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Using Ti2WS2Se2 monolayer as an example, the convergence tests of k-points and cutoff energy are 
conducted, as shown in Figure S1. It can be found that as the k-points and cutoff energy reaching 
15×15×1 and 500 eV, the energy of Ti2WS2Se2 monolayer become the lowest and stable. Therefore, the 
k-points and cutoff energy are set as 15×15×1 and 500 eV, respectively.

Figure S1. Convergence tests of (a) k-points and (b) cutoff energy for the Ti2WS2Se2 monolayer.

Table S1. Lattice constant a, bond length d, monolayer thickness h, cohesive energy Ecoh, and formation 
energy Eform of the M2XS2Se2 (M = V, Ti; X = W, Mo) monolayers.

System a (Å) dM-S (Å) dM-Se (Å) dX-S (Å) dX-Se (Å) h (Å) Ecoh 
(eV/atom)

Eform 
(eV/atom)

V2WS2Se2 5.83 2.42 2.55 2.30 2.45 2.74 4.93 -0.65
V2MoS2Se2 5.82 2.40 2.53 2.32 2.46 2.71 3.56 -0.71
Ti2WS2Se2 5.79 2.44 2.57 2.33 2.48 2.88 4.98 -0.67
Ti2MoS2Se

2
5.80 2.42 2.55 2.37 2.50 2.80 4.63 —

Figure S2. Electron localization function of V2WS2Se2 monolayer in the  plane along V-S (upper) (11̅0)
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and W-Se (lower) bonds.

Figure S3. Phonon spectrum of the Ti2MoS2Se2 monolayer.

Figure S4. Spin density distribution of FM configuration and schematic of exchange parameters 

 for the M2XS2Se2 (M = V, Ti; X = W, Mo) monolayers. Yellow iso-surfaces (0.03 e/bohr3) (𝐽1, 𝐽2 𝑎𝑛𝑑 𝐽 '
2)

represent the spin-up densities.

Table S2. Exchange energy ( ) of the V2WS2Se2, V2MoS2Se2, and Δ𝐸𝑒𝑥 = 𝐸𝐴𝐹𝑀1/𝐴𝐹𝑀2/𝐴𝐹𝑀3 ‒ 𝐸𝐹𝑀

Ti2WS2Se2 monolayers.

System EAMF1 - EFM
(meV/2 × 2 supercell)

EAMF2 - EFM
(meV/2 × 2 supercell)

EAMF3 - EFM
(meV/2 × 2 supercell)

V2WS2Se2 1889.58 1853.46 1746.06
V2MoS2Se2 2657.58 2087.37 2167.10
Ti2WS2Se2 653.68 752.97 830.93
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Figure S5. Atom-resolved MAE of the V2WS2Se2, V2MoS2Se2, and Ti2WS2Se2 monolayers.

Table S3. Exchange parameters of the V2WS2Se2, V2MoS2Se2, and Ti2WS2Se2 monolayers.

System J1 (meV) J2 (meV) J3 (meV)

V2WS2Se2 26.20 22.30 2.98
V2MoS2Se2 36.91 23.29 -2.21
Ti2WS2Se2 20.43 26.63 4.87

Figure S6. Three-dimensional band structures of the (a) V2WS2Se2, (b) V2MoS2Se2, and (c) Ti2WS2Se2 
monolayers without considering the SOC effect (only the bands related to band inversion are shown 

here). Red, blue, and purple bands represent the V/Ti-  spin-up band, W/Mo-  spin-down band, 𝑑𝑥𝑧,𝑑𝑦𝑧
𝑑

𝑧2

and W/Mo-  spin-down band, respectively.
𝑑

𝑥2 ‒ 𝑦2

Figure S7. Spin-resolved band structures of (a) V2WS2Se2, (b) V2MoS2Se2, and (c) Ti2WS2Se2 
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monolayers without considering the SOC effect from HSE06 method.

Figure S8. Orbital-resolved energy bands of the (a) V2WS2Se2, (b) V2MoS2Se2, and (c) Ti2WS2Se2 
monolayers with considering the SOC effect (only the bands related to band inversion are shown here).

Figure S9. The geometry of optimized structures for the (a) V2WS2Se2, (b) V2MoS2Se2, (c) Ti2WS2Se2, 
and (d) Ti2MoS2Se2 monolayers.


