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The Born-Oppenheimer approximation of uncoupled electronic and nuclear motion is a standard tool of the 
computational chemist. However, its validity for molecule-metal surface reactions, which are important to 
heterogeneous catalysis, has been questioned because of the possibility of electron-hole pair excitations. We 
have performed calculations on benchmark reactions to shed light on this issue, such as the reactive 
scattering of H2 from Pt(111) [1] and from Cu(111) [2], and N2 + Ru(0001) [3].  
For H2 + Pt(111), computed reaction probabilities for normal and off-normal incidence were compared to 
previous experiments, and computed diffraction probabilities were compared to newly measured absolute 
diffraction probabilities [1]. The comparison for in-plane and out-of-plane scattering and for dissociative 
chemisorption in the same system shows that for H2-metal systems, reaction and diffractive scattering can 
be accurately described using the Born-Oppenheimer approximation, at least for H2 scattering from a metal 
surface in its initially vibrationless (v=0) state. 
For H2 + Cu(111), quantum dynamical and quasi-classical trajectory (QCT) calculations employing a mixed 
PW91-RPBE DFT potential energy surface (PES) are in good agreement with experiment for total sticking 
probabilities. Also, rotationally elastic scattering of (v=1,j=0) H2 from Cu(111) is well described by the 
theory, but the theory underestimates probabilities for vibrational excitation into the (v=1,j=3) state 
measured for this system. 
Finally, for N2 + Ru(0001) QCT calculations employing a RPBE DFT PES are in excellent agreement with 
experiment for total sticking probabilities. However, the theory overestimates vibrational excitation in 
scattering as well as associative desorption, possibly due to the neglect of electron-hole pair excitations 
and/or phonons. 
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