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Report:

G. Kh. Rozenberg, L. S. Dubrovinsky, M. P. Pasternak, O. Naaman, T.LeBihan, and
R. Ahuja, High Pressure Structural Studies of Hematite (Fe,O3), submitted to Phys.
Rev. B

ABSTRACT
Structural studies and full-profile refinement of the high-pressure phases of hematite (Fe,O3)
were carried out to 76 GPa using X-ray synchrotron powder diffraction. It was found that
pressure induces a progressive distortion of the corundum-like hematite structure (HP1)
culminating into a structural phase transition (HP2) at ~50 GPa. At first sight the powder
diffraction data obtained for HP2 could be equally explained in terms of either an
orthorhombic perovskite or a Rh,O5(II)-type structure but recent Mossbauer spectroscopy
results, comparative analysis of the O-O bond length for both structures, and ab initio
calculations allowed for the unambiguous assignment of the HP2 phase to the Rh,O;(II)-type

structure. As a result of the phase transition the following changes are observed: i) a



substantial decrease in the Fe-O distances with a slight increase in Fe-Fe distances which led
to a reduced cell-volume, ii) a diminution of the Fe-O-Fe bond distortion, and, iii) reduction
in the distortion of the FeOg4 octahedron. The structural transition coincides with a previously
reported insulator-metal transition due to a Mott transition. It is suggested that the unusual
volume reduction of 10% is accounted by the combined crystallographic and electronic
(Mott) phase transition, the latter resulting into a substantial reduction in the ionic radii due

to electron delocalization. The mechanism of the combined transition is discussed.

W. M. Xu, O. Naaman, G. Kh. Rozenberg, M. P. Pasternak, and R. D. Taylor, Pressure-
Induced Breakdown of a Correlated System; the Progressive Collapse of the Mott-
Hubbard State in RFeO3, submitted to Phys. Rev. B

Abstract

Maossbauer spectroscopy (MS), Resistance, and XRD methods and using diamond anvil cells
were combined to study the pressure-induced breakdown of the correlated perovskite
systems RFe’“O; (R=La, Pr). Following a 3% volume contraction at ~30 GPa in both oxides,
an orthorhombic — tetragonal transformation is observed for the LaFeO; whereas the high
pressure (HP) Pr oxide remains orthorhombic. The EOS of both HP and low-pressure (LP)
phases were determined from which it was concluded that the compressibility of the LaFeO;
HP phase is considerably larger than that of PrFeO;. The HP phases at P < 60 GPa are
characterized by the coexistence with equal abundance of high-spin (S= 5/2) and low spin (S
= 1/2) sublattices of Fe’" moments. With pressure increase a gradual high to low-spin
transition is observed, fully converting to a S=1/2 state at ~60 and ~70 GPa for the La and Pr
cases, respectively. For PrFeO;up to 90 GPa, the highest pressure reached with MS, and for
LaFeO; between 70 -120 GPa a magnetic spin relaxation spectra prevail suggesting that a
magnetic exchange regime is still present, coinciding with a drastic decrease in the
resistance. The presence of paramagnetic relaxation between 120 - 170 GPa in LaFeO;
concur with the onset of a “metal with moments” as evidenced by R(P,T) studies. Detailed

analysis of the magnetic interactions is presented.
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