
Abstract

Heterogeneity in the mass, charge, and spin distributions is fundamental to all matter and

gives rise to its distinct static and dynamic properties. Ultimately it is important to resolve

this heterogeneity by measuring excitations at atomic dimensions. This spatial resolution

can be achieved with inelastic electron tunneling spectroscopy (IETS) and microscopy with

a low temperature scanning tunneling microscope (STM). Furthermore, by coupling the

STM to a femtosecond laser, it has become possible to probe matter at the space-time

limit. This talk illustrates by three examples the experiments in space and time to reveal

the nature of the chemical bond responsible for molecular structures and intermolecular

interactions, spin exchange interaction and spin-vibration coupling in single magnetic

molecules, and single-molecule coherent vibration driven structural transformation. The

fundamental interactions that could be obtained from probing molecules in space and time

should be generally applicable to the understanding of interactions in other condensed

matter systems.
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