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o

T
ot
o
_>|~I_‘
o

o

FEAREA S eV o] Be] dFrE e =5, du, AHAEA e =

o9 EFES AT F vk, FAHCEE 52 Au e Cul, ITO()E 4 AHsE), Sn0; % Zn09 &<

S, A7 AEA s
—_T

o2 iR

2 il
Fes & 7 AUtk olddl, &FrE/AI0, &FrlE/eE, vhdla/ 2

AL v eAl= a8 Q/m ojstoltt. d=e] F= 10nm WA 1pm, B

RS 10 A 400m olth. oleld AFe shshd J14FECD), BYH ANFZHEW) o 4FE
W EE 2EHPEE Bolol 41 AT ARE o YYsel AT + Utk

TTY B4, 2 =4, O d, A A, DA AAFY Edo Zd;

A dEoZ ARSHAY B B By {U]AALFARE stEd AgFoz Yasie] ALgE 4 Qo
A T EZHZA N,N-dicarbazolyl-3,5-benzene(mCP), poly(3,4-
ethylenedioxythiophene) :polystyrenesul fonate (PEDOT:PSS), N, N -di(1-naphthyl)-N,N" -

diphenylbenzidine(NPD), N,N'-t#d-N,N'-t](3-vl&ud)-4,4'-t]o}n] =n]H L (TPD), N,N'-t]#H<-N,N'-tjr}
TE-4 4" -dotn enHd, NN N'N'-HEg-p-Ed-4,4'-t]olu]:=n]dd, NNN'N-eHEgsHd-4,4'-t]o}u]
HlEd, =Z9(11)1,10,15,20-Bl1E&ted-21H,230- £ d 53 22 X3 (porphyrin)3tgE F=4, T =&
S el WEE 3xfolrl & 2= A, 1,1-8 A (4-T-p-E ol A D) A S 2 A}
NN N-EZ(p-Ed)otdl, 4, 4", 4'-EFA[N-3-WEad)-N-Fdetr =] Eglddo}nly} 2 Eoldolrl
SA, N-ddvtERE 2 EejH|drtEnEd 22 JlEntE fRA, FEE5 TgEAold, JElZg R Aol
2o T Aold FEA, AEMHAE ol FEA, <ol agulA fEA, wWEES Agolvlyt ~EH™ oful

shgt= o] A, R Y 52 5 7 U

o

AR 44 EZA=ZA] diphenylphosphine oxide-4-(triphenylsilyl)phenyl (TSPO1), Algs, 2,5-Tjo}d AZ &

A (PyPySPyPy), HZF 2 gvo]E]= 3}E(PF-6P), Octasubstituted cyclooctatetraene 3+E&E(C0Ts)= & <

oy fAAARgRA QolA, AR FUF, A% FEF, AT FEF L AT FAFL PSS
29 S} o] FRE FRE WY OB FYNAY, = JE 438, PolF FH YL I
©uge) Zow p4E 4 Y

AR EA dE B9 53 dFAR, FEFTHA, deolA MA, 7] Addely B A 248 AkSE &
g v FAHoRE, FEA SRHE, XA SAPolmA SErE, JHEEA EZ2ASAMl=E SEE,
bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic),  tris(8-hydroxyquinoline)
aluninum(Algs), QPERA, dAGEAN, I, 4, AHA, I=2d, FEA 2 FAUIg=7 22 Egolz2n}
g aEE, Agdda 22 SEaddd setE, 1,.4-02 C-vgaEE)iAl, 1 4-0 2 d-E =) Al
L 4-H 2 (4-mE-5-9d-2- A2 lAl, 1 4-H] A (6-3d-2- A2 WlAl, 2, 5-H] A (5-t-E-2-il=SAE
2)rtol o, 1,4-t)sd-1,3-FEbr)el, 1,6-09d-1,3,5-9AEH S, 1,1,4 4~ E&bod-1,3-F e ql ) 2&
AL ol dE Ao, §2 FEAS FH52A, Fekd A4 gAolwewgdlg e A tAoleE

o o

- =

] *
AArtolevgt A, ZEvEl A SAMZEDA A4 F4kd A FERAEYE AL YA A,
El
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[0119]
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[0123]
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/\1}\]01]
o, AAE Fahol B dgel mE §/AALFLAS HAE P olF TP {/AALFLAY A%
WS oS AR Aydtr. ey ol AIE 93 Ao mA old oste] I W] Wt g H =
Ao] ojit}

Az 1@ FHAA) 9-(3-(5-HE2 X I -3-4) 7 d)-9H-7H=E<] 34

. -B(OH); A~ A

N, K2C03/Pd(PPh3 14 P
N THF/H20 = N

A 29171 el 250ml Frber 379 EFERaT ol (3-(9H-7hHE-9-) FlE) Ryt 5g, 3,5-tlHE R
5g, HEZ7|~ Egdldx~a ZeF50) 0.7g, ©4F ZF 7.3g, HEIHSCI=2F S 150m1¢t & 5mlE ¥
75CE 18AI17F wdtelln). wkgdls W7k & gIEFa2dgy B2 &5, F5d 98 . 02
22} p-db E3gvE APIEetEady] A &8 FFste] 9-(3-(5-HERIEU-3-d) v d)-
OH-7HIES 5.1gS LAY, (& 73%)

NS (BSD) @ Dl 399

Aol 10 gstE ()] §A

H Cul/ trans-1,2-diaminocyelohexane [K,CO5
+ '\“1:/ \I\,:,-/‘t:;;,1 Diethylene Glvcol Dimethy] Ether
= Mg
I/N\" -
I
T Ry N i W
| - \
P | N\" '.
LA T ~
IQ\\-"!!—\'R;’/
1

A B97] 3o 250ml Fube 37 o] AFd 104 A2 9-(3-(5-BREY e d-3-9)dd)-9H-7}+
vhE 2.5g, 9H-7HHE 1.4g, 2.2E=3b7e] 0.4g, Edl-1 2-tolu|Ato] SR} 0.3g, TAF ZF 2.2g, Tl
dalsgFrol e 12omle ¥l 255 150CE FAAATFH 16A1FEeE wdk 2 FFAA F=UT. g
A 7 ¥ HERades B2 FE5a, FEE ]S w5, e ey n-dak EeviE A
daenteady JAg A& 55t JFE(1)S 2.4g A (& 80%)

MS (ESD): [M+HI' 486
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I NMR(600MHz, CDCl3): & 9.01 (d, 1H), 8.91 (d, 1H), 8.17-8.15 (m, 5H), 7.89 (s, 1H), 7.77-7.74 (m,
2H), 7.68-7.66 (m, 1H), 7.47-7.41 (m, 8H), 7.33-7.29 (m, 4H)

Ao 20 3§HE(2)e] A

H Cul/ trans-1,2-diaminocyclohexane /(K,C0y
L il V\N Diethylene Glycol Dimethyl Ether

P N % i

P f o
[} !

&
\ n__Jf !

b

Ao 71 39 250ml Sube 37 ZEkadol Az 1014 Az 9-(3-(5-BE R R g d-3-4) 3 )-9H-7}
HlE 2.5g, 9H-T T E[3,4-b]QE 1.4g, 82 =378 0.4g, EWAA-1,2-t]olu|=Alo] 28} (0.3g, B} ZF
2.2g, toldaZZrlolvdoE 12omlS B 52 150CE FAAAFH 164 7H5¢r wgk 2 3FA A F
Ak, wEAs Yz F OFEadey BE 351, FE5dH {98 &9t gEFEEden - £
FEE dPazvEady HAAS 4 FFte] FFE(2)E 1.8g BAE. (& 60%)

[¢}

NS (ESI): [MH]™ 487

I NMR(600MHz, CDCl3): & 9.05 (d, 1H), 8.93 (d, 1H), 8.90 (s, 1H), 8.56 (d, 1H), 8.21 (d, 1H), 8.18

(d, 1H), 8.14(d, 2H), 8.02 (d, 1H), 7.89 (s, 1H), 7.77-7.75 (m, 2H), 7.69-7.68 (m, 1H), 7.57 (t, 1H),
7.51 (d, 1H), 7.46-7.45 (m ,2H), 7.43-7.38 (m, 3H), 7.30 (t, 2H)

AN 10 FEE(1D)S TAER EieE

[e)

&

ITO (Indium tin oxide)”} 150nm F7= =9 FHH F
I AZRANN F ZEEu AAZTZ olF AlFA Ak E

712 78S olFei.

He o)aZay 3L SAZ 289 AHS 3
1=}
L

FARe AF 53

rw

olsh gol FHlE IT0 ¥ A3 FFoR ALgste] 110 719 Aol HI-1 217 FHete] 5mTrle) 4% T
952 FYAAT. ololH ATFEFoRA HI-2E FHeko] 0me) AFFEEFS AU, olon BF
(1) 2EZ slo] FAELEE 0.1nm/sec, BD-19] $&F%5%E 0.0lnm/sec® S &3kaL, S35 H]Eo] 10%

=)
o] AFgrESs Yol HFFS 30mm FAZ FASET. 2 ol JAIE AJdFo A
(DS Skl 10me] A E AFdFS FAassleorn, 21 gl ET-12 S&dte] 30me] AAFESS 3

3 E3}2lE [lithium fluoride] 1nme} &Fwlg [Al] 50nmE TAA o=z R
o 72X FIIHAALZFLEAE AFEAT.

o
ol
ol
32
o
2
o>,
N
3
_‘>~_l‘
BN
% obx
ol
ox
-z
2

oluf, 7zt Bl =xEw= §7|EAQ HI-1, HT-2, ET-1& 0.1 nm/sec, E38HEES 0.02 nm/sec, GFHS

0.2 nm/sec® 3}AT}.

AN 20 3FE (1D n(BPE 3AER ¥3talE S HAN G AR} A2
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22 A e 1o 8HHE (1) diAlel 8HHE (1) mCBPE FAld] 523t $2EE Abg3
Y T AAEG S AFSHATE. 974, 3H3HE(1)# mCBPE 3

D) el AFEDE AEE B ANGTE AN 15 BAT
ZSGh. o714, HB(2)9) n0BPE 3:79) HIWE 2us BGFS GASAT

E AuFoR B Ao n0BPE SR A Asstat A 1

e
QB2 o ol

HT-2

mCBP

ET-1

BD-1

A
N

A AAF LA ]

L

4

e

o3, AApAAe] 1 UIA] 3 @ Axu|ae] 1o wet AlZE G/l AARTAGE 100cd/n’ L 1000cd/n’ 3 E oA
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I 1
[0146] TEE An 1000 cd/m” ol A] 100 cd/m’ ol A 1000 cd/m ol A
TEHY IR R <3 QRS E &
) (%) (%)
A 1 sstE (1) 5.1 11.3 6.5
2R o 2 3}3E(1) + mCBP 6.3 13.6 10.1
AN A 3 3}5HE(2) + mCBP 6.6 13.6 10.0
A e 1 mCBP 7.1 10.0 8.4
[0147] ARG G EL HAS OV FE 8V7A] A5A171HA 3 =A(Minolta CS-2000)E o83l 1 weo] FHS =4
la, SHE FFES A dEd AFHOZ o] ARE AT
[0148] A7) 19 wEd, 2 9 93 e 1 B 28 TAEZ YIE5E §7)dAR T AR AL A
mCBPE TAEZ AFESE {710 AdF ARk gin)sle] JfAE a8 A2 Hole AL e 5 A

150

137
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——— 135

—— 134
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132

131

A 110

- 130
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