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aBsTracT

The crystal structure of a novel Mg2Fe2O5 oxide synthetized at 15 GPa and 1550 qC has been de-
termined by means of single-crystal X-ray diffraction. This compound is isostructural with Fe4O5 and 
can be considered as the other end-member of a solid solution between these two oxides involving 
the substitution of Fe2+ for Mg. The resulting unit-cell lattice parameters a = 2.8889(4), b = 9.7282(4), 
and c = 12.5523(7) Å are smaller than those of Fe4O5. Mg and Fe3+ cations are found to be disordered 
among the three crystallographic sites of the Mg2Fe2O5 structure, although preference of Mg for the 
trigonal prism coordination (M3) is observed. Substitution of Mg into the Fe4O5 structure reduces the 
octahedral distortion of both the M1 and M2 sites. Like Mg, Cr has recently been found to substitute 
into Fe4O5, so that Fe3+/¦Fe can vary from 0 to 1.0 in the Mg-Cr-Fe oxides system. Substitution of both 
Mg and Cr in Fe4O5 also makes this phase more relevant for bulk compositions expected in the Earth’s 
transition zone and deep upper mantle. M4O5 phases having the CaFe3O5-type structure, therefore, need 
to be considered as a new addition to the phase relations of several simple oxide systems at pressure 
and temperature conditions at which the spinel-structured phases become unstable.
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inTroducTion

Fe4O5 is a novel oxide recently observed as a breakdown 
product of siderite (Lavina et al. 2011) or magnetite (Woodland 
et al. 2012). The stability field of Fe4O5 has been studied experi-
mentally and it is known to extend to pressures of at least 24 GPa. 
The relevance of this phase for the Earth’s mantle was described 
by Woodland et al. (2013), who demonstrated that Mg and Cr 
may substitute for Fe2+ and Fe3+, respectively. The structure of 
the Fe4O5 end-member has been determined mainly by powder 
diffraction and DFT calculations (Lavina et al. 2011; Trots et al. 
2012; Guignard and Crichton 2014), as the number of observed 
structure factors from the single-crystal experiment reported in 
Lavina et al. (2011) was extremely small (20 independent reflec-
tions). The data collected so far are consistent with a Cmcm space 
group and a structure similar to that of Sr2Tl2O5 and CaFe3O5, 
consisting of layers of edge-sharing FeO6 octahedra and layers 
of trigonal prisms alternating along the c-axis. Some discrepan-
cies are apparent in the size and distortion of the FeO6 octahedra 
among the room-pressure determinations, most likely due to the 
difficulty in accurately determining the oxygen positions from 
X-ray powder diffraction patterns (Trots et al. 2012; Guignard 
and Crichton 2014). In spite of these distortions, the CaFe3O5-
type structure appears more flexible than might be expected from 
the edge- or face-sharing nature of its polyhedral units as it can 
accommodate a large variety of cations.

It has been observed that not only magnetite, but also chro-
mite (FeCr2O4) dissociates into Fe2Cr2O5 and Cr2O3 at high 
pressure (Ishii et al. 2014). However, Ishii et al. (2014) report 
that Fe2Cr2O5 is isostructural with Mg2Al2O5 (Enomoto et al. 

2009), having space group Pbam. This is quite puzzling given 
that samples belonging to the Fe-Cr solid solution with up to 
50% Fe2Cr2O5 component (Woodland et al. 2013) appear instead 
to crystallize in the Cmcm space group. The major difference 
between the Cmcm Fe4O5 and the Pbam Fe2Cr2O5 structures 
lies in the stacking of the octahedral units that form long chains 
surrounding the trigonal prisms in the latter compound. Note, 
however, that the Fe2Cr2O5 structure was also solved using X-ray 
powder diffraction patterns (Ishii et al. 2014).

Like Cr, Mg can substitute into the Fe4O5 structure (Wood-
land et al. 2013). However, whether complete Mg substitution 
in Fe4O5 is possible and whether such a substitution gives rise 
to a change in symmetry is still unknown.

Here, we report the synthesis and crystal structure of 
Mg2Fe2O5, based upon X-ray single-crystal diffraction. Single-
crystal structural data allow not only to determine accurately the 
space group of this material as well as the oxygen positions and 
the displacement parameters of all atoms present in the structure, 
but also to provide important constraints on the cation occupan-
cies of the distinct crystallographic sites in this phase.

experimenTal meThods

Starting material
The starting material was a stoichiometric mixture of MgO and pre-synthesized 

MgFe2O4. The MgFe2O4 was synthesized following a procedure modified from 
that outlined in Levy et al. (2004) using sintered MgO and Fe2O3. A stoichiometric 
mixture of MgO and Fe2O3 was pressed into pellets and held at 1000 qC for 40 h in a 
muffle furnace (at 1 atm). The pellets were then reground, repressed into pellets and 
sintered at 1000 qC for 24 h. In a final step, the furnace temperature was lowered 
progressively to 950 qC and held for 24 h, followed by further sintering at 900 qC 
for another 24 h. The sample was then removed from the furnace and allowed to 
cool to room temperature. The resulting material was a fine light red brown powder. 
Analysis by X-ray powder diffraction using a Philips X’Pert PRO diffractometer 
with monochromatic CoKD1 radiation and an internal Si standard revealed only 
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