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ol & (111) #3grEe] A FY(tuning)S 7] BNEE Aoz HAREH HA712] Pad = vt
(S.Lamansky et. al., J. Am. Chem. Soc. 123, pp. 4304-4312, 2001). HMe] A7) 2AFo] ol H(111) 23+
=(S. Lamansky et. al., J. Am. Chem. Soc. 123, pp. 4304-4312, 2001; S.Lamamnsky, et. al., J Appl.
Phys. 92, pp. 1570-1575, 1992) % 0s(II1) #3}3+=(X. Jiang, et. al., Appl. Phys. Lett. 80, pp. 713-
715, 2002; X. Jiang, et. al., Appl. Phys. Lett. 81, pp. 3125-3127, 2002)2%-E dojAtiE AHo] B H
ok, EI, w3 " odx| Aol Wk o] F(111) HIFEERE dojztiE Aol KB HIATHS.
Lamansky et. al., J. Am. Chem. Soc. 123, pp. 4304-4312, 2001; S. Lamamnsky, et. al., J Appl. Phys. 92,
pp. 1570-1575, 1992).
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27 WFT e AAE AL F5F T FAS AAEE FAAFoEMN, {7 EL 247 8E F 9
. AA7lA ArE L F52F2 HELD, vvls0g), gFua-sE AL, ZE-EF v (Ca-Al,
YEEFFHo)=-4F v E(LiF-AD, vvlg-<AdF0e-In), mFdld-20Mg-Ag), HHE-LFHEBaAl), ==

(Aw, 2(Ag), 7 (Cw) Fol ol&d + it}

47 WYZ AROE ALEE FHS] oldd] AT FEF L A%} 5%

ofj
o
oft
o,
ol
ol
)
ki
o
iuf
o

d

ol

3

— 1 2 —



[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

on
M

£731 10-1532228

oy ofy

=

29

ooy =2 1@

ol le"

okl N >
=
o,

& FY=(hole injection layer:HIL)<S )
(el a-NPD)F} o 2:==(I1T0)7Fe] HFES 3AFA|7
7

offt
>,
2,
3
I
fr
e
v
o
of
4>
of
ofj
o
I ogh
o o
of4
o
-
jins
5 b

A7) AE FUE FPAEAY dFEE, CuPe, m-MIDATA, 1I-TNATA, 2T-NATA, NATA, NINPB, MeO-TPD S-©] AM&
[e)

FARY 2 FET sk 2o SAR Z, wD/AF FEF/ UYF/AT NS/ AN £5F/NEE 2
o AxselE @, 1 wde £ F, ALS/AR £53/4T FUF/VRF/AT FEF/Nes w08
ESR Rt

thee Bowwel O Zud o@ olelF WY SFES HAZ AT dolth,

2-(2,4-¥ 2~ (EgEF o2 e) s d)-4-m e 3 2| (2-(2,4-bis(tri fluoromethyl)phenyl)-4-
methylpyridine)9 $HAl

g}jle 1

| AN
HOw  _OH
Br g7 N~
CFs , CFs b
—_»

n-BuLi/B(0Me)s
B —

THF Pd(PPh3)s , K2C03
THF /H20=4:1
CF3 CF3

| 9b&-2 13 o], HEHS| Z2F(THF) 80nL7F EUE WH&87]d 1-HER-2 4-H]| 2 (EEF 221
) dl A (1-bromo-2,4-bis(trifluoromethyl)benzene)(5.0g, 17.0mmol)< H7}sH & -78ColA w=E-HETE (n-
BuLi)(20.4mmo1)E 303 E<t A74skar 1A17F F<F wwkelar, EgHE R e o] E(B(0Me)s) (20.4mmol)E A 7}akar

=78 Col A 30 &< wHksE & AF2o A 1AE Bt ke o]% 5% FAFSFIEFNaOH) 8N (60nL) S #
7bele] WS A 108 T 6 =2 AAHCD) ?%%“% A7bete] AHdstsitt. dedel el 2(diethyl
ether) 2 &3 ¥ 32 ZAUFHFI/Z F718mE FHA0T. o] A2 S dik(hexane)S o] &3] A

713 olshatel WA TAS 70.1%(2.7¢) FE= Atk AT s71sh 2ok HNMR(DMSO-ds, 300MHz) §
(ppm ) = 7.98(d, 2H), 7.77(d, 1H). MS(EI): m/z(%)258
HE-S-8-7] o 2,4-02-(Eg|EFo2ve)dd gy Ak (2,4-bis(trifluoromethyl)phenylboronic

acid)(9.00g, 34.8mmol), 2-B.&EX-4-wd3] & W (2-bromo-4-methylpyridine)(7.2g, 41.8mmol), E|EZHI|A(E
g Eld £ 23 )Ze}E (Tetrakis(triphenylphosphine)palladium, Pd(PPhs)s)(5mol %, 1.7mmol)S 21 HEZS =

FH(THF) 150mLoll =91}, 5 % ©AMZF(KC03) =84 (100ml)& 718k § AAE97]o A 24413 &<k g
sttt A=olA ES #H7bsla tdEoe|Z(diethyl ether)®2 FE3F3 ¥4 A EFNayS0) S o] 85
715E AR A AATHVE fFU18ME AAGT. o] ANES Ay HAY A=2nlEOYIE
olgdtal AAlE AT WAES 53.56(5.7g) FHZ AATH. AWE 79 2a o]F =ASAT. MR
(DMSO-ds, 300MHz) & (ppm) = 8.52(d, 1H), 8.14(d, 2H), 7.78(d, 1H), 7.39(s, 1H), 7.31(d, 1H), 2.38(s,

K

4
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3H). MS(ED): m/z(%)305

<ol 2> olglF W sl A=

Eg2-(2-(2 4-02-(Eg EF o 2de)dd)4-w e gd) ol g F (tris— (2-(2,4~
bis(trifluoromethyl)phenyl)-4-methylpyridine)iridium)2] A

}ﬂ-_O_N 2
F P& Fa P CF
3 3 3
7N\ |
) l Y 1’%“ \T
N N F
I1Cla3Ha0 4 _KC S 2 _2.CPsS0sha FsC | CFs

OFoa- Ethosyethanol /a0~ N/ T 7 IN/ ™~y ]
: 3
40mL S S
CF3 FsC CF3

A7) wreal 29 o], wWhE-g7lo] o] HE(37}) FRlol= Eglolsto]l=go]E(Iridium(1II) chloride
trihydrate)(1.29g, 3.66 mmol), 2-(2,4-¥2-(EgZF o z2ve)dd)4-vd o g d(2-(2,4-
bis(trifluoromethyl)phenyl)-4-methylpyridine)(2.00g, 7.32mmol )& S 2-ol| - Ao -2 (2-
ethoxyethanol): & = 3:1 60mLol 591tk AAEL 7|8kl 2443k ok 140CllA 7ML dt), whs-S &

7]

ZZ 2 g (dichloromethane) & & F&3¢ § T kol 1ul5(MgS0) S ol 83t 715 AFEA
HASHINZ f7180E AAR. o] ARES Fik(hexane) S ©]&3dt] HAAT| L ojyste] mgha)
85.1%(2.60g) S&= Ak, ATge 719 2rh. HNMR(CDCL;, 300MHz) & (ppm ) = 9.00(d, 4H), 8.25(s,
4H), 7.44(s, 4H), 6.81(d, 4H), 2.72(s, 12H).

HH3-87)o] (M 2=-(2-(2,4-H| 2=~ (B EFz2va)dd)-4-vdIgd)) ol g 5(37}) FZel= tho] ™M (bis-
(2-(2,4-bis(trifluoromethyl)phenyl)-4-methylpyridine))iridium(III) chloride dimer) (2.60g, 1.55 mmol),
2-(2, 4-H - (B EFo2me) v d)-4-m e ¥ 2] T (2-(2,4-bis(trifluoromethyl)phenyl)-4-

methylpyridine)(1.70g, 6.20mmol ), A H EgZF o 2rerd E o] E(silver

trifluoromethanesulfonate)(0.84g, 3.26mmol)< S22 Z(chloroform) 3mLol] =elth. AAES7|A 24

ul g7
A7 =9 A wES A7, WSS 2481 tE2 2 v eH(dichloromethane) &2 F&3 3 F5 3Pabnl 1y
F(MgS0,) & o83l f75S AFRA 7|2 I AASFH7IE F718uE AAST. o] A9ES A 4
g FRvEaE o] &l AASe] =T uAE 35.5%(1.20g) FEE AAJY. AIge &9 ga o]

= w39, HNR(CDCls, 300MHz) 6 (ppm) = 8.15(s, 3H), 7.55(d, 3H), 7.68(d, 3H), 7.02(s, 3H),
6.88(d, 3H), 2.47(s, 9H).

T 1 WA 45 Fusle] v 2FREQ] EFa-(2-(2,4-¥2-(EgEF e Eve)dd)4-vEy ) ol g &
(tris- (2-(2,4-bis(trifluoromethyl)phenyl)-4-methylpyridine)iridium)e] &) ths] AHrd, = 1& 4
7] AopEe] $4 3“47]41”33% Azolw, = 2& 7] AEY EFFEAT6)S &4 1311”3 YERH
Aolty, EZH, & 32 AV AdEe §adHolA Y FE Tt A2y Ao Fsr wgs yepd 1z
of. mI, & 48 A 7&@%9] SdFeol A A7 skt FRAAHE yERd 2 Zolt).

<HAld 1> Az olglw B sIEY &3lEe vl

EF2-(2-(2 4V 2-(EgEFo2vd)vd)4-vd g g d) o) el F(tris- (2-(2,4-

bis(trifluoromethyl)phenyl)-4-methylpyridine)iridium)&} 7]&o] AF&std 33E facial-[Ir(ppy)3]S 22+
0.1gell ik tE=Z =g (dichloromethane) &viollA &3 =E Hlwste] 1 Ay 317 % 12 YeERUAL.
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[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

E50] 10-1532228

on

X1
ol F WY I3E |3 =
facial-[Ir(ppy)3] 55m¢/0.1g
E g 2~-(2-(2,4-H] 22~( 8mé/0.1g
EgZ e 2deE)dd)-4-vEg )] F

271 & 1A B S o], & e d S 98 EYa-(2-2 4N a-(EYEFLEYE)Hd)-4-HdE
g d)olglF (tris— (2-(2,4-bis(trifluoromethyl)phenyl)-4-methylpyridine)iridium) 2% 3}3E& 7]E9]
185 9% 3523 vuste] oF 1/7 7189 tZ 2 2ve(dichloromethane) §uj9hs FQ 72 dvls AL
T Aok, olyd A3 Ay Gufd tid &= FA ] FEHATE AE dEFT

o
e

<A 2> 710 arbe] Az

2 odyel o Sde) o frdg AxE A A% EREE HUe] fdE 54 gl TR AZs

Aok, aAtel 7b F& vy 2ok 94, IT0(Indium Tin Oxide)E 150m FAR dhko] FA g 7]do] H3F
AZoZ 10m FA9 HAT-CN (dipyrazino([2,3-f:2',3'-hlquinoxaline-2,3,6,7,10,11-hexacarbonitrile)=
AFEE T AFAEEORE 40 F719 TACP (Di-[4-(N,N-ditolyl-amino)-phenyl]cyclohexane)S, 4F% 3ol 4]
AHEZ=2 7 FA9 TCTA (4,4',4"-Tris(carbazol-9-yl)triphenylamine) & AR&3SFH T, 283 Ao w4=
oEy, ZAEZAC ¥ wWe] eEs Egstel was FAsilt. 1% EXRERE TCTAM,4',4"-

ol
-

il

Tris(carbazol-9-yl)triphenylamine) 2} DPTPD(bis(4-(4,5-diphenyl-4H-1,2,4-triazol-3-
yl)phenyl)dimethylsilane)S 2:12 &g3sle] 9133 w2 THEE= W ulgox FAle ozl &34 31gES A}
£3to] T2E FFF o] 1092 =33t $F sglth. AAAGTS 7 7HA 228 ARESIGl=d, WA Tm

F79] DPTPD (bis(4-(4,5-diphenyl-4H-1,2,4-triazol-3-yl)phenyl)dimethylsilane), I3 40mm F7¢
TmPyPB(1,3,5-tri(m—pyrid-3-yl-phenyl)benzene) & Ab&sto] AAFESE F4s3ltt. HAAFAFA 3m 7
9] Liq(8-Hydroxyquinolinolato-lithium)E A}g3stF 1 ALTdE 100m F7A19 dFr|FES AMRSY Z2S
gngtt. 1 08 P02 B A (Encapsulation) ¥HE XAt Gap Glassol]l F&I AAE FFe FF

Al(Getter)E F2 F G Ho|zz 48S AFA LAE A=zt

AzE §7)18F 22110 / HAT-CN(10nm) / TAPC(40nm) / TCTA(7nm)/ TCTA+DPTPD (2:1): o]g]|&33}3%
10% / DPTPD (7nm) / TmPyPB (30nm) / Liq (3nm) / A1(100nm)] 7} o}l 2F-¢ z#tiz d5H F+25 7FXIt).

<Ale 3> FEE Ao Alx

=2

2 el At E uE b e g2k 2] 7F 52 v 2o 94, 1105 150m AR
o] PFAE Yol FFFUTOR Snm FAC HAT-ONE AHE L AFHADTOR 40m F719 TAPC &, 453

s}

AqUAAHEZ=Z 10nm  FA9  CPMPC  (9-(4-(bis(4-(9H-carbazol-9-yl)pheny!l) (methyl)silyl)phenyl)-9H-
carbazole)E AF&8litt. Z@lm Ao WgFogl: TAERHC B uhgo 3¢ES ©=gsto] wuks 9
Q TEE & Ui o8y FH4ES

2]

detltt. Q1Y SAERE CPMPCQ‘r DPTPDS 2:12 &3tste] Q1 =
Abgate] S2E S b 1062 =gkl T2 gk, AAHAES

712] DPTPD, Z18]al 40nm F71¢] TnPyPB & AMg-dte] AA543L k. A5l 3nm FA9] Lig
£ AHgela LBl 100mm FA9] EFrES AHEste] TS gRAT. O vi eAHoR sATAEE
ABFAG. Gap Glassell i3} LS FFete FFAE T2 F 4 HeolZ2 UES AA 28 Axs3A
ot

Az 7183 AZ=[1T0 / HAT-CN(10nm) / TAPC(40nm) / CPMPC(7nm) / CPMPC+DPTPD (2:1): olE|FIAE
10% / DPTPD(7nm) / TmPyPB(30nm) / Liq(3nm) / A1(100nm)] 7} o}@|EZH-¥ diE A=H %X 7M7),

% 5% 7] AAld 2, 394 AFE A7) frIHE A FRE BEAFoR UEd Aot

6 WA 85 F3l 71 Al 2, 3& o A FrIEd 2o 44E A¥Rd, = 62 744
= KR

.
-y 1
Wit A9 VL B4 ALE b aelZolel, ¥ 78 4% f/ e AFUE

ﬂ :



W=

SE5451 10-1532228

azeln], = 8 77t frwg Azl ARWUE-TE a8 548 vUehllE adze.
[0077] Ao 29} AAld 3o th3t =A F]dF sxpel i AAE facial-[Ir(ppy)3]E AHE3E Axle} B3}
st7] & 22 A sISith. 7] A 2004 Holw uiel Fol A E Ayt AF HFIFES AFES {F7LF &
A= AW 56.2 cd/A, 56.4 Im/wE FS E8S JHUE AL o ¢ o AxE 94 (0.34, 0.6)F &=
T e HA9gdo Bgsts AL & 5 U
X2
[0078] Host Ao a s Ho A€ a5 & RESR
(cd/A) (Im/W)
A A2 53.9 56.4 (0.34, 0.61)
2 A 43 56.2 37.8 (0.36, 0.60)
facial-[Ir(ppy)3] 26 19 (0.27, 0.63)
=9
=4]

—2.471

—1.540

1.00 108 105 2799
0.97 0.82
=52
100
80
= 60
=
[e)
2 40
20
OF —— Ir(dfCFs)s
100 200 300 400 500 600

Temperature(°C)
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EH3
11.0
3.0+ A = Absorption [
] _::f\ Emission at 298K |
2_5_:U == —-—Emission at 77K 40.8
| z
s2048 % g
= H 0.6 =
(4] L] ™ N
s :
g 1.5 T -. §
5 1 : 0.4 2
2 . 2.
£1.04 . <
3 0.2
0.5+
0.0 T T 0.0
400 600
Wave length(nm)
=3V
.
4.0x10 F
2.0x10°°
E 0.0
=
o
3 -2.0x10°
-4.0x10°
-6.0x10°° — T T T T T T T T T T T T T T 1
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
E/V vs Fe/Fct
=d5
—1 Lig(3nm) /A1(100nm) | — Lig(3nm) /A1 (100nm)
TmPyPB(30nm) TmPyPB(30nm)
DTPD(7nm) DTPD(7nm)
TCTA+DTPD(2:1) CPMP+DTPD(2:1)
T :ol2|l& EterE wtl0% - ol2lg EHEHE wtl0%
TCTA(7nm) CPMP(7nm)
TAPC(40nm) TAPC(40nm)
HAT-CN(10nm) HAT-CN(10nm)
- [T0 ] 170
Al A[0f2 AA0f3
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Luminance(cd/m?)

=5l
1w AAd2 MFYE
1607 & MAjof3 MRUT
1407 —a— AAJ0f2 3|5
1 AlAo T
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5100
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>
» 601
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o 40_
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L 204
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1 0
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E 10000 —
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5 5000
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