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Abstract The influence of thin Nafion films on electro-
deposited Pt–Ru electrocatalysts for the electro-oxidation of
methanol was studied. Nanostructured planar carbon-
supported Pt–Ru electrodes, on which a layer of Nafion
ionomer was incorporated, were prepared by multiple
cycles of potentiostatic pulses. SEM and AFM images of
the deposit showed Pt–Ru particles grouped in agglomer-
ates with sizes between 50 and 200 nm constituted by small
nano-sized crystallites. The activity of the electrodes was
found to decrease when the thickness of the Nafion film
was increased, but the Tafel slope value was found to
remain almost unchanged in all electrodes. These results
may be associated with the partial blocking of the surface
active sites by hydrophobic domains of the polymer, and
the presence of CO2 molecules retained within the Nafion
hydrophilic microchannels.
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Introduction

Direct methanol fuel cell (DMFC) is a promising conver-
sion energy system for transport and portable applications.

However, there are several serious technological challenges
such as slow kinetics of methanol oxidation reaction, high
cost of catalysts [1, 2] and methanol crossover to the
cathode [3] that must be overcome before general applica-
tion. Thermodynamically, methanol oxidation has a low
equilibrium potential, but it requires a large overpotential to
proceed, depending on the catalyst and operating con-
ditions. Complete methanol oxidation requires the transfer-
ence of six electrons per molecule, resulting in sluggish
kinetics even on the most effective catalysts.

Pt–Ru solid solutions are considered the best catalysts
for methanol electro-oxidation. Typical manufacturing
methods of anodes for DMFCs involve painting, spraying,
or printing of catalyst inks that contain a matrix of
electrolyte phase and carbon-supported catalysts. In these
methods, the utilization of the noble metal is inefficient,
due to agglomeration of the catalyst powders and lack of
contact between the Pt–Ru particles and the polymeric
electrolyte [3].

One approach to avoid these difficulties is to prepare Pt–
Ru electrodes by electrodeposition at carbon substrates in
an aqueous solution. Selective deposition of catalyst
particles at desirable locations in the electrode with both
ionic and electronic accessibility is achieved.

One aspect that must be taken into account is the effect
of the ionomer that acts as a proton conductor and a binder
[4–6]. In proton exchange membranes fuel cells, Nafion
commercial perfluorinated ionic polymers are the most used
due to its excellent proton conductivity, thermal and
chemical stability, and mechanical strength [7].

The use of planar nanostructured electrodes provides a
useful tool for studying the reactions at a catalyst on which
a thin layer of a polymeric conductive electrolyte has been
placed. These electrodes are composed of a nanostructured
catalyst electrodeposited on a non-porous conductive
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substrate. With this arrangement, the effect of a porous
structure is avoided although retaining the characteristics of
a dispersed catalyst. This is a convenient approach to the
investigation of methanol oxidation at the interface between
a real electrocatalyst and a solid polymer electrolyte
membrane.

The aim of the present work is to prepare planar-
supported Pt–Ru electrodes by multiple successive cycles
of potentiostatic pulses to study the effect of Nafion films
deposited over the catalyst. Methanol electro-oxidation is
examined by diverse electrochemical techniques.

Experimental

Glassy carbon (GC) discs of 0.07 cm2 exposed geometric
area were used as catalyst support. Previously to Pt–Ru
electrodeposition, the GC electrodes were polished with
emery paper (grit 1200) and alumina of grade 1 and 0.3μm.

Nafion® 117 films of diverse thickness were prepared
dropping different amounts of a 5% alcohol solution (5 at.%,
Fluka) of the ionomeric membrane over Pt–Ru/GC electrodes,
followed by drying in air for a day before use. The character-
istics of the different Nafion films are listed in Table 1.

Electrochemical measurements were carried out in a
conventional three-compartment glass cell at temperatures
between 25 and 60ºC. The counter-electrode was a platinum
foil, separated from the working electrode compartment by a
porous glass diaphragm. A saturated calomel electrode
(+0.241 V vs. NHE) located in a Luggin capillary served as
the reference electrode. All potentials mentioned in this work
are referred to this electrode. An inert nitrogen atmosphere
was maintained over the electrolyte. A PAR 273 potentiostat
was used to run the experiments. Electrochemical techniques
such as cyclic voltammetry, linear sweep voltammetry, and
chronoamperometry were used to characterize the catalysts
and evaluate their activities for methanol oxidation.

The catalysts were synthesized by electrodeposition at
room temperature using a diluted solution of platinum and
ruthenium salts (2 mM H2PtCl6+2 mM RuCl3 in 0.5 M
H2SO4). The electrodeposition was carried out using
multiple successive potentiostatic pulses (Ecathodic=−0.5 V
tcathodic=30 s, Eanodic=1 V tanodic=5 s). All electrodes were

prepared by applying 30 consecutive cycles. After deposi-
tion, the electrodes were thoroughly rinsed with bidistilled
water and tested in sulfuric acid solution by cyclic
voltammetry at a rate of 50 mV s−1 to evaluate reproduc-
ibility. The catalyst active surface area has been found to
depend positively on the number of cathodic potential
pulses at −0.5 V, and on the potential of the anodic pulse.
At −0.5 V a large quantity of nuclei are formed, whereas the
effect of the positive pulse at 1.0 V is the rapid oxidation of
the hydrogen formed during the negative pulse, facilitating
the formation of new nuclei [8].

The active surface area of the electrocatalysts was
determined by copper underpotential deposition. Experi-
mental details were described in a previous paper [9]. The
average active surface area of the electrocatalysts was
34.86±0.03 cm−2 per unit of geometric area.

The electrode activity for methanol oxidation was
measured in 1 M CH3OH+0.5 M H2SO4 solution by cyclic
voltammetry at a scan rate of 50 mV s−1, starting at 0 V.
Chronoamperometry curves were obtained at different
potentials, applying potential pulses from an initial poten-
tial of 0 V. Current densities are referred to the active
surface area before Nafion deposition.

The morphology of the catalyst surface and the particle
size were analyzed using scanning electronic microscopy
(SEM; JEOL 100) and atomic force microscopy in non-
contact mode (AFM; Nanoscope Digitals Instruments).
Bulk composition analysis of Pt–Ru catalysts was per-
formed using an X-ray detector for energy dispersive
spectroscopy analysis (SEM-EDX). In addition, the struc-
ture of the electrodes was characterized by X-ray diffraction
(XRD) using a Rigaku Dmax III C diffractometer with
monochromated CuKα radiation.

The catalyst loading for some selected electrodes was
determined by dissolution in aqua regia and posterior
analysis by ICP-AES (Shimadzu 1000 model III analyzer).
Under these conditions, metal loadings of 0.30±
0.05 mg cm−2 were measured.

Results and discussion

Characterization of the Pt–Ru/GC and Nafion/Pt–Ru/GC
systems

The atomic composition of Pt–Ru catalysts was determined
by EDX technique. Ru contents between 23 and 25 wt.%
were measured in all the analyzed samples. The proportion
of deposited ruthenium to platinum is within the expected
order, taking into account that the mol ratio of RuCl3
concentration to H2PtCl6 concentration is equal to one [9].
It is possible that the existence of adsorbed hydrogen on the
platinum surface blocked metal ion access to the electrode

Table 1 Characteristics of Nafion layer

VNafion/μL W/Ag mg cm−2 ldry/μm

1 0.621 0.85±0.30

5 3.107 5.10±0.40

10 6.214 9.72±0.43

W weight of Nafion film, ldry thickness of dry Nafion film measured
by SEM microscopy, Ag geometric area
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surface inhibiting metal deposition. Moreover, it is known
that in the case of a smooth ruthenium layer, the ionization
of hydrogen at −0.2 V is accompanied by adsorption of
water on ruthenium atoms and this process might influence
metal deposition [10–12].

A SEM micrograph of Pt–Ru catalyst on glassy carbon
is shown in Fig. 1a, while the SEM image in Fig. 1b shows
that the surface of the ionomer film is flat and smooth in
microscale.

Electrodeposited platinum particles generally exhibit uni-
form size and semispherical shape and appear regularly
distributed over the support surface [13]. However, the
electrodeposition method here used generates rough islands
with incipient dendritic structure. The formation of dendrites
occurs in the mass-transfer or mixed control regions [14],
and under this condition, the particle growth is accelerated
due to a faster diffusion rate of the metal ions at the tips of
the excrescences [15]. Another plausible explanation sug-
gests that crystallite tips formation is probably a consequence
of the interaction between primary and secondary nucleation,
where the depletion zone formed around the metallic nuclei
at high overpotential promotes secondary nuclei growth,
resulting in the formation of ramified structures [16].
Ruthenium codeposition does not modify the morphology
appreciably, but an increase in particle size is observed [9].
Although the particles tend to coalesce and to overlap one
with the other, the existence of smaller particles suggests that
new nuclei are formed throughout all the process.

The AFM image in Fig. 2a gives a top view of the
catalyst deposited on the GC substrate. The metal particles
may be envisaged as packed piles of nanoscale clusters
forming a kind of grouped lamellar agglomerates (Fig 2b)
with sizes between 50 to 200 nm, in concordance with
those determined from SEM images. Similar particle
morphology was observed by Paoletti et al. [17] on
carbon-supported Pt catalysts prepared by multiple galva-
nostatic pulsed electrodeposition. In addition, the formation
of secondary nuclei is also observed (Fig. 2a).

It is known that electrodeposition of noble metals on
carbon supports occurs via 3D nucleation and growth
mechanism [18]. Generally, primary nucleation on carbon
is followed by secondary nucleation on predeposited Pt
surface, except when short potential pulses are employed
[19]. This behavior may be explained considering that a
higher concentration of nucleation centers on Pt surface
compared with carbon [20]. The result of secondary
nucleation is the formation of complex micro- and nano-
grained Pt structures [16, 20]. Furthermore, on atomically
smooth highly orientated pyrolytic graphite (HOPG) sur-
face formation of particle agglomerates may also occur
through migration and coalescence of Pt nanoparticles
favored by weak interaction of Pt with HOPG substrate.
Therefore, Gloaguen et al. [18] and Zoval et al. [19]
concluded that Pt electrodeposition on HOPG takes place
via formation of particles 10–20 nm in diameter and their
surface diffusion sticking, which results in agglomeration.
In fact, both secondary nucleation and surface diffusion
sticking can contribute to the catalyst morphology observed
in SEM and AFM images.

XRD spectra reveal the bulk structure of the catalyst
and its support (Fig. 3). The diffraction peaks referred to
carbon support are located at 2θ values of about 25°, 42°,
and 54° in the XRD spectra. The diffractograms show
three peaks characteristic of face-centered cubic (fcc)
crystalline at approximately 2θ values of 40.1°, 47.3°,
and 68.5°, which are associated with the (111), (200), and
(220) planes, respectively, indicating that the catalysts
have principally single-phase disordered structure (i.e.,
solid solutions). Comparing with the reflections of pure Pt,
the diffraction peaks for the Pt–Ru catalysts are shifted
slightly toward higher 2θ values. The slight shift of the
diffraction peaks reveals the formation of an alloy
involving the incorporation of Ru atoms into the fcc
structure of Pt. It is important to note that no diffraction
peaks indicate the presence of either pure Ru or Ru-rich
hexagonal close packed phase.

Fig. 1 SEM image of a
Pt–Ru/GC electrode (a). SEM
image showing a Nafion film
over a supported Pt–Ru catalyst
(b). The catalyst was prepared at
the following conditions:
Ecathodic=−0.5 V, tcathodic=30 s;
Eanodic=1 V,
tanodic=5 s; 30 cycles
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The peak profiles in XRD patterns of the catalysts were
obtained by integration of the respective areas after peak
deconvolution using the Marquardt algorithm. A lattice
constant of 3.922±0.004Å was determined for Pt/GC in
good agreement with 3.923Å for pure Pt, whereas a value
of 3.892±0.005Å was obtained for Pt–Ru/GC. In accor-
dance with the Vegards' law, the nominal Ru content of the
Pt–Ru catalyst was around 25%, agreeing with EDX
results.

Debye–Scherrer's equation was used to estimate the
average Pt–Ru crystallite size from the most distinct peak,

Pt (111) centered around 2θ =40.2°. The average size of the
crystallite was found to be around 5 nm, in accordance with
the sizes obtained by Coutanceau et al. [21] with electrodes
prepared by galvanostatic pulsed electrodeposition.

The specific surface area of the metal (Sw/m
2g−1), in the

absence of any screening or coalescence of crystals, can be
estimated from the mean particle size determined by XRD:

Sw ¼ 6� 104

r d
ð1Þ

The catalyst density ρ can be calculated by two different
ways, using the lattice parameter or the pure metal's density.
Both methods give similar results. Using the lattice
parameter, we have:

r ¼ Unit cell weight

Unit cell volume
¼ 4x1024

XPtMPt þ XRuMRu

a3fccNA

� �
ð2Þ

where ρ (g cm−3) is the density of Pt–Ru alloy, XPt and XRu

are the atomic fractions of Pt and Ru, MPt, and MRu are the
molecular weights (g mol−1), afcc (Å) is the lattice parameter
and NA is the Avogadro number. Using Eq. 1, specific
surface area values of around 65 m2g−1 and 35 m2g−1 are
estimated for Pt–Ru and Pt catalysts, respectively. Therefore,
the specific surface area of this bimetallic alloy is signifi-
cantly larger than the platinum catalyst surface area,
probably due to the decrease of both alloy density and
crystallite size.

It should be noted that the specific surface area estimated
from XRD considerably exceeds the value obtained from
Cu stripping and ICP analysis. This behavior can be
explained by particle agglomeration at the experimental
conditions used to prepare the catalysts. The degree of
particle coalescence ξ [22] can be calculated with Eq. 3:

x ¼ 1� Sw; EC
Sw; calc

ð3Þ

Here Sw, EC is the specific surface area determined from
Cu stripping and ICP analysis and Sw, calc is the specific
surface area calculated from the results of XRD. The

Fig. 2 AFM images of a Pt–Ru/
GC electrode. The catalyst was
prepared at the following
conditions: Ecathodic=−0.5 V,
tcathodic=30 s; Eanodic=1 V,
tanodic=5 s; 30 cycles

Fig. 3 XRD patterns of Pt/GC and Pt–Ru/GC electrodes. Platinum
and ruthenium were deposited at the following conditions:
Ecathodic=−0.5 V, tcathodic=30 s; Eanodic=1 V, tanodic=5 s; 30 cycles
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calculation gives a ξ value of about 0.9, indicating high
degree of particle agglomeration. Therefore, part of the
nano-sized particle surface will be scarcely accessible to the
solution, explaining the lower value of surface area
determined by Cu stripping.

Cyclic voltammograms of Nafion/Pt–Ru electrodes with
variable ionomer thickness are shown in Fig. 4. In sulphuric
acid solution, well-defined hydrogen-associated faradic
processes are observed. Nevertheless, the coulombic charge
related to the hydrogen adsorption/desorption processes
decreases when Nafion film thickness increases. A differ-
ence of about 23% between charges under the peaks for the
electrodes without Nafion and with the thinnest polymeric
film was determined. In addition, charges reduction of 57%
and 62% were found for Nafion films with thicknesses of
5.10 and 9.72μm, respectively. The amorphous part of the
perfluorocarbon backbone can partially block the electro-
chemical active sites in the catalyst surface by the formation
of hydrophobic domains that hinder the proton access to the
electrode surface. This blocking is consistent with the effect
observed on a smooth polycrystalline platinum electrode
[23, 24]. In addition, when the electrode is covered by the
polymeric film the extent to which the ionomer penetrates
the mesoporous structure of the supported catalyst is
unknown. The wetting of the electrode mesoporous
structure by the Nafion solution is deficient, so the
incomplete penetration (compared with the bare electrode)
might also contribute to decrease hydrogen adsorption on Pt
atoms.

Methanol oxidation

Figure 5 shows the cyclic voltammetry curves recorded for
the different Nafion/Pt–Ru/GC electrodes at temperatures
between 25 and 60ºC at 50 mV s−1. The onset of methanol
oxidation takes place at 0.35 V at 25ºC and shift to lower
potentials with increasing temperature, falling to 0.2 V at

60ºC. The lower onset for methanol oxidation and the
increase in catalytic activity at higher temperatures is a
consequence of the high rate constant of the oxidation
reaction. In addition, the electrode performance for methanol
oxidation, taken from the current peak, increases more than
ten times when the temperature is raised from 25 to 60°C.

This behavior cannot be attributed only to an increased
coverage of active surface oxidized species. The desorption
rate of the adsorbed residues increases with temperature
because the adsorption energy decreases, resulting in weakly
adsorbed and more reactive COads molecules. In addition, the
methanol diffusion rate, which has an activation energy of
the order of 20 kJ mol−1 [25], increases with temperature.

The potential of the peak that is observed in the anodic
scan is shifted slightly negatively with increasing temper-
ature, whereas the peak that appears during the cathodic
scan suffers a slight positive shift. This behavior can be
reasonable explained if the coverage of OH adsorbed

Fig. 5 Cyclic voltammograms for Nafion/Pt–Ru/GC in 1 M CH3OH/
0.5 M H2SO4 (sweep rate 50 mV s−1) at diverse temperatures for
Nafion films of different thickness: 0.85μm (a), 9.72μm (b)

Fig. 4 Cyclic voltammograms for Nafion/Pt–Ru/GC in 0.5 M H2SO4.
Nafion film thickness: without ionomer ( ), 0.85μm ( ), 5.10μm
( ), and 9.72μm ( ). Sweep rate 50 mV s-1

Fig. 6 Chronoamperometry curves at 0.3 V for Nafion/Pt–Ru/GC in
1 M CH3OH/0.5 M H2SO4 at room temperature. Nafion film
thickness: without ionomer ( ), 0.85μm ( ), 5.10μm ( ),
and 9.72μm ( )
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species changes with temperature. Furthermore, as was
mentioned, increasing temperature accelerates the chemi-
sorption of methanol on the catalyst active sites, and
increases the diffusion rate of alcohol molecules.

The presence of a Nafion film reduces the electrode
activity for methanol oxidation (Figs. 5 and 6). The
electrode activity when the film is absent is higher than
that obtained using the electrode with the thinnest Nafion
film layer. Nevertheless, the catalyst activity for methanol
oxidation is similar for Nafion films with thicknesses of
5.10 and 9.72μm. The significant decrease observed in
presence of the polymeric film, can be correlated to a
reduction of available active sites on the catalyst surface
and the inefficiently penetration of the polymer in the
catalyst structure, as was commented previously. Further-
more, the polymer presence on a planar electrode may also
retard the CO2 removal from the active reaction sites. In
other words, CO2 elimination must occur by diffusion
through the membrane hydrophilic channels, becoming
more difficult when Nafion film thickness increases. This
can result in entrapment of the gas inside the polymeric
layer and blocking of the microchannels in the structure,
limiting the arrival of the reactant to the catalyst surface.

The similitude in the catalytic activity of the electrodes
with Nafion thicknesses of 5.10 and 9.72 μm can be related
to a similar quantity of available active sites for methanol
oxidation. Besides, the existence of bigger clusters of water
molecules inside the polymeric structure facilitates CO2

elimination making easier the arrival of methanol to the
electrode surface [26].

Chronoamperometric curves recorded in a potential
range between 0.2 and 0.6 V corroborate the current
decrease on both bare and Nafion covered Pt–Ru/GC
electrodes. This current decay is observed in the literature
for Pt–Ru catalyst at different temperatures and methanol
concentrations [27, 28]. The main cause of the current
decay is the blocking of the active sites by the poisoning
species. Chemisorption of methanol gives rise to the
adsorption of CHO and CO intermediaries with the former
detected at short adsorption times and low potentials [28].
This result suggests that carbon monoxide specie acts as
poison but possibly not the only one because the reaction is
deactivated even at the potentials where CO is oxidized by
the presence of OH species adsorbed on Ru atoms.

Electrocatalytic behavior of the electrodes prepared in
this work was evaluated by potentiostatic experiments in
the potential region that is relevant for methanol oxidation
in DMFC and compared with some data available in the
literature [29–34] (Table 2). The catalytic activities at
different temperatures for the electrodes prepared here,
even those covered by the polymeric film, are satisfactory
when they are compared with electrodes prepared by other
electrochemical techniques [29, 32], colloids formation [31,

34], impregnation [30, 34], and microemulsion methods
[33]. Based on particle-size analysis alone, the activity of
the homemade catalysts would be expected to be lower than
that of catalysts prepared by chemical methods, due to its
large average particle diameter. Perhaps the better perfor-
mance of the homemade catalysts can be straightforward
associated with their pronounced defective structure, i.e.,
high concentration of intergrain boundaries and nanopores.
The presence of surface defects seems to be a sine qua non
condition for achieving high catalytic activity as was clearly
explained by Cherstiouk et al. [35], since grain boundaries
can act similarly to low coordinated sites as kinks and steps,
which has been identified to be highly catalytically active
sites. As it was mentioned previously, surface diffusion
sticking and secondary nucleation of single metal particles
produces particle agglomeration and complex multi-grain
structures, consisting of nanosized ordered crystalline
domains interconnected by grain boundaries [22].

In addition, the ruthenium content in the solid solution and
the homogeneous distribution of both metals at atomic scale
can explain the behavior of the homemade catalysts [27]. It is
known that a Pt–Ru alloy with low Ru content (10–20 at.%)
exhibits the best performance for methanol oxidation. Higher
ruthenium content reduces the available surface sites where
the methanol adsorption reaction is taking place, reducing
the activity of the catalysts; which can be easily explained
using the statistical interpretation of bifunctional Pt–Ru
electrodes suggested by Gasteiger et al. [27].

Furthermore, another reason that can be put forward to
explain the lesser activity of the catalysts synthesized by
chemical methods may be related to the nature of Pt–Ru
species in the catalyst surface. Analyses of the catalysts by

Fig. 7 Tafel plot at 25ºC for Nafion/Pt–Ru/GC in 1 M CH3OH/0.5 M
H2SO4 Nafion films of different thickness: without ionomer (empty
diamond), 0.85μm (empty triangle), 5.10μm (empty circle), and
9.72μm (empty square)
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photoelectron spectroscopy are conclusive on the presence of
Pt, Pt (II), and Pt (IV) species in most of the catalysts prepared
by chemical methods [34, 36]. The presence of oxidized Pt
species such as PtO and PtO2 in these Pt–Ru supported
catalysts would contribute to their lesser activity due to a
reduction of the available sites for methanol adsorption.

Figure 7 shows the Tafel plots obtained from stationary
polarization experiments for methanol oxidation in 1 M
CH3OH+0.5 M H2SO4 solutions at room temperature for
different Nafion thicknesses. The slopes were obtained in the
potential region in which the studied systems obey a Tafel-
type behavior. Although the linear region was not wide
enough in all cases, values ranging from 115 to 125 mV
dec−1 were determined with a reasonable level of accuracy
between 0.25 and 0.4 V, while in the higher potential region
(>0.5 V) current maximums were observed. Tafel slopes
from 105 to 130 mV dec−1 have been reported for methanol
oxidation in HClO4 solution at room temperature to carbon
supported Pt–Ru catalyst [37], about 110 mV dec−1 on
Johnson Mattthey catalyst (Pt/Ru atomic ratio 1:1) at 60ºC
[38], 120 to 140 mV dec−1 on electrodeposited Pt–Ru/GC
(7<Ru at.% <20) between 25 and 60ºC [25], and 125 mV
dec−1 to Pt–Ru catalyst on Vulcan XC-72 at a MEA [39].
These values of Tafel slope are frequently associated with the
oxidative removal or desorption of adsorbed species from the
surface as the rate-determining step [9, 37].

The Tafel slope shown in Fig. 7 is ca. 120 mV dec−1 for
all the electrodes, but the lines are shifted to higher
potentials (for a given current density) with increased
ionomer film thickness. If the activity of the material
decrease by a factor of 2–3 (see the hydrogen adsorption/
desorption peaks in Fig. 4), the Tafel line should be shifted
by ca. 50 mV, as it is observed in Fig. 7. This behavior
confirms that, in the Tafel regime, transport issues are not a
problem and the decreased activity of the electrocatalyst
probably only depends on the blocking of active sites by
the ionomer, as was presented in a detailed analysis by
Vidaković et al. [39]. Zecevic et al. [39] observed the same
behavior in oxygen reduction on a Pt electrode covered
with thin films of polybenzoimidazole or Nafion. In [40]
the diffusion processes begin to play a significant role at
higher potentials (>0.5 V), but without reaching pure mass
transfer controlled conditions.

In this way, diffusion problems can be discarded in the
entire potential range studied here, although transport
problems may be a limiting factor for methanol oxidation
reaction at larger current densities.

Conclusions

The dendritic structure of the Pt–Ru particles prepared by
electrodeposition can be attributed to a deposition process

that occurs in the mass-transfer or mixed control regions
and to the interaction between primary and secondary
nucleation.

The electrodes prepared by successive cycles of poten-
tiostat pulses present a good activity for methanol oxida-
tion, even when a polymeric film is deposited over the
catalyst. The better performance of the homemade catalysts
can be associated with the particle morphology, the
homogeneous mixing of both metals at the atomic scale
and the ruthenium content in the solid solution. However,
important changes are observed when the Pt–Ru/GC
electrode surface is covered by a Nafion film.

The electrochemical determinations show a decrease of
the activity in the Nafion/Pt–Ru/GC electrodes with respect
to the bare electrode. This behavior may be associated with
two effects:

1. The partial blocking of the surface active sites by the
hydrophobic domains of the polymeric film;

2. The delaying of CO2 removal from the active platinum
sites by the polymer, which may difficult CH3OH
arrival to the catalyst surface active sites.
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