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Abstract 
Barium titanate (BaTiO3) and strontium titanate (SrTiO3) nanoparticles are prepared in n-butylamine by 

following a solvothermal route. The as-prepared BaTiO3 and SrTiO3 nanoparticles were characterized by X-ray 

diffraction (XRD), transmission electron microscopy (TEM), and high resolution transmission electron microscopy 

(HR-TEM). The results indicate that the as-prepared BaTiO3 are about 20 nm in diameter and SrTiO3 nanoparticles 

are about 16 nm in diameter. The formation mechanism finally was discussed, and the preliminary results suggest 

that this synthesis procedure could be developed to a general strategy for the preparation of other perovskite 

nanoparticles. 
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     Introduction 
Perovskite materials, including barium 

titanate (BaTiO3) and strontium titanate (SrTiO3) are 

of interest for numerous technical applications, [1] 

such as solid oxide electronic device, [2] 

photocatalyst [3]-[7] and dye-sensitized solar cells. 

[8-9] Furthermore, the rapid development in 

multilayered ceramic capacitors (MLCCs)  requires 

the size of MTiO3 (M=Ba, Sr) particles to be 

decreased to tens of nanometers for reduction of 

capacitor dimension. [10] Perovskites are 

traditionally prepared by solid state reaction at high 

temperature. However, the size distribution and 

morphology of perovskite particles are hard to 

control. [11] So, the low temperature methods are 

developed to prepare nanosized MTiO3 (M=Ba, Sr) 

particles with controllable size distribution and 

morphology. Recently, various synthesis procedures 

are reported to prepare perovskite nanoparticles, such 

as sol-gel, [12] microemulsion-mediated synthesis, 

[13] thermal decomposition of suitable precursors 

[14] and solvothermal methods, [15] – [18] and so 

on. Among them, solvothermal method is used 

widely in inorganic synthesis due to its moderate 

condition and tunable medium. 

For MTiO3 (M=Ba, Sr), titanium oxide and 

alkoxyl titanate are generally selected as precursors 

under solvothermal condition and the particle size 

usually depends on the scale of framework connected 

by corner-shared TiO6 octahedra. In general, the 

MTiO3 (M=Ba, Sr) size is effected by the relative 

rates of nuclei formation and crystal growth [19]. It is 

effective to minimize the size of MTiO3 (M=Ba, Sr) 

particles when the hydrolysis rate of alkoxyl titanate 

and the subsequential growth rate of crystal are both 

controlled. In previous work, we have successfully 

prepared cubic BaTiO3 nanoparticles in n-buanol 

aqueous solution and the mechanism was promoted 

to explain the formation of BaTiO3 nanocubes. [20] 

In this paper, n-butylamine was used as solvent in our 

experiments, and BaTiO3 and SrTiO3 nanoparticles 

were conveniently prepared. 

 

Experiment and Characterization  
Preparation of samples  

Preparation of MTiO3 (M=Ba, Sr) followed 

a typical experiment approach: 0.006 mol of 

Ti(OC4H9)4 and 0.0072 mol of M(OH)28H2O 

(M=Ba, Sr) were added into 20 mL of n-butylamine 

(NH2C4H9) with vigorously magnetic stirring for 2 h, 

and the mixture were transferred to Teflon-lined 

autoclaves and maintained at different temperature 

for 24 h. The final white precipitates were filtrated 

and washed using diluted formic acid, deionized 

water and ethanol several times in turn. The as-

prepared samples were dried for 12 h at 80 ºC.  
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Characterization of samples 

Powder X-ray diffraction (XRD) of the 

samples were measured on a Rigaku D/max 2500 

V/PC diffractometer using Cu Ka radiation 

(λ=1.54056 Å, 40 kV, 100 mA). Transmission 

electron microscopy (TEM) images were obtained on 

Hitachi H-7650, while high resolution TEM (HE-

TEM) images were observed on a JEOL 100CX-Ⅱ
PHILIPS-TECNAI G2 F20 (200 kV). 

 

Results and discussion 
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Fig. 1 XRD patterns of BaTiO3 (A), and SrTiO3 (B) 

prepared at 180 °C for 24 h. 

In order to investigate the influence of 

temperature on BaTiO3 and SrTiO3, a set of tests are 

designed to optimize parameters and the results are 

listed in Table 1. Powder X-ray diffraction (XRD) 

analysis of the as-prepared materials shows that there 

is anatase impurity in sample at 140 ºC and 160 ºC. 

The pure BaTiO3 and SrTiO3 were prepared at 180 ºC 

for 24 h. Fig. 1 shows the XRD patterns of samples 

of B-1 (Fig. 1A ) and S-1 (Fig. 1B), respectively. The 

peaks of Fig. 1A can be indexed to BaTiO3 (JCPDS 

No. 31-0174), and the peaks of Fig. 1B can be 

indexed to SrTiO3 (JCPDS No. 73-0661). The 

anatase impurities were in samples of B-2, S-2, S-3, 

and S-4 according to Table 1. The anatase ratio in 

SrTiO3 products is 6.8%, 4.4%, and 1.5% at 120 ºC, 

140 ºC, and 160 ºC, respectively. Furthermore, the 

anatase ratio in BaTiO3 products is 2.3% at 160 ºC. It 

suggests that anatase is readily precipitated earlier 

than MTiO3 at lower than 180 ºC. The phase ratio of 

anatase decreased at elevated temperatures. That can 

be well explained according to Venigalla’s work 

about thermodynamics of Ba-Ti-H2O system: [21] 

anatase is preferrentially formed at low temperature 

and in alkaline condition (pH › 7). However, anatase 

is still thermodynermically metastable and becomes 

activated enough to react with Ba(OH)2 in aqueous 

solution at suitable temperature. So, it is reasonable 

that only pure MTiO3 is detected at 180 ºC. The 

average diameter of BaTiO3 nanoparticles calculated 

from the 100% intensity diffraction (110) based on 

Debye-Scherrer equation is about 20 nm, and the 

average diameter of SrTiO3 nanoparticles is about 16 

nm. 
Table 1. Reaction conditions and the final products of 

BaTiO3 and SrTiO3 

Sample Reaction 

time (h) 

Reaction 

temperature 

(°C) 

Results a 

S-1 24 180 Pure SrTiO3  

S-2 24 160 SrTiO3 + 1.5 

% anatase 

S-3 24 140 SrTiO3 + 4.4 

% anatase 

S-4 24 120 SrTiO3 + 6.8 

% anatase 

B-1 24 180 Pure BaTiO3 

B-2 24 160 BaTiO3 + 2.3 

% anatase 

a. The phase proportion of anatase in each result was 

calculated based on peaks area of anatase (101) and 

MTiO3 (M=Ba, Sr) (110) diffractions, respectively. 

Fig. 2 shows TEM images of BaTiO3 and 

SrTiO3 nanoparticles obtained at 180 °C for 24 h.  

Fig. 2a and b shows obtained BaTiO3 samples are 

uniform size nanoparticles, but slightly aggregated. 

The magnified images (Fig. 3c) shows that BaTiO3 

nanoparticles are irregularly spherical with diameter 

of 15-20 nm, which agree with the result of XRD 

pattern. The TEM images of SrTiO3 are listed in Fig. 

3d-f. Similarly, SrTiO3 nanoparticles are also 

irregularly spherical with diameter of 10-15 nm. 
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Fig. 2 TEM images at different resolutions of BaTiO3 (a, 

b, c) and SrTiO3 (d, e, f) nanoparticles as-prepared at 180 

°C for 24 h. 

In order to control the size of particles, the 

first question needed to consider is decreasing 

hydrolysis rate of Ti(OC4H9)4. Like other alkoxides, 

the hydrolysis and condensation of Ti(OC4H9)4 are 

controlled by two parameters: the concentration of 

the reactants and the amount of water.[22] 

Considering that total water needed is just equivalent 

with precursors in overall reaction according to 

equations (1): 
Ti(OC4H9)4 H2O+ =  BaTiO  + 4C H OH4 9Ba(OH)2 + 3 (1)

However, there is no additional water except for 

those existing in precursor of M(OH)28H2O. The 

hydrolyzing of Ti(OC4H9)4 is slow at beginning of 

reaction because only part of crystal water is released 

from precursor of M(OH)28H2O at the lower 

temperature than 180 °C. [23] When the reaction 

temperature is as high as 180 °C, more crystal water 

could be released and participate in hydrolysis 

reaction. [24] This hydrolysis procedure above 

mentioned is denoted as so-called ‘release-

hydrolysis’. In alkaline condition, two routes would 

be followed in subsequent crystallite growth. Firstly, 

short corner shared TiO6 framework is fabricated 

with M2+ inserted, along which step MTiO3 (M=Ba, 

Sr) can be formed. This process can be illustrated by 

formula: 
2+ + Ti(OH) + OH

-
n

dehydration
MTiO 3 + H O2 (2)M  

Secondly, only corner or edge shared TiO6 

framework is fabricated with no M2+ inserted, along 

which step, however, TiO2 is formed: 

 Ti(OH) + OH
- dehydration

TiO 2 + H O2 (3)
n  

At higher temperature and in alkaline aqueous 

solution, reaction (3) can be replaced by reaction (4):  

 Ti(OH) + OH
- dehydration

HTiO3 + H O2 (4)
n

-

 
Another probability is consequent reaction by 

following reaction: 

 TiO  +  OH HTiO3 + H O2 (5)2
-=-

 
MTiO3 is consequently generated from species 

HTiO3
- , illustrated by reaction (6) 

HTiO + =  MTiO +33
- H2OMOH

+
(6)

Fig. 3 (a) and (b) are the HRTEM images of BaTiO3 

and SrTiO3 nanoparticles obtained at 180 °C for 24 h. 

Both of images reveals the BaTiO3 and SrTiO3 

nanoparticles are well crystallinity with interplanar 

spacing of about 2.84 Å for BaTiO3, and 2.73 Å for 

SrTiO3 respectively. The results correspond to the 

(110) crystalline planes of both BaTiO3 and SrTiO3, 

suggesting the same growth habit between BaTiO3 

and SrTiO3 nanoparticles in n-butylamine under 

solvothermal condition. [25] The solid lines in 

images show lattice fringes paralleled by crystallite  

  

Fig. 3 HRTEM image of (a): BaTiO3, (b): SrTiO3 

nanoparticles obtained at 180 °C for 24 h, the selected 

hexagon area in (b) shows a platform of close stack of 

TiO6 octahedron. Solid lines in (a) and (b) illustrate 

fringes of particles and protuberances pointed out by 

arrows stand out of lattice fringes. 

facets. The protuberances pointed out by arrows 

demonstrate unclosed fringe and crystal growth 

direction. It is reasonable to assume that the 

crystallites grow along [110], which suggests TiO6 

octahedrons are preferentially formed in planes (110) 

and (101) by following a release-hydrolysis 

procedure. [26] – [27] 

As reported previously, the growth of 

BaTiO3 nanoparticles under solvothermal conditions 

is probably attributed to dissolution-crystallization 

mechanism.[28] – [29] For MTiO3, the particles 

nucleate by following reaction (6) and larger crystals 
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begin to grow at expense of smaller crystals. N-

butylamine is adsorbed on the surface of embryos to 

slow down the ripening process of MTiO3, and 

restrain MTiO3 to grow. So, the particles of of MTiO3 

seem like irregular in TEM images. 

 

Conclusion 
In conclusion, we present an effective and 

facile solvothermal route, following which the well-

crystallized MTiO3 (M=Ba, Sr) nanoparticles are 

synthesized. The diameter of obtained nanoparticles 

is about 20 nm for BaTiO3 and 16 nm for SrTiO3. N-

butylamine plays an important role of controlling 

crystallites growth via being adsorbed on the surface 

of particles. This method is expected to develop other 

perovskites nanmaterials in further work. 
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