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Degradation mechanism of TADF OLED and advanced materials
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OLEDs using TADF molecules are a breakthrough technology that can convert
electric current to light with almost 100% efficiency using relatively simple aromatic compounds.
Under current excitation, TADF molecules can up-convert a triplet excited state to a singlet excited

state with 100% quantum efficiency. However, since it passes through the triplet state, it has a
relatively short device lifetime, and it has been expected that the durability is improved by the
short triplet excitation lifetime. In this study, we succeeded in creating an epoch-making TADF
molecule with triplet excitation lifetime of 750ns by using precise stereo-control of donor and
acceptor units and through-space interaction.
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Figure 1] Molecular structures and energy levels HOMO and LUMO of TMCz-BO and TMCz-
3P characterized by DFT calculations at the PBEQ/6-31G(d) level of theory and TSDDsin T; state.
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Figure 2 | Schematic illugtration of plausble TADF mechanisms. (a) Decay and upconversion
processesin TMCz-BO and (b) TMCz-3P. The energy levels and rate constants were estimated using
30 wt% doped films.

Table 1| Photophysical characterigtics of TMCz-BO and TMCz-3P.

Aavs [N Jpc [ Pal%l” g9/ HOMO LUMO  Es/E AEst
Compound 9 V19 V1) V]9 ik V1)
<ol? <0l / filmP <0l?/ filmP 7q [us] [ev] [ev] [ev] [meV] [meV]
TMCz-BO 282,377 446 | 467 81/98 38/0.75 —5.93 —2.77 2.95/293 20.0 134
TMCz-3P 298,386 455/ 477 56/76 29/145 —5.97 —2.89 2.88/274 134 39.8

Measured in oxygen-free toluene at room temperature (298 K); 930 wt% doped thin film in ahost matrix (host = PPF);
9Absolute PLQY evaluated using an integrating sphere under a nitrogen atmosphere; 9PL lifetimes of prompt (zp) and
delayed (z4) decay components for 30 wt% doped film at 298 K; ®Determined by photoel ectron yield spectroscopy in
pure neat films; "Deduced from the HOMO and optical energy gap (Eg); 9Singlet (Es) and triplet (Er) energies
estimated from onsets of the emission spectraat 298 K and 77 K in 30 wt% doped films, respectively; "AEst = Es—Er;
MActivation energies of RISC in 30 wt% doped films.
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Figure 3| OLED characterigtics. () Normalized EL spectra, (b) current density—voltage-luminance
(J-V-L) characteristics, and (c) external EL quantum efficiency (nex) versus luminance plots of
TMCz-BO- and TMCz-3P-based OLEDs.
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