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S o] gste] FAE = Qo AEEH & e ATFFYS AMEZ+= CuPe (copper phthalocyanine), NPD
(N,N'-dinaphthyl-N,N'-phenyl-(1,1'-biphenyl)-4,4'-diamine), m-MTDATA (4,4",4"-tris(3-
Methylphenylphenylamino)triphenylamine), 1-TNATA (4,4',4''-tris[l1-naphthyl(phenyl)amino] triphenyl
amine), 2-TNATA (4,4' 4''-tris[2-naphthyl(phenyl)amino] triphenyl amine), p-DPA-TDAB (1,3,5-tris[N-(4-
diphenylaminophenyl )phenylamino] benzene) &3 #-& WekE opWliF, ALA uEAZAe ZEledl &

Al poly(3,4-ethylenedioxythiophene)-poly(styrnesul fonate) (PEDOT:PSS) o] A}gE 4 . 2 ubg
A Ao ol 4= PEDOT:PSSE BEFHZT R Al om, AFFAFTS 10 WA 60 nne] FAZ A1HT] 4

o Y= <+ Ut

o ox
v
=2

T3 7] ATFETHIL) S ATFUASS B3 o HFS dFgHez wHPgFor FFL F I=F A
TFUSY AR FFET. AgE = e ATSEETY ARRE THYLE AEHE EES AEE 5 9
o A skAE= NPB - (N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-benzidine), = NPD  (N,N'-

bis(naphthalen-1-yl)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine), TPD  (N,N'-Bis(3-methylphenyl)-N,N'-
diphenylbenzidine), TIB (N,N,N' N'-tetrakis(4-methylphenyl)-(1,1'-biphenyl)-4,4-diamine), TTP (N1,N4-
diphenyl-N1,N4-dim-tolylbenzene-1,4-diamine), ETPD (N,N'-bis(4-methylphenyl)-N,N'-bis(4-ethylphenyl)-

[1,1'-(3,3'-dimethyl)biphenyl]-4,4'-diamine), VNPB (N4,N4'-di(naphthalen-1-y1)-N4 ,N4'-bis(4-
vinylphenyl)biphenyl-4,4'-diamine), ONPB (N4,N4'-bis(4-(6-((3-ethyloxetan—3-yl)methoxy)hexyl)phenyl)-
N4,N4'-diphenylbiphenyl-4,4'-diamine), OTPD (N4 ,N4'-bis(4-(6-((3-ethyloxetan-3-

y1)methoxy)hexyl)phenyl)-N4,N4'-diphenylbiphenyl-4,4'-diamine) 5] A&2 A¥ dd E&3}; PVK (poly-
N-vinylcarbazole), Zglotdd, (ddud)Ze A& 5o 1A AF AE Edo] 282 4 U}, np= s}
A& NPB, NPD =& VNPBE AF&3E = glom, E Iy e] HAAddre WPBE HTTHT o= AMEsIGlaH,
=
h

AB5EEFL 10 WA 60 mel FAZ wg zd 5

ofj
1o,
ox
iz
)

ool o AAjefol] mE V] w3Te %S vEide $3Td § den, E ddd wE ] 55
19] s3tes Ao my, 13 9 Aoy 548 /e 7] B3 245 FEE 5 vk & 2o f
7] g ko] wgEol Qlof, ] w3Ee WA 4ol e AL oy whe] FEAoly WA B
dodt nALS evpste AL WAE, 5 AFol e @Al obgA e BHOZRE, 2 nm WA
5 me] Helel| A= o] wigEAsta, v vigAs A= 5 WA 50 nne] WHAldl 2= 53] nlEAEH
= 10 WA 40 nme] WA Aol Fr}h

TS A7) BETe Y ERES I ARESlY B w2 a8F 1= Mg A5 F Q. o, A&
v EREE AgEA gon, 4l EHEE A8 BHA AYste] ARRE 4 vt Q1F ERERANE A
g A7IAZEE B3 5 de IFER, AT AVARYEH dgste ¢ 5383 hgEA @on, Ir, Ru,
Pd, Pt, Os B Re 5o & o]FojA= oA Aer= sl o] 548 Xgste a4 FAQ 3lo] upehas
i, 538 xEIY 35 A e S2E g&st 35 AV vkt 29" 545 AARAs 229"

AR R, vpA e wiRRAAE 2-HdIYd FEA, 7,
(IvzehIgd FEA4, 2-ddFA=d 754 58 & F Advh. o5 FEAE 8o wai X37&E 7
FE Qrh. BHx viAEA oot EYelE, HA24 5o A7) viA; o]¢fe HifAE ¢ 7 R Q)
ok, FAA d2E, vxgddygd  opAEolhEve]E  o]gF(bisthienylpyridine acetylacetonate
Iridium), v Az d g g ) oA Eol A EY o] E ol2]E{bis(benzothienylpyridine)acetylacetonate
Iridium}, H=C-HEWZEolZ)olMHolAEUo|E o8] F{Bis(2-phenylbenzothiazole)acetylacetonate
Iridium}, Hl A (1-¥dol A =)ol 8 & ol e ol E o] E{bis(1-phenylisoquinoline) Iridium
acetylacetonate}, EgA(1-¥HdoladEd)olg]lFE{tris(l-phenylisoquinoline)lridium}, E7Z=(Hdyg
d)o)8]F{tris(phenylpyridine)lridium}, Eg=2-vlddy g d)o]g]F{tris(2-phenylpyridine)lridium}, E
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[0090]
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g2 (3-vHd g e o] g]F{tris(3-biphenylpyridine)Iridium}, Ea] 2 (4-v Y v 2 e o) Bl tris(4-
biphenylpyridine)Iridium}, — EZ|x=[2-(p-&=)¥ e d]el2lF (11D {tris[2-(p-tolylpyridineliridium(I11)}
59 5 4 glon} old] dAEE AL ohd. AV wHEe] waHl mwEe) e AudA oy} sk
2100 R O] 2 WX 20 FER WG 2 EFHE Zo] Fom, 4] WS F TR Wd) £ £B
o] o 0.5 YR 35 =24 MY Yol o] Eu}.
2}

rr

o apEn A A4 448 Bl wAFo B e,
A8E 5 e AAFEFe AREE FAM0 A8EE 248 A8 4 gdov, wkas TSPl
(diphenyl-4-triphenylsilylphenylphosphine oxide), TPBI (1,3,5-tris(N-phenylbenzimiazole-2-yl)benzene);
Alqs (Tris(8-hydroxyquinolinato)aluminum); BCP (2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline); PBD

o, HEY o714 wi AFel A FEFOR BUSE AR WAN) Astel AFANFUBLIE FHT
S ork AF FAY W 20 2D 8 ATAASS PYkE A5, 3T 20 AHESHE SRl na
gEAw, durden FFFUT F4H A YT 2AUN S ¢ A A 4T A4 A%
AEF FoqEd, elel i, SAHE FEAG EdoE fuAl, AUESY FEA 5§+ o
AF W, 1% L BP B ATAAF ART AET 5 Uk

) AAFEFEILS F2 AAE FolR/lE 3t Aol TRE AR TARNED, oF ARE ke
Ax o5 som AAE ddqow FRULG ¥ wyel ue

o Q3 2=

(2-(4-biphenyl)-5-(4-tert-butyl)-1,3,4-oxadizole), TAZ (3-(4-biphenyl)-4-phenyl-5-(4-tert-butyl)-
1,2,4-triazole), O0XD-7 (1,3-bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-yl]benzene)d} & o}
3}stE-;  phenylquinozaline; TmPyPB (3,3'-[5'-[3-(3-Pyridinyl)phenyl] [1,1':3',1''-terphenyl]-3,3"'-
diyl] bispyridine) s& AH&E 4= glovk, ofdl WA G=vh. whgh#sHAl= TSPO1, TPBi = Alg3E At
|  dom, B @y Arde = TPBIE AAFTEFTLE AMEaon, HMAFESTS 5 WA 150 e

FAR EFTe el A45d 5 Sl

&
o)
R

we A7) AAFYES LIF £ Lig(lithium quinolate) < o] g€3le] 1 WA 50 nm FA= Z2=

T e, miadlE, 24, YERFE, Z4F, Bolty, dF, °ER, #F, VM=
L F& gE o059 I, LiF/Al EE Li02/AlY 2 o= 3tz 24
[e]

ul s Ale] .

+
32
|

=

7]
]_
2 gy e f7] wF axE E84Q SAE-ERE 719 oA Ag MAYUES Bo WA Y

2 oume] AT olshE Astel ¥ Wl UE SRS Bl B owwel e §/1uYnE, o
of Az % aAe) WHEAE RS, 1o AAdE B oage) oA H4% 98 Aoz B el
BE WAT ARt = AL ohir

_18_



[0095]

[0096]
[0097]

[0098]

[0099]

[0100]
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(246 1] e 19 A=

valn's

NHI
Shote 1-af Az

2000 mL 37P-ToHlEE g AT 2-H 2R -7 7-tuE-5-(4-H|dHd)-5, 7-tsto| =2 el H = [2, 1-b]FFHIE (50

g, 107mmol), WIA(IUFIE)CREE (30 g, 118mmol), 1,1'-Hla(EdlldE Ay )z A-Ze5 (1) YEF2

ol tjZE=2HE ZE (1.76 g, 2.2 mmol)T} FAFZH (21.13 g, 215 mmol)<S 1,4-t}o]=AF (750 mL)ol]l @il

8AIZE B3t 7P°d e, wbgo] guEW, RS ALow Wzsla, & (800 mL)St olEolAH ol E

(1000 mL) 2 FZE3At. A715S F4 ntavgoz Axs &, S48 Agstal, deglo]E o318t

040111 o HE %OL TAE n-FAe AN F, o sta n-Hrto® AjAgste] Aol 1A
[e3}

S 8
v

«

1

H NMR (400MHz, CDCls, ppm) & 8.06 (s, 1H) 7.94 (d, 2H) 7.68 (s, 1H) 7.53 (d, 1H) 7.49 (m, 3H) 7.42
(m, 3H) 7.34 (m, 2H) 6.63 (q, 1H) 5.60 (d, 1H) 5.30 (d, 1H) 1.71 (s, 6H) 1.44 (s, 12H)

3etE 19 Ax

1000 mL 3-FvtgEet~aed 3E 1-a (20 g, 39.1 mmol)¥ 5-HEX-1-3A-2 3 3-Eudd=Ed
(12.8 g, 39.5 mmol)¥} E|EZ3lo]=E2F (400 mL)S 716ttt BIEZ7|2(EgddE2a)ZeHE(0) (0.45
g, 0.4 mmol)S H7}eta, 1M €2bZdHF 89 (200 nL)S Y 714E SFskgnk. 12 A v 3 9 ES

Jerd] Azisgnh. B3t o9 oMHelER FESE R FAMIMFOR Axd F, BYY Ay,
AgtolE o3 & F, A FEAAG. FF F e AY (A4 o DopAelolE= 5 1 Dow 2
of BAe] 3A B 1 (14 g FF 60 DS ATk

I NIR (400MHz, CDCls, ppm) & 8.09 (d, 2H) 7.95 (d, 1H) 7.70 (d, 2H) 7.53 (m, 7.55-7.42 (m, 8H) 7.32

(t, 1) 7.22 (d, 1H) 6.63 (m, 2H) 5.58 (d, 1H) 5.28 (d, 1H) 3.44 (m, 2H) 3.25 (t, 1H) 1.69 (s, 6H)
1.59 (m, 2H) 1.36 (m, 12H) 1.21 (d, 3H) 0.99 (t, 3H)
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[0105]
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[0107]

[0108]

[0109]

[0110]

[0111]

[0113]
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é
oo A7 B0
Vx S

o

2-a

SIS 2-a9] A=
2000 mL 3F-FutEEEsAd 3-EER-9-(4-0]d #H9)-9H-7F= (50 g, 107 mmol), H|Z=(FUZFSHE)H R
2 (30 g, 118mmol), 1,1'-H]A(tddEAy ) ZA-ZeE5(IDtER o= UIF22det 25 (1.76 g,
1.8 mmol) ¥} ZAHAE (21.13 g, 215 mmol)E& 1 4—5}0114 (750 mL)ol ¥ 8A17F ot 71 I }Oﬂﬁ‘r
o] guEH WSES Aeow Wzksta, B (900mL)¢t olEolAlElo]E (1000mL) & FE&tt. 715
R Whﬂ}mﬂ* 2 1Axs 5, 4 ﬂ?ﬂo}i, AetolE o falqirt. dolzl ofds 2 w5 }
2 2AE Aol EH | Eet -4k A AAAT F, A3t p-HALteZ AFGsle] ofo|r e A
3}E 2-a (35.8 g, & 66 S A

2 o rZ

kA2 OlN

al
) o)

R

H NMR (400MHz, CDCls, ppm) & 7.95 (s, 1H) 7.67 (d, 1H) 7.55 (d, 1H) 7.50 (d, 2H) 7.45 (m. 3H) 7.37
(d, 1H) 7.20 (t, 1H) 7.12 (t, 1H) 6.63 (g, 1H) 5.60 (d, 1H) 5.31 (s, 1H) 1.42 (s, 12H)

g:tﬂ-ﬂ 29] A%

1000 mL 37-FTutgZetagd 3% 2-a (20 g, 39 mmol)¥} 5-BHEX-1-314-2 3 3-E4WdAEa (12.8

g, 39 mmol)¥ HEZsO|=ZF (400 mL)S 7FFith. HESI)|~(EGADE~)Z8F(0) (0.45 g, 0.4

mmol)& F7bstar, 1M ©AFZH #%%‘ (200 )& ¥ 7FE B[k 12 A7 vg ) wES

W2pstitk. =3 oE ofAH O ER FE3D }”' T4 amladlges Azt &, dge Asia, AfolE

ARE & &, Y sFAT. 55 F A A7 (FAF 0 oldofAHolE = 8 1 1) 2R st 3¢
PR

A FE 2 (14 g, & 50 %

1
H NMR (400MHz, CDCl;, ppm) & 8.09 (s, 1H) 7.66 (d, 1H) 7.63 (d, 1H) 7.58 (s, 1H) 7.50-7.48 (m, 4H)

7.41-7.39 (m, 3H) 7.18-7.15 (m, 3H) 7.11 (d, 1H) 7.07 (t, 1H) 7.01 (d, 2H) 6.84 (t, 1H) 6.63 (g, 1H)
5.59 (d, 1H) 5.30 (d, 1H) 3.43 (q, 1H) 1.37 (s, 6H) 1.20 (d, 3H)

ek 1 7F 150 nm@l ITO(1E 4] Abshe)
HE AAZE S| S FolA 207 F<t
ARG, olxzrddms Aol Bud A SHFE

AR olo], & S Al HellM dha/d A Fekzvkg 283t A8t



[0115]

[0116]

[0117]

[0119]

[0120]

[0122]

[0123]

[0124]

[0126]
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71ke] Eepzul A]le] g &g E tulo]a AAS 3 7ws A2AFEH Gl AFFAA F F
WA gle] P Qe WA Al F 5 9 AnAgaiael e e =191 PEDOT:PSS
(poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)) S o] AR LA LI 34 324 8to] 2000 rpmo
2187 293" 130T FEHolEoA 3083F AEs 50 mme] T 5 AZste] FFFUToR
ARSI, ggdll, A7 AEFUE Aol 7kar)zh 22 VNPB (N4,N4'-di(naphthalen-1-y1)-N4,N4'-bis(4-
vinylphenyl)biphenyl-4,4'-diamine) & 228A 3A3te] 2000 rpmell A 30% F<F A~WFEH
3lo] 100C e FEZeolEA 1087 AT EHO] 200C 2 gZeolEoA 30%7F st=mo]7] ko] 20 nm
°of AFFETS FAIUG. o, A7l AEFES S =BREZA Ir(mppy); (tris[2-(p-

I

=

oY
o
=2 iy

e
i)
of
2
=
il
Ho
N
i)
o
Lot
%
o
—
~
>
2
)
2
=
(]
ol
ot
=
lo
off
i
fu

tolyl)pyridineliridium(II1))E ZT2EQ]
E5¢ 2 S22l 4ol F 2000rpmell Al 30% EoF ~2¥WHY IR ow, 100Ce] SrEYelEd A 10w
7F AZEWO] Zof 220C9 gZgo]EoA 3087t 3=

ojo] A7) wF= Ao TPBi (1,3,5-tris(N-phenylbenzimiazole-2-yl)benzene)S T4 25 nme] AAFEZO 2
4 & 2 9ol Lig (lithium quinolate)s FZAIA 77 1 mo AAFASS FAESHATE. o] Liq | el
4 4FES THAANA 55 558 A f7] EF AAE AT

A719F ol AFE f7] WG o] 0 ~ 15V ARES QI7bske] d3AES AAEHgien, s & 1o W7
Wt 54 9 7|2 B 54 295 el T3, = 1A= 3]k Zel AztE f7] W Ao AR
A&(cd/A) W I =(cd/m)E =AFRLH, = 20ME TFEEDE; In/W) B FA=(cd/m)E =ASAT.

(e 4] 2 2ol wE 3} fr

A7) Al 3l EAE AnEA sehE 1 il sieks 28 ARSSE A
A4 stollA 7] HF AAE AFER o, §7] £ 1 1

A

§ A¥E vehhdo

t

= 2

Gl

°o]&

rob

il

2
w
B
off
i1/
Ao

[Alate]] 1] 3$E VBPC (9-(3-(9H-carbazol-9-yl)phenyl)-3-((4-vinylphenoxy)methyl)-9H-carbazole) & ©]
&3 771 TF 229 A=

27 Al oM S2E AnEA FFE 1 il &7 29 FjHE VBPC & ARSete AE AlYstas A
Alel 33 Fdg A stellA frr] B 2E AFElon, 7] 21 ® & 1WA = 20 H7] g 54
2 7z 24 34 298 dehac
IeWe s k
s 0
VBPC
£ 1
At AFas g gy AT (x, y)
W) (cd/D) (Im/W)
AN 3 10.99 18.99 5.46 (0.260, 0.534)
A 4 11.24 17.43 5.18 (0.251, 0.548)
H] o] 1 11.67 13.61 3.96 (0.256, 0.520)
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