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Figure 1 (Color online) Catalytic mechanism of semiconductor heterojunctions (¢: electrons, h': holes)
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Figure 2 (Color online) Schematic illustration of the catalytic principles of different kinds of heterojunctions
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Figure 3 (Color online) Synthesis method of heterojunction
nanocatalysts
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Figure 4 (Color online) The development of heterojunction nanocatalysts in biomedical applications
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Figure 5 (Color online) Heterojunction nanomedicines used for biomonitoring. (a) Schematic diagram of preparing BiOl NFs/TiO, NTs array
structures. (b) Energy band diagram before and after coupling P-type BiOI with N-type TiO,, and specific charge transfer process at P-N junction
formed under visible light irradiation. (c) The relationship between photocurrent and VEGF concentration. A/ is the photocurrent enhancement
corresponding to variable VEGF concentration. Inset: selectivity of the proposed immunoassay to VEGF by comparing it to the interfering proteins at
1.0 ng/mL, IL-6 and IL-8®%. Copyright © 2014, Nature. (d) Diagram of the energy band structure of TiO,@MoS, heterojunction and charge transfer
mechanism™®”. Copyright © 2019, American Chemical Society. (¢) Structure and charge transfer process of CdS QDs/TiO,/WO; thin films!®”.
Copyright © 2014, Elsevier
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Figure 6 (Color online) Heterojunction nanomedicines used for wound healing. (a) The mechanism diagram of ROS production by light and heat
before and after the combination of CN-Zn and BiS; (b) antimicrobial properties of type I heterogeneous C;N4-Zn/Bi,S; against MRSA and E. coli under
808 nm light irradiation®. Copyright © 2019, Wiley-VCH GmbH. (c) Preparation steps of Type II heterojunction Fe,05/Ti;C,-MXene, and
cytoprotective mechanisms induced by heterojunctions in intracellular and extracellular bacteria targeting iron death and starvation''®?). Copyright ©

2024, Wiley-VCH GmbH
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Figure 7 (Color online) Heterojunction nanomaterials used for tumor therapy. (a) BSA-coated BiOI@Bi,S; semiconductor heterojunction enhances
the efficiency of triple combination radiation/photodynamic/photothermal therapy. (b) BiOI@Bi,S; tumor volume growth curve and representative
tumor pictures of mice treated for 27 days in vivo®'\. Copyright © 2017, Wiley-VCH GmbH. (c) BiOI/BiOIO5 heterojunction synthesis and therapeutic
mechanism. (d) Fluorescence microscope images of HeLa cells stained with HPF, SOSG, DCFH-DA and RDPP under different treatments!'®),
Copyright © 2019, The Royal Society of Chemistry
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With the cross-fusion of catalytic chemistry, nanoscience, and biomedicine, heterojunction nanocatalytic medicine has
become an important tool for disease diagnosis and treatment. Heterojunction is a unique structure formed by the close
combination of two or more different semiconductor materials and mediates the rearrangement of electrons or holes at their
binding interface. The energy band structure of the catalyst can be effectively adjusted by designing the heterojunction
structure, and the performance and function of the material can be significantly improved. Compared with a single
semiconductor, heterojunctions can be more effectively excited by the excitation source in the biological window range,
and can effectively inhibit the electron-hole recombination. In addition, heterojunctions containing multiple compounds
not only retain the properties of each component but also exhibit a variety of unique functions. Heterojunction
nanomaterials can effectively improve the utilization efficiency of external excitation energy, and have multiple reactive
sites, thus expanding the selectivity of substrates. Therefore, by combining different nanomaterials to synthesize
heterojunction structures, these novel and highly efficient heterojunction nanomedicines combine the unique properties of
heterojunctions with medical needs to achieve efficient and safe catalytic therapy, significantly improving the diagnosis,
treatment, and prevention of disease.

Heterojunction nanocatalytic medicine refers to the use of nontoxic heterojunction catalysts to replace traditional drugs,
catalyzing reactions at disease sites to generate therapeutic products and achieve therapeutic effects. As a novel material
structure, heterojunctions have shown tremendous potential in tumor treatment. Under external stimulation,
heterojunction-based drugs can trigger in situ catalytic reactions within tumors, converting nutrients that sustain tumor
growth into “drugs” that inhibit tumor growth, leading to tumor cell-specific death. Its principle is based on the unique band
structure of the catalyst and the efficient electron-hole separation mechanism, through the catalytic reaction to generate
active oxygen species and other active substances, directly acting on the lesion site, to achieve accurate and efficient
disease treatment. Heterojunction nanocatalysis medicine with its unique electron transfer and catalytic mechanism,
“locally sourced”, “hair-trigger” to induce in vivo multi-center, multi-directional cascade of synergistic catalytic reactions,
break the tumor microenvironment defense mechanism, and improve the targeting, timeliness, and safety of disease
treatment from the root.

Compared with single-material catalysts, heterojunction nanocatalysts can optimize the band structure by combining
different semiconductor or metal materials, greatly improving the catalytic efficiency and selectivity. At the same time, this
nanomaterial can also make full use of a variety of exogenous stimuli such as light, electricity, and sound, and show a wide
range of application prospects in the fields of tumor treatment, antibacterial promotion of healing, and biological detection.
This paper focuses on the catalytic mechanism and synthesis strategy of heterojunction nanocatalysts, and focuses on
summarizing and analyzing the development and application potential of heterojunction nanocatalysts in the biomedical
field, especially in the fields of biodetection, antibacterial promotion of healing, and tumor therapy.

heterojunction, nanocatalytic medicine, heterojunction nanocatalytic medicine, cancer therapy
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