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Abstract

Among hexagonal perovskites, the B-cation deficient perovskite-related compounds 4, B, 103, present two kinds of structural
types depending on the stacking sequences of their AO; layers. All these structures derive from the perovskite, which is periodically
disturbed by planar defects. The structures with (hhc...c)-type sequences, present successive perovskite blocks shifted from one
another by a 1/3<0110) vector, while (/ic...c)-type sequences show twin plane boundaries. The non-stoichiometry of these
compounds is in all cases closely associated with the distribution of these planar defects: shift planes or twin boundaries. In the
hexagonal perovskites of the 4,B,_;0s3, series belonging to the BasNb,O;s—BaTiO; system, the twin type structures is favored by
high values of n (number of octahedra layers within a perovskite blocks) and ¢ (Goldschmidt tolerance factor). The stability of the
“shift” type structure surely comes from the preservation of a bec cationic sub-lattice. However, this structural type results in the
occurrence of a long-range order of vacant octahedra layers. The stability of the “twin” type structure is related to the drastic
decrease of the periodicity of vacancies along the c-axis (every n/2 octahedra layers) but needs a very expanded three dimensional
BOg octahedra sub-lattice (high value of #) and a specific order of the B-cations in the vicinity of the twin planes.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The structure of perovskites 4BO; can be described as
the stacking of close packed AO; layers in a cubic
sequence (ABC,...). The B-site cations occupy 1/4 of the
octahedral cavities existing between the 40O; layers in
such a way that the BOg octahedra form a 3D network
of corner sharing octahedra (CSO). Among the per-
ovskite-related structures, the so-called ‘“‘hexagonal”
perovskites of the series A4,B,_ 103, exhibit a structure
also characterized by a close packing of 403 layers but
differ from the ‘‘classical” cubic stacking of the
perovskite by the introduction of hexagonal stacking
sequence (AB,...). Hence, the name of ‘“hexagonal”
perovskite is actually used to describe mixed hexagonal-
cubic AO; stacking sequences. These sequences can be
advantageously described using the Jagodzinski nota-
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tion [1,2] where a layer in the sequence is denoted / or ¢
whether its neighboring layers are alike or different. The
existence of such mixed sequences in ‘‘hexagonal”
perovskite implies the appearance of BOg face-sharing
octahedra (FSO).

Two types of hexagonal-cubic AO; stacking se-
quences can be distinguished for the B-site deficient
“hexagonal” perovskite A4,B,_103,: (hhc...c) and
(he...c)-type sequences (Fig. 1).

® In case of (hhc...c)-type sequences (Fig. la), the
vacancies are usually ordered between the 44 layers
resulting in a completely vacant octahedra layer
located at the middle of FSO sequences (three
octahedra layers thick). These structures can be
described as a fully ordered stacking of blocks of
n— 1 octahedra layers (CSO blocks) separated by
one vacant octahedra layer. Considering the result-
ing periodic shift of 1/3¢0110)y in the stacking
of CSO blocks, this B-site deficient ‘“hexagonal”
perovskite will be further referred as “‘shifted”
perovskite.
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Fig. 1. Schematic representation of the two structural types of hexagonal perovskites encountered in the pseudo binary system BasNb,O;5—BaTiO;.

® In case of (hc...c)-type sequences (Fig. 1b), the
vacancies of B-sites does not result in the existence of
a fully vacant octahedra layer but in a complex
repartition of vacancies in FSO sequences of two
octahedra layers thick. According to the intrinsic and
periodically twinned character of the AO; layers
stacking, this type of B-site deficient ‘“hexagonal”
perovskite will be further referred as “‘twinned”
perovskite.

In the particular series Ba,(Nb,Ti),_;O3, of the
pseudo binary system BasNb4O;5—BaTiOs, “shifted”
and “twinned” perovskites can be found depending on
the value of the integer n. For n = 5,6,7 the “shifted”
perovskite BasNbsO;s5 [3-5]—sequence SH (hhccc)—
and BagTiNbsO,g3 [6]—sequence 18R (hhccee);—
Ba;Ti,NbyO,; [7]—sequence 7H (hhccceee), have been
observed. For n = 8, the compound BagTizNbsO4 [8]
possesses a (hcee), stacking sequence of A0; layers and
appears to be the only stable “twinned” perovskite
within this system. However, with a slightly different
composition the compound BagBj sTi;NbysOy4 (n =8,
and B: Lu, Yb...) displays “shift” type structure as
shown by Méssner et al. [9] and thus exhibit a (hhcc...)-
type stacking of 405 layers. As these two compounds
only differ by a cationic substitution on the B-site
(1Ti*" -0.5B%+0.5Nb>"), the role of the average size
of the B-cation on the obtention of a “shift” type
structure rather than a “twinned” type structure looks
thus of importance.

To investigate further this influence of the average
size of the B-cation on the structural type of such
n =8 compounds, we will first present a transmission
electron microscopy (TEM) study of the solid solution
BagTiz_»xNbs, xLu,Oy (0<x<0.5) as a case study.
In addition, a detailed discussion based on an
accurate analysis of the literature of the so-called
hexagonal perovskites with a general formula
AyB,-103, (n=4), combined with a reexamination

of the different terms of the Ba,(Nb,Ti),_;0s3, series
will allow us to evidence the different factors which
influence the stability of “‘shifted” or “twinned” type
structures.

2. Structural background

As stated above two compounds, BagTizsNbsO,4 [8]
and BagTirNbss5Y( 5024 [9], which present similar
stoichiometry and very close chemical composition
crystallize respectively as “‘shifted” and “twinned” type
structure.

The crystallographic characteristics of BagTi3sNbsOo4
are reported in Table 1. As illustrated in Fig. 2a, the
crystal structure of BagTiz;NbsO,4 consists in a succes-
sion of CSO and FSO blocks with, respectively, a
thickness of four (m=4) and two (m=2) BOg
octahedra layers. A complete sequence along ¢ corre-
sponds to the succession of two twinned CSO blocks.
The FSO sequences are formed by the two octahedra
layers located on both side of the twinning plane. The
main feature of the crystal structure is the distribution of
cations and vacancies ([J) on the B-sites. Three B-sites
exist in the structure (Figs. 2a and b): B(1) and B(2) are
located in the FSO sequences while B(3) is in the middle
of the CSO blocks. Refinement has evidenced a different
cationic ordering for the B(1) and B(2) sites [8]. B(1)
roughly corresponds to (1/2Nb+1/20) and B(2) to
(1/4Nb + 5/8Ti+ 1/801). On the other hand, B(3) is
fully occupied, with a ratio Ti:Nb close to 1/2, i.e.
B(3)~(1/2Ti+1/2Nb). The rate of vacancies for
each B-site per formula unit is reported in Fig. 2b
considering that the unit cell contains 3 formula units
BagTizsNbsO»4. Each BOg octahedra layer of the FSO
thus contains 1 x 1/6+2 x 1/24=0.25 vacancy per for-
mula unit. So, the “twinned” type structure is char-
acterized by the occurrence of 0.5 vacancy per formula
unit in each FSO block (Fig. 2a) and consequently of 1
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Main structural characteristics of BagNb4Ti30,4 [8] and BagTi,Nby 5Y 5024 [9]

Space group Parameters (A)

Compound Bravais system
Bang4Ti3024 (n = 8) P
BagTi;Nby 5Y 0 5024 (7 = 8) R
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Fig. 2. Comparison of the vacancy distribution within octahedra layers in different compounds corresponding to the two structural types (shift
and twin). (a) BagTi3NbyOy,: structure as viewed along the [1100],; direction. (b) BagTi;NbyOay: structure as viewed along the [2110];; direction, i.e.
the a-axis. (¢) BagYbg sTioNbsO,y: structure as viewed along the [2TTO]H direction, i.e. the a-axis. (d) BagTagNiO,y: structure as viewed along the

[2110];; direction, i.e. the a-axis.

vacancy of B-cation by formula unit BagTi;NbsOo4
giving rise to a A,B,,_;03, formula with n = 8.

The crystallographic parameters of BagTi,Nbys
Y5024 are reported in Table 1. As for BagTizNbsO,q,

the crystal structure of BagTizNbssY(sO24 (Fig. 2¢)
consists in a succession of CSO and FSO blocks.
However, they have different thickness compared to
those of BagTizNbsO,y; the CSO (perovskite-like
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Table 2

Starting chemical compositions of powders and results of TEM observations

Composition {Rp) Homogeneity of the samples Results of the TEM observations

BagTi;Nby sLug 5004 0.646 A Pure preparation Unique presence of BagTi;Nby sLug 5054
. “shift” structure type with n = 8

BagTiy sNby »sLug 2504 0.635A Heterogeneous sample Mixed up of three phases:

BagTiy 75Nby. 12510125024
BagTi3Nb4024

0.630A

0.625A Pure preparation

Homogenous preparation

80% of “‘shift” structure type withn =7 and n =38
+20% of additional “twin” structure type with n = 8
~100% of “twin” structure type with n =8

Unique presence of BagTisNbsO,y

“twin”’ structure type with n = 8

blocks) and FSO blocks being here respectively of seven
(m=7) and three (m = 3) BOg octahedra thick. Two
successive CSO blocks are shifted from one another by a
1/3{01—=10) 4 vector giving rise to the intermediate
FSO sequence. This crystal structure is characterized by
a full ordering of the B-cationic vacancies ([J); they are
strictly located in the central octahedra layer of the
FSO. Thus, the A4,B(_)O3, (n=238) stoichiometry
corresponds to the distribution of 1 vacancy per formula
unit in each FSO blocks (Fig. 2¢). So, in the “shifted”
type structure all vacancies are concentrated in only
one octahedra layer separated by identical CSO of
m = n — 1 octahedra layer thick.

3. Experimental

All compounds were prepared as white powders by
conventional solid-state synthesis using high-purity
Nb,Os, TiO,, BaCO3; and Lu,0s3. The starting materials
were mixed in stoichiometric proportions in an agate
mortar and fired at 1000°C for 10h. Then, after
crushing, all of the obtained powders were submitted
to specific heating treatment, depending on the chemical
composition.

A first set of experiments was performed in order to
vary the average size of the B-cation, within the
n=2_8 BagTi3_2be4+xLux024 (0<X<05) solid solu-
tion. As indicated by the general formula, the substitu-
tion 2xTi*" - xLu** + xNb>" were thus performed in
samples with compositions ranging from BagTizNb4O,4
to BagTi,Nby sLug 50,4 (Table 2). All compounds were
fired at 1400°C for 50h. Compared to the other
B-cations, the lutetium presents both a smaller valence
(Ti: +IV, Nb: +V, Lu: +1II) and a higher ionic radius
(rpae =0.605 A, ryps =0.64 A, rp 3+ =0.86A). The oc-
currence of lutetium does not influence the average
valence of B-cations, but significantly increases the
average ionic radius (Table 2). Therefore, the average B
ionic radius < Rg ) in BagTisNbsO,4 (0.625 A) is smaller
than in BagLug sTi;Nby sOo4 (0.646 A).

In order to reinvestigate the BasNb4O;5—BaTiO;
system, the different terms of the Ba,(Ti,Nb),_,03,
series (n = 5,6,7,8) [3-8] were synthesized. The exam-

ination of Guinier patterns shows that after an
annealing treatment of 50h at 1300°C (case of
BasNb4O;5 [3-5]), and two runs of 50 h at 1400°C (case
of BagTiNbsO;g [6]), the powders samples are mono-
phasic and correspond to the expected compounds.
Powders of high purity were also obtained for
BagTizNbsO,, (n=28) [8]. For the sample with
Ba;Ti;Nb4O,; composition (n=7), complex mixture
is obtained. These results will be presented in detail and
will be discussed below.

TEM observations were obtained using a JEOL 2010
microscope equipped with EDX facilities (Energy-
dispersive X-ray analytical system), operating at
200kV. The powder was first crushed in alcohol in an
agate mortar, and then a drop of the suspension was
deposited and dried on a copper grid coated with a thin
film of amorphous carbon.

4. Results

Considering hexagonal perovskites with ¢ as the
stacking direction of the AO; layers, the most informa-
tive diffraction patterns and high-resolution images are
those along the (1100) and {2110 zone axes for
both “shift” and “twin” type structures (Fig. 2). The
interpretation of SAED patterns and high-resolution
images has been presented in details in previous papers
[8,10-12].

4.1. Reinvestigation of the Ba,(NB,Ti),_;03, series .
n=5,6,7,8

As previously noted in the experimental session, the
compounds with n = 5,6, 8 were easily obtained and in
each cases, powders with rather high purity were
synthesized. All high-resolution images as well as SAED
patterns obtained of the compounds n=5,6,8 attest
that crystals are well ordered and free of stacking faults,
as previously reported in the literature [8,11]. On the
contrary, the sample of Ba;Ti,Nb,O,; (n = 7) composi-
tion always display complex mixture that evolves
depending on heating treatment. After the conventional
annealing treatment of 50h at 1300°C, used to
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synthesize the other terms (n = 5,6,8), the samples of
Ba;Ti;Nb4O,; (n = 7) always exhibits three phases:

L] Ba6TiNb4018 (fl = 6) and Ba7Ti2Nb4021 (l’l = 7),
with a “shift” type structure,
® BagTiz;NbO,y (n = 8) with a “twin” type structure.

Moreover, one must notice that the n=7 term
(Fig. 3) is very often composed of disordered crystals
showing an intergrowth of » = 7 and 6 sequences with a
“shift” type structure giving rise to diffusion streaks
along the ¢* direction of the SAED patterns. Longer
annealing time (200h at 1350°C, as predicted by
Mossner et al. [9]) or at more elevated temperature
(50h at 1400°C) always failed to grow Ba;Ti;Nb4O,;
and gave biphasic samples composed of BagTiNbsO g
(n = 6 with a “shift” type structure) and BagTi;NbsOo4

Fig. 3. HREM images obtained on a crystal of the powder sample
with Ba;Ti,NbsO,; composition. n = 7 sequences within the perovs-
kite blocks are shown by the alignment of the white circles but they
coexist with n = 6 perovskite blocks. The SAED patterns presents
diffusion streaks along the ¢* direction in agreement with this stacking
disorder.

(n =28 with a “twin” type structure), testifying that
Ba;Ti,Nb4O,; decomposes during heating treatments.

4.2. Study of the solid solution BagTi3_5 Nby Lu, Oy
(0<x<0.5) withn=28

The main results obtained on the different samples of
the solid solution are reported in Table 2.

TEM observations carried out on BagTi,Nbys
LupsOy (x=0.5 and {Rp) =0.646 A) show crystal-
lites that present “‘shift” type structure with n =28
(Fig. 4). SAED patterns show very sharp diffraction
spots attesting that the crystals are well ordered, without
any defects. Numerous observations performed in order
to get statistical information suggest that the powder is
monophasic. Chemical analyses confirm the presence of
lutetium within crystals (Fig. 4).

At the opposite, the samples with composition
BagTi3Nb4024 (X = O7 <RB> =0.625 A) and Béol.gTi2.75
Nb4_125LUO_125024, (x =0.125: <RB> =0.630 A) are
solely composed of micro twinned crystals (Fig. 5).
Again, the powders can be considered as monophasic.

For the intermediate compositiorol BagTir sNby»s
Lup»5024 (x=0.25: (Rp)»=0.635A) both ‘shift”
and “twin” type structures are observed (Fig. 6). The
respective amount of the two structural types is
estimated as 80/20 on the basis of TEM observations
(Table 2). The occurrence of these two structural types
in the same sample can be connected with a partial
phase separation of the nominal “twin” type composi-
tion into the two more stable “shift”” and “twin” phases
of the system. However, the presence of a “shift” type
structure type can also be relevant to inhomogeneous
repartition of Lu in the crystals.

In summary, when the ionic radius of the B-cations is
high (case of BagTi;Nby sLug sO,4), the “shift” structure
type prevails while when the ionic radius of the

(by|£ -.2

Fig. 4. TEM observations performed on BagTi,Nby sLug 5024 ((Rp) :O.646/°\). (a) HREM image with [ZTTO]H zone axis and related SAED

patterns. (b) XRD analysis of the crystal showing the presence of lutetium.
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10.043 kel 20.3 >

Fig. 5. TEM observations obtained on BagTi; 75Nby 12510125024 ({Rp > =0.630 A). (a) HREM image obtained on a crystal viewed along the
[1100];; zone axis. (b) Two SAED patterns of this crystal orientated along the [1100];; and [2110],; zone axis. (c) XRD analysis of the crystal showing
the presence of lutetium.

kel 20.3 3

10 nm

Fig. 6. TEM observations performed on a powder with a composition BagTi, sNbyssLug 25024 ((Rp) =0.635 A) showing the coexistence
of different structural terms belonging to both twin and shift types. I: HREM and related SAED patterns and XRD analysis of a compound of
n = 8 with a shift type structure. II: HREM of a compound of n = 8 showing a twin type structure and two SAED patterns obtained on the same
crystal with [1100];; and [2110]y zone axis.

B-cations is low (case of BagTisNb4O,4), only the Nby4sLug 50,4 suggests that neither “twin” nor “‘shift”
“twin” type structure is observed. The heterogeneous type structure is preferably formed but a mixing of both
character of the intermediate composition BagTi, s of them with different compositions.
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5. Discussion

The results obtained during this study have confirmed
the influence of the average size of the B-cation on the
stability of the structural type, i.e. “twin” or “‘shift”
modes, for a given size of A-cation. However, in order to
discuss of the stability of “twin” and “‘shift” structure
types in various chemical systems, a comprehensive
discussion imposes to consider the influence of the
A-cation as well. The Goldschmidt tolerance factor
t = (Rg+ + Rop-)/V2(Rp+ + Rpp-), which is classically
used to state upon the stability of pure or related type
perovskite structures, allows to consider the relative size
of A- and B-cations. Structural characteristics of
principal phases A4,B,_103,(n>4) reported in the
literature, which crystallize with an hexagonal cation-
deficient-perovskite related structure, are provided in
Table 3. These compounds can either belong to a series
within a single system (A4 part of the Table 3) or as
isolated terms (B part of Table 3) grouped according to
their value of n. Stability domains of “twin’” and “‘shift”
structure types as a function of n and ¢ are shown in
Fig. 7, which represents a compilation of the data
presented in Table 3. The examination of these data
leads to the following remarks:

® whatever the value of 7, the compound with low n
(n=4,5,6) always display “shift” type structure,
which is thus stabilized in a wide range of ¢ values,
typically 0.97<¢<1.05 (domain I in Fig. 7).

® “twin” structures are seldom observed and always
correspond to compounds with high values of n
(n>7) and ¢ (¢+>1.05) (domain II in Fig. 7). To our
knowledge for the whole of 4,B,-103, (n>4) phases
the “twin” structure type has been stabilized only for
n=2_8. BajgTa;04Ti;,039 which presents also a
“twin” structure with n = 10 corresponds to another
stoichiometry, i.e. ~4,B, 03, [22].

The remarkable stability of the “shift” type structure
(Fig. 7) for a large range of ¢ can be explained by the
occurrence of a regular “CsCl-type” cation sub-lattice,
which is a structural characteristic of these perovskites.
In a previous paper [10] we have already shown that the
shift of a 1/3¢0110); vector between two successive
CSO perovskite blocks (Fig. 1) coupled to the cationic
relaxation effect along Oz, leads to the preservation of a
body-centered cubic (bcc) cationic sub-lattice.

In the “‘shift” type structure, the B-vacancy by unit
formula A4,B,-10;3, (n>4) leads to a fully vacant
octahedra layer located between the CSO blocks
(Fig. 2a). These vacancies are periodically ordered each
n octahedra layers along the c-axis. When n increases
this spacing becomes too important and then the “‘shift”
structure turns to the ‘“twin” structure (Fig. la). In
the “twin” type structure, the distance between two

Table 3
Different shift and twin compounds encountered in the literature
with 4B(,_1)03, general formula

Ref. Compound n t Structural
named value value type
A
[12-14] La,Ti30; 4 0.9734  Shift
[10,15] BaLayTisO5 5 0.991  Shift
[10,16] Ba,La, TisOg 6 1.0028  Shift
[12-14] LayTiz;04, 4 0.9734  Shift
[12,17] LasTi4Oy5 5 0.9734  Shift
[12,17] LagTisOg 6 0.9734  Shift
[3-5] BasNb4O,5 5 1.0433  Shift
[6] BacTiNbsO, 5 6 1.0469  Shift
[This study, 7] Ba;Ti,Nb4O,; 7 1.0493  Decomposition
[8] BagTisNbsOoy 8 1.0511 Twin
B
[12-14] LayTi;04, 4 0.9734  Shift
[19] Ba;LaNb;O 1.0433  Shift
[18] BasNb,WO,, 1.0502  Shift
[19] CaLa,TizOy5 5 0.972  Shift
[19] SrLasTi,O5 0.979  Shift
[19] BaLasTisO5 0.991  Shift
[20] CaLa,Ti;RuOy; 0.9701  Shift
[20] SrLasTisRuOys 0.9772  Shift
[20] BaLayTiz;RuO5 0.9892  Shift
[17] LasTisOy5 0.9734  Shift
[12,17] LagTisOg 6 0.9734  Shift
[19] Ca,LayTisOpg 0.971  Shift
[21] BasSrTa,ZrO g 1.0255 Shift
[21] BagTa,ZrO,g 1.0352  Shift
[9] Ba;Scy sNby sTiOy; 7 1.0418  Shift
[9] Ba;Ing sNby sTiOy, 1.0395  Shift
[9] Ba;Y( sNby sTiO,, 1.0303  Shift
[9] Ba;Tmg sNby sTiO, 1.0299  Shift
[This study, 7] Ba;Ti,NbsOy 1.0493  Shift
[21] BasSr,TasZr,0,, 1.0132  Shift
[21] Ba;TasZr,0, 1.0299  Shift
[This study] BagTi)Nby sLug sOny 8 1.0404  Shift
[This study] BagTi sNbyg2sLug 25004 1.0457 Mixed
[This study] BagTis 75Nby 125Lug 125024 1.0484 Twin
[This study, 8] BagTizNbsOoy 1.0511 Twin
[21] BasSr3Ta Zr;0yy 1.0044  Shift
[22] BagTi;Ta 004 1.0433 Twin
[23] BagTagNiOyy 1.0397 Twin

B-vacancies strongly decreases (Fig 2b) leading to a
more homogeneous distribution of defects within the
structure. Indeed, 0.5 B-vacancies are distributed within
the two octahedra layers of the FSO sequences (0.25 in
each one), the latter being spaced solely by n/2
octahedra layers.

The “twin” type structure, which requires a simulta-
neous occupation of the two face-sharing octahedra



G. Trolliard et al. | Journal of Solid State Chemistry 177 (2004) 1188—1196 1195

——BalaTiO ¢ shift
- == LaTiO A twin
—e&—RBaTiNbO A shift + twin
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n
Fig. 7. t—n Correlations for 4,B,_103,(n=4) “shift”, “twin” type
structures (established from Table 3). — (Ba,La),Ti,_ 03, series
(n=4,5 and 6); --- La,Ti, 103, series (n=4,5 and 6);

—— Ba,(Ti, Nb),_,03, series (n = 5,6,7 and 8).

(FSO), can be stabilized only for the large values of 7. In
such a case, the resulting expansion of the three-
dimensional lattice of BOg octahedra, which is corre-
lated to an increasing volume of each BOg octahedra,
leads to elongated B— B cationic distances favoring the
simultaneous occupation of the two B-sites situated on
each side of the twinning plane. This fact will be all the
more enhanced by small size and low charge of the B-
cations. On contrary, when the value of ¢ is too small,
the distance between FSO centers became too short to
allow the simultaneous occupation of these two B-sites
and the twin type structure is no longer stable.

In this study, the BagTizNb4O,4 compound shows
“twin”’ type structure in agreement with the large value
of ¢t (¢t=1.05). In addition, the specific B-cationic
ordering evidenced in this phase [8] avoids strong B—B
interactions (Nb>"—Nb>* pairs). This cationic ordering
in FSO seems to be a specific characteristic of the “twin”
mode [23], which could enhance the stability domain of
the “twin” type structure.

In this phase the progressive substitution
2xTi*" > xNb*™> + xLu*t  leads to increase the
average size ( Rg) of the B-cation and correlatively
to decrease ¢ (Table 3). As a result, in
BagTiz_» Nby+ Lu, 0,y (0<x<0.5) solid solution,
when x increases, the structure logically changes from
a “twin” type structure to a “‘shift” type structure.

BagTagNiO,4 [23] is therefore a peculiar case because
this phase presents a “twin’ type structure whereas, for
the same value of ¢ = 1.04, BagTi,Nby sLug 50,4 crystal-
lizes with a “‘shift” type structure. In this compound,
the specific cationic ordering observed in FSO
(no Ta’"—Ta’" pairs and only existence of Ni**—Ta>*

pairs affected by a low average charge) facilitates the
establishment of the “twin” type structure.

To our knowledge, the “twin” type structure always
corresponds to phases with n=8 (Table 3).
BaoTi; 2 Ta704030 [22] is also a peculiar case since it
presents a specific stoichiometry close to 4,,B,_,03,. So,
one vacancy (and not half: see Fig. 2a) is randomly
distributed in FSO every five octahedra layers. Owing to
this specific amount of vacancies, B—B couple do not
exist in the FSO and thus the stability of the “twin” type
structure for n = 10 is privileged.

For Ba;Ti;NbyO,; (n=7), the present study shows
that this compound behave as metastable phase. The
value of the theoretical Goldschmidt factor 7 = 1.05,
superior to those of homologous phases with n =7
(Table 3), can enhance the stability of the “twin” type
structure. Nevertheless, according to the periodicity of
vacancies each n/2 octahedra layers, the “twin” type
structure cannot exist in cation-deficient-perovskite
related A4,,B,_103, for odd values of n. As a result, for
this composition a phase separation occurs which gives
rise to the two nearest stable phases, i.e. BagTiNb4O;g
(“shift” type structure with n = 6) and BagTi;NbyOo4
(“twin” type structure with n = 8).

6. Conclusions

In the B-cation deficient perovskite-related com-
pounds A,B, 10s,, the non-stoichiometry is in any
cases closely associated with the distribution of planar
defects: shift planes or twin boundaries. The respective
stability of both “shift” and “twin” type structures
seems to rely on a competition between several
parameters:

® In the “shift” type structure the particular stability of
the cationic sub-lattice is in competition with the
establishment of a long-range ordering of vacancies,
every n octahedra layers along the c-axis, which is
more and more difficult to obtain as n increases.

® The stability of the “twin” type structure is surely due
to the drastic decrease of the periodicity of vacancies
along the c-axis (every n/2 octahedra layers) but
needs a very expanded three dimensional BOq
octahedra sub-lattice (high value of ¢). This structural
type is also favored by a specific ordering of B-cations
in the FSO blocks, which is necessary to avoid the
strong repulsive interactions between B-cations. The
distribution of vacancies implies that n is even.
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