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Determination of the order-parameter critical exponent of an irreversible dimer-monomer
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A method is proposed for the evaluation of the order-parameter critical exponent of continuous ir-
reversible phase transitions in surface-reaction models. An application to a dimer-monomer model in
two dimensions gives the best available value, namely 8=0.578+0.010, in excellent agreement with Reg-

geon field theory.

PACS number(s): 68.35.Rh, 05.40.+j, 82.20.—w

I. INTRODUCTION

The model proposed by Ziff, Gulari, and Barshad
(ZGB) [1] for a monomer-dimer surface-reaction process,
which mimics the oxidation of carbon monoxide on a cat-
alytic surface, exhibits two irreversible phase transitions
into absorbing or poisoned states, in which the surface is
saturated by oxygen or by CO. The ZGB model has a
single parameter p, the rate of CO arrival at the surface.
It has been established that for p <p,=0.3907 [1-3] the
surface becomes poisoned with O, while for
p 2 p,=0.5256 [1,2,4] one observes CO poisoning. A
reactive steady state with CO, production is found for
p1<p <p, [1-4]. The transition at p, is continuous and
has become the focus of growing attention in order to un-
derstand its critical behavior [2,4,5]. It is now generally
accepted that this transition belongs to the directed per-
colation (DP) or equivalently to the Reggeon field theory
(RFT) universality class, as proposed by Grinstein, Lai,
and Browne [S]. Evidence supporting this statement fol-
lows from time-dependent Monte Carlo simulations,
which allow the precise evaluation of dynamic critical ex-
ponents [3]. In contrast, the evaluation of ‘“static” ex-
ponents, such as the order-parameter critical exponent [3
and the correlation length exponent v, is rather difficult.
Close to p, the natural order parameter is the concentra-
tion of minority species, 8., which is expected to behave
as

Oco=(p—p )P . (1)

The known exponent 3=20.58 for the RFT in two dimen-
sions [6] is only marginally consistent with the numerical
values obtained by Meakin and Scalapino simulating the
ZGB model in the square lattice, namely 85=0.61 and
Bco=0.69. Due to large fluctuations of the system, f3
values reported by Meakin and Scalapino have consider-
able uncertainties and their results suggest that Bo=co
[2]. Another possibility for the evaluation of B emerges
from a finite-size scaling analysis [7]. Nevertheless, sys-
tematic errors in the collapsing of the data for lattices of
different sizes are believed to be the reason for the large 3
values obtained [7].
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The aim of this Brief Report is to propose a calculation
method that allows us a rather precise evaluation of 3 by
avoiding undesired effects of both fluctuations into the
poisoned state and metastabilities. The method is suc-
cessfully applied to the continuous transition of the ZGB
model.

II. CALCULATION METHOD

The method is based upon the ideas developed to study
damage spreading at equilibrium phase transitions [8].
Let o, be a steady-state configuration of the system with
CO and O concentrations given by 6,g and 8,5. Now a
second configuration slightly away from equilibrium, o,,
is constructed by removing a small amount of O species.
After that both configurations are allowed to evolve for a
long period of time using the same set of random num-
bers. The “damage” caused by removing O species even-
tually spreads and causes the concentration of CO to be-
come different in each configuration. So, let us define the
difference  of CO concentration between both
configurations at time ¢ as

AGCO(t):2|61CO(t)_02CO(t)|ivj ’ (2)

where 6,o0(2) and 0,cp(2) are 1 (0) if the {i,j}th site of
the respective configuration is occupied (unoccupied) by
CO species at time ¢, and AfBqy(¢) is evaluated scanning
all the sites of the lattice. Note that AOcq(t =0)=0 in-
dependently of the amount of removed O.

III. RESULTS

The method is applied to the ZGB model in the square
lattice of side L (L =150) and results are obtained using
standard Monte Carlo algorithms. For p <p, one has
that the damage is frozen since both configurations
evolve towards the O-poisoned state. Nevertheless, for
p > p, one observes damage spreading, characteristic of a
frozen-chaotic transition at p; [9]. For these p values,
AB-(t) becomes stationary and saturates to a certain
nonzero value after few Monte Carlo time steps [say,
t=(0.5-1.0) X 10%]. Therefore averages of Afq are tak-
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en within the long-time regime, namely,
2X10*<t<5X10% Let us remark that since the calcula-
tions are performed in a finite lattice of side L =150, the
value of AOqn would have vanished after a time of the or-
der of T=zexp(L?), because eventually uncorrelated tra-
jectories in a finite phase space will always meet [8]. So,
the times considered in the evaluation of Af are large
enough to obtain reliable steady-state values but much
smaller than 7, in order to avoid metastabilities of the
finite system.

At criticality the concentration of CO of both
configurations behaves according to (1), so one also has

ABco < (p —p, P=Aph . 3)

Figure 1 shows a In-In plot of A6y vs Ap and from the
best linear fit of the data one gets 8==0.578+0.010, in ex-
cellent agreement with the RFT value. Since a small er-
ror of measuring p, causes a quite big error in 3, we have
employed the best available value of the critical probabili-
ty given by p, =0.390 65:+0.000 10 [3].

The reason why the use of the damage method gives re-
sults superior to those of standard methods stems from
the fact that the former only monitors the difference be-
tween two configurations subjected to the same fluctua-
tions, so that the noise is effectively canceled. A similar
fact has been pointed out for the calculation of the sus-
ceptibility of the Ising model [8].

IV. CONCLUSIONS

A method is proposed for the evaluation of the order-
parameter critical exponent of continuous irreversible
phase transitions in surface-reaction models. For the
ZGB model in two dimensions the value $=0.578+0.010
is determined, in excellent agreement with Reggeon field
theory.
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FIG. 1. Ln-In plot of Af¢g vs Ap [see Eq. (3)]. Results ob-
tained using lattices of side L =150. Each point is averaged
within the interval 2X10°<¢ <5X10° and over 100 different

samples. The straight line with slope 8=0.578+0.010 corre-
sponds to the best fit of the data. More details are in the text.
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