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Abstract: Pressure has significant influences on the crystal structures and functional properties of perovskite
ferroelectric materials, but relatively minor impact on the phase transition temperature, and can serve as an ef-
fective means to enhance the dielectric and ferroelectric properties of these materials. Molecular dynamics simu-
lations were conducted based on the first principles to explore the evolution of ferroelectricity in barium titanate
(BTO) single crystals subjected to hydrostatic pressures ranging from the atmospheric pressure to 150 GPa. The
findings demonstrate that, a non-monotonic trend of the ferroelectricity of BTO occurs with the increase of the
pressure. The ferroelectric first weakens, then intensifies, and finally disappears, with a peak at 42 GPa. This
behavior can be attributed to the pressure-induced reduction in atomic spacings. This reduction disrupts the del-

icate balance between long-range Coulomb forces and short-range electron repulsions. The findings elucidate
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vestigations of BTO ferroelectricity under ultra-high pressures.
=]

the ferroelectric behavior of BTO single crystals under ultra-high hydrostatic pressure, providing a theoretical
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foundation for their future applications to devices and offering valuable theoretical guidance for experimental in-
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Table 1 Particle charges and shell-core interaction parameters

particle C*/1el S*/1 el K, /(eV - A72) K, /(eV - A™)
Ba%* 5.62 -3.76 251.8 0.0
Ti% 4.76 -1.58 322.0 500.0
0> 0.91 -2.59 31.0 3 000.0

®2 BB

Table 2 Short-range interaction potential parameters

interaction pair Q/eV p/A C/(eV - AS)
Ba®*—0% 1061.30 0.364 0 0.0
Ti** —0%* 3 769.93 0.255 8 0.0
0> —0* 4 740.00 0.280 9 160.0
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Fig. 1 The V/V,-P curve of the BTO single crystal with the pressure increasing from 0.1 MPa to 150 GPa
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Fig. 2 The trends of the area enclosed by the electric hysteresis loop with the pressure increasing from 0.1 MPa to 150 GPa
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Fig. 3 The trends of the area enclosed by the electric hysteresis loop with the pressure increasing from 40 GPa to 50 GPa
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Fig. 4 The trends of the area enclosed by the electric hysteresis loop with the pressure increasing from 40 GPa to 42 GPa
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