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Abstract

Iron porphyrin complexes are regarded as model compounds for studying the redox properties
in the respiratory-electron-transfer chain in which iron porphyrins act as the reaction sites.
As a model compound, [ tetrakis(1-methyl-4-pyridinio) porphine ]iron (Fe-TMPyP), which has
positive charge on the periphery of the porphyrin ring in an aqueous solution, was chosen.
The equilibria among the species of Fe(III/II)-TMPyP in an aqueous solution and the redox
reactions of their central metals were investigated by UV/ Vis spectroscopy and electrochemical
methods. It has been found that two acid-dissociation equilibria involve three monomeric
species of Fe (III) -TMPyP and two additional different species, probably dimeric ones, in
the Fe(III)-TMPyP solution at relatively high concentration. An equilibrium between two
species of Fe (II) -TMPyP, which have different axial ligands, were also found. The axial-ligand
replacement of the Fe(III)-TMPyP ion by cyanide ion and the redox reactions of Fe(III/1I) -
TMPyP, which are ligated with cyanide ions, were investigated in alkaline aqueous solutions.
The heterogeneous electron transfer rate constant values depend on the sum of the softness

character of axial ligands.
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Fig. 1 Absorption spectra of Fe(IID-TMPyP

aqueous solution at various pH.
Concentration: 7.06 X 10~ mol dm™ ;
pH of solutions : a 1.4, b 4.2, ¢ 7.6,
d11.9, e 13.1, ¢' 13.1 after 48h;
light pass length: 10 mm.
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Fig. 2 Spectrophotometric pH titration curve of
Fe(IID) -TMPyP solution.
Concentration: 7.08 X 107° mol dm™;
A 1403 nm.

TERTREBL TS, o x OFEKICR VT
231 X 107 mol dm™® LA T DIEEEIZI T Beer
DOERIZERALZE ZABWEGRBGREZRL,
S A < —FEOTFE 2 TR UTR S b o
7o, Bt TERMIAK DA 4 F a I3 Pasternack
59 <2 Forshey & Kuwana®™IZ & W22 E T
72 monoaquamonomer 7> diaquamonomer & % x.
LD,

TG OOEH R B =>0 pH fEIICTH
HET DA A M & cMBIUHE ¢ & e IO
ZREL T pHEEDT—2 1 LREMICEIT 5/
#7w b (n) LPEER (K,) ZHEHL
7z (Table 1). ZOFERNOG, THHOFIE

Table 1 The number of transferred protons (1)
and the equilibrium constant (K ,)
obtained from pH titration curves

2 M—M M=—D
Lo n rK, n pK.
1—8 403 0.9 5.1 1.4 2.9
424 0.9 5.3 1.2 2.2
59 1.0 5.9 1.8 5.5
10—14 424 1.0 1.4 1.5 16.6
440 1.1 13.2 1.6 13.9

M: Monomer. M': Monomer', D: Dimer
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Fig.3 Cyclic voltammograms of Fe (II)-TMPyP
solution.
Concentration: 1.4 X 10~* mol dm™%;
scan rate: 0.1 Vs™'; pH: (1) 4.6,
(2) 6.5, (3) 9.4.
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Fig.4 Plot of (E,)x vs. pH for Fe (IIT) -TMPyP
solution.
O : In non-buffered solution,
@ : in buffered solution.
Others are the same as in Fig. 3.
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J@EM (OTTLE, Fig.5) 12XV =fio#kR
74V v DEMBEICERAERL L T A A D AN
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Fig. 5

Optically transparent thin layer electrode:
(a) slit for suction application to change

solution, (b) teflon tape spacers,

(c) microscope slides, (d) solution,
(e) tranparent gold-minigrid electrode,
(f) optical path of spectrophotometer,
(g) reference and counter electrodes,
(h) Solution cup and (i) Copper lead.
Epoxy along the edges holds the cell

together.
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Fig.6 Wavelength of Soret-band maxima (2max)
vs. pH of Fe (II) -TMPyP solution before
and after the reduction on OTTLE.
Concentration: 1.7 X 107* mol dm™°.

O, @ : Before the reduction in non-buffered
and buffered solutions; A, A : after the
reduction in non-buffered and buffered

solutions, respectively.
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Fig. 7 Spectrophotometric pH titration of
Fe (I) -TMPyP.
Concentration: 1.00 X 10~* mol dm?;
A : 445 nm; light pass length: 10 mm.
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ek ()R, pH13 T 2) X THEN .

Fe (1) -P (H20) (OH) = (I1) = Fe (I1I) -P (CN): (1
0] (1m)
Fe(I1D)-P (OH)> = Fe (II)-P(OH) (CN) = Fe (IID-P(CN).  (2)
(1) (1) (Im)
ZZT, P TMPYP 2%
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Fig. 8 The time-course of absorption spectra of
Fe(IIT) -TMPyP aqueous solutions after
addition of cyanide ion.

********* : No addition,

: 2min,

— —: 30 min,

——: 4h10min (pH11) or 2h (pH 13).
Fe(IID -TMPyP: 1.00 X 10~° mol dm™,
KCN: 5.00 X 107 mol dm™®;

light pass length: 10 mm.
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T AA o DIEBD A F = X 0% Scheme 3
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Fig. 9 Spectrophotometric pCN titration curves
for Fe(IID)-TMPyP in aqueous solutions at
pH 11 (O) and 13 (O).
Airues) - Absorbance of monocyano
complex at pH 11.
Al 4esy - Absorbance of monocyano
complex at pH 13.
Airraes) - Absorbance of dicyano complex.
Fe(ID -TMPyP: 1.00 X 10~° mol dm™®;
light pass length: 10 mm.
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Fig. 10 Spectrophotometric pH titration curve
at 437 nm for Fe (IID) -TMPyP
aqueous solutions containing cyanide ion.
Fe(IID) -TMPyP: 1.00 X 10° mol dm*;
KCN: 3.00 X 107 mol dm™;
light pass length: 10 mm.
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Fig. 11 Specific ion (Al") image of the surface
of glassy carbon electrode polished with
alumina powder suspensions.

t/ mn

Fig.12 Peak-potential differnce (AE,) of redox
reaction in 1 X 10" mol dm™®
Fe (III) -TMPyP at scan rate of 0.1 Vs,
pH of solutions: O, 4.00; A, 7.15;
O, 12.35.
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Fig. 13 Cyclic voltammograms of
1 X 10"*mol dm™®
Fe(IIT)-TMPyP (pH 10.8) at scan rate of
01Vs™. [CN7]/[FeI) -TMPyP ] :
(@ 0; (b 30; (c) 5000.
Solid line: 1stscan, Dashed line: 2nd scan.

®

Ao A v OBRERIC L TT ey P LTHE
bRtk % Fig. 17 & Fig. 18T d. Zhb
DFERDD, THENDOT ) = —HEORLE T
WAL TIRO IR E-2 B D.

Fe(IID)-P (H:0) (OH) + H™+ ¢ = Fe(ID)-P (H:0)> (3)
Fe(IID-P(OH) 2+ H"+ e~ = Fe(I)-P (H-0) (OH) )
Fe (I -P (H0) (CN) + ¢~ = Fe (I -P (H=0) (CN) (5)
Fe(ID)-P(CN) 2+ ™ = Fe(ID-P(CN)» (6)
Fe(IID)-P(OH) (CN) + CN™+ ¢ Fe(I)-P(CN) 2+ OH™ (7)
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Fig. 14 Same as for Fig. 13, but at pH 13.0.
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Fig. 15 Reduction (open symbol) and oxidation Fig. 16 Same as for Fig. 15, but at pH 13.0.
(solid symbol) peak potential vs. O : 2nd scan .
log([ CN™] / [ Fe(ID -TMPyP 1).
Concentration of Fe (III) -TMPyP:
1 X 107*mol dm™® Scan rate: 0.1 Vs
pH10.8 .
(a)
.0 -o—g—o—g—o—0-
0.5} O F
) +——
aal #—4—8
0.4 0.05F
z 0.3F > L A A L
W o ()
0.2t -0.05
—o————-U——O—
—————t
-
0F A ok
+—
0
— 0.05}
ub1 1 L 1 L 1 1 1 L 1 1
T g 0 12 M 0 1 2 3 4
H 1og((CN )/ {Fe(ll1}-TMPyP])
Fig. 17 Reduction (open symbol) and oxidation Fig. 18 Reduction (open symbol) and oxidation

(solid symbol) potential of

1 X 10~ mol dm™® Fe (III/ II) -TMPyP

vs. pH of CN -free solutions.
Scan rate / Vs™': 0.2 (circle) ,
0.02 (triangle).

(solid symbol) potential of
1 X 10~ mol dm~® FeIT1/1I) -TMPyP
vs. log ([ CN"]/[ Fe(II) -TMPyP 1).
(a) pH11. 1, (b) pH13. 0. Scan rate /
Vs ':02 (circle) , 0.02 (triangle).
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Fig.19 Correlation between electron transfer rate

constant (k) and the sum of

Klopman's softness character of donors
(X Em).

Axial ligands: 1 (CN)2, 2 (H:20)(CN),

3 (OH)z, 4 (OH)(H:0).
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