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1. The POSCAR of CrSSe monolayer.

CrSSe                                   
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     0.0000000000000000    0.0000000000000000   20.4300003052000001
   Cr   S    Se
     1     1     1
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  0.6666666972774706  0.3333333537098753  0.4955543581952639
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2. Poisson's ratio and Young's modulus of CrSSe monolayer

Figure S1 Calculated orientation-dependent Poisson's ratio (a), and Young's modulus 
(b).

3. The phase diagrams of CrSSe monolayer



Figure S2 The phase diagrams of CrSSe monolayer.

Target compound can be synthesized by careful control of chemical potential 
during experimental synthesis. The chemical potentials of constituent species can be 
varied to reflect specific equilibrium growth conditions, and they are globally 
constrained by the formation enthalpy of the host to maintain its stability. In order to 
better explain the dynamic stability of CrSSe monolayer, we also introduce the 
chemical potential to draw the thermodynamic stability diagram1-4. we define the 
formation enthalpy (ΔH) of CrSSe monolayer at 0 K as:

∆𝐻 =
𝐸𝐶𝑟𝑆𝑆𝑒 ‒ 𝜇𝐶𝑟 ‒ 𝜇𝑆 ‒ 𝜇𝑆𝑒
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where are the energy of CrSSe monolayer; ， ，  are the chemical  𝐸𝐶𝑟𝑆𝑆𝑒 𝜇𝐶𝑟 𝜇𝑆 𝜇𝑆𝑒

potential of Cr, S, and Se atom in their most stable solid phase.
The formation enthalpy in CrSSe monolayer needs to satisfy:

𝜇𝐶𝑟 + 𝜇𝑆 + 𝜇𝑆𝑒 = ∆𝐻𝐶𝑟𝑆𝑆𝑒
𝑓

Besides, the chemical formula in the CrSSe monolayer must also be restricted to other 
possible competing phases, for example,

𝜇𝐶𝑟 + 2𝜇𝑆𝑒 ≤ ∆𝐻
𝐶𝑟𝑆𝑒2

𝑓

𝜇𝐶𝑟 + 2𝜇𝑆 ≤ ∆𝐻
𝐶𝑟𝑆2

𝑓

For our studied compound (CrSSe monolayer), we calculate the accessible range of 
chemical potential (pink shaded region) for the equilibrium growth conditions of 
CrSSe monolayer as shown in Figure S2 at the Supplemental Material. From the 
calculated accessible range of chemical potential, CrSSe monolayer can be 
synthesized under equilibrium growth conditions.



4. The FM state and AFM states of CrSSe monolayer.

Figure S3 The one FM state and AFM states of  supercell in CrSSe 2 × 2 × 1
monolayer. Red and blue respectively represent different spin directions. 

5. The spin density of CrSSe monolayer.

Figure S4 The spin-resolved charge density isosurface (isosurface value = 0.043 e Å3) 
of CrSSe monolayer. Puper and the light-yellow colors represent the net spin-up and 
spin-down polarization, respectively. Spin polarization is mainly generated by Cr 
atoms.

6. The SOC-MAE and shape-MAE of free CrSSe monolayer.

Figure S5 (a) and (b) are schematic diagrams of SOC-MAE and Shape-MAE in the 
whole space, respectively.



7. Total MAE of CrSSe monolayer under different strains.

Figure S6 Total MAE of CrSSe monolayer under different strains.

8. The band structures of CrSSe monolayer under different strains.

Figure S7 Band structure under biaxial strain. At a compressive biaxial strain of 5%, 
the CrSSe monolayer is an antiferromagnetic metal.

9. The band structures of CrSSe monolayer under different carrier doping.



Figure S8 Band structure of doped holes and electrons.

10. Variation of magnetic moments of CrSSe monolayer under external 

conditions.

Figure S9 (a) Variation of magnetic moments under different biaxial strains. (b) 
Changes of magnetic moments under different doping.



11. The Curie temperature of CrSSe monolayer under different strains 

under external conditions.

Figure S10 Variation of Curie temperature under different strains.

12. The Curie temperature of CrSSe monolayer under external conditions.

Figure S11 Variation of Curie temperature under different doping.
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