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Efficient persistent luminescence – emission after the removal of the irradiation source – has been observed 
from many Eu2+ doped alkaline earth silicates and aluminates (e.g. Sr2MgSi2O7 and SrAl2O4) without R3+ (R: 
rare earth) co-doping [1,2]. In some cases, as Sr3SiO5:Eu2+, persistent luminescence is not observed without 
the introduction of the R3+ co-dopant [3]. The electronic structure of such hosts including the band gap 
energy and the rare earth energy levels need to be explored to solve the details of the mechanism of the 
persistent luminescence from these materials. 

In this work, the excitation spectra of Sr3SiO5:Eu2+ were measured with synchrotron radiation (SR) using the 
beamline I (SUPERLUMI) at HASYLAB (DESY, Hamburg, Germany). The spectra were measured using a 
2 m McPherson type primary monochromator (3.7-40 eV) and the emission was detected with a Hamamatsu 
R6358P photomultiplier. The spectra were corrected for the sensitivity of the experimental setup. 
Conventional photoluminescence measurements on the R3+ co-doped materials were also carried out. 

The excitation from the top of the valence (VB) to the bottom of the conduction band (CB) was observed at 
202 nm (6.14 eV) in the VUV-UV SR excitation spectrum of Sr3SiO5:Eu2+ at 10 K (Fig. 1). This corresponds 
approximately to the band gap energy (Eg). This energy decreases from 6.14 to 5.96 eV when the 
temperature is increased from 10 to 300 K, respectively. The broad bands between 220 (5.6) and 330 nm 
(3.9 eV) were assigned to the 4f7(8S7/2)→4f65d1(2D) transitions of the Eu2+ ion. The excitation to the 4f65d1 
ground level is probably above 330 nm, the experimental limit of the setup. The charge transfer energy of 
3.2 eV observed in the excitation spectrum of Eu3+, is used to position the Eu2+ 4f7(8S7/2) ground level above 
the valence band in the band structure of Sr3SiO5. 

 

 

 

 

 

 

 

 

Figure 1: The synchrotron radiation VUV-UV excitation spectra of Sr3SiO5:Eu2+ at 10 and 300 K. 

The Sr3SiO5:Eu2+,R3+ (R: Y, La-Nd, Sm, Gd-Lu) materials show yellow emission at 577 nm (λexc: 320 nm) 
due to the 4f65d1(2D)→4f7(8S7/2) transition of Eu2+. A weaker band is also observed at ca. 480 nm. The 
relative intensity of the weaker band increases with increasing dopant and co-dopant concentration, while 
the intensity of the 577 nm emission decreases with co-doping. The yellow persistent luminescence at ca. 
575 nm was observed only from some of the R3+ (R: La-Nd, Gd, Dy, and Tm) co-doped materials. The 
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strongest persistent luminescence was obtained with the xEu/xR ratios of 0.01/0.01 and 0.001/0.01 for the 
Nd3+ and Dy3+ co-doped materials, respectively. 

The persistent luminescence process in Sr3SiO5:Eu2+,R3+ begins with the excitation of an electron from the 
4f7(8S7/2) ground level to the excited 4f65d1(2D) levels of Eu2+ (Fig. 2). The 4f65d1 levels partially overlap 
with CB and the electrons can easily escape from these levels to CB directly or aided by thermal energy. The 
electrons moving freely in the host's CB are then trapped by defects below CB. The reverse process takes 
place by the release of electrons from the traps with thermal energy followed by the migration (or 
retrapping) back to the luminescent centre, relaxation within the 4f65d1 levels and emission of visible light. 
However, the energies of the processes are based on data consisting of broad band emission, excitation and 
absorption resulting in the estimated accuracy of the order of 0.5 eV. The trap depths (1.0-1.5 eV) were 
obtained from thermoluminescence (TL) measurements (not shown here). 

 

 

 

 

 

 

 

 

 

Figure 2: The mechanism of persistent luminescence in Sr3SiO5:Eu2+,Nd3+. 

The details of the energy storage and release processes including e.g. retrapping have to be clarified further 
employing the VUV-UV spectroscopy, photoluminescence and TL methods. In addition, in situ XANES 
measurements will be employed to probe the Eu2+/3+ and R3+/IV species in Sr3SiO5 and preliminary studies 
have already been carried out. The local structure around the Eu2+ and R3+ ions will also be studied using 
EXAFS calculations. Other research topics studied at the SUPERLUMI beamline included the VUV excited 
luminescence properties of several potential persistent luminescence materials (with e.g. Eu3+ and Ti3+ as the 
luminescent centre). Studies on the excitonic features in the VUV excitation spectra were carried out, too. 
The results will be published promptly in appropriate international journals. 
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