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FIGURE 3. Observed (crosses) and calculated (solid line) X-ray
diffraction pattern for the orthorhombic high-pressure phase of Fe;O, at
23.96 GPa and 823 K. The experimental data were collected with
wavelength of 0.4253 A. Tick marks for NaCl (B2), NaCl (B1), and the
high-pressure Fe;0, phase are shown in decending order below the pattern.
The difference curve is shown at the bottom. The refinement is based on
the space group Pbcm with cell parameters, a = 2.7992(3) A b=
9.4097(15) A, and ¢ = 9.4832(9) A.

refinement results for the orthorhombic high-pressure phase of
Fe;0,, using the program package GSAS (Larson and Von Dreele
1986). Both B1 and B2 structures of NaCl were observed at this
pressure-temperature condition. The refined unit-cell parameters
for B1 and B2 are 4.9696(9) A and 3.0879(8) A, respectively. The
structure refinement parameters for the high-pressure phase of
Fe;0, are listed in Table 1. The refinement yielded a good agree-
ment between the observed and calculated X-ray diffraction pat-
terns.

The CaMn,O,-type structure, closely related to the CaFe,O,-
type structure and a distortion of the more symmetrical CaTi,O;,-
type, is one of the densest AB,O, structures. The trivalent ions
occupy the octahedral sites while the divalent ions occupy the
eightfold-coordinated site. Reid and Ringwood (1969) observed
that Mn;0, and CaAl,O, transform to the CaMn,O,-type and the
CaFe,0,-type structure, respectively, at about 10 GPa. Recent high-
pressure experiments showed that MgAl,O, spinel also transforms
to the CaFe,O,-type structure at about 25 GPa (Irifune et al. 1991).
It is not surprising that Fe;O, takes the CaMn,O,-type structure at
high pressure, forming a dense high-pressure phase. The high-
pressure CaMn,0,-type Fe;0, is about 6.5% more dense than the
spinel form at 24 GPa. The structure refinements indicated that
the octahedral and the eightfold-coordinated sites, occupied by
the Fe** and the Fe®* ions, respectively, are rather distorted. The
Fe**-O* bond lengths for the octahedral sites and the Fe**-O* bond
lengths for the eightfold-coordinated sites at 24 GPa range from
1.715 t0 2.589 A and from 1.775 to 2.719 A, respectively (Table
1). The average Fe**-O* bond length for the sixfold-coordinated
site at 24 GPa is about 1.99 A, slightly smaller than the 1-atm
value of 2.06 A because of the pressure effect. The shortest Fe*-
O?% bond length for the eightfold-coordinated site is about 1.775
A, which appears to be unusually small. However, the average
Fe>-O% bond length (2.288 A) is consistent with the expected
value for the eightfold-coordinated site at high pressure (cf. the

TasLe 1. Refined unit-cell and atomic positional parameters and se-
lected interatomic distances éAéfor the high-pressure phase
of Fe;0O,4 at 23.96 GPa and 823 K.

Atom Index X y 2.

Fe? 4d 0.724(6) 0.3757(5) 0.25

Fed 8e 0.246(4) 0.1107(4) 0.0879(4)

0z 4c 0.506(5) 0.25 0

oz 4d 0.180(9) 0.2447(19) 0.25

oz 8e 0.296(11)  0.4899(13) 0.0980(15)

Bond distances

Fe*—02 1.775(12) x1  Fe®*—O1 1.715(12) x1

Fe*—02 1.959(14) x1  Fe*—03 1.716(25) x1

Fe2*—03 2.159(25)x2 Fe*—03 1.899(29) x1

Fe>*—03 2.409(21) x2 Fe*—02  1.997(5) x1

Fe*—01 2.718(12) x2 Fe*—03 2.006(14) x1

Fe?— Fe>*  2.7992(3) Fe*—01 2.589(12) x1

Fe**— Fe** 2.7992(3)

Fe?*— Fe®  2.695(5)

Notes: The final discrepancy indices (Larson and Von Dreele 1986) are R,,
= 0.019, R, = 0.013, R(F) = 0.17, and reduced %2 = 9.4. Space group:
Pbem; Z=4, a=2.7992(3) A, b=9.4097(15) A, and ¢ = 9.4832(9) A.

value of 2.310 A at 1 atm). Increasing the shortest Fe?*-O> bond
length to 1.98 A would lead to the average bond length of 2.378
A, unreasonably larger than the 1-atm value for the eightfold-co-
ordinated site.

The structure determination of the high-pressure Fe,O, phase
will allow us to understand the magnetic and electrical properties
of Fe;0, at high pressures. The observed two quadrupole doublets
for the high-pressure Fe;O, phase by Mossbauer measurements
(Mao et al. 1977, Pasternak et al. 1994) are consistent with the
current structure assignment in which the Fe*" and the Fe** ions
occupy two distinct crystallographic sites. The orthorhombic high-
pressure phase is not magnetically ordered on the basis of
Maossbauer measurements (Mao et al. 1977, Pasternak et al. 1994)
whereas magnetite is the best known example of ferrimagnetic
materials. The electrical resistivity measurements of Fe;O, at high
pressures (Morris and Williams 1997) showed that the high-pres-
sure phase is not metallic, consistent with the atomic bond dis-
tances determined here. Thus the magnetic transition in Fe;O,,
corresponding with the structural transformation, is best described
by the change from the ferrimagnetic to the paramegnetic state
(Mao et al. 1977).
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