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Mössbauer studies on magnetism in FeSe
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ABSTRACT
Iron selenide (FeSe) was used to investigate magnetic properties by using Mössbauer spectroscopy. The crystalline structure of the sam-
ple was found to be tetragonal and hexagonal with a 3c structure. The temperature-dependent magnetic susceptibility curve under 100
Oe confirmed the spin rotation temperature TS = 150 K. Based on the applied field dependent magnetization measurements up to 15 kOe
at 295 K, the saturation magnetization and coercivity were found to be 8.03 emu/g and 357.40 Oe, respectively. The spin rotation pro-
cess of the sample from the dependence temperature ZFC-FC curves occurs at approximately TS. The Mössbauer spectra below the Néel
temperature (TN) were fitted with a doublet for the tetragonal phase and three sextets (A, B, and C sites) for the hexagonal phase. The
spectrum was fitted to a single line at TN = 500 K. We also observed abrupt changes in Hhf and ΔEQ at the spin rotation temperature.
The Fe charge states in the tetragonal and hexagonal phases are found to be ferric and highly covalent ferrous ion (or high-spin ferric),
respectively.
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I. INTRODUCTION

Iron-based superconductivity is advancing considerably in sev-
eral areas owing to its optical, electronic, and magnetic properties.1–4

Since the discovery of superconductivity at 26 K in iron arsenide
La[O1-xFx]FeAs,5 research on superconductors has generated a gar-
nered significant attention. Among the iron-based superconduc-
tors, FeSe discovered by Hsu et al. is a superconducting material
that has the simplest crystal structure.6 According to the Fe–Se
phase diagram,7,8 FeSe has several phases as follows: (1) tetragonal
P4/nmm structure with PbO type, known as β-FeSe (or α-FeSe);
(2) hexagonal P63/mmc structure with NiAs, known as δ-FeSe; (3)
hexagonal structure Fe7Se8 with ordered Fe vacancies, which are
3c-Fe7Se8 and 4c-Fe7Se8; (4) monoclinic structure, Fe3Se4; and (5)
orthorhombic structure, FeSe2. The tetragonal phase transforms into
an orthorhombic phase at approximately 70 K,9 and it was reported
that this phase is a superconductivity transition temperature
TC ≈ 8 K and an increase in TC up to 37 K.10

The main barrier in the synthesis of FeSe superconductors is
the emergence of a hexagonal phase (δ-FeSe with a NiAs struc-
ture or 3c-Fe7Se8) that does not have superconducting properties.11

Stoichiometric δ-FeSe is converted into a NiAs structures at high
temperatures, and Fe7Se8 can be formed simultaneously with β-FeSe

when Se is slightly in excess at low temperatures.8,12 In the case of
commercial FeSe compounds, it is difficult to match the precise sto-
ichiometric amounts of Fe and Se; thus, there is a possibility that
tetragonal and hexagonal phases exist simultaneously in FeSe. D.
Mendoza et al.13 reported that commercial FeSe contains a main
pick of tetragonal and hexagonal structures that can be indexed as
the secondary phase Fe7Se8.

In this study, we have investigated the magnetic characteris-
tics of tetragonal and 3c hexagonal phases present in commercial
FeSe compounds based on Mössbauer spectroscopy. In addition, the
spin rotation temperature of the FeSe sample was measured through
VSM and Mössbauer spectroscopy.

II. EXPERIMENTS
The powder sample was prepared using a commercial com-

pound with a nominal concentration of FeSe and studied through
X-ray diffraction (XRD), vibrating sample magnetometer (VSM),
and Mössbauer spectrometer. The sample was measured without
any further preparation, and the sample for the Mössbauer spec-
troscopy measurement was pressed onto a clean Al foil and mea-
sured in helium atmosphere as it is very sensitive to moisture and
air.
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