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The generation of OH(ads) on platinum electrodes is of
interest because thisis probably the primary oxidant that

converts the CO(ads) poison on fuel cell anodesto CO».
It has been assumed that OH(ads) forms by dissociation of

H2>O(ads) to yield OH(ads) + H(ads). At the fuel cell
anode working potential, which is > 0.4V (Hy), H(ads)

would discharge into solution as H+(aq). However,
recently estimated OH™2 and H? absorption bond strengths
do not appear high enough to support this proposed
mechanism and so the most likely alternative, oxidative

proton transfer from H>O(ads) into solution, must be
considered. By the same token, as the platinum electrode
potential isincreased and OH(ads) is oxidized, energetics
do not favor its dissociating on the surface, so oxidative
deprotonation into solution should be considered for it as
well.

Establishing mechanisms for reactions such as these by
either experimental or theoretical meansis a difficult
proposition. An ab initio quantum chemistry approach to
calculating redox activation energies and transition state
structures and their dependence on electrode potential has
been under devel opment recently, with applications to
hydrogen evolution® and oxygen reduction®. This
approach uses a molecular model for the oxidation or
reduction centers. In the case of electrooxidation, the
reaction center is assumed to become ionized when
thermally promoted to a structure where itsionization
potential (IP) is related to the electrode potential (U) by

U/V = IP(reaction center)/eV - 4.6 (D)
where 4.6eV is the thermodynamic workfunction of the
hydrogen electrode. For reduction, one substitutes
electron affinity(EA) for IPin Eqg. 1. In the past reduction
work, the reactant H*(ag) was modeled by H-
OH2(OH2)2".

In the oxidation work reported here the proton solvating
speciesisthe available lone-pair orbital of OH2(OHy)o.
In thiswork the effect of the counter anion charge and
other ions in solution has been approximated, an
advancement over the past studies. Furthermore, O-H
bond Iengths in the proton accepting H2O and the
hydrogen bond distances have been varied in this work,
which is another departure from the previous studies.

In earlier work® areversible potentia of 0.57V was
calculated for the first step in HoO(ads) oxidation:

H20(ads) = OH(ads) + H'(ag) + €(U)  (2)
Thisis close to the approximately 0.6V potential where
OH(ads) isthought to form in acid electrolyte. A
vibrational band observed first at 0.7V on Pt(111) in 0.1M
HCIO4 has been tentatively assigned to OH(ads)®.

The calculations include el ectron correlation energy
corrections by means of the Moller-Plesset(MP2)
perturbation theory. The 6-31G** basis set isused for H
and O atoms and for Pt the Los Alamos pseudopotential

double zeta method is used. Bonds to the platinum
electrode surface are modeled with a single Pt atom,
which is a satisfactory approximation because the

calculated Pt-OHy, Pt-OH, Pt-H, and Pt-O bond strengths
are close to the adsorption bond strengths at low
coverages. The same approach was used in Ref. 5.

Using the model discussed above, at the increasing
electrode potentials of 0.2V, 0.45V, and 0.7V the
calculated activation energy decreases from 0.58eV to
0.26eV to 0.07eV. Thevalue at the predicted reversible
potential is0.18eV. Thetransition state structureis
shownin 1.
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A reversible potential of 1.32V was calculated® for the
reaction
OH(ads) = O(ads) + H'(ag) +€(U)  (3)
A low activation energy is aso calculated for it, with the
transition state shown in 2.
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From these resultsit is concluded that on platinum
electrodes adsorbed water is oxidized by deprotonation
into solution and the activation energies are low enough
for OH(ads) and O(ads) formation at low coverage that
their formation is under thermodynamic and not kinetic
control at the reversible potentials. It isof catalytic
significance that the reversible potential for OH(ads)
formation will be less on surfaces where OH absorbs more

strongly relative to H2O than in the case of Pt.
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