Surface specific desorption spectroscopy
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Photo-induced surface reactions are important in many fundamental and technological processes, such as desorption, ablation, surface photochemistry, and materials modification [1]. Some of these processes require sufficient energy to be localized at the surface or near surface region to induce reaction. Therefore, the efficiency of these reactions can be greatly enhanced by techniques that specifically excite the surface. In alkali halides and other materials, the lowest photon energy necessary for efficient excitation corresponds to the transitions of surface excitons. Surface excitons also provide one of the most effective means of localizing energy at a surface. Once formed, the surface exciton can induce particle desorption, or dissipate through other mechanisms. Recently, it has been proposed that hyperthermal halogen-atom emission from alkali halide surfaces is a signature of formation and decomposition of surface excitons [2-5]. Several properties of surface excitons have been investigated by room temperature halogen-atom desorption experiments on KBr [3-5] using photon excitation energies below the bulk exciton maximum.  However, no surface excitons have so far been detected on these surfaces by other techniques. Using the predictions based on embedded quantum cluster techniques [2,3], combined with photo-desorption measurements, we provide unique spectroscopic evidence of the existence of surface excitons in single crystal KI. Using continuously tunable laser excitation of KI we measure the velocity profiles and the yield of desorbing hyperthermal iodine atoms as a function of photon energy. Based on our theoretical desorption model we demonstrate that these spectra display the signature of a surface exciton and constitute a new sensitive method of surface specific desorption spectroscopy. Our results demonstrate that creation of surface excitons can be a much more general phenomenon than was previously thought based on extant spectroscopic measurements.
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