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Fig. 1. (a) Lattice structure, (b)-(d) phonon spectrum, (¢) Young's modulus, (f) cohesive energy and

first Brillouin zone of the MO> (M=Ge, Sn, Pb) monolayers.
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Table 1. Lattice constants ¢ and b (in units of A), bond lengths di, d>, d3, and ds (in units of A) as

well as thickness / (in units of A) of the MO, (M=Ge, Sn, Pb) monolayers.

Monolayer a b d d> ds ds h
GeO2 2.92 3.71 1.81 2.15 1.97 1.81 4.37
SnO» 3.21 4.02 1.98 2.29 2.15 1.98 4.71
PbO; 3.38 4.27 2.12 2.37 2.28 2.12 5.01

* 2 HJE MO, (M=Ge, Sn, Pb)J#HEHEE (Ciiv Ciav C2 Fl Cor LA N/m NHAL) | x/y 7
[71) FR A ERASE B AR AR ATV AR L

Table 2. Elastic constants Ci1, Ci2, C22, and Ces (in units of N/m) as well as the along x/y directed

maximum/minimum Young's modulus and Poisson's ratio of the monolayer MO, (M=Ge, Sn, Pb).

Material Ci Cn Cn Ces Y. (N/m) Y, N/m) Vx Vy
GeO» 259.41 68.37 8838  66.53 206.52 70.36 0.77 026
SnO; 204.04 4358  93.64  42.55 193.71 89.81 0.46  0.21

PbO» 149.89 31.36 67.62 28.17 142.10 66.70 046 021
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Fig. 2. Projected band structures and orbital-resolved density of states of the monolayer (a) GeOa, (b)
SnO; and (¢) PbO», (d)-(f) the charge density distributions for conduction band minimum (CBM) and
valence band maximum (VBM) of the GeO, SnO», and PbO, monolayers, respectively.
# 3 B MO,(M=Ge. Sn. Pb)ff] Bader Hifi 475 .
Table 3. Bader charge transfer of the monolayer MO> (M=Ge, Sn, Pb) .

Monolayer AQm-o1 AQm-02 AQwm-03 AQm-04
GeOs 1.15 1.16 1.03 1.04
SnO» 1.15 1.15 1.04 1.04

PbO; 0.97 0.97 0.79 0.78
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Fig. 3. Band structures of the monolayer (a) GeOx, (b) SnO and (c) PbO under the -6%, -3%, 0%,

3%, and 6% in-plane biaxial strain.
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Fig. 4. Comparison of edge potentials of the (a) GeO2, (b) SnO; and (c) PbO; monolayers with the
redox potentials for water under the -6%~6% biaxial strains, where the blue and red dashed lines

represent the redox potential for water under strong acidic and neutral conditions, respectively.
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Fig. 5. Optical absorption spectrum of the monolayer MO2 (M=Ge, Sn, Pb) under the -6%~6%

in-plane biaxial strains.
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Fig. 6. (a) Top view and side views for geometric structure of the SnO»/MoOCI, van der Waals
heterojunction. (b) Relationship curve between the total energy and layer spacing. (c¢) Work
functions of the SnO; and MoOC]I, monolayers. (d) Three-dimensional and planar differential charge
density along the z-axis direction of the heterojunction, where cyan and yellow regions represent
electron loss and gain, respectively. (e) Band structures of the SnO»/MoOCl; van der Waals

heterojunctions under different space distances.
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Electronic Structure, Photoelectric Properties of the Orthogonal Lattice MO, (M = Ge, Sn, Pb)
monolayers and Interface Contact Properties of SnO2/MoQOCI; van der Waals Heterojunctions
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Abstract

Two-dimensional materials have garnered significant attention due to their exceptional potential
in electronic, optic and flexible nanodevices. Using first-principles calculations based on density
functional theory, this paper systematically investigates the electronic structure, optical properties of
the orthotropic MO> (M=Ge, Sn, Pb) monolayers and interface contact properties of the
Sn02/MoOCl; van der Waals heterojunction. It has been demonstrated that the GeO2, SnO> and PbO;
monolayers exhibit excellent dynamical, mechanical and thermodynamic stabilities, as well as
in-plane anisotropic mechanical properties, and its indirect bandgap is 2.92, 2.12 and 0.95 eV,
respectively. The bandgaps of the GeO2, PbO; and SnO; monolayers decrease with the increasing of
the biaxial tensile strain, while those of the GeO> and PbO> monolayers gradually increase with
increasing biaxial compressive strain. The bandgaps of the GeO, and SnO, monolayers both exceed
1.23 eV under the biaxial strains, falling within the bandgap range required for photocatalytic water
splitting, and demonstrate full water-splitting capability under strong acidic and neutral conditions
under the compressive strains. The optical absorption peak of the MOz monolayers should redshift
with the tensile strain, enhancing visible light absorption and facilitating water decomposition.
Investigations on the contact properties of the SnO2/MoOC]l, van der Waals heterojunction interface
reveal that it exhibits a strong n-type ohmic contact type. The findings indicate that the orthotropic
lattice MO: semiconductors behave significant potential for the directional design of optoelectronic
devices. The GeO, and SnO; monolayers should be promising candidates for photocatalysts,
providing both theoretical foundations and design insights for the application of two-dimensional
materials in optoelectronic devices and photocatalysis.

Keywords: Two-dimensional orthogonal lattice; First-principles calculations; Optical properties;

Interface contact properties
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