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[0123]

[0124]

[0125]

[0127]

[0129]
[0130]

[0131]

[0132]

[0134]

[0135]
[0136]

[0138]
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719k ol ¥ Il wet f‘*”ﬂ% 2t f7lETe A fss Ak et 2dd ¢ low, FAA e

2 TF el 95 1%
SO000E FAT AT £, 7] ALEE00) AFAA AAFAZE00] AAH AT o1%0] 3
F(300002 FAT F ek, ol ARHE AL oh, A7) ABFGUOS FATYOR I4W F dov,

qg
300 YA 900 A9 FA=Z dAAE 4 ).

B oZve]l mE 7] 2@l lojd, Eeel Al SWeN 71&F ugo] BF g8 & glen, ofd A

ojst, wlel AAldlE Fato] wuh FAlHor dist, & AAldel oste] Eele] e} A= AL of

[AA]]
=ZHA $HA
=4 S PAL A8 S04 0PE 719 o WeAoR BT & A
0.0
8
O"B"O
hl |II \
AT l—Ar-Br A T \-0 A
N — Br—L-N  ——— B—L—N
'  1BUONa ‘W Pd(dppfiCl, 70 S
Pd{dba)s KOAC OP

{t—Bu)S-P

Az1: FZA (0P1)

e O
3B 2580

FoutEEe Al Y] 2—bromo—9,9—diphenyl—9H—fluorene 30.0g, aniline 5.6g, t-BuONa 1lg,
Pd,(dba)s2.8g, (t-Bu)sP3.5m1E EF< 500mlel] =<1 & 37 wwkelddct. TLCE ¥He-& 93}1_3]—5’_ =S A &
W& T4, f715S MCE FE3ta 7o #g $ AAdAste] 0P1 21.3g (75 69%) &8 AATH.

471 OP13F & e ® &b7] £ 13 #Zo] =4S deldto] sty &2 0P2 WA 0P8s sttt
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[0140]

[0141]

[0143]

[0145]

[0146]
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N
O "

N Jr
OP5 OP6
=
oPs {_
F
oP2e] g4 0P39] &UEH 0P49] &4

55 8-

.

2-bromo-9,9-diphenyl-9H-f luoren
e, naphthalen-1-amine

2-bromo-9,9-diphenyl-9H-f luoren
e, naphthalen-2-amine

2-bromo-9,9-diphenyl-9H-f luoren
e, [1,1'-biphenyl]-4-amine

0p5¢] ==+

EEEZ‘——'_]

0P6e] ==

Op7¢] =4

5. o

B om

- oof

3-bromo-9,9-diphenyl-9H-f luoren
e, aniline

4-bromo-9,9-diphenyl-9H-f luoren
e, [1,1'-biphenyl ]-2-amine

2,7-dibromo-9,9-diphenyl-9H-f luo
rene,
N-phenyl-[1,1'-biphenyl |-4-amine

Opge] ==+

ag  F

2,7-dibromo-9,9-diphenyl-9H-f luo
rene,

di([1,1'-biphenyl]-4-yl)amine

)3 B4

e}

871 TZA OP1 WA 0P85 ARg-ate] str]s o] 52 3ghE 1 WA 3}



[0147]

[0148]

[0149]

[0151]

[0152]

[0153]

[0155]

[0156]

[0157]

[0159]

[0160]
[0161]

SIHSd 10-2018-0129397

setE 19 ¥4

TonteEEta e A 3—(4—br0mophenyl)—9—pheny1—9H—carbazole 3.0g, OP1 3.1g, t-BuONa 1.1g,
Pd,(dba)s0.3g, (t-Bu)sP0.3m1E EF4 100mlel] =< & g7 vk, TLCE ¥He-& E}J 3t B8 AU &

WS FANYL. H7152 W2 FEFL AdIRT F AL B 1 3.5 (5 60T 23k,
m/z: 726.30 (100.0%), 727.31 (59.9%), 728.31 (17.6%), 729.31 (3.4%)

S48 29 44

A7 e 13 22 Wylez 0Pl Al 0P2E AREse BeHE 285 ASISITh. (9865%) m/z: 776.32
(100.0%), 777.32 (64.6%), 778.33 (20.3%), 779.33 (4.2%)

e 39 ¥4

A7 ke 19 #2S wHoez 0Pl tiAl 0P3E AFEdte sistE 3S fASIH. (5860%) m/z: 776.32
(100.0%), 777.32 (64.6%), 778.33 (20.3%), 779.33 (4.2%)

S 49 A4

A7 e 19 22 WRlez 0Pl Al 0P4E AREsH BEHE 45 AT (2E&70%) m/z: 802.33
(100.0%), 803.34 (66.5%), 804.34 (22.2%), 805.34 (4.7%)
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[0163]

[0164]
[0165]

[0167]

[0168]
[0169]

[0171]

[0172]
[0173]

[0175]

[0176]
[0177]
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s}3tE 59 ¥4

® O
o)S

A7) 3hetE 13 Z2e WH o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole ™4l 3-(4'-bromo-[1,1'-biphenyl]-
4-y1)-9-phenyl-9H-carbazoleS A}&3le 33&E 55 FA3Iv. (863%) m/z: 802.33 (100.0%), 803.34
(66.5%), 804.34 (22.2%), 805.34 (4.7%)

3EE 69 A

Q20
@ K
ol

A7) 3eE 13 Ze ¥ o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole 2 OP1 4l 3-(4'-bromo-[1,1'-
biphenyl]-4-y1)-9-phenyl-9H-carbazole % 0P2& AM&3te] 33d&E 6& FASTE. (5&60%) m/z: 852.35
(100.0%), 853.35 (71.0%), 854.36 (24.7%), 855.36 (5.7%)

3E 79 ¥4

QQQ
S

A7) 3eE 13 e o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole 2 OP1 4l 3-(4'-bromo-[1,1'-
biphenyl]-4-y1)-9-phenyl-9H-carbazole ¥ 0P3S Al&3te] g3HE 78 3HAdsirt. (5862%) m/z: 852.35
(100.0%), 853.35 (71.0%), 854.36 (24.7%), 855.36 (5.7%)

3§E 89 A4

Foh

A7) 3eE 13 22 o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole 2 OP1 4l 3-(4'-bromo-[1,1'-
biphenyl]-4-y1)-9-phenyl-9H-carbazole ¥ 0P4E A}&3to] 33E 8S AT, (578&65%) m/z: 878.37
(100.0%), 879.37 (73.0%), 880.37 (26.4%), 881.38 (6.2%), 882.38 (1.1%)
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[0179]

[0180]
[0181]

[0183]

[0184]
[0185]

[0187]

[0188]
[0189]

[0191]

[0192]

[0193]

Z2IHE3 10-2018-0129397
s 99 T

QGQO
> QS
),
A7 33E 13 e W o2 3-(4-bromophenyl)-9-phenyl-9H-carbazole w4l 3-(4''-bromo-[1,1':4',1'"'-

terphenyl ]-4-y1)-9-phenyl-9H-carbazole& A}&3}e] 33E 95 TASIY.  (5858%) m/z: 878.37
(100.0%), 879.37 (73.0%), 880.37 (26.4%), 881.38 (6.2%), 882.38 (1.1%)

a2 109 4

@
g 0
JD

A7) B E 19 22 o R P1dixl 0PsE ARgste] 3RHE 10& dskdth. (57860%) m/z: 726.30
(100.0%), 727.31 (59.9%), 728.31 (17.6%), 729.31 (3.4%)

3AE 119 &4
®
dQQQQ
s
JD

A7) 3eE 13 Ze o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole 2 OP1 4l 3-(4'-bromo-[1,1'-
biphenyl]-4-y1)-9-phenyl-9H-carbazole R OP5E& A}&3le &3 11& FAsklvh. (5&63%) m/z: 802.33
(100.0%), 803.34 (66.5%), 804.34 (22.2%), 805.34 (4.7%)

setE 129 4

A7 sgE 19 22 WHoeE OP1tlAl 0P6S ARESte] S3E 128 38T (5858%) m/z: 726.30
(100.0%), 727.31 (59.9%), 728.31 (17.6%), 729.31 (3.4%)
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[0195]

[0196]
[0197]

[0199]

[0200]
[0201]

[0203]

[0204]

[0205]

[0207]
[0208]

[0209]

[0211]

[0212]

SIHSd 10-2018-0129397

s}5HE 139 4

@Q

A7 SgHE 19 22 WHo R 3-(4-bromophenyl )-9-phenyl-9H-carbazole 2 0P1 ™4l 3-(4'-bromo-[1,1'-
biphenyl ]-4-y1)-9-phenyl-9H-carbazole % OP6S Ab&3te] &3t 135 T3t (5&60%) m/z: 802.33
(100.0%), 803.34 (66.5%), 804.34 (22.2%), 805.34 (4.7%)

e 149 #4

Q.. aod
N . N
A aaresat

A7 3EE 139 23S 9w o= 3-(4-bromophenyl)-9-phenyl-9H-carbazole & OP1 t4l 3-bromo-9-phenyl-9H-
carbazole @ OP7& AFg3sle] 3gE 145 A3t (5865%) m/z: 802.33 (100.0%), 803.34 (66.5%),
804.34 (22.2%), 805.34 (4.7%)

3etE 159 4

3!

H

%

A7) EesE 13 728 "W o2 3-(4-bromophenyl )-9-phenyl-9H-carbazole & OP1 ™4l 3-bromo-9-phenyl-9H-
carbazole % 0P8& AMg3sle] &3t&E155 FASAT. (5867%) m/z: 878.37 (100.0%), 879.37 (73.0%),
880.37 (26.4%), 881.38 (6.2%), 882.38 (1.1%)

| AR 170713 Yol BFFU= HI0L 600A, HATCN 50 A, BEF4F2=Z BPA 600 A
2 Auel & Ay wadEo2 BHOL:BDO1 3%= =33kl 250 A ATt teozm HAxHgEoz
Alg3:Liq(1:1) 300 A Al=tek ¥ LiF 10AE &3t dAFYSTES FAITh. oo/ 5522 NgAg 15nme
FAZ FHAANZOM, 47 &5 9o HEFTORE FIFE 1S 600 A FAZ FEAAZC. o] AAE F2H W
204 U5 (Encapsulation) 22M4 7] ¥3F AAE A&slSld.

b lo

AAld 2 WA AAJA 15

A7] AAld 1004 BgteE 1 A, 47 3EgE 2 WX
2}

2 395 158 g3t ADF
AA ) 13 ge WHOE f7] WY 2AE AN

o
otk
o,
o
pay
tlo
2
o
o
ol
Rl
als
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[0214]

[0215]

[0216]

[0217]

[0218]

[0220]

[0221]

[0222]

H|ald] 1 WX vjad 7

A7) A6 1904 SR 1 AL, 8H71) SHEHE Rel.l UlA] Rel .78
Sstae AAel 15 2 PHoR §7) WY £4E ALt

7Y

00

i

C)
W,
e

Ref.2

:
QOQ @N

J

Ref.5 Ref.6

Qe‘
QOQ

400 22 oA
-Zrljo}jr_ EARES U]l"—E}(Komca Minolta)
24, AAd 9@ v o] f7] 2 Azt A
SAste] Frksiglem, 1 A%E 7] [£ 2]

3 (Kiethley 2400 source measurement unit) ©.=2 %
F3FEALA (CS-2000) S 0] 83
QI7FAte] gt AF d=

ZIHSd 10-2018-0129397

Joll vFERSATE.
#Z 2

Op. V mA/cm2 Cd/A QE(%) CIEy CIEy LT97
A A 41 4.00 10 8.60 7.51 0.139 0.060 140
A o2 4.00 10 8.58 7.45 0.140 0.061 138
A A 43 4.00 10 8.57 7.43 0.140 0.061 138
2 A o4 4.00 10 8.73 7.60 0.139 0.060 147
A A o5 3.99 10 8.65 7.50 0.138 0.061 140
2 A o6 4.00 10 8.70 7.56 0.140 0.061 140
A A o7 3.99 10 8.60 7.47 0.140 0.060 140
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[0223]

[0224]

[0225]

[0227]

[0228]

[0229]

SIS

10-2018-0129397

A A48 3.99 10 8.62 7.50 0.140 0.061 138

A 49 4.00 10 8.82 7.75 0.140 0.060 150

AA 4110 3.99 10 8.75 7.65 0.140 0.060 142

AA] 11 4.00 10 8.73 7.65 0.139 0.060 140

A A 12 4.01 10 8.70 7.67 0.140 0.060 147

A A 413 3.99 10 8.70 7.60 0.139 0.060 140

A 414 4.00 10 8.52 7.28 0.140 0.060 139

A A 15 4.00 10 8.50 7.29 0.140 0.061 141

H] a1 4.00 10 7.30 6.00 0.143 0.070 105

H] 3 of)2 4.02 10 6.85 5.95 0.143 0.071 100

H] 1L e)3 4.01 10 6.90 5.34 0.144 0.075 92

H] 3 of|4 4.01 10 7.00 5.60 0.144 0.074 88

H] 1l e]5 4.00 10 6.60 5.85 0.143 0.070 62

H) 3|6 4.01 10 6.63 5.43 0.145 0.078 60

H] a7 4.01 10 6.50 5.43 0.145 0.078 80
471 F 1o yehte upel o] B wge] AAd &L ujad 1 WX vlald] 7o) nlsle] Fe oRuAggS
YR, A W e A JAES & vk
B} FAAORE, Hlud 1 WA 49 Hluste] 2 @i o]l AAdELS hukEe] 3 9| X EE L, FphtE
ofdolvle] A Aolol]l F7MAQL ofHA AAVIZE AFE L, FhukEH ofdolwle]l AALTL ofdA AAV|E V]
o2 vlgh(para) YIAE AZAEH F WMENS FASHH, 1%@"-% 74 ¢ Qo] o] Q13 E&Y MFxR
7F ANAAES & ¢ Ak B, ¢ZEFAS e Hlad 5 9 Hlud 6, EFAE AR @ Hlald
73 Hlalste], B e AAjdES FolAFAClAE VAT UoldEFLAS X Fete] EAlE H AR
HH o] A F Uk, , ol ZRe oz s nlas AEAIME =& Tg 2 TdE 7FA4 webe
NAades AT 5 i, el - = Q.
=, & 2o A T EF 48 FFES AHESI {71 2F A AHSS AN DS
fr7] dg Aol Fgas, Azn 2 FEs N UdS5S gsEit
Hedl Bol Ao dAS g3l Aolu Eo] &3l sekole] Bake A4S JhH A B e
Aol ARl EAS WASHA FnA vdE FAAY R 944 WYl rteditte e oldE F As
Aolth, A BR oo 7]&d AAdES BE WHolA oA Zolm K] opd Fo=Z oldsofit
g}, dE Bol, ddFEor AWE e 7 7 84T FitEe] AAE £k glow, mpviAR Ak
Aor Adro] 9= 74 T Z%E = AAE 5 dv
o] WHelE 7] A AHETE $&3E S FE el 910}04 el A, E53 7RIS ou] 2
W, a2 O de NdeRRY REEe BE WY B wgd FEh 29 el 3= Aew 3
A E|ojof gt}
oo 49
100: 7]

2000 AEFAdS

3000 4EFEE

400: WF=

500: HAGEE

600: AAFIF

1000: elx==(Al1 A=)

2000: FHA=(A2 A=)
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