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Reply to ‘‘Comment on ‘Hysteresis phenomena in CO catalytic oxidation system
in the presence of inhomogeneities of the catalyst surface’ ’’
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We do not agree with the Comment of Zhdanov about our recent paper@Phys. Rev. E66, 066103~2002!#.
It is not necessary for the system to obey the detailed balance in our paper which is far from the equilibrium
state, and some experimental results have shown that the chemisorbed CO molecule has almost unit probability
of reacting to produce CO2 under suitable conditions.
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In our recent paper@1#, according to the experimenta
phenomena by Berdauet al. @2#, we proposed two kinds o
theoretical defects to understand the effect of the inhomo
neities of the catalyst surface on the hysteresis behavio
the CO oxidation system. The desorption of CO is very sl
and its difference on different sites may play an import
role during the jump from low reactivity to high reactivity
Meanwhile, the adsorption of O2 is also sensitive to the sur
face feature. However, the adsorption and diffusion of C
are very rapid, and a little of their differences on the surfa
just have a trivial effect.

It is well known that the inhomogeneities of the cataly
surface may have an effect on all kinds of processes in
face in various subtle ways, in which many mesoscopic
tails are not well known until now. In this case, it is ve
difficult to include all details of the catalyst process in
model and it is suitable to cut off some details as Zhdan
himself has stated in Ref.@3#, ‘‘Critical phenomenon occur-
ring in adsorbed over-layers at conditions far from equil
rium are of high current interest. To simulate such pheno
ena, one inevitably needs to employ a series of assumpt
and simplification, which should of course reflect the ma
properties of a system under consideration.’’ Therefore,
the defects, only the differences of the desorption of CO
adsorption of O2 are taken into account in our model and t
effects of the adsorption and diffusion of CO can be n
glected. Most importantly, our simulation results are gen
ally in agreement with the experimental phenomena
some details are reexhibited in our model@2#.

In the Comment of Zhdanov, the author says that the
glect of the influence of the defects on the CO diffusi
contradicts the detailed balance principle and it may ove
timate the influence of the defect sites. We do not agree w
this viewpoint. First, it is well known that the detailed ba
ance is valid only for the system in the equilibrium state a
it is just for a pair of reversible processes. However, it is
necessary for the system to obey the detailed balance in
paper which is far from the equilibrium state, while as a lo
approximation, the detailed balance is employed to desc
the surface diffusion process in nonequilibrium systems
some references, e.g., Ref.@4#. Moreover, Eq.~1! in the
Comment is physically unreasonable. It is obvious that
diffusion process of the adsorbed CO on the surface is
ferent from a combination of a desorption of the adsorb
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on one site and an adsorption on its nearest-neighbor~nn!
vacant site. On one hand, the necessary energy of the j
between the nn sites on the surface in the CO diffusion p
cess is much lower than that of the desorption process,
erwise the CO diffusion will be very slow; on the other han
during the diffusion process, the diffusion particle is a
sorbed on the surface and the CO desorption into the
phase does not occur.

In reality, an adsorbate CO particle on the surface is s
ject to different interactions on the surface. For examp
Kuzovkovet al. @5# thought that the diffusion is mainly gov
erned by the strength of the interaction parallel to the s
face, but the adsorption and desorption are controlled by
strength of the interaction perpendicular to the surface.

Second, in our paper@1#, the influence of the type-I de
fects in the model leads to the decrease of the occup
probability of CO on these defect sites to provide enou
vacant sites for O2 adsorption. If the effect of type-I defect
on the CO diffusion, is included, the probability of the C
diffusion from type-I defects to regular sites is higher th
that from regular sites to type-1 defects because the bind
energy of the adsorbed CO on the type-1 defects is lo
than that on the unperturbed sites. As a result, the adso
CO molecules mainly occupy the regular sites and typ
defects can become a vacant site more easily compared t
regular sites, and then the inhomogeneities of the cata
surface can have a more important influence on the dyna
cal process compared to the simulation results in our pa
Therefore in our previous work@1#, the influence of type-I
defects cannot be overestimated, on the contrary, it is un
estimated for the influence of the inhomogeneities of
surface.

With respect to the second point of the Comment,
author criticizes that the ratio of the rates of CO diffusi
and reaction between adsorbed CO and O species is opp
compared to that observed in reality. However, this is
true. Actually, Sholl and Skodje@6# have reviewed the rela
tionship between the diffusion rate of the adsorbate CO
reaction rate of CO1O, in which it is shown that many fac
tors can have an important effect on the reaction and di
sion rates, such as the reaction temperature, the surface
dition, and adsorbed species@6#, and that the rates o
diffusion and reaction can change in a large range un
different conditions. On the other hand, in previous wor
©2003 The American Physical Society02-1
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@7–12#, it is widely accepted that the reaction rate of CO1O
species adsorbed in nn sites on surface can be assumed
infinite. In fact, some experimental results have shown t
the chemisorbed CO molecule has almost unit probability
t-
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reacting to produce CO2 under suitable conditions@13#.
Therefore, as a theoretical model, we think that our assu
tion that adsorbed CO can react with adsorbed O on the
sites with one unit probability, is suitable.
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