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Introduction

The discovery of colossal magnetoresistance (CMR) in manganese-based perovskites has
stimulated intense research on the chemical and physical basis of the CMR effect [1]. The CMR
property of manganites seemed to be explainable by the phenomenon of double exchange and spin
disorder accompanying the ferromagnetic metal to paramagnetic insulator transition.

However, the puzzling existence of a considerable intrinsic magnetoresistance reported in
FeCr,S, chalcogenide spinels [2] — that do not possess manganese, oxygen, perovskite structure, or
even a metal-to-insulator transition — indicates that phenomena other than the double exchange effect
should also be considered in the explanation of the effect of magnetoresistance observed in these
materials.

In this paper a series of Mossbauer measurements on Fe; .Cu,Cr;S, (x = 0.75, 0.5, 0.25, 0) .

chalcogenides will be discussed.

Experimental

The specimen were produced by a solid state reaction. Fe and Cu (powder, p. A., Merck,
Germany) were mixed together with Cr (<99%, 300 pm, Merck, Germany) and S (DAB7, Merck,
Germany) in exact stoichiometric ratios and ground in agate mortar. The resulting powders where
compacted into pellets of 1 cm diameter at a pressure of 500 MPa. The pellets cut into half and then
placed inside a quartz tube with an outer diameter of 10 mm and a wall thickness of 2 mm. The tube
was evacuated and sealed. The samples were then fired for 12 h at 850 °C using a heating rate of 5 K
min™. The resulting material was ground, the powder was again pressed into pellets with 10 mm

diameter and heat-treated a second time with the temperature program given above.



“Fe Mossbauer spectroscopy measurements were carried in transmission geometry with a
conventional constant acceleration 'type source mover. The y-rays were provided by a *’Co(Rh)
Mdssbauer source with an activity of 10°Bq. The temperature dependence of the spectra was
measured in a flow-through type liquid nitrogen Leybold cryostat. During measurements the
temperature of the sample was kept constant with a precision of £0.5 K. Fe isomer shifts are given

relative to a-iron. Mossbauer spectra were analyzed with the 3.0a version of the Mosswinn program

(3].

Results and discussion

The temperature dependence of the *’Fe Mossbauer parameters characteristic for iron at the
tetrahedral site in the sample FeCr,S4 (x = 0) was published earlier [4]. The Curie temperature (7¢)
was found to be about 170 K and the magnetic field was 20 T in this sample at 76 K. The isomer shift
(9) was 0.72mm ™ at 76 K and it decreased to 0.6 mm s~ when the temperature was increased to
room temperature. These parameters confirm the oxidation level of iron (II). Figure 1 shows *'Fe
Mossbauer spectra of FeCr,S, at selected temperatures below the Curie temperature [4] Apart from the
subcomponents belonging to iron cations at regular tetrahedral sites, the spectra display two minor
components, one sextet and one doublet.

* It is known that iron may be situated also in the octahedral site in FeCr,S, [5],[6]. The missing
positive charge arising from the replacement of Cr’* by Fe®* may' either be compensated by the
conversion of Fe** at the tetrahedral site to Fe* [5],[6], or by a sulfur vacancy in the neighborhood of
the Fe** cation at the octahedral site ‘

Figure 2 shows the TFe Mossbauer spectra of samples Fe1_xCu,Cr;S4 where x = 0, 0.25, 0.5 and
0.75. The spectra were recorded at room temperature. For x> 0.5 the main component of the spectra
displays Zeeman splitting showing that the increase in the copper content increases the Curie
temperature (7c) which is shifted above room temperature for x > 0.5. These results are in accordance
with the magnetization measurements carried out by Ramirez ef gl [2] on a sample with similar
composition,

Figure 3 demonstrates a few of the Méssbauer spectra of Feg sCug sCr,S4 recorded between 76 K
and 287 K. The spectra could be decomposed into two components. The minor component (~ 10%)
has an isomer shift of 0.4-0.5mm s” and a quadmpdle splitting equal to 0.8-1mm s”. These
parameters suggest that the low intensity doublet is due to a sulphide which does not posses a spinel
structure, namely FeS, (both pyrite and marcasite) and or even to the superparamagnetic FeS (which
has NiAs structure). This impuﬁty may also be a mixture of sulphides or a nonstoichiometric sulphide
with one or more cations. '

Due to the small area fraction of the doublet component, and because it strongly overlaps with the
inner two lines of the sextet, a consistent fit of the spectra could only be achieved by assuming that the

isomer shift and quadrupole splitting parameters of the doublet change linearly with temperature, and



that the line width of the doublet does not change with temperature. By simultaneously fitting 15
Mossbauer spectra — taken at different temperatureé — these restrictions enabled us to derive the main
tendencies of the temperature dependence'of tﬁe isomer shift and quadrupole splitting parameters of
the doublet component as well.

The magnetic field of the main sextet component increases from 23.4 T to 37.2 T with decreasing
temperature. The isomer shift values changed from 0.31 mm s™ to 0.43 mm s™ when the temperature
was decreased from room temperature to the temperature of liquid nitrogen. These measured J values
prove that we have iron(Ill) in the sample x = 0.5 and consequently, a copper(I) oxidation state. The
obtained magnetic field is higher (23.4 T at 287 K and 37.2 T at 76 K) than that measured in the
sample without copper: FeCr,;S4 (20 T at 76 K) but it is much lower than the typical magnetic fields in
the high spin iron(I1l) compounds (45-55 T at 76 K). This contradiction between the measured isomer
shifts and magnetic field values may be resolved if we take a covalent bond between sulphur and iron
into account and assume that the electronic structure of iron in this sample is: 3d>™4s’ with x >0,

y>0.
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