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Numerical study of a first-order irreversible phase transition
in a CO+NO catalyzed reaction model
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The first-order irreversible phase transitidRT) of the Yaldran-Khan moddlyaldran-Khan, J. Catall31,
369 (1991 for the CO+NO reaction is studied using the constant-coverd@@) ensemble and performing
epidemic simulations. The CC method allows the study of hysteretic effects close to coexistence as well as the
location of both the upper spinodal point and the coexistence point. Epidemic studies show that at coexistence
the number of active sites decreases according (&hart-time power law followed by along-time expo-
nential decay. It is concluded that first-order IPT's share many characteristics of their reversible counterparts,
such as the development of short-ranged correlations, hysteretic effects, metastabilities, etc.
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[. INTRODUCTION of hysteretic effectg11]. As anticipated above, the aim of
this work is to characterize the first-order IPT of the YK
The study of critical phenomena occurring in adsorbednodel [4] for the CO+NO reactions by means of Monte
overlayers is a topic that has attracted increasing attentiofgarlo simulations with particular emphasis on the occurrence
[1]. In fact, the understanding of the behavior of atoms andf hysteretic effects and by performing useful comparisons
molecules absorbed on different surfaces is essential fokith our previous study of the ZGB modEl1].

Within this wide context, surface phenomena occurring undescribe the YK model and three different simulation meth-

¢0ds used in the work, namely, the standard ensemble, the
constant coverage ensemble, and the epidemic approach. In
Sec. lll, we present and discuss the obtained results, while
our conclusions are stated in Sec. IV.

der nonequilibrium conditions are far from being understoo
Therefore, they have become the center of great attefion
In particular, irreversible catalytic reactions exhibit a very
rich and complex behavior that includes oscillations, bifur-
cations, chaos metastability, irreversible phase transitions

(IPT’s), etc.[3-9]. Il. THE MODEL AND MONTE CARLO
The aim of this work is to perform an extensive numerical SIMULATION METHODS
study of the first-order IPT characteristic of a model for the A. The YK model for the CO+NO reaction

NO+CO reaction early proposed by Yaldran and KI#K )

[4]. IPT’s in reactive systems take place between an activ \t(ﬁldrart] ?r:d Kha'?'] ha;vg@pl\rlcg)ct))sed da Iatttri]ceLgas mo.del
regime with sustained outcome of the reaction product fror'rE)r € catalytic reaction o ased on the Langmulr-

the catalytic surface and an absorbifay poisonedl state inshelwood mechanism. The reaction steps are as follows:

where the catalyst becomes fully covered by one or more NO(g) +2S—N(a)+0(a), (1
types of reactants. Since the systems cannot escape from the
absorbing state the transitions are irreversildes,6). The CO(g)+S—CO(a) 2

study of IPT’s has gained increasing attention in the field of
nonequilibrium statistical physics since the pioneering work

of Ziff, Gulari, and BarshadZGB) that introduced a simple CO(a)+0(a)—CO,(9) +25, 3
lattice model for the catalytic oxidation of C{O]. Particu-
larly interesting are first-order IPT’s that can be characterized N(a)+N(a)—Ny(g)+2S, (4)

by an abrupt change in the density of reactants and in the rate
of production due to a small change in tfexternal control ~ where S represents an unoccupied site on the catalyst sur-
parameter, which is usually the pressure. In fact, evidence dace, 2S represents a nearest neigh@N) pair of such
such kind of transition has been reported in catalyzed reacsites,(g) indicates a molecule in the gas phase, édndi-
tions [8,9]. The occurrence of hysteretic effects around acates an species adsorbed on the catalyst. The reactions given
first-order transition point has also been obserdl. Very by Eg.(3) and(4) are assumed to be instantanegundinity
recently, we have performed a detailed study of the firstreaction rate limitwhile the limiting steps are the adsorption
order IPT of the ZGB model presenting conclusive evidenceevents given by Eq€1l) and(2). The YK model is similar to

the ZGB model for the C® O, reaction, except that the, O

is replaced by NO, and NN N atoms, as well as NN CO-O

*FAX: 0054-221-4254642. pairs, react. For further details on the YK model, see Refs.
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B. Monte Carlo simulation method using the 1
standard ensemble

Monte Carlo simulations are performed on the hexagonal¢ 0.8
(triangulay lattice of sidel, assuming periodic boundary 8,
conditions. In the standard ensemble the procedure is as fol @ g g
low: let Pyo and P be the relative impingement rates for 9
NO and CO, respectively, which are taken to be proportional8
to their partial pressures in the gas phase. Takih
+Pyno=1, such normalization implies that the YK model
has a single parameter that is usually taken td’bg. CO
and NO adsorption events are selected at random with prob
abilities Pco and 1-P.g, respectively. Subsequently, an
empty site of the lattice is also selected at random. If the
selected species is CO, the adsorption on the empty site oc
curs according to Eg2). If the selected molecule is NO, a

. . . 0.2 . T \ T
NN site of the previously selected one is also chosen at ran
dom, and if such site is empty the adsorption event takes - (b)
place according to Eq1). Of course, if the chosen NN site ¢ 0.15
is occupied the adsorption trial is rejected. After each suc-@
cessful adsorption event all NN sites of the adsorbed specien:
are checked at random for the occurrence of the reactiorg g1 |
events described by Eg) and (4). 5

The Monte Carlo time stefMCS) involvesL? adsorption 8
attempts, so that every site of the lattice is selected once, o
average. Simulations are started with empty lattices. The firs
10 MCS's are disregarded to allow the system to reach the
stationary regime and subsequently, averages are taken ovi 0 ool : . . S :
4x10* MCS’s. During the simulations, the coverages with 0.1 0.2 0.3 0.4 0.5
CO, O, and N fco, 600, andby, respectivelyas well as the <Pgo>

rate of production of C@Qand N, (Rcp, and Ry, respec- _ _
2 2 FIG. 1. Phase diagram of the YK model on the hexagonal lattice

tively) are measured. The phase diagram of the YK model ig¢ 501 =128 LU (@ Plots of e (A), 60 (0), and 6y (O)

similar to that_of the ZGB rpode{l?], in the sense that t_)oth vs (Pco). (b) Plots ofRy, (CJ) andReo, (O), measured in units

second- and first-order IPT's are observed. ,However’ IN CONgt number of N and CQ molecules removed from the lattice per

trast to_ the ZGB model where the absorbipgisoned sFates unit of area and time, respectively, {Bco).

are unique, in the case of the YK such states are mixtures of

O(a)+N(a) and COg@)+ N(a) as follows from the obser-

vation of the left and right sides of the phase diagram, repossible. For this purpose, #co is below the established

spectively[Fig. 1(a)]. value, CO is adsorbed on a randomly selected site. Other-
The IPT observed close @éo:0-184(1) is continuous Wise, if ¢ is greater than the desired value, NO adsorption

and therefore of second ordeee Fig. L Our estimation of ~attempts on randomly selected sites are performed. Now the

PL, is in agreement with previous calculations, namely,effective CO pressur&(Pco)) is given by the ratio of CO-

0.4

0.2

0.05

P(1:0=0.185(5)(Ref. [12]) and Péozo_lss(z)(Ref_ [4]). adsorption attempts to the total number of adsorption at-
More interesting, an abrupt first-order IPT is also ob_temp_ts. o _
served close tP2,=0.3545(5) [Figs. 1a and b)], in It is worth mentioning that using the CC method as pro-

posed by Ziff and Brosilow16], the actual coverage with
CO is not strictly constant but it is affected by fluctuations of
the order of~1/L2. Very recently[17], a true constant-
coverage ensemble, where the number of particles remains
strictly constant, has been proposed and used to study the
conserved contact process. This new method seems to be
very useful for the study of single particle systems, such as
the contact process, branching, annihilating, walkers, etc.,
The constant-coveragéCC) ensemble was early intro- although their implementation for complex multiparticle sys-
duced by Ziff and Brosilow 16] to study the first-order IPT tems, such as the YK model, does not appear to be straight-
of the ZGB model. The first step of the CC ensemble is toforward.
obtain a stationary configuration using the standard en- In simulations,(P.po) is averaged over,, time steps.
semble. Then the system is actually switched to the CC enSubsequentlyfq is increased stepwise and measurements
semble, where the densit§-o is now kept as constant as of (P.p) are performed after some waiting timg, to allow

agreement with previous simulatio(Refs.[4,12]). It should
be noticed that a reactive window for the YK model is ob-
served on the hexagonal latticeee Fig. 1 while such win-
dow is absent on the square lattigg12], pointing out the
relevance of the coordination number on the reactivity.

C. The constant coverage ensemble
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the relaxation of the system. In this way the growing branch 1 T — —T
(GB) of the CC loop can be obtained. Then, after reaching a
large value offcq (6c0~0.88 in this work in order to pre-
vent the system from reaching an absorbing state as shown in
Fig. 1), 6co is decreased stepwise. Using this procedure the
decreasing branctDB) of the CC loop can be recorded. It 0.6
should be noticed that in the CC ensemBlg, assumes the
role of the control parameter. Further details on the CC o 04
method can be found in Refg5,11].

0.8

CcO

D. Epidemic simulations close to coexistence 0.2
Another powerful approach to the study of IPT’s is to -
perform the so-called epidemic analy&isA) [18,19. In EA 0 . . . ‘ -
the simulations start from a configuration very close to the 031 032 033 034 035 036
absorbing state and subsequently the time evolution of the <Pco>

system is followed using the standard ensentBIg. In or-

der to generate the initial configuration, a natural absorbing FIG. 2. Plots offcq vs (Pce) obtained using the CC ensemble
state has to be achieved first using the SE and following theiith L=32 LU,7,=50 MCS, andr,=50 MCS. The arrows
dynamics of the system. This procedure assures the develoghow the narrow vertical region of the loof¢R) and the upper
ment of the characteristic correlations among the reactantspinodal pointPd3, respectively. More details in the text.

Taking the obtained absorbing state, a small patch of empty

sites is created close to the center of the sample. Subse- Figure 2 shows a plot oo vs (Pco) as obtained using
quently, during the time evolution of the system the average _ 35 |y 7w=50 MCS, andr;,=50 MCS. For this small
number of empty sitegN(t)] and the survival probability |atice size the relaxation time is quite short, so that hyster-
P(t) of the active state are recorded. Each single EA StOPgiic effects are absent. This result is in agreement with simi-

when the system is trapped in the absorbing state so th@{; measurements performed applying the CC ensemble to
N(t)=0. In order to obtain reliable results, the quantities ofihe 7gB mode[11]. Note that a narrow vertical region close
interest have to be averaged over a large number of indepegs the center of the loop fotPco)~0.35 can also be ob-

dent EAs (~3X10° runs in the present woyk served in Fig. 2. On the other hand, thelependent upper

Performing EA close the second-order IPT the scaling aNgpinodal point PYS) can also clearly be observed as shown

satzN(t)ct”, wherey is an exponent, has been proposed to;, Fig. 2. On increasing the lattice size €64 LU, in Fig.
hold at criticality[18,19. This observation is in agreement 3), the onset of hysteretic effects can be obse’rvedrfpr
with well established ideas developed by studying equilib—:'75 MCS [Fig. (@], while such effects become almost
rium (reversible phase transition; scale invariance reﬂectsnegligible if the' waitiﬁg time is increasdig. 3(b) for 7

the existence of a divergency in the correlation length. How-_ 400 MCS. Furthermore, as in the case of .Fig. 2 avg\r/tical

ever, close to first-order transition it is also well known thatr gion located at the center of the loop and slightly above
correlations are short ranged, preventing the observation cﬁ: )~0.35 can be observed in Fig(e8 Also notice that
scale invariance. Recently, Monetti and Albafid] have co/ - . T .
proposed that, at coexistendé(t) should decrease accord- such region becomes well defined whepis increasedFig.

ing to a short-time power law followed by a long-time expo- 3(b)]. . . . . .
) On increasing the lattice size the hysteretic effects can be
nential decay, so that
t\ "~ Neff
T exp —

observed even taking larger values nf. In fact, for L
t =128 LU [Fig. 4@a)] and L= 256 [Fig. 4(b)], hysteresis is
whereT sets a characteristic crossover time scale g is
an effective exponent. It should be noticed that &g.holds

N(t)o —” (5)  still observed forry,=1700 MCS andr,=2700 MCS, re-
for the ZGB model at coexisten¢é1].

T spectively.

It should be noticed that the loop becomes narrow when
the lattice size is increased, as follows from the comparison
of Fig. 3 and 4. Comparing these figures it also becomes
evident that while the location d?g3 is shifted systemati-
cally toward lower values wheh is increased, the location

Ill. RESULTS AND DISCUSSION of the vertical region(close to the center of the loopse-

A. Study of the hysteretic effects using the CC ensemble ZEE;?S almost fixed very close tBco=0.3515[see Fig.

In order to study hysteretic effects CC simulations using The evaluation of a CC loop fot=1024 LU requires
lattices of different sizes and various valuesrgfhave been huge CPU resources, so we have restricted ourselves to the
performed. Since the measurement time X has to be re- casery,=600 MCS andr,=700 MCS, since considerably
duced in order to observe hysteretic effects, results are avelarger values ofry, became prohibitive. In this cas€ig. 5
aged over several0—-100 different loops, depending on the hysteretic effects are quite evident and also, the growing and
lattice size, in order to obtain acceptable statistics. decreasing branches of the loops are almost vertical. How-
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FIG. 3. Plots offco vs(P¢o) obtained using the CC ensemble  FIG. 4. Plots offc vs (Pco) obtained using the CC ensemble
with L=64 LU, and(a) =75 MCS;,=50 MCS and(b) =y and taking:(a) L=128 LU,ry=1700 MCS, andr, =300 MCS.
=400 MCS,=100 MCS. The arrows pointing up and down in The points labeled, B, C, D, andE correspond to the coverages
(a) show the growing and decreasing branct@B and DB of the used to obtain the snapshot configurations shown in Figs-6(e),
loop, respectively. More details in the text. respectively(b) L=256 LU, 7,=2700 MCS, andr,, =300 MCS.

ever, the vertical region at the center of the loop, previouslyter is essentially concave and the active phase is surrounded
observed using smaller lattices, is no longer found. by the massive cluster. Since the coverage with CO is the
In order to gain insight into the behavior of the systemsame ¢-o~0.63) in both Figs. &) and &d), the presence
close to coexistence it is useful to analyze snapshot configwf hysteretic effects has to be related to the curvature of the
rations, as shown in Fig. 6. Snapshots are obtained for somaterface of the CO cluster. Subsequently, on decreaging
relevant points as indicated in Fig(a} Just at the upper one observes the formation of a CO cluster that percolates
spinodal poin{Fig. 6(a)] one observes that the active phasealong only one direction of the samp[&ig. 6¢€)]. Such
remains homogeneous but the nucleation of few CO clusteriginds of clusters are observed along the vertical region and

has already started. The biggest ¢dese to the lower right-
hand side in Fig. @] is compaciexcept for the presence of

few N atoms embedded into the bulk of the CO clustard ! '

has reached the critical nucleation size. At the upper spinodal 08 L |
point one hasfi-o~0.045. On increasing the CO coverage ) DB

this critical nucleus grows up into a solid and a compact CO

cluster surrounded by théhomogeneoysactive phase, as 0.6 1 i
shown in Fig. 6b). When the coverage with CO has in- S I

creased up t@-o~0.28, the compact CO cluster does not D 04 r ]
percolate and its interface is essentially convex. Further in- I GB
creasingfco causes the CO cluster to percolate along one 02 7
direction of the sample, Fig.(6). The hysteresis loop also

changes for the growing bran¢hs in Fig. b)] to the cen- 0. 1 o ]
tral region with-o~0.63 in Fig. &c). The percolating clus- 0.344 0.349 0.354 0.359
ter is quite stable and has an interface essentially flat with a <PCO>

length of the order of B. An additional growth of CO cov-

erage causes the CO cluster to percolate along both direc- FIG. 5. Plots ofgcg vs (Pco) obtained using the CC ensemble
tions of the latticd Fig. 6(d)]. Here, the interface of the clus- for (a) L=1024 LU,r,=600 MCS, andry=700 MCS.
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FIG. 6. Typical snapshot configurations obtained using the CC ensemble close to coexistarned 28 LU and the point#\, B, C,
D, andE shown in Fig. 4a). (a) Snapshot corresponding to the upper spinodal g4, (b) and(d) snapshots corresponding to the points
B andD, respectively(c) and(e) CO-percolating clusters obtained in the central redjmoints C andE, respectively. HereO denotes O
(ad), + denotes Nad), and@® denotes CQad).

are characterized by an almost flat interface with an infiniteof the interface is positive and finite. Along the vertical re-
effective curvature radius. Notice that despite the fact thagion the radius of curvature is infinite, while within the de-
the CO coverage is the same in both Figb)6and Ge) creasing branch the radius of curvature is negative and finite.
(#c0~0.28), the curvature of the interface of the CO clusterAlmost horizontal regions observed in the loops correspond
is quite different and hysteretic effects are obsefses Fig. to regions where the curvature radius crosses over between
4(a)]. two different behaviors.

Summing up, the sequence of snapshots shown in Fig. 6, In order to quantitatively analyze the behavior B
as well as additional figures not shown here for the sake oforresponding to the different branches and the vertical re-
space, allows us to infer the following behavior of the inter-gion, it is assumed that the growinglecreasing branch
face of the CO cluster along the hysteresis loop: between th&tarts at the point where both curves mefg@it ouf. Figure
spinodal point and the growing branch the curvature radiu§ shows the dependence of the location of the growing
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FIG. 7. Plots of P¢o) vs L~ ! measured in the growing branch i
(O), decreasing branch/(), and the vertical region[{). The - ‘ . Sa80c0ame
straight lines correspond to the best fits of the data that extrapolate 0 0.04 0.08 0 0.12
Co

to L—o. L is measured in LU.

. FIG. 8. Plots of thdocal CO-coverage fluctuation(6.0)] vs
G DB co
branch and the decreasing brand?bg and Pco, respec- fc0 measured using the constant-coverage ensemble keeping the

tively) on the inverse of the \I/%ttlce size. Thmepgndence Oof  global CO coverage abco=0.040 and using lattices of different
Pco at the vertical regionRcg) has also been included for gjzes as indicated in the figure, wherds measured in LU. The
the sake of comparison. inset shows a detailed view of the right-hand side of the distribu-
As already discussed the location of all relevant pointstions. Results are averaged ovex 3(° different configurations.
namely, Péo with X=GB, DB, and VR (vertical region
depend on the curvature radi(ss of interface of the massive

: tween the models may be due to the different behavior of the
CO cluster. Such dependence can be written as follows:

interface of the massive CO cluster. So, we are planning to
PX = PX(L—so0)+FX(s) 6) perform ext.ensive simulations on this subject to clarify this
co— " co : open question.
whereP%o(L— ) is the location of the point under consid-  Pointing our attention to the upper spinodal point, it is
eration after proper extrapolation to the thermodynamic limifound that its location depends on the lattice sizePgg(L)
andF(s) is ans-dependent function. For the vertical region ¢&n be determined from the loop, as shown in Fig. 2—-4. Itis

one hass—o and PYR is almost independent of, so  €xPected that this dependence RE5(L) is due to local

FVR()—0, as shown in Fig. 7. In contrast, for the DB and fluctuations of the CO coverage that take place during the

the GB ,sis finite and of the order of 1/L and 1L, respec- nucleation of the critical cluster. In order to check this con-
tively. S,o one ha&P8(s)~—A/L while FGB(S)%,B/L. All jecture, the probability distribution of tHecal CO coverage

these arguments can be confirmed by the results shown [’(fco)] in small patches of sidé,=30 LU was mea-

Fig. 7 and the extrapolated points are: sured for lattices of different sizes. It should be noticed that,
in order to perform these measurements, the CC algorithm
pgg L—)=0.35143), that keeps thaylobal coverage of CO almost constant has
been used. Setting-o=0.040, i.e., a value slightly smaller
ng(l_—>oo)zo_35]_13), than the coverage at the upper spinodal point, the probability
distributions shown in Fig. 8 have been obtained. For a
PER(L—)=0.35145%5), rather small lattice l( =48 in Fig. 8 P(6co) is almost sym-

metric around the maximundgg*~ 6.o=0.040. However,

respectively. Also,A~0.215(5) andB~0.12(2) are ob- on increasing the lattice size the peak is shifted toward lower
tained. 0co values and the distribution function is clearly asymmet-

The observed behavior allow us to identi®%3(L— o) ric. While the left-hand side remains practically independent
as the coexistence poinBS3®*=0.3514%5), in excellent  of finite size effectysay forL=128 LU), an increasingly
agreement with the valu®.o=0.35140(1) reported by long tail emerges on the right-hand side of the distribution
Brosilow and Ziff[12]. (for a detailed view see the inset of Fig- §he existence of

This result is in contrast with measurements performedhese nonvanishing tails implies that fluctuations oflteal
with the ZGB model. In fact, for the ZGB systems the ver-CO coverage up to relatively large values are present in
tical region is not observed while the locations of the grow-larger samples. Such excursions of the coverage induce the
ing and decreasing branches are almost independent of tficleation of critical CO clusters in larger lattices for smaller
lattice size[11]. Consequently, the CC ensemble does no@dsorption probabilities of CO, consequenByg(L) must
provide a method suitable for the location of the coexistencelecrease upon increasitg In fact, Fig. 9, which shows a
point that has to be estimated using the spontaneous creatigiot of ng(L) vs L1, confirms this trend. As a first ap-
method[11]. It is expected that the difference observed be-proximation the data can be fitted by a straight line that gives
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' ' ‘ ' TABLE |. Results obtained by fitting the data corresponding to

0.364 I ] different values ofP¢o, shown in Fig. 10, using Ed5).
0.361 . Pco Nett T(MCS) Number of epidemics
8 o358 1 P&6=0.3506 42+0.2  159-10 4.3x10°
] - .
2 ] PE2¥=0.35145 3.45-0.05 581 2.5x10°
] P28=0.3522  3.38+0.01 50-1 3.5x10°
0.355 } PUS—0.3544  41+0.1  40:4 5.5¢10°
0.352 ' ' L
0 0.01 0.02 0.03 0.04 A value close to coexistence but slightly inside the active

L region, namely,P-o=0.347, has also been used. The ob-
FIG. 9. Plots ofPYS vs L1, whereL is measured in LU. The tained results can be observed in Fig. 10 that shows log-log
straight line corresponds to the best fit of the data that extrapolatedlots Of N(t) versust. It becomes evident that the method is
to PZ3(L—)=0.35442). quite sensitive to small changes &.o. The obtained
curves are fitted by Ed5), as shown in Fig. 10 foP&2%.
P3(L—o)=0.35442). Furthermore, our estimate for the The best fits are obtained for the parameters listed in Table I.
coverage is#23=0.0431). These results point out that in It is concluded that close to coexistence one hgs
the thermodynamic limit the spinodal point is very close to=3.5*0.5 with a characteristic tim&~50 MCS except for
coexistence, i.eAPco=Pgs—PS3*=0.003. For the sake Pco=0.3506 withT~160 MCS, a result that may reflect
of comparison it is worth mentioning that for the ZGB model the fact that this point actually lies within the active region of
one hasAP.o=0.0012[11]. the phase diagram. In fact, in the active region lafjeal-

ues are expected, as judged by the results shown in Fig. 10.

Of course, one may obtain better fits using different scal-
ing ansatz than that in E¢5). Our main finding, however, is

In order to perform epidemic studies it is necessary tathat the occurrence of a power-law scaling behavior close to
account for the fact that the poison@bsorbing state above  coexistence can unambiguously be ruled out. This result is in
coexistence is nonunique, since it is due to a mixture of CQualitative agreement with recent numerical data obtained
and N atoms with coverage8:o~0.9 and 6y=0.1, as  with the ZGB mode[11]. All these observations are also in
shown in Fig. 1. So, the starting configuration has to beagreement with the experience gained by studying first-order
obtained running the actual dynamics of the system slightlyeversible phase transitions where it is well established that
above coexistence until “natural” absorbing states suitablecorrelations are short ranged, preventing the emergency of
for the studies are generated. scale invariance.

Extensive epidemic simulations-2x 10° different rung Let us now point our attention to the run performed taking
have been performed for the following values of P.,=0.347 (Fig. 10. A rapid decrease irN(t) up to
Pco:PEY™ PER,PRB(L =256 LU), andPEg(L=256 LU).  10° MCS due to the low survivability of the initial empty
patch is observed. However, for-10° MCS only few epi-
demics surviveactually around 10 epidemics over®)Gand
the average number of empty sites increases according to
N(t)=t?, indicating the homogeneous propagation of the
epidemic. Fort~10* MCS the active region covers the
whole sample and the average density of empty sites remains
stationary close t@ep,~ 0.52.

B. Epidemic study

OfS T T T T T T T T T

IV. CONCLUSIONS AND OUTLOOK

In summary, after an extensive Monte Carlo simulation
study of the first-order irreversible phase transition of the YK
model for the catalyzed N®CO reaction we concluded

vovwd vl vod cod ol i ved vl 1

that:
of .y (YRS (i) Hysteretic effects are found around the coexistence
10 10 102 10° 10* usin_g the constant-coverage ense_mt_)le. The hysteresis_loop
t basically exhibits three characteristic regions: a growing

branch(GB), a vertical regiorlVR), and a decreasing branch
FIG. 10. Log-log plots of the number of vacant sité&) vst,  (DB). Within each region the massive CO cluster corre-
measured in MCS, for epidemic simulations performed using latsponding to the inactive phase has a well defined convex
tices of sizeL=256 LU. Results averaged up to<3(° different  (GB), concave(DB), and flat(VR) curvature. We are plan-
runs (V for P25=0.3544, O for PS5=0.3522, A for PS2¥*  ning to study the dynamics of such interface in order to
=0.35145,0 for P28=0.3506, and® for Po=0.3470). clarify the interplay between hysteresis and interfacial prop-
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erties such as effective surface tension, roughness, curvature, Based on these findings and the experience gained study-

etc. ing a similar systentnamely, the ZGB moddl11]), we con-
(i) The VR of the loop can be identified as the coexist-cluded that first-order irreversible phase transitions share
ence point. many characteristics with their equilibriuntreversible

(i) The CC loop also gives evidence of a lattice sizecounterpart. So, we expect that these results will contribute

dependent upper spinodal point that can be extrapolated  the development of a theoretical frame for the description
the thermodynamic limit. Recent[20] one of us has shown of irreversible critical behavior.

that the spinodal point can be located quite accurately per-

forming studies of the short-time dynamics of the system.

So, we are planning tq perfqrm similar studies using the YK ACKNOWLEDGMENTS

model in order to obtain an independent measurement of the

upper spinodal point. This work was supported by CONICET, UNLP, and AN-
(iv) Epidemic studies reveal the existence of short-ranged®CyT (Argenting. E.L. acknowledges the CIC for financial

correlations close to coexistence. support.
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