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The Mossbauer spectrum of the four-co-ordinated haem, (protoporphyrinato IX)iron(it) monodispersed in an 
aqueous detergent solution of 5% cetyltrimethylammonium bromide (CTAB), is that of a typical intermediate spin 
( S  = 1) system [the isomer shift is 0.57(2) mm s-1 and the quadrupole splitting (AEQ) is 1.44(2) mm s-11; the results 
are comparable to those found in synthetic (porphyrinato)iron(ii) analogues, the A€, values follow the o donating 
ability (basicity) of the porphyrin ligands and the two lines of the quadrupole doublet are of unequal intensity at 
78 K. 

Four-co-ordinated (porphyrinato)iron(iI) complexes are rare, 
they contain the d6 iron(i1) ion stabilised in a square planar 
geometry and in an unusually stable intermediate spin S = 1 
state.1-3 The theoretical requirements for such a spin state are 
that the d , 2 ~ ~ 2  orbital must be higher in energy than the rest of 
the 3d orbitals and that it is empty. It is the absence of an odd 
electron in the latter orbital that determines the S = 1 state.1.2 

Several papers have recently appeared that have considered 
the nature of four-co-ordinated iron(I1) porphyrins.4--7 These 
papers confirm the triplet ground state for four-co-ordinated 
iron(I1) porphyrins such as [(TPP)Fe11]1J and [(OEP)FeI1I3 
(TPP = tetraphenylporphyrinato, OEP = octaethylporphyr- 
inato), but the exact electronic configuration of the triplet 
ground state still remains controversial. 

Electron density distribution studies in crystals of 
[(TPP)FeII] at 120 K show a significant population of electrons 
in the d,2-y2 orbital of the Fe" centre, that has been mainly 
attributed to a donation of electrons from the porphyrin 
ligand.5 However, Sontum et aZ.6 showed that inclusion of this 
orbital in their X a  multiple scattering calculations gave a value 
of -2.4 mms-1 for the quadrupole splitting (AEQ),  which is 
very different from the experimental value of + 1.5 mm s-1 for 
[(TPP)FeII]. 1 They pointed out that in a low symmetry 
environment , crystal field models that involve only d orbitals2 
are inappropriate for interpreting quadrupole splittings for 
iron compounds, and suggested that a large asymmetry in the 
occupation of the three iron 4p orbitals would make a 
significant contribution to AEQ. The in-plane iron 4p orbitals 
(pr and p,) can participate in o bonds to the porphyrin ligand.6 

We have previously published Mossbauer data on frozen 
solutions (78 K) of 57Fe enriched (protoporphrinato 1X)- 
iron(rr), [(PPIX)Fe")], in the pH range 7.7 to > 14.8 We found 
the presence of a site that had a chemical shift of 0.54(3) 
mm s-1 and a AEQ of 1.41(2) in every solution. We ascribed 
this site to be a four-co-ordinate [(PPIX)Fe"] (S = 1) species 
from the similarity of the Mossbauer parameters to those of 
[ (TPP)FeII] ,I though the room temperature electronic absorp- 
tion spectrum showed only a broad Soret band at 384 nm and 
two similar small bands around 553 and 574 nm. Interestingly, 
when we later studied frozen solutions of [(PPIX)FeI1] 
(containing only natural abundance 57Fe), the AEQ values 
were larger and concentration dependent, we ascribed this 
behaviour to aggregation.9 

As a result of the current interest in four-co-ordinate 
(porphyrinato)iron(rI) species4--7 and because one of us has 
recently found that [(PPIX)Fe"] can be obtained as a 
four-co-ordinated monomer in an aqueous solution of cetyl- 
trimethylammonium bromide (CTAB) ,lo we report here the 
Mossbauer spectrum of this interesting compound. Aquo- 
(monohydroxo)(protoporphyrinato IX)iron(m)11.12 in a 5% 
solution of CTAB at pH 10.0 was reduced by dissolving solid 
sodium dithionite under strictly anaerobic conditions. The 
visible spectrumlo shows that the Soret band splits into four 
components as is expected for a square planar haem.13 The 1H 
n.m.r. spectrum and a magnetic moment of 3.8 pB indicate a 
triplet ground state.10 It is worth noting that solutions of 
haemin in CTAB also only contain one haemin molecule per 
micelle, 12b 
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Figure 1. Mossbauer spectrum of [(PPIX)Fe1I] in frozen aqueous CTAB at pH 10.0 and 78 K. 

Table 1. Mossbauer data of intermediate spin (S = 1) iron(r1) 
porphyrins. 

6(Fe) AEQ Ta 
Compound Conditions mm s-1 mm s-l mm s-l Refs. 
[(PPIX)Fe"] 5% CTAB 0.57(2) 1.44(2) 0.17(2) This work 

pH 10.0,78 K 
[(TPP)Ferl] Solid, 77K 0.50 +1.51 2 
[(OEP)FeiI] Solid, 83 K 0.59 +1.60 3 
a Half width at half height. 

The Mossbauer spectrum (Figure 1) of [(PPIX)Fe"] in 
aqueous CTAB micelles was recorded using an instrument 
and technique previously described by us.9J4 The haematin 
starting materials contained only natural iron and a concen- 
trated solution (ca. 30 mM in haem) was prepared in CTAB 
after the method outlined above.lOJ1 The isomer shift and 
quadrupole splitting are similar to those of other well 
characterised intermediate spin ferrous porphyrins and are 
thus consistent with an S = 1 ground state. 

Comparison of the data found for [(PPIX)Fe"] in the 
detergent solution with those reported previously by us for the 
5'Fe enriched [(PPIX)FeII] in dilute solutions8 show close 
agreement and justify our original suggestion. Moreover, the 
facts (1) that more concentrated [(PPIX)FeII] solutions show 
somewhat wider AEQ's 1.47(2)-1.65(2) mm s-l and (2) that 
as the concentration increased the AEQ increased,g clearly 
demonstrate that aggregation of four-co-ordinate [ (PP1X)- 
FeII] complexes in aqueous solution strongly influences the 
Mossbauer parameters. Aggregation of ferrous porphyrins in 
water is well established.15 

The data for the three (porphyrinato)iron(rr) complexes in 
Table 1 also indicate that the AEQ values appear to follow the 
o donating ability (basicity) of the porphyrin ligands. Dolphin 
et aZ.3 has suggested that the CI donor strengths of the 
porphyrins are in the order OEP > TPP > PPIX. It can be 
seen from this work that the change in AEQ with donor power 
of the ligands follows from the extent of population of d,2-y2 
by sigma donation. 

It may be pointed out that the two lines of the quadrupole 
doublet have the same line-width but different relative area 
ratios of the higher velocity line ( A h  = 46.5 k 4.1) to the lower 
velocity line (Al = 53.5 k 4.0), less than unity. Similar 
spectral features are apparent in the figures in our earlier 
papers8.9 and resemble those found for the mineral gillespite 
BaSi4010, where the Fe2+ ion is high spin and is in a square 

planar four-fold co-ordination of oxygen atoms. l6 The im- 
balance of the areas in the spectra of gillespite was attributed 
to an anisotropic recoil free fraction,l6 and slow electron spin 
lattice relaxation17 of the square planar iron. However, as no 
similar observations have been commented on for the other 
square planar ferrous porphyrins, further work on [(PPIX)- 
FeII] is necessary in order to comment on the asymmetry of the 
quadrupole doublet. We do note, however, that the earliest 
Mossbauer data for [(TPP)Fe"] ,I8 though inaccurate com- 
pared to latter work2 and though wrongly ascribed to an S = 2 
state, clearly show similar asymmetry of the quadrupole 
doublet to that found in this work. 
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