(51) ., Int. Cl.

+7/ME3 10-2006-0051612
(19t g7 =53 HF (KR)
(12) M5 FTH(A)

(11) 3/ 10-2006-0051612

CO9K 11/06 (2006.01) (43) TMLA 20063054919
2D 9% 10-2005-0088890
(22) 244A 2005309923
(30) $daF4 1020040077214 2004309924 o &7 = (KR)

(7D =<

(72) v+ =}

(74) el

AT

%2
o

F4 35} A4 55
N EUA GEET ool =% 20

oX.
[
=)
ofl

464-1 15/3 =3kt E 1075 10065

o,
H
oft

& 381-42 LG8} Aol E 75 403%

12

o,

T T L
frt
oft

2

HoF B Yot E 1006

& LGAM O E 7-401%

oX.
ofy
o
ofl
oy

N,

aHelulE 302-904

do ™2 Ho & 4o Ny 2 Ho rlo o ol
o

L2 L 2 AN o o 2L N Y o

2ot 2 oo oo o oAy &N

o,
H
oft
off
12

A g}8t 7] <A 3-507

o
o2
A
_th
i)
ro,

(54) =L 771

$g 22 A7 H olE ol &F #7]

G A ZH(T)

e A 1A, 2
F718S T 15 o3l 8
ks A F71 w2
=

=1

A3l

71 g 2ah, f71E3,



3] 10-2006-0051612

S

E
l

70

YA

o

g Al A

~ _ D - — oﬁe —

- T 2LETw IEZwoEg -
~ OT ,..&u © m HL N oK N n_ArO \ul E.E EE
oF o Joﬂn_ﬂ X oV oF SR G iy
= o w2y Pes L 0N =

c3 Ca Z R T} AN )
s woo LETde Sim s oo
> - A e CRTC R i G
= =g T hy w X o b
W < By R o w0 M g T F
.9 I CR O et A —
T - T g 6 ok 4o ﬂﬂl}mgzﬁlﬂo 0 N
— N ok e B NN — ™ Xq

0 ~ o ﬁE ﬁE Lf %T NI nruaﬂioo OL‘ul N
™oAr A T T X WED A W W
o o#u — o9 i) = ET of X7 4 — " ~K =
o D T o1 o oo X ]ZTIH7E& N ™
< B X< R D 5 CRONE R e I~
M % % T WX TS x o o
W o e EONCHpN L T

f o ] - o
7 Mo = ﬁMﬂ%ﬁ %@ééﬂ%@ ~ W
o Mﬁ ﬂ _.E lﬁ ﬂAlL ‘_ﬂow._ _&o o E.E E.E UT.C EE Qﬂ E.E _ZT <
o~ o ol W W W M.W oo T gpop P o
A Jvm %0 o oo o= Me Ak ok N <o e XM _
< o ﬁEIOOEO —_ LlL.dVl o il
e : N X N mo FX G Xegs < 5
7 ~ - X Ty R - T N B 0 0
@ = ° NS omogy - WL R g P X
=~ Ao X 7= W ol 9]. @o Wl o N el ~ s
o Ll %W%M% Ny ® M e WL
~d mmE mK 3 m mhy ~ Ho OT ﬂwo i q \mﬁ S mmE own oT
CR S S %%ﬁ%%%% s
il N ol aoﬁaoﬁﬂm E1&dﬂﬂw%ﬂw o)) %0
o No o o) =X X D 2N @ X o
o ]_z_odrm.‘_wﬁ oW N =2 i ~
4o X o ) e S o7
m [ oy W T do %O

Oﬁ AT ol o ‘ﬁ — oI X - ~ él _p flA.l X :.L LC o
o o G R T A_UW N w& o oF 1o S W

N o ~ — = il s} E.a ~ oE = &o
< = NT omEMux CrReMAEe ot = o
op © do N o o] = oF AR - b o Y ~o wp — X
.7 X ;IS e Py e X

= ooy ExPey  wgPhn v o
L o oL e 7 i e Mo dNmeITE o M
{ o F FHRALEY wThe_Tgy Bow
No NF iz o — 3 ojp AWH = oF iy N Ho Iy _n el A ol
e My N W T T oo X LB s L
‘WE 1%0] : ,Iﬁrl\OI\ul‘l w_tjroxﬂﬂ.._w‘”,gl =] ~x
~ =<2 O Wi D 2 T W o ¢
3 oF o Nw Flwee X eTo o N7
p g® ©IT rEfioy TEEETLT 5 OF
B 1 B B ) mwm woorR R Wﬁ =Ko T Eﬂ o o N ﬂwl W o A
W < pL o Pk %ﬂﬁl%# M%%@épw o %
B 2 ZTW s w4 N ORPr°®m XN T o

fo i jo e ) ) N - L) - X o
oy ®T 0T oo 5 Fw FiyxgHdgre Yrlosugs kow
MORORNT R g om die gyt ol Kk a3 oF
R O P R F WP TANTERPFE T T
M M Hme o MR oFor of ol oFTF T RN ET F 0K

R
i

A

3

%
tok dJA 8

kel

=

=

LS

SRR

5 BAZ ALEH

b, ol
7 W 2} Azl olel &

-
T
3,

ke)

7FA oF

Hl 3

oL

[6}

=

=

=

ps
Ry

14

_CH

o)}
H
PEDOT:PSS¢] 7%,

=z

£ 3}ofof

=
T

-

=
o
s

F7] & A7} dt}

°

F 27y
o2 WAL

=74 (band gap) ¥ HOMO H+= LUMO ¢ #]

F 2Aol A AF5E BAR AL

g

R

L
=13
=

R
R

=13
il

=
o

7 Aol A
Hl3
=2 0O

s
A= 7]

3

271 9
97t 7] o

==
pLE

=
=

&t7] mZoltt

<]

A

]g.
5k LUMO ¢l A

o

gy, elar,

3l =9 (joule heating)©]
t}.

LS
SosHE 5 Qo] of

1

kel

A} o B RS 4 0 2A §7)

hul

o] 5ol ¢
F71%2] LUMO olvA] =l H]
o] ATh

lofoF

oL
[6}
[e)

=



TNE3 10-2006-0051612

GYBEE G /% Fobl A Y1 22 9L 2% §718S TP H718Fae] Aol a7 3 glek

&

o] o] #aix} Sz 7)% % A

ARl AL FRs @ B 78 24,
z o, Q710 et §7] BY Aol

o o A
TEE A ST FRAE 2Ehs 771 B 2AE ATete S HHoR

LIS A 1 AT, EFTE IS 15 oo E o FoX 755 R Al 2 A5S oAA o R A5H JHE 3 e}
BB 2l oA, A7) §718F F 15 ool 87 3184 19] sHihE, mi o] hgtEel d A wi YA
b4 2Hg-717) Bl sgtE S EeekE 7] g 24 Al
854 1
R6 RS R4
7R N R3
8R X R2
RY R1

10R
11R 7 AN

12R Ri3

71 kst 1ol 9lefA,
XE C % Siel i,
AE NZ1Z2°th,

v ARl AL 27 B8 Balea UER, UEY, @272, 927, 2547] % ojuer) = o) Fol 1 Fom i A
BEE 1 o) abe] AT % A E 27h B welas 27k Al vl EE UER UEd Bwg 927, 4

A7) Boopr| 7] 2 o] Fo X o m R E e E = 1] o] o] A&V 2 X g 27} slH & are] 7)ol AL,

71 R 72+ A4 SHA SR, 4 ©@ag 1-209] AW dited; B3 glaa UER YEH, 231, 427,

d=A 7], obr) ], WS Wik a B HH R ]| E o] ol e e Y e s = 1) o] A g A SE W
= @b ES gilea s Add A7) du Ry yER, JES, Gl A7), dA7], ofn| ],
WS gotea 9 gHz gz o] Folxl o r e AuyE = 1) o] ] A= A8k sH are] V] @A

1-209] §F3bas i A 6-209] W3S gt as A8 g edy); B IS gilea R A 8E gav]ola,
R1 W#] R4 2L R6 WA R132 22 S92 o r =4, A8 = v A ghel 7], 28 = x| 8k d=4)7], 218k &
© AR g A7), A& = B[R S o} Y], 2|8 B B x| gk obd opwl Y], X gk = M A g S H = AL 7],

o=y, UERY], YWERY], &=2207], opn|=7], o R E7] 2 o] Fo]] el A Aesn, o 7] A o] &2 M= 138}
=719 A S B dH 2] H5 s 4T o A



TNE3 10-2006-0051612

714, R57F o} 7] = ellEl & a12]7]]l 45, oFd B FEl = a1e]7] 9] @ 22 (ortho) 914 9] ©49F R4 B R6=
. PR, C=0, CRR!, SiIRR'Z o] Fo]# Fo|A] Aelx = 7|9} 84 =38 E PA & 4 9Jor o7]4 R D R'E=
Mo o, N8R WA B3], A8 EE A8 FA), A8 e A BAY), A8
1588 o7, m&z B X3kl o} obuly], X8 miz X Fhy SEl 2 3wl y], YEZY], ofu] =], of 2E 2
150170 ol 4 AeE 3, o) 714 R3} RE @128 A4ste] 292 338 9 5 Aok

e, Bld, Held 5o ek =g
Atk A7) dH 2 WIS g eE e des
obE, v, vt v, A=, ola

&}e]
371 shetd 1] #2719l Z1 % zzoﬂ ow 37) BF= el o

kY o=
&, JJE o] 1 Z, 1:40}%, %*}a, SAHoLE, ElottiobE, Ev

H
=
)
[\]
o
i o,
)

R
2%
3

% L
iy
Ny

e oo i o

=)
N
0
¥
rlo
2k
oy
iy,
e
o
NN~

shehE Sl 23 Hof = v Aol= a2 o v Aojoll= S VA A i, vrt o shghe e

7] g bl o] A8 U, ol i) AES AR B FA =X ] A gl dFS HE Uk

*o 71 8kek4 19] R1 WA R13 7 oFd7] 9 d == #d7], vl#d7], Eﬁiﬂ‘éﬂ Gl o] T s 8l vz
EAY], AUGE7], seld ], Aded 7] s vy HFSso] glon, ojSdlrt g H = AL oyt

71 S5 19 RLUA RIS F ob e ol91719] o2 B39 ob], €2l o} 171, el ofalo), s vz
b7l wd O obnyl, B obnvl, Hld B obvl], shutEv], Eeluld obnlv] Sol ok, ool g4
AL oy,

O

71 351 19l R1 U4 RIS o2 n2l7]9] 22 6 7], ), 987, ol ele
A elE7], EelelE7), #E R, Aettidv), Ao, oA EAY), ok P So] Qo o o
AL ohth,

o

7], ok&7], obd obuly], sEl2 melv)e] FAHS dmi §
& ok,

O:

1] ol 5 ol 9lel, 7] B8t 19] R1 WA R13 5 27
| shet A= b dEe] Qo Amel® 9451 7

N



TNE3 10-2006-0051612

oy B0 oo

~ z
\

| 7 N

Yy [—

71 kAol oA, Z i, ' 1WA 209 A &) i, GA17], obdonl7], ofd 7], S H R arel ], Y
d &l % oA e = 7]olth. 7] Z = of-olwl7], o}- Y], Hl & are} 7] o] A1 A}l
2= =3 R1 WA R139] A g7]ol 7148 o 5o] St}

2 o] shuhe] ek A A ARl 9lofA, 7] sheb 1 R57F ofd 7] Ei= | E = are] 7] ot
o] I e H}%‘f?—lﬁf} AA] el oA, 71 skeb 1 5 R57F ofd 7] B SEl = arg] 7)ol W, A7) ofd &

(ortho) 91%]¢] ¥49} R4 B R6E O, S, NR, PR, C=0, CRR,, SiRR' (447]4, R % R'&= s}
IEh) 2 o] Fojxl ol A e = 7)o 7 Sael s 948 = sk

2ok o] I slte] npgkA sk A A AdElel oA, A7) 384 1 F RV ol Y] = FHE gl r)oH, A7) ofd
= el = 18] 7] L 24 (ortho) $1%19] B49} R4 2 A7) o} &= s H 2 12]7]9] 2 Z 4 (ortho) 929 a9}
R6%= O, S, NR, PR, C=0, CRR), SiRR' (¢]7]4], R ¥ R'= 8}8H2] 104 A28k nfe} Arh 2 o] Fof 7 ol A M B =
719} 3 el s AT 7

= g o] uhek A gk A AFE ol /oA, A7) B1EkA] 19] 3 l of| 2 3}7] 3}st2] 2 X 8}sh2] 1199 s}§hEo] Qlth
ey, sh7] 3ekA ] S EES B Ul ofdlE 5] S Aoy, o] 5 ofste] g eo] MY vt = A o)
Yt}



53] 10-2006-0051612

70

oh o oh
O-Cr m% %”ﬁ

@ U Om % Ow
CUEY g0

ale & OO ‘ 001
:OQ ’ 01

of8- BEY B Topd

QWQN”W : m©”wm
o?m,mm ?mmm



3] 10-2006-0051612

INE

&
OO OO Oy O
.« B8 %o
0 % 5
& & m
. o B8
ST RS ooﬁco ;
% 5



FME3S 10-2006-0051612



&
(254
ie
J

3753 10-2006-0051612

00 00
“O-COC So-ooo
o0
U0 COC
oG oS
s SWs
0 OO
OHERE B EBP



3753 10-2006-0051612

O g'g o
PER o B o
" ¢
®

_10_



53] 10-2006-0051612

el

Qo
¢y SN
=D Y o

TR asade

=% 990

s e
Gy QRO
b g {4 X%

AVO@ .fu@

%é 999

0%

@

e

g

996

mN.

g

0
el
2ol
I
<o
sl

INY 3
O

o
Soe

- Soe - Soe
B8 TR
&S00 O 00
oo Y
oo o
STA I
%Om@ ©©,0401
eee e

0 Soo

400
NMYNO & NOMO%..MOMO% NOMO% M’ﬁ@%
& U RS RS BEED
(J

94® 99®

_11_



FME3S 10-2006-0051612

0 <)
Qé 5: ;5
0o o0o oo
o A o A (7 A
SO HOLDH P
Yoo 0 &
O DT 0
OO0 0y NCOD  HCO N
. A ' A . A
SO PR KLY
5
co oo oe
Y O D & @, @,
(Y A o A @ A
O HOD gOH
4 ? 4
A5RE. 3388, RARE
& ) 11 & ) & ) 11 & ) { ) 11 A
> . >
A oD oOCoo
o A v A »: A
8 11 8 8 11 8 8 11 8

HCLD O o0 o XA
Oo'o Con OO Oy,
L) 11 &) L) 118§ () 9
27) Bhet Aol A At B18H4) 1014 el H uhe} et

7] AS] kAT o= 715k ot ofe] @A E AL ohnh,

_12_



TNE3 10-2006-0051612

]

A
A

371 3kska 2 WA 8hshA] 1199 ofefj o] A2

3}3k2] 29} 2] 8h7] 10] AR5 o]

[A7]]

3

%@
S04
SN
P
00
23
e

14

13

12

11

10

9

8

_13_



3] 10-2006-0051612

TS

g 0 s
U
Sach Q@ m
/@F_\@w m@@ ]
Q [
O.%\@n w\@/w@ 3
ST
jq_@ﬁ LD 8

33

32

31

30

29

40

39

38

37

_14_



TNE3 10-2006-0051612

_ d —H@ "“H—@—Cqus
59 60 61

o)k & kel thske] A3 A @,

471 3484 19 sheh=& 7] 3h3h2 1o AIE Fo] 72, = okA A7 o 77 3 TRl SR e/t
28 22 A% Fo] Fxo e N EAE BYFon §7] WG LA A AL EE F71ET R AR EH T
A5tet 54 7H 5 Ak A A o m ety o) 2o

7] 8pskal 19] gg-2o] Folo A TFRE 317 13} o] A9 B HE o2 o] Al 4 i)

A7) 84920 19) g e) ol X8 40w B0A02 JW ASBW B} A7 ol ) F28 A, o)
X £A05 A% B Ahele] A5 A0 sloliA St Eeb B A 4441 ST A Ao ohels] 4
ololl Ao =M B G vl AFA BE A Bz A2 E Tt

2}
Oﬂﬂﬂ RURSRECEY % *éé% 44

® o] A 4715k 2ol oluA] W glo] 2 so} F29] R1 WA R13 % 21 A 22 A ¢] thd 8718 £9F
o2H TR U4 NE A 2E GBS FHE 5 Ak B A WE o] 2 mo] Fxo] A F = ol



Z1
H Z2 el

a1
0-
2
006-005
161
2
2L

S

E
L

i

evA

o

7]

9} o
= ?’Z

‘J__‘q

io] _—[,_7\4

ol R1

LHX]
R13

-
-

g ol

3t
T
.1_7}- oﬂl/ﬂx‘l HH

AR

]

S

B

ne
2 o
E@l

3=

al

s
=

%
] o
3}3t
o %‘04
HOMO %
MO
oY
A

19

}7] oo}

o
=
3]

=
o]

L

=
Al =4
=

[e]

e~

o147

“

o
zo N ~
au%MTmﬁﬂw;;
0 = Y
uﬁ e ,M_v mm W
aaugaa; = =
anzoo ﬂwﬂi W
%%%1%% =z T
LAT Vﬂi, uam ) B
ZA‘LIDT.C‘@I I N o A —_—
K 1rzo1 § N W<
ofp i~ LCZ 0 H_oo < ok X3
J,mo1,ﬂﬁ WEOE HL,DF ,lZu_:i 1r§u oE
wr < X e ot i = W _. © L%u g o)) Ly
%%é%ﬂ; T w5 % % s
7_Zo_?]mﬂﬂ = g o W o o) oy
L# N ) — r ) _.E
K B 1o = o y
ﬂ%%%w x 3 s T M w o gv i
~ gl ] i Mﬂ o o i~ k) Mﬂlr Wn ~K o . No oo ’ :.L,
o w2 o of o N o T B T oy -
1%5 Eﬁv@ o e o T h N R N z__uL TR
el ol = o E Cw_/r ogz ™ R o7§ J;x 2N
o LcmAw o of o ol o 1+ 3 AR oo HN oo R
— #o \H_I < KO _/__l E..m 0 ﬂmE oR L.ﬂ o 5 R Eo B ﬁl
%%%1_1 " o s e T i AER: o
23139 ir iz I TR fir o
= BTG o % = Gl | d T ¥ - gl s
1_|1_| NVIO JrL._. ‘l; ‘lyA ﬂ_.HI = # 0 Owa g Oﬂa
™ %WE o _L 7o °° w Hb Jx.ﬂm T Hel W <] _LL ) olp N D ﬂgo . & oF
@éi%g% H & ey a x e R0 ) iﬂ% %%@ i _
ol Jo = 0 L, %o ol = ,Dr ow o — I 0 ﬂw, " o ol o — o5 Mo B 0%
1u€ugii1r u]LA . W X cﬂE K oaorlﬁ to T il
oF il - ‘._;A T | il — 70 ao iy o 4 — I o J ~ - o .ﬁl,.rb
Hs = t3E I e fi il 3%
%%%Wﬂﬂ Lz ﬂzr - ¢ o= G T w2 w2 ag@ s -
ﬂ%qomi "z i By o+ = B L DT muw i oy
@%W@%% LE L=t 0 < 5 5 B vy g o 5o 2%
m%ﬂﬂﬂw S gy ® X9 o g M%W SIE T =l %
ﬁhﬁu_ﬂuz 0 ~ 4 o) EWdr N oL - © umL . mEm goﬁu] ﬂ7.zo _Lloo N R
00 1 il of i o o K M = Joo. = = al i ~ o o o o o
4%%?%@ AW T w K @g% = 7 T = o % %ﬂ@ T o 2
ﬂ“gﬂ%a Sz ﬂﬁ% M% %@ﬂ %ﬂ 55 %E@ %%% T 3 5
Aﬂ?l el —_ o W o Y 7ﬂA|_L| :
%&zaww = mﬂ% o amg o %w E@% Mﬂw Gl T
Jx.:ungﬂ = N w2 G i W @Vao 5 = & o o RS e
wnwg@% o ° tT 7y s i © 3 & s 2 To3 s =
S N S T 3 o 0 < o g 5T =
ﬂ%mw%w 5 o ﬂww %% @%H G % g @%ﬁ L % fo o
gRaE g e =3= e il = i e = N ] w o I
iy o LE y = N o is =g gl %o T ) oy
o7£eNﬂn_Ale ;LmL,_#W_ A?O,ﬂﬂ i ]1_ ° Ho 101M_1nf oo m_uomuu ]MOLE PMEﬁ 1_50
Mcvﬂﬂ:i_/ S - LS %o ﬂuge ° Lﬂ zé oo 5y n_fLo WJ@W m%. %dr
é%@ﬂ@% T i@u izq o He Ry ol 5 EE ey fpul ~ %
ﬁ.ﬁﬂﬂug_]% ﬂ;o ﬂ@JH|_€ oczumM ﬂuumhp@ %amw zoer .m@;hq n_cuoran %w ge%
=7 A NR Moy onﬁa H%E ovoqo meﬂw]r o .m_ox% ngugﬁo N t ~ T
Ldbcéiol I J o X0 g A 3 %0 5 % aia: » E =
<© ) X N ammrx B 0 > o -y g ) = R _E_E_,of o =~ (o
o) ) & ARy c @ ~ 22 o B T @ELH = o ™ b
o o ) ﬂ:o | M ﬁvé o J Zn ! b 5% N o =) T ]
z%h%%ﬂ} iﬂ 1@ﬂ ol %ﬂ% R 549 ﬂ#bﬂ o@ gt 43
E?xdrﬁoko» " =X ﬂmﬂmz _Ei,;; ocfb ﬂﬁ.% ﬂ?hﬂ alﬂl_hé ) 5 W
§1§§¢ T @ S e e e %Em —E B aaxl 17% Gy b3
ok B T ona = 5;7& e o = L|T_,o imﬂnd Aﬂa_ﬂi o X iﬁ&o
s N N Lo ul T oo 4 o X < oo W 2 M o _ —
R B = @wﬁmﬂ .mm%é - o« o ﬁwﬂr o) 0 3 amoyo_ o u_/eor
EMW ) I}M %3% T % M ghg %ﬁML lW% 2 o PN
T - X 0 Tor < = — = ] o N Y N~ o " N =
% _6L1_|1)_AI NG 5 dﬂ17 7oﬁ u€7m.b B o o o LOOM ovuT.c 1rLC
EET <5 R 7T B h wgw N i
o ﬁohegm Nﬂu%mﬂ mmﬂrgla ano&oE mﬂwb io- HAT% E.ov . ﬂuW
§RF > P s B — g iwT i N
& B S e N =y <= o = R Al 3 oo S o o ok il
= o o éﬁ;u‘_ PR = T T op E T o T
0! oY —_ Eﬁ]A E]Zﬂo ,ﬁA Lloﬂml ~q
W R %%v oo ﬂoaz %QE rE 2 4
E@w o = i%%u WEE 1o = 3|
4w == %gﬂ A NS s
el w%m MﬂVm — B BE o ol
T XO N lo B M‘._,m_l ov_ — — ‘:L o ~
S iy ~= X =7 " T
1 ~ o o B N oE Jo o i oF
E.._J|HT_:__| ‘.WOMH‘\_MI_M ‘Iﬂ;o.ﬁ T
XA ch — T 3 W
ey ueﬂmﬂ ﬂE_,oTA =x
ﬂr%ﬂ. M@M %WM
yﬁ Un_mo% mﬂ_._oi
0 <+
20 B0 ﬂzo
5
N

- 16 -



TNE3 10-2006-0051612

Lo {7 g Azt U5 G R o] Fojd Fk Qo 2% oY fUlESe] AsE vT 2R
o] oW = gith el AT, B kH e f7] 1 axE FUEF RN AFFYE, AFFES, HFE, AAFES, A
A% B¢ TR F2E P S Aok 2, £ B3 2abe] FRE oo HHA 2w 4L o) f718
=90 3 3}3F 2= o)
o= 1u =2 T M

agan, B Ey e f7] g ke G 7| el AL AT, f1ES R A2 A5 A oR ASA o2 Az
sk 4= 9lt}. o] w) 2~ €] ¥ H(sputtering) o] Y A A ZE2H (e-beam evaporation)¥} 22 PVD(Physical vapor
deposition) WH < ]88 5 oy o]5 W vt St ¥ = A2 ot}

97) B 19] SHEHE S AR P W olES o §F f7] W £l A% olte] Axe] L AN o)A FAHOR
A, e, o] Az R AN S B 3EE A5 93 Aole, B @yl Welvh oGl olste] @Y

7] 964 L viEe e £ S e) SN o8 o189 7] Q71w el A olshel el o vlaed
of elete] B TAIG 0w Ak Tei), o) AXdE B uge dAels] 98 Aol A & de] Welvh ol ke
2 EE AL o

A7) e 12 BARE e §4S A4 7] 384 a WA be) SFES FVEAR A48T 5 Ak,

EA SN [55H4] b]
<Az 1> gteh4] az FAH = U Az

D gsldeldl 10 g (59 mmoD ¥ B2 2w & v ol 8] 2 8.04 ml (88.6 mmol)S HEZsto] =2 F g 100 mlell &3 A7)
=, EE]O}]FJOI-U] 12.4 ml (88.6 mmol)-& A 78+ th A A7 Fstol| A 5AIF wwksl 5, Z2H42 U3 ‘vTﬂ%% _%_%6—"_

AT}t 2Z3 §712L wad-aA/gEGgslol 2 e = 1512 AP s 5, AFAZsY 320 12 g (58 90%
)E E}Aq—

2) A7) Dol A A F obwl 3HgHE (12.0 g, 56.3 mmol)S A A ¥ THF 100 mlel 591 & -78 C= W7+t ¥ n-Buli
(2.5M @4k8-9 22,5 ml, 56.3 mmoDS A3 A7FeFth &Y 2204 30 £3F wRke & 33 E 2-F 22 -9-&F
e (12.1 g, 56.3 mmol)= 71l U 24 40 ¥3F WM ? Jeom o2 o9 3 A7 g wukeladt)
UEF S E FEAOZ NS S TR F ool NE FE3QT AV BT 2R FaE3ivl v Fos B8
AAS & 7] Sl AASA Qo7 TAE o gl FAAA S E et ket & A Ista W F Axste] 3t
525 100 mle] ofA Exbel] HAMAIZ] & A3k 34t 10 &S 718te] 4 AIF B¢ SRF3810 ok dojzl A E o star

e HolE ¥ 0T Axst] 20 g (97 % F&)°] oFE AATh. MS: [M+H]+ = 3

(@]
(@]
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<Az 2> 3814 bR FAH = SdEd o Az

8}sk4] a (8.23 g, 22.5 mmoD 9} 2 2 =dAl (9.18 g, 45 mmol), ¥4+ Z-F (6.22 g, 45 mmol), & 2 =3} (214 mg,

1.13 mmol) B A= (250 mL)& Z 4 &%17] sl A ¥4 7HEeqltt. 2o m Wzhst 5 A &S oldotAH ol E

——r%?‘?}ﬂ 5 /\ﬂ*}“}lﬂlf\r 02 FiES AAG = e sl A &l & A A At &l E A8t A A ’éad
= THAA =S 4 F &vlE TS sl A A AL W E AXRAA 3= b (5.2 g, 47% T8)S AATh M:

[M+H]" =493.

AN 1> 3}eA 3-22 A HE 8§ A%

5}5]"‘] b 4.37 g (8.88 mmoD 2} N-#ld-1-y= 8o}l 2.34 g (10.7 mmol)= EF4 120 ml o] &3jA]7]3L, HEF Eﬁ
Mg]-FE Lo = 2.90 g (30.2 mmol), H] 2Tl A 2] dlola| EZe}E(0) 0.12 g (0.21 mmol), 50wt% E]- EV#E]
Io9 EFA 89 0.16 ml (0.32 mmoDS A7} 3 2 A7k B¢t A4 77 ol A SF-sF ) vks galo =

Y NkES F8A7]AL 7] & FESQT =2 E-dHEgsto| =2 5e = 9/1 &= A7 e &, "i%oﬂ g
2ol unkek ¥ 7 g xste] shsha] 3-2 (5.2 g, & 86.8%)F L ATE MS: [M+H] = 675.

<A 2> 3182 3-8F FAH = 535 Az

1) 3}82 3-8 ZAH & ES Axet7] g ofd ofdl A4 (1, 4-vzgn|sdolyl, 1,4~
naphthylbiphenylamine): 1-°}7] =132 &4l (1-aminonaphthalene, 7.4 g, 51.48 mmoD ¥} 4-B. 2 & 0] H g (4-
bromobiphenyl, 12 g, 51.48 mmol)& &<l 200 mlell €312 215, vl ~t)ul A 2] dlopA| =225 (0) (Pd(dba)2 0.89

g, 1.54 mmol), 50wt% E&]-EH8]-5-8 E 29 (tri- ~butylphosphine, 0.60 ml, 1.54 mmol)¥} Y EF B g -F-EA}
o]= (sodium #butoxide, 9.90 g, 103.0 mmoD) = # 7} t}. 2A1 7HE<F A A7 Folol A 7k &, Hkg8 Ao S/
& Y HbSS FAANAY V)5S FESHY] =28 ﬂ]*}/EJ]EE}O}O]EEWEP (n—hexane/THF = 15/1) A7/}&uj =

A Eelstar, A foll e 2ol kel 5 2y Axsle] o} o}l (6.3 g, & 42%)E AJ vk MS: [M+H]" =295

2) 31342 b 4.37 g (8.88 mmoD ¢} W EH]Fdo}Rl 3,16 g (10.7 mmol)S &7 120 ml o] €314 7] 3L, Y EF-EH A
g -F-EAlo] = 2,90 g (30.2 mmol), HV"JHﬂaﬂl‘i FAEZeHE(0) 0.12 g (0.21 mmol), 50wt% E |- EWﬂ e ¥
23 F7< 891 0.16 ml (0.32 mmol)& H7Fk 5, 2 A|7F &t A& 715 stoll A gkistdltt. vhg &4 S/HT5 2
A REES FEAZIAL F7] S5 FES T ‘—E‘j‘ A/HEZ SOl =23 =9/1 vl A9 EE s F A follH =
of met § WFgAZse] 3184 3-8 (4.5 g, & 67.5%)E LATE MS: [M+H] = 751.

<Al 3> 7] T AApe] Al

ITO (indium tin oxide)”} 1000 A ¢] 7|2 vtk 565 F-2] 7] (corning 7059 glass) < A A& =< %%‘—/Foﬂ i
Z59 2 A F 3t o] Wl A2 Fischer Co.2] AlES AH8-3181 th ?%*}Fi M1111pore Co. Al3&2] *é
22242 A9 SFHFTE ARSI ITOE 30 3 Al F s 2 &

Atk SR AMAHo] B 5, o)Az 2 UE, ofAE, HEE J%J]Ezojr‘ﬂz‘%s Zﬂi’\]ﬂ—?%ﬁriﬂ} Al
A7) % ol BN AT Ee e Zel v 2 ol fahe] A7) A1 HE 5 W1k AN AT T AT 232 798 oA AT

&7k 2ol FHE ITO 71 A= Al 8171 54812 9] 813tE<2] AU ES dxtolaAtEg 7 d ¢l (hexanitrile
hexaazatriphenylene: ©]8F HAT2} )& 500 A9 FAZ & & F33te] ITO 13 U NY f7]&58 7HAe 455
P48kt

31_
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(57) 2] ¥

A1 AS, EFS, 15 ol #7185 2 Al 2 A5S A5 = 23t 77] 23F 24 oA, 37 w71es
T 15 ool at7] shehA 19 3k, = o] =l € 43hd T 38 #8717 mld ste s 26k A
N fr7] T A
[3het4) 1]
R6 FI"!S R4
7R N R3
8R X R2
RY R1

10R
11R /i N

12R Ri3

7] 8}sha] 10 QlofA,
X+ C ®+= Sjol i,
A¥E NZ1Z20|t},

Y Aol A 27 ek vkl YE R YEY stedl 477 LA 7] E olu] 7| 2 o] Fojx O 7 HE] A
= 17 ol e X3V 2 XS 27F ek el 27 SlH 2 ] e UER UES el 4], I
A7) D ojn 7] 2 o] Fozl o R NE Ay = 1) o|Ake] X372 X8ty 27} FEH = are] 7] o] ar,

71 R 72% 44 SRH R, £ BASF 1-209] ANF @atga; B E

2 ° k. 2 FHEE 7R o] Fof oz d

E A AgE7); sE Ry UER, UEY &2 47| d4FA]7], ofn| 7]

st 9 S HZ 172 o] R o o2 R AEs = 17 o] X2 X $H dH =] 7]; ehAS
3

R1 W4 R4 3L R6 WA R132 2+ 594
= H A3k GAD Y], A3 e v x
opr 7], UERY], YE=Y], &=l
=7l AN wE dEH Rz &

s
Kl
&

R5E F°4, X3 T v X 3hE 47], 23 T 0|23 Afo] Z 2 7], 23 B v 3hE 4AId Y], 23 T |

X3y o}l 7] 9 X3 = X el 2 aie] 7| & o] Fo W oA AEE

o] 714, R57F o} 7] == el & ag] 7]l A%, o} i SR 18] 7] 2 E4(ortho) Y X9 B4 9} R4 == R6=
0, S, NR, PR, C=0, CRR,, SiRR'Z o] Fo] 7 oA Aes = 71 7] 3]s 4T 5 9o, 97| RE R'E
747y =P A o g o X E B v A S 447, 28 £ u A8y A7), 28 s b gy dAd Y], 28

= H X3 o}d 7] X8 i v X 3E o} ofwl ], A3 = v A S FHE 18]7], YEYY], olu=7] o AEH =2

7|2 o] FolZl ol A el i, o 7|4 R¥I} R'E FF a8 & FAgste] 292 S3HES AT F AT
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A28k QoI A, A7) &Fekal 1 & R57F o} E 7] i SH 2 g 7] o)n, A7) o} = FEHE 1879 £ 22 (ortho)
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