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Abstract

In this work, ruthenium oxide films containing platinum nanoparticles were prepared using the polymeric precursor method on Ti substrates
with several molar ratios. This paper aims at presenting the characterization of the Pt content effect in the methanol electrochemical oxidation
reaction. The films were physically characterized using X-ray diffraction and both Pt and RuO, (rutile) phases were observed. The mean crystallite
sizes were 6 nm for Pt and 25 nm for RuO,. The X-ray photoelectronic results indicated that on the electrodes surfaces, depending on the substrate,
there was RuO,, Ru metal and Pt metal. Besides, it was not observed the formation of PtRu alloys. The atomic force microscopy images of the
films showed highly rough surfaces. A decrease in the roughness mean square values is observed as the Pt content increases. These last results are
similar to electroactive surface area values calculated by redox-couple (K4FeCNg¢/K;FeCNpg). There was an increase in the globular size observed
on the electrode surface and lower particle dispersion as the Pt content is increased from 12.5 to 75 mol%. Regarding the eletrode electrocatalytical
behavior for methanol oxidation, it was observed that the onset oxidation overpotential is displaced towards more negative values as Pt content is
decreased. Besides, an increase has been shown in the current density for methanol oxidation of 600% using a Ti/RuO,-Pt (87.5:12.5) electrode
compared to polycrystalline Pt.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction that the electrocatalytical activity of Pt for the methanol elec-
trochemical oxidation reaction can be improved adding other
metals as alloying elements, such as Ru [2], Sn [3] and Rh [4].

This alternative aims to decreasing the Pt surface poisoning by

Direct methanol fuel cells, DMFC, are proposed as portable
power source. One of the most important problems in these

devices is the low reactivity for methanol oxidation at low tem-
peratures [1]. Nowadays, binary PtRu alloys are recognized as
the best electrocatalysts for this reaction. Literature data show
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the strongly bonded intermediates, such as CO. On the other
hand, recent studies revealed that hydrated ruthenium dioxide
(RuO,-xH»0) is a more active electrocatalyst for this reaction
[5-10] than the bimetallic PtRu alloy [11]. Additionally, it has
been shown that RuO;-Pt electrocatalysts are very promising
composite materials to be used in fuel cell anodes.

In general, RuO,-Pt electrocatalysts for methanol oxidation
reaction are synthesized using sol—gel route [5,6,9,10], thermal
decomposition [7] and a two-step process [1]. In these cases a
mixture of RuO, and Pt nanoparticles is obtained. Important
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effects on the methanol oxidation reaction were observed using
these films. Such effects are associated with the presence of
RuOH bonds [12] at the RuO» surface, following the well-known
bifunctional mechanism [13,14]. In this mechanism, RuOH pro-
motes the oxidation of the strongly bonded CO,q; residues on Pt,
due to the presence of hydroxyl species adjacent to the Pt—COqyqs
sites.

In order to explore the eletrocatalytical properties of RuO;-Pt
electrodes for methanol oxidation, new strategies of synthesis to
prepare these materials are proposed [1,5-7]. Recently, a study
using the polymeric precursor method, PPM, to prepare Pt elec-
trodes has been published [15]. These electrodes were tested
for methanol and ethanol oxidation [16] showing an increase in
the current densities of 934 and 440%, respectively, compared
with polycrystalline Pt. Furthermore, there is only one work
concerning the polymeric precursor method (PPM) fabrication
of RuO»-Pt thin films [17]. That work described the preparation
and characterization of RuO,-Pt catalysts in the form of pow-
der or supported on carbon powder (Vulcan XC72) substrate for
methanol oxidation in a direct methanol fuel cell (DMFC). The
results indicated a low power density, but the thermal decompo-
sition of polymeric precursors seems to be a promising method
to prepare catalysts supported on carbon powder that can be
applied to these systems. In another paper, Ti/RuO,-Pt anodes
with a varying Ru:Pt ratio were prepared by thermal deposition
of a RuO,-Pt catalyst layer onto a Ti mesh for DMFC [18]. The
results showed that these electrodes were very active for the
methanol oxidation and that the optimum Ru surface coverage
was ca. 38% for a DMFC operating at 20-60 °C.

In the present paper, thin films of RuO;-Pt were prepared
using the PPM and deposited over Ti substrates. These films
were characterized by X-ray diffraction, XRD, atomic force
microscopy, AFM, and cyclic voltammetry, CV techniques. The
film electroactive surface areas, ESA, were measured using
a redox-couple (K4FeCNg/K3FeCNg). The electrocatalytical
activity for methanol oxidation reaction was evaluated by CV
and chronoamperometric, CA measurements. The proposal of
this work is to decrease the platinum content in the electrocata-
lyst without any loss of the electrode electrocatalytical activity
toward methanol oxidation reaction. In this sense, we used Pt
contents between 75 and 12.5 mol% in RuQO; electrodes.

2. Experimental
2.1. Electrode preparation

The electrodes were prepared using a titanium plate (geomet-
ric area=1 cm?) as substrate (TiBrasil 99.7%). The substrates
were treated by sandblasting followed by a chemical treatment in
hot aqueous oxalic acid 10% (w/w) for 30 min. After the chem-
ical treatment, the substrates were washed with Millie-Q water
and dried at 130 °C.

The precursor solution was prepared dissolving citric acid,
CA (Synth) in ethylene glycol, EG (Merck) using 1:4.65 ratio
at 60 °C. In this solution, different amounts of HyPtClg-7H,O
(Aldrich) and RuCl3-3H,O (Aldrich) were added maintain-
ing the total metal amount constant in the following ratio:

1:62.5:290.6 (metal:CA:EG). Different Pt contents were used
to prepare the Ti/RuO;)Pt(1_y) electrodes where the ratio in
mol% among RuO, and Pt amounts were: (100:0), (87.5/12.5),
(75:25), (50:50) and (25:75).

The precursor solution was painted with a brush onto the
support (Ti) and the material was initially treated at 130 °C for
10 min to eliminate water, 250 °C for 20 min and 400 °C for
30 min to eliminate the organic materials producing the com-
posite films. This procedure was repeated ten times and, at the
end, the electrode mass was close to 0.1 mg cm™2. After the last
thermal treatment, the electrode was cooled using 5 °C min~!
until room temperature. All electrodes were fabricated in static
air atmosphere.

2.2. Electrodes characterization

The electrochemical characterization was accomplished
using a potentiostat/galvanostat EG&G PARC model 263A. All
the electrochemical experiments were carried out at 25 °C. The
voltammetric curves were measured in a 0.1 molL~! HCIO4
solution in the potential range between 0.05 and 1.4V (versus
a reversible hydrogen electrode RHE). The methanol oxidation
was investigated in a 0.1 mol L~! HCIO, solution containing
0.5 mol L~! methanol by means of CV and CA. A Pt plate was
used as auxiliary electrode (geometric area 3 cm?). Prior to the
experiments, the solutions were deaerated with N for 30 min.
The X-ray diffraction (XRD) patterns were obtained using a
SIEMENS diffractometer model D-5000 with Cu Ka radia-
tion and A =1.5406 A. The AFM micrographs were obtained
using a Molecular Imaging model PicoLe equipment. The X-
ray photoelectron spectroscopy (XPS) analysis was performed
using a Kratos Analytical XSAM HS spectrometer, with an Al
Ko (hv=1486.6eV) X-ray source. The binding energies were
referred to the adventitious hydrocarbon C 1s line setat 284.8 eV.
Gaussian line shapes were used to fit the curves for C 1s and O
1s, and a mixed Gaussian/Lorentzian function was employed
for Pt 4f and Ru 3d. The Shirley background and a least-squares
routine were used for fitting of the peaks. The sensitivity factors
for quantitative analysis were referenced to SF 1s 1.0.

3. Results and discussion
3.1. Characterization of the Ti/RuQO;-Pt electrodes

3.1.1. X-ray diffraction analysis

X-ray diffraction patterns measured for Ti/RuO,-Pt films
with different Pt contents are presented in Fig. 1. The character-
istic peaks of RuO, (JCPDS PDF#40-1290) rutile phase and Ti
(PDF#44-1294) can be easily seen. Ptis evidenced at 20 = 46.24°
(200) (JCPDS PDF#04-0802). The material microstructures
here presented (peak patterns intensities) are different from
the literature data [17] using the same preparation method but
deposited on carbon. This can be attributed to the presence of Pt
and Ru in small amounts in this paper compared to that paper
[17]. The mean crystallite size calculated for Pt and RuO, were
estimated using the Scherrer equation [ 19] and the software Win-
fit 1.2 [20], at the crystalline planes ((200): 20 =46.24°) and



R.G. Freitas et al. / Journal of Power Sources 171 (2007) 373-380 375

«Ti (e) RuO,-Pt (25:75)

(d) RuO,-Pt (50:50)

(c) RuO,-Pt (75:25)

(b) RuO,-Pt (87.5:12.5)
(@) RuO,

oRuO9

<%0

Intensity / a. u
t
-
-
- <>

*=
24
.
<
*
.

*

.

*
x @

et il et o
=
>
>

20/ degrees

Fig. 1. X-ray diffraction patterns for Ti/RuO,-Pt films obtained from the poly-
meric precursor method.

((101): 26 =35.05°), respectively. These results are presented
in Table 1.

In Table 1, it can be seen that the mean crystallite size for
Pt is between 4 and 6 nm, and for RuO; it is close to 25 nm.
These results for Pt are similar to those found for the samples
prepared using a sol—gel procedure [5,6], but they are different,
if compared to the paper of Profeti et al. [17] which used PPM
to fabricate their samples. It is well known that composition
changes in the precursor polymer can lead to important differ-
ences in the phase quantity and lattice defects for oxides prepared
using the PPM [21,22]. For this reason, the mean crystallite sizes
in that paper, Profeti et al. [17] (1:4:16 (metal:CA:EQG)) are dif-
ferent from those ones here presented for a much more diluted
metal salt composition (1:62.5:290.6 (metal:CA:EQG)).

3.1.2. X-ray photoelectronic spectroscopy

XPS analyses were carried out on as-prepared samples.
Widerange XP spectra lead to conclude that the surfaces were
free from contamination with Ti (from the substrate) or chloride
(from the solutions). The features for detailed scans were
recorded for the Pt 4f, Ru 3d, O 1s, and C 1s regions. For clarity
were presented only three samples, but the measurements were
performed for all samples. Fig. 2a shows the Ru 3d+C 1s
spectra for a Ti/RuQO; electrode (100% RuO,). The spectrum
was deconvoluted into three components with binding energies
of 280.18, 280.90, and 284.5eV. The line that has its major
intensity occurs at 280.18 eV and it can be associated to metallic

Table 1
Mean crystallite size for Ti/RuO2-Pt electrodes prepared by the polymeric pre-
cursor method

Composition Mean crystalline size (nm)
Pt RuO,
RuO; - 27
RuO,/Pt (25:75) 4 26
RuO,/Pt (50:50) 6 27
RuO,/Pt (75:25) 4 25
RuO,/Pt (87.5:12.5) - 22

Ru [23,24]. The binding energy of 280.90 eV can be attributed
to RuO; component and the photoelectron intensity above
284 eV corresponds to Ru-O speciation [23]. By comparing
the photoelectron spectra of Fig. 2a and b (Ru 3d+C 1s
high-resolution XP spectra for Ti/RuO,Pt electrode (RuO;Pt,
75/25)), it becomes quite clear that the components of the XP
spectrum of the Ti/RuO, (100% RuO, sample) (Fig. 2a) can be
associated to both ruthenium oxides and metallic ruthenium in
the zero-valence state. In fact, this is surprising since published
results using the sol-gel route for RuO; and RuO;Pt electrodes
has been shown no Ru metal [5]. However, using the PPM
method is common to obtain metals in zero-valence state
[15,16]. The binding energies of 280.9 eV (3d5/2) and 284.5 eV
(3d3/2) were attributed to RuO, [5,24]. It is important to
stress that this work shows that Ru 3d spectra obtained for
all Ti/RuO;Pt electrodes used in all compositions (examples
see Fig. 2a and b), proves the presence in the near-surface of
ruthenium in the zero-valence state and the presence of RuO»,
therefore, indicates that no Pt—Ru alloy is present in the Ti/RuO
or Ti/RuO,Pt electrodes, in agreement with the XRD data.

The Pt 4f XP spectrum for the Ti/RuO; Pt electrode (RuO, Pt,
75/25) is presented in Fig. 2c. The spectrum was deconvoluted
into three doublets with binding energies of 71.15, 73.5, and
74.5 eV. The line with major intensity centered at 71.15eV can
be assigned to Ptin the zero-valence metallic state [23]. The peak
components at 73.5 and 74.5 eV can be attributed to Pt>* and Pt**
species [23]. The O 1s photoelectron spectrum for the Ti/RuO, Pt
sample (not shown) was composed of species with binding ener-
gies that can be attributed to oxide oxygen (530.1eV, typical
value of transition metal oxides) and to hydroxides (531.6eV)
[25]. Concerning the RuO,/Pt ratio for all compositions, a Pt sur-
face enrichment (10-15% higher than the nominal composition
of the resin) was observed.

3.1.3. Atomic force microscopy

Fig. 3 shows the atomic force microscopy images of the six
electrode surfaces. The Pt and Ti substrates micrographs are also
presented in Fig. 3 to show the globular evolution of the film
morphology as the Pt content on RuO; increases. The images
in Fig. 3 show that all the surfaces are rough, which is expected
for RuO;-Pt thin films [9]. Comparing the RuO;-Pt samples, a
change is observed in electrode surface globular characteristic
as the Pt content changes. Also, a decrease is observed in the
roughness mean square, RMS, as the Pt content is increased
(Table 2). The last value is similar to the one related to Ti
substrate (611.62 nm).

3.1.4. Electrochemical characterization

The electroactive surface area ESA for Pt—Ru alloys are, in
general, calculated using the oxidation charge of one COyqs
monolayer [26]. However, this procedure should not be made
in this work, since on RuO, sites there is no CO adsorption,
as proved previously using EQCN technique [37]. For RuO;-
Pt electrodes, to our knowledge, no paper has been published
concerning the calculation of the ESA. For this reason, in this
paper we propose to use the redox-couple (K4FeCNg/K3zFeCNg)
to calculate this parameter for the investigated samples. This
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Fig. 2. (a) Ru 3d+C 1s high-resolution XP spectra for Ti/RuO; electrode (100% RuO,), (b) Ru 3d+C Is high-resolution XP spectra for Ti/RuO,Pt electrode
(RuO,Pt, 75/25), (for clarity, only the fits for Ru 3d5/2 lines are shown). (c) Pt 4f high-resolution XP spectra for Ti/RuO,Pt electrode (RuO,Pt, 75/25). Only fits for

Pt 4£7/2 lines are shown, for clarity.

methodology was described before for the calculation of ESA
in both boron-doped diamond, BDD, electrodes and BDD elec-
trodes covered with RuO,-Pt thin films [27,28]. The ESA
of the modified electrodes was roughly estimated using this
methodology. There, the voltammetric peak current measured
for the different surfaces using a typical outer-sphere and
diffusion-controlled reaction, such the K4Fe(CN)g/K3Fe(CN)g
redox-couple in solution were compared with that of a polycrys-
talline Pt electrode whose area was previously calculated using
the H-adsorption/desorption charge density in a HCIO4 solution.
This procedure was performed to exclude the possibility that the
enhancement observed in the oxidation currents could be due to
surface roughness changes, i.e., an area effect and not to a real
electrocatalytic effect.

The equation to calculate the ESA of the RuO;-Pt and RuO,
is:
I (FeCN63_ / FeCN64_ )electrode
I(FeCNg>~ /FeCNg*)p,

Aclectrode = Apt X (D

With the current peak for the reduction of FeCNg>~ in all
electrodes it was possible to obtain the ESAs which are presented
in Table 3. It is observed that RuO, presents a roughness factor
of 9. The binary systems RuO,-Pt presented similar ESA. All
the subsequent electrochemical experiments were normalized
using the ESA of the electrodes.

The voltammetric profiles in acidic medium of the thin film
electrodes prepared with different compositions are presented
in Fig. 4. The voltammetric profile shown in Fig. 4 is similar to

E)lllghzness mean square of the Ti/RuO2Pt electrodes compared to bare Pt
Composition RuO; RuO,/Pt (87.5/12.5) RuO,/Pt (75/25) RuO,/Pt (50/50) RuO,/Pt (25/75) Pt
RMS 850 850 970 780 600 7.441
858.89 800 980 700 630 7.227
RMSean (nm) 854.44+6.2 825+35.3 975+17.0 740 £56.5 615+£21.2 7.334+0.15
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Fig. 3. Tri-dimensional AFM images of the substrates: (a) Ti, (b) RuOa, (¢) RuOy/Pt (87.5/12.5), (d) RuOa/Pt (75:25), (¢) RuO/Pt (50:50), () RuO,/Pt (25:75) and
(g) polycrystalline Pt.
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Table 3
Electroactive surface areas and roughness factors obtained by comparative cyclic
voltammetries with a platinum electrode in 1 mol L~! K4Fe(CN)g +0.1 mol L~!
HCI1O4

Electrode Geometric Electroactive Roughness
material area (cm?) surface area (cm?) factor
RuO; 1 9 9
RuO,/Pt (25/75) 1 11 11
RuO,/Pt (50/50) 1 11 11
RuO,/Pt (75/25) 1 12 12
RuO,/Pt (87.5/12.5) 1 12 12

those presented in the literature for RuO, [29-31] and RuO;-
Pt films [5,6,9,12]. Dobholfer et al. [32] proposed that RuO,
electrodes present redox transitions between Ru®* to Ru®* in the
potential range between 0.4 and 1.4V (versus RHE) in acidic
medium. For this reason, the voltammetric profile between 0.4
and 1.4 V can be associated with the following redox transitions:

RuO-xH,0 — RuO(OH)(x — y)H,0 + 2H,0 + le” +HT
2

RuO(OH)(x — y)H,0 — RuOs-(x — y)(H,0) + H" + le™
(3)

RuO;-(x — y)H,0 — RuO3+zOH™ +(z+2)H' +2e (4)

proposed using electrochemical quartz crystal nanobalance tech-
nique [12], where there is a double injection mechanism of
protons and electrons during oxidation/reduction cycles for
RuO;.

Still analyzing Fig. 4, it can be seen that as there is an increase
on the Pt content in the electrocatalyst there is a decrease in
the capacitive currents between 0.4 and 1.4 V. These results are
in agreement with previous works published using the sol—gel
[5,6,33] and PPM [17]. From a different point of view, the RuO5,-
Pt (75:25) presents the voltammetric shape of a polycrystalline
Pt electrode. The characteristic redox process can be observed in
Fig. 4 for this sample: (i) adsorption and desorption of hydrogen

---=-RuO,-Pt (25:75)
034_._. RuO,-Pt (50:50)

- - -+ RuO,-Pt (75:25)
0.2 4= = ~RuO_-Pt (87.5:12.5)

RuO,

0.0 02 04 01.6 OI.8 1.0 1.2 14
E/V (RHE)

Fig. 4. Cyclic voltamograms of Ti/RuO,-Pt characterization of the electrodes
in 0.1 mol L™! HClOy4, sweep rate =50 mV s7l, T7=25°C.
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Fig. 5. (a) Cyclic voltamograms for methanol oxidation (0.5 molL~!) in
0.1 mol L™! HClOy4, sweep rate=50mV s~! on the different electrodes as
described in the figure. (b) Cyclic voltamograms for methanol oxidation
(0.5molL~") in 0.1 molL~! HCIO4, sweep rate=50mV s, (a) Pt and (b)
Ti/RuO,-Pt (87.5:12.5).

UPD on Pt (0.05 e 0.4 V), (ii) anions adsorption in the double
layer region (0.4 and 0.9 V) and formation a reduction of the
superficial PtO, between (0.9 and 1.4 V) and (1.4 and 0.5 V).

3.2. Electrocatalytical activity of the electrodes toward
methanol oxidation

The electrocatalytical activity of the different materials was
evaluated using CV as shown in Fig. 5a. For metallic P, it is
observed the typical behavior of methanol oxidation [34] (pres-
ence of two peaks at 0.85 and 1.25V) related to methanol
oxidation from strongly bonded adsorbed intermediates as
COygs and the oxidation of byproducts produced during the
methanol oxidation, formic acid and formaldehyde, respectively,
in a scan toward positive direction between 0.05 and 1.55 V.

For pure RuO; the electrocatalytical activity for methanol
oxidation is in agreement with literature [35-37]. It is suggested
here that this behavior is due to the non-adsorption of strongly
bonded intermediates as CO,qg, Which is confirmed by the use of
the electrochemical quartz crystal nanobalance technique [37].

As the Pt content is increased, an enhancement is observed in
electrocatalytical activity compared to pure Pt. For the smallest
Pt content (12.5%), the onset potential for methanol oxidation
is shifted 130 mV towards more negative potentials compared
to polycrystalline Pt (Fig. 5b). However, the peak potential
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(compared to metallic Pt) is displaced in the positive poten-
tial direction by 110mV for RuO,-Pt (50:50). Two important
characteristics should be pointed out:

(1) There is an increase in the current densities for methanol
oxidation (at 1 V) as the Pt content increases up to RuO;-Pt
(50:50). This effect is probably related to the bifunctional
mechanism, where an equal number of Pt—CO,q sites and
RuO(OH)(x — y)H»O react to form CO,. For the highest Pt
composition in the film (RuO;,-Pt (25:75)) there is a decrease
in the peak current density for methanol oxidation compared
to the same data for (RuO,-Pt (50:50)), which probably is
related to an increase of presence of strong adsorbed species,
such as COyqs, on Pt sites.

(2) There is a pre-peak between 0.7 and 0.8 V, which has not
been observed on Pt. This peak has already been observed in
literature [7] describing the oxidation of methanol on RuO,
films with dispersed Pt nanoparticles. The presence of this
peak could be associated with a change in the mechanism
reaction for methanol oxidation, but further work must be
performed using spectroscopic techniques to identify the
produced species in that potential region.

It is important to stress that the current values were nor-
malized by the ESA of the electrodes which indicates that the
electrocatalytical behavior observed in the voltammetric exper-
iments (Fig. 5a and b) could be explained by: (i) a better Pt
dispersion on RuO, matrix with lower Pt contents (RuO,-Pt,
87.5:12.5), (ii) a better distribution of RuO; in the adjacent
Pt sites which increases the bifunctional mechanism, (iii) an
increase of Pt activity associated with electronic effects and (iv)
a non-adsorption of CO,q5 on RuO; as suggested in reference
[37] which leads to an enhancement of methanol oxidation by the
bifunctional mechanism. In general, the electrocatalytical action
of the different RuO; films containing dispersed Pt nanoparticles
on methanol oxidation is a synergic effect as proposed before
[17].

The only work in the literature using the same methodol-
ogy to the preparation of RuO; containing Pt nanoparticles [17]
described that the general characteristic of the electrodes is that
they have similar behavior (for both the non-supported and those
supported on high area carbon). According to the authors, this
is confirmed by preliminary studies performed in a unitary fuel
cell. In contrast, in the present paper, important differences were
observed in the electrocatalytical behavior for methanol oxida-
tion at different electrodes. The results here obtained do not
imply that the Pt load cannot be minimized. A factorial design
methodology can be carried out in order to make a trial of vari-
ables, such as temperature and resin composition to improve
electrocatalytical performance for methanol oxidation decreas-
ing, at the same time, the Pt content.

Chronoamperometric experiments for methanol oxidation at
a constant potential (0.5 V) during 15 min (Fig. 6) were carried
out. The best results were observed for the electrodes with the
lowest Pt content. Analyzing Fig. 5 it is observed that the current
density after 15 minis 12 pA cm~2 for the RuO,-Pt (87.5:12.5),
which is 600% higher than the current density for methanol

50
(f) RuO,-Pt (25:75)
(e) RuO,-Pt (50:50)
40 (d) RuO,-Pt (75:25)
(c) RuOy-Pt (87.5:12.5)
b) RuO
30 (b) 2
(a) Pt

j/pA em?

t/ min

Fig. 6. Chronoamperometry for 0.5 mol L~! methanol oxidation in 0.1 mol L=
HCI1Oy4. Eox =0.5 V. Different electrodes described in the figure.

oxidation on polycrystalline Pt at the same potential. Then, it
is evidenced that the lowest Pt content presents an enhanced
electrocatalytical performance, which is desirable both in eco-
nomical terms (a small load of Pt in the electrocatalyst) and
because of the formation of nanoparticles with small sizes (in
order to enhance the electrocatalytical behavior) (Fig. 6).

With the results exposed above the best electrocatalytical per-
formance for methanol oxidation was for RuO,-Pt (87.5:12.5).
The explanation for this behavior can be associated to a syn-
ergic effect of Pt and RuO, concerning different reasons: (i) a
better Pt dispersion on RuO; matrix in the presence of small
Pt load, (ii) a better distribution of RuO, in the adjacent sites
of Pt particles which may increase the bifunctional mechanism
[17], (iii) an enhancement in the electrocatalytical behavior of
Pt by an electronic effect [17] and the non-CO,q adsorption on
the RuO; sites, as proved before using EQCN technique [37],
which makes that the CO adsorbs only on Pt, liberating the RuO;
sites to generates hydroxide species at low potentials in order to
oxidize the species produced on the Pt surface.

4. Conclusions

In this work, RuO» films containing Pt nanoparticles were
prepared, characterized and tested for methanol oxidation
reaction. It was observed that the lowest load of Pt in the electro-
catalyst RuO;-Pt (87.5:12.5) promotes the highest enhancement
in the electrocatalytical performance for methanol oxidation
with a shift in the onset potential toward less positive values
(by 130mV) compared to Pt and an increase in the density
current for methanol oxidation of 600% compared to Pt. The
observed phenomenon is associated with a synergic effect of Pt
nanoparticles and RuO; matrix, where different reasons for this
should be pointed out: (i) a better Pt dispersion on RuO; matrix,
(i1) a better RuO; distribution in Pt adjacent sites (which may
increase the bifunctional mechanism), (iii) an enhancement in
the electrocatalytical Pt nanoparticles performance for methanol
oxidation (associated with an electronic effect) and (iv) a non-
CO adsorption on RuO; sites, which liberates the RuO; sites to
generate hydroxide species at low potentials (these species are
responsible for the oxidation of the organic adsorbates on Pt).
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