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Abstract

We report results from high-pressure single-crystal X‑ray diffraction and Mössbauer absorp-
tion experiments on magnetite. Based on high-quality diffraction data, we have obtained accurate 
information on the crystal structure of magnetite below 25 GPa, which enables an unambiguous 
interpretation of the Mössbauer data using constrained area ratios and a full transmission integral fit 
that avoids area distortion due to thickness effects. Based on our analysis, all aspects of the electronic 
and magnetic properties of magnetite reported previously below 25 GPa at ambient temperature can 
be explained solely by the enhanced delocalization of 3d electrons of iron atoms. For instance, we 
present evidence that the compression-induced metallization changes the sign of the charge carrier 
spin polarization at 15 GPa. 
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Introduction

Magnetite is one of the most fascinating and important iron-
containing minerals. In nature, simple life forms such as bacteria 
and more evolved species such as birds use magnetite crystals as 
magneto receptors to orient themselves in the Earth’s magnetic 
field (Gould 2008). Magnetite is also widely used commercially 
as a pigment for paints and in construction as an aggregate for 
high-density concrete, as well as in many other forms for diverse 
purposes (e.g., Hiergeist et al. 1999; Mayo et al. 2006). Away 
from ambient conditions, extreme temperatures or pressures have 
revealed the complex physics of this material.

The crystal structure of magnetite is an inverse spinel type 
with tetrahedral (T) sites occupied by Fe3+ and octahedral (O) 
sites occupied by both Fe2+ and Fe3+. The antiferromagnetic ex-
change between T- and O-sites align magnetic moments of iron 
along the [111] direction. Electron hopping between octahedra 
occupied by iron ions in different valence states determines the 
transport properties of magnetite. Magnetite is a half metal at 
ambient conditions with high polarization of charge carriers 
(Dedkov et al. 2002). The application of moderate pressures 
(<25 GPa) induces profound changes to its electronic properties 
(Morris and Williams 1997), leaving the crystal structure almost 
unaffected (Haavik et al. 2000), although some peculiarities 
were reported in a powder X‑ray diffraction study (Rozenberg 
et al. 2007). It is worth noting here, however, that powder X‑ray 

diffraction analysis at high pressure of subtle features such as 
element coordination can give ambiguous and sometimes unre-
alistic results. This is mostly due to the small amount of sample 
that limits the signal quality, the limited resolution and 2θ range, 
as well as evolution of texture effects arising from uniaxial 
stress. Based on existing information of the crystal structure 
of magnetite below 25 GPa, two possible scenarios have been 
heavily discussed in the literature to explain the high-pressure 
behavior of magnetite.

The first hypothesis is a transition from the inverse type 
(IT) of spinel to the normal type (NT) at pressures 10–20 GPa 
(Rozenberg et al. 2007; Pasternak et al. 2003). Analysis of pow-
der X‑ray diffraction data suggested a pressure-induced anomaly 
of the unit-cell oxygen coordinate (u), indicating a decrease of the 
relative volumes of O-sites (VO/Vcell) and an increase for T-sites 
(VT/Vcell). The reported effect was extremely large: on average 
there was a ~10% volume change of O- and T-sites, which was 
interpreted to indicate that the large Fe2+ ion changed its position 
from the O- to the T-site due to a compression induced redistribu-
tion of electronic charge.

The second hypothesis is a spin state transition of Fe2+ (O-
sites) from high spin (HS) to intermediate spin (IS) (Ding et 
al. 2008). Combined X‑ray magnetic circular dichroism and 
X‑ray emission spectroscopy studies revealed a reduction of 
the net magnetic moment of magnetite. It was proposed that the 
competition between the crystal field splitting, Hund exchange 
integral and covalence effects induced the change of spin state.
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