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Table S1: lattice parameters and bandgaps of monolayer MX and MX bilayers with different 
stacking orders. ‘D’ represents direct bandgaps and ‘I’ represents indirect bandgaps.

Monolayer a (Å) a (Å) Bandgap (eV)
GeS 3.657 4.495 2.41 (I)
GeSe 3.981 4.287 1.59 (D)
SnS 4.084 4.276 2.20 (I)
SnSe 4.293 4.383 1.32 (I)

Bilayer GeS
AA 3.663 4.418 2.01 (I)
AA' 3.659 4.456 1.63 (I)
AB 3.671 4.432 2.16 (D)
AB' 3.651 4.497 2.10 (I)
AC' 3.675 4.393 1.64(I)

Bilayer GeSe
AA 3.967 4.257 1.41 (D)
AA' 3.928 4.401 1.24 (I)
AB 3.947 4.347 1.63 (D)
AB' 3.929 4.398 1.58 (D)
AC' 3.968 4.287 1.32 (D)

Bilayer SnS
AA 4.027 4.482 1.85 (I)
AA' 4.081 4.170 1.59 (I)
AB 4.041 4.359 1.93 (D)
AB' 4.012 4.447 1.56 (I)
AC' 4.066 4.237 1.29 (I)

Bilayer SnSe
AA 4.266 4.417 1.40 (D)
AA' 4.272 4.333 1.12 (D)
AB 4.249 4.490 1.41 (D)
AB' 4.209 4.538 1.40 (I)
AC' 4.061 4.182 0.91 (I)



Figure S1. Band alignments between monolayer and bilayer SnSe with different stacking orders. 
The vacuum level is set as zero.



Figure S2. Vertical bond lengths in monolayer and bilayer SnSe with different stacking orders.



Figure S3. (a)-(d) Calculated in-plane optical absorption coefficients (for x and y panels) and 
out-of-plane absorbance (for z panel) of MX bilayers with different stacking orders. The insets of 
x and y panels indicate the partial charge densities of the VBM and CBM states with the contour 
set as 0.005 e/Å3. The insets of z panel show the density of states of MX bilayers.


