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Giner [1] was the first to observe that during interaction of CO, with hydrogen adsorbed on a platinum surface,
strongly chemisorbed product ("reduced CO,") is formed. According to [1-4], the species that are chemisorbed on
tin C i30H and HCOOH solutions [1, 2] as well as those remaining on the surface after hydrogenation of chemisorbed
ycrocarbons [3, 4], are identical with "reduced CO,". On the other hand, according to data in [5], the overpotential
fer elecrooxidation of "reduced CO," is appreciably higher than that of the chemisorbed products of CH;0H, HCHO,
and HCOOH. It is suggested in [6] that CO, only "screens” the H,4, without interacting chemically with it. We re-
port here about studies of CO, chemisorption on Pt/Pt in 1 N H,S0, using the techniques applied previously to the
investigation of adsorption of organic substances [7-91

for the galvanostatic measurements, a galvanostat with currents from 10 pA to 8 mA was used, while for the
potentiostatic i-¢ curves a TsLA P-5611 potentiostat was used. The curves were plotted with a one-point-per-sec-
ond EPP-09M3 recorder. The measurements were carried out with an aged Pt/Pt electrode that had a ratio of true to

apparent (5.6 cm?) surface area of 500-600,

In order to free it from possible impurities (O, CO, H,, etc.), technical carbon dioxide was passed through a

es of absorbers with solutions of pyrogallol, palladium chloride, sodium bicarbonate, potassium bichromate, and
concenmated sulfuric acid [10]. Traces of oxygen were further removed by passing the CO, through a nickel -chromi-
um catalyst, and to wap moisture-carrying aerosols, a special filter was
put at the exit of the purification system. A series of experiments
showed that purified technical CO, gives the sameresultsas CO,obtained
by the thermal decomposition of sodium bicarbonate ("chemically pure”)
and subsequent removal of water vapor and oxygen traces [10]. Thus we
could assume that the purification employed was satisfactory. The cell
volume was about 20 ml. Hydrogen adsorption isotherms were obtained
from the anodic charging curves [11]. The measurements were carried
out at room-temperature, 20 + 2°C. The potential @, are given with
respect to the rhe in the same solution,

The curves given Fig. 1 show how the potential of a Pt/Pt elec-
trode varies after it has been brought in contact with an H,SO, solution
saturated in advance with CO,*, with subsequent passing of CO, into
the working compartment of the cell (ca, 1.5 h)., The figure shows that

W presence of CO, in the solution causes ¢ to shift to the positive side

J : ; ) " (as already noted in [5]) so long as the initial potential, @, 9, is between
Vi 20 40 60 &0 0 and 350 mV. With ¢ in the "double-layer” region, pracucally no
£, min potential shift is observed The fastestshiftand the largest Ay (‘Pr )’)

are observed at (,p ~ 150 mV.
Fig. 1. Curves showing how the potential
of 2 Pt Pt electrode, upon introduction of
CQ,, skifis away from the starting potential
o : 1) 0; 2) 60; 3) 100; 4) 150; 5) 250; 6)
0G; 7) 350, 8) 500 mV. Base electrolyte:

5 * Prior saturationisnecessary so that the reaction on the electrode dur-
1 N H,S0,.

ing the initial period will not be limited by CO,
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Curves for th electrooxidation of "reduced CO," cor-

responding to diferent ¢ ': 1) 0; 2) 60; 3) 150; 4) 250; 5)
350 mV. The charging curve in the base electrolyte, 1 N
H,SO,, are indicated by c. Current density: i= 0.36 mA/em?
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Fig. 3. Hydrogen adsorption iso-
therms in 1 N H,S0, at various
surface coverages of "reduced
COz". Values of the coefficient
k: 1) 0; 2) 0.1; 3) 0,31; 4) 0.54;
5) 0.85.

Hydrogen adsorption isotherms in presence of (CO, + H)

The plateaus on the charging curves (Fig. 2) at ¢ values of the "double-
layer” region correspond to the electrooxidation of "reduced CO,". The depen-
dence of the adsorption coefficient k (Q(co, + H)/Qn") on ¢, is characterized
by the following values: 0mV, 0.74 60 mV, 0.85 100 mV, 0.73; 1530 mV, 0.5%;
250 mV, 0.31; 300 mV, 0.10; 350 mV, 0.05. As expected, the amount of (Co,

+ H), 44 increases with increasing initial coverage of the surface with Hygg,
however, the maximum surface coverage with "reduced CO," cccurs for o va-
lues somewhat more positive than the reversible hydrogen electrede potential.

are present at ¢, values of the "double-layer” region in sulfuric acid solutions.
The fact that the formation of small quantities of (CO, + H), 4, in the case o °

= 350 mV leads to a drop in the "double-layer” capacity* of the Pt/ Pt elecmods
from about 70 to 50-55 pF/cm? (i.e., by ca. 25%) is most probably due o (at
least partial) bonding of the H, 4, which is usually ionized at ¢ of the "doudle-
layer” region by the carbon dioxide.

According to [12-14], one must assume that adsorbed oxygen or Eydrogen

The sum of the amounts of bonded (Q(CO2 + H)) and nonbonded (QHl) ad-
sorbed hydrogen is close to the initial quantities Qp at all ¢ (Fig. 2). From
this we may conclude that none of the products of CO, reduction passes into 122
solution, An analogous conclusion was drawn in [15] from analytical measure-

zation of Pt/ Pt) does not cause notable changes in the behavior of the eleczo-
oxidation curves for the chemisorbed product, neither qualitatively ner quaniiiz-
tively, which is proof for the strong chemisorption of the latter. According to

Giner [1], CO; chemisorbs also at negative ¢,.

Since for different e(c AT the sum of the amounts of “reduced CGO;”
and of hydrogen adsorbed at ¢ = 0 is close to Qy’, one must suppose that the
species (CO, + H), s, like "chemisorbed methanol” [8, 11], occupies as mamy
hydrogen sites as the number of electrons it gives off upon oxidation.

ads show (Fig. 3) that with increasing coverage of the

surface with "reduced CO,", the work of removal of ohe mole H,qg decreases from ca. 3.4 keal in 1 N Hp SO, 10 ca.
2.2 keal at the maximum 6 (cQ, + H)-

Practically the same values were obtained in [11] for CH3OH chemisorption at anodic polarization. The "effect
of preferential chemisorption” on sites with high H,q bond energy [11] can, in fact, also be due to the decrease in
hydrogen bond energy at sites neighboring those occupied by "reduced CO,". One must probably assume that

* As calculated from the slope of the linear portions of the corresponding anodic charging curves at ¢ values in the

“double-layer” region.
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1 Fig. 4. Curves for the electrooxidation of "reduced CO," and of CH3OH,
HCHO, and HCOOH chemisorbed during anodic polarization. A) galvano-
static curves, i = 0.36 mA/cm?, B) potentiostatic curves,i= 0,36mA/ cm?,
I the dashed line being the potentiostatic curve in the base elecuolyte, 1 N
H,SO,, C) polarization curves for the oxidation of chemisorbed products.

(CO, = h"ad— changes the structure of the electric double layer on platinum, shifting in particular the potential of
zero charge. A strong effect of chemisorbed organic species on the adsorption of anions and cations on platinum has
been demonstrated in [16] by the use of labeled atoms.

\omthstandmg a certain preferential chemisorption of "reduced CO," 011 sites with high Pt—H ds bond energy,
ntioned above, one finds always that after the introduction of CO, at ¢’ values of the hydrogen region, hydro-
ites corresponding 1o ¢ < ﬁ"r are occupied to a considerable extent. This effect is difficult to explain assuming

2t CO, only screens H ;0 without undergoing any chemical interaction with it*.

as me

Since with increasing surface coverage with (CO, + H),q4¢ the amount of potential-determining nonbonded
diminishes, wefind it insufficient to explain the shift of ¢ upon introduction of CO;, only with a lowering of the
face concentration of H, 4, [5]. The character of the distribution of chemisorbed species over the surface is of
geat importance for this problem, especially chemisorption of (CO; + H}ads also on those sites corresponding to
<g.’ Infact, one can find a relationship between the potentials ¢ ®and @ ! for the case where any preferential

chemisor ption of CO, on sites with larger Hy 4 bond energy is completely absent, assuming to a first approximation
Temkin conditions for the adsorption of hydrogen [17], and starting from the following relations:

(‘-qe

Qu = Qu® — k19° (1)
Qu' = (Qu° — Qco.+m) — k2, 1)
Qco.+m = Qu-j, (2)

*Breiter [5] made certain critical remarks concerning the concepts developed in [6].
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where Qy and QH1 are the quantities of nonbonded Hads before (1) and after (2) CO, chemisorption; j is the degree
of bonding of hydrogen that had been present at qar“; k, and k, are certain constants. From Egs. (1-3) we obtain by
simple substitutions

(3)

k; f QHO
ri=_ ro; A r=— ri_ r0-= ro(—‘——i)= ru' 3 _1) 4
b i o PO — 0w kg o

According to Eq. (4) and the experimental values of j (Fig. 2), the Ag "values must be small at ¢;® values
close to 0 (j < 1), and also at :,pr“ values where the H, 4 coverages of the surface are small (j =~ 1, jklurs = Qgy"), and
they must be largest at intermediate (,or” values corresponding to the hydrogen region. This agrees qualitatively*
with experiment (Fig. 1). The rate of attainment of rprl as well as the dependence of f on (,orG are obviously deter-
mined by the kinetics of CO, chemisorption which require special investigation.

Comparison of the curves for electrooxidation of "red uced COp" —galvanostatic, potentiostatic, and polariza-
tion curvest —withcurvesobtained under analogous conditions for the electrooxidation of the chemisorbed species
accumulated during anodic polarization of the Pt/ Pt electrode in 0.1 M solutions of CH;OH, HCHO, and HCOOH
(Fig. 4) allows us to suggest that basically the same species are present on the surface in all cases. Ceriaindifferances
in magnitude and shape of the plateaus (Fig. 4) and peaks (Fig. 4 B) corresponding to the electrooxidation of the
chemisorbed species can certainly be explained by differences in the Pt surface. The uniformity in theelectrochemi-
cal characteristics of chemisorbed CHsOH, HCHO, and HCOOH was also noted in [5], however, the higher overpoten--
tial for electrooxidation of (CO, + H), 4 found in [5] was not confirmed in our experiments,

We express our deep gratidude to Academician A, N. Frumkin for participation in the discussion of the experi-
mental results.
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