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Achieving control over the dynamics and migration of excited states is crucial for maximizing the performance of organic
light-emitting diodes (OLEDS), and triplet excited states are of particular importance as the electron-hole recombination
generates a large fraction of triplets in both small-molecule and polymer-based devices. To increase the OLED efficiency,
phosphorescent emitters are preferred, but few triplet-emitting materials possess suitable charge-transport properties. Therefore,
harvesting nonradiative triplets from semiconductor host materials by phosphorescent emitters (dopants) is the most frequently
used approach. Here, the precise alignment of the triplet energy levels in both the host and dopant is essential for effective triplet
energy transfer. Irregular distribution of the dopant within the host complicates achieving control over the effective rate of
energy transfer in the doped materials. To utilize all excited states generated by the electron/hole recombination, materials
capable of self-assembling to form alternating host-guest domains are of practical advantage. We designed host-guest materials
with suitably aligned singlet and triplet energy levels, which exhibit enhanced OLED output by exploiting intramolecular energy
transfer via the molecular photonic wire behavior. In experimental bilayer OLEDs fabricated using the photonic-wire materials
with the best triplet level alignment, an order of a magnitude increase in efficacy was obtained due to facile triplet energy
transfer. In summary, we present the preparation of self-organized electroluminescent triads, a detailed study of the singlet and
triplet exciton dynamics, and the relationship between their exciton dynamics and OLED performance.
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