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Fohe wEe 2a, FFozvHel 4T FY Dfol $HH, I3 gE ANS fAsHA SEKom
ool $5d FFRE gkttt webd g7] Auka 19 2vtelz HFES AgHAL olv A4
34 A8Y + b ¥4 BAe oAu, ZgRAehd fEA, vmgmsdepd fEA, E=ud
FEA, SAE, SATolelE, EgtololE, owtE, olntEe, olvtEEe, daEd, ddEe, W
sfolEmolntiE, solmebe, obdstelEetE, Fejolaatzt, sudl, Fettold, WARY Eetolsdelu
sEgoly Evtols|doln, thololwly Egtolsidolnl 3} ol5e] fEAl L HeuteldrbubE, Felde
=2 TEAPEOTPSS) S BEA AR Aw & glort, olgw BYNE AL ohith @ Wyl §
) AT 2l AT S e AT FUF AR B4, 0% D 43 F9F Ans PUE 3%
obel fEAl i EZgRAlehd fEAClth WAE 3F oful FEA FAE Eetolsdolul, EvtolEdo}

9, Edrpeldidelwl, N N'-tholdHd-N N'-(3-wEad)-1, 1" -vfeol# -4 ,4'-t}ololl . N, NN, N'-(4-H D 7|
9)-1,1'-3d-4,4'-tfolo}ql, N NN N'-(4-wEod)-1,1'-v}e] sl d-4 4" -t}e]olml | N, N'-to]Hd-N, N -t}
ojufze-1,1'-vlo]#d -4, 4" -t}olo}ql | 4 4" -H| 2~ {N-[4-(N, F-r}ol-p-E ol i) 7 | |- N3l d op] s pufol A
N N'=-tfolald-N, N'-8] 2= [4- (A d-p-EE-olv| ) -gd |-vlo] -4 4" -tfololwl N N'-(HEHD)-N,N'-(4-
pEE ) H G EA-9,10-tholoprl | N, N-H] 2 (4-Tho]-4-EHoln| v d)-4-d| dAto| F R 9 A7) WhEEE 3
w o oolle] =A FxE zZe SEav 9 FAlolARE, ojEd dAE= AL ofyr. ZEREAJold
(Phthalocyanine;Pc) F=A9 FAd+= HPc, CuPc, CoPc, N1Pc, ZnPc, PdPc, FePc, MnPc, ClAlPc, ClGaPc,
ClInPc, ClSnPc, CLSiPe, (HO)AIPc, (HO)GaPc, VOPc, TiOPc, MoOPc, GaPe-O-GaPc 59 ¥&rzAlopdfria] o

Grgacd fEAelAT, ofSe] @45 Aol oh.

OJ

E FEFS AT FYF = FTORVE WYFS Filol 432 933 At /e ad
AE FEFS B AT lBES AT 9 APHS A0, AAE HolF 9B B oldd Aw
L olslo] A EASOZ $ET AP Ll Ulg WdHel aFHm, fel de] 2E(T7F 80 T o4
ghe 2 AR vhgRs, olsh ge 2712 wEst: BAERE Qw19 AsfelZ SFE, 4.4'-H2

[V-(1-vze)-N-3 dotr| = ]uto] A d (NPB),  2~3fo] Z-o}

dolrlA ggtE, sH-odolil A shehE, obAbAtel
FRetEgoldl 3}3tE, Bl&(voldlduteldad)tEAl, A IAZrbr Aol =8gtE, A Aot}
W oEetE Sol Atk dH, A FEFE 7] GEA 242 12 4E olF £x9 17]H kAol Held
ofdolrIAZE vl =dolth. ofHolRlAl =] dA HgAES wolv] ddl vzd ASAY Avtelr IF
= E90% Ay FEede] AMgH . 2719 A FET fF7] 2d2s N N-vol#d-N N -1 = (3-ME
#Hd)-1, 1'—E‘r°]uﬂ‘é—4 4 —E‘rolc}“ﬂ(TPD)O] &3] AREE o 60 T ol el EAsY] vl el o] &
=7 F 9 w2 FuEZE-NE-1L U -veluld -4 4 -tol ol (NPB) AID = F oH B2 RSV Agkd
oplFE *}%0}1 Atk 53] AF FEF 7] A B AY o]t wepok sh 3T et
ARE G487 biol A 5533 AW o7iAe] BAE Asy] A o3t Aol Fu F
S EFS Atelo] AHET gE 2o wFSelA olgHEo] o= AAE HA8] Alojsh=s Tl Hasit

23 A zol :
WASIL, v GAse]l 958 EEel s, PALoRE, duky 19 Aol

PN

=
=, QrESA oM E, thols iz, oY tholSAlolE, SAHE, SAlthololE, EgtololE, ofuthE,
AdAH =R A, EReddaael, FER 53} ol5e] fEA 1en o5 TiH: ¥ wdel
stol2 SHE FEAE £ 5 douh, o5 WHHE AL ohuh,

Al A, B madHdl dA4 5 Ars 35 Z}iﬂ shete e A4

B gl 7] ArEd 4
59U Aot w& HAl skl FAlds (8-F=elm) e, HlA(8- w"—l‘e‘ﬂ } Hl 2 (8-F =2 =) T
2], Ha@-Ased=) e, ﬂi 8-FA=elx)dFrlw, Edae-vY-8-Fsds U]EF Efx(8-H=d
=) AE, HlE(0-sto| =S A A Amd B ) HEE, HA(10-8to] =5 AW [h ﬂ guE)okd, HlZ(2-m
d-8-FEduE)E222F, l C-ME-8-FA=zuE) (oAt EE)2E, H2@2-vE-8-A=duE) (-4

L

TEGE)AFE, HlAC-HE-g-FEuE) U ERE)EE 52 5 5 o, o5 HE A
OMW Ee, A2t 59 FRAlE SARE, ElokE, SAlrololE:, ElojrholobE: Hi Efolol: {ILAZL
vhgh= st TAH R, 2,5-0] 2 (1-99)-1,3,4-5AHE, 2,5-W2(1-9d)-1,3,4-F]o}&,
2,5-912(1-9d)-1,3,4-Aepol ok, 2-(4'~tert-F @3 )-5-(4"-nto] A d)-1,3, 4-FArhol o}, 2,5-H] 2~
(1-uhZe)-1,3 4-FAeolob s, 1 4-w2[2-(5-sd SAteholob ) Al 1,4-H] 2 [2-(5-3 d SAlThelob &
D)-d-tert-FDA],  2-(4'-rert-FEIAE)-5-(4"-nte] A H)-1,3, 4-ElofrolotE, 2 5-H] 2 (12 ")~
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Aze 1. A 1-19 34 (34 1 #x)

HEgslo] =2 F 2 2000 mLol| 2-B2R-1-0}o] S ==&l (163.8 g, 492.0 mmol), ﬂéEL*@Og
&

410.0 mmol) “1¥]3 H|Egy|~(Egteldld 2 a3)FeE(0)(23.6 g, 20.5 mol)S &3iA7 F 2 w22 w
WE 589 800 nlE H7kele] 24 Az QE B SSITh. Wk FR F obMEdd R T%z& F £
Te B B vES olgete] dxd e @ Aye Fa AAlste] F0A 1118 636(73 @)9) FEE

Aok,

Az 2. FA [-29] A (982 1 FZ)
olZ 3 975l A HEdsto)=2F e 1000 mLol F7HA 1-1(50 g, 280.4 mmol)S Es)A|7)3 -78

CollA mFE2E(134.6 mL, 336.5mmol)S #H7bet the, oF 1 Az <k wwlkelgic). 2-B2R-9-Z29 #i=

(76.3 g, 294.5 mmol) & HEZsIO|=2ZF & 1500 mLol]l &A1 NS e oA HH3) X*o}fz = 2 A

7F EoF wuksl the Ao A 12 A|7F EoF wuksgith, UFS EE T oA E =

W2 A AsIAL tholdEo Bl 22 A8t FIHA [-28 72%(91.2 g)o TEE AUt

Aze 3. A 1-39] &4 (4 1 D)

(o3
o
X
m
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Do
(e}
(e}
(e}
=]
-
2,
ol
()
2
~
~
(e}
%

il

o
=1}
>,
Py
ot
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i=H
Hu
r+
Do
(e}
=]
T‘
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ek

N
=

o
ol
2
=
[N}
>
)
ol
4
rlot
Ju

whgs wAp Hdd A7ke Bol WAAA AHE elgstdl nges sos
BN, RYEE AEANLR Nl FER F AL Ph PGS olgae] AXE g 2
5]

(el zame=10:1)< &8 gAste] TA 1-3& 92%(87 g) F&= AU,

Azl 4. FHA 149 34 (g4 1 #x)

_|

HEgsto|E2Fa 2000 mLoll 2-HE-1-UZE R E4H70.0 g, 376.3 mmol), 1-HEH-4-olo]Q & A

Z(106.5 g, 451.5 mmol), EHIEZ7|A(Eoldd Z28)Ze5(0)(21.7 g, 18.8 mmol) & &A1 & 2 =2

o gl
e}
o

T F8 800 LB Asksle] 24 ARF B BRUSHUE, W T F opMEALR FEG
& B N vl olgste] Axd thg A4 AUL Fal AAISte] A 142 716(79 g)°]
%

Azl

(@)

FA 1-59 FA4 (14 1 2=)

FA 1-4(40 )& HEAZE(92.0 g), THF(72.0 mL) &} I H(800 nl)S P 2
ST 0BT SYHILH(20 0, S (0 a)E A2 W Wol ol FYT F 6 A B
SR(300 a)E 7S 12 A7 S RRUEAAT. WE FR  wAL A

5 z THEL Aojudeh. ofFEold Fgag

F

HkE-3}
O:] 1=
] et F7HA 1-55 90%(55 g)o &= Ay}

s
-5l
Hato] 3
o]-g-3to] pHE
=

3
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HEgslo] =232 1000 mLoll o2 718k A S7h4 1-6(50 g, 179.5 mmol)S &3jA]7]aL -78
CToAlA 522 E86.1 nL, 215.4 mmol)S H7FSH thd, &F 1 Az 5 wuksigley. 9-EF 9
188.5 mmol)S HIEglElo]= 232 1000 mLol]l £3|A17] LA 7o LnoA] HAF F
ek ohg ARollA 12 AIZE SF wakellth. Wk FE F oM EMYER FE3 & 7Y

st golodo el 22 ARt F7HA| -7 77%(64 g)o TEZ UL}

2
N
2
®
of

=
__)il_v{‘
T
(o]
lo,
o
o,
=
olo
1,
—
e
N

F Fuje 2t 10 alE FH7Fske] 12 ARE Eeb e
il =ol FHAAA FHE ol8ste] udEy A
YA, AFES oHHEMNNER Fo] 25T F {U|SS T vtadaS ol&dte] X us 2
E: 1

g) FEE It

Az 9. FHA 1-99 4 (A 1 #Hx)

HEgslo]| =232 300 mLoll 9,10-tlo] B R FetEe}Al(45.4 g, 135.3 mmol), FEHEEAH(15 g, 123.0
mol) 183 HEZGIA(EgolddzAa) e F(0) 4.2g(3.6 mmol)E £3IA7] £ 2--2do] eBAAF 58
A 120 mLE F7tshe] 24 AIZE Fot SRNEESIITE. HbS TR T oA EAER &5 § fU|SS T4 #

KR
A mtavlgE o8kl Axd v St A Sl gAlste] TA -85 69%(28.2 )9 FEE AT

A zd 10. =4 1-109] A (keA 1 A

N
BN

HEZsto| =25 500 mLol|l ofZ 2 #-9]7]35}ol A
N r-REE8E(36.0 mL, 90.0 mmol)S H7}E vhg, <
mL, 90.0 mmol)E #& 2%oA HH3 H3d 2
WRkETh, W FE § ofHEXER &3

< =S 7
FRade 298 i S7H4 1-10S 72%(13 g) F&2 I},
Ao 11, FHA 1-119] 4 g4 1 3#%)

HEgslol =25 300 mlol 9,10-tho]B2XtEFA(33.7 g, 100.4 mmol), 2-UZEHEX(15.7
g, 91.2 mmol) 13l BlEZ7|A(Edtolddx~)B2w(0)(3.1 g, 2.7 mmol)S &3AZ & 2-==22e] g
AE 2 120 nbE 7FEEY 24 A7 b SFNEEESih B 83 F oMM EAER FEI UL F
71%5S T 3 nladlgS o] 83te] Adxstar A HHS ol AAlste] FA [-118 72%(25.1 )] &
2 At}
Azl 12. T 1-129] 34 (084 1 F=x)

HEg}slo] =2 500 mLoll of2 E97]|stell A S7HA 1-6(20 g, 52.1 mmol)S &8fA]7]1aL -78 C
ol n-F-EeE(31.0 nL, 78.2 mmol)& H7FSF TS, oF 1 AI7F b wwksiGith. Eftold Ry o] E(11.1
mL, 78.2 mmol)E T 2ZoA HH3I] H3d 2 Bob kst thg ARoA 12 AZF B9
WEQITE. W TR F oMM EAER &3 § §7] T b avlEs o] &ste] Axd vy thol
- -
3 T

S22vg 288 3 FHA 1-128 70%(12 g)
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Azl 13. S3HE 729 A (A 2 Hx)

(z
olo
1>
o

HEgsto| =25 500 mLoll $7+A] 1-8(44.5 g, 100 mmol), 4-wv}o]dHd R EAH(105 mmol, 20.8 g) L

23 el A(Seol Y T A)BAE(0)(5.8 g, 5 moD)S SN F 2-w=we] BALF £89 20
nLE A7kelel 24 AIZE E<b BRMSAAT. WG FR T AMEMLR 258 F 47158 P4 F4 v
Wee ol gate] Az the At AW Bl AAs] HRE 28 196410 9O FEZ A0

Azl 14. S3HE 749 A (A 2 Hx)

HEgsto| =252 500 mLoll &7FA] 1-8(44.5 g, 100 mmol), 2-1}=XEH 22105 mmol, 18.1 g) 1g]

1 EERy|A(Eeol A £ AT BAE0)(5.8 g, 5 mol)S ST F 2-w2we] BALE 49 200 al

2 Akekel 24 A7k B BRVSIAAG. Wg TR F MHEANEE FEF F /715S FF B vho
}1\_]:

o
(¢} =
F5 ol&dte] Axd tha A4 AHS S AASt] b= 45 75%(36.9 @) o FEE AU

Azd 15. 3= 779 T4 (g2 2 Fx)

o
4o o

HEZsto| =2 F % 700 mLoll F7HA] 1-8(44.5 g, 100 mmol), FZHAl 1-12(105 mmol, 36.6 g) —L&]al
EﬂEa}ﬂi(Ea}o]ﬁﬂéﬁ*ﬂ)ﬁla}%(o)@ 8 g, 5 mmol)S A F 2-:2he] BRAZE 8 280 nL=
A7kske] 24 AIZF F<F % ST BES TR F oA EAER &2 ¢ fUFS F 34 v

o
& olgate] HAx3F te A Y T AAS] FFE 778 69%(46.1 g)o FEE AU}
Azl 16. 3HgHE 1149 T (g4 2 Fx)

HEgslo) =25 700 mLoll F7HA 1-3(44.5 g, 100 mmol), F7HA 1-12(105 mmol, 36.6 g) 18]
HEGI ~(EgoladE~)Zd5(0)(5.8 g, 5 mmol)S &3A & 2-w-22o] eBidF #4‘“’—”. 280 nLE
H7rete] 24 AZF B SFRESEGITE. vk TR F oMM EAER FEI F VTS
& o] &3l Az v 4 AHAS T3 BASY SFE 1145 736(48.8 g)o] FER Oéﬁif%.

Az 17. 3FE 1159 A (WA 2 2=x)

HEZsto| =2 F % 700 mLol F7HA] 1-3(44.5 g, 100 mmol), =7+l 1-10(105 mmol, 31.3 g) =1g]al
HEZ7|~(Egeldd 23 ZetE(0)(5.8 g, 5 mmol) S &aA1Z F 2-:=21e] whabdE 589 280 nLE
A7rete] 24 A EQb SRS EIGIT. v TR F oA EANER FES & /7] T 24 vl
o)

=0
o=
S o] g3lo] HxF the A AULS B3 AAstY] HFE 1152 71%(43.9 2)9] FEE At

[2A] ]
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A 1 (Fr7] A7 2k A=)

R R s L e
Wa/otmE Fehzokg ol gdtel AAARE AN The Y AT ol e ¥ WL AF FF FAY
,]

2 g A g /%
% EE R, $4 F@ A4S welo] FYHe i Zo) Wy, 47 £ A
60 tme] N, N'-The] S -, N'-H] - [4- (s - B Fo}w] ) 3 d ]-mho] s -4 4" ~Tho] o

daatitt. 7] DNIPD %2, H3 FUF22EA 75 ek, th&oll, DNIPD 9del 2 F7] 30 mm®| 4,4'-4H]
2[NF(1-Yze)-NFdotrw]ntol Al 2H(o]3F, NPB 2H S Autalgitt. o] NPB @& AE FEZowA 7|5
= gtk ThEoll, NPB el FA 30 mm®] A7) EHE 729 S]] i gxAE VHAE TAE SEE
2295 100 o} 59 FEH|EE Ao Ad9ste] 30 mme] P S P, FFE 1597 HFTY T2E
A3rs b, FF{E 229 AT =RE AT v AV el 9 FA 20 o] Efa@-FAmEE) Y
Fuli wH(olsh, Alg S Aetdint. o] Alg B, AR FEFLEA YTt vl LiFE S23A1A, A
2 F45 s AT o] LiF ol 5% ¢Fvgs SHAANA 55 555 45t 771 A7dd &

2 AzaATt. 719} 2ol AE f7] AZLH Aol 7 Vel Ao w A A¥ AFLEI} 12.5 md/en’
2 P4 gon, olu] 1931 CIE M#E 7]|Z 0= x=0.148, y=0.1140] DaH= 476 cd/m ¥7]e] 2= M| 7}

7 2 ER o] BEEloen a8 3.81 cd/AlUHt.

E2E BARA AEHE AL AdST f
St ol AZE R/ AZLF LAl 7 Vel
om ol 1931 CIE MF}xE 7]|FO= x=0.148,

y=0.121¢] 3 F3}= 579 cd/m H7]e] =H Ao 77k A EHe] AFHY oM FELE 4.32 cd/AIUT).

B TAE AR e 28 oAl dde 77s 2 = d
7] A7 2AE AAld 13 T WAoo 2 Al#akal o} o] A% %7] A7) axte] 7 Vel

=
o, o]u 1931 CIE AFAE 7]F+o2 x=0.150,

iﬁ 41
ox M
)

Agtoz 243 Ax ARWEI}F 20.1 m/en 2 FAH

y=0.164°] F3}= 1135 cd/m” #1719 A EH0o] A&AFHA o FHLE 5.65 cd/Ao|3dtt.
/\1}\]01]

y=0.1500] | F3}= 854 cd/m ¥7]e] A~#FMEHo] BAHo

y=0.1520] S} @ah= 985 cd/m ¥7]e] AHEYo] HAHYOW FHL 5.21 cd/A AT}
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Hlnle] 1

AN 1ot BUst s og H2A I A MRS [T0 9 7]3ke]  DNTPD =z} NPB =He] Aat FA = 7+
Z 60 nn 2 30 mmE F23 F 2-deg-9, 10-tho| vz g dll-2-¢ StEHAT 3FE 2295 100 o] 59 FHH]E
2 Bl Ad9ste] 30 nme] ‘ﬂa‘%% S PR, 3gE 2-Wd-9,10-go|yzedl-2-2 tEgAS w3
T Z2E 9FS s, F9E 229v $FTY ERE A4S drh thgel 20 mo] FARE Alg TS A
I LiFE FFRAAY. o] LiF o] 9% dFn5S SFAA 3% 298 dAste] 7] A7dd 2345 A
zakqth. 719 ol AZE §7] ALF 2ol 7 Ve] Ao ZAF AW AFUEI} 14.7 mi/en 2 3
AgEgon, olu 1931 CIE MHE 7|02 x=0.159, y=0.158¢] D3l 659 cd/m” ¥7]e] 2o Eo] 72y
gom FEL 4.47 cd/A olYTt.
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