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2 °F: Mt-4,4',47,4” -tetraaminophthalocyanine [Mt-PcNH, Mt=Fe([l), Co(Il), Ni
(0), Cu(l)]& Achar 59 "WH o =Z metal - tetraaminophthalocyanine (Mt-PcNO,) &
BAA AN FAste] 2EA—wet2Z 4t FF A ol Mt-PcNH,E pendant d3to2 13
3l AA F&—ZgdgAoldo] Agd wiY vdTZ A (Mt-PcSTMA )& ddnh. “12]a
BEaadey dRAM oz Mt-PcNH, @ Mt-PcSTMAQ] dutAel EX45 HAES L A7)
AT EAQL AFatgch Mt-PcNH, i Mt-PcSTMAE DMSO9] =1 £ 678nm-735
nme] WelolA HolEsHEe e, Mt-PeNH, & Ni(1)-PeNH, ) Cu(ll)-
PcNH, > Co([1)-PcNH, » Fe(ll)-PcNH,o] =2 Holl ¢tA4 592 Mt-PeSTMA +
Mt-PcNH, o ®]sle] detgido] dojzlrh Mt-PecNH, 1 Mt-PcSTMA 9] A7|¥EE=
107°~107°07lem ™ o] m, Aol BA 3 Hol emeEAHL UEle [ FUwPow
10°~10°0""'em ™" R=7} F7HAC

Abstract : Metal-4,4',4”,4" -tetraaminophtalocyanines [Mt-PcNH, Mt=Fe([ll), Co(Il),
Ni(Il), Cu(Il)] were synthesized by Achar, et. al, and metal coordination vinyl cop-
olymers (Mt-PcSTMA) were obtained by the immobilization reaction of Mt-PcNH,
on styrene-methacrylic acid copolymer (STMA), Mt-PcNH, and Mt-PcSTMA were
character ized by spectroscopic method, thermal analysis and electrical conductivity
measurements, The solution of Mt-PecNH, and Mt-PcSTMA dissolved in DMSO exhi-
bited maxium absorption in the range of 678nm~735nm. The thermal stability of
Mt-PcNH, lay in the order of Ni( Il )-PcNH, »Cu(Il)-PeNH; > Fe(lll)-PcNH,, and
the thermal stability of Mt-PcSTMA was lower than that of Mt-PcNH,. The electrical
conductivity of Mt-PcNH, and Mt-PcSTMA was 107°~107"Q "'em™
and the increase of the electical conductivity upon doping with iodine vapor was

respectively

4~5 orders of magnitude,
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Achar 5M"S 8833 wi= SA5F Ho Fe(NO,);9H,0, Co(NO;),6H,0, Ni(NO;).6H,0,
2 gE—xgrgAolvloluln ¥ FA ) Cu(NO;),6H,0 5o 74U Waco Al 23]k
of ot wagAlel Aokgel ¢amstvhiz Al & W AHE shglth
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o] A AL 1t Araslkal ULk, off 4 He] Hakeki i Fefjatoll 170Co M Wh-g-
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4-Nitrophthalic acid= -E] §4 3 Mt-PcNO,

5 gh1A]# Mt-PeNH,E @438k vjdA 25
%‘Xﬂ bTMAoﬂ Mt-PcNH,©] pendant Z3%t¥
Mt-PcSTMA2] 4w A= Scheme 19 e}
Wi, Mt-PeNH, @ Mt-PcSTMAE §Ash
Z 2= Table 13} 20 Vebgic

Mt-PcNO, % &71e] & o) 4 Na,Se 3+ =)
& 3ted 69~95%2] &2 Mt-PeNH, & Al

A4 9 EREe olg el Wit s

Mt-PcSTMAE jr4:0] S0 meh &3 a0 i
Faael Btz Mt-Peol habo] 48~10.7%
melel e JehhL,

Mt—PcNOz o} Mt-PecNH, 18] 3 Mt-PcSTMA
o] IR 2#Egh= Fig. 13 il BAZ =
Table 30| vlehy ot

Co( 11 )-PcNO, ¢} Co( 11 )-PcSTMAZ] IR &5
~3Egbo A B, 1,330 em™ 9 1,520 cm™ ol A
YE 2ol N=OAJel olat 23 %%l
Co( I ) -PcNH, ol 4] 3= Abwd3] ok a}s) 9 11, 3,200~
3,300cm™ 9 Gl A Asiebde] N—H Aol 215
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HEF-olPF - 88 81 - A%
O,
cool oN N=y? )
% " (NH, ) gMo;0,,46H,0 - 72 Mo~
+ Urea + NH4C1 + Metal Salt ——m———— - ~— ,
COOH Nitrobenzene f=Ny NO,
T, 2
Mt-PcNO,
NaOH/Na Ny~ =N
Il )
Mc-PeNO, CAY ;
H,0 [ v
T R N,
N—¢Z =N
NH3
Mt ~PcNH,,
s
CHs—CH3}——tCH=—C}
—HCHz—QHiz—CH; (I:Y
c=0
1
cn, NH
Mt-PCNH, + —CHs— CHy—f CHo— D
7} I I I e —
coc1
N
—
N-Mt N
NH
1} 2
Mt : Fe(III), Co(II), NI(II), Cu(II).
NH

2  Mt-PcSTMA

Scheme 1. Synthetic steps of metal coordination vinyl copolymer bonded with metal-phthalocyanine,

Table 1. Synthesis of Metal- tetraaminophtalocyanine

Mt—PcNH, Mt—PcNO, Mole ratio Yield N( %) Metal  content( %)
(g) Na,S9H,0 / Mt—PcNGQ, ( %) Calc. Found Calc, Found
Fe(l)—PcNH, 10.0 10 81 26.73 28.82 8.88 8.43
Co( [l )—-PcNH, 14.0 10 95 26.60 27.05 9.32 8.72
Ni( I )—PcNH, 12.4 10 73 26.61 26.18 9.30 9.15
Cu(I)—PcNH, 135 10 69 26.41 25.95 9.98 9.75
Mt—PcNO, : Mt—CH,0, Mt—PcNH, : Mt—CyuHy Oy,
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Table 2. Metal Coordination Vinyl Copolymers Bonded with Metal-phthalocyanine

Mt—PcSTMA Mole ratio Yield Color Mt—Pc(Mt)
Mt—PcNH,/STMA (%) contents( %)
Fe([l)—PcSTMA 4.1 77 Green Blue 4.8(0.32)
Ni( 1) —PcSTMA 4.1 68 Green Blue 10.7(0.74)
Co( Il )—PcSTMA 4.1 85 Black Blue 8.1(0.55)
Cu( [ )—PcSTMA 4.1 77 Black Blue 6.5(0.48)

STMA : Mn=261.700, [COOH ]=23.6mol %, 7m.=1.75d1/g (25C, DMF).

Table 3. IR Characteristic Bands of the Mt—PcNH, and Mt—PcSTMA

Compounds Assignment (cm™)
Yn-u »c=0 Ve=c, YNu Pc Skeleton
Fe(ll) —PcNH, 3,100—3,400s - 1,600—1,610s 1,090s
Co(l1)—PcNH, 3,200—3,300s - 1,605s 1,090s
Ni(Il )—PcNH, 3,200—3,300s - 1,605s 1,090s
Cu( ]l )—PcNH, 3,200—3,400s - 1,605s 1,100s
Mt—PcSTMA 3,000—3,400s 1,680—1,750vs 1,600s, m, w 1,000—1,010s

vs.very strong m:mmedium

s:strong

Co(I1)~PcSTMA

Transmittance (%)

fmfww

1200
(em™)
Fig. 1. 1. R. absorption spectra of Mt—PcNO,
Mt—PcNH, Mt—PcSTMA and STMA,
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Vis, spectra of Mt—PcNH, in DMSO.

:Fe(fl)—PcNH, —.—:Co(]l)—PcNH,,
— :Ni([I)=PcNH,, —— :Cu(Il)—PcNH..
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05t
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Fig. 3.
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Vis. spectra of Mt—PcSTMA in DMSO.

:Fe(1ll) —PcSTMA, ——:Co( [I ) —PcSTMA,
— Ni(II)=PcSTMA, —— :Cu( I ) —PcSTMA,

Absorbance

Wavelength(nm)

Fig. 4. Vis, spectra of Mt—PcNH, in conc. H,SO,
------ ‘Fe(M)—PcNH,, —-—:Co([[)—-PcNH,,
— Ni(1)—PcNH,, —— :Cu(1l)-—-PcNH,.

FAAT ] & r—r"ARA] BEANET} 2ol
Wil ‘ilil Fig42] F4utdol4l Mt-PeNH,o]

eAERATE T dahs 10~ 100919 s
LlrE]rLHi’igrﬂ Ni( I )-PcNH, 9 Cu([l }-PcNH,

= 747~753nm G 2lel st M F4271 sk
01011,}, Wiol] (LR Q)M B AR A 0] o] fo
7l €tk Mt-PeNH, o 2 &¥ STMA®] 7 $-ol
© 54 F59d 9edolA F3wrt vk Asky

gom Fraggelel okt olEHy AYE

1l O @2

Mt- PcNHz 7} Mt-PcSTMA o a4
vlmalr] 95t SR A(TCGAYS 3 At
Table 5o WEMHSITH

71 10%9] FE7tao] dojuiz A3
LEE FAsla b Lxe mE Fygge
FE EEA4 e HESIY el G& gz Ao}

-PeN

HaHEe Ni([)- H,)> Cu(1ll)-PcNH,) Co
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Table 4. U. V—Vis. Absorption Bands Mt—PcNH, and Mt—PcSTMA

Compounds Absorption bands(nm)? log ¢ Absorption bands(nm)®
Fe(Il)—PcNH, 340 683 610sh 4.302 786
Co( 11 )—PcNH, 327 712 640sh 4.772 743
Ni([I ) —PcNH, 312 735 660sh 4.548 753
Cu( Il )—PcNH, 298 730 652sh 5.134 747
Fe(l) —PcSTMA 343 678 610sh — —
Co( 1 )—-PcSTMA 325 694 610sh — —
Ni( [ )—=PcSTMA 308 724 660sh - -
Cu( Il )—PcSTMA 343 724 650sh - —

& Absorption bands were observed in DMSO at 25T.

® Absorption bands were observed in conc, H,80, at 25C.

Molar extinction coeffcient(log ¢) were determined in conc. H,SO,.

Table 5. Thermal Stability of Mt—PcNH, and Mt—PcSTMA

Compounds PDT? Weight loss ( %)

(c) 250C 350TC 400
Fe( Il ) —PcNH, 323 4.5 9.9 135
Co( 1 )—PcNH, 365 7.0 9.1 115
Ni(]l ) —PcNH, 450 2.8 4.2 5.7
Cu( [ )—PcNH, 403 1.5 7.8 9.9
Fe(Il)—PcSTMA 313 7.6 15.9 26.5
Co( [l )—PcSTMA 325 3.5 7.1 38.9
Ni( [[ ) —PcSTMA 367 29 6.7 18.7
Cu( [l ) —PcSTMA 367 3.1 7.0 18.7

8 Temperature at which 10% of the initial sample weight has been lost.

(I1)-PcNH,) Fe(Il)-PcNH, o] =M= FE4
S YJERR A, 22 Foll A Ni()-PeNH, ©] gl
744 Qs 450°C oA DRI dofkkth

g ZE A FE—-TgzAopdoe] AgE
7o AdBge] A A1 B2 r} A3
g @4 A" F5oleo FRMEI
3k 2Rz o3 Aoz Aztdrt

Mt-PcNH, 2 Mt-PcSTMA ¢ A7AEAES
sty AN AR EEE FHsA 20~
120C W oM exoEAS AP ZH= Fig
5 9 Fig6 ol Aot 2h

—

E2|H A137A #8E 19894 9

Mt-PcNH, 9] 71" EE ik 2xoEd2
Fig, 59 7+o] Ni( 1) —PcNH, 2 Cu( Il )-PcNH,
= exof wal A7IAEE el Wiyl 3] A%
1} Co( 1 )—PcNH, 2 Fe(11)-PcNH,2] -l =
2xo met HNHELY Walgol E FIFEL
eR It

3y, Mt-PcSTMAS] A7|dEsd] e &%
o]& A4 & Fig6 oA &} B viet Zo], Mt-PcNH,
o} H3Y S o Bl SEIELE B 7
c}.

o] 9} & Mt-PcNH, € Mt-PcSTMAS9 #7]
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Arzo L&A F&ol2o] T/ o T Mt-PcSTMA ¢ A= & 23 20~120TCH 9
of wel FF& Foie AHEES F e F3 ANA FA e B st YA E #+3 A Table
2urct. 63} 7o eRH UTh
Mt-PcNH,, Mt-PcSTMA 2 I, 7] =33 Mt-PcNH,, Mt-PcSTMA = 25T+ z+z}
20N
—7F
"ﬂ—A;A_ a
—4 DD&“hA*A\A\“““\A
=~ [2 =
E fﬁﬁ\ 5
S st k:
c 53
LR ]
—6 F-
_7 L A A
2.50 2.75 3.25 3.50 2.50 2.75 3.00 3.25 3.50
1000 / T°K 1000 / T°K
Fig. 5. Temperature dependence of conductivity Fig. 6. Temperature dependence of conductivity
of Mt—PcNH, in 1x10%orr. O:Fe(ll)—PcNH,, of Mt—PcSTMA in 1xX10%orr.  O:Fe(lll)—Pc
[1:Co(11)—PcNH,, A:Ni(ll)—PcNH,, @:Cu(ll) NH,, [J:Co(Il)—PcNH,  A:Ni([])=PcNH,,
—PcNH,. @ :Cu(ll)—PcNH..
Table 6. Electric Conductivity and Activation Energy of Mt—PcNH,

Mt—PcNH, o(Q%cm™)® Eax10%(ev)
Fe(Il)—PcNH, 147%x107 19.3
Co(l)—PcNH, 547X10° 12.0
Ni(II) —PcNH, 5.33x10°¢ 7.8
Cu([1)—PcNH, 9.42x107° 6.4

® determined by 2—probe method (25T, 107*torr).
Table 7. Electric Conductivity and Activation Energy of Mt—PcSTMA
Mt—PcSTMA g(Q%cm™)? Eax10%ev) L(wt. %) a(Q'cm™)®
Fe(Il) —PcSTMA 1.35%x10™ 135 22,10 3.57x10°
Co(II)—PcSTMA 1.16x107° 22.8 30.34 1.74%10°
Ni( [ ) —PcSTMA 2.62x107° 11.3 31.02 4.10x10°
Cu(l)—PcSTMA 3.73%x107° 5.1 33.18 2.45x107°

2 Jetermined by 2—probe method (257, 107torr).
b dopped by vaporization method of I, (60C, 107%torr).
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