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Figure S1. The orbital-resolved phonon spectra and projected phonon density of states for the M2C3 monolayers.

Figure S2. The top views of (a) As2C3, (b) Sb2C3, and (c) Bi2C3 monolayers after the ab-initio molecular dynamics 

simulation at 1000 K.

Figure S3. Average electrostatic potential (red curve) of (a) As2C3, (b) Sb2C3, and (c) Bi2C3 monolayers along the 

direction perpendicular to the layers calculated with the HSE06 functional. The conduction band minimum and 

valence band maximum (CBM and VBM) are shown, along with the bandgap center (BGC) energy.



Figure S4. Band edge position shifts of the VBM (black dots) and CBM (red dots) subject to lattice distortion for 

the M2C3 monolayers.

Figure S5. Total energy–strain curve of the M2C3 monolayers.



Figure S6. The possible stacking configurations of the bilayer are (a) AA-stacking Sb2C3/As2C3, (b) AA-stacking 

Bi2C3/Sb2C3, (c) AB-stacking Sb2C3/As2C3, and (d) AB-stacking Bi2C3/Sb2C3.



Figure S7. The resolved band structure of four heterojunctions. (a) AB-stacking Sb2C3/As2C3, (b) AA-stacking 

Sb2C3/As2C3, (c) AB-stacking Bi2C3/Sb2C3, and (d) AA-stacking Bi2C3/Sb2C3.

Figure S8. Band offsets between As2C3 and Sb2C3 monolayers for AB-stacking Sb2C3/As2C3 based on HSE06 

method.



Figure S9. Average electrostatic potential of (blue curve) AA-stacking and (red curve) AB-stacking Sb2C3/As2C3, 

respectively, along the direction perpendicular to the layers calculated with the HSE06 functional. The bandgap 

center (BGC) energy is -4.779 and -4.772 eV for AA-stacking and AB-stacking Sb2C3/As2C3.

Figure S10. Optical absorption coefficients α(ω) for (blue curve) AA-stacking and (red curve) AB-stacking 

Sb2C3/As2C3, respectively, based on HSE06 level. The seven-colour-light area between the dashed lines represents 

the visible light range (380 ~ 780 nm).

Figure S11. The top views of (a) AB-stacking Bi2C3/Sb2C3 and (b) AA-stacking Bi2C3/Sb2C3 after the ab-initio 

molecular dynamics simulation at 1000 K.



Figure S12. The band structures with the interlayer interaction distances increasing or decreasing 1 Å for (a) AB-

stacking Bi2C3/Sb2C3, and (b) AA-stacking Bi2C3/Sb2C3.

Table S1. Calculated lattice constants (la), cohesive energies (Ecoh), and band gaps for M2C3 sheets. The 
calculated cohesive energies demonstrate that the AB-stacking configuration is more stable than the AB-
stacking one by ∼0.89 and 8.79 meV for Sb2C3/As2C3 and Bi2C3/Sb2C3 heterojunctions.

Comp. Patter
n

la (Å) Ecoh (eV) HSE (eV)

AA 6.12 -4.98 0.96
Sb2C3/As2C3

AB 6.12 -4.98 0.99

AA 6.54 -4.76 0
Bi2C3/Sb2C3

AB 6.52 -4.76 0


