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Abstract

Magnetic properties and magnetotransport of FeCr2S4, Co0.1Fe0.9Cr2S4 and Cu0.5Fe0.5Cr2S4 have been studied using

X-ray and neutron diffraction, M .ossbauer spectroscopy, magnetization, and magnetoresistance measurements.

Neutron diffraction above 10K shows that there is no static Jahn–Teller distortion. M .ossbauer spectra for

Co0.1Fe0.9Cr2S4 were recorded from 12K to room temperature. Below the N!eel temperature the asymmetric line

broadening was observed and considered to be dynamic Jahn–Teller effect. r 2002 Elsevier Science B.V. All rights

reserved.
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Recently colossal magnetoresistance (CMR) effects in

sulphur spinel compounds (Fe1�xCuxCr2S4; x ¼ 0; 0.5)
have been reported, and it was suggested that the

conduction mechanism in these materials may not be

caused by the double exchange (DE) of the carriers [1].

Since the crystal and magnetic structures are different

from Mn perovskites, renewed interest has been focused

on the conduction mechanism of sulphur spinel com-

pounds. Yang et al. [2] invoked a magnetic polaron

model in FeCr2S4 on the basis of electron spin resonance

study and Greaves et al. [3] reported an unusual

reduction of the Fe magnetic moment by neutron

diffraction study. Also Min et al. [4] interpreted its

conduction mechanism by half-metallic properties. Very

recently, authors have published on Cu0.5Fe0.5Cr2S4 by

valence band photoemission study and reported mono-

valence of copper and ferric character of iron ions,

respectively [5]. Therefore it is essential to determine the

valence state and magnetic structure of iron ions in

various sulphur spinel compound to understand the

underlying backgrounds properly. Here we present the

results of M .ossbauer experiments and compare them

with those of X-ray and neutron diffraction, magne-

toresistance (MR), and SQUID magnetometry for

sulphur spinel compounds.

FeCr2S4, Co0.1Fe0.9Cr2S4, and Cu0.5Fe0.5Cr2S4 were

prepared by the direct reaction of the high-purity

elements Fe, Cr, Cu, and S in an evacuated quartz tube.

The crystal structures of the samples were examined by

X-ray diffractometer with Cu Ka radiation and neutron
diffractometer at Korea atomic energy research institute

reactor HANARO HRPD (high resolution powder

diffractometer, l ¼ 1:8348 (A). The M .ossbauer spectra

were recorded using a conventional spectrometer of the

electromechanical type with a 57Co source in a rhodium

matrix.

The X-ray and neutron diffraction patterns for

samples exhibited cubic spinel phase for all our sulphur

spinel samples. In order to examine whether there is

static Jahn–Teller distortion in FeCr2S4, we obtained

neutron diffraction patterns from 10 to 300K. Crystal

structure is determined to be cubic spinel of Fd%3m by

Rietveld refinement. Figs. 1(a) and (b) show the results

of neutron diffraction refinement for FeCr2S4, at 10 and

175K, respectively. The determined lattice constants,

oxygen parameter u; Bragg factor Rb; Rex; and magnetic
factor Rm; and magnetic moments of atoms are listed in
Table 1. The determined N!eel temperature TN for

FeCr2S4 from magnetization measurement was 172K.

Fig. 1(b) shows diffraction pattern of paramagnetic

nuclear peaks. In Fig. 1(a) we could not find any other
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