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1. Calculations of model VI of GaN/WSe, heterostructure with DET-TS.
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Fig. S1 Band structures of (a) isolated GaN, (b) isolated WSe,, (c) model VI of GaN/WSe,

heterostructure.
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Fig. S2 (a) The calculated TDOS of GaN/WSe, heterostructure and PDOS of GaN and WSe, using
DFT-TS functional. (b) The calculated PDOS of Ga, N atoms in GaN. (c) The calculated PDOS of W,

Se atoms in WSe,.
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Fig. S3 Planar-averaged electron density difference Ap(z) for GaN/WSe, heterostructure.
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Fig. S4 Electrostatic potentials of (a) GaN/WSe, heterostructures of model VI. (b) Electronic

energy band line-up diagrams for GaN and WSe, before contact, GaN and WSe, after contact in

dark.
2. Definition of CB and VB edge potentials
The band edge energies of CB and VB of semiconductor are defined by the expression:
Eg=1x—E,—0.5E, (1)
E=x—-E,+0.5E, (52)

where y is the geometric mean of absolute electronegativity of atoms. E, is the energy of

free electron on the hydrogen scale (4.50 eV). Ec\/bz—4ac and E, are the band edge

energies of the CB and VB of semiconductor, respectively. E, is the band gap of

3



semiconductors.

3. Calculations of carrier mobility

The carrier mobility can be calculated by the following formular [1]:

eh’c,, (S3)

Hap zm

where e presents the electron charge, kg presents the Boltzmann constant and hrepresents

1 1 O%E (k)
m N K

the simplified Planck constant. The effective mass m” is expressed as , where k

represents the wave vector, E(k) is the dispersion relation corresponding to k near the Fermi

level. The temperature T is set to 300 K. The equivalent mass my is expressed as my =/m,; m_ -,

where m;_ and m._ are the effective mass in the zigzag and armchair direction of the crystal,

2

respectively. The elastic modulus Cyp is given by C,; =s—§, where E means the total energy
0

of the material, § is the strain and S, is the surface area of the structure. The deformation

i

potential Ei is determined by Ei = , where AV, is the energy change of the /™" band with

0

compressive and tensile strain, Iy is the lattice length along the transfer direction and Al is the

variation of Iy (Al /Iy is less than 0.5%).
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Fig. S5 (a) Top view of rectangular unit cell of GaN heterostructure. (b) The energy-strain
relationship of GaN. The quadratic fitting of the data acquires the in-plane stiffness of GaN.
The shift of CBM and VBM for GaN with reference to E,, as a function of the utilized strain in
the (c) zigzag and (d) armchair directions, respectively. The linear fitting provides the

deformation potentials of GaN heterostructure.
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Fig. S6 (a) Top view of rectangular unit cell of WSe, heterostructure. (b) The energy-strain
relationship of WSe,. The quadratic fitting of the data acquires the in-plane stiffness of WSe,.

The shift of CBM and VBM for WSe, with reference to E,,. as a function of the utilized strain



in the (c) zigzag and (d) armchair directions, respectively. The linear fitting provides the

deformation potentials of WSe, heterostructure.
4. Calculations of Gibbs free energy

The Gibbs free energy can be expressed as follow [2]:

AG = AE + AE,, —~TAS+AG, +AG, (54)

where AG presents the whole energy difference among the heterostructure and several
terminations calculated by DFT-PBE method. The differences of zero-point energy and entropy
between adsorbed states of intermediates and gap phases are represented as AEzp and TAS,
singly. T means the room temperature (298.15 K). AG, = —eU, whereby U expresses the electrode

potential. AG,y was corrected to the solutions acidity and alkalinity.

References

[1] S. Sun, F. Meng, H. Wang, H. Wang, Y. Ni, J. Mater. Chem. A, 2018, 6, 11890-11897.

[2] J.K. Ngrskov, J. Rossmeisl, A. Logadottir, L. Lindqvist, J.R. Kitchin, T. Bligaard, H. Jonsson, J.
Phys. Chem. B, 2004, 108, 17886-17892.



