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Comment on “Hysteresis phenomena in CO catalytic oxidation system
in the presence of inhomogeneities of the catalyst surface”
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Scrutinizing the Monte Carlo algorithm, used by D.-Y. Hua and Y.-Q.[Mays. Rev. 66, 066103(2002]
in order to simulate the effect of defect sites on bistable kinetics of CO oxidation on single-crystal surfaces, we
show that in their studyi) the rules for describing CO adsorption, desorption, and surface diffusion contradict
the detailed balance principle afid) the ratio of the rates of CO diffusion and reaction between adsorbed CO
and O species is opposite compared to that observed in reality.
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Rapid heterogeneous catalytic reactions are often bistablerinciple in MC and/or mean-field simulations of kinetic sys-
A classical example here is CO oxidation on Pt. In this reactems with reversible steps is general textbook wisdom, be-
tion, bistability has been observed on single crystals, polycause otherwise the results of simulations are incorrect in
crystalline samples, and supported catalysts at a pressuﬂiuations close to detailed balance and may be incorrect in
range from 102 bar to atmospheric pressug,2]. The un-  Situations far from detailed balance. The important point is
derstanding of this phenomenon is of considerable intrinsi¢hat the detailed balance principle is usually valid irrespec-
interest and also important for rationalizing more complextive of whether a system is close to detailed balance or to
reaction behaviofe.g., kinetic oscillations and pattern for- chemical equilibrium(the system under consideration is al-
mation. In addition, the knowledge of the details of the Ways far from chemical equilibrium and far or close to the
bistable regimes of catalytic reactions is of practical signifi-CO adso_rptlon—Qesorptlon eq“"'b““”.‘ during the .h'gh' or
cance(e.g., for optimization of the performance of automo- low-reactive regime when the surface is co_vered primarily by
tive catalytic converteps For these reasons, the bistable ki- O or CO, respegpveby For ra'te Processes in gds_orbed over-
netics of CO oxidation has long attracted attention ofIayers, the conditions of applicability of this principle depend

A . ) ._on the rates of such processes as vibrational relaxation of
explorers working in different fields of physics and chemis- P

h ional h ing bistability is b dsorbed particles. These rates are well known to be ex-
try. The conventional approach to treating bistability is baseqemely fast on the time scale of elementary reaction steps
on application of the mean-field kinetic equatidi2s3] im-

L ary o = edal ’ and diffusion jumps, and accordingly the detailed balance
plicitly implying rapid diffusion of adsorbed species. More principle has to be fulfilled.

recent theoretical studig¢d,5| focused on CO oxidation oc- For regular sites and sites of type 1, for example, the
curring on supported nanometer-sized catalyst particles relyetailed balance principle prescribes
on the Monte CarlgMC) technique. The later technique has

also been used by Hua and NtdM) [6] in order to demon- kgdsktlies k‘fg
strate the role of randomly distributed defect sites in bistable e des™ i (1)
kinetics of CO oxidation on single-crystal surfaces. ki"ko™ Koy

Our two comments concerning the MC algorithm em- . . .
- ahili - wherekd andkd" are the rate constants of CO jumps from a

ployed by HM and the applicability of some their assump- 10 01 _ jump
tions and conclusions to real systems are as follows. type-1 site to a nn regular site and back, respectijsbte

(1) CO oxidation occurs via several steps including cothat the left- and right-hand parts of EG) contain ratio of
adsorption, desorption, and surface diffusion. The rate confhe rate constants, and accordingly Ex). holds despite the
stants of these processes on defect sites may be differefﬁCt that d_lfo_Slon is much faster than adsorption and desorp-
compared to those on regular sites. HM introduce defect sitedon]- Taking into account that the rate constants of CO ad-
of two types(1 and 3. The CO binding energy on these sites SOrption on different sites are considered to be edthas
is assumed to be lower and higher respectively, than on th@Ssumption is reasonahlene can rewrite Eq1) as
regular sites. The rate constdat probability) of CO desorp- des o dif
tion from these site&$*s andk3*is accordingly considered kL: k10 @)
to be higher and lower than that from regular sk§%. The kdes 4t
rate constantéor probabilities of CO adsorption on different
siteskd®, k2% andki®, are set to be equal. CO diffusion is The latter relationship indicates that if desorption from de-
considered to occur via jumps to nearest-neighlooy va-  fect sites of type 1 is faster than from regular sites.,
cant sites. The rate constarits probabilities of jumps be-  ki*>k5®9, the CO jumps from type-1 sites to regular sites
tween different sites are assumed to be equal. In combinshould be faster than those from regular sites to type-1 sites,
tion, these assumptions are not self-consistent, because theg., ki >k3" . The MC probabilities for CO adsorption, de-
contradict the detailed balance principle. Application of thissorption, and diffusion jumps are proportional to the corre-
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sponding rate constants and accordingly should also satisfiyhy the HM simulations executed for rapid CO diffusion
the conditions above. In the HM simulations, this is howeverindicate that “the width of the hysteresis loop decreases with
not the case. the decrease of the diffusion rate.” In reality, however, CO
In real systems, CO diffusion is fast compared to otheriffusion is much faster than the GED step. On Ri.11), for
steps(see the discussion belopwin this case, the relative example, the experiment and density functional theory
coverages of regular and defect sites depend primarily on C@hFT) calculations[7,8] indicate that the activation energy
diffusion. As already mentioned, HM assume that the probsg, the CO+O reaction is between 70 and 100 kJ/mol. In
abilities of CO jumps between different sites are equal and,nirast, the activation barrier for CO diffusion is lower or

accordingly under the steady-state conditions their algorithnznjlbOut 40 kJ/mol9]. The preexponential factors for these
should result in nearly equal CO coverages of different site rocesses are comparable. Thus, thet@Dstep is not lim-

A correct MC algo.”thm should howeve_r predict the ratio of ited by CO diffusion.(Note that in abstract MC simulations,
CO coverages which is close to that given by the grand Car_notivated by experimental studies of CO oxidation, the
nonical distribution. For example, the CO coverages of regu-, y exp '

lar and type-1 defect site, and 6 have to be related o A_rrhenius parameter§ for reaction stgps _and_ adsorbgte diffu-
reduce the size of the equation, we neglect here oxygen a on are usually not discussed, CO diffusion is often ignored,

type-2 defects or the .reaction is postulated to be Iimitgd by CO diffusion.
Sometimes, e.g., in Ref10], the Arrhenius parameters for
kdesg,  kdes, reaction steps are presented, but the corresponding param-
1-6, 1-6; () eters for CO diffusion are not mentioned. To validate their

model, HM might refer to such simulations, but this refer-

This relationship, directly connected with E@), indicates ence would be irrelevant.
that in the case studied by HNwhen k{*>k$® the cor- The incorrect ratidcompared to realityof the rates of the
rectly calculated CO coverage of type-1 defect sites has ofteGO+ O reaction and CO diffusion may result in artificial
to be much lower than that of regular sites. Thus, the HMsegregation of CO and O species and also in wrong conclu-
algorithm may overestimate the CO coverage of type-1 desions on the role of CO diffusion in bistability. In particular,
fect sites and accordingly overestimate the contribution otontrary to the HM predictions, the hysteresis loop in real
these sites to the total rate of CO desorption. The influence afystems is not expected to be too sensitive to the rate of CO
type-1 defect sites on the bistability diagram may be overesdiffusion provided that this rate is sufficiently high.
timated as well. Finally, it is appropriate to note that for a particular set of

(2) Referring to real systems, HM declare that they try tothe model parametefg.g., in Fig. 2a) of Ref.[6]) the role
simulate the kinetics of CO oxidation with rapid CO diffu- of the factors discussed above may or may not be quantita-
sion. Despite this declaration, they however assume that thévely significant. Anyway, however, the comments above
reaction between CO and O species adsorbed in nn siteshould be taken into account in order to form a firm basis for
occurs immediately. Physically, this means that the4@®» MC simulations aimed at the understanding of the role of
reaction is fast compared to CO diffusion, i.e., this reaction iglefect sites in bistable kinetics of CO oxidation on single-
basically limited by CO diffusion. This seems to be a reasorcrystal surfaces.
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