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A7) 38k 2 WA 4 F, Rax C1-C229] &4d7], (2-C229] 4ALAY], (5-C308] ofh&A 7], €6-C30¢] o}y
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(tetrakis(triphenylphosphine)palladium(0)), EF:EtOH (3:1, v/v); (iii) °]g]H (M) F=Ezlol= o] =4
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td

E Aoz olf et E3Ed 2 &ul= Aldrich, TCI, ¥ Acros Co.ZHE Fstsla, @8 AgH
A ok=vA FU1AQ AHAGle] AFESSitt.  HPLC-% 5 DMF(dimethylformamide), THF(tetrahydrofuran), %
MC(methylene chloride)+ Samchun chemical Z2H-E FUstH, AFg Ao Calb,ZFEH ZFHF33¢. =E Wb

e el AFHA ok of2E uistl A F3s.

e
it

1 - - —
H NMR 2#E#-S Cambridge Isotope Laboratories, Inc.2EHEH T3 F43} 22 ¥ E(deuterated

chloroform)& AF&3}e] Varian Mercury NMR 300 MHz spectrometer® 7]=3}3it}. 13C NMR 2ZFE#H L Varian
Inova-500 spectrometerS AFg3le] 7)|=3Fct.  AAEAS EA1112(Thermo Electron Corp.) Q4&i417]
(elemental analyzer)E AM&3to] =3s}sicl. MALDI-TOF #2412 Voyager-DE STR MADI-TOF(matrix; DHB) mass

spectrometer 2 Faath. 9 EA(Thermal properties)S ZAA¥97] oA Mettler DSC 821° =
Mettler TGA 50°o.=2 Hrskgit). e sgEel  skesl A A(redox properties)e  cyclic
voltammetry(Model: EA161 eDAQ)l 2l&ll ZAFSIIT. o] v 22X ES &2 ALgsle] Wy $lo olgF

QY wevie) wukg @Y,

(D) We 6-FZ2ZYIE Y| E(FFE 2)
QE-AxH 500 m¢ S #e Z8 2~ A (round bottom flask ; RBF)ol 200 mée] 7j3to] FHE MeOHE Y11 o
719 6-E22YI"EA(EIE 1) (14.4 g, 91.3 mm)S 7F5 ARTh. A20A 7] &Aool H,50,(1.22 me,
22.8 muol)E A7 s, A7) EIAL G0TColA 6A17F B wukEIT.  pH 8ol A dlEelAlEl o] E(ethyl
acetate) 2 F714S #Este] FE3Att. 28l YA, 37 F71ES NaS0,.ek §ste] A=A #HY. A £
i ot Fof, SulE FUAA AAEA e AES AU, g vM, 2 A3 AR A A
HA e AHES At % ] azntEay (AN (eluent) WE A Zelo] = X = 1:10 v/v)E A
Alste] 10.5 g(73%) 2] e 6-FZZYIEU|E(FTE 2)E L.

g:O
T

il

ﬂD‘ifU
w

2
o

'H MR (300 MHz, CDCl): & (ppm) 3.94 (s, 3H), 7.42 (d, J = 7.2 Hz, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.99

(s, 1H).

13C NMR (125 MHz, CDCl3): & (ppm) 165.06, 164.06, 154.24, 147.46, 144.33, 142.77, 138.93, 135.38,
126.30, 125.35, 124.25, 123.19, 120.92, 117.62, 52.55.

CHCINO ol wiall Al4ke EA(CHN) #41: C, 49.00; H, 3.52; N, 8.16 : 3% %] C, 50.01; H, 3.69; N, 8.34

(2) "ME 6-(Az[blEA-2-)YFE Y| E(SFE 3)

3E 2(5.0 g, 29.1 mmol), WZ[pIE]LF-2-U HEA(6.23 g, 35.0 mmol), Z EHIEFT|2-(EHLE~A)
ZeE(0)(1.07 g, 0.87 mmoD)S 37 Wzt7]7F FH]E RBFol H7beln SF4(150 me) 2 ol eh2(50 me) o] &3
| A"l gAZAT. 50 mee] & N &8 ZHRUOlE &5 H71e S, 47] vhg EFAE o]
£ 59 80T 7IEAIz Y. dEd & T (methylene chloride)® §714< Halsla &35, 18
A WA, F7IES NaS0sst @stel AxA7]ar o AA AT, BulE FEAA AASHA ¥ 4 Atk
aga YA, 2 AR dojd A7) AASA @& AES AEgt A A9 azvtEad S (A H(eluent): ol
ool ExmEl F2etol= = 1:30 v/v)E AgAlste] 6.12 g(78%)°] wiE 6-(H=x [blE| ¥ -2-U)YLE
o] E(33HE 3)S A},

r
m{u
m1o
ne

1
H NMR (300 MHz, CDCly): & (ppm) 3.97 (s, 3H), 7.40 (d, J = 7.50 Hz, 2H), 7.81~7.90 (m, 3H), 7.91 (s,
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1H), 8.34 (d, J =8.10 Hz, 1H ), 9.21 (s, 1H).

13C NMR (125 MHz, CDCl3): & (ppm) 165.74, 156.10, 151.26, 143.79, 141.45, 140.42, 137.88, 125.88,
124.92, 124.70, 124.60 123.28, 122.85, 119.07, 52.60.

CistiN-0.0l o3l AlMke EA(CHN) &4: C, 66.89; H, 4.12; N, 5.20 : =4 C, 66.76; H, 4.00; N, 4.94

(3) FEFEFo|=-Ir () to|u(3FFE 4)

3stE 3 (3.0 g, 11.3 mml) % olgH(II) FZEFol= 3 (1.60 g, 5.36 mm)E ol EA]oEt&
(ethoxyethanol)(30 m¢) ¥ E(10 me)e] &3 Lufo &3|AA kS E3tolS 20417 &<k 120°CollA
WHETE, 3] NS EFNS Ao WrAA F24 HAES vt 7] HAES oFgsta &)
HO0 2 MeOHE AlZalgich. ZElal yA, o2 A3z o AASHH] &2 eSS v SF2fo=2 Q144
3le] 2.54 g(62%)9] ~EFZeol=-Ir (M) tholH (e 1)E I,

_L_
o 5
N

' NMR (300 MHz, CDCl3): & (ppm) 3.91 (s, 12H), 5.67 (d, J = 8.4 Hz, 1H) 7.08 (t, J = 7.5 Hz, 1H), 7.62
(d, J=8.1Hz, 11 ), 7.68 (d, J=8.1Hz 1H), 8.30 (d, J=7.8 Hz, 1H ), 9.76 (s, 1H ).

13C NMR (125 MHz, CDCl3): & (ppm) 165.58, 164.06, 154.24, 147.46, 144.33, 142.77, 138.93, 135.38,
126.30, 125.35, 124.25, 123.19, 120.92, 117.62, 52.55.

CooHaoCrolroNsOsSsoll T3l Alxk"l EACCHN) &249: C, 47.14; H, 2.64; N, 3.67 54 C, 46.57; H, 2.69; N,
3.35

(4) Egja-(2-Wlz[b]E ed-2-Ld-YAEUo|E) olgw () A (3= 5

33HE 4(0.90 g, 0.61 mmo), 3FEE 3(0.48 g, 1.83 mmdl), @ v EgZFQZolAHOE (0.3 g, 1.34
mno) & Sl F A &-E(30 me)ell &HAFTE.  7IA A A(degassing) o], 7] ¥-g EFANE 24X &<t
100CoAl Al wraldlet. a8l vA, 47 98 EFAS Aoz W7ste %—3—*“ ADAES dAT. 37
AHAES 348 tg 10 2 We-g&=Z A, a8 WA, 7 4342 gzl 2 AHES Ay
7t A Ay FReEIHI (AN Y (eluent): E oHHEHCIE:EREZXE = 1:50 v/v)E AA3te] 0.80 g(66%)
o] Ir(ID-oll=HZ (FF=5)E dAT.

1H NMR (300 MHz, CDCls): & (ppm) 3.59 (s, 3H), 3.67 (s, 3H, OCHs), 3.75 (s, 3H, OCHs;), 6.27 (t, J =6.3
Hz, 2H) 6.59 (d, J = 8.4 Hz, 1H), 6.83 (t, J = 8.1 Hz, 1H), 6.89 (m, 2H), 7.16~7.31 (m, 3H), 7.52 (d,
J=84Hz, 1H), 7.59 (d, J = 8.4 Hz, 1lI), 7.69 (d, J = 8.4 Hz, 1H), 7.77~7.89 (m, 3H), 8.06 (d, J =
8.6 Hz, 1H), 8.15~8.32 (m, 3H), 8.26 (s, 1H), 8.46 (s, 1H).

13C NMR (125 MHz, CDCls): & (ppm) 180.88, 180.85, 177.41, 170.07, 168.13, 167.09, 164.53,

164.43,164.16, 160.33, 156.55, 153.29, 151.58, 147.75, 147.61, 147.28, 145.38, 144.96, 143.73, 139.35,
139.02, 138.65, 137.96, 136.72, 136.69, 132.68, 129.06, 127.06, 126.78, 126.45, 126.39, 124.38,
124.28, 123.22, 123.04, 122.99, 122.39, 121.98, 120.18, 118.66, 118.08, 117.22, 52.50, 52.47, 52.43.

CisHaoIrN306Sz) THN AlAkE EA(CHN) #49: C, 54.20; H, 3.03; N, 4.21 54X C, 53.57; H, 3.01; N, 3.98.

(5) Egla-(2-AZ[blg e dA-2-Ld-y=E A o]glF(O) 2HA (33HE 6

3}gHE 5(0.60 g, 0.60 mmo) % @F slo]=FAlel= Bislol=go]E (0.19 g, 4.51 mml)E THF:EtOH(3:1
v/v)el E3 &l AlnE] SEAZT. 2A13F Sl Y] el H0(50 me)E H7FskT 24%]{% =2k 80

Col LEE FANAL. plf 3904 APoMIHOIER 7] EFANE FEAAG. zelm A, B FU1EE



[0108]

[0109]

[0110]

[0111]
[0112]
[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

SEE46] 10-1624637

Na;S0.8F @stol Az 9 ofad b5, 47 &ws skl X (in vacuo) AASAT. 22jar YA, 7] 1d
=2 odotAEelE B CHCl,= AA3HAA 0.54 g(94%) ] Ir(ID-7k=5A%E (3= 6)S I3

H NMR (300 MHz, CDCl3): & (ppm) 6.08 (d, J = 8.1 Hz, 1H), 6.17 (d, J = 8.1 Hz, 1H), 6.42 (d, J = 8.1

Hz, 1H), 6.72 (t, J = 7.8 Hz, 1H), 6.75~6.93 (m, 2H), 7.17 (t, J = 7.8 Hz, 1H), 7.27 (m, 2H), 7.79 (d,
J =8.4 Hz, 1H), 7.94~8.08 (m, 5H), 8.10~8.18 (m, 3H), 8.24~8.31 (m, 2H), 8.42 (s, 1H).

13C NMR (125 MHz, CDCl3): & (ppm) 180.73, 180.25, 177.35, 170.93, 168.25, 167.76, 164.62, 164.61,

164.25, 160.82, 156.55, 154.86, 151.58, 147.75, 147.61, 147.28, 145.38, 144.77, 143.24, 139.35,
139.02, 138.08, 137.96, 136.72, 136.69, 132.68, 130.52, 127.06, 126.78, 126.45, 126.39, 124.38,
124.28, 123.22, 123.04, 122.99, 122.39, 121.92, 120.18, 118.66, 118.08, 117.22.

CioHasIrN;06S:01 T3l 714k#l EACCHN) #49: C, 52.82; H, 2.53; N, 4.40 34 X] C, 52.50; H, 2.65; N, 4.35

Az 2: FFu}EA A =2 (carbazole-based dendron)®] 43

871 e 10, 12 9 149 JhbEA] =g 8] kg 20 o8 Alxzd 5 vk

" sil " ®
R i i r’fJ ii /J/' LN N_\_\-o é

7 oSG
9 0
i N Ng N s
i (S e $ 5 vy §
»
. “Ho o Nf"go - NJ“QO
e d@‘fo > dﬁ'}w
O i o TR R o S
0@ § HN C) S 5 HN

7] wbga 29 7 gAlol A HotEE dEgE 2 212 ooy #oh (1) fBERYE, Nal, WF; (i) ZE
% olAlHle|E | DMF, 110°C; (iii) LiOH, THF, &%; (iv) WY 3,5- Y3|=ZAwlzdo]E | K05, DMF, &F;

(v) LiAlH,, THF, 3k5, NaOH

(1) 9-(4-B 2R RE)-gF-7H=E (33E 8)

1,4-TUBEXRE (640.2 g, 3.00 ml) 2 20 dol=dlo]= (30.1 g, 0.60 md, 55%)= o}= 229|7] 3}oj
A 500 mée] DMFZ &3s}ich.  7hakE (100.0 g, 0.60 ml)S A3 H7ps o8 A4 6417 < wuls)

_17_
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[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

SEE46] 10-1624637

Att. AF ZHE INFE AASAE. 28 & 9-(4-BERFE)-9F7tES M2 E Aol AAstt.
I Az AR AES Augt A Ay Aa2eEad g (A (eluent): oE olAEo]E: m} = 1:50 v/v)
2 ARt 112 g(62%)) 9-(4-B 2R FE)-9f-7IutE (335 8)L AT},

" MMR (300 MHz., CDCly): & (ppm) 1.94~1.99 (m, 2H), 2.01~2.07 (m, 2H), 3.40 (t, 2H). 4.33 (t. 2H),
7.25~7.32 (m, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.46 (t, J = 8.4 Hz, 2H), 8.15 (d, J = 8.1 Hz, 2H).

13C NMR (125 MHz, CDCls): & (ppm) 130.82, 122.24, 120.15, 119.34, 118.95, 111.13, 59.93, 33.45, 30.57,
28.84.
CigHieBrNell o3l Al4kE EA(CHN) #49: C, 63.59; H, 5.34; N, 4.63: 54 C, 63.78; H, 5.63; N, 4.73.

(2) 4-(9HF-7h}E-9-4)F-E oMAEHolE (313FHE 9)

53HE 8(40.1 g, 0.133 mol) F ¥ ElF OFMEHIOIE (19.5 g, 1.99 m)E ol=2F £97] stalA 300 me] DMF

Zashadth. A7) RhE E3AS 110TA 12413F EF wwbagivt.  odetAgelER {74 #esta
FEoeh. 2y WA, SR8 A7 F71ES NapS0.ek skl Adx g odA . Y] SulE SEAIA
BAA G S Oé%i‘:‘r. I AsE doj AES Aert A A4 AzvtEade(d H°”(eluent) g
OVﬂEﬂOlE' H el 5 2 glo 30 v/v)Z Al o}oq 35 (93%)9] 4-(JH-FFapE-9-2)

g AU

A‘Zﬁ

lﬂ

1
H NMR (300 MHz, CDCls): & (ppm) 1.68~1.76 (m, 2H ), 1.94~1.98 (m, 2H), 202 (s, 3H), 4.06 (t, 2H), 4.38
(t, 2H), 7.27~7.32 (m, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.50 (t, J = 8.1 Hz, 2H), 8.12 (d, J = 8.4 Hz,
2H) .

13C NMR (125 MHz, CDCl3): & (ppm) 170.68, 130.85, 122.36, 120.15, 119.53, 118.84, 111.48, 64.69, 60.83,
26.57, 25.78, 20.74.

CisHioNOLoll T3] A2k EACCHN) 241: C, 76.84; H, 6.81; N, 4.98: =Ax] C, 77.18; H,6.61; N, 4.85.

(3) 4-(9H-7htE-9-) - e-1-& (33h= 10)

3}etE 9(35.1 g, 0.125 m) 2 & dlo]|=FAtol= B-dlo]=golE (13.0 g, 0.31 mo)= 200 mé THFo| &
ol o

AAAT. A7) g EFAS 12A13F FoF 80T nteldtk. Ay TS oAz FEE fdS
SHAIA AASA F2 AES AdY. O AFRER doF AES Ay A Ad] AZetEa (A
(eluent): o|golAHolE: e EE}O]E = 1:10 v/v)E oA A 26 g(86%)9] 4-(9FFu}E=-9-L)FEl-1-
< (3E 1008 Y. (55 86%)

" NMR (300 MHz, CDCls): §(ppm) 1.24 (s, 1H), 1. 60~1.65 (m, 2H), 1.95~1.99 (m, 2H), 3.64 (t, 2H),
4.37 (t, 2H), 7.21~7.26 (m, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.50 (t, J = 8.1 Hz, 2H), 8.12 (d, J = 8.4
Hz, 2H).

PC MR (125 MHz, CDCls): & (ppm) 131.55, 123.56, 121.63, 119.93, 119.04, 111.68, 62.89, 60.85, 29.07,
26.53.

CigHNOO thall Aakgl EACCHN) ¥A41: C, 80.30; H, 7.16; N, 5.85: =4x] C, 80.26; H, 7.34; N, 5.73

(4) e 3,4,5-Eg = (4-(9F-7HFE-9-d) F-5 )l o] E (3132 11)

&35 10 (20.0 g, 66.2 mmol); "€ 3,4,5-Eg s =EAwlZoo]E (3.68 g, 22.0 mmo); ¥ EAHZF (9.0 g,

_18_



[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

on

E546] 10-1624637

66.2 mmo)E oF2 #9171 3] 100 m¢e] DMFel =33qivt. wWdE “E‘iﬂh’]‘:i 37 Ve Edska &
Zopivk. 2o UA, A7) f71ES NaS0s8t shghete]l Azl 5 oAzt AT SiE SEAA A

AFA] Fe AFES Ao, o]AL Ay A AW aRvEaNT (AN (eluent): oE olAH O E: wWEd
Z2ZgolE = 1:30 v/v)E AAAA 16 g(85%)] wWE 3,4,5-Ed A (4-(9H-7HE-9-L) B-EA Iz o] E (3}
FE 1DE AU

1

H NMR (300 MHz, CDCly): & (ppm) 1.69~1.77 (m, 6H), 1.94~2.04 (m, 6H), 3.81 (t, 2H), 3.84(s, 3H), 3.91
(t, 4H), 4.12 (t, 2H), 4.19 (t, 4H), 7.16 (s, 2H), 7.18 (t, J = 8.4 Hz, 6H), 7.30~7.34 (m, 6H), 7.39
(t, J=8.4Hz, 6H), 8.07 (d, J= 8.4 Hz, 6H).

PC NMR (125 MHz, CDCly): & (ppm) 165.94, 153.17, 140.82, 140.47, 138.38, 136.39, 125.78, 125.73,

122.97, 122.93, 120.51, 120.49, 118.97, 118.91, 108.93, 108.80, 105.40, 72.85, 68.71, 65.53, 51.%4,
42.66, 27.91, 27.22, 25.99, 25.96.

CsgHsaNs0-0 T3] AlAFE EA(CHN) 241 @ C, 79.31; H, 6.30; N, 4.95 : 24X C, 79.46; H, 6.52; N, 5.04

(5) (3,4,5-E8| 24-(9F-71E-9-)READ I D) W e (FFE 12)

N

to

E-AxH3 ZA7] 2NkEE 500 mé RBFO 100 m¢ 572 THEW LiAlHel skt 4(2.2 g, 0.038 mi) £4&
H

7V5 AT, a8z U, 38E 11(15.0 g, 0.023 m) 2] THF &S 0.5 AJzbo] 23 WS H7la .
A7) BESS 80TolA 2417 Bet §-XA171 Fo, 1 N NaOHS HH3] Hrtsldet. A7) f718S S283XE80
2 Byste] FEaeiv. agz A, A7 SIS NaSOE AxA7|a oA Z e, A7) fulE SF2AA

AABHA] F2 AHES dY. gl UA, I AR do4Rl GAEHA &g AES Ay A A9 3=EeE
a3 (AMA(eluent): FRZEE 8 olAHOIE = 1:50 v/v)E AASIe] 13.2 g(92%)] (3,4,5-E&]~(4-
(9F-71FE-9-A) F-EAD A S (313HE 12)E AU, (55 92%)

" NMR (300 MHz, CDCls): & (ppm) 1.71~1.78 (m. 6H), 1.95~2.02 (m, 6H), 3.82 (t. 2H), 3.90 (t, 4H), 4.14
(t, 2H), 4.21 (t, 4H), 4.52 (s, 1H, OH), 6.45 (s, 2H), 7.19 (t, J = 8.4 Hz, 6H), 7.32 (m, 6H), 7.40
(t, J=8.4Hz, 6H), 8.08 (d, J= 8.4 Hz, 6H).

PC NMR (125 MHz, CDCly): & (ppm) 153.01, 140.49, 140.47, 137.17, 136.53, 125.78, 125.73, 122.97,

122.93, 120.51, 120.49, 118.97, 118.91, 108.93, 108.80, 105.40, 72.85, 68.71, 65.53, 42.836, 42.66,
27.91, 27.22, 25.99, 25.96.

CssHaaNs040 T3] AlAFE EA(CHN) 241: C, 80.56; H, 6.51; N, 5.12: =#x] C, 80.69; H, 6.65; N, 5.14

(6) WHE 3,5-9]2(3,4,5-E8] 2 (4-(9H-7lE-9-) R EADHA S A 2 o] E (3}E 13)

RBFoll THF (300 m¢) 9] 3aE 12(2.00 g, 2.44 mmol); ™E 3,5-T]3| =2 A Ml %] 0| E(185 mg, 1.10 mmol);
EYREELAA(2.96 g, 14.6 mmol); L N, N-tjo|ixzzdddolyl (DIEA)(1.89 g, 14.6 mml)E A }s+adr}.
1059 A7kel] A3 A7) WS Edtlo] t]o]AZ 2o}z 2 EAEo]E (DIAD)(2.90 m¢, 14.6 mml) S H-S
g HIEsITE. A7) dbg 23 dS 39 o A=olA wtelglth. AV AU14ES HERERgeER &
gatal FE35 . aga U, A7 §718S NaSOE ARA7| A Z T, A7) SulE SEHAA AA
1A g2 eSS AAY. oS At A AY I2vtE I (AN Y (eluent): A" HE@d FZelo|=
1:50 v/v)= AAst 2.38 g(55%)2] WY 3,5-H]2:(3,4,5-E 8] 2~ (4-(9H-FF}E-9- ) F-E A ) wll Z 2 A ) ull 20
olE (3%E 13)E AT,

'H NR (300 MHz, CDClz): & (ppm) 1.67~1.72 (m, 12H) 1.89~1.94 (m, 12H) 3.83~3.87 (m, 15H), 4.18~4.22

(m, 12H), 4.87(s, 4H), 6.69 (s, 1H), 7.12(s, 2H), 7.18 (t, J = 8.4 Hz, 12H), 7.26~7.34 (m, 12H), 7.39
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[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

SEE0l 10-1624637
(t, J=8.4Hz, 12H), 7.63 (d, J= 7.5 Hz, 2H) 8.06 (d, J = 8.4 Hz, 12H).

13C NMR (125 MHz, CDCl3): & (ppm) 166.77, 159.81, 154.88, 153.02, 140.42, 140.39, 137.63, 132.19,

131.74, 129.40, 125.73, 125.69, 122.90, 122.88, 121.61, 120.46, 120.44, 118.93, 118.87, 108.87,
108.73, 108.41, 107.34, 106.26, 72.78, 70.54, 68.67, 52.41, 42.74, 42.54, 29.83, 27.85, 27.11, 25.90,
25.87.

Ci1sHi1oNeO10o T3l Al4xkEl EACCHN) #41: C, 79.97; H, 6.26; N, 4.74: =X C, 80.32; H, 6.17; N, 4.78

(7) (3,5-H]2(3,4,5-EF 2(4-(9F7ME-9-) FEADNA S A Al D) v et s (3= 14)
SE-AxH 3 7] WHEEE 100 nl RBFO| 40 mee] A HAl SFE THFW LiAlH(9 mg, 0.141 mud) &< 7}
= Ak, aga YA, 3HgE 13(0.17 g, 0.0564 mmd)©] THF £918 0.5 Al7ke]l ZAA Wews

\j
B80T A 2A17FERT A7) Bhg EFAE &3 To, 1 N NaOHE HA 3] H7rskglth. A7) f718< %ii;
Eo=7 BEedty FEAY. 2z YA, A7 F71EE NaS00lA ARt oA A Y. 7] $rs S

AA AASA ke S A%tk agm v, 2 Anz dojzl AAsA] &S Es g A 49 2
ZotE 1 d 9 (AMNR(eluent): ZEEZIZE: oHolAHOE = 1:50 v/v)E AASt] 0.14 g(76%) 2] (3,5-H]~
(3,4,5-E8&(4-(9F-7ME-9-) F-E5ADHA S AD A D) v et (33= 14)E A, (& 76%)

H NMR (300 MHz, CDCly): & (ppm) 1.65~1.71 (m, 12H), 1.90~1.96 (m, 12H), 3.81~3.88 (m, 12H), 4.15~4.21

(m, 12H), 4.60 (s, 2H), 4.84 (s, 4H), 6.48 (s, 4H), 6.59 (s, 1H), 7.17 (t, J = 8.4 Hz, 12H), 7.25~7.32
(m, 12H), 7.38 (t, J=8.4 Hz, 12H), 7.61 (d, J = 7.5 Hz, 2H) 8.05 (d, J = 8.4 Hz, 12H).

13C NMR (125 MHz, CDCl3): & (ppm) 160.21, 154.95, 153.06, 143.62, 140.47, 140.44, 137.60, 132.18,

129.48, 125.76, 125.73, 122.95, 122.95, 121.70, 120.50, 118.97, 118.91, 108.91, 108.77, 106.25,
105.75, 101.38, 72.84, 70.37, 68.73, 65.34, 42.81, 42.62, 27.90, 27.17, 25.96, 25.92.

CuirHiioNsOgoll T3l A2kl EACCHN) #41: C, 80.57; H, 6.36; N, 4.82: =A% C, 80.74; H, 6.15; N, 4.86.

AN 1WA 3 ol A dEene] 34
al7] sghe 15, 16 @ 179 olelF Q% W= WE ] WA 3 weh Azl
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

SEE46] 10-1624637

olo
U
ol

7] Wb 39) Zh @Al HrbsE setE 3 202 o3k Zu: (i) DPTS, DCC, MEd FRetol=, A
. DPTS: 4-(Hr - obn] o) -y 2 v -4-EFAE 2

rlo o
j
[m r
o
&
@
—
<
o
>
[l
i
)
i
N
[r
=z
o
©
=
[r

A 1 A1 Al dl=e (349hE 15)

3}8% 6(0.20 g, 0.209 mmol) 2 3= 10(0.20 g, 0.838 mmo)S 50 m¢ HlE#l FZelol=o] ZaA . 4-
(ol ) HHYE p-EFd AZElE (DPTS, 0.18 g, 0.628 mmo) 2 0.30 g9 1,3-tNE2AAI=H
o= (DCC, 1.47 muo)E 7] E(mother) &Mol H7tetdvk. 7] whg &S o= E9)7]5toll A 24
A 7Eel Ao wuketgr)l. whad Eaj(dissolution) 2 oJ3be] AdEA AAHE 24 (urea)? HHEES
AASGR . 2E A A, 7] ke Wgd SRefels &g AP wnk St A wgkEe] W 37t
sholth. 7] AHES FHe 1 2942 A AES AEvr 2 49 azvEad 9 (AN A (eluent): ol
HolAHo]|E: FREEE = 1:40) 2 AAF] 0.15 g(43%) 9] HoM 13 ES AT,

'H NMR (300 MHz, CDCl3): & (ppm) 1.21~1.28 (m, 2H), 1.30~1.37 (m, 2H), 1.45~1.51 (m, 2H), 1.58~1.62 (m,

2H), 1.64~1.68 (m, 2H), 1.80~1.86 (m, 2H), 3.84~3.89 (m, 2H), 4.06~4.10 (m, 2H), 4.11~4.14 (m, 2H),
4.15~4.19 (m, 2H), 4.21~4.26 (m, 2H), 4.27~4.31 (m, 2H), 6.21 (d, J = 8.1 Hz, 2H), 6.56 (d, J = 8.1
Hz, 1H), 6.72 (t, J = 7.8 Hz, 1H), 6.85~6.91 (m, 2H), 7.07~7.11 (m, 3H), 7.18~7.23 (m, 2H), 7.22~7.27
(m, 6H), 7.28~7.32 (m, 6H), 7.41~7.46 (m, 6H), 7.59~7.63 (m, 2H), 7.79 (d, J = 8.1 Hz, 1H), 7.85 (d, J
= 8.4 Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 8.04 (s, 1H), 8.12~8.16 (m, 6H), 8.45 (s, 1H).

13C NMR (125 MHz, CDCl3): & (ppm) 180.92, 177.19, 169.93, 168.03, 166.92, 163.87, 163.75, 163.56,

160.27, 156.37, 152.98, 151.22, 147.70, 147.57, 147.20, 145.25, 144.89, 143.73, 140.53, 140.46,
139.47, 138.97, 138.87, 137.92, 136.69, 132.66, 129.03, 127.01, 126.69, 126.47, 126.35, 125.98,
125.88, 125.86, 124.38, 124.26, 123.22, 123.15, 123.13, 123.07, 122.99, 122.90, 122.28, 122.06,
120.73, 120.69, 120.67, 120.14, 119.21, 119.15, 119.11, 118.52, 118.10, 117.18, 108.74, 64.72, 64.65,
42.62, 42.58, 42.54, 26.40, 26.15, 26.00, 25.61, 25.55, 25.36.
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[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

SEE46] 10-1624637
CooHaoIrNs0sS; th3ll 714F#l MALDI-TOF MS exact mass [M+] 1618.4070, Z7 %] 1618.2455.

CooHaoIrNs0sS; th3ll Al4k#l EA(CHN) #41: C, 66.77; H, 4.30; N, 5.19; S4X] C, 67.96; H, 4.25; N, 5.02.

AN 20 A2 A d=gy (3= 16)
33HE 6(0.15 g, 0.157 mmol) 2 33E 12(0.515 g, 0.628 mucd)E 50 ml CH,Cl,ol &3|A1ZATE. DPTS(0.14 g,

0.471 mmol) % 0.23 g9 DCC(1.10 mmo)E 7] B &Mol| H7letdek. 7] whg EFAE of=22 £917] stol
A 24*17P Sob Aol wnkslgith. WhEE EE 9 oype] AFRA Q4] gRES .
371 oE WEd F2eol= fAg A EFA7IH HEkEd WeyE 7‘&7};}3‘;@ }71 AA
?@3}”’ O ARE AAAE AES At A Ay a2etEad ] (A7) (eluent): E: &
EE 1:40)2 AABF] 0.3 g(57%) 9] H2M n¥ES A9},

Mo O
Hunuoi

I NMR (300 MHz, CDCl3): & (ppm) 1.76~1.80 (m, 18H), 2.02~2.08 (m, 18H), 3.91~3.95 (m, 18H), 4.27~4.31

(m, 18H), 4.98~5.02 (m, 6H), 6.28 (s, 2H), 6.34 (s, 2H), 6.41 (s, 2H), 6.61 (d, J = 8.1 Hz, 1H), 6.72
(t, J=17.8Hz, IH ), 6.79 (t, J = 8.4 Hz, 1H ), 6.87 (t, J = 8.1 Hz, 1H), 7.05~7.09 (m, 2H)
7.15~7.17 (m, 1H ), 7.28~7.30 (m, 18H), 7.38~7.41 (m, 18H), 7.46~7.49 (m, 18H), 7.63 (d, J = 8.1 Hz,
), 7.69 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 8.4
Hz, 1H ), 8.10 (s, 1H), 8.12~8.15 (m, 18H), 8.26 (s, 1H), 8.53 (s, 1H).

13C NMR (125 MHz, CDCl3): & (ppm) 177.49, 169.97, 168.06, 166.78, 163.80, 163.54, 163.35, 156.64,

163.02, 152.87, 147.47, 147.33, 147.16, 145.18, 144.65, 143.78, 140.48, 140.47, 139.32, 138.71,
138.64, 138.04, 137.97, 137.84, 137.71, 132.63, 130.66, 130.57, 130.40, 128.74, 126.65, 126.36,
125.81, 125.79, 125.76, 125.73, 124.06, 123.19, 122.98, 122.95, 122.93, 122.75, 122.25, 121.79,
120.54, 120.49, 119.91, 119.03, 119.01, 118.95, 117.85, 117.09, 108.90, 108.80, 107.67, 107.05,
106.99, 72.90, 72.80, 68.78, 68.68, 67.31, 42.82, 42.67, 27.95, 27.25, 26.11, 26.00, 25.96.

CoorH1771rN12015S3 3l AlAFE MALDI-TOF MS exact mass [M+] 3359.2248,

[y

A 3361.1160.

Coortlizr ITN19015S; T3l Al4kEl EACCHN) #41 C, 73.97; H, 5.31; N, 5.00 54| C, 74.56; H, 5.36; N, 4.97

AAld 30 A3 Al =gy (3%E 17)

313 S 6(0.15 g, 0.157 mmo) 2 3EFE 14(1.11 g, 0.628 mmo)E 50 ml CH.Cl,ol faWAATF. DPTS(0.14 g,
0.471 mmo)) 2 0.23 g¢] DCC(1.10 mmo)E 7] Lolo] H7lstsith. A7) WS B3NS ol=2 3 K-97] Sl
A 24A17F ok Ao witslgit). wbEE A F o] Az g4 YREES AASG Y. g o
A, 47 dTtE §as AdsiAl EFA17IE dEged weg Hrksigltk. A HRES P8, 1 F
B2 AGE eSS Ayt A A9 A2vtEad I (AN (eluent): A8 oAHO|E: FR2EZXE 1:140)ZE A
Aste] 0.3 g(42%) 9] H2M 1HES AL},

m

N

I NMR (300 MHz, CDCl3): & (ppm) 1.65~1.72 (m, 36H), 1.96~1.99 (m, 36H), 3.86~3.90 (m, 36H), 4.17~4.21

(m, 36H), 4.86~4.89 (m, 12H), 5.09~5.12 (m, 6H), 6.27 (t, J = 7.8 Hz, 2H), 6.34 (s, 1H), 6.48 (s, 1H),
6.55~6.57 (m, 5H), 6.72 (¢, J = 7.8 Hz, 1H), 6.79 (¢, J = 8.4 Hz, 1H), 6.87 (¢, J = 8.1 Hz, 1H),
7.05~7.09 (m, 2H), 7.14~7.18 (m, 1H), 7.23~7.25 (m, 36H), 7.29~7.32 (m, 36H), 7.40~7.42 (m, 36H), 7.63
(d, J=8.1Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H),
8.04 (d, J=8.1Hz, 1H), 8.10 (s, 1H), 8.11~8.13 (m, 36H), 8.27 (s, 1H), 8.57 (s, 1H).

PCONMR (125 MHz, CDCls): & (ppm) 178.21, 176.24. 170.23. 168.54, 167.67, 164.25. 164.15, 164.02.

160.21, 160.11, 156.37, 153.87, 153.09, 151.47, 147.54, 147.45, 147.03, 145.24, 144.67, 143.89,
143.57, 140.47, 140.41, 139.78, 139.67, 139.24, 138.98, 138.62, 137.75, 136.47, 132.54, 131.93,
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[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]
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129.04, 127.47, 126.96, 126.78, 126.54, 126.38, 125.75, 124.68, 124.57, 123.24, 123.14, 122.98,
122.95, 122.93, 122.24, 121.95, 121.70, 120.54, 120.49, 118.97, 118.93, 118.75, 108.91, 108.76,
108.02, 107.57, 107.02, 106.46, 72.87, 70.48, 68.77, 42.80, 42.57, 27.91, 27.15, 25.93.

Cao3Hz48 1 N21050Ss TH3l AlAFE EA(CHN) #24 C, 76.96; H, 5.72; N, 4.80 =4x] C, 77.56; H, 5.75; N, 4.75.

Q1% deeue] 9 vy

A 297 stoll FAMG A (scanning calorimetry ; DSC) 2 GZEEA (thermogravimetric analysis ;
TGA) S AR&3te] A7) AAldlel A Azt Q1% olglF d=gw e 44 548 AT

% la® DSC €84 =4elal, = 1be T6A E#A Aotk = ladlA HTo], 3744 "l=gmE 290 C7HA]
oyys & 7153 8§ AE(melting behavior)S YENA &gkth. FlutEA HJE%(carbazolyl branch
dendron)2 W=7} F71ste] wial, 7FA3K(plasticization) &E37F ZE718F7] wiEo] fdo] =%(glass
transition temperature)”} ZAEJATE. X 1bollA HEo] ZF dl=gmE 310C7HA] oJwdl on| gl Az &
AL YA 2okt A HA Bl AlF 2 BE A $o) 315T o]AoATHE 1 FX). EE d=g
HE F2 94 AdAAAS JET. A7 AREEE hhEA R olgl| AA| Fojdle] FAL o]f
F (D) ZA o] €4 kgAdel ojwe = a3E s RS & 5 Art.

F22IEY ZF d=gn 893 wth)S acrodisc FAF A7 (Millipore 0.2 m)E E3] oZA|7]3L, o]o]A],
¥ ] M=E(spin-cast ) AT, 2L VA, 7] BES A-F5boll A 48A]7HE<F 80T A Al

190-1100 nm 3} WY ol A=A U-vis 2347 (HP 8453, PDA type) S Al4ste] W& Ag 9 Zz2=yE &
MCEE 1X 10 mole/L)S] &4 ~AEHAS AATh. itachi F-7000 FL BFZ4718 Agsle] PL 2HERS
71Z3k3 .

T 2% B dyge Ao Az d=giw e CHCl; €9 2 IEY WWVis 55 vedy. 22X F0|

rir
oy
5

A1, 350 mn °o]ste] F W= A7 2 FERRE x-x o] AFe sdEt, Ay AEE shhE
@9le] Fob A Frbstt. o] WESHA FhutE WEE9] <tEve] o FgE Wl Fo] g Aol A
o2 AdE 2v] F7FES YERATE. 400 WA 570 mme] e oy X F oA, £ (shoulder)(tHEF 443 2
512 m)E Zte 9Fela W FF W=rF SFEANLL, o)A [r(ID) ZAC] F4-t= M3l o] F(metal-to-
ligand charge transfer ; MLCT) #oJol 71918k Aoz} & 4 r}, d=gWe] A EHL ©X] 400~570nmE
-ZAQ sEE 59 MEEoR FEa QtHU S o= JME FH] SFE 109 ~FERS

F O~ =]
78k Ir S

S HA SAEola, 4] SEEYE AE S I 2 Aolel o T the el dade s
UehbA edes dekg. TaER) Ir A0 WE 54 AFAClEHA #e HY witel d@dFE A
et A 4 Ao

o719d FhutEA Y F-4H QU ERE F Z7H(sensitization)E E3] =4 Ir(0l) oo ® 73 Y9 o+
B Ade Aol shEditk. ofgd, JhtE W2 BY-1y o] 93le], 3 Z(luminance)E STIAT|E
Zo] 7bseltt. "Woglme] golo] FMHEE W (A = 350 m) o] E5 dpgolA 7] HYS W, o]5L B

ol A ARG ol (D 33} #dd gefjo] 2 AAEGS ojgfw (D 2 Ao A7 641-644 mm 5
ellA 544 1} WES Yehlde. oA degu e Fx7F MICT oyA] FEddA &S vx A &
SEe WERAL, o]A2 FARGE o] AAEl B dAUAE Zte Ir(D) FHAZ FE wEdS AT, AT
oJEHA & &AM A¥o]A(alkylene Spacer)e et FhabE dEEe] Ir(I) ZAl 2o] @9l ] Autol

[

e
Bt Aol e MAA Bee ol HAHAY. aYER, AY] Ir(D) 2HA &es &
I F HER FERolfomd FEdd SA4E LHAIH.

T 3aE SEIZXE 8§99 T AAdelA Axd Q1F dxglwe] PL AFEYS YERdLE, E 3204 W
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[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]
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on
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o], Ade 71 S7kgte] wet g Are gdadte 2S5 . A7) Axdede degy 24
o] F7} Td% &9 ANRE AFRAY.  dEYH smVF LT AS AdSTt FE4E A 2E
Ir A9 F%(mass percent)’} =31, Mt$7} S71E4E 438 st Ir FA Y g7 Wolxn=z ig7)
T7b faEtA "k Arld 39 g ne FhhEA dEEe] 52 UE 4 Y sEo Wiy &9
o A9 AAld 39 &do] o He] g9 Ir(IH) ZAE sl 9SS YEldY. = 3bis AAld] wE W
=] IdE54e] PL 2~ EHS e Ul FhbE7]ol s dshe Fe] g dde AAlde] dE=g
W RFo A FEAo® A% (quenching) H AL, 1740 FhtE DR RE o] Ir A FEdd] E&4 oY
A WS YERATE, (% 3be] AR x). A9 sde dF FAYA A AAld 39 W= AddA
ow 7V %5% PL AEs UrEMh ol A s}

s SREXE 89 TolA 641-643 melA &
5 & Yeh)= o Hol LZH*JEH

oA Ir HAE Aelo] U] Hel7t dojubx o= A oM@ty Temw s WEge] Ir AAE
AEHOR NYPANA PL AES GEHOR Aodshs A& & 5 Atk o]t ¥ Wyl Axdd] e AY W
=eu7t e FUS AEge] 74 gzke] Aubsol HRYE (homoleptic) 1% A=Wt P oEA,
& PR kS WER] vk ge wHe Ausy] 98 Bel-ny &nE FH4717) wielt),

7] 3 12 A7) AAjdelA Az olglw JF dEgwe fEldelex, Eelex, Hd ¥4 3¢ 4 PL
A EH A HFgS e
I 1
Ty Tq S <=(absorption) PL(photoluminescence)
(C) (C) | 5 |- iR
( A pax/nm) (A pay/1M) ( A pax/nm) (A pax/nm)
AAd 1 105 360 444, 514 422, 510 641 644
Ao 2 78 365 444, 514 422, 510 643 643
AAld 3 72 370 444, 514 422, 510 644 641

HA g Aol Az

5 4ae] yERA vke} o], ITO/PEDOT:PSS(40nm) /W= 2] = (55mm) /BCP(10mm)/Algs(40nm) /LiF(1nm)/A1(1000m) -
25 Zte AA g AAE AXS T L:_Xd*é(conducting) PEDOT:PSS 52 o= &7V IT0-Z" % &
7] o] 23 TE(spin-coating)H ATt 1T LA, W=gn @gEe wuZmawa 89(ER: 5 oyt
%)S AFE3Ste] A3 AW PEDOT SHol = ZgEAY. v ¢ ¢A42 <5 X 10" Torre] w& <=
oA 92 Z2(thermal evaporation)dl 3] F712& Z2ZAAT: AFWAZ(hole-blocking layer ; HBL)S.
2 10m-F719 2,9-gdE-4,7-tdd -1,10-8FEEY (BCP) 2 HAAF<$S(electron transport layer ;
ETL) 2.2 40nm F719] tris-(8-hydroxyquinoline) aluminum(Algs). HZFZ o=, LiF(1 nm)/AL(100 mm) A==

Y 23kl Algy T flol =ZAIZTH
Keithley 2400 programmable source meter % SpectraScan PR650(Photo Research)& AMgE-sle] AA whg Ax}b

o AF WrR-AAd-Fuuld~(current density-voltage-luminescence ; J-VL) EAS =A3}9ct.  TENCOR

P-10 surface profilometer& AFg3ste] 913 "Wl=g o] FAE ZAA3T.

at7] 3 20= A7) Al Axd AA TG 2o e Ak, Ao Ak, F 28
LFER L

HE

9]}

o

o
=

fol
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[0192]
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[0194]

[0195]

[0196]

[0197]

[0198]
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Fz 2
T Ho 3= AU A8 a& | Hu ¥F 28 | Hu 95 IH
%1%+ (Turn-On) 2 s . a8
W) (cdm ) (1mW ) (cdA ) .
(Ilext)
2Ad 1 5.0 561(383.427) 0.417(0.197) |0.664(0.197) 5V|2.243(0.197) 58V
12 V oV
A 2 5.5 1302(321.326) 14V | 0.953(0.169) 1.669(0.169) 5.552(0.169)
5.5V 5.5V 5.5V
Al 3 6.5 422(94.412) 18V 0.819(0.412) 1.955(0.412) 6.115(0.412)
7.5V 7.5V 7.5V

w0 Joll st

&= 4bol= B o] AAjdel] whet Az dAA wF Ape] el wE AR UEE E=ASAT. AA
Aol 5 (turn-on) (A7) 5.0-6.5 V Rl o] gk, B w2 A =
2~

AAe 19 AAWY 2AE ArHon e AFUEAA AAd 39 AALFAEARG e BES el
O 7] Re on g BES B5ES 2b gA £ AF ow 44, det Be A4 Su 5o

% Gav i o] AAJool A Axgk A wF Aaxpe] FHuo g d-golAe] EL A~ EHS YERI o
Hel o Fdool mE Qg WEgne g A3 BES yEha, s 7] e F(species)o] A
9 B9Jo| A kzhe] ma-fAbe] &r] W3S AYstaE, RE PL @ EL W3S @iddth. Alg o
ojul gt mgke] g EL ~FEg oA IAHA Fdrt. EE G (forward) vpolo]s FStel A, 652-656 nm
A Hdl EL WES Ze 1 dEgve 544 AAag wgo] #FEd. zste]l Fbgel weEkA, 3]
e 2 7o W Jds2HE J|Yssict. A Wl wel d=E2 dxE L 2FEY 9 CIE FHxl
FFS A A ekt

% 6bE AA oA Az AA @G Aol AF Wie] wE AEwE Uitk E 6bollA, HHAES =
4at7] 9Qste], AAldolA Axd Q1% W] BL AFEZS CIE 1931 tholofazio] ] Mgz H5kalel
wf mxstE A AAF o]l dolHth(x = 0.70, y = 0.30). 7] WEX A o s HLdmA Al

o
N
&
-
t
=
o
o
32

212913 (National Television System Committee ; NTSC) V o
71 AAlee] EL 2 EYL A8 Aol Faagint. g, 7] AE7F AFdEe] Sk FA A8
ol F7HA A EA FRES EAE AT

2Loox > o

Wyl o pHde] BE QY WEevs sEd AEgeRny [r() 87

E OAE o]Fo] GEHoR doit, F AuHEA Fi WCSE L mol B 2E dcdvel B Tt
% 54 NCEoRVE mo] UAE ME oux dolst oFolAnE, ofF WseWEYE weras g
e S PEE oAstn ARE $ES fEsel, AY dEgnE Egshs A4 WY a4E e ws
A(lov-bandgap) T2 B4, Z, [r(ID) A543 @3 :ol8 TFshe JROZVEW BPo] BT vehd
o mebd B oume o pddel mE Y WEdwE Agsel AME AA WY 248 A2 F ok

>
1
o
o~
=
D
-
=
o
0Q
R
[
g
k
—
o
i
ke
i
)
lo,
S
>

lai= & @ o] AAjdelA] Axgk 1 W= DSC dw4
oM Az=F G "l=glme] T6A A 4ot
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5 2a% B Wge] Ao Azxe 1F dgHe gAY UV-Vis S 2FEHHola, & 2b & P9
AA el A Az NG dEgw e dEAF V-Vis ~FE- ot}
A ‘?:l“éol-"/] Aol A Az Q13 dl=g o] §ol4 PL AFERoj1, & 3be 2 Lo HAd9
/‘1 x]?,::_} " 13_]_1:_3]13]/] JJEN— PL A,ﬂ]EE%o]q.
T da= 2 2o o FEdol mE A g A2 YERd =Holr)
T 4bE B 2 o] AAde] wE AA W33 Ax2e] Q7f Mete] wE AF ¥x 2 s el g zold),
T Saw B By AAdd wE AA HF 229 AFEEe wE 3F 885 yEkd aEela, T She
B oatm o] AAde wWE AA 2F 221 AFUL wE R %z F&(external quantum efficiency ;
EQE, B)S yepd 1ezojr),
L Gaw - @ o] Ao wE WA HF A Hu g gpge| wE EL A¥E-o|a, & fhe Uy
o] Arjdo] wE HA WP Axe] AF dEEe| wE AEgE Yehd g zolr),
=2
EHla
0.0
ALAfof 1
—————— ALAof 2
05 —— Al 3
%—10 [ ::\\\\\
SN
- 040 60 80 100 120 140
2% ()
EHIb

Aol 1
———— A 2
— o — Ao 3
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L
R0

S-S (Arb. Unit)

AAof 1
AAfof| 2
AAlof 3

600 650
1.0
Aol 1
08 ———- AAlf 2
—— AAlf 3

350 400 450

500 550 600 650 700

atE (nm)

3000

2500

2000 -

1500

1000

500+

— AAfof 1

T T
600 650 700
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10000
4000 — AAfof 1
3000 - - — AAlof 2
Ju =
8000 N 5000 A AAlof 3
1000
6000 + /
0 : \
23 350 400 450 500/ // \
] a3 (nm) I \
40004
2000 1
04
500
Al
LiF
Alg3 (40nm)
BCP (10nm)
di=ali (55nm)
PEDOT:PSS (40nm)
IT0
Glass
2
400
—6— AAlof 1
—a— AAlof 2
AlA| 0!
300 Ao 3
200
100
O I A E T T T T T
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10
—@— AAo] 1
—A— AlAJ0] 2
—a— AAof 3
| r/4£jt:':::111§5l‘:::\A\x
0.1 T T T T
0.1 1 10 100 1000
HFLE (mA/em?)
—@— AAlof 1
10 —A— AlAlof 2
—m— AAof 3
8
o
of
B
o0
I+
o
1
0.1 1 10 100
HFUYE (mA/cm?)
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AAfof 1
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0200 —.— — ANl 3
z
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o
S
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o
w
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