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ABSTRACT

The kinetics of CO, electroadsorption on electrodispersed Pt electrodes have been investigated in
different acid electrolytes. The kinetic data obtained at different adsorption potentials, adsorption times
and CO, concentrations in solution have been interpreted in terms of two complex reaction mechanisms
involving the formation of strongly and weakly bound reduced CO, adsorbates through reactions
involving s-H and w-H adatoms, respectively, and carbon dioxide. The reaction mechanism between H
adatoms and CO, implies the initial electroadsorption of H atoms, the transport of CO, from the bulk of
the solution to the reaction interface, and the formation of the reduced CO, adsorbate. Under certain
conditions, particularly when s-H adatoms are involved, the entire reaction approaches mass transport
rate control. Conversely, the reaction between w-H adatoms and CO, appears as a rather slow process.

INTRODUCTION

The electrochemical reduction of CO, has received particular attention in recent
years from the standpoint of electrochemical energy conversion by using organic
fuels and as a specially attractive reaction for electrosynthesis processes [1-3]. It is
well known that CO,-containing adsorbates can be formed electrochemically on the
surface of those metals which can electroadsorb H atoms, such as Pt, Rh, Pd and
activated Au [4-20]. The electrochemical oxidation of reduced CO, adsorbate either
voltammetrically or potentiostatically has been investigated on bright and platinized
Pt [4-13], and more recently on electrodispersed Pt electrodes, i.e. rough Pt
electrodes with a definite structure [21,22]. In contrast, much less is known about
the kinetics of the adsorbate electroformation [5,11-13}, an aspect of the entire
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electrochemical reaction which deserves further study to reach a better knowledge of
the characteristics of the electroadsorbate.

The reduced CO, species on Pt was associated with a COOH-type radical on the
Pt surface which was formed according to either a second order reaction in the
range 0.05-0.15 V, or a first order reaction with respect to adsorbed H atoms in the
range 0.20-0.25 V [11-13]. In the former case, the H adatom + CO, molecule step
becomes rate determining, whereas for the latter the probable rate determining step
was associated with the reorientation of the adsorbed intermediate [13].

The distinct kinetic behaviour of CO, adsorption on Pt electrodes was interpre-
ted as a change in the reaction pathway without considering the possibility that
different adsorbates could result, depending on the involvement of either strongly or
weakly bound H-adatoms as reactants. Recent electrochemical data on reduced CO,
electrooxidation provided clear information about the occurrence of distinguishable
reduced CO, adsorbates, a fact which encourages further investigation of the
kinetics and mechanism of electroadsorbate formation proper.

In the present work, the kinetics of CO, electroadsorption on electrodispersed Pt
electrodes are studied in different acid solutions in order to confirm the probable
mechanism of reduced CO, adsorbate formation. This type of electrode exhibits a
reproducible behaviour which is determined by regular domains of a sticking-clus-
ter-like topography associated with a brush-like structure, as has been concluded
from scanning tunelling microscopy at the nm level combined with scanning
electron microscopy imaging [23,24]. One of the advantages of electrodispersed Pt
electrodes is the possibility that different roughness characteristics can be developed
by keeping the morphology of the metal overlayer nearly constant.

EXPERIMENTAL

Most of the experimental setup, i.e. the electrolysis cell and the electronic
circuitry, were the same as already described in previous publications [21,22].
Electrodispersed Pt working electrodes with roughness factors, R, up to 70 were
used. The preparation and surface treatment of the working electrodes as well as the
definition of R and its determination have been described extensively elsewhere
[21,22,25]. Two groups (I and IT) of electrolyte solutions were employed; group I
included solutions consisting of different CO, saturated acidic solutions, namely,
0.05 M HC1O,4, 1 M HCIO,, 0.5 M H,S0,, and 1 M H,PO,, and group II, solutions
involving 0.5 M H,SO, with different CO, concentrations. Runs were made at 25°C
with O,-free electrolyte solutions.

Operating conditions with group I solutions

Two electrodispersed Pt electrodes with initial geometric areas of 0.114 and 0.170
cm?, and two different roughness factors, R=70 and R =21, were used. The
potential programme applied to the working electrode comprised an initial potential
step at 1.4 V lasting for several minutes for cleaning, followed by a potential jump
to the adsorption potential, E,;, which was held for an adsorption time 7,,. Then
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the electrochemical experiment was continued in one of the following two ways: (a)
the potential was stepped to a lower limit, E = 0.05 V, and subsequently, the
potential was swept at 0.005 V/s in the positive direction; (b) the potential was
swept at 0.005 V /s in the positive direction immediately after electroadsorbate
formation at E,, had occurred.

Operating conditions with group 11 solutions

The electrodispersed Pt electrode used in this case had an initial geometric area
of 0.135 cm* and R =26. The CO, concentration in solution was changed from
2.5x107° M to 2.5 X 1072 M by adding the right amount of Na ,CO; solution of
known concentration to a nitrogen saturated H,SO, solution in order to reach the
preset final CO, concentration in 0.5 M H,S0,. The CO, saturation concentration
in this solution at 25°C is ca. 25X 1072 M [26]. The potential programme
employed in this case is similar to that described for procedure (a) in the preceding
paragraph, but the potential sweep rate was set to 0.05 V /s in order to avoid large
changes in the CO, concentration during the experiment. Then, 8 _,, the degree of
surface coverage by reduced CO,, was taken as 1 — 8, where 6, the degree of H
atom surface coverage was measured as the ratio between Qy and Qf, the H
adatom voltammetric electrooxidation charge density in the presence and in the
absence of CO, in solution, respectively, (4= 0y /00)-

RESULTS AND INTERPRETATION

Typical electrooxidation voltammograms for reduced CO, adsorbates at elec-
trodispersed Pt electrodes obtained according to the operating conditions for group
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Fig. 1. Electrooxidation potentiodynamic profiles run for E ;= 0.115 V at 0.005 V /s and different
taa/s = (a) 300, (b) 60. Geometric Pt electrode area 0.114 cm?. R =70. The electrolyte solutions are
under CO, saturation. 25°C. Electrolyte: ( ) 0.05 M HCIO,, (— — —) 1.00 M HCI1O,, (- ----- )
0.50 M H,S80,, (~-+~---) 1.00 M H,PO,.
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I solutions at constant E,4, two values of 7,4, and 0.05 V /s are depicted in Fig. 1. A
rather symmetric anodic current peak at ca. 0.6 V is obtained in 0.05 M HCIO,, but
the peak potential shifts positively with either a shoulder or a second partially
overlapping anodic current peak in going from 0.05 M HCIO, to 1 M HCIO,, 0.5 M
H,S0O, and 1 M H,PO,. These results confirm the complexity of the electrooxida-
tion of reduced CO, adsorbates and the influence of anions on the process, as has
been reported previously [17,18,22]. It should be noted that the data obtained for
electrodispersed Pt electrodes are very reproducible, and in this case, the inter-
ference of possible adsorbable impurities in solution can be considered as negligible,
as for large surface area Pt electrodes.

From Q¢,,, the voltammetric electrooxidation (stripping) charge related to the
reduced CO, adsorbates, and its dependence on ¢,4, E,4 and CO, concentration in
the various acidic solutions, one can obtain information about the adsorption
kinetics of CO, yielding reduced CO, adsorbates on electrodispersed Pt electrodes.
For this case, since the adsorption data are derived from the stripping voltammo-
grams, the true adsorption time, ¢,4, corresponds to the sum of the time spent at
E,; and the time used up to sweep the potential from E,4 up to 0.6 V, a potential
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Fig. 2. Q¢o,, (voltammetric stripping charge) vs. 1,4 plots. Data obtained at different E,4 in (a) 1 M

HCIOy; (b) 0 05 M HCIO,; (c) 0.5 M H,SO,; (d) 1 M H,PO,. Geometric Pt electrode area 0.114 cm’.
R=70;25°C. E,q/V: () 0.015, () 0.065, (X) 0.115, (a) 0.165, (W) 0.215.
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Fig. 3. Q¢o,: V5. 172 plots. Data obtained at different E,4 in (a) 1 M HCIO,; (b) 0.05 M HCIO,; (c) 0.5
M H,S0,; (d) 1 M H;PO,. Geometric Pt electrode area 0.114 cm?. R = 70. 25°C. E,, as in Fig. 2.

value during stripping where it is supposed that the H atom concentration on the Pt
surface becomes sufficiently low to contribute to the formation of reduced CO,
adsorbates.

The Q¢q,, vs. t,q plots (Figs. 2a—d) resulting for the different solutions exhibit
several interesting features. In general, when E,; is smaller than approximately 0.12
V, these plots are coincident, and as ¢,, increases they attain a maximum limiting
charge density value (Q¢q,) =17+ 1.5 mC /cm® geometric area. Conversely, for E,q
greater than 0.12 V, the Q¢o,, vs. £, plots as well as the limiting (Q¢o,) values
show a clear dependence on E,4. Therefore, from these plots one can conclude that
there are at least two different types of kinetic behaviour related to the electrofor-
mation of reduced CO, adsorbate, depending on whether the H atom surface
coverage is large or small. Otherwise, when Q¢ , is plotted vs. t14? (Fig. 3), linear
relationships can be observed only for those adsorption processes taking place at
E,, greater than 0.12 V and ¢4 lower than 200 s. No reasonably linear portions can
be drawn for the Q% . vs. 134> plots resulting for E,4 lower than 0.12 V.

It is interesting to note that the transition between the two different types of
kinetic behaviour which are observed at well defined E,; potential ranges, can be
correlated with the change in the H adatom charge vs. potential relationships
resulting from the blanks (Figs. 4a—d). From the 8y vs. E plots, it is possible to
estimate 87;, the equilibrium values of 8y at different applied potentials, including
E=E,,. These data show that one of the types of CO, adsorption kinetics
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Fig. 4. Oy vs. E plots obtained from voltammetric electroadsorptions and electrodesorption in: (a) 0.5
M H,S0,, (b) 1 M HCIO,, (c) 0.05 M HCIO,, (d) 1 M H,PO,. Geometric electrode area 0.114 cm?,
R =70.25°C. (@) Adsorption, (X) desorption.

corresponds to the potential range of weakly adsorbed H atoms (E,; <0.12 V),
whereas the other one is observed in the potential range of strongly bound H atoms
(E,q>0.12 V). Accordingly, for E,; values located in the potential range of
strongly bound H atoms, the initial slope of the Qfq,, vs. f,4 plots (Fig. 2)
increases with the amount of that kind of H adatom present on the Pt surface at
E,;. In this case, first order kinetics with respect to the H adatom concentration at
the Pt surface are apparently obeyed. These results suggest that, in the adsorption of
CO, on Pt, at least two distinguishable reduced CO, adsorbates are produced, one
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in the 0-0.12 V range, and the other in the 0.12-0.35 V range. In order to identify
the type of H adatom involved in each reaction it is interesting to consider data
resulting from voltammetric runs with solutions of different CO, concentration.
The voltammograms run according to the operating conditions described for
group II solutions at 0.05 V /s and three different 7,4 values (Figs. S5a—c), show that
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Fig. 5. Electrooxidation potentiodynamic profiles run from E,=—-002 Vto E, =09V at 005 V/sin
0.5 M H,SO, containing different CO, concentrations. E,4 = 0115 V and 1,4 /s: (a) 300, (b) 60, (¢) 15.
Geometric Pt electrode area 0.135 ecm?®. R =26. 25°C. cco,/M: (--~--- } 0 (blank), ) 0.0025,
(~+=-=) 0.00375, (+----- ) 0.005, (—-—-— ) 0.0075, (- -----) 0.01, (~—--—) 0.0125, (-----) 0.015,
(—=+---) 0.0175, (~- X -=) 0.02, (~+-+-) 0.025.
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Fig. 6. Electrooxidation potentiodynamic profiles run at 0.05 V/s in 0.5 M H,S0, +7.5x 1073 M CO,
with different 1,4 (a) and E,q (b). Geometric Pt electrode area 0.135 cm®. R = 26, 25° C. (a) E,q = 0.115

V; cco,= 00075 M. (—-—-— ) Blank (cco, = 0). #,4/5: ( ) 300, (------ ) 120, (=-mem ) 60,
(orenn )30, (== =) 15. (b) 1,4 =300 8 cco,=0.0075 M. Eq/V: (=++—-+=) 0.015, (-++ -+ } 0.065,
( }0.115, (= —--) 0.165.

as the CO, concentration in solution increases, a sharper and better defined reduced
CO, electrooxidation current peak is obtained. Consequently, the total H atom
electrodesorption charge density, QF, decreases, particularly because the contribu-
tion of strongly bound H adatoms decreases. In addition one observes a shift of the
peak potential related to the electrodesorption of weakly bound H adatoms towards
more positive values as either the CO, concentration or #,4 increases (Fig. 6a).
Similar effects can be obtained by changing E,; (Fig. 6b), but in this case it is
worthwhile to note that the maximum value for 8., is found when E,;4=0.115V,
as reported previously [11,13]. Under this condition the value of Q3 corresponds to
about one half the maximum value of (Q¢o,,)o-
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Fig. 7. Log 8o, vs. log cco, plots for different E 4 and ¢,4. 0.5 M H,SO,. Geometric Pt electrode area

0.135 cm?. R =26.25°C. E,y /V: (a) 0.165, (b) 0.115, (c) 0.065, (d) 0.015. 1,4 /s: (X) 15, (@) 30, (a) 60,
(m) 120, (¢) 300.

On the other hand, for the entire range of E,4, but for z,;, < 60 s and at low CO,
concentration in solution, the values of 8¢, fit a linear dependence on the CO,
concentration in solution, which can be seen when the data are plotted as log o,
vs. log cco, for different E,4 and 7,4 values (Fig. 7). Furthermore, for E,4 = 0.015
V, on increasing both the CO, concentration in solution and ¢,4, the limiting value
of (6co,.)o 1s attained more easily, i.e. the slope A log 0c,,./A log cco, approaches
zero. In general, the more extended linear log fcq,, vs. log cco, plots occur when
the value of 4, becomes lower than 0.5, that is, when the strongly bound H adatoms
are involved in the reaction. Therefore, it appears that there is a change in the
kinetics of CO, electroadsorption as one moves from an initial fast reaction
involving predominantly strongly bound H adatoms, to a final slow reaction where
the weakly bound H adatoms become the adsorbed reactants.

DISCUSSION

CO, adsorption on electrodispersed Pt in acid solutions, as already established
for smooth and platinized Pt [4,6,7,9], requires the presence of H adatoms on the
metal surface. The present results show that the electroadsorption of CO, involving
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strongly bound H adatoms becomes faster than the electroadsorption of CO,
through weakly bound H adatoms. In agreement with previously reported data for
platinized Pt in 0.5 M H,SO, [6], the overall reduced CO, electrooxidation reaction
comprises a maximum charge density value slightly smaller than that expected for
the H adatom monolayer.

On the other hand, the voltammetric data provide a clear indication that different
reduced CO, adsorbates are produced depending on whether the electroadsorption
reaction at E,; takes place in the strongly or weakly bound H adatoms potential
range, including as an additional variable the electroadsorption time. Furthermore,
it is interesting to note that as the CO, adsorption takes place, the electrochemical
characteristics of the H adatoms remaining unreactive on the Pt surface change
rather drastically, as can be seen through the corresponding H adatom elec-
trodesorption voltammograms. This effect is probably the result of a decrease in the
local interaction energy (repulsive) among the remaining unreactive H adatoms as
the adsorption of CO, proceeds. Finally, one can also note that the adsorption of
CO, is only slightly sensitive to the electrolyte composition, in contrast to those
processes related to the electrooxidation of the reduced CO, adsorbates [17,18,22].
By keeping these premises in mind, the interpretation of the kinetics of CO,
electroadsorption on electrodispersed Pt in acid solutions can be approached in a
way rather different from that advanced earlier for smooth and platinized Pt
[11-13], although sufficiently general to embrace results obtained with any type of
Pt electrode.

The formation of reduced CO, adsorbates can be put forward in terms of two
similar reaction schemes comprising three steps, which, for a negative going linear
potential sweep, can be written as follows:

Scheme I

H™ (sol) + s-Pt(e”) = (s-H)Pt (1-1)
CO,(sol) = CO,(elec) 2)
(s-H)Pt + CO,(elec) = (s-CO,)Pt (1-3)
and

Scheme 11

H*(sol) + w-Pt(e™) = (w-H)Pt (II-1)
CO,(sol) = CO, (elec) (2)
(w-H)Pt + CO,(elec) = (w-CO,r)Pt (11-3)

Steps (I-1) and (II-1) indicate the reversible strongly (s) and weakly bound (w) H
electrosorption reactions [26], taking place in the 0.15-0.30 V and 0.0-0.15 V
ranges, respectively; s-Pt and w-Pt denote sites for strongly and weakly adsorbed H
adatoms on the Pt surface. Therefore, 6,y and 8, y, the degree of surface coverage
by either s-H or w-H adatoms, respectively, depend on E,,, the adsorption potential



267

value. Step (2) corresponds to the transport of CO, from the bulk of the solution,
CO,(sol), to the vicinity of the electrode surface, CO,(elec); and steps (I-3) and
(II-3) — depending on whether s-H or w-H atoms participate as one of the
reactants — correspond to the adsorption of CO, proper, that is, the formation of
strongly and weakly bound reduced CO, adsorbates, respectively. The probable
structure of these adsorbates has already been discussed elsewhere [6,9,10,21]. The
polycrystalline nature of electrodispersed Pt, as deduced from the intensity of the H
atom electroadsorption—electrodesorption main voltammetric peaks, is consistent
with a distribution of adsorption sites comprising about 50% s-Pt and 50% w-Pt
sites. This conclusion is sustained by X-ray diffractometry, and voltammetric data
combined with STM imaging of different preferred crystalline oriented and single
crystal Pt electrodes [23-25,27-31].

Analysis of scheme 1

Let us consider reaction scheme I and let us assume that quasi-stationary
conditions for CO,r electroadsorption are approached at low potentiodynamic
sweep rates. Then, for the reaction taking place in the 0.15-0.35 V range (s-H
adatom potential range) it follows that:

deco,(elec) /de,y = Ezccoz(SOI) - Ezccoz(elec) - ﬁf_3ccoz(elw) Op + EI bs.co,c =
(4)

where k; denotes the specific rate constant of the ith step (i =2 and 1-3) in the
forward (—) or backward (<) directions, the k/s are apparent rate constants, and
6..co,. stands for the degree of surface coverage by the strongly bound reduced CO,

adsorbate. From eqn. (4) one obtains:

k 2€co,(sol) + k 1-30s-co,r
ky+ kisfp

Hence, v}, the rate of reaction (I-3) in the forward direction, is given by the
expression:

. K f_305_H(EchO2(sol) +k ;-305—C02r) ©)
Dya= ——
= Koy + Kby

For this reaction_scheme in the quasi-stationary state, the following conditions can
be approached: kI 0s.co,r < szco (sol), and k, < k, 30,4 In this case, it follows
that

Ups = Ezccoz(SOI) (7)

Equation (7) predicts a first order dependence of the rate of formation of the
reduced CO, adsorbate on CO, concentration in solution. This situation is better
approached in the s-H-adatom potential range where step (I-3) behaves as a fast
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step, as can be seen immediately from the voltammograms run at a constant E,4
and different ¢,y values (Fig. 6a).

Another mechanistic approach can be made by starting from the first electron
transfer step, which takes place under Langmuir adsorption conditions for s-H
adatoms. Thus, the expression for 8, ;; is given by the equation:

Ko ycur exp( _F(Ead - EsF-’H)/RT)
1+ K yey+ exp(—F(E,y — EXy)/RT)

0s-H = (8)
where k gy = ]:1-1 / ‘IEH, EP, is the potential of the s-H adatom’s reversible electro-
sorption voltammetric peak, and ¢+ is the hydrogen ion concentration in solution.
Accordingly, at each E,,, definite values of 6, are obtained. The rate equation for
formation of the s-CO,r adsorbate can be written as follows:

Uiy =ki30n ccoz(elec) 9)

Then, if one assumes that ccq (elec) = ccp,(sol), the kinetics of the process should
depend exclusively on the H adatom adsorption isotherm. Under this condition,
considering that 7'y ; = —(d, y/dt,4) = +(dbco,,/d?,4), integration of eqn. (9) at a
constant F,; gives

—In 0, +1n 05 = k{3 Feco,(sol)t,4/Qn (10)

where Q2 is the maximum s-H adatom charge density attained at E,;. Then,
taking into account that CO, adsorbates are anchored through adsorbed H atoms,
(6,1 + Oco,, = const.), one can write:

b, o, = as?Cozr - 0% exp( —kis FCCOZ(SOI)tad/Q:-H) (11)

where 85, is the value of 4 for 7,4=0 and 6 ,, is the value of O,, for
t,4 — co. However, this type of dependence is not observed for reaction (I-3) except
when ¢,y — 0. In this limiting case one should expect an increase of the initial slope
in the 0., Vvs. 1,4 plot with decreasing E_q. This fact is, in principle, obeyed as can
be seen through the experimental results in Fig. 2.

Another possibility exists for the case where the rate of diffusion of CO, becomes
the rate determining step. Then, if the diffusion of CO, follows Fick’s equation for
linear diffusion (x-direction) to a plane electrode, that is [32]:

dccoz(elec) Dco, V7% 1 12)
o T, o7

o, (50l

where Do, is the diffusion coefficient of CO, in the electrolyte solution, the
expression for U}y becomes:

Dcoz)l/2 1
1,2
1

(13)

U= CCOZ(SOI)( .
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Considering the relation between &, and b;.co,, already indicated, integration of
eqn. (13) at constant E_, yields:

F_ cco,(sol)
——C—O——Déé,z2 142 + const. (14)

0

s—C02r= Qéo -
ar

The value of Q¢ depends on E,4, that is, on the initial value of 8. Equation (14)
predicts a first order dependence on ccq (sol), and it is approached by the
experimental data at low values of E,,, i.e. for 8; — 1, and for relatively small 7,
values, so that reaction scheme I predominates, i.e. that involving s-H adatoms.

It is worth noting that an expression similar to eqn. (14) has been derived for the
adsorption kinetics of neutral molecules on electrodes [33]. Such an equation is
applicable to the present case if one considers that the adsorbate surface concentra-
tion is nearly the surface concentration for maximum coverage even for cco,(elec)
< ¢p,(s0l), and the rate of diffusion of CO, is the same as for a process in which
cco,{elec) =0 for large 7,4 and cco,(elec) = cco, (s0]) for 7,4 =0. This major sim-
plification is justifiable when ccq,(s0l) is so large that the maximum value of Q% ,
at E,q is reached even when cco,(elec) is much smaller than cq,(sol). Presumably
this can be the case when @,; — 0, that is, for large positive values of E,4. Then, for
the reaction involving the s-H adatoms one obtains [33]:

2D cco,(so0l)

CO,r
2 W1/2

td? (15)

where [, , is the surface concentration of the adsorbate. As the latter appears as
the voltammetric electrooxidation charge, for small 7,4 eqn. (15) explains that,
under this particular set of conditions, a linear Q¢o,, Vs. t14% dependence be
approached (Fig. 3), the slope of these straight lines depending on E, 4

Analysis of scheme 11
The experimental results obtained by setting E,; at less positive potentials, that
is, in the potential range where weakly bound H atoms are produced, indicate that
in this case the reduced CO, species is oxidized more easily than that formed in the
potential range of strongly bound H adatoms. The reaction between w-H adatoms
and CO, appears to be a rather slow process, as seen for instance in Figs. 5 and 6,
so that the adsorption reaction itself would become the rate determining step. In
practice, the kinetic analysis developed for scheme I can be applied to scheme II.
Thus, an expression of 0y, similar to eqn. (6) can be derived when the w-H
adatoms become the adsorbed reactant for reduced CO, adsorbate formation at
E,4. In this case, the slowness of reaction (II-3) makes it possible that &, > k[I 100 1o
and szco (sol) > kII 104.co,.- Then,

N
- kn sk
Vs =

Cco, (s01) 6,4 = KZkI,I-BcCOZ(SOI) by (16)
2
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Accordingly, eqn. (16) implies a first order dependence of v} ; on CO,(sol) when
0, = constant. This situation is approached for small values of ¢,4 and low CO,
concentration in solution (Figs. 7c and d).

Comparison of kinetic data resulting on different Pt electrodes

The interpretation advanced in the present work for CO, adsorption kinetics on
H adatom covered electrodispersed Pt electrodes is rather different from that given
earlier for smooth and platinized Pt [8,11-13]. Accordingly, the rate of the reaction
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Fig. 8. 8co,; /(1 —0co,,) V8. taq Plots (a, b, ¢ and e) for different E,; and CO, concentrations in
solution. The rate constants (k) calculated from the slopes of the straight line plots are plotted against
the CO, concentration in solution in the insets (d and f). E,4/V: (a) 0.065, (b) 0.015, () 0.165, (e) 0.115.
cco,/M: (X) 0.025, (0) 0.0225, (2) 0.02, (a) 0.0175, (v) 0.015, (v) 0.0125, (O) 0.01, (W) 0.0075, (&) 0.003,
(@) 0.0035, (@) 0.0025.
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on these electrodes was described by the equation:
dé/dt=k(1-8)" 17

where k is a formal rate constant and p corresponds to the reaction order. In that
work [8,11-13], it was assumed that the concentration of CO, was much greater
than that of the H adatoms at a constant potential and the value of (1 —8) was
taken as equivalent to the surface concentration of H atoms available for reaction
with CO,. For high H atom concentrations, p was taken equal to 2, so that after
integration it followed that 8 /(1 — ) = kt. The present results, plotted as § /(1 — 6)
vs. t (Fig. 8), yield straight lines only for the most positive values of E,; and the
lowest CO, concentrations. In these cases the plot of k& vs. CO, concentration in the
solution gives a linear relationship (Figs. 8d and f), which agrees with a first order
reaction with respect to CO, in solution.

CONCLUSIONS

The kinetics of the electroformation of reduced CO, adsorbate on elec-
trodispersed Pt in acid solutions can be explained satisfactorily through a mecha-
nism which can be applied to both strongly and weakly bound adsorbates (s-H and
w-H and s-CO,r and w-CO,r). Each mechanism involves three steps, namely, the
initial equilibrium electroadsorption of H adatoms, the transport of CO, from the
solution to the interface, and the formation of the reduced CO, adsorbate through a
reaction between CO, and H adatoms. At the highest E_ 4, where the s-H adatoms
predominate, the formation of the s-CO,r adsorbate involves a slow transport of
CO, from solution. Under these circumstances a large influence of anions on the H
adatom electrosorption reactions can be noted [34,35], although due to the strong
influence of diffusional processes on the kinetics of the reaction, the influence of the
electrolyte composition on the entire process of reduced CO, electroformation
becomes relatively small. The formation of w-CO,r adsorbate appears to be de-
termined by adsorption kinetics. The reaction between w-H atoms and CO, be-
comes a rather slow process.

Further aspects of the reaction mechanisms, including possible interconversion
processes and adsorbate structures, will be discussed in a future publication based
upon the temperature dependence of the kinetics of the reactions.
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