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Abstract

The studies described in this work take advantage of a unique infrared light source that allowed the exploration of previously uninvestigated vibrational modes and excitation densities, plus other laser systems that allowed us to compare the importance of pulse duration and electronic excitation in the ultraviolet.  Results from several experiments were compared to current models of ion formation, allowing us to observe their applicability to our systems.  One experiment assembled the most extensive range of excitation conditions to date to challenge the contribution of primary excitation events to the final ion yield.  Despite the vastly different charged species and densities necessarily created, the results showed qualitatively similar spectra in all cases.  We therefore concluded that the similarity of mass spectra alone offers a poor or incomplete picture from which to determine the operative mechanisms for ion formation, and that the observed ions are likely formed in the expanding plume.  A second set of experiments utilized vibrational excitation of an intrinsic mode of a sample, eliminating the need for addition of an exogenous matrix.  From a practical point of view, this represents a promising new approach to the analysis of complex mixtures.  From a mechanistic point of view, the optical and thermal properties of the material, which control the degree of vibrational or electronic excitation upon irradiation, were found to determine the ablation pathways, which subsequently determines the ion formation process.  This degree of excitation density, which determines whether ion formation occurs under conditions of thermodynamic equilibrium or kinetic control, may or may not determine the efficiency of ion production, depending on the particular vibrational mode under consideration.
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