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This study investigates the magnetic hyperfine structure and the magnetic properties of FeS by
using an X-ray diffractometer (XRD), a vibrating sample magnetometer (VSM), and Mössbauer
spectroscopy. The XRD FeS pattern showed NiAs hexagonal structure with space groups P -62c,
P63/mmc, and P63/mc. The hysteresis loop with the maximum applied field of 15 kOe was
measured at room temperature by using VSM, and the saturation magnetization (Ms) and the
coercivity (Hc) values were observed to saturate. The temperature dependence of the zero-field-
cooled (ZFC) and the field-cooled (FC) curves were examined at temperatures from 4.2 to 295 K
at 100 Oe. Below 280 K, the ZFC curve displayed antiferromagnetic behavior; it was shown that
the α-transition temperature (Tα) was shown to begins at a temperature high than 280 K in the
FeS compound. The Mössbauer spectra of FeS were taken at various temperatures ranging from
4.2 to 295 K, and at each of them, the spectrum was analyzed using two sets of sextets containing
A-sites, B-sites, and C-sites. The charge state was determined to be Fe2+ and Fe3+ based on the
isomer shift, and the Curie temperature (TC) was found to be 630 K.
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I. INTRODUCTION

The FeS system has been studied through a complex
diagram with several phases of mineral FeS, such as
troilite-2H (FeS), pyrrhotite-1T (Fe1−xS), pyrrohotite-
4M (Fe7S8), marcasite (FeS), and pyrite (FeS2). Troilite
(FeS) and pyrrhotite (Fe1−xS) are both minerals that
form derivatives of the NiAs structure [1–5]. Troilite is
found on the ground and generally comes from nickel-
iron meteorites [6]. In the NiAs structure, each iron
atom is adjusted octagonally with six sulfur atoms, but
in the case of pyrrhotite, sulfur is adjusted to five- and
six-fold coordinated owing to the vacancy of the metal
[7,8]. Troilite (FeS) has a hexagonal close-packed struc-
ture, and the possibility of its containing one or more
phases has been reported [9]. Troilite has been continu-
ously studied for structural changes and physical proper-
ties at high pressure and high temperature and has been
receiving significant attention because it may be one of
the main components of Earth’s core and has technical
importance for solar cells [10–16].

Stoichiometric FeS adopts the troilite structure, and
the crystallographic designation is hexagonal with a su-
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perstructure designation of 2C. Additionally, pyrrhotite
(FeS) has been reported to transfer to the NiAs-type
structures containing Fe1−xS and Fe7S8 from the super-
structure and to exhibit ferrimagnetic behavior due to
unbalanced ferromagnetic coupling [17,18]. This study
demonstrates the changes in hyperfine interaction, mag-
netic transition through spin rotation, and the antiferro-
magnetic and ferrimagnetic behaviors of FeS compounds.

II. EXPERIMENTS

To investigate the commercially available FeS with
the FeS compound Hill notation, we obtained the com-
pound from Sigma-Aldrich, USA. The obtained FeS had
a molecular weight of 87.91 g/mol, a purity of 99.9%, and
a powder size of −100 mesh. The X-ray diffraction sam-
ple patterns were obtained using an X-ray diffractometer
(XRD) with Cu-Kα radiation (λ = 1.5406 Å) to iden-
tify the crystal structure. The magnetic hysteresis loop
was measured by applying an external magnetic field up
to 15 kOe, and the temperature-dependent magnetiza-
tion below 100 Oe was measured at temperatures from
4.2 to 300 K by using a vibrating sample magnetometer
(VSM). We used a Mössbauer spectrometer with a 57Co
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