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Fig. S1 Evolution of total energy of Mn2X3 monolayers from AIMD simulations at 300 K. 
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Fig. S2 Phonon dispersion of Mn2X3. 

 

 

Fig. S3 Band structure of Mn2X3, Electronic band structure at the PBE level and at the HSE06 level for Mn2X3 

monolayers. The horizontal line shows the Fermi level at zero eV. 

 

Figure S3 presents the results of band structure calculations conducted using the PBE and HSE06 methods. The 

band structure analysis conducted using the HSE06 method reveals that monolayers of Mn2S3, Mn2Se3, and Mn2Te3 

continue to exhibit half-metallic behavior. Despite the presence of a wider spin gap in the semiconductor channels 

as compared to the results obtained using the PBE method, these monolayers nevertheless demonstrate 100% spin 

polarization. This study serves as a solid foundation for further investigations on spin transport. 

 

  



 
 

 

Fig. S4 Band structure of Mn2X3 with SOC. 

 

Fig. S5 Band structure diagram. Band structure diagram for (a) type-Ⅰ PSGSs, (b) type-Ⅱ PSGSs, (c) type-Ⅲ PSGSs, 

(d) type-Ⅳ PSGSs, (e) type-Ⅰ LSGSs, (f) type-Ⅱ LSGSs, (g) type-Ⅲ LSGSs, and (h) type-Ⅳ LSGSs, respectively.  



 
 

 
Fig. S6 Spin filtering effect under thermal transport. 

 

Table S1 Calculated energy difference compared to ferromagnetic (FM) state (eV/f.u) in the FM state and three 

antiferromagnetic (AFM) states: Neel AFM (nAFM), stripe AFM (sAFM), and zigzag AFM (zAFM), and the lattice 

constant for Mn2X3 monolayers. 

  FM (eV/f.u) nAFM (eV/f.u) sAFM (eV/f.u) zAFM (eV/f.u) a (Å) b (Å) 

GGA 

Mn2S3 0 +0.50747 +0.3624 +0.190292 7.8 6.7 

Mn2Se3 0 +0.42646 +0.40024 +0.251805 7.4 6.4 

Mn2Te3 0 +0.303827 +0.316988 +0.212585 9.0 7.8 

LDA 

Mn2S3 0 +0.459347 +0.357745 +0.204125   

Mn2Se3 0 +0.415977 +0.383208 +0.23752   

Mn2Te3 0 +0.239 +0.27917 +0.203557   

 

 



 
 

The estimation of Curie temperature 

The initial step in our analysis involves the application of the Heisenberg model to ascertain the magnetic exchange 

interactions among Mn magnetic ions. This is accomplished by employing a spin Hamiltonian:  

𝐻𝐻 = −𝐽𝐽1�𝑆𝑆𝑖𝑖 . 𝑆𝑆𝑗𝑗
𝑖𝑖,𝑗𝑗

− 𝐽𝐽2�𝑆𝑆𝑘𝑘 .𝑆𝑆𝑙𝑙
𝑘𝑘,𝑙𝑙

− 𝐽𝐽3�𝑆𝑆𝑝𝑝. 𝑆𝑆𝑞𝑞
𝑝𝑝,𝑞𝑞

(1) 

where 𝑆𝑆𝑖𝑖 is the spin vector each Mn atom, and 𝐽𝐽1, 𝐽𝐽2, and 𝐽𝐽3 are the exchange-interaction parameters between 

the nearest neighbors, the second nearest neighbors and the third nearest neighbors, respectively. It should be noted 

that 𝐽𝐽𝑖𝑖 (i=1, 2, 3) indicate the presence of ferromagnetic (FM) interactions, whereas negative values indicate the 

presence of antiferromagnetic (AFM) interactions. The energy of the spin orderings can be expressed by 

𝐸𝐸𝐹𝐹𝐹𝐹 = 𝐸𝐸0 − (3𝐽𝐽1 + 6𝐽𝐽2 + 3𝐽𝐽3)𝑆𝑆2 (2) 

𝐸𝐸𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝐸𝐸0 − (−3𝐽𝐽1 + 6𝐽𝐽2 − 3𝐽𝐽3)𝑆𝑆2 (3) 

𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐸𝐸0 − (−1𝐽𝐽1 − 2𝐽𝐽2 + 3𝐽𝐽3)𝑆𝑆2 (4) 

𝐸𝐸𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍 = 𝐸𝐸0 − (1𝐽𝐽1 − 2𝐽𝐽2 − 3𝐽𝐽3)𝑆𝑆2 (5) 

where 𝐸𝐸0  is the ground-state total energy independent of the spin configurations. For the Mn2X3 system, the 

evaluation of electron interaction is conducted through the assessment of Heisenberg exchange coupling between 

adjacent atoms. The exchange coefficient of Mn2S3 is notably higher compared to that of Mn2Se3 and Mn2Te3, and 

the outermost electrons of the S system in the same family are more active. Therefore, the exchange impact between 

electrons is observed to be more pronounced. Simultaneously, there is significant overlap between the broad p orbital 

of atom X and the d orbital of the Mn. The transition orbitals of Mn and S exhibit a comparatively facile behavior 

with respect to the movement of electrons. Additional research provides evidence that aligns with this perspective. 

This observation suggests a greater Curie temperature for the Mn2S3 crystal structure. As exemplified by the study 

conducted by Endo et al. [1], it was observed that in Mn systems, there is a propensity for Mn structures to display 

significant interactions with non-metallic elements. Additionally, the researchers made predictions regarding high 

Curie temperatures for materials based on Mn. Simultaneously, Wang et al. have also substantiated this perspective 

[2], and aligning with our finding. Further, the enhanced exchange coefficient suggests that the Mn2S3 system 

exhibits improved ability to sustain magnetic order as the ambient temperature rises [3]. Hence, it may be inferred 

that the Mn2S3 system has the potential to achieve a greater Curie temperature. 

The estimation of the Curie temperature can be achieved through the utilization of Monte Carlo (MC) simulations 

after acquiring the magnetic exchange-interaction parameters 𝐽𝐽 . It should be noted that the selection of the 

exchange-interaction parameter is limited to the nearest-neighboring interactions, as they exhibit significantly 

bigger magnitudes compared to those of the second and third nearest neighbors. In the MC simulations, a 50×50 

supercell and 50000 MC steps for each temperature are employed and spins on all magnetic sites flip randomly. 
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