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Abstract: In the context of oxygen evolution reaction (OER), the
construction of high-valence transition metal sites to trigger the lattice
oxygen oxidation mechanism is considered crucial for overcoming the
performance limitations of traditional adsorbate evolution mechanism.
However, the dynamic evolution of lattice oxygen during the rea
poses significant challenges for the stability of high-valence n

sites, particularly in high-current-density water-splitting syslems'. Here,

we have successfully constructed Co-O-Fe catalytic active
cobalt-iron Prussian blue analogs (CoFe-PBA) throu
plasma bombardment, effectively activating lattice o
while sustaining robust stability. Our spectroscopic
studies reveal that the Co-O-Fe bridged motifs e
double-exchange interaction between Co and Fe 1
the formation of high-valence Co species as OER active

using CoFe-PBA-3

ens| ty of 1 A cm? at

anode material achieves a high current
and continuously operates for 250 hours wi

redox without compromising s
electrolyzers.

the utilization of renewable
gh water splitting is widely
chieving global carbon
process, the oxygen
ccurring at the anode is considered as
| overall efficiency due to its sluggish
the hydrogen evolution reaction
(HER) at the cathode. igh noble metal catalysts, such as
IrO; and RuQ, can effectively address the issues of high
overpotentials required for OER, their high costs limit the
widespread deployment of water electrolysis for hydrogen

1
This article is protected by copyright. All rights reserved.
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" Among the developed non-precious metal candidates, anode
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cently, the development of novel anion exchange
ter electrolyzers (AEMWES) has further reduced
ependence on noble metal catalysts at the anode.
uently, there has been a growing interest in exploring the
indant and cost-effective non-noble metals, particularly
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relatively extreme conditions (e.g., current densities above 1 A
cm2 and operating temperatures around 55°C), many highly
active non-noble metal catalysts fail to be practically implemented B

Ma

on-noble metal catalysts that can maintain exceptional activity
d durability under real operating conditions.

L:u,-

materials with high valence 3d-transition metal active sites (e.g.,
Co", Fe", and Ni'V) exhibit significant intrinsic activity in alkaline
OER processes.®! This enhanced activity is attributed to the
oxidation of metal catalysts to higher valence states, which raises
the p-band center of oxygen (Ozp) towards the Fermi energy level
(Ey) and strengthens the orbital hybridization between the metal
d-band and oxygen (M-O bond covalency).®! This increases the
barrier for electron removal from the metal sites, thus facilitating
the involvement of lattice oxygen in the water oxidation process,
which involves a direct (0-O) bond coupling.®@ This mechanism
is known as the lattice oxygen oxidation mechanism (LOM).
Compared to the traditional adsorbate evolution mechanism
(AEM), LOM breaks the inherent thermodynamic constraints
between oxygen-containing intermediates (*OH, *OOH) of the
AEM, resulting in a more efficient water oxidation process.

2

3|

However, the formation of high-valence metal sites requires
higher applied potentials due to significant thermodynamic
barriers.? To date, extensive researches have focused on
constructing high-valence sites, with numerous studies indicating
that the similar size compatibility between Fe and Co can facilitate
the synergistic generation of high-valence active metal sites and
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