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The kinetics of the NO–CO reaction on Pd nanoclusters is studied through a lattice–gas model and
Monte Carlo simulation. Pd nanoclusters with three typical sizes: 2.8 nm, 6.9 nm and 15.6 nm, are considered.
These nanoclusters have been epitaxially grown on MgO(100) and tested for the NO–CO reaction in previous
experimental work [ref. 9–11: C. H. F. Peden, D. W. Goodman, D. S. Blair, P. J. Berlowitz, G. B. Fisher
and S. H. Oh, J. Phys. Chem., 1988, 92, 1563; C. Duriez, C. R. Henry and C. Chapon, Surf. Sci., 1991, 253, 190;
L. Piccolo and C. R. Henry, Appl. Surf. Sci., 2000, 162–163, 670], thus providing the motivation for the present
study. According to their size, the nanoclusters present different proportions of Pd(100) and Pd(111) facets.
The effects of CO and NO desorption are found to be of fundamental importance for the behavior of the
system. In all cases the medium size particles are found to be the most active. At low temperature, where NO
desorption can be neglected (since the activation energy for desorption of NO on Pd is about 5 kcal mol�1

greater than that for the desorption of CO), the largest particles are revealed as the less active, while at high
temperature, where both NO and CO desorption take place, the smallest particles are found to be the less active.
These results are in concordance with the experimentally observed behavior.

1. Introduction

The catalytic reduction of NO by CO on metals is of great
importance in the problem of air pollution control, and as
such it has received the continuous attention of both experi-
mentalists and theoreticians for many years.1–21 It is well
known16,18,21 that this is a particular case of a monomer–dimer
reaction which can be sustained in the steady state regime only
within a range of the gas phase composition, in this range it
is said that we have a reaction window. Outside the reaction
window the reaction dies out as the metal surface becomes poi-
soned, i.e., covered by one or more species which are no longer
able to react. In the case of NO–CO reaction, this reaction
window is the manifestation of a bi-stability induced by a deli-
cate site–particle stoichiometric balance: the monomer (CO)
needs one single site to adsorb, while the dimer (NO), even if
it can adsorb initially on a single site, needs an additional near-
est-neighbor (NN) vacant site in order to dissociate and allow
for the reaction to continue. Therefore the study of the kinetics
of the reaction in steady state conditions requires both the
determination of the reaction window and the reaction rate
within the window.
The majority of previous studies on this catalytic reaction

have focused mainly either on ideal systems, that means the
reaction is studied on a monocrystal metal face in ultra-high-
vacuum conditions, or on real catalytic systems, i.e. the cata-
lyst consists of supported metal particles on a porous solid
and the experiments are performed at high pressure. The sup-
ported particle size and morphology in a real catalyst is not
sharply controlled. As a mean to fill the gap between the two
extreme kinds of systems, studies should be performed on sys-
tems where supported metal particles with controlled size and

morphology are used and still the reaction can be followed in
a ‘‘clean’’ environment.
Experiments10–12 have been able to produce palladium clus-

ters grown epitaxially on MgO(100). The size and shape of the
Pd nanoparticles were characterized through TEM and their
behavior in the NO reduction by CO was determined by means
of molecular beam techniques. Three samples of the model cat-
alyst contained Pd particles with size distributions around typi-
cal sizes of 2.8 nm, 6.9 nm and 15.6 nm; they contained a
proportion of (100)/[(100)+ (111)] facets of approximately
0.20, 0.25 and 0.75, respectively. Effective turnover rates for
different products of the reaction were found to depend on
the particle size in such a way that the intermediate size was
the most active at all temperatures. It was also found
that the largest particles are the less active at low temperature,
while the smallest particles are the less active at high
temperature.12

These experiments provide a strong motivation to extend the
theoretical research of the kinetics of the NO–CO reaction,
usually referring to a monocrystal face where boundary effects
are reduced by the use of periodical boundary conditions, to
the case of nanoparticles presenting different facets and finite
size boundary effects. These studies usually rely upon lattice–
gas modeling of the system and numerical simulation of the
reaction process.
Accordingly, the purpose of the present work is to study the

approach of such a reactive system to the steady state regime by
means of Monte Carlo simulation. In particular we want to
determine the behavior of the reaction window and, within it,
the behavior of the reaction rate, as a function of the size and
shape of catalytic nanoparticles, and find out to what extent
the model predictions are consistent with experimental results.
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In Section 2 we develop the modeling of the system and the
simulation method. Results are presented and discussed in
Section 3, while Section 4 is dedicated to the comparison with
experiments. Finally, general conclusions are given in Section 5.

2. System modeling and simulation method

An active Pd particle is modeled as a truncated pyramid, as
summarized in Fig. 1, with a square lattice representing the
top face, corresponding to the (100) facet, and triangular lat-
tices representing the four lateral faces, corresponding to the
(111) facets. The size of a particle is characterized by its side
length, L, in (111) lattice units taken as 0.275 nm for Pd.
The proportion of (100) and (111) facets can be changed in
order to mimic the morphology of the real Pd particles, used
in the experiments, for different sizes.
This kind of structure presents a combination of a higher

coordinated surface, the (111) crystal plane, and a lower coor-
dinated one, the (100) crystal plane. From a purely geometric
point of view, a higher coordinated surface facilitates both NO
dissociation and also the encounter of any two reacting spe-
cies, it should then be more active than a lower coordinated
one. However, experimental studies supported by theoretical
calculations22,23 seem to show that the dissociation increases
when the coordination of the surface atoms decreases, but at
the same time the bonding of adsorbed N increases and, when
the strength of this bond is too high, adsorbed N acts as a poi-
son for the reaction. In conclusion, several arguments are in
favor of a greater activity in the CO–NO reaction for the
(111) face compared to the (100) face. Moreover, we will also
have a certain amount of sites at step edges between facets.
These sites may provide stronger bonds for some adsorbed
species. Some experimental results23,24 suggest that NO disso-
ciation leads to two kinds of adsorbed N, a weakly bound and
a strongly bound one. Step edge sites in our particles are good
candidates to allocate strongly bound N and we wish to
explore here the effects of these sites on the reaction. This is
done in our model by introducing an inhibition parameter, I,
such that whenever a N atom is adsorbed on an edge site the
corresponding reaction does not always occur but it does so
with a probability 0� I� 1.
As it is well known,16 Monte Carlo simulations of the NO–

CO reaction on (100) or (111) lattices do not present a reaction
window unless desorption of NO and/or CO species is
assumed. Therefore we introduce the possibility that adsorbed
NO and CO can be desorbed with probability DNO and DCO ,
respectively, while neglecting desorption of any other species.
This is a reasonable assumption given that molecularly
adsorbed NO and CO are the most weakly adsorbed species

among those participating in the reaction, with activation
energy for desorption around 30 kcal mol�1 for Pd, the activa-
tion energy for the desorption of NO being about 5 kcal mol�1

higher than that for CO.12 Taking into account this circum-
stance, we may expect different behaviors at low and high
temperatures, dictated by the fact that at low temperature
NO desorption will be negligible compared to CO desorption,
while at high temperature both processes are active.
Other processes that may affect the reaction are NO and CO

surface diffusion, whose activation energy is much lower than
that corresponding to the desorption of these species. How-
ever, by taking into account desorption, this already in some
sense also includes taking into account diffusion,16 so that we
will not consider diffusion processes here.
Finally, the NO dissociation process, the reaction-control-

ling step, must be specified. It is by now well established that
NO adsorbs molecularly on a single site and afterwards it
may dissociate, with a given probability P upon the availability
of an additional NN vacant site. We follow here a process
similar to that used in ref. 16. At adsorption of an NO mole-
cule we test all NN sites for a vacant one, if it is available then
NO is dissociated with probability P. Furthermore, whenever a
new vacant site is produced, as a consequence of some reaction
or desorption step, its NN sites are tested for an NO to dissoci-
ate with probability P. This dissociation probability is usually
taken as P ¼ 1 in the literature. However, experimental evi-
dence from ref. 12 shows that in the studied system NO disso-
ciation efficiency varies from about 0.5 at low temperature
(180 �C), where the dissociation is inhibited due to the high
surface coverage, to about 0.7 at high temperature (430 �C),
where dissociation is much less depressed by the lack of vacant
sites. More precisely, the temperature behavior of the dissocia-
tion efficiency, see Fig. 8 in ref. 12, is found to be dependent on
the Pd particle size: for the smallest and intermediate size par-
ticles, of 2.8 and 6.9 nm, it rises rapidly from 0.5 to almost 0.7,
while for the largest particle size, of 15.6 nm, it appears to be
nearly constant around 0.5 from 180 �C to about 350 �C and
then raises rapidly to 0.7. Therefore, it is reasonable to assume
that at least a small fraction of adsorbed NO will not dissociate
upon the availability of NN vacant sites and we take P as
a parameter and study its effects on the reaction kinetics. We
take first the value of P ¼ 0.7, which seems to be the most
reasonable for all cases, and then study the effects of changing
its value to extreme values like 0.9 and 0.5.
A collection of active particles of a given size is exposed to a

gas phase which is a mixture of NO and CO with molar frac-
tions YNO and YCO , respectively, such that they sum up to 1.
The system undergoes adsorption, desorption and reaction
processes, which can be separated into the following reaction
steps:

COðgasÞ þ site ! COðadsÞ ð1Þ
NOðgasÞ þ site ! NOðadsÞ ð2Þ

NOðadsÞ þ site ���!P NðadsÞ þOðadsÞ ð3Þ
NðadsÞ þNðadsÞ ! N2ðgasÞ þ 2 sites ð4Þ

NOðadsÞ þNðadsÞ ! N2ðgasÞ þOðadsÞ þ site ð5Þ
NOðadsÞ þNðadsÞ ! N2OðgasÞ þ 2 sites ð6Þ
COðadsÞ þOðadsÞ ! CO2ðgasÞ þ 2 sites ð7Þ

NOðadsÞ ����!DNO
NOðgasÞ þ site ð8Þ

COðadsÞ ����!DCO
COðgasÞ þ site ð9Þ

Given that the experimental results obtained in ref. 12 report
only a small fraction of the production of N2O with respect
to N2 (less than 10%), we have fixed the relative rates of steps
(5) and (6) to 87% and 13%, respectively. However, this is by

Fig. 1 Lattice model for a Pd nanoparticle epitaxially grown on
MgO(100).
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far a secondary matter since a change in these proportions
does not affect the general behavior of the system.
We want to study the steady-state regime for the above reac-

tion scheme through Monte Carlo simulation. This is done
according to the following procedure: A Monte Carlo trial
begins by choosing a molecule from the gas phase with prob-
abilities given by YCO and YNO ¼ 1�YCO .
(i) If the chosen molecule is NO, then: (a) choose a site at

random on the lattice; (b) if the site is occupied by CO, NO, N
or O, then the trial ends; (c) if the site is empty NO is adsorbed
and, (c1) its nearest-neighbor sites are checked randomly for
an N, if one is not found the trial jumps to (c2), otherwise reac-
tion steps (5) and (6) are executed with probability 0.87 and
0.13, respectively, in case step (6) is executed the O(ads) near-
est-neighbor sites are tested randomly for a CO occupation, if
negative the trial ends, if affirmative CO2(gas) is desorbed and
the trial ends; (c2) NO nearest-neighbor sites are tested for
empty sites, if none are found the trial ends, otherwise a ran-
dom number x is obtained and, (c21) if x > P then the trial
ends, (c22) if x�P then choose one of the vacant nearest-
neighbor sites at random, NO is dissociated as N(ads)+
O(ads), O(ads) is tested for recombination with a nearest-
neighbor CO(ads) as in (c1) and N(ads) is tested to react with
nearest-neighbor N or NO, if one is not found the trial ends, if
an N is found then reaction step (4) is executed, if an NO is
found then the reaction chain follows as in (c1).
(ii) If the chosen molecule is CO, then: (a) choose a site at

random on the lattice; (b) if the site is occupied, then the trial
ends; (c) otherwise CO is adsorbed and nearest-neighbor sites
are tested at random for O(ads), if none is found the trial ends,
otherwise CO2(gas) is desorbed and the trial ends.
(iii) After any adsorption attempt, either of NO or CO, a des-

orption step is attempted. A site is chosen at random, if it is
not occupied by NO or CO the trial ends, otherwise NO or
CO is desorbed with probability DNO or DCO , respectively.
(iv) After any new vacant site is produced, its NN sites are

tested for an NO, if none is found then the trial ends, otherwise
a NO is chosen at random and it is dissociated with probability
P. If the dissociation is successful the corresponding reaction
chain for each dissociated species is followed, otherwise the trial
ends.
It is worth recalling here that if any of the reactant N atoms

is adsorbed on a step edge sites then the reaction step in which it
is involved, either (4), (5) or (6), is executed with probability I
in order to take into account the inhibition effect of those sites.
A Monte Carlo step (MCS) consists of L�L trials, i.e., in

the mean every site on the lattice has been visited for adsorp-
tion. For a given value of YCO , and starting with an initial
blank state, stabilization of the process is achieved when the
total surface coverage y ¼ yN+ yO+ yNO+ yCO has not chan-
ged appreciably over the last 104 MCS. In all cases stabiliza-
tion is achieved before 70� 104 MCS. In this way a plot of
the coverage of each species at steady state, and of the reaction
rates RN2

, RCO2
, RN2O

(defined as the number of species pro-
duced divided by the number of Monte Carlo trials), versus
YCO is obtained. Each steady state result is averaged over
100 independent realizations of the process.

3. Results and discussion

Results for the steady state phase diagram and reaction rate
were obtained for lattice sizes L ¼ 11, 17, 25 and 57, for values
of I ranging from 0 to 1, for P ¼ 0.5, 0.7, 0.9, for DCO ¼ 0.4
and DNO ¼ 0.3 (high temperature) and DNO ¼ 0 (low tem-
perature). Table 1 shows the particle size, d, and the propor-
tion of (100) to [(100)+ (111)] facets, r, for each lattice size
considered. We have chosen a subset of relevant results to be
discussed here.

Smallest particle size, L ¼ 11

Figs. 2 and 3 show the steady state phase diagram (top) and
reaction rates (bottom), for high temperature (DCO ¼ 0.4,
DNO ¼ 0.3) and low temperature (DCO ¼ 0.4, DNO ¼ 0),
respectively, for a dissociation probability P ¼ 0.7, and in
the extreme case where the reaction of N atoms adsorbed on
step edge sites is strongly inhibited, I ¼ 0. In the high tempera-
ture case, Fig. 2, the surface is poisoned with O and some N at
low YCO . The opening of the reaction window is characterized
by a sudden decay in the O coverage and the reactive state per-
sists up to near YCO ¼ 1, where it becomes poisoned mainly
with CO and N. The reaction rate shows a sharp increase near
YCO ¼ 0.5 and after reaching a maximum decreases slowly
towards the high CO concentration region. The behavior for
the low temperature case (Fig. 3) is similar except for the
following differences which are easily related to the lack of
NO desorption: an appreciable amount of undissociated NO
contributes to the poisoning of the surface both at low and
high CO concentration, the reaction windows shifts appreci-
ably to higher YCO and the reaction rate is uniformly lower.
The effect of changing the value of I to the other extreme,

I ¼ 1, not shown here, is merely that of increasing evenly
and considerably the reaction rate, due to the fact that the

Fig. 2 Steady state coverage, top, and reaction rates, bottom, for Pd
nanoparticles of size L ¼ 11 with I ¼ 0, DNO ¼ 0.3 and DCO ¼ 0.4
(high temperature).

Table 1 Parameters characterizing the size and shape of Pd nano-

particles

L d/nm r

11 2.8 0.20

17 4.7 0.22

25 6.9 0.25

57 15.6 0.75

2908 Phys. Chem. Chem. Phys., 2003, 5, 2906–2912
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maximum proportion of edge sites is present for the smallest
Pd particle.

Intermediate particle size, L ¼ 25

Here we have a larger particle size, but with a similar morphol-
ogy as compared to the previous case, given that we still have a
large proportion of (111) facets. Figs. 4 and 5 show the beha-
vior of the steady state phase diagram and reaction rate, for
high and low temperature, respectively, for the same values
of parameters as in Figs. 2 and 3. Comparing Fig. 4 with
Fig. 2, and Fig. 5 with Fig. 3, we can see that the behavior is
quite similar, but now the reaction window extends to lower
values of YCO and the reaction rate is even higher. This, at first
sight seems surprising, since the smallest particle (L ¼ 11) is
the one with the higher proportion of (111) facets, the most
active one.23 However, we must consider here the finite size
effects. In fact, in our simulations we do not use periodic
boundary conditions, as they should be to simulate nanoscopic
scale particles. Therefore all sites at the periphery of active par-
ticles have fewer NN sites than those in the bulk, so that NO
adsorbed on these sites will have a lower effective dissociation
rate. Now, the smallest particles are the ones with the highest
proportion of periphery to bulk sites and this overturns the
effects of a slightly higher proportionof (111) facets (seeTable 1).
Changing the value of I to I ¼ 1 does not change this beha-

vior, but we only obtain a uniform increase in the reaction
rate, though not so considerable as in the case of the smallest
size particle.

Largest particle size, L ¼ 57

The largest Pd nanoparticles are characterized by the fact that
they present a large proportion of the (100) facet due to a
coalescence process occurring during growth of these particles

Fig. 3 Steady state coverage, top, and reaction rates, bottom, for Pd
nanoparticles of size L ¼ 11 with I ¼ 0, DNO ¼ 0 and DCO ¼ 0.4 (low
temperature).

Fig. 4 Steady state coverage, top, and reaction rates, bottom, for Pd
nanoparticles of size L ¼ 25 with I ¼ 0, DNO ¼ 0.3 and DCO ¼ 0.4
(high temperature).

Fig. 5 Steady state coverage, top, and reaction rates, bottom, for
Pd nanoparticles of size L ¼ 25 with I ¼ 0, DNO ¼ 0 and DCO ¼ 0.4
(low temperature).
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for long deposition times.12 Due to this fact, the desorption
of NO becomes extremely important to contribute to the
steady state reactivity at low YCO , since we now have a large
proportion of sites with only 4 NN sites, where the effective
NO dissociation rate is depressed. The behavior of the kinetics
in this case is represented in Figs. 6 and 7, corresponding as
before to high and low temperature, respectively, for the same
values of the parameters as in Figs. 2 and 3. It can be observed
that at high temperature, when NO desorption is active (Fig.
6), the increase of the reaction rate to its maximum is much
smoother than for the smallest particle.
By comparing Fig. 6 with Fig. 2, and Fig. 7 with Fig. 3, we

see that the largest particles are more active than the smallest
ones at high temperature, while the smallest ones are more
active than the largest at low temperature. It can also be
observed, by comparing with Figs. 4 and 5, that the medium
size particles are still the most active ones in any case.
Parameter I, in the case of the largest particles, presents now

practically no effect at all, due to the small proportion of
edge sites.

4. Comparison with experiments

Experimental reaction rates for the different Pd particle sizes
are presented as NO reaction probability, from ref. 12, in
Fig. 8, as a function of temperature. This probability was used
as a better alternative to the traditional turn-over-number, and
was defined as the probability for an NO molecule arriving on
a Pd particle to react. Clearly this definition also corresponds
to our simulated NO reaction rate.
We can clearly distinguish two temperature regions; say

below and above 285 �C. In the low temperature region the
smallest particles are more active than the largest ones, while
in the high temperature region the relationship is reversed.

All over the temperature range, the medium size particles are
seen to be the most active ones. These data were obtained at
a relative concentration in the direct NO+CO beam of
YCO� 0.5. However, Pd particles used in the experiments were
supported on MgO and it was found that there was a consider-
able contribution of physisorbed NO and CO diffusing toward
the metal particles, in such a way that the data more likely
correspond to an average over a wider range of YCO .
Taking this into account, and for a better comparison with

experiments, we have integrated our simulated NO reaction

Fig. 6 Steady state coverage, top, and reaction rates, bottom, for Pd
nanoparticles of size L ¼ 57 with I ¼ 0, DNO ¼ 0.3 and DCO ¼ 0.4
(high temperature).

Fig. 7 Steady state coverage, top, and reaction rates, bottom, for Pd
nanoparticles of size L ¼ 57 with I ¼ 0, DNO ¼ 0 and DCO ¼ 0.4 (low
temperature).

Fig. 8 Experimental data from ref. 12 showing the NO reaction
probability as a function of temperature for different particle sizes, d,
at YCO� 0.5. Notice the different activity–size relationship below and
above 285 �C.

2910 Phys. Chem. Chem. Phys., 2003, 5, 2906–2912
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rates over YCO , and have then represented in Fig. 9 the total
production of N2 as a function of the particle size, for high
(top) and low (bottom) temperature. Here we can see the same
behavior as observed in the experimental data with respect to
the relative activity of different particle sizes. We can also see
that the effect of step edge sites inhibition, parameter I, which
is stronger for smaller sizes as expected, is not enough to over-
turn the activity–size relationship.
Our simulations provide a very simple explanation of what

seemed in ref. 12 the most puzzling result, i.e. the fact that
the medium size particles were found to be the most active
ones. We can now say that this is so because the medium size
particles have the right balance between a high ratio of (111)-
to-(100) facets and still a not too high proportion of periph-
eral-to-bulk sites (which is not the case for the smallest size
particles). The same kind of finite size effect seems to be
responsible for the activity–size relationship between the lar-
gest and the smallest particles at high and low temperature.
In fact, at low temperature, where desorption of NO is
depressed, the largest particle is the less active one because it
has a large proportion of the (100) facet. Here the lack of
NO desorption causes the effect of the NO dissociation pro-
cess, which is less effective on (100) facets, to become critical,
and this is not counterbalanced enough by the large propor-
tion of peripheral sites in the smallest size particles. When
enough NO desorption is present, at high temperature, then
the importance of the lower effectiveness of NO desorption
on (100) facets becomes relatively small and the effect of the
large proportion of peripheral sites in the smallest size particles
is the one which prevails, thus overturning the activity–size
relationship.

The effect of changing P

Fig. 10 summarises the effects of changing the dissociation
probability P to extreme values, such as 0.9 and 0.5, com-
pared to the behavior for P ¼ 0.7, for just two extreme
values of the step edge sites inhibition parameters, I ¼ 0
and I ¼ 1. For the high temperature case (top) we see that
the activity–size relationship is preserved for P ¼ 0.5, while
it is overturned for P ¼ 0.9. In particular, when P is too
large, the activity becomes too small, in fact the smallest,
for the largest particle size. This effect can be easily under-
stood, since as explained above NO desorption plays a funda-
mental role at high temperature to make the largest particle
more active than the smallest one. However, when the NO
dissociation probability becomes too high there is very little
molecular NO on the surface and the effect of NO desorption
becomes negligible. Now, from our analysis about the experi-
mentally observed behavior of NO dissociation efficiency in
Section 2, we could say that such a high value of P for the
largest size particle is quite unlikely. On the other hand, for
the case of low temperature (bottom), a high value of
P ¼ 0.9 does not alter the activity–size relationship, while a
low value, P ¼ 0.5, makes the reaction window disappear
and the activity becomes zero for all particle sizes. Again,
due to our discussion in Section 2, a value of 0.5 for the dis-
sociation efficiency is the lowest one observed, and this value
includes already the effect of depressing the dissociation
process due to the lack of enough vacant sites, therefore
the value of P is likely to be appreciably higher than 0.5.
In summary, we could say with some confidence that
simulation results are still consistent with experimental
observations.

Fig. 9 Integrated N2 production rates from simulations, as a func-
tion of particle size, for different step edge sites inhibition factors,
for high (top) and low (bottom) temperature.

Fig. 10 Integrated N2 production rates from simulations, as a
function of particle size, for different NO dissociation probabilities
and step edge sites inhibition factor, for high (top) and low (bottom)
temperature.
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5. Conclusions

We have studied through Monte Carlo simulations the beha-
vior of the reaction window and reaction rates in the steady
state for the NO–CO reaction on Pd nanoparticles of different
finite sizes and morphologies, presenting different proportions
of (100) and (111) facets. The present study is motivated by the
experimental realization of realistic systems for the reduction
of NO by CO developed in ref. 12, and the simulation model
is developed in such a way as to take into account the main
characteristics of the experimental system. The main para-
meters of the model are the NO dissociation probability, P,
the step edge sites inhibition factor I, and the NO and CO des-
orption probabilities, DNO and DCO , respectively.
Since the activation energy for NO desorption on Pd is

higher than that for CO desorption, we studied two limiting
cases: the high temperature limit, where both NO and CO des-
orption are active, and the low temperature limit, where NO
desorption is depressed.
Simulation results show that intermediate size particles are

the most active over all temperature ranges, while the smallest
size particles are the less active at high temperature and the lar-
gest size particles are the less active at low temperature, provid-
ing simple explanations to this behavior, which are consistent
with experimental observations. It is also found that variations
in parameters P and I do not change the activity–size relation-
ship and that the NO desorption process and finite size effects
are the main factors determining such a relationship.
The model used here, without pretending to establish a gen-

eral theoretical basis for the analysis of the kind of systems stu-
died, does provide, though through the use of some empirical
parameters, a consistent explanation and justification of the set
of experimental data observed for the NO–CO reaction on Pd
nanoclusters. In this sense, it may also be applied to study the
same reaction on other supported metal particles, given that
the general behavior does not depend on the nature of the
metal but mainly on the fact that supported particles of differ-
ent sizes will present different proportions of (100) and (111)
facets.
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