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In a recent letter [1], Bowker, Guo, Li and Joyner (BGLJ) note the structure sen-
sitivity of CO oxidation with respect to Rh(111) and Rh(110), under conditions
where the CO coverage is negligible and the oxygen coverage is high. Such structure
sensitivity in the low CO coverage region has been noted and studied previously
[2,3] in publications cited by BGLJ. Although cited, the authors apparently were
not familiar with the contents of either reference. For example, BGLJ state in the
introduction with respect to ref. [2] that ““all data were obtained under conditions
where the surface was covered by nearly a full layer of molecularly adsorbed CO.”
Furthermore, BGLJ close their introductory remarks with the statement ‘“‘Sur-
prisingly, there have been no studies in which the rates of reaction on different sin-
gle crystal planes have been compared directly.” Both of these statements are
simply not true.

Ref. [2], the title of which is “Kinetics of CO oxidation by O, and NO on
Rh(111) and Rh(100)”, discusses in great detail the comparative rates of CO oxida-
tion obtained at high (~ 1 atm) pressures over these two particular Rh surfaces.
Similarly, Schwartz et al. [3] describe comparative rate measurements over the
same Rh(111) and Rh(100) surfaces obtained atlow (~ 10~7 Torr) pressures, gener-
ally the same pressure range studied by BGLJ [1].

Refs. [2,3] also both describe two kinetic regimes for the CO-O; reaction over
Rh. In the first of these regimes the reaction is negative first order in CO pressure
and positive first order in oxygen pressure. In this regime in ref. [2], CO oxidation
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rates over Rh(111) and Rh(100) surfaces are shown to be distinctly structure insen-
sitive at conditions near stoichiometry. In ref. [3] this regime near stoichiometry
occurs below 450 K, as it does for BGLJ [1]. The discussion in ref. [2] accounts for
this behavior on the basis of a kinetic model developed previously by Oh et al. [4].
For reaction conditions near stoichiometry and at moderate temperatures, CO is
the dominant surface species and CO desorption is required to provide adsorption
sites for O, molecules, that then are able to dissociatively adsorb. Importantly
(see below), the subsequent Langmuir—Hinshelwood ( LH) reaction between chemi-
sorbed CO and O-atoms occurs rapidly with a relatively low activation energy [4].
Structure insensitivity can then be attributed to the similar CO desorption energies
from metal surfaces with variable surface atomic structure [5], as restated by
BGLJ [1]. That the high pressure and low-pressure behavior in this kinetic regime is
equivalent and accurately described by the same model, even for data taken over
a pressure range of eight orders of magnitude, is clearly showninref. [3].

In contrast, both refs. [2,3] describe results that show the CO oxidation reaction
becomes structure sensitive at high temperatures and/or high O, partial pressures.
At low pressures in ref. [3] the CO-O; reaction rate in this regime is limited by the
availability of CO and is positive order in CO and negative order in O;. In both refs.
[2,3], structure sensitivity results when the CO coverage is reduced due to CO
desorption (higher temperatures) and/or competitive O, adsorption (higher O,
partial pressures). Correspondingly, the oxygen surface coverage on Rh rises.
Clear evidence for the correlation of these changes in surface coverages with chan-
ging reaction rates was presented in refs. [2,3], and was shown again by BGLIJ [1].
However, we believe that the cause of structure sensitivity is likely to be different
for the case of high-pressure reaction [2] compared to the results from low-pressure
reaction [1,3]. Hence, the structure sensitive kinetic regimes at high and low pres-
sures may not be directly equivalent. This belief is supported by the difference in the
relative activities of the rhodium surfaces measured for the reaction conditions
when structure sensitivity is observed. In the low-pressure experiments [1,3], the
more open (100) and (110) surfaces are more active than close-packed Rh(111). At
high (~ 1 atm) pressures, the order of reactivity is reversed with Rh(111) showing
a higher activity at high O, partial pressures relative to Rh(100) [2]. The authors in
ref. [2]interpreted this as due to the greater proclivity of the more open Rh(100) sur-
face to oxidize compared to the relatively smooth Rh(111) surface. In fact, three-
dimensional oxidation of Rh(111) has been shown to occur at high O,/ CO ratios
for the CO oxidation reaction at temperatures greater than 500 K [6]. In contrast,
previous studies have shown that Rh(111) will not bulk-oxidize at O, pressures as
high as 10~° Torr and temperatures up to 1000 K [7,8] even in the complete absence
of CO.

BGLJ [1] attribute the greater activity of the Rh(110) surface relative to
Rh(111) as being due to a difference in the activation energy for the LH reaction
between chemisorbed CO-molecules and O-atoms on these two surfaces. This is
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only one of several possible explanations and, perhaps, the least likely. The rate of
the LH reaction to form CO; can be taken to be of the form [4]

(~E/RgT)

fco, &~ Ae 9(;000 = kcozacoao .

As such, in addition to the LH activation energy, E, variations in the preexpo-
nential factor, 4, and surface coverages of CO and O are, of course, important con-
tributors to changing CO; formation rates. If we assume initially that 4 and E do
not change on any particular Rh surface with changing adsorbate (CO and O) cov-
erages, the maximum rate will still be determined by a delicate balance between
the CO and O coverages, both of which are critically dependent on each other. For
example, the presence of large oxygen coverages will certainly effect CO adsorp-
tion (sticking) and desorption kinetics. In fact, the measurement of the CO sticking
coefficient as a function of oxygen coverage has been described [9]; on Rh(111) it
decreases with increasing oxygen coverage [10]. Without in situ measurements of
sticking probabilities and coverages of oxygen and CO on the relevant surfaces at
reaction conditions, most assuredly nothing can be inferred from rate measure-
ments regarding the relative activation barriers of CO oxidation on any two sur-
faces as suggested by BGLJ. Notably, BGLJ’s citation of similar temperature-
programmed desorption (TPD) curves for CO from fully CO-covered Rh(111) and
Rh(110) is not particularly relevant to determining fco on these surfaces when
they are oxygen-covered and the CO coverage is low. Even in the absence of oxy-
gen, Oco will, of course, depend on the adsorption as well as the desorption kinetics,
and only the latter behavior is obtained in TPD experiments. With respect to the
possibility that structure sensitivity results from structure sensitive LH activation
energies, E, one should consider that the LH reaction rate constant, kco,, is quite
high and therefore, not likely to be rate-limiting. For example, when sufficient 0 is
present, virtually all coadsorbed CO will react to form CO, before the onset of
CO desorption on Rh(111) [11]. Finally, it is worth mentioning that 4 can poten-
tially be very sensitive to adsorbate structure by, for example, a change from mixed
to segregated islands as a function of adsorbate coverages [4], and this might be
expected to be structure sensitive as well.

In summary, previous work described in refs. [2,3] does directly compare
CO-0;, reaction rates on different single crystal planes of rhodium. This work
also shows clearly that CO oxidation is structure sensitive on Rh in the low CO
and high oxygen coverage regime as noted by BGLJ [1]. A determination of the
mechanism for this structure sensitivity, particulary that observed in low pressure
(< 1073 Torr) experiments, will require considerable additional study.
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