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Absence of long-range magnetic order to 20 GPa
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Neutron diffraction measurements have been performed on polycrystallingOFgviistite) up to

20.3 GPa using a large-volume moissanite anvil cell at room temperature to examine the existence
of long-range magnetic ordering in the high-pressure rhombohedral phase of the material. This
investigation is crucial for understanding the nature of high-pressure phase transitions,®. Fe

Low temperature ambient pressure neutron diffraction measurements on the same sample were also
conducted at 190, 180, and 85 K to compare with the high-pressure results. Magnetic peaks are
expected to be observed under pressure similar to those at 180 K at ambient pressure. However, no
magnetic peaks were evident in the high-pressure diffraction pafter29.3 GPa at 300 K The
absence of magnetic peaks indicates the absence of long-range magnetic orgegfruRder these
conditions. This result indicates the need to reconsider the interpretation of high-pressure Mdssbauer
studies and the mechanism of the high-pressure phase transitions_y© F@® 2005 American
Institute of Physics[DOI: 10.1063/1.1852075

The study of highly correlated transition-metal oxides is1/2 and 3/2, 3/2, 1/2, respectively, in the low-temperature
a fundamentally important topic in diverse fields rangingambient pressure neutron powder experiments. Accompanied
from condensed-matter physics and chemistry to eartly magnetic ordering below,, the cubic cell distorts on
science:? The properties of these compounds are complicooling into a rhombohedral cell due to magnetostri&ion
cated by the interactions of charge, spin, lattice, orbital mo{see the structural models in Fig).10n the other hand,
ment, and defects in the system. A combination of manyunder pressure, the material transforms from a cubic cell into
techniques is required to investigate the interactions. Witta rhombohedral cell at 15 GPa.
the availability of new high-pressure techniqﬁ‘éand third- Okamotoet al® reported the pressure dependence of the
generation high-intensity neutron scattering facilities, largeNéel temperature of FgO to bedTy/dP=6.5 K/GPa, and
volume high-pressure neutron scattering provides a way t®aughan and Drickam@observed magnetic dipole splitting
study how the interactions evolve with pressure, informatiorin their high-pressure Mdssbauer experiments near 14 GPa at
crucial for understanding transition-metal oxide systems300 K. Later, Yagiet al® proposed that the transition at
Nonstoichiometric Fg,O (wistite, a rocksalt-structured, 15 GPa(300 K) that was found in their experiments was also
antiferromagnetic, charge-transfer type insulator withat ~ a magnetic ordering transition, based not only on the simi-
198 K, is usually considered to be a prototype compound idarity of cell distortion between the high-pressure, room-
this group. The magnetic structure of E® below Ty de-  temperature, and ambient pressure, low-temperature transi-
termined by neutron powder diffraction indicates that the Feions, but also because the pressure dependence of the Néel
spins align ferromagnetically with a gived11l plane, but temperature gives$y 300 K at 15 GPa. Later, high-pressure
the planes are stacked antiferromagnetically along1i4) Mossbauer studiésconfirmed the magnetic splitting of FeO
direction. The magnetic spin lattice is twice that of the Feabove 15 GPa, which was also attributed to magnetic order-
nuclear lattice, and the two observed magnetic peaks are inRg. Consequently, the conjecture of Ref. 10 has been gener-
dexed by cubic symmetry as superlattice reflections 3/2, 1/2lly accepted as corrett™ Despite this agreement, the

long-range magnetic subsystem of ;E® at low-

JAuthor to whom correspondence should be addressed; current addrestse:mperatu,re amblent presﬂjre has been determ,med py the
HPCAT, Bld. 434E, Advanced Photon Source Argonne National Labora-N€utron diffraction methoft,* whereas the magnetic lattice
tory, Argonne, IL 60439-4803; electronic mail: yding@hpcat.aps.anl.gov predicted at high-pressure 300 K has never been confirmed.
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Since Mdossbauer spectroscopy probes the average local 20- ; 1
structure in the vicinity of the Fe ion, it cannot be used to

. . . ' a=2.9280(23) A ‘ (c)
unambiguously prove the existence of a long-range magnetic kS c=7.188(11) A ! .
lattice if the sample contains ferric ion clusters and impuri- E P=20.3 GPa
ties (e.g., a magnetite componght ' We have carried out 2 o3 Fe |

2

neutron powder diffraction with a moissanite anvil cell e A i1
(MAC) to investigate Fg,O to 20.3 G_Pa to investigate Fhe_ 2 wij%éw%#( Vb i s
predicted long-range magnetic ordering at 15 GPa, which is e ‘
crucial for understanding the nature of the transition in 08 10 12 14 16 18 20 22 24 26 2%
Fe,_,O at room temperature. The measurements represent the Prspacing
highest pressure achieved or-@ mn? sample volume for FIG. 2. Neutron diffraction patFerr(svith background removedollected at
high-pressure neutron experiments with a MAC. In cont.rasﬁr'f;esrj:;‘:Lzsiglrsz‘)tesdngtf;’é?frlsrf F?;_a’lg_”dc) 203 GPa. The solid
to spectroscopic techniques, diffraction can provide direct
information on the periodicity of the nuclei and magnetic
lattice. the sample was determined from its equation of stg@S

The Fg_,O sample was prepared by cold-pressingby using the measured lattice parameters. The EOS of the
reagent-grade hematit€e,O,) into centimeter-sized pellets. powder sample was determined separately under hydrostatic
The hematite pellets were held fer24 h at 1200 °C and conditions(using helium as a pressure medjuwith a dia-
10-11 barsfo, in a CO/CQ gas-mixing furnace. The for- mond anvil cell using synchrotron radiation at HPCAT Sec-
mation of magnetite on cooling was avoided by drop quenchtor 16, Advanced Photon Sour¢APS), Argonne National
ing the sample into a separate container with the same gdsaboratory. The low-temperature ambient pressure powder
mixture. The cell parametex of the FeO was measured by diffraction was measured at high intensity powder diffraction
x-ray diffraction to be 4.302622) A, corresponding to (HIPD) at Intensive Pulse Neutron Sour®NS), Argonne
FQ)_%O.18 The details of MAC and experimental setup areNational Laboratory to compare with the high-pressure re-
reported elsewherePressures were generated between twesults, and a small amount of Fe was added to the sample in
gem-quality single crystal moissanite anvils with 6 mm cu-order to simulate the diffraction patterns of Fe from the
lets. A 2 mm hole was drilled in a 2 mm thick Ti/Zr com- MAC and press. The data were collected at temperatures of
posite gasket into which about 12 mmof polycrystalline 190, 180, and 85 K using detectors at a diffraction angle of
wistite Fg o4O was placed(the final sample volume was 90°; the exposure time at each temperature was about 3 h.
about 4.4 mrh after compression to 20.3 GPa A fit of a third order Birch—-Murnaghan EOS to the

The high-pressure neutron experiments were performegressure-volume data is shown in Fig. 1. The peak splitting
at the High Pressure Preferred Orientation Diffractometeof 111 and 220 are observed after 19.6 GPa, but noticeable
(HIPPO beam-line of Los Alamos Neutron Science Centerpeak broadening of 220 can be observed after 14.5 GPa. The
(LANSCE), Los Alamos National Laboratory. The incident initial broadening of the 220 peak is regarded as the onset of
unpolarized thermal neutrons pass into the press and throughe phase transition, and the transition appears nearly com-
one of the single-crystal moissanite anvils to the samplelete by 19.6 GPa. The isothermal bulk moduksand its
along the unique axis of the cell. At each pressure, the dataressure derivativK, that were obtained from the fit are
were collected for 8 h and the diffraction patterns were ob-158.22.7) GPa and 2.M.4), respectively.
tained by integrating the intensities from detectors mounted The measured neutron diffraction patterns collected at
at diffraction angles of 90°. Though great effort was made tadifferent pressures and different temperatures, together with
shield the diffraction from the MAC and press, Fe diffraction the calculated patterns are displayed in Figs. 2 and 3. Since
from the cell and press was still recorded in experiment whetthe pressure was estimated for nonhydrostatic conditions by
the pressures were applied. The collected intensitg versussing EOS from hydrostatic conditions, the pressure might
converted to intensity vs. d-spacing fesasrefinement’ In be underestimated. Notably, the 111, 311, and 420 peaks
order to simplify the experiments and be able to clearlyare broadened dramatically in the pattern collected at
record any peaks that may appear under pressure, no press@@3 GPa, similar to the synchrotron data at 19.6 GPa. The

sensor was used in the sample chamber and the pressurengutron patterns at 8.2 GPa and 13.0 GPa can be indexed
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clusters change. Since Mdssbauer spectroscopy probes the
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(a) 200 T T=85K

2015 L © P=1 bar averaged local electric and magnetic environment of Fe nu-
£ 010 { clei, the results cannot be used to infer the existence of a
foos T uniform, long-range magnetic order if the structure contains
Z oo __wlffv v ‘ ~ i i magnetic defect clusters and impurities. The magnetic dipole
e - splitting observed in the high-pressure Modssbauer results
(b) ‘ (d) T=300K . A ;
020 ‘ therefore do not necessarily provide information on long-

range magnetic ordering but instead may probe magnetic and
quadrupole interaction originating from defect clusters or im-
purities. The absence of the long-range magnetic lattice in
1819 2.0 :2:1.°2:2°2:37:2.4°2:572:6: 2.7 11.8 l..9 20 2.1 2‘.2 23 2..4 25 2.6 2..7 Fel_xo at th_ese hlgh pressures Shou'q SuggeSt the need to
FIG. 3. Comparison of neutron diffraction patter(fsom 1.8 to 2.7 A qulfy previously reporte(P_-T phf’ise diagrams of the.ma-
collected at(a) 190 K ambient pressurdb) 180 K ambient pressurdp)  terial, as well as a reconsideration of magnetoelastic cou-
85 K ambient pressure; ard) from 20.3 GPa 300 K. The solid lines rep- pling between phonons and the magnetic subsystem of FeO
resent that calculated patterns from GSAS without magnetic ordering. M1as the driving force for the 15 GPa phase transitibhe
magnetic peak which has halfspacing of nuclear peak 6811 and canbe  contribution to the softening of the elastic modulus element
Ir?ucelézr paésak o{é31) :and <’:an Be inc?exed aps 3/2,3/2,1/2. The c?bser\?ation 0fC44 Of_ Fe_l‘XQ under pressure from the changing geometry
magnetic superlattice peaks is compatible with previous experiments. ~ and distribution of the defect clusters should be considered
along with the magnetic coupling between the defect clusters
and FeO lattice at high pressure. Thus, how the magnetic
with a cubic cell, whereas the pattern at 20.3 GPa is besdefect clusters affect the high-pressure phase transition is an
indexed as rhombohedrét/a=2.455, though it is close to interesting and continuing problem to be investigated with
cubic symmetry(c/a=2.450. The R,, and R, values for  the new technique presented here.
using rhombohedral and cubic symmetries fitted to the ex- The authors thank M. Phillips for help with the manu-
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