Excitation and Emission Properties of Tb- and Ce-doped Li6Ln(BO3)3 (Ln = Gd, Y) in the UV/VUV Region
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The vacuum-ultraviolet (VUV) and ultraviolet (UV) photoluminescence excitation (PLE) and photoluminescence (PL) properties of Tb- and Ce-doped lithium rare-earth borates, Li6Gd(BO3)3  (LGBO) and Li6Y(BO3)3 (LYBO), were investigated to elucidate the luminescence processes in wide-bandgap borate hosts. Excitation and emission spectra were recorded in the VUV–UV spectral region using synchrotron radiation at the UVSOR Synchrotron Facility, Institute for Molecular Science (Japan).

Both LGBO and LYBO exhibit characteristic activator-related emissions from Tb3+ and Ce3+ ions under UV and VUV excitation, indicating effective energy transfer from the host lattice to the dopant ions. In the excitation spectra of LGBO:Tb monitored at 496 nm and 597 nm emissions, a broad excitation band was observed in the 250–300 nm region, which is due to Gd3+ transitions from ground level to excited levels. In addition, the intervalence charge transfer from Tb3+ to the conduction band was observed near 217 nm in both Tb-doped LGBO and LYBO. A distinct excitation peak at approximately 234 nm is attributed to the spin-allowed 4f–5d transitions of Tb3+ ions. Furthermore, a distinct excitation band near 180 nm was clearly observed in LGBO:Tb/Ce, while LYBO:Tb/Ce shows a markedly broad excitation band in the vicinity of 200 nm, suggesting a different host-related absorption behavior.

The emission spectra of LGBO:Ce under 177 nm excitation show a sharp emission line at 311 nm, which is assigned to the ⁶PJ → ⁸S7/2 transitions of Gd3+ host ions, indicating the participation of host-related electronic states under VUV excitation. In addition, a broad emission band extending from 350 to 460 nm was observed in Ce-doped LGBO and LYBO, which is ascribed to the allowed 5d–4f transitions of Ce3+ ions.

These results indicate that intrinsic host excitations, including excitonic and lattice-related absorption processes, as well as host-to-activator energy transfer, govern the VUV/UV luminescence behavior of rare-earth-doped lithium borates.
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