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In this study, a novel solid-solution crystal was developed using a metal cluster as a sensitizer
to achieve the solidification of triplet-triplet annihilation (TTA)-based photon upconversion
(UC). Specifically, Au2Cus(S-Adm)s[P(DPA)3]2 (S-Adm: 1-adamantanethiolate, AuxCusDPA)
clusters, protected by ligands designed to interact strongly with the emitter 9,10-
diphenylanthracene (DPA), were synthesized. These clusters were successfully and uniformly
dispersed into a DPA crystal matrix via the vapor diffusion method. The resulting crystals
exhibited a high UC quantum yield of approximately 14% under both 532 nm and 640 nm
excitation in ambient air. Furthermore, the material demonstrated exceptional photostability,
maintaining its performance for over 100 hours of continuous laser irradiation in air. Analysis
revealed that the high structural order of the crystal matrix enables a long triplet exciton
diffusion length of approximately 0.6 um. These results demonstrate the utility and potential of
this solid-solution approach for developing high-performance, air-stable metal cluster-based
UC solid-state materials.
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Fig. 1 Schematic illustration of the synthesis of
Au;CugDPA and the crystallization of AuzCugDPA-
doped DPA crystals.
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Fig. 2 Optical microscope images and
EDX elemental mapping of the
Au;CugDPA/DPA crystal.
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Fig. 3 Excitation-intensity dependence
of the upconversion emission spectra of
AuCugDPA /DPA crystals measured in
air (a) under monochromatic laser
excitation at 532 and 640 nm, and (b)
under polychromatic  pseudo-solar
illumination containing wavelengths
longer than 532 nm. The inset shows a
photograph of the crystal under
irradiation.
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