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Ferrimagnetic NiXFel&Jr,S4
is found to crystallize with a pure spine1 structure in the
composition range O<x<O.4. “Fe Miissbauer spectra of Ni$elWXCr,S4 have been t.aken at
various temperatures ranging from 13 K to room temperature. Analysis of Mossbauer spectra
and x-ray crystallographic data indicate that Ni ions occupy the tetrahedral site, and the lattice
constant is in good agreement with Vegard’s law, The isomer shifts indicate that the valence
states of the Fe ions have a ferrous character. The N&e1 temperature increases linearly with Ni
c.oncentration, suggesting that the superexchange interaction for Ni-S-Cr link is stronger than
that for Fe-S-0 link. The anomalous reduction of the magnetic hyperline field below 70 K could
be explained in terms of the cancellation effect between mutually opposite orbital current field
HL and the Fermi contact field H,. It is notable that, as the temperature decreases below the
Neel temperature, both quadrupole shift and asymmetrical line broadening appear and increase
with decreasing temperature, suggesting the presence of an electric-field gradient and
accompanying relaxation effects.

1. INTRODUCTION
The compounds FeCr&+ and NiCr,S+ have been studied in a large number of investigations. FeCr&, (Ref. 1)
crystallizes with a normal spine1 structure of lattice parameter a=9.995 8, in which the Cr ions occupy the octahedral (B) sites, and Fe ions occupy the tetrahedral (A)
sites. FeCr& is known to be ferrimagnetic with a Niel
temperature of 180 K. Neutron diffraction experiments2
for FeCr,S, have shown that the spin arrangement is of the
simple N>el type with the magnetic moments of 4.2 pclgfor
the Fe ion and 2.9 PB for the Cr ion: the crystal structure
remained cubic down to 4.2 K. In a tetrahedral site the
fivefold degenerate orbital ground state 5O of the free Fe2+
ion3*”is split by the crystal field into a lower orbital doublet
‘Eg and an upper triplet ‘TzF separated by an energy
-4000 cm-‘. On the other hand, the crystal structure of
NiCr$& (Ref. 5) is known to be monoclinic with lattice
parameters: a=5.909
A, h=3.399 A, c=ll.lO
A, and
fl=91.lC.
Both Ni and Cr ions are surrounded by six S
ions in a distorted octahedral form. Magnetic susceptibility
and neutron-diffraction
measurements have shown that
NiCr,& is antiferromagnetic. The purpose of this study is
to prepare the mixed system Ni2ei -,Cr2S4. The magnetic
and crystallographic properties are studied using Miissbauer and x-ray techniques.
II. EXPERIMENTAL

TECl-lNlQUE

Synthesis of the N&Fe,-,Cr,S,
samples was accomplished by the following direct-reaction method. The starting materials were Fe, Ni, Cr, and S powders of 99.995%,
99.99%, 99.999%, and 99.9999% purity, respectively.
Mixtures of the proper portions of the ,elements sealed in
evacuated quartz ampoules were heated at 480 “C for a
day, then at 1000 “C! for four days, and finally cooled
slowly to room temperature at a rate of 10 “C/h. In order
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to obtain homogeneous material, it was necessary to grind
the sample after the first firing and to press the powder into
a pellet before heating it for the second time at 1000 “C for
four days in an evacuated and sealed quartz ampoule. .The
samples were 5’Fe enriched to 3 at. % of the metal atoms
for Miissbauer measurements. Miissbauer spectra were recorded using conventional Miissbauer spectrometer with a
57Co source in a palladium matrix.
To produce a uniform thickness over the area of the
Mossbauer absorber, each sample was mixed with boron
nitride powder and clamped between two beryllium disks
0.005 in. thick and 1 in. diam.
The low temperature was obtained using an APD CS202 displex closed-cycle refrigeration system with a
DMX-20 Mossbauer vacuum shroud interface, and the
temperature controller was a model DRC-91C manufactured by Lake Shore Cryotronics, Inc.
Ill. RESULTS AND DISCUSSION
X-ray-diffraction
patterns of the samples were obtained in the 8-28 geometry with CuKa radiation. A slow
scanning speed (0.25” advance in 26 per min.) was used to
optimize resolution of closely spaced reflections. The lattice parameter (a) for each composition was found by plotting a(Q) against the Nelson-Riley function’ and extrapolating to 8 = 90”. The results are shown in Table I. The unit
cell parameter (a ) decreases linearly with increasing nickel
concentration (x) and follows Vegard’s law approximately. This can be expected in view of the fact that the
ionic radius of 0.69 A for Nil+ ions is smaller than that of
0.76 A for Fe”’ ions.
Examination of all the samples of Ni,Fer-,Cr&
by
x-ray and Miissbauer measurements show that the pure
spine1 phase can be prepared in the composition range
O(x~0.4. However, as x is increased to 0.5, a monoclinic
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