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In recent years we have studied diverse facets of gas-phase chemistry of bare and oxo-ligated cations of the actinides thorium through einsteinium.  The results have provided new thermodynamic information on elementary actinide molecules, and revealed remarkable variations in chemical reactivities across the actinide series.  The potential for beneficial contributions of computational modeling to understanding new experimental findings are illustrated by actinide oxide ionization and bond energies, reactivities of oxo-ligated actinide ions (AnO+), and activation of hydrocarbons by dipositive actinide ions (An2+).  One particularly intriguing observation is the propensity of PaO+ to dehydrogenate small alkenes.  In contrast, ThO+, UO+ and other AnO+ are comparatively inert towards these substrates.  To understand the distinctive reactivity of PaO+ it is necessary to have knowledge of the electronic structures of this molecular ion, as well as of the inert AnO+.  The role of the 5f electrons in molecular bonding is of special interest in the case of Pa.  A newly identified species that merits computational modeling is PaO22+, which formally corresponds to “protactinyl”, a moiety not found in condensed phase chemistry.  These and other examples of new experimental results that require computational modeling for effective interpretation will be discussed.
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