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1. INTRODUCTION

Oxygen reduction reaction (ORR) on noble and non-noble
metal surfaces remains one of the well investigated electrochemi-
cal processes. This interest stems from both a technological and
fundamental standpoint. Under acidic conditions, Pt and Pt
alloys remain the mainstay as catalyst materials for ORR due to
the acid stability criterion; in alkaline electrolyte, a wide range of
non-noble metals and their oxides are understood to be stable
enough for practical applications. Alkaline fuel cells (AFC), once
considered very promising, failed to attract continued research
interest primarily due to issues such as carbonate precipitation
(and therefore the onerous need for electrolyte scrubbers) and
electrolyte leakage.1 Further, the rapid growth of proton ex-
change membrane (PEM) fuel cells shifted research interest into
the acidic counterpart. Despite worldwide research effort in
PEMFC, widespread commercialization is strongly predicated
on component costs and striking an optimum balance between
performance and durability. Appleby2 in 1970 envisaged the
improbability of increasing the rate constants for ORR on noble
metals due to the compensating changes between the pre-
exponential factors and heat of activation, and apparently this
scenario has not changed significantly since then. Further, the
poor selectivity of Pt materials in the presence of impurities and
fuel crossover aggravates electrocatalysis in PEMFC. Realization
of the fact that a wider range of non-Pt based catalyst materials

can be employed at high pH environments and recent research
efforts in developing metal cation-free alkaline anion exchange
membranes (AAEM) for hydroxide anion transport that does not
suffer from carbonate precipitation have spurred research activ-
ities in AFCs.3!6 This is despite (i) the 2!3 orders of magnitude
lower hydroxide anion conductivity in state of the art alkaline
membranes compared to proton transport in acidic membranes7

and (ii) manifestation of poisoning due to carbonate anion
exchange in alkaline membranes.8 The claim that AFC performs
better than PEMFC remains quite unjustified because such
claims have usually been based on comparisons between phos-
phoric acid fuel cells and AFCs.9 On the contrary, any compar-
ison of performance between PEMFC and liquid electrolyte
based AFC technologies roughly exhibits equivalent per-
formances.9,10 However, the applicability of non-Pt materials
in alkaline media is completely justified given the ample evidence
in the literature employing several non-noble materials as
electrocatalysts and the dispensability of the so-called acid-
stability criterion at high pH environments.1,11,12 Although
several ambitious engineering designs were tested to prevent
leakage and carbonate precipitation issues while improving AFC
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ABSTRACT: Oxygen reduction reaction (ORR) is generally considered to be more facile in
alkaline media compared to its acidic counterparts. The fundamental reasoning for this
statement has been quite elusive and not understood very well. A pertinent review of the
literature in alkaline media on noble and non-noble metal electrocatalysts is presented here
along with experimental results to investigate the rationale behind the so-called kinetic facility
in alkaline media. Increasing the pH from 0 to 14 has several effects on the electrode!
electrolyte interface in terms of the working electrode potential range, the strength of
adsorption of the reaction intermediates, and spectator species. Besides these, the reasons for
kinetic facility are investigated from the perspective of the changes in the double layer
structure and electrochemical reaction mechanisms in transitioning from acidic to alkaline
environment. In this context, specifically adsorbed hydroxyl species are found to promote an
outer-sphere electron transfer ORR mechanism in alkaline media. A surface independent
outer-sphere electron transfer component is proposed to be the reason for the so-called facile
kinetics of ORR in alkaline media on a wide range of non-noble metal surfaces. However, this outer-sphere process
predominantly leads only to a 2e! peroxide intermediate as the final product. The importance of promoting the electrocatalytic
inner-sphere electron transfer mechanism by facilitation of direct adsorption of molecular oxygen and the stabilization of the
peroxide intermediate on the active site are emphasized with the usage of chalcogen modified transition metals and pyrolyzed
biomimetic metal porphyrins as electrocatalysts.


