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Summary This paper reports preliminary results for size and temperature effect on BaTiO; (BT) nanocrystalline materials using Landau-
Ginzburg approach to evaluate the polarization distribution and Curie temperature. When the size of BT nanorods or nanoparticles
reduces into nanometer, the polarization distribution depends on the external poling conditions and ferroelectric behaviour may diminish
at very small size. We also studied the dielectric properties of BT nanoparticles for energy storage applications.

INTRODUCTION

In the past decades, modeling of ferroelectric materials has grown rapidly due to their important applications in smart
structures and devices (such as sensors, actuators, transducers, MEMS and NEMS, etc.), and progresses in developing
fast and increased computational power. Since the first discovery of ferroelectric behavior in Rochelle salt by Valasek
[1] in 1920, the development in ferroelectrics has experienced several different stages. From the early stage of discovery
of a greater number of ferroelectric crystals, to the creation of smart devices using ferroelectrics, and to current
attempting of nanotechnology associated with nano-scale ferroelectrics. In parallel, the early stage of modeling on
ferroelectrics was behind due to the complex microstructures, nonlinear coupling hysteresis loop under an electric field
and/or mechanical loading, and the limitation of computational tools. Only in recent years, the modeling of ferroelectrics
has been evolved rapidly. In this paper, motivated by recently attempts of using Landau-Devonshire-Ginzburg (LDG)
approach [2-7], we first applied LDG model to study the depolarization field and the Curie temperature in terms of the
size of BT nanowires. Using different modes, the results show interesting distribution of depolarization fields which
agree well with the core-shell theory and the experimental observation on BT nanowires. Then we start to study the
dielectric properties of BT nanoparticles for energy storage applications. The preliminary results are shown below.

THEORETICAL MODELING

In LDG models, an appropriate thermodynamic potential should be described in terms of function of temperature,
polarization and strain. Then, to determine the equilibrium state, the total energy is minimized at given loading and
boundary conditions. The accuracy of the DGL depends on the evaluations of unknown parameters and availability of
measurable properties of the materials. It can be very accurate when they are applied to the range where the parameters
can be fitted by measurement and less accurate when the results are extrapolated to the range beyond measurable
regime. In recent years, LDG theory has been successfully applied to ferroelectric thin-films and bulk materials [8-13].
On the modeling of nano-structured ferroelectrics including ultrathin-films and nanowires using LDG approaches have
also gained some momentum [2-7]. Here we also started from LDG theory. Let us consider ferroelectric cylindrical
nanowire with radius R, length h and polarization p,(p,z) oriented along z-axis shown in Figure 1. The external

electric field is E(0, O, Ey).

By minimizing the total LDG free energy of the system and following Euler-Lagrange equations, we can obtain the
governing equation as:
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Ignore non-linear terms, move the P, term to the left, Eq. (1) can be rewritten as:
(ag +17(R,h))P, (0,2) —6V?P = E,+ < P, >n(R,h) @)

This is the modified Landau governing equation for BaTiO3 nanowires. With the proper boundary conditions, Eq. (3)
can be solved numerically.
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RESULTS AND DISCUSSION

Fig. 1 shows the distribution of the depolarization field of a BT nanowire with 1% and 2™ mode solutions. The results
indicate that the depolarization of the nanowire can either form a dome-shaped or hat-shaped distribution. Interestingly,
our 2" mode result agrees well with experimental observation [14] which has never been discovered theoretically.
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Fig. 1. Depolarization field P, in terms of radius of a nanowire (a) 1% mode solution and (b) 2™ mode solution.

CONCLUSIONS

Landau theory which is a phenomenological approach was introduced and extended to study the depolarization
distribution and the Curie temperature of ferroelectric nanowires. The theoretical results have been compared with
experimental observation. During the derivation, a second mode of general solution has been found to be consistent with
the existing core-shell theory. The Curie temperature in terms of the size of the nanowire will be presented in the
meeting. Finally, we will also deliver our new results on the study of dielectric properties of BT nanoparticles for energy
storage applications.
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