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Non-precious transition metal (NPM) catalysts
are attractive for the Oxygen Reduction ReactioRRp
in fuel cells due to their low cost and high electremical
activity. (1, 2) Generally, an intrinsic differencim
reaction mechanism and catalyst activity has been
observed in a change of medium from acidic to aikal
(3) In this work, Density Functional Theory (DFT)
calculations (4) were employed to understand the
influence of media on the performance of a serfawa-
precious transition metal model catalysts (Im}Mh = 1
or 2) where M = Cu(ll), Fe(ll), Fe(lll), Ni(ll), C@l), Im
imidazole, and L diaminotriazole (M-N or
porphyrin  (M-N,). Energy profiles of the ORR
mechanism in both acidic and basic media (5) are
calculated for all catalysts.

In the acidic medium, *OOH is firstly formed
upon the initial protonation (}@* + 1€) of the attached
O, for all catalysts (Fig. 1). Quickly after, *@, is
generated during the second protonation with one
exception, which is the diaminotriazole based Fe(ll
catalyst where 2 *OH is observed instead. In gdnera
porphyrin based catalysts bind te®{ less strongly than
their diaminotriazole based counterparts. This s i
alignment with the energy gap between the LUMOhef t
catalysts and the HOMO of,B, with the larger the gap,
the weaker the interaction. In the cases of polipthased
Cu(ll) and Ni(ll) catalysts, kD, detaches from the
catalyst surface as the result of the a very wegaction
between them, which may later require a secondreacti
site to facilitate the reduction of .8, to H,O in the
subsequent protonation steps.

In the alkaline medium, *OOH is formed in the
initial step of HO interacting with the attached, @long
with a 1é transfer, followed by the generation of *O and
*OH during the subsequent steps ¢@H+ né) (Fig. 1).
The ORR activity of the catalysts may strongly depen
their affinity to the intermediate oxygen specidhe
regeneration of the catalysts relies on their” @ffinity
with the stronger the OHaffinity, the lower the catalytic
activity. Compared to the diaminotriazole base lgats,
porphyrin based catalysts may exhibit a weaker" OH
affinity due to a high electron density on theimtal
metal caused by the additional electron donatiomfthe
porphyrin (Ny).

In summary, our calculations show that not only
is the overall kinetics of the ORR in each mediwpet
different, but also distinct mechanisms are obskrve
among the catalysts within the same medium. Itlss a
shown, through the analysis of structural changesthe
affinity to the intermediate oxygen species of #ie
catalysts at each ORR step, that media determiniagdu
ORR not only the type of the intermediate speaeséd,
but also the ease of the intermediate species being
reduced to bLD. The latter is further influenced by a
combination of catalysts’ central metal, chelatiiggnds,
and how they coordinate, which can be rationalizeth
the perspective of orbital interactions.
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Figure 1. Geometries of: (a) (Im)CoL-OOH;

(b)
(Im)CoL-H,0; in the acidic medium; and (c) (Im)CoL-
OOH; (d) (Im) CoL-O in the basic medium. The
different colored spheres represent different atgpes

in the structures where: grey — carbon, red — axyge
blue — nitrogen, white — hydrogen, and yellow — &b
L = porphyrin, Im = imidazole.
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