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On the basis of a great body of experimental data it was concluded [1] that neither s conduction 
electrons nor s valence holes undergo self-trapping in wide-gap (Eg > 5 eV) binary ionic crystals. 
On the other hand, the self-trapping of p-holes takes place in all alkali halide crystals as well as 
in many binary and complex metal oxides. In addition, there are only few cases of the self-
trapping of d-electrons in non-cubic dielectrics (e.g., for Sc2O3 see [2] and references therein). 
The main goal of the present study is to elucidate the peculiarities of electronic excitations and 
electron-hole processes in pure CaSO4 as well as in CaSO4 doped with two-valent Mn2+ ions оr 
three-valent ions (Tb3+, Gd3+, Dy3+, Eu3+), the effective charge of which is compensated by Na+ 
ions in cation sites. It has been shown recently [3] that RE3+-Na+ dipole pairs serve as efficient 
hole traps, which manifest themselves as the peaks of thermally stimulated luminescence (TSL) 
at 220-260 K [3]. Alternatively, there is no TSL peaks at 210-260 K in CaSO4:Mn2+ and 
CaSO4:Eu2+ phosphors. The ~50 K TSL peak was detected in all the above-mentioned doped 
CaSO4 being even a dominant one in the especially pure CaSO4 sample. This TSL peak 
(measured for RE3+-impurity emission) can be tentatively ascribed to the recombination of the 
electrons, that turn mobile at such temperatures (i.e. their self-trapping is over), with the holes 
still localized near different RE3+ ions. The emission and excitation spectra were measured at 8-
10 K using synchrotron radiation of 4-35 eV at the SUPERLUMI station of HASYLAB. The 
excitation spectra, measured with an instrumental resolution of ~0.3 nm, were normalized to 
equal quantum intensities of synchrotron radiation falling onto a crystal. The reference signal for 
normalization was recorded from a sodium salicylate. The emission spectra of Tb3+ centres were 
measured using a 0.3 m Czerny-Turner monochromator-spectrograph SpectraPro-308i equipped 
with a liquid nitrogen cooled CCD detector (spectral resolution of ~0.2 nm). 

Fig. 1 presents the emission spectra of Tb3+-Na+ centres measured at the excitation of 
CaSO4:Tb3+(1 mol%),Na+ by 8.44-eV or 25-eV photons at 9 K. Phosphor was synthesized in 
Tartu using the procedure elaborated in [4]. Both spectra contain two series of radiative 
transitions: 5D4 → 7FJ and 5D3 → 7FJ typical of RE3+ centres. The fine structure in the emission 
spectra is caused by the splitting of the energy levels of Tb3+, Tb3+-Na+, Tb3+-VCa etc. centres in 
low-symmetry crystal fields. Fig. 2 shows the excitation spectra of 2.27-eV emission of Tb3+-Na+ 
centres or 3.97-eV emission of Gd3+-Na+ centres measured at 9 K for CaSO4:Tb3+(1 mol%),Na+ 
and CaSO4:Gd3+(2 mol%),Na+ phosphors, respectively. Our experimental data confirm  that the 
emission of RE3+-Na+ centres is efficiently excited in the spectral region of 8-9 eV. This wide 
excitation band peaked at ~8.4 eV is connected with the excitation of SO4

2- oxyanions via an 
electron transfer from an oxygen to a sulphur - a central part of SO4

2- (the so-called charge-
transfer transition, see also [3-5]).  

The analysis of the recombination processes in CaSO4:RE3+,Na+, manifesting themselves in the 
excitation spectra for the phosphorescence of RE3+-Na+ impurity centres as well as in the 
creation spectra of different TSL peaks by VUV radiation, confirms (see also [3]) that photons of 
hν > 9.5 eV cause the photoionization of oxyanions with an electron transfer into a conduction 
band. It is worth noting that the processes of the energy transfer to a Tb3+-Na+ impurity centre 
from an excited oxyanion (hνex = 8.4 eV) or via the recombination of separated electrons and 
holes, formed by an exciting photon of hνex = 25 eV due to a band-to-band transition (a primary 
e-h pair) and a sequent multiplication process (a secondary e-h) are rather different. The energy 
transfer from the excited oxyanions mainly causes 5D4 → 7FJ radiative transitions in Tb3+ (485-
640 nm), while the efficiency of radiative transitions from the higher excited level 5D3 is 
significantly lower. On the other hand, a relative intensity of 5D3 → 7FJ radiative transitions (370-
485 nm) is higher in the case of Tb3+ excitation via the energy released at the recombination of 
electrons with the holes localized near Tb3+ impurity centres.  



Figure 1. The emission spectra of Tb3+ centres measured for CaSO4:Tb3+(1 mol%),Na+ at the excitation
by 8.44-eV (blue curve) or 25-eV photons (red curve) at 9 K. 
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In conclusion, there are at least two different mechanisms of energy transfer to Tb3+ impurity 
centres from the CaSO4 matrix. A further experimental study of the possible self-trapping of 
electrons (~50 K TSL peak is tentatively connected with the start of their hopping diffusion) by 
the EPR method lies ahead. This work was supported by Estonian Science Foundation (Grant 
No. 6652) and the European Community Research Infrastructure Action within the FP6 Program 
through the Contract RII3-CT-2004-506008 (IA-SFS). 

References 
 

[1] Ch. Lushchik, I. Kuusmann, and V. Plekhanov, J. Lumin. 18/19, 11 (1979) 
[2] A. Lushchik, M. Kirm, Ch. Lushchik et al., J. Lumin. 87-89, 232 (2000). 
[3] I. Kudryavtseva, P. Liblik, A. Lushchik, A. Maaroos, E. Vasil'chenko, Z. Azmagan-

betova, T. Nurakhmetov, and B. Toxanbayev, J. Lumin. (2009) accepted. 
[4] A.R. Lakshmanan, S.-B. Kim, H.M. Jang et al., Adv. Funct. Mater. 17, 212 (2007). 
[5] E. van der Kolk, P. Dorenbos, A.P. Vink et al., Phys. Rev. B 64 195129 (2001) . 

Figure 2. Excitation spectra for Tb3+-centre (5D4→7F5, 2.27 eV, curve 1) and Gd3+-centre emission (3.97
eV, curve 2) in CaSO4:Tb3+(1 mol%),Na+ and CaSO4:Gd3+(2 mol%),Na+ at 9 K. 
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