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Abstract: 
The chemical bond between a transition metal (TM) atom and a non-TM ligand (L) is ubiquitous throughout many subdivisions of chemistry.  From model organometallic chemistry to supported metal cluster chemistry and industry-related catalysis, the common thread woven throughout is the TM-L bond.  Elucidating the electronic structure of the basic TM-L unit via its response to static electric and magnetic fields is germane to a microscopic description of the vast complexity of transition metal chemistry.  The goal of the research is to show that values for electric and magnetic dipole moments that have been extracted from spectra are important not only for experimentally examining electronic structure and bonding, but for evaluating pure theoretical predictions undertaken by other research groups.  The response of molecules to fields is relevant to chemistry, since electronic structure mediates the details of electric and magnetic response.  Valence electronic structure is the foundation of all chemical bonding.  Laser ablation and molecular beam production methods were developed to prepare the ephemeral species for spectroscopic inquiry.  High-resolution laser-induced fluorescence (LIF) field-free, Stark and Zeeman detection techniques were implemented to record the response of the molecules to external electric and magnetic fields.  An effective Hamiltonian approach incorporating extensive use of angular momentum theory was utilized to analyze and predict molecular spectra, resulting in quantitative measurements of permanent dipole moments.  The results of the high-resolution experiment show that pure theoretical predictions of other research groups fail to accurately predict permanent electric and magnetic dipole moments, especially when mixing between molecular states is significant.  Despite the inadequacy of some current theoretical calculations, results of the high-resolution experiment can be interpreted to pinpoint shortcomings in theoretical approach.  A well-designed experiment is necessary to determine chemical structure and properties.  Stark and Zeeman techniques used to measure permanent electric and magnetic dipole moments elucidate periodic trends in chemical bonding and garner insight into the nature of the metal-ligand bond through investigation of the chemically relevant valence electrons.  The connection between experiment and chemical nature is most illuminated when quantitative experimental results are coupled to theoretical calculations, thus creating the symbiosis between experiment and theory desired by all scientific studies.
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