(51) ., Int. Cl.

(1993553 H(KR)
(12) 553 FHE[B1)

(45) T2}t

CO9K 11/06 (2006.01) (1D $35¥%

(24) 559

ol

=53] 10-0642995

2006d11410¥
10-0642995
2006d10¥31¥

(2]) =499 =% 10-2005-0088992 (65 TS 10-2006-0051621
(22) =d4d= 20051094234 (43) E7HL = 2006105¢€194
(30) 5% 1020040077214 2004109¢244 o &7l = (KR)

(73) S5}

(72) g =}

(74) &l

eEREREL:
HEEHA JBET o] = 20

S

fA ST ANE 464-1 15/3 AAFolFE 1075 10063
A&

PA FAT =8 381-42 AR &ALl E 7TF 40335
A A

A& ek A1385% Bl oluE 1006

A4

A&z 9rES 733-38 3015

4 9

HA AT S35 S adolE 302-904

A

hAd FA T =55 dA38E 7)1 54 3-507

St Es 2l

(64) MZE 771 G 24 A5 R o] 8 o] & /7] LFEAKE)




=53] 10-0642995

,ob=Leld

al
o
(-
Mo
S

]
Al

o

Mo

KO

Ao

g Al A

ol

Aol e},

i

hul

F 2] dE A

=13
=

(3), &= ()L o] Fof3 7]

=

[

7138 (1), &= (2), &3

)

R

1

o
a

or
I

Hr

)

‘._.Uﬂo

!

=
=

7]

st

07]
2kl

£
2+ ]

Fo] A E (exciton)

°©

S}

Fpol .
re oA Hn

H

= d
Ao] ul

2

A

40

A
Ll

A Aolel

fol AR Ao e o)

°

A 2] 9

hva

EARE

[¢]

T

fi
1}z
=

a7

4 §7) Bape] W
» T

gl

gk ]l

aApol| A AF-E-H

S35 3 9 71 Afolel 914

1}z
=

7]
Aol A

o
T

3

NPBE 2] do] 2%=7}

olo

AE F7] G AApell A AL

3l

R
R

Az T2 ALg

ali

H7] w ol vh. @A

WA

=49 (joule heating)©]

?l.

o550 o
100 °C ©]

&

==

T

CER

o @ &
A= A
g 27k A 20 o]l

=

SR

. ©]

i

°
pal

}

k)
p oA

h=i

=

=
o

714 o

Fof oF
1

=

=

=13
=

i<

9]
o
T,

==

=
o

=<}

171 A& EA7F vt
o)

)

g

R

PEDOT:PSS¢] 7

©2 WA UA

R

513
T
[

=
o

HEg Azpel A
g

7F 7]

=z

FrE B4R A8
s

g

x

8= 3= 771
=7 (band gap)¥ HOMO %+ LUMO o 4]

=

oz
) 43} AAEol

H

Fo] LUMO o4 A

°

3ol k2 74

715 LUMO oA &9l H]

o] ltt.



o,

]

9, A7) 3t

=
i

=53] 10-0642995

43k o g A

A %

7k el 87 E AL g

L

23, A

T

f

F718E 293
o 2.7

b= 714 3A

Fa1A} 3

L

AR ol T s THI S 2A 7]

igo] o]

Ei
aYug g 7lE okl A= et

=

o
o

oo
I
K
7o
-
0)
BO

=

A 2

)
BS

o

=

o g 57 %
MEEERCE T

3|

=
o

¥, 1

ol

1% o] 4ol

al,

13-e 27} sl = aeg] 7)o

P2

L7h o)de] A&7 =

8314 1
LA olge] 2872 A

R

R

CREEE

=)

5

’

al

]

o
o

Z3
27
I

Z2
26
I

Fol A} 27} ¥

= H
IR

Z1

|

z5
—N—(Y3:N)5—Y4—N—28 o)

—N—(Y1-N)—Y2—N—2Z4

k<)

i

2

A7), E=A17] ot 7]

]
A7) &

71 Bkeka] 1ol 9lejA,

A
Y
12
=
?:l,



Y5 BB L S BatraR N BE Q2] AN ae ) UER, UED, @24, 227], G417, op] ],
WL BEea U HHE 172 o] Fold oY E AEHE ) o4 B2 AP e 2nes]; Bas
1-209] BFBIRA i B 6-209] WS BEH5AE A € oAY); B 3PS dalehn A8 Favlela,

R1 WA R4 % R6 A RO 242} HHH o= 4 ‘]@L L= WA gk 7], 28k i d=A
H[ 2| ghe dAId 7], A g B R g o, '1?% = H Wr% 0}%‘ opwl7], A1 gk = Hlilélr% &l = Elﬂﬂ, 0}

7], UERY], YERY], 227], ofn =7],
ZIok A = SE 2o 59 aelE g4 9}1,

o714, R57F o} 7] = FEH 2 18] 7]l A9, o} = FEHE 1879 222 (ortho) Y% 9] B4 9 R4 = R6=
0, S, NR, PR, C=0, CRR, SiRR'E o] % 9] 1%& W ANaE = 7)o &7 23 ugE FA4E 4 9o, 7|4 R Y R'E
Zh7y S A o R Gra, X3 e v X3 4 7], A3 e v X3 GFA7] X3 e A3 A Y], 23 &
= H[X 3 o 7], X8 = v X3 o} of¥l 7], X3 Hei= v XSk S H R 1Y), HEHY], ofn| =7, o ~H 2
7|2 o] ozl ol Al dEE A, o] 7|4 R¥} R'v= g E P45t 29 = sistes 34T + A

71 skekA 19] A 871E dAls] Arshd thed)k 2

71 84514 19] Q#7190 71 WA 789 glotH, 47] $3%E sgEe dai sd, v, sy 5o v
2 e, erEebAd, steleld, e d el i $FEE 52 5 olvh ) e BgE gue o
g, Feh 9E, ol HhE, HolE, SAE, SATlolE, HoltlohE, E¢olE, vd, vejthd, 9|27, 74,

shghe ol 23 Ho] = &7 dol= s E o] o ool G&F& A A FaL, gt BeH o shekee]
7] g Aol o] Ag Wy, ol AT AN s SNEEN S A G dFS vE Uk

471 8544 19 R1 A RY % ol&7)e) ez A d], msldr], Bodr), 22 5o 9aha Bas 9 Jrey), <
EehAldy], AUEA], sl 7], AR Fel i BERATe] glou, o el w @ uE A ohut.

510 191 RL U RO 5 b o17]9] 2=t okl ), bt ohls), elulsfd obel7), s vl of
i Hsd obul ), HE obr7], dd B ob), AuhEy], Eelsd obul ] Fol glou), o Selw s e
ol t}.

W rE o
rlo N, i

o

17] 84814) 19] R1 V1A R9 & slEl = 1el7) 9] i B emy], Fa7], 527, olngE7), go
o}z7), BEelolE7), MR, Aahav], Ay, ol aAEAY), o}Ae D] So] gony, o
ARR=

Mo &

[

$7] A% o] 9ol 247] 34314 19] R1 WA R9 5 LAY, okd7], ok okul], sldl 2 mel7]e] T4l o] 2 3]
S e ol 50 2otk ol 5ol @S Ae Seleh



53553 10-0642995

%
»

A7) shek Aol glol A, Zi S, BAS 1 Ul 200] AW whah S, A7), ohgolny], of2l7], slEE 1], Y
E37), o d A7) Foi o Folal ol A Aew = slolth 47 7 F chdolny], ok, slElz 1l 7e] A A9
6= A% R1 WA RS A @7]0] 7] A ¢ dlEo] glv.

iz
g
L

stube] npeA gk A A ol QloA, 71 BFekA 1 5 R57F ob 7] B FH = L] 7] ol v

el w skl uhgrA @ A4 Aelel lojA, 4] 38ka) 1 % R57} obels] B alel® aelvleln, 4] obd &
= (ortho) $1#]9] 49} R4 == R6+= O, S, NR, PR, C=0, CRR), SiRR' (4714, R ¥ R'= 3}
HL9} ZThE o] Fo 7 oA Ay = 79 &7 28 E FAT 5 9o},

2 by o] I st H}% 215 A A Aol gloj A, A7) 3tet2] 1 % R57F ob& 7] = SE 2 agl 7)ol Aby] o} T
= ortho) Y x| o] &4 ¢} R4 W A7) o} = & 18] 7] 9] 2 24 (ortho) Y9 g9}
RR, SiRR' (o714, R & R'= 3}8H2] 104 A o]k nle} Arph & o] Foj A ol A Aey] =
7o A ST s ffé*é% T A Th

1
o [m
O A

P4 19) shreel ol = 3h/] Shekd 2 A Sheh 1199) ShghEe] Atk
AE 71 A

3k AolH, o] 5ol oo T o] WerF A E = A of



53553 10-0642995




53553 10-0642995




53553 10-0642995




53553 10-0642995




53553 10-0642995

_10_



53553 10-0642995

_11_



553 10-0642995

s}e14) 1014 4ol 5l whs} g},

1
T

Ao Al A2 B

SF Al
s}

71 3t

Bl o= o8 &
ass

1
.

7] AT
z]sd]—

[A % B]

_12_



53553 10-0642995

_13_



53553 10-0642995

Nbaa w

_14_



53553 10-0642995




53553 10-0642995

W_NQ@@@ : P@@Q@ m Q%Q@ %




53553 10-0642995




53553 10-0642995

_18_



53553 10-0642995




S2E35] 10-0642995

RV
G(M@@b
ﬁ _.__ gt WQNW@ e



53553 10-0642995

_21_



S2E3] 10-0642995

()

:

D@dw o

:

d0y %%@mom By B0

:

5

5

Q@dm



53553 10-0642995



53553 10-0642995

_24_



53553 10-0642995

WN%QM a,

. 3
et
o~

I

L

5 ? s
Tt

_25_



53553 10-0642995

ST LI
¢
0, 070

o






53553 10-0642995




a oV R do¥ B M N
L 8 Teo o
ooV D uoV B’ o

® ., @
2. B ;
do¥ R oV 200

.. 2. 3
/D_\@D@SPQD@’QD_\@DQ@W



53553 10-0642995

2o oo & ok L

YoV Por o Po: b o Pos
> 6 .

Ao Porta o Por oo Pos

3,07 Por 4oV Cor do¥ R

e ¢ iy

_30_



53553 10-0642995

_31_









53553 10-0642995









53553 10-0642995

S .

@QQ,@@ @m@@@ mbbwd
QQ@Q@ @DQ@ Q@Q@%@
Lot ;P @%ﬂwm

a o Q@ %b@%dm



Lo P oV P G oV Po

AoV P oo By o P

QT Ty 46T doP 0

RV Co w o¥ g 0 o¥ Oy




53553 10-0642995







53553 10-0642995

%0

A - : \Q\Q@\Mgm
a0 Yo a0t Yo _ P o
i

o550

Lo s b of Oy

3,8 e
2, 2,9

509 T &P g

L8 %%
a0 Cp oo o PQQNQQ



=53] 10-0642995

23 : 971} k717 g3 paol R o]
29z PEE AGE 2ol Frol e ABAS BYFORA F7) WY 2ol A AGHE G712 F 02 ALEH ] of
A 54 74 5 Ak TAA e ddehd thes 2

7] 8 19] shggel mole] YAl TRE 7] T3 Zol ASHB RO hiro] 4R 5 gk

ool
(M0 A

A7) 8b8hAl 19] 813t E 9] Fo]= XE FA0 R Fhdow HE A9t W BrF A 2HS o] = 1A FFRE AT, oY)
A XE THOE A9 B Fat Alol o] AFAo)AS dojubx] =t} gk B A AAYAE s Al 9] ofF 7] AL
olo Yx|gto =M B HH ol AFA AL A|etsl= oS g},

of
o
f-

o

(<



3}

&

!
1 gome o

k=]
1:!]—0

X

%EE =
_'_:'4_,

Aol &

=
IT

1= A

k)
pul

L Z—"-

-

o] 1%
.1_514 R1
W= R 2 71 W
o

o}\ .E}\
=AY A wiE 7Y
= Yol

A

29| R1
WA RY ¢
27} YA Wl 92 71 WA Z8 914
\_57‘301 Zoﬂlﬂr

b A7
(EN=
Itk FA A O
_l___i, §J—6‘ .
t}E-OJ AzA o)A 2
A Aol 7} A<
e FE oy

k)
y oA

=S
H

o], 2} =

L A7) 8)s

shet 1] S5t

e o 2
0]

1o
o= 33
=
HE-OJ HOMO 2 L
2 LUMO
o |~

Aol
ol e} o A W
M= e

Z] W= 740o] Zlo}

18715 =4

P2

ol /
%%?%ﬂ?
op X il p =
%%%%ﬂﬂ % p
i Sz M
fo _EO S J_,mo N OE “N 0 ‘_LI Z‘#
,;Io,ﬂﬂ i o ol =1 75 0 o of
b%éﬁﬂ% R %ﬂ o B
3 Ao T - y 9 ey N o) o
g 2 e ) o T - ey M= al o m
X X = o < X ul
o % LC orc OE o — o< i fared Eo J_l -
N < < i Cigh = = o o T —
xﬂaﬂ%_aﬁ% v W B AR . H gl & N R
ur ath] M G ® = T do & an io? < o o) oy ‘% :L % X Mﬂ o ﬁm olo
0 Mo = — T o — 5 N i =N =)
ﬁ_z_o uo & I K ML Mm ~ K ) wrm o - Mm oF n % A_L/a W o h
N~ ~ -~
mﬂwO p o RC L of B Z#Wﬁo ﬂ@. T T o = < N e
]HeEeELLH g ,tq,Dr 0 <o = = ™ T o
N g T ol w_n ﬂn T 00 — ov JE Tor NG Z, Eﬁ oﬁe K T
w1 N MW o < 5o o o Tk T B WM =) MWE o H] oy I ofi _,M o o
—~ —_— - ' - = ) X
m%%ﬂw% M = 0T o o = i W
m Mo T R X0 i = N ° T o o o~ “ o L: o o
o <o I oW ES o] =0 =x 3 M E 3 o B = o e " -
E%Q%Hg o iy W i ik > & e T
= s O = B — _ 3 e g
M%WEW% A mw% m@% ) do M o o T iy
o ,dgemego T < < =% ~ < AT ﬂai i %° J%.d;.d_. s
‘ng ﬂE _Z#O —_ WL Erl ‘H_Wm o X ,wlA OT | .A# q 7o ™ M.M ;I‘wﬂ _
o gy P N| o X X == o 3l = ny < _ £
R 5 T T2 % T O T BE ST dp
oI . N o T il S <3 50 5 3 B = B | ~
E@oo ﬂ]]Xr N S I.OP T 7o ° oy mEm_. WJQENJ e
on W il 0% ‘i M- & =K = n_A.ro o %O © ,ul 0 I_ o _,ﬁ ﬂ
EEzTﬂaoﬁ 5 & ~c® T M S B <= %ﬂd.
LE g TI: g " e piE 2
B "o 3 y TV g ~ TN ol S i gama anﬁo
ﬂx E.W\I‘lﬂ/r,l Eedﬂ ﬂ_wmmon NK ‘we(\w X~ 0o° o ,ﬁﬂ_ﬁvlma =T
- )] ol & ~ m X < ur Gl . A : Ne e]ﬁ 1_. oo ol
B o N e mﬂmﬂ =N © o o Ho e = o aﬂloa -
WgOMszmﬂa. Y n(_m,m,_ﬂl Mo M %W@ ﬂ_i W% ﬂ%ﬁ -
l@gﬂﬁﬂ =% = M7 ) x 2 =2 do o o N 2
qqﬂixgl x° oy logmﬂ Mﬂ‘_ﬂl o0 o _ﬁ‘ao op oPdﬂ =
N = T TN T oo T Lol = I m == o
iio:lx h ﬂﬁVﬁ = o = M T d T E <
“JZJJIUEQOE ,Eleov o o) o A I W o dﬂﬂﬂ &o&o m&mﬂo . <
ﬂ?ﬂ%%% N M gy X ) o M Y iy ﬁwiﬂ
ixi o B8 ™ o ﬁlm?] ]o_ﬂ X . Flmy .mxoﬂﬂ mhy
THE o bx Mg s T g Ropw 7° i ® e
o7 WP NG U o B M,* — 9 T do AR o o wn T ) = N o e
5%%103 B des 45 T B B e w%%w
N T = o N jo ~ 7 Fo B9 5 By o g
E#E N ,ul‘ml ek o~ Of o = ~ ~ 0 Of o % 0 JI Lf _ —
ol =N ol o o TR B oy <0 9| 0 e E o A = = M —_
~ ,dﬁ_ﬂﬂﬂeﬁ & = B o el ’ @Eo oF =) R = A a ,Blﬂwmﬁd. M_.
wE T G = 3 R e waT ] M A o i
Mw_zﬁoio] Jl;o Bﬁuoﬁ o ek uﬁnﬂ = oo oF = i
R < 7 L R, T = o o K < E R o K w
uodrmﬂ__dﬂwuldr o N m”ﬂe;wh == mﬂﬁm ﬂ&o@ AR o mgﬂﬁﬂ% %0
I~ o WM T % o = < ali — © — o) N routReny i o
%%4@%%¢ TR rEE B T gL 70 5 D) o cesd %
= J) <° _@_sﬂ_&u o oF = Lz ~ S aann\ X G
M % 7 N M G -T2 o M o B
o B R N Gl Towm RN No SR w do LM R Aol 2
T _poﬂdl =N WM ]7 ;oﬁdr.ge 11rw_. _,Tx % TR g
B 7 oX BN %o M N o aﬂlq — % 6o N ]
o< | 4 0 o} <0 o} 70 _ o5 - = W o R =
B N ol Ry N o8 o < 5 B N e
5 R MR 2 Gl 5 g T 2
W %) o ,%ur _ th L oy R ®
5 TR B T o Lo W o N
ol o T & H mﬂ.q_mlw ok
i o or wacﬁmm Jmo,mewrxﬁ _
o 5 7o X o 0 3 o}
A - s 1T 2
T AT Gl
ol

- 43 -



=53] 10-0642995

g =X oste] 47] F718e) g
T/ 2003-0044518% 2 4 E3] &7

= 373 7he s vdr] & oS 7 =4
G aAkE A B, SAEE o8 v

3
ol

= O % =0 B 3}]\
2 W ohet ARG DAL F7] WY £AE WE 5 Arka AAH] Y. o9 2 4§ el B ool P
o= 488 5 Ak

g f7] Y 24k £018F F 15
ats g 7)okl deld dE ARt YO AR

wowe] 7] W A §7] RS BE FRL o Fold £ gl 23 ol 4o §71RF0] A3H }E FEE

o] Fo1d & k. AT, ¥ W 7] WP AL {1 BFORN 4T, ATFES, WY, A45ES, A

AFYF B B TS M Ak e 7] B abe] FaE o] 4EA gad AL Fol 5718

F2EPT 59

T, e f7) W 2 A7 710 g AL AT, 57185 2 A2 4TS SAYoR 4o RM A%
1 |

i
sk 4= Qlt}, o] Wl A~ Y ¥ (sputtering) o] AAF] S92 (e-beam evaporation)¥} 72 PVD(Physical vapor
H = 3 S Wt e == A2 oyt

2
o
il

[o
o
oo
2
Ho
N

o

13 oxbe] Az olete] Alzd L A oM Aoz

871 Btk 1= s = #7] shgE o] G o) & o &3 7] A ko] Al ol ake] Al gl
of efste] oS FAH o7 Ay Hct 22, o] 5 Aldls & RS dAalaty] 8 AolA] £ aw o] et o5kl

2 945 AL oy,

ot

% alvk.

~
>,
N
o
1o
1>
—
i
=]
>
i
rr
oty
e
il
lo
e
ox
o
Ho
:<|>le
>
_0|L
N
o
o
1>
o
=
N,
(on
S
e
il
filo
i
3
il
i)
ol
>~

3

ZT

[S’-l' ".'_ll' f:]l ;]]

<Az 1> 8814 am ZAH = FLEH Y Az

1) g#doeldl 10g (59 mmoD) ¥ B 2w e d g e 2 8.04 ml (88.6 mmol)< HE#Hs o] =232 100 m
5, Ex]oldolyl 12.4 ml (88.6 mmoD)2 7}ttt A7 Fabol A 5AIZF wwtsl 5 S/+5 ¥l 77
At} =53 F7| 5 w2d-dAlHEGSlolm2 ek = 15:12 AP F, A3 F35)e] 3xkolwl 12
)S I

2) %471 Dol A 44 obl 83+ (12.0 g, 56.3 mmol) < A ¥ THF 100 mlell

of
(2.5M AAFEM 225 ml, 56.3 mmol)S 3] A 718t 5d %04 30 &
ZF9d+= (14.0 g, 56.3 mmoDS 713t U 2=l A 40 ¥3F ukst & 4
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& AAR F §7] o= AAGAT. Dol LA S o o] BAaHA A 255 }
2B 100 mlo] opAl EAbS] ARAI 2L F 215 FaF 10 92 Theke] 4 A17E B3k BslgTh old nA & o sta
ez Aol § U A2l 21.8 g (96.8% &) oFWlS AATE MS: [M+HI+ =401

5l &kA 2 (9.00 g, 22.5 mmol)#} 1-Q =1} el (11.4 g, 45.0 mmol), §2F ZH5 (6.22 g, 45.0 mmol), 8 2 =3}
(214 mg, 1.13 mmol) ¥ AL A (250 mL)S 24 7] holl A wHal 7th ke, 2oz Wzhsl & *M & ogo}
Ao ER F&3)aL T’F‘ﬂ}\]'u]':lb]]/\ O 2 FEE AAG F 7t el A Sl E AASS . 4 & E /\}&3}04 2l
g7 AH S THAA SFES 9 5 &S T stoll Al AlAS A 3 Ax2AA 3824 b (5.0 g, 42% T8)S 4

At MS: [M+H]* =527.
<AA G 1> 8182 3-12 BAEE 3529 A%

1) 3}8H2 3-1% FA ¥ = 3HES Alxsh7] 918 obd obl 4 (4-(N-#d-N-gdopr| ) d-1-# do}dl): 4-1H
2RAI-N-#d-N-#do}rl 13.5 g (41.6 mmoD ¢} oFd ¥ 3.98 ml (43.7 mmoD)& &7 120 mlell &A1 7] L, 1}
EF-HME-F5A] = 10.00 g (104.1 mmoD), Bl 2=t ®ld g glopAl] =221 (0) 0.48 g (0.83 mmol), 50wt% = 2] -F
My-Fedz2y F54d 8 0.58 ml (1.25 mmol)S H7Hek 5, 2 AJ3F F<F A4 77 ol A &7aklvh. kg & ol
THTE B WEE TEATIAL 7] S5 FESNY. =2 - H Efsto] =2 e = 10/1 Sz A 22 F

= s
T, Afrelg 2o awkek 5 11F Hxske] ofd ofnl G471 (9.6 g, & 69%)F A Ath MS: [M+H]"= 336.

2) 313+ b 4.68 g (8.88 mmoD 9t 4-(N-#d-N-sde}r] ) s d-1-sde}dl 6.86 g (20.4 mmoD)& EF< 120 ml
o 8173, YEF-HAME-2-Ex}o]= 589 g (61.3 mmol), Eg]~til A g dlol Er]Z2HE(0) 0.24 g (0.41
mmol), 50wt% E-EAg-FE I~ EF 8N 0.25 ml (0.61 mmol)S A7FsE 3 2 A7k FoF A4 7] F dfol A]
sttt WhS S ol THFE Wil WS TRA) AL 7] T& FEITh w2 -/ Egso| E 2 Fe = 4/
1 gl A9 283 5 A folg 2ol kst ¥ AFgAxate] 384 3-1 318E (5.2 g, 78 52%) S AT MS:
[M+H]"=1127.

<AA G 2> 3182 3-27 HAEE 3R] A%

D) stsh2] 3-22 FAH = 35ES Alxst7] $ek ofd ofnl §4d (4-(N-#d-N-gdojv] m)sd-1-v 2 e obrl): 4-
B2 Hd-N-#d-N-sdo}7l 15.0 g (46.3 mmoD <} 1-1}2do}lwl 7.29 ¢ (50.9 mmol)& &<l 200 mlol] &34
713, YEF-EHAM g -F-EAlo]= 13.34 g (138.8 mmol), Bl @ g dlol Al EZ25(0) 0.53 g (0.93 mmol), 50wt%
Ef-gAMg-Fedxay 224 &9 0.56 ml (1.39 mmoD)S HA7Fs 3 2 A7 ek A 7] 7 alo A 3Fslgich uks
Fdoll FHTFE YL NS TEAL 7] & FEIUTE w2 6“4/EﬂEa}o}°1EivaP— 10/1 82 A9 &

2] 5, Afrelle 2o ke ¥ 13 Axsko] ofd ofnl A7) (13 g, 8 73%)E LUtk MS: [M+H] "= 386.

2) 313+ b 4.68 g (8.88 mmol) ¢} 4-(N-#Hd-N-gdopr] o) s d -1-v>2 ol 7.88 g (20.4 mmol)S =72 120
ml o] €317 3L, YEF-HAM g -F-EALo]= 5.89 g (61.3 mmol), Eg] 2t d g dolA &) Ze}5(0) 0.24 g (0.41
mmol) 50wt% EE] BAY-FEXA~7 EF &9 0.25 ml (0.61 mmoD)S A7} & 2 A|7F Bt A& 7157 3ol A
Fot e W SN SHFFE YA IS S FEAY L F7] & FEIUTH 2~ 6“4/E11Ea}o}o1:iva¢ 4/
1 %UHE A Y 5, A folld 2ol wnkel 7 JFAzxzste] 3184 3-2 313HE (5.4 g, & 50%) 5 ATt MS:

[M+H]* = 1227.
<AA G 3> 3182 3-47 HAEE 3R A%
1) 83} 3-42 RAIHE SES Axdtr] 918 ofd obvl 4 (4-(N-#d-N-gldetv] o) s d-1-n] s doprl): 4-

BERAd-N-#d-N-gdldo}7l 17.4g (53.7 mmoD) ¢} 4-o}] 0] d 9.99 g (59.0 mmol)S &4l 250 mloll 83 A]
7131, YEF-HAM 2 -5F-EA0]= 17.02 g (177.1 mmol), Bl =t Wl d gl o} M &22+5(0) 0.68 g (1.2 mmol), 50wt%
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o 0.72 ml (1.8 mmoD)& 371 -, 2 A7t &t A4 77/ shol| A 87315} Jkg-
Y3 RS TEA7A {7] S5 FEIINT w2 -/ HEG S| =25 = 10/1 SulE AE &

Eg- EWFJ—E%E&_; EFql g
= S
2l st &, ﬁ%oﬂﬁﬂéoﬂ WRkE 5 A Axske] ofF opvl A7V (16 g, T8 73%)= AUt MS: [M+H] =412.

.&ou oﬂ

2) 3}8F4] b 4.68 g (8.88 mmol)sa} 4-(NN-t] s dopr] ) d -4 -vho] s d o}nl 8.42 g (20.4 mmoD)S &<l 120 ml
o &A1 7]aL, YEF-EME-F-EArlo]= 5.89 g (61.3 mmol), E]2t]wld g dolAEr]ZetH(0) 0.24 g (0.41
mmol) 50wt% EE-ElM g -FEEX2T EF4d 24 0.25 ml (0.61 mmoDS 713 3, 2 A7 <k A4 7] 5F sl A

ot W8 S ol SRFE Y2 WSS FRAIIAL 7] & FEIAUT =2E-dR/HESlo | ER S = 4/
1%1111:1 Ad EEe H%oﬂEﬂEoﬂ Ak 5 Qg Azske] 384 3-4 3HHE (5.2 g, & 45.8%)E AJth MS:
[M+H]"=1279.

<AAN G 4> 8182 3-212 BA|H = 313HE 9] A%

1) s}sh2a] 3-21=2 HAH = shgtE s Alxshr] 91g obd obdl A (4-(N-#Hd-N-v2Zeojn| )s| d -1 -0 # o} Hl):
4-B 22| Jd-N-#d-N- ‘/]‘“LE]O]'U] 14.0 g (37.4 mmoD) 2} 4-o}m] =H]Hd 6.96g (41.2 mmol)& EF 4l 200mlel] &
A1 H, vlaguld g dlopAl EZ2E(0) 0.47 g (0.82 mmol), 50wt% E-HAM g -F-E x5 EF¢ &9 0.50 ml
(1.2 mmol) 3} YEF-EM g -F-EAlo]= 11.86 g (123.4 mmoDS 75t} 22 7 5ot A 47|73l A 3H57-3F &,

&g dlo] FHFE Yol tﬂ"—’é‘ 27“1%11’% F715S FE5 w2d-d/H Egsto| 2 e = 10/1 A& =
AR star, Aol el 2ol wukek 5 23 xste] o} opnl AA7] (7.5 g, & 43%)E Atk MS: [M+H]*
462.

2) 382 b 4.68 g (8.88 mmol) &} 4-(N-#Hd-1-v}ZEolnx)dd-4-v}o]Hdo}Hl 9.44 g (20.4 mmol)S EF<l
120 ml o] €842 7]aL, YEF-E M g]-F-EA}o]= 5.89 g (61.3 mmol), Eg] =t A g dlolAEr]Zet5(0) 0.24 g
(0.41 mmol), 50wt% EFA B -FEEAd 574 89 0.25 ml (0.61 mmol)S H 713 3, 2 A7+ 5o A4 757 8
oA F33ATE Hhg SNl THTE YA NES TRAYIAL 7] T FEEAT m2 - 6‘1*P/EﬂEa}o}°1Ei*E¥
=4/1 &vj2 A9 EE3 & A foEl 2ol wukst 7 gzt 848k 3-21 35 E (5.5 g, T8 45%) 5 AU
MS: [M+H]*=1379.

<Al 5> 7] T AApe] Al

ITO (indium tin oxide)7} 1000 A & 7 & vtk 5895 H-2 7]% (corning 7059 glass)S Al A& =9I

ol FFT ¥
Z 892 A H3EF ) o] wl A A ZE Fischer Co.9] A&E& AFR3FP oM /42X Millipore Co. Xﬂ%ﬁ oz}

B (Filter)

2 22t® A SHRFE ARESITH ITOE 30 #3F AX & 5, 72 2 3] vbEeto] 2539 A1 3S& 10 £3F st
Ak SFHG A Aol Bt F olwijmi b, e Fo] AR 24 AHE s A2 F Bzl A
A2 ol SAID E e A E e}t o B ate] 4] A1WE 5 R AN AR F AF 22 AWE oA,

F719) 7ol =0l E ITO F3 A= foll 3171 ghsha] 9] s13HE<] AU EH Aoz ER] 7 d @l (hexanitrile
hexaazatriphenylene: ¢} HAT# 3H)S 80 A9 FAIZ & A3 E&3 [TO =45 L NE f71 &858 7= 428
g3kt

[HAT]
CN
" /%/CN
. |
NC,:[N‘\ N
NG N =N
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3T 3.

A2l Al A, 7] 318k 1 5 Ro7F ok 7] = & argfr]el, 7] obd = S H 2 a12] 7] 2 24:(ortho)
QA9 B9} R4 = R6E O, S, NR, PR, C=0, CRR), SiRR' (1714, R & R'i= 3}8H2] 104 A 9] 3k upo} 2oh) = o]
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