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Text S1. Structural and electronic properties of GeC and AlN monolayer
After geometry optimization, the lattice constant of the freestanding GeC monolayer is calculated as 3.26 Å while the Ge-C bond length is 1.88 Å. The values agree well with the earlier theoretical and experimental studies1–3. On the other hand, the geometry-optimized lattice constant and the Al-N bond length of the freestanding AlN monolayer are obtained as 3.13 Å and 1.81 Å, respectively, which are also in close agreement with previous works. The electronic band structures of the pristine GeC layer and monolayer AlN are represented in Figure S1, with their optimized structures shown in the offset. Freestanding layered GeC is a semiconductor with a direct band gap of 2.07 eV. The valence band maximum (VBM) and the conduction band minimum (CBM) are located in the high symmetry K point. The result aligns closely with the work of Ji et al.2 (Direct band gap of 2.08 eV) and Yang et al.4 (2.07 eV band gap). The VBM of the GeC layer comes mainly from the C-pz orbit, while the CBM is dominated by the Ge-pz orbit5. In addition, freestanding monolayer AlN also reveals semiconducting properties with an indirect band gap of 2.91 eV. CBM is located in the  point, while the VBM is in the K point. This result also corresponds well with the literature6–8. N-pz orbital dominates in the VBM of the freestanding AlN layer while the CBM comes from the Al-s and N-s orbitals7.

	Stacking Configuration
	Optimized lattice Constant (
	Binding energy (meV2)
	Optimized interlayer distance (
	Band gap (calculated with PBE-GGA in eV)
	VBM Position
	CBM Position

	XX
	3.198
	-2.47
	3.82
	1.853
	K Point
	K Point

	XX′
	3.255
	-45.16
	2.43
	2.834
	 route
	point

	XY
	3.203
	-22.5
	3.13
	2.099
	K Point 
	 point

	XY′
	3.199
	-10.72
	3.45
	1.793
	K point
	K point

	XZ
	3.205
	-13.3
	3.05
	2.052

	 route
	K point

	XZ′
	3.198
	-3.77
	3.68
	1.946
	K point
	K point


Table S1: Geometry optimized lattice constant, binding energy per interface area, optimized interlayer distance (ho), calculated electronic band gap and the valence band maximum (VBM) and conduction band minimum (CBM) positions of the six configurations of the GeC/AlN vdW heterostructure.
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Figure S1: Electronic band diagram of (a) GeC monolayer and (b) free standing AlN layer. The valence band maximum is set to the zero value of energy. The insets show the top views of the GeC and AlN monolayers.
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Figure S2: Binding energy as a function of interlayer distance for the six structural configurations of the GeC/AlN bilayer heterostructure (a) XX, (b) XX′, (c) XY, (d) XY′, (e) XZ, and (f) XZ′.
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Figure S3: Atom projected band structures of the six structural configurations of the GeC/AlN bilayer heterostructure (a) XX, (b) XX′, (c) XY, (d) XY′, (e) XZ, and (f) XZ′. The blue, cyber yellow, green and sky-blue colors refer to the contribution from Ge, C, Al and N atoms, respectively.
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Figure S4: Electronic band diagram of the GeC/AlN bilayer heterostructure under varying percentage of strain (a) +2% Strain (b) +4% Strain (c) +6% Strain (d) -2% Strain (e) -4% Strain (f) -6% Strain.
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