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Formation Mechanisms of Monodisperse Strontium Titanate Nanocrystalline
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Abstract: In the mixed-solution of ethanol and water, the monodisperse strontium titanate (STO) nanocrys-tallines
were synthesized by hydrothermal method. The powder X-ray diffraction (XRD) patterns results revealed that the
nanocrystallines crystallized in the cubic phase, and the crystallization of the products became more significant
with the reaction continuing. The particle size of about 70 nm and cubic morphology were further evidenced by
the scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The growth process of the
nanocrystallines was studied by SEM, TEM, high resolution transmission electron microscopy (HRTEM) and
electron diffraction (ED) spectroscopy in detail. The results have discovered that as follow: first, the nucleus of
STO was produced by the diffusion reaction between the precursors; then, the nuclei orientedly attached by each
other and the nanoparticle-aggregation came into being; last, the nanoparticle-aggregations were converted into
the single crystallines of STO under Ostwald ripening mechanisms. The growth process of “diffusion reaction—
oriented attachment—Ostwald ripening” has discovered the formation mechanism of STO nanocrystalline. The
results of kinetics modeling with Johnson-Mehl-Avrami (JMA) equation show that the diffusion reaction is

dominant at the early stage and the active energy is 15.79 kJ-mol™.
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Fig.1 Powder XRD patterns of the STO samples synthesized

at 180 °C with different reaction time
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Fig.2 SEM (seriesl) and TEM (series2) images of the STO samples synthesized at 180 °C with different reaction times,
(a) 0.5 h; (b) 2.0 h; (c) 240.0 h; Particle marked by circle and rectangle (in Fig.2¢2) were further investigated by

HRTEM as shown in Fig.3¢
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Fig.3 HRTEM images from the edge area of typical sample marked by a rectangle; STO samples synthesized at 180 C

with different reaction times, (a) 0.5 h; (b) 2.0 h; (c) 240.0 h; Upper right inserts are the corresponding FFT

patterns, Left inserts are the TEM images and SAED patterns of typical sample, (d) ngs/ny ratios vs times plots
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Fig.4 Crystallization curves for STO nanocrystallines at

three temperatures
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Table 1 Kinetic parameters determined by analysis of the crystallization curves using Sharp-Hancock method

T/ n R E, / (kJ-mol™)
180 038 0.90
140 0.44 0.99 15.79
100 041 0.98
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Fig.5 Sharp-Hancock plots for the crystallization of STO

nanocrystallines at three temperatures
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