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Research Summary

Photoelectron Imaging of Atomic, Molecular and Cluster Anions

Our research focuses on experimental probes of the electronic structure of atomic, molecular and
cluster anions, as well as the corresponding neutral species. Our experiments offer an in-depth
look at molecular bonding motifs and reactivity, made possible by photoelectron imaging
spectroscopy.
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Principal research directions:

Photoelectron imaging spectroscopy of negative ions

Characterization of exotic anions and neutral reactive intermediates
Time-resolved photoelectron imaging

Cluster chemistry and interactions of electrons with solvent molecules

Our objective is to attain a molecular-level view of the fundamental driving force of chemistry: the
electronic structure transformations in reactions and intermolecular interactions. As chemical
bonding is controlled by electrons, it is their behavior that determines the molecular potential
energy landscapes and ultimately controls the outcomes of reactions.
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We especially emphasize the coherence of delocalized wavefunctions and corresponding charge
distributions. Coherence is a cornerstone of charge transport phenomena, as it controls
unabated charge flow across a molecule or a device. We target coherence at the molecular level,
by observing and characterizing a variety of interference effects in negative-ion photodetachment.
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Negative ions are important in many natural and technological processes and their properties are
vital to understanding chemistry of solutions, as well as bio- and environmental chemistry. Many
of the anions targeted in our research are selected not only for their fundamental properties, but
also the potential roles they play in chemistry of interstellar medium and other extraterrestrial
environments. We are particularly interested in mechanisms of molecular-level interactions
controlling the outcomes of chemical reactions, including those generally described as solvent-



enabled and solvent-controlled chemistry.

Photoelectron imaging has become a new standard of anion photoelectron spectroscopy. From its
inception, our group has been at the forefront of this rapidly growing field. In particular, we focus
considerable effort on developing the utility of photoelectron imaging in obtaining and
understanding experimental "signatures" of electron orbitals. Our work capitalizes on the
advantage of photoelectron imaging over traditional energy-domain photoelectron spectroscopy
in regards to the insight it provides into the properties of electronic wavefunctions.
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Our experimental efforts serve as a catalyst for the developments in theory of angular
distributions in anion photodetachment. Yet, we recognize that photoelectron imaging alone
cannot solve all structural and dynamical problems, especially in cases of competing
photodissociation, photodetachment and autodetachment pathways. Hence, the experimental
techniques employed by our group target both electron emission and anion fragmentation,
yielding a more complete picture of negative-ion chemistry.
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