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In this contribution, I will talk about the characterization of vibrational states of small molecules adsorbed

on metallic surfaces. I will first address the problem of determining dynamics-friendly potential energy

surfaces using approaches such as the corrugation reduction procedure and global analytical force fields [1-

3]. I will then discuss how we can compute the vibrational bound states of the adsorbates using iterative

eigensolvers based on the Lanczos algorithm [4-6]. A particular emphasis will be put on the choice of the

basis representation, as well as the use of symmetry projectors, spectral transformations, and polynomial

acceleration techniques. If time permits, I will present how we can compute intermode relaxation between

these high-dimensional vibrational states using a perturbative treatment of non-adiabatic coupling to the

electrons of the metal substrate [7-9].
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