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Abstract

A solid state metathesis approach has been applied to synthesize perovskite oxides such as BaTiO3, PbTiO3, K0.5Bi0.5TiO3 and Na0.5Bi0.5TiO3,

these were characterized by powder XRD, IR and energy dispersive spectra (EDS). Potassium titanium oxalate and metal chlorides are used as the

starting materials. X-ray analysis shows the formation of a single phase with tetragonal structure for BaTiO3, PbTiO3, K0.5Bi0.5TiO3 and a

monoclinic structure for Na0.5Bi0.5TiO3. The Infrared spectra of these compounds show the characteristic band due to Ti–O octahedron for all the

compounds. The EDS spectra show the relative ratio of the metal ions. The morphology of synthesized compounds was obtained from SEM

measurements.
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1. Introduction

Perovskite oxides of general formula ABO3 (for example,

BaTiO3, PbTiO3, K0.5Bi0.5TiO3 and Na0.5Bi0.5TiO3 etc.) have

attracted considerable attention due to their outstanding

applications in various devices [1–6]. The conventional solid

state reaction between reactant oxides requires repeated cycles

of milling and calcinations at high temperatures of�1400 8C to

obtain phase homogeneity. The powders obtained from solid

state reactions are characterized by agglomerated grains of

unequal size and contaminated with impurities. Solution routes

such as hydrolysis and sol–gel methods provide molecular level

mixing of reactants, homogeneous distribution of dopant ions

and control over the particle size of the product at temperatures

lower than those employed in solid state reactions. Although,

sol–gel method has many advantages, reactions which give

homogeneous products at lower temperatures employing

inexpensive reactants are still interesting and require consider-

able attention. For instance, materials such as BaTiO3,

La0.5Ba0.5MnO3 [7,8], Na0.5Bi0.5TiO3 [9], Pb(Zr0.5Ti0.5)O3
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and PbZrO3 [10,11] have been prepared by solvo/hydrothermal

and sol–gel methods. Solid state metathesis (SSM) reactions

have been used to synthesize different types of materials at

relatively low temperatures and with better purity [12–14]. In

the present investigation, we report the preparation of BaTiO3,

PbTiO3, K0.5Bi0.5TiO3 and Na0.5Bi0.5TiO3 (here after referred

as BT, PT, KBT and NBT respectively) employing potassium

titanium oxalate as one of the reactant by SSM reactions at

relatively low temperatures than reported [5,15–17].

2. Experimental

Potassium titanium oxalate, BaCl2, PbCl2, NaCl (all SD Fine

Chemicals-99%) and Bi(NO3)3 (Merck-99%) were used as

starting materials as received. For the preparation of BT

sample, stoichiometric amounts of Potassium titanium oxalate

and barium chloride were ground thoroughly using spectral

grade acetone. The resultant material was heated in a muffle

furnace at 650 8C for 14 h and furnace cooled. The product thus

obtained was washed with double distilled water several times

to remove KCl and then dried on a hot plate. PT, KBT and NBT

were prepared in similar way. In the preparation of KBT and

NBT, BiCl3 was prepared by dissolving Bi(NO3)3 in
d.
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concentrated HCl and evaporated to dryness to expel excess

HCl. NaCl was used as reactant during the preparation of NBT.

The X-ray diffractograms of the washed out powders were

recorded at room temperature on a Siemens D-5000 powder X-

ray diffractometer using Ni filtered monochromatic Cu-Ka

radiation of wavelength 1.5406 Å. The scan rate was 5.48/min

in the range 2u = 10–808. Infrared spectra were recorded in the

form of KBr pellets in the wave number range 1500–400 cm�1

using JASCO IR-5300 spectrometer. SEM-EDS images were

recorded on the HITACHI SU-1500 variable pressure scanning

electron microscope (VP-SEM). Transmission electron micro-

scopy (TEM) images were recorded on a TECNAI FE1 FE12

transmission electron microscope.

3. Results and discussion

3.1. Powder XRD

The powder XRD patterns of products obtained before and

after dissolving in distilled water were recorded. In the case of
Fig. 1. Powder XRD patterns of BT, PT, KBT and NBT.

Fig. 2. EDS spectra of KBT and NBT.
BT sample, the powder XRD of the product obtained before

dissolving in distilled water was characterized by d-lines

belonging to BT and KCl. Similarly, the powder XRD of PT,

KBTand NBT samples before dissolving in distilled water were

characterized by d-lines of corresponding target samples and

KCl. The high lattice energy by-product (KCl) facilitates the

formation of the target product in a metathetic pathway. Fig. 1

shows the powder X-ray diffractograms of products after

washing with distilled water. The d-lines of BT, PT, KBT and

NBT were found to be similar to those reported earlier and free

from undesirable crystalline phases. The powder XRD patterns

of all the samples were examined with corresponding JCPDS

data [18]. A comparison of the powder patterns of investigated

samples with the corresponding phases of each material suggest

that BT, PT and KBT samples crystallize in tetragonal lattice

where as NBT sample crystallizes in monoclinic lattice. The

powder XRD patterns of KBT and NBT samples look similar in

spite of their different crystal structures. A close examination of

powder patterns of these two samples shows that the 1 0 2 and

1 0 1 lines of NBT appear together as one line while the 1 0 1

and 1 1 0 lines of KBT were well separated [JCPDS File Nos.



Fig. 3. IR spectra of BT, PT, KBT and NBT.

Fig. 4. SEM micrographs of
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36-0339, 46-0001]. The observed powder XRDs of NBT and

KBT were in accordance with this observation (Fig. 1). Further

confirmation on the composition of these materials was

obtained from EDS analysis. The reported temperatures of

preparation of BT, PT, KBT and NBT by conventional solid

state method were 1150, 800, 1000 and 1150 8C respectively

[5,15–17]. Mandal et al. have reported the preparation of BT

and PT samples in two steps. The precursor Li2TiO3 was first

prepared by solid state method using Li2CO3 and TiO2 at

1000 8C for 24 h. This precursor was treated with BaCl2 (at

900 8C/24 h) and PbSO4 (at 810 8C/12 h) to obtain BT and PT

in a metathetic pathway [12]. In the present investigation we

have prepared BT, PT, KBT and NBT samples in a single

step by metathesis reaction at much lower temperature

than reported using potassium titanium oxalate as precursor.

The XRD patterns of all the compounds were least square fitted

to deduce the unit cell parameters. The unit cell parameters

thus obtained were very close with corresponding JCPDS data

[18].

3.2. EDS

Energy dispersive spectra (EDS) were recorded for all

the products obtained after washing with double distilled

water. From these spectra, the ratio of Ba or Pb to Ti

was found to be 1 for BT or PT samples. In the case of KBT,

the ratio of K:Bi:Ti was found to be 0.5:0.5:1. However, in

the case of NBT sample, a small peak corresponding to K

was observed. The ratio of K:Na:Bi:Ti in NBT sample

was found to be 0.06:0.44:0.5:1.0. This impurity of K was

due to the incomplete exchange of sodium ions with
BT, PT, KBT and NBT.



Fig. 5. (A) Low magnification TEM image of BT and (B) SAED pattern of BT.
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potassium ions. The EDS spectra of NBT and KBT are shown

in Fig. 2.

3.3. IR spectra

The infrared spectra of all the synthesized compounds have

been recorded in the range 4000–450 cm�1. The compounds

did not exhibit any bands above 1000 cm�1 (Fig. 3). A single

broad band was observed for all the compounds in the range

540–610 cm�1. A band centered at 545, 600, 580 and 600 cm�1

was observed for BT, PT, KBT and NBT compounds

respectively which characterizes the stretching vibration of

Ti–O [19,20].

3.4. SEM and TEM

The surface morphology of all the prepared compounds was

studied by SEM measurements. All the SEM diagrams exhibit

agglomerated particles of different sizes. Fig. 4 shows the SEM

micrographs of all the compounds. It is seen clearly that the

aggregate particles of BT sample consists of many small

spherical particles whereas the aggregate particles of PT, KBT

and NBT samples consists of many small particles of different

shapes. Fig. 5 shows the TEM image and SAED pattern of BT

sample. The TEM image of BT sample also support the

agglomeration of particles with particle size lying in the range

of 50–80 nm.

4. Conclusions

Phase pure BT, PT, KBT and NBT have been successfully

synthesized by solid state metathesis reaction at lower

temperature compared to the ceramic method. From X-ray

diffraction, it was observed that BT, PT and KBT samples

crystallize in tetragonal lattice where as NBT sample crystallize

in monoclinic lattice. The infrared spectroscopy gave a single

broad band corresponding to Ti–O octahedron. SEM and TEM

measurements of the morphology of the synthesized samples

showed agglomeration.
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