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Abstract: This study successfully prepared efficient photocatalytic nanocluster materials by combining rare earth-doped
upconversion nanoparticles (NaREF4) with metal oxides (TiO2, ZnO). By employing a high-concentration Yb** doping
strategy through shell layer epitaxy, the emission of ultraviolet light was enhanced. Furthermore, a core-shell structure was
constructed , utilizing the physical isolation effect of the inert shell layer to effectively suppress the fluorescence quenching
phenomenon caused by surface defects in the luminescent centers. Using a water-in-oil microemulsion self-assembly tech-
nique, NaREF4/MO nanoclusters with a hierarchical structure were fabricated. This composite system successfully
achieved sensitized excitation of wide bandgap semiconductor oxides in the near-infrared region through an interfacial ener-
gy transfer mechanism. Under the irradiation of a xenon lamp, the photocatalytic performance of the nanoclusters was veri-
fied by the degradation of methylene blue dye. Experimental results demonstrated that the NaREF 4/MO nanocluster struc-
ture exhibited excellent catalytic performance, with precise control over the catalytic effect achieved by adjusting the ratio
of NaREF4 to MO (1:2), resulting in a degradation rate of 100% after 20 min of irradiation. This performance was 40%

higher than that of pure ZnO nanoparticles under the same conditions for the degradation of methylene blue solution.
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Fig.1 Schematic diagram of the synthesis and energy transfer within sodium rare earth fluoride-metal oxide nanoclusters
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Fig.3 Characterization of crystal structure and morphology of metal oxides and cluster samples: XRD pattern of ZnO (a) and

TEM image(b), low-magnification TEM image(c) and high-magnification TEM image(d) of NaREF4/ZnO clusters. XRD
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Fig.5 (a)Normalized comparison of the fluorescence spectra of NaREF4 and NaREF 4-Ti0>. (b) Normalized comparison of the

fluorescence spectra of NaREF4 and NaREF4-ZnO. (c¢) Comparison of the fluorescence lifetime between the nanoclusters

and NaREF,
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Fig.6 (a)Pholocatalytlc performance test results of MB, TiO,, ZnO, NaREF,, NaREF,-ZnO, and NaREF4-TiO2 under 20 min

of dark adsorption and 60 min of catalytic reaction (xenon lamp power: 0.3 W/cm®). (b) Photocatalytic performance test

results of MB with different NaREF4/ZnO ratios under 20 min of dark adsorption and 60 min of catalytic reaction (xenon

lamp power: 0.3 W/em®). (¢)Cyclic catalytic degradation of the nanoclusters
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