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Redox reaction between [(phen)4Fe2(Cl)2(�-O)]Cl2�4.5H2O
(phen = 1,10-phenanthroline) and Mn(OH)2�xH2O in water meth-
anol solution at refluxing temperature under inert atmosphere gives
a novel low-spin iron(II)–oxo complex [(phen)4Fe2(Cl)2(�-
O)]�4H2O (1) which has been characterised by IR, Mössbauer,
electrochemical and magnetic studies. The crystal structure shows
that complex 1 is a dinuclear single oxo-bridged Fe(II) species
with distorted octahedral geometry.

The chemistry of binuclear oxo-bridged iron complexes has
experienced a resurgence of interest with the discovery of bridged
units of this general type in a number of nonheme proteins and en-
zymes.1,2 The Fe–O–Fe bridge is a constituent of synthetic iron
complexes and is also of biological significance. The reactivity
of the metal site in terms of redox reactions has been relatively lit-
tle explored.3 In the literature, the paucity of data about stable
iron(II) �-oxo complexes has been noted and this promted us to
take this opportunity for isolation of Fe(II) system.2,4,5 In the pres-
ent work, our interest is to investigate the possible conversion of
�-oxo diiron(III) complex to �-oxo diiron(II) complex.

+II state is generally the most stable for manganese in neutral,
or acidic aqueous solution and posses very pale pink color and
quite resistant to oxidation (EMn3þ/Mn2þ = 1.5V). However, in
basic medium Mn(OH)2 is formed and is more easily oxidized
as shown by the potential EMn2O3�xH2O/Mn(OH)2 ¼ 0:1V and
EMn2O3/MnO2

¼ 0:2V.6 Here, we have used a basic solution of
Mn(II) salt to carry out the reduction. The reduction potential of
(phen)3Fe

3þ to (phen)3Fe
2þ is 1.12V.6 All the potential values

are versus NHE.
The starting complex [(phen)4Fe2(Cl)2(�-O)]Cl2�4.5H2O was

prepared by the reported procedure.7,8 Complex [(phen)4Fe2-

(Cl)2(�-O)]�4H2O (1) was prepared in a closed dinitrogen atmos-
phere in the presence of triethylamine and MnCl2 at pH = 9.5.9

The perspective view of complex 1 is shown in Figure 1.
Dark red crystals of 1 were monoclinic polymorphs.10 Crystal-

lographic result shows the two ferrous irons (Fe and Fe�) are bridg-
ed by a single oxo (O2�) ligand. The remaining coordination sites
of each Fe are completed by the coordination of four nitrogens
from two phen ligands and one chloride ligand which is cis to
the bridging oxo in each case. The Fe–N distances lie between
2.134(4) to 2.249(4) 
A which are nearly comparable to the similar
compounds.2,4,5,11 The Fe–Cl bond distance is 2.319(1) 
A, typical
Fe(II)–Cl distance for terminal chlorine.12 The Fe–O–Fe� linkage

Figure 1. Perspective view of complex 1.

Figure 2. Polymeric view of complex 1.

Figure 3. Cyclic voltammogram of complex 1.
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is distinctly nonlinear, exhibiting an angle of 168.6(1)�. The Fe–
�–O distance is 1.778(1) 
A, which is more or less comparable to
the corresponding diiron(II) complexes.4,5

The Fe–Fe distance 3.538 
A is typical for monobridged Fe–O–
Fe cores.1,4,13

The polymeric view of complex 1 is shown in Figure 2.
Figure 2 shows the complex 1 forms an infinite helical chains

through �–� stacking of the phenanthrene rings of the neighbour-
ing molecules. The closest distances between rings centroids and
carbon atoms are 3.493(13) and 3.511(12) 
A. Here, the molecules
are held together by strong intermolecular interactions.

The dimer has a strong absorption at 814 cm�1, which signifi-
cantly differs from the starting complex.7,8,13 This is the character-
istic of the asymmetric stretch of a Fe–O–Fe moiety. The symmet-
ric Fe–O–Fe vibration found in the 390–415 cm�1 region, could
not be unambiguously assigned.14

The electrochemical study was carried out in acetonitrile.
Measurements versus SCE revealed two quasi-reversible redox
processes at E1=2 ¼ �0:1V (�Ep ¼ �0:08V) and E1=2 ¼ 0:14V
(�Ep ¼ 0:1V) vs standard SCE at a scan rate 0.05V s�1.15,16 This
supports the assignment of the observed redox processes as shown
in Eq 1.15–17

[Fe(II)Fe(II)(phen)4(Cl)2(�-O)]

! [Fe(II)Fe(III)(phen)4(Cl)2(�-O)]þ

! [Fe(III)Fe(III)(phen)4(Cl)2(�-O)]2þ
ð1Þ

The 80K Mössbauer spectrum of the starting complex (shown
in Figure 4) showed a single quadrupole doublet with � of

0.52mms�1, �EQ of 1.67mms�1 which is characteristics of
high-spin d5 systems, with the �EQ value being at the high end
of �-oxo compounds having six-coordinate Fe(III).1,13,18

Zero field Mössbauer spectrum of 1 (shown in Figure 4) shows
a single quadrupole doublet with � value of 0.058mms�1 and�EQ

value of 0.08mms�1 supporting low spin Fe(II).15,19

Magnetic moment shows that 1 is diamagnetic whereas the
starting complex is paramagnetic and exhibits a strong antiferro-
magnetic coupling.20 The diamagnetic nature of 1 unambiguously
proves that Fe(II) is in low-spin state.

Crystallographic, spectroscopic, electrochemical, and magnet-
ic data confirm that 1 is diiron(II) species and the reaction describ-
ed definitely proves that manganese(II) cation promotes reduction
of �-oxo diiron(III) complex to form one novel low-spin �-oxo
diiron(II) complex.
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Hall Ltd., London (1971).
19 D. P. E. Dickson and F. J. Berry, ‘‘Mössbauer Spectroscopy,’’ Cambridge
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Figure 4. Mössbauer spectra of starting complex and complex 1.
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