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ABSTRACT
The direct, selective oxidation of methane to methanol remains a major challenge in heterogeneous catalysis because of the high C–H bond strength of methane and the propensity of oxygenated intermediates to overoxidize to CO₂. This work addresses this challenge by developing bio-inspired nanozyme catalysts based on well-dispersed Fe centers coordinated by amino acid ligands and supported on zeolite and a metal–organic framework (MOF). The key question is how the coordination environment and porous support architecture cooperatively control Fe-site isolation, redox behavior, and methane-to-methanol selectivity under mild oxidation conditions. Fe–zeolite and Fe–MOF catalysts were synthesized via ligand-assisted routes designed to stabilize isolated Fe centers and suppress Fe–O–Fe aggregation. Phase purity and framework integrity were verified by XRD, while FTIR, N₂ physisorption, electron microscopy, and composition analyses (XRF, CHNS, XPS, zeta potential, TGA) established ligand incorporation and well-defined porous structures. Catalytic studies included metal-loading screening, parametric evaluation of amino-acid ligation, and process optimization with respect to oxidant, pressure, temperature, and reaction time. Under aqueous H₂O₂ oxidation at 70 °C, both Fe–zeolite and Fe–MOF catalysts exhibited measurable methane activation. Fe–zeolite catalysts delivered higher methanol yield (99 µmol gcat-1) and lower CO₂ formation than Fe–MOF analogues, which showed a greater tendency toward the formation of deep oxidation products. Correlating catalytic data with structural characterization indicates that the more confined zeolite environment stabilizes isolated Fe sites and high-valent Fe–oxo species while inhibiting Fe aggregation. Whereas the more open MOF architecture not only enhances oxidant accessibility but also favors overoxidation pathways. These findings highlight how tuning Fe coordination and support confinement offers a rational route to designing porous nanozyme catalysts for selective methane‑to‑methanol conversion.
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