Triplet-Triplet Annihilation: Magnetic Field Effects in Solution
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In triplet-triplet annihilation (TTA) the molecular energy of two photons is pooled and emitted as fluores-
cence of a single photon of higher energy. TTA is a promising means of accessing solar irradiance below
the silicon bandgap and surpassing the Shockley-Queisser limit. In addition, TTA allows the output light
wavelength to be tailored to a specific application via choice of molecule and functionalisation. As TTA
is a spin-selective process it exhibits a magnetic field response, which has tradi- tionally been described
and modelled in the context of Atkins and Evans’ Theory [1].

Here, we revisit the theory, motivating the origin of key equations and evaluating the assumptions behind
them. We re-derive the theory with an alternative choice of initial and equilibrium states which better
captures the typical situation for TTA in solution. In doing so we also compute the relative contributions
of all spin channels, not just the triplet channel. These new conditions fundamentally change the evolution
of decoherence in the system, and thus the final magnetic field response equations. The ramifications of

these updates are discussed in light of recent experimental results [2].
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