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Polycrystalline MgCr1.9857Fe0.02O4 compound was synthesized by sol-gel process. The crystal
structure was found to be single-phase cubic spinel with space group of Fd3共−兲m. The lattice
constant a0 and the fractional coordinate 共x兲 of the oxygen were determined to be 8.336 Å and
0.260, respectively. The Cr–Cr linkages in ACr1.9857Fe0.02O4 共A = Mg, Zn兲 have bond lengths of
2.945 and 2.947 Å, respectively. We have observed larger value of Néel temperature 共TN
= 12– 12.5 K兲 in Mg, Zn chromite spinels than those of Cd, Hg-chromite spinel 共TN = 6 – 8 K兲.
Mössbauer spectra of MgCr1.9857Fe0.02O4 were taken from 4.2 to 295 K using a 57Co source in a
rhodium matrix. MgCr1.9857Fe0.02O4 Mössbauer spectra below TN show the line broadening due to
bond frustration. Above the Néel temperature, paramagnetic doublet is observed. The magnetic
properties and Mössbauer results can be explained by the B–B exchange interaction and bond
frustration in MgCr1.9857Fe0.02O4. © 2008 American Institute of Physics. 关DOI: 10.1063/1.2837652兴
I. INTRODUCTION

II. EXPERIMENT

The spinel ACr2X4共A = Mg, Zn, Cd, Hg, X = O , S , Se兲
with various nonmagnetic ions on the A site is antiferromagnet with the highly frustrated pyrochlore lattice.1–6 The topological frustration due to the teterahederal arrangement of the
magnetic cations and the bond frustration due to competing
ferromagnetic and antiferromagnetic exchange interactions
hamper any simple spin configuration in the ground state.6
For example, 共Zn, Cd, Hg兲Cr2O4 antiferromagnetic spinels
have shown the frustration of spins caused by strongly correlated Heisenberg antiferromagnet on the pyroclore lattice
where magnetic sites form a lattice of coner-sharing
tetrahedral.1–3 In ZnCr2Se4 and ZnCr2S4, presented spin arrangement follows from the dominating ferromagnetic 90°
Cr–S共Se兲–Cr exchange, and the additional antiferromagnetic
共AFM兲 next-nearnest neighbor Cr–S共Se兲–Zn–S共Se兲–Cr and
Cr–S共Se兲–S共Se兲–Cr exchange.5,6 These phenomena were
suggested by various physical theories7,8 and investigated by
electron or muon-spin-relaxation measurements,9,10 IR
spectroscopy,11 pulsed fields measurements,12 and neutron
scattering measurements.13
We have substituted a small amount of Fe ions for Cr
sites and investigated the magnetic behavior of Fe ions, on
atomic scale, using Mössbauer measurement. The similar
ionic radii of Fe3+ 共0.64 Å兲 and Cr3+ 共0.63 Å兲 suggest that
lattice distortion effects of the substitution may be ignored.
Here, we present crystallographic and magnetic properties of MgCr1.9857Fe0.02O4 using the x-ray diffractometer
共XRD兲. Magnetic properties were characterized by superconducting quantum interference device 共SQUID兲 magnetometer
with particular emphasis on Mössbauer spectroscopy for
MgCr1.9857Fe0.02O4.

The spinel MgCr1.9857Fe0.02O4 powders were prepared
by wet chemical solution process. Weighted amounts of magnesium acetate, chrome nitrate, and 57Fe isotope were dissolved in acetic acid, ethanol, nitric acid, and distilled water.
For doping 57Fe to facilitate Mössbauer measurements, iron
isotope was dissolved in a diluted HNO3 and then the proper
amount of 57Fe was added into the solution. The solution was
refluxed at 80 ° C for 12 h to allow the gel formation and
then dried at 120 ° C in a dry oven for 24 h. The dried powder was ground and annealed in evacuated quartz tubes at
800 ° C for 3 h in Ar gas. The identification of the crystal
structure and determination of lattice constants were carried
out by x-ray diffraction with Cu K␣ radiation. Magnetic
properties were characterized by SQUID magnetometer. The
Mössbauer spectra were recorded using a conventional spectrometer with a 57Co source in a rhodium matrix.14
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III. RESULTS AND DISCUSSION

The x-ray data of polycrystalline MgCr1.9857Fe0.02O4
were analyzed with standard Rietveld refinement using the
FULLPROF program. The refined x-ray diffraction patterns of
the samples are shown in Fig. 1 and Table I. The crystal
structure of the sample at room temperature was found to be
normal cubic spinel structure of Fd-3m共Mn共8a兲兲;
Fe, Cr共16d兲; O共32e共x , x , x兲兲. The lattice parameters of
MgCr1.9857Fe0.02O4 were determined to be lattice constant
a0 = 8.336⫾ 0.0004 Å, and the fractional coordinate parameter of the oxygen x = 0.260⫾ 0.0004. The Bragg factor RB
and RF were 3.50% and 4.00%, respectively. No indications
of impurity phases could be detected. The results are due to
that Cr3+ and Fe3+ have the similar ionic radius, and both
occupy B 共octahedral兲 sites in MgCr1.9857Fe0.02O4.
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