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La(0.57−2x/3)SrxLi0.3TiO3 perovskites were synthesised using a conventional solid-state
reaction. Large Sr2+ ions partially substituting for La3+ ions were found to disturb the cubic
perovskite structure and cause the superstructure lines to gradually decrease in the x-ray
diffraction patterns and almost disappear when x = 0.12. On the contrast, there still exist
superstructure diffraction spots in the electron diffraction pattern on microdomain when
x = 0.12. The lithium ion conductivities of the compounds were improved in the range of
0≤x ≤ 0.08, which does not obey the principle of the carrier concentration. An expansion of
the unit cell and the disordering of La3+ (Sr2+), Li+ ions and vacancies in A sites could be a
mechanism for the enhancement of the conductivity with Sr2+ doping. C© 2000 Kluwer
Academic Publishers

1. Introduction
Lithium ion conductors have recently captured a world-
wide attention because of their potential application
as solid electrolytes for the solid state rechargeable
lithium battery. ABO3 perovskites and NASICONs
have been investigated and demonstrated an ionic con-
ductivity from 10−3 S cm−1 to 10−6 S cm−1 [1–5].
The best lithium ion conductors were found to be
La0.67−xLi3xTiO3 perovskites with a cation deficiency
at A-sites [6]. The mechanism for ion conduction
in ABO3 perovskites is considered to originate from
lithium ions hopping through the wide square planar
bottlenecks between A-sites [7–10]. Therefore, lithium
ion conductivity depends on the concentration of the
free volume, lithium ion and vacancy in the A-site. It has
been reported that the substitution of ions with a large
ionic radius such as Sr+ for La3+ ions in A-sites can
increase the conductivity of ABO3 perovskites [11, 12].

In this investigation, Sr2+ ion was chosen to par-
tially substitute La3+ in La0.57Li0.3TiO3 perovskite ac-
cording to the principle of Sr2+ = 2

3 La3+. A series
of La(0.57−2x/3)SrxLi0.3TiO3 perovskites were prepared
and their structures and ionic conductivities were char-
acterised.

2. Experimental
The A-site deficient La(0.57−2x/3)SrxLi0.3TiO3 per-
ovskites (x= 0, 0.04, 0.08, 0.12) were prepared using
the solid-state reaction method. The starting materials
of Li2CO3 (99%), La2O3 (99.9%), SrCO3 (99.9%) and
TiO2 (99.7%, Anatase) from the Aldrich Chemical Co.
were mixed using an agate pestle and mortar. The mix-

∗ Author to whom all correspondence should be addressed.

tures were calcined at 1100◦C for 12 hours with sev-
eral stages of intermediate grinding. The powders were
pressed into pellets (diameterφ= 10 mm) at a pressure
of 300 MPa. The pellets were sintered at 1380◦C for
2 hr in air.

Powder x-ray diffraction was employed to iden-
tify phases and determine lattice parameters with
a diffracted beam monochromator curved crystal
(graphite 002) and Cu-Kα radiation using a MO3XHF22

diffractometer (MaCScience Co., Ltd., Japan). Sili-
con powder was used as an internal standard. Electron
diffraction was carried out on a JEOL 2000 FX electron
microscope.

The ionic conductivity of the sample was measured
by an AC impedance technique using an EG&G Elec-
trochemical Impedance Analyser (EG&G Instruments,
Princeton Applied Research). The sintered samples
were polished and gold was sputtered on both sides.

3. Results and discussion
The phases of the synthesised La(0.57−2x/3)SrxLi0.3TiO3
were determined by powder x-ray diffraction. As shown
in Fig. 1, well defined crystallities were obtained and
no impurity phases were detected by the x-ray diffrac-
tion technique, which indicates that Sr ions entered into
the perovskite structure. All reflections in four sam-
ples were indexed as a cubic unit cell (space group:
P4/mmm;c= 2a). The superstructure lines were ob-
served and indexed as (h k l/2). These superstructure
lines were generally considered to originate from the
superlattice with the stacking of two perovskite sub-
cells along thec axis and the ordering of La3+ (Sr2+),
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Figure 1 XRD patterns of La(0.57−2x/3)SrxLi0.3TiO3 perovskites.
(a) x= 0 (b) x= 0.04 (c)x= 0.08 (d)x= 0.12.

Li+ or vacancies. With the increase of Sr content in
the perovskite structure, all of the superstructure lines
gradually become weak and broaden. Whenx= 0.12,
all superstructure lines almost disappear. This is the
first time to observe that Sr addition disturbed the su-
perstructure of LaxLi yTiO3 perovskite. The ionic radii
for Sr2+ and La3+ are 1.44Å and 1.36Å respectively. In
the perovskite structure, A-site is tolerant to different
sizes of ions. Therefore, the lattice distortion caused
by the mismatch between Sr2+ and La3+ should not
be the mechanism for above observation. However, the
disordering of La3+ (Sr2+), Li+ and vacancies in the
A-sites could contribute to the decreasing and broad-
ening of the superstructure lines (h k l/2) in the XRD
patterns.

In order to observe the superlattice of
La(0.57−2x/3)SrxLi0.3TiO3 perovskites on microdomain,
electron diffraction was performed on the powders
of the perovskites. Fig. 2 shows the electron diffrac-
tion patterns of x= 0 and x= 0.12 respectively.
Suprisingly, the superstructure diffraction spots were
still observed when Sr addition isx= 0.12. This is
contrast to the XRD observation, suggesting that a
sub-superlattice still exists on the mocrodomain. In
Fig. 2b, the electron diffraction pattern of superstruc-
ture is more complicated than that of La0.57Li0.3TiO3,
indicating that the addition of Sr does disturb the
ordering structure of La0.57Li0.3TiO3 perovskite.

At this stage, we can not determine the exact
position of La3+, Sr2+, Li+ and vacancies in the
perovskite structure. Further identification needs to
be done by neutron scattering. The lattice param-
eters of La(0.57−2x/3)SrxLi0.3TiO3 perovskites were
refined against an internal silicon standard using
the least square method. The lattice constant a for
La0.57Li0.3TiO3 is 3.8712Å, which is in agreement with
the literature value [3]. The lattice parameters and the
volume of the unit cell increase slightly with the addi-
tion of large Sr2+ ions (see Fig. 3). This effect would
be beneficial for lithium ion diffusion.

Fig. 4 compares the lithium ionic conductivity of
La(0.57−2/3x)SrxLi0.3TiO3 at 25◦C. The improvement of
the bulk ionic conductivity was observed with the Sr2+

Figure 2 Electron diffraction patterns of La(0.57−2x/3)SrxLi0.3TiO3 per-
ovskites indexed on the basis of the cubic perovskite phase. (a)x= 0,
[001] zone axis. (b)x= 0.12, [001] zone axis.

Figure 3 The lattice parametersa and the volume of the unit cell for
La(0.57−2x/3)SrxLi0.3TiO3.

doping effect. Whenx= 0.08, the bulk conductivity
reached the maximum of 1.12× 10−3 S cm−1.

The conductivity of the solid electrolyte is related to
the carrier concentration as [6, 7]:

σ = Ze× C × µ (1)

whereZe is the ionic charge (Z= 1), C is the carrier
concentration, andµ is the the mobility of lithium ions
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Figure 4 Lithium ion conductivity of La(0.57−2x/3)SrxLi0.3TiO3 per-
ovskites at 25◦C.

which is assumed to be constant in the certain composi-
tion range. In La(0.57−2/3x)SrxLi0.3TiO3 solid solutions,
the lithium ion concentrationNLi = 0.3/Vs and vacan-
ciesNv= (0.13− x/3)/Vs (Vs is the volume of the cubic
unit cell). So, the concentration of all available A-sites
for conduction isN= NLi + Nv. Therefore, the bulk
conductivity can be expressed as:

σ = Ze× NLi Nv/N × µ
= Ze× (0.117− 0.3x)/(1.29− x)Vs× µ (2)

The vacancies decrease with the increase ofx in
La(0.57−2/3x)SrxLi0.3TiO3 perovskite. The substitution
must be limited to bex≤ 0.39. In this range, accord-
ing to the Equation 2, the conductivity should decrease
with the increase of the amount of Sr2+ ions. However,
the experimental observation was opposite (as shown
in Fig. 4). Two other factors could also contribute to the
lithium ion conductivity. The increase of the unit cell
volume is helpful for lithium ion diffusion. On the other
hand, the disordering of La3+ (Sr2+), Li+ and vacan-
cies in the A-site can also enhances lithium ion con-
ductivity. Long-range, ionic conduction in perovskite
compounds seems to involve Li ion migration through
the whole bulk in three-dimensions. The ordered ar-
rangement of La3+ (Sr2+), Li+ and vacancies in the
A-site decreases the lithium ionic conductivity due to
the block effect of large La3+ (Sr2+) ions. In Fig. 1,
the superstructure lines gradually diminish with the in-
crease in the amount of Sr2+ dopant. This phenomenon
suggests that the degree of the ordering of La3+ (Sr2+),
Li+ and vacancies in A-site decreases. Consequently,
the ionic conductivity could be enhanced by this effect
and would therefore not obey the Equation 2.

4. Conclusions
Single phase La(0.57−2x/3)SrxLi0.3TiO3 solid solutions
were obtained in the range ofx≤ 0.12. It was found
that the XRD diffraction peaks of the superstructure
lines (h k l/2) decrease gradually with the addition of
large Sr2+ ions, which is related to the disordering
of La3+ (Sr2+), Li+ ions and vacancies in A-sites on
macroscopy. Whereas, electron diffraction obseration
revealed that a sub-superlattice still existed on the mi-
crodomain even when Sr addition reachedx= 0.12.
The lithium conductivity could be improved by adding
Sr2+ ions. The maximum conductivity at room tem-
perature is 1.12× 10−3 S cm−1 for x= 0.08. This Sr+2

doped perovskite could be a candidate material as elec-
trolyte for solid state lithium batteries.
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