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The kinetics of the CO oxidation was studied over polycrystalline iridium under ultrahigh 
vacuum conditions. The reaction was first-order in CO and zero-order in 02 for low CO pres- 
sures, while it was inhibited by CO above a certain critical CO pressure. Above that pressure 
the reaction was first-order in 02 and negative-order in CO. The amount of adsorbed CO and 
oxygen during the catalyzed reaction was determined with flash-desorption, AES, and UPS. 
Above the critical CO pressure the amount of adsorbed CO was equal to that in the CO/Ir 
equilibrium (nonworking) system. It decreased sharply around the CO pressure and was very 
small at lower pressures. The amount of adsorbed oxygen decreased smoothly as the CO 
pressure increased and became very small around the critical CO pressure. This kinetic behavior 
can be explained in terms of a Lanamuir-Hinshelwood mechanism and a change in the rate- 
limiting process. 

INTRODUCTION 

Several kinetic studies on the CO oxida- 
tion over iridium have recently appeared 
in the literature (1-6). Christmann and 
Ertl (1) have studied the temperature de- 
pendence of the steady-state CO2 produc- 
t’ion rate over an Ir(ll0) single crystal 
surface, which is very similar to that ob- 
tained over various palladium and platinum 
single crystal surfaces. They have con- 
cluded that CO2 is formed through an 
Eley-Rideal process (ER), namely, CO 
(gas or phys. ads.) +0 (them. ads.) + COZ. 
Kippers and Plagge (2) have studied the 
same reaction over an Ir (111) surface and 
obtained a similar temperature dependence, 
which has been explained in terms of the 
ER mechanism. When the surface covered 
by both CO and oxygen is heated, however, 
they have observed that COZ is produced 

1 To whom all correspondence should be sent. 

through a Langmuir-Hinshelwood process 
(LH), namely, CO (them. ads.) + 0 (them. 
ads.) -+ CO*. Weinberg and his co-workers 
(5, 6) have explained the temperature de- 
pendence of the steady-state CO2 produc- 
t’ion rate in terms of the LH mechanism, 
considering the changes with the tempera- 
t,ure in the concentrations of CO(a) and 
oxygen on the surface during the catalyzed 
reaction. On the other hand, recent mole- 
cular beam (7, 8) and transient isotope 
t,racer (9, 11) methods have provided 
ample evidence that on Pt and Pd surfaces 
COZ is produced merely through the LH 
process. In addition, the reaction mecha- 
nism at a steady-state on those metals has 
been analyzed at a level of the rates of t*he 
elementary processes (12-14). There is a 
sharp change in the rate-limiting process of 
the steady-state CO2 production which 
occurs at a certain critical temperature and 
pressure of the reactants (1%14). A similar 
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FIG. 1. Variation of the rate of CO2 production at 
a steady-state with temperature at various fixed 
pressures of CO and 02. 

change is expected on Ir since the metal has 
a catalytic activity to this oxidation as 
high as Pt and Pd, and the kinetic be- 
havior reported so far (1-C) is quite 
similar t’o that on these metals. In the case 
of Ir, however, neither the kinetics nor 
the mechanism at a steady-state have been 
analyzed in detail. 

In this paper the detailed kinetic studies 
at a steady-state under low pressures and 
also the amount of adsorption of CO and 
oxygen during the catalyzed reaction are 
reported. The results are explained in terms 
of the Langmuir-Hinshelwood mechanism 
and a change in t’he rate-limiting process. 

EXPERIMENTAL 

The experimental apparatus and pro- 
cedures for kinetic studies were essentially 
the same as those reported previously 
(9-11, 14). The system was a bakable 
ultrahigh vacuum apparatus with a base 
pressure of less t’han 3 X lo-’ Pa(1 Pa = 
7.5 X 10B3 Torr). A polycrystalline Ir foil 
(30 X 6 X 0.05 mm) was used as a cata- 

lyst. The sample was mounted between 
two 0.3~mm-diameter tungsten wires by 
spot-welding, which were also spot-welded 
to thick molybdenum rods which served 
as current leads for resistive heating. 
The temperature was monitored with a 
Pt-Pt,/Rh thermocouple spot-welded on 
the foil. Prior to the experiment’s the sample 
was exposed to 1 X 10F4 Pa of oxygen at 
1500% for several hours, and flashed to 
1700°K for a few t,ens of minutes. Several 
repetitions of this treatment mere sufficient 
t,o establish stable catalyst behavior, such 
as the highest act#ivity for the CO oxidation 
and the stable adsorptjion--desorption phe- 
nomena of CO and oxygen. The above 
oxygen t,reatment was applied even in a 
series of measurements whenever the stable 
catalyst behavior was not observed. An 
iridium foil pretreated in a way similar to 
that meruioned above was analyzed by 
AES in a separate system. The surface was 
clean except for a t’race of silicon. 

AES and UPS st’udies were conducted, 
separately from the above kinetic st,udies, 
with a Vacuum Generators ESCA-3 Spec- 
trometer, which had Ar+ bombardment, 
AES, UPS, and residual gas analysis capa- 
bilities. The base pressure in the instrument 
was about 1 X 1OF Pa. The syst’em in- 
cluded a sample preparation chamber and 
a separate spectrometer chamber in which 
the electron energy analyzer was located. 
Reactant gases were admitted through leak 
valves in the preparation chamber. The Ir 
foil was mounted on the end of the rotatable 
cylindrical probe which was spot-welded 
t,o a nickel plate mechanically clamped. 
The t,emperature reading by a chromel- 
alumel thermocouple embedded in the end 
of the probe was calibrated by another 
thermocouple which was spot-welded di- 
rectly on t>he back of the Ir foil. The total 
pressure was monitored by an ionization 
gauge in the spectrometer chamber. The 
gauge was located near the diffusion pump. 
So another gauge was inserted near the 
cat,alyst in t*he spectrometer chamber, the 
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difference in the reading between the above 
two gauges was determined, and then the 
pressure near the catalyst during the 
measurements was estimated. The com- 
position of gases admitted was analyzed 
by a mass spectrometer in the preparation 
chamber. For adsorption studies at low 
temperatures, the sample was cooled by 
flowing liquid nitrogen via the cooling pipe 
embedded in the probe. The Ir foil was 
cleaned by repeated cycles of heating for 
several hours at 900°K in 1 X low4 Pa of 
oxygen followed by Ar+ bombardment 
until a clean surface was obtained as 
judged by AES. In these cleaning proce- 
dures the Arf bombardment 
because the sample could be 
up to 900°K. 

RESULTS 

1. Kinetic Studies 

was- needed 
heated only 

The COZ production rate at a steady- 
state was studied as a function of the cat’a- 
lyst temperature and the partial pressures 
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FIG. 2. Variation of the rate of CO2 production 
with CO pressure at 498°K and various fixed 02 
pressures. The vertical solid bars indicate fixed 02 
pressures: & 1.1 X 10m5 Pa; n , 2.7 X 10W5 Pa; and 
0, 5.3 X lop6 Pa. The reaction orders are indicated 
along the linear portion of each curve. The vertical 
dotted lines show sharp drops in the CO2 production. 
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FIG. 3. Variation of the rate of CO2 production 
with CO pressure at various temperatures under a 
fixed O2 pressure of 2.7 X lo-& Pa. There are sharp 
transitions in the rate law at some critical CO 
pressures drawn by vertical dotted lines. 

of the reactants. The observed m/e = 44 
mass signal was proportional to t’he COZ 
production rate since the reaction system 
was pumped continuously. It is assumed 
that COZ interacts so weakly with Ir sur- 
face that the partial pressure exerts no in- 
fluence: on the oxidation rate, since CO2 
is not adsorbed at the temperatures studied 
h&e as-shown in Sect’ion 2b. 

la. Temperature dependence. The steady- 
state oxidation rate depended st’rongly on 
the cat’alyst temperature and showed a 
maximum around the CO desorption tem- 
perature (1, 2, 4, 5, 16, 17). Some typical 
results are shown in Fig. 1. The rate in- 
creased slightly with an increase in the tem- 
perature below a certain value where it 
grew up sharply to a maximum, and 
decreased again at higher temperatures. 
This temperature which showed a sharp 
increase in the rate shifted to higher values 
with an increase in the CO pressure. The 
maximum rate showed first-order de- 
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FIG. 4. Variation of the rate of CO2 production with 0, pressure under fixed CO pressures: 
A, 1.4 X lo-5 Pa; and 0, 2.7 X 10e5 Pa. The vertical dotted lines show sharp jumps in the COZ 
production. 

pendence to the CO pressure when the 
pressure was less than twice t’he 02 pres- 
sure, while above that pressure the maxi- 
mum rate did not increase with the CO 
pressure. Figure 1 shows the rate observed 
under PC0 = 11.1 X 1OW Pa, which gave 
the same maximum value as that under 
PC0 = 5.4 X 10W5 Pa. The temperature de- 
pendence is also seen in Fig. 3, where t’he 
same O2 pressure is used. 

lb, Reaction order with respect to CO. 
Figures 2 and 3 summarize the measured 
COZ production rates at a steady-stat,e 
as a function of CO pressure for several 
fixed oxygen pressures and several fixed 
temperatures. The reaction orders with 
respect to CO are shown for each linear 
portion of the figures. The measured rates 
are independent of the sequence of pres- 
sures used. These figures are both charac- 
terized by sharp transitions at a certain CO 
pressure. Below that pressure the reaction 
was first-order in CO and independent of 
the temperature while above t’hat pressure 
it was negative-order and very sensitive 
to the temperature. The absolute CO2 
production rat’e in the former region was 

close t’o that on Pd (15) and Pt (14) in 
similar conditions. The magnitude of the 
negat’ive-order, which measured the extent 
of inhibit’ion of the reaction by CO, was 
large when t,he catalyst temperature was 
low. In light of the discussion below, most 
of this change is due to variation in CO(a) 
which depends strongly on the temperature. 
At 633°K t’here is no longer inhibition in 
t’he high-pressure region, rat’her the zero- 
order dependence indicates a saturation 
condition. The rate dropped discontinuously 
at the critical CO pressure as shown by the 
vert’ical dotted lines. Around that pressure 
it took several tens of minutes to reach a 
steady-state. It appears that two ele- 
mentary processes compete with each other 
to govern a main surface species and the 
difference between those rates is very 
slight around the critical CO pressure. 
The critical pressure shifted toward low 
values with a decrease of the temperature. 

le. Reaction order with respect to 02. 
Holding the CO pressure constant, we 
determined the order of CO, production 
rate at a steady-stat’e with respect to 
oxygen. The results are shown in Fig. 4. 
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Like carbon monoxide t,he oxygen de- 
pendence showed sharp transitions at a 
certain 02 pressure. The rate showed first- 
order and zero-order behavior below and 
above the transition pressure. The reaction 
rate below the transition pressure de- 
creased with an increase in the CO pres- 
sure, while above that pressure the satura- 
tion level increased with the CO pressure. 
The critical 02 pressure also shifted to high 
values with an increase in the CO pressure, 
as expected from the dependence on the 
CO pressure. 

Id. Amount of CO adsorbed during the 
catalyzed reaction. To understand the ki- 
netics it is now important to determine the 
amount of adsorbed CO and oxygen during 
the catalyzed reaction, especially around 
the critical ratio of the CO and oxygen 
partial pressures. The amount of adsorbed 
CO was first determined in the course of 
the reaction by means of a flash-desorption 
technique. Second, UPS was applied to the 
same subject as mentioned in Section 2c. 
The flash-desorption technique has been 
applied to determine the amount of ad- 
sorbed CO during the catalyzed reaction 
on Pd (18) and Pt (14, 19). The same pro- 
cedures were used here. The catalyst was 
heated to 800°K where CO was not ad- 
sorbed, from a steady-state working condi- 
tion at a fixed temperature, while t,he CO 
and COZ peaks were monitored. The amount 
of CO adsorbed initially was calculated 
as the sum of these peak areas. Figure 5 
shows the CO adsorption isotherm de- 
termined in this way at 468°K with 2.7 
X 10-b Pa of 02, i.e., working condition, 
and also without oxygen, i.e., nonworking 
condition (CO/Ir equilibrium system). 
The coverage was defined as the sum of CO 
and COZ peak areas relative to the maxi- 
mum area of the CO peak which was ob- 
tained by flashing from room temperature 
under a steady flow of CO. Above the 
critical CO pressure drawn by the vertical 
dotted line, the coverage during the reac- 
tion equalled the value measured in the 
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FIG. 5. CO adsorption isotherm determined by 
flash desorption in the presence and absence of 
oxygen. The vertical dotted line shows a critical 
CO pressure. 

CO/Ir equilibrium system, i.e., the ad- 
sorption-desorption process of CO is in 
quasi-equilibrium. The CO coverage de- 
creased sharply around the critical CO 
pressure and became very small under 
lower pressures. In the latter region, the 
coverage was much less than that in the 
CO/Ir equilibrium system, i.e., the CO 
adsorption process was not in equilibrium. 
Above that critical pressure the desorption 
peak area of COZ was very small as com- 
pared with that of CO and no O2 was de- 
sorbed even the catalyst was flashed to 
1400°K. This fact means that the amount 
of oxygen adsorbed above the critical CO 
pressure is much less than that of CO. 

2. Adsorption Studied with AES and UPX 

The adsorption of oxygen and carbon 
monoxide during the reaction and also the 
adsorption-desorption of carbon dioxide at 
low temperatures were studied with AES 
and UPS. 

da. Oxygen adsorption during the catalyzed 
reaction. The amount of adsorbed oxygen 
during the catalyzed reaction was followed 
by monitoring the peak-to-peak height of 
the differentiated oxygen Auger signal. The 
catalyst temperature was maintained at 
high values to reduce the contribution from 
oxygen Auger signal due to adsorbed 
carbon monoxide. The variation of the 
amount with CO pressure at 643°K is 
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FIG. 6. Steady-state oxygen Auger signal as a function of CO pressure at 643°K and a fixed 02 
pressure of 1.2 X 10m4 Pa. Open circles show oxygen signal not accompanied with a carbon signal. 
Triangles indicate the presence of a detectable concentration of carbon, probably from adsorbed 
carbon monoxide. 

shown in Fig. 6. The intensity of oxygen 
signal shown in the figure was normalized 
to the peak-to-peak height of the iridium 
Auger signal. Under some conditions a 
carbon Auger signal was observed indi- 
cating chemisorbed carbon monoxide. Those 
are denoted as triangles in Fig. 6. Except 
for these points, the oxygen Auger signals 
contain no contribution from CO (a). Under 
these experimental conditions all of the 
adsorbed oxygen was reactive toward CO 
since the Auger signal vanished when the 
O2 supply was terminated. Conclusively, 
the amount of adsorbed oxygen is significant 
below the crit)ical CO pressure and very 
small above the pressure. 

2b. Adsorption and desorption of COZ. CO2 
was adsorbed at 78°K. The clean Ir surface 
was cooled down to 78°K and exposed to 
CO2 at 1 X 10e4 Pa for 300 sec. The 
photoelectron emission from this surface 
was analyzed at hv = 40.8 eV. The results 
are displayed together with that from the 
clean surface in Fig. 7. Three new levels 
appeared which were associated with ad- 
sorbed COZ. The emission from the metal 
itself was attenuated very much. This may 
be attributed to the multilayer formation 
of COZ (20). A condensed or physisorbed 
layer of CO2 on Au (21), I% (222, Pt (23), 

and Cu (24) has shown a similar spectrum. 
In those works the level at 8.0 eV is as- 
signed to the l?r, orbital, the level at 12.1 eV 
as the unresolved 17r, and 2u,, and that at 
13.0 eV as the 2~~ orbital. Th$ levels in gas 
phase COZ (25) are indicated in Fig. 7 (ii) 
with 2u, level shifted to coincide with the 
12.1 eV line. The photoelectron spectrum 
due to COZ adsorbed was not observed aft,er 
the catalyst was heated to 123°K for 10 min. 
The desorption temperature of adsorbed 
COZ is lower than that temperature. A 
similar result has been ,observed on Pt (23). 
Thus desorpt)ion of CO2 will be a rapid 
process under all experimental conditions 
used here for kinetic studies. Once this 
molecule is formed by t’he oxidation of CO 
on the surface it will be immediately re- 
leased into the gas phase. Therefore it is 
reasonable to assume that the CO2 partial 
pressure has no effect on the oxidation rate. 

2c. CO adsorption studies with UPS. 
UPS can be easily used to monitor the 
variation of the amount of adsorbed CO 
during the catalyzed reaction since the 
photoelectron emission yield from CO mole- 
cule is large and the helium resonance light 
does not decompose adsorbed CO molecules. 
The photoelect’ron emission was observed 
at hv = 40.8 eV while the clean surface 
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was exposed to CO of 1 X 10-j Pa at 465°K. 
Adsorption of CO leads to the formation of 
extra peaks at 8.4 and 10.9 eV and a small 
shoulder around 7.0 eV below the Fermi 
level. The spectrum is in agreement with 
that observed from CO on Ir(ll1) (2, 26), 
(100) (d?‘), and polycrystalline (26) sur- 
faces. The electron energy levels in gas 
phase CO (25) are drawn by vertical lines 
in Fig. 7 (iii) with 4~ level shifted to coin- 
cide with 10.9 eV line. The levels at 7.0, 
8.4, and 10.9 eV are assigned to 55, In, and 
4u orbitals, respectively (26, 27). 

In order to know the variation of the 
amount of adsorbed CO during the cata- 
lyzed reaction, the peak area due to 
(5~ + l?r) orbital was plotted against the 
CO pressure. The results are shown in 
Fig. 8. The upper panel shows two spectra 
obtained under different working condi- 
tions, which are very close to the critical 
CO pressure, The peak due to (5~ + l?r) 
orbital is cross-hatched. The lower panel 
shows the variation of the peak area with 

CO pressures at a fixed O2 pressure. Those 
are drawn as triangles. Open circles show 
the peak area of the same orbital in the 
absence of 02. The amount of adsorbed 
CO increased sharply around 2 X 10-j Pa 
of CO and became equal to that in the 
CO/Ir nonworking (equilibrium) condition 
at higher CO pressures. This result confirms 
the CO adsorption isotherm during the 
reaction determined by flash desorption. 

As summaries, the reaction kinetics 
changes discontinuously at a certain critical 
CO pressure which increases with increasing 
02 pressure and the temperature. Below 
that CO pressure, the oxygen adatom is 
predominant on the surface, whereas above 
that pressure the surface is mainly covered 
by CO. Those kinetic and adsorption phe- 
nomena are quite similar to those on Pd 
(13, 15, 18) and Pt (12, 14, 19, 28). 

DISCUSSION 

In this section we will discuss mainly the 
relationship between the rate-limiting pro- 
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FIG. 7. Photoelectron spectra of (i) a clean Ir surface at 465”K, (ii) a condensed film of CO* 
at 78”K, and (iii) a CO adlayer at 465°K. The peak positions in the spectra of gaseous CO2 and 
CO are also drawn by vertical solid lines. 
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FIG. 8. (a) Photoelectron spectra from Ir surface during the catalyzed reaction. The steady 
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cess, the kinetics of the overall CO oxida- 
tion at a steady-st,abe, and the amount of 
absorbed CO and oxygen during the cat,a- 
lyzed react’ion. Only a qualitative discussion 
is given here since in a previous publication 
on Pt (14), which is very similar, we have 
presented a detailed description of the 
reaction mechanism. 

1. Temperature Dependence 

The temperature dependence of the rate 
shown in Fig. 1 is in general agreement with 
that reported on single crystal (110) (1) 
and (111) (2, 4) Ir surfaces. The effect of 
the CO pressure on the dependence is quite 
similar to that on Pt when the CO pres- 
sure is less than the 02 pressure (14). 
Below the temperature where t,he rate was 
maximized, the apparent activat,ion energies 
were estimated to be 130-50 kJ/mol, 
which were close to the desorption energy 
of adsorbed CO, -1120 kJ/mol (1, 2, 4). 

From this comparison Ertl et al. (1, 2) have 
concluded that the CO desorption is the 
rate-limiting process. According to the 
recent kinetic analysis of the LH process 
(5, 6, 29), however, this process is faster 
than the thermal desorption of adsorbed CO 
at relatively low t’emperatures if the oxygen 
coverage is significant. In other words 
CO(a) is removed as CO2 through the LH 
process rather than the thermal desorption. 
Therefore the latter cannot control the 
removal rate of adsorbed CO in the course 
of the reaction where the oxygen pressure is 
significant. The same conclusion has been 
derived on Pt (1.2, 14) and Pd (18, 30). 
As discussed below the dissociative adsorp- 
tion of oxygen is rate-limiting in t.his tem- 
perature region which corresponds to CO 
pressures above the critical value. The 
adsorption-desorption process of CO is in 
quasi-equilibrium. The adsorpt’ion rate of 
oxygen is determined by the O2 collision 
frequency and the surface area available for 
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O2 adsorption. This area depends strongly 
on the amount of adsorbed CO since CO(a) 
prevents oxygen from being adsorbed. 
Thus the area should increase with the 
temperature, being due to the decrease of 
CO (a). At higher temperatures and when 
the CO pressure is less than the critical 
value at temperatures as high as 555°K 
(Pco/Po~ N 2) (see Fig. 3), the rate is in 
general limited by the CO adsorption and 
the decrease of the rate is attributed to the 
decrease in the CO(a) and O(a)coverage 
through the thermal desorption or the 
diffusion into the metal bulk (31, 32). 
When the CO pressure is higher than twice 
the 02 pressure, the rate of the CO2 pro- 
duction is always limited by the 02 ad- 
sorption regardless of the temperature. 

2. Kinetics and Mechanism 

Sharp transitions in the rate law sum- 
marized in Figs. 2, 3, and 4 strongly sug- 
gest that a change in the rate-limiting 
process occurs around the critical CO pres- 
sure. The CO adsorption data of Figs. 5 
and 8, and also oxygen adsorption data of 
Fig. 6, facilitate understanding the kinetic 
behavior of the overall CO2 production rate. 
At CO pressures below the critical value 
CO(a) was not accumulated up to the 
equilibrium level. This fact means that the 
removal process of adsorbed CO, i.e., the 
LH process plus the CO thermal desorp- 
tion, is faster than the thermal desorption 
at the equilibrium coverage, i.e., the desorp- 
tion rate of CO(a) when the adsorption- 
desorption process of CO is in equilibrium. 
And further the fact that the amount of 
CO(a) is much less than the equilibrium 
value means that the LH process plays a 
major role in eliminating CO(a) from the 
surface. In fact, at relatively low tempera- 
tures (lower than -500°K) adsorbed CO 
is removed as CO2 through the LH process 
rather than CO (29). The amount of ad- 
sorbed oxygen is significant and the surface 
is deficient in CO(a). The rate-limiting 

process is the CO adsorption on the oxygen- 
covered surface. Thus the reaction is first- 
order in CO, zero-order in 02 and inde- 
pendent of the temperature. The amount 
of adsorbed oxygen decreased smoothly as 
the CO pressure increased and became very 
small around the critical CO pressure. The 
thermal desorption rate of adsorbed oxygen 
is pretty small at the temperatures studied 
here (31, 32). At a steady-state the adsorp- 
tion rate should be equal to the removal 
rate of adsorbed oxygen which is the CO2 
production rate. Below the critical CO 
pressure, the CO* production increases 
with an increase in the CO pressure and 
then the adsorption rate of oxygen should 
also increase. Therefore the surface is un- 
covered to a larger extent with an increase 
in the CO pressure to offer adsorption sites 
for oxygen adsorption and then the oxygen 
adatom which is predominant on the sur- 
face decreases, as is actually seen in Fig. 6. 
On the other hand above the critical CO 
pressure the amount of adsorbed CO was 
almost equal to that observed in the CO/Ir 
equilibrium (nonworking) system. The 
amount of adsorbed oxygen is much smaller 
than that of CO(a), implying that the 
oxygen adsorption is slower than the con- 
sumption rate of O(a) by the reaction with 
CO(a). Hence adsorbed oxygen cannot be 
accumulated on the surface and the oxygen 
adsorption is the rate-limiting process of 
the COZ production. Thus the reaction 
should be first-order in 02. The oxygen 
adsorption is severely retarded by CO(a) 
and the amount of CO(a) increases with a 
decrease of the temperature. So the magni- 
tude of the negat’ive-order should increase 
with a decrease of the temperature, as is 
actually seen in Fig. 3. 

3. CO Inhibition Region 

The inhibition region by CO(a), i.e., 
CO pressures above the critical value or 
02 pressures below the critical value, is 
extended as the temperature decreases. 
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Quite similar phenomena were observed on 
Pt and explained quantitatively in terms 
of the LH process (14). Qualitatively the 
LH process eliminating CO(a) from the 
surface has a significant act’ivation energy 
(-40 kJ mol-I) 2, 5, 6), while the adsorp- 
tion of CO needs lit’tle activation energy 
(4, 16, 17, 27). At temperatures as high as 
555°K where the LH process is very fast 
(5, 6), the boundary between the inhibition 
and noninhibition regions is determined by 
the balance between the supply rat,es of 
oxygen and carbon monoxide ont’o the 
surface (14). In the case of Ir, t’he ratio of 
the CO pressure to the 02 pressure was 
obtained to be 2 at t’he crit’ical pressure 
and such high temperatures. At lower tem- 
peratures it is determined by the compari- 
son of the rate of the LH process with the 
adsorpt’ion rate of CO. So the critical CO 
pressure should shift to low values from 
the crit,ical value at temperatures higher 
than 555”K, i.e., Pco/Po~ = 2 wit’11 a 
decrease of the temperature as was 
actually observed. 
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