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We report the results of ab initio calculations and analysis of systematic trends for the F centers in the bulk
and on the (001) surface in oxide perovskites, such as BaTiO;, SrTiO;, SrZrOs;, and PbZrO;, with a
corresponding comparison of the F' centers in perovskites with those in alkaline earth metal fluorides (CaF,,
BaF,, and SrF,). It was found that in perovskites in both bulk F centers and those on their (001) surfaces, two
nearest to the vacancy Ti or Zr atoms repel each other, while the next nearest O atoms relax towards the oxygen
vacancy. It was also found that the obtained relaxations of atoms in the nearest neighborhood around the F' center
in ABO; perovskites are generally larger than in alkaline earth metal fluorides. The bulk and (001)-terminated
surface F' center ground states in BaTiOs, SrTiO;, and SrZrOj; perovskites are located 0.23, 0.69, 1.12 eV, and
0.07, 0.25, 0.93 eV, respectively, below the conduction band bottom, indicating that the F' center is a shallow
donor. The vacancies in BaTiOs, StZrOs;, and PbZrO; are occupied with 1.103e, 1.25¢, and 0.68e, respectively,
whereas slightly smaller charges, only 1.052e, 1.10e, and 0.3¢ are localized inside the F’ center on the perovskite
(001) surface. In contrast to the partly covalent ABO; perovskites, charge is well localized (around 80 %) inside

the ionic CaF,, BaF,, and SrF, fluorine vacancy.
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1. Introduction

Point defects, such as oxygen vacancies, significantly af-
fect all the physical and chemical properties of the industrial-
ly important ABO; perovskites [1-7]. Renewed interest in
comprehensive research of point-defective behavior in oxide
perovskite materials is due to their possible use as electronic
conductors [8], an active component in all-oxide electronics
[9], memristive elements [10] and etc. [11-13]. The oxygen
vacancy is quite a common defect in many binary and com-
plex oxide materials [14-27]. They can be created, when
irradiated with high energy particles [18—19] or during the
thermochemical reduction processes [20-21]. As usual, these
oxygen vacancies effectively capture electrons and become
either neutral or positively charged with respect to the lattice
(the so-called F centers or F" centers, respectively [22-27]).

The F centers are formed in oxide perovskites when
neutral O atoms removed from the regular lattice sites.
Such point defects strongly affect and perturb the electronic
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structure of the crystal and it becomes essentially more
complex for oxygen-deficient perovskite material than a
perfect crystal.

Compared to simple alkali halides, alkaline-earth halides,
MgF, or LaF; [19, 28-31] and binary simple oxides such as
MgO or ALL,O; [18, 19], the more complex electronic struc-
ture of oxide perovkites has important implications for the
electronic structure of the corresponding F-type centers
[18, 19,22, 24]. In ionic oxides, the ground state of the F
center contains two electrons, which are well localized in
vacancies, which leads to the appearance of energy levels
in the band gap [19], while for perovskite oxides, the elec-
tronic structure of F-type defects has been the subject of
long discussions [16—19, 22, 24]. It is very important to
notice, that most of the theoretical and experimental work
in the ABO; perovskites are performed for the bulk 7 cen-
ters [16—19, 22, 24-38]. Unfortunately, the BO, and espe-
cially AO-terminated (001) surface F centers in the ABO;
perovskites are considerably less studied [39-45].
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The F centers created and stabilized on the surface,
along with other anionic defects, are also important in ca-
talysis [46, 47]. It has been reported, for example, that the
surface F center in NaCl binds strongly to sodium adatom
and increases the binding energy by 1 eV, changing the
nature of adsorption of a single sodium adatom from phys-
ical sorption to chemisorption [48]. However, not many
experimental results regarding the properties of the surface
color center are up to now available, where there is often
no clear and unambiguous separation from the contribu-
tions of bulk defects [49-51] Other studies that focused on
desorbed particles from ionic crystals under photon or elec-
tron bombardment, provide only indirect information about
the created surface defects [52—53]. Using a combination
of low-energy electron diffraction and energy loss spec-
troscopy, it was a big breakthrough to study the formation
of defects in epitaxial NaCl films with a thickness of the
order of several nm at low energies of ~ 50-1500 eV elec-
tron bombardment [54]. In the light of the above, it is es-
pecially important to note the use of synchrotron radiation
for studying of F centers at the surface of epitaxial CaF,
films on Si (111) [55].

Taking into account the high technological potential of
alkaline-earth fluorites (CaF,, BaF,, and SrF,), it is obvi-
ous, that during the last years, they were widely studied
both experimentally and theoretically [55—63]. Fluorites
CaF,, BaF,, and SrF, are a cubic Fm3m large band gap
insulators. For example, experimentally, the CaF, direct
band gap is estimated to be 12.1 eV [64], whereas the CaF,
indirect band gap is equal to 11.8 eV [64]. On the other
hand, the band gap energies and the positions of the absorp-
tion band maxima for the main ¥}, H, and F-type defects in
fluorides were recently analysed and collected in [65]. In
particular, for band gap energies E, in CaF,, SrF,, and BaF,,
the following values were given as 11.5, 10.8, and 10.3 eV,
respectively. The corresponding values of the optical ab-
sorption energy for bulk F centers in these crystals are as
follows 3.35, 2.76, and 2.04 eV, respectively [65]. Note
that the corresponding reliable values for surface F centers
in fluorides are currently not available.

The main goal of the research work reported here was to
develop a unified theory, which describes systematic trends
in the ABO; perovskite bulk and rarely studied (001) surface
F center calculations. We also compared our F' center calcu-
lation results in the ABO; perovskites as well as CaF,, BaF),,
and SrF, crystals, and pointed out quite different behavior of
the F centers in this two different class of materials.

2. Method

We performed ab initio calculations for BaTiOs,
SrZrOs, and PbZrO; perovskite bulk as well as (001) sur-
face F centers [2,41,43,46] using the hybrid exchange-
correlation functionals B3PW [66] or B3LYP [67] as well
as the world widely recognized CRYSTAL computer code
[68]. The results of SrTiO; bulk and TiO,-terminated (001)
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Fig. 1. Schematic sketch of the cubic 3 x 3 x 3 times extended
SrZrO; supercell containing the F' center.

surface F' centers for comparison purpose are listed from the
Ref. 22. We carried out the SrZrO;, PbZrO;, and BaTiO;
bulk F center calculations using the 3 x 3 x 3 times ex-
tended supercell model (Fig. 1). Thereby, our in the calcu-
lations used supercell contains 134 atoms as well as one
isolated oxygen vacancy defect (F center) (Fig. 1). We
calculated the formation energy of a single F center defect
in the BaTiO;, SrZrO;, and PbZrO; bulk using the follow-
ing equation:

Eform= ony + Ep - Eperf’ (1

where ony is our calculated single oxygen atom total en-
ergy. Eperf is our calculated perfect BaTiOs;, SrZrO; or
PbZrO; perovskite bulk total energies. E is the total en-
ergy for the BaTiOs;, SrZrO; or PbZrO; perovskite bulk
containing the F center defect.

For the ab initio calculations of the (001) surface F' cen-
ters in BaTiOj;, SrZrO;, and PbZrO; perovskites, we always
have used a 3 x 3 x 1 times extended surface supercells and
removed only one atom, namely the central (001) surface O
atom (Fig. 2). We calculated the F center located on the
ZrOy-terminated SrZrO; (Fig. 2) and PbZrO; as well as
BaO-terminated BaTiOs (001) surfaces. Thereby, the SrZrOs
and PbZrO; ZrO,-terminated (001) surface F center con-
centration in our calculations is equal to 1/18 or 5.56 %. In
order to perform more accurate calculations of the bulk and
(001) surface F centers in BaTiOs;, SrZrO;, and PbZrO;
perovskites, an additional basis function, corresponding to
the so called ghost atom [68], has been put into the oxygen
vacancy. For this aim, we have employed, in our ab initio
calculations, exactly the same Gaussian-type functions as
used by us for the O’ ions in the bulk of BaTiO;, SrZrO;,
and PbZrO; perovskites.
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Fig. 2. Sketch of the F center located on the ZrO,-terminated
SrZrO5 (001) surface.

As a next point, we will discuss our calculations dealing
with the bulk F centers in CaF,, BaF,, and SrF, crystals
(Fig. 3). For example, in order to calculate the F centers in
CaF,, we used the supercell containing 48 atoms with one
removed fluorine atom. After the removal of the single fluo-
rine atom, we reoptimized the atomic structure of the defect
surrounding atoms through the search of the minimum of
the total energy as a function of the displacements of the
atoms from their equilibrium lattice sites. Again, in order to
have the perfect description of the F' center, we added the
basis set in the fluorine vacancy, corresponding to the so-
called ghost atom [68].

Fig. 3. Sketch of the nearest neighbor geometry around the F
center in CaF, with the indication of atomic relaxation directions.
The position of the F center is indicated by XX.
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3. Main results

3.1. Atomic structure of bulk and (001) surface F centers
in BaTiO;, SrTi0Os, SrZrOs, and PbZrO;

As a starting point of our ab initio calculations, we cal-
culated the nearest neighbor atom displacements surround-
ing the F centers in BaTiO;, SrZrO;, and PbZrO; bulk as
well as on their BaO and ZrO,-terminated (001) surfaces,
respectively. Calculated nearest atom displacements sur-
rounding the F centers in BaTiO;, SrZrOs;, and PbZrO;
bulk as well as on their (001) surfaces are collected by us
in Table 1. As it is possible to see from Table 1, the two
nearest to the F' center in BaTiO; matrix Ti atoms are re-
pulsed from the oxygen vacancy by 1.06 % of the lattice
constant a. Also in SrTiO;, SrZrO;, and PbZrOj; perovskites,
the B atoms are repulsed from the F center by 7.76, 3.68,
and 0.48 % of a. Just opposite, the second nearest neighbor
O atoms in the BaTiOs, SrTiOs, and SrZrO; perovskites are
always attracted towards the oxygen vacancy by 0.71, 7.79,
and 2.63 % of the a (Table 1).

Qualitatively similar relaxation pattern, but with much
larger atomic displacements than in the bulk F center cases
is calculated also for the BO,-terminated SrTiO;, SrZrOs,
and PbZrO; as well as AO-terminated BaTiO; (001) sur-
face F centers (Table 1). For example, the B atoms are
repulsed from the (001) surface F centers located on the
BO,-terminated SrTiOs, SrZrOs, and PbZrO; (001) surfac-
es by 14, 9.17, and 8.46 % of the lattice constant a, respec-
tively. In contrast, the second nearest neighbor O atoms are

Table 1. Ab initio B3PW calculated three nearest neighbor
atom displacements around the bulk as well as (001) surface F'
centers in BaTiOj3, SrTiO;, SrZrO;, and PbZrO; perovskites. All
atomic displacements are in percents of the calculated lattice

constant a
BaTiO; SrTiO; SrZrO; PbZrO;
Lattice
4.007 3.904 4163 4177
constant, A
Bulk F center
0,
B relax., % 1.06 7.76 3.68 0.48
ofa
O relax., ©
relax, % |7y 779 263 -
ofa
A relax., ©
relax % |4 08 3.94 0.46 ~5.99
ofa
F center on (001) surface
B relax.,
relax., % 0.1 14 9.17 8.46
ofa
lax., ©
Orelax.% | 4 -8 416 -
ofa
0,
Arelax., % 1.0 - 7.68 11.97
ofa
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attracted towards the surface F centers on the BO, as well
as AO-terminated (001) surfaces of SrTiOs;, SrZrO;, and
BaTiO; perovskites by slightly larger displacement magni-
tudes (8, 4.16, and 1.4 % of @) than in the bulk F' center
cases (Table 1).

3.2. Electronic structure of bulk and (001) surface
F centers in BaTi0;, SrTiO;, SrZrO;, and PbZrO,

Inside the bulk F' center, or in another words oxygen
vacancy, in the BaTiOs;, SrTiOs;, SrZrO;, and PbZrO;
perovskites are located —1.103, —1.10, —1.25, and —0.68
electrons of additional charge. The ab initio calculated
bulk F center formation energies for the BaTiO; (10.3 eV),
SrTiO; (7.1 eV), SrZrO; (7.55 €V), and PbZrO; (7.25 eV)
perovskites are in the energy range between 7.1 and
10.3 eV (Table 2 and Fig. 4). The bulk F center defect in-
duce defect level in the band gap of ABOj; perovskites
(Fig. 5). The inside band gap induced defect levels in the
ABO; perovskites are located closer to the conduction
band bottom, than the valence band top. For example, in
the BaTiO;, SrTiO;, SrZrOs, and PbZrO; perovskite bulk,
the F' center induced defect levels are located 0.23, 0.69,
1.12, and 1.72 ¢V below the conduction band bottom
(Table 2 and Fig. 5).

The charge inside the (001) surface F' centers always
are slightly more delocalized than inside the bulk F centers
in the BaTiOs, SrZrOs, and PbZrO; perovskite matrixes
(Table 2). Namely, there are only —1.052¢, —1.10e, and —0.3e
localized inside the BaTiOs;, SrZrOs;, and PbZrO; (001)
surface F centers (Table 2). The ab initio calculated oxygen
vacancy formation energies on the BaTiOs, SrTiOs, SrZrOs,
and PbZrOs (001) surfaces are equal to 10.2, 6.22, 7.52, and
6.0 eV, respectively (Table 2). The calculated comparative
formation energies of the bulk and (001) surface F centers

Table 2. Ab initio B3PW calculated electronic structure of the
bulk as well as (001) surface F centers in BaTiOs;, SrTiOs,
SrZrOs, and PbZrO; perovskites

| Batio, | srTioy | srzr0; | Pbzros
Bulk F center

Fc}jzgzr “1.103e | —1.10e | —125¢ | —0.68¢
F under con-

duction 0.23 0.69 1.12 1.72

band, eV

Egyms €V 103 7.1 7.55 7.25

F center on (001) surface

i ;Z:gtzr 1.052¢ - “110e | -03e
F under con-

duction 0.07 0.25 0.93 2.58

band, eV

Etrm €V 10.2 6.22 7.52 6.0
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|
PbZrO, SrTiO; SrZrO,
Fig. 4. Our ab initio calculated F center formation energy Ef .,
eV in the PbZrO;, SrTiOs, StZrO;, and BaTiOs perovskite bulk (/)

and on their (001) surfaces (2).

in BaTiO;, SrTiOs, SrZrOs, and PbZrO; perovskite matrix-
es are depicted in Fig. 4. The appropriate ab initio calcu-
lated F center induced defect levels for BaTiO;, SrTiOs,
StZrO;, and PbZrO; perovskite (001) surfaces are located
0.07, 0.25, 0.93, and 2.58 eV, respectively, below the bot-
tom of conduction band (Table 2, Fig. 5).

3.3. Ab initio calculations of the atomic and electronic
structure of the bulk F centers in CaF,, BaF,, and SrF,

As a starting point of our F center calculations in CaF,,
BaF,, and SrF, crystals, we calculated the perfect CaF,,
BaF,, and SrF, bulk lattice constant and compared them with
the available experimental data. Our B3PW calculated bulk
lattice constants for CaF, (5.50 A), BaF, (6.26 A), and SrF,
(5.845 A) are in a good agreement with experimental values
5.46 A [69], 6.20 A [70], and 5.799 A [71], respectively.

5 - 4
4 -
% 3l 3
>
Bt
[5) 2_
il 2
1 -
- 1
OF = & = ]
1 1 1 1
BaTiO;  SITiO,  StZrO,  PbZrO,

Fig. 5. Ab initio B3PW calculated BaTiOs, SrTiO;, SrZrOs, and
PbZrO; perovskite bulk (3) and (001) surface (2) F center in-
duced defect levels under the respective perovskite conduction
band bottom (4). Represents the top of the BaTiO;, SrTiO;,
SrZrO; and PbZrO; perovskite valence bands (/).
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As a next step, we have calculated the two nearest neigh-
bor atom displacements surrounding the bulk F centers in
CaF,, BaF,, and SrF, matrixes (Table 3). For example, in the
CaF, crystal, the repulsions of the four nearest Ca atoms
from the F center (fluorine vacancy) are small and equal to
0.15 % of the a, while the second-nearest-neighbor F atoms
are attracted towards the F center by 0.28 % of the a. Our
calculated atomic displacements around the bulk F center
in BaF, are even smaller than in CaF,. So, four nearest Ba
atoms are repulsed from the BaF, bulk F' center by a very
small magnitude, only 0.03 % of the a, while the second
nearest neighbor F atoms are attracted towards the fluorine
vacancy by 0.23 % of the a. In SrF,, four nearest to the bulk
F center Sr atoms, just opposite to the CaF, and BaF,, are
attracted towards the fluorine vacancy, again, by a very small
displacement magnitude, only 0.02 % of the a (Table 3). The
attraction of the second nearest neighbor F atoms in the SrF,
crystal towards the F' center are 0.27 % of the a, namely,
almost equal as in the CaF, and BaF, matrixes.

Table 3. Ab initio B3PW calculated atomic and electronic
structure of the F centers in CaF,, BaF,, and SrF, crystals

Calculated bulk F cent;
alculated bu . center CaF, BaF, StF,
properties
Lattice constant, A 5.50 6.26 5.845
A effective ch
» eriective charge 1.803¢ | 1.845¢ | 1.908¢
in perfect crystal
B at ffective ch:
aTom eHective CIAIEE 1 _0.902¢ | —0.923¢ | —0.954¢
in perfect crystal
A atom relaxation, % of a 0.15 0.03 -0.02
B atom relaxation, % of a —0.28 -0.23 -0.27
F center charge inside va- 0752 | —0.801e | —0.848¢
cancy
F t d ducti
center under conduction 404 427 167
band, eV
Iculat ith
Calculated band gap wi 1099 | 1128 | 1134
F center (I'-T"), eV
Egyrms €V 7.87 7.82 10.33

Inside the bulk F center, or in another words fluorine
vacancy, in the CaF,, BaF,, and SrF, crystals are located
—0.752e, —0.801¢, and —0.848¢ of additional charge, respec-
tively (Table 3). It is worth to notice, that in all three CaF,,
BaF,, and SrF, fluorites, the calculated effective atomic
charges are very close to those expected in an ionic model
(+2e and —le, respectively). For example, the Ca and F
effective charges are equal to +1.803¢ and —0.902¢, respec-
tively in the CaF, matrix (Table 3). The B3PW calculated
bulk F center formation energies for the CaF, (7.87 eV),
BaF, (7.82 e¢V), and SrF, (10.33 eV) fluorites are in the
energy range between 7.82 and 10.33 eV (Table 3).
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Taking into account that the obtained values of the for-
mation energy are less than the appropriate values of band
gap energy E,, it can be concluded that the data of these
calculations confirm the exciton mechanism of the F center
formation in these materials.

Our calculation results for the F center induced defect
level in the CaF, band gap (Table 3 and Fig. 6) suggest a
possible mechanism for explanation of the optical absorp-
tion in CaF, observed experimentally at 3.3 eV [72]. This
experimentally observed optical absorption at 3.3 eV may
correspond to the electron transition from our calculated F
center ground state to the conduction band. According to
our calculations, the F center ground state at the ["-point is
located 6.75 eV above the top of the valence band and
4.24 eV below the conduction band bottom (Table 3 and
Fig. 6), which is close to 3.3 eV. Thereby, our calculated
CaF, band gap (distance from the valence band top to the
conduction band bottom) containing the F center at the
I'-point is equal to 10.99 eV (Table 3 and Fig. 6), which is
in a fair agreement with the corresponding experimental
CaF, band gap equal to 11.5-12.1 eV [64, 65].

Also in BaF, the situation is similar. Namely, the exper-
imentally observed optical absorption band (2.04 eV [65])
may be due to the electron transfer from the F center
ground state, according to our B3PW calculations located
7.01 eV above the valence band top (Table 3 and Fig. 6), to
the conduction band bottom, located 4.27 ¢V above the F
center ground state. Thereby, our B3PW calculated BaF,
band gap at ['-point containing the F center defect is equal
to 11.28 eV (Table 3 and Fig. 6), which is in a good
agreement with the experimentally determined BaF, band
gap energy of 10.30-11.00 eV [64, 65].

Finally, according to the experiment by Cavenett et al.
[72], performed at low temperature, equal to 4 K, the optical

12f Conduction Band Bottom
L A— 4
10f 3
> L
- 2
= alb
20
=
R 4+
2 -
; Valence Band Top
OF = = u
1 1 1
CaF, BaF, SrF,

Fig. 6. Ab initio B3PW calculated CaF,, BaF,, and SrF, F' center
induced defect levels in the band gap (2). Represents the top of
the CaF,, BaF,, and SrF, valence band (/). Represents the con-
duction band bottom (3).
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absorption energy in a StF, crystal with the F center is equal
to 2.85 eV. According to our ab initio B3PW calculations
(Table 3 and Fig. 6) the F' center ground state is located
7.67 eV above the valence band top, or 3.67 eV below the
conduction band bottom. So, the band gap containing the
center defect, according to our calculations, is equal to
11.34 eV, in an excellent agreement with the experimental
value of 10.80-11.25 eV [64, 65]. Again, the experimentally
observed F' center absorption energy 2.85 eV [72] may be
due to the electron transfer from the F center ground state
located 7.67 eV above the valence band top to the conduc-
tion band bottom, located 3.67 eV higher.

Note that these calculations do not contradict the exper-
imental facts about the possibility of the transition of an
electron in the F center to an excited state, which, never-
theless, is in the band gap.

4. Conclusions

The nearest neighbor atomic displacement magnitudes
in the ABO; perovskites typically are larger around the
(001) surface than the bulk F centers. Moreover, the atom-
ic displacement magnitudes around both bulk and (001)
surface F' centers in ABO; perovskites are considerably
larger than the relevant atomic displacement magnitudes
around the F center in CaF,, BaF,, and SrF, fluorites
(Tables 1 and 3). It is worth to notice, that the nearest atom
displacement magnitudes around the bulk F' center in the
CaF,, BaF,, and SrF, matrixes are very small and do not
exceed 0.3 % of the lattice constant a.

In the ABO; perovskites, the charge always is considera-
bly better localized inside the bulk F center than in the (001)
surface F center (Table 2). Nevertheless, in ionic materials,
like CaF,, BaF,, and SrF, the charge is much better local-
ized inside the F center than in the ABO; perovskites. It is
worth to mention, that around 80 % of the bulk F' center
charge is localized inside the fluorine vacancy in the CaF,,
BaF,, and SrF, fluorites (Table 3).

In the BaTiOs, SrTi0;, and SrZrO; perovskites, the (001)
surface F center induced defect levels in the perovskite band
gap are located closer to the Conduction band bottom than
for the respective bulk F centers (Table 2 and Fig. 5), indicat-
ing that both the bulk and (001) surface F' centers are a shal-
low donor in the BaTiO;, SrTiO;, and SrZrO; perovskites
(Fig. 5). The experimentally observed optical absorption in
the CaF,, BaF,, and SrF, fluorites may correspond to an
electron transition from the F center ground state, located
in the CaF,, BaF,, and SrF, fluorite band gap, to the con-
duction band (Table 3 and Fig. 6).

The calculated formation energy difference between the
BaTiOs, SrTiOs, SrZrO;, and PbZrO; (Table 2 and Fig. 4)
bulk and (001) surface F centers triggers the F' center seg-
regation from the bulk towards the ABO; perovskite (001)
surfaces.
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First principles hybrid Hartree—Fock—DFT calculations of bulk and (001) surface F centers

F ueHTpu B 06’emi Ta Ha noBepxHi (001) okcngHux
NepoBCKUTIB Ta (PTOPUAIB NY>KHO3EMENbHUX MeTanis:
ri6puaHi po3paxyHku 3 NnepLUMX NPUHLUNIB METOA0M
Xaptpi—-®oka—DFT

R. Eglitis, A. |. Popov, J. Purans, Ran Jia

TpencrasieHo pe3ynbTaté ab initio pO3paxyHKIB Ta aHAJi3y
XapakTepuCTHK F 1eHTpiB y 06’emi Ta Ha mosepxHi (001) oxcun-
HUX TEPOBCKUTIB, Takux sk BaTiOs, SrTiOs, SrZrOs, 3 nogans-
UM iX TOPIBHAHHAM 3 F LIGHTpamMu y (TOpHAAX JIy)KHO3EMelb-
nux meranis (CaF,, BaF, ta SrF,). Bussneno, mo y F nenrtpax y
MEepOBCKiTax sk B 00’eMi, Tak i Ha noBepxHi (001), aBa HaOMOK4I
1o BakaHcii atoma Ti abo Zr B3a€MHO BiIIITOBXYIOTBCS, @ HACTY-
nHi HaWOmmK4i atomu O pellakcyroTh 10 KHCHEBOI BaKaHCIi.

BcranosneHo, mo oTpuMaHi penakcanii aToMiB y HaiOIIKIOMY
OTOYEHHI HaBKOJNO F meHTpy B nepoBckutax ABO; B mimomy
OinbLr, HDK y QropHIax JyKHO3eMelbHUX MeTaniB. OCHOBHI
crann 06’emHuoro Ta (001) moBepxHEBOTO F IEHTPIB y MIEPOBCKH-
tax BaTiO;, SrTiOs, SrZrO; 3Haxonsarees Ha 0,23, 0,69, 1,12 eB
ta 0,07, 0,25, 0,93 eB HIK4Ye 32 JHO 30HU MPOBIAHOCTI, IIe BKa-
3ye Ha Te, 1110 F ueHrp e apiobHum nonopom. Bakawucii B BaTiO;,
SrZrO; Ta PbZrOj; 3aitnsrti 3apsaamu 1,103e, 1,25¢ ta 0,68¢, Toai
SIK Jeto MeHur 3apsaau, 1,052¢, 1,10e ta 0,3e, nokanizoBaHi Bce-
penuni F nientpy Ha noepxHi (001) nepockuta. Ha Binminy Bix
YaCTKOBO KOBaJICHTHUX nepoBckutiB ABOs, 3apsin nobpe nokati-
3oBanui (Onm3pko 80 %) BcepenuHi BakaHcii (ropy B iOHHMX
¢ropunax CaF,, BaF, ta SrF,.

Kirouosi cnoBa: Ab initio po3paxyHkH, F IEHTp, TIEPOBCKUTH.
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