ZIHSd 10-2019-0021129

O (19) H3R=535% (KR)
(12) TS5 FH(A)

(11) 3%
(43) FNLA

10-2019-0021129
2019303€05<

(561) FAESEF(Int. Cl.)
CO9K 11/06 (2006.01) HOIL 51/00 (2006.01)
HOIL 51/50 (2006.01)

(52) CPCES|EF
CO9K 11/06 (2013.01)

(71) &9
(F) o)X E =
BNE &AM 75T+ T
30435 (55, HFZEH
(72) &gz}

ok 216WM A 16-25,
ol e 1eA])

HOIL 51/0057 (2013.01) AL
(21) A 10-2017-0106317 AINE §9UA FAT EFZ 54, 201F 5035
(22) =94A 2017\d08¥22¢ PR
1AL TLo) o - .
AR wE TAEE AFA AYT AR 23, 1015 701%
s R
7% A HHEFSE 230-10, 105% 3043
(74) gl
Aed
AN A4d ¢ F 7
(54) W o] B3 F71LF gE 2 ol Xl AU|AALTFLA
(57) 2 9oF
B oabge ay] [l 112 BAEE F712% JFERA, ol ¥FF 59 7SS IFAER feste
(ol A)
0 Z - =1

(L)n

Ar2



ZIHSd 10-2019-0021129

B, A mE, W B SO W A0l i $5E f1AALFRR] FHo) St
[5}8+2] 1]
Ar,

(L)n

A ro

(52) CPCES|EF

HOIL 51/50 (2013.01)

CO9K 2211/1011 (2013.01)
CO9K 2211/1029 (2013.01)
CO9K 2211/1033 (2013.01)
CO9K 2211/1037 (2013.01)
CO9K 2211/1044 (2013.01)
CO9K 2211/1088 (2013.01)
CO9K 2211/1092 (2013.01)




ZIHSd 10-2019-0021129

Al A]

I

AT 1

a7] [3}8H4] 112 ZAYE 5718 345E
[3}e}4] 1]

Ary

AlERGARAY], A Ee= vAgE g
Hlzotdly], X8 e v X|E ghag 3 X
25 6 WA 509] obHRY] R A E= ]

= HIAEE ' 2 WA 509] SE ol Rl

A % AnE 747 SPACR A9 b NS Bag 6 UA 309 o}dr], A wE wARE daF 2

3 WA 309 AFRLe] st ol g3
SE GRS 6 U4 509) ob2y] W AE i MR wag 3 uA 309 AZReol
E n AR gaF 2 WA 509 dERelds) Sl Qe

Ly

F

&7 Ary, Ary B ol59] ARTE AR Agey Be AT Agv|ek dAH AfS, WESe] tdd =
&

AT 2

A7) Ak B vAZeld AV L, A R ArZE A2 SEAoR S, Aokwr], SR, s|ESA7], Y
ER7], &2 1 WA 249 7], dag 1 WA 249 dRASE 7], gag 1A 249 A7), '
L A 249 2717, dag 1A 249] SEHRSAY], g 6 WA 249 of-7], "2 6 WA 24

1 £
o ol™RY), was 2 A 249 SHzolY], B waF 2 UA 249 HEelARAY), BaF 1Y)
249 AN, BAF 1 WA 249] Dobr)is], @AaS 1A 249) ofolulir], BAF 1 WA 249 dE)
Zoldohuiey], Bag 1 WA 249 SAULY], ©as 1 WA 249] o}aPY] W wAF 1 WA 249 o}
A% ool wolA Ausm, Auw 1 EE 2 olake A E ADHAL, A7) AD] F 2 o4
ARE AAY AR ADHAL, B olud AR/NE 24 B AS s F/EF 2FE.

A543



10-2019-0021129

M=

el
=)

o glefA,

&)

Al

3

NN Aes s of

11 W= [shsh2] 215] =

a2

22 st7] [3




10-2019-0021129

M=

el
[=}

G 00 SR 0o S DI < RN 6L O P 45 5
oggoseffod wffod®

[22]

AYA NS O e
o=~
O O-0-00s ‘t; O O-0D 8
alv O



10-2019-0021129

M=

el
[=}




10-2019-0021129

M=

el
[=}




10-2019-0021129

M=

el
[=}




10-2019-0021129

M=

el
[=}




10-2019-0021129

M=

el
[=}

036 0§88 ol 0§58

_10_



10-2019-0021129

M=

el
[=}

_11_



10-2019-0021129

M=

el
=)

1%1% 2040 S0

_12_



10-2019-0021129

M=

el
[=}

\ /S

_13_



10-2019-0021129

M=

el
[=}

152

_14_



10-2019-0021129

M=

el
[=}

_15_



10-2019-0021129

M=

el
[=}

_16_



10-2019-0021129

M=

el
[=}

_17_



10-2019-0021129

M=

el
[=}

_18_



10-2019-0021129

M=

el
[=}

196

OO0 0 % w
ooooﬁdm s 0
””@?Q O roX R ol

_19_



10-2019-0021129

[}

=

=

M

e
(=)

—
iy A ™ .
® % LI %
o o8 Ao )| 4
B 2o T i
I o 2 2
52 ¢ T
ﬂmu 0 K Oﬁ 3!
®0 =
B my No wr ™
P oF
ojp o X "
Ao oy T o )
oy oy Ho ~ T
~ " ®° ) n
of o o
_io ol O#
o o — o O
000 T 3 . i
X o <
: eneﬁ o?g 50 enc O = 3 sy @
SSaabie & . )
— 1; J N o
) ey Ao &) %
X < o Ao o
= el A,__u Gl B
7o ~
K E X0 oF °
0 — N
< z 1 aw
T °cF iy
X —
T o= =
X ‘_ﬂw! 10 Wi HW
N — - <0
8 = wy © M
o - oy
N =y =) No ~ WT.:
o 4o T e
o + 0 ow )
— M N 17_Al ﬂ»l o
— o) ho ~
- o %o M
X = 0N oI _ H
K S NF ° =
Mo = ~ =0 B
2_1 — oW mﬂ 0 :i
e No —
=2 o ™ ol <
T . T L Gy
LT o = B = W
o o OF RO T OF Nlo N B
T XK T 0 ol o i 700
= 4 =~ = % =~z ~= + & =~
W OTAR ORP R OT ORT PT R TR

_20_



10-2019-0021129

5

=

=

o

el
o

Foll 91014,

[e]

A7 7

A5

—_ ~
< of
oo 7 %o
1r EFE REern 2 !
BNy ZE- XoEﬂﬂ.ﬁH T3
B o SO S o L W
\WE % (a9 U‘.ﬂ el ;ﬁ o i~
_ et = N B
= =T ™ A T o odo B
= 69 T o BT iy
~ T 4 =y P oz 4 g 5
* o =5 kBl ; =
! o R ° _mH ur o H
wr NGy Hp o dgu O ™ X MO ) oy
o oF % Jo Aﬁl o o ") o om
M G = N RN G T 5 (=)
mW = ﬂﬂ T M@ Ty o 75 P
J N — = =l
iy A A A XY o 1o =
H L W T = TR ol o
OE ﬂwo o' . OE N 1_,_Al OE —-— E
& i g S 7o !
G — =) X WY )
—~ o ﬂw X _E =y X i
2 =Z TR M m &
w " Tah WL T 5
o ~ © MB o %o Eﬁdi e ==
A F 5 B oo m,umuwoﬁﬂoﬂ do " ™
% % ° o= NNy R w & -
= ur o " o~ <y ~ -
< iy R S o X - ™ of
= o o = ﬂ_n Wﬂ 3l Sies K oy ‘,.Nr_l
JMl X2y A = il Gl o ROA %R = ) o
= ® " T E T &)
3 - o o . o 0 Al B e
o EO X0 s = . K ‘UIy ‘Ul H _io Wi ~
2 ™ BT = S s I N
! 0 L% % o e o
gy pT R g A = = .
L) - o} o HoM RS g ° T
~ T X | % X —_ = — s
N X 3 e 3 T =K o
- n 3o i Y -y Ty 0t .
100 a — = o — N mﬂ
of zw .ﬁ)oﬁ7z_nmoo;o R
Njo - H o 2 oy 2 e oo ~
~n K T B 2 <0 X0 ! o K N
| s g Wﬂw\xon_rmfr% RR B qw
= o o o X —_ N
o o ) ~ sy
e ® #2ET TRETg zE Z
—_ _— Oy <R A . ET = X~
o T X ﬂdﬂ,r% o = N~ Wy
X 5 T =y 0 o8 OW —_
i i O o Zomwm ° N ok o X
A "o TR T o T TaE L7
o : _ = _
° =K T2 ~ AR K Mo o P W N
o H J N N N 0
& 3 R mox ok X L
o 2 o 4354 5 < Mm o N Mw Py w ol
= o ! . o —
o g éﬁjomﬂ.] T = F W - R o P
e B 9 =) LI e mg TOT OB o=
B AT N D ETE oy P FEe o
ol T wnPr R gwd P 4 W
2o frl i No@ TN R
£Y 5 ~ab% w5LEd
N ~ Bt oF N
X A N

[0001]
[0002]
[0003]
[0004]
[0005]

-21 -

3}

Ary
(Ln
Ar2

[0006]
[0007]



[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

SIHSd 10-2019-0021129

ygo] g7
=2 0

W] e 71N BEES RS AST AU AARYAAE B Aol watel 45Y, By BE
5ol W 54o] A S4eke] akd daZdel 2ae 8 488 & A

w2 A7 e FA g

o3}, ¥ IS v AlsA A

, 2 e mE [ [ ]2 #ZAEHe= f713E sgE
=33t 28 A (Triplet-Triplet Annihilation, TTA)©] o
& (Internal Quantum Efficiency, IQE)E 3A|7]E= AS EA o= 3},

~
—

TTA 73S o] §3te] Fdolx dFFozol o7t fold}Y| -

Zo] ALHE TAES} EWE 7} iy A (Singlet-Triplet 7F¢] Exchange
Energy, AEst)7} Zolol &t A o771 f8l A FE5 AR &
59 AT duATt S2ESY A U EY molof gith. of7|A, B Iyl mE [85h] ]2 A
ES 2 A& B Ho] Uy A a8

= f1Ed eSS B3y $AE IFER AeE A9 A =
o] gy,
[5}8t2] 1]
Ary

L2 gddddolA Iy, A == HxghE g 1 UiA] 209 S4=7], ¢ Ee v ASE g 2 WA 20
of AR, AF = HASE gag 2 WA 309 LAY, A s AASE g4 3 WA 309
AERGARAY], A e vASE g2 6 WA 309 ofH/M], g E= o W= 509 &l

g 2olddl ], X3 TE v X3tE EBAg 3 UYX
245 6 WA 509 obddly] 9 g Ei w)
L nx3E Bad 2 X 509 FE 2ol

# 509 alEl=etd ], A% = vjAFE gAS 3 WA 309 AlEEEAe] skt o] §3hE ¥ i M
i 'hAag 6 UlA 509 ofdr] B g iy v X EE vhAaS 3 UlA] 309 AlEFEde] sy o) g3 A
g e HASE gAg 2 WA 509 slElRotd ] FellA deEnt

LR, A7) Arg, Ary B o]0 A= ME Adsiy B AT A8)er d2s

of A @
A Bt O 1B FYT 5 Yo, ) YA ABS, PR wUE B 0@ med] Gad4E

_22_



[0022]

[0023]

[0024]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

SIHS3S 10-2019-0021129

NS R0 FelA A ol s ol slHEUAR AFY 5 Arh.

g, A7 L, Arg B A Ao, A& e uASkel@ 47 L, A B Al SF4, AlobeT],
g2A7], JEZA7], UERY], 845 1 WA 249 447, 45 1 YA 249 Szaste 4217, gae
1 WA 249 SAD7], vhAaG 1 WA 249 S99V, vAaS 1 qm 24¢] HZEA7], TG 6 WA 249
7], &g 6 WA 249] ofAAAY], wvhAS 2 U1A] 249] Rl 7], T vhAS 2 WA 249] dEH R}
A7), ga 1 W7] 249 ESA7], gAag 1 WA 249 ddotm| ], ﬂi? 1 WA 249 ofHopw] 7],
Sag 1 WA 249 sEmetdoetn| ey, wAa 1 WA 249 GIAHY], BAG 1 WA 249 ofdAHY] Bl
S 1 WA 249] o}l SAIZ|R o] Folxl oA HEEm, *d‘%" 1 EE2 OMM A&7 = A gAY, 4
7] A7) T 2 o] ARV7F A ARV|E ASFHAY, EE ouE A&7|E k4] GE S on|git
TR dE =9, AgE opHT|Y 2, 1;1_71 HlEd ], yzaly], EFeddr], goldldr], sdE
dd7], AEA7], HEGAE7], ESATIY
2)ghe alEH ZotE 7] e g, JMDW Heddr], Egopxl7], #A=dr], AdEESH
7], SAREZ], FHEE7] B o5 FHIslH R Y], Addd M=FEdr], dzolnvEr], W=SAE], Al
ZEo}E7], H=7mtE7], HizE edr], HulxFer] so] vE N&7|2 Agd e v,

3
in)
i
N
o -
N T
HU
ﬁ‘
o
)
Y
tlo
1o
=)
%
41

71, olmtE7], ElokE

F

2 ol QlojA, A7) AFIESY A S dlEA ool A FAHoR A, old A= A ofY
o}

ool QlejA], A7) v A e BAAY § 3, gasE 5943 d4EA goy 1 uiA] 209
Aol nigAsltl, FAQ 2= WEr], ey, T2, p-X 2], ojaxady| HEy] np-FEv
ol AFEY|, tert-F87], sec-FE7], I-WE-Fd7], 1-dg-5Fg7], 97|, n-FE7], o]AHLY], v
g97], tert-HMg7], @AY p-2A7), 1-WdALD Y], -WEAL Y], 4-wE-2-AE 7], 3, 3-tHERE 7] 2-9]
gREy] ) ey, p-Aer], 1-HgEady), AgFEdadddr], AF2ddrdr], e -89, tert-%
g7], 1-WgdEr], 2-deaay], -x2dAgr|, p-x=d7], 2,2-tudiEr], 1-de-z237] 1,1-tH
gd-x297], olxday], 2-vEAEy], 4wy s-HEdaAAy] Fo] glont, olEe IAHX ir)
ool ALEEE ol AT FAIAR] ARZA FEAl, UEZEA, AQEHALSA], HIEHLSA], TES
A, AU 58 & F dar, oA ZEEY = F o)t i dxbe FUIER X @M
SR=

2 ool ALEEE Ao FAAR] dEe Efuddd, Eﬂoﬂ‘%%}%‘, Egdddd,
HEAIAY, gaddadd, daduddsd, galel&

= g QlojA], oldr]E ©EA e tdkdd 4 u =
o] wpEAslth. wEkA o}dr|o] o2 dFAdY], Hudr], Haldr], 2EWlY] Fo] A, vk ofH7|e] o
22 vxgr], SEGAL], AdEHLY], stolddr], #AEAEY], HESAEY], AT, EF2Y
d7], ofAlUZERAIE Y], EHEUY], FFQEd (fluoranthrene)”] o] o}, & wigo] W7} o
A=z dgdu = AL ofyr},

ow ofgr] F s} olake 4

) A=™7], ol 7] (-NH,, -NH(R),

NRDRY, R'F RS AR S@402 gat 1 U 109 2azjelm, o 4% "ezelnwr)e} g, o)
|

7] obdy] 94 1% ol @2 o Agd S glon, wo PAg
A FEa A4, g2 94, HESAY), UERY), Ao,

B> A

wo], SEBR], SEeEs], AREAs], SEW, P, BaS 1A 249 4A7], wag 1A
249) FEANA A7), Bas 1 uA 249 DALY, BaS 1A 249 BFEI), BaS 1A 249 9
HRZe7], Bag 6 UX 249 ob7], Bag 6 U 249 olALY), a2 U4 249] el el
B 2 U4 249) slelzolReY] Soz Agd 5 Ak,

B ol glolAl, Y] APV A4 EE EAAY F X, dasi 598 $gHA Qo 2 WA 20
2 Aol v, FAH G udy), -ZEsds], olAXsd7], 1-FEd], 2-F U], 35
97, AEd], 2-AHds), s-dEdY), sWg-l-REd], La-Rededs], 9w,

_28_



[0033]

[0034]

[0035]

[0036]

[0038]

[0040]

ZIHSd 10-2019-0021129

=ednld-1-97], 2-sdnld-1-47], 2,2-H3lldnd-1-47], 2-3d-2-(dz2d-1-)Hd-1-¢7], 2,2-H] =
(deld-1-d)rd-1-47], =guld7], 2Eed7] 5ol o of&dl FHHA &=t

2o QlojA, FERetdr]E o|FYUAR 0, N e SE X3 HRV|EA, B4 53] g

% fl:\__ -1 =

FEA ot wag 2 x] 3091 Ae] migrHsitt. 1 dE= Bledlr], F], dE7], ovuEr], ElokE
7, SAEY), SATelEY], EelelEr], eds], usleld), sevds], Edebx], EglelEs], ofay]
271, Ar], dRAEr], Asddr], AGERT], Axsdedr], ZeEeAdr], e drydr],
ve = ﬂﬂ‘rxl‘éﬂ A dEpA 7], olaFmdY], dEv], FhHET], WMESAET], WxzelvvET], H
£ej0ke], M), MEELW), LW, M, AL, A= g, ol
=471, V\iﬁ} 7], SAHorEdY], HotrelE™ ], wlxElolEdY], dmElolxdr] Fo] Jou, oE
awt SAAEHE AL c]-l/]l:}.

W ool glold, AZEUUYE B #4EA got, Ba% 3 UX 302 Aol wEAsy, TAHoE

ANEREZ27] ASFEHEEY] AE29E7] -uErSZ20E 7] 2, 3-tHEAEZdE 7], AE2947], 3-dE
NE2AA7], 4-wEaGrEzaa7], 2 3-tHEaA 27 3.4, 5-EWEAZTZANT] | 4-tert-FEHA =
A7), AEFRAIY], ANE25E7] Fol Jdou, old AR et

o

o SlojAd, FrA79 d2s 24, 4

EE, 2 owgel e AWvle e FAL A e AAH FAA BB FHA HAT F 9

o}

Azl AEAA(Triplet-

N
T i, ol& Sk uiF A d&(Internal Quantum

o
2

o
Hﬂ
e,
°

Triplet Annihilation, TTA)°o] &
Efficiency, IQE)S &A171T}.

[s45h4) 112 WA Seh2e) wiere A o] (S5 1) WA (8 21518 5
om, ¥ el Welsk olSelw dgEE AL oy,

4 e

_24_



10-2019-0021129

M=

el
[=}

[0041]

_25_



10-2019-0021129

M=

el
o

00 e OO

‘ = <0

o0 C-0-C 02040 oD
A ,,“.[s,. O O

[0042]

o c S PR oS s JIE s RN oS o Pl o v
ofgooofifod sofgog®

o T < n R NO 8’&’~M/@
zO””O@ 2%” zO”“OQ

[0043]

_26_



10-2019-0021129

M=

el
o

O
(a0}

Oad
O ?‘;eeoa
O OO0 8 R o
2% o

—
j=
<
[
(=
=

[0045]

_27_



10-2019-0021129

M=

el
o

]
Nel
<
(=
S
=

[0047]

_28_



10-2019-0021129

M=

el
o

[0048]

_29_



10-2019-0021129

M=

el
o

[0049]

_30_



10-2019-0021129

M=

el
o

[0050]

_31_



10-2019-0021129

M=

el
o

[0051]

_32_



10-2019-0021129

M=

el
=)

1%1% 2040 S0

[0052]

[0053]

_33_



10-2019-0021129

M=

el
[=}

—
j=n
el
(=
S
=

\ /S

[0055]

_34_



10-2019-0021129

M=

el
o

152

[0056]

_35_



10-2019-0021129

M=

el
o

J
J

RN N\ \ \_

{ \L ) B
" YAYANAWaS A
¢ Ny / ) -
= —(

N

=/

[0057]

_36_



10-2019-0021129

M=

el
[=}

[0058]

_37_



10-2019-0021129

M=

el
o

[0059]

_38_



10-2019-0021129

M=

el
o

[0060]

_39_



10-2019-0021129

M=

el
o

O
5008 00
—

O« (=18
Z o .
=\, NN

aSeinlls

[0061]

_40_



10-2019-0021129

5

=

=

M

el
=)

o iﬂ oﬁ o A M " ﬂm et
B =1 R _ %N
ZTiEET BE R
‘Hﬂ oy ooF W . = oy N e No o
g o — — o
oF Mo N T S X ~ ~ O AR
G 5" SR
Lt (- X — S o Tor < o)
RK i o 5o~ . do ]
g oo X2 8 TR < C—
o ﬂo ﬂﬂ ﬁ AM — NIVM Mlm — ‘OI _io =
oo TR - do )
o o Q N Ao _Fo (o
ok — W a8 I =
Mo, 8 F LG do X W - AR
No N S = — ok &+ % '
ToE T L& oo of .9
~ N — Bl s T ok O X Mo W
O O v ~ mmE Q= i ¢ 17_Al o
B oo w0 oL 2 Rogra 4ML©
S OO & OO 100@0 R WL E %@%.?fﬂ
A PR F B
W W m S T ®ogm R TP
= ﬁm X - yﬁ ml» ~ ,_lr” _Jlorﬂ A_l o io 11,rIJ|O
BRE e = & Twom - ©F
of T T ol = oy Mo
F A AR T onw Mz
o ﬂ ~ AT ‘u_ro ;ﬁ “mIM ‘ml 3 o“H 5 JI ox o
M 5 e T 2 e N -
Zanll¢ B R EE pT
,_E|E £ N 1 o X —~ RO
N T T oo X N =X o
e X W T
o o N = = X = 2y me Ao =
e I - o ooy
_xﬂ‘.%xlﬂaﬂumdlwmo Mﬂﬂﬁem._w ﬂm,_mM
=~y fird v
‘_.mm ,XIL ~ iy o T ol <0 M pol 11 oF d;
© N R st o L 4
T o & = = o_H‘._m! Mﬂ\@lJc
= D W S h wFEEL
WEoLETe E oo™ den
YEmad W BTy owly
T oo R A Wom e W R
3. R T 0 T - G
Wo o ) % 2 I I
W b T A WX e BEgw
,Iﬂo»AT ol &o o) ~ ~ ET N oo T 5%
m,w A R oF ok .’ o
1_,Ar 3 T ) o ToP ri
_:T ﬂa o LC :i 5 oE Et 1,u|,l :,L Nro ,Emf nu Wi AT
T G o
S B T Ty Tk
0 e} 0
R R T
~ O e T FR du o [y WK o
RO RE WO T om o N oo opr o m Mo T o

[0062]
[0064]
[0066]
[0067]
[0068]

_41_



10-2019-0021129

&l

=

=

H

el
=]

[0069]

I
el

23
el

716
=

=3

4 (e-beam evaporation)¥}

H]
=4

A= 2% E ¥ (sputtering) o]y A=k

=10
=70

71
PVD(physical vapor deposition) W'¥<S o]&3sle], 7%

©

[0071]

e
%0
o
el
No
Py

oF

)
i
o
;OU
&

el

[0072]

T2 S govt, ol

M
A wo

2 A2 (solvent process), alAt) =3

hyA

E

)l
B
ao
o
=

[0073]

)

A%, T8, of

lE ofd AbskE(1Z0)

uhbE,

L
.

G =2 FAAR Az

2]

3Z
=

A-1,2-t]%A] ) E] .51 (PEDT),

€]
=

), =][3,4-(el

=

AsHE(110),

Sn0,: She}

o))

ny
i

K

T
"

[0074]

=

N

o]

R
RN
)

%]

i

TAAQ dz= vtadls, 2E, UE

}

o
il

71E,

o

d(perylene) A2

2
=

;o

hmi

KX
=

SRz

[e=]
=

19 (porphyrine),

=, LiF/Al =+ Li0y/AlY & o}
M

g

otz FejEe

3E
=

AlolxtEg Hd Al AU A= (quinacridone) Al

=iy
=

il
=1]

Egtd =

HOMO(highest occupied molecular orbital)’} %= &

A ES

[0075]
[0076]

obgolnl Adsl #71%E,

Ql d 2=

s
&

dl

Z

o) A, 7

i

o

1 o

X
s

-
(¢}

of AFAYoEHA 7

-

[0077]

ol#A 3} ~E & (dimerized styryl) 3}FE,

u

el

Z_(—]'%(AICB) B

R
-
j=]

o1

10-
A dA) (PPV) Alge] iz, ~3Z(spiro) 3}

BAlq,

& opet,
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[0083]

[0085]

[0086]

[0087]
[0088]

[0090]
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ojst, & Age] olsfE w7l flske] wpEARE Bgt=e] e B aAh AAldE AT Ty, shr]e] A
Aol S dlAlEy] 9% ZlolH, ofe] ojste] o] WMe7F I E = AL oy

Sdel 1 sekE 19 §A

(D Az 1 0 Z7H4] 1-19] 34

11

1,8-dibromoanthracene (10 g, 0.030 mol, sigma aldrich), Bis(pinacolato)dibron (9.82 g, 0.039 mol,
sigma aldrich), potassium acetate (5.84 g, 0.060 mol, sigma aldrich), PdCl,(dppf) (0.65 g, 0.0009 mol,

sigma aldrich), 1,4-Dioxane 200 mL ¥il 95 CoA 12A17F EoF wwkdle] Hb-SAIZTH, whe 8 3 H,0 Yl
SEEE ¢ F A"PAA (N-HEXANE : NC)3ke] <F3HAl 1-1>2 9.4 g (& 73%) 53kt

(2) Azxd 2 © FIHA 1-29] A

roe Rl R

=
B B\o

O N 4
o o “ﬁ‘jffi 53*;‘f‘* [illﬂ'li:|li:
1-2

1,8-dibromoanthracene (10 g, 0.030 mol, sigma aldrich), &%ZFd 1-1 (14.08 g, 0.033 mol), potassium
carbonate (12.34 g, 0.089 mol, sigma aldrich), Pd(PPhs)s (1.72 g, 0.0015 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H,0 20 mL ¥l 12413t 5<F &5 wnlkste] -3 AZATH, vk T5 F H0 : EAE o] &3l
B2 8 & APAA (N-HEXANE © EA)Sle] <EF7HA] 1-2>5 7.2 g (58 68.7%) F-533th

(3) Az 3 : FIHA] 1-39] A

Br
L — 1
B

1-3

=24 1-2 (10 g, 0.028 mol), chloroform 200 mL ¥3 0 CZE WzF & wwkdl'HA] bromine (9.52 g, 0.060
mol, 51gma aldrich)S HH3] Hojx==:, 0 TollA 127+ AFLo| A 1241 7F FoF kA F T, wE

F}O

Sk gk 7

S TR T PAFLAUER F8AS Y TRYE  F AZA AFete] <A 1-3>2 12 g (5F 82.9%)
Ean =i Ne: |
T_IO]—M
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[0098]

[0099]
[0100]

[0101]

[0102]

[0104]

[0105]

[0106]
[0107]

[0109]

[0110]

[0111]

ZIHSd 10-2019-0021129

(4) Az 4 @ 5= 19 FA

Br

O&O @/B(OH )2 O&O
+ —_—
Br
1-3 g

1

=24 1-3 (10 g, 0.020 mol), phenylboronic acid (5.26 g, 0.043 mol, sigma aldrich), potassium
carbonate (10.84 g, 0.078 mol, sigma aldrich), Pd(PPhs)y; (1.13 g, 0.001 mol, sigma aldrich), Tol 150

ml, EtOH 30 mL, H:0 15 mL ¥3L 12A17F 5<t 37 wwlsio] gAY, g T35 $ H0 @ EAE o] &35t 3
5 3 F A9 (-HEXANE @ BA)Ete] 3HHE 15 8 g (598 80.9%) 533}

H-NMR (200MHz, CDC13): & ppm, 2H(8.27/s, 7.41/m) 4H(7.91/d, 7.52/d, 7.51/m) 8H(7.39/m)

LC/MS: m/z=504[ (M+1)']

Sdel 2 sHekE 33 §A

(D) Az 1 : F3A] 33-19] FHA

(@]

B(OH),

331

9,9-dimethyl-9H-xanthene (10 g, 0.0476 mol, sigma aldrich), THF 150 mL YL - 40 CeollA 30% &<t wuk
g % 25 M nBuLi (3.05 g, 0.0476 mol, sigma Aldrich)& A3 H7}gk F NNNN-
Tetramethylethylenediamine (5.53 g, 0.0476 mol, sigma aldrich)S @il WHdS Aoz £23lo] gA|7F
S WAL § - 78 TR W7Ete] of7]e THFel 5921 trimethyl borate (5.44 g, 0.0523 mol, sigma
aldrich)& A3 A7kgt & F2ollA] Az &<t wwkelal thA] 0 C 2 FZ3ste] 2 N HCl 895 23 14
b E Aol A ukskdtt, vk TR F ether® FESY w5 §F AAAE Fotol <A 33-1>5 7.7

o3
A
g (58 63.7%) 5319},

(2) Az 2 : F3A 33-29] 34

Br

o - ¥
O O
g L

3341

Br

33-2

1-bomo-4-iodobenzene (10 g, 0.035 mol), =%FA] 33-1 (10.78 g, 0.042 mol), potassium carbonate (12.21
g, 0.088 mol, sigma aldrich), Pd(PPhs;)s (2.04 g, 0.0018 mol, sigma aldrich), Tol 200 mL, EtOH 40 mL,

B0 20 mL @3l 4213 SF S5 wwkste] whgAIRATE ¥ FE § HO0 : EAE o83t FREE ¢ F Ad
A (N-HEXANE @ EA)@ho] <Z3hA] 33-2> 10.4 g (5£80.5%) F538tdtth.
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[0113] (3) Az 3 @ Z37HA] 33-39] 34

B
D et O
o + BB :@
LI T 0
33-2
33-3

=7+ 33-2 (10 g, 0.027 mol), Bis(pinacolato)dibron (8.34 g, 0.033 mol, sigma aldrich), potassium
sigma aldrich), PdCl,(dppf) (0.60 g, 0.0008 mol, sigma aldrich), 1,4-

acetate (5.37 g, 0.055 mol,
Dioxane 200 mL ¥ 95 ColA 12A17F FoF atale] w-gAIF L}, vHs F85 F 00 ¥ SEE 3 & 44

[0114]

[0115]

A (N-HEXANE : MC)3}e] <E71A) 33-3>2 8 g (& 70.9%) F+53+3t).

[0117] (4) A|zd 4 . F3IHA 33-49] A
: >
(LD e . COC
socl e
7 900
Br
1-3 334
[0118]
[0119] XA 1-3 (10 g, 0.020 mol), phenylboronic acid (2.63 g, 0.022 mol, sigma aldrich), potassium

carbonate (6.77 g, 0.049 mol, sigma aldrich), Pd(PPh3)s (1.13 g, 0.001 mol, sigma aldrich), Tol 150 mL,

EtOH 30 mL, H,0 15 mL ¥ 8AI7F EoF 357 wulsle] HFSA|ZTh, WS 23 T [0 : FAS o]L3le] =2y

N

2 3 ¥ AAAA (N-HEXANE : EA)3lo] <E7HA] 33-4>5 7.7 g (& 77.4%) 5390,

= U

[0121] (5) Alze] 5 @ 3}3t= 339 {14

[0122]
Z=ZFA) 33-4 (10 g, 0.020 mol), =%FA] 33-3 (9.75 g, 0.024 mol), potassium carbonate (6.81 g, 0.050
mol, sigma aldrich), Pd(PPhs), (1.14 g, 0.001 mol, sigma aldrich), Tol 200 mL, EtOH 40 mL, H,0 20 mL ¥

L1243 F)b &5 aksto] wESAIZTH vbS TR F 0 0 EAE olgdte] SEYE F F A-AAl (N-

[0123]
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[0124]

[0125]

[0127]

[0128]

[0129]

[0130]

[0132]

[0133]
[0134]

[0135]

[0136]

[0138]

ZIHSd 10-2019-0021129

HEXANE @ EA)3Fe] 3}3HE 33S 11 ¢ (58 78.3%) 5319},

H-NMR (200MHz, CDC13):6& ppm, 1H(7.57/d, 7.41/m, 7.26/d, 7.23/m, 7.22/d, 7.15/m, 7.09/m) 2H(8.27/s,
7.52/d, 7.51/m) 4H(7.91/d) 5H(7.25/d) 6H(1.72/s) 8H(7.39/m)

LC/MS: m/z=712[ (1) ]

4

e 3 ¢ et 54

Rt

(D) Az 1 FHA 54-19] A

\No o/ NiEN
NP> N + :j: 'B-E :ﬁ: —_— < )
o /=0 oY N
N
B
' 541

2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triazine (10 g, 0.02 6mol, TCI), Bis(pinacolato)dibron (8.50 g,
0.034 mol, sigma aldrich), potassium acetate (5.06 g, 0.052 mol, sigma aldrich), PdCl,(dppf) (0.89 g,

0.0012 mol, sigma aldrich), 1,4-Dioxane 200 mL ‘23l 95 TolA 12417 &<+ wWwkele] WHSA|ZTh, We &

2 3 H0 23 RIS 3 T A"AA (N-HEXANE @ MCO)ste] <F7hA] 54-1>% 8.9 g (& 79.4%)

5<
-~

N N
334 54-1 @ J\©

N

54

1,4-dibromobenzene (10 g, 0.042 mol, sigma aldrich), <374 81-1 (14.96 g, 0.051 mol), potassium
carbonate (17.58 g, 0.127 mol, sigma aldrich), Pd(PPhs), (2.45 g, 0.0021 mol, sigma aldrich), THF 150

ml, H0 40 mL 93 12A3F gt &7 wnkste] wbSAIZITH wbg $85 F 10 ¢ NCE ol&3dt] TEEE & F
A7l A (N-HEXANE : MC)3te] 3lghe 545 11 g (58 80.3%) F53H3ltt.

H-NMR (200MHz, CDC13):8 ppm, 2H(8.27/s, 7.85/d, 7.52/d, 7.25/d) 3H(7.41/m) 4H(8.28/d, 7.91/d, )
6H(7.51/m) 8H(7.39/m)

LC/MS: m/z=735[ (M+1)']

Sodel 4 sHetE 97 A
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[0139]

[0140]
[0141]

[0143]

[0144]

[0145]

[0147]

[0148]
[0149]

[0150]

[0151]

[0153]

ZIHSd 10-2019-0021129

(1) Az 1 2 F3A 97-19] 34

NO, ON

msr . @[B‘OH)Z a=a
4> Br —\ —
<\ / Br <:/>

97-1
1-bromo—2-nitronaphthalene (10 g, 0.0397 mol, Yurui), 2-bromophenylboronic acid (9.56 g, 0.0476 mol,
sigma aldrich), potassium carbonate (16.45 g, 0.119 mol, sigma aldrich), ="} Pd(PPhs), (2.29 g, 0.002

mol, ﬁmaaMﬁwWﬂﬁm2%rmﬂ<%80m4%i60Tﬂﬁ 12A17F Fot wwkste] whSA AT, HbS £33
S H0 : MColl SEYE 3 T AdAA (N-HEXANE : EA)dto] <FZHA] 97-1>S 11 g (& 84.5%) +S5389itt.

(2) Azd 2 @ F3A| 97-29] ¢4

=24 97-1 (20 g, 0.061 mol), triphenylphosphine (47.96 g, 0.183 mol, sigma aldrich), 1,2-
dichlorobenzene 300 mL 2il 180 TCollA 12A17F EoF wwkale] wk-AlFH L), ¥bg F8 T H0 : MCo| SEHE

st 3 ABAA| (N-HEXANE) 3} <Z7HA 97-2>5 10.6 g (58 80%) $53F9t}.

(3) Az 3 : 3 g79] A

Lo

Z=ZFA) 33-4 (10 g, 0.020 mol), =%rA 97-2 (5.1 g, 0.0236 mol), potassium carbonate (6.81 g, 0.049
mol, sigma aldrich), Cu (2.5 g, 0.039 mol sigma aldrich), dibenzo-18-crown-6 (0.71 g, 0.002 mol,

sigma Aldrich), Dimethylformamide 200 mL ¥ il 150 CeollA] 12417+ Bk muksle] WEEA Rit}. s 5 3
0 : MColl ZE8E 3 T AAAA| (N—HEXANE. EA)o}@l 3letE 975 10 g (558 78.8%) 53T,

H-NMR (200MHz, CDC13): 6 ppm, 1H(8.55/d, 8.54/d, 8.3/s, 8.27/s, 8.16/d, 7.94/d, 7.65/d, 7.63/d,
7.41/m, 7.33/m, 7.25/m) 2H(7.91/d, 7.90/d, 7.67/m, 7.52/d, 7.51/m) 4H(7.40/m, 7.39/m)

LC/NS: m/z=643[ (M+1) ]

Ao 5 ¢ 3IsHE 133 $HA4
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[0154]

[0155]
[0156]

[0158]

[0159]

[0160]

[0162]

[0163]
[0164]
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(D) Az 1 A 133-19] FA4

O
ar
+

7N\ - =

v O ¢

1331

1,4-dibromonaphthalene (10 g, 0.035 mol, sigma aldrich), phenanthren-9-ylboronic acid (9.32 g, 0.042
mol, sigma aldrich), potassium carbonate (12.08 g, 0.087 mol, sigma aldrich), Zm] Pd(PPhs), (2.02 g,

0.0017 mol, sigma aldrich)ol] THF 200 mL9} & 80 mL YL 60 TolA 12A]17F F<¢F wwtale] wkeA|zc). Wk
T2 50 : NCol SRS T F APAA (N-HEXANE : EA)3to] <F7HA) 133-1>& 10.6 g (& 79%) 53}
STt

(2) Az 2 @ A 133-29] A

Br w
o._.0O
9@ I
(e} 0o
+ B—B, e
o

o]

13341 O

133-2

Z=7rA 133-1 (10 g, 0.026 mol), Bis(pinacolato)dibron (8.61 g, 0.034 mol, sigma aldrich), potassium

acetate (5.12 g, 0.052 mol, sigma aldrich), PdCl.(dppf) (0.57 g, 0.0008 mol, sigma aldrich), 1,4~
Dioxane 200 mL Wil 95 TColA] 12A17F S<F wwkste] REGAIAT. Wbg T8 & H0 Ya SEE 3 & 49

o =

A (N-HEXANE : MC)8} <F3HA] 133-2>5 8.2 g (5F& 73%) 533t}

(3) Azl 3 @ sI3HE 1339 F{A

Z7H4 33-4 (10 g, 0.020 mol), Z=7+A) 133-2 (10.18 g, 0.024 mol), potassium carbonate (6.81 g, 0.049
mol, sigma aldrich), Pd(PPhs), (1.14 g, 0.001 mol, sigma aldrich), Tol 150 mL, EtOH 30 mL, H,0 15 mL ¥
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[0165]

[0166]

[0168]

[0169]

[0170]
[0171]

[0173]

[0174]

[0175]

[0176]

[0177]

[0179]

Z2IHE3 10-2019-0021129
312417 For B wwketo] Wb AIATH, ¥ES F8 3 0 @ FAZ o] &3dle] FRYE 3 F AAAGA (N-
HEXANE @ EA)&le] 3}8HE 1338 11.5 g (58 79.8%) F538+9th.

H-NMR (200MHz, CDC13): & ppm, 1H(7.93/s, 7.41/m) 2H(8.93/d, 8.55/d, 8.27/s, 8.12/d, 8.01/d, 7.88/m,
7.82/m, 7.55/m, 7.52/d, 7.51/m, ) 4H(7.91/d) 8H(7.39/m)

LC/NMS: m/z=730[ (M+1) ]

A 6 sI3HE 188 $HA

(1) Az 1 : T34 188-129] A

Z=2r4 1-3 (10 g, 0.020 mol), dibenzolb,d]lfuran-4-ylboronic acid (5 g, 0.024 mol, sigma aldrich),
potassium carbonate (6.77 g, 0.049 mol, sigma aldrich), Pd(PPhs;)s (1.13 g, 0.001 mol, sigma aldrich),

F HO : EAE °]&

Tol 150 mL, EtOH 30 mL, H,0 15 mL 23 7A17F H9oF 37 mwuksle] wkSAHT, vs 8
slo] SRS 3 T APAA (N-HEXANE : EA)dte] <F7HA] 188-1>2 9 g (& 76.8%) 531},

(2) Azl 2 @ 3I3HE 1889 FA

7N
CoO g
. <
9@ SRAaS!
B,O
6=
541

o

r

B
188-1

Z=ZFA) 188-1 (10 g, 0.017 mol), =7+A) 54-1 (8.74 g, 0.020 mol), potassium carbonate (5.78 g, 0.042
mol, sigma aldrich), Pd(PPhs)s (0.97 g, 0.008 mol, sigma aldrich), Tol 150 mL, EtOH 30 mL, H,0 15 mL ¥

IO8ARE ok S wslel wbgAIZTH. whe TR F M0 ¢ FAE olgste] SRS I F AdAA (-
HEXANE : EA)3ke] SH3HE 188% 11 g (58 79.6%) F53k3lch.

H-NMR (200MHz, CDC13): & ppm, 1H(7.89/d, 7.81/d, 7.66/d, 7.32/m) 2H(8.27/s, 7.41/m, 7.38/m, 7.25/d)
3H(7.85/d) 4H(8.28/d, 7.51/m, 7.91/d) 8H(7.39/m)

LC/MS: m/z=825[ (M+1)']

ESR L
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[0180]

[0182]

[0183]

[0184]

[0186]

[0188]

[0189]

[0191]

[0192]

[0193]

[0194]
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2 oo WE AAjdelA, IT0 8 A5 25 mn X 25 mn X 0.7 mm®] F2] 7|3 ffel ‘:'ﬂo}i, IT0 #H
il AE 110 e 7Is ol&ste], w3d wHe] 2 mm X 2 mm 277} HEF HEYI 5 AAsI
71 110 el 8h7] =

o

=]
-
5 =1 = = -6 - -
g 2T AWl FAD F ol ho] 1% 10 torr7h HES & F §71%
2 z

22k AAle 1 WA 9

2 e gt FEEE IFES BEFTY SFER g, Y 22 A% FRE ZEE A g {71HA
B AR E Az, g a&S LS g EAS 5439

IT0O / AEFFYSHAT_CN 5 nm) / AFF45S5(a-NPB 100 nm) / HAAFAAZ(TCTA 10 nm)/¥FZ (20 nm) / A
A4=4% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

4 a7 el BT NS ol3to] 5 m FAZ ¥ 4FH Pyon Fysia,
FEFS a-NPBE Mgl AHsilt. AAAAFE KCIAZ 10 m FAZ et w4,

ol F AY = iy
= 32~E 3EREE B wgor pHEE 5184 1, 33, 54, 70, 97, 111, 133, 188, 2048 AME } , B3
E 3E2 [BD1]S AME3te] FAI7F 20 nm AE7F HES ARSI °D4 FE AR FEF 6] [201] 3
& Liq 50% %) 30 nm 2 LiF Inm ¥ <FWHE 100 mES F2H oz Aubsto] %ﬂﬁﬁlﬁa‘%ix}% xﬂ}_é}‘ii
o}
A v 1

=5

22k mlald 15 A9 F718AEF a2 7] Arld 19 A zoA EE SgERA 2 dddd
S ool BHlE AREshs A& AlQlstale, 7] Al 13 FdsiAl A=sint.

Addel 10 &2 Al 1 WA 99 2d 54

A7) AA o wal AF"E F7) A AS S A= Source meter (Model 237, Keithley)@t $1%=4 (PR-650, Photo
Research) & o]&3to] At i/ % &g a8&8 343931, AF X 10 mA/ai7b &= HAs "5 AY"

o2 Holste] wlwetlrt. A= s [® 113 2.
F1
AA 4 gE SAE Vv cd/A QE(%) CIEx CIEy
1 R 4.18 7.28 5.76 0.144 0.154
2 3}8+2133 4.20 7.35 5.82 0.145 0.154
3 8}814]54 4.19 7.22 5.70 0.144 0.155
4 3}8-4170 4.25 7.10 5.62 0.145 0.156
5 8}81497 4.22 7.19 5.66 0.145 0.154
6 3}8ha1111 4.21 7.10 5.63 0.145 0.155
7 3}3141133 4.20 7.17 5.64 0.145 0.155
8 3}8121188 4.18 7.23 5.72 0.144 0.154
9 3}3141204 4.16 7.30 5.79 0.145 0.154
Hlae] 1 BH1 4.24 5.2 4.34 0.147 0.156

A7) [E 1o JE AE Adnm, 94, B o) e waAE f3Be ad 488 450 T o
Eehil FEAS A5 SHREHDE AST LAme)ol Hste] WY BE, P BE 5 WY 540 @
A8 952 AT 5+ Aok,
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ne . N
NC: \N ’U/‘ N
N:g;” N
[0195]
[0196] [HAT_CN] [ a-NPB] [BH1] [BD1]
=02
EH]

Ary

(Ln

A >
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