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Monoclinic nearly stoichiometric wüstite at low temperatures
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ABSTRACT
The crystallographic and magnetic structures of Fe0.99O at 10 K have been determined by highresolution neutron powder diffraction. Fe0.99O is found to be monoclinic, space group C2/m, with
unit-cell dimensions a = 5.2615(1), b = 3.0334(1), c = 3.0602 (1) Å, and b = 124.649(2)∞. The Fe-O
distances in the distorted FeO6 octahedron are 2.154 Å ¥ 4 and 2.165 Å ¥ 2. The magnetic unit cell
is obtained by doubling one of the crystallographic axes, a (magn) = am, b (magn) = bm, and c (magn)
= 2cm. The refined magnetic components at 8 K are Mx = 2.7(1) mB, My = –0.9(2) mB, and Mz =
4.77(2) mB, with resultant M = 4.03(2) mB.

INTRODUCTION
Wüstite is antiferromagnetically ordered at temperatures
below about 195 K. The magnetic order-disorder transition
changes character with composition of Fe1–xO and becomes
strongly cooperative for nearly stoichiometric FeO (Stølen et
al. 1996). The magnetic structure of Fe1–xO has been studied
by neutron diffraction methods. The spins of the Fe2+ ions are
antiferromagnetically ordered within (111) and the main magnetic component is along [111]. However, in addition to this
parallel component (3.8 mb for Fe0.99O), a smaller perpendicular component is observed (1.3 mb for Fe0.99O) (Fjellvåg et al.
1996). The ordered moment is significantly lower in iron-reduced samples (Shull et al. 1951; Roth 1960; Battle and
Cheetham 1979). In these, the introduction of Fe3+ atoms at
tetrahedral sites gives rise to small magnetic clusters where the
closest Fe neighbors are arranged antiferromagntically relative
to the Fe3+ atoms. However, these clusters are disordered and
do not contribute to the ordered moment (Battle and Cheetham
1979). The antiferromagnetic ordering is accompanied by a
symmetry reduction. The paramagnetic phase has an NaCl-type
–
structure (space group Fm3m), whereas the low temperature
phase is reported to be rhombohedrally distorted (space group
–
R3). The degree of distortion (deviation of a from 60∞) appears to increase with increasing Fe content (Toombs and
Rooksby 1950; Willis and Rooksby 1953).
The present high-resolution powder neutron diffraction
study of Fe0.99O at low temperatures is intended to contribute
to a correct crystallographic understanding of magnetically
ordered wüstite and was initiated on the basis of problems with
Rietveld refinement of high-pressure X-ray diffraction data for
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the intermediate-pressure phase of FeO. It has long been assumed that the magnetically ordered low-temperature phase is
stabilized by pressure and that this is the phase that becomes
stable at ambient temperature at around 16 GPa. The magnetic
symmetry that results from published descriptions indicates a
lower than rhombohedral symmetry. It is interesting to note
that monoclinic descriptions have been advanced for CoO where
the magnetic structure also has significant parallel and perpendicular components (Daniel and Cracknell 1969).

EXPERIMENTAL METHODS
Two samples were synthesized and studied. The preparation of sample 1 was described previously (Grønvold et al. 1993;
Stølen et al. 1995, 1996). The sample was prepared by careful
disproportionation of a non-stoichiometric wüstite with composition Fe0.937O in a step-wise heated adiabatic calorimeter.
This instrument allows us to monitor the extent of reaction
through detection of the reaction heat flow. Sample 2 was prepared similarly by annealing the sample at 500 K for 6 h (Stølen
et al. 1995). While the first method allows us to prepare a sample
rich in Fe0.99O, the second approach gave us a less ideal sample
with a much smaller fraction of Fe0.99O.
Powder neutron diffraction data for sample 1 were collected
at 10 and 298 K at the High Flux Beam Reactor at Brookhaven
National Laboratory, New York, with the high-resolution neutron powder diffractometer H1A. Monochromatic neutrons with
wavelength 1.8857 Å were obtained from a focusing Ge(511)
monochromator. Sixty-four 3He detectors allowed data collection from 2q = 10 to 155∞ in steps of D2q = 0.05∞. Similarly,
data for sample 2 were collected at 8 K with the high-resolution PUS diffractometer at the JEEP II reactor, Kjeller, Norway. A Displex cooling machine was used and the sample was
placed in a 5 mm cylindrical V can. Neutrons of wavelength

