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Seeing the unseen: Local atomic disorder of ferroelectric
oxides from pair distribution functions and local structure
response to electric fields

Dielectric and ferroelectric materials are used to store and convert electrical and
mechanical energy, making them essential to a broad range of applications and devices
including impact and displacement sensors, actuators, capacitors, piezoelectric
microelectromechanical systems (MEMS), vibrational energy harvesters, and ultrasound
imaging devices. In these materials, changes in the crystallographic structure under application
of externally applied electric fields (e.g., phase transitions, lattice strain) significantly influence
the properties. However, most established characterization techniques such as diffraction
cannot resolve the structures of many newly explored material compounds and systems
because the structures exhibit local-scale chemical or positional disorder that does not
influence the diffraction patterns. New characterization techniques are required in order to
fully characterize increasing structural complexity at the nanoscale in these functional
materials. One such approach, the pair distribution function (PDF) which describes atom-atom
distances from ~2 A to >50 A, has gained attention as a method to study the local structure of
such complex materials. In this talk, | first introduce several prior studies demonstrating the
ability of PDF to obtain structural information inaccessible via conventional Bragg diffraction.
We then present our own measurements on Na, Bi; s TiO; (NBT) and (1-x)BaTiO5-
XBi(Zn, <Tig 5)O5 (BT-BZT) which evidence significant local structure distortions from the average
structure. In NBT, PDF studies have revealed the effect of unique local environments of Bi3* and
Na*. In BT-BZT, a high energy density dielectric at x >0.10, a unique behavior of permittivity vs.
temperature is linked to local structure effects that are observable in the PDF. Results from a
newly developed technique of in situ electric-field PDF are then presented for several
established and emerging compositions. The local structure response of various systems is
found to be different, reflecting unique electromechanical behaviors in different systems.
Notably, we observe the reorientation of disordered Bi3* displacements in NBT during
application of electric field, a dipolar mechanism that has not been previously characterized in
situ.
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