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Abstract:

Energetic molecules play a key role in many chemical processes.  Our experiments probe the reactivity of energetic methane molecules impinging on a nickel surface and reveal detailed insight into the dynamics of dissociative chemisorption. 

The selective rovibrational excitation of molecules in a supersonic molecular beam via direct infrared excitation prepares an ensemble of reactive molecules with well-defined internal and translational energies. We study the dissociative chemisorption probability of these state-selected molecules on clean, single crystal nickel surfaces as a function of their translational energy and rovibrational quantum state. Control of rotational, vibrational and translational energy allows insight into the reaction channels available to the molecule in a gas-surface interaction. The selectivity afforded by laser excitation offers an opportunity to control the outcome of a chemical reaction at the gas surface interface. 

Some current theories of CH4 dissociation on Ni surfaces assume rapid randomization of all energy in the incident molecule. In this case, the reactivity would scale with total energy of the incident CH4 molecule. Recent results from our lab and others show that the probability of CH4 dissociation on nickel surfaces is strongly dependent on the initial vibrational state of the incident molecule. In fact, the reaction is more effectively promoted with excitation of the antisymmetric stretch (ν3, v=1) in CH4 than translational energy. Additionally, we have shown that ν3 is even more effective at promoting this reaction than a bending vibrational mode (ν4, v=3) that has 30% more energy. These results are clear evidence of mode-specific chemistry; that is, the reactivity is not simply a function of total energy. 

The reaction under study is of particular importance in the steam reforming of methane. The rate-limiting step of this crucial industrial reaction is the dissociation of methane molecules on a supported nickel catalyst. Steam reforming generates syngas, which can be used to produce clean fuels, including methanol and hydrogen. Even minor improvements in the efficiency of this reaction on an industrial scale would yield a tremendous positive environmental impact.
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