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ABSTRACT: Novel approaches to modify the spectral output of
the sun have seen a surge in interest recently, with triplet�triplet
annihilation driven photon upconversion (TTA-UC) gaining
widespread recognition due to its ability to function under low-
intensity, noncoherent light. Herein, four diphenylanthracene
(DPA) dimers are investigated to explore how the structure of
these dimers a�ects upconversion e�ciency. Also, the mechanism
responsible for intramolecular upconversion is elucidated. In
particular, two models are compared using steady-state and time-
resolved simulations of the TTA-UC emission intensities and
kinetics. All dimers perform TTA-UC e�ciently in the presence of
the sensitizer platinum octaethylporphyrin. The meta-coupled
dimer 1,3-DPA2 performs best yielding a 21.2% upconversion
quantum yield (out of a 50% maximum), which is close to that of the reference monomer DPA (24.0%). Its superior performance
compared to the other dimers is primarily ascribed to the longer triplet lifetime of this dimer (4.7 ms), thus reinforcing the
importance of this parameter. Comparisons between simulations and experiments reveal that the double-sensitization mechanism is
part of the mechanism of intramolecular upconversion and that this additional pathway could be of great signi�cance under speci�c
conditions. The results from this study can thus act as a guide not only in terms of annihilator design but also for the design of future
solid-state systems where intramolecular exciton migration is anticipated to play a major role.

� INTRODUCTION
The ability to manipulate incoming sunlight to improve the
spectral matching for di�erent applications has seen great
progress in recent years. Shockley and Queisser famously
derived the intrinsic limit for p�n junction solar cell
e�ciencies more than 50 years ago,1 and two di�erent ways
of breaking this limit have gained extensive attention. To
mitigate thermalization losses due to excess energy in the
photons arriving at the junction, singlet �ssion (SF), a process
in which a singlet excited state may be converted into two
triplet excited states, has been proposed.2 The reverse of SF,
that is, combining two low-energy photons into one high-
energy excited state (exciton), is referred to as photon
upconversion.3,4 This could be used to manage the losses
associated with insu�cient photon energy, thus expanding the
spectral range of the solar cell.5,6 The process may operate by
several di�erent mechanisms, and triplet�triplet annihilation
upconversion (TTA-UC) is one possible mechanism (Figure
1) that may proceed utilizing low-intensity, noncoherent light.
Thus, TTA-UC is of special interest not only for photo-
voltaics7�10 but also in other solar energy conversion
applications, such as photocatalysis11�13 and photochemis-
try.14�16 Two compounds are needed in this process: a

sensitizer (S) and an annihilator (A). The sensitizer molecule
absorbs one long wavelength photon and undergoes rapid
intersystem crossing (ISC). Dexter-type triplet energy transfer
(TET)17 from the sensitizer subsequently populates the �rst
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Figure 1. Jablonski diagram depicting the energy levels and transfer
steps involved in photon upconversion by triplet�triplet annihilation
(TTA-UC). S = sensitizer; A = annihilator.
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