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Report: 

 
In this experiment we performed time dependent XAS experiments on the high brightness persistent 

phosphors SrAl2O4:Eu,Dy and CaAl2O4:Eu,Nd. These experiments allow us to gain information on the 

charge trapping and storage mechanism in persistent luminescent materials, also called afterglow phosphors 

or glow-in-the-dark materials. 

The fascination of many researchers by the phenomenon of persistent luminescence has led to the 

development of different models explaining the storage and release mechanism. Most of these models involve 

a valence state change of the rare earth dopants. In previous experiments we already evaluated the application 

of XANES to study these materials (26-01-873).  

XANES spectra were collected at the LIII edge of the dopant ions, i.e. the lanthanides. Given the low dopant 

concentration and the large self-absorption of the samples, measurements were performed in fluorescence 

mode. 

During this campaign we performed pump-probe experiments, with an optical excitation source as pump and 

the x-rays as probe. In earlier experiments the x-ray beam was used as pump and probe simultaneously. In 

these experiments, changes in the valence state for Eu, but not for Dy, could be detected. The implication of 

these observations for the existing models on persistent luminescence has been investigated, and was the 

subject for a publication in Physical Review B [1].  

The novel technique, which uses an optical excitation source as pump, appeared to be successful. Moreover 

we could detect a valence state change of the dopants and the codopants, simultaneously (see Figure 1). 

 



 

In Figure 1 the main results of this campaign are depicted. The LIII XANES spectra of Eu and Dy were 

measured with and without optical excitation. The difference between the normalized XANES spectra with 

and without optical excitation clearly indicates a change of the spectra. The white line resonances of divalent 

and trivalent rare earth ions are separated by approximately 8 eV [1-2] (the resonance for the divalent ions is 

8 eV below the one of trivalent ions). By comparing the measured spectra with spectra of reference 

compounds, we can conclude that a change the change in the XANES spectra is due to a valence state change 

of the dopants and codopants. Additional measurements using higher power optical excitation and time-

dependent measurements at fixed energy are planned in a follow-up campaign to confirm these results, which 

indicate a real breakthrough in the modeling of persistent luminescent materials. 
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Figure 1: XANES spectra results of campaign 26-01-951. (a) Normalized Eu LIII XANES spectrum of 

SrAl2O4:Eu, Dy , before optical excitation (solid line) and during excitation (dotted line). (b) Difference 

spectrum of the XANES spectra depicted in (a), the intensity of the white line caused by the divalent ions 

increases, while the resonance of the trivalent Eu ions decreases upon optical excitation. (c) Idem as (b), but 

for the normalized Eu LIII XANES spectra of CaAl2O4:Eu, Nd. (d) Idem as (b), but for the normalized Dy LIII 

XANES spectra of SrAl2O4:Eu, Dy. 
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