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FIG S1. The relative energies of Néel AFM and FM phases under variation of carrier concentrations. The positive and negative values represent for electron and hole doping, respectively. The critical density for electron and hole doping is 1.07×1014 cm-2 and 1.52×1013 cm-2, respectively.
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FIG. S2 The Mn-Mn bond distance as a function of the density of optical e-h pairs in MnPS3 monolayer.


Time-domain ab initio nonadiabatic molecular dynamics (NAMD) Methods
In the framework of DFT, the occupation numbers of the valence and conductor bands have been manually changed to simulate the photoexcited e-h pairs. The occupied electrons in the valence bands around the Fermi level have been removed leaving holes, while the original empty conduction band is filled by excited electrons. We adopt this approach to simulate the coexistence of photoexcited electrons and holes, which has been proven as an effective way in many other systems, such as monolayer SnSe, defective diamond, and perovskites.1, 2, 3
The photogenerated spin dynamics was simulated using spin-orbit-coupling (SOC) included Hefei-NAMD code, which is mainly based on fewest-switches surface hopping (FSSH) combined with TDDFT.4, 5, 6, 7, 8 SOC was included in the time-dependent Schrödinger equation (TDSE): 


where σ is the index of spin and H0 is the spin-free Hamiltonian while HSOC is the SOC term. The wave function is expanded by the Kohn-Sham orbitals: 


Thus, the equation with expanding coefficients is written as:




where Tij is contributed by the EPC, which is known as the NAC in the former NAMD without SOC.7, 9 The NAMD with spin-diabatic representation was utilized in our work, where both the EPC and SOC are considered as nondiagonal element in the eigenvalues.8, 10, 11, 12 The SOC related Hamiltonian in PAW formalism is expanded as


where the |Pk〉and |φk〉are the projector function and all-electron partial waves, respectively, which are calculated using VASP.
The decoherence-induced surface hopping (DISH) method was used to describe the e-h recombination.13 The Hamiltonian is related to the classical nuclear variables. The trajectory of nuclei was obtained by molecular dynamics calculations (AIMD) in advance. We used repeated velocity rescaling to heat the system to 300 K and a 2 ps adiabatic MD trajectory was achieved in the microcanonical ensemble with a 1 fs time step. Totally, 2000 structures were extracted from the 2 ps trajectories to perform the self-consistent calculation. The 150 initial configurations were selected randomly in the trajectory and 5000 NAMD trajectories sampled for each initial structure.
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