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The charge ordering effect in LuFe2O4 powder is investigated with the vibrating sample
magnetometer and Mössbauer spectroscopy. The crystal structure of LuFe2O4 shows the

two-dimensional layered type rhombohedral�R3̄m� structure. The lattice constants are found to be
a0=3.439 Å and c0=25.258 Å by the Rietveld refinement. The Néel temperature �TN� is determined
to be 250 K. The Mössbauer spectra consist of four sextets indicating the magnetic ordering below
TN, where three sets are assumed to be Fe3+ phases and the other is Fe2+ at 4.2 K, and two doublets
splitting in a paramagnetic region. At room temperature, the electric quadrupole splittings ��EQ� of
two doublets are 0.22�0.01 and 0.67�0.01 mm /s, respectively. The isomer shift value of a
doublet with smaller �EQ is 0.18�0.01 mm /s relative to the Fe metal, which is consistent with the
Fe3+ valence state, while the value of a doublet with larger �EQ is 0.83�0.01 mm /s indicating Fe2+

state. The Mössbauer spectra suggest that the observed asymmetry below 370 K is due to the charge
ordering effect between Fe2+ and Fe3. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2838999�

I. INTRODUCTION

Recently, many of theoretical and experimental works
have been focused on two-dimensional antiferromagnets be-
cause of their intriguing magnetic properties due to magnetic
frustration. The mixed valence material LuFe2O4 is a mem-
ber of the RFe2O4 family, where R are rare-earth elements.
The crystal is constructed by a stacking of triangular lattices
of Lu, Fe, and O.1 Especially, an equal amount of Fe2+ and
Fe3+ coexists at the same site in the triangular lattice and this
is believed to be the origin of charge ordering in LuFe2O4.2–4

The spin or charge ordering in LuFe2O4 directly affects the
magnetic features and the ferroelectricity as well. For ex-
ample, Ikeda et al. reported that the effect of spontaneous
polarization was observed in LuFe2O4 by the ordering of the
Fe2+ and Fe3+ ions.5 However, the detailed ordering mecha-
nism is not disclosed yet. Whether the ordering in LuFe2O4

is related with spin structure ordering or charge ordering, it is
still under controversy.

In this paper, we have studied properties of LuFe2O4

powder by the x-ray diffraction �XRD�, the temperature de-
pendence of magnetization curves, and the Mössbauer spec-
troscopy measurements.

II. EXPERIMENT

LuFe2O4 powder was prepared by the solid state reaction
method. Lutetium oxides �Lu2O3� and iron oxides �Fe2O3�
were used as starting materials and heated in air at 1050 and
600 °C for 24 h, respectively. The reagents were mixed in
the ratio of Fe2O3:Lu2O3=2:1, and then reacted at 1200 °C
for 72 h under a mixed gas atmosphere of CO2 and CO. The
crystal structures were determined with XRD using the

Cu K� radiation. The measurements were taken at room tem-
perature with a slow scanning speed 0.02° advance in
2� /min to enhance the resolution. The zero-field cooled
�ZFC� and field cooled �FC� magnetization curves were
taken by using a vibrating sample magnetometer under
100 Oe applied fields. The Mössbauer spectra were taken at
various temperatures ranging from 4.2 to 370 K, using a
constant acceleration Mössbauer spectroscopy with a 50 mCi
57Co in Rh matrix.6

III. RESULTS AND DISCUSSION

Figure 1 shows the result of XRD refinement for
LuFe2O4 powder at room temperature. The diffraction pat-
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FIG. 1. Refined x-ray diffraction patterns of LuFe2O4 powder at 300 K.
Open circles represent the observed patterns; continuous lines represents
calculated and difference �obs-calc� patterns. Tick marks correspond to the
position of the allowed Bragg reflections.
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