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(57) Abstract: The present invention relates to a method for manufacturing a hybrid organic/inorganic light-emitting device. More
particularly, the present invention relates to a method for manufacturing a hybrid organic/inorganic light-emitting device, comprising
a step of forming a light-emitting layer on an electron injection layer made of an n-type oxide metal by means of a solution process
using a monomolecular light-emitting material having a functional group capable of forming a covalent bond with the n-type oxide
metal. The present invention also relates to a hybrid organic/inorganic light-emitting device manufactured by the method. The meth -
od for manufacturing a hybrid organic/inorganic light-emitting device (HOLED) according to the present invention may enable a
light-emitting layer having high productivity to be formed by means of the solution process using a mono-molecular compound. The
hybrid organic/inorganic light-emitting device (HOLED) according to the present invention may lower an energy barrier in moving
the electron injected from a negative electrode to the light-emitting layer through a metal oxide, improve turn-on voltage properties
and luminous efficiency, and form a flush intertace with the surface of the metal oxide.
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[194] 7)ol A A 2% 4-(10-phenylanthracen-9-yl)benzaldehyde 2} A o} Lo} Al E4F

7 2], ACNS A7}k 3 6417k 5 QF 2 03§l o), k&8 9 & W ZhA 7]
3- %7]€*ch€ F=5rstal ffstar A A A ko] 817 k=2 A2

[195] m/z: 425.14 (100.0%), 426.14 (32.8%), 427.15 (5.6%)

[196] Elemental Analysis: C, 84.69; H, 4.50; N, 3.29; O, 7.52

[197]
e
O=~ o
ot
[198]

[199] [Al &4 2]

[200] 9-(4-bromophenyl)-10-phenylanthracenes U 213} <]
9,10-bis(4- bromophenyl)anthracenei HE-2-38l A8 A9 slar+s= A7) A Ao 19
A=Wy 5 g H S A& sk §17) ﬁ}'ﬁ%g Az 3813t

[201] m/z: 520.14 (100.0%), 521.15 (37.2%), 522.15 (7.5%), 523.15 (1.1%)

[202] Elemental Analysis: C, 78.45; H, 3.87; N, 5.38; O, 12.29

[203]
HooC SN 0
O O O Y—coon
Q NC
[204]

[205] [A| 2o 3]

[206] 9-(4-bromophenyl)-10-phenylanthracenes U 213} <]
4-bromo-N,N- dlphenylamhnei W3-8k 315 Al 9 stare 7] A A o 19]
A 2] I 5 A e S AR5t 0P71 S-S Al xS

[207] m/z: 340.12 (100.0%), 341.12 (24.5%), 342.13 (3.2%)

[208] Elemental Analysis: C, 77.63; H, 4.74; N, 8.23; O, 9.40

[209]
g %cow

[210]

[211] [Al Z o] 4]

[212] 9-(4-bromophenyl)-10-phenylanthracene<- t] 41 8} o]
4'-bromo-N,N-diphenyl-[1,1'-biphenyl]-4-amine 2 WF-&-3F 212 #| 2] 3} 2= 7]
2A o 19] A2l 3 A g S AFEsko] 817] shekE S Al x 8T

[213] m/z: 416.15 (100.0%), 417.16 (30.6%), 418.16 (4.9%)
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[214] Elemental Analysis: C, 80.75; H, 4.84; N, 6.73; O, 7.68

[215] Q
@ MCOOH

[216]

[217]  [AZ&e] 5]

[218] 9-(4-bromophenyl)-10-phenylanthracene<- t] 413} o]
9-(4-bromophenyl)-9H-carbazole 2 W3-+ 212 A 9] 3} a11= A7) A Al o] 19
Az 3 F A9 WS ARS8l 51 ﬁ}%%g Az AT,

[219] m/z: 338.11 (100.0%), 339.11 (24.0%), 340.11 (3.3%)

[220] Elemental Analysis: C, 78.09; H, 4.17; N, 8.28; O, 9.46

[221]

2

[222]

[223] [A] =] 6]

[224] 9-bromo-10-phenylanthracene 10 g= THF 200 ml°l| + %1 5 -78 °C=. 4] 8} %A 1}
2 M n-BuLi 14 mlE 304%-7F F1 %51 8] 47} 5- 1A {F nlnka}al -78°Col A diehtyl
chlorophosphate 7.25 ml& 57} % 3A| 7+ kel al wh-g-o] FAHH F-7] =555
Fofal 4shstar A9 GA ko] 8t7] shekEg AU

[225] m/z: 334.08 (100.0%), 335.08 (21.9%), 336.08 (2.9%)

[226] Elemental Analysis: C, 71.85; H, 4.52; O, 14.36; P, 9.27

[227]

g
o
ok

[228]

[229] [A| 2ol 7]

[230] 9-bromo-10-phenylanthracene= U 413} ¢]
9-(4-bromophenyl)- 10-phenylanthracene = HF-§-5F 515 A 9] 8} = 7] 2 A] o]
62] Al S A7 WE S AFE ko] 81Y] g ek S Al s3I

[231] m/z: 410.11 (100.0%), 411.11 (28.5%), 412.11 (4.5%)

[232] Elemental Analysis: C, 76.09; H, 4.67; O, 11.70; P, 7.55

[233]
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[234]
[235] (A4 8]
[236] 9-bromo-10-phenylanthracene= tf 21 3} ¢ 2-bromo-9,10-diphenylanthracene =

[237]
[238]
[239]

[240]
[241]
[242]

[243]
[244]
[245]

[246]
[247]
[248]

[249]
[250]
[251]

ek AS A9l slale 7] A Ao 69 Al A e S A& Sk

57) Shere Az ek,
m/z: 410.11 (100.0%), 411.11 (28.5%), 412.11 (4.5%)
Elemental Analysis: C, 76.09; H, 4.67; O, 11.70; P, 7.55

@,
O
,O

P
N
HO OH

[Al Zel 9]

9-bromo-10-phenylanthracene= U 413} ¢]
N-(4-bromophenyl)-N,10-diphenylanthracen-9-amine = H+-§-%F 71 -&
371 A Aol 6] Al ZWE I F D ES AFE-8ke] 8LY) St e
A 23} et

m/z: 501.15 (100.0%), 502.15 (35.1%), 503.16 (5.9%)

Elemental Analysis: C, 76.64; H, 4.82; N, 2.79; O, 9.57; P, 6.18

o

o Q,

R
7N
HO OH
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lo
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[A| 2o 10]
9-bromo-10-phenylanthracene=- tf] 21 3} ¢

NO-(4-bromophenyl)-N9,N 10,N10-triphenylanthracene-9,10-diamine = HF-8-gF 7

A 91531 7] A ol 69] AZH T} B G PEE ALg 5] 3] 3
Az 389,

m/z: 592.19 (100.0%), 593.19 (41.8%), 594.20 (9.0%), 595.20 (1.4%)
Elemental Analysis: C, 77.01; H, 4.93; N, 4.73; O, 8.10; P, 5.23
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[252]
[253]
[254]

[255]
[256]
[257]

[258]
[259]
[260]

[261]
[262]
[263]

[264]
[265]
[266]

[267]
[268]
[269]

S8t

[A| 2ol 11]

9-bromo-10-phenylanthracene= U 413} ¢]
2-bromo-N9,N9,N10,N10-tetraphenylanthracene-9,10-diamine 2 J+-5-3+ 51
Ao starz 7] DA o 62 A=W 3t F A3 S ARE-Sko] 817] SHek e
Az 8.

m/z: 592.19 (100.0%), 593.19 (41.8%), 594.20 (9.0%), 595.20 (1.4%)

Elemental Analysis: C, 77.01; H, 4.93; N, 4.73; O, 8.10; P, 5.23

L
SEr

[A] 2ol 12]

9-bromo-10-phenylanthraceneS tl] 213} 1-(4-bromophenyl)pyrene 2 W+-5-5F
2 Aol ekale 7] A Aol 69 A2 3 AT WS AR&Ske] 817
g} E2 Az k3t

m/z: 358.08 (100.0%), 359.08 (24.1%), 360.08 (3.3%)

Elemental Analysis: C, 73.74; H, 4.22; O, 13.40; P, 8.64

O, oH
P\
OH

(A2 e] 13]

9-bromo-10-phenylanthracene= U 413} ¢]
N1-(4-bromophenyl)-N1,N6,N6-triphenylpyrene-1,6-diamine = WF-&- Sk 51
Aol ekarsz A7) Aol 69 Az E 3t S A7 WS AFESke] 817 Sk E S
A 23} et

m/z: 616.19 (100.0%), 617.19 (44.0%), 618.20 (9.9%), 619.20 (1.6%)

Elemental Analysis: C, 77.91; H, 4.74; N, 4.54; O, 7.78; P, 5.02
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[270]

[271] [A] Z o 14]

[272] 4-(diphenylamino)benzaldehyde ¥} rhodanine-3-acetic acid& O}A| E4lof] =591 $-
YR gFolAH o] EE YaL ARt SERAI AT WhGo] FE Y 2o
W&o A7 5 AEES A8 HAUtedivh A A =S o Hstal &

33] Al Hstar Az vt e 23 v S =2 e-S o] &afo] A A A5k
al7] getES d AT

[273] m/z: 446.08 (100.0%), 447.08 (27.9%), 448.07 (9.1%), 448.08 (4.5%), 449.08
(2.6%)

[274] Elemental Analysis: C, 64.55; H, 4.06; N, 6.27; O, 10.75; S, 14.36

[275]

‘Cﬁw

g N COOH

[276]

[277] [A| 2o 15]

[278] 4-(diphenylamino)benzaldehyde< T 213} <]
10-ethyl-10H-phenothiazine-3- Carbaldehydei HES-gk 218 A 9 3} 3l+= 7]
AAlo 149 A2} F LA WEE AFESEe] 817] B eh=E Al &8l

[279] m/z: 428.03 (100.0%), 429.04 (21.9%), 430.03 (13.8%), 430.04 (3.4%), 431.03
(3.3%), 429.03 (3.1%)

[280] Elemental Analysis: C, 56.05; H, 3.76; N, 6.54; O, 11.20; S, 22.45

[281]
wx

\—‘COOH

[282]

[283] (A2 16]

[284] 4-(diphenylamino)benzaldehyde< T 21 3}¢] 4-(9H-carbazol-9-yl)benzaldehyde =
W3 A A9 B3 7] 2 A o) 149) A2 B S HPEE AF o)
8] ket e Az,
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[285] m/z: 444.06 (100.0%), 445.06 (28.4%), 446.06 (10.3%), 446.07 (3.3%), 447.06
(2.5%)

[286] Elemental Analysis: C, 64.85; H, 3.63; N, 6.30; O, 10.80; S, 14.43

[287] : ©_>\(

COCH

[288]

[289] [A| Z o] 17]

[290] vk &2} 22 A ol (10-phenylanthracen-9-yl)boronic acid 20 g}
2-(4- bromophenyl)acetonitrile 33.5 g= =54 450 mlol] =°]51 2 M K,COsE 150
ml g a1 A 9 7] 8boll A 3047t wk 5 B Euky EHep 2ol Frelg Sl
35 g~ Y31 1247 8k ﬂﬂPo}oﬂB} 3ol A 3 7T L MCE

= oF3 . o] §- MgSO, = =3 Al 7] - A A A 5fo
12-(4-(10-phenylanthracen-9-yl)phenyl)acetonitrile= 3 AT}, o] $-
2-(4-(10-phenylanthracen-9-yl)phenyl)acetonitrile®l] KOH %2 ¥ 51 12A] 7t 2H7
ke kg o] AL MCE F2 32 th o] F MgSO,E 43 A A

Ao tste] st7) sheh== AU

[291] m/z: 388.15 (100.0%), 389.15 (30.6%), 390.15 (4.9%)

[292] Elemental Analysis: C, 86.57; H, 5.19; O, 8.24

[293] o
O O O COOH
‘

[294]

[295] [A] Z o] 18]

[296] vk &2} 22 A ol (10-phenylanthracen-9-yl)boronic acid 10 g2}
4-(2-bromoethyl)pyridine 17.6 g2 =52l 200 ml°l] <5 ©]3L 2 M K,COsE 150 ml
RS Eo s i ki EG IT SEd aA a oe R e S I ia}/\ﬂoﬂ
Zehg Sl 1.9 g2 93 12417) 8 kel o] - wkgo] &

ST R MCRE #5385 g ehol sto] 817) sfehaa AUt

[297] m/z: 359.17 (100.0%), 360.17 (29.4%), 361.17 (4.2%)

[298] Elemental Analysis: C, 90.21; H, 5.89; N, 3.90

[299]

[300]
[301] [A 2ol 19]



56

WO 2014/011010 PCT/KR2013/006322

[302]

[303]

[304]

[305]
[306]
[307]

[308]

[309]

[310]
[311]
[312]

9-Bromo-10-phenylanthracene 8 g<= anhydrous diethyl ether 300 m1¢]] = 1 U},

°]5- 0 °Coll A n-BuLi2M) 18 mlE A 3] YA} 0°Coll A 141 3F 7+74] -
1.10-Dibromodecane 1.6 ml1= g 31 30+ - 24| {F 357 ik OFOﬂ t} wvk2-o]

o) WA A oM FE 0T W T ERE D etheri 2E 5T, o F
MgSO, = Fi-A A §- A 7 A A 8} 9-(10-Bromodecyl)-10-phenylanthracene 5.7
g2 AT} ©]%- 9-(10-Bromodecyl)-10-phenylanthracene 4 g} thiourea 1.3 g=
anhydrous ethanol 50 mlol] = ©] 31 4A] 7+ 35+ 0L 1E 3} 91T}, 0] % 6 M2] NaOH 50
ml=Z g 3L 22 3 g algk 8 Qi) o] 5 whg-o] o] o] XIS H A] ek o
ethanolS A A $- EAR F538} U}, 0] % Brine -89 0 2 A o] & 3 MgSO,=

T A7 5 A- A A sE] 817] ShgheS LA

m/z: 426.24 (100.0%), 427.24 (33.6%), 428.24 (5.4%), 428.23 (4.5%), 429.24

(1.5%) Elemental Analysis: C, 84.45; H, 8.03; S, 7.52

@,
O O CHz(CH2)aCH2SH
w,

[A] Z o 20]

9-(4-(bromomethyl)phenyl)-10-phenylanthracene 7.6 g2} A~F A J}0] E 55 g5
ol &3 SR 1:1 73] 1] €] 400 mlol] =51 §- 40 °Coll A 244 3F anka} Tt
W30 S AW FHFE M| E T 73k ol 3alo] 7] S-S AU,

m/z: 410.10 (100.0%), 411.10 (29.2%), 412.10 (4.6%), 412.09 (4.5%), 413.10
(1.3%) Elemental Analysis: C, 76.08; H, 4.42; O, 11.69; S, 7.81
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2LAL el 1 WA 20 (571 &g A AH(HOLED) A %)
A7 A zZE Az 1WA 209] 813FES AFgEte] B3y e FFRE VA=
7] 33 A AHHOLED)E Al &38F 3t A4 A o 2 A el vh-3 2

Ol FEl-2-ALo] = (ITO) 7 1500 A 7|7 vkt mel | ¢ 7] 8-S S 575
2592 AT, SR A Aol Ty o] Ax 2 ¢ F L oA E, WE
59

o A% 2 &} Al HSa XA T Eebzmnl MG ol A7 e
Zefxnps o) &alo] 7] 713-g 537 Al g S 11O 7] 3 4o
AR EF S 2 A Abglold k- Y AH(ZnO nanoparticle) & 2= ¥ ;Ti% sho] 457

85 nm A 93 TH Th2 S 2 A7) Azl 1 W A] 20004 {4 &
Fa WAl &85l 1 wtde &N 07 ZA|5lar, 2% H ¥ H| 2] 3
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[313]

[314]

H32 0 2100 nmE A 1kl v) o
Wt SN O T ZA|Sal, 2~ 8
AuslAt) the o7 AF
Yo7 Al 100 nm = A HFS
- 5-7] Wg- A2 (HOLED) & A
55:} )23 ] ;q]x]-g 7]HLJ6}/\X]_/] /\X]— E/H# Z:;q ]_oﬂq_ o) Oﬂi /\1/\] oﬂ
119] 8359 A&310] 2| 2 F7] 9 27 Keithley- 236 2224
ROo® EAA E 4D 59 T $5e AT WE- G-I E-V-L) B4,
2 eI e, 382 1 WA 10 B 3o 12 U1A] 202 AR&3E
Ao 2w Eo] e A ek grx|uk A A o] 1139} rh b =

o R g g8 R AT
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oF
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3 kol 0h2 S0 1l = 7] WY AHHOLED) ] Az 2 7]

o
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W ol o] glo] Al sho]lH Y & . 5-7] W AXHHOLED) = w5 S 251
FHE AT FEASE S Tl HFFT O R o] Fok= ] oA energy S
& 9 912, Turn on voltage S 3 &S 7| T = 9lom, 53] @A)
seES o] &3 & ANFAHE Foto] BolsiA WSS AL =+ o,
FEASE TH Y AL AW FAJ T S
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AR A7), Co~Cpod] SEIZA E =7, Ce~Cyp®] o EH 7], Cs
~Cy9] BB ol 7] 2 SiE o] Folx] 7 o2 7RE A skt
o] g2l 712 X g A} A S5 A] gF2 C~Cyp2] L7 7]; Ci~Cyp9l
Al ZFRZAZT]; Co~Cy®l AL 7]; ConCop®l EFAI7]; 0 7] C
~Ca02] OFE 75 Co~Cy ] 8l Bl 2ol 7]; Hi= Sio]aL, o] 7] A, 14
HE= AR FIE 5 o,
R, = 554, 27, ofn| 7], UEH Y], UER 7], C~Cy2
A717], ConCyo 2] LA 7], C~Cip2] LA 7], Cs~Cap &l
A FRZAZ 7], Ci~Cy®] B H ZA| ERLZ 7], Ce~Cun® o} 7], Cs
~Cyp?] BlE Eo}E 7] & §iE o] F-o] 2] 7O R HE] He g 3}
o] 2] 7] 2 X8 AL} A S A] L C~Cyp2] U 71; CanCip®l
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