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Polymer electrolyte fuel cells (PEFCs) are
electrochemical devices converting chemical enesfy
hydrogen and oxygen (or air) into electrical enevgth
relatively high efficiencies and low emissions. Ebese
reasons they have attracted much attention as pirogni
power sources for small stationary, mobile, andgixe
applications. About two-thirds of the overall va&a
losses of a PEFC at high current density are dutheo
slow oxygen reduction reaction (ORR) kinetics ag¢ th
positive electrode, and therefore large effortscameently
devoted to search for more active catalysts. Howeate
present Pt-based catalysts are still recognizedhas
materials of choice for the ORR in acidic
environments.[1,2]

To minimize the amount of Pt required for a
given level of activity, the Pt catalyst is genbral
dispersed as small particles on high surface aaelaon
supports (Pt/C) which allows higher Pt dispersiom a
hence larger catalyst surface area compared to
unsupported Pt-black. However, it was proposed frioyn
several authors that there is a variation of Pw&Gviay
with Pt particle size, i.e. for Pt particles in tfzange of 1-

12 nm, the highest mass activity was obtained for P
particles of about 3 nm.[3] A different non-carbon
catalyst support developed by 3M is based on antad
array of organic whiskers coated with Pt by phylsica
vapor deposition.[4] These nanostructured thin film
(NSTF) catalysts present  significantly  lower
electrochemical surface area compared to conveition
Pt/C catalysts for the same catalyst loading, loutirhes
higher area specific activity and 2 times higherssna
activity than conventional Pt/C. The aforementioned
studies make it clear that it is of utmost impoc&rio
have a thorough understanding of the influencenefRt
surface and particle size on the ORR activity aattion
mechanism.

In this study, we have developed model
electrodes to gain a better understanding of tfierdince
between extended surface catalysts (i.e. continuous
platinum surfaces as in the NSTF catalysts) and
discontinuous platinum surfaces (i.e. Pt nanogadic
supported on high surface area carbon). Partigularl
model electrodes were fabricated by sputteringovesriPt
loadings between 2 and 106Pt/cnfon high surface area
carbon (Vulcan XC72), according to the procedure
reported in reference.[5]

The model electrodes were characterized in a
three electrode compartment electrochemical célinM
HCIO, using a hydrogen reference electrode and a Pt-
mesh as the counter electrode. The Cyclic voltamymet
(CV) measurement in Ar-saturated electrolyte foe th
model electrode with Pt loading of 10§Pt/cnfis shown
in Figure 1. The so-called hydrogen underpotential
deposition (Hupd) in Ar saturated electrolyte waedito
determine the electrochemical surface area (EC$#&)e0
Pt model electrodes. For the calculation of thewface

area, a specific charge of 21C/cnfs was used as the
adsorption of a monolayer of hydrogen on an atoligica
flat polycrystalline Pt electrode. The model Ptcalede
surface area was also measured by CO-strippingatieth
(Figure 2); in this case the electrochemically \acti
surface area is determined through the oxidatiora of
monolayer of CO species adsorbed on the Pt surface
(normalization factor of 420uClcnfe). Generally,
slightly larger values of ECSA were obtained us®Q-
stripping compared to those determined by the Hupd
method. The model electrode activity towards ORR wa
measured by rotating ring disk electrode (RRDE)
measurements in&aturated 0.1 M HClgelectrolyte. A
decrease in surface specific activity measured at a
constant electrode potential of 0.90 V (RHE) was
observed with decreasing Pt loadings in the model
electrodes.
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Figure
1: Cyclic voltammetry curves for sputtered model
electrodes with Pt loading of 1Q@Pt/cnf in Ar saturated
0.1 M HCIQ, solution. Sweep rate 50 mV/s at room
temperature and ambient pressure.
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Figure 1: Cyclic voltammetry curves for sputtereddesl
electrodes with Pt loadings of 1QgPt/cnf in Ar
saturated 0.1 M HClgsolution after holding the
electrode potential at 0.1 V (RHE) for 15 min in CO
saturated electrolyte. Sweep rate 10 mV/s at room
temperature and ambient pressure
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