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SUMMARY

ABOj-type oxides form an important class
of materials of great technical value in several
device applications. Such oxides are known to
exist with a wide range of A and B ions. Most
of these oxides have the relatively simple
structure of the mineral perovskite (CaTiO4).
The ideal perovskite structure has a cubic unit
cell. However, distortions are common and
depend upon the value of the tolerance
factor ¢ given by v4 + 7oV 2(vs * 7o)
Rhombohedral structure or orthorhombic
GdFeO;-type structure is found when ¢ is less
than unity. Polytypic structures are observed
when ¢ is greater than unity. Other structures
such as ilmenite and pyrochlore also occur.
ABOj;-type oxides display a wide spectrum of
physical properties of technical importance -
such as ferroelectricity, antiferroelectricity,
piezoelectricity, insulating behaviour, semi-
conductivity, metallic conductivity, super-
conductivity, ferromagnetism, antiferromag-
netism etc. The ferroelectric properties are
mostly controlled by the relative sizes of the
ions. The electrical and magnetic properties
are mainly dependent on the electronic con-
figuration of the ions. Dopants and substi-
tuents have a profound influence on the
properties of the ABO; oxides.

1. INTRODUCTION

Oxide materials having a composition
ABO; form an important class since they
are useful in several device applications, some
examples of which follow. These materials are
used in special ceramic capacitors, Piezo-
electric PLZT ceramic discs made from ABO;-
" type oxides are well known for their use in a
variety of transducer devices such as

phonograph pick-ups, strain gauges, ultrasonic
equipment etc. [1]. Some doped ABQ;-type
oxides find applications in switching devices
[2, 3]. LaCoOj4 can be used instead of
platinum as a catalyst in the oxidation of CO
in automobile exhaust gases [4] and is also
useful as an ohmic-loss-free electrode [5, 6].
LiNbQO; has been used in the development of
materials for generating and detecting surface
acoustic waves and also in optical memory
devices [7, 8]. YALQ; is a laser host material
[9]. Rare earth orthoferrites are used in
magnetic bubble domain devices because of
their strong anisotropic properties [10].

2. STRUCTURE

Most of the ABO,-type oxides crystallize in
the relatively simple structure of the mineral
perovskite (CaTiOy) or in a structure closely
related to it [11}. The ideal perovskite struc-
ture (Fig. 1) has a cubic unit cell of side about
3.9 &, space group Pm3m and contains one
formula unit. The B ions have an octahedral
oxygen coordination and the A ions have 12-
fold coordination. The oxygen ions are linked
to six cations (4A + 2B). If the unit cell is
chosen with a B ion at the body centre, then
the oxygen ions occupy the face centres and
the A ions occupy the corners of the unit cell.
When the A ion is assigned the body centre
position, the oxygen ions are at the middle of
the edges and the B ions at the corners of the
unit cell. The structure can be visualized in
several ways [12]. The most useful approach
is to consider that it is based on that of ReQO;
with corner sharing octahedra arranged along
the cube axis with the A ions occupying the
interstices. The structure can also be viewed
as a body-centred cubic (b.c.c.) arrangement
of the A and B cations (as in CsCl) with the
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Fig. 1. Perovskite structure and its relationship to
CsCl, ReO3 and CugAu structures.

oxygen ions added at the centres of the edges.

It can also be considered as a face-centred.
close-packed AOj array, as in the ordered
CujAu structure, with the B ions occupying
the octahedral hole in the centre of the unit
cell,

2.1, Tolerance factor :

The ideal cubic unit cell of the perovskite
structure is found only in a few cases. Most
of the perovskite-type oxides show distor-
tions which give rise to important properties.
Indeed, perovskite itself does not have cubic
structure. The essential requirement for the
stability of the perovskite structure is that the
A and B ions should be of a suitable size to
form 12-fold and 6-fold (octahedral) anion
coordination respectively (y, > 0.9 A and
vg > 0.51 A). If we assume that the ions are
in confact with each other, it can be seen
from the geometry of the unit cell that
{(¥a * 7o) = V2(vs + 7o) in the ideal case.
However, the perovskite structure is formed
even if this relation is not followed exactly.

Goldshmidt [13] has defined the tolerable
variation limits for the radii v, and yg by the
tolerance factor ¢ = (v 4 + 7o)V 2(1s + 7o)
Perovskite-type structure is usually obtained
in the range 0.75 < t < 1.0. For the ideal
perovskite structure ¢ = 1. The limiting values
of ¢ may differ depending upon the set of
ionic radii employed. The set of ionic radii
proposed by Shannon and Prewitt [14] is
commonly employed in crystal chemical
considerations. In a particular group of ABOj
oxides the approach to ideal structure can be
predicted as ¢ approaches the ideal value of
unity by using a self-consistent set of ionic
radii. Empirical modifications have been made
on this factor to take account of the relative
strengths of the A—0O and B—0 bonds [15].

© 2.9, Devigtions from perouskite structure

2.2.1.t<1

As t decreases from 1, the perovskite struc-
ture deforms towards structures with lower
coordination for A. When it is slightly less
than unity a rhombohedral distortion usually
results. Although the normal X-ray patterns
in these cases can be indexed on a perovskite-
type pseudo-cell with rhombohedral angle
o ~ 90° faint lines observed in careful X-ray
studies [16] have indicated that at room tem-
perature the anionic displacements demand a
doubling of the ¢ axis. Usually a larger unit
cell containing two formula units is chosen
with & ~ 60° and a@ ~ /2 a, (where a, is
perovskite-type pseudo-cubic cell dimen-
sions). A face-centred rhombohedral cell with
four formula units and @ =~ 2a, or a triply
primitive hexagonal unit cell are also possible.
The symmetry may be R3c, R3m or B3 de-
pending on the nature of displacements of
ions from ideal cubic perovskite and is
difficult to distinguish by X-ray structure
studies alone. The distortion to R3c occurs by
a cooperative rotation of the BOg octahedra
along the (111} direction with the AO; layers
remaining equidistant from the B ion (111)
layers. This results in a decrease in three A—0O
bond lengths and an increase in_the other
three A—O bond lengths. The R3m symmetry
results from the creation of two kinds of B
sites. At one of these sites the octahedron
centracts by movement of 0% ions (along the
B—B axis) closer to the central B icn. Af the
other site the octahedron expands by move-_
ment of 0>~ ions away from the centre. R3
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symmetry is found when both types of dis-
placement (R3¢ and R3m) occur simulta-
neously. In the doubly primitive rhombo-
hedral unit cell the A ions are at the position
2a: £(0.0,Y%), the B ions at 2b: (0,0,0; 0,0,%2)
and the oxygen ions are at 6e: *(x,0,Y:
0,x, %; %,%, %) [17]. The greater the de-
viation of the oxygen parameter x from the
ideal value of Y2, the greater is the distortion
of the coordination polyhedron around A
resulting in 8-fold coordination in GdFeQ,
type structure.

2.2.2, t close to the lower limit of 0.75

When ¢ is near the lower limit for
perovskite-type structure formation, the dis-
tortions lead to a larger orthorhombic unit
cell. A large number of these orthorhombic
perovskites, especially those featuring trivalent
A and B ions [18 - 22], have a structure
typified by that of GdFeO; which may also
be regarded as a new structure type. The
orthorhombic unit cell has the space group
Pnbm identified readily by the absence of
(h0?) reflections with (h + 1) odd and (0ki)
reflections with % odd in the X-ray diffraction
pattern. There are four formula units in the
unit cell. The A cations are in position 4c¢, the
B ions in 4b, the 0%~ ions in 4c¢ and the O%~
ions in 8d. The cell parameters a and b are
about+/2a, and ¢ ~ 2a, where q, is the side
of the pseudocubic perovskite cell. The
orthorhombic dimensions ¢ and b are along
the cubic (110} and (110} directions and ¢
is along the (001) direction. The perovskite-
type pseudo-cell with one formula unit is
monoclinic for this structure. Projections of
two perovskite-type quarters of the
orthorhombic unit cell on the (001) plane are
shown in Fig. 2. In simple perovskites these
parts would be cubes and would project on
as a square with A ions at the corners, 0%~
ions at the middle of the edges and B ions in
the centre. The essential difference between
the ideal perovskite and GdFeO; structures is
in the coordination around the A ion and the
orientation of the BOg octahedra. In GdFeOy
the chains of octahedra are buckled to
optimize the A—O bond lengths. The B-O-B
angle ranges from 140° to 155°. In the ideal
perovskite it is 180°, The AQ;, polyhedron is
severely distorted with O-A-O angles
deviating from 90°. The twelve A—O bond
lengths which are equal in cubic perovskite
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Fig. 2. (a) Structure of GdFeOg; (b) projections of
perovskite-like pseudo cells of GdFeQOg structures on
to the (001) plane; (¢) AOy5 polyhedron in GdFeOg4
structure and ideal perovskite structure.

show a large variation [21]. The A—O bond
lengths in the typical case of GdFeQ4 are
40{~ at 2.26, 2.36, 3.19 and 3.41 A and
80% at 2.38 (2), 2.39 (2), 2.82 (2) and
3.48 (2) A. From this it can be seen that the
A ions are essentially 8-coordinated with the
remaining 40” ions at a greater distance. The
environment of the A ion is shown in Fig. 2.
However, the B ions retain their octahedral
coordination in the GdFeQ; structure. The
Fe—0O bond lengths are 2.01 (2), 2.08 (2) and
1.95 (2) A. In some cases (e.g. LaFeQO;) the
positions of A and 0% show a deviation from
ideal perovskite [22] although the cell dimen-
sions may be close to cubic (a = b = c/A/2).
The adoption of the GdFeO; structures
for many ABO; oxides appears to be deter-
mined mainly by size effects. Other considera-
tions such as magnetic interactions, electronic
configuration of the ions etc. play only a

-secondary role. This is indicated by the fact

that several rare earth scandates, vanadates,
chromates, manganates, ferrites, cobaltates,
gallates and aluminates featuring a variety of
B ions occur in this structure. It is evident
that it is the size effect that controls the
distortion of the perovskite structure in this
series of oxides if one considers the fact that
for a given B ion the distortion decreases as
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the radius of the A ion increases (¢ increases).
Thus in LnFeQ, ferrites, YFeO3 which has
the small Y3* as the A ion shows the largest
deviation [21]. The atomic positions and cell
dimensions approach the ideal cubic as we
pass from the smaller rare earths to
lanthanum, with LaFeO, having nearly cubic
cell dimensions. The GdFeO, structure is
linked to the ideal perovskite by the rhombo-
hedral structure. For example in aluminates,
the orthorhombic strueture is found for
smaller rare earth ions, whereas for lanthanum,
neodymium and praseodymium the rhombo-
hedral structure is found. The samarium ion is
a border line case since it shows a transition
to the rhombohedral structure upon heating,.
The rhombohedral perovskites transform to
cubic structure at higher temperatures (e.g.
LaAlO;). The transformation from the
orthothombic to the rhombohedral form
occurs by converting the twelve oxygens
around A into two equivalent sets of six
taking four from the 8d sites and two from
the 4c sites.

2.2.3 Whent= 1

When ¢ is close to or slightly greater than
unity, spontaneous ferroelectric distortions of
the cubic unit cell to-lower symmetry occur
by slight displacements of the B ion within
the octahedra, as in BaTiO4. However, there
are no large structural deviations in these
ferroelectric phases.

224 Whent> 1 ‘

When the A ion is very large (¢ > 1) the dis-
tortions of the perovskite structure lead to
closely related polytypic phases in which
some of the octahedra share faces instead of
corners [23 - 30]. In the ideal perovskite
structure, BOg octahedra share only corners
forming a three-dimensional network. The A
ions occupy the cubic voids formed by the
B—-0-B links, The size of the A ion that can
be accomodated in this void is limited by the
characteristic length of the B—0O bond which
determines the size of the void. If the size of
the A ion is increased beyond this limit, the
B~-0-B links are strained and the octahedra
are forced to share faces. In the exfreme case
all the octahedra share only faces as in
BaNiO4 [23] (Fig. 3). The face-linked octa-
hedra form infinite strings running parallel to
the ¢ axis. Since the strings are not inter-

Fig. 3. Arrangement of octahedra in the (110) plane
of the hexagonal cell in some polytypic strucutres:
(a) BaTiOj3 (cubic, 3C); (b) BaNiOj3 (hexagonal, 2H);
(e) BaTi03 (hexagonal, 6H); (d) BaMnOgy (hexagonal,
4H); (e} BaRuOy {(hexagonal, 9H).

linked, the bigger A ion is accommodated by
adjustment of spacing between the strings.
The transformation from all cubic (ideal
perovskite) to all face-sharing (BaNiOg) occurs
through the formation of polytypie structures
where both the characteristics are found. The
polytypes are defined as different structural
modifications of a given composition, having
similar unit cells in two dimensions but
different stacking of layers along the third
axis to make its variable length an integral
multiple of some common unit.

Since in these cases the size of the A ion
is comparable with that of the oxygen ion,
the relation -between the different polytypes
could be rationalized on the basis of stacking
of close-packed AOj; layers. The different
polytypes are generated by periodic variations
in the stacking sequence along the ¢ axis from
cubic to hexagonal. In the hexagonally
stacked layers the octahedra share faces and
in the cubic layers they share corners. An
infinite number of stacking sequences are
possible in principle. However, only a few -
combinations have been found so far. The
structures are denoted by the number of AO;
layers present along the ¢ axis of the unit cell.
Thus 6H implies six layers in the ¢ axis and a
hexagonal unit cell. Structures having up to
27 layers are reported [28].

That it is the relatively large size of the A
ion which leads to the formation of polytypes
is shown by the fact that for a given B ion the
face-sharing in polytypes decreases progres-

sivel
(t de
HT
ion 1
the
Pres
shar
hrong
poly
kind
face
that,
pera
tain
sligh
ions

2.3,

T
one
relaf
oxid
perd

A,B
sion|
The
post
shan
ions
sited
opel
a ng
of o
ate
The
tetr
Thig
stru
ultiy
{equ
ions
this
exal
BiR
strul
to |
exp
Za 1
Py
tern
thra




3¢

ane
res:
2H);
onal,

Jes
dng
nt
Adons
Tom

nd
re

e
AQ,
cell.
d a
v to

ypes
1 the

sively as the size of the A ion is decreased
(t decreases) leading ultimately to the simple
perovskite structure. Similarly, for a given A
ifon the face sharing progressively decreases as
the size of the B ion is increased. The
presence of d electrons in B ions favours face
sharing by the formation of metal-metal
bonding. The short B—B distances in the
polytypes indicate the occurrence of this
kind of bonding. That d electrons favour
face sharing is also exemplified by the fact
that BaTiOy, which adopts the corner-shared
perovskite structure, can normally be ob-
tained in the hexagonal polytype form when
slightly reduced since reduction creats Ti%**
ions (Ti**:d%, Ti%*:d).

2.3. Structures not related to perovskite

The majority of ABO;-type oxides adopt
one of the perovskite-related structures. A
relatively small minority of ABO; type
oxides occur in structures not related to
perovskite.

2.3.1. Defect pyrochlore-type structure

Pyrochlore is denoted by the composition
A3B204. It has a cubic unit cell of dimen-
sions about 10.5 A with space group Fd3m.
The structure consists of a skeleton of com-
position B,Og formed by BOg; octahedra
sharing corners (B ions in 16d sites and O
lons in 48f sites). The seventh oxygen (8a
sites) and the A ions (16e¢ sites) occupy the
open cages in the network. The A ions have
a nearly hexagonal bipyramidal coordination
of oxygen atoms. The 48f oxygen atoms have
a tetrahedral coordination of 2A and 2B ions.
The seventh oxygen (8a) atom has a
tetrahedral coordination of four A ions [31].
This oxygen is only loosely bound to the
structure and can be removed progressively
ultimately giving the composition A;B,0;
(equivalent to ABOj3). ABO; oxides having A
ions like TI", Pb®* and Bi®* prefer to occur in
this defective pyrochlore structure. For
example PbRuQj;, PbReQg, TINLO;, TITa0;,,
BiRhO, etc. have been found to adopt this
structure [32 - 34]. The removal of 8a anions
to form the defect pyrochlore structure
exposes the A cations to each other across the
8a vacancy. The stability of the defect
pyrochlore structure has been explained in
terms of bonding between the A cations
through this oxygen vacancy [32]. This has
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been called a “trap-mediated’ bond. In effect
this implies a polarization of A cations by the
virtual positive charge of the oxygen vacancy
resulting in a stabilization of the 6s2
polarizable electrons. Electron density maps
from X-ray diffraction also indicate a signifi-
cant electron density at the vacancy sites
[32]. These defect pyrochlores transform to
perovskites at high pressures.

2.4.2. Imenite-type structure

Among the non-perovskite-type structures
for the ABO; oxides, the lmenite structure is
most frequent. This structure is taken up if
the size of the A ion is very small and com-
parable with that of the B ion as in FeTiO,,
NiTiOjy ete. Here ¢ is lower than the limit for
perovskite. Borderline cases are possible. For
example, the ilmenite type CdTiO; trans-
forms to perovskite at higher temperatures
[12]. The ilmenite structure is essentially the
same as that of corundum (Al,Oj) and
consists of hexagonally stacked oxvgen layers
along the ¢ axis. The cations occupy two-
thirds of the octahedral holes (between the
layers) in an orderly fashion such that planes
of A and B ions occur alternately along the
c axis [127.

3. PROPERTIES

ABO; oxides display a wide spectrum of
special physical properties such as ferroelec-
tricity, pilezoelectricity, semiconductivity,
metallic conductivity, superconductivity,
paramagnetism, ferromagnetism etc. These
properties are controlled by several para-
meters such as ion size, electronic configura-
tion and preparative conditions.

3.1. Ferroelectricily and associated properties
Ferroelectricity was first discovered in

oxide materials in the ABOj-type oxide

BaTiOj;. This led to a search for new ABO;

- oxides of this type and a study of their char-

acteristics. Ferroelectricity in ABQO; oxides is
mainly controlled by the sizes of the A and B
ions. It is generally found in perovskite-type
oxides with small B ions like Ti**, Nb®*, Ta%*
etc. and large A ions like K*, Ba®*, Pbh®" etc.
The size of the octahedral interstice formed
by AQj layers with large A ions like Ba®" is
also large, with the result that the small B ions
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can rattle in the octahedral hole. Hence at low
temperatures the B ions are slightly displaced
from the centre of symmetry of the BOg
octahedron. This in effect implies the creation
of a dipole. Spontaneous polarization of the
structure oceurs when these displacements are
cooperative, with all the dipoles oriented in
one direction. For the tetragonal form of
BaTiO; the direction of displacement is (001).
Application of an electric field along this axis
pushes the Ti*" ions to the equivalent position
in the opposite side of the centre of sym-
metry. Thus the dipole orientation can be
reversed by external fields, which gives rise to
hysteresis and ferroelectricity. In the
orthorhombic form the displacement is alang
the (110} direction and in the rhombohedral
form it is along the (111} direction [35, 36].
The symmetry increases progressively with
increasing temperature in the order rhombo-
hedral - tetragonal -+ cubic, owing to an in-
crease of vibration of Ti'* within the octa-
hedral hole. Since there are no static displace-
ments of Ti** in the high temperature cubic
form, no spontaneous polarization is observed.
The temperature of transition to the non-ferro-
electric form is called the Curie temperature.
The effect of the size of the ions is clearly
shown by the fact that when Sr**, which has
a smaller size than Ba?’, is substituted for the
Ba jon the Curie temperature is lowered [37].
This is because the size of the octahedral hole
is reduced and hence the tendency for the B
ion to vibrate is also lowered. Similarly if
Zr**, which has a larger size than Ti*", is
substituted for the Ti ion in BaTiQj3 the Curie
temperature decreases [38].

In some ABO; oxides like PbZrO3 the dis-
placements of the B ions in adjacent unit cells
occur in such a way that no residual dipole
occurs. Compounds which have opposing
alignment of dipoles are called antiferro-
electrics, In this case it is also possible to
orient all the dipoles in the same direction by
the application of strong fields [39].

The unit cell of ferroelectric perovskites
lacks a centre of symmetry and therefore
they are also piezoelectric. Many applications
of the ABO;-type oxides as transducer ma-
terials are based on the piezoelectric behav-
iour. These are used to convert electrical
pulses into mechanical oscillations and vice
versa. The preat advantage of perovskite
ceramics over conventional piezoelectrics like

quartz is that they have both ferroelectric
and piezoelectric properties. Their ferro-
electric nature is utilized to orient the axis of
maximum piezoelectric activity, even in
ceramic bodies of complicated shape, by
poling them in the desired direction. This is
not possible in other piezoelectrics. Other
properties of the ferroelectric perovskites
such as square hysteresis loops, high dielectric
constant, non-linear polarization, high
remanent polarization and electrooptic effects
have also been put to use [35].

3.2, Magnetic and electrical properties

These properties are mainly controlled by
the electronic configuration of the ions [40 -
43]. Interesting characteristics arise from the
d electrons of transition metal ions at the B
site.

A variety of types of magnetic behaviour
has been encountered. Ferromagnetism in
perovskites was first found by Jonker and
Van Santen [44] in the LaMnO, system.
Antiferromagnetism or weak ferrimagnetism
is found in several rare earth ferrites. Pauli
paramagnetism is found in SrVO; and
LaNiO;. Simultaneous ferroelectric and ferro-
magnetic behaviour has been found in the
LaMnOg-BaTiO; system [45]. Simple Curie—
Weiss behaviour has been found in many
cases. In perovskites the magnetic interaction
between the A ions is very weak compared
with that between the B ions. However, the
direct interaction between B ions is negligible
owing to the large distance between them in
contrast to that in rocksalt-type oxides like
NiO. The coupling between the spins of
adjacent B ions occurs mainly by a 180°
superexchange interaction involving the
oxygen ions which link the B ions. The nature
and magnitude of this interaction depend on
the electronic configuration of the B ion
[11]. When both the interacting B ions are
of type to e,” (ta,", partially filled t,,
orbitals) or tggaegﬂ the interaction is anti-
ferromagnetic. Ferromagnetic interaction
occurs in cases where one of the B ions is of
type tobe,” and the other is ts,%e,” or where
one is of type to;"e.2 and the other ists%e,°.
Ferromagnetism can also result from a double
exchange phenomenon [11] when thereisa
non-integral number of d electrons per B
cation (due to non-stoichiometry) as in
LaMnOjy. In such cases electron spin is con-
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Fig. 4. Electronic energy level scheme for perovskite structure.

served during the movement of the charge
carriers by electron transfer. This causes a
coupling of the spins of neighbouring atoms
parallel to one another.

The electrical properties of the ABQ,
oxides vary widely. Oxides like BaZrO,
exhibit insulating behaviour since there are
no d electrons at the B site atoms. Some
oxides like LaFeO; have high resistivity
although the B ion has d electrons. Metallic
conduction and Pauli paramagnetism are ob-
served in some of them such as SrvO; and
SrRuQj;. Most.of the ABQ; oxides are semi-
conductors.

The electronic energy level diagram for
perovskite-type ABO; oxides is given in
Fig. 4. The scheme has been arrivad at by
considering mainly the covalent interaction
between B and O®~ ions [11]. The electrical
properties are primarily dependent on the
B-0 interaction. When the overlap between
the orbitals of B and 0% is small, the orbitals
are localized and semiconducting behaviour
is observed. When the overlap integral is
greater than a critical value A, the orbitals
become collective. If the collective orbitals
are only partially filled metallic conductivity
results, When the = bonding between B and
0%~ is large (AT, > A,), the t,,* orbitals
become a collective n* band. This is probably
the case in metallic LaTiO4(d"). When ¢
bonding is large the e;" levels become a collec-
tive o™ band as in LaCoOj at high tempera-
ture [43].

The A-O interaction modifies the effect of
the B~O interaction in controlling the elec-
trical properties. This is clearly revealed by
the trends of the electrical conductivity in

the series of rare earth vanadates LnVO,
[46 - 49]. LaVOQ; has a high electrical con-
ductivity (nearly metallic). However, as we
pass from lanthanum to the other rare earths,
the electrical conductivity progressively de-
creases and the activation energy for conduc-
tion increases. This is due to the increase in
acidity of the Ln3* ions as we pass from
La®" to the smaller rare earths. This increased
acidity increases the A—Q interaction which
tends to decrease the effect of B-O inter-
actions. Hence the metallic nature decreases.

3.3. Effect of substituents on electrical
properties

Partial substitution for A or B ions may
also influence the electrical properties signifi-
cantly. For example in LaCoQO; progressive
substitution by strontium for lanthanum
gradually imparts a metallic character [507.
This is due to the creation of Co(IV) ions at
the B site for charge compensation. Because
of its higher charge Co{IV) enhances the
covalent nature of the B-Q interactions and
hence enhances the metallic nature, LaRuQO,
is metallic. A 10% substitution by Fe2' for
Ru®* destroys the metallic nature of LaRuQ,
completely [51]. In some cases, such #s the
ferroelectric BaTiO,, even less than 0.5%
substitution of lanthanum for barium can
lower the electrical resistivity enormously
(by three to five orders of magnitude [52])
owing to the introduction of charge carriers
into the conduction band by doping. Such
ABOj, oxides sometimes show an anomalously
high positive temperature coefficient of
resistance (PTCRY) at the ferroelectric Curie
point (120 °C). However, the PTCR is con-
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trolled more by preparative conditions such as
grain size, formation temperature, oxygen
partial pressure etc. than by the electronic
configuration of the ions [53]. Similarly in
the metallic oxide BaPbOjg, a 5 - 30% substitu-
tion of bismuth for lead induces supercon-
ductivity [54]. However, the exact mode of
action of the substituent is not clearly estab-
lished in this case. Generally ABOj oxides are
electronic conductors. Tonic conduction is
not favoured because of the close-packed
nature of the perovskite structure. However,
it has recently hbeen found that substitution
in some ABQj oxides can lead to ionic con-
duction. Thus partial substitution by alu-
minium in CaTiO, gives rise to ionic con-
ductivity close to that observed in oxides with
the fluorite structure [55]. Substitution by
lower valence ions of fixed valency at the B
site in these ABQ4 oxides creates oxygen
vacancies for charge neutrality. This increase
in the oxygen ion mobility and oxygen ionic
conduction is observed.
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