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The presence of water has been shown to enhance heterogeneous catalysis rates and selectivity.
Here | discuss two case studies, water-enhanced hydrogenation and aldol condensation. Beyond
what we reported previously for water-promoted C=0 hydrogenation in furfural, in this
presentation, | will highlight how the dynamics of the local water structures within the first solvation
shell may affect the hydrogenation kinetics. Specifically, we find that the activation barriers
correlate well with some collective variables that determine the local configuration and relative
positions of surface hydrogen and water. In the second example, we show that water clusters
around the acid site, which are introduced to a silica surface by grafting sulfonic acid groups, can
form bridges with a ketone molecule located close to the activated carbonyl on another site and
promote the C-C coupling. When the distance between the two acid sites is greater than a
distance corresponding to about two water molecules, the efficiency of the bond polarization of
the ketone by a remotely located acid site decreases significantly, and the presence of water no
longer promotes the reaction. Both examples provide a quantitative assessment of how solvent
molecules can offer an additional dimension for engineering catalysis at the nanoscale.
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