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NPD

HAT-CN
[N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1"

A A2 A,
naphthylphenyl-phenylamino)-triphenylamine],

91
tris(2-
ine)], TPD

A
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=z

EEONN-H

amino)-phenyl ]-biphenyl-4,4'-diamine]

idenebis[N, Mbis(4-methylphenyl)benzenamine]],

[4,4" -cyclohexyl
d-[1,1-1]3d]-4,4"'-t] o} 1 (TPD)

ATt

y1-N,N'-bis-[4-(phenyl-m-tolyl

TAPC

[0052]
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1—/(1]
3}sk2] 2 (Bis(4,6-difluorophenylpyridine)(3-hydroxy-pyridine carboxylato)Iridium, Flrpic-

3

1
1

gl

7 Aol A AEE Aol
Aol
O] 3

1

gl
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[0060]



[0061]

[0062]
[0063]

[0064]

[0065]

[0066]
[0067]

[0068]

[0069]

[0070]
[0071]

[0072]

[0073]

[0074]

[0075]
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(1) [RE&2] 2-1] @ [F3HA] 2-alo] &4

S

Br | AN N

F = Pd(PPh3),Cl,, LiCl
N Sn F
+
\\L\/\ Tol, reflux
F
F

[S57HA 2-al

2.4-tholZz ozl (5 g, 0.026 mol), EFHYEEIgzgd (10.5 g, 0.028 mol), H|A(EFIAIILA
WZGE(IDEEo|= (0.64 g, 0.0009 mol), FEFFEHoI= (5.5 g, 0.13 mol)S EF4 150 mLol] Y1

A

4
A7 ot BAFAAY. d2ow WA F oY opAEHolER F& I APaEnEady s gt 5
A 2-a] 4.3 g (& 80%)S LA},

(2) [Whg2] 2-2] @ [F3HA 2-b]19] A

|
N~
IrCl3 3H,O, 2-Ethoxyethanol
F Cl
H,0, reflux, 12 h 'r< >'
F

[S57HA 2-b]

Y

2-(2,4-tol ZF 2o d) g d (4.3 g, 0.022 mol), ol FETF R o|=dlo]=go]E (3.0 g, 0.01 mol)=
2=l EAJolgk& 120 mL, & 40 mLol]l Wi 3A|F &4 SBFAIHY. Feo=2 REE I 2o do] AR
MNEAZ F IHE o]gsty Bt [F3HA 2-b] 4.74 g (& 780)S AUt

E
Na,CO;3, 3-Hydroxypyridine-2-carboxylic aci 0. _0O
/CI\ 2-Ethoxyethanol F i
oxyethano .
SN NE | OH
x l X
2

[3}sh4 2]

Ay

w
?
olo
1>
v
C,o
ﬂ
1>
NJ
A&
e
o,

[5ZHA] 2-b] (4.74 g, 0.0039 mol), 3-stol=FA|FEd-2-7F5 Ao AI= (1.2 g, 0.0085 mol), AF7HEM]
O]E (0.7 g, 0.005 mol)& 2~ EAJNEHS 80 mLoll €L 4A13F % ?}4<:ﬂm Ith, Aeom 258 uUx o
ES Yo nAR HEAZ] & HEE o] &3 stk [848h2] 2] 1.41 g (& 519)S AU

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) [¥H&2] 3-1] @ [Z£3HA 3-al9 A

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

F
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[0076]

[0077]

[0078]

[0079]
[0080]

[0081]

[0082]

[0083]
[0084]

[0085]

[0086]

[0087]
[0088]

[0089]

ZIHSd 10-2017-0085208

[+ 3-al

tlojolo] X 2 Holmto]l= (3.3 g, 0.032 mol)S THF 150 mloll %< Fol p-HE&dE (12.96 mL, 0.032 mol)&
L—*Oi—zr F 78 TollA 3087 wwrgc), 2 6-to|ZF o mHzEYZREeto]l= (5 g, 0.027 mol)& A3 Yo
T 78 TollA 1A17F FeF wukgth, Egjolo] AT 2 W o] E(5.9 mL, 0.032 mol)S Wi -78 TollA A
Wk 3 Ao A FA1ZF Wkt KOH IM &9 100 mL= Al = HCIS o] &3le] pH 52 AHFFA AT &
dolAlH | EE o] &ate] FE3 § FF3te] [FHA 3-al 4.75 g (7& 78%)= LUt

-r‘[‘_r,

¢

_Erir%
é

(2) [¥32 3-2] : [S3A 3-ble] &4

X

FsC F LN

| X Pd(PPha)s, KoCOs(aq)
+
F—<E §>—B OH F
(OF) N” > Br Tol, reflux
CFs

F

[Z7+A] 3-b]

2-B2R-4-fgd3d (3.62 g, 0.021 mol), 2,4-Tho]ZFQR-3-EgZ Q_EUHEUH HI2YAE (4.75 g,
0.021 mol), HIEZZ|A(EgALYE~A)Z5(0) (0.84 g, 0.001 mol), AFIFRUIE (11.1 g, 0.105 mo

DS &5 200 nl, & 80 mLell Wi 4r[7F S SFFAIZAG. do=m ‘@ﬂA]L S e oAHER F&
F Adazveadaz sty (S 3-b] 4.41 g (& 77%) S LT

(3) (W4 3-3] ¢ [F20A] 3-clo] &4

AN F F
| ~N F3sC CF3
IrCl 3H,0
F o ™~ Cl F
2-ethoxyethanol, H,0, reflux F e rd
y ’/ \C|/ "~ p
N N

CF3 | |

F x 2 X 2

[E2A] 3-c]
[574) 3-b] (4.41 g, 0.016 mol), °lFFEZZFZe}o]|=slo|=golE (3.0 g, 0.01 mol)E 2—0115401]%%
120 mL, 2 40 mLoll 93l 8AIZF Bt FFAZL, Aow Lns URx F 2O Wo] uiZ MEAZ T A
2 o] g3t Beste] [F7HA] 3-c] 3.47 g (& 72%)S AUTt.

F

Na,CO3;, 3-Hydroxypyridine-2-carboxylic acid

F3C
0.0
2-Ethoxyethanol F Ir/
3 AN
/ ‘N NT ‘ OH
2
N 2 A

7N
\‘ 2
[s}g4] 3]
[Z3HA] 3-c] (3.47 g, 0.002 mol), 3-3lo]=FA|y g d-2-7} 549 ]‘: (0.61 g, 0.005 mol), ZF7IE U]
E (0.25 g, 0.004 mol)& 2-oEAJEFL 80 mLol| Wi 4A17F T 40 C WL, Aon 2uE uUxE &
S Yo nAR HEAZ § HEE ol Halsle] (344 3] 1.98 g ( & 43%)S AU

_12_



[0090]

[0091]

[0092]
[0093]

[0094]

[0095]

[0096]
[0097]

[0098]

[0099]

[0100]
[0101]

[0102]

[0103]
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Ao 3 : 38k 4 (Bis(2',6'-difluorol2,3'-bipyridin]-4'-yl-)(3-hydroxy-pyridinecarboxylato)Iridium,
Ir (pypy)s(pic-OH) 9] 34

(1) [¥hg2] 4-1] @ [S37HA 4-a]9] A4

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

[Z7+A] 4-a]

2-v=zwygd (5 g, 0.031 mol), 2,6—3}01%39_2—3—ﬂﬂﬂii”ﬂ]/\]‘: (5.5 g, 0.035 mol), HEHI~
(Egjoldx=a)Z2t5(0) (1.2 g, 0.001 mol), AFIFRUICIE (16.4 g, 0.15 mol)S EF¢l 200 mL, & 80

mLoll Wil 4AI3F FoF SFAIH Y. Aoz %7%111 T dE olAHER F& F APIZviEIYIARZ ¥
glsle] [F7HA] 4-a] 4.4 g (8 74%) S L),

(2) [WHg2] 4-2] © [E3HA 4-b]19] A

| X
N = Nl X | X
IrCl3 3H>0 > N__~
| Nt 2-ethoxyethanol, H,0O F IFQCIH/” E
N Y -2 e cl 2
F ~ 2 SN 2
F
[53A] 4-b]
[S3HA] 4-a] (4.4 g, 0.023 mol), °¢|BFEZZZe} o= o]—o]Eg]o]E (3.0 2. 0.01 mol)Z 2-o]EAo|EFL
120 mL, & 40 mLoll Wil 8A1ZF B¢t SFAAT. Ao 25E UFE F 55 Yo uARE HEAT F 2
5 o] &3ate #Este [F3HA 4-b] 3.95 g (& 72%) = Oéiiﬂ}.
(3) [Wh32] 4-3] : [}k 4]¢] A4
F F
. I/ Na,CO3, 3-Hydroxypyridine-2-carboxylic acid| _
2-Ethoxyethanol
Z >N = "N NZ
S | 2 2 X

Z7FA) 4-b] (3.95 g, 0.003 mol), 3-slo]=ZA|Fd-2-FFE A A= (0.99 g, 0.007 mol), AF7tH o]
(0.41 g, 0.004 mol)S 2-oE Ao ELS 80 mLol]l WL 4A]17F E<F 40 C WHIEL, Aoz &ns ux o
S Yo AR HEA7 F LEE o] & et [ 4] 1.17 ¢ (& 519)S AU},

il lm“

A o 4 : 3}s}2 5 (Bis[4-cyano-3,5-di f luoro-2-(2-pyridinyl-)phenyl ] (3-hydroxy-
pyridinecarboxylato)iridium, Ir(F2CN),(pic-0H)¢] 4

_13_
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[0104] (1) [8Fe2] 5-1] : [524A] 5-ale] @A
|
F NIS F
CN CF3SOzH oN
[0105] F F
[0106] [57HA] 5-a]
[0107] 2,6-tho] 222 2l ZMolol}o]= (5 g, 0.036 mol) S EFZE2Q 2|l dFYo|A = (27 g, 0.18 mol)ell =
%tk N-ofe] @ m&alolm= (8.1 g, 0.036 mol)E HH3] & Fof 8A7F Wkt LFwle]7FRUOIE 2 )

TEAE o8&t FEAG. oHHIER FE F 53] [T 5-a] 7.8 g (& 82%)% LA

[0108] (2) [9Fe2 5-2] : [Z7HA] 5-b]Y] 34
I | D
E IS N~
| P Pd(PPh3),Cls, LiCl
+ _ >
oN N S”_\_\ Tol, reflux F
F CN
F
[0109]
[0110] [F7HA4 5-b]
[0111] [S57A) 5-al (7.8 g 0.029), EglHdEeedadd (10.86 g, 0.029 mol), H|A(EAGE2a)IH(IDZE
Zhol= (0.71 g, 0.001 mol), ElFZFEelol= (6.14 g, 0.14 mol)S EF 150 mLoll WL 442 FoF SHFA
ATk, Aoz WAAZ F old olMH|ER F&F ¥ AHPIRvlEIHRIR st [FXHA 5-b] 5.07 g
T& 810 E LY
[0112] (3) [WF&2] 5-3] : [ZF7HA] 5-c]9 34
| ]
N~ NC N
- IrCl; 3H,0 o Gl N. =~
2-ethoxyethanol, HyO "~ |/r F
|
CN |
F = 2 cn 2
F
[0113]
[0114] [Z7HA] 5-c]
[0115] [&7H4 5-b] (5.07 g, 0.023 mol), °|FFEZFZe o|=slo]=eo]E (3.0 g, 0.01 mol)E 2~ EA o] ehe
120 mL, & 40 mLol]l @l 8A%F B¢k SFAZY. ALor 22 UE §T BS Uo] uAE AEA7 F Iy
2 o] g3te] 2Edte] [F7H] 5-c] 5.45 ¢ (F& 80%) S AT},
[0116] (4) [W¥r&2) 5-4] : [3}8+4] 519 A
F F
NC B NC
Clin, N Na,COj3, 3-Hydroxypyridine-2-carboxylic acid O 10)
- PN i F 2-Ethoxyethanol F PNy "<,\5/OH
~ 2 cnd 2 ~ 2 ~
[0117] F
[0118] [3}8}24] 5]

_14_



[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]
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[Z3HA] 5-c] (5.45 g, 0.004 mol), 3-3te]=F A2 d-2-7H5 2o A= (1.2 g, 0.0088 mol), AF7hEule]
E (0.7 g, 0.005 mol)& 2-o1 5 Aol &-& 80 mLoll Wil 44k <k 40 C Wk, ALo® 2nE WE &
=& ¥ol AR HSAR ¥ HE o83 sl [3sH4 5] 1.49 g (58 49%)= LUt

Ao 1. PL 2¥EH

7] = la A = 1doll 7] @ 1 WA 49 S5 2slgtEe vaiA A2 PL 54 S FEQlsiglon, &,
Z¥2} Flrpic, Ir(F2CF3)s(pic), Ir(pypy)s(pic), Ir(F2CN)y(pic) 33&= v)wstglict.

_!

3l7] &= la WA & 1d9] A2 PL EAolA Qe 4 A= nle} o], 3-hydroxy-picolinato ligand HZ 2]
e BAel O - - 0=C FAATE F7le PL 2=l blue shiftale] B4 AHEE AT 5 AL
o o} 2= o)
= =2 1 M

218 o] 2. Phosphorescence decay lifetime =7

st7] = 2% A7) A 19 Firpic-OH®F o]9] wlal SF3HE Firpicol thsiA A-(298 K, DCDolA <13
decay lifetimes 743 A2, Flrpic-0Hi Flrpic thH] eH43} wo] Hjukg Hojo 3k &3} o x]7}

Zolx] Ao A WG decay lifetimeo] A3 AL & + 9

2AE Ao 1

rlo
ol\
N

24 110 ¥ehs S33 v, 7] F=(110) Zel 783 2 2 e A
=i}

.o o

1 — | o

$S(HTL), EFZ(EML), AAF #4535 (EIL) 2 S35 FA450.
oluf, AF FY=(HIL)S HAT-CN (1,4,5,8,9,11-hexaazatriphenylene- hexacarbonitrile)S AF&3lo] 100 A
A8, A& 4= (HIL) & TAPC (4,4 -cyclohexylidenebis[N, M bis(4-
methylphenyl)benzenamine] )& AF&-3le] 850 A2l FAZ A3 ).

o
—r
S
it

ada, A7) HEEFEML)e A FESMUIL) Ao WA FZAERA mCBP  (3,3'-di(9H-carbazol-9-
yDbiphenyl) e} ¥ @go] wWE =FHE (Flrpic-0H)Y EFE(ZT2E | EHE = 92 : 89 ¥IH])S 300 A9
FAZ P

ek, A7) AR #ES(EIL)S ToPyPb (1,3,5-tri(mpyridin-3-ylphenyl) benzene)E AH&-3te] 300 AF7] =
HAAsAT. A7) S3F& Lig/AlS AHE3qiT.

el I/ FSII101/8s FASIHAT-ONI/ A 5 [TAPC]/ /23S mCBP + Ir =REBD)]/ TS
[TmPyPb]/&=[LiF/ALIS] AT 25 7H= FA <133 OLED 2445 Axstglon, ofd taiy 24 545
SRI8kA T

2Ab Aol T (H] L)

7] aAp AAld T e gEe] =3
A %39 T},

m
m{n
HU
T
=
o]

S

ﬁé
oo
o
=
filo
2
fo
_O‘lb
R
rlr
oft
e
ot
ok
e
o
fr
o
)
i

71 2 1T 9 e sl g SA4S d9egion, 7 A3E s [# 1] 2 & 3a WX & 3dell vERY
ATt

(%= 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)
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

SIHSd 10-2017-0085208

2 1
T HyHd7aE s HAAdHa s T A3 AR IAaE
(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) [ 1] 2 &= 3ellA] &1d o= = mbsh o], M A frlddaAEA, a8, Fedd 52 Tt

Al A=A Az AdE S-S & 5

a7 A6 IRV

wrgel] mE 55 AgEs LHT BUER AT & W 5SS @l fste], A 4w

X
FEEL ANTEES SR S 2U0R A4 I L VE Az

[¢}

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

AA IV @ ITO (150 nm) / HAT-CN (10 nm) / HT211 (85 nm) / Flrpic (8%):mCBP (30 nm) / LG201 (50%):Liq
(50%) (30 nm) / Lig/Al (150 nm)

7] 27 TS Well thaiA] 400 nitsell A A5 ool = wiaeds S4siglon, 7 das &7 =
doll R

7] = 4ol EQ1E o gl wbeh o], E owyel wE F4 AESHE Flrpic-OHE =WE=R
2AHI) 9] 78 34 = ) AAREeRA 2 o] mE

.3
W B4 ARPRS ERED ST P90 axe] £Hel A4 FPES & 5 Aok

=9
EHIa
471 nm
1.0 462 nm i — Flrpic
— Flrpic-OH
08
=
&
|
L
1=
=08
=
©
N
E
Eoa
Z
0.2
0.9 e , T . .
450 500 550 600

Wavelength (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)

T ¥ T x T
450 500 550
Wavelength (nm)

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

0.1
0.01 v
0 2 4 6 8 10 12 14 16 18 20
Time (us)
ED3a
100
o 10_! "‘E}"DEV?CGE . = :3000
= —{Devicell -
- i
£ 0.1 L6000
2 001,
2 1E-3 | 4000
@
O 1E4{
=
& 1E-5 L2000
O 1E-61
1E-7 . 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

Normalized luminance (%)

100

80

60

——Device lll
—— Device IV

_-_‘_‘.--_‘—-—-—-__

10 15 20 25 30 35
Operation time (hrs)
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