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Report:

Studies of the pressure-induced phenomena in magnetite FesOs4, the oldest known magnetic material,
have a long and controversial history [1-7]. At ambient pressure, the crystal structure of magnetite is of the
inverse spinel type with tetrahedral sites (T-) occupied by Fe®* and octahedral sites (O-) occupied both by
Fe?* and Fe®". The antiferromagnetic exchange between the T- and O-sites aligns magnetic moments of iron
along the [111] direction. At P ~ 20 GPa, a reconstructive phase transition to a high pressure polymorph, of
the CaTi20a structural type, occurs [3, and refs. therein]. In addition, at P ~ 15-20 GPa, anomalous behaviour
of the magnetic and electronic properties was established by several techniques including Mdssbauer
spectroscopy [4], combined X-ray magnetic circular dichroism and X-ray emission spectroscopy study [5].
The nature of these anomalies remains controversial. Possible scenarios include the inverse to normal spinel
type transition [4,7], high spin to intermediate spin transition (HS-1S) in the octahedral sites occupied by Fe?*
[6], the enhanced delocalization of 3d electrons of iron atoms [7].

The important information clarifying nature of the magnetic and electronic states of Fe ions in
different oxygen coordination in Fe3Os and their evolution across the structural and magnetic anomalies
region the can be obtained from high pressure — low temperature Moessbauer experiments. We should note
that at present time no systematic Moessbauer studies of Fe3O4 at high pressure and low temperature were
performed. Most of previous measurements were performed at ambient or elevated temperatures [2,4] and
only scarce data sets at pressures P ~ 35 GPa well above the region of interest and few temperature points are
available [8]. In order to provide a detailed insight into the microscopic mechanisms of the magnetic
anomalies observed in FesO4, we performed high pressure — low temperature synchrotron Moessbauer
experiments at ID-18 in the pressure range 0-40 GPa and temperature range 10-300 K.

The representative synchrotron Moessbauer spectra of FesOs measured at P = 28 GPa and
temperatures of 100 and 290 K are shown in Fig. 2. At low temperatures, they can be fitted by two sextets
corresponding to the Fe ions in the tetrahedral and octahedral sites of the spinel structure. The typical values
of the isomer shifts are 0.35 and 0.73 mm/s, hyperfine fields 48.4 and 48.0 T, quadrupole splittings -0.04 and
0.02 mm/s (T = 100 K). At elevated temperature T = 290 K, a broadening of the spectral lines and appearance



of the central line is detected. This observation corresponds to a phase transition to the orthorhombic high
pressure phase with smaller magnetic ordering temperature and hyperfine fields, and larger quadrupole
splittings for the two Fe ions sites (trigonal prismatic and octahedral), accompanying by a gradual spin
crossover of the Fe?* ions in octahedral sites from the high spin HS (S = 2) to the low spin LS (S = 0) state.
Both cubic spinel and orthorhombic phases coexist at this temperature. At higher pressure, the temperature
region of the orthorhombic phase stability is shifted to lower temperatures, while the spin crossover occurs
only around the ambient temperature in the studied pressure range up to 40 GPa. The detailed data analysis is
in progress.

Figure 1. The representative
synchrotron Moessbauer spectra of
Fes04, measured at P = 28 GPa and
T =100K (a) and 290 K (b).
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