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The paper presents the results of quantum chemical calculations using
the extended Huckel method for adsorption of O, and CO molecules on
BaTiOj3 surface. It is shown that on (001) surface, the physical adsorption
is dominant, whereas on (002) surface the chemical adsorption prevails,
the Ti ions being the most active adsorption centres. The possible dissoci-
ation mechanisms of the adsorbed oxygen molecule and a heterogeneous
oxidation reaction of CO in CO5 are considered.
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1. Introduction

We have carried out the calculations for interaction of the adsorbate molecules
with every surface point of clusters simulating the surface of BaTiOg3 crystal; and
have built the energy surfaces corresponding to potential energy minimum of a
complex “adsorbed molecule+cluster” (E,qs = Fuin — Foo)-

The calculations were carried out using the Extended Huckel method (EHM)
which takes into account only the electronic interaction energy. Here, a base pro-
gram “Paramol-1” updated by us was used [1]. Earlier we had used this method to
calculate the adsorption of oxygen O and hydrogen Hy on small clusters of BaTiOs5.
We have also accounted for the interaction of thermal sputtering vapour components
with the substrate surface in deposition and formation process of compound films
[2-4]. The modified EHM was used in [5] to calculate the geometry of polyatomic
molecules. The use of large clusters resulted in a considerable decrease of the “edge”
effects on the character of interaction of an adsorbed molecule with the adsorption
centre. When choosing the clusters of BaTiOg3 single crystal surface, the shifts of
ferroelectric and surface atoms were taken into account [6,7]. While calculating the
adsorption, the orientation of the adsorbate molecules relative to the adsorbent sur-
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face is to be taken into account. In case of adsorption of a two-atomic molecule O,
and CO we have considered two basic orientations: a) a molecule axis is parallel to
the adsorbent surface plane (s-type orientation adsorption); b) a molecule axis is
normal to the adsorbent surface (c-type orientation adsorption). There are two pos-
sible orientations for CO molecule: by oxygen or carbon atoms towards the surface
(the adsorption centre). The similar calculations for MgO and SnO, surfaces, ac-
complished ab initio like in the Hartree-Fock approximation, are presented in papers
[8,9].

The “TiO,” surface layer of BaTiOj single crystal with TiO, adsorbing plane
(a crystallographic plane (OO%) was modelled by a cluster of 32 atoms: 16 atoms of
TiO, plane, 13 atoms of an underlying BaO plane, two O atoms and Ba atom of
still more underlying planes for symmetry and electroneutrality of the cluster (106
valence electronic orbitals). The second cluster with BaO adsorbing plane consisted
of 48 atoms: 18 Ba atoms, 26 O atoms and 4 Ti atoms (146 valence electronic
orbitals). The coordinate axes X and Y are in the plane of the cluster surface and
Z axis is normal to it coinciding with C axis of the crystal.

The calculations have shown the “BaO” cluster surface to be poorly active for
adsorption; here the physical adsorption of Oy and CO molecules dominates, which
weakly influences the electric and physical properties of BaTiOj3 single crystal and
the strongest electronic density redistribution takes place at adsorption on “TiO5”
surface. Therefore, we present the results of the calculations of the interaction of the
adsorbed molecules with various points of “TiO5” plane of BaTiO3 adsorber as well
as the possibility of O, dissociation and a heterogeneous oxidation reaction of CO

in COQ

2. Theoretical analysis

2.1. Adsorption of O, and CO on the atomically pure surface

Figure 1 shows the minimum interaction energy surface of Oy adsorbed molecule
(c-type) with the “TiOy” cluster surface and the surface of the corresponding mini-
mum distances Rp,;,. It is obvious that E;, and R, sharply decrease in the vicinity
of Ti atoms, changing slightly above the interstitial sites and oxygen atoms of the
cluster. The potential wells in the vicinity of Ti are practically of a conic form. The
potential energy F,.;, sharply increases moving away for over 0.05 nm from Ti atom
along X and Y axes that testifies to a distinct direction of binding O absorbed
molecule and Ti atom of the cluster.

We have also carried out similar calculations for Os s-type adsorption and CO
adsorption on the atomically pure plane of the “TiO5” cluster. The values of binding
energies of the adsorbed molecules with the cluster (Epings = |Eaas|) and their
corresponding equilibrium distances from the surface adsorption centre are given in
table 1.

The comparison of the data in figure 1 and in table 1 shows that the most
energetically favourable adsorption centres for Oy and CO molecules on the “TiO5”
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Figure 1. The minimum potential energy surfaces and the corresponding mini-
mum distances (Rpyi,) at the interaction of O2 molecule (c-type orientation) with
the atomic pure surface of the “TiO5” cluster of BaTiOg single crystal. (In figure
the coordinates of Ti atoms are X,Y = £0.2 nm).

cluster surface are Ti atoms with c-type adsorption geometry and for CO molecules —
by the oxygen downward (closer to Ti atom). The most pronounced redistribution of
the electron density both inside adsorbate molecules and between the adsorbed ones
takes place and the surface also corresponds to this localization geometry (table 2)
[10]. Below, a possibility of dissociation of Oy molecule bound with Ti atom is

considered.

The dissociation of Oy molecule along Z-coordinate after a c-type adsorption on
Ti (Rags = 0.1 nm) has been considered: one of the molecule atoms (O2) moves away
from the other (O1, localized above Ti) in the direction normal to the surface; O1 in
its turn changes the position above the surface reaching the potential energy mini-

Table 1. The energy (in €V) and length (in nm) of the adsorbed molecules bond
on the most energetically favourable localization centres of “TiOo” surface for

BaTiOg single crystal.

Locali- | Os molecule adsorption CO molecule adsorption
zation s-type c-type s-type c-type c-type
centre O downward | C-downward
Eads Rads Eads Rads Eads Rads Eads Rads Eads Rads
Ti -0.25 1 0.21 | -0.77 | 0.10 | -0.29 | 0.22 | -0.65 | 0.14 | -0.28 | 0.16
O -0.09 | 0.26 | -0.03 | 0.28 | -0.12 | 0.25 | -0.04 | 0.29 | -0.02 | 0.32
M —0.06 | 0.24 | —0.04 | 0.24 | -0.06 | 0.25 | —0.05 | 0.23 | -0.04 | 0.29
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Table 2. Charges @ (in electron charge units, e) of localization centres and the
atoms of molecules adsorbed on a “pure” “TiOy” surface of BaTiOg3 crystal.

O, adsorption CO adsorption, c-type CO adsorption, s-type

Atom | c-type| s-type | Atom | O-down- | C-down- | C-down- | Charge | Atom | Charge
ward ward ward

Ti |+3.61[+3.880| Ti +3.75 | +3.74 |intersti- | +3.86 | Oy | —1.93
tial site

01 [4+0.27{-0.014| C +0.43 | +0.56 | +0.448 | 40.45 | C | +0.46

02 |-0.15|-0.014] O -0.30 -0.49 | -0.441 | -0.45 O —0.46

Oy |+0.12}1-0.028| CO | +0.13 | +0.07 | +0.007 | -0.04 | CO | 0.006
Charges before the adsorption: Q(Oy,t) = —1.943, Q(CO) = 0(£0.441)

mum of the adsorption complex. The surface of minimum energies in Z-coordinates
of O1 and O2 atoms was calculated. It was obtained that if O2 atom moves away
from the surface, O1 atom approaches the surface, the depth of a dissociation poten-
tial well decreases approximately from 2.4 eV (note that the dissociation energy of
O, isolated molecule is equal to 4 eV) to ~ 1.6 eV, and Rpona(O1) = 0.05-0.06 nm
(above Ti). If we take into account the energy equal to about 1 eV that can be
liberated during adsorption and given to the molecule, then the additional dissocia-
tion energy becomes equal to 0.6-0.7 eV. This is much less compared to the isolated
molecule dissociation, but total energy of the adsorption complex after desorption
of O2 becomes larger (4+0.3 eV) than before the interaction of Oy with the surface.

According to EHM evaluations, the O1 atom becomes almost neutral (its charge
is +0.2e and just —0.2e goes to Ti), and the desorbed O2 becomes doubly charged
(it is given —0.5e from each of the four nearest O~ ions of the TiO, surface) due to
the closeness to Ti and due to strong overlap of the electron orbitals. The formation
and desorption of such an ion are hardly possible. Therefore, we have also studied
some other possible ways of O, dissociation.

At the Oy absorption of s-type above Ti atom or above Oy, oxygen atom of the
cluster by O1 and O2 orientation in the direction of Ti atoms, the O, dissociation also
becomes possible without the desorption of oxygen atom but with the localization
of O1 and O2 atoms in a form of O~ ions in the vicinity of Oy, (the free migration
radius of O,q above the atoms along the surface equals about 0.1 nm, R,qs ~ 0.16 nm,
Foona = 04 eV, QQ = —1le — figure 2) or, in the second case, approximately above
the centre of the O-Ti bonds along the O-Ti-O line (see Y-coordinate in figure 2)
at the height R.qs ~ 0.1 nm (Fponq = 1.1 eV, Q = —0.85¢). In both cases the energy
barrier height equals ~1 eV and with the account of the adsorption energy (see
table 1) for the O5 dissociation, an energy of Fg;s =~ 0.7-0.8 €V is needed. The O,q
atom is charged by Oy, electrons. In the first case O,4—O, bond is like Oy with
—2e charge, and in the second case a complex O1-0,,,—02 (or O1-Ti-02) is formed
with a geometry similar to the water molecule HoO (H-O-H). After dissociation, the
energy Eoni, of “O-O-cluster” adsorption complex decreases to —0.4 eV (after O1
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and O2 bond formation with Oy,) or before dissociation —1.1 eV (after localization
of O1 and O2 between Ti and Oyy).
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Figure 2. Potential curves of the interaction of O1 and O2 atoms of O4 oxygen
molecule with the cluster of “TiOs” surface: 1) at O1-O2 molecule dissociation
along the surface on Y coordinate after its s-type localization above Ti (the
numbers near points show the height (z) of O1 and O2 atoms above the surface
plane; 2) at O2 atom desorption (the upper axis of Z-coordinates, the numbers
near e points show the height z above O of atom O1 that remained; 3) at Oq
desorption after the two atoms localization (O1 and O2) in O,q position on both
sides of Ti (curves series, Z-coordinates axis). 4,5) the behavior of oxygen atoms
charge of Oy molecule (4) and the oxygen atom of the Oy, lattice (5) which is
approached by the molecule O2 atom in the process of its dissociation (see “1”).

After Oy dissociation of s-type the activation desorption of one of the two oxygen
ions can take place. Consequently, a free O?~ ion is formed and bound with the
nearly neutral surface oxygen atom O.q. If O1 and O2 ions were situated in the
vicinity of their neighbouring Oy, then one of them, getting about 0.65 eV, would
be desorbed and the other one as a result of a charge loss, would be bound to the
surface atom O?~ (R,qs = 0.11 nm, total energy drop of “molecule-cluster” system
Enin = —0.7 V). If O1 and O2 ions are definitely localized on Ti~O bond, then for
desorption of Oy, for example, 0.4-0.5 eV are needed with the simultaneous shift
of O1 closer to Ti—O bond centre and decrease in height to R,qs ~ 0.01 nm, and
the system energy decreases to Fyi, = —1.5 eV. Thus, we see that if in the first
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Figure 3. The chart of isoenergies migration levels of a dissociated oxygen atom
(O1) along the “TiO2” cluster of BaTiOgs surface. The second atom (02) of Oj
molecule after its dissociation is localized above the Oy, atom of the surface. The
region of negative energies are shadowed. M — interstitial site.

case the desorption barrier exceeds “zero” energy F. by ~ 40.3 eV, then in the
second case it does not. So, the desorption here is energetically more favourable.
Both after the dissociation and the desorption of one of Oy molecules for the atoms
which remained O,q4, it becomes energetically favourable to localize above Ti—Oy,
surface bond (figure 3, dark regions between Ti and O).

2.2. Adsorption of CO molecules at the presence of a chemosorbed oxygen
on the surface

In practice, CO adsorption takes place on the surface that is already partially
filled with molecules of other gases, in particular, oxygen molecules which have a
large binding energy of c-type on Ti atoms (see figure 1 and table 1). Thus, we have
calculated the potential interaction energy curves of CO molecules with adsorption
centres O, Ti and M (interstitial site) of the “TiOy” surface cluster of BaTiOj single
crystal in the presence of Oy c-type localized molecule on the neighbouring titanium
atom at a distance of R,;;; = 0.11 nm, showing the possibility of a direct localization
of CO on the adsorbed molecule Os.

For CO adsorption by s-type orientation on the partially oxidated TiOs plane,
the potential energy minimum for the system “adsorbed molecule-cluster” is not
reached. This energy minimum is attained only in case of c-type orientation — at CO
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Figure 4. c-type adsorption of CO molecule by C atom to the surface on the
adsorption centres (M, Ti, Oy, Oq) of “TiOs” cluster of BaTiOgs surface and on
the oxygen (O3) adsorbed on the surface, which is also c-type localized above
the titanium atom (by O1 atom to Ti, Rmin(O2 — Ti) = 0.11 nm); on the right
ordinate the change in the charges of CO molecule atoms (Q(C—) and Q(—0))
and Oz (Q(0O1) and Q(0O2) at CO approaching Oz is shown; curve 5 — CO ad-
sorption on Ti by O atom to titanium; curve 6 — COg desorption (i.e. 02-CO)
from the surface after the interaction of CO with Oy (O1 oxygen atom remains
bound with Ti).

localization on Ti the minimum is observed for both orientations of the adsorbed
molecule, while for the rest of adsorption centres — only at CO orientation with
carbon nearer to the surface. Thus, in the presence of an adsorbed oxygen on the
surface, the energetically favourable is c-type adsorption of CO, which, however,
has the opposite orientation in comparison with the adsorption on “TiOy” “pure”
surface. The results of these evaluations are given in figure 4. The curve of Oq4 is
calculated for the case of CO localization on the surface oxygen atom distant from Ti
atom with which Oy molecule is c-type bound; the curve of O, is calculated for the
interaction of CO with the oxygen atom of lattice nearest to Ti atom. It is seen that
the binding energy of CO with such an “unclean” surface increases almost 10 times.
The strongest decrease in the potential energy of the “adsorbed molecule-cluster”
system is observed at the interaction of CO with Oy c-type molecule localized on
Ti. Possible mechanisms of the oxidation of CO into CO5 are presented below.
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2.3. Low degree of the surface covering with the adsorbate molecules (O,
and CO); a non-dissociative form of oxygen adsorption

Let CO molecule on Ti2 atom be adsorbed, then on the nearest neighbouring
Til atom Oy molecule of c-type is localized. For such a succession, the energetically
favourable is c-type of CO orientation with O atom to Ti (E.qs = —0.65 eV, see
table 1). In the opposite case more probable is CO localization with carbon atom
to titanium (see figure 4, F,qs = —1.2 eV), although the binding energy of opposite
orientation is also large, approximately 0.7 eV (curve 5, figure 4). The oxygen atom
of CO molecule is 0.14 nm away from Ti2 atom, R(C-O) = 0.11 nm, and Ol
atom of Oy adsorbed molecule is at a distance of 0.10 nm from Til. An equilibrium
distance between O1-O2 of Oy adsorbed molecule is equal to 0.16 nm (whereas
far from the surface it is 0.12 nm). Thus, the O2 atom is 0.26 nm away from Til.
The “extension” of O, molecule favours its dissociation. Along the coordinate Z,
this leads to desorption of O2 atom with the activation energy of 0.7 eV. Along
the coordinate Y (or X), the O2 atom migrates along the surface (figure 5) to CO
molecule adsorbed on titanium with the formation along the axis Z (normal to
the adsorbing plane) of Ti-O-C-O complex, i.e. CO5 adsorbed molecule. It is seen
that the system energy remains practically unchanged with quite large (£0.11 nm)
distances of O2 atom from a geometric centre above Til atom, and permits it to
approach CO “without difficulty”. To form COy adsorbed molecule (Ti2-O-C-02)
02 atom needs to overcome a potential barrier about 0.6 eV high which is followed by
an energy well, 8 eV deep (i.e. the reaction of oxidation of CO into COs). However,
the bond of COy with Ti is comparatively weak, Eponq ~ 0.4 V.

2.4. Adsorption of CO with dissociative adsorption of oxygen on the “TiO,”
cluster surface

As stated above, Oy adsorbed molecule after having received additional energy
of 0.6-0.8 eV in the process of adsorption, can dissociate with localization of O,q on
Ti or approximately above the binding line centre of the surface atoms Ti and O at
a distance of 0.09 nm from the surface. The second case of dissociation process is
energetically more probable. For this geometry of O,q, the calculations of CO inter-
action with the surface show that the potential energy minimum is observed neither
at CO localization in the interstitial sites nor at s-type orientation on titanium or
oxygen atoms. The energy minimum is attained only for c-type CO localization on
O and Ti atoms of the surface, CO adsorption being of an activation character: at
the adsorption on the lattice oxygen, the barrier height is the largest (=~ 1.8 eV),
and on Ti atom it is the smallest (= 1 eV). In the latter case, an interesting effect
was found: after c-type CO localization on Ti at a distance Rponq = 0.17 nm, cor-
responding to Fi, ~ —1.8 eV, the movement of the adsorbed molecule becomes
energetically favourable. It is almost parallel to the Ti—Oy,; surface in the direction
towards the atomically adsorbed ion of O,q oxygen at the height R.qs = 0.09 nm
above the “TiO,” surface and thus forms CO,. The total energy drop of the system
is 3.7 eV. After having overcome a somewhat higher barrier (=~ 1.5 eV) CO molecule
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Figure 5. The minimum energy surface at dissociative movement above the
“TiO9” surface of BaTiOj3 crystal of O2 atom of Oy oxygen molecule c-type
localized above the Ti atom to CO molecule which is also c-type bound with the
neighboring Ti atom (with O atom to Ti).

P

can also be localized directly above O,q with Rpong ~ 0.08 nm (Fyi, &~ —3.7 V). In
both cases, the desorption of CO5 molecule being formed is energetically favourable.

2.5. CO adsorption at a high coverage of the “TiO,” surface with oxygen
molecules

In such a case, a molecular form of c-type oxygen absorption on Ti atoms prevails
(Ti-O1-02). Energetically more favourable localization centre of CO is the O2 atom
of c-type adsorbed oxygen (i.e. Oy adsorbed molecule) with CO5 molecule formation
(02-C-0, curve “O5” in figure 4). As it is seen from the curve 6 of the same figure,
the simulation of a detachment of O-C-02 molecule (i.e. CO3) from Ti-O1 bond
is accompanied by a further energy decrease of the system, and CO5 molecule can
either stay on the surface being localized above Ti—O1 bond with R.qs = 0.14 nm and
the energy decreases in the system additionally by 1 eV (total energy drop is 9.1 eV),
or desorbs having overcome the potential barrier of 2 eV, which is considerably less
than total energy drop due to CO molecule adsorption and its subsequent oxidation
to COQ

3. Conclusion

To explain the experimental data concerning the effect of the adsorption on elec-
trical and physical properties of the solid states, it is important to know the charge
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Table 3. The charges (in e units) of atoms Oy and CO molecules in the process of
COz desorption (figure 4, curve 6) from the surface of “TiO2” cluster of BaTiO3
crystal.

R, nm | Ti 01 Olat 02 C O COq
0.110 | 3.457 | -0.592 | -1.950 | 0.834 | 1.228 | -1.064 | 0.998
0.130 | 3.507 | -0.662 | -1.951 | 0.691 | 1.306 | -0.979 | 1.018
0.150 | 3.526 | -0.669 | -1.951 | 0.531 | 1.360 | -0.884 | 1.007
0.170 | 3.534 | -0.661 | -1.949 | 0.346 | 1.400 | -0.761 | 0.985
0.190 | 3.539 | -0.686 | -1.941 | 0.149 | 1.429 | -0.603 | 0.975
0.210 | 3.545 | -0.742 | -1.910 | —0.060 | 1.446 | —0.446 | 0.941
0.230 | 3.552 | -0.826 | -1.841 | -0.176 | 1.448 | -0.399 | 0.873
0.250 | 3.606 | —0.854 | -1.670 | -0.650 | 1.402 | —0.666 | 0.086
0.270 | 3.611 | -0.847 | -1.686 | —0.697 | 1.397 | -0.698 | 0.002
0.310 | 3.611 | -0.846 | -1.685 | —0.698 | 1.398 | -0.699 | 0.001

distribution in the system “adsorbed molecule-adsorbent”. For the atomically pure
“TiOy” surface of BaTiOg3 crystal, c-type geometry adsorption on Ti atoms is the
most energetically favourable for Oy and CO molecules. A more obvious redistribu-
tion of the charges also corresponds to this geometry of adsorption (table 2).

1. It was obtained for a c-type absorption of Oy in the interstitial site, that
approaching Fin (Rmin = 0.24 nm), the charge of a molecule is practically
unchanged, and only a slight charge redistribution between the atoms of the
molecule itself takes place. If an oxygen is c-type localized on Ti (R =
0.1 nm), then the charges of all the nearest neighbours in the cluster change
evidently as well as does the electronic charge density on the atoms of the
adsorbed molecules. However, the lack of free electrons in a cluster predeter-
mines a weakly pronounced donor mechanism of Oy adsorption on a “pure”
“Ti0O5” surface: the charge of —0.12 eV goes from O, on Ti, where the redis-
tribution of electron density from the neighbouring oxygen atoms also takes
place (—0.14e, i.e. approximately —0.035e from each of the four nearest sur-
face atoms), decreasing titanium charge by 0.26e. The similar situation also
takes place at CO absorption. Probably this explains a weak effect of O2 and
CO adsorption on the electrical conductivity value of BaTiO3 monocrystalline
samples and their substantial effect on the spontaneous polarization value of
the ferroelectric due to the appearance of the induced dipole moments of the
adsorbed molecules [11].

2. Quite a different picture is obtained at CO adsorption on a “real” surface,
when there is already an oxygen on it bound according to c-type on Ti atoms
(see figure 4 and table 3, table 4). From the analysis of the calculation data
it follows that: a) the charge of adsorbed molecules and surface atoms sub-
stantially changes in the process of adsorption and in many cases it does not
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change monotonously (see, e.g., curves @ in figure 4); b) CO molecule changes
its charge state depending on the localization centre; c) if on a pure ideal sur-
face the molecular adsorption of CO and O, follows a weak donor mechanism
separately, then at CO, appearing on the surface, a charge of ~ —1.5 eV is
localized on O, adsorbed molecule, i.e. an acceptor mechanism of molecular
adsorption of Oy appears.

3. It is possible to predict the change in the charge state of a “weakly oxidated”
surface on the whole depending on its occupation with CO molecules. Initially,
i.e. at a small surface occupation, the most probable is localization of CO on
Opat (figure 4). This causes a relocalization of the electron density from these
atoms to Og, forming a surface negatively charged layer, and O,y and CO
create, on the whole, a practically neutral adsorption pair O-CO, an external
atom O of the adsorbed molecule CO having also the charge —1.1e (table 4).
The occupation of the surface with the adsorption atoms will lead to the
interaction of CO with Oy and to the formation of CO,. This causes the
disappearance of a negative charge on Oy and the appearance of a positive
charge +1e on CO; (the total value with the centre O1 charge equals +0.34e).
In case of its desorption, there remains an oxygen ion localized on Ti with a
charge equal to —0.85e. As it is seen from the calculations, this charge passes
to it from Oy, atoms surrounding the Ti. This should substantially effect the
electrical conductivity of a crystal.

4. The calculations were carried out for a dielectric. Free electrons will be eas-
ily caught by the adsorbed molecules, — this should substantially effect the
electrical conductivity of a crystal.

Table 4. The distribution of charges @ (in e units) between the atoms of adsorbed
molecules Oy, CO, CO4 and the TiO, layer atoms of the surface cluster of BaTiOg
crystal after adsorption of CO on a surface “contaminated” with Oo molecules.

CO ads. | Rags, Ti
centre | nm | C- | O | CO | Tiu | Ot | below| O1 02 O
charge O,

Ti: 3.94|0.07 | +1.54|-0.22|+1.32|+3.87|-1.81|4+3.33|-0.52| -0.95 | -1.47

0: -0.23/0.07 |+1.28|-1.10|+0.18 | +3.92|-1.94 | +3.33 | -0.52| -0.95 | -1.47
M 0.08 |+1.56|-0.18{4+1.38 | 4+3.88|-1.80|+3.35|-0.52| -0.95 | -1.47
Oy 0.08 |+1.23|-1.06{40.17 | 4+3.87|-1.94 | +3.46|-0.59 | 4-0.83 | 4-0.24
- oo |+0.44(-0.44| 0.00 |4+3.87|-1.94|4+3.56| 0.30 | -0.06 |+0.24

COQ on COQ

O1: 0.14 | +1.36|-0.88|4+1.01 |+3.87|-1.94|+3.53|-0.67|+0.53| —

COz on oo |41.40/-0.70| 0.00 |+3.87(-1.94|4+3.61|-0.85|-0.70
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Po3paxyHOk MmexaHiamMmy aacopOuii i B3aemoga,ii
monekyn O, i CO, Ha noBepxHi BaTiO;

|.0.CenkoBcbkuin, B.M.)XKnxapes, H0.B.lNonuk

YXropoacbkui HauioHaibHUIA YHIBEPCUTET,
88000 Yxropoa, Byn. BonowwHa, 54

OTtpumaHo 16 xoBTHsa 2002 p., B ocTaTo4HOMY BUrnsaai — 11 civHs
2003 p.

Y po6oTi HaBeOeHO pe3ynbTaTh KBAHTOBO-XiMIYHUX PO3PaxyHKiB PO3LLN-
peHnM mMeTodoM Xiokkens agcopbuii monekyn O, CO,, CO Ta atomis
O i C Ha nosepxHi BaTiO3. NokasaHo, wo Ha noBepxHi (001) nepeBaxae
disnyHa apgcopbuis, a Ha nosepxHi (002) — xiMivHa, Npu4yoMy HalbinbL
aKTUBHUMU LeHTpamu aacopobuii € ioHn Ti. Po3rnaHyTi MOXnMBI Mmexa-
Hi3MK gucoduiauii aacopboBaHNX MONEKYS KUCHIO | reTEPOreHHoi peakLii
okncnenHst CO B COs.

Knio4yoBi cnoBa: rnoBepxHsi, e/IeKTPOHHA ryCTUHa, HarniBemipuiHi
KBaHTOBO-XIMIiYHi MeToAN Ta PO3pPaxyHKu, knactepu, TutaHat 6apito
BaTiOs

PACS: 77.84.-s, 77.84.Dy
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