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Despite the significant progress made in the d@rant

of M=N,/C catalysts, the exact nature of the active sites
formed during pyrolysis, as well as the reaction
mechanisms remains unclear. In this workyray
absorption spectroscopy (XAS) measurements were
performed on the two state-of-the-art PANI-derived
catalysts, PVAG-Fe-NEU? and FeTPP/C pyrolyzed at
various temperaturésEXAFS fits in combination with
Au-XANES analysis are used to reveal the atomic
structure of the catalysts and understand the gweci
structural effects on the ORR activity and reaction
mechanism. TheAp technique has evolved into a
powerful tool for elucidating surface adsorbed $gein
electrocatalysis and involves comparison of thécaty
simulated signatures of subtracted XANES spectra
(surface with and without adsorbed species) andetho
experimentally derived using spectral subtractibrdata
measured at different potenti&fs.

As shown in Fig. 1a, the first shell coordinatiaumbers
(CNs) of all the catalysts are increased by ~1 witen
operating potential increaes from 0.3 to 0.9 V,dating
most of the Fe-Isites are covered by OH at 0.9 V. The
lower CNs for PANI-derived catalysts are due to tle
existence of the nano-scaled metallic Fe or Feesxttiat

do not have surrounding nitrogen atoms.
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Fig. 1 The coordination number (a) and the Fe-Né@db
distance (b) for the catalysts indicated obtaime@.l. M
HCIO,at 0.3V and 0.9 V.
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As shown in Fig. 1b, the Fe-N/O bond distance affHe-
300/C (pyrolyzed at 300 °C) increase from ~2.082d6

A when the operating potential is increased frof .
0.9 V, which indicates the in-plane iron atom shdtvay
from the plane towards the axially bound OH as Wide
observed for non-pyrolyzed NPM catalysts. On the
contrary, the Fe-N/O bond distances of PANI-deriaed
PVAG-Fe-NEU catalysts decrease from >2.07 to ~A02
which indicates the Fé&ion locates out of the Aplane,
and shifts back into the plane due to the axiatyriul
OH. The Ap analysis show while the FeTPP-300/C is
dominated by Fe-Nsite that the central iron atom is
coordinated by four pyrrolic nitrogen atoms, the NR?A
derived and PVAG-Fe-NEU catalysts are mainly
composed of Fe-}, site in which the central iron atom is
coordinated by four pyridinic nitrogen atoms. TheN.,
switching behavior favors oxygen molecule dissoaiat
and oxygenated adsorbate (OH) desorption, and ithus
the origin of the enhanced ORR activity relativd-&N,.
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Fig. 1 Plots ofAEcqq VS potential for indicated catalyts.
The grey vertical line locating at the redox poianof
PANI-derived catalysts (0.64 V) is drawn as a guide
the eye.

The XANES at the Fe K edge provides a direct measur
of the oxidation state of the iron center. As shawikig.

2, the transitions from Bé to Fé" oxidation state,
manifested by the absorption edge shifts towardbdri
energies with increasing potentials coincide witie t
redox potentials obtained electrochemically. Thig"’
transitions are accompanied with the adsorptio®ldfas
determined by EXAFS. Therefore, the enhanced ORR
activity of pyrolyzed samples as estimated by thyhédr
onset potential (or low overpotential) is attriblit® the
suppression of O(H) adsorption from water activatio

the stabilization of F& oxidation state at high potential,
similar to the well understood ORR enhancement
mechanism of Pt-based alloys. The similarity of @RR
kinetics between the iron-based and Pt-based stdaily
further supported by the fact that the OH coveraged

as a function of potential matches the theoret@éh)
trend predicted on Pt-based systéms.
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