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Spin-Rotation Transition of Fe7Se7S

Jeong Su Yang, Dong Hyun An, Kun Uk Kang, Dong Hun Kim, Kyung Seon Baek and Hang Nam Oak
∗

Department of Physics, Yonsei University, Seoul 120-749

Chul Sung Kim

Department of Physics, Kookmin University, Seoul 136-702

(Received 30 June 1999)

Fe7Se7S has been studied by Mössbauer spectroscopy, X-ray diffraction, and magnetic-moment
measurement. The crystal is found to have the ′′3c′′ hexagonal superstructure of the NiAs structure
with lattice constants A = 7.220 ± 0.005 Å and C = 17.668 ± 0.005 Å. The quadrupole shifts
change substantially over the temperature range from 120 to 130 K, suggesting that a spin-rotation
transition takes place. The iron ions at all three sites are found to be in highly covalent ferrous
states. The Néel temperature and the Debye temperature are found to be 450±1 K and 256±5 K,
respectively. It is found that a 12.5 % substitution of S for Se in the Fe7Se8 crystal results in a 9
% increase in the magnetic hyperfine fields and a 1 % increase in the Néel temperature.

I. INTRODUCTION

The fundamental crystal structure of Fe7Se8 is known
to be of a NiAs type [1]. Since one-eighth of the iron
sites are vacant, the composition can be represented as
Fe72Se8, where 2 stands for an iron vacancy. Two types
of superstructure due to ordering of the vacancies are
known. One is the hexagonal superstructure (3c struc-
ture) that has the following unit-cell lengths [2]: A =
2a = 7.2613 Å and C = 3c = 17.675 Å, where a and
c designate the unit-cell constants of the fundamental
NiAs structure. The other is the triclinic superstructure
(4c structure) that has the following unit-cell lengths:
A=
√

3 B, B = 2a, and C = 4c. Quenching from about
400 ◦C produces the 3c structure whereas slow cooling
yields the 4c structure [3].

Ferrimagnetic ordering in Fe7Se8 was studied using the
neutron diffraction method [4]. According to those mea-
surements, the magnetic moments of the iron atoms are
parallel to those of the atoms on the same layer par-
allel to the (001) plane while they are antiparallel to
those of the atoms on the next layer. When the tem-
perature of the crystal is lowered from the Néel temper-
ature, the direction of the moment, which is at first on
the (001) plane, changes toward the [001] direction. For
the 3c structure, the spin-rotation process is known to
take place abruptly at 130 K.

There are three main types [1,5] of iron sites, A, B, and
C. An A-site is in the c plane with Fe vacancies whereas
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B- and C-sites are in the c plane with no Fe vacancies.
An A-site ion has two adjacent ferromagnetic cation sites
vacant while B- and C-sites have four and three adjacent
antiferromagnetic cations, respectively, absent. The rel-
ative ratio of the numbers of A-, B-, and C-sites in the
superstructure are 3 : 2 : 2. The Mössbauer measure-
ments at 78 K by Ok and Lee [5] confirmed this ratio.
In the present study, the effects of the anionic substi-
tution of S for Se on the crystallographic and magnetic
properties have been investigated by preparing Fe7Se7S
crystals and by using Mössbauer and X-ray techniques.

II. EXPERIMENTAL PROCEDURES

The Fe7Se7S sample was synthesized by direct reaction
of the elements in an evacuated quartz ampoule [6–9].
The starting materials were Fe, Se, and S powders of
99.999, 99.999, and 99.9999 % purity, respectively. A
mixture of the proper proportions of the elements was
sealed in an evacuated quartz tube. The sealed mixture
was heated at 400 ◦C for 24 hours, at 600 ◦C for 24
hours, at 900 ◦C for 24 hours, at 1050 ◦C for 1 hour,
and at 950 ◦C for 1 week; then, it was cooled down to
400 ◦C and quenched to room temperature. In order to
obtain a homogeneous material, it was necessary to grind
the sample after the first firing and to press the powder
into a pellet before performing a second heat treatment
similar to the first one. The sample was 57Fe enriched to
5 at.% of the metal atoms for Mössbauer measurements.

The X-ray diffraction patterns of this sample were ob-
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