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The chelate forming reaction between 2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetrakis (4-methylpyridyl) por-
phine (OBTMPyP) and various metal ions, which belong mainly to 4th period and 7th—12th groups in the periodic ta-
ble, was examined by the observing the absorption spectra. Because one chemical spicy, H-OBTMPyP, which is one pro-
tonated compound at an N atom of pyroll ring among 4 pyroll rings, was observed at pH 9.0, this pH was used to meas-
ure the changes of absorption spectra with metal ions. From these changes of absorption spectra of OBTMPyP with
metal ions, OBTMPyP were seen to react easily with Cu?*, Zn2*, Mn2*, or Co?" ion without other additional reagent or
heating within 1 min at over 25°C. On the other hand, OBTMPyP reacted little with Ni2*, and was not all with Fe3* (or
Fe2* reduced by ascorbic acid from Fe3*) under the same conditions. 5,10,15,20-tetrakis (4-methylpyridyl) porphine
(TMPyP) also did not reacted metal ions above these conditions. The A, of each Soret band differed. The stability
constants (Ka value) of Cu-, Zn-, Mn- and Co-OBTMPyP was calculated by the change in absorbance of each band,
and was 2.6 X105, 3.6 X105, 2.7 X105 and 2.9 X105 (dm3/mol), respectively. It was revealed that OBTMPyP and metal
ions reacted at molar ratio of 1:1, and octabromination of porphine rings improved the reactivity with these ions.
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X=H : Terakis(4-methylpyridyl)porphine (H,-TMPyP)

X=Br : octabromo-TMPyP (H,-OBTMPyP)

Fig. 1. Structure of Tetrakis (4-methlpyridyl) porphine and
Octabromotetrakis (4-methlpyridyl) -porphine
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1. 2,3,7,8,12,13,17,18-octabromo-5,10,15,20-
tetrakis (4-methylpyridyl) -porphine (OBTMPyP) O
A& OBTMPyP O D 7= D 5,10,15,20-tet-
rakis (4-methylpyridyl) porphine (TMPyP) 1%, A
CALFHEFT L OBEALIZDDEZDOEEH W,
OBTMPyP @ # #113%, Richard » ® FiEIZHKE >
/.10

RO, #f -TMPyP 3% L, dimethylformamide
(DMF) 2V M L 7z Br, % Cu-TMPyP @ DMF ##
BRI ML TNRFELZEITo/]2. 51T, Cu-
OBTMPyP % 98 % Hilit " THLEE LU T metal-Free @
OBTMPyP ZFH L, &Hi&HIZ OBTMPYP DL
W& U7z, OBTMPYP D Ay BV IEFRET
SHREE —F L7z 10

2. SREER PUF D ¥R EERERR (Fn
AR TR A ) 2 AW,

SFFEYENR ; 1006 mg/dm3 Cu?t (as Cu(NO;),)

in 0.1 mol/dm? HNO;
AN FEUERR © 1004 mg/dm? Zn2t (as Zn (NO;),)

in 0.1 mol/dm? HNO;
/%)L S EEMEWR
1003 mg/dm? Co?* (as Co(NOs),)
in 0.1 mol/dm3 HNO;
A NEYER
1004 mg/dm? Mn2* (as Mn (NOs3),)
in 0.1 mol/dm3 HNO;
= VEEHERR
1002 mg/dm? Ni2+ (as Ni(NO;),)
in 0.1 mol/dm3 HNO;
SRFEVENR ; 1006 mg/dm3 Fe3+ (as Fe(NOy) ;)
in 0.1 mol/dm3 HNO;

3. ¥BER BEEWELT, ThTh, pH2.0
W, B ~U U A (1mol/dm?) -3 (1 mol/
dm?) #EEk %= pH 4.0-6.0 1%, FEEE (0.1 mol/dm?)-
B b U™ 4 (0.1 mol/dm3) #EfiiE 2, pH 7.0
KON T1.50%, U CEAKFE =S MY UL (0.01 mol/
dm3)-V > —kFEHY T A (0.01 mol/dm3) FEE
Wz, pH7.5-10.0 1%, FU®F hU L (0.05
mol/dm3) -7 R (0.2 mol/dm3, Hi{tF kU 7L
(0.05 mol/dm?®) &) Mz H W=, b, Z
NS OREEROFARIIE, RS T2
AWz, F£7z, thoilEg, SR T — B
2R\,
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1%, HASEE JASCO UV-570 BUERSL w] 8150 Y6
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A2, U 35 54 Fr 8 HORIBA pH METER
D-52 & 7z,

5. ®ETAHE

51. BROERA 4> LORBICET KA

10.0ml A Z 7 5 A IZFNZFH 5X10-5mol/
dm? OBTMPyP (f=1.04 {13 EIVIEERE) Bk
2.0ml & buffer (pH9.0 R UEEF VU 7L (0.05
mol/dm3) -7 R (0.2 mol/dm3, Hi{tF kU 7L
(0.05 mol/dm?) &) #EMWR) 2.0ml &IIA TRA
L7zdDIiz, 4ug/ml &J& 1 A 2Bk (Cut,
Zn2t, Co?*, Mn?*, Ni?*, Fe3t &EE T, %+
NnFEN, 1.26,1.22,1.36, 1.46, 1.36, 1.43 X105 mol
/dm3 {ZHHY) % 2.0ml A, buffer (pH9.0) %
FAWTAXY w7L, IBFIUZ#&, 25°C T 10 431K
&%, WNAXT MIVZEBEL . 7238, OB-
TMPyP & IEEIX, 1.0X1075 mol/dm? (f=1.04)
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10.0ml A X 7 5 Z 12 5X 10~5mol/dm? OB-
TMPyP (f=1.04) &% 2.0ml & buffer (pH 9.0)
20ml EZEMATRAGLEDDIZ, TN 4ug/
ml &J&1 F WK (Cut, Zn2t) 0, 0.2, 0.4, 0.6,
0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.5ml ZfNA/=HD
(BREETENEN, Cut 0, 0.126, 0.252, 0.378,
0.504, 0.629, 0.755, 1.003, 1.007, 1.132, 1.259 KX
1.573X 1075 mol/dm? {244, Zn2* T, 0, 0.122,
0.244, 0.366, 0.488, 0.610,0.732, 0.984, 1.101, 1.223,
1.529 X 103 mol/dm? IZ# %) Z iR L, buffer
(pH9.0) ZHWTAXY v JL, IRMLE®E, =
i T 10 3 B BIT & 2 8854 - IO 2 A
WTHIE L=, 7238, OBTMPyP HE#KIEEIX, 1.0
X10~5mol/dm3 (f=1.04) &7/35,
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10.0ml X A7 5 X 312 5X 1075 mol/dm? OB-
TMPyP (f=1.04) &% 2.0ml & buffer (pH 9.0)
20ml EZEMATRAGLEDDIZ, TNt 4ug/
ml &J&1 F WK (Co*t, Mn2t) 0, 0.4, 0.8, 1.2,
1.6, 2.0ml ZMA7zbD (RKEETTITH,
Co?* 0, 0.272, 0.543, 0.815, 1.086 JTX 1.357X 105
mol/dm3 {2414, Mn2* T, 0, 0.291, 0.582, 0.881,
1.164 JZTX 1.456 X 105 mol/dm3 IZ#H24) ZhNXZ,
buffer (pH9.0) ZHWTAZXY v 7L, EMLZ
%, iR T 10 D HEBICE &2 8BH% - Al E
FEHWTHIELRZ. ZTZTH, 7238, OBTMPyP
DEEEL, 1.0X105mol/dm? (f=1.04) &L
7z,
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7ML Haberle 51, OBTMPyP X, RV 7+«
o4O O —=)VEROERFTICHE LKE
1 F > D2k, OBTMPyP, H-OBTMPyP, H,-
OBTMPyP, H,-OBTMPyP, H,-OBTMPyP D% ¥
BRd D, ZNZNOWRINM AL 579.8 nm, 540.0
nm, 493.1 nm, 501.2 nm, 504.6 nm IZH 5 L
TW5. 10 pH 2.0 fH5E T, MAIZILAY 500 nm D
H;-OBTMPyP O A FICHE M XN, pH3-6 O
P I8 T U3 W R K AY 493-500 nm {13112 & % Hap-
OBTMPyP & % H;-OBTMPyYP 78iBfE L TW 5 &

EAH6N5. ZDS5H pH 6 TlEFEIZ H,-OBTMPyP
DHBDWINAXRT BIVDIHENT=. £/, pHSE.0
PLETY — L —H ORKILAY 540 nm Db #HE %
H-OBTMPyP E#i&H L TWa. 1D ZOKRFNTHIFE
BofEMNESN- (Fig. 2). ZOBO pHITXS
495 nm & 540 nm O WEEZE(L % Fig. 3 1R L 7.

Figure 3 IZ;r9° & D12, pHS5.0 L F T, H;-OB-
TMPyP @ 495 nm O W FEIZIFIE —~EDMEZERL
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Fig. 2. Effect of pH on Absorption Spectra of H,-OBTMPyP
H,-OBTMPyP final concentration; 1.0X 10~ mol/dm3, 25°C.
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Fig. 3. Effect of pH on the Absorbances at 495 nm and 540
nm of H,-OBTMPyP

H,-OBTMPyP final concentration; 1.0X 105 mol/dm3, 25°C @, O:
CH;COONa (1 mol/dm?)-HCI (1 mol/dm?) Buffer (pH 2.0), M, [O: CH;
COONa (0.1 mol/dm3)-CH;COOH (0.1 mol/dm?) buffer (pH 4.0-6.0),
&, O: NaH,PO, (0.01 mol/dm?)-K,HPO,(0.01 mol/dm?) buffer (pH 7.0
-7.5), A, A: Na,B,0,(0.05mol/dm?)-HBO;(0.2 mol/dm3, containing
NaCl1(0.05 mol/dm3)) buffer (pH 7.5-10.0).
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7=. —7, pH8.0-9.0 Tix, H-OBTMPyP ® 540
nm QOWRHE ST —E/REZ R L7~ pH10 Ll Lk
Tld, 540nm OWICENEADL 20, TN,
OBTMPyYP 234 g% L, 580 nm 2BV} 2 WIECEMN L
ALUEREDTHAD. /=, pH5.0-8.0 DfE Tl Hs-
OBTMPyP & H-OBTMPyP DiRik7S, pH IZHx U
THAREAETERL TVWEHDEEZ. LLFD
KBTI, @BAA > EORBENENEEZ LN
% H-OBTMPyP O & W AR L T pH 9.0 % A
W Z &Il B, LTOMETIE, LR
Jis L TWW/sly OBTMPyP, H-OBTMPyP, H,-OB-
TMPyP, H;-OBTMPyP X H,-OBTMPyP D %43
THEZ, RIS ORE N BHETRRT T OB-
TMPyP & L T—HELTET Z ELITT 5.

2. RaBEBAA L LORIEHE  H-OB-
TMPyP & & @ 4 > (Cut, Zn2t, Co?*, Mn?t,
Ni2*, Fe3t) & DFEKBRIZD VT OB Z1T-5
. IvB, Winb&E-1 4> H H-OBTMPyP &
OBV T 1R ESFHML 7=,

pH9.0 IZHB T, H-OBTMPYP 124 24 @1
FERRML TR S NERINZ XY L% Fig. 4
2R U 7=, Figure 4 IZ;rL72L DI Cudt 142,
It 1A, Co*t A A2, M2t 1 F > Z&iRMT
% & OBTMPyYP QWL AR 7 N JVIZ L B X
Nz, ZNE, @B EOEKERICZESHD
EEZ. ULinL, Fet A > ORMTIIIIN A
R MVIZEFICEIZ 2L, SERIIERS N TNV
WEEZZ, T, 2fi& 3, EH55BWMDTE

116 , ~<— Zn-OBTMPyP
¥ [Co-OBTMPYR,, /X,
y \\ ;7 \\Mn-OBTMPyP
;i 'y
{ ‘.\'-\ " H-OBTMPyP
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Fig. 4. The Absorption Spectra of Various Metal-OBTMPyP
Metal-OBTMPyP final concentration; 1.0X 10~5 mol/dm3, pH 9.0, 25
°C, 10 min. metal ion; 4 ug/ml, 2.0 ml Added in 10.0 ml volumetric flask.

% Co, Mn, Fe D&y, #IDIT 2 fiA F > DWW
ZMA 7’z & TMPyP, TCPP & %\ (Z TSPP & X
T, MISENZELRT OB EICL D HEIC X
D3fliOEBRILT U > OHRHEPEIND L X
0, Fe3t A F > O TIiZ OBTMPyYP $5{KI3 4 bk
LigholbD&EZKL., Lo T, ZIZTHIE
INZAXRYT MIVIZ, Codt-& MnPt-OBTMPyP (2
K5O EEFEZSENS. KT, Mn*t-OBTMPyP T
DWTIE, Haberle 5 DFEIITE D Anae E—FL
2. 3B, FeT A F 27 AT EVEEIMA
Fer* f F > & L, OBTMPyP & [ & & /=
B, ANRT BMVEEERIENT, k1A 306
LzWwsDEEZ T,

FRlz Cu?t A F >, Zn?t A F >, Co*t A+,
Mn2* A 7 > 2@ U 7235 E 1D W TR K 75
ERCREBENAS N, N2 IZTDNWTIE, #H
ERIZAERL TWEH, KRG RESITEAT,
DI MITAERK L 7= Ni-OBTMPyYP & % % i D H-OB-
TMPyP OIFIREED AR MV TH B EEZT-.

Table 1 1240145 5 N7tk 4 7248 & OBTMPyP @
V— L — ORI R E E BV RE e L &0
7. Z®5 %, OBTMyP, Cu-OBTMPyP & Mn-
OBTMPyP I & B fEil%, Haberle 5 Qi & Ii1FiF—
L7 W Table 1 IT/RT L DIZ, 4JE-OBTMPyP

Table 1. Ay of the Soret Band and Molar Absorptivity of
Various Metal-OBTMPyP

Amax Of the molar absorptivity
Soret band (dm3/mol-cm)
H,-OBTMPyP 9.7 104
(pH 2.0) 498 nm (500 nm) 'V 1765y gy 10
H-OBTMPyP 1| 8.1X 104
(pH 8.0) 539 nm (540 nm) ™V ' § o joayim
Cu?*-OBTMPyP 1| 9.0X 104
(pH 8.0) 459 nm (457 nm) !0 g 1 gay )
Zn2*-OBTMPyP . VN
(pH 8.0) 486 nm (—) 1.1X105 (—)
12+
I(\EH é) (];TMPYP Not observed (—) * | Not calculated (—)*
Mn3*-OBTMPyP | 498 nm 6.9 10*
(pH 8.0) (497.6 nm) 1V (6.9X104 1D

Fe?"-OBTMPyP

(pH 8.0) Not observed (—) * | Not calculated (—)*

Co2*-OBTMPyP

(pH 8.0) 9.8X10% (—)*

460 nm (—)*

(' )™: values from Ref 11). ( )*: not available in literature.
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HEINTWDHA A > E2HNWTERSGOMFEZ
oz &iTL.

BB, RIFILINTWARL TMPYP &5 RO
THWERBAA 2R ESETH, EiR, 105
T, KINF2<#ETET, &E-MPyP 345K
Lishhoiz. TNHDREA > & TMPYP O Kk
EETIEZICE, 1 REHMU EORBNLETH >
7z,

3. HAALICLDIEEEHDOKRE  pHI.0
IZBWNT 25°C, KGR 10 43 fi THE 4 722 O 8
1 F >k & OBTMPYP 12/l 2 T 5 7= Cu-
OBTMPyP O WL A X7 kL% Fig. 5 1Z/RL Tz,
Figure 5 IZ/RT KD, IRIMT 2814 RED I
HIZHE> T, 540 nm O OBTMPyP @ Wt EE Vs>
U, #7212 459 nm OWSEEN R UA. 4ug/ml
DA EDSRA F > fEHeE 2.0 ml % hn & /=8, 540 nm
@ OBTMPyP @ peak I3iH% L, V—L —m OWKIY
MRIE, 540nm 725 459 nm T2 R ICHEL /-,
459 nm (2 W IRR K 2 £ DU A R 27 S VISR I
&% Cu-OBTMPYyP O D & —F L 7=, 1V

4. pHOEE  pH2-9 O T 4> & OB-
TMPyP O Kbtk L, 205 % Fig. 6 1R
L7z, 728, ZOMETIE, 5.0X107° mol/dm? @
OBTMPyP 1.0 ml IZ#EH#K 3.0ml 2Nz, &2
4.0 ug/ml O F > EWRZ 1.0 ml Z [k U WA
X7 MV ZEHEIEL . OBTMPyP @ pH iZ & %1k
2258 DA K X Cu-OBTMPYP D Apay (459 nm)
MBEZDE Anax % 540 nm |24 D H-OBTMPyP
DOAMERL TS pHI.0O LA EZHWEZHAIWN
EEx25N5. Figure6 S5 Ma kDI, pH
2.0 TiE, RIRE¥ETLTH 59, H;-OBTMPyP
WERT 22— BN@E#ElaNz. pH4.0 DL T
1E, ROSIRERITK T LIRINA R MUVZ, 12 FH
CLbDElaoik., 7—HELTRL TRV,
2.0 ug/ml DA A > 1.0ml DIFIMNTIE, RKIHD
OBTMPyP IR T HE — 7 NEHEI S N7z, K
pH5.0-8.0 ®[ T, KKIx® H-, Hy-, H;-OB-
TMPyP NI SN2 /=, HEHERRINAXRY M
Zarl7z., 22T, E2IC H-OBTMPYP O A D
AT D pH9.0 ZHWD DN R EE X /-

Absorbance

L 1 1 2 I
400 500 600

Wavelength (nm)

Fig. 5. Change of Absorption Spectra of H-OBTMPyP by
addition of Cu?* Ion
H-OBTMPyP final concentration; 1.0X10~5 mol/dm3, pH 9.0, 25°C,
10 min, a; H,O, Cu?* ion, b; 1.6 ug/ml, c; 3.2 ug/ml, d; 4.8 ugml, e; 6.4 ug/
ml, f; 8.0 ug/ml, 1.0 ml added in 10.0 ml volumetric flask.

Absorbance

400 500 600
Wavelength (nm)

Fig. 6. Effect of pH for the Reaction of Cu?* Ion and H,-OB-
TMPyP
H,-OBTMPyP final concentration; 1.0X 105 mol/dm?, Cu?* ion; 4.0
ug/ml, 1.0 ml added in 5.0 ml final solution, 25°C, 10 min. a; pH 2.0, b; pH
4.0, c; pH 6.0, d; pH 8.0 ¢; 9.0.

5. RIGHEIRUOBEDHE 4. TRLUESMH
T, OBTMPyP /AR L8l # > IERZRG L)L
IZ A, Cu-OBTMPYP @ Ana (459 nm) THLIEEE
Bz, wIVEBREAEFITEY RLTHS 2545
FTHIE L (Fig. 7). Figure 7RI LDIZ, 0-
255 FT459 nm O ET—EDEE/RLE. Z
DFEFIL, 1 4 > & OBTMPYP @ il IEH 1T
WSEDZERZRLTWS, 22T, 100%2K
IR & Lz, 2 2ITiE, mRLUTWARWD, Kb
pH9.0 Z B[R D 20-40°C £T, RIGIREDE
#372<, Fig. 7 LRSI EALAEI S 7z

6. Cu* EEHN OBTMPyP & DA ARICS X
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Cu?* Concentration (ug/ml)

Fig. 8. Absorption Spectra and Calibration Curve for Cu?*
Ion
H-OBTMPyP final concentration; 1.0X 105 mol/dm3, pH 9.0, 25°C,
10 min. a; H,0, Cu?* ion, b; 0.5 ug/ml, c; 1.0 ug/ml, d; 1.5 ug/ml, e; 2.0 ug
/ml, f; 2.5 ug/ml, g; 3.0 ug/ml, h; 3.5 ug/ml, i-m, 4.0 ug/ml-8.0 ug/ml, 2.0
ml added in 10.0 ml volumetric flask.

ZE Cu-OBTMPyP @ 4 iz %f 9 % Cu?*
(CulNO3), &L T) A1 A VIBEDODEEIZONT,
LA R NV EWFEEZ AW TR 21T 7=
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Fig. 7. Effect of Reaction Time for the Absorbance at 459 nm
H-OBTMPyP final concentration; 1.0X 105 mol/dm?, Cu?* ion; 4.0
ug/ml, 2.0 ml added in 10.0 ml volumetric flask, pH 9.0, 25°C. =
c12t :
(e} '
[ce] '
1.0 $ :
© 0.8} :
0.8 § I Ka = 3.6x10° dm3/mol
m® ¥ :
3 S04 :
S 0.6 o] ,
< 8 , i , ,
2 04} 0 2 4 6 8 10
< 0.2 Zn?* concentration (ug/mL)
= Fig. 9. Absorption Spectra and Calibration Curve for Zn2*
00 | N 1 n H-OBTMPyP final concentration; 1.1X10-5mol/dm?, pH 9.0, 25°C,
10 min, a; H,0, Zn2* ion, b; 0.5 ug/ml, ¢; 1.0 ug/ml, d; 1.5 ug/ml, €; 2.0 ug
350 400 500 600 /ml, f; 2.5 ug/ml, g; 3.0 ug/ml, h; 3.5 ug/ml, i-m, 4.0 ug/ml-8.0 ug/ml, 2.0
Wavelength (nm) ml added in 10.0 ml volumetric flask.

1.0 HELEAXRYT RV RTZENENDOHERIZDNT
e : 459 nm {2 BT W E 2 WE UIERR L 7R &R %
£058 : Fig. 8 1271 L7z
206 Figure 8 1775 L 7= & 5 12 0.5-5.0 ug/ml @ Cu?+
i ) : — =7 N >
g ! Ka=2.6X10° dm®/mol AF KL, BERERERTRERNE SN
§0-4 I . £, ZOoEEMSHEOoNLEEEER K
20.2 § 13 2.6X105dm*/mol ThH o7z, E5IT, H#1+>
< E 23T B LR RS 8.4X 10° dm?/mol-cm, 75

FIREL 2.8% (n=10) TH-o /.

7. Zn* EEH OBTMPYP & DSEARFERICS X
D% [[AEEIC, Zn-OBTMPyP O/ERKICH T S
Zn?t (Zn(NO3), &L 0) A F VREDOEZEIZDON

T, WINARY NV ERIEZ N TG 2175 7=

HE LAY ML % Fig. 912 R_ L 7=,

F7m, FNEFENDOHBEIKIZDONWT 486 nm 12 BT 3
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Fig. 10. Change of Absorption Spectra of H-OBTMPyP by Addition of Co?* Ion (A) and Mn2* Ion (B)
H-OBTMPyP final concentration; 1.0 X10~5 mol/dm?, pH 9.0, 25°C, 10 min, a; H,0, Co?* ion or Mn2* ion, b; 1.0 ug/ml, ¢; 2.0 ug/ml, d; 3.0 ug/ml, e; 4.0

ug/ml, 2.0 ml added in 10.0 ml volumetric flask.
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