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Introduction and objectives (max. 100 words)
With increasing urgency to adopt sustainable industrial processes, enzyme-mimicking nanomaterials like iron oxide nanoparticles (Fe₃O₄, Fe₂O₃) have emerged as promising eco-friendly catalysts due to their stability, reusability, and intrinsic peroxidase-like activity [1]. These nanoparticles effectively decompose H₂O₂ and oxidise organic compounds, making them valuable for environmental remediation. However, the precise reaction mechanisms governing their activity remain unclear, particularly regarding structural characteristics and surrounding environment influence. This study aims to elucidate the chemical mechanisms of iron oxide nanozymes by combining atomistic simulations and experimental investigations, offering insights to optimise their catalytic efficiency and environmental applications.
Methodology (max. 100 words)
We combine density functional theory (DFT) and classical molecular dynamics simulations to explore the chemical reactivity of these materials in both vacuum and under microsolvation by water. The climbing image nudged elastic band (CI-NEB) method is employed to locate transition state structures, enabling the determination of thermodynamic feasibility and kinetic barriers of the H₂O₂ decomposition reaction. We analyse the (001) surface of both materials and relate our findings to experimental data, including electron paramagnetic resonance (EPR), X-Ray spectroscopy and transmission electron microscopy (TEM) results.
Results and discussion (max. 200 words)
TEM images were used to determine the shape and size of magnetite (Fe3O4) nanoparticles synthesized in the laboratory, which were also characterized by X-ray spectroscopy, showing that the surface most exposed by these NPs was surface 001. Furthermore, by EPR measurements we obtained that these magnetite NPs reacted with H2O2 giving mainly OH radicals, while once oxidized to maghemite (Fe2O3), their reactivity was much lower and only a minor signal corresponding to the production of OOH radical was observed.
By analyzing the reaction energy profile, obtained by DFT simulations, for the decomposition of H2O2 to obtain OH or OOH, we explain the difference in reactivity between Fe3O4 (001) and Fe2O3 (001). Although both materials present Fe+3 on the surface: for the former, the reaction to obtain the OH radical is thermodynamically favored, while the opposite is observed for the latter. To determine the effect of water on the reactivity of these surfaces, we performed classical MD simulations to understand the water solvation patterns. This allowed us to extract the most populated solvation conformations and include water molecules that interact directly with the surface in the electronic structure calculations. Water molecules could be involved in the H2O2 decomposition mechanism. 
Conclusions (max. 80 words)
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Atomistic simulations along with experiments were performed to determine the molecular mechanism by which iron oxide nanoparticles interact with H2O2. By examining the electronic structure and charge transfer mechanisms, we elucidated the influence of water microsolvation and provided a comprehensive explanation for the experimentally observed reactivity differences between these Fe3O4 and Fe2O3 materials
[bookmark: _ha4lwhpl8rcw]
[bookmark: _p4mlix2comnj]
[bookmark: _gjdgxs]References (max. 2 references) 
[bookmark: _czb0278i5nsd][1] Gao, L. Z. et al. Nat. Nanotechnol.  2, 577−583 (2007)
[bookmark: _pqao1xs0ritb]
Acknowledgments (optional) 
The authors acknowledge financial support from the EU-Commission through Project H2020-MSCA-RISE-2020
101007629-NESTOR and Consejo Nacional de Investigaciones Científicas y Técnicas, (CONICET), Argentina, for their support.


















image1.png




image2.png




