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The chemical kinetics of transient free radicals, such as HOCO and Criegee intermediates, play important roles in com-
bustion and atmospheric processes. Establishing accurate kinetics models for these complex systems require knowledge of
the reaction rates and lifetimes of all molecules along a particular reaction pathway. However, standard spectroscopic tech-
niques lack a combination of sensitivity, frequency resolution, and adequate temporal resolution to survey these reactions
on the µs timescale. To answer this challenge, we have developed time-resolved frequency comb spectroscopy (TRFCS).
This novel technique allows for the detection of transient intermediates with high time-resolution and sensitivity while also
permitting the direct determination of rotational state distributions of all relevant molecules. We demonstrate this technique
in the mid-infrared spectral region, at 3.7 µm, by studying the photolysis of deuterated acrylic acid. We simultaneously
observe the time-dependent concentrations of photoproducts trans-DOCO, HOD, and D2O, identified through their unique
rovibrational structure, with 5×1010 molecules cm−3 sensitivity, and with a time resolution of 25 µs. We aim to apply this
technique to detect directly the formation of the DOCO intermediate in the OD + CO chemical reaction at atmospherically
relevant pressures, in order to validate statistical rate models of this reaction.
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