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Abstract

The microscopy and spectroscopy based on electron scattering provides powerful tools to
probe the atomic structure, electronic structure and phononic structures of interfaces in
functional materials. In this talk, | show a few material systems studied by the vibrational
electron energy loss spectroscopy (EELS), quantitative imaging, and atomic scale in situ tracking
in transmission electron microscopes (TEM). We develop the 4D EELS to measure the local
vibrational properties (phonon dispersion) for interfaces and nanostructures. Benefiting from
the high spatial resolution, continuous excitation and detection, and large momentum transfer
of EELS, we probe the surface phonon polaritons that are inaccessible to the nano-optics. Using
guantitative imaging, we measure the lattice distortion of the surface, heterointerface, domain
wall, and topological polar vortex with picometer precision, to reveal the screen mechanism.
We also probe the domain dynamics and phase transition behaviors between polar topologies
and trivial ferroelectrics by applying bias and stress inside the TEM.
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