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ABSTRACT

Lanthanide-doped luminescent nanoparticles are important candidates for low-toxicity imaging
agents and nano-thermometers for biomedical applications [1]. Lanthanide ions doped into bulk
CaF; and SrF; crystals are known to form a variety of sites, and to form clusters at concentrations
as low as 0.01 mol%, becoming the dominant centres by 0.1 mol% [2, 3]. This clustering gives
enhanced energy transfer, promising significant improvements in applications requiring up-
conversion or down-conversion via energy transfer.

Most work on lanthanide-doped CaF, and SrF, nanoparticles has made use of low-
resolution spectroscopy at high temperatures [4,5], and was therefore unable to clearly
discriminate between the different sites.

In this work we present high resolution laser spectroscopy of fluoride nano-particles doped
with Eu®', Yb3*, and Er®* at cryogenic temperatures (10 K), including site-selective excitation,
emission, lifetime, and upconversion measurements. These techniques allow us to relate the site
distribution to those observed in bulk crystals and to better understand the optimal excitation for
upconversion [6].
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