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Robust nontrivial topology with high Chern number
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High-performance quantum anomalous Hall (QAH) systems are crucial materials for exploring emerging quantum
physics and magnetic topological phenomena. Inspired by layered FeSe materials with excellent superconducting proper-
ties, the Janus monolayers Fe2SSeX2 (X = Ga, In and Tl) are built by the decoration of Ga, In and Tl atoms in monolayer
Fe2SSe. In first-principles calculations, Fe2SSeX2 have stable structures and prefer ferromagnetic (FM) ordering, and can
be considered as Weyl semimetals without spin–orbit coupling. For out-of-plane (OOP) magnetic anisotropy, large non-
trivial gaps are opened and the Fe2SSeX2 are predicted to be large-gap QAH insulators with a high Chern number C = 2,
proved by two chiral edge states and Berry curvature. When the magnetization is flipped, the two chiral edge states can be
simultaneously changed and C =−2 can be obtained, revealing the fascinating behavior of chiral spin–edge state locking. It
is found that the QAH properties of Fe2SSeX2 are robust against strain. In particular, nontrivial topological quantum states
can spontaneously appear for Fe2SSeGa2 and Fe2SSeIn2 because the orientations of the easy magnetic axis are adjusted
from in-plane to OOP by the biaxial strain. Our studies provide excellent candidate systems to realize QAH properties with
a high Chern number, and suggest more experimental explorations combining superconductivity and topology.

Keywords: Weyl semimetal, high Chern number, chiral spin–edge state locking, robust

PACS: 71.15.–m, 75.30.Gw, 85.75.–d DOI: 10.1088/1674-1056/ad7c2a

1. Introduction

In materials science and condensed matter physics, the
exploration of high-performance two-dimensional (2D) quan-
tum anomalous Hall (QAH) materials is currently an attractive
topic.[1–3] Because it exhibits quantized Hall conductance in
the absence of magnetic fields,[4] a QAH system with topolog-
ically nontrivial electronic structure belongs to a novel quan-
tum state distinct from traditional insulators. In particular,
no symmetry protections exist in a QAH system. QAH in-
sulators have been realized in many magnetically doped sys-
tems such as transition metal dichalcogenide heterobilayers,[5]

MnBi2Te4
[6] and twisted bilayer graphene.[7] The magnetic

topological quantum states offer a broad platform for inves-
tigating multi-functional and low-power electronic devices.
However, the ultra low critical temperature severely restricts
practical applications and experimental exploration, so it is vi-
tal to seek high-temperature QAH materials. Weyl semimet-
als possess crossing linear energy bands at the Fermi level
and have many excellent traits, such as surface states, large
negative magnetoresistance and the anomalous Hall effect.[8,9]

Since three-dimensional (3D) Weyl semimetals have been
widely investigated,[8,9] some researchers have proposed Weyl
semimetals based on 2D materials,[10–12] where the Weyl
points are formed by the same spin channel and time-reversal
symmetry is broken. The PtCl3 monolayer was considered
to be a 2D Weyl semimetal by You et al.[10] Because Weyl

fermions and a half-metallic ferromagnetic (FM) state are
combined in Weyl semimetals, they have widespread appli-
cations in spintronics and topological nanodevices. Moreover,
compared with 3D systems, 2D materials have lower symme-
tries, so the occurrence of Weyl points is very difficult. Com-
pared with previous related investigations in spintronics and
valleytronics,[13–20] the exploration of novel 2D systems with
intriguing Weyl semimetal properties is significant.

Very recently, on account of some fascinating super-
conducting features, layered Fe-based materials have aroused
wide interest in both theory and experiment.[21–26] One group
of candidates is layered FeSe compounds with weak van der
Waals interaction. Metal atoms such as Li and Tl were in-
tercalated in bulk FeSe,[22,23] which shows superconducting
properties. The superconducting critical temperatures of the
FeSe thin films were enhanced. For instance, when FeSe
films were fabricated on one doped SrTiO3 substrate,[26] su-
perconducting features were discovered above 100 K. Never-
theless, up to now, the topological properties of FeSe films
have seldom been researched. Accompanied by advanced ex-
perimental technologies,[21,25,26] FeSe monolayers represent a
new candidate material for researching novel topological elec-
tronic structures such as Weyl semimetals, QAH systems[27,28]

and quantum spin Hall effects.[29–31] Apart from the tempera-
ture challenge, the nontrivial topology with a high Chern num-
ber is another important factor,[32–36] and it is intriguing and
challenging to seek materials with a high Chern number.
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In this work, by using first-principles calculations, the
Janus monolayers Fe2SSeX2 (X = Ga, In and Tl) are found
to be potential large-gap QAH insulators. The stabilities are
verified by ab initio molecular dynamics (AIMD) simula-
tions, phonon spectra and formation energy. We systemati-
cally investigate the electronic, magnetic and topological prop-
erties. The Fe2SSeX2 monolayers have Weyl semimetal fea-
tures without spin–orbit coupling (SOC). Remarkably, with
out-of-plane (OOP) magnetic anisotropy, a high Chern num-
ber C = 2 can be observed in the FM ground state. When
the magnetization is reversed, the Dirac cones are provided
by spin-up channels and C = −2 is calculated, showing the
attractive behavior of chiral spin–edge state locking. Very sig-
nificantly, the easy magnetic axis direction can be adjusted by
biaxial strain. It is hoped that our theoretical work can offer
broad platforms for multifunctional quantum devices.

2. Computational details
Based on density functional theory, first-principles calcu-

lations were performed using the projected augmented wave
method,[37] as implemented in the Vienna ab initio simula-
tion package.[38,39] The electronic exchange–correlation inter-
actions were handled by the generalized gradient approxima-
tion (GGA) of Perdew–Burke–Ernzerhof.[40] The kinetic cut-
off energy was set to 500 eV. A vacuum layer of 23 Å was em-
ployed to avoid interactions between the periodic structures.
The convergence criteria of atomic force and total energy were
0.01 eV·Å−1 and 10−6 eV, respectively. For the primitive unit
cell and 2× 2× 1 supercell, the first Brillouin zone was sam-
pled with 17×17×1 and 11×11×1 Γ -centered k-grids, re-
spectively. The GGA+U method[41] was used to correct the
Coulomb repulsion interactions of Fe 3d orbitals. According
to previous reports, U = 3 eV was chosen.[42] The phonon
spectra were calculated in the PHONOPY code[43,44] using a
4× 4× 1 supercell. AIMD simulations with a 4× 4× 1 su-
percell at 300 K were performed. The maximally localized
Wannier functions were constructed through the WANNIER90
package[45,46] and the Berry curvature and edge state were cal-
culated using the WannierTools package.[47]

3. Results and discussion
It is well known that monolayer FeSe has a tetragonal lat-

tice with the space group P4/nmm (No. 129). Each unit cell
is composed of two Se and two co-planar Fe atoms. Signifi-
cantly, Janus monolayer MoSSe has been experimentally con-
structed from monolayer MoS2.[48] One idea appears to be to
build the Janus monolayer Fe2SSe by substituting one of two
Se layers with S atoms. Analogous to LiFeSe monolayers,[49]

Fe2SSeX2 monolayers are constructed by the decoration of
Fe2SSe with Ga, In and Tl. As illustrated in Figs. 1(a) and

1(b), these structures contain X–S–Fe–Se–X quintuple layers
and have the P4mm space group (No. 99). The primary space-
group symmetry operations of monolayer LiFeSe involve Mx

and My mirrors, C4 rotation, space inversion P and one glide
mirror Gz = {Mz|0.5,0.5,0}.[49] Specifically, for Fe2SSeX2,
the space inversion P and glide mirror Gz are dismissed. The
optimized lattice constants (a) of Fe2SSeGa2, Fe2SSeIn2 and
Fe2SSeTl2 are 3.83 Å, 3.87 Å and 3.95 Å, respectively (see
Table 1), which can be explained by the increasing atomic ra-
dius from Ga to Tl. Phonon spectra and AIMD simulations
were used to evaluate the dynamical and thermal stabilities,
respectively. As shown in Figs. S1(a)–S1(c), for the whole
Brillouin zone no imaginary phonon frequency is observed,
which suggests the dynamical stability of Fe2SSeX2. The in-
tact structures can be obtained after a 6 ps AIMD simulation
at 300 K (see Figs. S1(d)–S1(f)), confirming thermal stability
at room temperature. The formation energy Ef is calculated by

Ef = (2EFe +ES +ESe +2EX −EFe2SSeX2)/6. (1)

Here EFe2SSeX2 , EFe, ES, ESe and EX are the energies of
Fe2SSeX2 and the Fe crystal, S crystal, Se crystal and X crys-
tal, respectively. As listed in Table 1, the acquired formation
energies show that these processes are exothermic reactions,
demonstrating that experimental syntheses are realizable.

c

aa bc

b

(a) (b) (c) M

Y

X

Γ

Fig. 1. (a) Top and (b) side views of Fe2SSeX2. The red, blue, green
and gray balls represent Fe, S, Se and X (X = Ga, In and Tl) elements,
respectively. (c) The Brillouin zone.

Table 1. The optimized lattice constants (a), formation energy (Ef),
anisotropy constants (K1 and K2), magnetocrystalline anisotropy energy
(MAE), nearest-neighbor exchange parameter (J), magnetic transition tem-
perature (T ), distance of the nearest-neighbor Fe–Fe atoms (dFe−Fe), the bond
angles (α) of Fe–S–Fe and Fe–Se–Fe (αFe−S−Fe and αFe−Se−Fe), Fermi ve-
locity (υf), and band gap (Eg) for Fe2SSeX2.

Fe2SSeGa2 Fe2SSeIn2 Fe2SSeTl2
a (Å) 3.83 3.87 3.95

Ef (eV) 0.68 0.54 0.59
K1 (µeV) 93.78 39.47 4009.45
K2 (µeV) 72.81 9.60 715.13

MAE (µeV) –177 –50 –4731
J (meV) 73.13 59.69 49.06

T (K) 755 616 506
dFe−Fe (Å) 2.71 2.73 2.79

αFe−S−Fe (◦) 104.1 106.1 108.9
αFe−Se−Fe (◦) 96.5 97.4 100.3
υf (105 m·s−1) 5.1 4.8 3.5

Eg (meV) 174 199 112

The magnetic properties of Fe2SSeX2 are now explored.
The considered FM and five representative antiferromagnetic
(AFM) configurations are displayed in Fig. S2 in the sup-
plemental material. We calculated the total energies of the
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different magnetic configurations (see Tables S1–S3). For
Fe2SSeX2, compared with the energies of five AFM states, it
is clearly seen that the total energy of the FM state is lower.
Hence, Fe2SSeX2 prefer FM exchange coupling. Because the
partly filled d orbitals of transition metal elements commonly
result in magnetism, Fe2SSeGa2 is discussed as one illustra-

tive example to comprehend the magnetic features. Clearly,
as observed in Figs. 2(a) and 2(b), the spin-down d orbitals
of Fe atoms dominate the energy bands around the Fermi
level. Crossed energy bands can be discovered in the Fermi
level, leading to the occurrence of Weyl semimetal features in
Fe2SSeX2.
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Fig. 2. The d-orbital character energy band structures in (a) spin-up and (b) spin-down states of the Fe2SSeGa2 without considering SOC. The
red, blue, green and orange dots signify dz2 , dxy, dx2−y2 and dxz/dyz orbitals of Fe, respectively. (c) Schematic of d orbital occupations for Fe
in Fe2SSeX2. (d) Schematic of direct-exchange interaction between nearest-neighbor Fe atoms and super-exchange interaction between next-
nearest-neighbor Fe atoms. (e) Schematic of ferromagnetic direct-exchange interaction between nearest-neighbor Fe when the Fe 3d orbitals
are almost completely occupied. (f)–(h) The energies of the unit cell versus angle (θ ) for Fe2SSeGa2, Fe2SSeIn2 and Fe2SSeTl2, respectively.
The energy of IP magnetization is set as zero.

The density of states (DOS) is plotted in Fig. S3. The
entire overlaps of the Fe dxz and dyz orbitals in the DOS are
attributed to the C4v point group in Fe2SSeX2. The px and py

orbitals of S and Se possess identical features. According to
Fig. S3, both Fe 4s and Ga 4p orbitals contribute one electron,
and these electrons are respectively donated to the S 3p and Se
4p orbitals, meaning that the S 3p and Se 4p orbitals are almost
completely filled (see Figs. S3(c) and (d)). Moreover, the FM
exchange coupling mainly stems from the Fe 3d orbitals due
to the completely occupied spin-up Fe 3d orbitals and partly
filled spin-down Fe 3d orbitals (see Fig. S3(a)), resulting in a
net magnetic moment in Fe2SSeX2. The effect of X atoms is

to provide electrons to the S and Se atoms, analogous to the
metal atoms decorated into the FeSe system, such as Li, K and
Tl.[24–26,49] The two Fe atoms turn into Fe+ ions with the va-
lence electronic configuration 3d74s0 after offering electrons
to the S and Se atoms, as verified by related investigations.[50]

Notably, the electrons of Fe+ 4s move to the Fe+ 3d orbitals on
account of orbital hybridization, which can be found in many
2D materials.[51,52] From Fig. 2(c), the seven electrons of the
Fe 3d orbitals are distributed in different orbitals (dx2−y2 , dxz,
dyz, dxy and dz2 ). We can understand the Fe d-orbital split-
ting sequence by the crystal-field theory of a tetragonal lat-
tice, where the energy order is dx2−y2 > dxy > dxz/dyz > dz2 .
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Compared with the Fe dxy orbital, the energies of Fe dxz/dyz

orbitals are higher because the S2− and Se2− ions have risen
in the xy plane. The spin-up and spin-down states are split af-
ter introducing the exchange interaction, which generates half-
occupied Fe dx2−y2 and dxz/dyz orbitals (see Fig. 2(c)). So, the
net magnetic moment per Fe atom is 3 µB.

In accordance with the Mermin–Wagner theorem[53],
long-range magnetic ordering of 2D isotropic materials is usu-
ally prevented at nonzero temperatures. Therefore, in order to
maintain the long-range FM ground state, magnetic anisotropy
is vital for 2D systems. The magnetocrystalline anisotropy
energy (MAE) can be employed to determine the magnetiza-
tion orientation, which is defined as the total energy difference
EMAE = EIP−EOOP between in-plane (IP) and OOP magne-
tization. A positive or negative MAE represents that the easy
magnetic axis is along the OOP or IP direction, respectively.
For Fe2SSeX2, the total energy (the energy along the IP mag-
netization is set as zero) versus angle (θ) between the magne-
tization orientation within the xz plane and the z axis is shown
in Figs. 2(f)–2(h), and can be represented by[54]

E (θ) = E0 +K1 cos2
θ +K2 cos4

θ . (2)

Here E0 is the energy with the magnetization orientation along
the easy magnetic axis; it is set as zero. K1 and K2 are system-
related anisotropy constants and are summarized in Table 1.
As displayed in Figs. 2(f)–2(h), we can clearly see that the
MAEs of Fe2SSeX2 are closely related to the magnetization
orientation of the xz plane and easy magnetic axis orientation
along the IP direction. When the magnetization is perpendic-
ular to the xy plane, the MAEs of Fe2SSeGa2, Fe2SSeIn2 and
Fe2SSeTl2 are −177 µeV, −50 µeV and −4731 µeV, respec-
tively; these can resist thermal fluctuation and hence are suit-
able for practical spintronic nanodevices. Analogous to the
2D materials CeI2,[55] VSi2N4

[56] and VCSiN4,[57] Fe2SSeX2

have one easy magnetization plane. It is worth noting that no
energetic barrier exists for rotation of the magnetic axis in the
xy plane, and thus these materials are regarded as 2D XY mag-
nets.

To assess the magnetic features of 2D FM materials, an-
other significant factor is the Curie temperature or univer-
sal magnetic transition temperature. For one 2D XY square
system, the Berezinsky–Kosterlitz–Thouless transition[58] can
appear at a critical temperature (T ), which is calculated
by T = 0.89J/kB, where kB is the Boltzmann constant
and J is the nearest-neighbor exchange parameter. J is ob-
tained from the energy difference between the FM and AFM
states (see Table 1) using a 2× 2× 1 supercell, where J =

(EAFM−EFM)/(32S2). With S = 1, as listed in Table 1, T val-
ues for Fe2SSeGa2, Fe2SSeIn2 and Fe2SSeTl2 are predicted
to be 755 K, 616 K and 506 K, respectively, which are higher
than room temperature. All in all, due to the sizeable MAE and

high T , Fe2SSeX2 compounds are considered to be prospective
candidates for efficient spintronic devices.

The excellent T values are connected to the particular par-
ent FeSe structure, which induces powerful super-exchange
and direct-exchange interactions in Fe2SSeX2. As plotted in
Fig. 2(d), the distances of the nearest-neighbor Fe–Fe atoms
for Fe2SSeGa2, Fe2SSeIn2 and Fe2SSeTl2 are 2.71 Å, 2.73 Å
and 2.79 Å, respectively, which are beneficial for large over-
lap of the Fe 3d orbitals. Generally, when the Fe 3d orbitals
are almost completely occupied, the nearest-neighbor direct-
exchange interactions (see Fig. 2(d)) are inclined to the FM
coupling[54] because the electrons can be permitted to jump
between the empty and filled orbitals with the same spin chan-
nel. The related physical mechanisms are shown in Fig. 2(e).
Furthermore, in accordance with the Goodenough–Kanamori–
Anderson super-exchange theory,[59–61] the super-exchange
interactions between the next-nearest-neighbor Fe atoms by
means of the S 3p and Se 4p orbitals (namely, Fe–S–Fe and
Fe–Se–Fe) are FM coupling interactions (see Fig. 2(d)). The
bond angles (α) of Fe–S–Fe and Fe–Se–Fe for Fe2SSeGa2,
Fe2SSeIn2 and Fe2SSeTl2 are summarized in Table 1 and are
close to 90◦. Both super-exchange and direct-exchange with
FM interactions cause Fe2SSeX2 to possess a high T value.

The electronic band structures of Fe2SSeX2 without and
with SOC are displayed in Fig. 3. When SOC is excluded,
the spin-down bands form one gapless Dirac semimetal (see
Figs. 3(a)–3(c)). The spin-down bands link the conduction
and valence bands, and the spin-up bands of Fe2SSeGa2,
Fe2SSeIn2 and Fe2SSeTl2 have large gaps of 1.03 eV, 1.03 eV
and 1.07 eV, respectively. In particular, the dx2−y2 and dxy or-
bitals of Fe atoms primarily contribute to the two spin-down
channels near the Fermi level, where the Mx and My mir-
rors protect the Dirac cones along Γ –X and Γ –Y , respec-
tively. Moreover, Fe2SSeSX2 are regarded as Weyl semimet-
als since the crossed bands in the Fermi level are 100% spin
polarized,[10–12] analogous to the notion of half-metals.[62]

The calculated Fermi velocities (υf) are listed in Table 1; these
are comparable to the value for graphene (5.3×105 m·s−1).[63]

Completely spinpolarized Weyl semimetals with fine Fermi
velocity can be applied as electrode devices and FM materi-
als for manufacturing magnetic tunnel junctions[64] and spin
field-effect transistors.[62] When OOP ferromagnetism is con-
sidered, the Mx and My mirrors are broken and the Weyl points
disappear. Band gaps (Eg) of 174 meV, 199 meV and 112 meV
are observed for Fe2SSeGa2, Fe2SSeIn2 and Fe2SSeTl2, re-
spectively, as shown in Figs. 3(d)–3(f), implying that nontriv-
ial topology may exist. When magnetization of the Fe atoms
is reversed, the spin can be flipped (see Figs. 3(g)–3(i)). No-
tably, the large Eg can be ascribed to the boosted effective SOC
strength of Fe 3d orbitals via bonding with the decorated heavy
elements.[49]
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Fig. 3. (a)–(c) Band structures of Fe2SSeGa2, Fe2SSeIn2 and Fe2SSeTl2 without SOC, respectively. The band structures with SOC for the
magnetization of Fe along the (d)–(f) +z and (g)–(i) −z directions. The blue and red lines denote spin-down and spin-up states, respectively.

For a material with certain magnetic order, when time-
reversal symmetry is broken nontrivial topological properties
can be proved by a nonzero Chern number (C), which is cal-
culated by the following equation:

C =
1

2π

∫
BZ

d2kΩz (k) . (3)

Here Ωz (k) is the Berry curvature along the z direction, which
is given by the Kudo formula[65] as

Ωz (k) =−∑
n

∑
n 6=n′

fn
2Im〈ψnk |υx|ψn′k〉

〈
ψn′k

∣∣υy
∣∣ψnk

〉
(En−En′)

2 , (4)

where fn is the Fermi–Dirac distribution function, υx (υy)

is the velocity operator and 〈ψnk| is the Bloch wave func-
tion associated with the eigenvalue En. The distribution of
Ωz (k) in the 2D Brillouin zone for Fe2SSeGa2, Fe2SSeIn2

and Fe2SSeTl2 is plotted in Figs. 4(a), S4(a) and S5(a), re-
spectively. Each gapped Dirac cone can contribute to the topo-
logical charge of 0.5, leading to C = 2 for the Janus mono-
layers Fe2SSeX2. As a marker of QAH systems, two chi-
ral gapless edge states link the conduction and valence bands
(see Figs. 4(c), S4(c) and S5(c)), which agrees with the con-
sequences of C = 2. Since the Dirac cones are provided by
spin-down channels, the edge states are also spin-down. When
flipping the magnetization of Fe atoms, the edge states can be

simultaneously changed (see Figs. 4(d), S4(d) and Fig. S5(d)),
and are dominated by spin-up channels. In addition, as shown
in Figs. 4(b), S4(b) and S5(b), C = −2 can be calculated.
These discussions demonstrate that the edge states are 100%
spin polarized, revealing that Fe2SSeX2 compounds possess
the fascinating behavior of chiral spin–edge state locking.
Therefore, multifunctional quantum devices may be fabricated
from Fe2SSeX2.
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Fig. 4. (a), (b) Berry curvatures and (c), (d) edge states for Fe2SSeGa2
with the magnetization of Fe along the +z and −z directions.

Because the magnetization orientations of systems can
be regulated under an external magnetic field,[66,67] we hope
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that the phase transitions between QAH and Weyl semimetal
states can be realized in Fe2SSeGa2. The band structures along
different magnetization directions adjusted from the +z axis
(θ = 0

◦
) to the −z axis (θ = 180

◦
) for Fe2SSeGa2 are plotted

in Fig. S6. The significant traits are that the nontrivial band
gaps are respectable (greater than the thermal energies at room
temperature). The effective SOC strength of d orbitals is im-
proved due to bonding with heavy atoms, and the SOC effects
are obviously increased in the vicinity of the band crossing
points, which generate sizable nontrivial band gaps. On ac-
count of the powerful interactions between topology and mag-
netism, the nontrivial band gaps can be tuned by an external
magnetic field. When the magnetization orientation is varied
from +z to +x then to −z, the gap decreases to zero and then
increases (see Figs. 5(a)–5(c)), similar to previous reports.[10]

For Fe2SSeX2, when θ = 90◦ Weyl semimetal states can be
realized. Furthermore, we can observe the occurrence of topo-
logical phase transitions from C = 2 to C =−2. Besides, non-
trivial topological properties with different C may be gained
for general IP magnetization with broken mirror symmetry.[68]

It has been discovered that strain is an effective means
to regulating the electronic and magnetic properties of 2D

systems.[57] Biaxial strain (η) is defined as η = (m−m0)/m0,
where m (m0) is the lattice constant with (without) strain. As
listed in Tables S1–S3, Fe2SSeX2 always prefer FM coupling
with −5% ≤ η ≤ +5%. The effect strain on the electronic
properties was explored. For OOP magnetization, according
to Fig. S7, Fe2SSeGa2 always manifests semiconducting fea-
tures with sizable band gaps (136–181 meV) (see Fig. 5(d)) in
the investigated strain range. However, the band gaps of the
Fe2SSeIn2 and Fe2SSeTl2 are 89–199 meV (see Fig. 5(e)) and
64–145 meV (see Fig. 5(f)). In order to substantiate these non-
trivial band gaps, we take Fe2SSeGa2 as an example and cal-
culate the strained edge states. As plotted in Fig. S8, they all
have two chiral nontrivial edge states connecting the valence
and conduction bands for −5% ≤ η ≤ +5%, demonstrating
that the QAH features of Fe2SSeX2 are robust against strain.
The MAEs as a function of strain are shown in Figs. 5(g)–
5(i). Significantly, for a compressive strain of −5% ≤ η ≤
−1%, the easy magnetic axis directions of Fe2SSeGa2 and
Fe2SSeIn2 are regulated from IP to OOP, indicating that non-
trivial band topology can spontaneously occur in Fe2SSeGa2

and Fe2SSeIn2.
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127103-6



Chin. Phys. B 33, 127103 (2024)

4. Conclusion
In conclusion, we have performed comprehensive re-

search into the structural, electronic, magnetic and topolog-
ical properties of Fe2SSeX2 by first-principles calculations.
These compounds are forecast to be fascinating QAH insula-
tors. The nontrivial topological properties were verified by the
Berry curvatures, two chiral edge states and nonzero Chern-
number C = 2. The interesting behavior of chiral spin-edge
state locking can be found, because when the magnetization is
flipped the Dirac cones are determined by spin-up channels
and C = −2 can be achieved. We observed that the QAH
properties are robust against strain. Nontrivial topological
properties can spontaneously appear when strain is applied.
Our work provides ideal candidate materials to realize high-
performance quantum topological devices and new research
ideas for the combination of superconductivity and topology.
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