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ABSTRACT.
organic solvents. In order to increase its solubility, two kinds of copper phthalocyanine derivatives (CuPc(COOH),

The phthalocyanine(Pc) film can not be prepared by LB method because it is insoluble in

and CuPc(COOH),) were synthesized and their monolayers were prepared by LB method. 1t 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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2o, LUMOX= HE u(conduction band)®] &5
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CuPce] AA} F& Aol FAE AbAg] 3] #Y
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of ¥k o7 whake] Edoh HAH 22 Langmuir
= 1917 §718o] ¥4ME EEqiY ¥ugE S &
A& S gle 2 A (film balance) W E3ld & F
Aol PEAlEe FAs T o fU1E 2AE
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A]g o)) € phthalic anhydride, ammonium molyb-
date, 1,2,4,5-benzenetetracarbaxylic anhydride, 34
% ZukAl B-metal free phthalocyanine(B-HyPc), copper
phthalocyanine-3,4',4",4" qetrasulfonic  tetrasodium  salt
(CuPeTS) -2 AldrichAl A E-2 Al-E-8lgic). Urea,
cupric chloride, x-metal free phthalocyanine(y-H.Pc)y=
XeroxAl A|E-& A1&&lt), Pcopper phthalocyanine
(B-CuPc)2} T2 & metal free phthalocyanine(H,Pc) -
€ Tokyo Kaseirl A F-& Hg-3tgdet. 4ol AR
T AGEE AA glo) SRARE FUsA A4
Blgdeh. olAE, kS, dRHE, CE oHzZ=
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Junsei ChemicalAl A|F2] UFA|ekg Algs}w,
LB CHCLE: AldrchA}l A|E2] SgFAlokg Alg3}
Adrd. A3 Faol RE Ave 99.999%2] $E 2
z}+= Johnson Matthey Al 2)%-2- AFg-3)eic),

2l 7

A9 F5 E37|=  Hewlett-packard Diode
Array spectrophotometer 8452A% ©|8-3}alx 53¥2
2] F2314718 Gsly] slate] Hojd R
Bomem spectrophotometer MB 1008 ¢] &5} KBr
Hal AellAl specra® Aglorm, YAEHL Calo
Etba Elemental Analyzer 11082488 A =]gjon,
XAl 3E¥A7|= Siemens Diffractrometer DDSOY/
5015 o] g3te] ALollA HA3jelon], FAIzIY
u]7d & HITACHI S-21505 AMgsld ggighas 3
9t} FAF+ Bioanalytical system BASI00B<}
KEITHLEY Instruments solid state electrometer 610C
F AR 2Asie)h Fee kw e Yu s
ARSI 7] BE1E AHgEle] Tie Ay
2 3352 Spectra-Physics Power meter 4045 233}
odch. BaE 1.35% 10" photons/sec - cm’e]t}. Au
2} ZA+2 Korea Vacuum DepositionA}ol] 2 A= 7]
TGS AMSsle e, LB RA| RS Apexalrt
A2 7)7) 9 AZ EAAE AHEEIQIT) 183 MQE]
AL Ze 229 $F54F 97) 98k Mili
pore/Milli-Q UF plus system2 AR3-3F93c},
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Copper(l) 4,5-dicarboxyphthalocyanine®| &HAJ,

phthalic anhydride 555 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, excessy o}=
= 715 BlellAl Aol £U= 2E 9L, 3F W2
7I7F A 250 mL 27 FelaFol Ak rtAs S
A7) F A 8E 150 mLe nitrobenzenedl] o] A
o] FTA] cupric chloride 3.00 g(0.08 mole)st} Evj2
% ammonium molybdate 1.00 g& HA3| A/
Tt o) ¥hg EFES 170°ColH 3.547F T Aof
Fx 7hddict Whge] $EE oFS * Z2ciEn
P2 HAR0.62)312, A-2oll4] FAAFHA #
= & 100 mLE %o} JAe] 7jeleks aj7lx] 104
7b 71cdR o AL A2 blue-green-black 2] 1
A& derh o7& FFo diskE 2ol
nitrobenzeneo] +43] MAAR @Y7}x) 33} sjell2] A

Yo} 222 S5} oukE R diethyl ether2 o}
Al 33 o]k MM F, o] Hbg- YA E-E 60°C AF
el 2447k Fob AFA) o]FHA 3o
copper  4,5-dicarboxamidephthalocyanine-&-  §A1 83,
o] 3§28 7halsle] copper 4,5-dicarboxyphth-
alocyanine-g- 4 ch Wrhrlel A7} A
250 mL 3 ub=t 27 Eefasgell 50 g9 Sakalat
2} 50 mLe ZHR< Y capper 4,5-dicarboxa-
midephthalocyanine 2 g& vt} 2447 S<t
100°CE. 7tdstaA 7] 2o Ao Fo) yhe
o] A& TLCE HARe0.73)’F ¥, Hhg W E-L
100 mLe] FH-+2 F34 7AEc)k 6 M g4l g9jo
2 2F pH 2.00] =& A3 42715 o] A4
AA, QS-S AAF| A9 $HRFE I} TAR
FA"G. o]7E & frol AEAintered glass
filter)el] 4 #-2]3}2, 0.1 M HCl &85} 274 o}
&, diethyl etherZ M| M3le] F7] Feol| HxA e},
oAl Th3eial A B-E 500 mLe) EF4el M}
32, 0.1 M 4i3tghg 28 AN 18] <f pH
10.00] S|A & ohg AHE A2} AL AL 2F
T2 F3] 3 obA] oF pH 202 2 4H4 314708}, | 3
& 33 whEgich ¥ A7hEt ZluE & 94 &
elsted AL A P Wz, YRTE F31
7)ol 22t A0 do] AHe| FAjo] & ufjzir
FTTE AA 3L VA olekg7) diethyl ether® )
& AAHE F, 24417 Tt A FeIM AR A
2|7},

Copper(l} 4,54',5'-tetracarboxyphthalocyanine2|
Y. g4 Eulg Al sled  phthalic
anhydride 3.703 g(0.025 mole, 2.00 egp} 1,24,5-
benzene-tetracarboxytic anhydrde 5457 g(0.025 mole,
200 eq)E ARgEld 2 A AH A
R=0.53).

LBYj9fO| Rzt

ApexAtolA] HE 63 cm X 23 em +22) LB 1
(trough)el] 183 MQ2} A3 2= 2459 Zgs
€ ERFHe| A AFel| o1& wrta] Aot
A LA A 78]  F ole £
T 2delr] Aoz Ayt 2=l 4he
107> M CHCly -4 S5 $Jol 4stz ghs)
A A HE FREEA Jehhs #HAe) 2AL §
dAdH-my FA6dM Fech z3uoughyd AR
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ot SE2E Fol o} FUEl: § WY Pesz} <
A e & £ g 7R oF 2082k 7|9
F, k33 sl L 270 IR Y TS
Tbch FHYH ) 4949 2 emx 2 cme] Whatman
chromatography paper 1& AHE-3}e] EHgia-& 24
& 4= gict, o] MbH-& Whilhelmy$ Wb Holetz &2
i} sl Lol folEAEE mgdHE &1
3 A H2E FEMEmNm)e 2 glksle] 41
& 28t} o] ¥ A shd Eo| A=Al A Pes f-
EAE ITO fra)7| Bl 74 2749 LB A2
whEch &7 o] YA BHUPHE §X)5R Aol
¢ S804, o]F f]s}d Fig. 13} 2L feedback
FAo] el 5 IHE TAYH L K-A317) ¢
st} ASY7|bay ) AFE AL b} o\
AR f718 HEARY S R RE e 3
Ao Jvehlesd HAge) v 28 44
sk 20 (encodens} AL L o) v]llslq Hdg
A3 Blav)E{(tacometer)7} FAE S w8
ZolE)E, 282 3= AR E |43t 27} A
o ¥ 2R} AR =2E]7} 1335 =y
1,000712) "A7h LA calely{dy 2 $=
4 Z7Hde}. o] Y2 £E AdslE 597

welght
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5
2
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§
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Fig. 1. Feedback control diagram for constant surface
pressure compression.
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(bary’t AA o] 5] Al F3lL, ol Z2FE {7E
o] A2tz HAH-E o 4 Uk Pes A SHE-
2hEel AR ITO fei7|fd A4Ar|E EEE
87| st A Fejd G 227 92 F S5
+2 9AE] oW1 pH 11.02] IS EFR 8-
ol 1221 7F 3ke}.

AR &3

3 FA 2 743 Bioanalytical system BAS100B
£ AHE3t A|7b7|$ R =(time-base mode)ell A 3
A7) 23} cellE o]-Rtqd APt Ag/agCld=S
& 7|FHFLR 3l YPA S EXHFoR ALE
3193 Pes {r =4S LB d¥-AlEo 2 o]H A Al 25
mm X 50 mm2] ITO(Indium Tin Oxide} #-2|7|#-&
Ao AREslch A 1 M NaNO; &
Vg AHslad. 21499 2AsE 2 B3
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23
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Fig. 2. Schematic representation of an electrode for sur-
face photocurrent on the solid state.
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o BAF 2 B71AY &L st} el
e AspL R a &S Foistsly 8 25 mmx
25 mmTtA2) SAHY EL UE 2 e =
99.999% Aug 1000 A o]A}og A2 Zalslir).
ol Wel F45 QY Ao F 10 mmE A EF
=¥syck ARE o8 J =g Aeld 05
g3} viglt] 234 Abloled 1.0 g FEE T E 54

ZHEet BAAA AREsch A3y 9F B
silver paste 2 Z41% Ao}
< - -
B #fol
UV-vis. T AHEE &84, Z2LEx=

phthalic anhydride2} pyromellitic dianhydrideS- A&
8}e] Scheme 13} Scheme 22} Zol W& HA A7)
FA¥ELA A& w7 Hedl, UVevis. 5
~HEYE 8 2} Fig. 3, Fig. 49} 2]
CuPc(COOH);, CuPe(COOH), Z}7}ol] thabed Apac=
672 nm, 660 nmE2A] P F Y TFEZAehd E3tE
2 Q=& AR F 9o

7y 7}+e] 483} Righ& CuPc(COOH)Y 7%, 4%
& 2% 3 RZE-S 0.730] 2, CuPc(COOH)2! 75 %,
gL 30%0] T Rt 0.530]ch

(NH);MoO

——
170 T
n nitrobenzene 3.5h

KOH
100 T

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

HzN
(NH4)2M°°u S N\ =

|7ot: 150 ) N'

in nitroberzens !

KOH
100

Scheme 2. Synthesis of copper(ll) 4,54' 5 tetracaxbaxyph-
thalocyanine.

1.24
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Fig. 3. UV-vis absorption spectrum of CuP{COCH); in
CHCl;. The concentration of CuPo(COOH); was 5.0X
1074 M.

oM E AHER B U AL BYM, CuPc
(COOH),2} CuPc(COOH) ol ARt Ao F5 29
EY 24 HA3}E Table 10 Vieh gl 3414 cm ™!
o} 3443 cm ™ol A GubA ] = B4 ]9 &R
Foll 23 FaE FUY = Ugend, Fl2 B A7
e =878 B9 aE 3212 cm e} 3174
em el X Fastect =@ k2 Rdr|e] ASAE
& 1719 cm '8} 1713 em el 4], C-O9] A& EL
1286 em™'¢} 1288 cm ol FHAsIch o] 4
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WAVELENGTH (nm)

Fig. 4. UV-vis absorption spectrum of CuPc(COOH)s

in CHCl:.. The concentration of CuPc(COOH)s was

50%x107 M.

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

CuPc(COOH), CuPc(COOH), Band assignments

(em™ {em ™
634 639 Pc breathing
721 732 Pc ring WC-H) bend
754 756 Pc ring &C¢Hs) 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 pytrole 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

Table 2. Elemental analysis of CuPc, CuPc(COOH);,
and CuPo(COOH),

Theoretical values Experimental
Sample (%) values (%)

C H N C H N
CuP¢* 66.77 280 19.48 6682 2.74 1858

CuPc(COOH),” 61.53 243 1690 6269 290 16.62
CuPo(COOH), 5§7.52 215 14.92 57.84 272 14.60

Pc ringell 71284717 =UEULE ok
pyrrole 4122 %-2 1332, 1508 cm ™ 'e} 1335, 1507
em 'ojl4], isoindole Al&AF- 1419, 1464 cm ™ '9}
1423, 1465 cm ™ 'o|A], aza A1) F-L 1563 cm s}
1568 cm 'olA 27} B4 = E PAsiden, Pe
ring¥ benzeneol] 71 8= A1 &35 W4A1EY) 5
AT 2g BT Y2EHE Tl Zd2Rohd
$ES Falaaick Ui 2HL v, o, A
o thsted Alsisldn, = A Table 29 vield
upe} zho] AR2)7} o] 22]o) i %he HIslHc)

XM S3 IS Q! B 2

A F 2579 zg2old FEA5Y XA
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Note *Cy;H6CuNg, ° CaH;«CuNgQy, © C3H 4CuNsOg

(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 He-g Bug A2, Fig. 59 (a)ell Fehd u}
$} 3] CuPe(COOH)®] 75 263ko] 10.56°,
12.44°, 14.08°, 15.40°, 18.10°, 21.56°, 23.02° 23.76°,
26.18°, 27.94° 30.36°¢l1x] 3F mglo] Yepyton,
Fig. 5¢] (o)l Yebdl CuP(COOH)8) #-$olle
10.52°, 12.50°, 18.14°, 21.54°, 23.80°, 26.16°, 27.30°,
28.00° 30.38°Cell4] #A sfrio] Yehd Aoz B
of F-48 Aeirt ohele AMAE Yldich =
3 M2 e A AUE Y, ol P4 =24
o ate} AA gAle] etz A vlehduh= A nt
o gste] EUY A A ZQlgclz Al E
ok & o] 743 Ao, B 1 S & 1, p, x-S
CuPc 27 7% 2 ¥4 A-lo] th24| 7, CuPe
(COOH),¢} CuPc(COOH),&= 7128477} =l
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Fig. 6. Scanning e]ectron mu:rosooplc photographs of (a)
CuP¢(COOH), and {b) CuPc{COOH).

Aol 22 4]l v e o{Hrh. FAsA
& CuPer} FA3 AHeiz} ohele HE #A@2
24 g5 27 Adee} B2 AP A of
3 dFo HRag 7|22 8o} Aotz A3} Fig.
6ollA12) AL 2 A (SEM) Al o2 WS 3
A3t Ao, M2 9 28 e /A2 QAR
CuPc(COOH),2] 73-5-oll A4HAL ¢ & Y=,
CuPc(COOH)sol| vl3te] 18.10°2] 2 {2} A7)
7} 2.3 CuPo(COOH)ol & S 14.80°% 15.40°2)
23 34 A= spRIc),

B (m)-HF(A) S22

A AR LBAR Y 71EEUE ~H ok 4)
o ¥ B -AA S48 Tk & HA
g FZIIZE G2 ok 300 poly F HA

E5NE

40
E ECl “—— CWPc(COOH),
% 30 = = =CuPo(COOH),
E' 25 |
s
% 2 r
£ 5
<
o
£ 10}
&

5 b

0 .

1] 200 400 600 800 1000 1200
Area(cm?)

Fig. 7. Surface pressure-area isotherm of CuP<(COQH),
and CuPc(COOH): in 10™* M BaCl; solution.

1090 cm®ol| A 28] D&% 70.0 mm/min &2 ¢+
&}4dc}. Feedback &% &, A1 87} ITO f2i7 2o
3¢ 99 £x& 50 mwmine] ek ZE e} A
o] AR HA F, A Wt S 2Hide] &
23 Z71ske A Y HAlel x&<l WA &3} w2t
e AL 382 em’e| et

Fig. 76114 CuPc(COOH),L2} CuPo(COOH).2 &
gy -3 F24de vehdigles ofaighs gd
9] &%= 70 mm/min, feedback <%+ 50 mm/min
2.2 ITO 8 7)8e] $2lo)e S A 3lgict.
CuPo(COOH)= Ewid#e] 36 mN/me|3lz CuPe
(COOH)2] %ol M ZA3 A THAY] 26
mN/mal 235 ez Qo 2 o] 33 F
7+ A CuPo(COOH),8] 735-ol] dl 7R2] 7} 84|
7182 T7k4e] ol A Aol E CuPo(COOHRE the
Aol oe gaghde AAaE opydhe wd S 3

i 947) wFolatz b2l "k ® &, CuPo(COOR),
2] A% AR (limiting area), F £A-52] a4}
744 ojAbAql Bk -iy 524 F aAtdE
vebdl A 9] S 94 &3 ZAHA R
W] HAe)] 400 cm’)& & & et Table 3¢l 1}
ehd afe} o) o|we] F A o] 18,650 ulolo
FEE 107° Me]oiy o] 288 2 AAE mol4-g
Axstd BA-E A AR, L12X10°AYE
oF 4= gl 4714 CuP(COOH), ¥ #=}7} 23]
sk mA.2 356x 107" cmolgict. & B CuPe
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Table 3. The area per molecule of CuPc(COOH), and
CuPe(COOH)

Sample CuPc(COOH), CuPc{COOH),
Total amount 13,6_560 ul 16,[?{)60 ul
Concentration 10" M 10 MS
Number of molecules ~ 112x10™° 9.64x 10"
Limiting area 400 cm* 460 cm’ i
Area per molecule 356x107" em*a77x 107 em®
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}2] ¥} w2} 7o)} < 1.88 nmZ ¥2}
e ARRY A2} A9 AAFE Bo{Eh?
CuPo(COOH)2] 73-$olle § BAP7} Axlehe 73
£ 4.77x10° " cmPe] v & W] ZJo]7} <F 2.18 nme)
o} =3k 3 A7} x| &= HA(area per molecule)
o) vlEA AL Ao} Z7i3le, CuPo(COOH)%}
CuPo(COOH)s B, ZAlohd f=42] 71472
ol =4 AfA7]el 7l2 84717 § 30 thi
= 22} vl &F(edge-touching fashion}g sk S 4 <5
dck®

XM &2 A FEL T

HA 27)H4E - 200 mVellA 600 mV7HX] 100
mV @92 g2isia s de FURE AT
2713974 - 200, - 100, 0 mV3] A $olE A7k
o} +3kollM o2 FEE HFE BEsidon,
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Fig. 8. Photocurrent-initial potential curves of CuPc
(COOH); and CuPc(COOH)4 at =650 nm.
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Fig. 9. Photocurrent-wavelength curves of CuPo(COOH),
and CuPc(COOH): at Epp=-100 mV.
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Fig. 83} Fig. 9] vielujlc}. - 100 mVe] 273 ¢
€ Feo| F9& o F FF 25 Az FHF
b 22 e 4 9 Aok a1ANE - 100
mVZ & 7] el & A3t 2 gl ot
2 #A4F E3E golrsich 2 Ax, FaFighel
A2 2% 650 nme] Yol 2|3l CuPc(COOH),
7} 20.84 nAZ, CuPc(COOH)®| 10.5 nA¥T} <}
2u o|AF S-AEA et 2 E ol At X
g2 Alobde] Fraatel wet FHFL LGS
FAY 5 Q). w3 o) 712 g2 Aol 3}
HE2 Au ZA 2A AT H} FHF AAE v
T3} A3}, Table 40|42} Zho] vl AIQ FAHF &2
£ A £ ot £ Aok vy 4

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

Sample Narne Photocurrent (pA)

ZnQ -
CuPe (B-form) 0.07
CuPe-tetrasulfonic acid -
CuP&(COOH), 0.01
CuPc(COOH), -
H;Po(x-form) 0.03
H,Po(B-form) 0.02
H;Pc{amorphous) 0.02




66 W - £FR

|

o
g

hv @ ——» CB,

redonckevel

I(HM

N

Fig. 10. Mechanism of dye sensitization and charge
transfer at the surface of n-type semiconductor.
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Fig. 11. A model of the difference between CuPc{COCH),
and CuPc(COOH) monclayers when transferred onta hy-
drophilic substrate.
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