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A7) A FEE ARE
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ae
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wl
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=
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el

&)

)

[0058]

L
3
XO

T
N

e

T

Eal
L

Z

3L
s
=

stof |

o

=7

)=}

12

i

B i

5
T

1

F
=~

A

N

2= S =2 AR Y

jud

9

I\I
_=Ir

HA A

c

SlAHoER FZ
C

_10_

o

Ir<

=

} /q]
El

2

Tol, reflux
ol

N
|

4
F

73

Pd(PPh3),Cly, LiCl

&

F
=
AN

I (5 g, 0.026 mol), EFHEEEI Y (10.5 g, 0.028 mol), H|=(ET I

D [F2A 2-al€]

3}sk2] 2 (Bis(4,6-difluorophenylpyridine)(3-hydroxy-pyridine carboxylato)Iridium, Flrpic-
D [FA 2-ble

H,O, reflux, 12 h

IrCl3 3H,0O, 2-Ethoxyethanol

1
14

gl

gl

OH) ¢
A 2-al 4.3 g (& 80%) = AAUTLE.

(2) [Rk34] 2-2]

I}

A)Zeba(IDERe]= (0.64 g, 0.0009 mol), FEZee]= (5.5 g, 0.13 mol)S =7 150 mLel

7R Al Al A E Aol
(D ¥4 2-1]

1

gl

[0059]
[0060]
[0061]
[0062]
[0063]
[0065]
[0066]



[0067]

[0068]

[0069]

[0070]
[0071]

[0072]

[0073]

[0074]

[0075]
[0076]

[0077]

[0078]

[0079]
[0080]

[0081]

[Z7HA4] 2-b]
2-(2,4-tolZF 2o d)dZd (4.3 g, 0.022 mol), °olEFETEFZEeo|=slo]=golE (3.0 g, 0.01 mol)E
2-ol EAJoBFE 120 mL, & 40 mLo] ¥l 8AIZF BoF SFAIFHY. Aoz 25E YFE & S Yo uAR
MEAZ & IHE o]gslo BEst [F3HA 2-b] 4.74 g (& 780)S AUt

F F F
Na,CO;3, 3-Hydroxypyridine-2-carboxylic aci 0. _0O
F —Cl— F /7
I _—Ir 2-Ethoxyethanol Ny OH
2 N Cl N ‘ N NZ |
X ! 2 Y 2 Y l 2 L

[3}eh4 2]

(74 2-b] (4.74 g, 0.0039 mol), 3-slo|=EAgd-2-7}2A8A= (1.2 g, 0.0085 mol), AFEIFEY|
OolE (0.7 g, 0.005 mol)E 2-cEAJo EFS 80 mLell ©i 4A]7F = P4(:ﬂm Ith, Aeog v Z8 Ui o

e Yol AAR HIA F FEE ol & welste] [33H4 2] 1.41 g (& 5103 I

ot -

m

Ao 2 : 3skA 3 (Bis[3,5-difluoro-2-(4-methyl-2-pyridinyl)-4-(trifluoromethyl)phenyl](3-hydroxy-
pyridinecarboxylato)iridum, Ir(F2CF;),(pic-OH))<] ¥4

(1) [¥rg2] 3-1] @ [Z£3HA 3-a]l9 A

F FsC. F

L e T oa s + BOCH; —T—»
N -78°C CF, -78°C>RT. F B(OH),

F

[Z3+A] 3-a]

tpolofo] 2z 2 Holulol = (3.3 g, 0.032 mol)ZS THF 150 mlell <1 o p-F=elH (12.96 mL, 0.032 mol)<
YolE $ -78 TollA 3083t wglc). 2, 6-tolEF o2z EGZ2eo|= (5 g, 0.027 mol)& A3 Yo
& & 78 ColA 147 ¢t Wtk Egjojol Az 2R Yol E(5.9 nl, 0.032 mol)S BaL -78 TollA A
b wdk FoAFeol A FhAIZE wHkgek, KOH IM €9 100 nLZ Al ¥ HCIS o]&&to] pH 52 AHAsAAY. =
I olHopAH o] EE o] &ate] FET § FFst] [$3HA] 3-al 4.75 g (& 780)S AT

(2) [9+34 3-2] : [F3A 3-ble] A
FsC. F | N

é B Pd(PPh3), K,COs(aq) 4
+
F B(OH F
(OH) N” > Br Tol, reflux

CF3

[Z3+A] 3-b]

2-B R -4-weygd (3.62 g, 0.021 mol), 2,4-To|EF L 2-3-E¢Z T o 2y
0.021 mol), HEZZ|2~(EddEx~3)ZeE(0) (0.84 g, 0.001 mol), AFEFIFEY
lngéﬂzmmhé%%mmﬂ%ﬂ4ﬂﬁ%ﬂ}%%Nﬁ4 Aoz YAzl
F Adazveadguz sty [$3A 3-b] 4.41 g (& 77%) & LT

HEYA= (4.75 g,
°]E (11.1 g, 0.105 mo
old olAE||ER F&

2
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[0082]

[0083]
[0084]

[0085]

[0086]

[0087]
[0088]

[0089]

[0090]

[0091]

[0092]
[0093]

[0094]
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| _N FiC CF3
IrCl3 3H,0
2-ethoxyethanol, H,O, reflux

-n

/|F\C|/ I‘\

o

o
A
=z
Z
\

4

2 X 2

[F37HA] 3-c]
[ZZHA] 3-b] (4.41 g, 0.016 mol), olB|FEZFZEo|=slo|=dolE 0 g, 0.01 mol)E 2-o|EA]o &
120 mL, & 40 mLoll @1 8AIZF Bk SFAAT. ARog 22 Ur F BS do| uAR HEANN T I

& o]&ste] st [F7HA 3-c] 3.47 g (& 72%)& LU},

=z

T3
F
FsC
Na,CO;, 3-Hydroxypyridine-2-carboxylic acid /O o

2-Ethoxyethanol F P "\6%

~ 2 X
[3}3t4] 3]

[Z7H4] 3-c] (3.47 g, 0.002 mol), 3-3}o] == A @ t-2-FF =2 A= (0

Al .61 g, 0.005 mol), ZAF7+H U]
(0.25 g, 0.004 mol)& 2-o|EAJo€F2 80 mLo] Wil 4A)ZF BQF 40 C wWHal), Loz 258 ux &
1

E
_— [€)
22 gol AR NEA F BEE o8] L ste] [FH4 3]

Ao 3 : 38k 4 (Bis(2',6'-difluorol2,3'-bipyridin]-4'-yl-)(3-hydroxy-pyridinecarboxylato)Iridium,
Ir (pypy)s(pic-OH) 9] A

(1) [Whg2] 4-1] @ [F37HA 4-a]9] g4

OH_ _OH [
N__=
| = . ~F Pd(PPhs),, Na,CO4 F
— | - =
N Br N Tol, H,O
=N
F
F

[F7+A] 4-a]

2-22ragd (5 g, 0.031 mol), 2,6-tto]EFQ=-3-FdrEZYJAE (5.5 g, 0.035 mol), EIEZH7|
(Egjoldx=a)Zet5(0) (1.2 g, 0.001 mol), AFIFRUICIE (16.4 g, 0.15 mol)S EF¢l 200 mL, & 80

mLoll ¥ 4A1ZF 5ot FFAAT. Aoz WA & ¥ opAHoER & ¥ AYIAZvEIYIE &
gale] [F7HA] 4-a] 4.4 g (5F& 74%)& A},

_12_



[0095]

[0096]
[0097]

[0098]

[0099]

[0100]
[0101]

[0102]

[0103]

[0104]

[0105]
[0106]

[0107]
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(2) [W-&2] 4-2] : [S7A 4-ble] A4
s F
|
N = NI X I A
F IrCl3 3H20 E = I_\u\‘C"n. N N~
2-ethoxyethanol, H,O "~~~ F
2 Cl
=N = I\j = |
F = 2 SN 2
F

[F3+A] 4-Db]

[S3HA] 4-a]l (4.4 g 0.023 mol), olgHFEZZZeo|=slo]=go]E (3.0 g, 0.01 mol)E 2—oﬂiA]oﬂEJ%
120 mL, 2 40 mLoll Yar 8AIZF ¢t FFAZT. FLor 2EE UE F 5SS Yo uAR 4EA7 F I
2 o]gato] Beste] [FHA 4-b] 3.95 g (78 72%)S AUt
(3) [RE3-2] 4-3] @ [s}8h2] 419 344
F F
NS NN
{ _ NayCO3, 3-Hydroxypyridine-2-carboxylic acid| | > /O o)
F 2-Ethoxyethanol F Ir OH
N ZN N¥ |
s 5 2 g ) x
[sheha) 4]

[Z7A) 4-b] (3.95 g, 0.003 mol), 3-3to]==A]F g d-2-7F A A= (0.99 g, 0.007 mol), 2F7IHE U]

E (0.41 g, 0.004 mol)& 2-o = Aol gk 80 mLoll Pal 4A17F ok 40 T W, Aoz 2nZ2 ux &
ES Yo AR AESAZ & HEE o] &8 83t [8E4] 4] 1.17 g (& 51%)<= dATH
3] o 4 : 3}shA) 5 (Bis[4-cyano-3,5-difluoro-2-(2-pyridinyl-)phenyl] (3-hydroxy-
pyridinecarboxylato)iridium, Ir(F2CN),(pic-OH)2] &A
(1) [¥bg 5-1] @ [F7HA 5-ale] A4
|
F NIS F
cN CF3SOzH cN
F F
[Z7HA] 5-al
2,6-tol Z2 e 2wl zMolol}ol= (5 g, 0.036 mol)E EZZE2L2ZHH AL T YA = (27 g, 0.18 mol)el =
Atk N-ofo]o E&Aaleln|= (8.1 g, 0.036 mol)E 3] ¥ Fof 8Az wkglt)y, ALFule]7tE o] E 2 )

TE&AS o] &ete] T3, oMAEI|ER & F FFto] [FA 5-al 7.8 g (57F 82%)% LA

_13_



[0108]

[0109]
[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]
[0118]

[0119]

[0120]

[0121]

[0122]
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/

N

oN S Tol, reflux
F CN
F

[Z3+A 5-b]

' |
E IS N~
| Pd(PPhs),Cly, LiCl
+ ~
n—\_\

[F7HA] 5-a] (7.8 g 0.029), EfHEEd9Zd (10.86 g, 0.029 mol), H=(EgALE2y)ZeF(1)FE
Zol= (0.71 g, 0.001 mol), BEZFEdo|= (6.14 g, 0.14 mol)S EF 150 mLoll YL 4X7F B¢ 3FA
2 .

L AReR PN F AE olAHeER 35 F AyIentEadv® E¥ste] [F3HA 5-b] 5.07 g

T 8l%) S AT

—~

(3) [¥he2] 5-3] @ [F74A] 5-clo] A

| X
N~ NC N
- IrClz 3H,0 A~ S, NP
2-ethoxyethanol, H,O Ay o= .
F 2 c 2
F

[Z7H4) 5-b] (5.07 g, 0.023 mol), olg)BEZZFZaol=slo]=eo]E (3.0 g, 0.01 mol)ZE 2-o] EA]o E+-S
120 mL, & 40 mLol €3l 8AIZF Eot FFAFL, Aow Lu s URx F 2O Wo] uiZ MEAZ7 T A

Z o] g3l Baste] [F7HA 5-c] 5.45 g (& 80%)S AT},

(4) [984) 541+ (3944 519 34

4 3
NC B NC
N~ Na,COj3, 3-Hydroxypyridine-2-carboxylic acid e} fo)
F ”QCII”/M" F 2-Eth hanol F Ir<
Cl | t OH
= IN oxyethanol AN Nl o
|
N 5 o 2 S ) =
F

[574 5-c] (5.45 g, 0.004 mol), 3-3le]=F AT d-2-7H Ao A= (1.2 g, 0.0088 mol), AF7RUC]
(0.7 g, 0.005 mol)L 2-o| EAJOEFE 80 mLoll Y3l 4A1ZF F¢F 40 C WHIETH Loz 2L 8 i 3
S o] AR MEAZ F FEE o]gs] Felste] [83H4] 5] 1.49 g (& 49%9)S LU,

e (m
o

A& 1, PL 2H¥EH

7] %= 1a WA = 1dell A7 @6l 1A 49 34 @R disid 4 L 542 gsgion, =3,
F2} Flrpic, Ir(F2CF3)y(pic), Ir(pypy)a(pic), Ir(F2CN)y(pic) 3=} B &}AT).

ol

N

3t7] & la WA % 1d9 A= PL §40A A& + &= vkl Zo], 3-hydroxy-picolinato ligand % &
= Bae] OH - - - 0=C $2ATS Zrlsbd PL ~ZEZo] blue shiftdte] FA MATE QA 5+ 9o
o o} 2= o)

= = T »-T.



[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]
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Al d 2. Phosphorescence decay lifetime 7

7] = 2+ A7 Ao 19 Firpic-OH®F o]9] ¥l 3}gHE Firpicol whalA -2(298 K, DAMDA <1
decay lifetimeS =33 ZA3}ZA, Flrpic-0Hi= Flrpic tin] ¢HA3} o] njety Holo that &A13} =7}
FolA 2o B decay lifetimeo] HA3F] ZAoARHE & 4 Ut

A A T

[e]
71:-‘]_—‘1’:

o

=
ol AH¥F FYZ=(HIL)> HAT-CN (1,4,5,8,9,11-hexaazatriphenylene- hexacarbonitrile)E AF&3}o] 100 A
9] FAR A Ehar, A 42 (HTL) & TAPC (4,4 -cyclohexylidenebis[N, Vbis(4-
methylphenyl)benzenamine] )& AF&3le] 850 A2l FAZ A3 T).

7] F=(110) ol &%

o )
=, (e} [e}
FESEL) 2 552 A3

B
ol\

A gos 4

S8 (glass) 7]9e] o2 110 ¥hebs =23 o}
T F

FTo 2t o)
A=(HIL), BF F4=(HIL), 233=(EML), A=x

32

ada, A7) EES(EML)S AF FESIL) A
y)biphenyl)¢} & Hgo)] w2 Z=FE(Flrpic-0H) ¢ E¢E(EX~
FAZ P

Hx sA2E=2A mCBP (3,3'-di(9H-carbazol-9-
E ! ERE =92 : 89 FIH])E 300 A9

ek, A7) AR #ES(EIL)S ToPyPb (1,3,5-tri(mpyridin-3-ylphenyl) benzene)E AH&-3te] 300 AF7] =
Attt 47 552 Lid/AlS ARS8l

el I/ FSI101/8s FASIHAT-CNI/ A 5 [TAPC]/ /235 mCBP + Ir =REBD)]/AATE<
[TmPyPb]/&=[LiF/AL]S] AT 25 7P FA <133 OLED 2445 Axstglon, ofd tsid 24 545
gelstsict.

2Ab Aol T (H] L)

A7) oz AA 1 e @35 =RE EHZ Flrpice A

CECTES

oo
o
=
o
2
fo
_O‘L
K
rlr
oft
s
ot
ok
o
o
ol
[N
R
il

71 22 T 8 Tell WelM 2= S4d& Eelsigler, o d3s &) [# 1] # = 3a A = 3dell Hehd
At

(%= 3a, J-V-L characteristics; X 3b, current efficiency-current density curves; X 3c, power

efficiency-current density curves; X 3d, external quantum efficiency as a function of current

density)
2 1
T HHd7a s HAAdHa s TE5AY A3 AR IFAaE
(cd/A) (Im/W) W) CIE(x,y) (%)
Ev | 38.7 36.1 3.5 (0.15, 0.35) 18.1
(FIrpic-OH)
A2 1 40.1 35.2 3.5 (0.15, 0.36) 19.0
(Firpic)

A7) E 1] 2 5 34 38 5 e wheh gol, 34 AY fI1BYLARN, BE, FEAL T BE
A SATAA AH1} AHEAES o F 3l

22k AAlel I8 IV
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[0138]

[0139]

[0140]

[0141]

[0142]

®oune] B 9% FAFES WYF EVED S 24 £ 542 AAs] dstel, g 47
FE53 ANGEFS SR Arl9) 2U0R 2% T 2 NVE Az,

A M ¢ ITO (150 nm) / HAT-CN (10 nm) / HT211 (85 mm) / Flrpic-OH (8%):mCBP (30 mm) / LG201
(50%) :Lig (50%) (30 nm) / Liq/Al (150 nm)

22k IV o ITO (150 nm) / HAT-CN (10 nm) / HT211 (85 nm) / Flrpic (8%):mCBP (30 nm) / LG201 (50%):Liq
(50%) (30 nm) / Liq/Al (150 nm)
71 A W3 Vel tisliA] 400 nitselld A7 el F= gt s SAsler, O ddE ] =

4ol epli At

7] &= 40lA BRIt & 9l wiep o], B odtde] wE F4 A E Flrpic-OHE =TEZ A3
AN S 2 34.3 AlZF, Flrpics EREZ ALESE AXH(IV) £H-2 20. 1A 24 2 B 2 §7]

=3}
EHla
1.0 462 pm 471 0M ——Flrpic
Flrpic-QH
08
&
0
j =
o
=
= g8
=
o
N
E
o 94
=z
0.2
0.0 —emep T T T T T
450 500 550 600

W av elength (nm)
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1.0 4

0.2 4

Normalized Intensity

452 nm 462 nm
—Ir{FZCFE]:{pic}

250 500 !
Wavelength{nm)

—Ir(F2CF },(pic-CH)

0.8 o

Normalized Intensity

442 nm 443 nm

—Ir(pypy).(pic)
—Ir(pypy).(pic-OH)

cslo . Ealo . EEI!J
Wavelength (nm)
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< o
o
1 1

3
o

Normalized Intensity
(=]
1

=y

452 nm 466 nm

—Ir{F2CN)_{pic)
—Ir{F2CN)_(pic-OH)

1p T T T T
450 500 550
Wavelength (nm)

——Flrpic-OH3.19ys  ——Flrpic 1.74 ps
in DCM

0.1
0.01 :
0 2 4 6 8 10 12 14 16 18 20
Time (us)
E3a
100
o~ 10 = I-Devicei == 8000
£ —{ - Devicell
Z
c 0.1 - 6000
> 0.01]
@
c 1E-34 - 4000
[0))
O 1E-4
<
O 1E-5 L2000
3 1E-64
1E-7 P 0
0 10
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EH3b
45
—_ —{ —Device |
< 401 —{Devicelll
=]
L2 354}
g 30
o
(&
£ 25-
o}
E’ 20-
5
3 154¢
(]
10 T T T T T hi T * T
0 5 10 15 20
Current density (mA/cm?)
EH3c
40
35]F —{}—Device |
g I —{ Device ll
£
3
c
0
Q
£
[}
o
=
O
a
5 T T T T T T T 2 T
0 5 10 15 20
Current density (mA/cm?)
EH3d
20
—_—Device |
—{—Device ll

EQE (%)

5 10 15 20
Current density (mA/cm?)
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y
g
IN

——Device lll
—— Device IV

Normalized luminance (%)

Operation time (hrs)
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