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Abstract 

To present day, molecule/surface interaction studies have been mainly focus on molecules on its rovibrational ground state (v=0,J=0), impinging the surfaces at thermal energies1,2. State-of-the-art theory allow us to perform these studies using quantum mechanics for the motion of the molecule in all its six degrees of freedom, while making the so-called Born-Oppenheimer and static surface approximation. The precision achieved depends critically on the accuracy of the potential energy surface (PES). The lack of accuracy inherent in present-day density functional theory (DFT)3, the method of choice for computing PESs for molecule-surface interactions, stands in the way of a quantitative description of heterogeneous catalyzed reactions.

Aiming to overcome shortcomings associated to standard DFT we have developed and implementation of the so-called specific reaction parameter (SRP) approach to DFT4 that allows a quantitative description of the molecule-surface interactions (see below).  We show that our SRP-PES allows a chemically accurate description of the reaction of H2 and D2 on Cu(111) in molecule beam experiments, of the influence of the initial rotational and vibrational state of H2 on reaction on that surface, and of rotational excitation of H2 scattering from Cu(111). In the case of reaction probabilities, we have obtained excellent agreement with two rather different sets of experimental data for pure H2 beams. The calculations present the solution to a previously unsolved puzzle: at similar incidence energy, two sets of reaction probabilities differed by and order the magnitude. Analysis of the beams used in both experiments shows that the two sets of reaction probabilities are consistent: The reaction probabilities on one of the set were larger because used beams with wider velocity distributions.

We also present a new approach to study reaction saturation values5. Motivated by diffraction of fast atoms at grazing incidence recently proposed as a promising new tool to determine surface parameters with unprecedented accuracy, we have shown that fast light molecular projectiles can be used to determine sticking probabilities at thermal energies and beyond, from the threshold up to the saturation limit.

Eventually the development of new experimental techniques based on pulsed narrow bandwidth laser Raman, which allow the production of vibrationally excited molecular beams to study reactive scattering on metal surfaces, have spurred us to study the interactions of vibrationally excited molecules with surfaces6. From this study we predict a general nonmonotonic behavior of dissociative adsorption of vibrationally excited H2(v,J=0) molecules as a function of incidence energy whenever this process becomes non activated. 
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