Porphyrin-based hyper-crosslinked polymers as oxygen sponges 
for ORR electrocatalysis 
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The oxygen reduction reaction (ORR) plays a pivotal role in clean energy conversion technologies, 
such as fuel cells, and represents a sustainable pathway for H2O2 electrosynthesis. To maximize 
the efficiency of this process, there is a need for electrocatalysts that combine high active site density, chemical stability, and a porous structure that facilitates rapid mass transport and diffusion, without the use 
of expensive noble metals or even without metals at all. One important problem with ORR 
is the low solubility of oxygen. 
To address these challenges, one can employ porous organic polymers [1]. Among them hyper-crosslinked polymers (HCPs) are promising, because of simple and scalable synthesis [2]. As these polymers were almost not applied as ORR catalysts [3,4], we investigated a novel series of four porphyrin-based materials designed to optimize pore structure and mass transport. They were prepared via a catalyst-mediated "solvent knitting" approach using meso-tetraphenylporphyrin (TPP) and trimethoxybenzene (TMB) monomers 
to produce a 3D network. Although nitrobenzene, dichloromethane, 1,2-dichloroethane, 
or 1,3-dichloropropane were applied as both the reaction solvent and structural linkers; these four networks exhibit similar cumulative pore volumes from BET analysis and comparable ORR onset potentials 
(Fig. 1a), suggesting that the primary core-monomer network architecture plays a more dominant role than the “solvent-knitting” effect. 
To overcome mass-transport limitations in aqueous media and enhance electron transfer, the synthesized HCPs particles suspension in Nafion was integrated with Vulcan-XC72 carbon (Fig. 1b). Electrochemical evaluation via cyclic voltammetry (CV), rotating ring-disk electrode (RRDE), and chronoamperometry (CA) measurements in KOH demonstrated that the electrode modification significantly lowers the ORR overpotential, and the main ORR product is H2O2 (Fig. 1b). Importantly, the shape of chronoamperograms indicates that this porous network acts as molecular sponges (Fig. 1c), exhibiting a significant O2 preconcentration effect [5].
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Fig. 1. 	(a) LSV curves for HCPs synthesized using different solvents. 
(b) RRDE curves obtained with GC, GC|HCP@Nafion, and GC|(HCP+Vulcan)@Nafion disc and Pt ring
(c) Chronoamperograms obtained with electrodes modified with 1, 2, or 3 drops 
of GC|(HCP+Vulcan)@Nafion ink compared with GC and Pt substrates.
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