Deciphering the contribution of Fe oxide nanoparticles vs FeN4 moieties in the oxygen reduction reaction of iron and nitrogen doped carbon catalysts
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Iron-nitrogen-carbon (FeNC) catalysts are among the most promising non-precious metal catalysts for the oxygen reduction reaction (ORR) in fuel cells. Induced by their preparation the catalysts contain various iron-containing species [1]. So far, the intrinsically high ORR activity and selectivity for the four-electron reduction is widely attributed to FeN₄ sites [2], [3]. However, the materials still fail to demonstrate significant long-term durability. One problem in this regard could be that side phases can leach out and then cause – even with small quantities of H2O2 – Fenton’s reaction that further accelerates the degradation [4].
While by ex situ and post-mortem experiments the presence of iron oxide was already confirmed, our recent work points to the presence of iron oxygen environments that undergo reversible switching in electrochemistry. 
In order to understand the contribution of iron oxide (FeOx) environments on the electrochemistry of FeNC catalysts better, we systematically explored FePc, FeOx and a mixture of both by in situ application of Mössbauer spectroscopy and related techniques. 
In this work we will discuss the similarities and differences between the electrochemical response of the different samples and conclusions that can be made for the pyrolyzed analog. 
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