 0.04mol)9} DMF9] &3§E&ol triphenylphosphine(10.5g, 0.04mol)

2 3] P 90TNA 5A3 B¢ mukgith wkg Fa F ALA] Wb

1, 350mLe] Z7He etherol WEES M3 How, AN AAHo] HEHY oA

S 1AIZF B9 0Colabe] WA F, 79k HEISEAL, ether2 ofe] ¥ A Hdte] 24

AR 98%e TEE AU

'HNMR(DMSO, ppm) @ 525-5.28(d, 2H, J= 0.03), 7.00-7.02(d, 2H), 7.20-7.24(m,

2H), 7.29-7.30(d, 1H), 7.69-7.75(m, 15H)

Br "BrPh3*P
P(Ph); DMF
90°C, 24h, reflux

Y

bromomethylbenzene
benzylbromide triphenylphsponium

M1 - Intermediate (1)

Scheme 6. Synthetic scheme of Ml-intermediate.

3-2-4-2. 5-p-Tolyl-2H-tetrazole?] ¥4 (2)
4-Methvlcyaobenzene(12.1g, 0.lmol)S DMFo| ¥ ZA 7h2 oA myehgiy,

sodiumazide®t ammoniumchloride® H 3] YW1, 100C7A S5-23c}h 100T A A

12A17F Eot wmursl & ALstx] WA g d&8e HM3] HEES Wi, 72
HCl 8oz A7 A AHo| Az, o4& FYPEHSL, =& 9
g ¥ AFeg 25 X ?—8 T ethylacetate®} hexaneo 2 #AZA7A st AN ZA

o] A7ES 85% TER AU

'THNMR(DMSO. ppm) : 2.32(s, 3H), 7.39-7.4101(d, 2H, J=0.0201), 7.9200-7.9401(d,
2H, J=0.0211)

_\‘L
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3-2-4-3. 2-(4-tert-Butylphenyl)-5-p-tolyl-1,3,4-oxadiazole®] ¥4 (3)
5-p-Tolyl-2H-tetrazole(6)(6.4g, 0.04mol)& dry pyridine]l %3 W ¥3T} argon
A2 ZQl3H A, tert-butylbenzoylchloride(7.9g, 0.04mol)E& A sl Fdgvh 44

.o

2B refluxat, A WAAATE 2 A pyridined AATD, Fe
HCl #8903 82 438 % ethanolz A44E Fow 84 239 Asue

R0%e F&= A& F U
'HNMR(CDCls, ppm) : 1.3720(s, 9H), 2.4419(s, 3H), 7.3226-7.3437(d, 2H, J=0.0211),
7.5346-7.5553(d, 2H, J=0.0207), 8.0148-8.0687(m, 4H)

3-2-4-4. 2-(4-tert-Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4—oxadiazole
o] 34 (4)

2-(4-tert-Butylphenyl)-5-p-tolyl-1,3,4-oxadiazole(3)(5.9g, 0.02mol)& carbontetra
chlorideo] ¥z ®¥atth argon ¥$17] dtellA N-bromosuccinimide(NBS)¢t azobis

(isobutyronitrile)(AIBN)& 21 24A7F £¢F reflux@t}h ¥hg T8 F WA 7|1
7het Foll A £ulE AAST AsAz HE Ao wEES &AAH P,

ethvlacetate : hexane=1:5, 1:2¢] &mjg sz, T FHHEE ol&3td &
A7 ek 5%9 £&2 AN ANRES & F A

'HNMR(CDCl;, ppm) : 1.3621(s, 9H), 4.6842(s, 2H), 7.2826-7.3037(d, 2H, J=0.0211),
7.6021-7.6228(d, 2H, J=0.0207), 8.0284-8.1001(m, 4H)

3-2-4-5. 2-(4-tert-Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4—oxadiazole
triphenylphosphoniumsalt (M2-intermediate) (5)
2-(4-tert-Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4-oxadiazole(4)(7.6g,
0.02mol)& DMFo| €43 o1, triphenylphosphine(5.31g, 0.02mol)& 3] ¥
o] 100CoIA 5A7 BoF muykgit} whg F8 & A270] WZhAl7131, 500mL el
247}-& etheroll g | AAo] MEHT o|AS 1A F<F

o o
0Colstell WA & et %H?‘S}I’_, ether2 o&l W A Hste] #A4 AAHE 92%9]

_)lj_ll
ol
EL
rﬂ
ok
>
0y,

~f'"”r = /\)\E}

'HNMR(DMSO, ppm) : 1.3854(s, 9H), 52471(s, 2H), 7.4517-74728(d, Z2H,
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1=0.0211), 7.6873-8.2579(m, 21H)

NaN3, NH4C| N~
OCN > —@—(f NH
DMF, Ar gas, 12h, reflux N=N
4-methyicyanobenzene 5-p-tolyl-2H-tetrazole
td]

iy o
. CI004©+ pyridne 4@_<\ |
N/N

Ar gas, 4h, reflux

tert-butylbenzoyichloride %-:(34—4t’ert-%qtylplhenyl)-S-p-tonl-
,3,4-oxadiazole

3

NBS, AIBN, CCl, /_®_<\O | P(Ph)s DMF
B N-N

Ar gas, 24h, reflux r N, gas, reflux 10h

2-(4-tert-butylphenyl)}-5-(p-bromo
methylbenzene)}-1,3,4-oxadiazole

@)

BrPhy*P
o
A />—< >——’»

N

2-(4-tert-butylphenyl}-5-(p-bromomethylbenzene)-
1,3,4-oxadiazole triphenyl phosphoniumsalt

M2 - Intermediate (5)

Scheme 7. Synthetic scheme of M2-intermediate.
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3-2-5. Biphenyl @&# A9 &4 (M1, M2, M3)
3-2-5-1. 3,3’ Diphenylethenyl-4,4’-bis(methoxymethoxy)-1,1’-biphenyl (M1)2] 34
Biphenyl-monomer(6.6g, 0.02mol)E THFo| ¥, ZAAF$]7]dA] WREgT} NaHE

2 31, bromomethylbenzene triphenylphsponium(1)(17.2g, 0.04mol)& THF¢} 412 &
Ne HHM3 o] Foh A2oA 1242 s uwkst & FES L oAy gujE
Wt st A AASH 23 gEol den. ozlE duviAR 3 od ZRw
of #8|A1# %1, hexane : ethylacetate = 15:1~8:19] &vlz #2lgte L& A

Astd BHRn £ AR 65%9 FEE AUk
'HNMR(CDCl;, ppm) @ 3.50(s, 6H), 523(s, 4H), 6.65-6.66(d, 2H, J=0.01), 7.03-7.04(d,

2H, J=0.01), 7.14-7.17(m, 4H), 7.20-7.24(m, 4H), 7.33-7.34(m. 2H), 7.42-743(m, 2ZH),
751-7.53(m, 2H), 7.54-7.56(m, 2H)

\
<O
@]
Q CHO "BrPh;'P
NaH, THF
i) ~
N2 gas, r.t., 12h, stir
b
O
\

M1-intermediate

(1)

Biphenyl
- Intermediate

Scheme 8. Synthetic scheme of M.
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3-2-5-2. 3,3’ Bislp-2(4-tert-butylhenyl)-1,3,4-oxadiazolyl]-benzenethenyl]-
4.4’ -bis(methoxymethoxy)—1,1’-biphenyl (M2)¢] A4

Biphenyl-monomer(3.3g, 0.0lmoD)& THFel ¥, A7l m¥tedtt, NaH
2 93 2-(4-tert-butylphenyl)-5-(p-bromomethylbenzene)-1,34-oxadiazole triphenylpho
sphonium salt(5)(12.7g, 0.02mol)E& THF$ 41 &d& A3 ¥o £ 2204
12A7F &b wnket & FE{ St 040“94 % 2 7t stol A AASH A A A
ol ma whgEo] FEtaAd der o A Aw 3 @ Aol A
# Y& % hexane : ethylacetate = 15:1~5:1¢ oz Felstzm, &g A A3t
A%t weho] AAL 53%°] &R AU

'HNMR(CDCl;, ppm) : 1.3572(s, 18H), 3.3%46(s, 6H), 5.1188(s, 4H), 654-6.58(d, 2H,
J=0.03), 6.71-6.74(d, 2H, J=0.03), 7.06-7.12(m, 4H), 7.15-7.18(m, 2H), 7.32-7.34(m, 4H),
7.52-754(m, 4H), 7.90-7.93(m, 4H), 8.03-8.05(m, 4H)

o "BrPh;*P, ~
‘\0
CHO
I N= NaH, THF
+ N O >
O N2 gas, r.t., 12h, stir
OHC
™
O\
Biphenyl - M2 - Intermediate M2

Intermadiate

Scheme 9. Synthetic scheme of M2.
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3-2-5-3. 3 3’-Diphenylcyanoethenyl-4,4' -bis(methoxymethoxy)-1,1'-biphenyl
(M3)9] &4

Biphenyl-monomer(6.6g, 0.02mol)$} cyanomethylbenzene(4.8g, 0.0dmol)& 24
Hol7) &toll A olergd] LEAZITE o] AL 2087 refluxd ¥, ammonium-
hydroxide(1M solution in MeOH)& H#H3] FHgoh 5AFS refluxd F, &2
7hR] WzZEA 7| B Aol A=, o|AE BAIEEGL HEsEE AEA
AR AFZL AL 5 UYL, Y T JAE Y el g AAG F o
&2 YARE sl 5% F&9 A9 1
'HNMR(CDCls, ppm) @ 352(s, 6H), 529(s, 4H), 7.28-7.30(d, 2H, J=0.02),
7.40-741(m, 2H), 7.44-748(m, 4H), 7.68-7.70(m, 2H), 7.71-7.73(m, 4H), 7.99(s,
2H), 8.36-8.37(s, 2H)

O

.y
4 AREBEL AU

T
(o]
CHO
(I
. NH,OH MeOH
O Ar gas, 20min, reflux
OHC
o cyanomethyl
W benzene
O\
Biphenyl -

Intermadiate

Scheme 10. Synthetic scheme of M3.
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SAe E4S AAS CDChol Ho gAoR TE thg, 045m filterE AHE-6H
e 2 3tgoh. 400MHz 'HNMR 2= E32( JNM ECP-400 JEOLil(Japan) 22 3
qatart. 248 ~dHERA Ztzte]l malel Z3E proton, WA 329 proton,
2 alkyl group?) proton B3¢ WA vE Fa £ 9, B F2E I
= 99t ol A Ee 'HNMRZ#+ appendixel 423ttt

3-3-2. DSC thermogram

Aeg 92 gy A28 g, DSC 60 (SHIMATSU Co., Ltd)& AHE-3sted &
& 2% 20C/min, No 29716l DSC thermogram®& ZAstAth A AHEF
AFEe] Fe ¢F 100mg ot

3-4. B84 54 B7}

UV-vis Absorption ~¥E# 2 PL(334 B4 Ad9El)e UV &% Z&A

(s}

f

(M-3150, Shimadzu Co., Ltd.), Fluorescence Spectrophotometer (F-4500 Hitachi
Co.. Ltd)S o)&3te ZAsgch Az &9 AAF dichloromethaned o
quartz plated] 2000rpm2 & spin-coating 3te] ZE A& TEUT

3-5. A71% 54 #7t
3-5-1. &8 A AF (Cyclic Voltametry) 53

2 9] cyclic volammogram & WPG-200 (WonA-tech Co., Ltd)& A}-&-3t
Fom, @ AFoZ Pt wireE, 71¥ dFozZE Ag/AgCl A=(in 3M
dEogE Au wireS AFE3FL, scan rate 20, 50, 100mV/selA =
4&gtt, A2 2= tetrabutylamnomuin perchlororate(98%)& A A® CH:CN &
M &HE vHEo ARSI AT
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3-5-2. Time-Of-Flight (TOF) &#

A8 E t]ZF 2 2494 (dichlorobenzene)oll 2wt% 9 =2 9 &3AI7 5 I
(patterning) ¥ ITO glassol ¢ ImLA = 27 "oy & {2 Y
0CAHZe AF e M3 LulE AASHA vtg FHAET
715 olgstd 10°~10° Ax9 nWF LFuFADE 100nme FAR F
o & AL AzFEAct =4 Al 0.01mme] # S (platinum) <Fel o] (wire)2}t 0.1
me] QHF(indium)& o] &3te] deviced *% A& A2 *H-“Vi 2mm>2mm - o]
glol A (33mm)E A A=olA FAeAH. Alme T4 AL STX-2000
DLX (K-MAC CO., LTD.)E o] &38td FHs Aoy, +4 1}?4\_ Nitrogen Laser
pulse (337nm, b5ns duration, 0.1mj/pulse), Digital Oscilloscope(Lecroy Co.
Waverunner LT-322), Power supplv(Unicorn Co., LTD)E o] &3}l A #3}c}.
Fig. 16°1 &4 device? T+ZE Yeddh

a

H‘l oL N

ol
mJ

S
o
-

AlLi electrode
Cathode
Anode : s o L, ITO
* Materials
Measurement ] e
Target (2mmX2mm) |
|| _~Glass

Figure 16. Schematic of TOF measurement device.



3-6. J-V-L 54 37}
= 2] AL Current/Voltage source (Keithley238), Optical power meter
(Newport 818-SL), Topcon BM-7& Al-&3&}o] A &dlX =A%}

_HNI

d
o 2

3-6-1. 3% 54 548 W A%
1

B EAQS dolr 7] $ate] &% 99.0%°]4e] 1 & & 2 v € (dichloromethane :
.]

CH:Cl)S o] &ste] 01wt%e PVKEE b5 43 /7125 1wtd, 3wtds,
Swt%z FH7bslel EFEAS TEAY. o]FA TEAZ BHE A4 Nalge

Co., LTD. (USAALS] AlFo= P’I‘FE(polvtetraﬂuoroethvlen)/] membrane®. 2 ¥
pore size 0.4m¢e] filter® syringe filtering sttt ZEH F M A2 H9l spin-
coating®-& o] &8 FA7E oF 0.1me S A @3t FHE 2 WF 54

=R LY

3-6-2. 4359 w71 AA %3 LA AF

ITO glass(10 Q/square, 1.1mm, Samsung Corning Co., LTD.)9 g AL )&
i 2o}, b7 B ¥ (masking tape, Teflon A @) & vp27 3 ITORFEHES 2
Ak godo] Pe F oF 5g9] Zng Wo|FHW, Zno| 4F3t WA "uto] A7 H=

°F 108 ¥ ITO Fel#s &AM 7Ado] F+xEE A& AHsdH. vbx
AS AAT F acetonelZ HEAA AEES Wol Fi, TE2F F
Fob AHEsT " @ ITO Falds ARdez AF
water)oll 30% H<¢F ©7F AlAsla, dry oven (70T)lAd A
alcohol#} acetoned ©7F ZF T2 1A &< AH TG, A A
Woadon AL A AANDE Eof dof dd AZ AAT

Hzd 7] A4 E33 ITO/PEDOT/PVK+polymer&monomer/Algy/Al)e] A 2F-2
. WA PVK(0.05g)E 10 mg/mLZ tE2 2] 3] &aiAz
FAES 1, 3, 5wtnE H7iete] &gttt a8l 045 m membrane filterg AHE
sto] BE gt o] £33 £HS o W ez FH" I ITO F=& el 1500

=

!

El
2l

rSL
o
7
e}
ke,
=
o
o
=

£
o X
:i
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pme £22 23 FHEATh dojn niA BF FAE oF 80~100nm T

e ® ITO 83 w3 182 = Alo]d PSS(poly(styrenesulfonate)) 7}

kX
s¥ PEDOTE =93th PEDOT 99t 4500 mpmel 42 ~9 8@ ¥
0-250TC 2] hot plate HollA 10~208 F<t AAFsAY. o]g A &8 PEDOT
Zo] A& o 50nm °olth. £ SHe] wtuhslsl & W FAVE o] &3t Alg

= T'_ﬂ% %-Lu’% O]‘%O}Q% OL 100nm <] T”ﬂi %—Z}*&}
mpA o 2 whets © Alg Sl LEER AF 49
FAE= oF 150~200 nm ©]™,

of A Ao AFEE JeEnf A

® torrell A XF Z=3

A& gmm°elt}. Fig. 17

g to 3 okl
—
(e

Glass : 1.1mm, 2 X 3cm

ITO( Indium Tin Oxide)
: 15nm, 6052/sq

PEDOT : PSS ; 50nm

PVK : Polymer&Monomer
; 100~150nm

Al : Li electrode ; 100nm| |Algy; 100~150nm

Figure 17. Schematic of OLED device.
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Biphenyls E&3te FEAES @47 s 38 X9 formyl?17F 270 =4

H F=7AE o] &3¢t Formyl 712 =YstE Wil ol phosphorous oxychloride
base® o] &-3to] DMF9 &7 W& A7l Vilsmeierd & ®ol ol &3kt 2
w=iol A= butyllithiumS base® ©]-8-3t i th.

Formyl 717} 299 742 o]&3te] o1& 7tA phosphonium ylide & 3| <he]
Wittig W48 E3 #3do] £& moietyld dxA 4% Tl £L molety 5=
cthylene 719} 37 &9 o8 712 FEAES 4T & Atk 53], ethylene
719 AR 3 =QE o2 7FA moietyETHe] AR o] Fol
biphenylel £ moietySe]l @& EHELS Lol B F AUk o7l o) &F
moiety 2 & A2 T Aol Qe phenyl, fluorene, alkoxy 717} =
a, Ax AAE Addo| dE  oxadiazoleo] 2T} Fluorenee blue ¥#o] F& &
Az g#A dxn, 2yd¥d FxR Jdi A= FFel o Phenylel ethyl
hexyloxy 719t methoxy 718 E8te] Az EUAT HS Foli, &Ex F7F
N F JdE BA4S FoF 7 AbTh

Formyl 719} phosphonium ylide 9+¢] wittigit-3< $18l base® ethanololl &3l %
sodium ethoxide® o] &3stg=d, oln] &3] Je Altks /\}%5‘}"‘4 78

il

wittigtt$-2 288 4 At Fluoreneol alkyl 718 =9tz s Aol =
oj¢l TBABE ol &89z, 2 A% £& F&2 alkyl 718 =4F & 2}21@. el
fluorene® phenylell bromomethyl 715 Z=<3t7] 913l HBrg ol&sd=dl, o o

wHoo] Fojstx] ¥e HBre& FAZ FYd Fol g RulFolol bromomethyl 7|
7b 370 ol =" S =Y 4 9%t} Biphenylel £3dE EEH
&4 A 229 da, 4 AAE st PDI7F © ZEHE AL & A
£33 cvano 71E TYst7] 98l formyl 717F = biphenyl F3bA|e
Kneovenagel condensationd A&&tgs o] A3 £ &2 cyano ethylene 7|1 &

=9% 4 AUk
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4-2. GPCE | & EAF 573

hY
o

W82 THF(HPLC Grade)ol *9] membrain filiter & &S A +
GPC(Gel Permeation Chromatography)Z EA#& A} dA4ds nExe
G B EMmI FA B¢ BAFMw)2 Table 37 2ok &2 I &3
A EbdG RS nER T AN T Sxe Aozt wmEA Wdgste &7
amel AgR A How. 2F P29 A7 M EeS ¢ F UMH £

= A

2 nm Aeolr] gio] Salevt Mg Folxle FHE MAA T 7 U

Table 3. GPC data sheet

Mw Mn PDI
Pl 2754 1659 1.66
P2 6434 4141 1.55
P3 4666 1541 3.03

* Mw : Weight average molecular weight
* Mn : Number average molecular weight

* PDI : Poly-dispersity index Mw/Mn

4-3. §71 F4 &9 B35y 54

BEde #84 EAHS Lot y] 938 UV-visible F359 8% 2HERS A
3t th UV-visible 359 ZyE 3 F57F dovhr] Al #ets F&EolA] 28
o] 714717 FA48 HEe & 5 ded, ol EEUY AAS dFERE YUE
F4ste] vt 2= AeE At ol ds oulsty At 4T oY
710 A7) ZatE(polaron)?] AU A W= 7ho) a3t Zk gAY E] FPAHE

aY

P UV-visible ERENAY A &5 3 g% zA st 7 s
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4-3-1. PVKe] 334 54
Fig. 18& PVK<e UV-visible &3%%
290nm, 224nm HAGAel A FH7h dolwro
v 9

A& AT Tk BB HF dde

oft

HgrAEeZ"S UERA o= 340nm,
w 200~360nme] 4
37 420nme] A @FS vER AT

10000
12 — PVK-Abs
—e— PVK-PL
8000
1 - b
08 ¢ 6000 3
5 z
o ‘7
< s
: 0.6 E
4000
B
0.4
2000
0.2
, ; 0

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 18. UV/vis. absorption and PL spectra of PVK thin films.
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4-3-2. Biphenyl L 2Z(P1, P2, P3)¢] 333 EA
Fig. 19~21¢ $4% n¥ae §5 9 03 2958 E Yedids. Ple] &7
2 Y ~HMEYS Fig. 199 YERARIH 200~425nm ¥ A &
stglow, Ao wd F¢dA e 47nm FAe] TH wHS
K

2 g A" EHLS Fig 200 YeEtSleH Ho 5

0~425nm e Fo FAe YTk Ho 2% wFS 452nm Fel A et
on] 480nm o) of7) FEolA W@ 49 bk Fig. 210] Wbl P3
o B4 2wy ~MEYS Bw Pl PeETh O WS 200-465nm @A 5
g dehden], w3 51 A 490nm FelA Hol 2 e vehich w3
~uER B4 AW 374K BF o] sbbe wRE stgom, 53 P2t %

12000

10000

8000

6000

Abs. (a.u.)
PL. Intensity (a.u.)

4000

2000

200 250 300 350 400 450 500 550 600
‘Wavelength (nm)

Figure 19. UV/vis. absorption and PL spectra of P1 thin films.
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1.2 10000
1
8000
0.8 -
=
- 6000 &
3 &
~ z
:.’ 0.6 2
= E
4000
-9}
0.4
2000
0.2
0 . 4 0
200 250 300 350 400 450 500 550 600

Wavelength (nm)

Figure 20. UV/vis. absorption and PL spectra of P2 thin films.

8000
1.4
12
6000
! 3
- &
= >
: 0.8 z
g 4000 2
2 &
< 06 =
=
0.4 2000
0.2
0 i i L 0

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 21. UV/vis. absorption and PL spectra of P3 thin films.
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4-3-3. Biphenyl @2 (M1, M2, M3)2] 3353 54
Fig. 22~24°] 43 @dExte] UV-Visible, PLASEH Z4 A E e
Miel &4 9 w3 542 Fig. 220 JERHATE 200~380nmell Al &5 3 I
S degon, Ao @2 sbge PVKe 53 o3 e 22 420nm A EolA A
oS YeblAY Fig. 232 M29 &+ 2 23 ﬁ}ﬂ ifﬁl.‘ée&% UERD A

P ~HEHLS Fig. 240 Yyetglon], M29t 2o] 200~410nme| FFolM F5E
GERl e, Ao 23 B3E 460nmell A vrebsth EARe] 3 AHEYH v

L5 6000
L2 { 5000
{ 4000 3
-~ 09 | s
3 z
< { 3000
2 )
< 06 | E
1 2000 2
0.3
1 1000
0 1 0

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 22. UV/vis. absorption and PL spectra of M1 thin films.
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1400

Abs. (a.u.)

1.4
1200
1.2
1000
1
3
800 £
0.8 £
£
2
0.6 600 =
’ =
0.4 400
0.2 200
0 0
200 250 300 350 400 450 500 550 600

Wavelength (nm)

Figure 23. UV/vis. absorption and PL spectra of M2 thin films.

1.8 7000

15 {1 6000

5000
1.2 | _
2
= 1 4000 E;
= =
;’ 09 E
2 13000 £
0.6 | =

2000

|
0.3 1000
0 0

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 24. UV/vis. absorption and PL spectra of M3 thin films.
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4-4. =3 (doping)A 2] F3H4 EA

DR} mEY 2 =g oz AY aRE 2H7] Y3 FAHAS 7=
PVKel 1, 3, 5wt%z &35te] ol&9 UV/visible 3% 2 ¢ ~HEY
Sl ZaAWE 2A a9,

o

o
N
ox

4-4-1. LEA(P1, P2, P3) £9 A9 B34 54

1, 3, 5wi%z Edetel FBE 2 W S4L Fig 2590 dehidch $4
%4 2fEd e Mt Plo §4 99 PVKel =% Fo24 Plute §
sbge et gee ¥ 4 9131 W, w3 sgel e PVK 2 P1o) w3 w0

of byl 450nm el AEe 4B el vpehdon, £ Fre Frkdl wet
b FHEE 2 4 Atk olEd AoE AquA olF olg T

Forster energy transfer ©]2¢] 23t =¥ 350~420nmolA PVKel 23 w33 Pl
o &4 wo] 2u HW(overlap)FOoEZMN o] FEA Eu(donor) H&9 PVK ¢
of7] @ Fetgo] npeteHE "ol o oux 7t 9 AE (accepter)?] P1Z ol =]
b s FepEol oy] ® A7 FHol thal vietdER dojdoms Ple ¥
F mgol] 77k G AMEE w3 AFEo] YEIY Rz AR HTH

P2el &4 2 23 ~HEHS Fig. 2601 YERSY. P13 wbEsEAE PVKA
T3 A P29 FF 99e JEYA @gton, W #3 & 420~450nm ol A
A 2Z-g gt gbFo]l yvebwtth w7l A R Forster energy transfer ©] & F3
= 350~430nmell A PVKS] 233 s34 3 p2e] &4 ut#bol Qv (overlap)E &2 M
Az olFe]l dojut P2l wF ] R AEE wR AHEYH YEEth
P39l &4 2 23 ~HEZHS Fig. 279 YeERAG. 9o Az} opavbAE 35
0~455nm FoolA P39l F599® PVKY 233 g9e] ¥ H(overlap) = ]
470nm FolAd Mz 2% 3o Yersten, o] Forster energy transfer ©|
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Figure 25. UV/vis. absorption and PL spectra of PVK : P1 thin films with dopant
concentrations(1, 3, 5 wt%).
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Figure 26. UV/vis. absorption and PL spectra of PVK : P2 thin films with
dopant concentrations(1, 3, 5 wt2%).
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Figure 27. UV/vis. absorption and PL spectra of PVK : P3 thin films with

dopant concentrations(l, 3, 5 wt%).
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Figure 28. UV/vis. absorption and PL spectra of PVK : M1 thin films with

dopant concentrations(1, 3, 5 wt%).
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Figure 29. UV/vis. absorption and PL spectra of PVK : M2 thin films with
dopant concentrations(1, 3, 5 wt%).
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Figure 30. UV/vis. absorption and PL spectra of PVK : M3 thin films with

dopant concentrations(l, 3, 5 wt%).
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Table 4. UV/vis. abs., PL, and band gap data of each material & doping sample

PVK PVK PVK
P1 doped P2 doped P3 doped
with P1 with P2 with P3
Max aps (nm) 350 235 368 235 385 235
Max p. (nm) 467 450 450 430 497 460
Band
297 297 2.88 2.838 2.88 2.88
gap(eV)
PVK PVK PVK
M1 doped M2 doped M3 doped
with M1 with M2 with M3
Max .ps(nm) 280 265 343 235 290 235
Max pL(nm) 406 405 443 432 460 460
Band
3.2 3.3 3.07 3.07 3.06 3.06
gap(eV)
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Figure 31.

Energy band diagram of materials.
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Figure 32. J-V characteristics of ITO/PEDOT/PVK+P1/Alqs/AlL;Li.
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Figure 33. L-V characteristics of I TO/PEDOT/PVK+P1/Alqs/AlLi.
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Figure 34. J-V characteristics of ITO/PEDOT/PVK+P2/Alqs/AL;Li.
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Figure 35. L-V characteristics of ITO/PEDOT/PVK+P2/Alqs/Al;Li.
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Figure 36. J-V characteristics of ITO/PEDOT/PVK+P3/Alqa/Al;Li.
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Figure 37. L~V characteristics of ITO/PEDOT/PVK+P3/Alqs/AlLi.
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Figure 38. J-V characteristics of ITO/PEDOT/PVK+M1/Alqs/ALLi.
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Figure 39. L-V characteristics of ITO/PEDOT/PVK+M1/Alqs/ALLi.
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