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Synthesis of MXene/COF/Cu2O heterojunction for photocatalytic bactericidal activity and mechanism evaluation 
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Abstract A Ti3C2/TpPa-1/Cu2O composite material with high-efficiency bactericidal properties was prepared by in-situ growing TpPa-1-COF on Ti3C2-MXene and anchoring it with Cu2O NPs. The heterostructure between TpPa-1 and Cu2O regulated the energy band arrangement and an anti-blocking layer accelerated carrier flow, while Ti3C2 acted as a co-catalyst to promote carrier migration. The Ti3C2/TpPa-1/Cu2O nanocomposites showed excellent antibacterial rates against S. aureus and P. aeruginosa, increasing by 50% and 33% compared with pure TpPa-1-COF.
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Combining the advantages of heterojunctions made from various two-dimensional materials and metal oxide nanoparticles (NPs) is a practical approach to enhance photocatalytic sterilization efficiency. In this study, a Ti3C2/TpPa-1/Cu2O composite material with potent bactericidal properties was prepared by in situ growing TpPa-1-COF, a stable semiconductor, on Ti3C2-MXene via Schiff base reaction and anchoring it with Cu2O NPs. The two-dimensional heterostructure between TpPa-1 and Cu2O in the Ti3C2/TpPa-1/Cu2O nanocomposite effectively regulated the energy band arrangement. The anti-blocking layer at the interface accelerated carrier flow, while Ti3C2 acted as a co-catalyst, and the large built-in electric field generated at the interface promoted carrier migration between layers. The covalent bonding between MXene and COF greatly enhanced the material's stability. Electrochemical impedance spectroscopy and photoluminescence spectra showed that the material's photogenerated carrier migration rate and reactive oxygen species production were improved, and the carrier life was prolonged. The work function at the interface was analyzed using the first principle calculation based on density functional theory. Both TpPa-1/Ti3C2 interface and Ti3C2/Cu2O interface had a large built-in electric field, promoting carrier migration between layers, resulting in efficient photocatalysis and reduced photocorrosion. 
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Fig. 1. Schematic of the sterilization mechanism of Ti3C2/TpPa-1/Cu2O.

The Ti3C2/TpPa-1/Cu2O nanocomposites obtained displayed excellent antibacterial rates against S. aureus and P. aeruginosa, with antibacterial rates of 98.90% and 99.62%, respectively, increasing by 50% and 33% compared to pure TpPa-1-COF. This work provides new insights into developing new photocatalytic antifouling agents for marine antifouling.
CONCLUSIONS
In the research the Schiff base reaction is utilized to create Ti3C2 and TpPa-1 covalently linked and anchored with Cu2O NPs, resulting in the synthesis of Ti3C2/TpPa-1/Cu2O with remarkable antibacterial properties. The two-dimensional heterostructure between TpPa-1 and Cu2O in the Ti3C2/TpPa-1/Cu2O nanocomposite effectively regulated the energy band arrangement. Moreover, the anti-blocking layer at the interface accelerated the carrier flow, and Ti3C2 acted as a co-catalyst and generated a large built-in electric field, which facilitated carrier migration between layers. Ti3C2/TpPa-1/Cu2O demonstrated efficient photocatalysis and reduced photocorrosion, and the interface electric field promoted ROS production for effective sterilization. This work provides novel insights for the development of photocatalytic antifouling agents in marine environments.
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