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Abstract: Multi-resonance thermally activated delayed fluorescence (MR-TADF) materials have demonstrated out-
standing performance in ultrahigh-definition organic light-emitting diode (OLED) displays. In contrast to blue and
green MR-TADF emitters, the development of the red counterpart with excellent color purity remains lag far behind ,
particularly for single-boron pure-red molecules, primarily due to the derivatization limit of MR polycyclic frame-
works and synthetic complexity. Herein, we present a synergistic strategy for a paradigm shift in single-boron pure-
red MR-TADF emitters, by incorporating electron-deficient pyrazine-triptycene and electron-donating arylamine sub-
stituents into MR parent skeleton. The robust triptycene scaffold not only provides structural rigidity, but also estab-
lishes a pronounced steric shielding effect, effectively suppressing non-radiative decay pathways and minimizing mo-
lecular structural relaxation. The pyrazine unit extends the m-conjugation length, and the arylamine groups at the pe-
riphery of MR fragment enhance the charge transfer effect, concurrently facilitating a bathochromic emission. In vir-

ture of the rational molecular design, the MR-TADF emitter exhibits pure-red narrowband emission with a photolumi-
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nescence quantum yield of 82%, full width at half maximum of 46 nm/0. 15 eV, and Commission International de 1’

Eclairage coordinates of (0.67, 0.33),

precisely aligning with the National Television Standards Committee

(NTSC) standard for the red gamut. In addition, the single-host red MR-OLED achieves a high external quantum ef-

ficiency over 20% without using any metal-containing sensitizers.

Keywords: organic light-emitting diodes; multi-resonance; thermally activated delayed fluorescence; triptycene;

pure-red
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Fig. 1 Molecular design concept of the long-wavelength single-boron-embedded MR molecules TpBN-CzDPA and TpBN-tBuCz.
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Fig.2 The optimized configurations, HOMO and LUMO energies, distributions, calculated energy gaps, and oscillator

strengths of TpBN-tBuCz and TpBN-CzDPA.
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Fig. 3 (a/b) UV/Vis absorption, normalized fluorescence (300 K) and phosphorescence (77 K) spectra of TpBN-CzDPA and

TpBN-tBuCz in toluene (1 x 10°M). (¢) Ilustration of the calculated energy distributions based on the onsets of the flu-

orescence and phosphorescence spectra. (d) Normalized photoluminescence (PL) spectra of 1 wt% emitter-doped DMIC-

TRZ thin films. (e/f) Normalized transient PL spectra of the two emitters in doped films. IRF represents the instrument

response function.
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Fig. 4 OLED characteristics for TpBN-CzDPA and TpBN-tBuCz. (a) Device configuration and the energy level diagrams. (b)

EL spectra of the devices. (¢) Luminance and current density versus voltage characteristics. (d) External Quantum Effi-

ciency versus luminance curves.
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Tab. 1  Summary of the devices data.
*j‘j{q‘ V""[A] )\EL:I:] FWHM[I:] CIE[]»: L“m\[r] PE,,,M:V] CE"IM:('] EQEIHM:K']
(V) (nm) (eV/nm) (x,y) (edm™) (ImW™) (ed A™) (%)
TpBN-tBuCz 2.7 548 0.22/55 (0.40, 0.56) 10640 38.8 34.6 9.7
TpBN-CzDPA 2.6 620 0. 20/64 (0.63,0.36) 7950 30.0 30.5 21.6

" Tyrn—on voltage at 1 cd m>; bl electroluminescence peak wavelength, full-width at half~-maximum, and CIE coordinates; l maximum lumi-

nance, maximum power efficiency, maximum current efficiency, and maximum external quantum efficiency.
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