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Fig.1 Schematic illustration of the intrinsic f-Ga,O; crystal
structure. Red spheres represent O atoms, green spheres
represent Ga atoms, yellow spheres represent Gal sites, and

blue spheres represent Ga2 sites
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Table 1 Effective mass of electrons and holes and the relative

effective masses of electron-hole pairs for

the metal-doped £-Ga,0;

Metal-doped $-Ga,0, m, m, D
B-Ga,0; 0.34 4.16 12.23
Sr 0.26 19.23 73.96
Ba 0.26 10.00 38.46
A% 0.32 5.00 15.62
Nb 0.30 25.00 83.33
Ta 0.28 25.00 89.28
Cr 1.25 50.00 40.00
Mo 0.34 12.50 36.76
Mn 0.26 3.84 14.76
Fe 0.28 3.57 12.75
Co 0.29 3.12 10.78
Ni 0.26 3.30 12.70
Rh 0.27 3.57 13.22
Cu 0.29 10.00 34.48
Ag 0.28 8.30 29.64
Au 0.27 10.00 37.03
Al 0.33 5.43 16.45
In 0.30 2.27 7.56
Zn 0.25 166.67 664.00
Cd 0.26 3.12 12.01
Hg 0.25 27.28 109.12
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Impact of Metal Doping on the Photocatalytic Water Splitting
Performance of f-Ga,0; for Hydrogen Production

MIAO Ruixia*, NIU Jiamei, YAN Jie, JIA Xiaotan
(School of Electronic Engineering, Xi’an University of Posts & Telecommunications, Xi’an 710121, China)

Abstract: 5-Ga,0;, with its high conduction band minimum (CBM) and low valence band maximum (VBM),
endows photogenerated electrons and holes with strong reductive and oxidative capabilities. However, its
photocatalytic applications are limited for its wide bandgap and fast carrier recombination. Metal ion doping has
been considered as an effective approach to enhance the photocatalytic performance. In this study, the effects of
doping twenty elements, including Sr, Ba, V, Nb, and Ta et al, on the photocatalytic performance of f-Ga,O; are
investigated based on first-principles calculations. The results are as follows: doping Sr, Nb, Ta, Mn, Fe, Zn and
Hg, not only maintains appropriate band edge positions but also exhibits higher electron-hole separation efficiency
and lowers formation energies, indicating that these dopants can effectively enhance the photocatalytic efficiency
of f-Ga,05; Nb and Ta doping significantly enhances infrared light absorption, while Mn and Fe doping both
improves ultraviolet and visible light absorption of f-Ga,0s. Specifically, absorption coefficient of f-Ga,O; with
Nb doping achieves an as high as 1.38x10° cm ' at 0.5 eV, and Mn and Fe doping reaches a high absorption
coefficient of 1x10° cm ' at 3 eV, demonstrating excellent light absorption in their respective wavelength ranges.
Furthermore, Hg doping shows enhancement on broad absorption spectrum, from infrared to deep ultraviolet;
f-Ga,0; with Hg doping exhibits an electron-hole relative effective mass as high as 109, indicating that Hg dopant
can significantly improving carrier separation efficiency. Meanwhile, owing to its remarkable effect of enhancing
light absorption in a wide wavelength range, Hg can be used as an ideal dopant for $-Ga,0; in photocatalytic
hydrogen production. These results provide valuable references for the study of $-Ga,O; in photocatalytic water
splitting and hydrogen generation.

Key words: photocatalysis; f-Ga,0,; doping; optical properties
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