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(57) Abstract: Disclosed is a compound represented by chemical formula 1.
In addition, disclosed is an organic electronic element comprising: a first
electrode; a second electrode; and an organic material layer between the first
electrode and the second electrode, wherein the organic material layer com-
prises the compound represented by chemical formula 1. The organic mateti-
al layer comprising the compound expressed by chemical formula 1 can en-
hance the luminous efficiency, reliability and lifespan of an organic electron-
ic element.
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ol A el Ao shte] FEH R YAE E8SHE Cr-Cedl SlEl 28] 72
o] Fof 7l ol A A B},

o] 7], 71 o} 7], EF AUV, A 2L 7], g3targ] 7], ¢A 7],
AU, E21A 7], AT, o} HEA 7], o H &l Y], EF AL A 7= 747
Fady; SR A @V AFA] B A7) Al ZekE T Aok,

-L-N(R)(R"); C-Cp & dZM] 2715 C-Cop® &A1 C-Cop® L2715 Co-Cyg
o] AAA]; Cr-Cppd] 1A 7], c6-c2204 olHV]; TR A FHE Ci-Cy

olg 7], Z20dA7];O,N,S,Si D PE o] Fo]H oA AElEl 2ol & 51}
S EHZUAE F ot C-Copd] A EIZ31LE] 7]; C-Crp] A EZ LA 7] C-Cop
ol A A 7] W Cy-C® oFHLAMA V]2 o] Fo 3] el A A8 H s} o] 9]
A7 o] 2|3k 5 9l

TA A =, A E}i“—l 12 ZAH = 33t E2 sl 3heh2] 2 WA 8844
58 ZAE 3

<3} sH2] 2>

o
A

N

i
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[92] 371 &5k 2 HV] 3184 5014, Art A A3, R, R2, m & n 7] 31812
1ol A Aol Azt A8 e el

[93] B} FAH o7 Ay 882 1 U)X 818kAl 57 B E = 3RS 5
e = o) - 3t 2= Qi)
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[115]

[116]
[117]
[118]

[119]
[120]

[121]
[122]

[123]
[124]

[125]

[126]
[127]

F71 - 71825 Alg gkt

o Bhol) A, B wl o] w}2 88lA] 1B FAH = 53R ] Al o) 2
$71 271 227 2] Az elol] Fako] AA el & B0l T4 4 o= AneA| T, B
vk o] 3}7] 9] A o2 A= AL ol

A of
B by of] whE 3}31-E(Final Product)< 3} 7] HF-8-2] 13} o] Sub 13} Sub 2&
HES A A Al 25 1, ool 333 A& ohe,
<Hb-3-2) 1>
(Rd)m (R)m Ar2
= Ar? Pd(PPh;), / NaOH pZ
A4 B + (HO)ZB—L—N< AR L_N\Ar1
Ar’ THF / H,0
7\
\\(R1)n (R)n
Sub 1 Sub 2 Final Product

L Sub 1¢] g4
7] -S4 19] Sub 12 8}7] HE-§-2] 29] HE-G- 7 2of o8] 3 E 4~ 1o
olo)] A ¥ = AL ol

<HEZ-24] 2>

(R)m
[ (R?)m
- B
N Pd(dba)s / PPhg AR O Br
+ Ar”! —_— N
/4 \ NaOt-Bu / Toluene
=X@&"n Q
(R"n
Sub 11 Sub 1-2 Sub 1

StaberE et~ Ao Sub 1-1 (19%), Sub 1-2 (13 %), Pd,(dba); (0.05% %), PPh,
(0.1 %), NaOr-Bu (33 %), toluene (10.5mL / subl-1 Immol)S ¥ F
100°Coll A Hh-&-& X1 A[ 71T}, ¥h-3-o] ¢hE =™ ether} &= Téi = 771
MgSO,= 1% O}I_’ 53¢ T A E {715 & silicagel column 2 A A A 5}
Sub 1-& Aot

(1) Sub 1(1) A

of\

KeN
=

HN O Br Pd,(dba); / PPh :LN O Br
QL
Q | NaOt-Bu / Toluene O

Sub 1-1 Sub 1-2-1 Sub 1(1)
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[128]

[129]
[130]

[131]

[132]
[133]

[134]

[135]

28

S U & 2k 2~ A ol 3-bromo-9H-carbazole (4.9g, 20mmol), iodobenzene (4.1g,
20mmol), Pd,(dba); (0.9g, 1mmol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol),
toluene (210mL)& ¥ F-0l| 100°Cel A ¥E&-2 X1 YA}, whg-o] ehz s
ethere} =2 FE¢ T {7152 MgSO,E 123813 5% T AAdH 718
silicagel column 3 A 27 8Fe] A &= 5.5g (58 86%)= A AT

(2) Sub 1(5) 34
®

HN O Br sz(dba)slPPh;; O
O
@ NaOt Bu / Toluene

Sub 1-1 Sub 1-2-2 Sub 1(5)

Tt eE 2k 2 A o) 3-bromo-9H-carbazole (4.9g, 20mmol), 3-iodo-1,1'-biphenyl
(5.6g, 20mmol), Pd,(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g,
60mmol), toluene (210mL)-S - 39| 100°C°ﬂ A 0SS AP A 71T} HES o)

A2 E A etherd} =2 FE53 T £715 8 MgSO,&2 231 553 A H
71 % & silicagel column 2 A2 A5t YA = 6.7g (-8: 84%)= A AT
(3) Sub 1(11) ¥4

/
o ‘\(\(‘ Pay(dba); | PPhy Br
| N
N /N O N
Q NaOz-Bu / Toluene

Sub 11 Sub 1-2-3 Sub 1(11)

Tt uFE & 2F 2~ A 9l 3-bromo-9H-carbazole (4.9g, 20mmol),
2-i0do-4,6-diphenylpyrimidine (8.6g, 20mmol), Pd,(dba); (0.9g, Immol), PPh; (0.5g,
2mmol), NaOr-Bu (5.8g, 60mmol), toluene (210mL)-S ¥ - ¥l 100°Coll A HH-g-2
2V PA AT g0l YR E Y ether} EE FE3F F 7758 MgS0,=
Azstal 553 5 YA E 771 =S silicagel column 2 A A A 3Fo] A= 7.7¢
(8 81%)S AUt

gHH, Sub 1 o A= o &F o1} o] g W)= A1 ol o] 59
FD-MS== 8171 % 13 ¢t}
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Ao Loe D 0o A

[136]

Sub 1(1) Sub 1(2) Sub 1(3) Sub 1(4)
: Br { Br Br O N O Br
E:d >
Sub 1(5) Sub 1(6) Sub 1(7) Sub 1(8)
N
<o Q ve J
N Br Br
"5 @
Sub 1(9) Sub 1(10) Sub 1(11) Sub 1(12)

Sub 1(13) Sub 1(14) Sub 1(15) Sub 1(16)
[137] [& 1]
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30
[138] sletE FD-MS iRl FD-MS
Sub 1(1) m/z=321.02(Cy3H1,BrN=322.20) Sub 1(2) m/z=371.03(C5,H14BrN=372.26)
Sub 1(3) m/z=371.03(Cx,H14BrN=372.26) Sub 1(4) m/z=397.05(C4H16BrN=398.29)
Sub 1(5) mM/z=397.05(CxH16BrN=398.29) Sub 1(6) m/z=421.05(CH16BrN=422.32)
Sub 1(7) m/z=421.05(C;6H16BrN=422.32) Sub 1(8) m/z=471.06(C5oH13BrN=472.37)
Sub 1(9) m/z=476.06(C57H17BrN,=477.35) | Sub 1(10) | m/z=476.06(C,7H7BrN,=477.35)
Sub 1(11) | m/z=475.07(CygH1gBrN;=476.37) | Sub 1(12) | m/z=475.07(C,gH1gBrN;=476.37)
Sub 1(13) | m/z=475.07(CgH15BrN;=476.37) | Sub 1(14) | m/z=552.09(C33H,;BrN,=553.45)
Sub 1(15) | m/z=525.08(C;5;H;0BrN;=526.43) | Sub 1(16) | m/z=551.10(C3,H,,BrN;=552.46)
[139]

[140] IL. Sub 29| &4
[141] A7) HES2A 19] sub 2 3F7] HE-g-2] 39] vEg- A 2ol o] & g E 4= o)
olo] A E = AL ofr},

[142]  <¥H3-2) 3>
[ 1 43] //-\I'2 Pdy(dba); / PPh3 Ar? Triisopropyl borate /Arz
Br—L—I 4= HN —» 5\ ———»  (HO),B—L—N
“art NaOtBu/ Toluene Arl 25M n-BuLi/ Ether Sart
2N Hel
Sub 21 Sub 2-2 Sub 2-3 Sub 2

[144] 1. Sub 2-3°] 34

[145] T vberE ek~ Aol Sub 2-1 (19 5F), Sub 2-2 (19 %), Pd,(dba), (0.0
(0.1 %), NaOr-Bu (3% ), toluene (10.5mL / Sub2-1 Immol)-& %= 3?—
100°Coll A Hh-&-& X1 A[ 71T}, ¥h-3-o] ¢hE =™ ether} &= T%
MgSO,& 71 Z238}al F &35 & A ¥ F-7] =S silicagel column
Sub 2-3& At

[146] (1) Sub 2-3-1 §A

147
[147] @
& W,
O + O Pd,(dba); / PPh, @

NaOt-Bu / Toluene
=) &
O

2 OXl
of“i
-
S

R r°"

Sub 2-1-1 Sub 2-2-1 Sub 2-3-1
[148] St uFE & 2k 2~ A ol 2-bromo-4'-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-phenyl-[1,1":4',1"-terphenyl]-4-amine (6.4g, 20mmol), Pd,(dba); (0.9g, 1mmol), PPh
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[149]
[150]

[151]

[152]
[153]

[154]

[155]

31

3 (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)
g5 2P AT vh-o] R H Y ether) &2 F531
Azxstar 5% 3 A 771 &S silicagel column 2 A2
(78 80%)= &3t

(2) Sub 2-3-2 34

- mlo
py
ox, do rlo
i/ —{Ol'
o o
o
2 8
% A
S 2
2

O W,
&
@ O O Pd,(dba)s / PPhs O N O

+ Br

t-|
| O Br NH NaOz-Bu / Toluene

Sub 2-1-2 Sub 2.2.2 Sub 2-3-2

Tt eE 2f 2~ A of] 2-bromo-3'-iodo-1,1'-biphenyl (7.2g, 20mmol),
2-bromo-3'-iodo-1,1'-biphenyl (6.4g, 20mmol), Pd,(dba); (0.9g, 1mmol), PPh; (0.5g,
2mmol), NaOr-Bu (5.8g, 60mmol), toluene (210mL)-S ¥ - ¥l 100°Coll A HH-g-2
21 A 71T}, §EZ-o] i ¥ H ethers} B2 FE3% F /7|58 MgS0,.2

Azshar F5 T A H F71 5 S silicagel column 2 A2 3ke] A= 8.3¢g

(8 75%) e AT
(3) Sub 2-3-3 34
Br,
ﬂ O
Q | ©\NH O Pd;(dba); / PPhy N—@
Br + O NaO¢-Bu/ Toluene
- <9 DaW
W,

Sub 2-1-3 Sub 2-2-3 Sub 2-3-3
Tt eE 2f 2~ A of] 2-bromo-2'-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-phenyl-[1,1":2',1"-terphenyl]-2-amine (6.4g, 20mmol), Pd(dba); (0.9g, Immol), PPh
5 (0.5g, 2mmol), NaO¢-Bu (5.8g, 60mmol), toluene (210mL)-S % - -0l 100°Cell A
HH3-S XA 71T}, jE-G-o] bR =W ethere} B2 23 5 7138 MgS0,.2
Azshar F5 T A H F71 5 S silicagel column 2 A2 G 3te] A= 7.7¢
(8 74%)& AT

(4) Sub 2-3-4 34
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Br' Q Q:n .O

N Pd,(dba); / PPh,
O + O NaQt-Bu / Toluene
% (e
Sub 2-1-4 Sub 2-2-4 Sub 2-3-4
[157] T EE 2f 2~ A of] 4'-bromo-2-iodo-1,1'-bipheny (7.2g, 20mmol),
9,9-dimethyl-N-phenyl-9H-fluoren-2-amine (5.7g, 20mmol), Pd,(dba); (0.9g, Immol),
PPh; (0.5g, 2mmol), NaO#-Bu (5.8g, 60mmol), toluene (210mL)S - 3]
100°Col| A w35 XA 71}, wh-g-o] &5 ¥ ether®} &= T% F f71s
MgSO, 2 71 238hal 555 3 A E /7] &L silicagel column 2 A2 % 5} o]
A E B1g (8 78%)S A AT
[158] (5) Sub 2-3-6 &4

[159] O

I ' sz(dba)3 / PPh, O
Br + % NaOt Bu / Toluene N

I

KeN
=

o}JI

=)

Sub 2-1-6 Sub 2-2-6 Sub 2-3-6

[160] St uFE & 22~ A ol 4-bromo-2-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-([1,1'-biphenyl]-4-yl)naphthalen-2-amine (5.9g, 20mmol), Pd,(dba); (0.9g, 1mmol),
PPh; (0.5g, meol) NaO#Bu (5.8g, 60mmol), toluene (210mL)-S -2 F-9f
100°Cell A Bh-g-& XA 71t} w30 bz A ethero} & —r%§ T e
MgSO,= 1% 0]’.]__ e & A H §-7] 25 silicagel column 2 A 2 7g )]

WAL 7.6g (FE:12%)S ATt

[161]  2.Sub29] A

[162] sub 2-3 (138 F° Etherol] #0]a, 4h- 5o &5 & 78°Cf£ %‘4— n-BuLi
(2.5M in hexane) (1.13%)S A 3] H71efar o & dH-g&
WREAIZ T 1 OA BEGE Y 255 -78°CE Wil Trnsopropylborate
(159 E A7kl v Aol A aigkst 5 =& 8 ‘%01 8| A Al 7] 31 2N HC1E

Wol o) Hhg-o] ¢ A ethyl acetate®} &2 F5 3 ¥ 7715& MgSO,=
A3kl 558 T A E 771 &£ silicagel column 2 A2 431 Sub 2&
DA}

™ A .

[163] (1) Sub 2(11) &4
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[164] Br

®
®

Triisopropyl borate

2.5M n-BuL.i / Ether

O 2N HCl (HO).B @

N
00

Sub 2-3-3 Sub 2(11)

[165] N-(2'-bromo-[1,1'-biphenyl]-2-yl)-N-phenyl-[1,1":2',1"-terphenyl]-2-amine (11.1g,
20mmol)& 7= Etherol] 0] 3L, RE-3E 9] £ X5 -78°CE w311, n-BuLi (2.5M
in hexane) (1.4g, 22mmol)S 13| A 7}slal W &, 5= 30559
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E A 7}t STt Aol A nlRkEE § =& o 34 A]7] a1 2N HCI&
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
Az3ta 553 T A H 7] 82 silicagel column 2 A A A 5Fo] Sub2(11)<
5.4g (58 52%)S DAL

[166]  (2) Sub2(14) 34

[167] O O

O-

2.5M n-BuL.i / Ether

2N HCI O
Br Q (HO),B Q

Sub 2-3-1 Sub 2(14)

[168] N-(2'-bromo-[1,1'-biphenyl]-4-yl)-N-phenyl-[1,1":4',1"-terphenyl]-4-amine (11.1g,
20mmol) & T Etherel] ¥o|aL, B3 E 9] £ £ & -78°CE Y531, n-BuLi (2.5M
in hexane) (1.4g, 22mmol)S 13| A 7}slal W &, 5= 30559
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E 4] 7}st itk Aol A nwkgk 5§ &8 wof 3414 7] 3L 2N HCl=
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
Azxstal 553 5 AAE F7]1 &2 silicagel column 3 A2 A 51
Sub2(14)57.0g (75: 68%)2 ¥ ATH

[169]  (3) Sub 2(15) &4

@ Triisopropyl borate Q
N
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W,
Q O Br Trllsopropyl borate O O ﬁ(omz
@

[170]

2.5M n-BulLi / Ether
2N HCI

Sub 2-3-2 Sub 2(15)

[171] N-(2'-bromo-[1,1'-biphenyl]-3-yl)-N-phenyl-[1,1":2',1"-terphenyl]-3-amine (11.1g,
20mmol) 7~ Etherol] 0] a1, HF-2-E-2] -5 5 -78°C& Y11, n-BuLi (2.5M
in hexane) (1.4g, 22mmol)-& xd_xﬁ] A 7bebar W ¥, HESES 3059t
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol) & A 7}8} ST}, Aol A ke 7 2§ W] 84 A 7] 51 2N HCIS:
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
Azstal 553 5 YA F-7]1 =S silicagel column 2 A A A 3Fo] Sub2(15)-S
73g (T 71%)= DAL

[172]  (4) Sub2(18) 34

[173] Q @
N 0.0 Triisopropyl borate N 0.0
—’
O 2.5M n-BulLi / Ether
Br 2N Hcl B(CH),
Sub 2-34 Sub 2(18)

[174] N-(4'-bromo-[1,1'-biphenyl]-2-y1)-9,9-dimethyl-N-phenyl-9H-fluoren-2-amine
(10.3g, 20mmol)S 55> Etherel] =031, HE-g-& 2] 255 -78°CE Y331, n-BuLi
(2.5M in hexane) (1.4g, 22mmol)S ol A 7vsfkal ?, HH-S- 52 3075 ¢
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E 2] 7Fst et Aol A aiuket F =& @ o] 34 A7) 2N HCl&
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
AZ8 Al 553 T YA EH F-7] 52 silicagel column 2 A2 4 5Fe] Sub2(18)<

5.4g (5781 56%)S A%}
[175] (5) Sub 2(28) A
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[176]

O Triisopropyl borate O
EE—

N 2.5M n-BuLi / Ether N

Br 2N HCl (HO)ZB

Sub 2-3-6 Sub 2(28)
[177] N-([1,1'-biphenyl]-4-y1)-N-(4'-bromo-[ 1,1'-biphenyl]-2-yl)naphthalen-2-amine

(10.5g, 20mmol)-S- > Etherl] #o]al, ¥H-3-E 2] &5 & -78°CE W11, n-Buli

(2.5M in hexane) (1.4g, 22mmol)& 3] 2 7}slal o &, 8558 3075 <t

WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,

30mmol)E A 7}ttt Aol A anket 5 &8 o] 3|41 A[7] 51 2N HClS
ol ) Hh-g-o] 947 E W ethyl acetate?} =2 FE3 T §-7]5S MgSO.Z
AZ8 AL 553 T YA EH F-7] 52 silicagel column 2 A2 A 5Fo] Sub2(28)S
5.4g (78 55%)S DAL

[178] $HA, Sub 2 A= o #fj ¢ o1} o] o] FHA E] = A& ofuH, o] &9
FD-MS+= st 7] 3829} v}
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[179]

36

(HO)ZB&

B(OH)z (HO),B O

Sub 2(11) Sub 2(12) Sub 2(13) Sub 2(14)

Y N }a(omz { O'@
@ B(OH)2 B(OH)2 B(OH)Z

Sub 2(15) Sub 2(16) Sub 2(17) Sub 2(18)
&, “ B(OH), (ORB~
'J‘ :"N
@ ‘B(OH)@ B(OH),

Sub 2(19) Sub 2(20) Sub 2(21) Sub 2(22)
O
» 4
g9 S

@

. Bﬂ o'o on &

Sub 2(23) Sub 2(24) Sub 2(25) Sub 2(26)
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[180] Q @

(HO)ZB O ’Q
Q'@ C N
(I_?‘:‘ (HO),B (HO), B

Sub 2(27) Sub 2(28) Sub 2(29) Sub 2(30)
¢
O NG ’# ’/q
O O (HO),B O (HO),B *.\. (HO).B O
P o OE #
(HO)2B
Sub 2(31) Sub 2(32) Sub 2(33) Sub 2(34)

./:\‘B(OH)z

Sub 2(35)

[181] [3% 2]
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[182]

[183]
[184]
[185]

[186]
[187]

[188]

[189]

Sub 2(33
Sub 2(35

m/z=557.25(CsgH3,BNO, =557.49) Sub 2(34
M/z2=679.27(C4sH3,BNO, =679.61)

m/z=681.28(CasH3sBNO, =681.63)

38
sste FD-MS stetg FD-MS

Sub 2(11) | m/z=517.22 (C36H2sBNO, =517.42) Sub 2(12) | m/z=365.16 (C24H2BNO, =365.23)
Sub 2(13) | M/z=517.22 (CseH2sBNO, =517.42) | Sub 2(14) | M/z=517.22 (Cs¢HsBNO, =517.42)
Sub 2(15) | m/z=517.22 (C3sH2sBNO; =517.42) Sub 2(16) | m/z=517.22 (C3sH28BNO; =517.42)
Sub 2(17) | M/z=517.22 (C3H2sBNO, =517.42) | Sub 2(18) | m/z=481.22(Cs3H,sBNO, =481.39)
Sub 2(19) | m/z=605.25(C43H3,BNO, =605.53 Sub 2(20) | M/z=603.24(C43H30BNO, =603.51)
Sub 2(21) | m/z=465.19(C5,H4BNO, =465.35) Sub 2(22) | m/z=465.19(C5,H4BNO, =465.35)
Sub 2(23) | m/z=491.21(C34H2BNO, =491.39) Sub 2(24) | m/z=531.24(C5;H3BNO, =531.45)
Sub 2(25) | m/z=655.27(C47H34BNO, =655.59) Sub 2(26) | M/z=653.25(C47H3,BNO, =653.57)
Sub 2(27) | m/z=465.19(C5;H4BNO, =465.35) Sub 2(28) | m/z=491.21(C34H5BNO, =491.39)
Sub 2(29) | m/z=531.24(C3;H30,BNO; =531.45) Sub 2(30) | M/z=655.27(C47H34BNO; =655.59)
Sub 2(31) | m/z=653.25(C47H3,BNO, =653.57) Sub 2(32) | m/z=517.22(C56H2sBNO, =517.42)

) ( ) (

) (

II. &% A4 & (Final Product)2] 34

SovteER S~ A9 Sub (19 %) ¥ a7, Sub 2 (13%), Pd(PPh,),
(0.03F %), NaOH (39 %), THF (3mL / Immol), = (1.5mL / Immol)& ¥ &=
I ?Mﬂ 80°C~90°C B ol A 7} S Al 71 Th, WE-g-o] 2k ¥ H Lol A
THTE Yol AT e A S 2ol = B' FE30 7] 58 MgS0,
= Zﬂ}_ﬁ}oi 5% T A ¥ 3}13E 2 silicagel column 2 A 2 A 8l # &

o] =2 T= AN
1.3-11 &4
S N
N Br Pd(PPh3)4
+ O N@ THF / NaOH O O
Sub1(3) Sub2(11) 311

Tt eE 2k 22 A o] 3-bromo-9-(naphthalen-2-yl1)-9H-carbazole (7.4g, 20mmol)-S-
w31, (2'-([1,1:2',1"-terphenyl]-2-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid
(10.3g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), =
(30mL)S =t} T2 Fof] 80°C~90°C 4} Hi oﬂ A 7hE g A 71T BEE-o)
SR Geol ] R4S dol A m i FRe| = 2R
FE3) f-7]152 MgS0O,2 28 ] F3e T YA H 3}13HE 2 silicagel
column 2 #2435l YA E 10.4g (-5 68%) S AR

2.4-14 T4
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[190] O O O
O . QO DO

N O Br + O N N N
Hon THF / NaOH O O O
5 O o0 f O

Sub1(4) Sub2(15) 4-14
[191] iU = 2k~ ol 9-([1,1'-biphenyl]-4-y1)-3-bromo-9H-carbazole (8.0g,
20mmol)& ¥ 3L,
(3'-([1,1:2',1"-terphenyl]-3-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid (10.3g,
20mmol), Pd(PPh;), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S @i=t} 138 Fof 80°C~90°C A Efjoll A 71 sk A1 71t} HEL-0)
SRHA HF2olH FRFE Yol S 7L MEdER o] =9 &7
FEE 77158 MgSO,E 1 x8to] 558 5 A 319= 5 silicagel
column H A 27 ko] A= 10.9g (781 69%)& D AT
[192]  3.5-19 A

[193] O

® woa— ) ) O

Pd(PPhy),
O, —
N THF / NaOH Q Q

+ &

Sub1(5) Sub2(14) 5-19

[194] iU = 2k~ Aol 9-([1,1'-biphenyl]-3-y1)-3-bromo-9H-carbazole (8.0g,
20mmol)& ¥ 3L,
(4'-([1,1":4',1"-terphenyl]-4-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid (10.3g,
20mmol), Pd(PPh;), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S @i=t} 138 Fof 80°C~90°C A Efjoll A 71 sk A1 71t} HEL-0)
SRHA HF2olH FRFE Yol S 7L MEdER o] =9 &7
FEE 77158 MgSO,E 1 x8to] 558 5 A 319= 5 silicagel
column A2 7435to] A E 10.3g (558 65%)= AT}

[195] 4.6-22 F4
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[196]

[197]

[198]
[199]

[200]

[201]

[202]

O 5
O + Q Pd(PPh3)4

O O Br
N @4 THF / NaOH @ @
J w0 O

Sub1(6) Sub2(18)

Tt eE 2k 2 A o] 3-bromo-9-(phenanthren-3-yl)-9H-carbazole (8.4g,
20mmol)& ¥ 3L,
(2'-((9,9-dimethyl-9H-fluoren-2-yl)(phenyl)amino)-[ 1,1'-biphenyl]-4-yl)boronic acid
(9.6g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &

(30mL)S W=t} 1 Fof] 80°C~90°C A el ol A 7+ FHF A 71t HE-g-o]

FuEY Lol FH4E dol HAAY] D WdAS R m} Ba
FE3) f-7]152 MgS0O,2 28 ] F3e T YA H 3}13HE 2 silicagel
column 2 A2 3sto] YA E 10.3g (T5: 66%) ATt

5.7-2 84

O
O Pd(PPh3)4
-0
THF / NaOH ©/k
R, &

Sub1(12) Sub2(12) 72

Tt eE 22~ A o) 3-bromo-9-(2,6-diphenylpyrimidin-4-yl)-9H-carbazole (9.5g,
20mmol)<- % 37, (3'-(diphenylamino)-[1,1'-biphenyl]-2-yl)boronic acid (8.8g,
20mmol), Pd(PPh;), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S =t} T2 Fof] 80°C~90°C 4} Hi oﬂ A 7hE g A 71T BEE-o)
SR Geol ] R4S dol A m i FRe| = 2R
FE3) 77158 MgSO,2 28 ] 5573 3?— A8 8} 3HE-2 silicagel
column Z A2 HAAE 9.7¢ (F8: 68%)S DAt

&, A7l ok & g ool whet Al E o o] 318kE 3-1 WA 749
FD-MS== 8171 3% 33 ¢t}

3t 3]
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st FD-MS b = ED-MS

3-1 m/z=562.24(C4,H30N,=562.70) 3-2 | m/z=612.26(C4sH3:,N,=612.76)
3-3 m/z=612.26(C 46H,N,=612.76) 3-4 | m/z=638.27(C4gH:4N,=638.80)
3-5 m/z=612.26(C6H32N,=612.76) 3-6 | m/z=662.27(CsoH:4N,=662.82)
3-7 m/z=662.27(C soH34N,=662.82) 3-8 | m/z=688.29(Cs,H3sN,=688.86)
3-9 m/z=688.29(C5,H3sN,=688.86) 3-10 | m/z=688.29(Cs,H3sN,=688.86)
3-11 | m/z=764.32(CssHaoN,=764.95) 3-12 | m/z=764.32(CsgHioN,=764.95)
3-13 m/z=790.33(CsoHs:N,=790.99) 3-14 | m/z=790.33(C¢oHaoN,=790.99)
3-15 m/z=790.33(CeoHs2N,=790.99) 3-16 | m/z=790.33(CeoHs2N,=790.99)
3-17 | m/z=790.33(CsoH4,N,=790.99) 3-18 | m/z=790.33(CeoHa.N,=790.99)
3-19 | m/z=790.33(CeoHa,N,=790.99) 3-20 | m/z=790.33(CeoHaoN,=790.99)
3-21 | m/z=814.33(Cs,H4,N,=815.01) 3-22 | m/z=778.33(CsoHs,N,=778.98)
3-23 m/z=902.37(CesHasN,=903.12) 3-24 | m/z=900.35(CgoHaN,=901.10)
3-25 m/z=812.32(Cs2HsoN,=812.99) 3-26 | m/z=812.32(Cs;HioN,=812.99)
3-27 | m/z=838.33(CesH4;N,=839.03) 3-28 | m/z=878.37(Cs7HssN,=879.10)
3-29 | m/z=852.35(CesHaN,=853.06) 3-30 | m/z=850.33(CesHa2N,=851.04)
3-31 | m/z=662.27(CsoH3,N,=662.82) 3-32 | m/z=662.27(CsoH24N,=662.82)
3-33 m/z=688.29(Cs;H3sN,=688.86) 3-34 | m/z=728.32(CssHaoN,=728.92)
3-35 m/z=852.35(CssHasN,=853.06) 3-36 | m/z=850.33(CesH,,N,=851.04)
3-37 | m/z=714.30(Cs;H33N,=714.89) 3-38 | m/z=754.33(Cs7HsN,=754.96)
3-39 | m/z=878.37(Ce;H4sN,=879.10) 3-40 | m/z=876.35(Cs;HuuN,=877.08)
4-1 m/z=562.24(C 15H3oN,=562.70) 4-2 | m/z=612.26(CyeH3,N,=612.76)
4-3 m/z=612.26(C6H3:N,=612.76) 4-4 | m/z=638.27(C4sH1sN,=638.80)
4-5 m/z=612.26(C 46H3,N,=612.76) 4-6 | m/z=662.27(CsoH34N,=662.82)
4-7 m/z=662.27(C soH34N,=662.82) 4-8 | m/z=688.29(Cs,H1sN,=688.86)
4-9 m/z=688.29(C5,H3N,=688.86) 4-10 | m/z=688.29(Cs,H1N,=688.86)
4-11 | m/z=764.32(CssHaoN,=764.95) 4-12 | m/z=764.32(CsgHaoN,=764.95)
4-13 m/z=790.33(CsoHs2N>=790.99) 4-14 | m/z=790.33(CeoH4:N>=790.99)
4-15 m/z=790.33(CsoHs2N,=790.99) 4-16 | m/z=790.33(CeoHa,N,=790.99)
4-17 | m/z=790.33(CsoHs2N,=790.99) 4-18 | m/z=790.33(CeoH42N=790.99)
4-19 | m/z=790.33(CeoHs2N,=790.99) 4-20 | m/z=790.33(CeoHa,N,=790.99)
4-21 | m/z=814.33(Cs;HN,=815.01) 4-22 | m/z=778.33(CssH4,N,=778.98)
4-23 m/z=902.37(CssHasN,=903.12) 4-24 | m/z=900.35(CesHasN,=901.10)
4-25 m/z=812.32(Cs;HaoN,=812.99) 4-26 | m/z=812.32(Ce,HsoN,=812.99)
4-27 | m/z=838.33(CssHs2N,=839.03) 4-28 | m/z=878.37(Ce7H4sN,=879.10)
4-29 | m/z=852.35(CssHaaN,=853.06) 4-30 | m/z=850.33(CesHa,N,=851.04)
4-31 | m/z=662.27(CsoH34N,=662.82) 4-32 | m/z=662.27(CsoH3N,=662.82)
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4-33 m/z=688.29(Cs,H3sN,=688.86) 4-34 | m/z=728.32(CssHaoN,=728.92)
4-35 m/z=852.35(CesHasN,=853.06) 4-36 | m/z=850.33(CosHs2N,=851.04)
4-37 m/z=714.30(Cs4H3sN,=714.89) 4-38 | m/z=754.33(Cs;HsN,=754.96)
4-39 m/z=878.37(Cs7HasN,=879.10) 4-40 | m/z=876.35(Cs7HsN,=877.08)
5-1 m/z=562.24(C4,H30N,=562.70) 5-2 m/z=612.26(C46H3,N,=612.76)
5-3 m/z=612.26(C4sH3,N,=612.76) 5-4 m/z=638.27(C4sH34N,=638.80)
5-5 m/z=612.26(C45Hz2N,=612.76) 5-6 m/z=662.27(CsoH24N,=662.82)
5-7 m/z=662.27(CsoH34N,=662.82) 5-8 m/z=688.29(Cs,H3sN,=688.86)
5-9 m/z=688.29(Cs;HzsN,=688.86) 5-10 | m/z=688.29(Cs,H1sN,=688.86)
5-11 m/z=764.32(CssHN,=764.95) 5-12 | m/z=764.32(CsgHaoN,=764.95)
5-13 m/z=790.33(CeoH:N,=790.99) 5-14 | m/z=790.33(CgoHasN,=790.99)
5-15 m/z=790.33(CsoH22N,=790.99) 5-16 | m/z=790.33(CeoHasN,=790.99)
5-17 m/z=790.33(CeoH2N,=790.99) 5-18 | m/z=790.33(CgoHazN,=790.99)
5-19 m/z=790.33(CeoH42N,=790.99) 5-20 | m/z=790.33(CeoHa2N,=790.99)
5-25 m/z=814.33(Cs;H:N,=815.01) 5-26 | m/z=778.33(CsoHa,N,=778.98)
5-27 m/z=902.37(CooHusN,=903.12) 5-28 | m/z=900.35(CgsHasN,=901.10)
5-29 m/z=812.32(Cy3HoN,=812.99) 5-30 | m/z=812.32(CesHaoN,=812.99)
5-31 m/z=838.33(CsqH2N,=839.03) 5-32 | m/z=878.37(CesHaeN,=879.10)
5-33 m/z=852.35(CgsHasN,=853.06) 5-34 | m/z=850.33(CesHa,N,=851.04)
5-35 m/z=662.27(CsoH34N,=662.82) 5-36 | m/z=662.27(CsoH3aN,=662.82)
5-37 m/z=688.29(Cs;HzsN,=688.86) 5-38 | m/z=728.32(CssHsN,=728.92)
5-39 m/z=852.35(CysHaaN,=853.06) 5-40 | m/z=850.33(CgsHa,N,=851.04)
6-1 m/z=562.24(C43Hz0N,=562.70) 6-2 m/z=612.26(C4sHz2N,=612.76)
6-3 m/z=612.26(CsH3,N,=612.76) 6-4 m/z=638.27(C4sH34N,=638.80)
6-5 m/z=612.26(C45H3,N,=612.76) 6-6 m/z=662.27(CsoH34N,=662.82)
6-7 m/z=662.27(CsoH34N,=662.82) 6-8 m/z=688.29(Cs;H3sN,=688.86)
6-9 m/z=688.29(Cs,H3sN,=688.86) 6-10 | m/z=688.29(Cs,H3cN,=688.86)
6-11 m/z=764.32(CssHaoN,=764.95) 6-12 | m/z=764.32(CssHaoN,=764.95)
6-13 m/z=790.33(CsoH:N,=790.99) 6-14 | m/z=790.33(CeoHa;N,=790.99)
6-15 m/z=790.33(CeoH42N,=790.99) 6-16 | m/z=790.33(CeoHa2N,=790.99)
6-17 m/z=790.33(CeoH:N,=790.99) 6-18 | m/z=790.33(CgoHaN,=790.99)
6-19 m/z=790.33(CsoH:N,=790.99) 6-20 | m/z=790.33(CeoHa;N,=790.99)
6-21 m/z=814.33(Cs2Hs2N,=815.01) 6-22 | m/z=778.33(CssHaN,=778.98)
6-23 m/z=902.37(CooHasN,=903.12) 6-24 | m/z=900.35(CgsHasN,=901.10)
6-25 m/z=812.32(Cs2Hs0N,=812.99) 6-26 | m/z=812.32(CeHaoN,=812.99)
6-27 m/z=838.33(CsqH2N,=839.03) 6-28 | m/z=878.37(CeHaeN,=879.10)
6-29 m/z=852.35(CssHasN,=853.06) 6-30 | m/z=850.33(CgsHaN,=851.04)
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[206
[207
[208
[209

—t e e

[210]
[211]

[212]
[213]

[214]

43
6-31 m/z=662.27(CsoH34N,=662.82) 6-32 | m/z=662.27(CsoHauN,=662.82)
6-33 m/z=688.29(Cs,HsN,=688.86) 6-34 | m/z=728.32(CssHaoN,=728.92)
6-35 m/z=852.35(CgsHaaN,=853.06) 6-36 | m/z=850.33(CsHa,N,=851.04)
6-37 m/z=714.30(Cs;H1sN,=714.89) 6-38 | m/z=754.33(Cs7Hs.N;=754.96)
6-39 m/z=878.37(Ce7HaN,=879.10) 6-40 | m/z=876.35(CssHaN,=877.08)
7-1 m/z=716.29(Cs,H3eN4=716.87) 7-2 m/z=716.29(Cs,H3N4=716.87)
7-3 m/z=716.29(Cs;H3sN,4=716.87) 7-4 m/z=793.32(Cs7H2sN5s=793.95)

7] A7 aApe] AzH 7t

ERERECEMESESIE TS TS

wugol HPES 4F5EF TR AEshe] BAAQ wgel e
FVA7 YA S AR DA, §7] 719l B H IT0F(FT) 3 N
-(naphthalen-2-y1)-N4N*-bis(4-(naphthalen-2-yl(phenyl)amino)phenyl)-N!-phenylbenz
ene-1,4-diamine (©] 8} "2-TNATA"Z 7] $H& 60nm +7 & %] &5 215} o]

744 Z_ZFCQZ—Q- 63%46} ? /\1—7] 744 ’g_zrfgz/ﬂ—oﬂ Etﬂ-tﬂ/] Q_ F2 3.332 60nm

=2 AgzAale] JLieze 343 oo, Ay A EieE A
4,4'-N,N'-dicarbazole-biphenyl (] 3} "CBP"Z ¢F7|3h& S AE=R,
tris(2-phenylpyridine)-iridium (©] 8} "Ir(ppy);" &= <F7]8h& =R E =2 31 90:10
S & R st 30nm T/ = X FF-2sto] Wadg A ST o] o A,
/\]—7] \:ﬂ—iﬂ-.% /\]-oﬂ
(1,1'1] 23] d)-4-Z- | o] & )B] 2= (2- 7] & -8-
"BAlq"® °F7]3hS 10nm FA &2 X FFA skl A A S-S FA S, ]
B AA T ol Ev]28-F el w7l (ol 8t "Algs" = 2F71EhE 4
FA R ANFFAete] AAaESE A6 ol 5, @R A} ety 5454
LiFE 0.2nm T7| 2 F23Fo] A2 58 &4 31aL, o] o4 Al 150nm <]
FAR FASA 5 d’dﬂofﬁ A F7 17 G RS A e T
[EA]42] ~ [2A ¢ 31] 2R {7 L FLAHATTET)
BeTET 4R & HL‘I‘/] 3}ehE 3-33 thAl 817] 3% 4ol 714 ¥ iy 2

ot

N
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A2 Aelstar= g7 Ao 13 FLs H o2 §I] AL FAAE

A 2+ttt

[B] 24 1]

AETEE A2 By o] 3135 3-33 th 4l 317] vl L 3}3HE AS A8 3
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st Voltage | Current Density | Brightness Efficiency Lifetime CIE
W) (mA/m) (cd/m?) (cd/A) T95) x,y)

Hl W Oll(1) HuWsIstE A 6.3 200 5000.0 25.0 733 (031, 0.60)
H|w 0l(2) HusrstE B 6.0 152 5000.0 330 63.8 (031, 0.61)
H| W 04(3) Hlu3ststE C 52 130 5000.0 384 84.0 (031, 0.60)
H| 1 04|(4) Bl u3stE D 5.1 12.8 5000.0 39.0 86.3 (031, 0.60)
H| 1 0f|(5) HuSstE E 53 132 5000.0 379 85.9 (031, 0.60)
H| 1 0f|(6) HusstE F 52 129 5000.0 38.7 83.8 (031, 0.60)
H| 2 04(7) HL3EE G 55 133 5000.0 375 829 (031, 0.60)
AAO(D) 38 E(3-33) 45 10.8 5000.0 46.4 89.9 (031, 0.60)
AA(2) 318 E(3-34) 46 10.0 5000.0 49.8 106.5 (033,061
AA0(3) Stet2(3-35) 4.6 10.2 5000.0 49.2 1272 (032,061
A4 3t E(3-36) 47 11.8 5000.0 423 116.2 (0.33,0.60)
AAO(5) 3t E(3-37) 44 114 5000.0 44.0 1243 (031,061
ALA|04l(6) 3t E(3-38) 46 12.3 5000.0 40.7 148.1 (0.31, 0.60)
A7) 3t E(3-39) 4.6 11.8 5000.0 42.5 1135 (033,061
AA|04(8) 3t8HE(3-40) 4.6 11.2 5000.0 44.8 105.2 (0.32,0.61)
AA|(9) 3t E(4-33) 4.6 12.2 5000.0 40.8 911 (031, 0.60)
AA04|(10) 3IEE(4-34) 4.6 10.6 5000.0 47.1 105.9 (033,061
AA04(11) e E4-35) 4.6 11.1 5000.0 45.0 112.7 (0.30, 0.60)
AA0(12) 3} E(4-36) 46 11.9 5000.0 2.1 97.0 (031,061
AA[0fI(13) oletE(4-37) 4.7 119 5000.0 42.1 1171 (031, 0.60)
AA0I(14) 3t E(4-38) 43 10.6 5000.0 47.2 98.8 (033,061
AAJO|(15) 3t E(4-39) 47 10.7 5000.0 46.9 1199 (032,061
AA04|(16) 3t E(5-33) 43 11.3 5000.0 44.4 1129 (033,061
AA0(17) st E(5-34) 44 104 5000.0 48.0 1439 (030, 0.60)
AA04(18) 3t8HE(5-35) 47 10.2 5000.0 49.1 1364 (031,061
AA0(19) 3t 2(5-36) 44 12.0 5000.0 417 1317 (031, 0.60)
ALA0](20) 3IEE(5-37) 4.6 10.5 5000.0 47.7 1449 (0.33,0.61)
AA0(21) e E(5-38) 44 10.9 5000.0 45.7 97.5 (0.32,0.61)
AA04(22) 3IEHE(5-39) 45 10.8 5000.0 46.1 1034 (0.33,0.60)
AA0fl(23) ol =(5-40) 45 12.0 5000.0 417 140.1 (032,061
AA[0fl(24) ot =(6-33) 4.6 11.2 5000.0 44.6 93.2 (031, 0.60)
AAO(25) 3t E(6-34) 44 10.2 5000.0 48.8 97.0 (033,061
AA0|(26) 3t E(6-35) 45 10.1 5000.0 49.7 1109 (032,061
AA0R7) 3+t E(6-36) 45 111 5000.0 45.2 148.2 (0.33,0.60)
AN 04(28) 3t E(6-37) 44 10.0 5000.0 49.9 1211 (032,061
AA0(29) St =(6-38) 4.6 11.1 5000.0 45.0 104.1 (031, 0.60)
AIA10](30) 313 E(6-39) 44 119 5000.0 41.9 1148 (031,061
AA0(3D) 3}5HE(6-40) 44 10.1 5000.0 49.4 107.1 (031, 0.60)
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Pu) 8 E9 19559 S SR 0M, 1 54 Ak 3] B 59 Pk,
[271] [ 5]
[272] st Voltage | Current Density | Brightness Efficiency Lifetime CIE
sre= W) (mA/am) (cd/m?) (cd/A) T(95) x,y)
H| W 04(8) - 6.7 352 2500.0 7.1 76.1 (0.66,0.32)
H| W 0f(9) HWsstE A 69 301 2500.0 83 83.5 (0.67,0.32)
H| W 0(10) HlWStetE B 6.9 307 2500.0 81 88.1 (0.66,0.32)
H| W O(11) HWsgtE C 6.6 263 2500.0 95 89.7 (0.66,0.33)
Hlmo(12) HuwststE D 7.0 255 2500.0 9.8 89.9 (0.67,0.32)
H| W 0f(13) HuwststE E 6.8 262 2500.0 95 88.5 (0.66,0.32)
H| W 0 (14) HWStetE F 69 276 2500.0 9.1 824 (0.66,0.33)
Hlmo(15) HWsstE G 6.7 281 2500.0 89 82.6 (0.67,0.32)
AAIG(32) stetE(3-1) 7.0 233 2500.0 10.7 124.5 (0.66,0.33)
AAIG(33) st E(3-2) 6.9 173 2500.0 14.5 117.7 (0.66,0.32)
AAIG(3BYH 3 E(3-3) 69 16.8 2500.0 14.9 147.3 (0.65,0.32)
AAIG(35) st E(3-4) 69 236 2500.0 10.6 126.1 (0.66,0.32)
AA|0(36) 3t E(3-5) 6.7 187 2500.0 13.4 93.9 (0.66,0.32)
AAI0I(37) 3} E(3-6) 69 200 2500.0 12.5 145.5 (0.67,0.32)
AAIG(38) st E(3-7) 69 182 2500.0 13.7 123.5 (0.66,0.32)
AAIG(39) St E(3-8) 6.7 198 2500.0 12.7 104.2 (0.67,0.32)
ALA| 0 (40) e E(3-9) 69 185 2500.0 13.5 142.4 (0.66,0.32)
AAIGAD stetE(3-10) 7.0 231 2500.0 10.8 1234 (0.66,0.32)
AAI0(42) st E4-1) 6.6 179 2500.0 14.0 94.2 (0.66,0.33)
AA|0(43) 3t E4-2) 6.6 197 2500.0 12.7 96.2 (0.66,0.32)
AAl0l@44) ShetE(4-3) 6.7 192 2500.0 13.0 120.7 (0.65,0.32)
ALA| 0 (45) stetE4-4) 69 201 2500.0 124 1445 (0.66,0.32)
ALA| 04 (46) st E(4-5) 6.3 174 2500.0 144 1399 (0.66,0.32)
AAIG@A7) 31t E(4-6) 6.8 234 2500.0 10.7 973 (0.67,0.32)
ALA|0|(48) stetE4-7) 6.7 180 2500.0 13.9 1244 (0.66,0.32)
AA0(49) 3t E(4-8) 6.6 171 2500.0 147 100.9 (0.67,0.32)
ALA|0(50) e E4-9) 6.6 230 2500.0 10.9 97.5 (0.66,0.32)
AAIGGD stetE4-10) 6.6 171 2500.0 14.6 117.6 (0.67,0.32)
AAIG(52) stetE(5-1) 6.8 230 2500.0 109 134.8 (0.66,0.32)
AA0(53) et E(5-2) 6.8 211 2500.0 11.8 1149 (0.66,0.33)
AAIG (G stetE(5-3) 6.6 228 2500.0 11.0 1014 (0.65,0.32)
AAIG(55) stetE(5-4) 6.8 186 2500.0 134 138.7 (0.66,0.32)
AA|0(56) 3t 2(5-5) 6.3 243 2500.0 10.3 1241 (0.66,0.33)
AHAIGIG7) SHetE(5-6) 6.8 195 2500.0 12.8 103.1 (0.66,0.32)
AAIG(58) stetE(5-7) 69 183 2500.0 13.7 104.0 (0.65,0.32)
AAIK(59) 3t 2(5-8) 6.9 177 2500.0 14.1 104.9 (0.66,0.32)
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50
AAI0(60) et=(5-9) 69 235 2500.0 10.6 102.7 (0.66, 0.32)
AAIGI(61) 3tet=(5-10) 69 212 2500.0 11.8 1257 0.67,0.32)
AAI0(62) Set=(6-1) 7.0 196 2500.0 12.8 147.1 (0.66, 0.32)
AAIG(63) et =(6-2) 6.7 245 2500.0 10.2 99.2 (0.66, 0.32)
AAIG(64) et =(6-3) 7.0 190 2500.0 13.2 103.2 (0.66, 0.33)
AAI0(65) Stet=(6-4) 6.7 16.8 2500.0 149 145.2 (0.66, 0.32)
AA|0l(66) 2t =(6-5) 6.6 230 2500.0 109 110.1 0.65,0.32)
AAIGI(67) I2t=(6-6) 7.0 192 2500.0 13.0 121.0 (0.66, 0.32)
AAI0(68) Set=(6-7) 7.0 235 2500.0 10.7 122.5 (0.66, 0.32)
AAI0(69) et =(6-8) 6.6 18.7 2500.0 134 108.8 0.67,0.32)
AAINI(70) 2t =(6-9) 6.7 215 2500.0 116 104.2 (0.66, 0.32)
AAINGTD 3tet=(6-10) 6.7 185 2500.0 135 955 0.67,0.32)
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[297] sisto Voltage | Current Density | Brightness Efficiency Lifetime CIE
srere V) (mA/m?) (cd/m?) (cd/A) T©95) X y)
H| 1w 0]|(16) - 6.3 200 5000.0 25.0 733 (031, 0.60)
H[w0(17) HuWsIstE A 6.7 16.6 5000.0 30.1 84.0 (0.30, 0.60)
H[ 1w 0]|(18) HusrstE B 6.5 16.1 5000.0 311 85.8 (031, 0.61)
H[ 1w 0|(19) Hlusists C 6.3 13.2 5000.0 37.8 87.6 (031, 0.60)
H[ 1w 0|(20) Hluststs D 6.6 13.6 5000.0 36.8 89.7 (0.30, 0.60)
H[w021) HuslstE E 6.5 14.2 5000.0 353 82.8 (031, 0.61)
H[w0(22) Huststs F 6.2 13.7 5000.0 36.5 83.2 (031, 0.60)
H[w0l(23) Hluststs G 64 133 5000.0 375 89.1 (0.33,0.61)
AA0(72) 3etE(G-1) 6.3 11.3 5000.0 44.4 109.4 (0.30, 0.60)
AA0(73) 3etE(3-2) 6.5 11.0 5000.0 45.4 106.1 (031, 0.61)
AA0|(74) 3etE(3-3) 6.3 10.9 5000.0 46.0 134.6 (031, 0.60)
AA0|(75) 3etE(3-4) 6.6 114 5000.0 43.8 122.6 (0.33,0.61)
AA|04|(76) 3tetE(3-5) 6.6 114 5000.0 437 93.7 (0.32,0.61)
AA(77) 3tetE(3-6) 6.6 11.8 5000.0 42.4 98.8 (0.33,0.60)
AA|0|(78) 3etE(3-7) 6.7 12.2 5000.0 40.9 96.0 (0.32,0.61)
AA0(79) 3etE(3-8) 6.6 116 5000.0 429 1133 (031, 0.60)
ALA|04(80) 3etE(3-9) 6.2 119 5000.0 42.1 1417 (031, 0.61)
AA04(81) 3t E(3-10) 6.2 116 5000.0 43.1 136.7 (031, 0.60)
AA04(82) 3etE(4-1) 64 10.3 5000.0 48.5 122.8 (0.33,0.61)
AA04(83) 3tetE4-2) 6.5 10.1 5000.0 49.5 99.4 (0.30, 0.60)
AA|04(84) 3tetE4-3) 6.3 12.0 5000.0 417 1139 (031, 0.61)
ALA|04(85) stetE(4-4) 6.3 12.2 5000.0 41.0 126.1 (031, 0.60)
ALA|04|(86) 3tetE(4-5) 6.5 111 5000.0 45.2 916 (0.33,0.61)
AA04(87) 3tetE(4-6) 6.2 10.1 5000.0 49.6 106.8 (0.32,0.61)
ALA|04(88) setE4-7) 6.5 10.6 5000.0 47.1 1495 (031, 0.60)
AA04(89) 3tetE(4-8) 64 104 5000.0 48.2 106.1 (031, 0.61)
ALA|04(90) 3tetE(4-9) 6.2 10.6 5000.0 47.0 113.2 (031, 0.60)
AA04(9D) 3t E4-10) 64 124 5000.0 40.3 128.8 (0.33,0.61)
AA04(92) shetE(5-1) 6.2 10.9 5000.0 46.0 141.6 (0.30, 0.60)
AA04(93) 3etE(5-2) 6.5 12.2 5000.0 41.0 1459 (031, 0.61)
AA|04(94) 3tetE(5-3) 64 111 5000.0 45.0 140.9 (031, 0.60)
ALA|04(95) setE(5-4) 64 11.8 5000.0 42.2 108.8 (0.33,0.61)
ALA|04|(96) 3tetE(5-5) 6.2 104 5000.0 48.2 120.0 (0.32,0.61)
AA04(97) 3t E(5-6) 6.5 10.6 5000.0 47.3 924 (0.33,0.60)
ALA|04(98) setE(5-7) 64 104 5000.0 48.0 9L5 (0.32,0.61)
AA04(99) 3tetE(5-8) 6.3 11.8 5000.0 42.5 149.0 (031, 0.60)
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ALA]0|(100) I8t E(5-9) 6.6 112 5000.0 44.5 93.2 (0.31, 0.61)
AA0(101) 3t2tE(5-10) 64 121 5000.0 412 1373 (0.31, 0.60)
AA0(102) stetE(6-1) 64 119 5000.0 42.0 1231 (0.33,0.61)
A AJ0(103) stetE(6-2) 6.6 125 5000.0 40.2 96.7 (0.30, 0.60)
AA0(104) stetE(6-3) 6.7 115 5000.0 43.6 1105 (0.31, 0.61)
ALAJ0l(105) SlstE(6-4) 6.5 10.7 5000.0 46.7 1193 (0.31, 0.60)
A AJ0(106) et =(6-5) 6.3 10.8 5000.0 46.2 98.2 (0.33,0.61)
AAK(107) st E(6-6) 6.6 111 5000.0 451 99.2 (0.32,0.61)
ALAJ0(108) SletE(6-7) 6.6 123 5000.0 40.7 1255 (0.31, 0.60)
A AK(109) stetE(6-8) 64 117 5000.0 42.6 118.7 (0.31, 0.61)
AA[0fI(110) SFetE(6-9) 6.6 104 5000.0 479 101.0 (0.31, 0.60)
AAJ0(111) Stet=(6-10) 64 112 5000.0 44.8 1216 (0.33,0.61)
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[322] - Voltage | Current Density | Brightness Efficiency Lifetime CIE
%) (mA/m) (cd/m?) (cd/A) T(95) v
H| W 0 (24) - 5.2 152 500.0 33 584 (0.15,0.16)
H| w0 0f(25) HWsstE A 55 121 500.0 41 80.2 (0.15,0.14)
H| W 0[(26) HlW3tetE B 51 110 500.0 45 80.3 (0.15,0.13)
H| W 0(27) HWsetE C 51 100 500.0 50 84.5 (0.14,0.14)
H| w0 0f(28) HuwststE D 54 8.7 500.0 57 894 (0.15,0.14)
H| W 01(29) HWsIet= E 52 9.9 500.0 51 81.2 (0.15,0.13)
H| W 0(30) HWSIEHE F 53 9.5 500.0 52 85.7 (0.14,0.14)
HlmHGD HWsstE G 52 9.7 500.0 52 844 (0.15,0.14)
AAI0(112) stetE(3-1) 54 8.1 500.0 6.1 1344 (0.15,0.14)
AAIG(113) 3t E(3-2) 5.5 8.3 500.0 6.0 147.7 (0.15,0.13)
AAIG(114) 3 E(3-3) 55 8.2 500.0 6.1 112.6 (0.14,0.14)
AAIG(115) st E(3-4) 53 7.3 500.0 69 100.8 (0.14,0.14)
AA|0(116) 3tetE(3-5) 5.2 8.0 500.0 63 96.1 (0.15,0.13)
AAGI(117) SIS E(3-6) 53 8.0 500.0 63 1395 (0.15,0.14)
AAIG(118) st E(3-7) 52 7.5 500.0 6.7 1172 (0.14,0.14)
AAIGI(119) SteE(3-8) 54 7.7 500.0 65 148.5 (0.15,0.13)
ALA|G(120) 3 E(3-9) 54 8.9 500.0 56 1112 (0.14, 0.14)
AAI0(121) st E(3-10) 53 85 500.0 59 116.2 (0.15,0.14)
AAI0(122) st E4-1) 54 7.2 500.0 69 95.8 (0.14, 0.14)
AAI0(123) 3 E4-2) 53 7.9 500.0 63 146.7 (0.15,0.14)
AA0I(124) SHetE(4-3) 53 7.6 500.0 6.6 1284 (0.15,0.16)
AAI0(125) stetE4-4) 54 83 500.0 6.0 1384 (0.14,0.14)
AAI0(126) 3t E(4-5) 5.2 8.5 500.0 58 119.7 (0.14, 0.14)
AAl0(127) StetE(4-6) 53 8.2 500.0 6.1 98.0 (0.15,0.14)
AAI0(128) stetE4-7) 51 8.7 500.0 58 1215 (0.15,0.13)
AAI0(129) st E4-8) 5.1 74 500.0 6.7 1410 (0.15,0.16)
AAIG(130) I E4-9) 53 7.2 500.0 70 90.7 (0.15,0.14)
AAI0(131) stetE4-10) 52 84 500.0 59 1420 (0.15,0.13)
AAI0(132) stetE(5-1) 5.5 8.5 500.0 59 129.7 (0.14, 0.14)
ALAIG(133) 3t 2(5-2) 53 84 500.0 59 97.1 (0.15,0.14)
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[323]

[324]
[325]

[326]

[327]

[328]

[329]
[330]

56
AA01A34) | BEE(G-3) 53 8.1 500.0 6.1 125.8 (0.15,0.13)
MAOA35) | BEEEG-4) 53 8.1 500.0 6.1 1034 (0.14, 0.14)
AA|O136) | BIEEEG-5) 54 75 500.0 6.7 105.1 (0.15,0.13)
MAA37) | BEEEG-6) 51 84 500.0 6.0 1284 (0.14, 0.14)
AA|0138) | BEEEG-7) 52 9.0 500.0 5.6 12338 (0.14, 0.14)
MAO139) | BIEEEG-8) 54 77 500.0 65 118.6 (0.14, 0.14)
AA|0140) | BIEE(G-9) 53 74 500.0 6.8 1302 (0.15,0.13)
AA014L) | BFEtE(E-10) 53 8.2 500.0 6.1 12338 (0.15,0.14)
MA|0142) | BHEEEG-1) 52 8.2 500.0 6.1 1277 (0.15,0.14)
MAl0A43) | BHEtE(6-2) 54 84 500.0 6.0 1244 (0.15,0.13)
MA|0(144) | BIEHE(6-3) 55 8.1 500.0 6.1 1212 (0.14, 0.14)
MA|0145) | BletE(6-4) 54 74 500.0 6.7 1307 (0.15, 0.14)
AA|0f(146) | B}EHE(6-5) 52 76 500.0 6.6 1196 (0.15,0.14)
MA|0147) | BHEtE(6-6) 52 8.1 500.0 6.2 1382 (0.14, 0.14)
AA|01148) | BHEtE6-7) 52 8.8 500.0 57 103.0 (0.15,0.13)
AA|01149) | BHEtE(6-8) 52 9.0 500.0 55 954 (0.15, 0.16)
MAOA50) | BHErE(6-9) 51 8.3 500.0 6.1 1433 (0.15, 0.14)
MAOASL | BhetE(6-10) 54 74 500.0 6.7 1395 (0.15,0.13)
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