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Magnetic ordering in the frustrated system FeSc2S4
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Abstract

The sample of FeSc2S4 was prepared by solid reaction method. The crystallographic structure and the magnetic properties of the

fabricated compound were investigated by X-ray, and superconducting quantum interference device (SQUID) magnetometer and

Mössbauer spectroscopy. The polycrystalline FeSc2S4 confirmed the normal cubic spinel structure (space group Fd3m). The lattice

constants a0 and anion parameter u are 10.519 Å and 0.255, respectively. The Mössbauer spectroscopy has been studied for the FeSc2S4
at various temperatures, ranging from 4.2K to room temperature. The spectra consist of two doublets at 4.2K while a single line at room

temperature. It is noticeable that the Mössbauer spectra of two doublet patterns with large electric quadrupole splitting (DEQ) remain

over the Néel temperature. Those are interpreted as a result of large electric quadrupole interaction compared to magnetic dipole

interaction. The magnetic susceptibility measurements were performed with a SQUID magnetometer for temperatures 2oTo320K, in

external fields up to 5 kOe. Magnetic behavior shows antiferromagnetic behavior and the magnetic superexchange interactions between

the Fe ions are weakly antiferromagnetic. The paramagnetic susceptibilities follow Curie–Weiss (CW) law with CW temperature

YCW ¼ �100K, and frustration parameter f ¼ �YCW/TN is of the order of 1000. We conclude that two sublattices are coupled

antiferromagnetically, leading to strong frustration effects.
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1. Introduction

The AB2X4-type magnetic spinels have attracted much
attention due to their colossal magnetocapacity effects and
magnetoresistance effects [1]. CuCr2Se4, CdCr2Se4 and
CoFe2O4 are known to show metallic conduction and large
magneto-optical effect [2,3]. Recently, frustrated systems in
the magnetic spinel materials have gained considerable
attention [4–7]. Moreover, frustration plays a fundamental
role in multiferroic compounds [8]. Topological frustration
due to the tetrahedral arrangement of the magnetic cations
and bond frustration due to competing ferromagnetic and
antiferromagnetic exchange interactions hamper any sim-
ple spin configuration in the ground state. Spin lattice

coupling plays an important role in releasing frustration by
structural transformation [9]. In addition, geometrical
frustration yields a variety of different ground states which
depend on the nature of the exchange interaction, the
magnetic anisotropy, and the magnitude of the spin [10].
Here we present experimental results on FeSc2S4

revealing strong spin-frustration effects. Also, hyperfine
structure for the FeSc2S4 was investigated by Mössbauer
spectroscopy.

2. Experiments

Polycrystalline FeSc2S4 sample was prepared by solid-
state reaction from high-purity elements in evacuated
quartz ampoules. The structure was characterized by
X-ray diffractometer (XRD) with Cu Ka radiation and
analyzed by Rietveld refinement. Magnetic susceptibilities
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