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Abstract 
Optically stimulated luminescence (OSL) is observed after x-ray irradiation in Mn2+ doped RbCdF3 and RbMgF3 single 
crystal and polycrystalline samples over a wide wavelength range in the near UV and with a stimulation maximum near 
350 nm. In RbCdF3:Mn2+; the same effects are observed after UV irradiation. The OSL emission occurs by relaxation 
from the first excited state to the ground state of Mn2+.  
 
Introduction  
Ternary fluorides of the composition AMF3 (A=Alkali metal, M=alkaline earth or transition metal) are generally referred 
to as fluoroperovskites. In contrast to binary fluorides, the fluoroperovskites are less hygroscopic and have a wider band-
gap, which makes them more versatile for optical applications. Radiation-induced modifications of the optical properties 
of fluoroperovskites have been reported by several authors (Sardar 1992; Gektin et al. 1997). The effects observed 
include cross-luminescence (Gektin 2000), coloration by a radiochemical process and the formation of impurity-defect 
complexes (Sardar 1992), thermoluminescence (TL) (Kitis et al. 1999) and optically stimulated luminescence (OSL) (Le 
Masson et al. 2002). The effect of OSL has been exploited for several decades for mineral dating (Huntley et al. 1985), in 
X-ray storage phosphors (Takahashi 2002) and dosimeters (Akselrod et al. 1999). The process involves radiation 
generated electron-hole pairs in bulk crystals that become localised at different trapping centers. Subsequent optical 
stimulation delocalises the electron or hole that recombine radiatively with the carrier of the opposite sign. 
 
It has already been shown that two fluoroperovskites, KMgF3:Ce3+ and NaMgF3:Ce3+, have an OSL sensitivity that is 
significantly greater than that observed in Al2O3:C (Le Masson et al. 2002). The TL sensitivity of KMgF3:Ce3+ is also 
significantly better than that of the commercial LiF-based TL dosimeters. KMgF3:Eu2+ was also suggested as a UV 
dosimeter (Gektin et al. 1998). We have recently observed that intense OSL can be induced by irradiation in 
RbCdF3:Mn2+, and that the underlying mechanism only involves valence changes of intrinsic defects (Dotzler et al. 2006). 
In this paper we discuss the radiation-induced OSL effects in the fluoroperovskites RbCdF3 and RbMgF3 doped with 
various concentrations of Mn2+, and their possible applications. 
 
Materials and Methods 
RbCdF3 crystallizes in a cubic perovskite (CaTiO3) structure, and RbMgF3 crystallizes in the hexagonal BaTiO3 structure. 
Single crystals of Mn-doped RbMgF3 and RbCdF3 were kindly provided by Prof. J.M. Spaeth (University of Paderborn). 
They were grown using the Bridgman method with a vitreous carbon crucible, argon atmosphere and a stoichiometric 
mixture of MgF2 or CdF2 and RbF powder to which 0.2 % and 1 % MnF2 were added. The RbMgF3 crystals were cut 
perpendicular to the optic axis. Transparent polycrystalline samples of RbMgF3 were prepared by melting stoichiometric 
mixtures of RbF and MgF2 in a vitreous carbon crucible and slowly cooling below the melting point in an Argon 
atmosphere. For the Mn2+ doped samples, 0.05 %, 0.2 %, 0.7 %, 2 % and 5 % MnF2 were added to the melt. Optical 
absorption spectra were measured using a Cary-50 spectrophotometer. PL and OSL spectra were recorded with a Hitachi 
F-3010 fluorescence spectrophotometer with a continuous Xe lamp source, or a Perkin-Elmer LS55B fluorescence 
spectrophotometer with a pulsed Xe lamp source, and the intensities were corrected for the spectral profile of the lamp 
emission. X-ray irradiations were carried out with a Philips X-ray generator equipped with a W tube operating at 40 kV or 
50 kV and 20 mA. Gamma irradiations were performed with 60 keV photons from a 241Am source (3.6 GBq) and 662 
keV photons from a 137Cs source (5.32 GBq). UV irradiation was performed using the 254 nm line of a Hg lamp and in 
situ in the PL spectrometers. 
 
Results and Discussion 
Figs. 1 and 2 shows the optical absorption coefficient of RbCdF3:Mn2+ and RbMgF3:Mn2+ after irradiation. Broad 
absorption peaks are observed in both compounds that are centered at 310 nm for RbCdF3 and between 300 and 340 nm 
for RbMgF3 depending on the crystal orientation. In the case of RbCdF3, similar absorption spectra were obtained by X-
ray and g-ray as well as by UV irradiation at wavelengths below 270 nm, whereas no UV-induced absorption is observed 
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in RbMgF3. The magnitude of the UV-induced absorption in RbCdF3 was found to scale almost linearly with Mn2+ 
concentration (Dotzler et al. 2006). 
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Fig 1. Absorption coefficient of RbCdF3:Mn2+ (1 % Mn), 
irradiated with 137Cs g-rays (red line), 254 nm UV light (blue 
line) and unirradiated or optically bleached (black line)  

Fig. 2 Absorption coefficient of single crystal (red), and 
polycrystalline (blue) RbMgF3:Mn2+ (0.2% Mn) before (solid 
lines) and after (single crystal: dotted line, poly-crystalline: 
dash-dotted line) irradiation with 50 kV X-rays from a W  
target X-ray tube. The inset shows the difference between the 
irradiated and unirradiated absorption spectra (red: single 
crystal, blue: polycrystalline) 

 
The radiation-induced absorption in RbMgF3 and RbMgF3:Mn2+ has been attributed to F-centers (Sardar 1992) (fluorine 
vacancies with a trapped electron). The two distinct peak positions in Fig. 2 arise because two F-center transitions are 
expected in the hexagonal RbMgF3 structure, polarised parallel and perpendicular to the optic axis. While both will be 
excited in a polycrystal due to random crystal orientation, in the single crystal only the polarisation perpendicular to the 
optic axis is excited. In cubic RbCdF3, only one F-center absorption peak is expected. The similarity of the observed 
effects in both compounds together with these symmetry considerations imply that F-centers are also present after 
irradiation in RbCdF3. 
 

It is not possible to observe Mn2+ absorption because all transitions that occur within the visible spectrum are spin and 
parity forbidden. They can, however, be observed in the photoluminescence (PL) excitation spectra plotted in Figs. 3 and 
4 before and after irradiation. Transitions from the  Mn2+ ground state to the excited states can be seen as weak PL 
excitation peaks. The OSL excitation peaks are evident in the PL excitation difference spectra and they can be associated 
with the radiation-induced changes in the absorption coefficient. They can be optically erased by exciting in the 
appropriate wavelength region. The OSL emission comprises single peaks at 560 nm in RbCdF3:Mn2+ and 580 nm in 
RbMgF3:Mn2+, attributable to a forbidden transition from the first excited state to the ground state in Mn2+. No noticeable 
reduction of the OSL was observed in either compound after several days when stored in the dark. 
 
The response of RbCdF3:Mn2+ to different UV and X-ray doses can be seen in Fig. 5. In both cases, an initial linear 
increase and then an approach to saturation is observed. Thus, it can be concluded that there is a finite number of pre-
existing traps and recombination centers that take part in the OSL process. The electron traps are likely be the F-centers 
identified in the absorption and OSL spectra. This suggests that fluorine vacancies are created during crystal growth. As 
OSL recombination is found to occur only via Mn2+ emission, it is likely that the recombination centers are associated 
with Mn ions, possibly in the form of Mn3+ ions. A positive identification of the recombination centers, however, has not 
been made. 
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We observe that in both RbMgF3:Mn2+ and RbCdF3:Mn2+, the OSL process is fully reversible even after high radiation 
doses where optical bleaching restores the PL and absorption to the level prior to irradiation. This is in contrast to 
observations made by Sibley et al. (1976), who identified stable radiation-induced F-centers, F-center aggregates, and F-
center-impurity complexes in Mn doped RbMgF3. It was concluded that production of F-centers occurred by a radiolysis 
process similar to that observed in alkali halides. As our observations are substantially different, it is likely that the crystal 
preparation conditions significantly influence the type of radiation damage observed. 
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Fig. 3. PL excitation spectra (detected at 560 nm) of the Mn2+ 
emission of irradiated (red line) and unirradiated (blue line) 
RbCdF3:Mn2+ (0.2 % Mn) and difference of irradiated and 
unirradiated spectra (black line). The green line shows the 
corresponding emission spectrum.  

Fig. 4. PL excitation spectra (detected at 580 nm) of the Mn2+ 
emission of irradiated (red line) and unirradiated (blue line) 
RbMgF3:Mn2+ (0.2 % Mn) and difference of irradiated and 
unirradiated spectra (black line). The green line shows the 
corresponding emission spectrum. 
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Fig. 5.  Peak OSL intensity versus dose in RbCdF3:Mn2+ after 
UV (a) and X-ray (b) irradiation, probed at 320 nm and 
detected at 560 nm. 

Fig. 6.  OSL response (time integrated decay curve) versus 
low doses of 241Am irradiation in RbCdF3:Mn2+. The error 
bars represent three times the standard deviation of the 
instrument noise. 
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In order to determine the detection limit of RbCdF3:Mn2+, the crystals were exposed to low doses of 241Am g-rays and the 
dose information was obtained by integrating the OSL decay curve. The results are shown in Fig. 6. A linear response is 
observed from a low dose of approximately 100 mSv. 
 
Conclusions 
We have shown that the fluoroperovskites act as sensitive detectors of ionising and non-ionising radiation. In both 
RbCdF3:Mn2+ and RbMgF3:Mn2+, irradiation leads to metastable modification of the optical properties that can be read 
out via OSL. This makes them suitable materials for radiation dosimeters and x-ray storage phosphors. The sensitivity of 
RbCdF3:Mn2+ to the most hazardous UV-C part of the spectrum (<280 nm) offers potential application as a UV-C 
dosimeter. A potential UV-A- and UV-B detector could be based on a pre-irradiated crystal that can be bleached by UV 
light with wavelengths greater than 280 nm. The level of bleaching will be a measure of the absorbed UV-A and UV-B 
radiation. 
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