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Structural and vibrational properties of BaxSr1−xTiO3 nanoparticles
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Bax Sr1−x TiO3 (BST) is an important mixed alloy ma-
terial, showing extensive applications in DRAM capac-
itors, phase shifters, phase array antennas, thermistors
and pyroelectric detectors [1–4]. Much of the research
work has concerned structural properties in the bulk
and films [5–7]. Driven by applications of nanostruc-
tures in ferroelectric fields, research on Bax Sr1−x TiO3
ultra-fine particles is a promising subject. Many tech-
niques, such as sol-gel, hydrothermal synthesis, stearic
acid, solid state reaction, etc. have been used to prepare
nanoparticles. Among them the stearic acid method
offers a unique advantage: extra-fine nanocrystals can
be easily prepared with a stoichiometric constitution
due to the lower decomposition temperature [10–12]. It
was reported that uniformly sphere-like Bax Sr1−x TiO3
nanoparticles (about 50 nm) were synthesized by the
stearic acid method and the transition temperature
decreased with decreasing grain size [8, 9]. In this
paper, we use the stearic acid technique to prepare
Bax Sr1−x TiO3 nanoparticles. We study the phase
structure and the relative tetragonality c/a by X-ray
diffraction, and the vibrational properties via both
Raman and IR spectroscopy. We pay special attention
to the doping effect of different Ba concentrations.

Bax Sr1−x TiO3 nanoparticles were synthesized at
room temperature by the stearic acid method with bar-
ium stearate, strontium stearate and (C4H9O)4Ti as the
precursor materials. The process involved dissolving
the barium stearate and strontium stearate in the stearate
solvent, adding (C4H9O)4Ti into the solution and fully
mixing, and finally annealing at 750 ◦C for 1 h to form
Bax Sr1−x TiO3 nanoparticles.

The phase structures were examined on a Rigaku
X-ray diffractometer with Cu Kα as the incident radi-
ation. Raman spectral measurement was conducted on
a J.Y HR-800 Raman spectrometer, and 488 nm ex-
citation was used from an air-cooled argon laser with
16 mW output, and IR spectral measurements were per-
formed on a Nicolet Nexus 870 Fourier Transform In-
frared (FT-IR) Spectrometer.

The XRD patterns of Bax Sr1−x TiO3 nanoparticles
from x = 0.0 to 0.3 one plotted in Fig. 1. All the four
nanoparticles show sharp peaks of (100), (110), (111),
(200), (210) and (211), which indicates good crys-
tallinity in the cubic phase. The average grain sizes were
34, 32, 25 and 23 nm for x = 0.0, 0.1, 0.2 and 0.3, re-
spectively which were obtained via Scherrer’s formula
[13] D = kλ/(β cos θ ), where k is the constant (shape
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factor about 1.0), λ the X-ray wavelength (1.542 Å),
β the FWHM of the (110) diffraction line and θ the
diffraction angle. It can be seen that the average grain
size decreases with increasing Ba doping. It is known
that crystal growth is involved in the motion of the
grain boundaries which can be “pinned” by introducing
tiny secondary-phase particles [14]. In preparation of
Bax Sr1−x TiO3 nanoparticles by the stearic acid method,
there is excess barium (i.e. Ba/Ti > 1) on the surface
of the nanoparticles. With increasing Ba concentration
more and more barium atoms inhibit the growth of the
grains [15, 16], leading to reduction in the growth rate
and gradual saturation. This situation is similar to the
case of La-doped PbTiO3 nanoparticles [17].

Raman spectra of Bax Sr1−x TiO3 nanoparticles at var-
ious Ba concentrations are shown in Fig. 2. where a
broad-band structure was recorded, which corresponds
to a background for the “one–phonon” bands due to
the existence of a relaxation process [18]. The Raman
spectrum in SrTiO3 bulk is entirely second-order in the
cubic perovskite [19]. The appearance of first-order Ra-
man lines of 171, 537 and 790 cm−1 in Bax Sr1−x TiO3
nanoparticles, indicates a lower crystal symmetry in-
duced by impurities and defects and the Raman selec-
tion rule was relaxed in comparison with SrTiO3 bulk
[19, 20]. As x increases to 0.3, all the modes at 243,
283, 537, 615 and 790 cm−1 downshift to 231, 279,
525, 591 and 760 cm−1, respectively. In single crys-
tal SrTiO3, the second-order Raman lines at 243, 283
and 615 cm−1 shift downward when the temperature
approaches Tc [19]. We attributed the mode softening
in Bax Sr1−x TiO3 nanoparticles to enhancement of the
tetragonality c/a with increasing Ba concentration.

Fig. 3 depicts the variation of lattice constants a and
c, and the tetragonality c/a for Bax Sr1−x TiO3 nanopar-
ticles, as a function of Ba concentration. With increas-
ing Ba concentration, lattice constant a increases a lit-
tle, but c increases greatly, leading to an appreciable
increase in tetragonality. The c/a value gradually in-
creases from 1.001 to 1.007 at x = 0.3, which implies
Bax Sr1−x TiO3 nanoparticles deviate from the original
pseudo-ferroelectric structure for SrTiO3, the tetrago-
nality being smaller than that of weak ferroelectrics
BaTiO3 (c/a = 1.01) [21]. It is known that the cubic
phase of SrTiO3 is stabilized by hydrostatic pressure
due to shrinking of the unit cell [22, 23]. The substi-
tution of Sr2+ by Ba2+ enlarges the unit cell [23] and
strengthens the tetragonality.
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Figure 1 XRD patterns of Bax Sr1−x TiO3 nanoparticles at various Ba
concentrations.

Figure 2 Raman spectra of Bax Sr1−x TiO3 nanoparticles at various Ba
concentrations.

Fig. 4 shows the IR spectra for both SrTiO3 and
Ba0.1Sr0.9TiO3 nanoparticles. There are four absorp-
tion bands at 3310, 1470, 613 and 371 cm−1 in SrTiO3
specimen, and at 3310, 1470, 577 and 371 cm−1 in
Ba0.1Sr0.9TiO3 nanoparticles. These two curves show
that the stretching mode of internal OH− at 3310
cm−1, the C O vibration mode at 1470 cm−1 and
the O Ti O ‘bending’ mode at 371 cm−1 [24] did
not show frequency shifts; whereas the 613 Ti O
stretching mode [24] downshifts to 577 cm−1. We
attribute the downshift of the 613 cm−1 mode to
the increase in tetragonality by Ba substitution. The
‘bending’ vibration band at 371 cm−1, which exists

Figure 3 Tetragonality c/a of Bax Sr1−x TiO3 nanoparticles as a function
of Ba concentration.

Figure 4 IR spectra of both SrTiO3 and Ba0.1Sr0.9TiO3 nanoparticles.

only for the titanate-KBr pellet, is still considered
as a scattering effect, but not a real absorption band
[25, 26].

In conclusion, we have successfully synthesized
Bax Sr1−x TiO3 nanoparticles by the stearic acid method.
Raman spectra show broad-band shapes, which is
attributed to the background induced by relaxation
process. Comparing with SrTiO3 bulk material, the
lower symmetry induced by impurities and defects in
Bax Sr1−x TiO3 nanoparticles leads to the appearance of
first-order Raman lines. Ba substitution increases the
c/a value from 1.001 to 1.007 at x = 0.3, most of the
Raman frequencies and the IR 613 cm−1 mode shift
downward.
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