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Recent advances in monochromated electron microscopy have established vibrational
electron energy-loss spectroscopy (EELS) as a powerful tool for probing phonons and
molecular vibrations at the nanoscale. This talk will trace the development of vibrational
EELS from early demonstrations at Arizona State University (ASU) to subsequent advances
at the University of California, Irvine (UCI). The initial demonstration of vibrational
spectroscopy in the electron microscope revealed that vibrational EELS contains both
localized and delocalized components. The delocalized component was subsequently
exploited for damage-free spectroscopy of beam-sensitive biological materials, while the
localized component motivated efforts to improve the spatial resolution of vibrational EELS

At UCI, investigations of the fundamental mechanisms governing spatial localization
revealed the distinct roles of localized bulk phonons and long-range surface phonon
polaritons, as well as the influence of particle size and geometry. These studies led to high-
spatial-resolution vibrational EELS of individual defects, including single stacking faults,
pushing vibrational spectroscopy toward the atomic scale.

More recently, vibrational EELS has expanded beyond phonon imaging to nanoscale
phonon dynamics, electron—phonon coupling at superconducting interfaces, and atomic-
scale imaging of frequency-dependent phonon anisotropy. The progression from
delocalized vibrational excitations to localized and atomic-scale phonon measurements
illustrates how advances in instrumentation, experimental geometry, and physical
understanding have transformed vibrational EELS into a powerful approach for investigating
phonons, defects, thermal transport, and functional materials.
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