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Iron(III) Oxide2Alkoxide Cluster
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A new nona iron(III) oxide-alkoxide cluster has been pre-
pared by the treatment of FeCl3 with three equivalents of
sodium ethoxide. The molecule is the first example of a neut-

Introduction

Iron(III) oxides, alkoxides and hydroxides show a great
structural diversity, the most remarkable feature being the
formation of charged and uncharged clusters by formal
condensation.[1] The iron atoms in such compounds are of-
ten linked by oxygen atoms. The remaining ligands on the
iron atoms may be hydroxide,[225] carboxylate,[427] alkox-
ide,[6,8,9] multipodal amino-organic,[10] or amino hydroxyor-
ganic[2] groups, to mention just a few possibilities. The
structural building blocks of such iron oxide clusters are
often FeO6 octahedra (less frequently FeO5 bipyramids or
square pyramids) linked by oxygen atoms, which show two-
fold to sixfold coordination. The new cluster
Fe9O3(OEt)21·EtOH described here is the first example of
such an aggregate containing, apart from bridging oxygens,
only the alkoxide group OEt as ligand.

Results and Discussion

In our attempt to synthesise the alkoxide[11213]

Fe(OC2H5)3
[14] by reaction of iron(III) chloride with so-

dium ethoxide following established routes, we noticed that
a solid brown compound could be isolated in about 60%
yield. The X-ray crystal structure analysis of this molecular
compound revealed a new structure type within iron(III)
alkoxide clusters (see Figure 1). It also showed that the
compound is made up of three oxygen atoms, nine iron(III)
atoms, twenty-one alkoxide ligands and an alcohol mole-
cule coordinated to one of the Fe centres. The molecular
formulation Fe9O3(OC2H5)21·C2H5OH (1) has been con-
firmed by elemental analysis. The oxygen atoms in the clus-
ter presumably come from the residual water in
C2H5OH.[15] The molecule has the lowest point symmetry
C1 which is due to asymmetric adduct formation of a neut-
ral ethanol molecule.
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ral iron(III) alkoxide cluster based on OEt ligands and shows
a paramagnetic moment of 13.4(1) µB at 293 K in the solid
state.

Leaving this extra ligand apart an almost mm2 (C2v) sym-
metry can be attributed to the rest of the molecule (neg-
lecting the orientations of the ethyl groups). A pseudo-two-
fold axis runs through the iron atom Fe(1) and the central
oxygen atom O(6) which connects three metal atoms in a
trigonal planar coordination sphere. The other two oxygen
atoms are in the centres of very distorted Fe4 tetrahedra,
the distortion being due to an important elongation of one
of the edges [Fe(2)···Fe(4) and Fe(3)···Fe(5)]. These elong-
ated edges are the only ones which are not bridged by µ2-
OC2H5. While most of the iron atoms have one terminal
OC2H5 ligand, Fe(1), Fe(2) and Fe(3) are completely integ-
rated in the oxygen bridge network, and Fe(6) has an addi-
tional C2H5OH neutral ligand. At Fe(1) there are four µ2-
OC2H5 terminal bridges, while at Fe(2) and Fe(3) there are
three. Fe(4), Fe(5) and Fe(6) are almost octahedrally coord-
inated by oxygen atoms, while all other iron atoms are in
distorted trigonal bipyramidal oxygen coordination spheres.
The largest deviation from trigonal bipyramidal geometry
is found for Fe(1), which is better described as square pyr-
amidal with respect to the nearest oxygen atoms. Altogether
there are six terminal OC2H5 ligands, fifteen bridging µ2-
OC2H5 groups and an additional neutral C2H5OH ligand.
There is a neat dependence of Fe2O distances and coor-
dination numbers on the atoms involved in the bond as well
as on the site of the coordination polyhedron (axial versus
equatorial): Fe2λ4O 5 201.1(7) pm, Fe2λ3O 5 191.1(1)

Figure 1. X-ray crystal structure of the iron(III)oxide2alkoxide
Fe9O3(OC2H5)21·C2H5OH
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pm and Fe2OC2H5 (µ2) 5 200.9(0) pm; Fe2OC2H5 (ter-
minal) 5 178.7(3) pm (mean values). As anticipated, the
neutral alcohol ligand at Fe(6) has the longest Fe2O bond
[219.0(5) pm]. Interestingly, all µ2-OC2H5 bridges are found
at the equatorial sites of the trigonal bipyramidally coordin-
ated iron atoms. The proton of the alcohol ligand can be
located and serves as a bridging atom (hydrogen bond) be-
tween O(25) and O(4), O(5) and O(6).

The magnetic moment[16219] of Fe9O3(OC2H5)21·
C2H5OH in the solid state is µeff 5 13.4(1) B.M. at 293
K.[20]

Figure 2. Plot of the magnetic moment (µeff [B.M.]) of solid 1 versus
temperature [K] (see ref.[20])

From the steady shortening of the magnetic moment of
crystalline cluster 1 with decreasing temperature (Figure 2)
an antiferromagnetic exchange interaction within the mole-
cule can be deduced.[20]

The values found have to be compared to a calculated
value for one independent high spin Fe31 ion of µeff 5 5.92
B.M. The crystals seem to be ferrimagnetic, and this is cur-
rently being investigated further.[21] Interestingly, the cluster
1 when dissolved in benzene shows a tendency to dissociate.
Cryoscopic measurements in the same solvent give a mo-
lecular weight of about 510 g/mol. This corresponds to a
fragmentation into several species from the original cluster
(molecular weight, 1543.0 g/mol) and is more than the
simple release of the neutral ethanol ligand. As a solid res-
idue from the benzene solution of cluster 1 we have isolated
a compound which analysed as ‘‘Fe5O(OC2H5)13’’. We are
currently investigating the structural and physical con-
sequences of this decomposition which is driven by simple
change of the solvent. Further studies on this system are
underway.[21]

Experimental Section

Fe9O3(OC2H5)21·C2H5OH (1): The solvent C2H5OH was distilled
from sodium and kept over molecular sieves. Under a dry nitrogen
atmosphere anhydrous FeCl3 (4.428 g, 27.3 mmol) was added to a
solution of sodium ethoxide [formed in situ from sodium (1.886 g,
82.0 mmol) and C2H5OH (20 mL)] in ethanol. The mixture was
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stirred under reflux for 100 h. After removing the solvent under
reduced pressure the residue was distilled at 200 °C/0.01 Torr; the
product crystallizes on cooling as a brown solid. Yield 2.735 g
(60%). 2 C44H111Fe9O25: calcd. C 34.3, H 7.3, Fe 32.6; found C
34.2, H 7.3, Fe 32.1. 2 M..p.: 90 °C.

X-ray Crystallography
A crystal suitable for X-ray crystallography was isolated from an
ethanol solution of 1. Stoe IPDS diffractometer, Mo-Kα radiation
(λ 5 71.073 pm), 293 K, crystal size 0.2 3 0.18 3 0.12 mm, tri-
clinic, space group P1(bar) with a 5 1247.4(2) pm, b 5 1746.2(3)
pm, c 5 1814.1(4) pm, α 5 68.02(3)°, β 5 84.58(3)°, γ 5 88.45(3)°,
V 5 3647.7(12) 3 106 pm3, Z 5 2, ρ 5 1.405 Mg·m23, µ 5 1.798
mm21, 2.07° # θ # 24.08°, 214 # h # 13, 219 # k # 20, 220 #

l # 20, 23099 measured reflections, 10729 independent, R1 5

0.0627, wR2 5 0.1553, GOF 5 0.928, no restraints, 483 para-
meters, remaining electron density max. 0.717 3 1026 min. 20.652
3 1026 e·pm23.

The structure described in this paper was solved with the heavy-
atom method and refined towards F2 for all observed reflections
(solution and refinement with SHELXS-97 and SHELXL-97, hy-
drogen atoms were calculated in an ideal tetrahedral geometry
and optimised).

Crystallographic data for the structure reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication CCDC-149596. Copies of the data
can be obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 IEZ, UK [Fax: (internat.) 1 44-1223/336-
033; E-mail: deposit@ccdc.cam.ac.uk].
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