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Transparent oxyfluoride glass ceramics can be a promising host for active lanthanide ions, because they have advantages of both silicate glass and fluoride crystals.  Materials containing PbF2 and CaF2 nano-crystals have been developed so far, which show excellent solid-solubility for heavy rare-earth ions such as Er3+ and Tm3+ with smaller ionic size, but not for light rare-earth ions.  The Pr3+ is the second largest ion in the lanthanide series, known as an active center for the 1.3 m optical amplifier.  It works only in the low-phonon-energy hosts because of the small energy gap of the initial 1G4 level to the next lower level.  
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In this study, transparent glass ceramics containing SrF2–based fluorite nanocrystals were successfully developed, which have better solid-solubility for larger lanthanide ions than those containing CaF2.  Pr3+ -Yb3+ codoped glass samples containing 32mol% (Ca, Sr)F2 were prepared by melting method and cubic-fluorite nano-crystals were precipitated as a single-phase by ceramization at 600~690 oC.  The lattice constant of the precipitated fluorite nano-crystals indicates the incorporation of lanthanide ions to form M1-zLnzF2+z solid solution (M=Ca, Sr: Ln=Yb, Pr) and it increased monotonically with increasing Sr content.  By 970nm laser excitation, the near-infrared fluorescence characteristics of all the samples were investigated.  While only the Yb3+: 1.0 m emission was observed in all the as-made glasses, the Pr3+: 1.3 m emission was observed after ceramization and the intensity became stronger with increasing Sr content and ceramming temperature, i.e., crystallite size.  By investigating the branching ratio of visible fluorescence bands from the Pr3+: 3P0 level, the ratio of the Judd-Ofelt parameters,  of Pr3+ ion was found to decrease during ceramization, which indicates the increase of site symmetry and/or decrease of bond covalency of Pr3+ and ligands.  This tendency was more pronounced in the samples with higher Sr content.  These results indicate that the Pr3+ ions became incorporated into the fluorite nano-crystals with phonon energy lower than the silicate matrix and their solid solubility increases with increasing Sr content in the glass ceramics.
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Fig.2. Fluorescence spectra of Pr3+ in glass
Fig.1. Sensitisation mechanism of Pr3+: 1.3m
 ceramic samples with different Sr content, x 
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