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Computational Design of Thermally Activated Delayed Fluorescence Materials
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In any complex molecular system, electronic excited states of different spin
multiplicities are connected by a simple relation if they are in thermal equilibrium. However, this
situation is generally impossible in highly fluorescent molecules having finite excited-state
lifetimes. In this study, we identified a purely organic molecule that exhibits efficient
fluorescence from equilibrated singlet and triplet excited states. The key to such unique excited
states is fast reversible intersystem crossing with rate constants of over 10 8 s-1, which are much
higher than that of radiative decay. The metal-free emitter exhibits a short excited-state lifetime
of 746 ns and offers sky-blue organic light-emitting diodes with an internal quantum efficiency
approaching 100% even at a practical high luminance of 10,000 cd m-2, outperforming its
iridium-based phosphorescent counterpart.
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Fig. 2 (a) Molecular structures of the emitters used. (b) UV—vis absorption spectra of TMCzTXT and
TMCzXT in toluene solutions and PL spectra of TMCzTXT and TMCzXT in mCBP host matrixes. (c)
Transient PL decay profiles on the microsecond time scale at varying temperatures, (d) temperature
dependence of the rate constants of delayed fluorescence (kor), (e) transient PL decay profiles on the
nanosecond time scale, and (f) fluorescence and phosphorescence spectra at 100 K, for TMCzTXT in a
mCBP host matrix under a N2 atmosphere. The solid line in (d) is the fit to the thermal equilibrium
model. The black line in (e) is the fit to the biexponential PL decay model.
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Fig. 3 (a) EL spectra of the OLEDs. The inset of (a) shows a photograph of the device using TMCzTXT.
(b) Current density—voltage—luminance characteristics and (¢) external EL quantum efficiency
characteristics of the devices. The inset of (c) shows the viewing-angle dependence of the EL intensities
exhibiting Lambertian distributions.
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