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FeRhzSe5has been st.udiedby x-rays, Miissbauer spectroscopy,and superconducting quantum
interferencedevice (SQUID) magnetometry. Mossbauerspectra of FeRh,Se, have beentaken at.
various temperatures ranging from 4.2 to 550 K. Magnetic hyperfine and quadrupole
interactions at 4.2 K have been fitted, yielding the following results: H= 161.6 kOe,
&“@( 1+b772)1i2=-0.93 mm/s, 6=61°, $=oD, and q=O.l. The temperature dependenceof the
quadrupole splitting, calculated in terms of direct lattice-sum calculations using x-ray
crystallographic data, is in good agreement.with experimental values up to 550 K. The axial field
parameter A1=2.0j/Z I, the rhombic field parameter A,=3.3 I/z 1, and the covalency factor
a”=0.65 were obtained. Magnetic susceptibility measurementsby dc SQUID magnetometry
show that superexchangeinteractions between Fe’+ ions are antiferromagnetic.

I. INTRODUCTION

The monoclinic defect Ni-As structure was ftrst proposed by Jellinek for Cr3S4.rA large number of sulfides,
se&ides, and tellurides of the type A&X,
(A,B
= transition series materials)‘” have since been reported
to be isostructural with Cr& Blasse5and Spenderet ~2.~
expended considerable effort in vain to synthesize
FeRh204. Similar failures have been reported for FeRhzX,
(X=S, Te)7Ypdespite many variations in the preparation
conditions.
In the defect Ni-As structure, the A sites are in the
layers with ordered vacancies and the B sites are in the
layers without vacancies.As to the atomic positions in the
unit cell, the usual assumption was that metal cations of
valence2 occupied the A sites and those of valence 3 the B
sites. However, the atomic positions have actually been
determined for only a few compounds. Electric-fieldgradient (EFG) tensors in ferrous compounds derived
from the crystal-field theory have been used to calculate
temperature-dependent experimental quadrupole splittings.
The purpose of this study is to use Mossbauer, x-ray,
and magnetic susceptibility measurementson monoclinic
FeRb2Sehin order to obtain information on the electronic
energy levels of the Fe ion and to study the superexchange
interaction.
Il. EXPERIMENT

Synthesis of the FeRh$e4 samples was accomplished
by direct reaction of the elements in an evacuated quartz
tube. The starting materials were high-purity Fe
(99.995%), Rh (99.99%), and Se (99.999%). Mixtures
of the elements in the proper proportions were sealed in
evacuated quartz ampoules and heated at 500 “C for 2
days, 700 “C for 2 days, 1050“C for 3 days, and 1080“C for
10 h and then slowly cooled to room temperature at a rate
of 10 “C/h. In order to obtain a homogeneousmaterial, it
was necessaryto grind the samplesafter the first firing and
to press the powders into pellets before annealing them for
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a secondtime in evacuatedand sealedquartz ampoules.In
most instances,a third firing similar to the secondone was
required. The samples were partially enriched in 57Fe (5
at. %) to facilitate Miissbauer measurements.
X-ray-diffraction patterns of the samples were obtained using a Norelco diffractometer with CuKa radiation. Mijssbauer spectra were recorded using a conventional Miissbauer spectrometer of the electromechanical
type with a 60 mCi “Co source in a Pd matrix. To produce
a uniform thickness over the area of the Miissbauer absorber, each sample was mixed with boron nitride powder
and clamped between two thin boron nitride plates.
The magnetization and susceptibility of the samplesat
temperaturesbetween 5 and 300 K were measuredwith a
SQUID (superconducting quantum interference device)
magnetometer manufactured by the S.H.E. Corporation.
Ill. RESULTS AND DISCUSSION

Examination by x-ray and Mijssbauer measurements
showed that the sample was pure monoclinic.21”
X=ray=diffrac.tion patterns of the samples were obtained at a slow scanning speed, i.e., 0.25”advance in 28
per minute in order to optimize resolution of closely spaced
reflections. The lattice parameters were found to be
a=6.310 A, b=3.643 A, c=11.14 A, and 8=92.42”. It
should be noted that the site distributions in monoclinic
FeRh,Se, are inverted, namely A3+B3’B’+Xh
which
is in marked contrast with the normal distribution
AZ+B;+X ‘+
We hive taken M&sbauer spectra of FeRhZSe4at various absorber temperatures ranging from 4.2 to 550 K;
some of them are shown in Figs. 1 and 2. We analyzed the
Mijssbauer spectra using the full Hamiltonian’ for the 57Fe
nucleus
H,= -gpbrrE+

[ eZqQ/41( 21-- 1) ]

x[315,--I(I+l)+~(r~,-r~,)j,

(1)

where x’, y’, z’ represent the principal axes of the EFG
tensor which are chosen so that 1V,p,tI> 1F’,,,r I > I V,I,~ I,
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