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Inorganic crystals whose scintillation properties are due to so-called crossluminescence (CL) can 
provide very high time resolution of radiation detectors because of the fast (~1 ns) decay of CL. 
However the usual problem of using CL scintillation crystals is the presence of the slow emission 
component, which is due to luminescence of self-trapped excitons (STE) or/and of various types of 
defects. KYF4 is an example of CL-active materials [1]. The spectrum of its CL has maximum at 
7.8 eV, the CL excitation threshold at 20.8 eV and decay time 1.1 ns. The bulk KYF4 crystallizes in 
the hexagonal (trigonal) crystal system [2]. However, due to high surface tension the nanosized 
particles of KYF4 tend to crystallize in cubic phase [3]. The different crystal structure of KYF4 
nanocrystals can result in strong changes of luminescence properties compared to those in the bulk 
KYF4. In the present work, luminescence properties of nanosized KYF4 powders have been studied 
using for excitation UV/VUV synchrotron radiation [4]. The measurements have been performed at 
the Superlumi set-up of HASYLAB at DESY.  

The KYF4 nano-powders have been synthesized by microwave-hydrothermal method from aqueous 
solutions. A series of KYF4 nano-powders with well-crystallized, unaggregated, monodisperse 
(±15%) nanoparticles of cubic (the size in the range from ~10 to ~25 nm) or hexagonal (the size in 
the range from ~30 to ~45 nm) crystal structure has been successfully fabricated. 

It was found that in the synthesized nanopowders the CL is strongly quenched (Figs.1 and 2): for 
the largest size of particles ~40 nm the intensity of CL is ~20 times weaker than that for KYF4 
single crystal and is practically not detectable for the powders with the smallest size of particles 
corresponding to cubic phase. The spectra of CL from nanopowders with hexagonal structure look 
similar to that from the single crystal, and decay times of CL are also close to 1.1 ns but with initial 
stage of faster decay caused by quenching. For nanopowders with the smallest size of particles 
(cubic phase) the shape of decay curves is practically identical to that of synchrotron radiation 
excitation pulse that means that CL in these nanopowders is completely quenched. The decrease of 
temperature to ~8 K does not result in increase of CL intensity. 

On the other hand, the synthesized nanopowders show rather intense broadband slow luminescence 
in the UV range, which is efficiently excited in the region around the edge of intrinsic absorption of 
the crystal. The shape of emission spectrum for cubic nanocrystals is very similar to that of STE 
luminescence of single crystals with maximum at ~3.8 eV. This emission is completely quenched at 
room temperature. In contrast to that, UV emission of hexagonal nanopowders has different 
properties: the spectrum is dominated by the broad band centered at ~4.7 eV and emission has high 
enough intensity also at room temperature. The shape of excitation spectrum of this emission is 
similar to that of STE emission for single crystal with a dip at ~11.0 eV, which is usually ascribed 
to near-surface losses of excitations in the peak of excitonic absorption, although for nanopowders 
the excitation spectrum is much broader. The observed properties of this UV luminescence can be 
well explained within the model of emission from near-defect STEs. 

The reason of strong quenching of CL can be related to nonradiative energy transfer to crystal 
lattice defects available in the nanoparticles. Much stronger quenching of CL compared to STE-
type luminescence can be due to larger radius of interaction with defect centers for CL transitions 
than for STEs. Thus the performed experiments have shown that nanophosphors of KF-based CL-
active compounds cannot be considered as promising scintillation materials. 
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Figure 1: Spectra of crossluminescence from KYF4 single crystal and nanopowders with particle sizes 18 nm 
(cubic phase), 35, 38 and 43 nm (all hexagonal phase) under excitation by 25 eV photons at 300 K. Note that 

intensity of luminescence from nanopowders is multiplied by 10. 
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Figure 2: Decay curves of crossluminescence from KYF4 single crystal and nanopowders with particle sizes 
16 and 18 nm (cubic phase), 35, 38 and 43 nm (all hexagonal phase) under excitation by 25 eV photons at 

300 K. Synchrotron radiation excitation pulse is also shown. 
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