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Analysis of multilayer adsorption of oxygen—nitrogen mixtures on anatase
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A theoretical analysis of multilayer adsorption of a mixture of gases O, and N, on an
amorphous surface of anatase (Ti0O;) was carried out. Equations of the theory are based on
the lattice-gas model. Intermolecular interactions between the closest neighbors were taken
into account in the mean-field approximation. The energy parameters of these interactions
were determined from the data on the vapor—liquid equilibrium. The calculation of the
mixed adsorption was preceded by the description of multilayer adsorption of individual
gases. The model describes adequately the overall and partial isotherms of multilayer
adsorption of a mixture of gases provided that (1) the roughness of the adsorbent surface is
taken into account in a simplified way and (2) the relationships between the heats of
adsorption of the O, and N, molecules on various sites of the heterogeneous surface of

anatase are similar.
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Adsorption of a mixture of nitrogen and oxygen has
been studied experimentally;! however, a model suitable
for theoretical description of adsorption of binary mix-
tures is lacking.23 In the present paper, experimental
isotherms of the multilayer adsorption of an N, + O,
mixture on an amorphous surface of anatase (TiO,) have
been interpreted using the recently developed theory of
multilayer adsorption of mixtures of gases on heteroge-
neous surfaces,%> based on the lattice-gas model. The
theory takes into account local heterogeneities of the
surface and pair interactions between the adsorbed mole-
cules as well as interactions of the adsorbed molecules
with the substrate at arbitrary distances.

Fundamentals of the lattice-gas model

According to the Ilattice model, the near-surface
layer of a gas—solid interface is broken up into a number
of monomolecular layers arranged parallel to the inter-
face plane. The description of the structure of the tran-
sition region is based on a strict succession of the layers
beginning with the first (surface) layer and ending with
the last layer of this region £ in which molecules are
arranged virtually in the same way as in the bulk (here
£ = Lg/d, where Ly is the width of the near-surface
region, and d is the average diameter of molecules in the
mixture). The space inside each layer is broken up into
sites having a characteristic size close to the diameter of
the molecules.4=7 In the present paper we have consid-
ered the case where the components of the mixture have
approximately identical sizes. The distinctions in the

types of sites in the near-surface region are due to the
heterogeneity of the surface and to the jump in the
density in the near-surface region. The density jump is
caused by the interaction of the adsorbent with an
adsorbate and occurs in the case of a homogeneous
surface as well. If there are dispersion or chemical
interactions, their effect extends to a small number of
monolayers. The heterogeneity of the surface is associ-
ated with the differences in the adsorbate—adsorbent
interactions in various sites of the first monolayer. (It is
also manifested in the overlying layers, but to a lesser
degree.) The type of sites of the near-surface region is
characterized by the number of a layer £ and by the
interaction potential (bond energy) of a molecule / with
the adsorbent qu(k), which is related to the local
Langmuir constant: aji(k) = éq‘(k)exp[Bqu(k)], where
dg'(k) is the pre-exponent of the local Langmuir con-
stant; p = (k™.

Let us denote the number of types of sites located in
the layer k by 1,. For each layer we introduce its own
distribution functions characterizing the composition of
the layer f(k) and its structure 4, (gp):

14 1
ﬁfq(k) =1, tdkn(qp) =1, ()
g=1 q=1

where f(k) is the fraction of type g sites located in the
layer k, £ 2 k 2 1; dy,(gp) is the probability of a type p
site in the layer z located in the near-surface region near
a type ¢ site in the layer k, n = k, kx1.

Let us denote the molar fraction of the filling of type
g sites in the layer £ with molecules / by qu(k); then the
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partial fillings 0, of the layer k and of the whole near-
surface region with these molecules will be written as

Ik . &
9;(k) = if,,(k)%(k)‘ 0; = 2.8:;(k) L /L, (2)
q=1 k=1
13
L - ZL‘ N
k=1

where L, is the ratio of the number of sites in the layer £
to that in the layer £ in the bulk of the gas phase, which
may be dissimilar due to the structural heterogeneity of
the surface (for example, due to its roughness) and due
to the different structures of the adsorption solution near
the surface and in the bulk. The complete filling of the
layer k and of the near-surface region as a whole is
found in the following way (s is the number of compo-
nents of the mixture):

o) = S0k, 0= 30 = éje(k)Lk/L. 3)
i=] i=1 =1

The overall number N; of molecules i and their
excess [} in the near-surface region are determined as
follows:

4
Ni=L8;Ng, Ti=Ng[0;(k)=0;()lLy, 4
k=

where N is the number of sites in a homogeneous
monolayer in the bulk of the gas phase. To calculate the
distributions of values (2)—(4) one should know the
Oq‘(k) values, which are defined by the corresponding
algebraic equations. Let us restrict ourselves to the
simplest variant of the theory. We shall take into ac-
count the interactions between the closest neighboring
molecules g; (i, j = a, b; where symbol "a" refers to the
oxygen molecule, and symbol "b" refers to the nitrogen
molecule) in the mean-field approximation and assume
that the energy parameters do not depend on the types
of sites over which the O, and N, molecules are located.
In this case, the equations for the mixed multilayer
adsorption on a heterogeneous surface in the mean-field
approximation assume the form

K+t ¢

aj(k) PO (k) = 04(k) CX;{—B zk,.<qp>gleye{,<n) L5

=k—1 p=1 j=

5 .
where 07 =1~ X 0,(k), Z,(gp) = Z,(k)dy,(gp), and
Z(k) is the numIBler of neighboring sites surrounding a
type g site in the layer k.

The amorphous surface of anatase has a complex
structure at the atomic level, which is not known in
detail. Based on general considerations concerning amor-
phous surfaces, the foliowing assumptions were made:
(1) the number of various types of sites of a heteroge-
neous surface is great, and continuous distribution func-

tions f;/(e,/) may be used to specify the composition of
each layer of the near-surface region; (2) the sites of
various types are distributed randomly; this makes it
possible to present d,,(g,, €7), which is the continuous
analog (¢ = ¢!, p = £2) of the d,(gp) discrete functions
(1), as dy,(e', €?) = f,(e?); (3) the anatase surface is
somewhat rough at the atomic level.

The equations of the lattice model%3 make it pos-
sible to take into account the detailed structure of a
rough surface (see Ref. 8), but in order to simplify the
calculations, we shall use the following simple variant of
the model. We shall consider that in Eqs. (2)—(4), L; =
L, but the lattice structure is defined by the quantities
Z, that characterize the average numbers of neighbors
in layer n with respect to the layer & (Zy 41, = Z; 4y,
Ziw = Z— 2Z; 4+,)- In addition, we set Z (the number of
neighbors in the lattice structure) equal to 6. Varying the
Zy value (<4) reflects the surface roughness in an
averaged way (for a planar adsorbent surface, Z;;, = 4).
Thus we obtain the corresponding set of equations:

A k=1
' 0k (e)expl—B 3 Zyn(ein6F +2:50%)] ]
al (S)P‘ - n=k—1 , ( )
k [ = 0%(c) — 6% (c)
ci.nm N
0h = [ fi(ek)0k(e)de;.
E'k.min

To calculate the mixed adsorption of O, and N, one
should determine the parameters of the lateral interac-
tion of molecules ¢;; and the functions of the distribution
of sites in the layers of the near-surface region f;/(g,) for
molecules of various sorts.

Parameters of the lateral interaction

Experimental data! on the multilayer adsorption of a
mixture of gaseous O, and N, on an amorphous anatase
surface include information concerning mixtures of vari-
ous compositions (T = 78.2 K): ¥, = 0.149 (I), 0.298
(I1), 0.502 (11I), 0.702 (IV), and 0.853 (V), where Y, is
the mole fraction of the component / in the gas phase,
index "a" refers to the oxygen molecules, and index "b"
refers to the nitrogen molecules, ¥, + I, = 1, and also
concerning the pure components (¥, = 288 cm? for
oxygen and ¥, = 305 c¢m? for nitrogen, where V,, is the
capacity of a monolayer).

The ¢, parameters were determined using the experi-
mental data on the bulk gas—liquid phase equilibrium of
a mixture of oxygen and nitrogen for the same composi-
tions of the gas mixture, for which adsorption was
studied. Like the description of adsorption, the calcula-
tion of the phase equilibrium can be carried out by using
lattice models® !9, For a binary mixture consisting of O,
and N,, each structure site has three states of occupa-
tion: it can be occupied by oxygen (i = a), by nitrogen
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(i = b), or be vacant (i = v). Phase equilibrium is
described by the equations

M .
ne =i i=abv; Y0=1a=gl
i=a

where 8,/ is the fraction of a component i in the a
phase, u,fis the chemical potential of the component i
in the o phase; in the mean-field approximation we
obtain?

Bra' = B0 + In(8,/g,),  ng® = 0, (7

lnYan = bab(gub)2 + bav(euv)2 + enbeuv(bnb - bbv - bav)’
bab = Z(SM + Epp 2Snb)/24

Expressions for y,® and y," can be obtained from the
expression for y,* by cyclic permutation of indices a, b,
and v. For pure components, set (7) leads to the known
expression® ! 4,ip™ = exp|—PZe;/2], where py” is the
saturated vapor pressure for the component /. Fixing the
Y, = 8,2/(8," + 6,°) value relates 6, to 6,°, which
makes it possible to solve the set of equations (7)
and then to calculate partial saturated vapor
pressures from the equations of the lattice model:

pb = 0 exp[—BZ Zs,-,-@é]/(éie(‘;), and also to determine
J=a

the overall pressure py = p® + po®. The fitted param-
eters of the model are 4,7, 4,°, €4y, €4, and gy (8 = 0
for i = a, b, v, the interactions with vacancies are equal
to zero). After normalization of the py’ values to py”,
@*/a®, €44, €ap, and e, remain as the fitted parameters.
These values were selected using the data on the vapor—
liquid equilibrium! for seven compositions of the gas
phase (Y,) including pure components. The 4® value was
determined as 4° = exp[—BZepy/2]/p*°p exp- The follow-
ing values for these parameters were found: 4.2 =
6.77-1075 and 4,° = 7.44- 1073 Torr™!, Be,, = 1.470,
Bey, = 1.162, Bgy, = 0.924. The accuracy of interpreta-
tion of the data on the gas—liquid equilibrium of a
mixture of oxygen and nitrogen on anatase for seven
gas-phase compositions with these parameters is illus-
trated by Table 1. Subsequently, these parameters were
not varied in the description of individual and partial
isotherms of the components of the mixture. Note that
the g; parameters found are in good agreement with the
traditional combination rule ey, = (g4,8p)'/2, because

Table 1. Results of the calculation of bulk gas—liquid equilib-
rium for a mixture of oxygen and nitrogen on anatase (JX) is the
concentration of oxygen in the liquid phase)

Yy A cale Xl,cxp PO/pOh‘(CalC») Po/l’ob' (exp.)
0.000 0.000 0.000 1.000 1.000
0.149 0.430 0.434 0.686 0.692
0.298 0.680 0.677 0.498 0.498
0.502 0.847 0.846 0.357 0.352
0.702 0.932 0.931 0.280 0.277
0.853 0.972 0.971 0.242 0.241
1.000 1.000 1.000 0.214 0.214

the molecular properties of these gases are similar, and
the Raoult law is obeyed to a rather high degree of
accuracy.!

Adsorption of individual components

To determine the character of the heterogeneity of
the anatase surface, three types of distribution functions
were considered: a uniform function fii(ge,)) = (Ag,)7!,
Aey = €'k max — €'k min; @0 exponential function f;/(g,/) =
exp(yg’)/m;, where y; and m; are the distribution parame-
ter and the normalizing factor for component i; and a
Gaussian function fi(ey) = exp|—(e/, — £/,)%/20%;], where
& = € min T bideyl characterizes the position of the
function maximum by the b; (0 < b; < 1) parameter, and
o; is the peak half-width. We assume that ai(e) =
a'exp|Pei(eL)], where €,/(g,L) is a function that relates
the heat of adsorption of the component i to that of a
reference component L, for which the distribution func-
tion of the adsorbent surface, used for the calculation of
the adsorption of the mixture, is constructed. Obviously,
when i = L, we obtain g;(g,L) = g, (see Refs. 13—
15). To decrease the number of independent parameters
of the model, a power law for the decrease of the
adsorbate—adsorbent potential for various layers was
used: g = g//(k)", where n; is a parameter. (This
potential is an analog of the attracting part of the
Lennard—Jones potential 3—9 and 4—10 for planar
surfaces. The solid sphere of the lattice sites takes into
account the repulsive contribution of the Lennard-Jones
potential.) Then the n; values and parameters of the
distribution function of the first layer are the fitted
parameters. From here on, the number of the layer k =
1 will not be marked by indices.

The unknown values €, and &', and other parame-
ters of the distribution functions were determined from
the individual adsorption isotherms. Three pressure re-
gions can be distinguished on the experimental iso-

f(&) S—
—--2

T

0.06

0.04

0.02

3
g/kkal mol™!

Fig. 1. Functions of distribution over energy of the interaction
with anatase for molecules of oxygen (/—4) and nitrogen (5—
§) calculated in terms of the lattice model: trapezoidal (/, 5),
Gaussian (2, 6), exponential (3, 7), uniform (4, 8).
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Table 2. Parameters of the individual adsorption isotherms of oxygen and nitrogen on anatase

fe) Gas Emax d- 104 Emin ] B n %* %
/keal mol™! /Torr™! /keal mol™!
Exponential 0, 2.14 6.70 0.12 -0.14 — 2.80 430 6.80
B =y N, 2.90 3.52 0.07 —0.49 — 4.40 5.10 8.00
Gaussian (§ = o) 0, 1.94 5.08 0.26 1.02 0.007 2.70 4.20 7.60
N, 3.13 0.60 0.33 1.22 0.037 4.70 2.30 473
Uniform 0O, 2.00 6.03 0.12 — — 2.70 4.04 7.30
N, 2.50 0.64 0.15 — — 4.40 5.05 6.00
Trapezoidal 0, 1.96 5.08 0.15 0.38 — 2.40 5.32 8.46
G = fi) N, 2.70 2.53 0.20 0.08 - 4.40 460 527

therms of both gases: 1) x < 0.006, 2) 0.006 < x<0.13,
3) 0.13 < x < 0.95. In the first region, a coverage of the
surface 8; of ~ 1/3 is rapidly attained, and in the second
region, the surface monolayer is gradually filled, with no
substantial filling of the second layer. In the third re-
gion, filling of the second layer and overlying layers
occurs. In these regions, the following parameters were
successively determined: (1) €04, @5 (2) €in, vi OT b,
o and (3) n;, Zy,. The results of the selection of these
parameters are presented in Table 2, and the distribu-
tion functions of nitrogen and oxygen, obtained from
these data at x < 0.13, are shown in Fig. 1. The accuracy
of the description was characterized by the divergence
between the calculated and experimental isotherms:

N
% = 10]%% 3 10i(X)exp — 0i(X)eate|, where N is the number
i=1

of cxpcrime’ﬁtal points used for the selection. The sym-
bol "%*" marks results that refer to the monolayer
filling, and "%" denotes results referring to the multi-
layer filling. We obtained Z = 240.04. The parameters
found ensure a relatively high accuracy of the agreement
between the calculated and experimental isotherms
(Fig. 2, a, b). The uniform function of distribution
provides a worse description of the monolayer filling.
Figure 1 shows that the exponential and Gaussian distri-
bution functions correlate qualitatively with each other
both for nitrogen and for oxygen: the €’;, and € .,

values for both functions are close to each other, and
both functions virtually monotonically decrease.

This behavior of the distribution functions is in good
agreement with the concept of the similarity of molecu-
lar properties of these gases. For a more detailed analy-
sis of the distribution functions of the anatase surface,
one may additionally consider a trapezoidal function
located between the exponential and Gaussian curves
and can also estimate the ranges of variation of the
parameters of the distribution functions, corresponding
to an accuracy of description of ~8 %, which matches
the accuracy of the experimental measurements of 5—
8 %. The former proposal should provide a noncontra-
dictory solution, compared to the found exponential and
Gaussian solutions, and the latter proposal makes it
possible to elucidate the parameter sensitivity of various
solutions.

The trapezoidal distribution function has the form
Sfi&) = (& _fmax) - (g~ Eimin)(Ei - meax)/Agis E =
2/Ag;, where fia = f(elna)- The parameters of this
distribution are the following: f,.s, €' max, and €';,. The
parameters found are given in Table 2, and the distribu-
tion functions are shown in Fig. 1. All three of these
functions (Gaussian, trapezoidal, and exponentijal) for
each gas are in good agreement with each other.

Table 3 presents the ranges for the parameters of
four functions of distribution and the n values corre-

Table 3. Ranges for the values of the parameters of individual adsorption isotherms of oxygen and nitrogen on anatase

fe) Gas d- 104 Emin 3 B n
/Torr™! /kcal mol™!

Exponential 0, 3.10—10.6 0.00—0.20 —0.53+0.10 — 2.29—15.4

(5 =y) N, 1.50—4.4 0.00—0.11 —0.84+-0.39 - 3.44—11.0

Gaussian (8§ = o) 0, 3.70—8.9 0.21—-0.34 0.81—82.6 0.00—0.43 2.22—189
N, 0.34—1.1 0.24—0.43 0.99—1.7 0.00—0.20 3.08—11.3

Uniform 0O, 2.96—10.1 0.00—0.21 — — 2.17—149
N, 0.28—1.3 0.00—0.28 — — 2.93—14.0

Trapezoidal (8 = f,24) 0, 4.30—11.5 0.10—0.29 0.32—-0.7 — 1.64—2.5
N, 1.10-3.5 0.03—0.24 0.00—0.2 — 3.02—11.0
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0 0.0 0.06 0.10 /g 0.2 0.4 0.6 0.8 1.0
P/p,
Fig. 2. Individual isotherms for the adsorption of oxygen (a, b) and nitrogen (¢, d) on anatase for the exponential distribution
function (V = ¥4/ Vi, Vads is the adsorbed volume): solid line corresponds to experimental results and dashed line corresponds to
calculations. Monolayer filling of the anatase surface (a, ¢), multilayer filling (b, d).

emin/kkal mol~! Ein/kkal mol™!
12} 1.2
1.0 ¢ 1.0 F
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
W " ——
0 7 12
a/éy 4/ég
Fig. 3. Dependence of the g,,;, on the energy parameter d/d, for nitrogen; exponential distribution function: a. y = ~0.4;

l.n=34,2n=44,3,n=54,bn=44;4,y=—-04;5 y=-049; 6,y =-06; 7, vy = —0.7.
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sponding to the above-mentioned level of accuracy of
the description of experimental curves. The accuracy for
€l ax 1S 0.42 kJ mol™!. The values of other parameters
vary more markedly. Figure 3 shows the dependences of
Emin ON d/a, calculated for various values of the n and y
parameters, the isotherm for nitrogen being described
using the exponential distribution function within an
8 % accuracy level. These curves indicate that the ranges
in which the parameters investigated vary decrease ap-
proximately 2—3-fold on their correlated variation. In
this situation, instead of the traditionally suggested con-
fidence ellipsoid for the correlated variation of the model
parameters, a relatively narrow region confined with
curves of the hyperbolic type from above and from
below is realized. The large upper value of the parameter
n is due to a decrease in the sensitivity of the course of
the isotherm to a variation of this parameter. The physi-
cal meaning of the assumptions used imply that the
values n < 5.5 should be taken as the upper limit of this
parameter. A similar loss of the parametric sensitivity is
observed for the half-width of the Gaussian distribution
function for oxygen.

Multilayer adsorption of a mixture

Despite the similarity of the molecular properties of
both gases and of the oxygen/anatase and nitro-
gen/anatase individual isotherms, the description of the
adsorption of their mixture is to some extent problem-
atic. In particular, the extension of the BET theory? to a
gas mixture suggested by Hill3 proved to be inadequate
for the description of the experimental data! both when
x varies over a wide range at Y, = const and when Y,
varies at x = const. This is caused by the different
behavior of the partial isotherms of oxygen and nitrogen
for the first and the fifth compositions of the gas mix-
ture. In the case where the mixture of the first composi-
tion is taken, nitrogen is adsorbed predominantly over
the whole pressure region, and the partial isotherm of
oxygen increases with an increase in the overall pres-
sure. An increase in the fraction of oxygen in the gas
changes the ratio between 6,(x) and 8,(x) at x = const,
where x = p/py, p = p, + Py, p; is the partial pressure of
the component i, p; is the pressure of the saturated
vapor of the mixture, and 6(x) is the partial isotherm of
the component i. For mixtures with x < 0.04, the
adsorption of nitrogen predominates, while at x > 0.04,
the adsorption of oxygen predominates, the 6,(x) value
remaining virtually constant over a wide range, viz., 0.05
< x < 0.70, and slightly increasing at x > 0.70.

The parameters found for the lateral interaction of
oxygen and nitrogen, as well as the distribution functions
for their multilayer adsorption on the anatase surface,
make it possible to calculate the multilayer isotherms for
the adsorption of a mixture, if the functional dependence
between the heats of adsorption of nitrogen and oxygen
molecules is known. The particular character of the
£4/(e,L) dependence can be elucidated only from an analy-

X

Fig. 4. Adsorption isotherms of a mixture of oxygen and
nitrogen on anatase at Y, = 0.149 (a) and 0.853 (4). Solid
lines correspond to experimental results! and dashed lines
correspond to calculations (V = V 4/ V,,, Vags is the adsorbed
volume): overall adsorption isotherms (7, 4) and partial iso-
therms for nitrogen (2, 6) and oxygen (3, 5).

sis of the adsorbate—adsorbent potential energy. In
rougher considerations, the adsorption of a mixture of
components having similar molecular properties is often
calculated using linear relationships between the heats of
their adsorption.!3~15 In the present work we used the
relationship e = ae® + D, & = (®nax — min)/(E*max —
€in)s D = nay — 0€%nin, Where €, and ef ;. are
defined in Table 2. The partial isotherms were calculated
from Eqs. (6). The overall isotherm is the sum of the
partial isotherms for oxygen and nitrogen at a given x.
Table 4 presents the deviations of the partial and overall
isotherms of multilayer adsorption for various composi-
tions of the gas phase, and the parameters for individual
isotherms are given in Table 2. It can be seen from Fig. 4
that the experimental and calculated overall and partial
adsorption isotherms for mixtures with ¥, = 0.149 and
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Table 4. Results of the prediction of the description of mix-
tures: calculated partial and overall isotherms in % of the
experimental results! for the O,+N,/TiO, (anatase) system

Table 5. Effect of parameters (g,,;, and 4 of oxygen) on the
partial and overall isotherms of the mixtures in percent of
deviation from experimental results! for the Oy+N,/TiO, (ana-
tase) system with an exponential function of distribution of the

fe) Component Composition of the mixture adsorbed molecules of the components over the energy of the
of the system | I m v v interaction with the TiO, (anatase) surface
Exponen- O, 2230 1520 1470 1230 851 Compo- ey Composition 4+ 10 Composition
tial N, 3.78 347  8.16 12.00 33.90 nent  /kcal mol™! of the mixture /Torr™! of the mixture
O,+N;  6.57 7.66 1090 1070 9.72 1 v 1 Y;
Gaussian O, 1870 11.50 11.20 10.10 9.99
N, 6.62 688 1420 1870 38.10 O, 0.2 17.0 100 745 210 87
0,#N, 656  7.69 992 1020 10.30 0 330 150 474 280 130
Uniform O, 66.80 8740 7480 60.50 4840 N; 0.2 6.4 40.0 7.45 47 370
N, 16.50 26.20 4540 61.00 78.60 0 1.4 21.0 4.74 20 230
+ . . . .00 .50
OptNy 745 1300 1330 13 i 0,+N, 0.2 6.4 8.0 745 67 9.0
zoidal N, 479 7.8 3.55 7.58 34.00

0,+N,  6.37 8.14 1140 1230 1230

0.853 are in good agreement. An analogous correspon-
dence is fulfilled for other gas mixtures. It thus follows
that the lattice model describes satisfactorily the multi-
layer adsorption of a mixture over the whole pressure
region by a single set of parameters for various composi-
tions of the gas phase (this set is given in Table 2). The
model chosen reflects adequately the character of the
variation of partial isotherms at a fixed x and varying Y.
Table 4 indicates that all the distribution functions pro-
vide approximately equally satisfactory agreement for the
overall adsorption isotherm (the exponential and the
trapezoidal functions provide the best results) and reflect
properly the general features of adsorption known for
partial isotherms.

The model suggested reflects only the main real
properties of an adsorption system. The assumption that
various adsorption sites are distributed randomly, a sim-
plified way for allowing for the roughness of the surface,
and simple procedures for the description of the adsorb-
ent—adsorbate potential and intermolecular interactions
in the mean-field approximation are used in this model.
In the general case, each of these factors can lead to a
substantial alteration of the isotherms. Therefore, the
results obtained should be considered satisfactory. Note
the high sensitivity of the results for the partial multi-
layer isotherms to the parameters &' and e',,;,. These
values characterize the equilibrium redistribution of the
molecules in the surface layer and in the overlying layers
at practically complete filling of the surface layer. They
determine the difference between the experimental and
calculated isotherms of the multilayer region. This is
illustrated by the data of Table 5. Note that an improve-
ment of the description of the oxygen distribution for
the fifth composition results in a deterioration of the
agreement of the nitrogen distribution for the first com-
position with the experimental data, and vice versa. The
character of the variation of the overall isotherm and
other general regularities do not change qualitatively,

since the variations of the parameters under consider-
ation occurs within the ranges given in Table 3. It
should also be emphasized that the overall adsorption
isotherm is predicted on the basis of individual iso-
therms with a satisfactory accuracy, though the partial
isotherms may deviate substantially.

* & &

The equations of the lattice model for the multilayer
adsorption®5 make it possible to take into account the
specific features of the molecular nature of the adsorp-
tion system under study: the heterogeneity of the adsorb-
ent, the formation of a multilayer film, and intermolecu-
lar interactions. Based on the lattice model one can
obtain simplified versions of the theory. In the present
work this was illustrated in relation to the N;+0,/anatase
system, for which we considered an approximate variant
of the allowance for the roughness of the amorphous
surface of the adsorbent. The predicted overall isotherms
of multilayer adsorption of this mixture are in satisfac-
tory agreement with experimental results. If reliable data
on the individual adsorption isotherms are available, one
can predict the partial adsorption isotherms.

The work was carried out with financial support of
the International Science Foundation (grant No.
MPG300).
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