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The quantum anomalous valley Hall effect (QAVHE) represents an important research direction in topological elec-
tronics. In this work, based on first-principles calculations combined with a tight-binding (TB) model, we predict that the
two-dimensional (2D) ferromagnetic material PtyHgrCl3X3 (X = F, Br) can realize the QAVHE. The system exhibits a
Curie temperature of 219 K, and its magnetic easy axis can be tuned from the in-plane to the out-of-plane direction under
biaxial strain, leading to a remarkable change in valley polarization and enabling effective control of the valley degree of
freedom. A strain-driven topological phase transition from a trivial to a nontrivial state is revealed, resulting in the coex-
istence of the anomalous valley Hall effect (AVHE) and the quantum anomalous Hall effect (QAHE), characterized by a
Chern number (C = 1) and chiral spin—valley—locked states. The coexistence of robust valley polarization and a high Curie
temperature makes this system an ideal platform for realizing dissipationless electronic transport and topological quan-
tum computation, offering valuable prospects for the development of valleytronics, spintronics, and topological quantum
materials.
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1. Introduction

With the rapid progress in the study of two-dimensional
(2D) materials, both the types and quantities of 2D valley

d,['= and substantial ad-

systems have significantly increase
vances have been achieved in understanding their fundamen-
tal properties and manipulating their quantum characteris-
tics. In particular, 2D hexagonal lattices, such as transition-
metal dichalcogenides (TMDs), have been regarded as promis-
ing candidates for controlling charge, spin, and valley de-
grees of freedom.>~!!l In these materials, the breaking of
spatial inversion symmetry allows the exploration of valley-
contrasting phenomena, such as the valley Hall effect (VHE)
and valley-controllable optical selection rules.[!>!3] In recent
years, progress in valleytronics has emphasized the genera-
tion of valley polarization by breaking time-reversal symme-
try, thereby lifting the degeneracy of the K and K’ valleys.!'4]
Several approaches have been proposed, including optical
pumping,['-171 magnetic doping,!'#2° magnetic proxim-

(21-23] applying external magnetic fields,?+27]

[29

ity effects, as

[30,31]

well as edges,!?®! defects,*”! and intervalley scattering.

Building on these efforts, Hu et al. introduced the concept

of the quantum anomalous valley Hall effect,>33! in which
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valley polarization coexists with the quantum anomalous Hall
effect (QAHE). Compared with the anomalous valley Hall
effect (AVHE), the QAVHE is characterized by a nonzero
Chern number (C = 1) and chiral spin—valley locking, endow-
ing it with intrinsic importance and practical relevance. Since
then, several 2D systems have been theoretically predicted to
possess QAVHE properties, including FeCly,?* VSi;Ny, 13
VSiyPy, 3037 FeCIE,*8] and MBr, (M = Ru, Os).3*4] Nevy-
ertheless, the number of available valley materials that simul-
taneously combine valley physics with topological physics re-
mains very limited. Most of the studies to date are still re-
stricted to monolayer transition-metal binary compounds with
2H phases or VA,Z4-type (A = Si, Ge; Z = N, P) structures,
such as VSipNy and VSipP4. Furthermore, although progress
has been made in both AVHE and QAHE, valley polariza-
tion in intrinsically ferromagnetic (FM) 2D materials is usu-
ally weak, rendering them vulnerable to thermal fluctuations
at room temperature and thus limiting their practical applica-
tions. Therefore, it is crucial to identify systems that can si-
multaneously realize out-of-plane magnetic anisotropy, stable
valley polarization, and high Curie temperatures.

Jacutingaite (PtHgSe3), a layered platinum-group min-

© 2026 Chinese Physical Society and IOP Publishing Ltd. All rights, including for text and data mining, Al training, and similar technologies, are reserved.

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

107102-1


https://doi.org/10.1088/1674-1056/ae2c6a
https://cstr.cn/32038.14.CPB.ae2c6a
mailto:ss_zhangchw@ujn.edu.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B 35, 107102 (2026)

eral discovered in Brazil by Cabral et al.,[* '] crystallizes
in space group P3ml (No. 164) with a triangular primitive
cell composed of 12 atoms. Its atomic configuration forms
a sandwich-like structure in which a Pt layer is embedded be-
tween two Hg/Se layers. Interestingly, the Hg atoms at the top
and bottom layers form a distorted honeycomb lattice, leading
to two Dirac bands whose Dirac points lie exactly at the Fermi
level, resembling the band structure of graphene. When spin—
orbit coupling (SOC) is included, a band gap of 0.15 eV opens
at the K point, thereby enabling the realization of the quantum
spin Hall effect in this material. Shortly thereafter, scanning
tunneling microscopy (STM) measurements confirmed the ex-
istence of the gap and the hallmark edge states.[*3! Conse-
quently, 2D jacutingaite was identified as a Kane—Mele quan-

r.[441 Compared with graphene, it ex-

tum spin Hall insulato
hibits significantly stronger SOC and a larger band gap. Theo-
retical studies further confirmed that monolayer PtoHgSes is
a dynamically stable topological insulator with a band gap
of about 0.5 eV.[**] This material has already been success-
fully synthesized and demonstrates broad application poten-
tial in nanoelectronics and spintronics. Inspired by these find-
ings, we propose a novel 2D structure, Pt4Hg,Cl3X; (X =F,
Br), and systematically investigate its structural stability, mag-
netic properties, electronic band structure, and topological
features. First-principles calculations reveal that monolayer
Pt4HgrClsX3 (X = F, Br) exhibits intrinsic ferromagnetism,
with a magnetic moment of 6 ug per unit cell.  When the
magnetic easy axis is oriented out of the plane, pronounced
differences in the valley polarization values emerge, thereby
enhancing the tunability of the valley degrees of freedom.
Moreover, the calculated edge-state density maps, Berry cur-
vature, and anomalous Hall conductivity confirm that mono-
layer Pt4Hg>Cl3X3 (X = F, Br) supports the QAVHE, high-
lighting its promise for nondissipative valleytronic devices.
Although the easy axis is initially in-plane, strain engineer-
ing can induce a transition of the magnetic anisotropy from
in-plane. to out-of-plane, leading to significant energy split-
ting at the K/K’ valleys and the emergence of valley polar-
ization. This enhanced controllability of the valley degrees of
freedom further stabilizes the QAVHE, as corroborated by the
computed edge states, Berry curvature, and anomalous Hall
conductivity. Taken together, these results establish monolayer
Pt4Hg,Cl3 X3 (X = F, Br) as one of the most promising next-
generation valleytronic and topological materials for realizing
dissipationless electronic devices.

2. Computational details

First-principles calculations were carried out using the
Vienna ab initio simulation package (VASP),*#7 which is
based on density functional theory (DFT).[*3] The exchange—
correlation interactions between electrons were treated within

the generalized gradient approximation (GGA) in the Perdew—
Burke—Ernzerhof (PBE) scheme.*”) The plane-wave cutoff
energy was set to 520 eV, and the Brillouin zone was sam-
pled with a 13 x 13 x 1 Monkhorst—Pack k-mesh. Structural
relaxations were performed until the residual forces on each
atom were less than 0.01 eV/A and the total energy conver-
gence criterion was set to 1078 eV. To eliminate spurious in-
teractions between periodic images, a vacuum spacing of 20 A
was introduced along the z direction. Thephonon dispersion
spectra were calculated using the supercell approach imple-
mented in the PHONOPY code. For the Pt-d-electrons, the
on-site Coulomb interaction was-considered by employing the
DFT+U method with an effective U value of 3 eV.PY Fur-
thermore, the Berry curvature was obtained by constructing
maximally localized Wannier functions (MLWFs) P!l with the
aid of the WANNIER90 package, and the edge-state spectra
were investigated using the iterative Green’s function method.
Based on the tight-binding Hamiltonian constructed from the
MLWFs, the Chern number was further evaluated. Further-
more, the edge-state spectra were investigated using the itera-

tive Green’s function approach.>!-3%]

3. Results and discussion

We first investigated the geometric structure and stability
of the pristine monolayer Pt4Hg,Cl3X3 (X = F, Br). The op-
timized 2D Pt4yHg,Cl3X3 possesses a centrosymmetric hexag-
onal lattice belonging to the space group P3ml. The top and
side views of the structure are presented in Figs. 1(a) and 1(b).
The fully relaxed lattice constants are 7.33 A and 7.72 A, re-
spectively. Each unit cell contains four Pt atoms, which can
be classified into two categories according to their local envi-
ronment. One type of Pt atom is coordinated with nonmetal
atoms (Cl and X)), whereas the other type resides at the center
of a planar quadrilateral formed by Cl and X atoms and bonds
with Hg atoms. To further analyze the bonding characteris-
tics, we calculated the electron localization function (ELF).
As shown in Fig. S1 of the supporting information, the elec-
tron localization is mainly distributed around CI and X atoms,
confirming that PtyHg,Cl3X3 is essentially an ionic-type com-
pound. In addition, the phonon dispersion spectrum was com-
puted to evaluate the dynamical stability of the structure. As
illustrated in Fig. 1(c), no imaginary frequencies are observed
throughout the Brillouin zone, indicating that the system is dy-
namically stable.

Furthermore, we calculated the cohesive energy of the
structure, which is defined as the energy required to decom-
pose the condensed system into isolated free atoms. The cohe-
sive energy is one of the most important physical parameters
for quantifying the stability of a material. The cohesive energy

per atom can be expressed as!>>!

AEcon = Epi+ Exg + Eci + Ex — EpyHe,Cli X3 5 (D

107102-2


http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ae2c6a

Chin. Phys. B 35, 107102 (2026)

where Ep;, Eng, Eci, and Ex correspond to the energies of
Pt, Hg, Cl, and F/Br atoms, respectively, and Ep,Hg,cl3x; 1S
the energy of a single-cell Pt4Hg,Cl3X3. The calculated co-
hesive energies for F and Br are 2.03 eV and 3.17 eV, re-
spectively. These relatively high cohesive energies indicate
strong bonding interactions within the lattice, confirming not
only the structural stability but also the experimental feasi-
bility of synthesizing Pt4Hg,Cl3X3. To gain deeper insights
into the physical mechanism of the quantum anomalous Hall
(QAH) effect induced by halogen functionalization, we con-
structed a tight-binding (TB) model to qualitatively describe
the SOC-driven bandgap opening and its evolution.>*-37! Un-
like conventional studies, our model introduces a magnetiza-
tion term into a four-band Hamiltonian defined on a hexago-
nal lattice, owing to the intrinsic ferromagnetism of halogen-
functionalized jacutingaite. The Hamiltonian with intrinsic
SOC can be expressed as
H=g+Y (tC}Cjo+h.c.)

i,jo

. djp  dy

+ik Cfs-( I x Cj
g’l \dje| " lduil )7

+M Zﬁ CieSepCi» )
ia,

where & is the on-site energy, C;; and Cjq are the creation

and annihilation operators for an electron with spin & at site

i, t is the nearest-neighbor hopping parameter, A denotes the
strength of intrinsic SOC, S represents the spin Pauli matrices,
dy; denotes the vector from site i to site k, and M corresponds
to the exchange field. As shown in Figs. 2(a) and 2(e), the
material remains unpolarized in the absence of SOC, with the
system residing in a non-valley-polarized state. However, be-
cause Pt is a heavy transition metal, its crystal field generates
strong SOC, which significantly modifies the band structure,
as illustrated in Figs. 2(b) and 2(f).
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Fig. 1. (a)—(b) Side and top views of the unit cell structure of monolayer
Pt4Hg>Cl3Brs. (c)—(d) Phonon dispersion of the 2D lattice.
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Fig. 2. Band structures of Pt4Hg,CI3F3 [(a)—(d)] and Pt4Hg,Cl3Br3 [(e)—(h)]. (a) and (e) PBE band structures without SOC. (b) and (f) PBE band
structures with SOC. (c) and (g) Band gap schematics. (d) and (h) Band structures with the magnetic axis rotated from the z-axis to the x-axis, where 6

is the angle between the two axes.

The degeneracy between the K and K’ valleys is lifted,
leading to energy splitting and the emergence of valley polar-
ization. More interestingly, the exchange field breaks time-
reversal symmetry and induces a nonzero Chern number,

thereby realizing the QAVHE. Strain engineering provides an
additional degree of control, enabling band inversion and topo-
logical phase transitions, thus further tuning valley-polarized
transport. Fundamentally, this TB model suggests that incor-
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porating heavier elements as functional groups can enhance
the SOC-induced bandgap, offering a practical strategy for
Such
multifreedom tunability endows PtyHg,Cl3X3 with potential

designing large-gap QAH states in future materials.

applications in low-power electronic devices. Moreover, the
chiral propagation of edge states supports dissipationless cur-
rent transport, providing a promising route toward construct-
ing highly efficient quantum transport channels.

We further investigated the magnetic properties of
PtyHg>Cl3 X3 (X =F, Br). To determine the magnetic ground
state, four possible spin configurations were considered: Néel
antiferromagnetic (NAFM), stripe antiferromagnetic (SAFM),
zigzag antiferromagnetic (ZAFM), and ferromagnetic (FM).
Quantitative calculations were performed using a supercell,
and the total energy analysis reveals that the FM configura-

and ZAFM states. The energy difference between the FM
and AFM states is defined as (AE = Epy — Eapm). For
Pt4Hg, Cl3F;3 and Pt4Hg,Cl3Brs, the AE values are 51.64 meV
and 113.65 meV, respectively, confirming that the FM state is
the magnetic ground state. The corresponding magnetic mo-
ment is 6 ug per unit cell. According to the nearest-neighbor
Heisenberg model, the Curie temperature 7; can be estimated
by the relation 3kg T /2 = (Epm — Eapm) /N, where kg is the
Boltzmann constant and N is the number of magnetic atoms
in the supercell. Using this approach; the Curie temperatures
of Pt4Hg,Cl3F3; and PtsHg,Cl3Brs are obtained as 99.9 K
and 219.7 K, respectively. These results demonstrate that
Pt4Hg,Cl3 X3 is intrinsically ferromagnetic and indicate that

its magnetic ordering is expected to persist up to room tem-

tion is energetically more favorable than the NAFM, SAFM,  perature.
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Fig. 3. Atomic-projected component analysis of 2D PtyHg,Cl3Br3.

Based on the similarity of the ferromagnetic (FM)
ground-state structures of Pt4Hg,ClsF3; and PtsHg,Cl3Br3,
PtyHg,Cl3F3 in the ESI,
Pt4Hg,Cl3Br; is taken as a representative example for further

is described in - detail and
discussion. First, we computed the PBE band structure of 2D
Pt4Hg,ClsBrs without spin—orbit coupling (SOC). As shown
in Fig. 2(e), the calculation yields a band gap of 160.12 meV.
We also recalculated the band structure using the HSEQ6 hy-
brid functional (Fig. S2(b)), which gives a band gap of 1.23 eV.
The similar band-structure profiles obtained from these two
methods confirm the reliability of the PBE description of the
electronic states when appropriate correlation corrections (U)
are included. Pt4Hg>Cl3Br; is identified as a direct-gap semi-
conductor, with the valence-band maximum located at the de-
generate K and K’ points. This indicates that, in the absence of
SOC, the system remains valley-degenerate. However, owing
to the large atomic mass of Pt and the crystal-field environ-
ment, SOC is strong in this system. Upon inclusion of SOC,
the band structure undergoes significant modification: the de-
generacy between the K and K’ valleys is lifted, producing
an energy splitting between the two valleys (i.e., valley polar-

ization), as shown in Fig. 2(f). A schematic diagram of the
valley-split gaps is presented in Fig. 2(g). After the degener-
acy is lifted, the optical band gaps at K and K’ are 305.69 meV
and 26.60 meV, respectively, while the valley polarization val-
ues in the conduction and valence bands are 158.30 meV and
120.79 meV, respectively. An important feature of this 2D fer-
rovalley system is that the valley polarization reverses when
the magnetization axis is switched. For 2D Pt4Hg,Cl3Br3,
reversing the magnetization from +z to —z interchanges the
optical gaps at K and K’, as confirmed in Fig. 5(h). Fig-
ure 2(h) shows the evolution of the electronic band structure
as the magnetic axis is rotated from the out-of-plane (z) di-
rection to the in-plane (x) direction. During this rotation, the
optical gaps at K and K’ converge and eventually become de-
generate when the magnetization lies in-plane, resulting in the
disappearance of valley polarization. This behavior indicates
that, with SOC and an out-of-plane magnetization axis, the
system enters a ferrovalley state; conversely, rotating the mag-
netization into the plane suppresses the valley polarization and
restores the valley-degenerate (nonpolarized) state. To fur-
ther elucidate the electronic states of the 2D PtyHg,Cl3Brs
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lattice, we performed atomic-projected component analyses,
as shown in Fig. 3. The results clearly indicate that the states
contributing to the valleys near the Fermi level arise primarily
from Pt atoms, with Hg atoms making a secondary contribu-
tion; the contributions from CI and Br atoms are comparatively
minor.

Having confirmed that the valence and conduction-band
contributions originate mainly from Pt and Hg, we further
plotted orbital-projected component analyses for Pt and Hg
(Fig. 4). The orbital projections show that states near the Fermi
level are principally derived from Pt d orbitals and the s orbital
of Hg. Specifically, among the Pt d orbitals, the d,; and d,,
components dominate, followed by d,, and d,» 2% the contri-
bution of the Pt d > orbital near the Fermi level is negligible.

We calculated the magnetic anisotropy energy (MAE) of
the unit cell along different crystallographic axes. The en-
ergy difference between the in-plane and out-of-plane orien-
tations (MAE = Ejp — Egp) is —6.18 meV. This indicates that
the in-plane configuration has a slightly lower anisotropy en-
ergy surface, suggesting that the easy magnetization axis pref-
erentially lies within the plane. However, when the mag-
netic axis is in-plane, the material remains in a non-valley-
polarized state since the K and K’ valleys are degenerate and
no valley polarization occurs. To explore external modula-
tion, we employed strain engineering, which is regarded as
one of the most effective experimental methods for tuning
the electronic properties of 2D materials. In this work, bi-
axial strain (both tensile and compressive) was applied to the
Pt4Hg,Cl3Br; lattice. The strain is defined as € = (a —ag) /ag,

0.6

(b)

Energy (eV)
Energy (eV)

Energy (eV)
Energy (eV)

~,

o~

K M BTN r K M

where a and a( represent the strained and unstrained lattice
constants, respectively.>®>%3 As shown in Fig. 5(a), the total
energy of the PtyHg,Cl3Br;3 lattice reaches a minimum with-
out applied strain. Figures 5(b) and 5(c) illustrate the evo-
lution of the magnetic ground state and MAE under biaxial
strain. The results show that the FM ground state is robust
against both tensile and compressive strains, indicating strong
stability of the ferromagnetic order. Regarding the MAE, the
in-plane anisotropy gradually decreases as the strain changes
from compressive to tensile. When the. tensile strain reaches
8%, the magnetic easy axis switches from in-plane to out-
of-plane, demonstrating a strain-induced-magnetic anisotropy
phase transition. This confirms that strain engineering can ef-
fectively tune the easy axis of Pt4Hg,CI3Br; from in-plane
to out-of-plane. The electronic band structure under 8% ten-
sile strain is shown in Fig. 5(d). As shown in Fig. 5(e), the
valley characteristics remain unchanged, but the degeneracy
at the K and K’ valleys is lifted, resulting in valley splitting.
The optical bandgaps at the K and K’ valleys are 259.5 meV
and 51.97 meV, respectively, with valley polarization values
of 115.9 meV and 91.6 meV for the conduction and valence
bands. Compared with the unstrained case in Fig. 2(e), the
global bandgap increases while the valley polarization is only
slightly affected by tensile strain, which is advantageous for
device applications. Moreover, as illustrated in Fig. 5(f), re-
versal of the magnetic axis and the corresponding reversal of
valley polarization can also be achieved by applying an exter-

nal magnetic field.

0.6 : 1 0.6
@ 0 OF

0.4 ; i 0.4

0.2 0.2

Energy (eV)
=
Energy (eV)
=)

0.2 02
0.4 -0.4
0.6
K r K M
0.6 0.6 T
(8) (V)
0.4 04|
0.2 0.2
\?'i E Hgrd
B O 5 O
2 2
=02 =02
0.4 -0.4
0. 3 -0.6— 3 :
LY r K M M K I K M

Fig. 4. Orbital-projected band-component analysis of 2D Pt4Hg,Cl3Brs.
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Fig. 5. (a)—(c) Electronic properties of monolayer Pt4Hg,Cl3Brs under biaxial strain. (a)—(c) Strain-dependent evolution of the total energy,
the energy difference between ferromagnetic and antiferromagnetic states, and the magnetic anisotropy energy. (d)—(f) PBE electronic band
structures under 8% tensile strain: (d) without SOC, (e) with SOC, and (f) with SOC when the magnetic axis is along the —z direction.

To further verify the existence of the quantum anomalous
valley Hall effect (QAVHE) in the 2D PtsHg,Cl3Br3 lattice,
we conducted calculations of the Berry curvature using the fol-
lowing formula: 64!

Qk) =Y fn (k) 3)

Vi [V W) (Wi | 0| Wik
(en’k - gnk)z

Q(k)=-2Y) lm< O]

n'#n
where n is the band index, v is the eigenstate of eigenvalue
&« of band'n, f, s the Fermi distribution function, and v is the

velocity operator. By integrating Q, (k) over the first Brillouin
zone (BZ), the Chern number (C) can be obtained by!6>-¢]

_ly e
C=5- ZBé d*kQ, (k). 6))

The calculated Berry curvature of 2D PtyHg>Cl3Br3 is pre-
sented in Figs. 6(a) and 6(b). The system exhibits intrinsic
ferromagnetism, and the Berry curvature Q. (k) has the same
sign at both the K and K’ valleys, although their absolute val-
ues differ. From the band structure in Fig. 2(f) and the Berry
curvature distribution in Figs. 6(a) and 6(b), it can be seen that
the optical bandgap (AK) at the K valley is larger than that at
the K’ valley. Nevertheless, the Berry curvature €, (k) at the
K valley is smaller than €,(k) at the K’ valley. This inverse
relationship is explained by the Kubo formula, which states

that the Berry curvature is inversely proportional to the square
of the valley bandgap. Hence, the main numerical contribu-
tions to the Berry curvature arise from the band edges at the
K and K’ valleys. Interestingly, the Berry curvature distribu-
tion of PtyHg,Cl3Br;3 differs significantly from that of conven-
tional ferrovalley materials, in which the Berry curvatures at K
and K’ have opposite signs. In contrast, for 2D PtyHg,Cl3Br;3
the Berry curvatures at both valleys share the same sign. To
further clarify this unusual feature, we calculated the edge-
state spectrum and anomalous Hall conductivity, as presented
in Figs. 6(c) and 6(d).

The formula for the anomalous Hall conductivity is given
by [2467]

ol = £l d%kQ. (k) (6)
Y w
BZ

By integrating the Berry curvature over the first Brillouin zone,
we calculated the Chern number and obtained Chern number
C = 1. The quantum anomalous Hall conductivity calculated
within the spin-down band gap between the valence-band edge
and the conduction band exhibits a quantized plateau with a
value of o,y = Cée? /h. Furthermore, the local density of states
(LDOS) at the boundary was evaluated by solving the imag-
inary part of the Green’s function, as illustrated in Fig. 6(c).
The results reveal the presence of a chiral edge state bridg-
ing the conduction-band minimum and the valence-band max-
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imum in the bulk gap, consistent with the topological prop-
erty of C = 1. These findings confirm that the 2D ferroval-
ley material Pt4yHg,Cl3Br3 is not only intrinsically ferromag-
netic but also a topological insulator, exhibiting the QAHE.
More importantly, the coexistence of valley polarization and
the QAHE in the same system demonstrates the realization
of the QAVHE. This work therefore enriches the family of
2D ferrovalley materials and broadens the scope of system-
atic investigations into their quantum properties. The demon-
strated QAVHE further highlights the application potential of
Pt4Hg>Cl3Br3 in valleytronics, spintronics, and topological

nanoelectronics.
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Fig. 6. Berry curvature distribution of PtsHg,Cl3Brs in the 2D Bril-
louin zone under 8% biaxial strain. (b) Berry curvature along high-
symmetry lines. (c) Edge-state density of Pt4Hg,Cl3Brs under 8%
strain. (d) Anomalous Hall conductivity under 8% strain.

4. Conclusion

In summary, based on first-principles calculations within
density functional theory, we have proposed a novel 2D fer-
rovalley material, Pt4Hg,Cl3 X3 (X =F, Br). A comprehensive
investigation of its electronic structure, stability, magnetism,
band structure, and topological properties has been carried out.
Our results demonstrate that the intrinsic ferromagnetism of
Pt;Hg, Cl3X3 breaks both spatial mirror symmetry and time-
reversal symmetry, thereby providing the fundamental condi-
tion for spontaneous valley polarization. When spin—orbit cou-
pling (SOC) is included and the magnetic easy axis is oriented
out-of-plane, the valley degeneracy is lifted, leading to the
emergence of spontaneous valley polarization. Further anal-
yses of the Berry curvature, anomalous Hall conductivity, and
edge-state spectrum confirm that the system hosts a nontriv-
ial topological phase, realizing the QAVHE. Moreover, under
biaxial tensile strain, the magnetic easy axis undergoes a tran-
sition from in-plane to out-of-plane. These findings not only
enrich the family of ferrovalley materials but also establish a
promising material platform for achieving the QAVHE. The
rich coupling among valley, spin, and electronic degrees of

freedom, together with multiple Hall effects, highlights the po-
tential of PtyHg,Cl3X3 in valleytronics, spintronics, and topo-
logical nanoelectronics.
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