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Photoelectron Spectroscopic Evidence for the Oxidation of Ir(ll1) 

In this note, we report the influence of 
CO on the incorporation of oxygen into the 
(111) surface of Ir, henceforth termed sur- 
face oxidation or near-surface oxidation. 
Oxidation of the Ir( 111) surface has been 
investigated previously (l-4), but one as- 
pect that has been neglected is the effect of 
the presence of CO on the surface oxidation 
reaction. We have found that the presence 
of CO affects the oxidation reaction mark- 
edly, and the results are presented below. 

The work reported here was conducted 
in a VG-ESCA III photoelectron spectrom- 
eter with a base pressure of 1 x IO-lo Tort-. 
The Ir(ll1) crystal was cut, polished, and 
cleaned by standard procedures and 
mounted so that gases can flow continu- 
ously over it while the photoelectron spec- 
tra are being recorded. We have published 
details concerning this technique previ- 
ously (5). The ultraviolet photoelectron 
spectra (UPS) were recorded with a He 
discharge lamp, optimized for the produc- 
tion of He II (hu = 40.6 eV) radiation. The 
sample was mounted so that photoelectrons 
were collected 50” from the surface normal. 

The He II UPS data are presented in Fig. 
1. The spectrum of the clean surface is 
shown in spectrum (a). Figure lb is the 
spectrum after exposure at 37S”K for sev- 
eral minutes to CO and O2 each at 7 x lop8 
Torr. The main peaks in the spectrum are 
identified according to the molecular or- 
bitals of CO to which they correspond (6). 
Clearly, CO is the principal adsorbed spe- 
cies. Upon raising the crystal temperature 
to 575”K, Fig. lc, the CO is substantially 
desorbed, and the spectrum is rather simi- 
lar to that of the clean surface. When the 
crystal temperature is raised to 775°K (Fig. 
Id) the mixture of CO and 0, begins to 
oxidize the surface. The intensity increase 
in the 4 to 7 eV region reflects this onset of 
surface oxidation. 

Following the spectrum in Fig. Id, the 

CO leak valve was closed, allowing the CO 
pressure to drop to 2 x lo-lo Torr. Immedi- 
ately following this pressure drop, but still 
at 775°K and in 7 x lOAs Torr of 02, the 
spectrum in Fig. le was recorded. The 
marked change in this spectrum indicates 
extensive oxidation of the surface. This 
oxidation reaction is retarded greatly by the 
presence of CO. Evidently, in the presence 
of CO, oxygen adatoms resulting from the 
dissociation of 0, are removed by reaction 
with CO before they can react further to 
form a surface oxide. 

Figure If demonstrates the relatively un- 
reactive character of this surface oxide. In 
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FIG. 1. The He II UPS data which illustrate the 
oxidation of the Ir( 111) surface. Spectrum (a) is of the 
clean surface; (b) is during exposure to CO and 0, 
each at 7 x 10-8Torr with the crystal at 375°K; (c) is as 
in (b) except that the crystal is at 575°K; (d) is as in (b) 
except that the crystal is at 775°K; (e) is in 7 x 10ms 
Torr O2 after pumping out the CO with the crystal at 
775°K; and (f) is under the same conditions as (b) 
except after the formation of the surface oxide. 
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NOTES 

Fig. If, the temperature was lowered to 
375“K, and CO was readmitted at a pres- 
sure of 7 x 10e8 Torr. At this temperature 
and pressure, oxygen adatoms are quickly 
removed via a Langmuir-Hinshelwood re- 
action mechanism on a reduced surface (I), 
yet the spectrum is unchanged from that of 
Fig. le. Clearly, the surface oxide has a 
much lower reactivity compared to the oxy- 
gen adatoms which are an intermediate in 
the formation of the oxide, and CO does not 
chemisorb on the oxide at 375°K. 

In conclusion, we have found that the 
presence of CO retards greatly the forma- 
tion of a surface oxide when Ir(ll1) is 
exposed at high temperature to 0,. The 
reason for this is that oxygen adatoms 
which are an intermediate in the oxidation 
reaction can easily be removed by reaction 
with CO. 
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