Ligand geometry gated superoxide access in water
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Selective control over redox pathways remains a central challenge in molecular electrocatalysis, particularly for reactions involving short-lived radical intermediates in water. Here we show that ligand geometry alone can determine whether molecular oxygen undergoes one- or two-electron reduction under aqueous conditions. Using two constitutionally identical cobalt phthalocyanine isomers, we demonstrate that intramolecular hydrogen bonding in the α-isomer enforces a distinct electronic and geometric configuration that enables reversible, reduction of O2 to superoxide (O2-). In contrast, the β-isomer, which lacks these internal constraints, favours direct metal-oxygen interaction and two-electron reduction to hydrogen peroxide. A combination of hydrodynamic electrochemistry, in-situ electrochemical Raman spectroscopy, electron paramagnetic resonance, and UV Vis spectroscopic probes establishes superoxide as a stabilized reaction intermediate only in the geometrically constrained isomer. Computational analysis corroborates these observations, revealing preferential binding and stabilization of superoxide in the α-isomer arising from extended π-delocalization enforced by intramolecular hydrogen bonding. These findings identify internal molecular constraints as an active determinant of redox-state accessibility, revealing how it can gate reaction pathways and stabilize otherwise transient radical intermediates in aqueous environments.




