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Fig. S1. The convergence test of (a) KPOINTS and (b) ENCUT. The Y-axis energy represents the 
average energy per atom.

Fig. S2. The atomic structure of buckling GaN (a) BL and (b) TL. The upper part is a top view, and the 
lower part is a side view. Band structures and PDOS of buckling GaN (c) BL and (d) TL.



Table S1 
The lattice parameter ɑ, binding energy Eb and bandgap Eg of the PtSe2 monolayer, the buckling GaN 
nanosheets with different thickness, and PtSe2/GaN ML heterostructures with four different 
configurations. 

ɑ(Å) Eb (eV) PBE
Eg (eV)

HSE06
Eg (eV)

PtSe2 3.75 - 1.4014 2.1301
Ga-1L 3.20 - 3.2838 4.3879
Ga-2L 3.22 - 1.2942 2.1695
Ga-3L 3.24 - 0.1509 1.6858
AB1 6.45 -0.08 1.1863 1.8882
AB2 - -0.13 1.1846 1.8862
AB3 - -0.14 1.1852 1.8861
AB4 - -0.10 1.1869 1.8865

Table S2 
The vacuum level  of different components of the heterostructures and bandgap value of six Φ

configurations.

Φ𝐺𝑎𝑁 (𝑒𝑉) Φ𝑃𝑡𝑆𝑒2
 (𝑒𝑉) ΔΦ (𝑒𝑉) 𝐸𝑔 (𝑒𝑉)

Ga-1L 1.611 4.894 3.283 1.866

Ga-2L 0.914 5.483 4.569 1.375

Ga-3L 1.000 5.852 4.852 0.477

N-1L 6.496 3.315 3.181 1.489

N-2L 6.576 3.340 3.236 0.356

N-3L 6.803 3.462 3.341 0.112

Fig. S3. The atomic structure of (a) AB1, (b) AB2, (c) AB3 and (d) AB4 configurations of the 
PtSe2/GaN heterostructures. The upper part is a top view, and the lower part is a side view.\



Fig. S4. The atomic structures of the six different heterostructures, respectively, (a) Ga-1L, (b) Ga-2L, 

(c) Ga-3L, (d) N-1L, (e) N-2L and (f) N-3L



Fig. S5. The type of the band alignment and the band charge density distribution of CBM and VBM for 
the (a) N-1L, (b) N-2L, (c) N-3L, (d) Ga-3L, (e) Ga-2L and (f) Ga-1L.



Fig. S6. The schematic diagram of the band alignment of Ga-3L with different vacuum levels (upper 
panel) and aligned vacuum levels (lower panel).

Fig. S7. (a) The carrier transport directions in the rectangular unit cell of Ga-3L. (b) The energy is a 
function of uniaxial strain and their quadratic fitting gives the elastic modulus. The total energy of 
systems without applied strain is defined as 0 eV. (c) and (d) The relationship between band edges and 
the uniaxial strain. Their linear fitting offers the deformational potential constant.


