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Recent surface science studies at metal-gas interfaces
have demonstrated the existence of the coadsorption
bond[l, 2]. In principle, it should be expected that
coadsorption phenomena may contribute in a num-
ber of electrocatalytic reactions, particularly those
involving multicomponent systems. As a matter of
fact, there are several reaction mechanisms derived
from electrochemical kinetic studies which describe
either reaction stages with two adsorbate species
appearing simultaneously on the electrode surface or
the formation of intermediates under the form of
complex ensembles of atoms and molecules interact-
ing with the active surfaces sites[3, 11]. However,
although these facts point out coadsorbate for-
mation, and adsorbate competition, the matter de-
serves further consideration from the standpoint of
distinguishing more clearly between coadsorption
phenomena and competitive adsorption processes.
Electrochemical evidence -of coadsorption phenom-
ena could be very useful to conjecture possible
configurations and stoichiometries of the coadsor-
bates as a function of both the applied potential and
the composition of the electrolyte solution.

The present work reports a number of preliminary
electrochemical experiments performed on polycrys-
talline Pt(pc) electrodes in acid solution by using an
electrochemical flow cell technique and adequately
selected combined potential routines. From these
results the voltammetric behaviour of different co-
adsorbates as well as the participation of competitive
adsorption in several electrochemical surface reac-
tions can be observed.

Complex adsorbed residues on Pt(pc) were formed
in 0.5M H,SO, from the sequential adsorption/
electroadsorption processes involving two different
substances. Subsequently, the characteristics of
adsorbed residues could be followed through the
corresponding anodic stripping voltammograms.
The following four groups of substances were in-
vestigated: (i) CO and propargyl alcohol (PA);
(ii) methanol (MeOH) and PA; (jii) CO and allyl
alcohol (AA); (iv) MeOH and AA. The electrochem-
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ical behaviour of the chosen substances was also
separately determined to confirm previously reported
data[12, 13].

The electrochemical measurements were per-
formed in a flow-type electrochemical cell contain-
ing 50 ml of the electrolyte solution with the usual
arrangement of three electrodes. Most of the
work was made with a Pt plate working electrode
encased into a glass holder which offered a bright
metal active plane of 0.26cm’ geometric area.
A Hg/Hg,S0,(s)/K,S0,(sat)/0.5 M H,SO, reference
electrode (sse), (e/v(nhe)=10.659) was employed.
Potentials in the text are referred to the sse. The
counter electrode pretreatment consisted of a poten-
tial cycling in 0.5 M H,SO, in the —0.660-0.800 V
range at 0.2V s~

The base electrolyte was 0.5M H,SO,, which
was prepared from 98% H,SO, (Merck p.a.) and
Millipore-Milli-Q* water. The solutions of the differ-
ent alcohols (PA, AA and MeOH) were made from
chemicals (p.a.) previously distilled to obtain the
highest degree of purity as determined through NMR
and gas chromatography. CO was prepared from
98% H,SO, (Merck p.a.) and formic acid (Merck
p.a.). Runs were made at 25°C. The entire exper-
iments were run under a continuous Ar atmosphere,
except when CO saturation was used for producing
the corresponding adsorbed residue.

The sequential adsorption of the two substances
proceeded in all cases at a constant preset adsorption
potential, E,;, = —0.250V, located in the double-
layer potential region of the Pt/0.5 M H,SO, inter-
face.

Each electrochemical run comprised the following
consecutive stages. Firstly, the behaviour of the
H-atoms electrosorption voltammogram under
potential cycling was recorded. The stability of this
voltammogram was taken as a purity test of the
Pt/0.5 M H,S0, system, according to the criterion
reported in the literature[14]. Then, the potential was
set at E;, and once the null current was reached the
addition of either CO (under gas saturation) or 2 ml
0.1 M MeOH (by means of a glass syringe) was made
to form the first electroadsorbed residue. The adsorp-
tion time (first adsorption time) in these cases was
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10 min. For the case of MeOH addition, the current
transient of the electroadsorption process was simul-
taneously recorded. Subsequently, the electrolyte sol-
ution in the cell was replaced with fresh 0.5 M H, SO,
by keeping the working electrode potential at the
same value. Immediately afterwards 2ml of either
0.1 M AA or 0.1 M PA were added to produce the
complex adsorbate at E,;, and simultaneously, the
current transient of the second electroadsorption
process was recorded for obtaining the total electro-
adsorption charge resulting from the addition of
either AA or PA. The time spent for this stage
(second adsorption time) was changed from 15 min
(short time range adsorption) to 90 min (long time
range adsorption). Finally, the electrolyte solution
was replaced again by plain 0.5 M H,SO,, and the
stripping voltammogram of the complex adsorbed
residue was obtained as indicated elsewhere[15).

Blank experiments were systematically made by
using each one of the above-mentioned substances
independently (Fig. 1). These results confirmed data
already reported in the literature.
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Short Communication

Let us first consider the short time range adsorp-
tion experiments. Runs were made at E,; by firstly
adsorbing CO until the surface saturation coverage
was reached, and afterwards by electroadsorbing PA
(Fig. 2a). In this case the corresponding stripping
voltammogram of the adsorbed residue exhibits two
anodic peaks, but they differ from. those described
in the literature for the separate substances[8, 15].
Nevertheless, the anodic stripping charge remains
about the same as the sum of the charges determined
for the separate substances on the same electrode
under comparable conditions, at least within the
error of the present experiments (Table 1). The
corresponding charge balance was made on the basis
of the following reactions

CO adsorption on Pt:
CO(gas) == CO(solution) + Pt = Pt{CO) (la)

CO anodic stripping:
Pt(CO) + H,0 = CO,(gas) + 2H* + Pt + 2¢~ (1b)
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Fig. 1. Voltammograms resulting for the blanks. E,y= —0.250V; 0.5M H,S0,; 0.2V s~!; 25°C. The
anodic stripping voltammogram of the adsorbed residues started at E,, (see arrow). The numbers identify
the successive potential cycle runs between —0.660 and 0.800 V. As indicated by the arrow, in a few cycles
the voltammogram approaches that of base Pt in 0.5 M H,SO,. (a) CO, (b) MeOH, (c) PA, (d) AA.
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Fig. 2. Voltammograms resulting for the sequential adsorption (short time range adsorption) of different

substances. E4= —0.250V; 0.5M H,S0,; 0.2V s~!; 25°C. The cyclic voltammogram is started at E,,

and later continued between —0.660 and 0.800 V. The numbers in the figure identify the successive
potential cycles. (a) CO and PA, (b) CO and AA, (c) MeOH and PA, (d) MeOH and AA.

PA electroadsorption at E,,= —0.250 V[15}:
2Pt + CH=C-CH,OH = Pt(CH=C()

+Pt(CHO) + 2H* + 2¢~ (2a)
and the anodic stripping of PA residues:
Pt(CH=C) + Pt(CHO) + 5H,0
= 2Pt + 3CO,(gas) + I12H* + 12¢~, (2b)

where the parentheses denote adsorbed species. It
should be noted that when the present experiments
were started by firstly adsorbing PA and later CO,
the anodic stripping voltammogram of the electro-
adsorbed residues was the same as that already
reported for PA alonef15].

A similar type of experiment was run with CO and
AA (Fig. 2b). In this case results resemble largely
those above described for PA, although the anodic
stripping voltammogram of the adsorbed residues
exhibits a complex peak which differs consider-
ably from that expected for a direct addition of the
blank voltammograms. The corresponding charge
balance was made by considering reactions (1a), (1b),
together with the following reactions[16}:

AA electroadsorption at E,,= —0.250V:
2Pt + CH=CH-CH,OH

=Pt(CH=CH) + Pt(CHO) + 3H* + 3¢~ (3a)
and the anodic stripping of AA residues:
Pt(CH=CH) + Pt(CHO) + 5H,0
= 2Pt + 3CO,(gas) + 13H* + 13e~. (3b)

The corresponding charge balance data (Table 1)
suggests that in the present case another complex
adsorbed residue has been formed.

Similar runs were made by replacing CO by MeOH
as the first adsorbate forming substance, and by using
again for the complex adsorbate formation either
PA (Fig. 2c) or AA (Fig. 2d). The anodic stripping
voltammograms for both coadsorbates exhibit
specific characteristics, namely two anodic current
peaks different from those seen for the blanks. The
charge balances (Table 1) were derived from the
following reactions[16):

MeOH electroadsorption at E,, = —0.250 V
Pt + CH;OH =Pt(CO) + 4H™* + 4e~
and MeOH residue anodic stripping
Pt(CO) + H,O0 = Pt + CO,(gas) + 2H* + 2¢~, (4b)

together with either reactions (2a) and (2b) or (3a)
and (3b), for PA and AA, respectively.

Let us now consider the long time range adsorption
experiments. In this case there is a clear influence of
the adsorption time on the anodic stripping voltam-
mogram of the second adsorbed residue. As. the
second adsorption time increases, the anodic strip-
ping voltammogram tends to coincide with that of the
blank for the second adsorbate forming substance
(Fig. 3).

On the other hand, short time range adsorption
experiments show that coadsorbed species can be
produced on a Pt electrode in acid solution, when the
metal under a preset applied potential is placed in

(4a)



C.o o1 5%
o7 -05 -03 -01 Ol 03 05 07
Potential / V (15 sse)

Fig. 3. Voltammograms resulting for the sequential

adsorption (long time range adsorption) of CO and PA.

E, = —0250V; 0.5MH,80,; 0.2V s~!; 25°C. The cyclic

voltammogram is started at E, and later continued between

—0.660 and 0.800 V. The numbers in the figure identify the
successive potential cycles.

contact with the adsorbate producing substances
following a certain sequence, and providing that the
first metal-adsorbate interaction involves the most
easily adsorbed/electroadsorbed residue. This fact,
however, does not preclude the possibility that coad-
sorption phenomena would also appear under certain
conditions even when both substances interact simul-
taneously with the metal[17].

Coadsorption phenomena should result from
an interplay between the repulsive interadsorbate
forces and changes in the structure of the adsorbate
ensemble. From the structural standpoint, the co-
adsorbate ensemble can be formally described, ne-
glecting the participation of the solution components,
as a complex (R, R,)(Pt sites), where R, stands for
that part of the coadsorbed residue originated from
either CO or MeOH, and R, denotes that part
produced on the R;-covered Pt surface when the
electroadsorption of either AA or PA takes place. It
is possible that well-defined potential dependent
coadsorbate structures could be formed on crystallo-
graphically well-determined surface domains of the
substrate as it occurs in metal single crystal/gas phase
interfaces[18].

For all the reactions investigated in the present
case, each coadsorbate appears to involve a charac-

teristic broad single anodic stripping peak. The
potentials of these peaks comprise values ranging
between the anodic stripping peak potential values
of adsorbates produced from the separate adsorbate-
forming substances. Likewise, the shape of the anodic
stripping peaks suggests that either the adsorbate
ensemble implies a sequential electro-oxidation pro-
cess of different potential-dependent structures or
that the complex distribution of crystallographic
faces at Pt(pc) is being reflected in the voltammo-
grams, as is known from surface electrochemical
reactions on Pt single crystal, for instance, the electro-
chemical oxidation of CO adsorbed residues[i9-21].

Otherwise, from long and short time range exper-
iments one can conclude that coadsorption phenom-
ena behave dynamically, so that they also exhibit a
contribution of competitive adsorption of the two
in the present work, coadsorbate displacement can
be imagined as an alternative process, the initial rate
of the former being much larger than that of the
latter.

Further details about the preceding coadsorption
processes as well as other ones directly related to
electrocatalysis will be described in a more extended
forthcoming publication.
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