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Although the quantum anomalous Hall (QAH) effect has been experimentally observed in several magnetically
doped topological insulators, up to now, it only survives at a very low temperature. More suitable candidate QAH
insulators that can work at high temperature are much desired. Here, we propose an experimentally feasible way
to realize a robust QAH insulator: atomically dispersed transition metals (e.g., W) on a two-dimensional porous
metal halide normal insulator (e.g., InI3), which has been developed as a state-of-the-art chemical technology
broadly adopted for homogeneous catalysis. Based on the first-principles calculations, we predict that the atomic
W embedded in an InI3 monolayer forms an intrinsic ferromagnetic QAH insulator, which exhibits robust
uniform out-of-plane ferromagnetic order up to ∼160 K and a topologically nontrivial band gap of 56 meV
with a nonzero Chern number (|C| = 2). We also study its magneto-optical Kerr effect and collective plasma
excitation modes, which may help for further experimental verifications and measurement of interesting physical
features of Dirac-like electronic dispersion. Our results introduce a feasible method to obtain the QAH effect,
which may motivate intensive experimental interest in this field.

DOI: 10.1103/PhysRevB.98.115424

I. INTRODUCTION

The quantum anomalous Hall (QAH) effect is a prominent
topological electronic phase that arises in a time-reversal
symmetry-breaking two-dimensional (2D) material, which
also has a strong spin-orbit coupling (SOC) [1–4]. As a
quantized response of a transverse spin-polarized current
to an electric field in the absence of an external magnetic
field, a QAH insulator is featured as chiral gapless edge
states with insulating bulk, and is characterized by a nonzero
Chern number (C) of its electronic structure in the recip-
rocal space, which accounts the number of gapless edge
states with linear dispersion. Thus, a QAH insulator is also
termed as Chern insulator. This chiral edge state is topologi-
cally protected and robust against any impurity perturbations,
so that it holds potential to work in future spintronic de-
vices with low consumption and dissipation. To achieve this
goal, a feasible Chern insulator with abundant gapless edge
states (|C| > 1) that can work at high temperature is much
desired.

Although quite a few intrinsic QAH insulators have been
theoretically predicted [5–12], the widely used method to
realize the QAH effect in experiments is doping magnetic
impurities (e.g., transition metals) into a topological insulator
[13–20]. Once the inherent time-reversal symmetry is broken,
a chiral edge state can be expected. Unfortunately, similar to
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the conventional dilute magnetic semiconductors, the mag-
netic moments in such systems are usually very small and
inhomogeneous. The foreign carriers introduced by impurities
may also destroy the QAH effect. These make it difficult to
detect and maintain the QAH effect at industrial operating
temperature (i.e., a few hundred Kelvin). Up to now, extreme
conditions including ultralow temperature (<2 K) are still re-
quired to observe the QAH effect. In addition, QAH insulators
with |C| > 1 are not well explored and most of these studies
are limited to toy model analysis [21–23].

Recently, a state-of-the-art chemical technology to
atomically disperse metal atoms onto/into supporting matrix
materials has been widely applied for homogeneous single-
atom catalysis [24,25]. Stimulated by this technology, here we
predict that the 5d transition metal W (tungsten) can be regu-
larly distributed in a porous 2D metal halide normal insulator
InI3 (indium iodide), which is denoted as W@InI3. Using
first-principles calculations, we prove that the W@InI3 mono-
layer is an experimentally feasible QAH insulator with strong
homogeneous out-of-plane ferromagnetism. Each W4+ cation
is spin polarized and shows a large magnetic moment of 2 μB.
They prefer a ferromagnetic (FM) coupling with a high Curie
temperature (Tc = ∼160 K), estimated by both Monte Carlo
simulation and the magnon excitation model. Most strikingly,
we find that it is expected to show a high-temperature QAH
effect with a topologically nontrivial band gap (56 meV) and
|C| = 2. This is verified by calculating the band structure of
a W@InI3 nanoribbon, which gives two linearly dispersed
gapless states. These states are found to be localized near
the edge of the nanoribbon. In addition, we calculate its
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FIG. 1. (a) Four absorption sites (A1, A2, B, and C) of W in the InI3 monolayer. (b) Relative energy per W for each adsorption
configuration. (c) Top and side view of the optimized W@InI3 monolayer. Green, gray, and orange balls represent W, In, and I atoms,
respectively. (d) Phonon dispersion along a high-symmetry k path. (e) Total energy as a function of time from ab initio molecular dynamics
simulation at 300 K. (f) Atomic geometry after molecular dynamics simulation for 3000 fs.

magneto-optical Kerr effect and collective plasmon excitation,
which could help for further experimental verifications.

II. COMPUTATIONAL METHODS

We perform first-principles density functional theory
(DFT) calculations with Perdew-Burke-Ernzerhof (PBE) [26]
treatment of exchange-correlation interaction, as implemented
in the Vienna ab initio simulation package (VASP) [27]. The
core and valence electrons are approximated using the pro-
jector augmented wave (PAW) method [28] and a plane-
wave basis set with cutoff energy of 400 eV, respectively.
To simulate the 2D thin film, a vacuum space of ∼15 Å
along the z direction is adopted. The first Brillouin zone is
represented by a Monkhorst-Pack [29] k mesh of (8 × 8 × 1),
whose convergence has been tested. The convergence criteria
of total energy and force are set to be 1 × 10−5 eV and
0.01 eV/Å, respectively. The SOC effect is included self-
consistently with full relativistic pseudopotential. We also
have repeated our calculations using the DFT + U method
[30] with effective Hubbard U value of 0.5, 1.0, 1.5, 2.0,
and 2.5 eV for W-d electrons and using HSE06 hybridized
functional. The topological QAH effect feature does not
change (see the Supplemental Material [31] for details). To
simulate the nanoribbon electronic behavior, we fit the low-
energy band dispersion by using maximally localized Wannier
functions (MLWFs) as implemented in the WANNIER90 code
[32]. The phonon calculations were performed by using the
PHONOPY code [33] combined with the density functional
perturbation theory method in VASP. The ab initio molecu-
lar dynamical (AIMD) simulations are performed by using
a (3 × 3 × 1) supercell under a Nosé-Hoover thermostat at
300 K.

III. RESULTS

A. Geometric structure and stability

Group-III metal halide crystals (e.g., AlCl3 [34] and InBr3

[35]) have been widely used in the chemical industry. To
introduce strong SOC, here we choose the nonmagnetic nor-
mal insulator InI3 monolayer (electronic band gap of ∼1.9 eV
[31]) as the matrix material. To determine the optimal ad-
sorption configuration of W embedded in the InI3 monolayer,
we have considered four possible adsorption sites, namely,
the hollow (A1), hollow-top (A2), I-top (B), and In-top (C)
sites [Fig. 1(a)]. The results [Fig. 1(b)] show that the A1
configuration is lower in energy than the A2, B, and C
configurations by 4.72, 0.54, and 1.20 eV per W, respectively.
Thus W atoms prefer to absorb at the hollow site (A1) of the
InI3 monolayer. This is to similar to our previous work of a Li
atom adsorbed in a CrBr3 monolayer [36]. Figure 1(c) shows
the optimized structure of the W@InI3 (formula unit: In2WI6)
monolayer, which belongs to the P 3̄1m layer group. Each W
atom is coordinated to six I ligands with a W-I bond length
of 2.77 Å. The lateral lattice constant is 8.07 Å, larger than
that of the pristine InI3 monolayer (7.51 Å). To explore its
feasibility in experiment, we calculated its formation energy
Ef = (EW@InI3 – 2μIn – μW – 6μI )/9, where EW@InI3 is the
total energy of W@InI3; the chemical potentials μIn, μW, and
μI are taken from the bcc-In, W crystal, and iodine solid,
respectively. The calculated Ef is −0.27 eV/atom. We also
calculated the binding energy (Eb = EW@InI3 – EW – EInI3)
of an isolated W atom embedded into the InI3 monolayer.
The Eb is −7.15 eV per W. The phonon dispersion shows no
imaginary frequencies [Fig. 1(d)], confirming its dynamical
stability. Its thermal stabilities are explored by the AIMD
simulations [Fig. 1(e)]. No structural phase transition is ob-
served after 3000 fs of simulations at 300 K [Fig. 1(f)].
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FIG. 2. (a) Average magnetization (M) and specific heat (Cv) as a function of temperature from Monte Carlo simulations. Insets:
ferromagnetic (FM) and antiferromagnetic (AFM) spin orders. (b) Magnon dispersion. (c) Projected density of states. The Fermi level is set to
0. Inset: charge difference of W on InI3 monolayer. Yellow and cyan isosurfaces represent charge accumulation and depletion, respectively.

These facts imply that the W@InI3 could be feasible in
experiments.

B. Magnetic configuration and magnetic behavior
under finite temperature

In the W@InI3, the formal oxidation state of W (valence
configuration of 5d46s2) is +4; thus two electrons remain
on each W atom. These two W-d electrons occupy the t2g

orbitals derived from the octahedral crystal field, generat-
ing a magnetic moment of 2 μB per unit cell. By using a
(2 × 2) supercell which contains four magnetic W atoms,
we calculate the total energy of FM and antiferromagnetic
(AFM) configurations [inset of Fig. 2(a)]. The FM pattern
is found to be energetically favored over the AFM pattern
with an exchange energy (Eex = EAFM – EFM) of 56.5 meV
per W. When including SOC in our calculations, this Eex

is reduced by ∼16% (Eex = 47.2 meV per W). We calculate
its magnetocrystalline anisotropy energy. The out-of-plane
magnetic alignment (along the z direction) is energetically
lower than when the magnetic axis lies in the xy plane by
3.8 meV per unit cell.

Because of the large magnetocrystalline anisotropy, here
we use a simplified nearest-neighbor XXZ Heisenberg model
to describe its magnetic behavior. The Hamiltonian reads

Ĥ = −J

2

∑
〈i,j〉

⇀

Si ·
⇀

Sj − λ

2

∑
〈i,j 〉

Sz
i · Sz

j .

The J and λ are exchange parameter and out-of-plane
magnetization parameter, respectively. Note that in the current
case, S = 1. The summation runs over all the nearest-neighbor
pairs (i, j ). The energies of out-of-plane FM (EFM−z),
AFM (EAFM−z) state, and in-plane FM state (EFM−x ) can be
expressed as

EFM−z = E0 − 3J − 3λ, EAFM−z = E0 + J + λ,

EFM−x = E0 − 3J,

where E0 is the total energy without magnetic couplings.
From the calculated total energy of different magnetic con-

figurations by the DFT + SOC method, we obtain J =
10.5 meV and λ = 1.3 meV. We then perform Monte Carlo
(MC) simulations to estimate its Tc. A (30 × 30) hexagonal
spin lattice containing 900 spin sites is used. During the
simulations, each spin is rotated randomly in all directions.
The average magnetization per site and specific heat [Cv =
(〈E2〉 – 〈E〉2)/kBT 2] are taken after the system reaches its
equilibrium state at a given temperature. From Fig. 2(a) one
observes that Tc is ∼160 K (dashed vertical line). At this
temperature, the average magnetic moment M drops from its
initial S(= 1) to ∼S/2.

These ferromagnetic 2D materials with out-of-plane mag-
netic easy axis are very interesting theoretically and exper-
imentally owing to the successful synthesis of CrI3 [37,38]
and Cr2Ge2Te6 [39] thin films. A detailed understanding
of the low-temperature magnetic behavior of the W@InI3

monolayer would be useful for further analyses. We therefore
use the quantum mechanical treatment, i.e., the linear spin
wave approximation, to study the magnon excitation of this
system [40]. This could also allow us to study the spin wave
related thermal and topological properties [41–43]. To do this,
we use Holstein-Primakoff representation [44],

S+
i =

√
2S

√
1 − b

†
i bi

2S
bi ∼

√
2Sbi,

S−
i =

√
2Sb

†
i

√
1 − b

†
i bi

2S
∼

√
2Sb

†
i ,

Sz
i = S − b

†
i bi,

where bi and b
†
i are magnon annihilation and creation opera-

tors, respectively. Under low temperature, Sz ∼ S, the Hamil-
tonian can be written as

Ĥ =
[

3JS + 3λS − J
2 Sf (k)

− J
2 Sf ∗(k) 3JS + 3λS

]
,

f (k) =
6∑

i=1

eik·di = 2 cos akx + 4 cos
akx

2
cos

√
3aky

2
,
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FIG. 3. Band dispersion along the high-symmetry k path, (a) without and (b) with SOC interactions. The symmetry representation is also
shown in panel (a). The color map shows the out-of-plane spin component 〈sz〉 of each state.

where di’s are nearest-neighbor vectors and a is the lattice
constant. The energy spectrum of E+(k) and E−(k), i.e., the
magnon dispersion, is shown in Fig. 2(b). The lower-energy
spectrum near the � point (k → 0) can be extended to be

E−(k) = 3λS + J

2
S

⎡
⎣(akx )2 + 2

(a

2
kx

)2
+ 2

(√
3a

2
ky

)2
⎤
⎦

= 3λS + 3

4
JS(ak)2 = �0 + ρ(ak)2,

where �0 = 3λS = 3.9 meV denotes the spin wave gap and
ρ = 3JS/4 = 7.9 meV denotes the spin stiffness. Under finite
temperature, the magnetization is

M = S − 1

(2π )2

∫
BZ

d2k
eβME−(k)/S − 1

= S − 1

(2π )2

∫
BZ

Sd2k

βM[�0 + ρ(ak)2]
.

The normalization of the magnon satisfies
1

(2π )2

∫
BZ a2d2k = 2.

Note that a direct integral of these equations is not straight-
forward. Since the integral is controlled by E−(k), its value is
dominated by the integral near the � point. Thus, following
the spirit of the Debye model, we assume that the integral
is within a circular region (within a cutoff radius kc), which
provides good approximation of the main behavior [40]. In
order to obtain Tc, we need to address when M decreases
to an obvious small value. Unfortunately, due to the linear
approximation feature in this model, there is no finite temper-
ature solution for M = 0. Thus we only consider the critical
temperature when M decreases to half of S (i.e., S/2, similar
to what is found in the Monte Carlo simulation),

M = 1

2
S = S − 1

(2π )2

∫
BZ

Sa2d2k

2βS[�0 + ρ(ak)2]
.

After integrating, we yield

kBTc = 2πρS

ln �0+8πρ

�0

= 3πJS2

2 ln
(
1 + 2Jπ

λ

) .

This gives Tc = 145 K, which is consistent with the result
(∼160 K) from MC simulations. The Curie temperature in-
creases as the spin wave gap is increased, similar to what is
observed in Cr2Ge2Te6 [39].

Generally speaking, the strength of superexchange inter-
action decreases rapidly as the distance between magnetic
sites increases. In this system, the distance between nearest
magnetic sites, namely, the W-W distance, is quite large
(8.07 Å), which should lead to a very weak magnetic coupling.
However, the ferromagnetism is found to be rather strong.
To understand this, we plot the projected density of state
[Fig. 2(c)]. We find that not only I-p orbitals, but also the
In-s orbitals participate in the superexchange process. This
is different from recently discovered 2D FM semiconductors
such as CrI3 [37] and CrGeTe3 [39], where only ligand p

orbitals are involved in magnetic exchange. From the charge
difference [inset of Fig. 2(c)], distinct charge transfers from
W to In atoms are observed, which partially occupy the In-s
orbital and lead to strong d-s-d hybridizations. Because the
s orbital is more broadening than p orbitals, thus the d-s-d
superexchange persists for a longer distance.

C. Electronic band dispersion and nontrivial topology analysis

Now we study the topological electronic properties of
W@InI3. Before SOC is included [Fig. 3(a)], we see two
bands near the Fermi level which are mainly contributed by
the spin-up W-e2 (dxy and dx2-y2) orbitals. This is different
from the conventional QAH effect arising from the hybridiza-
tion between opposite spin states near the Fermi level. This
is owing to the large spin split in the system, so that the
spin-down states lie away from the Fermi level. One observes
two Dirac cones—one locates at the K point and the other one
lies along the � → K path. This can be briefly understood
by a simple group analysis. Note that the little group of the
�(K ) point is D3d (C3v ). We find that at both the � and
M points, the valence and conduction bands have �−

1 and
�+

1 symmetry, respectively [Fig. 3(a)]. According to group
compatibility theory, these two bands must have even times
of crossing. Hence, the band crossing along the � → K path
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FIG. 4. (a) Berry curvature in the k space. (b) MLWF based tight-binding band structure of nanoribbon, where blue to red colors
represent left edge to right edge state contributions, respectively. (c) Local density of state (LDOS) distribution at k = 1/4 × (�̄ → M̄ ) of
the nanoribbon. One clearly sees a localized edge state inside the bulk band gap, which is indicated in (b) as a white circled cross.

is an accidental degeneracy. These multiple band crossings
also suggest a QAH conductance with C > 1, once SOC is
included.

Since the W-e2 orbitals have a high magnetic quantum
number, the intra-atomic SOC term L · S is large (this is also
the reason for a large magnetocrystalline anisotropy energy).
Hence, one expects that including SOC can induce a large
nontrivial band gap. Indeed, as shown in Fig. 3(b), we see a
finite band gap opening at the Fermi level. Due to its spatial
inversion symmetry, no Rashba effect is observed and the
out-of-plane spin component 〈sz〉 is not strongly quenched.
The direct band gap at the K point is 176 meV, and its global
band gap of 56 meV locates along the � → K path. Such
large band gap suggests that the W@InI3 monolayer might
be a room-temperature QAH insulator.

In order to explore its topological feature, we
calculate its k-resolved Berry curvature, �(k) =
i
∑

Enk�EF
〈∇kunk| × |∇kunk〉, where EF is the Fermi

energy and |unk〉 is the periodic part of the Bloch wave
function of band n at k, from our first-principles calculations.
The summation runs over all occupied bands. The results
are shown in Fig. 4(a), where we see one pronounced
peak at the finite band gap (along � → K). Totally there
are six such peaks in the first Brillouin zone. Integration
of Berry curvature over the first Brillouin zone gives the
Chern number, C = 1

2π

∫
BZ �(k)d2k = 2. Thus, our proposed

W@InI3 monolayer is indeed a QAH insulator with a finite
Chern number. Next, we fit the band dispersion (with SOC) by
a tight binding Hamiltonian based on MLWFs. We construct a
zigzag edged nanoribbon with ∼35 Å width and calculate its
band structure [Fig. 4(b)]. One clearly observes two localized
metallic states on each edge of the nanoribbon, propagating
along opposite directions. This confirms that the Chern
number C = 2. The localization of such edge state can be
quantified from its local density of state (LDOS) [Fig. 4(c)].
We find that the state indicated as the white circled cross
(its energy is 0.02 eV above the EF ) is mainly localized
within ∼2 nm from its edge. The group velocity of this state
is vg = 9.3 × 104 m/s.

D. Anomalous Hall conductance
and magneto-optical Kerr effect

We then adjust its chemical potential μ (with respect to
EF ) and calculate its anomalous Hall conductance, σxy =
Ce2/h [Fig. 5(a)]. A quantized terrace of 2e2/h inside the
global band gap is clearly seen. When the chemical potential
lies out of the band gap, σxy drastically decreases to a small
value. This curve can be verified by Hall resistance mea-
surement at zero magnetic field in experiments. In addition,
recent studies show that magneto-optical measurements, such
as Faraday and Kerr rotation effects, provide a fingerprint
probe of Hall conductivity. As the quantized Hall transverse
current σxy = Ne/h2 actually features the magnetoelectric
effect at the low-frequency limit, the optical process at finite
frequency offers a direct detection of quantum anomalous
Hall scenario [45–47]. In addition, the Faraday and Kerr
angles are related to the fine structure constant α(= 1/137).
Thus, the observation of them can be critical to verify our
predicted material and aid the measurement of α. In order to
provide a theoretical prediction, we calculate the optical Hall
conductivity for its potential magneto-optical measurement by
the Kubo-Greenwood formula [48],

σαβ (ω) = e2h̄

∫
BZ

d2k

(2π )2

∑
n�=m

(fmk − fnk )

× Im〈ψnk|∇α|ψmk〉〈ψmk|∇β |ψnk〉
(Emk − Enk )2 − (h̄ω + iη)2 ,

where fnk is the Fermi-Dirac distribution, h̄ω specifies the
incident optical energy, and η is an infinitesimal smearing
parameter (α, β = x, y ). Then, we can quantify the field in-
duced magneto-optic Kerr effect (MOKE). For simplicity, the
incident light propagation is assumed normal to the surface,
and no reflection is considered. The complex polar Kerr angles
can be obtained by [49,50]

θK + iηK = 2Z0dσxy

1 − (ns + Z0dσxx )2 ,
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FIG. 5. (a) Integrated anomalous Hall conductance σxy as function of chemical potential, where a terrace of σ = 2 e2/h appears around
the Fermi level. (b) Calculated MOKE with respect to incident energy.

where the real part (θK ) and complex part (ηK ) are the rotation
angle of the major axis of the linearly polarized light and the
ratio of the minor to the major axis of the light, respectively.
ns is the refractive index of the substrate (e.g., SiO2, taken
to be 1.5 in this study), Z0 = 377 � is the impedance of free
space, and d = 3.22 Å is the thickness of the system. From
Fig. 5(b), we see fluctuation of both Kerr angles with respect
to incident optical energy. The ηK reaches its maximum of
1 mrad when h̄ω = 0.18 eV, and the minimum value of θK

is −2.8 mrad when h̄ω = 0.12 eV. These can be measured in
magneto-optical experiments.

E. Plasmonic behavior of linear band dispersion
of a W@InI3 nanoribbon

The collective mode of massless Dirac-type plasma is
explicitly nonclassical (h̄ dependent) in all dimensions, rather
than commonly studied metals and doped semiconductors
[51]. According to Das Sarma and Hwang [51], the elec-
tron energy loss spectrum (EELS) in linear band dispersion
is also related to the dimensionless fine structure constant.
Owing to the robustness of Dirac dispersion in edge states
of topological materials, measurement of their EELS could
aid us to study these facts. Besides, the quantum anomalous
Hall effect is time-reversal symmetry broken, which may
provide more features than that in time-reversal symmetric
Dirac dispersion (such as graphene). Unfortunately, the plas-
monic response of QAH insulator nanoribbons using EELS
is rarely discussed. Here, we study the collective plasmon
excitation and the screening spectrum. The noninteracting
polarization function can be calculated by the Lindhard
function,

�(q, ω) = − 1

2π

∫
dk

∑
n,m

(fn,k − fm,k+q )

× |〈um,k+q |un,k〉|2
En,k − Em,k+q + h̄ω + iη

,

where the integral is performed in the one-dimensional (1D)
first Brillouin zone. We use Fermi-Dirac distribution at the
temperature at T = 300 K, and η is taken to be 0.5 meV. Then,
we evaluate the dielectric function within the random phase
approximation (RPA),

ε(q, ω) = 1 + V (q )�(q, ω),

where V (q ) = (2e2/4πε0εr )K0(qa), where relative dielec-
tric constant εr is calculated to be 55.8 within RPA. The
K0(x) is the zeroth-order modified Bessel function of the
second kind, which can be approximated to be |ln(x)| for
x → 0. The length parameter a characterizes the typical
lateral confinement size of the 1D electron system, which is
taken as 2 nm as found in LDOS. The nodes of the frequency-
dependent dielectric function correspond to the excitation
spectrum of the plasmon modes. The real and complex parts
of the dielectric function quantify the dispersion and loss
of plasmon modes, respectively. The EELS is defined as
L(q, ω) = –Im[1/ε(q, ω)], which can be used to specify the
weight of the plasmon mode.

Figure 6(a) shows the calculated EELS L(q, ω) of an
n-doped nanoribbon. Due to its symmetry, the EELS along
the +q and −q are identical. Thus, we only plot +q results
here. By fitting the EELS in the long wavelength limit, we
find the cutoff frequency ωp ∼ q0.87 in our system, rather
than that of

√
q in 2D Dirac systems. This agrees with previ-

ous theoretical model analysis [51], namely, ωp ∼ q|ln(qa)|
when the chemical potential is fixed. Moreover, the EELS
is more damped when q gets larger, due to larger interband
scattering effects. We also shift the chemical potential μ and
calculate the L(q, ω) with a fixed q [Fig. 6(b)]. According
to the previous analytical work [51], the ωp is proportional
to

√
vg but not to μ. Consistently, our result shows that ωp

merely remains to be a constant in the vicinity of the Fermi
level, and slightly increases when μ approaches the valence
bands. These facts would be helpful to identify the Dirac
bands feature in experiments.

115424-6



ATOMICALLY DISPERSED TUNGSTEN ON METAL HALIDE … PHYSICAL REVIEW B 98, 115424 (2018)

FIG. 6. (a) EELS L(q, ω) dispersion of n-doped system with chemical potential μ = EF + 0.2 eV. The area below the white dashed

line (vgq ) is the single-particle excitation damping region. (b) Calculated EELS L(q, ω) with fixed q = 0.018 Å
−1

under different chemical
potential relative to Fermi level.

IV. CONCLUSION

In summary, we use first-principles calculations to predict
an intrinsic QAH insulator with strong homogeneous out-of-
plane ferromagnetism, based on the experimentally realizable
atomic dispersion of W into the metal halide InI3 monolayer.
We show that the pores in the InI3 film can firmly absorb
W atoms, exhibiting a uniform trigonal FM lattice. Both
Monte Carlo and magnon excitation analyses based on the
Heisenberg spin interaction model show an observable high Tc

of ∼160 K. The W-e2 orbitals form several Dirac cones at the
K point and along the � → K path. Intrinsic SOC would open
a global band gap of 56 meV, with a Chern number of |C| = 2.
This can be further demonstrated by calculating its metallic

edge state. In order to facilitate future experiments, we also
calculated its magneto-optical Kerr effect and its collective
plasma excitation modes, which could also help to measure
the fine structure constant. Our study provides opportunities
for realizing a robust QAH effect and feasible 2D FM Chern
insulators, which will be of interest for future spintronics.
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