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Abstract

Mossbauer (78 K) and electronic absorption
spectra (298 K) of tetra(p-carboxyphenyl)porphyrin
iron(I} solutions are reported and discussed.
Evidence for only two iron(Il) complexes, the first
an intermediate spin and the second a high spin
complex, is found in the Mdssbauer spectra. FElec-
tronic absorption spectra show a low spin complex is
present at very low concentrations. It is observed
from these results that the carboxy groups on the
phenyl rings of this porphyrin greatly influence the
chemistry. From the difference in the quadrupole
splitting for the intermediate spin complex compared
to that found in the tetra(p-sulphophenyl)porphyrin
iron(IT) system, the substituent on the phenyl ring
clearly changes the electron density on the pyrrole
nitrogen atoms.

Introduction

Studies on water soluble iron(II) metallopor-
phyrins [1-5] have shown that the species present at
a given pH depends on a number of factors. These
include, (a) the nature of the porphyrin (i.e. whether
it is substituted on the pyrrole rings or on the
methine positions, and (b) the nature of the sub-
stituent groups, (both the size of the group and the
electronic properties of the group being important).
In addition the interplay of these factors between
molecules affects stacking and aggregation commonly
found in porphyrin chemistry [3—5]. The latter
phenomena results in the species present in solutions
often being concentration dependent [3--5].

We have previously studied the solution chemistry
of protoporphyrin IX iron(Il) [1-3] tetra(p-sulpho-
phenyl)porphyrin iron(Il) [4], and tetra(sulpho-
napthyl)porphyrin iron(I) [5S]. Over the pH range
7—14 these three iron(Il) porphyrins show some
species in common and some that are clearly depen-
dent on their different peripheral substituents.

The understanding of the influence of the
periphery groups on the solution chemistry of these
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porphyrins is fundamental if (a) molecules of this
type are to be developed as models for haem proteins
and (b) such molecules are to have a role as catalysts
in industrial processes.

The three porphyrins iron(Il) systems we have so
far studied all have negative charges on the
periphery of the porphyrins aiding their solubility in
water, but the interplay of these charges with the
porphyrin cores is complicated by the other
substituent moieties present. The two methine sub-
stituted porphyrins TPPS and TNPS showed species
in common (at high pH) but also different species
at lower pH that must reflect the differences in steric
and electronic effects between the naphthyl and
phenyl moieties. To gain better understanding of
these interactions we have studied tetra(p-carboxy-
phenyl)porphyrin iron(II) (TCPP Fe(Il)) in the pH
range 5—14% (where 14" refers to pHs higher than
14). This porphyrin has the phenyl group in common
with TPPS and is also para substituted with a nega-
tively charged group, however, the carboxy group is
able to be fully conjugated with the phenyl ring (this
being the major difference with TPPS). We now
report the results of frozen solution Mossbauer
spectroscopic studies (at 78 K) together with
electronic absorption spectral studies (at ambient
temperature) in this work.

Results and Discussion

The electronic absorption spectra are presented in
Table I and Figs. 1 and 2. The Mdssbauer spectro-
scopic data are given in Table II.

Mobssbauer Spectroscopy

All the Mossbauer spectra were poor even after
long collection times. The spectra were much inferior
to those we previously collected for the other
porphyrin iron(Il) systems under similar conditions,
we cannot offer an explanation for this except that
nearly all spectra showed evidence of u-0xo-bis haem
(usually referred to as p-oxo-dimer) and thus some
oxidised material was present leading to depletion of
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Fig. 3. Mdssbauer spectra of TCPPFe(Il) frozen aqueous solutions at 78 K. (a) Frozen at pH 6.7; (b) frozen at pH 11.2.
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Fig. 4. Mossbauer spectra of u-oxo-bis(TCPPFe(ll)) at 78 K
parameters and general features.)

the expected amount of iron(Il) in the spectra.
Obviously as the Mossbauer data are poor, the errors
are large (Table II). Typical spectra are shown in Fig.
3a and b, and that of the Fe(IIl) g-oxo-bis haem is
shown in Fig. 4. One iron(Il) site is found to pre-
dominate in the pH range 5.5-14.0. This has a
chemical shift (§) around 0.62 mm s™*. The chemical
shift is similar to those we have previously assigned as
intermediate spin iron(Il) environments [1—4], how-
ever the quadrupole splitting (~2.04 mm s~ 1) found
here is larger than those we previously reported. This
must reflect the properties of the carboxy group and
its interaction with the phenyl ring. At high pH there

10

. (Spectrum statistics poor as only run for short time to give

is some indication of a high spin iron(II) site similar
to those found in the other systems but much less
pronounced (6 ~ 1.0 mms™!; A~4.0mms ).

Electronic Absorption Spectra

The electronic absorption spectra were obtained
on solutions of concentration 5.85 X 1075 M. These
are very much weaker than those used for the
Mdossbauer spectra. Evidence for only two distinct
species are found. The first in the pH range 5.3 to
12.2 has a Soret band at 425 nm and another band at
555 nm with shoulders 538 nm and 600 nm, respec-
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Fig. 5. Electronic absorption spectrum of TCPPFe(II) 1.16 X
1073 M in aqueous solution at 298 K at pH 7.0.

tively. There are also two very weak bands (possibly
charge transfer) that occur at 670 nm and 735 nm.

The second species dominates above pH 12.8. Its
Soret band is at 437 nm and there are two lesser
bands at 565 nm and 607 nm. The two very weak
bands found at lower pH are still apparent and more
intense. The three main bands are similar to those
found in the TPPSFe(IT) and TNPSFe(II) systems and
are typical of high spin iron(II) when it is around 0.6
A out of the porphyrin plane. This site is that which
is usually associated with Mdssbauer data charac-
terized by 8s of 1.00 mm s~ ! and As around 4.00 mm
s 1. The fact that only a slight indication of this site
was found in the Mossbauer data in this system, we
suggest is connected with the other species that
dominates the Mdssbauer data over the entire pH
range studied.

The dominant site we assign as an intermediate
spin iron(Il) species. Previous studies on the other
systems have led us to the conclusion that the inter-
mediate spin iron(Il) sites are found only when
extensive aggregation occurs. In this system at the
concentrations for the Mdssbauer spectra this species
persists across the entire pH range. We conclude that
the presence of the carboxy groups encourages this
species and aids in the aggregation.

H. Abu-Soud et al.

The electronic absorption spectra found in the pH
range 5—12.2 are similar to those found in the
TPPSFe(Il) system and cannot be directly linked to
the intermediate spin site found in the Mé&ssbauer
spectra, but may be due to the low spin iron(II) site
that is able to form at low concentrations. Such a low
spin site was found in the TPPSFe(Il) [4] system (in
the pH range 7—11.8) and in the TNPSFe(Il) [5]
system (pH range 7—12). In order to obtain evidence
for such a site we studied the electronic absorption
spectrum in the range 500 to 750 nm (Fig. 5) of a
solution of 1.16 X1073 M and found the spectrum
was very similar to those of lower concentration
and also similar to that of Fig. 5b ref. 4, of
TPPSFe(Il) at pHs 6 and 10.2. Thus electronic
absorption spectral evidence for an intermediate spin
iron(II) site was not found.

At this point the work of Brault and Rougee [6,
7] is pertinent. They have shown that tetraphenyl-
porphyrin iron(II) (TPPFe(ll)) in benzene solution
exists as a four co-ordinate species even in the
presence of water molecules (which would be poten-
tial axial ligands) [6]. Thus our conclusions that four
co-ordinate porphyrin iron(II) species occur in
PPIXFe(Il) [1-3] and TPPSFe(Il) [4] aqueous solu-
tions agree with their work. The electronic absorp-
tion spectrum we find in the concentration ranges
studied in this work is very similar to that reported
for TPPFe(Il) in DMF [6, 7] (see Fig. 2, ref. 7). In
their work [6, 7], Brault and Rougee state DMF to
be a co-ordinating solvent [6], and that the TPPFe(II)
species present is five co-ordinate [7]. The fact that
we have found this type of spectrum present in solu-
tions, which at higher concentrations contain low
spin iron(II} (evidence from Mdssbauer data), suggests
that in our case such spectra represent six-coordinate
species [4, 5]. The electronic absorption evidence for
TPPFe(Il) in DMF being five co-ordinate rather than
six is scant [6,7]. (Susceptibility data [7] are used to
confirm five coordination, but this is in much more
concentrated solutions.)

The electronic absorption spectrum of TPPFe(lII)
in benzene (where it is four coordination) shows a
single peak around 535 nm (see Fig. 2, ref. 7). We
note that a shoulder is found in the pH range 6—10.2
(Fig. 5, ref. 4) and also in the pH range 7—11 in the
TNPSFe(II) solution [5]. This may be coincidence,
but could be evidence for an intermediate spin
species. We note that deuteroporphyrin dimethy]
ester iron(Il) in benzene shows two bands centred
around 545 nm (Fig. 1, ref. 7) and is said to be four
co-ordinate [7]. For PPIXFe(lI) we recorded two
similar bands centred around 560 nm in the pH range
where we found intermediate spin iron(II) present
[1-3]. It therefore appears that the electronic
absorbance spectra of four co-ordinate porphyrins
differ depending on whether they are substituted on
the pyrrole or methine carbon atoms.
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Conclusions

It appears that the presence of the carboxy groups
on the phenyl rings has a dramatic effect on the iron-
(II) chemistry of this porphyrin in aqueous solution.
The quadrupole splitting found for the intermediate
spin site was much larger than that found for TPPFe-
(II) and TPPSFe(Il) and shows a greater electronic
imbalance in the iron(II) 3d orbitals [4]. This must
arise because of a very different electron density on
the pyrrole nitrogen atoms in this porphyrin compared
to TPPS, and this in turn must reflect the difference
in the electron density on the porphyrin periphery
caused by the carboxy groups on the phenyl ring.

Experimental

TCPP was synthesized and purified by a method
described in the literature [8]. O(TCPPFe(1ll)), was
prepared according to the method of Fleischer er al.
[91, and complexes of this nature have been prepared
by others [10]. For the TCPPFe(Il) work described
in this paper the O(TCPPFe(lll)); complex was
reduced in aqueous solution using a slight excess of
sodium dithionite. The solutions used for Méssbauer
experiments contained between 100-200 mg of
TCPPFe(Il) in 2—3 ml of aqueous solution. The solu-
tions were only studied above pH 5.0 because of
solubility problems below this pH. The pH of the
solution was adjusted as required by adding 1 M HCI
for pH<12 or by adding 2 M NaOH for pHs > 12.
For the solution of pH 14, 3 ml of 1 M NaOH was
used to dissolve the compound. The solutions were
transferred to nylon cells and frozen in liquid
nitrogen.

The electronic absorption spectra were recorded as
a function of pH (Table IT) in 1 cm? cells at 298 K.
Solutions were freshly prepared and kept in the dark
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until they were inserted into the spectrometer. The
preparation method of the solutions has been
described [4], the concentrations are given in
Figs. 1, 2 and 5. The cuvettes were sealed under a
nitrogen atmosphere.

Instrumentation

Electronic spectra were recorded using a Perkin-
Elmer Lambda 5G Spectrophotometer. All spectra
were recorded at 298 K. Mdssbauer spectra were re-
corded from frozen solutions at 77-78 K on a
spectrometer described previously {11]. The spec-
trometer was calibrated with 25 um thick natural iron
reference absorber. The isomer shifts are referred to
this as zero shift. The Mossbauer spectra were
computer-fitted (details previously described [11]).

References

1 J. Silver and B. Lukas, Inorg. Chim. Acta, 80, 107
(1983). '

2 J. Silver, B. Lukas and G. Al-Jaff, Inorg. Chim. Acta, 91,
125 (1985).

3 J. Silver, J. A. Taies and G. AWJaff, Inorg. Chim. Acta,
135, 151 (1987).

4 J. Silver, B. Lukas and J. Al-Taies, Inorg. Chim. Acta,
136, 99 (1987).

§ J. Silver and J. A. Taies, Inorg. Chim. Acta, 151, 69
(1988).

6 D. Brault and M. Rougee, Biochemistry, 13, 4590
(1974).

7 D. Brault and M. Rougee, Biochemistry, 13, 4598
(1974).

8 I'. R. Longo, M. G. Finarelli and J. B. Kim, J. Heterocycl.
Chem., 6, 927 (1969).

9 E. B. Fleischer, J. M. Palmer, T. S. Srivastava and A.
Chatterjee, J. Am. Chem. Soc., 93, 3162 (1971).

10 J. D. Strong and C. R. Hartzell, J. Bioinorg. Chem., 5,
219 (1976).

11 M. Y. Hamed, R. C. Hider and J. Silver, Inorg. Chim.
Acta, 66, 13 (1982).



