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Supplementary Note
In the work of Lado et al. (Ref. 16), they have included the anisotropy exchange term (λ) 

in the Hamiltonian of the Heisenberg model. For CrI3 monolayer, this term takes a significant 

effect on the calculated Curie temperature (TC). Because we cannot get the correct value of λ 

under our DFT framework. To clarify the underlying effect of the anisotropic exchange term, we 

construct the same Hamiltonian as in Ref. 16 and the anisotropy exchange term is included: 
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We assume  equals to 0, 0.1D, 0.3D, 0.5D and 0.7D for the Re3C12N12H12 system. Then, Monte 𝜆

Carlo simulations are performed to calculate TC. The variations of the heat capacity (CV) with 

respect to the temperature are shown in Fig. S3. It can be seen that the introduction of anisotropy 

exchange term will enhance the value of TC, from approximately 330 K ( =0) to 440 K ( =0.7D). 𝜆 𝜆

Hence, we believe the Curie temperature obtained by solving the Heisenberg model in the main 

text is a lower limit value and the current results are reliable.
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Fig. S1 FM and AFM structures in a  supercell of the M3C12X12 monolayer. For clarity, 3 1

only metal atoms are shown and the red and yellow ball refers atoms with magnetic moment 

along two opposite directions, i.e., spin up and spin down.
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Fig. S2 The spin charge density of W3C12N12H12 and W3C12O12 in a  supercell. Here, the 3 × 1

spin charge density is defined as . The value of the isosurfaces is 0.0015 e/Å−3. 𝜌 =  𝜌𝑢𝑝 ‒ 𝜌𝑑𝑜𝑤𝑛

Yellow and cyan surfaces correspond to the isosurfaces of net spin up and spin down density, 

respectively.
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Fig. S3 Variation of the heat capacity (CV, in arbitrary unit) with respect to the temperature for 

Re3C12N12H12 with the anisotropic exchange parameter  equals to 0, 0.1D, 0.3D, 0.5D and 0.7D, 𝜆

respectively.
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Fig. S4 Spin-polarized band structure of Re3C12S12 (a) and Os3C12S12 (b) monolayers. Red and 

black lines correspond to spin up and spin down bands, respectively.
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Fig. S5 Top and side views of the snapshot of Re3C12N12H12 and Re3C12O12 in the  3 × 1

supercell after 10 ps of MD simulation at 400 K.
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Table S1 Reaction heat (∆H) of M3C12X12 monolayers per formula unit. The unit is in eV.

Ta W Re Os

M
3
C

12
S

12 –8.67 –11.17 –11.43 –15.99

M
3
C

12
N

12
H

12 –5.75 –7.04 –5.61 –10.59

M
3
C

12
O

12 –10.69 –8.2 –5.81 –7.71
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