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Chemical diffusivity and wave propagation in surface reactions: Lattice-gas
model mimicking CO-oxidation with high CO-mobility
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J. W. Evans
Ames Laboratory and Department of Mathematics, lowa State University, Ames, lowa 50011

(Received 15 May 1996; accepted 3 October 1997

We analyze the spatiotemporal behavior in a lattice-gas model for the monomer-dimer reaction on
surfaces. This model, which mimics catalytic CO-oxidation, includeshile monomer adspecies
(representing C§ animmobiledissociatively adsorbed dimer speciespresenting @ and afinite
reaction rategfor CO, production. We characterize in detail the propagation of the chemical wave

or reaction front produced when the stable reactive steady-state of the model displaces the
metastable CO-poisoned state. In the regime of high CO-mobility, such propagation can be
described directly within a “hydrodynamic” reaction-diffusion equation formalism. However, we
show that the chemical diffusivity of CO is dependent on the O coverage, reflecting the percolative
nature of CO-transport through a background of immobile O. We also emphasize that gradients in
the coverage of immobile O induce a diffusive flux in the highly mobile CO. These features
significantly influence wave propagation and reaction front structure. In addition, our analysis
accounts for the feature that in this hydrodynamic regime, correlations persist in the distribution of
adsorbed immobile O, and that these influence the reaction kinetics, the steady states, and the
percolation and diffusion properties. To this end, we utlize a “hybrid” approach which
incorporates a mean-field reaction-diffusion treatment of adsorbed CO, coupled with a lattice-gas
treatment of adsorbed (Tammaroet al, J. Chem. Physl03 10277(1995]. © 1998 American
Institute of Physicq.S0021-960808)51402-X]

I. INTRODUCTION of the high mobility of some adspecies has generalby

een appreciated or incorporated into the models. Indeed,
op rates for the most mobile adspecies are often many or-
ders of magnitude larger thall other rateqincluding that

for reaction.” This feature effectively eliminates the spatial

Fickian diffusion and coverage-independent chemical diffu-COélations due to multisite adsorption, desorption, and re-
sion coefficientsD.! This approach ignores correlations or 2€tion processes, and leads to local equilibration of such mo-
ordering in the adlayer, which result primarily from interac- il& @dspeciegso that spatial correlations are determined by
tions between adspecies, but also from multisite adsorptiori’® @dspecies interactionsClearly, high mobility also re-
desorption, and reaction processes in the case of limited ag!/ts in the mixed adlayers, mentioned above. However,
species mobility. These effects clearly influence the nonlinihere are also more subtle effects. High mobility quenches
ear reaction kinetics and the steady-state coveragesy- fluctuations that produce transitions between d|st|nct steady
ever, they also influence the chemical diffusion of adspeciesState “branches,” should they exiS. This resuilts in the
which controls the chemical wave propagation and spatiaf'ong metastability and hysteresis often observed in experi-
pattern formation in these systems. Furthermore, here wients, and characteristic of mean-field treatments. Finally,
also emphasize that the traditional MF treatments ignore th&e note that high mobility also determines the mesoscopic
feature that chemical diffusion occurs mixed adlayers, length scalel~(D/ke)"? of the spatial patterns, and the
where diffusion is intrinsically coverage dependent due to'large” wave propagation velocities/~ (k.D)"? observed
the influence of coadsorbed adspecies. in these system]sHere k. is an effective rate for the overall
These complicating features of adlayer ordering andeaction process, arid represents an effective diffusion co-
fluctuations, and of mixed adlayers, can in fact be treateéfficient, as above.
within atomistic lattice-gas(LG) models>® Indeed, LG Our focus here is on chemical diffusion and spatiotem-
models have been applied to study a range of twoforal behavior in a simplistic LG reaction model for CO-
dimensional (2D) reaction systems. However, most suchoxidation, with highly mobile adsorbed CO, and immobile
studies havanot realistically treated surface reactions. Apart adsorbed O. The model supports a state of high reactivity
from simplifying assumptions regarding the reaction mechawith low CO coverage, for lower CO partial pressures
nism, the neglect of adspecies interacti¢asd thus the sim- (Pcp), as well as a completely poisoned CO-covered state.
plistic choice of coverage-independent rates for various adAs Pcg increases above a critical valuB}, the reactive
sorption, desorption, and reaction procegsi crucial role  state changes from stable to metastable, and the opposite

Surface reactions on single-crystal substrates, under uE
trahigh vacuum conditions, exhibit a rich variety of spa-
tiotemporal behaviot. Traditionally, such behavior is de-
scribed by mean-fiel@MF) reaction-diffusion equations with
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occurs for the poisoned state. Fluctuations then induce a di®,(ga9, respectively, are simply related to the partial pres-
continuous transition from the reactive state to the poisonedures for these specids;denotes the reaction rate for each
state. We focus on the evolution of an interface between thadjacent pair of CGad9 and Qadg. Henceforth, we normal-
reactive state and the poisoned state. For example, whepe the impingement rates such thgdo+ Po,= 1, and we set

Pco<P*, the stable reactive state displaces the metastable_ 1 agspecies interactions, other than reaction of adjacent

poisoned state leading to chemical wave propagation. As i”CO(aa) and Qad), are ignored. The model is implemented
dicated above, high CO mobility quenches fluctuations, ingp 4 square lattice of adsorption sites.

creasing the lifetime of the metastable states, and thus pro- ggme previous discussion of this model can be found in
ducing mean-field type bistability and deterministic waveRefs 4 5foh=0, and Refs. 8, 9 fon>0. We are primarily
propagation. However, despite the realization of mean-fielgerested in the regime whete>1, corresponding to the
type behavior in this regime, chemicgl diffusion cqeﬁicient,typica| experimental situation where the G@9 hop rateh,
Dco, of adsorbed CO isot necessarily coverage indepen- js many orders of magnitude larger than the other rates. With
dent. One can only say th@lco will be proportional to the s in mind, it is appropriate to emphasize that we have
hop rate for adsorbed CO. In this work, we fully characterizegposerk finite here, rather than infiniténstantaneous reac-
the nontrivial nature of chem|c_al diffusion, and note the con+jon) a5 in several other studi@&® Choosing infinitek
sequences for wave propagation. _ does not qualitatively change the steady-state behavior or
First, in Sec. Il, we describe in detail the LG monomer—yinetics for spatially uniform systems. However, in the
dimer reaction model mimicking CO-oxidation on surfaces.;_, s |imit for models with infinitek, only one reactant can
We also present simulation results for this model, focusing,5ye nonzero local coverage at a macroscopic pdiatd
on the propagation of chemical waves. Then, in Sec. lll, Wepis produces an artificial situation with regard to chemical

provide some general remarks concerning chemical diffugitfusion and wave propagatidisee Appendix A
sion. We describe effective diffusivity for finite CO-

mobility, and give an explicit prescription for diffusion co-
efficients in the “hydrodynamic” regime of high CO-
mobility. A direct analysis of spatiotemporal behavior in the The key feature of the monomer—dimer reaction model
hydrodynamic regime is presented in Sec. IV, and results aref interest here is the occurrence of a discontinuous phase
compared with those in Sec. Il. This analysis is achieved byransition from a stable reactive steady-state to a stable CO-
implementing a recently developed “hybrid” treatment poisoned “absorbing” state, with increasimgo. The loca-
which combines MF reaction-diffusion equations to describeion of the transition is denoted bpco=p*, where p*
the highly mobile adsorbed CO, coupled with a LG treatment= p* (h) depends orh. A metastable extension of the reac-
of coadsorbed immobile O. In Sec. V, we discuss the limi-tive state also exists forp* <pco<ps;, Where pg,
tations of the model, and notes refinements needed to facili= p, (h) denotes an “upper spinodal.” Correspondingly, a
tate comparison with experiment. Some final remarks arenetastable CO-poisoned state exists for some rgmge
provided in Sec. VI. <pco<p*, where p;_=ps_(h) denotes a “lower spin-
odal.” Clearly, because of its “absorbing” nature, the CO-
poisoned state exists as a steady-state fquil. It is stable
Il. LATTICE-GAS MODEL MIMICKING CO-OXIDATION for pco>p*, metastable fops_ <pco<p*, and unstable
ON SURFACES Pco<pPs--°
As could be anticipated from the general discussion in
Sec. | of the effect of diffusion on metastability,increasing
The lattice-gas(LG) monomer—dimer surface reaction jn this monomer—dimer reaction model leads to an increase
model, mimicking CO-oxidation, includes the following in the lifetime of the metastable states. In fact, it also greatly
simple steps: C@@a9 adsorbs on single empty sites at rate proadens their existence ranyfe®'! For example,in our
Pco; Oz(gas adsorbs dissociatively on adjacent empty sitesmodel with k=1, the width of the existence region for the
at ratepo,; adjacent CQad9 and Qads react to form the  metastable reactive state increases dramatically from 0.005,
product CQ(ga9 at ratek, leaving two empty surface sites.
In addition, Cdadg can hop to each adjacent empty site at

rateh. These steps are summarized schematically as TABLE I. Dependence of the locatiop}* (h), of the discontinuous poison-
' ing transition on the C@d9 hop rate,h, for the LG monomer—dimer

surface reaction model witk=1.

B. The discontinuous CO-poisoning transition

A. Description of the monomer-dimer reaction model

Pco Po,
CO(gag+E—CO(ady, O,(gag+2E—20(ads,

k h p*
CO(ad9+0(ad9—CO,(gag + 2E, 5 0.4328
and ) 1 0.4227
4 0.4152
CO(ad9+ E—E+CO(ads. 16 0.4070
e L g e 32 0.4044
Here “gas” denotes gas phase species, “ads” adsorbed spe- 64 0.4027

cies,E an empty surface site, andE2an adjacent empty pair. o 0.397
The impingement ratespco and po,, for CO(gas and
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FIG. 1. Simulated configurations for cuts through the interface between the reactive steadyrstiatetop and the CO-poisoned staten the bottomat the
discontinuous transitiorpco= p* (h), for (a) h=0; (b) h=16; (c) h=512. Mobile CQads is represented b®, and immobile @adg by O.

when h=0, to 0.103, wherh—. More specifically, one semble” method? Estimates forp* vs h from the latter
finds that p*(0)=0.432 and ps,(0)=0.437> whereas approach are reported in Tablé&3|.

* () ~0.397 (see below and ps. («)~0.500% One rami-
fication is that determination of the location of the poisoning
transition by monitoring the kinetics for varioygo (and
noting the onset of poisoningends to overestimate*, The chemical waves analyzed here are produced, for
since the system gets trapped in the metastable reactive staigo<p* (h), when the stable reactive steady-stdigplaces
for pco slightly abovep* .1 Such corrupted estimates can be the metastable or unstable CO-poisoned state, which is sepa-
avoided either by performing an appropriate “epidemicrated from it by an on-average planar interfdsee Fig. 1
analysis,”® or by implementing the “constant-coverage en- This phenomena was noted in the original paper of Ziff

C. Propagation velocity of the chemical wave

J. Chem. Phys., Vol. 108, No. 2, 8 January 1998
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0.45+ : p*-values determined independently above from the
0.40 1 A constant-coverage ensemble method. However, the most dra-
] i —m—h=0 matic feature apparent in Fig. 2 is the “near-crossing” of
0357 . :::::1 curves for differenth, which occurs atpco=p,=0.397
0.301 N 5 —o—h=16 +0.002 andv=V,~0.08. This type of behavior is certainly
0.25 ; ::::jgi consistent with Eq(1), which shows that the slope of such
V 0201 o Q A\ ..... heoo curves must diverge, as—oo. Perhaps, most importantly,
\.\AA\ ; one can conclude from Ed1) that the “crossing point”
] o , X .
0.15 'sﬁ\: yields an estimate of
010+ )\ p* (h—o0)=p,=0.397=0.002, whenk=1. @
' \
0.051 \és.\ In this way, simulations for a range of “smallh can be
0.00 +———————— Ao e Ty TR, reliably extrapolated to assess limiting behaviopd{h), in
036 037 038 0.39 040 041 042 043 0.44 the phys|ca||y relevant regime of very |arg|e
P One can also extract from this simulation data estimates

co for the values for the parametefsandB, in Eq.(1). This is

FIG. 2. Chemical wave propagation velocity, vs pco (below p*), for most naturally achieved by examining the quasilinear varia-

varioush (shown. The dashed vertical line shows limiting behavior for tion with h of (dV/dA)Z%Deﬁ%AZ(B-i-h), in the regime of

h—ee. large h. From this behavior using values fdiV/dA at the
crossing-point for largén, we find thatA=2.2+0.3 and a

et al® on the monomer—dimer model with infinite andh ~ B-value of order unity. .

=0 (the so-called ZGB modglIt has been studied in detail  Finally, we note that analogous “near-crossing” behav-
more recently for extensions of the ZGB model includingi©" ©f V VS Pco curves,lgor varioud1, was observed previ-
adspecies diffusiofi’® One expects that for our model with OUSly by Goodmaret al.™ for the monomer—dimer reaction
k=1, and anyfixed h the propagation velocity/, vanishes model_ withinfinite k (mstgad ok= 1), but retammg mobile
linearly with A =p* — peo=0,asA—0. This is due to the CO with hop rateh, and immobile O(see Appendix A
disappearance of the driving force for the reactive state to

dISpIE.i(.:e 14the. CO-p0|sone(_:I state on approaching th%. Structure of the chemical wave front

transition.” It is also appropriate to consider the dependence

of V onh, for fixedA. One can argue thaf should scale like We now discuss in more detail the structure of the
L./7., wherer,=1/k.=0(1) is a characteristic time for the chemical wave front. From Fig. 1, it is apparent that there are
reaction process, and. is an overall characteristic length. fluctuations in the location of the interface between the reac-
L. is determined by both the diffusion lengthy~ 7;h'2,  tive and CO-poisoned states, and that these are particularly
and a “direct spatial coupling” lengthl.,,=0(1), due to dramatic for smallh. The total amplitude of these fluctua-
reaction between distinct adspecies at neighboring sitegions, ¢, is naturally decomposed into contributions due to
(Here, all distances are measured in units of the lattice corintrinsic fluctuations ¢;, and due toong-wavelength fluc-
stant) Consideration of generalized spatial contact mddels tuations &, where&2~ 2+ £5.%1¢ For h=0, large intrinsic

for spreading or propagation due to both direct spatial coufluctuations occur whempco=p* [and these are the domi-
pling or contact, as well as due to conventional diffusion,nant feature in Fig. (], although they are significantly re-
suggests that?~L2+L2.° Together, the above observations duced whemco<p*. Figure 1 also indicates that increasing
imply thaf h above zero, whenpco=p*, quenches the intrinsic
V~A(B+h)L2A 1) fluctuation§ (or at least they do not grow significantly, de-

' pending on the precise definition of the interface location,
at least for largeh, and smallA. By comparison with con- and of &;). However, they are expected to increase slowly
ventional mean-field reaction-diffusion equation analyseswith largerh. For example, “diffusion front” studies sug-
whereV~(k.D)¥?A,* one might define an effective diffu- gest thats;~h?”, if one defines the interface as the “shore-
sion coefficient D, in context of chemical waves, which line” of the CO-covered regiofisee Appendix B
scales likeD .4~A%(B+h). See also Ref. 10 and Sec. IIl. It has also been showf’that the long-wavelength fluc-

The behavior described above was indeed observed ussations are described by the stochastic KPZ-equafidor,
ing conventional Monte Carlo simulations to determih@as  pco<p*. As a result, the amplitude of these fluctuations,
a function ofpco<p* (h), for various choices ofi=0. The = measured over a locally-equilibrated section of the interface
results are shown in Fig. 2. Heké is determined from the of length L, must scale liketg~24 Y% yL/v)'2 wherey
variation of the location of the interface defined as in Ref. 8 measures the amplitude of the shot-noise in the KPZ equa-
Of course, various definitions of this location are possibletion, and v denotes the kinetic surface tension at the
but all give the sam¥ for steady-state propagation. Uncer- interface’®!” Comparison of KPZ and mean-field reaction-
tainties are negligible for largev, and increase up to 10% diffusion equation analyses of the evolution of curved inter-
for smallerV. First, we note that the values of the impinge- faces indicates that~h, for largeh.® This increase in the
ment rates,pco, Where V=0, coincide exactly with the kinetic surface tension with quenches the long-wavelength

J. Chem. Phys., Vol. 108, No. 2, 8 January 1998
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1.0 o000 width” of the front (which corresponds ta.). The smooth
0.8] (a) .o. nature of the profile foh=0 in Fig. 3a), and the primary
' o contribution to the width, come from the intrinsic fluctua-
0696000 ° tions. Also, examining the evolution of the shape of the pro-
00 o6 o * o, files with increasingh [Figs. 3a)—3(c)] one anticipates the
0.4 ce o 8 development of a nonanalytic form in the—c limit. This
02 .'OOO ° form is quite distinct from typical chemical wave profiles
“eevee®e®®® ° derived from conventional reaction-diffusion equations with
0.0l , , ©000606000 constant diffusion coefficient§. Indeed, we shall show in
-10 -5 0 5 10 Sec. IV that the unusual form in this model is associated with
1.0- b ﬂ the percolative nature of CO-diffusion.
o © w
W% ) lll. CHEMICAL DIFFUSION
0.6 P -o ] ) ) ]
® ® Here we first consider, in general, mixed adlayers, where
0.4+ 02{ a mobile species, C@ds, which hops to adjacent empty
> sites, coexists with an immobile speciega@s. In the hy-
0.21 - © drodynamic regime of high CO-mobility, chemical diffusion
0o mranmand Q%?mbm is described in terms of the diffusive mass flugg, of
20 -10 0 10 20 30 CO(ad9 across the surface generated by spatially nonuni-
1.0+ form coverages. We emphasize that a flilixgy, can be gen-
erated both by gradients in the CO-coverage, and in the O-
0.8¢ coverage, SO one writes
0.6 Jco= ~Dco,coV fco~DcooY bo ()]
0.4 for small gradients. The coefficien3co co and D¢p o are
not generally constant and below we explicitly determine
0.2 their coverage dependence. We note that diffusion is not pos-

e — sible for whenf.q+ 6,=1, then since herdf.o=—A6, it
100 -50 0 50 100 150 follows immediately thatD o co and Do o must be equal
X for such a “jammed” surface.

For general lattice-gas models involving surface diffu-
FIG. 3. Simulated coverage profiles across the interface between the re

tive steady-statéon the lef} and the CO-poisoned staten the righy at the ailon of a”ﬂadSpedCIGS’ a unique (I;ﬁlatlonshllp Of. the.fd?? h
discontinuous transitionpco=p* (h), for (a8 h=0; (b) h=16; (c) h etween flux and coverage gradients only exists in the hy-

=512. The positiorx is given in units of lattice constants. The leng#tx, drodynamic regime of high mobility. Here, the diffusion co-
of profile shown is chosen as the same fixed multiple fA(B + h)/2, for efficients are determined by the partial coveragasl sub-
eacth-value [specifically, Ax~7A(B+h) % with A=2.2 andB=1.8]. strate temperatuye which determine the unique locally
equilibrated steady state of the adlay@¥e do however em-
phasize that these coefficients depend on the spatial correla-
fluctuations. Thus, for example, one hgs~yY?h~ on  tions within this state’® For our model, the situation is ac-
the characteristic length scale;~L.~h"2 for largeh. Fi-  tually more complicated since in the locally “equilibrated”
nally, we note that while the long-wavelength fluctuationsstate, the distribution of immobile @d) depends on the his-
are not of the KPZ type precisely at the transitfofiit is  tory of formation of that state, rather than just on the cover-
clear that they are still quenched with increasing ages. However, some simplification occurs in our study of
The key observation from the above analysis is that alkteady-state chemical wave propagation, since there is in fact
fluctuations *“quickly” become insignificant relative to the a unique local reactive state for each point across the wave
characteristic length scale.~h*? with increasingh. This  front. Finally, we note that in addition to studies of the hy-
is entirely consistent with the general statements in Sec. dirodynamic regime, directly below we also consider the case
concerning the enhancement of metastability and the attairof finite mobilities, where there is some basis for the defini-
ment of “mean-field behavior,” with increasing surface mo- tion of an effective chemical diffusivity.
bility (see Refs. 6, 8, 10, 11
Finally, in Fig. 3, we show concentration profiles for
cuts through the “equilibrated” reaction front ato=p*, From examination of exact master equations for our LG
obtained from simulations of systems with a fixed width of surface reaction model with finite for spatially nonuniform
600 lattice spacings. Heréco and g denote the mean cov- system, it is clear that spatial nonuniformities produce a dif-
erage of CO and of O, respectively, along rows of sites orfusive flux of CO. For a square lattice, with sites labeled
thogonal to the direction of propagation. From these profiles(i,j), suppose that one has translational invariance in the
one can clearly see the increase witbf the “characteristic  j-direction. Then lef O;] denote the mean O-coverage in

0.0%=5
-150

A. Effective chemical diffusivity for finite mobility

J. Chem. Phys., Vol. 108, No. 2, 8 January 1998
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column “i,” let [E;O;. ] denote the probability of an adja- the total effective diffusivity is given by sum of contributions
cent empty site in columni® and O-occupied site in col- from these pathways, as is already apparent in the identifica-

umn “i+1,” etc. Then the net diffusive flux of C@d) from tion of Dyt in Sec. Il. However, we emphasize that the
column “i” to column “i+1" has the forn§ former contribution dominates in the hydrodynamic regime,

o which is relevant to realistic modeling of surface reactions.
Jeoli—i+1)=h([COE;;1]-[ECO 1]

=—-h([CO,.]-[CO]) B. Chemical diffusion in noninteracting lattice-gases

+h([GCG +1]-[COO +1]). (4 There is a special case where the analysis and properties
of chemical diffusion are particularly simple, and which is of
direct relevance to this study. This is the case of “random
diffusion” of a noninteracting adspecies of finite coverage or
X . . ) “density” by hopping to adjacent vacant sites, either on a
glects correlations in the occupancy Of_ adjacent sites, perfect lattice, or in a static disordered lattice where some
€.9.[0/C0+1]=[G][CG.1]), one obtains sites are “blocked.” Here, it is known that the associated
] ~_N0(1_ _Ro many-particle master equations describing diffusion reduce
(Joo)= = D1~ 80)dcol 3x =D bcodbolox. . () to single-particle diffusion equatio$23 An important con-
This expression has the qualitative form of E§) above, sequence is that the chemical diffusion coefficiéht,is in-
although we emphasize that it is not exact due to the neglectependentof the coverage of the diffusing species. Of
of spatial correlationgexcept wherdo—0; see Sec. Il B course, the diffusion of a single particle and, thus, the diffu-
From the simulation results of Sec. Il it is also clear thatsion of the non-interacting lattice-gas, depends on the details
even in the absence of adspecies hopping, spatial honunifoof disordered environment.
mities can be removed, e.g., leading to wave propagation. The key results relevant to our study can be extracted
This is a consequence of spatial coupling associated witfrom analyses of transport in lattice percolation models
nearest-neighbor adsorption site requirement fgrdmd the  where some fractiorng, of the lattice sites are “impurities”
adjacent site requirement for reaction. The indirectwhich block transport* We apply these results to analyze
adsorption-desorptiofor reaction pathway effectively pro- transport of the highly mobile adspecies CO, where the “im-
duces a nondiffusive lateral flux of CO that is controlled by purities” correspond to coadsorbed O. The basic feature of
adsorption and reaction rates, and the range of the spatitiese models is that “percolating clusters” of neighboring
coupling(here just one lattice spacingis also noted in Sec. vacant sites, which connect opposite sides of the system,
II, this phenomenon apparent in general spatial contacexist only wheng is belowa critical thresholdg . Thus, for
models!® where the equations governing spatiotemporal beg<q., long-range diffusionlby hopping between adjacent
havior can be rewritten in a reaction-diffusion form within vacant sitesis possible, and>>0. For g>q., no long-
the so-called “diffusion approximation”(which neglects range diffusion is possible, and thi&=0. If we setD
spatial correlations Formulations of this type for the spa- =D° whenq=0, and writeD=D°Fperc(q), thenF . d Q)
tially inhomogeneous monomer—dimer reaction can be foundecreases from unitfjwhenqg=0) to zero(asq increases to
in Refs. 20, 21. These studies primarily utilize the simplesty.), andF . {q) =0, forq=q.. We emphasize that the criti-
“site-approximation” which neglects all spatial correlations, cal percolation threshold depends on spatial correlations in
suitably extending this approximation to spatially inhomoge-the distribution of the blocked sites. However, the nature of
neous systems. Generalization to more sophisticated “dythe nonlinear disappearancefgfe{d) ~(d.—q)* upon ap-
namic cluster” approximations for spatially inhomogeneousproaching the critical thresholdrom below) is described by
systems, which account for short range correlations, is universal exponeni~1.32*We also note that most stud-
straightforward"?%2* However, such approximations gener- ies of percolation focus on connectivity of the occupied
ally cannotdescribe the nontrivial nature of chemical diffu- rather than the vacant sites. These are generally distinct
sion in mixed adlayers, for realistic larde This is clearly problems® one exception being the most commonly studied
the case for the model studied here where correct descriptiotideal case” of randomly distributed blocked sites.
of the percolative nature of diffusion requires a sophisticated In this work, we shall also exploit another quantitative
characterization of the connectivity of nor(@9 regions of  characterization of the dependencelobn q, which is pro-
the lattice(see below vided by formal “density” expansion techniqué®.These
Chemical diffusion coefficients cannot be precisely de-expansions are obtained by first developing an Ursell-Mayer
fined for finite hop rates. Since there is not a complete sepa:luster expansion foa suitable transform dthe propagator
ration of time scales for hoppin@iffusion) and other pro- for diffusion on a disordered lattice. Thath-order term in
cesses, relaxation of weak perturbations of uniform statethis cluster expansion involves only propagators for lattices
will be dominated by nondiffusive pathways. However, it is with up to “m” impurities, and this determines theg"-term
natural to define an effective chemical diffusivity based, e.g.jn the expansio®, after appropriate ensemble average over
on the type of wave propagation behavior described in Secaelative positions of such finite subsets of impurities. To
Il. Since true diffusion and adsorption-desorption mechadate, only the case ofrandom distribution of impuritiehas
nisms provideparallel pathways for spatial homogenization, been considered, where such ensemble averages involve uni-

Now, one hasadeo(i —i+1)— (Jeo)y, a2h—DP° (the CO-
diffusion coefficient for vanishing coverages and
a Y([Ai.1]-[A])—dlax[A], for largeh. Thus, if onene-
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form sums over all relative positions of subsets mf Below, we describe the prescription of E@) and Eq.(8) as
impurities® In particular, for a square lattice, such an analy-percolative CO-diffusion.
sis yieldg®

Fperc(q) —1—(m—1)q— a’q2+ O(qs), (6) :%/EGHJABERBDFTEEAHTl\I\Aﬂgg;L?E THE HYDRODYNAMIC
wherea~0.855 71. The quadratic approximation to B8, A The hybrid mean-field/lattice-gas formalism
reproduces simulation results with uniform accuracy, and
produces an estimate fay, of 0.4023(corresponding td In the regime of high CO mobilityi.e., very largeh),
=0), which should be compared with the exact value ofthe adsorbed CO are locally randomized in a quasistatic dis-
0.4073. Of course, this approximation produges 1, rather ~ ordered environment of coadsorbed O. For this reason, it is
than the correct nontrivial value, but this limitation is not Natural to analyzedirectly this limiting behavior within a
important in the context of our studies. so-called “hybrid” formalism®?’ Here, the immobile

From the above discussion, it is clear that the introducO(@ds distribution is treated within a lattice-g&sG) frame-
tion of spatial correlations in théstatig distribution of im- ~ Work (just as in our simulations for finite), but the CQad9
purities does not change the linear “single impurity” term in is described by a single mean-field parameteéo
Eq. (6). However, the quadratic term is associated with sum™fco(X.t), representing the local CO-coverage at a macro-
over the relative position of pairs of impurities, which must SCOPIC point,x, at timet. For a spatially uniform system,
now be weighted by the associated pair-probability distribuWhere co=0co(t), analysis of this hybrid model reveals
tion function (rather than being a uniform suniThus« is  true bistability of reactive and CO-poisoned states over a
modified depending on this function. It is appropriate to note@nge ofpco from ps_=0 to p, =0.5007 Such true bista-
that this pair-probability distribution provides only some- bility is expected since increasirtg enhances metastability
what indirect information on the percolation threshold, inin the full LG model, as noted in Sec. I and Il. We empha-
contrast to the distinct pair-connectivity functiéhThus, —Size, however, that this hybrid model doret provide an
one should not expect the quadratic approximation to(6. €xact analysis oh—o limiting behavior of the full LG
with appropriately calculated, to accurately predict, in ~ Model. For the latter, there are variations or fluctuations in
general. However, our strategy will be to use a quadrati¢he CO coverage on regions which are topologically discon-
approximation withe: chosen to match independently deter- nected by “walls” of Qlads. These fluctuations are not ac-

minedq., and this expression is expected to uniformly ap-counted for in the hybrid treatment. While there is no indi-
proximateF pec. cation that they effect the qualitative behavior of the model,

they could produce small quantitative changes.
In reality, h is finite, although typically very large. Thus
) - - local equilibration(i.e., randomization of CO(ads is effi-
C. Chemical diffusion coefficients  Dcoco and Dcoo cient, but there can be variations of G&nhd O coverages on
In our monomer—dimer reaction model, the disorderec® mesoscopic length scale, I8f). This feature is mani-
environment through which the highly mobile noninteractingfested in experimentally observed wave propagation and pat-
CO(ads diffuses is provided by the immobile coadsorbedtern formation® To treat such phenomena within the hybrid
O(ad9. Since the CQads hop rate is much higher than all approach, one can simulateparallel the state of distributed
other rates, this environment can be regarded as effectivelpiacroscopic points with distinct local coverages, using a LG
static. The chemical diffusion coefficierBco co, will de-  description of @ads, and a MF description of C@ds, with
pend on the coveragend configuration of the coadsorbed fconow representing the local coverage. One must also suit-
O(ads, butnoton 6. Although, as noted above, the local ably couple the evolution at these distinct macroscopic
state depends on its history of formation, rather than just offoints (and thus of the parallel simulationt describe the
0, it is instructive(but somewhat oversimplistico write ~ macroscopic diffusive mass transport of @@9.2 Within
such a “hydrodynamic” reaction-diffusion formalism, it is
Dco.co=DOF perd 00), () necessary terescribethe chemical diffusivity of CQads.
The simplest approximation assumes a constant diffusion co-
efficient, and a modified treatment has been considered
In analyzing the diffusive flux of C@ds induced by a which accounts for the influence of coadsorbed species, but

: e - 8
gradient in the Cad3-coverage, a key observation is that the N€gl€cts all spatial correlations, i.e., using E8). for Jco.
many-particle master equations for the noninteracting c@iowever, for the model under consideration here, the appro-
lattice-gas still reduce to single-particle equations, even for Driate nontrivial prgscnptlon of percolative diffusion is given
nonuniform disordered background. Thus, the induced fluwPY EAs-(7) and(8) in Sec. Il C.

must be directly proportional to the coverage of @3, Below, we exploit this hybrid treatment of s_patially in-
and one can Writ® ¢o o= D%0coG(6). Then the condition homogeneous systems to analyze the evolution of planar
that Deo.co=Deoo for a “jammed” surface, where chemical waves. Paralleling the study of Sec. Il, we examine

where againD°=a’h is the CO-diffusion coefficient for
vanishing coverages.

Beot =1, Yields G(X) = Fperd X)/(1—X), SO the displacement of the reactive steady-state by the CO-
poisoned state, which occurs fpgg below anequistability
Dcoo= DOGCOFpem( 00)/(1—6p). (8)  pointin the bistability region. Fopcp above this equistabil-
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ity point, the displacement would be reversed for condiant — 1o diffusion ———+ | «——— diffusion
but it is actually absent for percolative diffusidgeee Sec. 1F
IV B). In any case, by scanningco across the bistability
region, one can determine the equistability point for these 0
two states. The equistability point corresponds to, and thus 2
provides a direct estimate @*(h—o), which was deter- polsoned
mined independently in Sec. ! i / \ state
9 reactive profile profile
state cor‘responds reflects
B. Wave propagation with percolative diffusion: 1o time trace diffusion
General properties \ \ o
In the h—oo limit, planar chemical wave propagation in

the x-direction in our monomer—dimer reaction model is de- E=0
scribed by equations of the fofm

FIG. 4. Schematic of the chemical wave profile fiyg slightly belowp* .
a/ﬁt GCO: pcer_ 4k 00,C0+ &/ﬁx[ DCO,CCﬂ/aX 000]

+dlox[ D [9X 05, . .
[Deoo ol £<0, so fy—constant, strictly exceeding.; however, 6,

decreases fromg, to zero, for increasing=0. This behavior

al ot 90=2F30295,E—4k6'o,co 9) is indicated schematically in Fig. 4.
For pco just abovethe equistability point, propagation

Here 6co, 0o, andfg=1- 60— 6o denotes the probability jnyolving displacement of the reactive steady-state by the
that a site is occupied by CO, O, or emp#y)( respectively, more stable CO-poisoned state does occur in this hybrid
fo,co denotes the probability of finding an adjacent O—COfgrmalism with percolative diffusion. This is because the re-
pair (as distinct from a CO-O pairand 6g ¢ denotes the active steady-state value 6f, exceedsy., which precludes
probability of an adjacent empty pair. Since the @@ are  (diffusive coupling of the CO-poisoned state to this reactive
locally randomly distributed, one ha8o co=0oz0co/fz  state.(However, aspco approaches the upper spinodal, the
and g g= 07 7( 0/ 67)* whereZ denotes a non-O site. We reactive steady-state value 6§ drops belowq., and again
emphasize that since the(&l9, and thus theZ’s, are not  propagation occursFor completeness, in Appendix C, we

randomly distributed, these equations are not closed, angidicate corresponding behavior in the LG model faio
need to supplemented by an infinite hierar@rlowever, just abovep*.

direct assessment of some of the properties of the solutions
to Eq.(9) is still possible. For a chemical wave with velocity
V in the x-direction, one ha®.o=0-o(£=x—Vt), etc., and
the above equationg@and their extended hierarchgan be
reduced to ordinary differential equations in the standard As an initial simplified treatment of wave propagation
way upon making the replacements/dt— —Valié, within the hybrid formalism, we assume that the “weak”
Al ax—al 9. 18 correlations in the distribution of adsorbed O do not affect
Consider first the case qfco below the equistability the percolation or transport properties for diffusing @as.
point (see Sec. IV A so that a planar chemical wave can beln this case, to describe chemical diffusion of @89, one
formed in which the reactive state on the left, say, displacesight use Eqs(7) and (8) with a quadratic approximation
the CO-poisoned state on the right. This corresponds to for Fpe., Where we slightly adjust the exact value faf® so
>0. For our reaction model, in such a reactive state al- that we recover exactly the random percolation threshold of
ways exceeds the critical thresholgl,, for the termination g.=0.4073. With this choice, we determine that the equista-
of CO-diffusion, and trivially 5=0 in the CO-poisoned bility point for the reactive and CO-poisoned states occurs at
state. Thusfy will decrease from aboveg., to belowq,, Pco~0.395+0.001.
with increasingé. Consequently, we can assigr=0 to the Next, we implement a self-consistent treatment of perco-
point wheredo=q., so there is no CO-diffusion fo§<0. lation and transport within the hybrid formalism, as follows.
Then, it is clear from the above equations that the profildn the above analysis of wave propagation near the equista-
shape foré<0 is simply determined by the time-tra¢after  bility point, one can analyze the simulated distributions of
the replacement— x/V) of the coverages in a uniform sys- adsorbed O across the wave front to assess at what position
tem relaxing from the state &=0 to the reactive steady- (and, thus, at what value @) the non-Qads sites cease to
state. Foré>0, the profile depends on the form Bicoco  percolate. Specifically, we use small-cell real-space renor-
and D¢p 0. One can show that whed>0, the profile is  malization group techniqu&bto estimate thehiftin the per-
continuous, and there is no slope discontinuit¢at0 since  colation threshold from its value for a random distribution.
1>1.28 However, upon approaching the equistability point, See Appendix D for more details. From this analysis, one
whereV—0, the profile develops discontinuityat £=0: finds that the percolation threshold is shifted upwarddy
coverages approach their reactive steady-state values for a0.028 fromq.=0.4073, for a random distribution, tq,

and

C. Wave propagation with percolative diffusion:
Simulation results using the hybrid formalism
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TABLE Il. Estimates for the location of the equistability poipf;, of the 0.6+
monomer—dimer model in the hydrodynamic regime. Results are shown for .
simulations of the hybrid modésimulation) with uncertainty+0.001, and 0.5- ® Simulation
for site- and pair-approximations of the master equations for this model. We | el b Standard
also show the dependence of these estimates on various prescriptions of 04l B Modified
diffusion described in the text. ’ ] Exact
Site approx. Pair approx. Simulation L o3

ConstantD 0.4420 0.4401 0.440 0.2

Modified 0.4249 0.4185 0.419 |

Diagonal R) 0.4159 0.4062 0.406 014

Diagonal C) 0.4175 0.4084 0.409 '

Exact R) 0.4061 0.3945 0.395 S

Exact (C) 0.4078 0.3970 0.398 0.0 .

T T T T T T
0.20 0.25 0.30 0.35 0.40 0.45
|:)CO

”’_0-‘_135’_ a530 mi_ght _be e_xpected_ for weakly clusteredrg, 5. scaled propagation velocity, of the chemical wave, veco.
distributions?™ With this revised estimate af., we appro-  Simulation results for the monomer—dimer LG model, with lahge512,
priately refine our description of CO-chemical diffusion. are compared with predictions from the hybrid treatment with various pre-
Specifically, we use the quadratic approximationfgg, in ~ ScfiPtions of chemical diffusion.

terms of 6y, but with an adjusted value @f so as to obtain

the appropriate.=0.435. We then reanalyze wave propaga- . . - .
tion and equistability. One could then continue to reasses 'tr('j T_iﬁz’ cgmpa{ed tagal?st ]E)rg(;lflctlpns gf t.r;ﬁ Phyb”d
percolation across the wave front, revise the treatment o_rfgo e_f_ wit ‘S‘g'f“szhreahme”f,,o. lhusllo@n Wi N
CO-diffusion, reanalyze equistability, etc., until achievingI entiiicationD™=a"h, where “a 'S_t € attl_ce constant
self-consistency. However, to the level of precision use learly a correct description of diffusion is necessary to
here,q. does not change significantly from the first revisedguar]t't"’m\'ely reproduqe thglvalue_ of the propagatlon veloc-
estimate of 0.435, and we obtain a final estimatepgf ity, as well as the equistability point. In Fig(@, we show
~0.398+0.001 for the position of equistability point. We results for the coverage profiles across the stationary wave
emphasize that this result is consistent with the value OFront at the equistability point obtained from the correct de-

p* (h—)=0.397+0.002 from Sec. II!
It is instructive to compare the above results for the eg-

uistability point in the hybrid model with those obtained 10 (a)
from corresponding simulations with oth@émprecise treat- 0.8
ments of diffusion. Results are shown in the right column of ] o

Table Il for standard diffusioriconstantD), for an approxi-
mate treatment based on E&) which underestimates the
influence of coadsorbed O on CO-diffusi@viodified), for a
correct treatment oD g o ignoring the “off-diagonal”
contribution due toDco >0 (diagona), and for the exact
treatment according to Sec. Il &xac}. In the latter two
cases, we report results for random percolation with
=0.407R), and for correlated percolation witty,=0.435
(C). In addition, Table 1l shows corresponding results from
a “site-approximation” and a “pair-approximation” to Eg.
(9) and the associated hierarchyhe former ignores all spa-
tial correlations, and corresponds to a standard MF treat-
ment, whereas the latter accounts for nearest-neighbor corre-
lations. These results show that the prescription of diffusion
does significantly influence the location of the equistability
point, thus highlighting the importance of a correct treatment
of diffusion. The results also show that the pair approxima-
tion provides an adequate treatment of spatial correlations in
this hybrid model(cf. Ref. 8.

Simulations or approximate analytic treatments of the
hybrid model can also be used to examine the variation of!G. 6. Hybrid-quel simulations for coverage profiles across the interface
propagation veIoF:ity witlpco, as well as the details of wave tbheetv;lizm gﬁrfsaecémztﬁﬁgy,;ﬁ%Pree;gf;ﬂgﬁ %2'§§f§r?nefu§i%n-
front structure. Figure 5 shows results for the scaled velocitysition, p.o=p*, in the LG model for (a) percolative diffusion of CO(b)
v=V/h'2, obtained from simulations of the full LG model standard diffusion of CO with constabt. Here we seDy=D(6,=0).
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scription of percolative diffusion. The shape of the profiles is(v)  Adsorbate—substrate interaction. Experimental obser-

very similar to that obtained from the LG simulations for vations of CO-oxidation generally indicate that CO
large h shown in Fig. 8). On the other hand, the shape adsorption is possible on O-covered surfacesn-
shown in Fig. §a) is quite distinct from the smooth form trasting our model. This could, for example, be due
obtained using a conventional description of chemical diffu- distinct adsorption sites for G@dg and Qads. A
sion with constanD, which is shown for comparison in Fig. plausible consequence, of particular relevance for this
6(b). study, is that diffusion of C@adg maynotbe as com-
pletely inhibited by coadsorbed(@ds as in our treat-
V. MODEL REFINEMENTS AND COMPARISON WITH ment. Finally, we note that adsorbate-induced recon-
EXPERIMENT struction of the substrate is also important in a number

We emphasize that the monomer—dimer surface reaction
model, described above, provides an idealized description of
CO-oxidation on surfaces. More realistic treatments might
include a number of additional features, listed belowias

of reaction system5Recent studi€$ indicate that the
microscopic picture can be substantially more compli-
cated than envisaged in the original MF modeling,
which would also dramatically complicate LG model-

ing.

(v), which will modify the reaction kinetics, wave propaga- _ _
tion features, and the chemical diffusion of G@9. Such Next, we comment on experimental observations of
refinements would be necessary for the type of detailed oghemical wave propagation during CO-oxidation, and on the

quantitative comparison with experiment discussed at thé&€lationship of this and other theoretical modeling to such
end of this section. observations. Photoemission electron microscOBEEM)

(i)

(i)

(i)

(iv)

, ) . studies have provided the most extensive data on chemical
Nonreactive desorption of G&ds occurs under typi- \yaye propagation, although these have not yet provided
cal surface reaction conditions. With any such desorp'comprehensive data foN vs Peo in simple  bistable
tion, the completely CO-covered lattice is no longer agystemd. As a result, even the original MF modeling of
steady state. However, for realistically small desorp~yaye propagation, motivated by these studies, was not able
tion rates, the d!s_contleguous transition persists in th§, make a direct comparison with experim&htiowever,

LG model with finiteh.™ Also, bistability persists in o, stdy suggests one requirement for quantitative analyses
the hydrodynamic regime, although the lower Spin-o¢ onagation velocitie§rom more extensive experimental
odal becomes a saddle-node bifurcation rather than gat5 sets and associated extraction of surface diffusivities.
transcritical bifurcation. We emphasize, however, js that such analyses should incorporate coverage depen-
such desorption has no effect on the qualitative naturgjace in chemical diffusion due to the interference of coad-
of chemical diffusion or wave propagation. sorbed adspecies. Another message from our study is that
Reaction rate vs total adsorption rate. Often, the reacypseryation of the full chemical wave front structure can
tion rate is substantially larger than the total adsorpqyide insight into such nonlinearities. Unfortunately,
tion rate, in which case there is less mixing of ad- pggy goes not have the resolution to discern such features,

sorbed reactants, and the description of diffusiony, ;s this is possible with low energy electron microscopy,or
becomes simpler. However, the case we considef,iror electron microscop¥’

where these rates are roughly equal is readily realized

for higher pressures or somewhat lower temperatures.

Nonzero mobility of adsorbed O. Certainly(&2i9 is V1. SUMMARY

not completely immobile under typical surface reac- We have analyzed chemical wave propagation in a
tion conditions. However, since the hop rate for the lattice-gas monomer—dimer surface reaction model for CO-
CO(ad9 is undoubtedly far higher than that for oxidation, with finite reaction rate and with various degrees
O(ad9, the picture of C@ad9 diffusing in a disor- of CO-mobility. A “near-crossing” feature of the propaga-
dered quasistatic environment of coadsorbed O retion velocity curves versus a measure of CO-partial pressure
mains valid. The chemical diffusion of Gaxs is still allows precise estimation of the position of the equistability
described as above, and controls spatiotemporal beoint for reactive and CO-poisoned in the physically relevant
havior. In contrast, for systems involving coadsorbedlimiting regime of high CO-mobility. (This point corre-
species with comparable high mobility, the descrip-sponds to the CO-poisoning transition in the LG maodel.
tion of chemical diffusion is distinct and more This estimate is consistent with a direct treatment of wave
complicated®? propagation in this limiting regime, within a “hydrody-
Adspecies interactions. Such interactions are invarinamic” reaction-diffusion formalism, using a hybrid ap-
ably present and are usually significant, based on obproach of Ref. 8, only with a correct description of CO-
served adlayer ordering and islanding. They directlydiffusion. Here it is necessary to account for the percolative
affect adsorption and desorption kineticand influ-  nature of CO chemical diffusion, and for the feature that
ence reaction kinetics through both direct and topo-coverage gradients in the immobile coadsorbed O induce a
logical effects. Such interactions also produce coverdiffusive flux of CO. The traditional description of diffusion
age dependence in chemical diffusion in addition towith coverage independe produces significant errors in
that described abové. the propagation velocity and equistability point. We also find
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that the shape of the wave profile close to the CO-poisoningABLE lll. Estimates of thresholdg,, for percolation of non-Cads or
transition is sensitive to the percolative nature of CO_Z-sites, obtained using various RG prescriptions, and from more “exact”

. . . . .. .. . procedures. Results are shown for randomly distributédd® (random
diffusion, and is quite distinct from predictions with percolation, for RSA of O,(ga9 dimers, and for the hybrid model scanning

coverage-independet. states across the reaction front near the equistability point. In the latter two
cases, we show the estimated sh#itin g, due to correlations, and refine
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APPENDIX A: MONOMER-DIMER MODEL WITH
INSTANTANEOUS REACTION

whered #/dx denotes the concentration gradient at the front.
For our system, this gradient scales like'?, which sug-
gests that¢,~h?’. As an aside, we note that Goodman
et al1% used the term “intrinsic width” in their study, which
gorresponded to our characteristic length~h'2, rather
than to&~h?".

Goodmanet al1° analyzed chemical wave propagation
for the monomer—dimer reaction model wittfinite k, but
retaining mobile CQad9 with hop rateh, and immobile
O(adg. A “near-crossing” ofV vs pcg curves, for different
h, was first observed in this model. Since the location of th
CO-poisoning transitionp*(h), as well asdV/dA, in-
creaseswith h, the *“crossing point” occurs fompco= py
above g (h). Just as for the cade=1, one can exploit this

“near-crossing” behavior to estimate.
. o s We consider the LG monomer—dimer reaction model

p*(h—¢°)=p,~0.574-0.004, for inifinite k. (A1) with k=1 and finiteh, and forpcg slightly above the poi-
The exact value is actually* (h—)=4/7~0.5714% This  soning transition in the range* <pco<ps.. Here the re-
result agrees with the prediction of Ref. 11 thft should active steady-state is metastable, and since the valdg iof
increase witth from p* (0)=0.526 to a value strictly below this state exceeds,, diffusive coupling of the CO-poisoned
2/3, and contrasts earlier clains. state to the metastable reactive state is inhibited. On the other

Note that wave propagation f@-o>p* (up to psy) hand, direct spatial coupling between these states always ex-
corresponds to displacement of the stable CO-poisoned staitsts due to reaction of neighboring CO and O adspecies.
by the metastable reactive state, and thus only occurs untifhus, the CO-poisoned state does displace the metastable
the latter poisons. Wave propagation is not well-defined folreactive state, creating a chemical wave, at least until the
Pco™Ps+ - For k=, V vs pco curves must be extended latter spontaneously poisons. In fact, extensive “local diffu-
into this “metastable propagation” regime abopé& in or-  sion” of CO(ad9 generally occurs from the CO-poisoned
der to reach the “crossing point.” This is not even possiblestate into the “frontier” of the reactive state, and thus we
for smallh<<9/4, whereps, <py, but it is readily achieved find that the interface propagation velocity and structure at
in practice for largeh wherepg, > p,, due to strong meta- first vary conventionally with increasing. However, for

APPENDIX C: WAVE PROPAGATION ABOVE THE
POISONING TRANSITION

stability. large enougth, the inhibited diffusive coupling must control
behavior as discussed in Sec. IV B. A detailed analysis will

APPENDIX B: FLUCTUATIONS AT THE CHEMICAL be reported elsewhere.

WAVE FRONT We have noted in Sec. Il A that spatially inhomogeneous

As noted in Sec. Il C, the fluctuations in the location of Versions of “dynamic cluster” approximations to the master
the interface include both intrinsic and long-wavelength Con_equaFlor;gztfo incorporate the direct spatial coupling due to
tributions. Precise definition of the former is generally "€action=>*“Thus, they do predict chemical wave propaga-
vague. Fopeo<p*, where the long-wavelength fluctuations tion both above a_nd belpw the eq_U|sta_1b|I|ty p0|_n_t, which cor-
are of the KPZ-type, the amplitudé,, of the intrinsic fluc- responds to the d|sgont|_nuous poisoning transition. Hovx_/ever,
tuations can in principle be extracted from the total ampli-Cl€&rly such approximations cannot describe the complicated
tude, &, for a system of widtH_, from the asymptotic slope local d.|ffu5|on of CQadg) mentioned abovg, as this requires
of §2/L~§i2/L+ yI(24v) vs 1L.%° On the other hand, in the & Precise charactenzgmon of the connectmty of ndad
regime of largeh of interest here, the intrinsic fluctuations OF Z-Sites at the frontier of the reactive state.
dominate on the characteristic length sdateh®? (recalling
thatv ~h). Some insight into the behavior &f in this re-
gime comes from the analysis of “diffusion fronts” in non-
reactive system& Here it has been shown that the amplitude  Consider lattice-gas systems with a continuous family of
of fluctuations at the diffusion frontdefined as the “sea- states in which each site is designated by either @,cand
shore” of the diffusing speci@sscales like d6/dx)~%7, where these states are uniquely labeled by the coverage of

APPENDIX D: REAL-SPACE RG ANALYSIS OF
PERCOLATION
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Z-sites, d,, or of O-sites,fdp=1— 6,. Real-space renormal-
ization group(RG) techniques can be applied as follows to
assess whether thé-sites percolaté’ One determines the
probability, R, , thatbxb site cells to span the cell horizon-
tally (say), as a function of the correspondirtly. Standard
criteria considered here for the thresholih=1-6,=qc,
above which theZ-sites cease to percolate inclutg(b
=3)=0,; R,(b=3)=1/2; or R(b=2)=R,(b=3). Table

lIl shows the results fog. applying these criteria for ran-
domly distributed @ads, for irreversible random sequential
adsorption(RSA) of O,(gag dimers on adjacent sites of a
square latticé® and for the @ads distribution in states scan-
ning the reaction front near equistability in the hybrid treat-

ment of the monomer—dimer reaction model. Using RSA as

a benchmark, it appears that estimates for correlat@di$D
distributions of theshift, 8, in q. from its value for random
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