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ZA-2-A)#d)-1,3,5-Eg o}z 3.59¢ (10.9mmol), HIEZ7|A(EgdIdE~3A)ZeE 190mg (0.16mmol), EF
AEE 1.7g (12.39mmol)-& FUsk AA7]FslollA 1,4-tS4F 60nL, A5 6ul = 12A17F 59 357 1REA|
AT, WSEAE F A7R] HAAHE] W ¢ dees da whksglt, AdE 2AE g3 & FRT de
=& AFEste] AAEEGIT. AdE TAE EFA AAAS ] HASFE [11] 4.4g (7owth)E A =318l

A7) wgel 19 WU BAT WHOR HFE 1A 28 AzaAL ) w20 ARE ephct,
X 2
SHHE | NMR [400 MHz, CDCI,] MS/Q-TOF
= +
HE (8) )
1 [8.27(dd, 4H), 7.85 ~ 7.78(m, 5H), 7.55 ~ 7.40(m, 12H), 7.15(t. 1H), 560
6.86(t, 1H), 6.74(d, 1H), 6.68(d, 1H)
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2 8.27(dd, 4H), 7.85 ~ 7.78(m, 4H), 7.74(s, 4H), 7.50 ~ 7.40(m, 12H), 724
7.15(t, 1H), 6.88 ~ 6.85(m, 2H), 6.74 ~ 6.68(m, 2H)

3 8.27(dd, 4H), 7.86 ~ 7.78(m, 6H), 7.54 ~ 7.40(m, 13H), 7.26(d, 2H), 636
7.15(t, 1H), 6.88(t, 1), 6.74(d, 1H), 6.68(d, 1H)

4 8.27(dd, 4H), 7.80 ~ 7.78(m, 4H), 7.53 ~ 7.40(m, 13H), 7.15(t, 1H), 640
6.86(t, 1H), 6.76(d, 1H), 6.68(d, 1H)

5 8.27 ~ 8.25(m, 5H), 7.82 ~ 7.78(m, 4H), 7.71(s, 1H), 7.56 ~ 7.40(m, 636
15H), 7.15(t, 1H), 6.88(t, 1H), 6.74(d, 1H), 6.68(d, 1H)

6 8.27(dd, 4H), 7.86 ~ 7.78(m, 6H), 7.55 ~ 7.40(m, 15H), 7.14(t, 1H), 636
6.88(t, 1H), 6.74(d, 1H), 6.68(d, 1H)

7 8.27(dd, 4H), 7.86 ~ 7.78(m, 6H), 7.55 ~ 7.40(m, 13H), 7.24(m, 6H), 712
7.14(t, 1H), 6.88(t, 1), 6.74(d, 1H), 6.68(d, 1H)

8 8.29 ~ 8.23(m, BH), 7.80 ~ 7.78(m, 4H), 7.71(s, 1H), 7.58 ~ 7.40(m, 712
15H), 7.24(s, 4H), 7.15(t, 1H), 6.88(t, 1H), 6.74(d, 1H), 6.68(d, 1H)

9 8.18(d, 4H), 7.75~7.69(d, 6H), 7.44~7.31(m, 15H), 7.15(s, 4H), 7.06(t, 712
1), 6.77(t, 1H), 6.65~6.59(d, 2H)

10 8.18(d, 4H), 7.75~7.69(d, 6H), 7.60(s, 1H), 7.47~7.31(m, 16H), 7.15(d, 712
2H), 7.06(t, 1H), 6.77(t, 1H), 6.65~6.59(d, 2H)

11 8.18~8.14(d, 5H), 7.71~7.69(d, 4H), 7.60(s, 2H), 7.47~7.31(m, 18H), 712
7.06(t, 1H), 6.77(t, 1H), 6.65~6.59(d, 2H)

12 8.18(d, 4H), 7.75~7.69(d, 6H), 7.60(s, 1H), 7.47~7.31(m, 18H), 7.06(t, 712
1), 6.77(t, 1H), 6.65~6.59(d, 2H)

13 8.18(d, 4H), 7.75~7.69(d, 8H), 7.47~7.31(m, 15H), 7.15(d, 2H), 7.06(t, 712
1), 6.77(t, 1H), 6.65~6.59(d, 2H)

14 8.18~8.14(d, 5H), 7.75~7.69(d, 6H), 7.60(s, 1H), 7.47~7.31(m, 17H), 712
7.06(t, 1H), 6.77(t, 1H), 6.65~6.59(d, 2H)

15 8.18(d, 4H), 7.75~7.69(d, 8H), 7.47~7.31(m, 17H), 7.06(t, 1H), 6.77(t, 712
1), 6.65~6.59(d, 2H)

16 8.99(s, 1H), 8.39(d, 1H), 8.18(d, 4H), 7.82(d, 2H), 7.71~7.63(d, 5H), 636
7.48~7.31(m, 14H), 7.06(t, 1H), 6.77(t, 1H), 6.65~6.59(d, 2H)

17 8.45(dd, 2H), 8.18(m, 4H), 7.91(S, 2H), 7.71 ~ 7.69(m, 4H), 7.50 ~ 636
7.31(m, 15H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

18 8.41(d, 2H), 8.32(dd, 1H), 8.18(m, 4H), 7.85(dd, 1H), 7.71 ~ 7.69(m, 636
4H), 7.51 ~ 7.31(m, 15H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

19 8.32(dd, 1H), 8.18(m, 4H), 7.94(dd, 2H), 7.85(dd, 1H), 7.70 ~ 7.69(m, 636
4H), 7.51 ~ 7.31(m, 15H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

20 8.45(dd, 1H), 8.18(m, 4H), 7.98(m, 1H), 7.75 ~ 7.66(m, 6H), 7.51 ~ 636
7.31(m, 15H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

21 8.18(dd, 4H), 7.75 ~ 7.69(m, 8H), 7.44 ~ 7.28(m, 15H), 7.06(t, 1H), 726
6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

22 8.18 ~ 8.14(m, 5H), 7.75 ~ 7.69(m, 8H), 7.60(s, 1H), 7.47 ~ 7. 28(m, 802
17H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

23 8.18(m, 4H), 7.71 ~ 7.61(m, 10H), 7.44 ~ 7.31(m, 13H), 7.06(t, 1H), 726
6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

24 8.31(dd, 2H), 8.18 ~ 8.10(m, 5H), 7.71 ~ 7.69(m, 5H), 7.48 ~ 7.31(m, 742
15H), 7.06(t, 1H), 6.77(t, 1H), 6.65 ~ 6.59(m, 2H)

25 8.31(d, 2H), 8.18~8.10(m, 7H), 7.71~7.69(m, 4H), 7.60(s, 1), 819
7.47~7.31(m, 17H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d, 1H), 6.59(d, 1H)

26 8.18(d, 4H), 7.90(m, 3H), 7.76~7.69(m, T7H), 7.44~7.40(m, 8H), 743
7.35~7.31(m, 5H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d, 1H), 6.59(d, 1H)

27 8.18(d, 4H), 8.08(d, 1H), 7.90(d, 1H), 7.77~7.67(m, 7H), 7.59(d, 1H), 802
7.48~7.40(m, 12H), 7.35~7.31(m, 6H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d,
1H), 6.59(d, 1H)

28 8.39(d, 1H), 8.18(d, 4H), 8.08(d, 1H), 8.00(d, 1H), 7.71~7.69(m, 5H), 802
7.52~7.40(m, 14H), 7.35~7.31(m, 6H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d,
1H), 6.59(d, 1H)

29 8.18(d, 4H), 7.83(d, 2H), 7.71~7.67(m, 6H), 7.53(d, 2H), 7.44~7.40(m, 753
8H), 7.35~7.31(m, 5H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d, 1H), 6.59(d,
1), 1.62(s, 6H)

30 8.18(d, 4H), 7.83(d, 2H), 7.71~7.67(m, 6H), 7.53(d, 2H), 7.44~7.40(m, 877

8H), 7.35~7.16(m, 11H), 7.06~7.01(m, 5H), 6.77(t, 1H), 6.65(d, 1H),
6.59(d, 1H)
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31 8.18(d, 4H), 7.83(d, 2H), 7.71~7.67(m, 6H), 7.53(d, 2H), 7.44~7.40(m, 779
8H), 7.35~7.31(m, 5H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d, 1H), 6.59(d,
1), 2.11(m, 2H), 1.86(m, 2H), 1.46~1.36(m, 4H)

32 8.42(d, 2H), 8.18(d, 4H), 7.77(d, 2H), 7.71~7.69(m, 4H), 7.44~7.40(m, 877
10H), 7.35~7.31(m, 15H), 7.06(t, 1H), 6.77(t, 1H), 6.65(d, 1H),
6.59(d, 1H)

33 8.29(m, 4H), 8.03 ~ 7.85(m, 9H), 7.73(d, 1H), 7.67 ~ 7.51(m, 17H), 874
7.48 ~ 7.38(m, 2H), 7.29 ~ 7.26(m, 3H), 6.97(m, 1H), 6.79(d, 1H),
6.85(dd, 1H)

34 8.38(dd, 4H), 8.03(dd, 2H), 7.91 ~ 7.85(m, 8H), 7.73(dd, 2H), 7.64 ~ 874
7.45(m, 15H), 7.29 ~ 7.26(m, 5H), 6.97(m, 1H), 6.85(dd, 1H), 6.79(dd,
1H)

35 8.38(dd, 4H), 8.16(d, 1H), 8.03(d, 1H), 7.91 ~ 7.87(m, 5H), 7.73 ~ 752

7.61(m, 11H), 7.51(m, 4H), 7.26(m, 1H), 7.05(d, 1H), 6.97(m, 1H),
6.79(dd, 1H), 6.71(dd, 1H), 1.72(s, 6H)

36 8.18(dd, 4H), 7.96(d, 1H), 7.83(d, 1), 7.71 ~ 7.67(m, 5H), 7.53 ~ 752
7.50(m, 3H), 7.44 ~ 7.41(m, 8H), 7.31(m, 4H), 7.06(m, 1H), 6.85(d,
1), 6.77(m, 1H), 6.59(d, 1H), 6.51(d, 1H) 1.62(s, 6H)

37 8.31(d, 2H), 8.18(m, 4H), 7.97(m, 1H), 7.85(dd, 2H), 7.71 ~ 7.69(m, 738
4H), 7.41 ~ 7.31(m, 14H), 7.06(m, 1H), 6.77(m, 1H), 6.65 ~ 6.59(m, 2H)
38 8.45(dd, 1H), 8.18(m, 4H), 7.84(dd, 1H), 7.77 ~ 7.67(m, 6H), 7.59(d, 725

1), 7.44 ~ 7.31(m, 13H), 7.23(m, 1H), 7.15(m, 1H), 7.06(m, 1H),
6.77(m, 1H), 6.65(d, 1H), 6.59(dd, 1H)

39 8.65(dd, 1H), 8.38(m, 5H), 8.28(dd, 1H), 8.19(m, 1H), 8.04(dd, 1H), 801
7.91 ~ 7.89(m, 5H), 7.72(d, 1H), 7.64 ~ 7.51(m, 15H), 7.43(m, 1H)
7.35(m, 1), 7.26(m, 10), 6.97(m, 1H). 6.85(dd, 1H), 6.79(dd, 1H)

40 8.65(dd, 1H), 8.38(m, 4H), 8.28(d, 1H), 8.04(dd, 1H), 7.94 ~ 7.89(m, 725
6H), 7.72(d, 1H), 7.64 ~ 7.51(m, 11H), 7.43(m, 2H), 7.35(m, 1H),
7.26(m, 1H), 6.97(m, 1H), 6.79(d, 2H)

41 8.45(dd, 1H), 8.18(m, 4H), 7.84(dd, 1H), 7.77 ~ 7.67(m, 7H), 7.59(m, 725
M), 7.44 ~ 7.31(m, 11H), 7.23(m, 2H), 7.15(m, 1H), 7.06(m, 1H),
6.77(m, 1H), 6.59(d, 2H)

42 8.30 ~ 8.25 (m, 4H), 7.90 ~ 7.50(m, 8H), 7.40 ~ 7.15 (m, 28H), 6.90 ~ 894
6.75 (m, 3H)

° HE SRS Qo 54 sAER ARSI, 37 3132 o' FAHE IFES %
A I E 2-TNATA(4,4",4"-tris(N-naphthalen—-2-y1)-N-phenylamino)-triphenylamine)< A&
= 522 AME3FaL, o-NPD(N,N'-di(naphthalene-1-y1)-N,N'-diphenylbenzidine) & A&5%$5 EEZE ALE
o, ﬂ%ﬂ¥£€~?ze 2 7183 aAE AFSh: 1T0/2-TNATA(80 nm)/ a-NPD(30 nm)/&}8H4]b+3}ak4]

)

J> o o

=+ 349 (Corning)A}9] 159/cm (1000A) ITO & ]S 25 mm x 25 mm x 0.7 mm=L7]| &2 ZEpA] o}AE
A e E FoA 7 168 T 259 AAS St WV & AlAste] ARgskitt.

71 713 3ol 2-INATAE 23 T&38te] 80 nn F7Y AITFUSTS FAST. A7 ASFUS A,

a-NPDE 2T F&ste] 30 mm 7S BIFEFTES AU, AV ATFEST A A a2 ZAEHE

SgtE 9 3sh R FAIHE IEE (23 E wthE IF TS 30 nm FAY HHITS 53 dakd .

ol %, 47 wgT AHl Algy SRHES 25 nme] FAER IFFESY ARFESTS A5

5 AFd Liq 1 mm(AAFLZ)F Al 100 mm(INA2E)E SR JAFSEste] f7|dgAAE

AZSATY. olE HAAE Lol Hrf.

1d
w
(@)
A
offt

3l7] stehA] R BAIEE SFFES QA 54 SAER ALESAL, 7] g dR ZAEHE SEES 9% S

ER AFE3}ar, 2-TNATA(4,4',4"-tris(N-naphthalen-2-y1)-N-phenylamino)-triphenylamine) & H&5%
= =548 AF&stal, a-NPD(N,N'-di(naphthalene-1-y1)-N,N'-diphenylbenzidine) S A&+43 F2 2 Al&3)
o, g 2 FxE e f7IEEAAE ARSIt 1T0/2-TNATA(80 nm)/ a -NPD(30 nm)/38}8H4) ¢ + 33}

_20_



[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

ZIHSd 10-2017-0045426

2] d(30 nm)/Alqs(25 nm)/Liq(1l nm)/ A1(100 nm).

ol :=x FY(Corning)AFY 15Q/cm (1000A) ITO 2] 712 25 mm x 25 mm x 0.7 mm37]| &2 ZEA oA E
olaxzd dFIY 53 B J—Oﬂ/\i z} 158 Fot Z"JJr MAS & 308 s UV 2 AA 0}&1 ’\}‘(lo}oﬂ‘jr

2% 80

a-NPDE & F2éke] 30nm 771]-4 é%_}l:“/;o:

ke 8l Bk dR wAEe e (=EE swthE A SHSe] 30m T HESE
o)F, 7] LFZT FHel Algy SHFES 25me] FAR ATTHst] AAFESS

Aol Lig 1 mm(AAFHE) 3 Al 100 m(ALE)E =38 02 AgFaste] §7133225 Aze3

ol& WA E 20]2kaL gt

S5 RREY. 4 ABHES ANl B4 ez LA
2 439l

et pe<alata o e o
N . . N g S O \ Ir
O O Q Q O Z 13
AAd 1~7

A7) Hlald 1 FollA, QY =2 sAE kA b gjal ] wksd 19 o) A E FFE 5, 11, 14, 21,
29, 33, 428 AP =M TAE 7} o] 43 AL AYstu= Ay Hlnd 13 SYs wHoZ [T0/2-
TNATA(80nm)/ a -NPD(30 nm)/ 3}&F 14, 21, 29, 33 T& 42 + 38k d(8wt%)1(30 nm)/Alqs(25
mm)/Liq(l nm)/A1(100 nm) ¢ %5 z2t= f7] 43 A2 AZFsAr. o 44 MEZ 1 x| 7 ozt

gt

o J:L

B7ke] 1: v 1~2 3 AN 1~7 o W3 54 HI}

HWAZE 1 ~2 9 AWZ 1 ~ 7 o gi8lo], Keithley sourcemeter "2400" KONIKA MINOLTA "CS-2000"& o] &3}¢]
WP g as, 43I E 2z Friste], o A3E 7] & 3o YeERY. A MEELS 520~526nm
Holo A = b 3T ke HoFQ)
¥ 3
A= No. A =A | QG =AY A9t 3= =28 gy A
SRE R OP. V| ed/ud] [cd/A] [nm]
No. No.

HWAE 1 b d 3.6 560 5.6 525

H W AE 2 c d 3.8 545 5.5 521

A4 1 5 d 3.6 568 5.7 520

AN 2 11 d 3.1 606 6.1 524

A Ao 3 14 d 3.3 700 7.0 521

A 4 21 d 3.6 621 6.2 522

AA e 5 29 d 3.2 579 5.8 522

AAld 6 33 d 3.5 628 6.3 526

AAA e 7 42 d 3.2 685 6.9 525
A7] & 3olA HoA = mpel o] ME 1 ~7 & HuAE 1~ 2 9 gt ARG T L yE I EAS

e

Yok 2: vlme 1 ~2 9 HAAY 1~ 79 £H EA HIt
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[0095] HWAE 1~ 2 2 AZ 1 ~ 7 o thste], wWAafo]ad =AFe] NE000S
(LE =AY, = 282 27135 (Lyol tigk IF=(L)e vS
3= (Ly) 12,000 nitE 71Fo =2 3 Z(L)7F 97% (L/ Lyx100)o] Teste= AZHLT97)E ZHzF A ste], 1 A3
= 317] & 49 JERAE.

H 4
[0096] AE No. I =4 T 1E I =4 m9E T8
No. No. Time[Hours]
HwAEZ ] b d 48
H WA 2 c d 41
AAd 1 5 d 108
A 2 11 d 58
AAld 3 14 d 106
A 4 21 d 63
AAld 5 29 d 96
A 6 33 d 82
AAd 7 42 d 86
[0097] 71 & 4 ol BoR = upel o] AAe] 1~ 7 & Hud 1~ 2 o H|gte] ddE = 5SS YERT.
[0098] o /Foll Al 1 o] uptbA st e Fof tiste] AGASHA AR AR 2 2] Ay Hee ol dA4H=
AL olla v A Yol At Y E wyel J|E IS o] &3 T oy Wy = ek
P ek 2 dgo] el Hel &3 Ao
=y
=2
1
=3 — 2
MAF/E —— 3
MR =455 ——4
AHE ———5 10
HNa3 535 ——6
HE FUE —— 7"
oF= —— -8
7| ——9
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