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Using anion photoelectron spectroscopy and density functional theory, graduate students Melissa Baudhuin and Alex Schnepper in our research group are studying the periodic trends in the bonding of the Group 5 second transition series metal atom, niobium, with the Group 6 metals.  The NbCr, NbMo, and NbW diatomics and their anions are unusual in exhibiting extremely high-order multiple bonding - up to a formal bond order of 6!  The bonding properties of these ligand-free bimetallic dimers often defy our usual expectations regarding correlations of bond orders with vibrational frequencies, vibrational force constants, bond lengths and dissociation energies.  We are also studying the reactivities of Nb with ethylene and butadiene in a flow tube reactor.  Photoelectron spectra, combined with DFT calculations, can reveal the isomeric structures of the organometallic reaction product anions.  These results provide evidence for a range of intriguing reactions mediated by a single niobium atom in the gas phase, including dehydrogenation, carbon-carbon bond formation, and cyclotrimerization.  
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