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Quantum chemistry simulation of cross-scale fusion in the advanced oxidative
degradation of antibiotics
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Abstract: Antibiotics, as emerging contaminants, present significant environmental and human health risks owing
to their persistence, biological activity, and potential to spread resistance genes. Conventional wastewater treatment
processes exhibit limited efficacy in antibiotic removal, driving advanced oxidation processes (AOPs) to emerge as
a research hotspot. Quantum chemical simulations offer a transformative approach for studying the AOP-mediated
antibiotic degradation pathways and mechanisms. This review comprehensively examines the integrated
application of quantum chemical simulations in antibiotic degradation pathway prediction, activation mechanism
elucidation, and catalyst design optimization, with a focus on the roles of quantum chemical descriptors. Integrated
analyses indicate that quantum chemical simulations can precisely identify the reactive sites of antibiotic molecules,
predict degradation pathways, and elucidate the mechanisms of reactive species. Combined with experimental
characterization techniques, these simulations can validate and clarify the electronic structures and interfacial
effects of catalysts. Future efforts should focus on integrating machine learning to establish a “simulation
prediction-experimental verification-directional regulation” framework. Dynamic simulations could predict toxicity
evolution of degradation intermediates, while multiscale characterization data would facilitate catalyst development
and ecological risk management of AOPs. This paradigm shift aims to transcend traditional trial-and-error
approaches and achieve intelligent upgrading of contamination prevention-and-control technologies.
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