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1. Introduction

The recent surge of interest in non-noble-metal porphyrin and
phthalocyanine catalysts has been prompted by their potential
to replace Pt as cathodic catalysts in polymer electrolyte mem-
brane fuel cells (PEMFCs).[1–3] However, to realize the apparent
benefits of the metal–N-coordinated catalysts in high-power
fuel cells, advances in catalyst design and synthesis are re-
quired to produce catalysts with high turnover rates,[4] and
methods of incorporating molecular catalysts into membrane
electrode assemblies must be developed. With these advances,
the site density can be increased to levels that support high

current densities. One approach is to build a 3D, molecular
polymer redox layer on the electrode surfaces.[5] The polymer
redox layer includes a molecular catalyst, and this structure re-
sults in full access to all species (electrons, protons, and sub-
strates) with increased reaction rates. In our previous stud-
ies,[1, 5, 6] we proposed a polymer redox film having a non-
noble-metal complex impregnated with Nafion as a new cath-
ode catalyst layer for PEMFCs. In particular, a non-noble-metal
catalyst (metal porphyrins) binds with the sulfonic acid sites of
Nafion to form a 3D molecular catalyst, and the polymer redox
film is attached to the electrode surface.

In the above system, the electrons are transported from the
electrode through the catalytic sites, whereas the protons/
oxygen atoms migrate along with the hydrophilic domains of
Nafion. The water molecules produced by electrochemical re-
actions move to the polymer surface to form a parasitic liquid
water layer. Note that the metal porphyrin complexes are
chemically bonded with the sulfonic acid sites of Nafion, and
the catalyst is unlikely to migrate. In general, the electron
movement is slow among the separate metallic sites, which
may be facilitated by the addition of redox mediators with
shuttling motions among the active catalytic sites.

In addition to the intrinsic activity of the catalysts for the
oxygen reduction reaction (ORR), redox mediators (RMs) also
play a crucial role in effective charge transfer.[7] As such, it is
important to understand the kinetics of the ORR in the pro-
posed 3D molecular catalyst with suitable RMs. Herein, the ef-
fects of RMs on the ORR were tested by using cyclic voltamme-
try in a homogeneous catalytic system by employing a water-
soluble metal macrocycle compound (iron porphyrin) in a triflic
acid solution to mimic the 3D catalyst layer. Surprisingly, (dime-
thylaminomethyl)ferrocene did not show any enhancement for

The effects of different redox mediators on the oxygen reduc-
tion reaction (ORR) catalyzed by an iron porphyrin complex,
iron(III) meso-tetra(N-methyl-4-pyridyl)porphine chloride
[FeIIITMPyP], in 0.1 m triflic acid were investigated by cyclic vol-
tammetry (CV) and spectroelectrochemistry in conjunction
with density functional theory (DFT) calculations. The formal
potentials of the FeIIITMPyP catalyst and the redox mediators,
as well as the half-wave potentials for the ORR, were deter-
mined by CV in the absence and presence of oxygen in acidic
solutions. UV/Vis spectroscopic and spectroelectrochemical

studies confirmed that only the 2,2’-azino-bis(3-ethylbenzothia-
zioline-6-sulfonic acid)diammonium salt (C18H24N6O6S4) showed
effective interactions with FeIIITMPyP during the ORR. DFT cal-
culations suggested strong interaction between FeIIITMPyP and
the C18H24N6O6S4 redox mediator. The redox mediator caused
lengthening of the dioxygen iron bond, which thus suggested
easier dioxygen reduction. Consistent results were observed in
electrochemical impedance spectroscopic measurements for
which the electron-transfer kinetics were also evaluated.
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