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2 ok zaEAepdel RFEz} r|TE A7) slstd sHEA xEEAjobd, copper(l) 4,5-dicar-
boxyphthalocyanine[CuPc(COOH),12} copper(il) 4,5,4',5'-tetracarboxyphthalocyanine[CuPc(COOH), ] 31413141
ok AR ZEAlohd FEAL GEASS TOFel71% 9 LBYYOE 53Tk CuPo(COOH), ¢
LBRHEAIE0] CuP(COOH),®] #hich o A4 MdT2E 717l A&7} 501 3S Bagead e
24 FASH T mERA o FEAL LBRHEAZS BAFE S5 744 ] CuP(COOH),
[in=20.84nA]} CUuP(COOH),{iu=10.50nA] 1t} FZPLA F §o) A9 Fn 2 Jehl= A0S o)

ABSTRACT. The phthalocyanine(Pc) film can not be prepared by LB method because it is insoluble in
organic solvents. In order to increase its solubility, two kinds of copper phthalocyanine derivatives (CuPc(COOH),
and CuPc(COOH),) were synthesized and their monolayers were prepared by LB method. It is found from the
surface pressure-area curves that the LB monolayer film of CuPc(COOH), have more ordered structure than that
of CuPc(COOH),. In the photocurrent characteristic the value of CuPc(COOH), was superior to that of CuPc

(COOH),. Therefore, it is found that the charge generation efficiency for phthalocyanines have influenced on its

ordered structure as the functional groups.
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Al& || 2 phthalic anhydride, ammonium molyb-
date, 1,2,4,5-benzenetetracarboxylic anhydride, A}t
%) =H}FA] B-metal free phthalocyanine(B-H,Pc), copper
phthalocyanine-3,4',4" 4" -tetrasulfonic tetrasodium salt
(CuPcTS) 5-& AldrichA}l #|E-& AH8-3lit}. Ures,
cupric chloride, y-metal free phthalocyanine(y-H,Pch=
XeroxA} A Z-& AH2-3}¢it}. B-copper phthalocyanine
(B-CuPc)2} F-213 metal free phthalocyanine(H,Pc) 5
& Tokyo Kaseir} AlE-& AHE-stsict. Aol AHS-%H
37 AFEL AA o] SFAFE T3k A
st olAlE, HlEkE, ofEkE, oE dHEZx=
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Junsei Chemicali} #|E2] AFA|oke AL},
LB-§ CHClyi= AldrichA} %2} EFA)eke A)-4-3)
ek AF el 2 Auve 99.999%9] S
Z}5= Johnson Matthey A} A& AR&-slic).

7l 7]

294 F4= E337]5  Hewlett-packard  Diode
Array spectrophotometer 8452A5- o]-8-3t v 35&
o] F824715 Fstr] flste] Aol ERr)e
Bomem spectrophotometer MB 1005 ©]-8-3}e] KBr
A AellAl spectrad Aglom, UAEAHL Caro
Erba Elemental Analyzer 11082%€ ZAA=|¢lon,
XAl 3AHEA7|+= Siemens Diffractrometer DD500/
S01% ol gsle] Lol Fsieen], FAHAY
v|7& HITACHI $-21505 Al-g-3le] ZTwidas 3
9}, #xHF-E Bioanalytical system BAS100BS}
KEITHLEY Instruments solid state electrometer 610C
5 ARt SAEIch FdS kW g2 Y g
ARGt A B AMEsle] gbs g
3L 3= Spectra-Physics Power meter 4042 23] 3}
Ach. Feke 1.35x 10" photons/sec - cm®]g]ch. Au
2} Z3}2 Korea Vacuum DepositionA}ol} 4] #] 24k 21
AN E AREIS S, LB A2 ApexAlyt
Azkek 71719} 43 e 9o} AFEsHech 183 MQe]
e Zhe 2050 FHTE 7] sk Milli-
pore/Milli-Q UF plus system-S- A3} o}

B o

Copper() 4,5-dicarboxyphthalocyanine@| #tA.

phthalic anhydride 5.55 g(0.0375 mole, 3.00 eq)=}
1,2,4,5-benzenetetracarboxylic anhydride 2.73 g(0.0125
mole, 1.00 eq)¥} urea 30.00 g(0.5 mole, excessyS o}=.
E 715 Sol Alolx] £ BE ThE, BF W
717} X" 250 mL 2-7 Za}A e Ak FPAS 2
ZAZ F X EE 150 mLe| nitrobenzeneol] o] 2
o] S A] cupric chloride 3.00 g(0.08 mole)=} ZE=vjj 2
4] ammonium molybdate 1.00 g-& A3 Ar}A7
t} o] Whg EJFE-E 170°CellA 3.547F Bt Ao
FHA 7t gch whge] $AE ok F aEnEa
o2 GA(R=0.62)3}1, Aol 4 FA 7N #
+ & 100 mLE Fo] 3Ao] 7leteks wi7bx] 108
7k 7ic}8] v}g A2 A blue-green-black <] =
AE derh olg FHSe WweE g
nitrobenzeneo| $HH3] WA wj7}x] 74t sfolia] A

Ao} 2|3 27} oS o diethyl ether® o}
A] 33] o)A MA F, o] HhS- A E-E 60°C R-F

ol 2447k Fob AZALh o]®A o]
copper  4,5-dicarboxamidephthalocyanine-S- 31433},
o] 3§52 7lEal3le] copper 4,5-dicarboxyphth-
alocyanine-& A%} W79}l L2471 X9
250 mL g whet 29 Eefazol] 50 g} S4kshat
F9 50 mLe ZH< 2 copper 4,5-dicarboxa-
midephthalocyanine 2 g& Y&t} 2447k Z9}
100°CE 7Hd3tiA] A7) AP e AojZr). uhe-
o] 4L TLCE HAR=0.73)F F, vhg- AL
100 mLe} S7-<2 F3A4 72t 6 M g4t 9o
E ¢f pH 2.00] HEE A3 AXSA7IH o] AA
odlA, LS 3] Ao FHwoks & uAZ
AL oS 2 #2l A=A (sintered glass
filteryoll 4] ¥-2]3}1, 0.1 M HCl 493} 27, o)A
&, diethyl ether2 A|&H3}le] L7] Fof AF:A)ZIc)
olFA whEozl A E-S 500 mLe] FF<ol M)
33, 0.1 M shktg 89 A3 7le) < pH
10.00] HA & ohF AAE AL} A2 AL FF
T2 F3]3 t}A] oF pH 2022 A 3171} o] 7}
& 33 HhEEch B AI7kEe JidE] F A B
2jste] ARl A Rl Wz, YAEL H3
ZAd7]el] 22k Az o] Aol FAdo] & w}x|
FFTE AASI VA e} diethyl etherZ A
&AM F, 242071 B2 At sl B A
ZA171et

Copper(Il) 4,5,4',5'-tetracarboxyphthalocyanine2|
B, 2uEAS EulE A ste]  phthalic
anhydride 3.703 g(0.025 mole, 2.00 eq)®} 1,24,5-
benzene-tetracarboxylic anhydride 5.457 g(0.025 mole,
200 eqyE AHE3l e AAHS Ax A
(R=0.53).

LBEfoto| XiEt

ApexAlellA] 2HE 63 cm X 23 cm -3 ¢] LB &
(trough)el] 18.3 MQ®} A& 2= 2EES FHS
< XAHo] Hdjal Ao o]F w7z 2}
1A 2 A FANA 7)Ee] E S8l &
g 2ol AR Agslgrh. Adolal Ake]
107 M CHCL, 4918 23X $)ol Pt ¢}
of A syt FREA e - 2138 %
HeE-1A Sl Atk aEK(oughys AR
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4
+ -} o]¥ A sle] 7] 33 Al Pos £
ZAE ITO 27|19l &4 1719 LB DA<
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ZAo] P a3} & dAT THYHEE FA 5] 4
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A= f71E GEASY] 45 AREEe] 3
Ao 2 vehtled 3 v F2F A
&z dlZr](encoder)ot 3jA Ll vl A HetS
WAEHE €h30) €] (tacometer)t RAEe] ST €}
ol g, 22|3 A= AZHE o83l g2 Al
o] 2 2o} Ax Zejr} 13AH3P gl oA
1,000742] Hxr} HAEe sglolH ol 1 =
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Fig. 1. Feedback control diagram for constant surface
pressure compression.
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(bary’t AA| o] 53 A=l S T3, ol 24 7€
o] AA|Fh= WAL & & e Pes freA o] Tt
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&17] Y5t A Fed &6 2 B F S5
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o 1247t "3ict.
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34=A| 2 FA% Bioanalytical system BAS100B
E AHE3le] A)7b7)F R =(time-base mode)oll 4] #
71843} cellS o]-8-31o] At Ag/AgCIA=
E 71EAFLR dta WS RERFFOR A
343t Pes G2 AS LB @220 2 o|-HAIZ] 25
mm X 50 mm®] ITO(Indium Tin Oxide) F-2]7]#-&
AaTez AHgshech AAEE 1 M NaNOs
g Agskach o189 2ajse 9o e
410, 450, 500, 550, 590, 610, 630, 650, 670, 690 =
700 nmel| dEte] FAFE FAH3IACh FEAL
1.35%x 10" photon/sec - cm’ N.D. filter S A}-8-3}o
ZA 55t}

IDHEF M=

Fig. 23} 7o) mAAFE& A|x}Fste] aA] AbelfollA]
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Fig. 2. Schematic representation of an electrode for sur-
face photocurrent on the solid state.
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o] FAF %L: FNAY A& A=) o
A3 AL EES S Hete] 25 mmx
25 mmAe] 843 EL wEY 1 9 &%
99.999% Aug 1000 A oA} A% Zasjlar).
o wet F3E 1o ¥ & 10 mmE A 5E
Txairh ARE o8 7IX9 =gz Aohd 05
g} vlel) 24 Atslole] 1.0 g S22 EE o) 54]
et BAMA ANl A kE B&
silver paste 2 4% oA A7}

dn ¥ 1§

Bt &0l

UV-vis. B AHER BN, 20Eds
phthalic anhydride¢} pyromellitic dianhydrideS- A&
3ted Scheme 137} Scheme 29} 7o) W8-S 244 A7)
F, AR EL AL AYE 0A Hedl, UVvis. F5°
~¥EYE ¢ EAMAF Fig. 3, Fig. 49} 7Zo]
CuPc(COOH);, CuPc(COOH), Z}7}el| thdted Apu=
672 nm, 660 nm2A] YA 22 Aol 52
o] Q=g TAY 5 9t

77be] 283} Rghe CuP(COOHYS] A4, 48
& 72%°] 3L Regh 0.730]w, CuPo(COOH),2] 7%,
8L 30%°] 31 Rt 0.530]c}.

o o 0
(NH,),MoO 4
—
170T

in nitrobenzene 3.5h

KOH
100 T

Scheme 1. Synthesis of copper(Il) 4,5-dicarboxyphthalo-
cyanine.

0+ NH1 NHz + CuCh

HzN
\ -~
N H4)2M°0 4 N \

17o'C 3.5h s N’ A

in nitrobenzene )

KOH

100C

Scheme 2. Synthesis of coppex(ll) 4,5.4' 5'-tetracarboxyph-
thalocyanine.

1.2,

348

0.0

200 300 400 800 600 700 800
WAVELENGTH (nm)

Fig. 3. UV-vis absorption spectrum of CuPc(COOH); in
CHCls. The concentration of CuPc(COOH), was 5.0X
1074 M.

HoM & AHER BN U |4 BM. CuPc
(COOH),2} CuPc(COOH)ell th3l Ao F4= A
EY 24 AIE Table 1] Jehliglch. 3414 cm ™!
9} 3443 cm ™ 'ollA] AubH < F|=FA] 7]9) AEA
ol 9% Ha s AT 4 qlslen, sz 8 A
el =8 A7)e EAHAE 3212 cm 9} 3174
em ol 4] FAsch w3 FlER Y)Y AAE
£ 1719 cm 9} 1713 em 'ol|4], C-09] A &A1 -
1286 cm'¢} 1288 cm 'ol|A] A3t ol ZH
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0,0

260 300 400 500 600 760 800
WAVELENGTH (nm)

Fig. 4. UV-vis absorption spectrum of CuPc(COOH)4
in CHCL. The concentration of CuPc(COOH)s was
50x107 M.

Table 1. Vibrational assignments of CuPc(COOH), and
CuPc(COOH),

CuPc(COOH), CuPc(COOH),

(cmfl) (cmvl) Band assignments
634 639 Pc breathing
721 732 Pc ring y(C-H) bend
754 756 Pc ring &(CsHs) bend
781 780 v(C-N) bend
944 931 -OH out of plane bend
956 954 benzene breathing
1089 1092 Pc ring C-H bend
1286 1288 C-O stretch
133 1508 1335 1507 pyrrole stretch
1419 1464 1423 1465 isoindole stretch
1563 1568 C=N aza stretch
1611 1610 benzene stretch
1719 1713 C=0 sym stretch
3212 3414 3174 3443 carboxylic -OH stretch

Pc ringel] 712717 =Q)ESS-S E]lsid)
pyrrole A1%71%5-8- 1332, 1508 cm '¢} 1335, 1507
cm " 'o4], isoindole A1%AE-& 1419, 1464 cm ™ '9}
1423, 1465 cm 'oj|], aza Al&AE-& 1563 cm ™'}
1568 cm oA 7tz SA4aE BRG], P
ring¥} benzeneol] 7]Ql3h= AERE1 WARIEY &
A =aE FAsty J4AEHE Ssle] 2 Aol
35298 galsigdnt 94 L B, 4, AL
of tisle] Alslsisly, 1 Av= Table 29 Vehd
ule} zo] A7} o] B2 ol $2FE graldigict.

X-M 5iE mE S O 2k

FAR F £F9 z2EAold FEAESL XA
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Table 2. Elemental analysis of CuPc, CuPc(COOH),,
and CuPc(COOH),

Theoretical values Experimental
Sample (%) values (%)
C H N C H N
CuPc’ 66.77 2.80 19.48 66.82 2.74 1858

CuPc(COOH),” 61.53 2.43 16.90 62.69 2.90 16.62
CuPc(COOH), 57.52 215 14.92 57.84 272 14.60

Note * C32H16CUN8, b C34H16CUN504, ¢ C36H16CUN808

(b)

Intensi

L 1 1

10 15 20 25 30 35 40
Braggs angle(26)

Fig. 5. X-ray powder diffraction pattern of (a) CuPc
(COOH); and (b) CuPc(COOH),

34 S FA A, Fig. 59 (el ebd v}
9} zre] CuPc(COOH)®] 7-$- 203to] 10.56°
12.44° 14.08°, 15.40°, 18.10°, 21.56°, 23.02°, 23.76°,
26.18°% 27.94° 30.36°|4] 34 sEle] vjelyton,
Fig. 52] (b)el] }ehA CuPc(COOH)2] 7-$-oll=
10.52°, 12.50°, 18.14°, 21.54°, 23.80°, 26.16°, 27.30°,
28.00°, 30.38°CollA] 3 sjelo] Yeht 7oz v
ol FAY Aerl ol AME ¥l =
g A2 )53t AA A E 7R, ol 4 24
o wel A gAo] thaA vehdohs Q- wwb
off oJ3le] FUI A A6 A’k AleE
th & ofe] 7] 2A¥(e, B, 1 3, & m, p, x-¥)4]
CuPc A4 F2°} 1 3|14 H=o| t}2A)1t, CuPe
(COOH),9} CuPc(COOH), = 7+E8-A]7)7F %4i€
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Fig. 6. Scanning electron microscopic photographs of (a)

CuPc(COOH), and (b) CuPc(COOH),

frEAolng A vl olgeh g &
& CuPcrt ¥4 Azt ohetes AHS Heldte
2 g5 AR Ao} A=A ARAA S o
3 7o) B 83 VA8 s) Holbw Alei =) Fig.
6212 FALHALRE P (SEM) ARRleg RS &
A3 A3, M2 59 A S 7R AR
CuPc(COOH),2] 74-5-oll A& & 5= A=,
CuPc(COOH)0)| H]3te] 18.10°2] 34 sjele] A7
7} =31 CuPc(COOH),oll+= §l+= 14.80°, 15.40°9] 5
23 54 AE 7t

BEHHm)-HHA) S2M

Aol A7 LBAH] | 7| EEA 2 Adol 4
of gk ®Hsky -1 2418 TFakdct & AA
" F223F §oo ok 300 uojr F A

40

3B r ~—— CWPc(COOH),

30 = = =CuPe(COOH)4
25 |

20
15
10

Surface Pressure(mN/m)

0 200 400 600 800 1000 1200
Area(cm?)

Fig. 7. Surface pressure-area isotherm of CuPc(COOH),
and CuPc(COOH), in 10~ M BaCl, solution.

1090 cm’ol| A HE] D45 70.0 mm/min &8 ¢+
3}¢dc}. Feedback &% &, A&7} ITO §2l7| %ol
2738 w9 £%E 50 mm/mino] gl AE olEl At
o] A7 WA ZF, A W3y} FalshA sk e §
As| Z7lshe XA Aol x&4ql WY &3 w3}
3= A8 382 cm®]glt)

Fig. 70| 4= CuPc(COOH),2} CuPc(COOH),2] %
Aok E24S ehligion olustE 2
9] £ %= 70 mm/min, feedback 4+ 50 mm/min
2 2 ITO fr)7lse] FA o) =9 A 3kt
CuPc(COOH)= EH o] 36 mN/me]g]i CuPc
(COOH),2] A-$-ol HAzAs A T o] 26
mN/mel A5 vehlla gict. 2 olfi= 33 ¥
ZHA3ol Al CuPc(COOH),2] 73-9-oll vl 7]2] 7t25A4)
7152 Z34ke] §1A Al E CuPc(COOH) R k=
A ez FhE ] g op|she widS 3t
a7 9l7] wjFolzbz Al =t ” g, CuPc(COOH),
2] A&k %4 (limiting area), & ¥AFE-2] Wl I ezt
7V oAb Q] ZEghE A 524 F aANEHE
el 259 AAdE WA &3 2xpEA 8-S
wje] WHo] 400 cm’Y-& & 4= Sir}. Table 3¢l 1}
el nle} o) olufje] F A o] 18,650 uLe|w
FEE 10 ° MojolA o] 27E & HHE moltE
Axste] A AL AR, 11231009
ot 4 9lgdch. o7]A] CuPc(COOH), & E2}7} 213
s WAL 356x107H em’]c}l. & W CuPc
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Table 3. The area per molecule of CuPc(COOH); and
CuPc(COOH),

Sample CuPc(COOH), CuPc(COOH),
Total amount 18,650 nl 16,000 pl
Concentration 10°° M 10°M
Number of molecules ~ 1.12X10'° 9.64x 10"
Limiting area 400 cm’ 460 cm’
Area per molecule  3.36X 107" em’4.77% 107" cm®
Length of a side 1.88 nm 2.18 nm

(lateral size)
Theoretical >1.8856 nm  >2.2712 nm

length of a side

(COOH), ¥-=}¢] 3 wie} Zo)7} <F 1.88 nmZ ¥}
248 AL AXtAel A9 YA FE nfFo”
CuP¢(COOH),] 74-$-oll= ’F B} 2A)sh= A
£ 477x10™ ™ cmo]1d & W] Zo]7} oF 2.18 nmo]
c} 3k 3 2x7} A=k @A (area per molecule)
ol w22 ol Z713}ed, CuPo(COOH)2}
CuPc(COOH), 2.5, k@ Alob] f-2A|9] 71Ate]
o =418l A5A71 A2 8A7 B 2 i
= A} vl 3F(edge-touching fashion)S- 3he= 71-&- & 4
k¥

AXR 20 W FEAU P

A 27)A9)E -200 mVell4 600 mV7H] 100
mV 292 dejsld g de FAFE 33U
Z714¢7F -200, - 100, 0 mV3l 7ol Aj7kd]
w2} +ghellAl o e ARE BEsgo,

25

—4=CWP(COOH),

[5]
[=3
T

= ® - CuPc(COOH),

Photocurrent(nA)
&

0
-200 -100 0 100 200 300 400 500
Initial Potential(mV)

Fig. 8. Photocurrent-initial potential curves of CuPc
(COOH), and CuPc(COOH), at A=650 nm.
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25
EZO r —O—Cul’c(COOH)2
= ® = CuPc(COOH),
S’ 4
E 15 |
E
-
I-RU
(=]
o
¥
5
L
410 450 500 550 500 610 630 650 670 690 700

Wavelength(nm)
Fig. 9. Photocurrent-wavelength curves of CuPc(COOH),
and CuPc(COOH)4 at Eqp,=-100 mV.

Z7)2817} 100914 600 mV7FR}ol| A= 7 i) o]
AF-E B F 72 ZHEAoRd A
o LB Ao zye] $HRE 34T A3E
Fig. 8%} Fig. 9¢| vlehuigicl. — 100 mve] 27]41¢]
2 ol FUL ol F 27 2F Hugke] $AF
b 2 AE 4 5 ddoh 21N E 100
mVZ 3ted 7H] FelE AHE3te] 2ol gl o)
2 AR &95 dorugith 2 A, FAFEo)
Q2 &A% 650 nme] Yell 25} CuPc(COOH),
7} 20.84 nAZ, CuPc(COOH),2 10.5 nAMc) oF
26) o4} S-AlaHAl Vielydeh. 2 E Well thzte] =
g2Alobd o] Faubed wet FAFI UATE
Tas 5 gledeh =T o] 7B Z2 2 Alohd 3}
FEY Au F3 wAAT dg FAF &£9-E v
38 A3}, Table 4o) 29} o] vl AR FAF A}
23 5 o, 44 Al viadg

Table 4. Surface photocurrent of the different phthalo-
cyanines on the solid state

Sample Name Photocurrent (pA)

ZnO -
CuPc (B-form) 0.07
CuPc-tetrasulfonic acid -
CuPc(COOH), 0.01
CuPc(COOH), -
H,Pc(y-form) 0.03
H,Pc(B-form) 0.02
H,Pc(amorphous) 0.02
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Fig. 10. Mechanism of dye sensitization and charge
transfer at the surface of n-type semiconductor.
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Ut &, F 718 =@ Aopd Exrt AR}
2 HEx5e] 9li= n-3 HkE AL AcE Yol =3
I AL AbElElE g o v RE #9lEe] Qg
SoteAl = Aol oA slo] mAFE HoE
FAFIE A=, Wo] ¢l AdlelAe oA #
EAZ ®loky 4% 4 Qo)

Ay A2 reo] vd

Zg2Alolde] LB dEA-S 53l BAF &
A5 23 A3}, CuPe(COOH)2] 7#-$7} CuPc
(COOH), B v} FAF Fgo) 20 A= & A5 A
dod, s 2 dgg Aslo| a1 EE B
AF Axke] el Yol 7o), Fig. 113} 2

< B23E AN 5 glek. & A4 ITO =178
o Z&tEAlohd fmA] FlE2RA|7|7} uid 2
2 8] A x 9] E2] &3 (physisorption) 4| 7] 2 E-0]9)
= LB DE2IZA, A% 2 Alopd 54
9| A2 o2 PAF Adfol] IS A
H = Zolth. CuP(COOH)S] LBulatel 73-9-qf],
E81® Ft2EAe stz Rdr) 7k shte Ad)
g HHE o] F= FREA, I A 4, 59 94
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—
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hv
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i S

Fig. 11. A model of the difference between CuPc(COOH),
and CuPc(COOH), monolayers when transferred onto hy-
drophilic substrate.

of A7)l Ft2EA7]7E =9iEe] gle] Fig.
1ol 42} ko] 32l wid F+25 7FA QA+
2] A (stereoregularity)o] =T}, Table 30| 4] &} 7Xo] ¥
AYH@-EAH(A) S22V E AgA s 3
CuP(COOH),2] ¥ W2 7o)} oF 1.88 nm2 CuPe
(COOH),gt (2.18 nm).c} A& wad& x}x|a} 33}
 FAA AR Ft28A7|7Y] ubthg
Hagsls weke Zch CuP((COOH)] 73]
= 4545 $1A]e Fk25A7)7F m9lEe] gleolA

FATEE DE $AE A2l dse] QAsHE B
A3l ARl EAEA ek & sl
71 W) Sl=2 47150 B2k A2 wlske} 9]

AZN7E e wld F2E SR IAFHA
(stereoregularity)o] grt. ohA] Tafja] 4,54',5M o $]
e 7F2EA7)17Ee] wbhe Ha2 ke e
Fogn Al ze] Expe) Jejx] BE2) qlAHel
7144 (stereoregularity)o] Heix) Al ). o)} 7L
LBRtehE 7A3kE Sl DAY widelr e
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Ho)7} FAF Aho] A M Ao AlaiEl
o} &, 27HH 1A Ael7l gl ASol] e 3
AL o) 5ol AoIA o] g Zelsie) B
AF7F A vhehde). ol2l A ofn] AT B
T adgfolele] FH gzl Aate
o Ut B AP AT} 2L ABE AL 4 ek
<E717F 299 CuPee FE-§ 30% £27HA & &
ko] 2713l we} B )AHE Z7ted, 30% o
FoE FaE Are 938 Ao st
45 SET, PAPe gastd Foh Cube
(COOH), iA1=l A Lpehhe Adid o g & gb
A QAo theahs A 2o Asats wEe §)
AFHA ] oA e olix] ZHast dejpa] A
F a7t AA Jehda, QAT AHew
¥& CuPo(COOH)Sl #4971 $4% FAF s
= Ao Al ).

4 B

LBubohe W57) $13le] 7HA CuPe HEAS
FAstgen 1 AY Aok o3 2t

1 Zg2Aopds] LB wE7] Astel F
ZE59 7184 =g 2 Aeld, copper(ll) 4,5-dicar-
boxyphthalocyanine(CuPc(COOH),) 2 copper(ID) 4,5,
4' 5'-tetracarboxyphthalocyanine(CuP¢(COOH), )y 3
Aatgon, AR SRME2 wjopdzr SA g9t
SERIF 2% SHE T, A BRR=A, 2
A EBFTA, A4 4, XAl 3" 447 2
FAPALRE P 7 (SEM) S22 #4131 gelalrt.

2. 3A4E BES BRg Y SR
B LB SEAFL2 3A- w725 7 5 Q)
< B3l 3, LB L3-S Al =3k ot

3. 3 A} AAEhe WA S AEAes 98 A
7}, CuPo(COOH),, CuPo(COOH), 77ztel] djstoq]
3.56x10™"* cm?, 4.77x 107" cm’o]w] & We] Zo]
(length of a side}x= Z}7} 1.88 nm, 2.18 nm&. ¢]&5]
(1.8856 nm, 2.2712 nm)2} 7<) Ux|§H-& galsisict.

4 AR A9 Bole) FAF ETE
gol A3}, CuPc(COOH)[in,=20.84 nAJe] CuPc
(COOH)4[imax=10.50 nA]¥c} Sl ©] =4 24 =9l
on], o) 2e] BAbEe] FAA wled el o)A
FHYE ZLEAohd HEe] AsPEAT LA 3
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A o2 og3fg w|x|n], 1 Y3]& CuP(COOH),2]
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7153} St2R g0 I wix 2 diglel A
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