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Abstract of Thesis

Surface investigations mainly involve structure (ionic positions) and reactivity (electron interaction). The
position of nuclei dictates the distribution of electrons and in the same way, charge distribution influences
atomic position. This interplay of elementary particles, seeking the lowest energy configuration, governs
every geometry and every reaction present in the material world. In most surface analysis techniques, it is
imperative to have pristine surfaces having minimal contaminations that may affect experimental results. Hence,
the use of annealing or other chemical polishing techniques involved in preparing surface samples has always
been a must. Commonly undesired surface contaminants are H, C and O containing adsorbed species. In this study,
we demonstrate the use of such contaminants (H and CO) as probes for surface structure and reactivity

Specifically, for Hon Cu surfaces, we show that H is sensitive to local coordination. The vibrational frequency
of hydrogen significantly changes with varying site coordination. Thus, it captures the local geometry of
the surface. This leads to facet recognition through H vibration. We suggest that this sensitivity of hydrogen
to site geometry is affected by its charge state upon adsorption and its interaction within the potential
well induced by surrounding surface atoms. Aside from site coordination, the effect of small structural
perturbations on the vibrational frequency of adsorbed H on Cu(410) also manifests. Here, we show that the
coordinate shift of surface atoms, with respect to a reference structure, corresponds to the change in the
vibrational frequency trend of adsorbed H. Therefore, with DFT optimized structure as a reference, we can
obtain the information about deformations on the surface. In the case of CO on Cu(410), we show site dependent
reactivity with Cu(410) through CO vibrational frequency. We probe surface reactivity of Cu(410) and show
a redshift on CO stretching from 2130 cm™' in the gas phase to 1782 cm! at the long bridge site of the surface

Hence, we suggest the reactivity of the long bridge site in reactions involving bond weakening. To demonstrate
this, we investigate the interaction energy of H on CO at different adsorption sites of Cu(410) and show an
energetically favorable interaction when CO is at the long bridge site of the surface. Similarly, this
reactivity of the long bridge site plays a role in the dissociative adsorption of 0, on Cu(110). With these,

we propose adsorbate mediated surface analysis, and demonstrate the use of adsorbed H and CO in surface probing.
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