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Kinetic oscillations in the catalytic reduction of NO by CO on a reconstructing Pts100d surface are
simulated by using a dynamic Monte Carlo method. The simulation is based on the HS model and
takes into account an alternative reaction mechanism arising from recent experimental findings for
the catalytic reduction of No on Rhs111d, which replaces the classical N+N recombination step by
the formation of asN–NOd* intermediary species for the production of molecular nitrogen. A
synchronized mechanism and spatiotemporal patterns are observed during the oscillations.
Oscillations are analyzed in terms of the controlling parameters involved in the reaction mechanism.
Different values of these parameters lead to sustained, attenuated, and modulated oscillations.
© 2005 American Institute of Physics. fDOI: 10.1063/1.1878572g

I. INTRODUCTION

The NO reduction by CO reaction on Pts100d surfaces
has been extensively studied, both experimentally and theo-
retically, during the past years under UHV conditions and
relatively high temperatures.1–14 This reaction is very impor-
tant in view of the interest to develop improved catalysts for
atmospheric pollution-control processes through the decrease
of NOx emissions. On the other hand, the dynamic behavior
that the above reaction displays during the different stages of
the catalytic process presents interesting theoretical prob-
lems, in particular, the determination of the conditions for
kinetic oscillations and the formation of reaction patterns.

The catalytic reduction of NO by CO proceeds according
to the global reaction:

NO + CO→ CO2 + 1/2N2.

Experimentally, it has been observed that this reaction pre-
sents kinetic oscillations as well as spatiotemporal pattern
formation. On a Pts100d surface, these phenomena arise at
pressure and temperature ranges of around 10−6–10−4 Pa and
400–500 K, respectively.1–4 It is known that a clean Pts100d
surface in its more stable state exhibits a quasihexagonal
arrangementshexd of Pt atoms which can be transformed into
a square arrangements131d by deposition of adsorbate mol-
ecules such as NO or CO. The interaction between the sur-
face and adsorbate molecules can then lead to a phase tran-
sition of the type: hex�131. At T,450 K, the Pts100d
surface is stable and the oscillations are entirely driven by an
autocatalytic reaction between coadsorbed NO and CO on
the square phase; while at higher temperatures, the hex�1
31 phase transition is directly involved in the surface

oscillations.1–11 The conventional mechanism of NO reduc-
tion by CO on the Pts100d surface that has been employed
consists of the following reaction steps:

COsgasd + site� COsadsd, s1d

NOsgasd + site� NOsadsd, s2d

NOsadsd + site→ Nsadsd + Osadsd, s3d

Nsadsd + Nsadsd → N2sgasd + 2 sites, s4d

NOsadsd + Nsadsd → N2Osgasd + 2 sites, s5d

COsadsd + Osadsd → CO2sgasd + 2 sites. s6d

Under this scheme, the production of N2 occurs via the
recombination of two adsorbed N atoms. Previous investiga-
tions have found that the formation of products depends on
the rate of dissociation of NO. This dissociation is totally
functional on the 131 phase while it is rather negligible on
the hex phase of the Pts100d surface.2,3,7

Theoretical procedures have been implemented to try to
explain the experimental behavior of the system. Two kinds
of approaches have been mainly used: kinetic equations de-
rived from mean field approximations and Monte Carlo
sMCd methods.3–14 In the latter case, the behavior of the
catalytic system can be simulated in real time units by using
dynamic Monte CarlosDMCd techniques.15

Recent molecular beam studies on the reduction of NO
over Rhs111d sRefs. 16–21d have indicated that the standard
reaction scheme presented above needs to be modified at
least in one of its reaction steps. It was found that when a
14N-covered Rhs111d surface is exposed to a15NO+CO
beam, the molecular nitrogen that is being produced always
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contains at least one15N atom.16,17This experimental finding
means that the nitrogen recombination, steps4d which is usu-
ally assumed as responsible of the formation of molecular
nitrogen, is in fact not fast enough to account for the N2

production under typical reaction conditions. Instead, an in-
termediate species is formed via the interaction of adsorbed
atomic nitrogen with undissociated adsorbed NO molecules.
The resultingsN–NOd* species may then either decompose
to N2sgasd+Osadsd or just simply desorbs in the molecular
form.

These results suggest a new hypothesis which is worthy
of being investigated, since the new reaction characteristics
observed on the Rhs111d surface could be also occurring on a
metallic surface involving as100d face which experiences a
hex�131 phase reconstruction such as that arising on the
Pts100d surface.

The purpose of the present work is to perform DMC
simulations of the NO+CO reaction system on a Pts100d
surface by introducing the new findings concerning the reac-
tion mechanism. In particular, we consider important to ex-
plore under which conditions an oscillation behavior can be
obtained and which are the dominant parameters controlling
the reaction.

II. MODEL AND SIMULATION METHOD

Our analysis is based on the HS model, which has two
variants: the hollow-site model and the top-site model, in this
work the later approach is chosen. This model was proposed
by Geltenet al.22 for the CO+O2 reaction on a Pts100d sur-
face; we believe that a similar method can also be applied to
the NO+CO reaction. Briefly, in our simulations, the surface
of a Pts100d single crystal is represented as a regular grid
with periodic boundary conditions, which consists ofL3L
unit cells divided in two sites: site 1 and site 2. Site 1 corre-
sponds either to a vacant site or to an adsorbed particle and
site 2 is used as a phase label for both hexagonal and square
phases. The detailed description of the model can be found in
reference.22

Our simulations, which correspond to the DMC type,
follow the dynamic behavior of the system, which is deter-
mined by the master equation:

]Pa

]t
= o

b

sWb→aPb − Wa→bPad, s7d

wherePa and Pb are the probabilities to find the system in
the configurationsa and b, respectively.Wb→a and Wa→b

are the transition probabilities per unit time for the different
reactions such as adsorption, desorption, etc. We note, that
this equation simply expresses a balance among the prob-
abilities of the system evolving from thea configuration to
the b configuration and vice versa.

The simulation of the process determined by Eq.s7d may
be carried out through different methods.23 We have chosen
the following one: we select a site at random with probability
1/N, where N represents the total number of sites; after-
wards, a reaction stepi is selected at random with probability
Wi /R, whereWi is the rate of transition of chosen reaction
step, andR is the sum of all the possible transitions, i.e., the

total-transition rate of the system. If the selected reaction
stepi is feasible on the chosen site then it is executed. After
each site is selected, the time is incremented byDt according
to

Dt = −
ln j

NR
, s8d

wherej is a random number selected uniformly in the inter-
val s0,1d. This equation renders the real time caused by a
transition of the system; in other words, Eq.s8d establishes
the relation between the “arbitrary MC time” and the real
time of the system.

On the other hand, we propose the following general
reaction scheme that includes the new experimental evidence
found on the Rhs111d surface:20

COsgasd + site� COsadsd, s9d

NOsgasd + site� NOsadsd, s10d

NOsadsd + site→ Nsadsd + Osadsd, s11d

NOsadsd + Nsadsd → sN–NOd* + site, s12d

sN-NOd* → N2sgasd + Osadsd, s13d

COsadsd + Osadsd → CO2sgasd + 2 sites, s14d

wheresN–NOd* is the activated complex intermediate. Note
that we have eliminated the classical N+N recombination
step for the production of N2 and replaced it by the alterna-
tive step going through the formation of thesN–NOd* spe-
cies. Therefore, we are not adding an additional feedback
loop to the reaction mechanism, but simply replacing one by
another. In addition, the surface diffusion of adsorbed NO
and CO species is also considered.

The number of steps involved in the previous mecha-
nism is relatively large. We have not taken into account the
production of N2O given that its rate is expected to be low
compared to that corresponding to N2.

1 Moreover, it is
known that on the Pts100d surface there exist different site
densities between the hexagonal and the 131 phase, the
difference being<20%.3 In our case this factor is ignored, so
the densities of Pt atoms both on the hexagonal and the 1
31 phases are assumed to be the same. For the sake of
simplicity, lateral interactions among different particles ad-
sorbed on both phases are neglected, although effects of
these interactions have been observed in experimental
studies.24,25

The above restrictions make our simulation easier to per-
form. The main elementary reaction steps to be taken into
account are the following.

A. Adsorption

A molecule of NO or CO is chosen from the gas phase,
according to the corresponding flux given by the Hertz–
Knudsen equation:

144705-2 Alas, et al. J. Chem. Phys. 122, 144705 ~2005!
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Ji =
pi

s2pmikTd1/2, s15d

whereJi is the flux of NO or CO molecules m−2 s−1, pi is the
partial pressure,mi is the molar mass of NO or CO,k is the
Boltzmann constant, andT is the absolute temperature. The
adsorption rateWi of particles impinging on the surface per
site and per second is then obtained as

Wi = Ji 3 A 3 S0, s16d

whereA is the number of sites per square meter of surface, in
this case of Pts100d, andS0 is the initial sticking coefficient.

In our simulation CO adsorption occurs on both hexago-
nal and 131 phases; for the sake of simplicity we consider
the same CO adsorption rate on both phases. It is, however,
pertinent to mention that experiments show that these two
rates are in fact different.25 NO adsorption takes place only
on the 131 phase; we have made this assumption based on
the fact that NO can be only dissociated in this phase;3,7

again, in a real system NO adsorbs on both phases.24

After a type of molecule is chosen a unit cell is imme-
diately selected at random, if this cell is vacant the molecule
can be absorbed, otherwise the trial is rejected.

B. Desorption

Again, a unit cell is chosen at random, if it is occupied
either by NO or CO and the appropriate reaction step has
been chosen, the molecule desorbs to the gas phase other-
wise the trial ends. Desorption is considered as an activated
process with a rate given by

Wi = viexps− Eai/kTd, s17d

wherevi is the frequency factor andEai the activation energy
for speciesi.

CO desorption occurs both from the hexagonal and
131 phases at the same rate; actually, experiments indicate
that these rates are different.3,7

C. Diffusion

A unit cell on the surface is picked at random, if it is
occupied by NO or CO, there is a nearest-neighborsnnd unit
cell unoccupied and the appropriate reaction step has been
chosen, then the molecule is moved to the vacant unit cell,
otherwise the trial ends. The diffusion rateWi is obtained
directly as a frequency factorvi. In the simulation the diffu-
sion of CO molecules can be performed across phase bound-
aries.

D. No dissociation

On a Pts100d surface this process can only occur on the
131 phase. The dissociation process starts by selecting a
unit cell at random, if NO already occupies this cage, if it has
a nn vacant unit cell and if the appropriate reaction step has
been chosen, then the NO particle dissociates into atomic N
and O adsorbed species, respectively. The dissociation rate is
calculated as an activated process, as in Eq.s17d, with ap-
propriate frequency factor and activation energy.

E. N2 production

This reaction is possible whenever the formation of an
intermediatessee reaction scheme steps 12 and 13d takes
place. A unit cell is chosen at random, if this site is occupied
by NO sor Nd, if it has a nn unit cell occupied by Nsor NOd
and if the appropriate reaction step has been chosen, then the
formation of thesN–NOd* intermediary species is achieved;
this event causes the immediate production of N2 and its
desorption to the gas phase, leaving an O species adsorbed
on the surface. The former is considered as an activated pro-
cess with appropriate frequency factor and activation energy
and occurs rapidly according to experimental observations.7

This reaction can take place across phase boundaries.

F. CO2 production

The process starts again by randomly selecting a unit
cell. If it is occupied by COsor Od and has a nn unit cell
occupied by Osor COd, and if the appropriate process step
has been chosen, then CO2 is produced and desorbed imme-
diately after its formation. As in the case of N2 production,
this is considered as an activated process and can happen
across phase boundaries.

G. Surface reconstruction

Experimental results indicate that the hex→131 phase
transition occurs by nucleation and trapping of the CO mol-
ecules on the Pts100d surface; this transformation of the sur-
face is caused by the different heats of adsorption of CO on
both phases, which is considerably higher on the unrecon-
structed 131 phase than on the reconstructed hexagonal
one.25–28 The observations show that four to five CO mol-
ecules are involved in the restructuring process.29 Thiel et al.
proposed that this transformation occurs by a sequential
mechanism: initially, the 131 phase is formed by nucleation
of CO adsorbed molecules on a precursory hexagonal phase,
this is followed by the migration and trapping of the CO
molecules by way of growing islands.27

Incorporating these experimental results into our model,
we assume the following two mechanisms:sid thenucleation
mechanism for the hex→131 reconstruction takes place if
there exist five CO adsorbed molecules forming a nucleating
cluster; sii d island growth on the square phase happens
through atrapping mechanism, i.e., when one CO molecule
is found on the hexagonal phase and if it has as nn any of the
molecules forming CO, NO, or a CO/NO mixture islands on
the 131 phase, then the CO molecule is trapped into that
island and its unit cell reconstructs from the hexagonal to the
square phase. The fact that a growing island can be made by
CO and NO is based on experimental evidence establishing
that the heats of adsorption of both molecules are almost the
same.24 The rates for these two processes are determined
directly by appropriate frequency factors.

The inverse 131→hex transformation occurs in empty
unit cells of the square phase. In this analysis, we only re-
quire of a unit cell to perform this transformation, which is
considered as an activated process with appropriate fre-
quency factor and activation energy.

144705-3 Kinetic oscillations in the NO+CO reaction J. Chem. Phys. 122, 144705 ~2005!
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Additional details that have been included in our study
are sid previous results show that in the interval 475 K–500
K, oscillations take place as a result of the hex�131 re-
construction process,2,3 taking into account this fact, our
simulations have been performed atT=485 K; sii d oxygen
desorption from the 131 phase is neglected, since experi-
ments indicate that this process happens above 600 K;30 siii d
O diffusion is neglected, since this process is expected to be
slower if compared to the remaining reaction steps;sivd N
diffusion is neglected in view that in our reaction scheme N2

is produced through the formation of the N–NO intermedi-
ary, and that NO desorption and diffusion is allowed, hence
N and NO species can easily meet in nn cellssin contrast, in
the classical reaction scheme where N2 is formed through the
recombination of two adsorbed N atoms, N diffusion is
unavoidable10,13d.

III. RESULTS AND DISCUSSION

A large amount of calculations were performed trying to
understand the effects that each of the parameters of the
model exerts on the behavior of the system. Here we only
present the most important results.

Table I shows a comparison between the values of the
parameters used in the simulations to obtain the rate of each
elementary reaction step and their experimental estimation.
Unfortunately there are no available data for the rates of
formation of thesN–NOd* intermediary and its subsequent
decay, since this mechanism has been proposed only re-
cently, so we have used classical experimental estimations
for this rate based on the N+N mechanism.

Kinetic oscillations can be found only in a region of
values of all these parameters, and in that region different
types of oscillations appear depending on the values of some
of these parameters. Our analysis points to the understanding
of the effect of the different elementary reaction steps on
the appearance of a particular behavior and to determine
the parameter range of values where such behavior can be
observed.

A first general result is that kinetic oscillations were ob-
served only in the partial pressure ratio range: 1.2
øpNO/pCOø4. This finding agrees partially with experi-
ments, which indicate that kinetic oscillations have been ob-
served within 0.8,pNO/pCO,1.8 and 478–490 K of partial
pressure ratio and temperature ranges, respectively.2 Three
oscillatory types were found within thatpNO/pCO range:sid if
this ratio is in the interval 1.2øpNO/pCOø1.5, damped os-
cillations are obtained,sii d the best sustained oscillatory pat-
tern was found when the ratio is restricted to the following
condition: 1.5øpNO/pCOø2, andsiii d when thepNO/pCO ra-
tio is in the range 2,pNO/pCOø4, irregular oscillations
were observed. On the other hand, whenpNO/pCO,1.2 the
surface became poisoned by CO deposited on 131 phase.

In view that sustained oscillations appear when 1.5
øpNO/pCOø2, we proceed now to examine the effect of the
rate constants on the oscillatory pattern behavior in this par-
tial pressure ratio range. Some of these rate constants are not
going to be mentioned, since they have little effect on the
oscillatory behavior of the system. The following situations
guarantee the appearance of oscillatory patterns.

s1d Sustained oscillations can be observed when the CO
and NO desorption rate constants are rather low, that is,
5.5310−4 s−1 and 5.8310−4 s−1, respectively, with a NO
dissociation rate constant of around 5 s−1. Figure 1 shows the
behavior of the rate of production of CO2 sad, measured as
turnover numbersTONd, i.e., the number of produced mol-
ecules per Pt atom per second, and the coverage of each
speciessbd, measured in monolayers. If the values of the CO
and NO desorption rate constants are increased, the oscilla-
tions begin to decline proportionally; a transition to damped
oscillation behavior is observed when the values of the rate
constants are around 15 times larger, if the values of the rate
constants keep increasing from that transition point strongly
damped oscillations are obtainedsFig. 2d. This behavior can
be understood by considering that desorption and reaction
compete among them: if CO and NO desorption rates are too
high, then these species are eliminated from the surface
faster than their consumption through the reactions produc-
ing CO2 and N2.

TABLE I. Values of the parameters used in simulations and their comparison with their experimentally ob-
served values.

Reaction pexpsPad psimsPad S0
exp S0

sim References

CO adsorption 0.4310−4 s1–4d310−4 <0.8 0.8 2,24,29
NO adsorption 4.0310−4 s1–4d310−4 <0.8 0.8 2,24

nexpss−1d nsimss−1d Ea
expskJ/mold Ea

simskJ/mold

CO desorption 431012–131015 331013–131015 115–157 148–157 3,7
NO desorption 1.731014–1.731015 331013–131015 142–155 147–155 3,7
NO dissociation 131015–231016 131015 117–134 123.5–132.5 3,7
N2 production 1.331011 131011 84.6 84.5–88.4 7
CO2 production 23108–231010 231010 50–100 83.5 3,7,22
131→hex 2.531010–2.531011 131010 103–107 109.8 3,7,28
CO nucleation … 0.015–0.03 <0 0 22, 26–29
CO trapping … 0.015–0.03 <0 0 22,28,29
CO diffusion … 10–50 … … 22
NO diffusion … 10–50 … … This work
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s2d Modulated oscillations are obtained if the CO and
NO desorption rate constants values are fixeds5.5
310−4 s−1 and 5.8310−4 s−1, respectivelyd and if the NO
dissociation value is increased by a factor of 10. This novel
interesting behavior is shown in Fig. 3, where we can ob-
serve that, in addition to the CO2 production ratesad, also the
coverages of CO speciessbd, and N speciesscd, present
clearly modulated oscillations. The appearance of a new os-
cillatory behavior is usually expected when an additional
negative feedback loop is added to the reaction scheme,31

however, as explained before, this is not the case here. The
explanation of this behavior could be a competing effect be-
tween the NO dissociation rate and the N2 production rate. In
fact, by varying the relationship between these two rates it
was found that if the NO-dissociation rate value is smaller
than or equal to the N2 production one, sustained oscillations
are obtained, in turn, if the NO dissociation rate is larger than
the N2 production rate, modulated oscillations are obtained.

It is important to mention that in all the previously ana-
lyzed situations the stoichiometry between CO2 and N2 is
always maintained, as it is observed in Fig. 2sad.

The conditions described in the above situations are cru-
cial for observing the existence or the inexistence of different
oscillatory patterns. We now study how this oscillatory be-
havior can be affected by other variables. For instance, CO
diffusion is a very important factor in our analysis. When we
have included CO diffusion, clear oscillations are produced.
If the CO diffusion rate constant increases, the amplitudes
and periods of oscillations become longer, due to the fact that
CO is being moved on the surface and that this diffusion is
not hindered by phase boundaries. In consequence CO nuclei
are formed slowly, and thereby the hex→131 transforma-
tion is slow too. This fact was also observed in simulations
performed by Zhdanov for the NO reduction by COsRef. 10d
as well as in the CO oxidation on a Pts100d surface.21 Figure
4 shows the oscillatory behavior for different rate constants
of the CO diffusion process. On the other hand, if NO diffu-
sion is neglected, this does not affect qualitatively the results,
but if it is taken into account, then, when the rate of NO
diffusion is equal to that of CO diffusion, oscillations ampli-
tudes are the same and oscillations periods are shorter; how-

FIG. 1. Sustained oscillations:sad CO2 production rate in turnover number
sTONd; sbd CO coverage on the square and hexagonal phasessNO, N, and O
coverage values are also indicatedd. Grid size: 102431024 unit cells.

FIG. 2. Damped oscillations:sad CO2 and N2 reaction rates forWCOdes

=1.2310−2 s−1 and WNOdes=2.0310−2 s−1; sbd coverage of adsorbed CO
molecules on square and hexagonal phasessNO, N, and O coverage values
are also indicatedd. Grid size: 5123512 unit cells.
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ever, if the rate of NO diffusion is larger than that of CO
diffusion, then oscillations amplitudes are smaller and the
oscillations periods are shorter.

The appearance of the observed kinetic oscillations is
possible due to the existence of a synchronized mechanism,
which can be explained as follows. The simulation is started

with an empty grid of the hexagonal phase, on which only
CO is adsorbed. As time passes small nuclei are formed and
with a certain probability these will transform small portions
of the surface into the square phase, next this phase grows by
trapping reactions, such process is known as thetransforma-
tion stage. When a CO molecule desorbs from the square
phase surface, it leaves a vacant unit cell and then a NO
molecule from the gas phase can be adsorbed hereon, since
the NO adsorption rate is larger that the CO adsorption rate,
then the unit cell will be preferentially occupied by NO. If
another CO molecule desorbs from the same phase surface
and if this vacant unit cell has a nn adsorbed NO, then this
NO admolecule has the chance of dissociating. If this reac-
tion is accomplished, then the adsorbed oxygen atoms can
react with adsorbed CO while, in turn, adsorbed N atoms can
react with adsorbed NO molecules thus forming the
sN–NOd* intermediate. The formed species desorb in the
form of molecular CO2 and N2 into the gas phase. Addition-
ally, new empty unit cells are formed on the surface then
allowing more NO molecules to adsorb; these molecules can
later dissociate or react. Therefore, areactive stageis created
on the surface; experimentally this is known as “surface
explosion”3,5–7and is only observed on the 131 phase. Also,
the vacant unit cells existing on the square phase have a
finite probability to undergo 131→hex reconstruction, then
small areas of the surface can go back slowly to the hexago-
nal configuration, this process is known as therecovery
stage. Since NO cannot adsorb on the hexagonal phase, CO
nuclei will be formed once more and the oscillation cycle
will start again with the transformation stage. This synchro-
nized mechanism is similar to that proposed by Geltenet al.
for the CO oxidation.22 Figure 5 shows snapshots of the sur-
face evidencing the synchronized mechanism for a simula-
tion grid that involves 102431024 unit cells. When the re-
action stage is sufficiently advancedfFig. 5sddg a turbulence
pattern is obtained for regions where O is reacting to form
CO2, immersed in disperse regions where N is reacting. This
pattern type has been observed both experimentally and in
other simulations.2,10,22

FIG. 3. Modulated oscillations:sad CO2 reaction rate forWNOdis<50 s−1; sbd
CO coverage on square and hexagonal phases;scd NO, N, and O coverages.
Grid size: 2563256 unit cells.

FIG. 4. Sustained oscillations. Thick lines correspond toWCOdif=10 s−1 and
thin lines toWCOdif=50 s−1, respectively. Grid size: 2563256 unit cells.
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We have also observed that when the 131→hex trans-
formation rate is increased or decreased by a factor of 4, the
oscillations disappear. In fact, when the rate constant is in-
creased, on the surface there exists too much of CO and too
few of O species adsorbed, so the quantity of oxygen is not
enough for the whole CO to be consumed. Now, if the rate
constant is decreased, the converse case occurs, i.e., on the
surface the adsorbed O atoms are in excess and there are few
CO adsorbed, so that the square phase cannot go back to the
hexagonal phase, thus terminating the synchronized mecha-
nism.

Considering the same rate constants for the nucleation
and trapping reactions and if these rates are increased by a
factor of 6, then damped oscillations can be obtained. If
these rates turn to be large enough, the oscillations can end
since when the rate constants increase the hex→131 recon-
struction becomes very fast and the recovery stage is not
observed any more. On the other hand, if the rate constants
are decreased by a factor of 3, the oscillations stop likewise
since the hex→131 transformation is not completed; on the
hexagonal phase there are small CO-islands blocking the re-
covery stage that started on the square phase, and this breaks
down the synchronized mechanism.

Finally, we studied the effect of the grid size on the
oscillation behavior as well as on the spatiotemporal pat-
terns. When we have grids of 32332 and 64364 unit cells
oscillations are not well defined, but with grids of 128
3128 or more unit cells sharp oscillations are produced. The
clearest spatiotemporal pattern formation is observed with
large gridss102431024 unit cells or mored.

IV. CONCLUSIONS

In this study an alternative reaction mechanism has been
introduced in order to describe the catalytic conversion of
NO+CO mixtures on the Pts100d surface. This study takes
into account the evidence gathered from recent experimental
results of the same reaction performed on the Rhs111d sur-
face. In this case, the nitrogen recombination step, that has
been typically assumed to be responsible for the N2 produc-
tion, was replaced by a new mechanistic step that considers
the formation of asN–NOd* intermediary species. This acti-
vated complex decomposes eventually to N2sgasd and Osadsd.
In this way, by using a nonclassical mechanism, we have
obtained different oscillatory patterns, namely, sustained,
damped, modulated, and irregular, each one depending on
the values of the different elementary step rates used to de-
scribe the kinetics of the system: mainly CO and NO
adsorption-desorption, NO dissociation, and CO diffusion.
The observed modulated oscillations represent a novel be-
havior in this reaction, which is not due to the introduction of
an additional negative feedback loop but to the replacement
of the classical N+N recombination step by the alternative
sN–NOd* intermediary formation and decay step. A synchro-
nization mechanism, as well as the formation of spatiotem-
poral patterns, arise when sustained oscillations occur.
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