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The intermediate steps of catalytic mechanisms are challenging to iden-
tify experimentally, but are critical to understanding the speed, stabil-
ity, and selectivity of product evolution. In the laboratory, we employ
photo-triggered vibrational and electronic spectroscopy to time-resolve
the catalytic cycle at a surface, identifying meta-stable intermediates
and critical transition states which connect one to another. The focus
is on the highly selective oxygen evolution reaction (OER) at the semi-
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conductor (SrTiO3)-aqueous interface, triggered by an ultrafast light
pulse in an electrochemical cell. A short summary of past work will be
given, which resolved the structure and picosecond formation kinet-
ics of the first meta-stable electron-transfer intermediates (Ti-OH*)
of OER. The main topic will concern the recent results that connect
the time-resolved kinetics to a thermodynamic free energy difference,
(Delta G (OH*)), often used to differentiate the activity of materi-
als. In particular, a Langmuir isotherm as a function of electrolyte pH
extracts an effective equilibrium constant for this reaction step using
a principal component analysis of the optical spectra. In so doing,
reaction conditions that shift equilibria of separable catalytic steps be-
come an important, independent axis to the time & energy axes of the
spectroscopy.



