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The electrochemical oxidation of carbon monoxide and the interfacial structure
of the CO adlayer (COads) on platinum low index single crystals, Pt(111), Pt(100) and
two reconstruction of Pt(110), were examined using the rotation disk electrode method
in combination with the in situ surface X-ray diffraction scattering technique. The
mechanism of CO oxidation is discussed on the basis of the findings that, depending on
the potential, two energetic states of COads exist on the platinum surfaces. Thus, at lower
potentials, weakly bonded states (COads,w) and at higher potentials strongly bonded
states (COads,s) are formed. The mechanism of the oxidation of hydrogen-carbon mon-
oxide mixtures is also proposed.

Keywords: platinum single crystals, carbon monoxide, electrooxidation, hydrogen, mech-
anism.

INTRODUCTION

Low temperature fuel cells based on polymer electrolytes (polymer electrolytes
fuel cells, PEFC) are today one of the most promising electrochemical power sources
for application in transportation and portable power generation. Hydrogen generated by
the steam reforming of methanol, with a typical reformer gas composition �75 % H2,
�25 % CO2 and 1–2 % CO, was widely considered as a fuel for the low temperature fuel
cells.1 Amajor problem in the development of PEFC has been the deactivation of the Pt
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anode, as the best hydrogen electrooxidation catalyst, by even trace levels, e.g., 5–10
ppm, of carbon monoxide. Without CO in the gas mixtures, the cell voltage, U, for the
system based on hydrogen oxidation and oxygen reduction on platinum catalysts is be-
tween 0.8 and 1 V depending on the output cell current, as shown in Fig. 1. The operat-
ing cell voltage is smaller than the theoretical one of 1.23 V, mainly because of the slow
oxygen reduction kinetics. In the presence of 0.1 % CO in the hydrogen fuel, dotted line
in Fig. 1, the anode voltage loss is 0.5 to 0.6 V, and cell voltage is reduced to only 0.4 to
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Fig. 1. Voltage–current dependencies
of fuel cell reactions.

Fig. 2. The energy levels of carbon monoxide molecules and the formation of metal–carbon mon-
oxide bonding.



0.5 V, which is an unacceptable high loss. This is due to strong CO adsorption on the
platinum surfaces (COads), which leads to the “poisoning” of the active sites for the hy-
drogen oxidation reaction. Such strong binding has been explained by Blyholder2 by
electron donation from the 5� carbon monoxide orbital to the metal, and the subsequent
transfer of two electrons from the d metal atomic orbitals to the antibonding 2�* CO or-
bital, as shown in Fig. 2. This electron transfer is know as back-donation.

To remove COads from the surface it is necessary to generate some oxygenated
species that can react with COads producing CO2 and thereby to release some free sites
on the Pt surface for the hydrogen oxidation reaction. The mechanism for the oxidative
removal of COads poison from platinum anodes has been a topic of intense investiga-
tion for the past 35 years. The overall reaction for removing COads is

COads + H2O � CO2 + 2H+ + 2e– (1)

but the mechanistic details have been elusive. The thermodynamic potential for re-
action (1) lies close to 0 V versus the reversible hydrogen electrode. Gilman3 sug-
gested that an adsorbed water molecule attacks an adsorbed carbon monoxide
molecule with subsequent and separate deprotonation and electron transfer steps.
Some other authors considered that COads oxidation proceeds through reaction with
OHads. The oxidation of COads by OHads proceeds as follows

COads + OHads � CO2 + H+ + e– (2)

The hydroxyl group is formed by the dissociative adsorption of a water molecule
on the platinum

H2O � OHads + Hads (3)

The evidence that OHads is an active species in reaction (2) comes from the coinci-
denceof thepotential for theonsetofH2Ooxidationwith thepotentialofCOoxidation.The
formation of OHads on platinum lies between 0.5 to 0.8 V, which is the main reason why
platinumoxidizesCOin thatpotential region. It shouldbenoted that somesmallCOads oxi-
dation occur on platinum even at lower potentials, e.g., 0.3 to 0.5 V.4,5 This oxidation is
known as pre-wave oxidation, but there is no practical point of view for that reaction. To
shift the CO oxidation to more negative potentials, it is necessary to provide OH at lower
potentials. This can be done by means of some other metal, alloyed with platinum, which
can generate OHads at lower potentials on the surface for the oxidation of COadson adjacent
Pt sites. Such catalysts are known as bi-functional catalysts.6

Pt-Ru7 and Pt-Sn8 alloy electrodes have been reported to have encouraging cata-
lytic performances in the electrooxidation of H2/CO mixtures. Unfortunately, even
with these catalysts and a low level of CO, �100 ppm in the H2/CO fuel, the voltage
losses in a real PEFC are too high, (for PtRu alloy �0.4 V at 0.6 A cm–2).9 This is be-
cause CO is adsorbed on the Ru sites as well, blocking these sites for OH nucleation.

The aim of this paper is to summarize some new findings concerning the electro-
chemical oxidation of CO on pure platinum low-index single crystal electrodes, as a model
catalyst, which were used in the development of new platinum molybdenum catalysts.
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EXPERIMENTAL

Low index platinum single crystals Pt(hkl), Pt(111), Pt(100), Pt(100)–(1�1) and Pt(110)–(1�2)
(miscut < 0.2 º) were prepared before each experiment by the flame annealing method. Briefly summariz-
ing, following flame-annealing in a hydrogen flame and subsequent cooling to room temperature in either
an argon or hydrogen steam, the single crystal was mounted in the disk position of an insertable rotating
disk electrode (RDE) assembly (Pine Instruments).10 Subsequently, it was transferred into a standard
electrochemical cell equipped with a water jacket. CO oxidation was performed in two kind of experi-
ments. In the first type, CO was adsorbed onto Pt(hkl) for 5 min at 0.05 V and the solution was then purged
with argon for 30 min. This CO oxidation will be referred to as COads oxidation. In the second type, the so-
lution was saturated with 100 % CO gas holding the potential of the Pt(hkl) at 0.05 Vfor 5 min and then the
CO was oxidized potentiodynamically. This CO oxidation will be referred to as COb oxidation.

For surface X-ray diffraction scattering measurements (SXS), the X-ray cell was mounted at
the center of a four-circle goniometer on beamline 7-2 at the Stanford Synchrotron Radiation Labora-
tory. The outer shell of the electrochemical cell was purged with either nitrogen or CO. The CO dif-
fused through the thin polypropylene film trapping the electrolyte.

In all the experiments 0.5 M H2SO4 (ULTREX II, J. T. Baker Reagent) prepared with triply
distilled water was used. All potentials are referenced to the reversible hydrogen electrode (RHE) in
the same solution and at the same temperature (298 K). A circulating constant temperature bath
(Fisher Isotemp Circulator) maintained the temperatures of the solutions within �0.5 K. A Pine In-
struments Bipotentiostat (Model AFRDE 4; potential response 0.5 V/ms) was used for all the experi-
ments. Pure (5N8) CO, CO/H2, CO/Ar, and CO2 gasses were purchased from Matheson.

RESULTS AND DISCUSSION

Carbon monoxide oxidation on low index platinum single crystals

Pt(111). The base voltammogram of Pt(111) disk electrode in 0.5 mol dm–3

H2SO4, onto which are superimposed the stripping of COads in argon and oxidation of
100 % COb dissolved in the electrolyte is shown in Fig. 3. One should keep in mind that
COb oxidation proceeds through the formation of COads on the platinum surface. The
interpretation of the base voltammogram of Pt(111) in sulfuric acid solution has been
extensively discussed in the literature.13 The potential region of hydrogen under-
potential deposition, � 0.07 < E < 0.3 Vis clearly separated from the potential region for
adsorption/desorption of bisulfate anions, � 0.3 < E < 0.5 V. At a more positive poten-
tial, a small peak can be observed between the potentials 0.6 and 0.7 V, which corre-
sponds to OHads formation, according to Eq. (3). Figure 3 shows that upon sweeping
the potential positively from 0.05 V, the onset of COads oxidation commences at � 0.3 V.
In the potential region between � 0.3 and 0.6 V a small amount of COads was oxidized
(less than 20 % based on a full mono-layer of COads, for more details see Ref. 14). It is
impossible to oxidize more than 20 % of the COads even by holding the potential in this
region. This potential region is known as the preoxidation wave. Above 0.6 V, the strip-
ping of COads is characterized by two sharp peaks, a lesser peak at ca. 0.68 V and the
major peak at � 0.75 V. The oxidation of COads above 0.6 V could be connected with
OHads formation on Pt(111), which starts at the same potential. Electrooxidation of the
gaseous CO dissolved in the bulk of the solution (COb), Fig. 3, starts at a potential of �

0.3 V, but with a higher rate at � 0.6 V. A sharp increase of COb oxidation is evident
when the potential is more positive than 0.9 V.
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Pt(100). The base voltammogram of Pt(100) in 0.5 mol dm–3 H2SO4, together
with the oxidations of COads and COb, are shown in Fig. 4. The characteristic features
of the voltammogram of an ordered Pt(100) surface in sulfuric acid solution are two de-
lineated peaks at 0.3 and 0.4 V, which mainly correspond to the coupled processes of
hydrogen adsorption and bisulfate anion desorption on the (100) terrace sites and the
(100)�(111) step sites, respectively.15 The potential region of Hupd is followed, first by
the revesible adsorption of OHads in the potential range �0.7 < E < 0.85 V, and then by
the irreversible formation of platinum oxide at potentials more positive than 0.9 V. The
stripping voltammetry of COads shows that, upon sweeping the potential positively
from 0.05 V, the onset of oxidation commences at � 0.3 V. Similar to the Pt(111) surface,
before detectable OHads formation occurs, some oxidation of COads could be seen from
the preoxidation wave in the potential region of 0.3 < E < 0.65 V. Above 0.75 V, the
COads stripping voltammogram is characterized by a sharp peak centered at 0.77 V. The
potentiodynamic oxidation of COb is characterized by a huge preoxidation wave in the
potential region between 0.32 and 0.97 V, with a maximum rate at � 0.8 V. After that the
current decreases and at potentials more positive than 0.97 V, the current sharply in-
creases reaching a limiting diffusion current (not shown in the figure).

Pt(110). A characteristic of Pt(110) disk electrode is that, depending on the heat
preparation treatment, it is possible to produce two different reconstructions. The 1�1
reconstruction was produced by rapid gas phase quenching (in argon–3 % hydrogen),
and the 1�2 or missing row reconstruction was produced by slow cooling of the flame

ELECTRO-OXIDATION OF CARBON MONOXIDE 789

Fig. 3. Base voltammogram (50 mV/s)
of a Pt(111) in 0.5 M H2SO4 onto which
are superimposed the stripping voltam-
mogram (20 mV/s) of COads in an ar-
gon purged electrolyte and the poten-
tiodynamic (20 mV/s) oxidation of 100
% COb.



annealed crystal.16 The base voltammogram of the Pt(110)�(1�1) and Pt(110)�(1�2)
reconstructions in 0.5 mol dm–3 H2SO4, together with the oxidation of COads and COb
are shown in Figs. 5 and 6, respectively. The voltammetric features include reversible
hydrogen adsorption/desorption peaks in the potential range of 0.05–0.35 V, (probably
overlapped with bisulfate adsorption/desorption), and hysteretic peaks associated with
oxide formation and reduction at more positive potentials. Significant differences in the
Pt(110)–(1�2) voltammogram from the (1�1) one are: a broader hydrogen peak at ca.
0.1 V, a greater fraction of the total charge appearing in the potential region �0.15 < E <
0.3 V, and broader features in the oxide formation/reduction region. These differences
are produced by the openness of the missing row structure. A close inspection of the
voltammograms in Fig. 6 indicates that on sweeping the potential of Pt(110)–(1�2) to
values more positive than � 0.4 V some additional adsorption occurs, probably in the
form of adsorbed hydroxyl adspecies, OHads.16 The oxidation of carbon monoxide on
the same structure with different reconstructions is surprisingly different. Oxidation of
COads and COb on Pt(110)–(1�1) are completely suppressed at potentials below 0.65 V
and 0.86 V, respectively. COads proceeds through a sharp peak in the potential region
0.65 < E < 0.75 V, while COb oxidation starts at potentials more positive than 0.8 V,
reaching the limiting diffusion current density, as shown in Fig. 5. On the contrary, on
Pt(110)–(1�2), oxidation of a COads starts at a potential of 0.3 V followed by the com-
plete oxidation of the COads adlayer through a broad peak in the potential region of 0.6
< E < 0.8 V, Fig. 6. The onset of COb oxidation begins as early as ca. 0.45 V, appearing
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Fig. 4. Base voltammogram (50 mV/s)
of Pt(100) disk electrode in 0.5 M
H2SO4 rotating at 2500 rpm, onto which
are superimposed the stripping voltam-
mogram (20 mV/s) of COads in argon
purged electrolyte and the potentiody-
namic (20 mV/s) oxidation of 100 %
COb.
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Fig. 5. Base voltammogram (50 mV/s)
of Pt(110)–(1�1) disk electrode in 0.5
M H2SO4 rotating at 2500 rpm, onto
which are superimposed the stripping
voltammogram (20 mV/s) of COads in
argon purged electrolyte and the poten-
tiodynamic (20 mV/s) oxidation of 100
% COb.

Fig. 6. Base voltammogram (50 mV/s)
of Pt(110)–(1�2) disk electrode in 0.5
M H2SO4 rotating at 2500 rpm, onto
which are superimposed the stripping
voltammogram (20 mV/s) of COads in
argon purged electrolyte and the poten-
tiodynamic (20 mV/s) oxidation of 100
% COb.



as a preoxidation wave in the potentiodynamic curves, Fig. 6, followed by a sharp in-
crease of the current density at potentials higher than 0.8 V (not shown in the Figure).

Nature of COads and the mechanism of CO oxidation on platinum surfaces

Theresultspresented in theprevioussection indicate that thekey toresolve themech-
anismof theCOoxidation reactiononplatinumelectrodes lies in thestateofCOads.For this
reason the state of COads was investigated by means of SXS (surface X-ray scattering dif-
fraction measurements). In SXS it is typical to identify changes in the surface/interfacial
structure by monitoring the intensity distribution of scattering in reciprocal space, and com-
paring the intensity distribution with that calculated for an atomic model. Aprecise descrip-
tion of the Pt surface structure at the Pt– COads electrochemical interface can be obtained by
measuring both the specular and nonspecular crystal truncation rods (CTRs), since Hupd,
COads and OHads are relatively weak scatterers making a negligible contribution to the Pt
CTRs.17 In this case, the CTRs yield information about the position of Pt surface atoms rel-
ative to the bulk position (commonly referred to as surface relaxation) as the electrode po-
tential is changed and the coverage by adsorbates changes. The potential dependence of the
relaxation of a Pt(111) surface induced by Hupd and/or COads at 0.05 Vis represented by
the results in Fig. 7. In a solution free of CO, in the Hupd region, the top platinum layer
expands, compared with the potential of minimum expansion (pme � 0.7 V), by ca.
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Fig. 7. a) (—) CO stripping and (---) base voltammogram of a Pt(111) disk electrode in 0.5 M
H2SO4 rotating at 2500 rpm, in argon purged solution (taken from Fig. 2). b) SXS scattering inten-
sity changes for (—) COads covered and (---) free of COads Pt(111)surfaces. c) Measured X-ray in-

tensity (intensity of peak maximum from Fig. 7f) at (1/2, 1/2, 0.2) as a function of electrode
potential under the same condition as in a). d) (—) potentidynamic oxidation of 100 % COb and

(---) base voltammogram of a Pt(111) disk electrode in 0.5 M H2SO4 rotating at 2500 rpm (taken
from Fig. 2). e) Same as c. f) A rocking scan through the (1/2, 1/2, 0.2) positions. g) Ideal model for

the p(2�2)–3CO structure.



�d1,2 � 2 % (0.05 Å) of the lattice spacing away from the second layer when Hupd
reaches its maximum coverage, Fig. 7b. Following the adsorption of CO at 0.05 V, the
expansion is even larger 4 %. This expansion remains constant on purging the COb
from solution with nitrogen. The difference in relaxation of the Pt(111) surface covered
with Hupd and COads probably arises from the difference in the adsorbate–metal bind-
ing, the Pt(111)–COads interaction being much stronger than the Pt(111)– Hupd interac-
tion. Upon sweeping the potential positively from 0.05 V, the oxidation of COads in the
potential region of 0.3 < E < 0.6 V is mirrored by a small contraction of the Pt surface
layer, as shown in Fig. 7a and b. Above ca. 0.6 V, the top layer expansion is reduced sig-
nificantly, contracting above 0.7 V to the same nearly unrelaxed state which the Pt(111)
surface has without COads. It is important to note that the most significant change in the
surface relaxation is associated with the removal of � 20 % COads in the preoxidation
region. Direct information regarding the COads structure was obtained by searching the
surface plane of reciprocal space for diffraction peaks characteristic of ordered adlayer
structures. While holding the potential at 0.05 V and with continuous supply of COb to
the X-ray outer cell, Fig 7e, a diffraction pattern, Fig. 7f, consistent with p(2�2) com-
pressed symmetry was observed. The derived structural model is shown schematically
in Fig. 7g, which consists of three COb molecules per p(2�2) unit cell. Once formed, the
structure was stable even after the CO in outer cell had been replaced by nitrogen, Fig.
7b, confirming that CO is indeed irreversibly adsorbed on the platinum surfaces.

Havingestablished thepresenceof thep(2�2)-3COadlayerat0.05V, following theni-
trogen purging of the COb, the scattering (peak) intensity at (1/2, 1/2, 0.2) was monitored as
theelectrodepotentialwassweptpositively.Figure7cshowsthatpotential rangeofstabilityof
the p(2�2)-3CO phase is strongly affected by the oxidation of COads in the preoxidation re-
gion.Clearly, theclosecorrelationbetween thechanges in thescattering intensityand thecov-
erage by COads (assessed from stripping voltammetry) suggest that the p(2�2)-3CO structure
is present only in the potential range where the COads coverage is higher than � 0.8. Upon re-
versalof theelectrodepotential atca. 0.6V, thep(2�2)-3COstructureswereunable to reform,
confirming that this structure is governed by high COads coverage and probably by high
COads–COads lateral interactions (compressionofCOads adlayeronto thesurfaces).This sup-
positionwas testedbymonitoring thepeak intensityat the (1/2,1/2,0.2)positionas thepoten-
tialwaschanged,but this timewithaconstantoverpressureofCObintheX-rayoutercell,Fig.
7e.Theseexperiments revealeda reversible lossand reformationof thep(2�2)-3COstructure
when sweeping the potential below � �	
� V	

In separate experiments, the COads coverage was investigated by means of “hy-
drogen magnifier” experiments. Figure 8 shows the stripping voltammetry of COads
onto which are superimposed the linear sweep voltammetry curves of Pt(111) covered
by adsorbed CO in H2 saturated solution and the lienar sweep voltammetry curves of
the oxidation of H2/2 % CO gas mixtures. The polarization curve for the hydrogen oxi-
dation reaction on a Pt(111) surface covered with the saturation coverage of COads
shows that after removing ca. 15 % of the COads in the preoxidation region, rate of the
hydrogen oxidation reaction sharply increases reaching a diffusion limiting current

ELECTRO-OXIDATION OF CARBON MONOXIDE 793



density at 0.6 V. On the contrary, the oxidation of hydrogen with 2 % of CO in the mix-
ture is shifted positively by more than 0.3 V.

From all the presented data it is possible to analyze the state of COads on the
Pt(hkl) surfaces and propose a mechanism of CO oxidation. At maximum COads cover-
age the energy of adsorption is strongly decreased due to lateral COads–COads interac-
tions. Under UHV (ultra high vacuum) conditions, the energy of adsorption is de-
creased from 140 kJ mol–1 at zero coverage to � 40 kJ mol–1 at maximum coverage.18

The decrease of the energy of adsorption is pronounced when the COads coverage is
higher than 0.8. This means that at high coverage the COads is weakly bonded onto the
surface (COads,w). As the level of coverage decreases below 0.8 then the energy of ad-
sorption increases and the COads becomes strongly adsorbed. (COads,s). Hence, the
preoxidation wave could be connected with the oxidation of weakly adsorbed COads.
The CO oxidation in the preoxidation region is structural sensitive, with the activity in-
creasing in the order: Pt(110)–(1�1) < Pt(111) < Pt(110)–(1�2) < Pt(100). This differ-
ence in kinetics could be attributed to the competitive adsorption between water, anions
from the supporting electrolytes and CO, as well as to differences in the energy of ad-
sorption on the different crystal faces. Studies of COads oxidation under UHV showed
that the oxidative removal of COads occurs between oxygen chemisorbed preferentially
on the step sites and COads on the terrace sites.33 This concept can be extended to the
solid-liquid interface, as such a mechanism could explain, at least in part, the structure
sensitive co-adsorption of COads, OHads and bisulfate anions. The details of the coa-
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Fig. 8. (—) Stripping voltammogram
(20 mV/s) of COads in argon purged
electrolyte of Pt(111) in 0.5 M H2SO4,
(···) the potentiodynamic (20 mV/s)
oxidation of pure hydrogen on COads
covered Pt(111), and (---) the poten-
tiodynamic (20 mV/s) oxidation of a
hydrogen–2 % COb mixture.



dsorption are, however, by no means unambiguous. Nevertheless, it is essential to point
out that Pt(110)–(1�1) exposes only first-layer atoms to the reactants (COads and
OHads) and/or spectators (bisulfate anions). The formation of a saturated layer of COads
on this surface can lead to the complete occupation of the top rows of Pt atoms by
COads,w, resulting in a low surface coverage by OHads and, consequently, in a low rate
of reaction (1). In contrast, the Pt(110)–(1�2) surface may expose second and third
layer atoms to the reactants and spectators, and these species may occupy both the top
rows of platinum atoms (step sites) as well as the atoms in the missing rows. Note that
the missing rows in the (110)–(1�2) structure create “valleys” between the (110) rows
consisting of the three-atom-wide(111) terrace. The geometry of the adsorption sites in
the valleys are like those in the flat (111) surface or the (111) terraces of stepped sur-
faces. The sites on the (110) rows of atoms are common to the step sites on many types
of step-terrace structures. Thus, the (110)–(1�2) has a mixture of sites for the coadsor-
ption of both COads,w and OHads which are absent in the the (110)–(1�1) structure.
Considering that it can safely be generalized that even “flat” low index metal surfaces
may well contain a certain number of crystallographic defects, it is reasonable to sug-
gest that the rate of CO oxidation in the preoxidation region on Pt(100) and Pt(111) de-
pends on the density of mono-atomic steps capable of adsorbing OHads. Recently it has
been shown that a Pt(100) surface prepared by the flame annealing method is an intrin-
sically defected structure.20 Therefore, the preoxidation wave on Pt(100) can be attrib-
uted to the unique catalytic property of step/defect sites to activate adsorption of OHads
species which can react with COads,w on the flat terrace sites. Based on the fact that a
Pt(111) surface has less defects than both the Pt(110)–(1�2) and Pt(100) surface, it is
reasonable to propose that, under identical conditions, there is insufficient nucleation of
OHads on Pt(111) for the oxidation of COads,w, to proceed in sulfuric acid solution,
when CO is present in solution. Consequently, Pt(111) is less active for COb oxidation
in the preoxidation region than either Pt(110)–(1�2) or Pt(100).

Hence, in the preoxidation region, the mechanism of COads oxidation can be
given by the following mechanisms

H2O + CO + 2Pt Pt – COads,w + Pt – OHads + H+ + e– (4a)

Pt – COads,w + Pt – OHads � Pt – �CO – OHads + Pt (4b)

Pt – �CO – OHads CO2 + H+ + Pt + e– (4c)

or

H2O + CO + 2Pt Pt – COads,w + Pt – OHads + H+ + e– (5a)

Pt – COads,w + Pt – OHads � CO2 + H+ + 2Pt + e– (5b)

In the mechanism given by the sequence 4a-c, the rate determining step is the het-
erogeneous chemical reaction between OHads formed at step sites and adjancent
COads,w at the terrace sites. In the mechanism given by the sequence 5a-b the rate deter-
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mining step is the heterogeneous electrochemical reaction. It is imposible to say which
of these two mechanisms is more probable.

After removing the COads,w, at potentials higher than � 0.6 V, nucleation of
OHads occurs at the terrace sites, which allows attack on the edge of COads,s islands and
complete oxidation of COads from the surfaces. The mechanism is probably similar to
that given by 5a-b.

The oxidation of COb is somewhat different because the repopulation of COads,w
in the preoxidation region by CO adsorption from solution allows constant oxidation of
COads,w by OHads from the step sites. At more positive potentials, where OHads are nu-
cleated at terrace sites at a higher rate, COads,w cannot be repopulated at the same rate
and so the reaction rate decreases. The maximum rate, limiting diffusion current den-
sity, of COb oxidation is reached at potentials more positive than � 0.9 Vwhen platinum
starts to form oxides (Pt – OH) on the surface. The mechanism of this could be given by:

H2O + CO + 2Pt Pt – COads + Pt – OH + H+ + e– (6a)

Pt – COads,s + Pt – OH � CO2 + H+ + 2Pt + e– (6b)

For application in fuel cells it is important to free of COads the platinum atoms on
which hydrogen oxidation reaction can occur. The mechanism of hydrogen oxidation in
H2/CO mixtures on platinum can be given by the following sequences:

COb + Pt kads CO( )
� �� �� Pt – COads (7a)

Pt + H2O Pt – OHads + H+ + e– (7b)

Pt – COads + Pt – OHads
kox CO( )

� �� �� CO2 + H+ + 2Pt + e– (7c)

2Pt + H2 � 2Pt – 2Hads (7d)

2Pt – 2Hads � 2Pt + 2H+ + 2e– (7e)

The H2 oxidation reaction occurs on the free sites liberated during the time be-
tween COads oxidative removal, Eq (7c), and CO readsorption from solution, Eq (7a).
The rate constant of COb readsorption is much higher than the rate constant for COads
oxidation, and practically only an infinitely small number of platinum sites could be lib-
erated for H2 oxidation. The hydrogen oxidation reaction reaches maximum at the same
potential where CO is oxidized by Pt – OH (coverage with COads in that potential re-
gion tends to zero). According to this, it is necessary to provide a supply of OH species
to adjunct platinum atoms covered by COads by some other metal which does not ad-
sorb CO. This can be done by alloying the platinum with some other metals, which will
be treated in the second part of this paper.
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I Z V O D

ELEKTROHEMIJSKA OKSIDACIJA UGQEN-MONOKSIDA: OD MONOKRISTALA

PLATINE DO KATALIZATORA ZA NISKOTEMPERATURNE GORIVNE GALVANSKE

SPREGOVE. I DEO: OKSIDACIJA UGQEN–MONOKSIDA NA NISKOINDEKSNIM

MONOKRISTALIMA PLATINE

BRANIMIR N. GRGUR1, NENAD M. MARKOVI]2, CHRISS C. LUCAS
3 i PHILIP N. ROSS JR.2

1Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11001 Beograd, Jugoslavija,
2
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, MS 2-100, Berkeley, CA 94720, USA, i 3

Oliver Lodge Laboratory,

Department of Physics, University of Liverpool, Liverpool L69 7ZE, UK

Kori{}ewem tehnike rotiraju}e disk elektrode i in-situ tehnike povr{inske

difrakcije X-zraka, ispitivana je reakcija elektrohemijske oksidacije ugqen-mo-

noksida i priroda adsorbovanog CO na monokristalima platine niskih indeksa ori-

jentacije, Pt(111), Pt(100) i dve rekonstrukcije Pt(110). Diskutovan je mehanizam oksi-

dacije CO na osnovu ustanovqenog postojawa dva energetska stawa adsorbovanog

ugqen-monoksida, slabo vezanog stawa pri ni`im potencijalima i ~vrsto vezanog

stawa pri vi{im potencijalima. Tako|e je diskutovan mehanizam oksidacije sme{a

vodonika sa ugqen-monoksidom.
(Primqeno 16. jula 2001)
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