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Abstract Two-dimensional systems have served as potential materials in the generation of clean energy and energy storage,
which are attributed to their particular advantages in photovoltaic, photocatalytic and electrochemical fields. Recently, the
two-dimensional monolayer MoSi,N, has been successfully fabricated. Motivated by these recent experimental results, herein
the structural stability, electronic structures and optical properties of monolayer MoSi, X, (X=N, P, As) using the method of
plane-wave ultrasoft pseudopotentials were investigated. Six crystal structures were constructed based on the monolayer
MoSi,N, isomers M1 and M2. The phonon spectra did not show negative frequency vibration mode in the entire Brillouin
region, indicating good dynamic stability. By analyzing the density of states, it can be known that the top of the valence band
and the bottom of the conduction band of the six crystal structures are mainly contributed by MoX, (X=N, P, As) orbitals.
Energy band structures and effective masses show that the monolayer MoSi,N, exhibits the widest indirect band gap and the
highest carrier mobility among the six crystal structures. The band edge potentials show that the monolayer MoSi,N, band
edge potentials are M1: —0.368, 1.416 V and M2: —0.227, 1.837 V, respectively. Compared with MoSi,P, and MoSi)As,,
the monolayer MoSi,N, has a more negative potential of the conduction band edge and a more positive potential of the va-
lence band edge, indicating that it is the most suitable material for photocatalysts among the six crystal structures. Mean-
while, the optical absorption spectrum shows that the optical absorption of monolayer MoSi,N,4 exhibits excellent optical
absorption ability in visible and ultraviolet wavelengths, indicating that it has a potential application prospect in the field of
visible photocatalysis. The results provide theoretical guidance on the application of monolayer MoSi,Ny, for further research
in the field of photocatalytic hydrolysis.

Keywords MoSi,Ny; electronic structure; photocatalysis; first-principle; optical property
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Figure 1 The top and side views of two monolayer MoSi, X, (X=N, P,
As) isomers: (a) M1; (b) M2, the green, red and gray balls denote Mo, Si
and X (X=N, P, As) atoms, respectively
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Figure 2 Phonon spectra of six crystal structures of monolayer MoSi, X4 (X=N, P, As)

R 1 K GGA-PBE JiVAXT #J2 MoSi, Xy (X=N, P, As)REAT S5 LA J5 O A o B, B, SREAC SEEARAI SR iR
Table 1 The calculated crystal parameters, band gap, bond length, bond angle and total energy for monolayer MoSi,Xs (X=N, P, As) optimized with

GGA-PBE
Bond length/nm Bond angle/(°)
Structure Model  a/mm  bmm  E/eV Cohesive energy/(eVeatom )
1 2 01 02
0.175
M1 0.290 0290 1.783 0.209 73.36 106.61 —5.29
0.175
MOSi2N4
0.175
M2 0.289 0289 2.064 0.209 74.08 107.01 —5.28
0.175
0.224
M1 0.347 0347  0.657 0.245 70.44 116.96 —3.30
0.225
MOSi2P4
0.226
M2 0.346 0346  0.889 0.245 70.99 117.34 —3.29
0.225
0.236
M1 0.365 0366  0.559 0.257 69.97 117.94 —2.94
0.237
MOSizAS4
0.240
M2 0.364 0365 0.709 0.257 70.26 116.85 —2.93
0.238
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Figure 3 Energy band structures (left) and partial density of states (PDOS) (right) of six crystal structures of monolayer MoSi,X4 (X=N, P, As)
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Figure 4 The top curves of valence band and the bottom curves (solid line) of conduction band for six crystal structures of monolayer MoSi, X4 (X=N,
P, As), and quadratic fitting curves (dash lines) at the bottom point of conduction band and top point of valence band
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