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[106]
[107]

[108]
[109]

[110]
[111]

[112]
[113]

[114]
[115]

[116]
[117]

A7 aAke] Aol gate] A& S0 7A Ao A shA T, &
o] ah7] o] AAl o & g ¥ &= Al o}t

B b of] & 3}3}E-(Final Product)< 3}7] ¥H-3-2] 13} 74o] Sub 13} Sub2&
HEE A A A 2]} o] o g8 ¥ = A1 ofuTh

Pd,(dba)s / PPh;

H NaO¢-Bu / Toluene

(R")a
Sub 1 Sub 2 Final Product
L Sub 1] &4
HEE-2] 19] sub 12 817 ®h-g-2] 29] Hhg-7g 2ol o] A= 4= 9l.om o]
a4 g R ok

RELEAN
]
<qb-g2] 2>
Br H AP HO
| N, Pdy(dba)s / PPhg Br A NI Trllsopropyl borate (HO),B
A~ + AaP— > ]
\3 =Xt NaO#Bu / Toluene \/ 7\ 2.5M n-BuLi / Ether »
(R ¢ ") =NRY)g 2N Hel (R%)c ( a
Sub 11 Sub 1-2 Sub 1-3 Sub 14
Br
Pd(PPhs); /NaOH N{‘" Pd(PPhy), / NaOH oy
—_— Br X + —_— -
I (RUQI)\B (OH), THF / H,0
s
THF /H,0 \ /_\\ , (RZ),,/ lp Q
(). (R%)4
Sub 1-6 Sub 1-7 Sub1

(1) Sub 1-3 34

SauleZ ek~ 0 Sub 1-1 (1), Sub 1-2 (1%9-3), Pdy(dba); (0.059 %), PPh,
(0.1 %), NaOr-Bu (33 %), toluene (10.5mL / subl-1 Immol)S ¥ F
100°Col A ¥b-&-& X1 P A[ 7T}, vh-3-o] 5 ¥ ethers} BE F53 T F7]5&
M@@EHE&L 53¢ T A E {715 & silicagel column 2 A A A 5}
Sub 1-35 ¥ AT,

(2) Sub 1-4 34

Sub 1-3 (19 %)S 5 Etherol] Ho]aL, ¥h-&&0] &2 78°CH w1,
n-BuLi (2.5M in hexane) (L1933 A3 A7Fstar o &, 8558 308 &<t
WHEAT ), 71 3 UA] HEg & o] 25 & -78°CE Y331 Triisopropylborate
(15T E A 7Fsl . Aol A ke 5 25 ‘%01 5] A} A] 7] 3L 2N HC1&
ol E), Bhg-o] &R ¥ H ethyl acetate 9} =2 328 & F7] 54 MgSO,=
ﬁiﬂﬂ%%}?@@%%ﬁgEMM@Mwmn A A A 5}e] Sub 1-4&
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[118]
[119]

[120]
[121]

[122]
[123]

[124]
[125]

[126]
[127]

A3tk

(3) Sub 1-6 34

FTouleE et~ Sub 1-4 (19%)S ¥ a1, Sub 1-5 (19%), Pd(PPh;),
(0.03%%F), NaOH (3%%F), THF (3mL / lmmol), = (1.5mL / lmmol)S ¥ =
17 20l 80°C~90°C ‘g Ef el A 7+E R A 71T Bh-g-o] $h W Aol A
THTE @01 -f'ﬂ“%l 713 vgdd &2 ol =ef Z 2 F&§)h 77]15& MgSo,
sk 2 A ¥ 3} 3HE-S silicagel column 2 A2 4 5} Sub 1-65

(4) Sub 1 $HA

FTouleE et~ Sub 1-6 (19%)S ¥ a1, Sub 1-7 (1E%), Pd(PPh;),
(0.03%%F), NaOH (3%%F), THF (3mL / lmmol), = (1.5mL / lmmol)S ¥ =
17 20l 80°C~90°C ‘g Ef el A 7+E R A 71T Bh-g-o] $h W Aol A
THTE ¥ 01 sIAA 7 oL w Al E 2 efo| B ol B2 FEet) {7158 MeSO,
Z5} Zot & A A 313E S silicagel column 2 A 2 % &}o] Sub 1<
sa=y
1. Sub 11)¢] &4

; % Br
B sz(dba)g / PPhz Br. Trllsupropyl borate (HO)ZB N
<:> NaOt Bu / Toluene t‘ 2 5M n-BuLl / Ether @ Br/©\3r

2N HCI

=

M2 HU of
5«9 [_,_\d

Sub 1-1-1 Sub 1-2-1 Sub 1-341 Sub 1-4-1 Sub 1-5-1

Br

Pd(PPhy), / NaOH o

4ty el >
2 O

Sub 1-6-1 Sub 1-741 Sub1(1)

Pd(PPhg), / NaOH

N

THF / H,0

(1) Sub 1-3-1 34

T tuPE = e~ A0l Sub 1-1-1 (4.9g, 20mmol), Sub 1-2-1 (4.1g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)E ¥ & Fof 100°Cel A 8-S 213 A| 714 HPP—O] ﬂeﬂ‘ﬂ ether 2}
B2 FE¢ 3 5758 MgS0,E Axetal 558 + A H 77 ES silicagel
column 2 A 2743} Sub 1-3-11 5.4¢ (58 84%) Oé?iv}

(2) Sub 1-4-1 3+4

Sub 1-3-1 (6.4g, 20mmol)= =~ Etherol] = ©]a1, wF FeEo 255 78°CE
3231 n-BuLi (2.5M in hexane) (1. 4g, 22mmol)-& 3| A 7}3 }ﬂ w3
W =S 304 ¢ WA AT 1 5 A jEgE ] 25 E 78°CER WAL
Triisopropyl borate (5.6g, 30mmol) & 2] 7}3} ST}, AFoll A aHkgh 5 =& Yo
3] A Al 7] 3L 2N HCIS- ¥ o] 21}, HE-g-o] 9+ ¥ ethyl acetate?} =2 F=3 &

F715 & MgSO,=E A xstal 553 5 A HE F7]& < silicagel column %
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AAA S Sub 1-4-12 4.5g (575 78%) LAt}

[128] (3) Sub 1-6-1 4

[129] Tt uPE = ek~ 00 Sub 1-4-1 (5.7g, 20mmol)= ¥ 31, Sub 1-5-1 (6.3g, 20mmol),
Pd(PPh,), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), & (30mL)<
Wiz} 18 Zof 80°C~90°C A Ef el A 7+ Al Z1 ), vh-§-o] R A
Q}%OM THTE gl sAAI7I A vddE 2ol B B &3t
7155 MgSO, 2 7128 o] 553 T A ¥ 83HE = silicagel column 2
AAA 3] Sub 1-6-12 6.8g (55 71%) DAt}

[130] (4) Sub 1(1) 4]

[131] Tt uPE = ek~ 00 Sub 1-6-1 (9.5g, 20mmol)= ¥ 3L, Sub 1-7-1 (5.7g, 20mmol),
Pd(PPh,), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), & (30mL)<
Wiz} 18 Zof 80°C~90°C A Ef el A 7+ Al Z1 ), vh-§-o] R A
Q}%OM THTE gl sAAI7I A vddE 2ol B B &3t
7158 MgS0,= A x38te] 55 F A H 33E % silicagel column 2
A8kl Sub 1(1)E 8.7g (578 68%) VAT

[132] 2.Sub 1(7)9] &4

[133] O
N PN
Q O B(OH)z ‘ O O O @

Sub 1-6-1 Sub 1-7-2 Sub 1(7)

[134] T tuPE = ek~ 00 Sub 1-6-1 (9.5g, 20mmol)= ¥ 3L, Sub 1-7-2 (7.9g, 20mmol),
Pd(PPh,), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), & (30mL)<
Wiz} 18 Zof 80°C~90°C A Ef el A 7+ Al Z1 ), vh-§-o] R A
Ao SRFE Yo AN HEAlERgo| =9 Z 8 5
F715 & MgSO,= A xsto] 53 5 A H 313 silicagel column %
A 73] Sub 1(7)S 9.8g (78 66%) A S th.

[135] 3.Sub 1(10)9] &4

[136]
Br
@ Pd(PPhs), / NaOH
Br @ O + qN soH), THF / H,0

Sub 1-6-1 Sub1-7-3 Sub1(10)
[137] T tuPE = e~ 00 Sub 1-6-1 (9.5g, 20mmol)= ¥ 3L, Sub 1-7-3 (6.7g, 20mmol),
Pd(PPhj;), (0. 7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), = (30mL)<-
W=t} 19 ol 80°C~90°C AF Bl ol A 7hel F AT 71T} ko] ehiE v
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Ao SRFE Yo AN HEAlERgo| =9 Z 8 5
F71EEM gSO4f*'-— nzxste] 555 5 A H 33ES silicagel column 2
A A 3Fe] Sub 1(10)2 9.0g (58 65%) Dt}

[138] L?i Sub 18] A= Bh 3t o) oo gAY ¥ = A& oy, o] 59
D-MS

N'i

3= 37] % 19 2ok
[139] Br
) 4
o N 0 0@0 %
Sub 1(1) Sub 1(2) Sub 1(3) Sub 1(4)
. : s
0 @ o, Q
e, O
Sub 1(5) Sub 1(6) Sub 1(7) Sub 1(8)
& U4 v, &
0 O~
Sub 1(9) Sub 1(10) Sub 1&) Sub 1(12)
Br X Q Q B N @ Br
9 MedoteT TR G AP
Sub 1(13) Sub 1(14) Sub 1(15) Sub 1(16)
o
@N
Sub 1(17) Sub 1(18) Sub 1(19) Sub 1(20)

[140] [3 1]
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[141]

[142]
[143]

[144]
[145]

[146]

[147]
[148]

[149]

2ters FD-MS 3het FD-MS
Sub 1(1) m/z=638.14(C,,H,;BrN,=639.58) | Sub 1(2) m/z=638.14(C4,H,,BrN,=639.58)
Sub 1(3) m/z=688.15(C4sH,sBrN,=689.64) | Sub 1(4) m/z=688.15(C4sH,9BrN,=689.64)
Sub 1(5) m/z=714.17(C4sH3:BrN,=715.68) | Sub 1(6) m/z=639.13(C4;H,sBrN;=640.57)
Sub 1(7) m/z=744.12(C,sH,sBrN,S=745.7) | Sub 1(8) m/z=878.23(Cs;H;9BrN,=879.88)
Sub 1(9) | m/2=688.15(CasH2sBrN;=689.64) | Sub 1(10) | m/z=688.15(CsH20BrN,=689.64)
Sub 1(11) | m/z=738.17(CsoH3:BrN;=739.70) | Sub 1(12) | m/z=688.15(C4sH,oBrN,=689.64)
Sub 1(13) | m/z=688.15(C4sH,sBrN,=689.64) | Sub 1(14) | m/z=738.17(Cs,H3.BrN,=739.70)
Sub 1(15) | m/z=738.17(CsoH3:BrN;=739.70) | Sub 1(16) | m/z=738.17(CscH3:BrN,=739.70)
Sub 1(17) | m/z=838.20(CssH3:BrN;=839.82) | Sub 1(18) | m/z=788.18(Cs,H33BrN,=789.76)
Sub 1(19) | m/z=738.17(C5,H3;BrN;,=739.70) | Sub 1(20) | m/z=738.17(Cs,H3.BrN,=739.70)

II. Sub 29| A
71 HEEA] 1] Sub 23= 8F7] ®hg-4] 39] whg- 2ol of 8 A E = glon
ool Fg = A2 ot

<{k-g-2 3>

1
Pd,(dba)s / PPhs Ar
Ar'=NH, + Br—Ar? 3  HN
NaOt-Bu / Toluene \Ar2
Sub 2-1 Sub 2-2 Sub 2

SZulgE e~ 00 Sub 2-1 (19%), Sub 2-2 (19%), Pdy(dba); (0.053 %), PPh;
(0.1%93), NaOr-Bu (39 &), toluene (10.5mL / subl-1 Immol)S &2 39
100°Coll A HE-g-& YA 71T}, HE-G-o] SR ¥ W ether®} =2 FE3 T F7]5S
MgSO, & 1 Zstil 558 & A E F7]& < silicagel column A2 A 5}
Sub 2E& LA}

1. Sub 2-99] A

H;N Q ’ Pd,(dba); / PPh, HN O
O

- I
NaOt-Bu / Toluene .
B’ <9

Sub 2-1-1 Sub 2-21 Sub 2-9

T tuPE = ek~ A ol Sub 2-1-1 (1.9g, 20mmol), Sub 2-2-1 (5.5g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)-E 72+ H7Fek 5, 100°Coll A 24A] 1+ L HEZE A 71T}, ethere} &2
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T F /7]15E MgSOE A xetal 553 F A E 771 & silicagel
D

column % A2 3}o] Sub 2-95 5.2¢ (751 64%) LT}
[150] 2. Sub 2-14¢] &4

o 9
H5N C Pd,(dba); / PPhy @
</ I\\I> + > HN
—_ NaOt¢-Bu / Toluene N
Br / \
Sub 2-1-2 Sub 2-2-2 Sub 2-14

[152] T tuPE = ek~ A ol Sub 2-1-2 (1.9g, 20mmol), Sub 2-2-2 (4.1g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)S 747+ H7Fst 5, 100°Co A 24A] F 2L HESFFA| 71T, ethers} & 2

FEI T F7158 MeSO,Z A x5 53 F AAdE F7] &£ silicagel
column 2 |2 A} Sub 2-145 2.6g (75: 60%) K T}
[153]  3.Sub2-289] A
[154]

HoN

-
@ ) O Pdy(dba), / PPhg» HN
&

&

Q NaO¢-Bu / Toluene

Br

Sub 2-1-3 Sub 2-2-3 Sub 2-28

[155] Tt uPE = g2~ A ol Sub 2-1-3 (3.4g, 20mmol), Sub 2-2-3 (4.7g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)2 242 A 71k 5, 100°Col| A 244 ZF gk ST A 1T ether o) & =
FE T f7]52 MgS0O,2 A28 F3e T A E §F-7] &2 silicagel
column 2 |24 5}o] Sub 2-28-8- 4.2¢ (751 65%) K T}

[156] ¥, Sub 29| A<= vh3 2oy o]df dg ¥ = AL oy, o] 59
FD-MS== 38}7] %29} ¢t}
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o o™
W<y

Sk

SWe

[157]

Sub 2-10

Sub 2-9

8

Sub 2-7 Sub 2

Sub 2-6

0,

S

seke

S

Sub 2-15
@
&

HN

Sub 2-14
o
J

Sub 2-12

Sub 2-13
%
O‘O

2

Sub 2-11
N

Sub 2-16

Sub 2-20

Sub 2-19

Sub 2-18

Sub 217
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[158]
§
0 OMe .
530 a3
SENa
S
s

H HN.\. H O HN C}
.O .

Sub 2-31 Sub 2-32 Sub 2-34 Sub 2-35

Sub 2-36 Sub 2-37 Sub 2-38 Sub 2-39 Sub 2-40
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[159]

Sub 2-43 Sub 2-44 Sub 2-45

Sub 2-42

Sub 2-41

0 3
O

Sub 2-48 Sub 2-49 Sub 2-50

Sub 2-47

Sub 2-46

Sub 2-52

Sub 2-51

3t 2]

[

[160]



31

WO 2015/080404 PCT/KR2014/010825

[161] SeHE FD-MS sletE FD-MS
Sub 2-1 m/z=169.09(C1,H11N=169.22) Sub 2-2 m/z=219.10(C,6H1sN=219.28)
Sub 2-3 m/z=219.10(C,sH;5N=219.28) Sub 2-4 m/z=245.12(C,sH,sN=245.32)
Sub 2-5 m/z=170.08(C,;HoN,=170.21) Sub 2-6 m/z=199.10(C;0H,3N0=199.25)
Sub 2-7 m/z=225.15(C16H1oN=225.33) Sub 2-8 m/z=285.15(C,1H1sN=285.38)
Sub 2-9 m/z=409.18(C3;H,3N=409.52) Sub 2-10 | m/z=407.17(Cs;H.;N=407.51)
Sub 2-11 m/z=269.12(C,oH.sN=269.34) Sub 2-12 | m/z=269.12(C,H,sN=269.34)
Sub 2-13 m/z=295.14(C,;H1;N=295.38) Sub 2-14 | m/z=220.10(CysH1;N,=220.27)
Sub 2-15 m/z=249.12(C,;H,;,NO=249.31) Sub 2-16 | m/z=275.17(C;H,;N=275.39)
Sub 2-17 m/z=335.17(CsH,1:N=335.44) Sub 2-18 | m/z=459.20(C5sH,sN=459.58)
Sub 2-19 m/z=457.18(C3sH,35N=457.56) Sub 2-20 | m/z=269.12(CoH1sN=269.34)
Sub 2-21 m/z=295.14(C,,H,;N=295.38) Sub 2-22 | m/z=220.10(C;sH,N,=220.27)
Sub 2-23 m/z=249.12(C17;H1sN0O=249.31) Sub 2-24 | m/z=275.17(C,0H,1N=275.39)
Sub 2-25 m/z=335.17(C,sH,;N=335.44) Sub 2-26 | m/z=459.20(C55H,sN=459.58)
Sub 2-27 m/z=457.18(C3sH,3N=457.56) Sub 2-28 | m/z=321.15(C,4H1sN=321.41)
Sub 2-29 m/z=246.12(C,7H14N,=246.31) Sub 2-30 | m/z=275.13(CsH,;NO=275.34)
Sub 2-31 m/z=301.18(C,,H,sN=301.42) Sub 2-32 | m/z=361.18(C,;H.,sN=361.48)
Sub 2-33 m/z=485.21(C3;H,;N=485.62) Sub 2-34 | m/z=483.20(Cs7H.sN=483.60)
Sub 2-35 m/z=171.08(C1oHqsN3=171.20) Sub 2-36 | m/z=200.09(C,H,,N,0=200.24)
Sub 2-37 m/z=226.15(C,sH,sN,=226.32) Sub 2-38 | m/z=286.15(C,,H.sN.=286.37)
Sub 2-39 m/z=410.18(C3oH,:N,=410.51) Sub 2-40 | m/z=408.16(CsoH.0N,=408.49)
Sub 2-41 m/z=229.11(C4H5sN0O,=229.27) Sub 2-42 | m/z=255.16(C,7H,;NO=255.35)
Sub 2-43 m/z=315.16(C,,H,;NO=315.41) Sub 2-44 | m/z=439.19(Cs,H,sNO=439.55)
Sub 2-45 m/z=437.18(C3;H23sN0O=437.53) Sub 2-46 | m/z=281.21(C,0H27;N=281.44)
Sub 2-47 m/z=341.21(C;sH,;N=341.49) Sub 2-48 | m/z=465.25(C35H31:N=465.63)
Sub 2-49 m/z=463.23(C35H,oN=463.61) Sub 2-50 | m/z=401.21(C;,H,;N=401.54)
Sub 2-51 m/z=167.07(C1;HN=167.21) Sub 2-52 | m/z=323.14(C,,H,7;N3=323.39)

[162]

[163] L. # % A A & (Final Product)] &4

[164] SoueEE et~ T9) Sub 1 (135, Sub 2 (13 %), Pdy(dba), (0.05%F %), PPh;,

[165]

(0.1 %), NaOr-Bu (33 %), toluene (10.5mL / subl-1 Immol)S ¥ F

100°Col 4] HH-&-2
MgSO,& 71 %3} &

_qg_ /\gﬂﬂ

=3 T A E G

A

1. 1-34¢9] g4

Z1PA e, wh-3-o] 95 ¥ ether?} & = —,—% 'L} T 57

7] &% silicagel column 2
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[166]

[167]

[168]
[169]

[170]

[171]
[172]

[173]

© @Q N

Ty % e >
@N @ Q NaO¢-Bu / Toluene O N
v 0 o-& o
Sub1(1) Sub 2-28 1-34
T tuPE =gk~ A0l Sub 1(1) (12.8g, 20mmol), Sub 2-28 (6.4g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)S Z+7} A 7Fet H, 100°Coll A 24A 7F 0l W37 A 71T ethero} & 2
FEI T F7158 MeSO,Z Ax31a §53 F AAdE F7] &£ silicagel
column Z A2 A5} 1-34E 13.0g (F75: 74%) LT}

2.1-409] A
# sz(dba)alPPha * /‘/‘
Q NaO#-Bu/ Toluene
S O ¢ O D
Sub1(1) Sub 2-32 1-40

T tuPE E g2~ Aol Sub 1(1) (12.8g, 20mmol), Sub 2-32 (7.2g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)S Z+7} A 7Fet H, 100°Coll A 24A 7F 0l W37 A 71T ethero} & 2

FET T 57152 MgS0,2 Ax3al 555 T A E 77122 silicagel
column % A2 7435} 1-40-2 13.8g (&: 75%) L.
3.1-499] &4

. QAL

O ® (2 o “"® Pl ) ® ® D)
e O

Sub1(9) Sub 21 149
T e gk~ H ol Sub 1(9) (13.8g, 20mmol), Sub 2-1 (3.4g, 20mmol), Pd,(dba),
(0.9g, 1mmol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)-E-
247} A 7EeE 5, 100°Col A 2441 7 gk SEFAI 1T ether$} = 2 753§
7158 MgS0,= AZ3a 55 T A H f-7] &% silicagel column 2
17479 3}o] 1-495 11.8g (8:76%) L AT

N
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7] & & silicagel column %

NaOt Bu / Toluene Q O

NaOt Bu/ Toluene Q ‘

PCT/KR2014/010825

@N
Y,

Cny

1-61

WS-SR A 1T} ether9} B8 253 3

=i

0
&Q

WHFBLFA| 71T} ethere} = 2

71 &g silicagel

8¢
Besgarta

2-34

WO 2015/080404
[174]  4.1-612] &4
[175]
Br
O Q Q Pd,(dba), / PPh,
O By T e
W,
Sub1(1) Sub 2-51
[176] St uFE = 2k~ Aol Sub 1(1) (12.8g, 20mmol), Sub 2-51 (3.3g, 20mmol), Pd,(dba)
5 (0.9g, Immol), PPh; (0.5g, 2mmol), NaO#-Bu (5.8g, 60mmol), toluene (210mL)S-
7}z A 74ek 5, 100°Coll A 244 {E
F71%S MgSO, & A28l 553 T A H £
A AR 1-612 10.6g (58 73%) DA
[177] 5.2-7¢9] A4
[178]
B, o
O O i@ sz(dba)alPPha
X
&
Sub1(2) Sub 2-52
[179] T tuPE E gk~ A 00 Sub 1(2) (12.8g, 20mmol), Sub 2-52 (6.5g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)= 27 2 7F3E 5], 100°Coll A 244 %E
FE3 F FU] 52 MgSO, 2 AZ2e L 553 5 A &
column Z A2 A s}e] 2-78 12.3g (75 70%) K T}
[180] 6.2-342] A
[181] O
QO
SRACRa
&
Sub1(2) Sub 2-28
[182] T tuPE =gk~ A0l Sub 1(2) (12.8g, 20mmol), Sub 2-28 (6.4g, 20mmol), Pd,

[183]

(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene

(210mL)-S 247+ 718t H, 100°Col A 244 ZE

A RESEF AT} ether} = =

| &£ silicagel

FEI T F7]5S MgSO,2 A28 &5 T A §7
column ' A2 g3}o] 2-345 13.4g (55 76%) DA
7.2-612] A
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[184] @

% a Pd,(dba); / PPhy Q O
Q Q t\l@ + HN _—
O O O @ NaOz-Bu / Toluene o O

Sub1(2) Sub 2-51 261
[185] T tuPE E gk~ A0l Sub 1(2) (12.8g, 20mmol), Sub 2-51 (3.3g, 20mmol), Pd,
(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene
(210mL)% 7} 2}y 7]'?} %, 100°Col) A 24A] 1F 0l HFSEF Al 71T} ether®f = =
=% T §7]152 MgSO,& 71238 553 5 A f-7] &S silicagel
column 2 A2 A5} 2-612 10.5g (75 72%) LT}
[186] &, 7]k 2 A ol uhe} Al g 2 g o SEHE 1-1 WA 1-68, 2-1
W] 2-682] FD-MS #1<= 8}7] 3% 33
[187] [3% 3]
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[188] sletE FD-MS stetE FD-MS

1-1 m/z=727.30(Cs,H;;N3=727.89) 1-2 m/z=777.31(CssH39N3=777.95)
1-3 m/z=777.31(CssH3sN3=777.95) 1-4 m/z=803.33(CeoH41N3=803.99)
1-5 m/z=803.33(C¢H1:N5=803.99) 1-6 m/z=728.29(C;s;H;sN,=728.88)
1-7 m/z=881.35(C¢sH13N=882.06) 1-8 m/z=892.36(C¢sH44N4=893.08)
1-9 m/z=833.29(CeoH3sN35=834.04) 1-10 m/z=843.36(Cs3H4sN3=844.05)
1-11 m/z=967.39(C73H4sN3=968.19) 1-12 m/z=965.38(C43H47N3;=966.17)
1-13 m/z=827.33(C¢,H41N3=828.01) 1-14 m/z=827.33(Ce,H41N3=828.01)
1-15 m/z=853.35(CesH43N3=854.05) 1-16 m/z=853.35(CesH43N3=854.05)
1-17 m/z=778.31(Cs7H3sN4=778.94) 1-18 m/z=931.37(CesH4sN5=932.12)
1-19 m/z=942.37(C5H1sN4=943.14) 1-20 m/z=883.30(Cs,H41N;5=884.10)
1-21 m/z=893.38(C¢;Hi7N3=894.11) 1-22 m/z=1017.41(C;;Hs;N5;=1018.25)
1-23 m/z=1015.39(C;7H4sN3=1016.23) | 1-24 m/z=827.33(Cs2H41N3=828.01)
1-25 m/z=853.35(CeH13N3=854.05) 1-26 m/z=853.35(Cs4H43N;=854.05)
1-27 m/z=778.31(Cs;H;sN4=778.94) 1-28 m/z=931.37(CesH4sN5=932.12)
1-29 m/z=942.37(C7H1sN4=943.14) 1-30 m/z=883.30(CssH41N35=884.10)
1-31 m/z=893.38(C¢;Hi7N3=894.11) 1-32 m/z=1017.41(C;;Hs;N5;=1018.25)
1-33 m/z=1015.39(C;;H49N3=1016.23) | 1-34 m/z=879.36(C¢sH4sN;=880.08)
1-35 m/z=879.36(CesH1sN3=880.08) 1-36 m/z=804.33(CsoH40N4=804.98)
1-37 m/z=957.38(C7H4;N5s=958.16) 1-38 m/z=968.39(C7,H43sN4=969.18)
1-39 m/z=909.32(CeH43N35=910.13) 1-40 m/z=919.39(CeoH49oN3=920.15)
1-41 m/z=1043.42(C;5Hs3N3=1044.29) | 1-42 m/z=1041.41(C;oHs;N3=1042.27)
1-43 m/z=777.31(CssH3sN3=777.95) 1-44 m/z=929.38(C7H47N3=930.14)
1-45 m/z=803.33(C¢H11N3=803.99) 1-46 m/z=880.36(C¢sH44N,=881.07)
1-47 m/z=985.35(C7,H4;N35=986.23) 1-48 m/z=119.46(CssHs7N5=1120.38)
1-49 m/z=777.31(CssH3sN3=777.95) 1-50 m/z=827.33(Cs2H41N3=828.01)
1-51 m/z=877.35(C¢sH13sN3=878.07) 1-52 m/z=853.35(C¢4H43N3=854.05)
1-53 m/z=853.35(C¢4H43N;=854.05) 1-54 m/z=828.33(Cs;H40N,=829.00)
1-55 m/z=981.38(C7,H4;N5=982.18) 1-56 m/z=992.39(C7,H43sN4=993.20)
1-57 m/z=1033.35(C;sH47N35=1034.27) | 1-58 m/z=993.41(C75Hs:N3=994.23)
1-59 m/z=1067.42(C4;Hs5N3=1068.31) | 1-60 m/z=1065.41(C4;Hs;N3=1066.29)
1-61 m/z=725.28(Cs4,H;35N3=725.88) 1-62 m/z=775.30(CssH37N3=775.93)
1-63 m/z=775.30(CssH3;N3=775.93) 1-64 m/z=801.31(CeoH39sN3=801.97)
1-65 m/z=801.31(C¢H3sN3=801.97) 1-66 m/z=875.33(CesH41N3=876.05)
1-67 m/z=983.33(C7,H4sN35=984.21) 1-68 m/z=775.30(CssH37N3=775.93)
2-1 m/z=727.30(CssH3;N3=727.89) 2-2 m/z=777.31(CssH39N3=777.95)
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[189] 2-3 m/z=777.31(CssH3sN3=777.95) 2-4 m/z=803.33(CgoH41N3;=803.99)
2-5 m/z=803.33(CgoH;1:N3=803.99) 2-6 m/z=728.29(Cs3H;sN,=728.88)
2-7 m/z=881.35(CssH43N;=882.06) 2-8 m/z=892.36(CssH44N4,=893.08)
2-9 m/z=833.29(CsoH3ssN:5S=834.04) 2-10 m/z=843.36(C45H,5sN:=844.05)
2-11 m/z=967.39(C;3sH;9N3=968.19) 2-12 m/z=965.38(C43H47N3;=966.17)
2-13 m/z=827.33(Cs,H41N3=828.01) 2-14 m/z=827.33(Cs,H41N3;=828.01)
2-15 m/z=853.35(CsH;43N3=854.05) 2-16 m/z=853.35(C44H,43N;=854.05)
2-17 m/z=778.31(Cs7H33N4,=778.94) 2-18 m/z=931.37(CgsH45sN;=932.12)
2-19 m/z=942.37(C70H1sN4=943.14) 2-20 m/z=883.30(Cs4H,1N:5=884.10)
2-21 m/z=893.38(Cs;H47N3=894.11) 2-22 m/z=1017.41(C;7H5;N3;=1018.25)
2-23 m/z=1015.39(C;7H4oN3=1016.23) 2-24 m/z=827.33(Cs,H,41N;=828.01)
2-25 m/z=853.35(CsH;43N3=854.05) 2-26 m/z=853.35(C44H,43N;=854.05)
2-27 m/z=778.31(Cs7H3sN4,=778.94) 2-28 m/z=931.37(CesH4sN5=932.12)
2-29 m/z=942.37(C;H1sN4,=943.14) 2-30 m/z=883.30(Cs4H,41N:5=884.10)
2-31 m/z=893.38(Cs;H;7N3=894.11) 2-32 m/z=1017.41(C57H;;N3;=1018.25)
2-33 m/z=1015.39(C;7H49N3=1016.23) 2-34 m/z=879.36(CgsH4sN3;=880.08)
2-35 m/z=879.36(CssH;5N3=880.08) 2-36 m/z=804.33(C5oH,oN,=804.98)
2-37 m/z=957.38(C;yH;7;N;=958.16) 2-38 m/z=968.39(C;,H,sN;,=969.18)
2-39 m/z=909.32(CgsH43N35=910.13) 2-40 m/z=919.39(CgoH49N3=920.15)
2-41 m/z=1043.42(C;9H53N3=1044.29) 2-42 m/z=1041.41(C;9H5;N3=1042.27)
2-43 m/z=777.31(CssH3sN3=777.95) 2-44 m/z=929.38(C;oH47N3;=930.14)
2-45 m/z=803.33(CgoH;1N:=803.99) 2-46 m/z=880.36(Cg5H,4N,=881.07)
2-47 m/z=985.35(C+,H47N35=986.23) 2-48 m/z=119.46(CssH;57N3=1120.38)
2-49 m/z=777.31(CssH3sN3=777.95) 2-50 m/z=827.33(Cs,H,41N;=828.01)
2-51 m/z=877.35(CssH43N3=878.07) 2-52 m/z=853.35(C44H,43N;=854.05)
2-53 m/z=853.35(Cs,H43N3=854.05) 2-54 m/z=828.33(Cg1H40N,=829.00)
2-55 m/z=981.38(C7,H;7N;=982.18) 2-56 m/z=992.39(C74H4sN4=993.20)
2-57 m/z=1033.35(C;¢H,7;N;5=1034.27) | 2-58 m/z=993.41(C;sH;;N;=994.23)
2-59 m/z=1067.42(Cg1H:3N3=1068.31) 2-60 m/z=1065.41(Cg,1H5;N3=1066.29)
2-61 m/z=725.28(Cs4,H35N3=725.88) 2-62 m/z=775.30(CsgH3/N3=775.93)
2-63 m/z=775.30(CssH;,N3=775.93) 2-64 m/z=801.31(CgoH39N3;=801.97)
2-65 m/z=801.31(CgoH39N:=801.97) 2-66 m/z=875.33(C4sH41N:=876.05)
2-67 m/z=983.33(C;;H4:N35=984.21) 2-68 m/z=775.30(CssH3s7N3=775.93)

[190]

[191] T2 27| A A =H 7}

[192] [Z2Al 1] - 7] A71LF A ETTETS)

[193] H o] 3 ES AT TET BRR AMEe] S3A Q1 Wl upe

F717471 %‘%ix}g

Az |A, f71 718l @A " ITOS (=) Aol Nt
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-(naphthalen-2-y1)-N*N*-bis(4-(naphthalen-2-yl(phenyl)amino)phenyl)-N'-phenylbenz
ene-1,4-diamine (©]3} "2-TNATA"Z 2F7]8H S 60nm +7| & X & 525} ¢]

744 ”7_2,40152_ aﬂ/H 5} 6 /\]—7] 7(4 Z‘Zrcﬁz /\]—oﬂ H tﬂ-D:]/] Q_KLE 1- 1e 60nm

FAR AT T ST ARSI ololM, 37 AT FEF gl
4,4'N,N'-dicarbazole-biphenyl (¢| &} "CBP"2 ¢} 7|¢h& T ~E R,
tris(2-phenylpyridine)-iridium (©] 8} "Ir(ppy);" &= <F7]8h& = E =2 31 90:10
F | 2 =3 8ho] 30nm TA 2 T F2sto] wagag F AT o] oA,
/\]-7] \:ﬂ-jﬂ-.% A]—oﬂ
(1,10 =3 d)-4- S o] Y| 2~ 2- W E-8-F = S # o| &) F | (o] 8t
"BAlq"E %}71E)E 10nm FA R X FFE o] A3 A A S FA AL, A7
BEAA T ol Ed2@-F = m)dFulF (ol 8h "Algs" & %F713hH< 40nm
FAR NFF2ste] AAeEES FA8 T o
LiFE 0.2nm 77 & F3ste] A=Y 5 S FA st
FARE FEEA 252 AT o =N /FUI A7 EEAAE A x5l
[194] [AA] o] 2] WA [AAl 6] 14] 2RAR/7 A7 LB AR T TS T
[195] AETess BAE 20 s3tE 1-1 Al 817] 3 40 71 A1 & 2y 9
33E 1-2~1-4, 1-34, 1-35, 1-40, 2-1~2-4, 2-34, 2-35, 2-40% A48 A&
A etz A7) AAd 13 A Wi o ® f7 17 g A E Azl
[196] 4
[197] AETEssT 2d2 2y s

[198] <H| L3} EE A>
[199]

[200]  [W]2d 2]
[201] Aesrds =4z LUy

il
S~
=
op
e

[202] <H| 1.3} 3= B>

[203] Q
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[204] ¥ 2o 3]

[205] Aerds =22 20y 3ee 1-1 Uil 8] BlastgE CE AREE
A% A sl shariz 7] A6 13 FAG PP F7] 47 B Y21 E
SEC ]

[206] <H| L} 3HE C>

[207] @

QL
- o
& L/

[208] &Il AAfe] 1 WA A 14, Bl alel] 1 WA H] aLe] 300 o] A2 H
TR 71 G aApEol wubolo] 2 A7 AYgE 7heko] L E A
(photoresearch)AF2] PR-650.2. 2 # 7] ¥F3(EL) 54 2 =781 .2, 5000cd/m’
71% $1 50l A wiAbol ol Akl A Az 2 27 ) & B3 195 5 %
Z4a90). 71 54 AT oy ¥ 49 2.

[209] [3f 4]

[210] o Voltage | Current Density | Brightness | Efficiency | Lifetime CIE

ser= V) (mA/ar) (cd/m’) (cd/A) | T(95) x ¥
Hmo(1) |H|mstsrE A| 60 217 5000.0 23.0 61.5 |(0.31, 0.60)
Hmo(2) |H|mZstE B 5.8 14.0 5000.0 35.8 70.4 |(0.31, 0.61)
H mo(3) |H|n3stE C 5.5 11.8 5000.0 42.3 89.4 |(0.31, 0.60)
AAl0@1) | sEEA-D 5.1 10.1 5000.0 49.7 131.9 |(0.31, 0.60)
AAl02) | sEE3-2) 4.9 10.9 5000.0 46.0 136.0 |(0.33, 0.61)
HAlf(3) | sHE@A-3) 47 10.6 5000.0 47.2 143.7 |(0.32, 0.61)
HAl@) | sEHEA-9 47 10.1 5000.0 49.4 134.4 |(0.33, 0.60)
HA0f|(5) | =EHE(1-34) 47 11.2 5000.0 44.8 124.4 |(0.31, 0.61)
AlAlof(6) | =pEHE(1-35) 5.1 11.0 5000.0 45.3 97.7 |(0.31, 0.60)
AAl0(7) | HEHE(1-40) 4.9 10.6 5000.0 47.0 106.3 |(0.33, 0.61)
AAl08) | stEHE(2-D 5.1 114 5000.0 43.7 114.7 |(0.32, 0.61)
AAl09) | sEHE(2-2) 5.1 10.2 5000.0 49.0 96.9 |(0.31, 0.60)
AAl010) | BEEE-3) | 46 10.8 5000.0 46.5 136.1 |[(0.33, 0.61)
AA0(11) | SHeHE(2-9) 47 11.3 5000.0 443 146.2 |(0.30, 0.60)
AA0(12) | steHE(2-39) 5.1 10.9 5000.0 45.8 91.1 |(0.31, 0.61)
AlA0f(13) | SteHE(2-35) 4.8 11.6 5000.0 43.0 127.0 |(0.31, 0.60)
AA0f(14) | stEHE(2-40) 5.0 10.3 5000.0 48.4 105.5 |(0.33, 0.61)
ul-

[211]

37 ¥ 49 A7}

ol e 4ErEEel
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AR AR F71 A7 B AR 03 E A WA OB EFE S
AR AFG R F71 A7 E Al S TE AL, WY EE L o] A
UEELE

[212]

[213]
[214]
[215]

[216]
[217]

[218]
[219]

[220]

Gz

[e)

141915} gt 27114 ﬂﬂP—O] xa gl ‘?ﬂ 1A
I ECEAHAITTEE A B2 AL AART

,3H X =2, 21 X0 AAVE el dAd
& AEg= A 227 a8 2 S
oF
H
A
=

A5 e, o] = g el <

>NF Lo

O

Froll whet 3hgh= o] 540 254]13]

==
i
B kel SA R AAT Fekd 5 98

o e o ofy
>

olo N,

[ 15 A =R A7 F (L FHET)

bk o] E}?}a R 2T 248 ARgsto] S/ el uhet
F71 A7 G oA S A2 ok WA, 7-7] 713kl A" ITOS (%) Aol
2-TNATAE 60nm F7 2 & 52 sto] GF3TUSS A 3, 47
AETY T Aol 4,48 22[N-(1-1 22 &)-N-2 d o} 1| = 6] 5|  (©] 3} "NPD" &
°F718h & 60nm 57 2 A 352l JFrEES A aM . o]oj A, 7]

e
fol L

> o
of\
ZL'
P‘L
2

&5 ol & ] 33tE 1-1 20nm 77
I =8 & A] O}J_ A}7] W31 = Alo]] CBPE
bis-(1-phenylisoquinolyl)iridium(Il)acetylacetonate ( ©] &} ”(plq)ZIr(acaC)"?-_
°F713hE “HER 819 95:5 THH| & 5 51 30nm 7| &2 X352 st
kg2 g A5Gt o) ol A, 7] whEE Abell BAIgE 10nm FA| 2
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[222] [9] 2L 6]
[223] HER2T AR Uyl e 11 gl 3] HaEekE BE AN S
A& Al Qstari= 7] Ao 159 st Wi o R f AV g E
A x5tk
[224] [B] 2L e 7]
[225] MEE2T =AR 2 Se 1Al Y] Has e E CE AR S
A& Al Qstari= 7] Ao 159 st Wi o R f AV g E
A x5tk
[226] B o] A Al 15 WA A Al 150, ¥] alof] 4 Y X B]aLe] 79 2] 3] A =%
F71A71 G Aol mutolo] 2~ A {7 e Thsle] ZEF A A
(photoresearch)AF2] PR-6502.2 2 7| W3(EL) 54 & 5431321, 2500cd/m’
71 J ol A WALol A Aol M Az H 7 S AHE B8l T9S &
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[227] [3£ 5]
[228] I Voltage | Current Density | Brightness | Efficiency| Lifetime CIE
sreE W) a/a) | edm) | edrm) | 109 | w oy
H| 1004l (4) - 6.5 33.8 2500.0 7.4 58.6 |(0.66, 0.32)
H|moj(5) |HnsstE A 6.7 30.1 2500.0 8.3 81.4 |((0.67,0.32)
H|moj(6) |Huws}stE B 6.8 28.7 2500.0 8.7 88.1 [(0.66, 0.32)
Hmo|(7) |Husstd C 6.9 20.2 2500.0 12.4 121.8 |(0.66, 0.33)
AAIO(15) | EFerE(1-1) 6.4 21.3 2500.0 11.8 107.9 |(0.66, 0.33)
AlAlOf(16) | EIBrS(1-2) 6.4 23.6 2500.0 10.6 136.8 |(0.66, 0.32)
AAlGI(L7) | EEEQ-3) 6.5 21.7 2500.0 11.5 121.6 |(0.65, 0.32)
AA|0(18) | F}BHS(1-9) 6.4 17.0 2500.0 14.7 143.3 |(0.66, 0.32)
AAl0f(19) | 3HEHE@Q-5) 6.5 17.2 2500.0 14.6 121.8 |[(0.66, 0.32)
MA|0(20) | 3}EHE(1-6) 6.4 19.5 2500.0 12.8 137.5 [(0.67, 0.32)
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[229] A2 | sretEa-7) | 64 18.0 2500.0 13.9 | 1149 |(0.66, 0.32)
MNf22) | 28 | 6.5 17.6 2500.0 14.2 90.3 |(0.67, 0.32)
AN0I23) | 29 | 64 18.7 2500.0 13.4 | 112.2 |(0.66, 0.32)
MAof24) | BrerE-10) | 6.5 19.6 2500.0 127 | 140.6 |(0.66, 0.32)
Auof25) | arrE@a-11) | 6.5 20.7 2500.0 121 | 142.9 |(0.66, 0.33)
AAof26) | arerE(1-12) | 65 19.2 2500.0 130 | 1365 |[(0.66, 0.32)
MA0f27) | BrErE-13) | 6.4 21.4 2500.0 11.7 | 1121 |[(0.65, 0.32)
MAl0f28) | a1arE(1-14) | 6.4 16.9 2500.0 148 | 122.0 |(0.66, 0.32)
AAN0J29) | BrEtE(-15) | 6.5 18.3 2500.0 137 | 1214 |(0.66, 0.32)
MA0f30) | BatE(1-16) | 6.4 21.8 2500.0 11.5 | 128.4 |(0.67, 0.32)
A3 | artEa-17) | 65 18.2 2500.0 13.7 95.7 |(0.66, 0.32)
AN 0I32) | arerE1-18) | 65 21.2 2500.0 11.8 | 107.8 |(0.67, 0.32)
MAl0f33) | srerE(1-19) | 65 23.2 2500.0 10.8 | 102.7 |(0.66, 0.32)
MAl0f(34) | B1rE(1-20) | 65 24.0 2500.0 104 | 100.7 |(0.67, 0.32)
AMo35) | BrrE@a-21) | 6.5 21.9 2500.0 114 | 1318 |(0.66, 0.32)
MAo36) | BrrE-22) | 65 20.2 2500.0 12.4 94.8 |(0.66, 0.33)
ANoi37) | BretE-23) | 65 20.4 2500.0 122 | 122.8 |(0.65, 0.32)
Aao38) | s1erE1-249) | 6.5 17.5 2500.0 143 | 145.7 |(0.66, 0.32)
MAl0of39) | srerE(1-25) | 6.5 24.4 2500.0 102 | 127.0 |(0.66, 0.33)
MAjof(40) | s1r2(1-26) | 6.5 20.1 2500.0 124 | 1333 |[(0.66, 0.32)
AA0j41) | BrrEa-27) | 6.4 173 2500.0 145 | 128.6 |(0.65, 0.32)
MA0f42) | BrErE-28) | 6.4 24.0 2500.0 10.4 | 112.2 |(0.66, 0.32)
Mrof43) | srerEa-29) | 6.4 16.8 2500.0 148 | 139.9 |(0.66, 0.32)
Aaof44) | arer2a-30) | 6.5 20.0 2500.0 125 | 103.2 |(0.67, 0.32)
MAjof45) | srerE-31) | 65 22.9 2500.0 10.9 | 128.6 |(0.66, 0.32)
MAjof46) | s1er2(1-32) | 65 20.5 2500.0 122 | 129.4 |(0.66, 0.32)
MM 0§47 | BrErE@-33) | 6.5 18.0 2500.0 13.9 97.0 |(0.66, 0.33)
AAjof48) | srEr21-39) | 6.4 22.9 2500.0 10.9 93.4 |(0.66, 0.32)
Aajof(49) | ararE(1-35) | 6.4 17.8 2500.0 140 | 137.2 |(0.65, 0.32)
AAo50) | BrarE(1-36) | 6.5 21.0 2500.0 11.9 | 1455 |(0.66, 0.32)
MA0I51) | BrrE-37) | 6.4 173 2500.0 14.4 90.4 |(0.66, 0.32)
MA0I(52) | B1rE(1-38) | 6.5 23.4 2500.0 10.7 | 129.8 |(0.67, 0.32)
MA0I(53) | BrErE(1-39) | 6.4 16.7 2500.0 150 | 103.7 |(0.66, 0.32)
A4 | BrErE-40) | 6.5 24.2 2500.0 103 | 107.3 |(0.67, 0.32)
Auof(55) | srerE-41) | 6.5 24.0 2500.0 10.4 | 100.9 |(0.66, 0.33)
Muo56) | ararE1-42) | 6.4 17.6 2500.0 142 | 138.7 |(0.66, 0.32)
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[230] MA0I(57) | srerE(1-43) | 65 20.0 2500.0 125 | 1122 [(0.65, 0.32)
MAOI(58) | BrErE1-44) | 6.4 17.0 2500.0 147 | 100.6 |(0.66, 0.32)
AAN0I59) | BrErE1-45) | 6.4 19.1 2500.0 131 | 113.1 |(0.66, 0.32)
MA0f(60) | BtErE(1-46) | 6.5 20.7 2500.0 121 | 106.8 |(0.67, 0.32)
Auo61) | Brer21-47) | 6.4 18.3 2500.0 13.7 | 103.5 |(0.66, 0.32)
MAjof62) | arerE(1-48) | 6.4 20.6 2500.0 12.2 94.7 |(0.67, 0.32)
MAjof(63) | B1et2(1-49) | 6.5 21.9 2500.0 114 | 1225 [(0.66, 0.32)
AAlof(64) | a1arE(1-50) | 6.5 18.1 2500.0 13.8 | 124.8 |(0.66, 0.32)
AAof65) | BrErEa-51) | 6.4 24.7 2500.0 101 | 145.8 |(0.66, 0.33)
MAo66) | B1etE(-52) | 6.5 22.3 2500.0 11.2 | 125.8 |(0.66, 0.32)
Muo67) | B1erE(1-53) | 6.4 24.2 2500.0 103 | 144.2 |(0.65, 0.32)
AAjof(68) | arerE(1-549) | 6.4 233 2500.0 10.7 | 148.6 |(0.66, 0.32)
MAlof(69) | s1atE(1-55) | 6.5 23.0 2500.0 10.9 | 112.9 |(0.66, 0.32)
MAlof(70) | B1ErE(1-56) | 6.4 17.6 2500.0 142 | 1495 |(0.67,0.32)
N7 | BrtE@A-57) | 6.5 23.5 2500.0 10.7 92.0 |(0.66, 0.32)
MAN(72) | B1ErE(1-58) | 6.4 23.6 2500.0 10.6 97.1 |(0.67, 0.32)
Muof(73) | B1etE(1-59) | 6.5 19.5 2500.0 12.8 | 130.6 |(0.66, 0.32)
AAof(74) | s1er2(1-60) | 6.4 22.4 2500.0 112 | 117.2 |(0.67, 0.32)
MAof(75) | srerE1-61) | 6.4 20.5 2500.0 122 | 1221 |(0.66, 0.32)
MAlof(76) | B1Er2(1-62) | 6.4 22.0 2500.0 11.4 | 1231 |(0.66, 0.33)
AMN(77) | BrEtE(1-63) | 6.4 16.9 2500.0 148 | 115.0 |(0.65, 0.32)
MMo(78) | BrtE1-64) | 6.5 22.0 2500.0 114 | 118.4 |(0.66, 0.32)
Auo(79) | B1erE(1-65) | 6.4 18.3 2500.0 13.6 96.8 |(0.66, 0.33)
Aaof(80) | aat2(1-66) | 6.4 17.8 2500.0 14.0 95.3 |(0.66, 0.32)
MAjof81) | srerE1-67) | 65 19.1 2500.0 13.1 93.8 |(0.65, 0.32)
MAl0(82) | a1er2(1-68) | 6.4 17.9 2500.0 140 | 1283 |(0.66, 0.32)
AAof83) | sEEE-1) | 65 18.0 2500.0 13.9 | 147.8 |(0.66, 0.32)
MAo84) | sErEE2) | 64 21.2 2500.0 11.8 99.8 |(0.67, 0.32)
Aaoss) | srerEe-3) | 64 22.1 2500.0 113 | 129.1 |(0.66, 0.32)
Aroyse) | srer2e-4) | 65 24.3 2500.0 103 | 133.5 [(0.66, 0.32)
MAof87) | srerEE-5) | 6.4 23.8 2500.0 105 | 136.7 |(0.66, 0.33)
MAjof88) | 3126 | 64 24.0 2500.0 104 | 119.0 |(0.66, 0.32)
AAlof89) | 312 -7) | 65 22.6 2500.0 111 | 146.5 |(0.65, 0.32)
AAof90) | 1Er22-8) | 6.5 19.4 2500.0 129 | 135.4 |(0.66, 0.32)
Arofon) | 129 | 6.4 23.5 2500.0 10.6 | 133.8 |(0.66, 0.32)
Muof92) | a1atE(2-10) | 6.5 23.6 2500.0 10.6 | 132.8 |(0.67, 0.32)
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[231] Aaof93) | aree-11) | 65 17.7 2500.0 141 | 115.7 |(0.66, 0.32)
Mao94) | satee-12) | 65 20.6 2500.0 121 | 127.2 |(0.67, 0.32)
MA0)95) | BHEtE-13) | 6.4 21.1 2500.0 11.9 92.9 |(0.66, 0.33)
AA096) | BHEtE-14) | 65 23.9 2500.0 104 | 121.6 |(0.66, 0.32)
MA097) | EHEHE(-15) | 6.4 16.7 2500.0 150 | 145.2 |(0.65, 0.32)
Maulo)98) | zat2-16) | 65 19.8 2500.0 126 | 106.2 |(0.66, 0.32)
MA099) | et -17) | 6.4 17.5 2500.0 143 | 131.2 |(0.66, 0.32)
A Al0)(100) | B18+2(2-18) | 6.5 20.2 2500.0 124 | 121.4 |(0.67, 0.32)
Mool | BetE2-19) | 6.5 18.5 2500.0 135 | 1289 |(0.66, 0.32)
MA0)(102) | BH5tE(2-20) | 6.4 18.9 2500.0 132 | 102.0 |(0.67, 0.32)
MAl0)(103) | BEtE2-21) | 6.4 17.7 2500.0 141 | 140.9 |(0.66, 0.32)
MAl0)(104) | BErE(2-22) | 65 18.0 2500.0 139 | 149.3 |(0.66, 0.32)
M A0)(105) | BEtE(2-23) | 6.4 22.6 2500.0 111 | 1247 |(0.66, 0.33)
M Al0)(106) | B1EtE(2-24) | 6.4 20.3 2500.0 123 | 146.9 |(0.66, 0.32)
MA0)(107) | BEtE(2-25) | 65 17.6 2500.0 142 | 104.9 |(0.65, 0.32)
A Alof(108) | B1et2(2-26) | 6.5 22.5 2500.0 111 | 119.4 |(0.66, 0.32)
MAlo(109) | BetE@-27) | 6.5 23.3 2500.0 107 | 122.6 |(0.66, 0.32)
MAlo(L10) | BEt2(2-28) | 6.5 20.4 2500.0 123 | 1425 |(0.67, 0.32)
MAloL1D) | BEE2-29) | 6.4 20.5 2500.0 122 | 1422 |(0.66, 0.32)
MAl0(112) | B8R (2-30) | 65 20.4 2500.0 123 | 1023 |(0.67, 0.32)
MAl0113) | BEtE-31) | 6.4 22.7 2500.0 110 | 1415 |(0.66, 0.32)
MAj0114) | B1ErE(2-32) | 65 19.4 2500.0 12.9 99.4 |(0.67, 0.32)
MAl0)(115) | BerE(2-33) | 6.4 20.4 2500.0 123 | 1117 |(0.66, 0.32)
Malof(116) | EEtE2-39) | 6.5 18.0 2500.0 139 | 117.7 |(0.66, 0.33)
MAlo117) | BErE@2-35) | 6.5 17.4 2500.0 14.4 98.6 |(0.65, 0.32)
MAlo118) | BEr2(2-36) | 6.5 18.4 2500.0 13.6 99.4 |(0.66, 0.32)
MAl0(119) | BEtE2-37) | 6.4 21.2 2500.0 11.8 | 110.8 |(0.66, 0.33)
MAl0)(120) | B1EtE(2-38) | 6.4 23.1 2500.0 108 | 142.0 |(0.66, 0.32)
MAjo121) | BerE(2-39) | 6.4 19.9 2500.0 125 | 135.7 |(0.65, 0.32)
MA0)(122) | BEtE(2-40) | 6.4 20.8 2500.0 120 | 110.9 |(0.66, 0.32)
Malo123) | BerE2-41) | 65 24.5 2500.0 102 | 103.7 |(0.66, 0.32)
Malof(129) | BatE(2-42) | 6.4 24.5 2500.0 102 | 143.3 |(0.67, 0.32)
MAl0)(125) | BHEtE(2-43) | 6.4 21.8 2500.0 114 | 143.7 |(0.66, 0.32)
MAl0)(126) | BErE(2-44) | 65 19.6 2500.0 12.8 | 135.1 |(0.66, 0.32)
MAl0(127) | BErE(2-45) | 6.4 22.1 2500.0 113 | 129.7 |(0.66, 0.33)
MAl0f(128) | B1EtE(2-46) | 6.4 17.1 2500.0 146 | 142.6 |(0.66, 0.32)
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[232] AAl0)(129) | sttE2(2-47) | 6.5 22.4 2500.0 11.2 138.9 |(0.65, 0.32)
AMA|0|(130) | 3}EH=E(2-48) 6.5 221 2500.0 11.3 117.2 |(0.66, 0.32)
AAl0(131) | 3}8H=E(2-49) 6.4 18.4 2500.0 13.6 99.1 [(0.66, 0.32)
AAI0(132) | 8= (2-50) 6.5 17.0 2500.0 14.7 148.6 |(0.67, 0.32)
ALAO(133) | g8HS(2-51) 6.4 17.2 2500.0 14.5 90.9 ((0.66, 0.32)
AAl0(134) | strE(2-52) | 6.4 24.9 2500.0 10.0 147.5 |(0.67, 0.32)
AAl0)(135) | stsrE(2-53) | 6.4 24.2 2500.0 10.3 95.1 |(0.66, 0.32)
AAl0)(136) | 3tsrE(2-54) | 6.4 18.8 2500.0 13.3 139.4 |(0.67, 0.32)
AA|0|(137) | 3}8HE(2-55) 6.4 17.0 2500.0 14.7 105.6 |(0.66, 0.32)
AA041(138) | 8= (2-56) 6.4 18.7 2500.0 13.4 117.3 |(0.66, 0.33)
AA0(139) | &3S (2-57) 6.4 19.5 2500.0 12.8 114.4 |(0.65, 0.32)
A A|0f|(140) | $}EHE(2-58) 6.5 22.9 2500.0 10.9 94.7 |(0.66, 0.32)
AAl0)(141) | str2(2-59) | 6.5 19.5 2500.0 12.8 141.0 |(0.66, 0.33)
AAl0)(142) | 3ter2(2-60) | 6.4 19.5 2500.0 12.8 114.5 |(0.66, 0.32)
AAl0)(143) | 3tErE(2-61) | 6.4 20.2 2500.0 12.4 124.1 |(0.65, 0.32)
AA0(144) | B2 (2-62) | 6.5 18.2 2500.0 13.7 129.4 |(0.66, 0.32)
AA0(145) | 312 (2-63) | 6.4 19.5 2500.0 12.8 134.5 |(0.66, 0.32)
AMAJ0f(146) | 3}t=2(2-64) | 6.4 18.1 2500.0 13.8 97.5 |[(0.67,0.32)
AlA|0)(147) | 31ErE(2-65) | 6.4 21.3 2500.0 11.8 144.3 |(0.66, 0.32)
A A|0f|(148) | S}EH=E(2-66) 6.5 19.2 2500.0 13.0 113.9 |(0.66, 0.32)
A A|0f|(149) | 3}EHE(2-67) 6.4 244 2500.0 10.2 149.3 |(0.66, 0.33)
AAI0(150) | Et8H=(2-68) 6.4 16.8 2500.0 149 140.9 |(0.66, 0.32)
[233]
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[236] [AA] o] 152] WA [AA] o 286] 1™ % A(EFHZF)
[237] Wy 22 B4R By o E}ﬂ” 1 mw sH7] 3% 60l 71 A H & g 9
3}3HE 1-2~1-68, 2-1~2-68% Al 2] skari= g 7] A A4 1513 5L g
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[248] o Voltage | Current Density | Brightness | Efficiency| Lifetime CIE

#EE | v mA/a) | cdrm) | @dm | TER) | xy)
H| 10 04| (8) - 6.0 21.7 5000.0 23.0 61.5 |(0.31, 0.60)
Hl120)(9) |HluwztetE A| 6.5 15.6 5000.0 32.0 84.3 [(0.30, 0.60)
H[i10fl(10) | HluwE}etE B| 6.5 13.1 5000.0 38.1 88.1 |[(0.31, 0.61)
H[inofl(11) | HuEletE C| 6.3 116 5000.0 43.2 133.5 [(0.31, 0.60)
AAl0f(151) | stEHE(1-1) 5.9 123 5000.0 40.7 126.7 [(0.30, 0.60)
AAl0f(152) | stEHE(1-2) 6.0 10.7 5000.0 46.6 110.3 [(0.31, 0.61)
AAl0f(153) | stet=(1-3) 5.9 11.6 5000.0 42.9 109.7 [(0.31, 0.60)
AAlof(154) | stEHE(1-9) 6.0 11.0 5000.0 45.6 133.7 [(0.33, 0.61)
Al Alof(155) | stEHE(1-5) 6.0 11.9 5000.0 42.0 135.6 [(0.30, 0.60)
A Al0f(156) | stEHE(1-6) 5.9 116 5000.0 431 119.0 [(0.31, 0.61)
HAl0f(157) | stEHE(1-7) 5.9 120 5000.0 415 106.9 [(0.31, 0.60)
AlAl0f|(158) | s}EHE(1-8) 5.9 11.5 5000.0 435 129.2 [(0.33, 0.61)
AAl0f(159) | sleH=(1-9) 5.9 12.3 5000.0 40.6 126.7 [(0.32, 0.61)
A Al0f(160) | &= (1-10) 5.9 10.6 5000.0 47.1 149.8 [(0.33, 0.60)
AlAlof(161) | StEHE(1-11) 6.0 10.5 5000.0 47.4 98.9 |[(0.32, 0.61)
Al Al0f(162) | s}tEHE(1-12) 5.9 10.1 5000.0 49.7 95.7 [(0.31, 0.60)
A Al0f(163) | s}eHE(1-13) 5.9 12.2 5000.0 41.0 123.0 [(0.31, 0.61)
HAl0f(164) | stsHE(1-14) 6.0 11.2 5000.0 44.7 126.8 [(0.31, 0.60)
A Al0f|(165) | steh=(1-15) 6.0 10.1 5000.0 49.3 146.3 [(0.33, 0.61)
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[249] M Ajoj(166) | BHet2(1-16) | 6.0 113 5000.0 443 95.1 |(0.30, 0.60)
MAl0I(167) | BHetE@-17) | 5.9 11.4 5000.0 437 | 1095 |(0.31, 0.61)
AAjo(168) | 3Het2(1-18) | 5.9 12.1 5000.0 41.5 94.6 |(0.31, 0.60)
AAl0(169) | 3Het2(1-19) | 6.0 12.1 5000.0 414 | 1285 |[(0.33, 0.61)
MAlo(170) | 3HetE(1-20) | 6.0 12.2 5000.0 409 | 133.1 |(0.32, 0.61)
MAlo171) | sretE@-21) | 5.9 11.1 5000.0 451 | 130.0 |(0.31, 0.60)
MA0(172) | BretE@-22) | 5.9 10.4 5000.0 480 | 137.6 |(0.31, 0.61)
MAl0(173) | spetE@-23) | 5.9 11.3 5000.0 441 | 1449 |(0.31, 0.60)
MAl0(174) | 3petE@-24) | 5.9 10.9 5000.0 46.0 | 134.6 [(0.33, 0.61)
MAlo(175) | 3ret2@-25) | 6.0 10.3 5000.0 485 | 124.4 |(0.30, 0.60)
MAlo(176) | 3HetE-26) | 5.9 10.8 5000.0 463 | 133.9 [(0.31, 0.61)
MAl0177) | sretE@-27) | 5.9 10.6 5000.0 47.0 | 112.4 |(0.31, 0.60)
MAl0(178) | 3ret=1-28) | 6.0 11.1 5000.0 449 | 1453 |(0.33, 0.61)
MAl0(179) | 3petE@-29) | 5.9 123 5000.0 406 | 112.1 |(0.32, 0.61)
A AJ0(180) | 3pet2(1-30) | 5.9 10.3 5000.0 486 | 119.1 |(0.33, 0.60)
AAlo181) | 3Het2-31) | 6.0 11.4 5000.0 439 | 139.4 |(0.32, 0.61)
MAlo(182) | 3tet2@-32) | 5.9 10.5 5000.0 475 | 136.6 |(0.31, 0.60)
AMajof(183) | 3tet=1-33) | 6.0 10.3 5000.0 483 | 142.2 |(0.31, 0.61)
MAjoj(184) | 3Het21-34) | 6.0 11.5 5000.0 3.4 | 149.4 |(0.31, 0.60)
MAjoj(185) | 3pet=@-35) | 5.9 11.8 5000.0 424 | 1482 |(0.33, 0.61)
MAj0(186) | 3petE(1-36) | 6.0 12.2 5000.0 409 | 132.8 |(0.30, 0.60)
AA|0(187) | 3Het2-37) | 5.9 10.2 5000.0 492 | 146.4 |(0.31, 0.61)
AMAjoy(188) | 3tet2(1-38) | 6.0 10.9 5000.0 45.8 93.5 |(0.31, 0.60)
MAjof(189) | 3tetE(1-39) | 6.0 11.8 5000.0 42.5 99.2 |(0.33, 0.61)
A AJ0)(190) | 3pet2(1-40) | 6.0 11.2 5000.0 447 | 116.8 |(0.32, 0.61)
MAjoj(191) | 3petE@-41) | 6.0 11.4 5000.0 438 | 1145 |(0.31, 0.60)
MAl0I(192) | 3Het2@-42) | 60 12.1 5000.0 413 96.3 |(0.31, 0.61)
MAJ0(193) | 3Het2@-43) | 5.9 10.4 5000.0 481 | 145.6 |(0.31, 0.60)
MA|0(194) | 3Het2@-44) | 5.9 12.2 5000.0 409 | 115.4 |(0.33, 0.61)
MAjof(195) | 3tetE(1-45) | 5.9 11.4 5000.0 44.0 91.6 |(0.31, 0.60)
AMAl0j(196) | BHet=(1-46) | 5.9 10.8 5000.0 46.4 | 128.9 |(0.30, 0.60)
MAl0(197) | 3HetE-47) | 60 10.6 5000.0 473 | 126.2 |(0.31, 0.61)
MAj0(198) | 3pet=(1-48) | 6.0 10.7 5000.0 46.7 91.9 |(0.31, 0.60)
AAJ0(199) | 3Het2(1-49) | 6.0 10.5 5000.0 476 | 130.8 |(0.30, 0.60)
A AJ0f(200) | 3Het2@-50) | 5.9 10.5 5000.0 478 | 142.5 |(0.31, 0.61)
AAjojon) | stetE@a-51) | 6.0 11.8 5000.0 42.5 98.0 |(0.31, 0.60)
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[250] MAJ0(202) | Bpet2@-52) | 5.9 10.7 5000.0 468 | 120.5 |(0.33, 0.61)
MAJ0(203) | 3pet2@-53) | 5.9 11.8 5000.0 422 | 118.8 |(0.30, 0.60)
AA|0(204) | 3Het2-54) | 5.9 11.7 5000.0 42.9 98.3 |(0.31, 0.61)
AA|0f(205) | 3Het2-55) | 6.0 10.9 5000.0 459 | 135.9 |(0.31, 0.60)
AMAJof206) | 3HetE(1-56) | 5.9 11.8 5000.0 423 | 113.7 |(0.33, 0.61)
MAl01(207) | 3Het2@-57) | 5.9 11.9 5000.0 422 | 105.8 |(0.32, 0.61)
MAj0j(208) | 3tet2(1-58) | 6.0 11.9 5000.0 421 | 1200 |(0.33, 0.60)
MAJ0(209) | 3pet2(1-59) | 6.0 12.2 5000.0 411 98.0 |(0.32, 0.61)
MAl01(210) | 3pet2(1-60) | 5.9 10.0 5000.0 49.8 95.6 |(0.31, 0.60)
MAlo11) | 3ret2@-61) | 5.9 11.0 5000.0 455 | 109.7 |(0.31, 0.61)
MAl0I(212) | 3HetE-62) | 60 12.0 5000.0 41.8 96.1 |(0.31, 0.60)
MAl0(213) | 3Het21-63) | 6.0 12.0 5000.0 417 | 106.4 |(0.33, 0.61)
MAl0(214) | sret2@-64) | 5.9 11.1 5000.0 448 | 138.6 |(0.30, 0.60)
MA|0(215) | 3tet2(1-65) | 6.0 11.4 5000.0 440 | 123.7 |(0.31, 0.61)
MAl01(216) | 3HetE(1-66) | 6.0 10.3 5000.0 488 | 110.7 |(0.31, 0.60)
MA01(217) | 3Het21-67) | 60 10.3 5000.0 486 | 129.2 |(0.33, 0.61)
MAl0(218) | 3Het2(1-68) | 6.0 12.1 5000.0 414 | 136.2 |(0.32, 0.61)
Malof19) | seree-) | 59 10.7 5000.0 46.7 | 132.5 |(0.31, 0.60)
MAl01(220) | sErEE-2) | 60 11.8 5000.0 423 | 1247 |(0.31, 0.61)
MAjo21) | BeEE-3) | 60 11.6 5000.0 431 | 142.0 |(0.31, 0.60)
MA0222) | B9 | 59 10.6 5000.0 473 | 122.0 |(0.33, 0.61)
MA01223) | BErEE-5 | 59 10.4 5000.0 481 | 114.2 |(0.30, 0.60)
MAl0224) | BErEE6) | 59 10.1 5000.0 49.7 | 110.0 |(0.31, 0.61)
Malo225) | setee-n | 60 10.1 5000.0 496 | 131.4 |(0.31, 0.60)
Malol226) | sHer2E-8) | 5.9 11.5 5000.0 833 | 136.7 [(0.33, 0.61)
MAl0227) | B9 | 60 11.8 5000.0 422 | 122.8 |(0.32, 0.61)
MAJ0(228) | 3tet2(2-10) | 5.9 11.9 5000.0 421 | 1004 |(0.33, 0.60)
MAl01(229) | 3Het2-11) | 6.0 11.6 5000.0 429 | 1355 [(0.32, 0.61)
MAl0(230) | 3Het2-12) | 60 11.3 5000.0 442 | 107.3 |(0.31, 0.60)
MAlo(231) | 3hetE(2-13) | 6.0 11.3 5000.0 444 | 123.0 |(0.31, 0.61)
MAl01(232) | BHtE2-14) | 5.9 11.1 5000.0 452 | 140.0 |(0.31, 0.60)
MA|0(233) | 3pet2(2-15) | 5.9 11.7 5000.0 42.9 90.3 |(0.33, 0.61)
MAl0(234) | 3tet22-16) | 5.9 11.4 5000.0 440 | 1381 |(0.30, 0.60)
AAl0(235) | 3tet2-17) | 6.0 10.7 5000.0 46.9 | 138.8 [(0.31, 0.61)
MAlo(236) | 3Het2(2-18) | 6.0 10.8 5000.0 46.2 98.5 |(0.31, 0.60)
MAl0237) | 3tetE2-19) | 60 12.3 5000.0 40.8 | 142.5 |(0.33, 0.61)
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[251] MAJ0(238) | 3tet2(2-20) | 5.9 11.9 5000.0 421 93.5 |(0.32, 0.61)
MAl01(239) | 3tet2-21) | 60 10.1 5000.0 495 | 102.3 |(0.31, 0.60)
AAJ0(240) | 3HetE(2-22) | 5.9 11.2 5000.0 444 | 1333 [(0.31, 0.61)
MAj0(241) | 3Het2(2-23) | 60 11.0 5000.0 45.6 98.8 |(0.31, 0.60)
MAl0(242) | stetE-24) | 5.9 10.3 5000.0 488 | 149.9 |(0.33, 0.61)
MAj0(243) | 3Het2(2-25) | 6.0 10.9 5000.0 457 | 120.8 |(0.31, 0.60)
MA|0](244) | Bret2(2-26) | 5.9 10.2 5000.0 48.9 94.1 |(0.30, 0.60)
MAj0(245) | 3pet22-27) | 5.9 10.6 5000.0 472 | 1389 |(0.31, 0.61)
MAJ0(246) | 3tetE(2-28) | 5.9 10.3 5000.0 487 | 141.3 |(0.31, 0.60)
MA|01247) | BHet2-29) | 5.9 10.8 5000.0 46.4 | 141.1 |(0.30, 0.60)
MAj0(248) | 3HetE(2-30) | 5.9 12.2 5000.0 40.9 93.3 |(0.31, 0.61)
AAl0(249) | 3Het2(2-31) | 6.0 10.7 5000.0 46.9 | 129.7 |(0.31, 0.60)
MAl0(250) | BretE(2-32) | 5.9 11.2 5000.0 447 | 146.1 |(0.33, 0.61)
MAJ0(251) | 3petE(2-33) | 5.9 11.1 5000.0 451 | 100.6 |(0.30, 0.60)
MAl0(252) | stetE(2-34) | 5.9 10.5 5000.0 475 | 118.4 |(0.31, 0.61)
AA|0(253) | 3Het2(2-35) | 5.9 12.2 5000.0 411 | 136.4 |(0.31, 0.60)
MA|0(254) | 3Het2(2-36) | 6.0 10.9 5000.0 45.9 95.2 |(0.33, 0.61)
Majo255) | sretE-37) | 5.9 10.5 5000.0 476 | 132.8 |(0.32, 0.61)
M A0 (256) | BHet=(2-38) | 5.9 10.1 5000.0 495 | 133.2 |(0.33, 0.60)
MAl0(257) | BretE(2-39) | 5.9 113 5000.0 442 | 136.4 |(0.32, 0.61)
MA|0(258) | 3petE(2-40) | 5.9 10.6 5000.0 472 | 126.4 |(0.31, 0.60)
AA|0(259) | 3HetE(2-41) | 5.9 10.5 5000.0 476 | 131.0 |(0.31, 0.61)
MAl0(260) | 3Het2(2-42) | 6.0 10.3 5000.0 487 | 133.8 |(0.31, 0.60)
Majoj261) | 3tetE(2-43) | 6.0 11.5 5000.0 433 | 116.5 |(0.33, 0.61)
MAl0(262) | BHetE(2-44) | 6.0 11.0 5000.0 456 | 116.7 |(0.30, 0.60)
MAJ0(263) | 3tet2(2-45) | 6.0 12.0 5000.0 416 | 141.7 |(0.31, 0.61)
MAl0I(264) | 3tet2(2-46) | 6.0 11.1 5000.0 450 | 103.1 |(0.31, 0.60)
AAl0(265) | 3Het2(2-47) | 6.0 11.2 5000.0 446 | 142.3 [(0.33, 0.61)
MA|0f(266) | 3Het2(2-48) | 5.9 12.1 5000.0 414 | 1344 |(0.32, 0.61)
MAlo(267) | 3HetE(2-49) | 6.0 12.0 5000.0 418 | 134.6 |(0.31, 0.60)
A A0 (268) | 3Ht2(2-50) | 6.0 10.4 5000.0 47.9 99.0 |(0.31, 0.61)
MA|0(269) | 3tet2(2-51) | 6.0 10.7 5000.0 467 | 147.6 |(0.31, 0.60)
MAl070) | 3petE2-52) | 5.9 12.0 5000.0 418 | 1385 [(0.33, 0.61)
MA0271) | 3Het22-53) | 6.0 10.4 5000.0 481 | 111.9 |(0.30, 0.60)
MA0272) | 3tet2@-54) | 60 10.4 5000.0 479 | 138.8 |(0.31, 0.61)
MAl01(273) | 3HetE-55) | 5.9 11.1 5000.0 450 | 125.7 |(0.31, 0.60)
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[252] AAl0)(274) | stet2(2-56) | 5.9 11.6 5000.0 431 130.1 |(0.33, 0.61)
MA|0(275) | 3}EH=E(2-57) 5.9 111 5000.0 44.9 102.8 ((0.32, 0.61)
AA0(276) | ElEH=(2-58) 5.9 111 5000.0 45.0 106.4 |[(0.33, 0.60)
AAO((277) | ZEHE(2-59) 6.0 11.6 5000.0 43.1 919 [(0.32, 0.61)
MA0(278) | 2}EHE(2-60) 6.0 115 5000.0 43.4 107.1 ((0.31, 0.60)
AA101279) | st2(2-61) | 5.9 12.1 5000.0 41.3 112.1 |(0.31, 0.61)
AlA|0)(280) | stt2(2-62) | 6.0 10.2 5000.0 49.1 140.4 |(0.31, 0.60)
AAl0)(281) | stt2(2-63) | 6.0 10.3 5000.0 48.5 104.8 |(0.33, 0.61)
AA|0f|(282) | 3}EHE(2-64) 5.9 10.1 5000.0 494 97.3 [(0.30, 0.60)
A A|0f(283) | ZEHE(2-65) 5.9 10.7 5000.0 46.7 136.6 ((0.31, 0.61)
A Al0f|(284) | 2}EHE(2-66) 6.0 10.9 5000.0 45.8 103.1 ((0.31, 0.60)
AAl0)(285) | sta2(2-67) | 5.9 10.3 5000.0 48.4 144.2 |(0.33, 0.61)
AAl0)(286) | stet2(2-68) | 5.9 11.0 5000.0 453 132.3 |(0.32, 0.61)
[253]
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[268] S5 Voltage | Current Density | Brightness | Efficiency | Lifetime CIE

sherE V) (mA/a) d/m) | @) | TE5) | ey
H|m0]l(12) - 5.5 13.9 500.0 3.6 62.7 |(0.15, 0.16)
H@O(13) |ujmepsE A| 5.8 12.2 500.0 41 84.9 |((0.15, 0.14)
Hl1104(14) | H| L Z}SHE B 5.8 11.6 500.0 4.3 87.7 [(0.15, 0.13)
H@G(15) |HBEIEE C| 6.0 9.1 500.0 5.5 145.6 |(0.14, 0.14)
AAl0(287) | EHEt=(1-1) 55 8.5 500.0 5.9 99.8 [(0.15, 0.14)
A A0 (288) | gret2@a-2) | 55 8.8 500.0 5.7 104.0 |(0.15, 0.13)
A A0(289) | Etet=(1-3) 5.4 9.2 500.0 55 113.6 |(0.14, 0.14)
A Al0(290) | =}EH=S(1-4) 54 9.7 500.0 51 120.1 |(0.15, 0.14)
AAl0(291) | FEHEA-5) 5.4 7.6 500.0 6.6 139.8 ((0.15, 0.14)
MAl0(292) | BretE@a-6) | 55 7.5 500.0 6.7 90.9 |(0.15, 0.13)
AAl0(293) | 3HEHEQA-7) 5.5 8.6 500.0 5.8 120.7 ((0.14, 0.14)
MAl0(299) | gperE@a-8) | 55 8.2 500.0 6.1 119.0 |(0.14, 0.14)
AMAJ01(295) | zpetE@-9) | 55 8.4 500.0 6.0 128.0 |(0.15, 0.13)
Al Al0j(296) | =tEH=(1-10) 55 8.9 500.0 5.6 141.4 |(0.15, 0.14)
MAl01(297) | sterE(1-11) | 5.4 7.4 500.0 6.8 123.2 |(0.14, 0.14)
Al A104(298) | EtEt=(1-12) 55 7.6 500.0 6.6 112.0 |(0.15, 0.13)
AMAJ0(299) | sterE(1-13) | 5.4 7.3 500.0 6.9 99.7 |(0.14, 0.14)
Al A10(300) | =tEt=(1-14) 5.4 8.6 500.0 5.8 136.0 |(0.15, 0.14)
A Al0(301) | sterE(-15) | 5.4 9.8 500.0 5.1 126.3 |(0.14, 0.14)
AAl0)1(302) | steHE(1-16) 5.4 9.7 500.0 5.1 111.1 ((0.15, 0.14)
A AJ0(303) | sterE-17) | 5.4 7.9 500.0 6.3 105.7 |(0.15, 0.16)
A1A]0l1(304) | StEHE(1-18) 5.4 7.6 500.0 6.6 142.8 ((0.14, 0.14)
A A0} (305) | BterE(-19) | 5.5 7.5 500.0 6.7 123.5 |(0.14, 0.14)
A Al0dl(306) | =tet=S(1-20) 55 8.0 500.0 6.3 117.3 |(0.15, 0.149)
AAl0I(307) | BHetE(@1-21) | 5.4 8.6 500.0 5.8 106.4 |(0.15, 0.13)
AMAJ0(308) | stetE(1-22) | 5.4 7.4 500.0 6.7 141.6 |(0.15, 0.16)
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[269] MA|01(309) | 3pet=(1-23) | 5.5 8.7 500.0 5.7 144.0 |(0.15, 0.14)
MA|01(310) | 3HetE(1-24) | 5.5 7.7 500.0 6.5 93.4 |(0.15, 0.13)
MA0I(311) | 3Het=@-25) | 5.5 8.8 500.0 5.7 141.5 |(0.14, 0.14)
MAl0I(312) | 3tet=(1-26) | 5.5 7.7 500.0 6.5 146.6 |(0.15, 0.14)
MAl01(313) | sret=@-27) | 5.4 9.5 500.0 5.3 132.5 |(0.15, 0.13)
MAl0I(314) | 3tet=1-28) | 5.5 8.4 500.0 6.0 127.4 |(0.14, 0.14)
MAl0I(315) | ster=1-29) | 5.4 9.6 500.0 5.2 142.1 |(0.15, 0.13)
MAl0I(316) | 3ter2(1-30) | 5.4 8.1 500.0 6.2 112.9 |(0.14, 0.14)
MA0317) | 3ret2@-31) | 5.4 8.2 500.0 6.1 129.3 |(0.14, 0.14)
MA|0I(318) | 3tet=(-32) | 5.5 8.1 500.0 6.2 122.7 |(0.14, 0.14)
MAl01(319) | sret=(1-33) | 5.4 7.7 500.0 6.5 93.5 |(0.15, 0.13)
MAl01(320) | Btet=(1-34) | 5.4 7.4 500.0 6.7 110.5 |(0.15, 0.14)
MAl0(321) | 3pet21-35) | 5.4 8.8 500.0 5.7 138.9 |(0.15, 0.14)
MA01(322) | 3tet2(1-36) | 5.5 9.1 500.0 5.5 106.8 |(0.15, 0.13)
MA01(323) | sret21-37) | 5.4 8.0 500.0 6.3 120.7 |(0.14, 0.14)
MA|0I(324) | 3Het=1-38) | 5.5 7.9 500.0 6.4 131.9 |(0.15, 0.14)
MAl01(325) | 3tet=(1-39) | 5.5 7.6 500.0 6.6 137.8 |(0.15, 0.14)
MA|0I(326) | 3Het=(1-40) | 5.5 9.6 500.0 5.2 119.4 |(0.14, 0.14)
MA0I(327) | BtetE-41) | 5.5 7.9 500.0 6.3 98.2 |(0.15, 0.13)
MAl01(328) | 3tet=(1-42) | 5.4 9.7 500.0 5.2 113.0 |(0.15, 0.16)
MA01(329) | BHet=(1-43) | 5.5 8.3 500.0 6.0 98.8 |(0.15, 0.14)
MA|0I(330) | 3Het=(1-44) | 5.5 8.1 500.0 6.1 135.2 |(0.15, 0.13)
MAl0I(331) | sret=(1-45) | 5.4 9.5 500.0 5.2 116.0 |(0.15, 0.16)
MAl01(332) | stet=(1-46) | 5.4 7.2 500.0 7.0 94.7 |(0.15, 0.14)
MA|0I(333) | sret=1-47) | 5.5 7.9 500.0 6.3 110.7 |(0.15, 0.13)
MA|0I(334) | 3pet=(1-48) | 5.5 9.1 500.0 5.5 106.2 |(0.14, 0.14)
MA|0I(335) | 3retE(1-49) | 5.5 9.2 500.0 5.4 118.3 |(0.15, 0.14)
MA|0I(336) | 3HEt2(1-50) | 5.4 7.6 500.0 6.6 134.9 |(0.15, 0.13)
MAl0I(337) | 3hetE(1-51) | 5.5 8.1 500.0 6.2 112.1 |(0.14, 0.14)
MAl01(338) | stet=(1-52) | 5.4 9.3 500.0 5.4 138.8 |(0.15, 0.14)
MA|0I(339) | stet=(1-53) | 5.4 7.7 500.0 6.5 144.1 |(0.15, 0.14)
MA|0(340) | 3pet2(1-54) | 5.5 8.8 500.0 5.7 91.2 |(0.15, 0.13)
MA|01(341) | 3pe+2(1-55) | 5.5 8.8 500.0 5.7 146.9 |(0.14, 0.14)
MA|0(342) | 3Het2(-56) | 5.5 7.5 500.0 6.7 113.5 |(0.14, 0.14)
MA|0(343) | stetEL-57) | 5.4 8.7 500.0 5.7 145.7 |(0.15, 0.13)
MAl0I(344) | 3ret=(1-58) | 5.5 7.8 500.0 6.4 131.0 |(0.15, 0.14)
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[270] MA|0(345) | 3ret=-59) | 5.5 8.0 500.0 6.3 126.5 |(0.14, 0.14)
MA|0I(346) | 31et=(1-60) | 5.5 9.1 500.0 5.5 136.4 |(0.15, 0.13)
MA01(347) | 3ret2(1-61) | 5.4 8.7 500.0 5.7 131.5 |(0.14, 0.14)
AA|0(348) | 3Het=(1-62) | 5.5 9.2 500.0 5.5 110.0 |(0.15, 0.14)
MA|0(349) | 3et=(1-63) | 5.5 7.7 500.0 6.5 135.0 |(0.14, 0.14)
AAl0I(350) | 3tet=(1-64) | 5.4 9.1 500.0 5.5 97.2 |(0.15, 0.14)
MAl0I(351) | 3ret=(1-65) | 5.4 8.7 500.0 5.7 953 |(0.15, 0.16)
MAl0I(352) | 3tet=(1-66) | 5.4 8.3 500.0 6.1 135.4 |(0.14, 0.14)
MAl0I(353) | 3ter2(1-67) | 5.4 8.8 500.0 5.7 137.9 |(0.14, 0.14)
MA|0I(354) | sret=(1-68) | 5.4 8.3 500.0 6.0 124.7 |(0.15, 0.14)
MAl0I355) | sereen | 55 7.2 500.0 7.0 102.9 |(0.15, 0.13)
Mal0I356) | BHereE-2) | 54 8.0 500.0 6.2 127.4 |(0.15, 0.16)
MA03E57) | Bete@-3) | 54 9.0 500.0 5.5 143.9 |(0.15, 0.14)
MAl0I358) | sete@-4) | 54 8.4 500.0 5.9 123.8 |(0.15, 0.13)
MAl01359) | serEE-5 | 5.4 7.7 500.0 6.5 147.7 |(0.14, 0.14)
AAl01360) | BHEtER6) | 5.4 7.3 500.0 6.8 125.4 |(0.15, 0.14)
MAloEel) | B2 | 55 9.1 500.0 5.5 132.4 |(0.15, 0.13)
MAloI362) | sHere@-8) | 55 9.1 500.0 5.5 148.2 |(0.14, 0.14)
MAlol363) | sHer2@-9) | 5.5 9.4 500.0 5.3 93.7 |(0.15, 0.13)
MA|0|(364) | 3tet2(2-10) | 5.5 8.7 500.0 5.8 97.6 |(0.14, 0.14)
MAl0I365) | 3ter2(2-11) | 5.4 7.8 500.0 6.4 128.2 |(0.14, 0.14)
AA|0(366) | 3HEt2(2-12) | 5.4 7.5 500.0 6.7 90.0 |(0.14, 0.14)
MA|0I(367) | 3Het2(2-13) | 5.5 9.8 500.0 5.1 126.9 |(0.15, 0.13)
MAloI(368) | stet=(2-14) | 5.5 9.8 500.0 5.1 111.8 |(0.15, 0.14)
MAl01(369) | 3Het=(2-15) | 5.5 8.4 500.0 5.9 143.5 |(0.15, 0.14)
MA|0I(370) | 3tet=(2-16) | 5.5 8.4 500.0 5.9 94.9 |(0.15, 0.13)
MA0I3E7D) | 3retE@-17) | 55 7.3 500.0 6.8 113.2 [(0.14, 0.14)
MA0I(372) | 3ret2(2-18) | 5.4 7.5 500.0 6.7 94.6 |(0.15, 0.14)
MA03E73) | sret22-19) | 5.4 9.7 500.0 5.1 124.9 |(0.15, 0.14)
MAl0I(374) | 3tet=(2-20) | 5.5 9.0 500.0 5.5 100.0 |(0.14, 0.14)
MAl01375) | sHet=2-21) | 5.5 8.0 500.0 6.2 112.8 |(0.15, 0.13)
MA|0I(376) | 3tet2(2-22) | 5.4 7.6 500.0 6.6 149.5 |(0.15, 0.16)
MA03B77) | sretE2-23) | 55 8.3 500.0 6.0 111.3 |(0.15, 0.14)
MA0I(378) | 3ret2(2-24) | 5.4 7.4 500.0 6.8 111.5 |(0.15, 0.13)
MA0I3E79) | sret22-25 | 5.4 7.4 500.0 6.8 137.2 |(0.15, 0.16)
MA|01(380) | 3tet=(2-26) | 5.4 8.6 500.0 5.8 126.2 |(0.15, 0.14)
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271 [ynecsy [ sreree2n | 54 8.5 500.0 5.9 126.6 |(0.15, 0.13)
AA|01(382) | BHet=(2-28) | 5.5 7.2 500.0 7.0 102.3 |(0.14, 0.14)
A A0 (383) | BHetE(2-29) | 5.5 8.9 500.0 5.6 130.1 |(0.15, 0.14)
AAl0I(384) | sHetE(-30) | 5.4 7.7 500.0 6.5 126.6 |(0.15, 0.13)
MAl0I(385) | BtetE-31) | 5.4 8.2 500.0 6.1 149.5 |(0.14, 0.14)
A A|0(386) | BHEtE(2-32) | 55 7.2 500.0 7.0 115.1 |(0.15, 0.14)
MA|01(387) | BHetE(2-33) | 5.4 7.3 500.0 6.9 104.4 |(0.15, 0.14)
MA|0(388) | 3HetE(2-34) | 5.4 8.2 500.0 6.1 146.6 |(0.15, 0.13)
A A0 (389) | BHetE(2-35) | 5.5 7.5 500.0 6.6 123.4 |(0.14, 0.14)
A A|04(390) | 3HetE(2-36) | 5.5 7.2 500.0 6.9 91.8 |(0.14, 0.14)
AAl0I(391) | BHEtE(2-37) | 5.4 7.9 500.0 6.3 119.9 |(0.15, 0.13)
MA|0(392) | 3HetE(2-38) | 5.5 7.6 500.0 6.6 117.6 |(0.15, 0.14)
A A0 (393) | BHetE(2-39) | 5.5 9.3 500.0 5.4 91.8 |(0.14, 0.14)
MA|0(394) | 3HEtE(2-40) | 5.5 9.7 500.0 5.1 140.4 |(0.15, 0.13)
AA|01(395) | stetE@-41) | 5.5 7.7 500.0 6.5 100.4 |(0.14, 0.14)
MA|01(396) | BHEtE(2-42) | 55 7.8 500.0 6.4 124.8 |(0.15, 0.14)
MA|01(397) | BetE(2-43) | 5.4 9.0 500.0 5.5 149.6 |(0.14, 0.14)
MA|01(398) | BHEtE(2-44) | 5.4 7.9 500.0 6.3 102.8 |(0.15, 0.14)
MA|0(399) | 3HEtE(2-45) | 5.4 9.6 500.0 5.2 101.6 |(0.15, 0.16)
A A0](400) | BHet2(2-46) | 5.5 7.2 500.0 7.0 127.3 |(0.14, 0.14)
A A|0j(401) | BHEtE(2-47) | 55 7.7 500.0 6.5 133.2 |(0.14, 0.14)
A A|0)(402) | BHetE(2-48) | 5.4 9.9 500.0 5.1 138.5 |(0.15, 0.14)
A A|0)(403) | 3HetE(2-49) | 5.4 8.7 500.0 5.7 99.7 |(0.15, 0.13)
A Aj0j(404) | 3812 (2-50) | 5.4 8.1 500.0 6.2 142.7 |(0.15, 0.16)
A A0 (405) | 3HetE(-51) | 5.4 7.3 500.0 6.9 127.9 |(0.15, 0.14)
A Ao 406) | BHetE2-52) | 5.4 7.9 500.0 6.3 107.4 |(0.15, 0.13)
AMAl01(407) | BHetE(2-53) | 5.4 8.1 500.0 6.2 137.4 |(0.14, 0.14)
A A0y (408) | stetE(2-54) | 5.5 8.0 500.0 6.2 137.9 |(0.15, 0.14)
A AJ0)(409) | BHEtE(2-55) | 5.5 7.5 500.0 6.6 132.6 |(0.15, 0.13)
A A0 (410) | 3HEtE(2-56) | 5.4 8.2 500.0 6.1 952 |(0.14, 0.14)
MAj0j(411) | BHEtE-57) | 5.5 7.9 500.0 6.3 115.1 |(0.15, 0.13)
MA|0(412) | BHEtE2-58) | 5.4 8.4 500.0 5.9 134.8 |(0.14, 0.14)
A A|0)(413) | BHEHE(2-59) | 5.5 9.1 500.0 5.5 147.6 |(0.14, 0.14)
MA|0)(414) | 3HEHE(2-60) | 5.5 8.0 500.0 6.3 103.0 |(0.14, 0.14)
A A0 (415) | BHetE(-61) | 5.4 8.9 500.0 5.6 105.6 |(0.15, 0.13)
AA|0(416) | 3HEtEQ-62) | 5.4 7.2 500.0 7.0 95.9 |[(0.15, 0.14)
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