
Figure 2: Emission spectra of (a) C12A7:Pr3+ 

excited at 7.0 eV (1) and at 6.7 eV (2, 3, 4); and 
emission spectra of (b) C3A:Pr3+ recorded 
excited at 5.14 eV (5, 6, 10) and 6.02 eV (7, 8, 
9). Spectra are recorded at 10 K in TI mode (1, 
2, 5, 7, 9) and in short (3, 6, FTW: δt =0.5 ns, 
Δt=7.2 ns; 8, FTW: δt =1.4 ns Δt=7.0 ns) and 
long (4, 9, 10, STW: δt =50.3 ns, Δt=19.2 ns) 
time windows. 

Figure 1: Emission spectra of C12A7:Pr3+ (a, b) 
and C3A:Pr3+ (c, d) at 300 K (a, c) and at 10 K (b, 
d) upon XUV excitation at 130 eV (FTW: δt =0 
ns, Δt=5.2 ns; STW: δt =15.0 ns, Δt= 50.1 ns). δt  
is a delay after the excitation pulse and Δt is a 
length of time-window used for signal recording.         
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Pr3+ doped inorganic materials are widely studied for their potential applications as scintillation 
materials owing to the fast Pr3+ 5d-4f emission (~7-30 ns), as quantum-cutting phosphors exhibiting 
photon cascade emission and long afterglow phosphors. Several garnets and alkaline earth 
aluminates have shown promising properties for the above-mentioned applications. In this report, 
we present the luminescence studies on Pr3+ doped calcium aluminates 12CaO·7Al2O3 (C12A7) 
and Ca3Al2O6 (C3A) with cubic crystal structure. Both compounds have naturally occurring voids 
in their crystal structure capable of accommodating ions with compatible charges.  

In both compounds Pr3+ ions are expected to replace Ca2+ due to their similar radii and the charge 
compensation in C12A7 and C3A could be respectively realized via negative ions in nanopores or 
Ca2+ vacancies acting as charge stabilizers. The 5d levels of Pr3+ ions either are very sensitive to 
crystal field strength on the site of substitution showing a photon cascade of 4f2 transitions if 1S0 is 
the emitting level below 5d states or in opposite case the transitions from 5d4f1 to several low-lying 
4f2 states. Depending on the host and number of cation sites available, the picture can be more 
complicated, with both kinds of emissions being detected depending on the selected excitation 
energy. Luminescence study was carried out at the SUPERLUMI station and at the BW3 beam-line.  

Fig. 1 show the time-resolved emission spectra of Pr3+ doped C12A7 and C3A upon excitation by 
130 eV XUV photons measured at 300 K and 10 K, respectively. This energy region starting from 
100 eV corresponds to the onset of 4d “giant resonance”absorption of rare earth ions. The time-
integrated (TI) emission spectrum (Fig. 1b) at 10 K shows a broad emission band with maximum at 
5.2 eV. There are additional broad bands covering the range of 2.7 eV - 3.7 eV with a 
multicomponent decay. At 300 K (Fig. 1a) 5.2 eV emission occurs as a shoulder on the high-energy 
side of a broad emission band with maxima at 4.3 eV and 4.9 eV possessing a long lifetime. In 
C3A:Pr at 300 K there is fast emission (two components with lifetimes 2 and 7 ns) peaked at 4 eV 
and at 10 K an intrinsic emission owing long life-time with maximum at 4.6 eV is dominating.  



Time-resolved emission spectra of Pr3+ doped 
C12A7 and C3A upon VUV excitation at 10 K 
are presented in Fig. 2. The value of band gap is 
estimated 7 eV for C12A7 (Fig. 3a, curve 7). 
C12A7:Pr has low-intensity narrow 4f-4f bands 
(e.g. 3P0-3H4 at 2.53 eV and 1D2-3H4 at 2.03 eV)  
of the second stage of photon cascade emission 
under interband excitation (Fig. 2a, curve 1) 
Upon 6.7 eV excitation only the broad band 
emission in the region of 2.0 eV to 4.5 eV was 
observed with multicomponent decays detected. 
The excitation onset (Fig. 3a) for undoped C12A7 
as well as for Pr3+ doped C12A7 starts at ~5.0 eV. 
The excitation bands between 5 and 7 eV in pure 
C12A7 are usually due to various extra-
framework species (O2-, OH-, F-, electrons). 
These O2- and OH- ions have absorption onsets at 
4.7 and 5.5 eV, respectively. As seen in Fig. 3a 
there are no pronounced changes in the excitation 
spectra at these energies. According to our study 
of Ce3+ doped C12A7 [3] and applying method 
developed by Dorenbos  [4], the 5d levels of Pr3+ 
are expected to be populated at excitation energies 
of ~5.6 eV i.e. overlapping with above mentioned 
absorption of the encaged negative ions.  

The emission spectra of C3A:Pr3+ recorded upon 
excitation in the transparency range of the host at 
energies 5.14 eV and 6.02 eV at 10 K (Fig. 2b) are dominated by complex broad emission bands 
between 2.9 eV and 5 eV exhibiting fast decay of 17 ns. These emission bands correspond to 
interconfigurational 5d-4f transitions of Pr3+. The bands are also observed upon XUV excitation 
(Fig.1c,d). In Fig. 3b, the TI excitation spectra of C3A:Pr3+ emissions recorded at 3.94 and 3.1 eV 
show the rich structure of the bands, with weaker luminescence intensity showing maxima at 5.26 
eV, 5.62 eV (curve 11) and with stronger intensity at 5.42 eV, 5.96 eV (curve 8). These bands 
correspond to the direct VUV excitation to Pr3+ 5d levels. Two groups of emission and excitation 
bands competing with each other as coinciding maxima and minima indicate that there are multiple 
sites for Pr3+ ions in the C3A:Pr3+ sample in agreement with the host material structure.  
 
For both calcium aluminates under investigation, the luminescence from 1S0 level was not observed, 
indicating that the crystal field is strong enough bringing 5d states to lower energies and facilitating 
interconfigurational 5d-4f transitions. In C3A:Pr3+ the broad band fast luminescence in the range of 
3.5-4.5 eV was observed at intracenter excitation (life-time ~17 ns at 10 K) and also at band to band 
excitations upon VUV and XUV radiation. The situation is more complicated for C12A7:Pr3+ 
because of overlapping Pr3+ and negative extra-framework ions states.   
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Figure 3: Excitation spectra of (a) C12A7:Pr3+ (1, 
2, 3) and C12A7 (4, 5, 6) monitoring emission at 
3.0 eV, and creation spectrum of photo-stimulated 
luminescence for C12A7 (7); (b) C3A:Pr3+ 
monitoring emissions at 3.10 eV (11, 12, 13) and 
at 3.94 eV (8, 9, 10). Spectra were recorded at 10 
K in TI mode (1, 4, 8, 11), in short (2, 5, 9, 12; 
FTW: δt =1.4 ns, Δt=7.0 ns) and in long (3, 6, 10, 
13, STW: δt =50.3 ns, Δt=19.2 ns) time window. 


