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Abstract—The report deals with the effect of the lateral interactions between adsorbed species on the steady
state multiplicity area and on the possible rate self-oscillations for a reaction proceeding via the Langmuir—Hin-
shelwood mechanism. The adsorption layer is modeled as a lattice gas on a square lattice. For irreversible
adsorption, the maximum possible number of interior steady states is at least ten. Reaction rate self-oscillations
resulting from Andronov—Hopf bifurcation take place for some lateral interaction energy sets. These self-oscil-
lations are associated with a checkerboard-type ordered dense phase existing owing to the attraction between

different adsorbed species.
DOI: 10.1134/S0023158407040106

Critical phenomena (steady-state multiplicity, reac-
tion rate self-oscillation, dynamic chaos, etc.) in heter-
ogeneous catalytic systems have been attracting
researchers’ attention since their discovery in the early
1970s [1-3]. The simplest example is a reaction that is
described by the overall stoichiometric equation

A, +2B — 2AB @

and proceeds via the standard Langmuir—Hinshelwood
(LH) mechanism [1]:

(1) A,+2Z~ -2AZ,
(2) B+Z-—-BZ, (II)
(3) AZ+BZ-—>2Z+AB.

Here, AZ and BZ are compounds on the surface of the
catalyst Z and A,, B, and AB are compounds in the gas
phase. This mechanism describes, in the first approxi-
mation, CO oxidation on the surface of platinum-group
metals (Pt and Pd).

The LH mechanism implies steady-state multiplic-
ity even for an ideal adsorption layer in the mean-field
approximation. This means that there is a region of
parameters where the LH reaction mechanism has two
steady states. Simple and important to practice, this
mechanism has been actively investigated theoretically
since the late 1970s to the present day [1-3].

There have been several lines of the theoretical
kinetic investigation of heterogeneous catalytic sys-
tems. The first line is increasing the number of elemen-
tary steps (that is, modifying mechanism (II)) without
changing the rate law, written in the form of the law of
mass action (LMA), and taking into account the
nonisothermicity of the process and the macroinhomo-
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heity in the distribution of the reactants and the catalyst
[4-9]. The second line is complicating the adsorption
layer model and, accordingly, modifying the rate law.
Deviations from the LMA can be due to the limited
mobility of adsorbed species, lateral interactions in the
adsorption layer, or adsorption-induced surface recon-
struction or relaxation. The limited mobility of
adsorbed species was taken into account for the first
time in a classical work by Ziff et al. [10]. The model
presented in that work, named the ZGB model, indi-
cates so-called kinetic phase transitions. This model
and its modifications are still being investigated by var-
ious methods [11-16]. In recent years, much attention
has been focused on the response of various models of
reactions proceeding via the LH or a similar mecha-
nism to periodic external actions [15, 17, 18] and to
internal noise [19-22].

The effect of lateral interactions on kinetics has also
been studied for a long time, since the late 1970s. How-
ever, these interactions in deterministic models are usu-
ally taken into account by introducing an ad hoc rela-
tionship between the activation energies of reaction
steps and the reactant coverage of the surface [1, 2, 23].
This approach is quite acceptable and justifiable when
there is no detailed information about the microscopic
processes on the catalyst surface. However, it would be
more correct to take an approach based directly on a
microscopic model from which the observed empirical
relationships follow without any fitting. Again, this
approach is not quite satisfactory. Usually, the lateral
interactions in an adsorption layer model are directly
taken into account in imitation simulation, in particular,
in the construction of imitation models taking into
account surface reconstruction [3, 19, 20, 24-27]. At
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Fig. 1. Lateral interaction types taken into account in the
model: (/) species A and (2) species B.

the same time, there has been no systematic analysis of
the effect of lateral interactions in the adsorption layer
on the steady-state multiplicity or on the possibility of
self-oscillations in the LH reaction.

For an ideal adsorption layer (thermodynamically
equilibrated layer such that there are no lateral interac-
tions or surface reconstruction), the kinetic model in
terms of the LMA for the LH mechanism can be written
as follows [1, 28, 29]:

{dGA/dt =2k, Po,(1-0,—05)° 2k, 03 — k39AeB(1)

d0,/dr = kyPy(1 -0, — 05) — k_,0p — k30,05,

where 0, and Oy are the AZ and BZ coverages of the
surface, k; and k, are the adsorption rate constants for
the gas-phase compounds A, and B, k_; and k_, are the
desorption rate constants, k; is the rate constant of the

third step in mechanism (II), 7 is time, and P, and Py

are the partial pressures of the gas-phase compounds A,
and B.

The solutions of the set of differential equations (1)
are defined in the triangle (reaction simplex) G = {(0,4,
05)104, 20,05 >0, 0, + 05 < 1}. The simplex G is a pos-
itively invariant set for the dynamic set of equations (1);
that is, if 0,(0), 05(0) € G, then V> 0: 0,(7), 05(1) € G.
This ensures the existence of at least one steady state
for the set of equations (1).

For the particular case of k_; = k_, = 0, implying that
the adsorption of both compounds from the gas phase is
irreversible, the set of equations (1) always has two
steady-state solutions in both ideal and nonideal cases.
Both solutions belong to a simplex boundary: 6, ; =0,
0,1 =1;0,,=1, 05, =0. The first steady state is sta-
ble, and the second is unstable [1, 29]. At certain
parameter values, two interior steady states can exist

MYSHLYAVTSEV, MYSHLYAVTSEVA

along with the boundary steady states even for an ideal
adsorption layer. For irreversible adsorption, the bifur-

cation set in the (P, Pg) can be determined in explicit
form [1, 29]:

Py = (2k, P, [ky)/(1 + (8K, Py [k3)'™). )

Under the assumption that the adsorption layer is
ideal, mechanism (IT) cannot describe self-oscillations,
as more complicated mechanisms are required [1, 2,
29]. A radically different situation can take place in the
case of a nonideal adsorption layer.

Here, we report the effect of the lateral interactions
between adsorbed species on the steady-state multiplic-
ity region and on the possible self-oscillations of the
rate of a reaction proceeding via the LH mechanism. In
our analysis, we used mean-field kinetic equations that
account for the lateral interactions through the concen-
tration dependences of rate constants. These constants
were calculated directly from a microscopic model of
the adsorption layer within transition state theory.

MODEL AND METHOD

The adsorption layer will be modeled as a lattice gas
(LG) on a homogeneous square lattice accommodating
two types of species. Only the lateral interaction
between the nearest neighbors will be considered. The
Hamiltonian of this model can be written as

Hey = € z NpiMA, j T €A Z N, iMB, j
{nny (nny (3)

+ E'313132, ng Np, ;= HAZ”A, i HBZ”B, i
i

{nny i

where €, 4, €5, and €gp are the energies of the lateral
nearest neighbor interactions (schematized in Fig. 1);
na.; and ng ; are the occupancies of the ith cell (occu-
pancy is equal to unity if the cell is occupied by the spe-
cies indicated in the subscript; otherwise, it is equal to
zero); W, and U are the chemical potentials of the
adsorbed species A and B; and (nn) means summation
over all pairs of nearest neighbors on the square lattice.
In the last two terms of Hamiltonian (3), summation is
performed over all lattice cells. Note that the LG model,
which is described by Hamiltonian (3), is equivalent to
the spin model with a classical spin $ taking values of
+1 and 0, which is known as the Blume—Capel model.
In the general case, the Blume—Capel model has a rich
phase diagram with several triple critical points.

Obviously, the kinetics of a reacting system
described by mechanism (II) depends strongly on the
structure of the phase diagram of the adsorption layer.
We considered 27 adsorption layer models, in which
each of the energies €44, €25, and €z Was given a value
of 10, -10, or 0 kJ/mol. These values of the lateral inter-
action energy were chosen for reasons of convenience
in demonstrating the potential inherent in the LH mech-
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Fig. 2. Structures of phases possible in the model: (/) spe-
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anism. It will be shown below that critical phenomena
can occur at lower, more realistic, absolute values of the
lateral interaction energy. For the above energy values,
the following phases can exist in the adsorption layer:
lattice gas (LG); lattice liquid of species A (LL,); lat-
tice liquid of species B (LLg); checkerboard-type
ordered phases of species A, B, and A + B (C(2 X 2),,
C(2 x 2)g, and (C(2 X 2),p). The structures of these
phases at T = 0 (T is absolute temperature in kelvins)
are shown in Fig. 2. For each of the phases, one can
readily write an expression for the thermodynamic
potential Q per cell at T = 0:

LG: Q = O, LLA: Q = 28AA - “’A’ LLB: Q = 2£BB - uB,
CR X2 Q=—1,/2; C2XDp: Q=—up/2;  (4)
C(2x2)pp: Q =2€,p — (Up + Up)/2.

From Eq. (4), it is possible to derive the phase dia-
gram of the ground state (7 = 0) of the system for any
set of nearest neighbor lateral interaction energies on
the (U,, W) plane. By way of example, we present the
phase diagrams for the lateral interaction energy sets
(10, —10, —-10) and (10, 0, 0) on this plane (Fig. 3).
Hereafter, in the interaction energy sets (a, b, ¢) €xp =
a, €z = b, and &g = ¢ (kJ/mol). Obviously, the phase
diagrams at nonzero temperatures will be different.
However, at moderate temperatures, they will retain the
structure shown in Fig. 3, except for the degenerate case
of the absence of lateral interactions. All further calcu-
lations were carried out for 7 = 500 K, a temperature
not very high for the preset absolute values of the lateral
interaction energy. Therefore, the 7 = 500 K diagrams
are qualitatively similar to the ground-state diagrams of
the adsorption layer.

In order to substantiate this statement, we numeri-
cally constructed the 7= 500 K phase diagram for the
adsorption layer with the interaction energy set (10,
—10, —10). The diagram was constructed by the Monte-
Carlo method applied to a grand canonical ensemble.
Vol. 48 No. 4
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Fig. 3. Phase diagrams on the (L4, lg) plane for the lateral
interaction energy sets (a) (10, =10, 10) and (b) (10, 0, 0).
The lines are phase boundaries for the ground state of the
system. The circles show the phase boundaries at 7= 500 K.
The numbers / and 2 indicate the fields of the ordered
phases C(2 x 2), and C(2 x 2)g, respectively.

This was done using a technique based on the examina-
tion of susceptibilities and fourth-order Binder’s cumu-
lants of order parameters [30]. Following a procedure
reported by Rzysko et al. [31], we divided the lattice
into four equivalent sublattices and changed to spin
variables according to the following rule: if the cell is
occupied by a type A species, then S = 1; if the cell is
occupied by a type B species, then S = —1; if the cell is
vacant, then § = 0. The average magnetization of each
sublattice was determined using the formula

1
m = 53's, 5)
L™
iek

where k is the index of one of the four equivalent sub-
lattices and L is the lattice size. Combining the average
magnetizations of the sublattices in various ways for
each possible phase, one can make up a convenient
order parameter. For example, the order parameter

Y = m, +my+m,+m, (6)

is equal to 0.5 for the C(2 x 2), and C(2 X 2)y phases.
We considered four different order parameters. For
each of them, we related the corresponding susceptibil-

ity

_ 1 N 2
X = m= [ () = (9] %)
and the fourth-order cumulant
4
Uy = 150 ®)
3(¥9)

to the chemical potential.

Note that, from the standpoint of the classification
of phases according to their symmetry, there is no sig-
nificant difference between the C(2 x2),, C(2 X 2)g, and
C(2 x 2),p phases and the transitions between these
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phases must be first-order. The transitions between
these phase and the disordered phases LG, LL,, and
LLg will obviously be second-order. Our numerical
analysis has confirmed these inferences.

Exploration of the phase diagrams was beyond the
scope of this study, so we limited ourselves to L = 24,
32, and 48 in our numerical calculations. For each
chemical potential value, we made 2 x 10° Monte-Carlo
steps, with averaging in the last 1.5 x 10° steps at 10-
step intervals. The accuracy of this procedure was quite
adequate to our analysis [30, 31]. The phase diagram
thus constructed is very similar to the diagram of the
adsorption layer in the ground state presented in
Fig. 3a. The phase transition points numerically calcu-
lated for 7= 500 K are also mapped here. The only dif-
ference between the ground-state and 7 = 500 K dia-
grams is that the fields of the checkerboard-type phases
in the latter are slightly narrower.

In the framework of the lattice gas model and tran-
sition state theory, under the assumption that the
adsorption layer is thermodynamically equilibrated, it
is possible to obtain exact expressions for the rates of
elementary processes, such as adsorption, desorption,
and chemical reactions [32]. We will assume that the
activated complexes in these processes do not interact
with their environment. Introducing the designations

u= 2k] })A2 /k3, V= kzPB/k3, w= 2k71/k3, S = kﬁz/k:;, ““_A =
Wa/RT, LTB = Ug/RT, and T = k4t for the LH reaction, we
arrive at the following set of kinetic equations:

Poo(tt = wexp(21,) — exp (M, + 1))
v(1-6,-065) )

de,/dt
d0,/dt =

—5(1-0,—05)exp(p) — PooXP(Ha + Up),

where py is the probability of two adjacent sites being
vacant and R is the universal gas constant.

The set of differential equations (9) in general form
cannot be solved analytically, because the functions

Poo(Has M), Ba(La, Ug), and O(1L, , Lg) cannot be
represented in analytical form for the two-dimensional
LG model. As was demonstrated earlier, one of the
most efficient approximate methods for calculating
these functions is the transfer matrix method [33-35].
The elements of the transfer matrix for the adsorption
layer model considered were presented in our earlier
publication [34].

The main advantage of the transfer matrix method is
that the grand statistical sum is determined by its eigen-
value that is the largest in absolute magnitude and that
the probabilities of various configurations can be
derived from the corresponding eigenvector [34, 36].
Thus, the transfer matrix method provides a means to

calculate the functions Poo(H_A, p,_B ), GA(u—A, },L_B ), and
OB(},L_A ,},L_B ) that appear in the set of equations (9). The
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relevant computational algorithms are detailed else-
where [34, 37-40].

In order to solve the set of differential equations (9),
it is necessary to relate the chemical potentials i, and
L to the coverages (surface concentrations) 6, and 6.
As mentioned above, the transfer matrix method pro-
vides inverse relationships. Therefore, it is appropriate
to change from the variables (0,, T) and (0, T) to the

variables (u_A ,T) and (u_B , T). This change of variables

is allowable if the corresponding Jacobian is nondegen-
erate. It can be demonstrated that the Jacobian is always
nondegenerate for the LG model on the semi-infinite
lattice considered in the transfer matrix method. The set
of equations (9) in the new variables appears as

du, 100g
L Ao 22— wexp (24L,) — exp (s + Ip)) Poo
100
—Zg—é((v—sexp(um(l—eA 0p)
B
— ™ + Un
E)OCXP(HA Ug)) (10)
d 106
% = —ZaTB(M - weXp(2uA) - eXP(HA + HB))POO

Za—u/\((V—SCXP(HB))(l —0,-065)

—POOCXP(H_A + H_B)),

where A is the Jacobian of the change from the vari-
ables (0,, Op) to the variables (u_A , !»TB ).

Like the initial set of equations (9), the set of differ-
ential equations (10) is stiff for many values of adsorp-
tion layer model parameters and for many values of the
rate constants of the LH mechanism steps. In the con-
struction of phase portraits and kinetic curves for the set
of equations (10), we used the Kaps—Rentrop algo-
rithm, which implements the Rosenbrock method with
automatic optimization of the step width [41, 42]. This
algorithm allows the stiff set of differential equations
(10) to be solved with a suitable degree of accuracy of
1075 or better. Note that most of the computer time is
spent on the calculation of the right-hand sides of the
set of equations (10).

RESULTS AND DISCUSSION

For systematic analysis of the effect of the lateral
interactions on the possibility of self-oscillations in the
LH reaction with reversible and irreversible adsorption,
we carried out a parametric analysis of the set of equa-
tions (10) for the nearest neighbor interaction energies
€aa» Eap,> and €gg equal to 10, 10, or 0 kJ/mol at 500 K.
A total of 27 sets of energies were considered to include
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Fig. 4. Steady-state multiplicity diagram for irreversible adsorption, showing the numbers of interior steady states. The correspond-

ing lateral interaction energy sets are given in parentheses.

all the possible signatures. In the calculation of the
right-hand sides of the set of equations (10), we set
M =4, where M is the width of the infinite strip used in
the transfer matrix method [34, 38, 39]. Sample calcu-
lations demonstrated that increasing the parameter M
does not cause any qualitative changes and only slightly
modifies the quantitative characteristics of the system.

For each of the 27 sets of lateral interaction energies,
we constructed a steady state multiplicity diagram on
the (logu, logv) plane for irreversible adsorption. A
computational experiment demonstrated that the num-
ber of interior steady states is at least ten. A general
analysis led us to conclude that a rather complicated set
of lateral interaction energies can generate any number
of interior steady states. Examples of constructed
steady-state multiplicity diagrams are given in Fig. 4,
which indicates the numbers of interior steady states, as
well as the lateral interaction energies (kJ/mol) in
parentheses. For the parameters specified above, the
possible number of interior steady states ranges
between 4 and 10. Note that, for all sets of lateral inter-
action energies for which the steady-state multiplicity
diagram is topologically equivalent to the steady state
multiplicity diagram for the ideal adsorption layer, the
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phase diagrams are also topologically equivalent. As
mentioned above, the real lateral interaction energy is
lower than 10 kJ/mol by a factor of 1.5-2. As the lateral
interaction energy is decreased, the steady-state multi-
plicity diagram is simplified. However, even for the
energy set (3.5,-3.5,0) at T=500 K, it has an area with
four interior steady states.

The reversibility of the monomolecular adsorption
step has a very strong effect on the steady state multi-
plicity diagram. As the reversibility parameter of this
step (s) increases, the diagram is gradually simplified.
It was demonstrated for the ideal adsorption layer [1]
that there is no multiplicity area for sufficiently large s
values. The same is likely to be true for the nonideal
case, at least above the critical temperature. The revers-
ibility of the bimolecular adsorption step (w) has a
much weaker effect on the steady-state multiplicity dia-
gram, but the general tendency to simplification is
observed as well. The overall effect of the reversibility
of all steps can be viewed as additive in the first approx-
imation. The effect of reversibility on the steady-state
multiplicity diagram is illustrated in Fig. 5 for the inter-
action energy set (—10, 10, 10).
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Fig. 5. Steady-state multiplicity diagram in the case of reversible adsorption for the lateral interaction energy set (—10, 10, 10). The

numbers at the curves are the numbers of interior steady states.

A similar analysis was carried out for the simplest
mechanism of monomolecular isomerization in a per-
fectly mixed reactor [43, 44]. It was demonstrated that
any number of interior steady states can exist when
there are lateral interactions in the adsorption layer.

Besides the steady-state multiplicity diagrams,
bifurcation curves were mapped on the (logu, logv)
plane. These curves separate an area in which the dis-
criminant of the characteristic equation of the set of
equations (10) is positive from an area where this dis-
criminant is negative. Furthermore, we mapped the
curves that are the locus of the points at which the sum
of the roots of the characteristic equation is zero. In the
linear approximation, the areas in which the discrimi-
nant of the characteristic equation is negative are the
places in which stable or unstable focuses can exist. In
the nonlinear approximation, these areas are the places
where self-oscillations (i.e., limit cycles) can occur. A
necessary condition for Andronov-Hopf bifurcation
[45—47] is that the sum of the roots of the characteristic
equation must be zero at a negative discriminant value.

Negative-discriminant areas on the parameter plane
(logu, logv ) were deduced for 9 of the 27 adsorption
layer models examined. All these models are character-
ized by attraction between different types of species.
Therefore, for the lateral interaction energy set consid-
ered, attraction between different species is the neces-

sary and sufficient condition for the existence of an area
where the discriminant of the characteristic equation is
negative. For the nine models in the area with a negative
discriminant, the phase portrait in the case of irrevers-
ible adsorption has focuses; for some of these models,
the portrait has limit cycles. Limit cycles were deduced
for seven of the nine lateral interaction energy sets. In
all these cases, the limiting cycle results from
Andronov—Hopf bifurcation. All of the discovered limit
cycles are stable. Note that attraction between type B
species prevents the existence of a limit cycle, except
for the degenerate case (10, —10, —10).

Self-oscillations in the models in which different
types of species are attracted are likely due to the fact
that the activation energy of the reaction between
adsorbed species increases with increasing surface cov-
erage, resulting in a nonmonotonic dependence of the
reaction rate on the coverage.

Consider the effect of reversibility on the reaction
rate self-oscillations. In general, the effect of reversibil-
ity on the existence of limit cycles is similar to its effect
on the steady-state multiplicity area: the self-oscilla-
tions in the system are hampered as the reversibility
parameter s increases. However, for two models in
which different types of species are attracted, namely,
(0,-10,-10) and (10, -10, —10), self-oscillations do not
take place at s = 0 and appear at moderate s values. As
s is further increased, they disappear again.
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Fig. 6. Bifurcation diagram for the lateral interaction energy
set (10, =10, 0) The phase portrait for the point Q(-3.930,
—4.342) has a limit cycle.

In general, as follows from the ground-state phase
diagrams of the of the adsorption layer models, self-
oscillations are due to the existence of the ordered
phase C(2 X 2),p. This phase exists in the last two mod-
els. The uncommon correlation between the occurrence
of self-oscillations and the reversibility of the monomo-
lecular adsorption step cannot be interpreted uniquely
because of the complexity and the multiparametric
character of the system. Note that, in some cases, as s
grows, the steady state multiplicity region disappears
earlier than the reaction rate oscillations. In particular,
this interesting effect is observed for the (-10, —10, 0)
and (-10, —10, 10) models at s = 1073. As in the case of
the steady-state multiplicity diagrams, the reversibility
of the bimolecular step on the self-oscillations is
weaker than the effect of the monomolecular step.

For illustration, let us consider the results obtained
for the (10, —10, 0) model, which allows eight interior
steady states for irreversible adsorption. The steady-

state multiplicity diagram for this model on the (logu,
log v ) plane is presented in Fig. 4c.

The solid line in Fig. 6 separates the regions with a
negative and a positive discriminant of the characteris-
tic equation, and the dashed line is the set of points at
for which the sum of the roots of the characteristic
equation is zero. The circle is the point Q(-3.930,
—4.342), which lies in a region with two steady states.
Intersecting the dashed line shown in Fig. 6 brings
about Andronov—Hopf bifurcation and the appearance
of a limit cycle in the system.

Figure 7 shows the phase portrait of the system in
the (0,, 0g) and (U4, Lg) for the point O(—3.930, —4.342).
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Fig. 7. Phase portrait for the point Q(-3.930, —4.342) on the

(a) (84, 6g) and (b) (L4, 1p) planes (see main text for expla-
nation).

40

One can cleanly see the limit cycle due to the above-
mentioned bifurcation. An unstable focus is inside the
cycle. Circles / stand for unstable interior steady states,
and squares 2 and 3 designate stable and unstable
boundary steady states, respectively. Dashed lines 4 in
Fig. 7b demarcate the fields of different surface phases.
Interior steady-state points can lie only on dashed
straight line 5. The limit cycle lies almost entirely
inside the field of the dense phase C(2 X 2) 5. According
to our calculations, this is a general situation. For the
other models except the degenerate model (-10, —10,
—10), the limit cycle also occurs inside this phase field.

The solid line in Fig. 8 shows the time dependence
of the reaction rate for the phase trajectory originating
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Fig. 8. (/) Reaction rate (in k3 units), (2) compound A cov-
erage, and (3) compound B coverage versus time (as T = k3f)
for the trajectory portion corresponding to the limit cycle
shown in Fig. 7.

from the unstable focus inside the limit cycle (see
Fig. 7a). One can clearly see reaction rate self-oscilla-
tions. The amplitude of these self-oscillations is as high
as two orders of magnitude. The dashed lines in Fig. 8
show the time dependences of the compound A (line 2)
and compound B (line 3) coverages of the surface. The
reaction rate in arbitrary units is plotted along the left-
hand ordinate; the surface coverage, along the right-
hand ordinate. The rate minimum, ~10~7, corresponds
to the state of the surface such that the A and B cover-
ages are both 0.5, as in the ideal C(2 X 2) 5 structure. If
the lateral interaction energy set is taken into account,
the activation energy of desorption is the highest at this
point. The reaction rate maximum approximately corre-
sponds to the smallest value of the compound A cover-
age (05 min = 0.17). Note that the A coverage oscillation
amplitude far exceeds the B coverage oscillation ampli-
tude.

As the lateral interaction energies are decreased, the
self-oscillation region diminishes and then vanishes.
However, there are quite realistic lateral interaction
energies, for example, (6, —6, 0) at which self-oscilla-
tions can take place.

CONCLUSIONS

Within the framework of the physically correct
model of a nonideal adsorption layer, it has been dem-
onstrated that the kinetic behavior of the LH mecha-
nism is much more complicated for the nonideal layer
than for the ideal layer. In the case of irreversible
adsorption, there can be ten or even more interior
steady states. General analysis suggests that a compli-
cated set of lateral interaction energies can generate any
number of interior steady states.

MYSHLYAVTSEV, MYSHLYAVTSEVA

Reaction rate self-oscillations resulting from
Andronov—Hopf bifurcation take place in some cases.
Therefore, they can be described without introducing
extra steps into the LH mechanism.

The complexity of the steady-state multiplicity dia-
gram 1is intimately related to the complexity of the
phase diagram of the adsorption layer. The self-oscilla-
tions of the reaction rate are due to the existence of the
ordered phase C(2 X 2)4p.
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