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Ferroelectric phase transition and dynamical behavior of PNRs of potassium tantalate niobate
crystals : broadband inelastic light scattering study
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This dissertation is devoted to clarify the dynamical behaviors of polar nanoregions (PNRs) in
high quality Nb rich KTal-xNbxOs (KTN) and Li-doped KTN single crystals by inelastic light
scattering. The dielectric measurements were also carried out to understand the complex
dynamical behavior of relaxor-like ferroelectrics.

The precursor dynamics of relaxor-like ferroelectric phase transitions in non-dope KTN
and Li-doped KTN single crystals were investigated by Brillouin and Raman scatterings. In the
vicinity of the Curie temperature, Tc, the remarkable softening of the sound velocity and increase
in the sound attenuation were observed in both non-doped and Li-doped KTN single crystals. The
increase in the central peak (CP) intensity and sound attenuation as well as significant softening of
the VTA were clearly observed below the intermediate temperature, T*, indicating the start of the
rapid growth of the dynamic PNRs. The temperature variation of the size of a dynamic PNR in
both crystals is evaluated, and below the T*, it markedly increases down to Tc towards the
percolation limit. In non-doped and Li-doped KTN, the relaxation time estimated by the width of a
broad CP shows the critical slowing down towards Tc, which is the evidence of the order-disorder
nature of the ferroelectric phase transition.

The Li-doping effect on KTN crystals was clearly seen as the stretching of the slowing
down and broadening of the elastic anomaly in the 5%Li-doped KTN in comparison with that of
the non-doped KTN by Brillouin scattering. The enlargement of the temperature region of the
elastic anomaly in Li-doped KTN can be attributed to the fact that the random fields by doped Li



ions enhance the growth of PNRs. By the Li-doping, the remarkable increase of the size of the
dynamic PNRs towards TC was also found. The broadening of the elastic anomaly can be the
evidence of the enhanced relaxor nature of 5%Li-doped KTN single crystals. The enhanced
relaxor nature of KTN by the Li-doping was also confirmed by the dielectric properties using the
extended Curie-Weiss law. In the 5%Li-doping in KTN, the transformation of symmetry from
Al(z) to E(x,y) of the local modes in PNRs was observed by the angular dependence of Raman
scattering. The first-principles calculation shows the partial occupancy of Li ions at B-site. The
total energy at A- and B-site occupancy of the perovskite structure for the Li-doped KTN was
calculated by the density functional theory. In a stable equilibrium state, 4.2%L.i ions occupy
A-site, while the rest of 0.8% Li ions occupy B-site. Thus, the increase of the random field
strength induced the partial occupancy of Li ions at B-site can be caused by the hetero-valence
charge disorder at B-site. Such an enhancement of random fields can be the physical origin on the
suppression of the critical slowing down of the relaxation time near TC and the change of the local
symmetry of PNRs.
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