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Elucidation of Emission Mechanism of Lanthanide Complexes under Operating
Environment for Application for Organic Light-Emitting Diodes
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Trivalent europium (Eu(l11)) complexes are promising emitters for organic light-emitting diodes (OLEDSs) due to
their sharp red emission and high photoluminescence quantum yield (PLQY) under photoexcitation. However, their
external quantum efficiency (EQE) in OLEDs remains low (~7%) compared to the theoretical potential (>10%), and the
fundamental cause remains unclear. In this study, we fabricated and evaluated Eu(lI1)-based OLEDs to investigate the
emission dynamics under electroluminescence. Devices were prepared using spin-coated emission layers doped with 10
wt% Eu(l11) complexes in host matrices, achieving PLQY of ~80%. Initial OLEDs showed strong Eu(l11) emission but
very low EQE (<0.1%) due to recombination at undesired interfaces. To address this, we tuned the layer thicknesses to
confine charge recombination within the emission layer. Increasing the emission layer thickness reduced unwanted
emission from adjacent layers and improved Eu(lll)-selective emission. However, EQE remained low, suggesting
incomplete charge recombination within the desired layer. Comparison with neat Eu(lll) films revealed that host
molecules play a crucial role in charge transport and recombination control. These findings indicate that optimizing the
spatial charge distribution and interface engineering is essential for achieving high-efficiency Eu(l11)-based OLEDs.
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Fig. 1 Electroluminescence of OLEDs with 65 nm
electron transport layer. (a) EulOwt% emission layer
(EML) with 60 nm (gray line) and 20 nm (black line). (b)
Eu neat EML with 60 nm (gray line) and 20 nm (black
line).
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Fig. 2 Electroluminescence of OLEDs with 45 nm
electron transport layer. (a) EulOwt% emission layer
(EML) with 60 nm (gray line) and 20 nm (black line). (b)
Eu neat EML with 60 nm (gray line) and 20 nm (black
line).
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