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The free energy of the various adsorbates relative to the gas phase molecular N2 and H2 was obtained from the expression

where , the zero-point vibrational energy was calculated for the corresponding molecular cluster models via the B3LYP/aug-cc-pVDZ method in order to accurate obtain the oscillator frequencies of the various adsorbed intermediates, given by

whereas the vibrational entropy was calculated from the statistical mechanical expression

where R is the gas constant, h Planck's constant,  Boltzmann's constant, T the absolute temperature and  the ith vibrational frequency given. Rotational and translational entropies were assumed to be negligible compared to the vibrational entropy for all surface intermediates, except for the reactansts (i.e. N2 and H2) and products (i.e. NH3) molecules that are in the gas phase.
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