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Research Synopsis:

1 Multifrequency scanning probe microscopy techniques.
Development of multifrequency SPM techniques based on band excitation for quantitative imaging of
electrical, thermo-mechanical, magnetic, mechanical, and electromechanical phenomena and probing of
associated energy dissipation pathways.

2 lonic transport and electrochemical phenomena in oxygen ion conductors.
Electrochemical strain microscopy is used to probe oxygen reduction/evolution reaction in solid ionic
conductors and mixed ionic-electronic conductors with dual goal of understanding gas-solid
electrochemical reactions on single defect level and determining the role of local oxygen stoichiometry
on physical properties.

3  Electrochemical phenomena in Li-ion materials.
Electrochemical strain microscopy is used to probe reversible and irreversible electrochemical
phenomena in Li-air battery materials.



4 Multi-dimensional data analysis.
Large, multi-dimensional data sets captured during spectral imaging measurements require the
development of novel analysis techniques capable of rapidly extracting the complex material properties.

5 Polarization dynamics in ferroelectrics and multiferroics.
Piezoresponse force microscopy and spectroscopy are used to probe bias-induced phase transitions in
ferroelectric and multiferroic materials on a single defect level, and decipher corresponding mesoscopic
mechanisms.
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