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Transient kinetic experiments were performed in order to study the catalytic reduction of NO by
CO over a polycrystalline platinum surface. The experiments were performed by preadsorbing one
reactant on the Pt surface at the reaction temperature and then rapidly introducing the second
reactant in a pressure jump while monitoring the transient production of COz. The CO2 production
rate, Rco2, was modeled as a function of NO and CO coverages (&o and 8co). When NO was
preadsorbed, the reaction rate can be described by Rcoz = k&.,00 co (for the onset of the reaction)
(for the final portion). The onset of COz production showed no detectable
and Rcoz = k’ON&ree SlteS
induction period in these experiments. When CO was preadsorbed, the reaction rate is described by
R CO2 = K’eN08fre
sites (for the onset of the reaction) and Rcoz = K”(Bco)2 (for the final portion). For CO
preadsorption, a time delay in the onset of COz production which varied with temperature and the
initial amount of preadsorbed CO was observed. Our transient kinetic results indicate that the
reaction proceeds over a wide range of reaction conditions via a dissociative mechanism in which
NO<,, first dissociates into N,,, and O,,,, and then O,,, reacts with CO,,, to form C02. D 1989 Academic
Press. Inc.

I. INTRODUCTION

The fundamental catalytic aspects of the
reaction of nitric oxide (NO) and carbon
monoxide (CO) on various metal singlecrystal surfaces, especially rhodium and
platinum, have been the topic of much research in recent years (I-14). The reaction
between NO and CO,
(1)
NO + CO + 4Nz + CO*,
is a fundamentally
important oxidation reaction since it is slightly more complicated
than the classic oxidation reaction between
CO and Oz. The added complexity of reaction (1) is due to the formation of an additional product which could inhibit the reaction and to the more likely reaction of the
reactants through either a bimolecular or a
dissociative pathway. In addition, the study
of this reaction has practical importance because of continued interest in improving the
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0021-9517/89 $3.00
Copyright
All rights

6 1989 by Academic Press, Inc.
of reproduction
in any form reserved.

performance of automotive
catalytic converters.
The mechanism of nitric oxide reduction
on Pt has been studied and different mechanisms which depend upon the surface structure and reactant conditions used in the experiments have been proposed. Studies
using Pt (111) have shown almost no activity for reaction (1) (7), while Pt (100) has
been shown to be very active (6, 8, II). Pt
(410) has shown unique behavior, dissociating both NO and CO under UHV conditions (5, 12). Nitric oxide reduction has
also been studied under some conditions on
polycrystalline
Pt, which is of more practical interest, since working catalysts are obviously composed
of microcrystallites.
Klein et al. (13) studied the steady-state kinetics of reaction (1) using pressures between 1 and lop8 Torr and proposed that
the reaction occurred via the bimolecular
mechanism, in which the surface reaction
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between molecular NO and CO is the ratelimiting step. However, Aldoch et al. (24)
used total reaction pressures ranging from
1.75 X 10e4 to 4.2 X 10e3 Torr and found
evidence for the dissociative mechanism in
which NO dissociation
to produce adsorbed 0 atoms is the rate-limiting
step.
According to a recent review, the majority
of the literature suggests that at low pressures the dissociative
mechanism
dominates (15). However, this reaction has not
been investigated using a transient titration
technique.
Kinetic studies utilizing transient methods are very useful for providing mechanistic information.
An extensive review which
discusses a variety of transient techniques
including the pressure jump transient technique like that used in this paper, temperature-induced
transients,
and molecular
beam techniques, has been published recently (16). The objective of this paper is to
investigate the kinetics of the NO + CO
reaction by a transient titration technique
and model these results in order to differentiate between the bimolecular and the dissociative mechanisms for the catalytic reduction of NO by CO over Pt. The titration
technique is a powerful probe of reaction
kinetics, since it allows the reaction rate to
be measured as a function of reactant coverage. Thus, the rate laws can be expressed
in terms of reactant surface coverages
rather than partial pressures, and the kinetic effects of reactant adsorption are
transparent to the analysis.
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pumping speed, and mass spectrometer
sensitivity for the gas of interest. All coverages were calculated relative to the Pt substrate using the Pt atom density of 1.5 x
1015 cme2. The pumping speeds for CO*,
CO, NO, and N2 were measured using the
standard decay method.
The polycrystalline
platinum foil (12.0
x 14.0 x 0.1 mm, 99.998% purity) was
mounted in a manner previously described
(17). Carbon monoxide (99.99%, research
grade, Scientific Gas Products) was used
without additional purification. Nitric oxide
(99%, CP grade, Scientific Gas Products)
was purified by passing it through a silica
gel trap cooled in a dry ice/methanol
bath
prior to use.
Initial cleaning of the platinum foil consisted of heating to 1050 K in 2 X 10e6 Torr
O2 for 15 h, followed by treatment in 2 x
10m6 Torr NO2 for 4 h at 1150 K. In addition, the sample was also cleaned in 2 x
low6 Torr NO2 for about 30 min before experiments
each day. Temperature
programmed desorption (TPD) of CO was used
to verify that the surface was free from contamination.
After cleaning, the CO TPD
spectra agreed well with those obtained by
Winterbottom
(28) and Collins and Spicer
(19).
The titration technique and data analysis
used in these experiments
is similar to
that used by Bonzel and Ku for the reaction between CO and preadsorbed oxygen
on Pt (110) (20). In our studies, one reactant (either CO or NO) was adsorbed on the
surface at the constant reaction temperaII. EXPERIMENTAL
ture. After the chamber was evacuated, the
The apparatus used in these experiments
titrant was introduced into the system by
has been described in detail previously
way of a pressure jump. The partial pres(17). The 1.3-L reaction chamber was con- sures of N2 (28 amu), CO (28 amu), NO (30
tinuously pumped, and therefore, the reac- amu), and CO2 (44 amu) were monitored
tion rate is directly proportional to the CO2 with the mass spectrometer as a function of
partial pressure (above background)
as time. N:! was differentiated
from CO by
measured by a quadrupole mass spectromemonitoring
the 14 amu signal. When the
ter. The areas under the pressure vs. time
CO* pressure was below measurable detection (less than 2 x lop8 Torr, corresponding
profiles could be accurately converted into
units of molecules per square centimeter on to a rate of 2 X 10e4 CO2 molecules (Pt
the surface by using the system volume,
atom . s)-I), the chamber was evacuated
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and the Pt temperature was increased at 11 from these profiles can be found in a variety
K s-’ while monitoring the above masses. of papers by White and co-workers (16, 22,
We attribute the 44 amu signal to CO* and 23).
A material balance calculation was pernot N20 molecules because of coadsorption
experiments done by Lambert and Comrie
formed as a check for the accuracy of the
(22) and steady-state experiments done by coverage determination.
The total number
Aldoch and Lintz (14). Both of these stud- of titrant molecules (either CO or NO) was
ies used isotopic labeling experiments to calculated directly using the titrant signal
conclude that CO* is the major product
during the titration and the post-titration
formed in reaction (1) on polycrystalline
Pt. TPD. This number of molecules was then
A background experiment in which the compared to the number of titrant moletitrant pressure jump was induced for an cules calculated indirectly using the CO2
inert surface was also performed at each signal from the titration and post-titration
temperature.
The CO* and titrant signals TPD, assuming the appropriate stoichiomewere monitored as a function of time with try of reaction, These values agreed within
the mass spectrometer. This titrant signal 20%. The total number of preadsorbed molwas used as a pressure-response
curve for ecules was calculated indirectly by using
the CO2 signal from the titration and postdetermining the amount of titrant adsorbed
or reacted during the titration, similar to the titration TPD and assuming the appropriate
way that uptake is measured on a clean sur- stoichiometry of reaction. These values for
the initial coverage of the preadsorbate,
face. The method for calculating coverages
I
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FIG. I. The CO (+ and n ), CO2 (x), and Nt (5) signals monitored in the transient experiment where
preadsorbed NO was titrated by CO at (a) 380 K, (b) 400 K, (c) 420 K, and (d) 450 K.

CATALYTIC

REDUCTION

calculated using the titration data, were in
reasonable agreement with initial coverage
values obtained by comparison of the TPD
areas from the reaction temperature exposure (30 L) to TPD areas from the saturation exposure (30 L) at 120 K.
III. RESULTS

A. Titration

of NO by CO

A series of titration experiments, shown
in Fig. 1, in which Pt was preexposed to 30
L of NO at selected reaction temperatures
(380,400, 420, and 450 K) followed by the
introduction of CO was carried out. The initial surface coverages of NO in these experiments (referenced to the Pt atom surface
density were 0.10, 0.10, 0.090, and 0.070 at
380, 400, 420, and 450 K, respectively.
These initial coverages were 0.34, 0.34,
0.31, and 0.24 when calculated relative to
the saturation coverage obtained by a 30-L
NO exposure at 120 K. In the titration experiments, signals at 14, 28, and 44 amu
were monitored with the mass spectrometer as a function of time. Two major corrections were needed in order to process the
raw data collected. First, the contribution
of Nz, also a product molecule in reaction
(l), to the 28 amu signal was determined by
monitoring
mass 14. After correction for
the relative sensitivities of CO and Nz, the
NZ pressure was subtracted from the 28
amu signal, leaving an accurate CO pressure vs time profile. Second, the background COz signal, resulting from CO introduction, was obtained by measuring the
CO;! pressure during the appropriate pressure jump for an inert sample surface. In
Fig. 1, the system response for CO pressure
on an inert sample surface (+) is superimposed on the CO (m), N2 (A), and CO* (X)
signals during a titration experiment.
As
mentioned in Section II, the pressure-vstime signals for these molecules can be converted to number of molecules by using the
system volume and pumping speeds of the
molecules. Since the pumping speeds are
not equal for each molecule, the relative
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areas under the pressure-time
profiles in
Fig. 1 should not necessarily reflect the
stoichiometry
of the reaction until the
pumping speeds are considered.
Figure lc shows titration data at 420 K,
where the maximum pressure of CO2 is observed. This pressure is proportional to the
rate of reaction (1). At To, when the CO
pressure jump is initiated, the CO2 pressure
increases rapidly. The reaction rate increases to a maximum and then shows a
sudden decrease. Thus, there is no detectable induction time for the production of
CO2. After approximately
35 s the reaction
rate is below measurable detection. The CO
signal initially increases rapidly and then
remains relatively constant over the range
of maximum CO2 production (from 3 to 5 s).
When COz production decreases, the CO
partial pressure gradually increases up to
a constant value. TPD at the conclusion
of the titration
indicates that approximately 14% of the NO does not react at
420 K.
Figure lb shows titration profiles obtained at a Pt temperature of 400 K. The
CO* signal is very similar in shape to the
CO2 signal at 420 K discussed above; however, the maximum pressure is only 5.0 x
10e7 Tot-r, approximately
80% of the maximum pressure observed at 420 K. Again,
there is no induction time for CO2 production. The reaction rate, as monitored by the
CO* signal, shows a sudden decrease immediately following the peak maximum,
followed by a slower decrease. The post-titration TPD reveals that approximately
16% of
the NO does not react.
Figures la and Id show the titration data
for Pt temperatures of 380 and 450 K, respectively. The overall shape of the CO2
production transient diiers from those described at 400 and 420 K in that a more
gradual decrease in CO* pressure is observed immediately
after the peak maximum. The post-titration
TPD shows that
25% of the NO has not reacted after 45 s at
380 K, and about 12% of the NO has not
reacted after 52 s at 450 K.
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when NO was preadsorbed. The COz signal
shows only a slight increase initially and
Another series of experiments was per- then reaches a maximum of 2.8 x lop7 Torr
formed where CO was preexposed to the after 18 s. This induction time is not seen
surface followed by a jump in NO pressure.
when NO is preadsorbed. The titrant (NO)
Figures 2a and 2b show titration data from a signal (H) also shows little variation ini30-L preexposure of CO at 420 and 450 K, tially from the system response curve (+),
which resulted in initial CO coverages of increasing almost immediately,
and then
0.10 and 0.090, respectively (referenced to decreasing when the rate of CO2 production
the Pt atom surface density). These initial
begins to increase. The post-transient TPD
coverages were 0.41 and 0.33 when calcu- shows that 50% of the preadsorbed CO
lated relative to the saturation coverage ob- does not react during the NO titration meatained by a 30-L exposure at 120 K. The surement.
reaction profile at 420 K, in Fig. 2a, is
Figure 2b shows the data for a Pt tempermarkedly different from those observed
ature of 450 K, where the maximum COz

B. Titration

of CO by NO
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shows that this induction time is also a
function of the initial CO coverage. Titration profiles following 30-L, 15-L, 4-L, and
1-L CO exposures at 420 K are shown in
Figs. 3a, 3b, 3c, and 3d, respectively.
These figures show that the induction time
is shifted from 20 s to about 5 s as CO exposure is decreased from 30 L to 1 L.
IV. DISCUSSION

A. General Discussion of Mechanisms for
the Reaction between NO and CO

We first discuss two general mechanisms
through which the NO + CO reaction is
likely to take place. The results of modeling
the experimental titration curves using the
rate laws derived from these mechanisms
are discussed in the next section. All of the
data for the titration experiments were analyzed assuming a Langmuir-Hinshelwood
(LH) type of mechanism, where the reaction occurs between CO and NO adsorbed
on the surface, since current literature suggests that the NO reduction reaction takes
place between surface reactants (15). Also,
an Eley-Rideal
(ER) mechanism, by which
one reactant on the surface reacts with a
gas phase reactant molecule to form the
product, did not fit our CO;! production
curves for either the CO or the NO titration
experiments.
Two possible mechanisms
and their corresponding rate laws are discussed here: the bimolecular mechanism int1
0
II
II
1s
II
volving the direct reaction between coadT,
IO
20
30
40
sorbed CO and NO molecules, and the
dissociative mechanism where CO2 formaTIME(SEC)
tion occurs via the reaction between coadFIG. 3. The CO2 production rate at 420 K following
sorbed CO and 0 atoms that are liberated
CO preexposures varying between 1 and 30 L.
by NO dissociation.
Bimolecular reaction mechanism. The
bimolecular
reaction mechanism has been
rate was observed. The CO2 induction time
found
to
fit
data for steady-state kinetic
has diminished to about 1 s and the reaction
studies
at
high
pressures, as mentioned in
is complete after 10 s. After this transient
the
introduction
(23). The following eleexperiment,
25% of the preadsorbed CO
was unreacted.
mentary steps would result if the mechaThe previous results show that the induc- nism of CO1 formation proceeded through a
reaction between CO
tion time for the onset of reaction (1) is a direct bimolecular
function of reaction temperature. Figure 3 and NO (where .S denotes a surface site):
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co&., + s--f c0.s

(2-l)

NOe, + S + NO-S

(2-2)

CO-S + N0.S

--i,
COzo + N-S + S (2-3)

2N.S ---, Nzcgl + 2s.

If step (2-3) is rate determining,
ing rate law would be

(2-4)
the result-
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one 0 atom is liberated from every NO
molecule that dissociates. The importance
of this proportionality
will be discussed in a
later section.
These two mechanisms,
in addition to
other rate laws, were used to model our
experimental
titration curves. The results
are discussed for the two cases studied, (i)
titration of preadsorbed NO by CO, and (ii)
titration of preadsorbed CO by NO.

(3)
Rcoz = k&&o.
Since our titration experiments allow us to B. Modeling of CO2 Production Rate for
measure changes in 0~0 and dco, we can
the Titration of Preadsorbed NO by CO
evaluate the contribution of this mechanism
Figure 4 shows the modeling
results
directly,
(solid
lines)
for
the
titration
of
adsorbed
NO
Dissociative mechanism. The dissociaby
CO
experimental
data
(0).
Line
(a)
tive mechanism was proposed by Bell and
models
the
bimolecular
mechanism
using
co-workers on supported catalysts (24, 25).
Eq. (3), while line (b) models the dissociaIt has also been shown to fit steady-state
tive
mechanism, with step (4-3) as the ratedata (14) under conditions different from
limiting
step, using Eq. (5). As shown in
those used by Klein et al. (13). If the dissoFig.
4,
line
(a), the rate law derived from
ciation of NO were necessary for the reacthe
bimolecular
reaction mechanism (Eq.
tion between CO and NO to proceed, the
(3))
fits
the
initial,
rapidly increasing porfollowing elementary steps would result:
tion of the curve. However, this model
CO@ + s--j c0.s
(4-l) does not fit the latter portion of the data:
(4-2)
the maximum in the simulated data occurs
NO(,) + S--f NO-S
at 10 s while the actual rate maximum ocN0.S + S + N-S + 0-S
(4-3)
co-s

+ o*s *

co*(,) + 2s

(4-4)

h
N

2N.S -

Nzcgj + 2s.

,

(4-5)

If NO dissociation (step (4-3)) is the ratedetermining step, the rate law would have
the form
(5)
Rcoz = k’dNo.S.
The number of free sites is calculated from
the data using the expression *S = Orreesites
I
I
I
I
I
t
I
I
I
= (ST - ON0 - &o), assuming that the residence time for both N2 and CO2 at the reacT,
10
20
30
40
tion temperature is small. Sr is equal to the
total number of reactive sites.
TIME (SEC)
However, if step (4-4) above is rate deterFIG. 4. Models for the CO2 production rate for the
mining, the resulting rate law would have
titration of preadsorbed NO by CO experiments at 400
the form
K. Shown are the experimental data points (Cl), the
Rcoz = kvcoeo.

(6)

This expression is also proportional to Eq.
(3) derived in the previous section because

bimolecular rate law, RCOl = k&o&o (curve a), and
the dissociative rate law, Rcoz = k’f&o.S, resulting
rrom NO dissociation as the rate-limiting step (curve
b).
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curs at 6 s. Figure 4, line (b), shows that the
rate law derived from the dissociative
mechanism with dissociation as the rate-determining step (Eq. (5)) does fit the latter
portion of the CO2 rate. However, this
model fails to describe the experimental
rate for the initial, sharply increasing portion of the rate. This model, using Eq. (5),
does not start at zero because there are
some free sites available due to the fact that
the reaction is monitored at temperatures
near the desorption temperatures for CO
and NO. The above results of rate law modeling were found for all the temperatures
studied.
It is obvious that neither of these rate
laws can be used solely by itself to model
the entire CO;? titration curves. However, it
is feasible that a combination of these two
rate-limiting
cases can describe the rate accurately, particularly when the behavior of
NO on the Pt foil is considered. It has been
shown in previous work that about 20% of
NO dissociates during TPD on the Pt foil
surface and that the dissociation is limited
by the number of free sites available (26,
27). We propose that initially some preadsorbed NO dissociates into N and 0 atoms
before the titration begins. Then, when CO
begins to adsorb on the surface, the ratedetermining step is the surface reaction between oxygen and carbon monoxide, step
(4-4) above. As mentioned earlier, if this
reaction is the rate-determining
step, the
rate law would have the form shown in Eq.
(6). Since we cannot measure 00 directly,
the direct calculation of Eq. (6) using experimental data is not possible. However, Eq.
(6) is proportional to Eq. (3) (which we can
evaluate directly) because the coverage of
oxygen is proportional
to the coverage of
NO, as discussed previously. As shown in
Fig. 4, line (a), Eq. (3) describes the initial
portion of the rate up to 5 s. We believe that
the fit of Eq. (3) for the initial portion of the
rate is not a result of the contribution of the
bimolecular mechanism. If the bimolecular
mechanism were dominant, Eq. (3) should
fit the entire reaction rate profile. Instead,
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we attribute the fit of Eq. (3) to the fact that
Eq. (3) is proportional to Eq. (6). Thus, we
propose that step (4-4), the reaction between coadsorbed CO and 0, is the ratedetermining step for the initial portion of
the titration of adsorbed NO by CO.
When step (4-4) is treated as the rate-determining step for the initial portion of the
reaction, the fit of Eq. (5) to the latter portion of the data makes consistent, intuitive
sense. If the rate of step (4-4) is greater than
the rate of step (4-3), 0 atoms will be consumed more rapidly than they are generated. Eventually, the rate of COz production will be limited
by the further
production of surface oxygen through NO
dissociation, step (4-3). After this point Eq.
(5) should then describe the reaction rate.
As shown in Fig. 4, this is the case. Therefore, it is not necessary to invoke a change
in mechanism from bimolecular to NO dissociation to explain the use of two rate expressions to model the observed rate (although we cannot rule this out completely).
Figure 5 shows that the CO* production
rate data obtained in preadsorbed NO titration experiments
can be modeled accurately using the two-part rate law discussed
above for all of the reaction temperatures
studied. The initial portion of the CO;? rate
fits a rate law representing a bimolecular
expression (Eq. (3)), while the latter half
fits a rate law describing NO dissociation as
the rate-limiting
step (Eq. (5)). We explain
the fit of Eq. (3) by the fact that Eq. (3) is
proportional
to Eq. (6), as discussed earlier. Therefore,
two different rate laws
can apply even when a single mechanism,
NO dissociation, predominates throughout
the reaction if the rate-determining
step
changes from step (4-4) to step (4-3). The
kinetic parameters used in the modeling of
these data are listed in Table 1.
C. Modeling of the CO2 Production
Rate
in the Titration of Preadsorbed
CO
by NO

When CO is titrated by NO there is no
opportunity
for excess oxygen resulting
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FIG. 5. Summary of the COz production rates (0 indicates experimental data points) modeled using
the bimolecular and dissociative rate expressions for the titration of NO by CO experiments at (a) 380
K, (b) 400 K, (c) 420 K, and (d) 450 K.

from NO dissociation to accumulate on the
surface because of site blocking by adTABLE 1
sorbed CO molecules. If reaction (4) is the
dominant mechanism, the rate law derived
Kinetic Parameters Used in Modeling Data for the
Titration of NO by CO
using step (4-3) above as rate limiting (Eq.
(5)) should describe the data at the beginTemperature (K)
k (ML ~-‘)a k’ (ML s-Y
STY ning of the reaction. Figure 6 shows that
0.22 this is the case, where the experimental
380
1.5
.86
results
14
1.4
0.15 data points (0) and the modeling
400
2.1
0.15 (lines) are both shown. Line (c) is a plot of
420
11
450
9.3
1.2
0.15 Eq. (5) and, as can be seen, this model fits
the onset of the reaction well. In addition,
Dk is the rate constant used in the bimolecular rate
Fig. 6, line (a), shows that the bimolecular
law given by Eq. (3) in units of ML SF’. Monolayer
reaction
model (Eq. (3)) fits the experimen(ML) is defined here referenced to the Pt atom surface
density = 1.5 x IOr cmm2.
tal data poorly. It should also be noted that
b k’ is the rate constant used in the dissociative rate an additional rate-limiting
step in this reaclaw given by Eq. (5) in units of ML ssi. Monolayer
tion
could
be
NO
adsorption.
The resulting
(ML) is defined here referenced to the Pt atom surface
rate
law,
density = 1.5 x 1Or5cm-*.
c ST is the constant used for the total number of
reactive sites in the dissociative rate law of Eq. (5).

Rcoz = k'PNo-S,

(7)
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also did not fit the data. The above results
show that the best fit for the initial portion
of the reaction is given by Eq. (5).
After reaching the maximum
rate at
about 18 s, the reaction rate decreases rapidly at 420 K as shown in Fig. 6. This implies that the rate is strongly dependent
upon the coverage of CO. The best fit for
the latter portion of the reaction, shown in
Fig. 6, line (b), was obtained by the expression
Go,
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r LG. I. summary of the modeling of the CO* production rate for the titration of CO by NO at (a) 420 K and
(b) 450 K using the dissociative (RcQ = k’f&.S) and
(&o)* expressions (0 denotes experimental data
points).

of reaction, as predicted by the titration
results of preadsorbed NO, the dissociative
rate law (Eq. (5)) should describe the COz
TABLE

(f-3)

Other models which included the number of
free sites were evaluated; however, none fit
as well as Eq. (8). A rate expression that is
proportional
to (&o)* was proposed previously by Heyne and Tomkins (28) and Golchet (29) when they suggested the formation of carbonate as an intermediate for CO2
production on a supported Pt catalyst.
Figure 7 summarizes the modeling results
for experiments involving the titration of
preadsorbed CO by NO for all the reaction
temperatures
studied. In these experiments, 0 atoms cannot accumulate on the
surface before reacting with CO to form
CO*. If NO dissociation is the mechanism

I

2

Kinetic Parameters Used in Modeling the Data for
the Titration of CO by NO
Temperature
420
450

(K)

k’ (ML
15
53

~-‘)a

&b

K” (ML s-r)’

0.065
0.090

8.0
8.0

a k’ is the rate constant used in the dissociative rate
law given by Eq. (5) in units of ML s-r. Monolayer
(ML) is defined here referenced to the Pt atom surface
density = 1.5 x 1Orscm-*.
b ST is the constant used for the total number of
reactive sites in the dissociative rate law of Eq. (5).
c K” is the rate constant used in the @co)* rate law
given by Eq. (8) in units of ML s-r. Monolayer (ML) is
defined here referenced to the Pt atom surface density
= 1.5 X 10” cme2.
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production rate from the start. The NO dissociative rate law does, in fact, describe the
initial portion of the CO2 production rate
(including the induction time) during the titration of CO. The latter portion of the reaction was fit to Eq. (8) which shows a
strong dependence on CO coverage. The
kinetic parameters used in these modeling
results are listed in Table 2.
V. SUMMARY

This paper describes kinetic modeling
results of titration experiments involving
the reaction between CO and NO on polycrystalline platinum foil. On the basis of the
success of our descriptions of the reaction
rate laws, we propose that at the coverages
of NO and CO studied in these experiments
the reaction takes place via a dissociative
mechanism in which NO dissociates leaving 0 atoms on the surface and the adsorbed oxygen atoms then react with adsorbed CO to form COZ. Our conclusions
are further supported by the fact that several other rate laws do not describe the CO2
production curves accurately.
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