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“Wavelength-Resolved Photochemical Reactivity”

When selecting a light source for a photochemical process, we often assume that
photon absorption probability at a given wavelength predicts reaction efficiency under
different colors of light. Over the past decade, this assumption has been challenged, as
mismatches between absorption spectra and wavelength-resolved reactivity appear
across many systems. Here, we examine the mechanisms behind this mismatch in
photocycloadditions and photopolymerizations and explore wavelength's role in light-
driven 3D printing. For small-molecule cycloadditions, we show how a chromophore's
microenvironment can shift energy levels, lowering the excitation energy needed and
enabling reaction at the red edge of the absorption spectrum. For photopolymerization,
we show that primary radical lifetime varies with excitation wavelength, modelling this
as wavelength-dependent termination rates. The resulting predictions match
experimental data well. We also discuss other sources of this dependence and ways to
separate photokinetic from photophysical effects.
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