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Report:

Maghemite

X-ray magnetic circular dichroism (XMCD)
measurements on Fe K-edge have been
performed on pm-sized maghemite (y-
Fe,O3) powder under high pressure (0 to 60
GPa) using a 200um-diamond anvil cell.
Pressure was measured using ruby
fluorescence. This device alowed us to
study the magnetic behaviour of iron sites
during the phase transition from maghemite
to antiferromagnetic hematite (a-FexOy), | .
reported around 30 GPain ref. [1], and the *
transition to the high pressure phase of
hematite, between 50 and 75 GPa
Mossbauer spectroscopy [2] revealed the
non—magnetic behaviour of this high
pressure phase, and the onset of an
“intermediate phase” during this transition.

XMCD spectra exhibit two peaks from O to

P=3.8 GPa
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Figure 1: Evolution with pressure of the amplitude of the peaks in the XMCD
spectra. Large green dots show the onset of a new type of signal at 57GPa. Inserts
show three typical spectra obtained at various important pressure points.
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ions in maghemite. We observe a slow decrease of magnetization up to 30 GPa, and then an abrupt fall until
complete vanishing at approximately 45 GPa, where hematite is expected to be the unique phase in the sample
(seefigure l).

Further pressure increase brings an unexpected signa in the XMCD spectrum at 57 GPa. Its energy is the
same as that of the negative part of the octahedral feature in lower pressure spectra, and its sign is inverted. It
disappears at 60 GPa, which suggests that the transition ends around that pressure, and that the intermediate
phase of the transition suggested by Pasternak et al. could be the source of this signal. Actually, though it has
to be confirmed and further studied, that signal might be an evidence of a ferromagnetic order in the
intermediate phase between hematite and the high pressure non-magnetic phase of FeOs.

Keeping in mind the strong structure similarity between Fe,O3 and Fe;O4, connections between the results of
this experiment and the one reported just below on magnetite may be established.
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Magnetite

X-ray magnetic circular dichroism (XMCD) measurements on Fe K-edge have been performed on pm-sized
magnetite (FesO4) powder under high pressure (0 to 30 GPa) using a 400pm-diamond anvil cell. Magnetite
crystallizes in the inverse spinel structure in which tetrahedral A sites contain one-third of Fe3+ ions, while
octahedral B sites contain the other Fe ions which are 50% Fe3+ and 50% Fe2+. At a temperature Ty, the
magnetite undergoes a crystallographic transition, the so-called Verwey transition.

The pressure of the insulator-metal

transition reported in ref [3] is different
from the result of Rozenberg and co-
workers [4]. The authors of ref [3] report a
disappearing of the Verwey transition at 8
GPa whereas those of ref [4] report the
Verwey transition up to 16 GPa.

Magnetite XMCD spectra exhibit two
peaks, corresponding respectively to
octahedral and tetrahedral sites of iron ions,
like in maghemite. We observe a decrease of
magnetization with pressure from O to 6
GPa, and then an abrupt jump around 8
GPa. The intensity is then amost constant
until an onset of vanishing at 14 GPa. These
two events seen in the XMCD pressure
dependence of magnetite at 8 and 14 GPa
are probably in close relation with those
described in resistivity measurements in ref.
[3,4]. Change in XMCD amplitude can be

attributed to variation of the 3d iron magnetic moment, or to variation of the exchange interaction of the
excited 4p photoelectron with the 3d bands of neighbouring atoms. Both possibility are due to a modification

Figure 2: Evolution with pressure of the amplitude of the peaks in the XMCD spectra

Two events at 8 and 14 GPa are clearly seen.
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of the overlap between the atomic orbital, which lead also to a change of conductivity.

[3] S Todo et al. J. Appl. Phys. 89, 11 7347 (2001)
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