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A adksks g 2 7] & d3ES HUbste] AAE AT dAE EFete HeE AxE
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7] WhgA Y 72 dAIECA HUbEE SeE H 202 53 vk (1) MeOH, HS04, 2 (i) #l=[blH
2 3-2-U-" Z2k(benzo[b] thiophene-2-yl-boronic acid), 2 N Na,C0O;, EIE#}7|~(EHdEA)Z5(0)
(tetrakis(triphenylphosphine)palladium(0)), &F<:EtOH (3:1, v/v); (iii) o|g]w (1) FZgo]= slol=d
O|E, 2-o| EAl ¥ 1,0 (3:1, v/v), 120C; (iv) 3,4,2-o|5AlolgtE, AW EEZFQ oA HolE, 110T;
(v) LiOH/H,0, THF:EtOH (3:1, v/v), 3.

4 WF5-(Suzuki coupling reaction)& &3l 7] 3E 2 2 wlx[blE29-2-

[blEleH-2-d-1zst g 2H2 (3= 3)E st 2-d5Ad s
wi(3:1 v/v)ollAl el vzl ed IEd =R [rCl; 305 AEste], S2efel=rt A4
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, 371 Bt 639 A7) EehE 108 wbeAlA 7] EekE 15(AIL AlY) "= ) E Alzs v, ] akgt

& 128 WeAA A7) geE 16(A2 Al d=dr)E AlxzsAd, 371 seE 63 4] gt
A 471 seE 17T(A3 Alg) R=dn)E Az 5 o
2

B 2ARA, BAE gl A W adel W E&dow AHeR 5 At
= e S¥el e A WY e 4] B84 19 oluF 9% dednE Tged.
A7) AA W 24NN g7 S5 19 ol F AY WEdME 43 BES &

A7) AA w3 &A= ITO/PEDOT:PSS(poly(3,4-ethylenedioxythiophene) :poly(styrenesul fonate))/d=2] =
/BCP(2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline)/Alqs(tris-(8-hydroxyquinoline) aluminum)/LiF/Al *

x5 7 & v

oJFAME A E Batol B wne] thetel wrh GAs M@sht, B wwe] sy UA o ¥EHE R

© ol

RE AAdHorg o]g 7lz3 &9EF W fulE= Aldrich, TCI, 2 Acros Co.ZHE U451, &8 AFH
A ErhH FE=71A e AAIgle]l AMEsFTE.  HPLC-S53 DMF(dimethylformamide), THF(tetrahydrofuran), %

MC(methylene chloride)¥ Samchun chemical 5B TY3A 1, A}g A Ao Cal,ZHE =Hsgct. =2E wF
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1 - - —_
H NMR 2#E=S Cambridge Isotope Laboratories, Inc.=2FE T3 %i@r% S22 ¥ E(deuterated

chloroform)& A}83}o] Varian Mercury NMR 300 MHz spectrometer® 7]&38}SIt}. “C MR 2#E® L Varian
Inova-500 spectrometerZ AF&3ste] 7|Z&}tt.  YAEAS FA1112(Thermo Electron Corp.) UA#417]
(elemental analyzer)Z AFg3to] 4333} 9itt.  MALDI-TOF #2412 Voyager-DE STR MADI-TOF(matrix; DHB) mass
spectrometer @ 3Y3}3dtt. A% EX(Thermal properties)< X‘i—‘?—-ﬂﬂ Sholl A Mettler DSC 8217 o
Mettler TGA 5002 Hr1atgivt. " SgEe  AkeEd A A(redox properties)  cyclic
voltammetry(Model: EA161 eDAQ)Ol <J3ll AISISITE. o] o] S22XES &vE AME3sto] Wa3t 9o olg+w
1% =g o] Bhuks F9 ekt

Az 10 HFE 69 FA
(D) Mg 6-FZ2YFE o E(3TE 2

QE-AZH 500 m¢ T vle Z22~F(round bottom flask ; RBF)ol 200 mee] 7f3to] S+
1)

H MeOHZE ¥ L o
71l 6- %ii‘%:"ﬂ&(@r%% (14.4 g, 91.3 mo)<S 7}5 ARh. A2oA 7] E3Fdol HS0,(1.22 me,
22.8 mm)E A7}8tk. Ar] EdAS 60ToA 6A17F &<k wHksktl.  pH 8ol A o Eol e o] E(ethyl
acetate) 2 717 83k

] < g
FZekgvr. a2Ela UA, A7) F71ES NapSoot &ske] dxA e, A &

FNe of3tat Fol, §hE FUAA FANA @e RS AAT. 2w YA, I AR Aoz 7] A4
AWA e RS et A A aiu}gzwmﬂoﬂ(ezumf).uﬂ% IRl = At = 1010 v/v) = 4
Aol 10.5 g(73%) 2] ME 6-F =z AE O E(FFE 2)Z A9},

1H NMR (300 MHz, CDCls): & (ppm) 3.94 (s, 3H), 7.42 (d, J = 7.2 Hz, 1), 8.25 (d, J = 7.8 Hz, 1H), 8.99
(s, 1.

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,oll w3l Al4ke EA(CHN) +41: C, 49.00; H, 3.52; N, 8.16 : 54X C, 50.01; H, 3.69; N, 8.34

(2) Wid 6-(Az[b]E] 2 3M-2-) Y FZE o] E(3}FHE 3)

1S 2(5.0 g, 29.1 mmd), #Z[pIEIQHM-2-U HE2H6.23 g, 35.0 mml), Z HIEZI |- (EHIdEAN)
Z2}5(0)(1.07 g, 0.87 muo)S 37 Wzt7]7F -89 RBFol] H71eta EFAM(150 me) D ol ehS(50 me) o] =%
| Ajzdle] Atk 50 me] FE&A 2 N A JHEUOlE &4 HII o, AV wE EFAES o]
5 Fo 80CE 7FEAAY. WEd FZ22}o]=(methylene chloride)® F7|4S Eodtn F&3A. 1y
I WA, F71ES NaSOset et Ax:A7|a oA e, & FEAA BASHA & AHES I
aga vA, 2 ARE doizl Y] AASA @2 AMES Ayt A Y I2ReEd I CGAMN A (eluent): ©ll
oA HolE Mg FRelo]l= = 1:30 v/v)E AASY 6.12 g(78%)¢] wlE 6-(Hl=x [blE] 23 -2-U)Y ¥
Yo E(35HE 3)S 4.

I NIR (300 MHz, CDCl3): & (ppm) 3.97 (s, 3H), 7.40 (d, J = 7.50 Hz, 2H), 7.81~7.90 (m, 3H), 7.91 (s,
1H), 8.34 (d, J =8.10 Hz, 1H ), 9.21 (s, 1H).

“CONIR (125 MHz, CDCly): & (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.
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CistiNo00l o3l Alxke EA(CHN) #41: C, 66.89; H, 4.12; N, 5.20 : 4] C, 66.76; H, 4.00; N, 4.94

(3) —ERFol=-Ir(I) YolH(33HE 4)

F3E 3 (3.0 g, 11.3 mml) ZD ol F(M) ZFZego]l= 3slo]=FHolE(1.60 g, 5.36 mmo)E o EA o ELE
(ethoxyethanol)(30 m¢) 2 E(10 ml)e =3+ &ujo] LA AT, A7) Whg E3tals 2 /\]7P Zok 1207 A
WRkEEIT. A7) WbE 3 dES Aeom WAAA Fo2A HHAES d9u. AV AAEES oJHsta &)
00 2 MeOHZ M H3G . | YA, I 23z dojxl AASHA &2 2ES veEd & E]rol‘:i 474

sto] 2.54 g(62%)9] i~F 2o E-Ir (D) ol (8= )5 AU
HONMR (300 NHz, CDCls): & (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, 1H ), 7.68 (d, J=28.1Hz 1), 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.

CoolioCrolraNyOsSsoll tlal] Al4kel EA(CHN) &41: C, 47.14; H, 2.64; N, 3.67 SAX C, 46.57; H, 2.69; N,
3.35

(4) Efa-(2-zx[blE 2d-2-d-HSEo|E) ofe]& (1) Al (35 5)

3138 4(0.90 g, 0.61 mmo), 3+&E 3(0.48 g, 1.83 mm), 2 AB EFZFOZolAEHo]lE (0.3 g, 1.34
mmol) S o E A2 (30 mb)o] EMA AT, 7]1A A7 (degassing) ©]Fof, A7) €Wk E

100Col A wrksiity.  2ela vA, A7) 9 EFASs Aoz JW7isle] He &l
AHES o34 b 1,0 B WeS2Z AFHEer. 283 WA, 2 23R dojl AAsHA] &
7t A AY SLEH}EJE]HIJ(XWH@,‘(MUGM)I e olAHO|E:ZFREEE = 1:50 v/v)E AA3ke] 0.80 g(66%)
o Ir(ID-oll~HZ (3FESE LAt

_Ié
nll

I NMR (300 MHz, CDCl3): & (ppm) 3.59 (s, 3H), 3.67 (s, 3H, OCH;), 3.75 (s, 3H, OCH;), 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=8.4Hz, ), 7.59 (d, J = 8.4 Hz, 1), 7.69 (d, J = 8.4 Hz, 1), 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).

“CONWR (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.

CusHaoIrNsOsSzep T3 Al4HEl EACCHN) #49: C, 54.20; H, 3.03; N, 4.21 &4 C, 53.57; H, 3.01; N, 3.98.

(5) Egz-(2-#lzx[blE|ed-2-L-U AR o]gw () 24 (33E 6)

3H3HE 5(0.60 g, 0.60 mmol) % F to]|=EFAto|= Himdto|=o]E (0.19 g, 4.51 mmo)E THF:EtOH(3:1
v/v)el E3 &l AlE] SEiAIZT. 2A17F Sl Y] Ehelel 1050 me)E H7FSISITE. 2443 F<k 80

Co 255 FAAZT. pll 394 AEeAHER #7] TFNE FEskdrt. 2o WA, A7 f7es
Na;S0.9F hsto]l Az R ofadk v, 47 &vis skl M (in vacuo) AASAT.  22jal YA, 7] 119
o OEetAElE B CICLE AA3HAA 0.54 g(94%) 9] Ir(ID-7FE54AAY (315hE 6)& AT,

I NMR (300 MHz, CDCls): & (ppm) 6.08 (d, J = 8.1 Hz, 1H), 6.17 (d, J = 8.1 Hz, 1H), 6.42 (d, J = 8.1
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[0109]

[0110]

[0111]
[0112]
[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]
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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=28.4Hz, 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.

CioHayIrN306Ss0l thall AlkEl EACCHN) #41: C, 52.82; H, 2.53; N, 4.40 5% %] C, 52.50; H, 2.65; N, 4.35

Az 2: FppEA d=E(carbazole-based dendron)®] ¥4

7] B 10, 12 2 149 APk AEES S ey 20 s AxR 5 gk

L
Br 0’40 OH O O Ng
e o m e B
ey
7 8 9 10 G 110
G o
O N S N
Q " _\_‘\AO o] -\_\—O o]
N [o] (o]
v) O —HO ’ LL 0 N/_/_/ Qo o V) O N/_/_/ Qo
=Ry ARy O
= 3 r/jg ) fog )
g H,,: Sl HN:
N O 0 O N O O
12 13 O 14 &
A7) we-Al 20 ZF WA A ArbEE sEE 9 AL gey b (i) fEEZREFE NaH, MF; (i) XE
& oMAHIC]E, DNF, 110C; (iii) LiOH, THF, 3&; (iv) #lE 3,5~ Y =FA x| o]E, K,C0;, DNF, 35

(v) LiAlH,, THF, 25, NaOH

(1) 9-(4-B 2R ra)-g-7t= (33E 8)

1,4-UBZHEE (640.2 g, 3.00 mo) 2@ 20 sfe]l=glo]= (30.1 g, 0.60 ml, 55%)2 o= & E
4 500 mee] DMF} Z&3kick.  7hakE (100.0 g, 0.60 mo)S HH3] H7F3E tg 2204 6A)7F FoF muts}t
Ak, AF FHZ INFE AAsY. 28 vg 9-(4-BERIE)-gFIHutES 7|38k Ao A .
O ATE dolH AES Ay A A aiu}i:ﬂ}ﬂ(xﬁﬁoﬂ(eluent): olel ofMElo]E: Ak = 1:50 v/v)
2 gAste] 112 ¢(62%)9) 9-(4-B2RFeH-gF-7tE (33HE 8)& ATt

MR (300 MHz, CDCl3): & (ppm) 1.94~1.99 (m, 2H), 2.01~2.07 (m, 2H), 3.40 (t, 2H), 4.33 (t, 2H),
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[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]
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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.

CiotligBrNell sl #Al4k#l EA(CHN) #41: C, 63.59; H, 5.34; N, 4.63: Z4X] C, 63.78; H, 5.63; N, 4.73.

(2) 4-(9H-7}01E-9-L) 52 ofAH ol E (3}3= 9)

3}shE 8(40.1 g, 0.133 mol) ¥ EEME oFAHIOIE (19.5 g, 1.99 m)E o}= £9|7] 3stolA 300 mée] DMF

23sditt. A7l whg 3RS 110TolA 12A1F &<t wnkaqint.  dEolAlH o ER f7)/4& &8st
—%%3} Ak z2EA WA, FHE A7 F71EE NapS0set st iz 9 AFAZT. A7) &ulE SEAA
AAEA & AEs At 1 ARE ol AES At A A9 A2vEIHI AN (eluent): N8
obAlHIOlE: mlEFRetol= = 1:30 v/v)®E AAlste] 35 g(93%) ] 4-(IF-7HEE-9-A) 78 opAH ol E (3heh=
9E AAUT}.

ﬁ

I NMR (300 MHz, CDCl3): & (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).

e MR (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.

CistiNOoll T3l Al4ke EACCHN) 24: C, 76.84; H, 6.81; N, 4.98: 4% C, 77.18; H,6.61; N, 4.85.

(3) 4-(9H-71E-9-4) F-e-1-2 (33E 10)

S 9(35.1 g, 0.125 ml) 2 #F Flo]|=FAlol= Ru-dlo|=go]E (13.0 g, 0.31 md)E 200 m¢ THFe &
ARG, A7l g EFAE 12412 B 80TAA wutstitt. AT EFAE oA 7dHEg §AS
TUAA AASA L AHES v, O AR dox AES Ay A Fd A2vtEIHI (AN
(eluent): oEolAHo]|E: wWEAFEo]= = 1:10 v/v)E AIAIA 26 2(86%) 2] 4-(9H-7HFE-9-Y) FE-1-
< (3EE 10)S UG, (& 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).

“CNWR (125 MHz, CDCly): § (ppm) 131.55, 123.56, 121.63, 119.93, 119.04, 111.68, 62.89, 60.85, 29.07,
26.53.

CigllizNOol| T3l A4k EA(CHN) &4]: C, 80.30; H, 7.16; N, 5.85: 54X C, 80.26; H, 7.34; N, 5.73

(4) M€ 3,4,5-E8| 24~ 7ME-9-A) F-EADMZ o E (3H5E 11)

318E 10 (20.0 g, 66.2 mnd); "I 3,4,5-E 3| =2 A M zolo]E (3.68 g, 22.0 mml); ¥ EMMZHF (9.0
66.2 mmo) S ol= B97] dt2] 100 mee] DNFel Estsitt. WeEdZFzdgol=g AV §74S
Eatk. 28lal YA, 3] H71ES NapS0.et 3hstste =zl =
AsHA @2 bES dal, olAS Ayt A Ax] ARWEIRI (AN (eluent):  E obAEHOE: W
F2gol= = 1:30 v/v)Z AAAA 16 g(85%) 2 "€ 3,4,5-Eg]24-(H-7M1E-9-) F-EA DM R 0] E (3}
FE 1IDE I}
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I NMR (300 MHz, CDCl3): & (ppm) 1.69~1.77 (m, 6H), 1.94~2.04 (m, 6H), 3.81 (t, 2H), 3.84(s, 3H), 3.91
(t, 40, 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=28.4Hz, 6H), 8.07 (d, J = 8.4 Hz, 6H).

13C NMR (125 MHz, CDCl3): & (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, 51.54,
42.66, 27.91, 27.22, 25.99, 25.96.

CoollssNsO50ll o3l AlMke EA(CHN) &4 @ C, 79.31; H, 6.30; N, 4.95 : 37X C, 79.46; H, 6.52; N, 5.04

(5) (3,4,5-E82U4-(9F7IFE-9-) FEAD A D) eks (3HeE 12)
SE-AzxE 1 7] wwrEE 500 ml RBFo 100 m¢ =¥ THFW LiAlHel 335 4(2.2 g, 0.038 md)
7H5 AR lfﬂﬁ A, sksHE 11(15.0 g, 0.023 mo) 9] THF &4E 0.5 AlZkell 2 Bew-g A7l

A7) WS B0TAA 2AZE Bk HHAIR] Fol, 1N NaOIE B3 AhAnh. 37 §713e FREEEO
2 Felate] —%%s}aiv}. g3 A, A7) 718 NasSOE AEAZ T o3RG, 3] §E FAA

AASA ke AES A, ZEla UM, 2 AR dofd AASH] e AES Ayl A Ay d=ZnE
I (AN A (eluent): SRZEF Y oFAHOIE = 1:50 v/v)E AAIst] 13.2 g(92%)2] (3,4,5-E2] (4~
(9F7PE-9-A) F-EAD A ES (3gHE 12)5 AU, (% 92%)

H 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).

“C NMR (125 MHz, CDCls): & (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.

CostlzNs040ll T3l AlMkE EACCHN) #41: C, 80.56; H, 6.51; N, 5.12: 54 %] C, 80.69; H, 6.65; N, 5.14

(6) WE 3,5-H]2(3,4,5-E2] = (4-(9H-7M}E-9-L) F-EAD WA A w2 o] E (33HE 13)

RBFell THF (300 m¢) =9 33E 12(2.00 g, 2.44 mml); "€l 3,5-T)3| =E A M Z) o] E(185 mg, 1.10 mmol);
EYRYIAHA(2.96 g, 14.6 mmol); L N, N-tlo]ixzZzFdolyl (DIEA)(1.89 g, 14.6 mud)E H7}8}9T).
1022 Al7te] Ax Ar] HEE Zgdo tljolAX g2 HolZu]7l25 A o]E (DIAD)(2.90 ml, 14.6 mmd)ES W&
e AUkt A7) wbE ERAS 39 st AoA whksiltt. AV fU14E dadERgelsg &
g8t FE5A . a2 YA, A7 F71ES NaSOE AXA7]a oA AT, A7) &S S2AA AA
SHA] & AHES AT, oA E Ayt A Ad A=2vtEIHI (AN (eluent): FA" WA FZeolE =
1:50 v/v)2 AASF] 2.38 g(55%)e] el 3,5-8]2(3,4,5-E] 2 (4-(9H-7}E-9- ) BB ) dl 2 LX) ) ¥l o]

I NR (300 MHz, CDCl3): & (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
(t, J=8.4Hz, 12H), 7.63 (d, J= 7.5 Hz, 2H) 8.06 (d, J = 8.4 Hz, 12H).

“CONIR (125 MHz, CDCly): & (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.
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Ci1sHi1oNsO10o T3l AlxkEl EACCHN) #41: C, 79.97; H, 6.26; N, 4.74: =% C, 80.32; H, 6.17; N, 4.78

(7) (3,5-H]2(3,4,5-EF2=(4-(IF7ME-9-) FEADNA S A Al D) v et (3= 14)
QE-AxH I 7] WHEE 100 nl RBFO| 40 mee] AAHA ZFE THFW LiAlH(9 mg, 0.141 mud) &< 7}
= Ak, aga A, 3 13(0.17 g, 0.0564 mmd)©] THF £918 0.5 Al7ke]l AA Wews

aL k=4 PR
80°CoNA 24 7F5er A7) BhS Egols &aa Sof 1 N NaOHE HH3] Hrlslgd. A7) 184S 223
207 B3t FEAT. a8z UM, AV F71E5S NaSoolAd Axsta oA g, A7 §9E S

AA AASHA] 2 AHES AAch. TP UA, o AdE Jojx AAleHH] ¥ AES AEg A AE 3
ErtE a9 (AMNN(eluent): ERZRZEE: oEolAEo|E = 1:50 v/v)E AASt] 0.14 g(76%)2] (3,5-H] 2=
(3,4,5-E8&(4-(9F-7E-9-) F-E5EADHA S AD A D) v ets (33=E 14)E A, (55 76%)

' 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).

“CONMR (125 MHz, CDCls): § (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.

CuirHi1oNsOgoll T3l Z12k#l EACCHN) #49: C, 80.57; H, 6.36; N, 4.82: =X C, 80.74; H, 6.15; N, 4.86.

A 1WA 30 olelw 913 dEeH e A

] Wk 30 wEt A %% vt

471 RbgA 3] ZF Al A7k stetE B 232 v 2ok (1) DPTS, DCC, WEd Ezefol=, A
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DPTS: 4-(tjd€o}r]x)-5 |

.
AAlel 10 AL Al A= (3}
E2q

[0157]

st
SHolAEo|E: F2&
CDCl13):

H NMR (300 MHz
2H), 1.64~1.68 (m, 2H)

[0159]

[0160]

3e% 6(0.20 g, 0.209 mmol)
(dgdelr ) I2HF p

dolul= (DCC, 1.47 mmol)
A ZFEeE Ao uuks)
7

[0158]
ARG, el A
489 53

[0161]

ZIHSd 10-2010-0039802

ZhERHon =

_]/\E]

229

4-EFAHFYo|E, DCC: 1,3-TA]
Fretolmo] gajAAL. 4-
ol A EY|o]E (DPTS, 0.18 g, 0.628 mmol) % 0.30 g9 1,3-tA|Z2AA7l=H
AF7] Hk-g zalou.o_ olz= I 197 0]'01]/‘1 24
LA (urea)d WH-ES
o

Jg__
! 3}9tE 10(0.20 g, 0.838 mmo)S 50 m¢ WL
Sk sol A wgkgel e W7k
-

NE)gk A AY gentEadd (AN (eluent):

5}5HE 15)
=~
£ 7] E(mother) &Ho| H71slact.
k. wHEE Ee(dissolution) % of3bo] AupzA AAH
: A7) olitg Wgd FRefols fNS AT
’61'7] ;‘gx-] 2] }_TL -1 ﬁ;,].g xg/ﬂgl /\}EE
=5 EE = 1:40)2 AHASEA 0.15 g(430) 2] H24 1P ES AU
§ (ppm) 1.21~1.28 (m, 2H), 1.30~1.37 (m, 2H), 1.45~1.51 (m, 2H), 1.58~1.62 (m,
. , 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, 1), 6.72 (t, J = 7.8 Hz, 1), 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, 1), 7.85 (d, J
= 8.4 Hz, 1), 7.93 (d, J=8.11Hz, 1), 8.04 (s, 1), 8.12~8.16 (m, 6I), 8.45 (s, 1H).
“C MR (125 MHz, CDCl,): & (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
CooHaoIrNg0sSs T3l 7A€l MALDI-TOF MS exact mass [M+] 1618.4070, S =] 1618.2455
[0162] CooHaoIrNg0sSs T3l AlAFEl EACCHN) ¥A1: C, 66.77; H, 4.30; N, 5.19; =42 C, 67.96; H, 4.25; N, 5.02
[0163] AAe] 20 A2 A A= (33HE 16)
[0164] 313E 6(0.15 g, 0.157 mmd) 2 FFE 12(0.515 g, 0.628 mmo) S 50 mé CHCl,ol £3|A1Zth. DPTS(0.14 g
0.471 mmol) 2 0.23 g©] DCC(1.10 mmo) & 7] B & H7tepqlet. 7] whg EFHE o2 #9]7] a}d
A 24X Fe AoA wwkeeith,  wbEE Ra] 2 ojute] AnEA 249 $%§ZW%3J% A
A, A7) outd wdadl F2eels §88 AL A7 e Bele Hursnh. A HAd
%E“?@ﬂﬂ,ilﬁﬂi-@ﬂﬂ'ﬂu%“éﬂﬂﬁﬂﬁﬁ<ﬂiﬂilﬂﬂ(ﬂﬂ°MMwﬂ-]9 oM H|O|E: F
RREEE 114002 BAEe] 0.3 g(57%) ] H24 1P ES At
[0165] H NMR (300 MHz, CDCls): & (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 =7.8Hz, 10 ), 6.79 (t, J = 8.4 Hz, 10 ), 6.87 (t, J = 8.1 Hz, 1H), 7.05~7.09 (m, 2I)
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
H), 7.69 (d, J = 8.4 Hz, 1), 7.75 (d, J = 8.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 8.4
Hz, 10 ), 8.10 (s, 1H), 8.12~8.15 (m, 18H), 8.26 (s, 1H), 8.53 (s, 1H).
[0166] “C MR (125 MHz, CDCl,): & (ppm) 177.49, 169.97, 168.06, 166.78, 163.80, 163.54, 163.35, 156.64,
153.02, 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,
125.79, 125.76, 125.73, 124.06, 123.19, 122.98, 122.95, 122.93, 122.75, 122.25, 121.79,
— 21 —
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[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]
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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.

Coorlli771rN10155; tlall Al4kE MALDI-TOF MS exact mass [M+] 3359.2248, =742 3361.1160.

CooHi77IrN1015S; Thall Alakgl EA(CHN) 241 €, 73.97; H, 5.31; N, 5.00 =& X) C, 74.56; H, 5.36; N, 4.97

Al 30 A3 MY =gy (33E 17)
&3E 6(0.15 g, 0.157 mmol) 2 F3E 14(1.11 g, 0.628 mml) =S 50 ml CH.Cl,ol &3jAAT}. DPTS(0.14 g,

0.471 mmol) 2 0.23 g9 DCC(1.10 mmo)E A7) &= &do] H7lsldek. Abr] ¥vks &
A 24N T FoF Aol wREEIIT, wkEE Hd 2 oyt Az 4o RS AASNGY. g
A

A, 471 dakd &AS AdeA EFATIM dEkse] Hede ksl A7) Ades sk, 104
HE ARE eSS degt A A ARvtEIfY (AN (eluent): oY olAHIO|E: IEEXE 1:40)2 4
Aste] 0.3 g(42%)¢] HF24 1P =S AA

I NIR (300 MHz, CDCl): & (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, 1), 6.79 (¢, J = 8.4 Hz, 1), 6.87 (¢, J = 8.1 Hz, 1),
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, 1), 7.69 (d, J = 8.4 Hz, 1), 7.75 (d, J = 8.4 Hz, 1), 8.02 (d, J = 8.4 Hz, 1H),
8.04 (d, J=28.1Hz, 1H), 8.10 (s, 1H), 8.11~8.13 (m, 36H), 8.27 (s, 1H), 8.57 (s, 1H).

13C NMR (125 MHz, CDClz): & (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,
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 AlAFEl EA(CHN) #24 C, 76.96; H, 5.72; N, 4.80 =4x] C, 77.56; H, 5.75; N, 4.75.

Sl W=l o] 4 w4

A B97] &to FAILE A= (scanning calorimetry ; DSC) 2 AFEA(thermogravimetric analysis ;
TGA) & AFE3te] 237] AAdoA Az Q17 olgw =g €4 548 A8l

%= la® DSC €24 o), & 1be TGA Fi4] FAdelrh. = ladlA Hze], 37b4 dl=gm= 290 C7HA]

ot +& 715 &8 As(melting behavior)S YERNA dth.  FMEA Wl=2(carbazolyl branch

dendron)& Wxr7} ZF71ste] wial, 7FA3K(plasticization) &E37F ZF718F7] wiEo] fdo] %Z(glass

transition temperature)”’} ZAEUACE. = 1bolA BEEo] ZF dl=glm= 310C7HA] ojWdl on] gl= A &

AL YERA 2okt AR WA Bl AR 2k BE A S 315T oAolAdvHE 1 FX). EE T

HE 2 94 AdAALAS JdEY. 7] AREEE hhEA dEEe] olglw AHA| Fojdle] AL o
R

F (D #A9) 94 Aol olme Az ENE FUe ddes & 4

ZF d=gn] £H(3 wt%)S acrodisc FAF 7] (Millipore 0.2 m)E Eal oA 7]aL, o]o]A],
I 2E(spin—cast)A AT, 283 YA, 7] DES FAF3tol A 48A17HE<t 80T AlA] Al

N

}

b

190-1100 nm 3} el Ax W-vis 2353 7](HP 8453, PDA type)S AlE3te] IE Al ¥ F2EZYXE &

O:
o
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[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

ZIHSd 10-2010-0039802

Aeltt.  itachi F-7000 FL £3=47)5 A}g3sle] PL ~HEHS

o

N(EE 1X 10 mole/L)e] &4 ~HAEH
71Z3k3 .

JHU

Eldt}, S22 X 29|

!

2= & IR AA oM Az d=gee] CHCl; 89 2 AFW WV/Vis S5

=
A, 350 m oldke] F4 W=l Ir 2A L spERRE g-x de] Azt sEt. A AwE shuE
9ol ok $H %—7}?}‘4. o] AL WESA FhutE =9 <tElvel oF FE W o] gk AldielA
g AdE 2v] S74ES JeRd. 400 WA 570 me] W oy 030—1301]}\1 %0 (shoulder) (H2F 443 2
512 nm)E ZE oketa Yo Fa =yl AFEQQa, o]AL Ir(ll) FAY FE&-g7t= A3t o] (metal-to-
ligand charge transfer ; MLCT) #o]o] 7113k Aolz} & 4= Ut}. EﬂEE]U%J 2~ EHLE oA 400~570nmE
E5ete Ir-2A19 3EE 59 dERow

5T e ¢ty 98-S = FE FuY sEE 109 ~HEHS
Sedh Al FF ~HERo|aL, Y] AFERLS kS 9 Ir ZA Alole] ojwgk thE Alafe] deAE W=
YEA] & vERdTE. aeER ) I ZA9 BE 5L AFACERA &2 FY wid d%s v
et e & 5 AUt

o718 FHEAY F-4F SHHUERE F F7(sensitization)S Ead F4 Ir(I) o2z 73k 358
FE de Aol Jhsettt. ol FME W] F9-1H &l 95k, FE(luninance)E FHA7=
Aol 7hssith. l=gw el §ofo] FhutE (Ao = 350 m) o] &5 3pFolA 7] HIAE o, o5 &

g ~AE” olglF (D) A7 Ao UG 641-644 mm 5
3} % degre] F27F MICT v FEollA daFe vAA @
EhlaL, o)A fAkgE of7] AdE 2 A&zt [r(I) ZAAR FEo 23S gAgt),
o okzlell ~#| o)A (alkylene spacer) A 7hkE dEEe] Ir() A 510} el 9
2 P8t Ao JFL v GG oju] FAAFul. aHER, Ay Ir(I) 2HA ¢
2ol ol 2 WrE S omA FEeld 545 aHAH.

t}9]
HolA AHgE olelF () 93 9 Fel
A4 4R A BES U, oA
%2& 2

_;

m _E

4“] A= 7‘3

T kg |

i
o
=
o
1
&
o

2z
Ir -
)

& Bax FEEXE & TollAe] HAdolN Axd Q1 W= P
Aol 7h S74gkel weh g e
LI Q) ANERE A=xS
% (mass percent)”’} 3L, A-]]r,]-]_,_7]- S
A Ho. Al 39l AEelnl e s
AAlel 3¢ gefe] o Ao o Ir(IH) AAE 3 L= |
54 PL 29 EHS Yehdn, A5 5’]—3}2-"—7]01] Seels Byo] w w o= A4
Al FEA o2 A% (quenching) ¥ 2L, ]3&0 7}3} g2 e =
S yeldt, (= 3b9) AR F
ow 71 %5% PL 7&53 L]-E]—LH o] A

[e}

>
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o oY
=
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> 1o
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o
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=
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[o

R T

D
2
=
o
M
Y
L
o
fol
L4
oo
o,
=2
o
2
ok
et}
tlo
W
o
e
v

T 3a0lA B & 9d5o], B dme] Axjde] wE % dEgvs FEEIEE §A FolA 641~643 ol T

Al PL &S YER AL o] TA FHAAME &R E e 22 FHo PLS UE= AoR Hol uﬂ*&ﬂ%

NA Ir ZAE Alolo] oz o7} doAuA] g RE 9ujgitt. 8Bz JmpEA dEEo] Ir ZAE
T Utk ol B o] AAldd wE 1% ol

[t
)
)
N
O
=¥
(e
il
i
ot
)
(1t
o
o
N}
AC)
()
(11
=2
i
=
1
9
II
b
ru

A€l (homoleptic) <13 dl=gw7} FADoZH,
dezo] mpghAehx] o2 s 3Hshy] fF F9-ud adE ST et
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[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

ZIHS3d 10-2010-0039802

F 1
T, Ta E4=(absorption) PL(photoluminescence)
() (C) & 415 £-of 45
( A jax/nM) (A pax/nm) ( A pay/1M) (A pax/nim)
AA 4 1 105 360 444, 514 422, 510 641 644
Ao 2 78 365 444, 514 422, 510 643 643
AAe 3 72 370 444, 514 422, 510 644 641

% 4acl] YERA ukel o], ITO/PEDOT:PSS(40mm)/ % =2] % (55m)/BCP(10mm)/Alqs(40nm)/LiF(1nm)/A1(100mm)
Z5 72t AA 23 235 AF5 Y. =44 (conducting) PEDOT:PSS &2 of= E7|Y ITO-Z¥€ ¥
2 Yo 23 FY(spin-coating)HATF. I YA, W=z P ne-F2a Al fA(FE: 5 wt
)2 ALEstel A8 Az PEOT Z9lo] ~¥ ZHEATG. Ted 2 MR <5 X 100 Torrd] % ¢
oA A2 FHH(thermal evaporation)ol &3] #7158 SZAFY: A-FHA]ZF(hole-blocking layer ; HBL)S.
2 10m-F72] 2,9-tuE-4 7-gdd -1,10-H93EE™H (B(P) ¥ AA4%S(electron transport layer ;
ETL) S & 40mm 719 tris-(8-hydroxyquinoline) aluminum(Alqs). HFEZHo =, LiF(1 mm)/AI(100 mm) AL
Y =73t Algy T 1ol FERAH .

Keithley 2400 programmable source meter 2 SpectraScan PR650(Photo Research)Z& AR&3Fe] AA &F Ax};

o AF WE-Ag-Fudl A~ (current density-voltage-luminescence ; J-1-L) EAS =A3F99tt.  TENCOR
P-10 surface profilometer& AF&3le] 1% Wl=g|w e FAE ZAAS AT,

SH7] 3 200 7] AAdolA Alxzgk WA dg a2z T WY, Hu 3=, dF a5 2 EdA a5
YER AT
=2
T Ho 3= Ho A= a& | o dF a8 | HAd o5 A
79+ (Turn—-On) 2 S 1 &
W) (cdm ) (ImW ) (cdA ) .
(rLexL)
AN 1 5.0 561(383.427) 0.417(0.197) [0.664(0.197) 5V|2.243(0.197) 58V
12V oV
AN 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
2 A4 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
w1 Jof| B g
T o4bolle 2 @] Ao we} Azg AA g Aol e wE AR HEE ZAEY. A w3
22be] P (turn-on) A(AZTH)L 5.0-6.5 V HYol|l o ot B} & Ay = 9y =
(e} (e}

F UEE ngE vpelolz Agtel AAldl 19 WednE X

= %__ =
oM 7HE okt oA AE WA ols kTt wre= As ot

Aol 19] AAMEY b= A oR v dFEiA Al 3o dAEFaAEG W g8 YERRL
o A7 B 95 A aES 5o g A F2 A ent A, aeu 9 AR b 5
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[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]
[0203]

[0204]

[0205]

ZIHSd 10-2010-0039802

s &t g3t HolAa F5¢ 7 An

= Gavm £ 0] AAdelM AZF WA g sabe] Ao g spdelMe] EL AHERS ekt &
Bel A Tl we 1 e A AAG HEs dEhla, s 7] el F(species)o] <A
opd F-lollA ofzhe] meEl-fate] &Y gE Alejstas, BE PL R OEL 23S H9dT. Al SoEFH
oW vl WFE L AHEHAA #FHA ol BE A (forward) vhelofs kel A, 652-656 mm
A Ao EL WES 2t 1 dudn e 534 AAg o] AFET. skl Skl welA, 47
WFe T2 0] B GREEE Jjdegit. A Mt met deg "k B AFEY B CIE #Eel
FEFE MAA @

6be AAJeloll A Azxe A BF 22 AF DE
3t7] flske], AAldel A Axg Q13 W= e EL AFHE
) nxstE gk AAsg wEo] dojHrh(x = 0.70, y =
93] (National Television System Committee ; NTSC) <=l 7}%t}. v

AAldle] BL ~FEHS Agy zetol Faednt. gk, 7] AETE dARdEe Tk Al 48H

o |
(=}
N

P02 > omo o K
NooT

2
o
olN
N
N
>
o
ol
i
)
o
>
ot
o
2
)
(<0
ol
38
)

2 A e =

2 dge] o FEdo] nE 1Y dEgsE JEA MEEoERY [r() 87 22

= JdAE o)Fe] ag&dom doju, F ItEA i NEE W Fo 99 E Ze dEgHe B4 Ut
3 5x dERoZRE Fo] wheZ wE oUX] o7} o]FoXEuR | ol WrEWRRE ulEAslx] ge
A2 I HES JAste tHstE WES FEsted, d¥ A=W E xdstE A g e W2 Ws
A (low-bandgap) T3 &4, &, [r(I) HAF BG FAE X35t HAROZREHT dgo] HASS el
o ooEbA] B oo o Fddd wE 1 d=EgHE AMESte] AAE AA B AAE AR Qv
EHo It 9

= g o] AA| ool A AT Q133 d=g ] DSC 84 A (thermogram), = 1be - @ o] 2AA|

2 owyolo] ANl ARG AF Weue] §olg PL AHNEH] T, ® 3pE B wge] QAo
A Az Q% Aeve] AR PL SH =0l

£ A% UE 2 AES e ool

w}
Ao g wg §85S YERA X olal, X 5bhe
o] Ao wE AA wWF 2xpe] AFHEE wWE o S (external quantum efficiency ;

EQE, B)S YEeld 1gjzoln),

LI

rir

% 6at 2 wwel Aol we A7 Wy el Hu W vhgel W L 2¥Eeln, E 6b
of AAele] mE WA WY s AF WES] uhE AEE tehd Tezolu,
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