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The calibration functions based on an information on exact solutions were used for the
uniform and nonuniform systems to enhance the accuracy of phase diagram calculations
using approximate cluster methods. This approach was used for the description of adsorption
on uniform surfaces (two�dimensional system) and in porous sorbents (three�dimensional
system). The quasichemical approximation and accurate information on the regions of criti�
cal points in uniform lattices were used. The current state of phase diagram simulations in
porous systems is discussed.

Key words: phase diagram, slit�like pore, adsorption, isotherm, lattice model, quasichemical
approximation, argon.

Equilibrium thermodynamic characteristics of adsorp�
tion (isotherms, heats, thermal capacities) have been ex�
perimentally studied in wide ranges of temperatures of
an adsorption system and pressures of adsorbed sub�
stances.1—3 Effects of interparticle interaction become
significant in regions of medium and high coverages.
These effects determine the aggregate states and type of
ordered structures of condensed phases of the adsorbate
and influence the concentration relationships for ad�
sorption characteristics.4 Exact solutions for the descrip�
tion of adsorption are known only for one�dimensional
(d = 1, d is the dimensionality of the system), uniform, a
series of nonuniform, and several particular cases of two�
dimensional uniform lattices.5—7 This stimulated the ac�
tive development of the approximate1,4,6 and numerical
(Monte Carlo and molecular dynamics methods)8—11

methods for calculation of equilibrium characteristics.
Numerical methods describe in detail molecular distri�
butions and provide an almost accurate (from the statis�
tical point of view) result for d = 2 and 3. However, they
require the computation time two—five orders of magni�
tude longer than the approximate methods based on the
lattice�gas model.4—7 Therefore, different authors12—14

repeatedly quested for modifications of approximate simu�
lations, which would improve the accuracy of descrip�
tion of adsorption characteristics without a substantial
increase in the computation time. These modifications
are based on the use of exact values of critical parameters
to improve the quasichemical approximation (QCA).

The quasichemical approximation has several advan�
tages: (1) it allows fast computations, (2) reflects effects
of direct correlations, i.e., takes into account the influ�

ence of direct interactions between particles on the char�
acter of their distribution (this approximation ignores
effects of indirect correlations when particles are remote
at distances longer than the potential interaction radius),
(3) gives accurate results in the region of weak and strong
interactions, and (4) provides a qualitatively valid de�
scription in the critical region (better than the mean
field approximation gives).4,6,14 Using additional data
on exact solutions, we can plot a calibration (fitting)
function, which provides the agreement of approximate
calculations with exact solutions in the region of their
existence and thus improves substantially the accuracy
of calculations in the whole region of the phase diagram.

As mentioned previously,14 the calibration function
can be introduced into the QCA equations through ei�
ther the effective parameters of lateral interaction or the
entropy component of the free energy. In both variants,
the calibration function depends on the temperature Т
and the coverage of the surface with the adsorbate θ
(θ = NA/N, where NA is the number of adsorbed par�
ticles, each occupying one site of the surface, and N is
the number of sites per unit surface). The calibration
functions should provide the transition of equations of
the calibrated QCA (CQCA) into equations of the nor�
mal QCA in the region of high (θ → 1) and low (θ → 0)
coverages and for low (βε → ∞) and high (βε → 0) tem�
peratures (β = (RT )–1, R is the universal gas constant,
and ε is the parameter of lateral interaction between the
nearest neighbors), and their parameters should satisfy
the equations describing the position of the critical point
dlnР/dθ|T = d2lnР/dθ2|T = 0 (Р is the adsorbate pres�
sure). In the first case, the calibration function enters
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the equation for pair functions, and all thermodynamic
characteristics in the CQCA are calculated by standard
expressions.4 However, in this variant the introduction
of the calibration function can change the symmetry (or
antisymmetry) of the calculated characteristics with re�
spect to the coverage θ = 1/2.14

In this work we used the second method of introduc�
tion of calibration functions, namely, through the en�
tropy component of the free energy under the conditions
of retention of the symmetry properties. This condition
is normal for the lattice model.4—7 (Remind that the
symmetry property is that the statistical weight of con�
figuration of particles remains unchanged when occu�
pied sites are replaced by free sites, and vice versa. In
particular, this appears as the symmetry of the conden�
sation curve for the uniform lattice with d = 2 and 3 with
respect to θ = 1/2.) First let us consider the case of a
uniform surface and then the general case of a nonuni�
form lattice in relation to the porous system (argon—slit�
like carbon pore) in which the nonuniform over the pore
cross�section distribution of an adsorbate is realized. The
study of the phase diagrams in porous systems is of inde�
pendent significance, and the use of the calibration func�
tions suggests the current state of the problem under
question, in particular, the existence of phase transitions
of an adsorbate in near�surface layers of slit�like pores.
(Further we will restrict our consideration by allowance
for the interaction of only z nearest neighbors.)

Uniform lattice

Let us present the calibration equation for the ad�
sorption isotherm in the form

aP = [θ/(1 – θ)]1+g
Λ, (1)

Λ = (1 + xt)z, x = exp(–βε) – 1,

t = θAA/θA = 1 – 2(1 – θ)/(1 + δ),

δ = {1 + 4θ(1 – θ)[exp(βε) – 1]}0.5,

where а is the Langmuir constant; g is the calibration
function modifying the entropy component of the free
energy; Λ is the function taking into account lateral in�
teractions between the adsorbate molecules, at g = 0 we
have the normal CQA; t = θАА/θА (θА ≡ θ), the following
relations are valid for the pair functions: θААθvv =
θAv

2exp(βε), where θij are the probabilities that a pair of
particles ij occurs alongside (i, j = A, v, А is adsorbate,
and v is vacancy), θii + θij = θi, and θА + θv = 1. The
relation of θ to P (1) determines all other equilibrium
adsorption characteristics.4

In the general case, the problem of plotting a calibra�
tion function is ambiguous, and it is reasonable to take

into account a particular character of differences be�
tween the exact and approximate solutions. For a uni�
form lattice, the exact and approximate (in the QCA) θ
values in the critical point (θc) coincide; therefore, it is
enough to consider the case when the calibration func�
tion is temperature�dependent and independent of θ.
This automatically satisfies the second condition for the
critical parameters d2lnP/dθ2|T = 0.

The critical temperature is determined by the condi�
tion dlnP/dθ|T = 0; therefore, after differentiating Eq. (1)
with respect to coverage θ we have

, (2)

where τ = (βε)exact/(βε) is the reduced temperature;
(βε)exact corresponds to the exact value of critical tem�
perature in the model considered. Then the critical value
of the reduced temperature in the CQA will be desig�
nated as τс = (βε)exact/(βε)с

QCA.
For the CQA modification, the g(τ) function should

differ from zero in the vicinity of the (1, τс) interval and
provide the uniqueness of solution dlnP/dθ = 0 at τ = 1
and the critical value of coverage θc = 0.5.

According to these demands for function g(τ) with
allowance for Eq. (2), we construct the following
equation:

, (3)

where function a(τ) should be equal to zero at τ = 1, and
function b(τ) should be equal to unity at τ = 1 and τ = τс
in order to exceed unity within the interval and tend to
zero outside it, and both functions a(τ) and b(τ) tend to
zero at τ → ∝. The b(τ) function determines the region
of phase diagram in which the calibration function "op�
erates." The a(τ) and b(τ) functions satisfy the require�
ments listed as containing the minimum number of pa�
rameters and can be presented in the form

a(τ) = (1 – τ)exp(1 – τ),

b(τ) = [1 + (D – 1)/∆]m/[1 + (D – τ)/∆]m. (4)

Here the parameter D = (1 + τс)/2 determines the di�
mension of the region (1, τс) in which the b(τ) function
remarkably differs from unity (and, hence, the g(τ) func�
tion differs from zero), and the m and ∆ parameters
determine the curvature of the coexistence curve in the
critical region.

It follows from Eqs. (3) and (4) that the calculation
of the calibration function requires exact values of the
critical parameters (θс and Tс or βсε) and the tempera�
ture relationship dlnΛ/dθ at the unchanged density θс,
which is obtained from the preliminary calculation of
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the phase diagram in the QCA. The exact values of criti�
cal parameters can be known from either analytical solu�
tions (which is possible only in rare cases5) or numerical
calculations by the Monte Carlo or molecular dynamics
methods. In the general case, one has to find the param�
eters m, ∆, and D of calibration function (4) from com�
parison with the exact solutions. The numerical analysis
performed for the coexistence curves demonstrated the
following simplifications: (1) for plotting function b(τ)
parameter m should take even values (2, 4, 6, ...); how�
ever, it turned out that m = 2 is enough; (2) parameter D
at the unchanged θс density can be expressed as

D = (1 + Tс
QCA/Tс

exact)/2, m = 2, (5)

i.e., the knowledge of the critical temperature in the
exact and approximate solutions is sufficient. This allows
an additional decrease in the number of parameters for
the calibration curve. The single parameter of the g(τ)
function is ∆, which can be related to the critical param�
eters.15

It is well known that the two�dimensional system
with z = 4 has the exact Onsager solution16,17 for which
(βε)c

exact = 1.76, while for the QCA (βε)c
QCA = 1.38.

This example demonstrates the influence of the calibra�
tion curve on the phase diagram pattern when the nor�
mal and calibrated QCA are used. The comparison of
the QCA curve (Fig. 1, curve 1) and exact curve6,16,17

(see Fig. 1, curve 3) shows that the QCA curve satisfac�
torily corresponds to the accurate result at low tempera�
tures (low and high coverages of the lattice) but remark�
ably differs from it at medium coverages. Curve 2 (see
Fig. 1) corresponds to the CQCA at ∆ = 0.06, and curve 4
refers to re�scaled curve 1 in the same figure when

(βε)c
QCA = 1.38 is accepted as unity: the points in curve 4

were obtained from the points in curve 1 by dividing all
ordinate values by 1.38. This approach (plotting coexist�
ence curves in the dimensionless coordinates T/Tc—θ to
compare experimental data and results of approximate
calculation methods) is standard and allows a good de�
scription of various experimental data for vapor�liquid
systems.18—21 The latter fact can be theoretically sub�
stantiated in the framework of the principle of corre�
sponding states, which is widely used in theory to de�
scribe experimental data (phase diagrams, viscosities, sec�
ond virial coefficients, etc.).19

At the temperature 2Tc the exact adsorption isotherm22

(Fig. 2, points) and curve 2 calculated in the QCA (since
at this temperature the isotherms in the QCA and CQCA
coincide) are sufficiently close to each other. The iso�
therm (curve 1) for the critical temperature Tc is pre�
sented in Fig. 2 for comparison.

Thus, the introduction of the calibration function
improves considerably the traditional QCA and allows
calculation of the equilibrium adsorption characteristics
with a high accuracy in the whole region of the phase
diagram. The calibration function introduces a refine�
ment similar to the account of large�scale fluctuations in
the scaling theory of phase transitions15 (which is absent
from the QCA itself) in the vicinity of the critical region
in addition to local correlations in the QCA. Therefore,
the main properties of the calibration function g(τ) es�
tablished for uniform systems should be valid for non�
uniform systems if the dimensions of regions of non�
uniformities are small. The latter means that the system
contains no macroscopic regions different in properties.
In particular, such a surface has one phase transition of
the adsorbate of the vapor—liquid type.4,23 Due to the
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Fig. 1. Phase diagram for the square�planar lattice calculated
in the traditional (1) and calibrated QCA (2) and the exact
solution (3). Curve 4 corresponds to corrected curve 1 pre�
sented in the dimensionless coordinates T/Тc—θ.
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Fig. 2. Adsorption isotherms at the critical temperature Тс (1)
and temperature 2Тс (2) calculated in the CQCA. Points mark
the region of the exact isotherm22 at 2Тс in the region of me�
dium coverage.
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foregoing, parameters D, m, and ∆ must be virtually con�
stant (or slightly varying) and can be determined from
the analysis of uniform systems.

Nonuniform systems

The direct generalization of Eq. (1) for local iso�
therms based on the model,4,7,24 which takes into ac�
count interactions of the nearest neighbors in the
quasichemical approximation, is written for nonuniform
lattices as

af P = [θf /(1 – θf )]1+g
Λf ,

, (6)

where θf is the coverage of site f, 1 ≤ f ≤ N, N is the
number of units of a lattice, and af is local Henry´s
constant for site f with the energy of adsorbate—adsor�
bent interaction Qf. Index h corresponds to the sites ar�
ranged around central site f. Formula (6) assumes the
detailed description of coverages of all sites of a nonuni�
form lattice. The expressions for the conditional prob�
abilities tfh of the location of a neighboring particle in
site h with respect to the "central" particle located in site
f in formula (6) have the following form:

tfh = θfh
AA/θf,

where θfh
AA is the probability that two particles occur in

the neighboring sites f and h

tfh = 2θh/(δfh + bfh), δfh(r) = 1 + xfh(1 – θf – θh),

xfh = exp(–βεfh) – 1, bfh = (δfh
2 + 4xfhθfθh)0.5.

Additionally, the following normalization relations
were taken into account:

θfh
AA(r) + θfh

Av(r) = θf ≡ θf
A,

θfh
vA(r) + θfh

vv(r) = θf
v = 1 – θf,

θf
A + θf

v = 1.

The calibration function g in formula (6) has the
same structure as that in formulas (3) and (4). It is also
obtained from the condition dlnP/dθ = 0, which gives

. (7)

Expressing the derivative

dθf/dθ = θf (1 – θf)/(1 + g) + dlnΛf /dθ

and using the normalization conditions  = Nθ and

 = N, we get the following generalization of

formula (3):

, (8)

where θfс is the local coverage of site f at the macro�
scopic density of the adsorbate in the critical point θс,
and the a(τ) and b(τ) functions are specified by formu�
las (4) and (5).

Instead of the discrete description of the nonuniform
surface over each site, one can use the averaged descrip�
tion using the distribution functions of adsorption cen�
ters Fq (  = 1) over local Henry´s constants aq,

where 1 ≤ q ≤ t, t is the number of types of sites on the
nonuniform surface. In this case, the equation of local
isotherm has the form

aq P = [θq /(1 – θq)]1+g
Λq ,

, (6a)

where the surface structure is specified by the averaged
manner4 through functions dqp, 1 ≤ p ≤ t. Then for�
mula (8) takes the form

, (8а)

where θqс is the local coverage of site q at the macro�
scopic coverage θс of the surface with an adsorbate in the
critical point.

The macroscopic character of the cooperative (rather
than local) behavior of interacting particles in the vicin�
ity of the critical point is reflected by the fact that func�
tion g in formulas (8) is independent of indices f or q.
Meanwhile, it is known for nonuniform systems that the
number of phase transitions depends on the composition
and structure of two� and three�dimensional lattices.4 In
particular, in the case of the same order of all Fq magni�
tudes (1 ≤ q ≤ t), the number of the first order phase
transitions was established23,25,26 to vary from 1 to t,
depending on the character of arrangement of adsorp�
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tion sites of different types (i.e., on functions dqp at con�
stant Fq values). Unity corresponds to the case when all
lattice sites of different types form a periodically re�
peated "pattern" and all of them are involved in the
formation of the dense and low�density phases. Number
t corresponds to the case when each region consisting of
the same centers forms its dense and low�density phases.
Therefore, nonuniform lattices contain a set of pairs of
the critical densities θc

k and temperatures Tc
k, where the

number of phase transitions is 1 ≤ k ≤ K(Fq,dqp), and
K(Fq,dqp) is the number of phase transitions for the par�
ticular unchanged values of functions Fq and dqp describ�
ing the composition and structure of a nonuniform lattice.

When calibration functions (8) are used, one accepts
that the regions of existence of different phase transi�
tions are described in the QCA rather accurately and for
each phase transition functions (8) depend on the tem�
perature only, like for uniform lattices. The physical ba�
sis for this assertion is the fact that at low temperatures
the QCA provides an almost exact solution of the prob�
lem on the molecular distribution over different sites.4

For each phase transition, critical coverages θc
k are de�

termined from the preliminary calculation of the phase
diagrams in the QCA, and the same concerns local den�
sities θqc, critical temperatures Tc

k(QCA), and deriva�
tives dlnΛq/dθ at the unchanged θc

k. These values are
further used in calibration functions gk, 1 ≤ k ≤ K(Fq,dqp).
Additionally, one has to know the exact values of critical
temperatures (Tc

k)exact or plot estimates for them.
In the absence of independent data on exact solu�

tions for all phase transitions of a nonuniform system,
such estimates can be obtained from available data on
exact (Tс

exact(d)) and approximate (Tс
QCA(d)) critical

temperatures in uniform lattices with dimensionality d
using the corresponding corrections ∆d (d = 2 or 3):

∆d = Tс
exact(d) – Tс

QCA(d). (9)

As for θc
k, the introduction of corrections ∆d is based

on the fact that the QCA rather accurately reflects a
change in the critical temperature on going from uni�
form to nonuniform systems. Therefore, a uniform sys�
tem, for which an accurate information is available, can
always be chosen, and corrections ∆d can be found from
the changes in physical properties (Henry´s constants,
composition, and structure) of a nonuniform surface with
respect to the chosen uniform surface. Below we dem�
onstrate the use of such corrections in analysis of the
phase diagrams in slit�like pores.

Slit�like pores

As an example of using Eqs. (8a) and (9), let us
consider the adsorption of spherical particles in slit�like
pores (three�dimensional system) with uniform walls

(calibration functions are plotted from the data on phase
diagrams for two� and three�dimensional uniform sys�
tems). A slit�like pore is considered to be formed by two
infinite solid plates parallel to the xz plane (periodical
boundary conditions are imposed on the system in the
directions and x and z). The potential for the adsorbate
interaction with the wall was calculated as the sum
U(y) + U(H – y), where U(y) is the model potential of
adsorbate—wall interaction, y is the distance to the wall,
and H is the pore width. The pore space is divided into
particular monolayers, and then each layer is separated
into unit volumes (units) v0 = λ3 (λ is the lattice con�
stant) equal to the particle size. Each monolayer consists
of equivalent units with the same adsorption characteris�
tics, including the same energy of adsorbate—adsorbent
interaction Qq (1 ≤ q ≤ t, where t is the number of types of
monolayers in a slit�like pore27—30), and then Fq = 1/H.
For a slit�like pore, in the case of uniform walls, due to
symmetrical adsorbate distribution, set (6a) can be solved
not only for the whole pore width H but only for the
region before the central layer, taking into account that
for the central layer with number t the properties of units
located in the adjacent layers h differ for the even and
odd numbers of the layers in the pore H.27—30 The equi�
librium distribution of particles over units of different
types was found from the set of equations (6а) by the
Newtonian iteration method. The accuracy of the solu�
tion of this set is ∼0.1%.

A lattice with the number of the nearest neighbors
z = 6 will be used as the main lattice structure because,
as it has been repeatedly mentioned,4,6,21,31 this struc�
ture gives the best agreement of the critical parameters
and experimental data for the bulk fluids. The results of
calculations of the phase diagrams are presented below
in the coordinates (βε)–1—θ*, where θ* = θ(σ/λ)3 is the
numerical density of the adsorbate when the volume of
the solid sphere of a particle is taken as the unit volume.
(The θ* units are normally used in numerical methods of
investigations.8—11) For a rigid (incompressible) lattice
θ* = θ/1.41 because the lattice constant λ is related to
the parameter of the Lennard�Jones potential for adsor�
bate molecules as λ = 1.12σАА. The limiting θ* value in
these calculations is ∼0.71. The following accurate data
for two� and three�dimensional lattices13,17: were used
to calculate ∆2 and ∆3: (βε)c

exact = 1.76 for z = 4, d = 2
and (βε)c

exact = 0.886 for z = 6, d = 3. The condensation
curves for the three�dimensional uniform lattice with
z = 6 in the CQCA and QCA is shown in Fig. 3 in the
coordinates (βε)–1—θ. The parameters D and m from
formula (5) and ∆ = 0.06 were used (as well as those for
the slit�like pores, see below).

The phase diagrams for the adsorption of Ar atoms in
a slit�like carbon pore with a width of 11 monolayers in
the QCA and CQCA are presented in Fig. 4. The mo�
lecular parameters of the system correspond to the pub�
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lished data32: Q1 = 9.24ε, Q2 = Q1/8, the other Qq>2 = 0;
ε = 0.238 kcal mol–1 is the parameter of interaction be�
tween Ar atoms. The initial phase diagram in the QCA
consists of three domes. The first two domes refer to the
first two near�surface layers, and the third dome refers to
the rest of the pore including its core (beginning from
the third monolayer, the numeration starts from the
pore walls).

It is well known27,28,33—36 that allowance for the re�
stricted space in pores introduces substantial changes in
the conditions of realization of phase transitions com�
pared to unrestricted systems. When choosing calibra�
tion functions on the basis of the initial phase diagram in
the QCA, we took into account the above specific fea�
ture of different phase transitions: they were considered
as two�dimensional in each near�surface layer, and the
phase transition for the core of a pore was considered as
a three�dimensional phase transition. To reflect these
factors, we accepted that the "exact" critical densities θc

k

for each transition correspond to the calculation of "pure"

QCA (as mentioned above), and the following values
were specified as exact critical temperatures in the near�
surface layers:

(10)

Here the ∆d values were determined using expression (9).
Equations (10) mean that (1) the exact temperature value
for a two�dimensional unrestricted system (d = 2) was
used for the surface layer k = 1 because there is a com�
plete correspondence between the surface layer in a pore
and two�dimensional lattice (except for the case of H = 2
for which a uniform lattice system with the number of
the nearest neighbors equal to five is realized in a pore,
which also retains this relation); (2) deviations of the Tс

2

value in the second layer (k = 2) from the conditions of
phase transition in the first layer are caused by the influ�
ence of the surface potential rather than the cooperative
behavior of molecules (and analogously for the subse�
quent near�wall layers if they are present in the system);
(3) similarly, deviations of the Tс

3 value from the condi�
tions of phase transition in the bulk phase are also caused
by the influence of the surface potential rather than the
cooperative behavior of molecules.

The calibration function substantially decreases the
critical temperature of phase transitions (see Fig. 4), and
in relative fractions this decrease is stronger for the near�
surface layers than for the core of a pore. All domes
become more flattened. In both the initial QCA and
CQCA, the domes for both near�surface layers are rather
close to each other.

The influence of the calibration function for a slit�like
pore with the same width but a weak adsorbent—adsorbate
interaction is shown in Fig. 5. It is not advantageous for
molecules to form a two�dimensional flatten structure
near the pore wall, and they form clusters (associates) of
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Fig. 3. Phase diagram for the cubic lattice calculated in the
traditional (1) and calibrated QCA (2).
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Fig. 4. Phase diagrams of Ar in a slit�like pore of carbon in the
QCA (1) and CQCA (2); Q1 = 9.246ε, ε = 0.238 kcal mol–1,
Q2 = Q1/8, z = 6, H = 11.
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Fig. 5. Calibrated phase diagrams of Ar in slit�like pores with a
width of 11 monolayers for Q1 = 1.0ε (1) and Q2 = Q1/8 (2); z = 6.
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a new phase in several adjacent layers. In this situation,
the near�surface domes are absent and only one dome
referred to the volume filling of a pore is realized. As
earlier, in the CQCA the dome is flattened, and the
critical temperature decreases.

Near�surface phases

Phase diagrams are the main equilibrium characteris�
tics, and one needs knowing them to interpret all equi�
librium and dynamic properties of porous systems. The
experimental determination of phase diagrams for po�
rous systems is very difficult and, hence, their theoreti�
cal prediction is of special significance.37,38

Various theoretical methods (viz., Monte Carlo, mo�
lecular dynamics, density functional, and lattice�gas
model) brought about approximately the same results for
the properties of the central dome. This dome shifts to
higher densities in the case of a stronger bonding of the
adsorbate with the support than the bond between the
adsorbate molecules, as it takes place for the adsorption
of inert gases on carbon sorbents or silica gel. For ex�
ample, a comparison of the calculations using the lat�
tice�gas model ("normal" QCA) and molecular dynamics
method for Ar atoms in carbon pores showed29 that when
the reduced coordinates τ—θ* are used (τ = T/Tc(bulk),
an analog of curve 4 in Fig. 1), a quantitative agreement
is observed (the difference between the critical tempera�
tures calculated in the lattice model and using the accu�
rate numerical methods is ∼6%). Similar quantitative
agreement was obtained30 when the influence of the pore
width on the character of displacement of the critical
point was studied by the lattice�gas model and Monte
Carlo method.

However, there is a substantial discrepancy between
the results concerning the existence of near�surface phases
obtained by the numerical methods and the lattice�gas
model. These near�surface phases are formed by the layer�
by�layer filling of adsorbents in the case of a strong at�
traction of the adsorbate, as it occurs in the above sys�
tems (inert gases in carbon adsorbents or silica gel).

The introduction of calibration functions allows one
to do away with indirect comparison of the phase dia�
grams through the reduced temperature coordinate and
to compare directly the results of numerical experiments
and the lattice�gas model in the CQCA. The influence
of the wall potential on the phase diagram for the above�
considered model of a pore with a width of 11 monolay�
ers is presented in Fig. 6. The layer�by�layer condensa�
tion is distinctly observed for different wall potentials
exceeding interactions between Ar molecules. These
curves show that a more accurate calculation using an
additional information on exact solutions for two� and
three�dimensional systems confirms completely the quali�

tative conclusion obtained previously in the QCA that
the near�wall phases exist and accounts for their absence
from numerical procedures.

As a rule, studies using numerical procedures were
performed in the region 0.60—0.65 < τ ≤ 1. With a de�
crease in τ, the time of calculations increases dramati�
cally and the accuracy of results decreases. It is seen in
Fig. 6 that the temperatures corresponding to τ < 0.5
should be considered for studying the near�wall phases
but this region is poorly accessible for numerical proce�
dures.

The estimates presented in this work were obtained
for the simplest variant of allowance for the interaction
of only the nearest neighbors with the potential corre�
sponding to Ar atoms. However, a comparison with analo�
gous data38 shows that the results are valid when further
contributions to the interaction potential are taken into
account and concern all spherical particles (viz., inert
gases, molecules of the СА4 type, where А is the H or
halogen atom) in both slit�like and cylindrical pores.
For narrow pores with the width from 1 to 7 nm, contri�
butions from the near�wall and central domes to the
phase diagrams have the same order. Evidently, with an
increase in the pore width, the contribution of the cen�
tral dome to the phase diagrams increases and that of the
near�surface layers decreases (although the near�surface
layers remain). For broad mesopores (≥20 nm), the con�
tributions of the near�wall domes can be neglected.

Thus, the procedure of calibration functions in the
QCA (in the lattice�gas model) makes it possible to ob�
tain more reliable data and verify calculations performed
by numerical methods because this procedure is based
on an accurate information.
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Fig. 6. Calibrated phase diagrams of Ar in slit�like pores with a
width of 11 monolayers for Q1 = 9.246ε (1), 4.0ε (2), and
2.0ε (3), Q2 = Q1/8, z = 6.
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