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Abstract

Photocatalysis driven by solar energy offers a highly promising green pathway for addressing global
environmental pollution and the energy crisis. Among the numerous photocatalytic materials, bismuth
(Bi)-based semiconductors have emerged as a research hotspot in the field of photocatalysis owing
to their excellent visible-light absorption, unique electronic band structure, environmental friend-
liness, and low cost. This review first elaborates on the fundamental principles of photocatalysis and
the factors that limit its efficiency. On this basis, it systematically reviews the crystal structures, elec-
tronic properties, and inherent advantages and limitations of three typical bismuth-based composite
oxides—copper bismuthate (BizCu04), bismuth vanadate (BiV04), and bismuth molybdate (BizM00¢)—
as photocatalysts. To overcome these intrinsic performance bottlenecks, this review focuses on sum-
marizing and commenting on mainstream performance enhancement strategies, including ion dop-
ing, heterojunction construction, and surface morphology control. This review compares and ana-
lyzes the differences in the effects and intrinsic reasons of different modification strategies in prac-
tical applications and the mechanism of these strategies in promoting charge separation, broadening
spectral response, and accelerating surface reaction kinetics in combination with the latest research
examples. Finally, this paper summarizes the application progress of these bismuth-based materi-
als in the two major fields of environmental remediation and solar fuel production, and looks for-
ward to the core challenges faced in this field, such as the deep-seated scientific issues, such as the
hybridization regulation of Bi 6s-0 2p orbitals, aiming to provide theoretical references and inspira-
tion for the design and development of a new generation of high-performance bismuth-based photo-
catalysts.
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Figure 1. Schematic diagram of photoactivation of semiconductor and gen-
eration of electron-hole pairs [ 7]
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Figure 2. Schematic diagram of the crystal structure of a typical bismuth-based photocatalyst: (a)
Bi2CuO4 shows the connection between CuOs planar units and BiOs polyhedrons [8]; (b) Twisted
structure of monoclinic BiVO4 [10]; (¢) Layered Aurivillius structure of y-Bi2MoOg, clearly demon-
strating the alternating stacking of [Bi202]** layers and perovskite layers [10]
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Figure 3. Schematic illustrations and effects of ion doping strategies: (a) Mechanism of band bending facil-
itating hole transport in gradient self-doped Bi2CuOs [15]; (b) Enhanced catalytic performance of Mo-doped
BiVOys via particle size reduction and increased carrier concentration [16]; (¢) Mechanism of sulfamethox-
azole degradation over Cd-doped y-BizMoOs, highlighting the contribution of doping energy levels to charge
separation [17]
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Table 2. Comparison of principles, advantages and disadvantages of four mainstream photocatalytic heterojunctions
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Figure 4. Mechanism of heterojunction-enhanced photocatalysis: (a) Z-scheme heterojunction mechanism formed between
Bi2CuO4 and Bi20s surfaces, enhancing hydrogen production and Rhodamine B degradation [18]; (b) Electron-hole separation
pathways and antibiotic degradation mechanism in the MnFe204/BiVO4 Z-scheme heterojunction [19]; (¢) Mechanism of the
C0304/Bi2M0Og¢ p-n heterojunction for synergistic PMS activation and enrofloxacin degradation, illustrating the driving effect
of the built-in electric field on charge carriers [20]
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Figure 5. Influence of morphology modulation on photocatalytic performance: (a) BiVO4 micro-morphologies (e.g., nanosheets,
bulk) induced by different surfactants and their corresponding differences in specific surface area [ 11]; (b) Comparison of BizMoOs
morphologies prepared via different synthetic routes, demonstrating the regulatory effect of synthesis conditions on crystal growth
habits and final photocatalytic activity [21]
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