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Crystallograhic and Magnetic Properties of Fe1−xNixGa2O4
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We report the crystallographic and magnetic effects on inverse spinel Fe1−xNixGa2O4 (0.0 ≤
x ≤ 0.9) due to doped Ni cations. The crystalline structures of Fe1−xNixGa2O4 (0.0 ≤ x ≤ 0.9)
were examined by using a Philips X’Pert diffractometer with a Cu Kα radiation (λ = 1.5406
Å) source and analyzed with the Rietveld refinement method. The crystal structures were found
to be inverse spinel with space group Fd-3m. From the Rietveld analysis, with increasing Ni
concentration, the ratio of magnetic Fe2+ cations, compared to the total number of Fe2+ cations on
A-site (tetrahedron) decreased from 43 to 7%, and that on B-site (octahedron) increased from 57
to 93%. The lattice constants a0, and bond length dGa3+−Fe2+[Ni2+] on A-site and B-site decreased
linearly with increasing Ni concentration. From the temperature dependence of susceptibility χ in
zero-field-cooled and field-cooled magnetization under 400 Oe, with increasing Ni concentration,
the sample showed a decrease in the freezing temperature Tf . Mössbauer spectra of all samples at
room temperature showed 2-sets (A-site, and B-site) with large electric quadrupole splitting. The
Mössbauer absorption area ratio of A-site decreased, while that of B-site increased with increasing
Ni concentration, which is accord with the Rietveld refinement analysis of the XRD results.
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I. INTRODUCTION

Recently, AGa2S4 (A = Mn, Ni, Fe, Co, Zn), Me4B
(B = P, As), Fe2OBO3, and AB2O4 materials have been
investigated because of their quantum mechanical char-
acteristics, such as its exhibiting spin-frustration, its be-
ing a spin-glass, its having incommensurate short-range
order, and its being a quantum spin liquid due to spin-
disorder at low temperatures [1–11]. Especially, the an-
tiferromagnetic material FeGa2O4, which is a spin-glass
system, has been used for its freezing behavior at low
temperatures [12–14]. FeGa2O4 has exhibited a super-
paramagnetic effect, atomic short-range-order, and in-
commensurate spin structure, despite the strong anti-
ferromagnetic bonds at low temperatures. Again, inter-
estingly, FeGa2O4 has been reported to be inverse cu-
bic spinel [Fe0.05Ga0.95][Fe0.95Ga1.05]O4, in which Fe3+

occupies on A-site (tetrahedron) and Fe2+ occupies on
B-site (octahedron) [15,16]. However, FeGa2O4 has also
been observed to be inverse spinel that has A, and B sites
with Fe2+ cations of FeGa2O4 [14]. Therefore, an in-
vestigation of crystallographic structure from quantum-
mechanical aspects is important.

In this paper, we present effects of Ni-cations doping
on the crystallographic properties on Fe1−xNixGa2O4
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(0.0 ≤ x ≤ 0.9) by using a Rietveld refinement of the
X-ray diffraction patterns and a Mössbauer analysis at
room temperature. Also, in this research, we investi-
gated the magnetic properties to find evidence for spin-
glass behaviors at low temperature from superconducting
quantum interference device (SQUID) magnetometer.

II. EXPERIMENTS

The polycrystalline samples of FeGa2O4 doped with
Ni-cations were synthesized by using a standard
solid-state reaction method. Mixed powders of Fe
(99.99%), Fe2O3 (99.995%), Ni2O3 (99.995%), and
Ga2O3 (99.99%) were ground and pressed into pellets.
After these samples had been annealed at 1000 ◦C (x
= 0.0), 1050 ◦C (x = 0.1, 0.3), and 1100 ◦C (x = 0.5,
0.7, 0.9) for 2 days, they were slowly cooled to room
temperature in evacuated quartz ampoules with nitro-
gen gas for 6 days. The crystalline structures of samples
were examined by using a Philips X’Pert diffractome-
ter with Cu Kα radiation (λ = 1.5406 Å) source and
an analysis with a Rietveld refinement. The magnetic
property for spin-freezing was measured with a super-
conducting quantum-interference device (SQUID) mag-
netometer. The Mössbauer spectra were recorded using a
conventional spectrometer of the electromechanical type
with a 57Co source in a rhodium matrix.
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