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Non-precious metal catalysts (NPMCs) hold the psami
of replacing Pt in proton exchange fuel cell (PEFC)
cathodes, leading to a reduction in cost and atiag
materials supply concerns. Despite decades of study
structure-function relations for NPMC active sites,
particularly pertaining to oxygen reduction reaatio
(ORR) activity, are still lacking. Knowledge of #e
relations would enable targeted synthesis follovang
rational design principle. The promises of such an
approach include increasing the density of statiiea
site structures with high turnover frequencies ilegdo
more durable, more selective, and more active NPMC
materials.

Previously, determination of active site structuaad
their associated activity has proven rather diffictihis is
due to several factors: (1) State-of-the-art NPMCs
currently depend on a pyrolysis stépat leads to
amorphous carbon structures that are hard to desize
experimentally; (2) an exceedingly large number of
structures are generated, many of which have varyin
degrees of ORR activity and overall stability; €83
there exists doubt over the role that transitiotatse
(TMs) play in NPMC activity. Using density functiah
theory (DFT) modeling coupled with the computationa
hydrogen electrode approdcive are working to address
these issues by considering ORR pathways on atyarfie
potential active-site structures with varying cheahi
compositions.

The use of DFT has previously been applied to
NPMC systems, particularly to address N-coordimatio
and the role of TMs in the active Sife These studies
have given valuable insights into stability and\aigt but
have not sufficiently considered potential actiite-s
structures at graphene edges. Such edge defeatsiate
more computationally expensive but have been shtiown
be considerably more stable than their bulk coyates.
Experimental studies indicate that edges may pégy k
role in increasing NPMC ORR activityAdditionally,
graphene edges have been shown to have considerably
different electronic and magnetic properties, whach
likely to have an impact on adsorbate binding eiesrg
and thus ORR pathway and activity. Due to thestfac
we have focused in this work on graphene edges as
potential active-site hosts.

The study of metal and metal oxide catalysts foROR
(and the reverse reaction, oxygen evolution reagtio
OER) has led to general scaling laws that havegrov
powerful for the high-throughput screening of ORR
catalyst&**. Two such scaling laws include the relation
between O-binding energy and OH-binding energy and
the relation between OH-binding energy and OOH-
binding energy. These scaling laws have been cadbin
to generate an ORR thermodynamic descriptor, & thi
case, O-binding energy, that roughly indicates hotive
a given catalyst is likely to be. Often, this ipiited
using a Sabatier-principle “volcano plot”.

Herein, we test these scaling relations for graphen
edge N/TM potential active sites that have beemded
through stability constraints in previous work We

consider several N/TM edge geometries (including 4-
and 3-N coordination), as well as clusters contajra
variety of multiple TMs (including mixed-metallic
clusters of Fe to Cu). Such mixed-metallic clustgninay
aid in explaining why catalysts with both Fe andate
more active than Fe or Co alone. We also consites s
with no TMs and sites next to N/TM complexes to
address the role of transition metals in activessiOver
20 active-site geometries/chemistries are congsidere

The calculated stability and potential energy stefa
(PES) for ORR on these sites (see Figure 1), dsas¢he
extrapolated scaling laws are discussed. Thene is a
apparent difference in these scaling laws basetieil-
coordination geometry. Our results indicate theeptal
for ORR/OER activities above those predicted fotatse
and metal oxides based on the scaling relations.
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Figure 1. Example PES for a 4N-Co defect at a graphene
nanoribbon edge (inset).
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