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Mössbauer study of antiferromagnetic CuFeO2
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Abstract

We have studied the magnetic spin structure of antiferromagnetic CuFeO2 by X-ray diffraction (XRD) and Mössbauer spectroscopy.

Its crystal structure determined by XRD analysis was a rhombohedral structure (space group R-3m) and lattice constants a0 and c0 were

3.0333 and 17.1595 Å, respectively. In spite of 4-Fe sublattices in a delafossite CuFeO2, its Mössbauer spectra were analyzed with 1-set

(6-Lorentzian lines) below 10K due to the collinear-commensurate spin structure, but the spectra were fitted with 4-sextet above 10K

due to the incommensurate spin structure. This phenomenon was attributed to the spin–lattice relaxation effect. Magnetic Néel

temperature was also determined at 18K, which corresponded to the high-spin Fe3+ valance state. On the other hand, CuFe0.98Al0.02O2

powder with a noncollinear spin structure was fitted with 4-sextet at 4.2K.
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1. Introduction

Recently, spiral magnets, noncollinear magnets, and
geometrically magnetic frustration system in various
materials such as Ba0.5Sr1.5Zn2Fe12O22, CoCr2O4, MnWO4

have been attracting attention because of the magnetic spin
configurations and multiferroic properties shown in those
materials [1–4]. The spontaneous electric polarization
induced by configuration of magnetic moment that
appeared in those materials was explained by the ‘‘spin
current model’’. The delafossite CuFeO2 basically shows
antiferromagnetic properties and it has been found to have
4-Fe sublattice with a wave vector (q, q, 0) (q ¼ 1

4
) in the

zero magnetic field. Also, its crystal structure is rhombo-
hedral (the space group R-3m), with a layered triangular
lattice [5–8]. In a recent study, the spin structure of single-
crystal CuFeO2 shows collinear commensurate–incommen-
surate transition as a function of temperature and shows
collinear–noncollinear transition as a function of applied
magnetic field and impurity doping [9–12].

In this study, we have investigated magnetic spin
configurations of CuFeO2 powder and 2% Al-doped
CuFeO2 (CuFe0.98Al0.02O2) powder to compare various
magnetic structures using Mössbauer spectroscopy.

2. Experiments

Polycrystalline CuFeO2 powder and CuFe0.98Al0.02O2

powder were successfully fabricated using a solid-state
reaction method. Cu2O powder (99.9%), Fe2O3 powder
(99.9%), and Al2O3 (99.9%) were used as starting
materials. They were mixed in a molar 1.1:1, and then
ground for 2 h. The mixed initial powder was sealed in an
evacuated silica tube and sintered at 1000 1C for 60 h in air.
The as-prepared powder contained a little amount of Cu
metal in single-phase CuFeO2. The Cu metal was dissolved
away with diluted HNO3. The crystal structure was
examined using an X-ray diffractometer (XRD) with
CuKa radiation and was analyzed by the Rietveld
refinement program. Mössbauer spectra were measured at
various ambient temperatures from 4.2 to 295K using a
50mCi 57Co source in an Rh matrix with the spectrometer
working at constant acceleration.
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