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BaTiO; and SrTiO; perovskites of the A>*B*"O; type form
complete solid solution, Sr;_, Ba,TiO3, which can accommo-
date a substantial amount of donor dopants, for example, La. At
high oxygen partial pressure, La dopants in SrTiO; are com-
pensated by A-site vacancies, whereas in BaTiOj3 they are com-
pensated by B-site vacancies. Therefore, donor compensation in
the Sr;_ . Ba,TiOj; solid solution should demonstrate a crossover
from the A-site vacancies at x =0 to the B-site vacancies at
x = 1. One may expect, therefore, that at some critical concen-
tration, x., the free energy of the Sr,_,Ba,TiO3 system can
become invariant to the vacancy compensation regime. In other
words, the system will adopt either A- or B-site vacancies de-
pending on the target chemical composition. Based on the Ri-
etveld refinement of X-ray diffraction patterns and their phase
composition analysis as well as scanning electron microscopic
and transmission electron microscopic data, we demonstrate
that the 28% La-doped Sr;_,Ba,TiO; system equilibrated at
1400°C indeed becomes invariant to the vacancy-type compen-
sation at x.~0.25 and can accommodate A- and B-site vacan-
cies at any given ratio. Finally, we propose a microscopic model
based on the off-center Ti displacement and the partial co-
valency of Ti—O bond to explain the distinct difference in the
vacancy compensation mechanisms in BaTiO; and SrTiO;.
These findings are important for a further understanding of
the thermodynamics of the intrinsic point defects in perovskites
as well as for the improvement of electrical performance
of the solid oxide fuel cells, ferroelectric, and voltage-tunable
ceramics.

L

THE ABOj; perovskites with A = Pb, Sr, Ba and B = Tiand Zr
are band gap insulators that have found a variety of com-
mercial applications owing to their excellent ferroelectric and
piezoelectric properties. It has been widely recognized that point
defects and impurities play an important role in determining the
useful properties of these compounds. The point defect chemis-
try of donor- and acceptor-doped perovskites has been fairly
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well understood."* According to the literature, there are two
major mechanisms of donor compensation in ATiO3, namely,
electronic and cation vacancy type. Electronic compensation of
donor ions dominates at low oxygen partial pressure, Po,. The
main focus of this study, however, is cation vacancy compensa-
tion of donors that occurs at high Po,. We further limit our
study to the La ion, which owing to its large ionic radii (rp,» =
1.36 A) is an ideal donor that incorporates exclusively at the
A site of the above-mentioned perovskites.

Generally, there are two ways to compensate the donor ions
in the ABO; perovskites at high Po,, namely by either A-site
vacancy, Vs, or B-site vacancy, V'g. Most of the ATiO3 perovs-
kites prefer to form only one type of cation vacancy when it
comes to donor compensation. For example, according to Moos
et al." and Battle et al.,’ La ions in SrTiO; are compensated by
the A-site vacancies at low La concentrations. At very high La
concentrations (40-60%), in addition to A-site vacancies, Moos
et al." detected a small fraction of Ti vacancies. The fraction of
Ti vacancies increases with La concentration, reaching 2% in
Sro.106L20.6 T103 009

PbTiOs; is another perovskite whose piezoelectric and optical
properties are improved by doping with La. At low lead partial
pressure, a majority of La dopants in PbTiO; are compensated
by the A-site vacancies, similar to La-doped SrTiOs.* However,
at high lead pressure, PbTiO3 can accommodate a significant
amount of the B-site vacancies. According to Hennings,” it was
possible to prepare a 30% La-doped PbTiO; at 1330°C with
charge compensation realized by equal number of A- and B-site
vacancies. An attempt to compensate La by B-site vacancies
alone was not successful and resulted in condensation of the
liquid PbO phase.* Qualitatively, similar results were obtained
for La-doped Pb(ZrTi)O5 equilibrated at 1250°C.% It was found,
however, that increasing the Zr concentration in Pb(ZrTi)O; at
fixed La content reduces the solubility of V.> Maximum solu-
bility limit of ¥ of around 1.7% was found in a single-phase
composition of Pbg 7g4Lag.167(Tio.5Z10.5)0.98303.

In contrast to other perovskites, donor compensation in
BaTiO; shows a strong preference for the B-site vacancies.®”
Makovec er al.’ investigated the defect compensation mecha-
nism of La-substituted BaTiOs. It was found that the single
phase La-doped BaTiO; can be formed only when La is
compensated by Ti vacancies. The solubility limit of La>Os in
BaTiO; was found to reach 8.5 mol% at 1400°C corresgonding
to the chemical formula. Bag 79Lag30Tio.925( V7 )g 07503

Given the identical structure and similar unit cell size, the
distinct compensation mechanisms of donor ions in SrTiO3 and
BaTiO; deserve a comprehensive analysis. In this contribution,
we explore the La compensation mechanism in Sri_,Ba,TiO3;
solid solution equilibrated at 1400°C. We found a composition


mailto:kolodiazhnyi.taras@nims.go.jp
mailto:kolodiazhnyi.taras@nims.go.jp

2904 Journal of the American Ceramic Society—Wang et al.

range of x where La is predominantly compensated by either Vo
or Vp. Remarkably, we have also found a large composition
range of x, where the free energy of the system becomes invari-
ant to the type of cation vacancy compensation and the perovs-
kite compound can accommodate both V5 and Vg at any given
concentration ratio.

II. Experimental Procedure

In this study, the concentration of La substituted for A site has
been fixed at 28%, which is slightly lower than the solubility
limit of La in BaTiO; at 1400°C.” Samples were prepared by the
conventional solid-state reaction process using dried SrCOj;
(99.99%), BaCO; (99.99%), TiO, (99.99%), and La,O;
(99.99%). Three types of the target compositions were prepared
(Fig. 1) that accommodate (1) A-site vacancies, (2) B-site
vacancies, and (3) equal number of A- and B-site vacancies,
[VA]l = [V8], according to the following chemical formulae:

(Srl—xBax)1_3},/2La),vTiO3 (1)
(SrlfxBax)17}.LayTi|_y/4O3 (2)
(Sri—vBay),_5, 6La,Ti_/603 (3)

where x =0, 0.125, 0.25, 0.375, 0.50, 0.75, and 1.0 and y = 0.28.
The powders were weighed and mixed by ball milling in ethanol
for 20 h. Dried mixtures were calcined at 1100°C for 20 h. The
calcined powders were remilled and mixed with 10 wt% poly-
vinyl alcohol and pressed into pellets of 11 mm diameter and
2 mm thickness. The samples were fired at 1400°C for 20 h in air
and then quenched to room temperature. Phase composition
was analyzed by powder X-ray diffraction (RINT 2500, Rigaku,
Tokyo, Japan) using CuKo radiation. X-ray diffraction patterns
were collected with a step size of 0.02° over the 20 angle range
of 5-100°. Rietveld refinement of the X-ray data was performed
using the RIETAN-2000 software (developed by F. Izumi and
T. Ikeda, NIMS, Tsukuba, Japan).'® Microstructure of polished
samples was analyzed using a scanning electron microscope
(SEM, JSM6500, Hitachi, Tokyo, Japan). Samples for trans-
mission electron microscopy (TEM) analysis were prepared by
the conventional method of manually grinding on SiC paper
down to 100 um thickness, then further dimpling to 20 um, and

La203

LazTiOS

Fig.1. Schematic representation of the part of the La,O3;—TiO,—BaO—
SrO quaternary-phase diagram. The target sample compositions are lo-
cated on the shaded plane at ca. 8§ mol% La,Os. The compositions are
adjusted according to the Vo, V3, and [VA] = [Vg] compensation mech-
anisms indicated by the dashed lines.
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finally ion beam thinned until a hole is formed. The high angular
annular dark-field imaging and EDS elemental mapping were
performed using an FEI Titan 80-300 transmission electron mi-
croscope (FEI, Eindhoven, the Netherlands) at the Canadian
Center for Electron Microscopy.

III. Results and Discussion

The starting composition, the target vacancy compensation
mechanism, and the phases detected after equilibration at
1400°C are summarized in Table I. For convenience, the sam-
ples have been labeled according to their Ba concentration,
x x 100, and the type of vacancy compensation. For example,
sample 50A has x = 0.5 and has been compensated by V.

Analysis of the lattice parameters (Fig. 2) extracted from the
Reitveld refinement provides a general picture of the vacancy
compensation regimes in the La-doped Sr;_,Ba,TiO; solid so-
lution. As revealed in Fig. 2, for V4 compensation regime, the
Vegard’s law is satisfied in the 0 <x<0.375 range; for the Vg
compensation, the Vegard’s law is obeyed in a much wider con-
centration range of 0.25<x<1.0. As further revealed by the ac-
curate analysis of the X-ray data, for the intermediate values of
x, e.g. 0.125<x<0.5, there exists a composition field of the
Sr;_,Ba,TiO; solid solution that can accommodate significant
concentrations of both A- and B-site vacancies.

The single-phase compounds of the Sr-end members of the
Sr;_,Ba,TiO5 solid solution form along the SrTiOs;—La,Ti309
tie line according to chemical formula Sr,_s,,,La,TiOs which
indicates that La ions are predominantly compensated by the
Va defects. These findings are in very good agreement with
the literature data on La-doped SrTiOs.'** An attempt to shift
the equilibrium toward the V1; compensation at x<0.125 (Table I,
samples 0AB, OB) has resulted in the precipitation of the
secondary-phase isomorphous with SrLasTi4O;5 (ICDD PDF
049-0254). Traces of the SrLa,Ti;O45-type phase have also been
detected in the 12.5B compound (Fig. 4). Appearance of the
SrLa4TiyO;s phase in the compounds 0B, 0AB, and 12.5B
with the target Vg compensation is at variance with the litera-
ture data' that postulates the formation of the SrO-nSrTiOs
Ruddlesden—Popper secondary phases. For n > 4, these phases
are indistinguishable from the SrTiO; X-ray pattern.' At the
moment, we cannot explain this difference, yet our data indicate
an existence of the tie line connecting the perovskite Sry_s3,
La,TiO;3 solid solution with the SrLasTi4O;s ternary phase
rather than with the binary SrO - nSrTiO; Ruddlesden—Popper
phases.

One may notice (Fig. 2) that the perovskite lattice parameters
of the multiphase 0AB and 0B compounds do not merge with
the single-phase sample, 0A, and are somewhat larger. Also, we
found that the diffraction peak profiles of the main perovskite
phases in the 0AB, 0B, and 12.5B samples are significantly
broadened. All this evidence suggests that there exists a strong
interaction between the perovskite phase and the SrLasTi4Oq5
secondary phase detected in these samples. Namely, we specu-
late that the SrLa4Ti4O;5 phase may intergrow within the per-
ovskite lattice generating a tensile lattice strain that would
expand the unit cell of the perovskite phase. TEM analysis of
the 12.5B sample has fully confirmed the above hypothesis.

Top panel of Fig. 3 is a high-angle annular dark-field STEM
image of a representative area of sample 12.5B that shows a
plate-like secondary phase intergrown into the main matrix
grain. The secondary phase appears bright on the image, which
indicates that it contains a higher concentration of heavy atoms
as compared with the main perovskite phase. EDS elemental
mapping of Sr and La atoms shown at the bottom panel of
Fig. 3 confirms that the secondary phase is enriched with La
atoms and deficient of Sr. This observation stands in excellent
agreement with the XRD analysis that reveals traces of the
SrLa4Ti4O;5 secondary phase in the 12.5B sample.

The SrLa,TizO;s phase is isomorphous with the trigonal
BasTa 0,5 and BasNbsO;5 compounds. It can be treated as a
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Table I. Target Compositions, Target Compensation Mechanism of La-Donors, and Resulted Phases After Equilibration
in Air at 1400°C

Sample Target formula Compensation of La Compounds detected
0A Srg.ssLag 25 TiO3 [Val Py

0AB Srg 67312028 Ti0.95303 [Val=1[Vs] Py, SL,T,

0B Sro.72Lag 28 Tip.9303 [Vl Py, SLoTy

12.5A (Sro.875Bag. 125)0.58La0 2 TiO3 [Val Py,

12.5AB (Sro.875Bag. 125)0.673120.28Ti0.05303 [Val=1[V8] Py

12.5B (Sro.875Bag. 125)0.72L.20 28 Ti9 0303 [VB] P, (SB)L,T,4

25A (Sro.75Bag 25)0.58L.ag 25 TiO3 [Val Py

25AB (Sro.75Bag 25)0.673120.28 Tl 95303 [Val=[V8] Py,

25B (Sro.75Bag 25)0.6731a0.28 Tl 95303 [Vl |

37.5A (Sro.625Bag 375)0.58Lag 28 TiO3 [Val P, (SB)T4, (SB)L T4
37.5AB (Sro.625Bag 375)0.6731a0 28 Ti0.05303 [Val=[Vs] Py,

37.5B (Sro.625Bag 375)0.72120.28 Ti0.0303 [Vl Py

S0A (Sro.sBag 5)o.ssLag s TiO3 [Val Py, (SB)T4, (SB)LT4s,
50-2AB (Sro.sBag 5)0.65La0 28 Tip.06503 2[VAl = [Vs] Py

50AB (Sro.sBag 5)o.6731a0.28Tip.95303 [Val=[V8] Py

50B (Sro.sBag 5)0.72L.a9.28Tip 0303 [Vl Py

75A (Srg.25Bag.75)0.58Lag 2 TiO3 [Val Py, (SB)T4, (SB)L T4,
75AB (Sro.25Bag 75)0.673120.28Tlp 95303 [Val=1[V3] Pgs, (SB)L T34, (SB)L T4
75A2B (Sro.25Bag.75)0.692L-0.28Tip 94403 [Va]l =2[Vg] Py, (SB)L T3, (SB),LoTs
75B (Sro.25Bag 75)0.72L-a0.23Tig 0303 [Vl ss

IOOA Ba0,5gLa0,28TiO3 [VA] PSS, BT4, BLT4SS
100AB Bag 67312025 Tip 95303 [Val=1[V3] Py, BLT3, BLTy
100B Bay 72Lag 23 Tip.9303 [Vl Py

P, La-doped Sr;_,Ba,TiO; perovskite solid solution; SL,Ty4, SrLasTi4O;s; (SB)L, T4, (Sr,Ba)LasTigOs; SBTy, (Sr,Ba)TigsOq; SBLT3, (Sr,Ba)La,Ti3040; (SB),L,Ts,

(Sr,Ba),LayTisOqg; (SB)LT,y,, (SrBa)La,TiyO4,; and BTy, BaTiyOo.

perovskite viewed along the cubic body diagonal, which shows a
repetition of an A B C A B sequence of the 5(Sr,La)O; layers. Ti
ions are located inside the corner-sharing oxygen octahedra.
This repetition is interrupted after each 5(Sr,La)Oj3 layers by the
two face-sharing oxygen octahedra accommodating Ti vacan-
cies. The trigonal cell parameters of the SrLa,TisO;s5 are

4.00 T T T T T T T T
3.98 |-
= 396
©
g
[0
£ 304
©
o
[0
O
E 3.92
5 =V,
e [V,]=[V]
3.90 - AV, .
388 1 L L L L L L L L
0.00 0.25 0.50 0.75 1.00

x,Ba concentration

Fig.2. Ba concentration dependence of the lattice parameter of 28
at.% La-doped Sr;_,Ba,TiO; solid solution prepared according to
different vacancy compensation mechanisms. Squares, triangles, and
circles correspond to Va, Vg, and [V5] =[Vg] compensation, respec-
tively. Solid symbols correspond to single-phase perovskite composi-
tions, whereas open symbols represent multiphase compounds. Hatched
area indicates a single-phase composition field where a given fraction of
Va and V7 vacancies coexists. Lattice constant of sample 12.5AB is
marked by a half-filled circle because its X-ray diffraction pattern shows
some weak and broad peak at 20 = 28° that may be attributed to small
traces of amorphous phase.

a=5.55A and ¢ = 11.066 A. Therefore, the (100) lattice planes
of the SrLa,Ti40,5 provide a natural template for the growth of
the La-doped (SrBa)TiO; perovskite along the cubic (111)

Fig.3. Top panel: The high-angular annular dark-field STEM micro-
graph of sample 12.5B. (Sr,Ba)La,Ti,O,s secondary phase intergrown
into the matrix phase appears brighter as it contains higher concentra-
tion of heavy (La) atoms. Bottom panel: EDS maps of Sr and La atoms,
which confirm that the secondary phase is La rich and Sr deficient.
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40 50 60
2 Theta (degrees)

Fig.4. X-ray diffraction patterns of selected compounds. Note that the
samples 25A, 25AB, and 25B are single phase. Arrows indicate BaTi;O9-
and Bala,Ti O,,-type secondary phases in the 37.5A sample. Extra re-
flections marked by x in the 12.5B compound indicate SrLa,Ti4O;s-type
secondary phase.

direction. The lattice constant of the Sr-end member of our per-
ovskite series with A-site compensation, 0A, a, = 3.8950(5) A
(Fig. 2). This translates into ap\/i = 5.50836A, which is ~1%
smaller than the trigonal cell parameter a of the SrLa Ti O;s.
The tensile lattice strain developed in the main perovskite phase
is responsible for the apparent increase in the lattice parameters
of the 0AB, 0B, and 12.5B samples containing (Sr,Ba)La4Ti4O;5
secondary phase (Fig. 2).

On the Ba-rich side, La compensation is accommodated by
V1. In fact, predominant Vy; compensation holds for 0.75<
x < 1. In this range of x, single-phase compositions form along the
(Ba,Sr)TiO5-LayTi30., tie line (Table I, samples 100B, 75B). An
attempt to introduce a small concentration of V4 defects in sam-
ple 75A2B results in the precipitation of the secondary phases
isomorphous with BaLa,Ti;O,p (ICDD PDF 042-0418) and
Ba,LasTisO3 (ICDD PDF 049-1013). Further shift toward Vs
compensation targeted in sample 75AB leads to the formation of
the BaLa,Ti4O1,-type phase (ICDD PDF 045-0117) and the dis-
appearance of the Ba,La,TisOg-type phase. Finally, an only Vs
compensation targeted in sample 75A results in the formation of
the BaTiyOo- and Bala,Ti;Oi,-type secondary phases. These
findings indicate that for 0.75<x<1, the La,Os;—(Sr;_,Ba,)
O-TiO, pseudoternary phase diagram is identical to that of the
La,03;-BaO-TiO, ternary in the composition region close to the
La-doped BaTiOs perovskite solid solution.’

In contrast to the original assumption'! that La donors are
compensated by A-site vacancies in BaTiOs, our results confirm
once again that excess positive charge of La ions is compensated
by B-site vacancies in BaTiO3 as well as in the Sr;_,Ba,TiOs
solid solution for 0.75<x<1. On the Sr-rich side of the
Sr;_,Ba,TiO3 solid solution, A-site vacancies are predominant
compensation defects for x<0.125. Furthermore, analysis of the
single-phase composition region as well as magnetic susceptibil-
ity* indicates that A- and B-site vacancies in highly La-doped

tMagnetic susceptibility of highly La-doped Sr;_Ba,TiO; shows diamagnetic response
that remains temperature independent in the 30-300 K range. We found no evidence of
substantial concentration of paramagnetic centers that can be attributed to partially ionized
VA or Vg vacancies with unpaired electron spin. Detailed analysis of magnetic data will be
presented elsewhere.
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Sr;_,Ba,TiO3 solid solution are completely ionized, namely,
they exist in the form of Vjand V§! where each A- and B-site
vacancy compensate two and four La ions, respectively. These
findings are in excellent agreement with recent first-principles
calculations of energetics of the A- and B-site vacancies in
BaTiO3.12 We emphasize, however, that our results do not
rule out the existence of a small concentration of partially
ionized A- or B-site vacancies in lightly donor-doped ceramics,
especially in the PTC-thermistor ceramics with partial electronic
compensation.'?

During the course of this work, we found a critical concen-
tration of Ba at x.~0.25 where both A- and B-site vacancies can
be accommodated in the perovskite lattice depending on the
targeted vacancy compensation regime, e.g., Vo or Vg. At this
Ba concentration, the chemical potential of the B-site vacancy is
equal to that of the A-site vacancy and the free energy of the
system becomes invariant to the type of cation vacancy com-
pensation. The system can easily accommodate both A- and B-
site vacancies at any given ratio (Fig. 4, samples 25A, 25AB, and
25B, and also Figs. 5(a)—(c)). Analysis of the data allows us to
determine the single-phase composition field within the part of
the La,O5-TiO,—BaO-SrO quaternary-phase diagram dissected
at ca. 8 mol% La,O5 (Fig. 6). These findings open up several
exciting opportunities for further research. For example, one
can now separate the effect of the V4 and ¥y contributions to
the voltage tunability, dielectric loss, leakage currents, and fer-
roelectric aging of the Sr;_ Ba, TiOs-based perovskites. Another
opportunity comes from the field of the solid oxide fuel cells
(SOFC) where A- and B-site vacancy compensation can modify
the electron and ion transport as well as catalytic activity of the
La- and Nb-doped SrTiOs-based SOFC anodes.'*!*

Finally, we would like to address the possible reasons for the
two distinct vacancy compensation mechanisms in SrTiO; and
BaTiO;. From the first glance, one may think of V" as the most
unlikely defect in ATiO3 perovskite. Because of its high effective
charge, this defect would cause a major perturbation to the
crystal field due to the close proximity to the six surrounding
oxygens located at a distance of half a unit cell, a/2. Therefore,
the total energy cost to accommodate this defect in the ideal
perovskite lattice is very high. This is why it does not form in
SrTiOs, where donors are compensated by V', surrounded by 12
neighbor oxygens at a distance of a/v/2.

Why then in BaTiO; donor dopants are compensated by the
Vi instead of V{? The short answer to this question is that
BaTiO; is not an ‘“‘ideal” perovskite. As revealed by detailed
diffraction,'* NMR,!” and EXAFS'® studies, Ti ions in BaTiO;
are displaced from the center of the oxygen octahedra along one
of the {111 directions by a distance of ~0.1-0.14 A. In pure
BaTiOs;, this displacement brings a strong O-Ti hybridization
that drives ferroelectric instability.'® Recent studies on the local
symmetry of Ti ions using the pair distribution function analysis
have revealed that Ti remains off-center in BaTiO; doped with a
high concentration of donor ions, albeit on a macroscopic scale,
the structure appears cubic.’® We argue that the off-center Ti
position and its ability to form a partially covalent bond with
neighbor oxygens are the main factors that minimize the energy
of the titanium vacancies in donor-doped BaTiOs;. The large
negative charge of Ti vacancy in BaTiO; is compensated by the
lattice relaxation around this defect, and more importantly by
the transfer of the excess negative charge from the V'7/-adjacent
oxygens to the neighbor Ti ions owing to the partially covalent
Ti 34-O 2p bonding.

This rationale can be extended further to explain why La-
doped PbTiO; can also accommodate significant amount of Ti
vacancies.? Tt is known that in PbTiOs, in addition to the par-
tially covalent Ti—O bond, there exists a strong hybridization
between lead 6s and oxygen 2p states, which is responsible for
the anomalously strong tetragonal distortion of the PbTiO;
ground state.'” Therefore, the ability of oxygens to transfer
part of the negative charge back to Pb ions can reduce the over-
all effective charge of the V¥ defect and make it energetically
more stable.
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Fig.5. The scanning electron micrographs (SEM) of samples (a) 25A, (b) 25AB, (c) 25B, and (d) 37.5A. According to the SEM and X-ray diffraction
data, samples 25A, 25B, and 25 AB are single-phase perovskites. Sample 37.5A, in addition to the main perovskite phase, contains two types of

secondary phases: (Sr,Ba)Ti4O9 and light-gray needle-like (SrBa)La,TizO1,.

In conclusion, we have investigated the part of the La,O3—
TiO,-BaO-SrO quaternary-phase diagram in the composition
range close to the Sr;_,Ba,TiO; perovskite solid solution

Fig. 6. Projection of the part of the La,O3;—TiO,—BaO-SrO quaternary-
phase diagram dissected at ca. 8 mol% La,O5. The gray dots represent
multiphase compounds. Black dots are single-phase perovskite solid so-
lution of Sry_,Ba, TiO; doped with 28% La on the A site. The gray area
indicates the single-phase composition range. The numbers correspond
to x x 100. Vs, Vg, and [VA] =[V] denote different vacancy compen-
sation mechanisms. To determine the boundary of the single-phase re-
gion more accurately, we have added two more compositions: 50-2AB
and 75A2B with 2[VA] = [Vg] and [VA] = 2[VB] compensation, respec-
tively (Table I).

doped with 28% La on the A site. We have determined the
composition region where La donors are compensated by
A- and/or B-site vacancies. Furthermore, we found a compo-
sition field where large concentrations of A- and B-site vacan-
cies can coexist in the system. Finally, it was found that at
x~0.25, the system becomes completely invariant to the type
of the vacancy compensation. While the BaO-rich part of the
La;03-TiO,—BaO-SrO quaternary-phase diagram is consis-
tent with the literature data,’ our results on the SrO-rich part
are in some disagreement with earlier reports.' In particular,
based on the XRD, Rietveld refinement, and TEM data, we
suggest that there exists a tie line connecting the perovskite
Sry_3,2La,TiO3 solid solution with the SrLa,Ti,O;s ternary
phase. Finally, we suggest that the difference in the vacancy
compensation mechanism in SrTiO3 and BaTiO3; has a micro-
scopic origin, namely, we propose that significant off-center
displacement of Tiion and hybridization of the Ti 3d and O 2p
electronic states can partially compensate for the large nega-
tive charge of the V' defect in BaTiOs, whereas in the SrTiO;
this possibility is limited by the highly symmetric Ti position in
the center of the oxygen octahedra.
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