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c. The Catastrophic Destiny of Magnetism in Matter at Very High Pressures

M. P. Pastemakl’2 and R. D. Taylor2
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2MST-10, MS-K764, Los Alamos National Laboratory, Los Alarnos, New Mexico 87545 USA

1. Introduction.

Because of the strong electron correlation within the

d-bands the majority of transition-metal oxides and

halides are insulators and carry magnetic moments
localized at the TM cations. Those two features are in-
timately interrelated and can be qualitatively rational-

ized within the Mott-Hubbard model framework [1] The
configurations of the moments are governed by Hund’s
rules, favoring in general the high-spin HS state in
which the Coulomb repulsion is the lowest.

With the advent of diamond anvils cells (DAC) and

the continued progress of high-pressure ‘7Fe Mossbauer
spectroscope y (HP-MS) using select radioactive sources,
studies to 200 GPa can now be achieved. With such a
pressure range, corresponding to energy densities of a
few eV/~, we are able to address elementary phenomena
in magnetism and basic concepts of band-structure in
the highly correlated Mott-insulators. In this talk and
subsequent paper we focus in the following subjects:

. Methodology of HP-MS, particularly of 5TFe, using
conventional point sources and miniature DACS.

. Fundamentals of the Mott-Hubbard system,

. The metal-insulator transition and collapse of mag-
netism.

. The breakdown of Hund’s rules in the regime of
very high-density of matter.

It will be shown that HP-MS 57Fe using point sources
can be used beyond 200 GPa and down to cryogenic
temperatures. The unusually large absorption cross-

section o of the 57Fe Mossbauer effect, about nine-
orders of magnitude larger than that of neutrons or X-
rays, makes this spectroscopical tool the only one avail-
able today for investigating magnetic/electronic proper-

ties at pressures in the Mbar range [2]. Combining this
method with X-ray diffraction (XRD) studied with Syn-
chrotrons radiation and Resistance measurements, we are
able to follow in a controlled and accurate way the fol-
lowing basic phenomena: i) the effect of structural
phase transition on magnetic properties, ii) the influence
of pressure on the magnetic-ordering temperature, iii)
pressure-induced high-spin to low-spin transition in fer-
rous and ferric oxides and halides, and iv) the charac-
terization of moments in the vicinity of the complete
metallization conditions of the Mott insulator.

2. Experimental. Mossbauer spectroscopy using
57Co(Rh) point sources has been utterly optimized to
allow data recording of partially isotonically enriched

samples of $ < 100-p.m. Measurements are presently
carried out down to LHe temperatures and pressures up

Mossbauer spectra
of Fez03 recorded
at various pressures
demonstrating the
catastrophic
breakdown of
magnetism at ele-
vated pressures. ~
The non-magnetic, ~
metallic state is m
first appears at - F
50 GPa, and at P > 1-
75 GPa the h40tt =
transition is com-
plete resulting in a
pure non-magnetic
metallic phase.
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to 200 GPa with culets as small as 100-~m in miniature
piston-cylinder DACS. These conceptually new cells
specially developed [3] for achieving very high pres-
sures, simplicity in operation, and miniaturization al-
lows one to reach pressures beyond 1 Mbar at tempera-
tures from cryogenic to 900 K, relatively easily and
rather inexpensively.

3 (a). Spin Crossover in Ferric and Ferrous Oxides.

The cases of FeO (Fe2+), Fe~04 (Fe2+ and Fe3+), and
RFe03 (Fe3+ with R = La, Pr, Eu, and Lu) are discussed
to demonstrate the pressure-induced phenomena of

high-spin -+ low-spin transitions leading eventually to
the catastrophic breakdown of the magnetic state.
Whereas for the case of Fe2+ (Wustite), the lAl~ LS is
diamagnetic, the spin-crossover in Fe3+ results in a par-
amagnetic state with moments about - 1/5 that of the
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d!?%tafe. The spin-crossover mechanism at HP is ex-
plained in terms of a breakdown of Hund’s rules.

(b) The Pressure-Induced Mott Transition in
Hematite. As a result of a first-order phase transition
and a consequent drastic 10% decrease in volume at P -
50 GPa Fe203 undergoes a Mott transition, i.e., an insu-
lator-metal transition accompanied by the loss of the
magnetic moment. Mossbauer spectroscopy, XRD, and
Resistivity are used to fully explain the nature of this
transition.
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