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Reply to ‘‘Comment on ‘Chemically frozen phase separation in an adsorbed layer’ ’’
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In a previous paper@Phys. Rev. E52, R4616 ~1995!# we proposed a simple model to illustrate a basic
mechanism for the formation of adsorbate islands on a surface. In the preceding paper@Phys. Rev. E55, 4826
~1997!# it was claimed that this model was not realistic because it assumed a desorption rate constant inde-
pendent of coverage, therefore neglecting the effect of interadsorbate interactions on the desorption rate. In
view of numerous experimental results and microscopic simulations, we argue that, at least in some tempera-
ture ranges, this assumption is fully justified. Moreover, it does not compromise the model’s ability to capture
the crucial features of the system under consideration.@S1063-651X~97!11003-0#

PACS number~s!: 68.45.Da, 05.70.Ln, 82.65.Jv
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In the preceding Comment@1#, Zhdanov criticizes our pa
per @2# stating that the treatment of the kinetic terms is n
realistic since the influence of adsorbate-adsorbate inte
tions on the desorption rate was neglected. He argues tha
Landau-Ginzburg approach used in the treatment of m
transport terms should be complemented by the use of
mean-field approximation to account for the effect of late
interactions on the desorption rate. We strongly disag
with his view, according to which such a treatment wou
make the model more ‘‘realistic’’ in contrast to our assum
tion of a desorption rate constant independent of covera
referred to as ‘‘not realistic.’’

The Arrhenius law for the desorption rate constant re
~settingkB51)

lnkd~u!5 lnn~u!2Ed~u!/T . ~1!

In real adsorbate systems, the apparent Arrhenius param
strongly depend on surface coverage, but this is true forboth
the activation energyEd(u) and the preexponential facto
n(u). The variation ofn(u) is far from being marginal. In-
deed, variations by factors of 1032106 have often been ob
served@3,4#. As a rule,n(u) and Ed(u) vary sympatheti-
cally, leading to the well-known but not well-understoo
compensation effect@3,4#. Although this phenomenon is in
no way exclusive to heterogeneous reactions, it is never
less in this field that it has been most widely observed and
consequences are the most expressive. At present, con
able explanations follow two trends@4#. Some rely on the
statistical thermodynamics of the adlayer alone and give
variations in the distribution of local configurations of rea
tive molecules, as a function of temperature and surface c
erage, responsible for compensation. Others emphasize
role of the substrate, sustaining that interadsorbate inte
tions can significantly alter the potential-energy surface
therefore influence both the activation energy and the pre
ponential factor. The latter opinion is endorsed by the f
that models that incorporate adsorbate-induced change
the surface phonon spectrum predict a large compensa
effect. Nevertheless, statistical models of the overlayer,
cluding the relatively simple lattice gas, treated in the q
sichemical approximation@5#, also predict a coverage depe
551063-651X/97/55~4!/4828~2!/$10.00
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dence of the preexponential factor. However, such
dependence is weak compared to that measured for real
processes. Recent Monte Carlo simulations@6,7#, performed
at different temperatures, have also shown strong variat
in the preexponential factor and compensation, for both
tractive and repulsive interadsorbate interactions. In sh
contrast with these studies, the mean-field approximation
predicting a constant preexponential factor, is in strong d
agreement with experimental results even at a qualita
level. On the contrary, the assumption of akd independent of
coverage seems to be a phenomenologically well-justi
option at least in some temperature ranges, as we shall
briefly explain.

The plots of the logarithm of the reaction rate versus
inverse temperature, at different surface coverages, o
yield a family of straight lines with different slopes that a
proximatively intersect at a common point, defining the s
called compensation or isokinetical temperatureTiso through
the equation@4#

lnn~u!5Ed~u!/Tiso1const. ~2!

Substitution of Eq.~2! into Eq. ~1! yields

kd~u!;exp@2~1/T21/Tiso!Ed~u!# , ~3!

so that, forT.Tiso, which is often of the same order o
magnitude as temperatures at which surface reactions
usually studied, one has simplykd.const. Complete com-
pensation throughout an extended temperature region is
tainly an idealized situation. However, full compensation
not required to guarantee thequalitativeconclusions drawn
from the linear analysis performed in@2# under the assump
tion kd.const, particularly the damping of a band of lon
wavelength modes. In fact, these modes will be linea
stable if the derivative

h52
]

]u
@P~12u!2kd~u!u2#u5us

~4!

is positive,us being the solution of

P~12us!2kd~us!us
250 . ~5!
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Expanding Eq.~4! and solving the above equation forP, one
obtains

h5F us
2

~12us!
12us1@ lnkd~us!#8us

2Gkd~us!. ~6!

As 0,us,1, it is clear thath can only become negative
@ lnkd(u)#8,0. Somehow unexpectedly for attractive inte
actions, simulations suggest that in certain temperature
mains this may not even be the case, i.e.,kd may increase
with u @7#. Anyhow,h will remain positive provided lnkd is
a slowly varying function ofu, which is expected for sys
tems where compensation is appreciable, that is, when
two terms on the right-hand side of Eq.~1! balance each
other to a large extent. In particular, the variation of lnkd is
likely to be significantly more moderate than predicted
the mean-field theory. This expectation is confirmed by
periments, showing that although the Arrhenius plots at
ferent coverages are usually nonlinear, the curves often
main close to each other through a significant tempera
range.

Phase separation in adsorbed overlayers is obvious
highly cooperative phenomenon, introducing dramatic d
tortions in the diffusion field~see also@8#!, leading to the
formation of sharp interfaces and the subsequent coarse
process. In this vein, Zhdanov’s premise that the effect
attractive adsorbate-adsorbate interactions on the desor
rate ‘‘is even expected to be stronger than that on the rat
diffusion because the former process involves two particle
makes little sense. Rather, in adsorbates that undergo p
separation, a powerful compensation effect is expected.
deed, in such cases, compensation was shown to be so e
tive that it has been suggested, generally, as a valuable
nature of an underlying phase transition@9#.

The decoupling scenario assumed in@2# is justified by the
presence of two disparate energy scales: in chemisorbed
ers, the energy of adsorption is typically much higher th
the energy of diffusion or the energy of interaction betwe
adsorbed molecules. Besides, since the system is driven
a far-from-equilibrium state by the kinetic exchange p
cesses between the surface and the gas, kinetics and
transport evolving on different time scales may be treated
c
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two independent nonequilibrium processes@10#. Therefore,
from our viewpoint, it is unwise to ignore experimental ev
dence, in a pointless quest of mutually compatible appro
mation schemes for kinetic and diffusive terms.

Finally, in the last two sentences of his Comment t
author makes the conclusion that ‘‘the perturbations w
small wave numbers are not stable . . . indicates that for
tion of frozen islands is hardly possible.’’ We find this stat
ment unfounded because, while the damping of small w
numbers ispossibly a sufficient condition for pinning in
these circumstances~although this conjecture awaits proof!,
it is certainly nota necessary condition. Anyway, no decisi
information concerning the formation and stability of no
equilibrium structures can be drawn from linear analy
alone, since by definition it neglects nonlinear couplings
timately responsible for the eventual saturation of the am
tudes of excited modes. In order to reach a settlement on
issue, a nonlinear analysis is always required, desirably d
in parallel to the numerical integration of the evolution equ
tion as in@2#.

In conclusion, interadsorbate interactions are respons
for the coverage dependence not only of the energy of
sorption but also of the preexponential factor. The mean-fi
approximation, being unable to account for this effect on
preexponential factor, does not provide us with a valid o
tion for the treatment of desorption terms and must theref
be discarded. In the absence of a theory that predicts s
large coverage variations inn(u) as those observed in mos
experiments, a phenomenological approach in the spiri
Eq. ~3! should be preferred. In a certain domain arou
Tiso, determined by the magnitude of the compensation
fect,kd may be taken independent of coverage without ma
discordance with experimental facts.

Therefore, under some conditions, the mechanism a
lyzed and discussed in Ref.@2#, using a particularly simple
kinetics, may give rise to a stable structuration of the a
layer. Never had we, however, claimed it to be universa
its application.
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