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Abstract

Optically stimulated luminescence (OSL) is obserafidr x-ray irradiation in Mii doped RbCdfFand RbMgk single
crystal and polycrystalline samples over a wide elavgth range in the near UV and with a stimulatieaximum near
350 nm. In RbCdEMNn?": the same effects are observed after UV irradiatiche OSL emission occurs by relaxation
from the first excited state to the ground statdof*.

Introduction

Ternary fluorides of the compositigkMF; (A=Alkali metal, M=alkaline earth or transition metal) are generedfigrred
to as fluoroperovskites. In contrast to binary fldes, the fluoroperovskites are less hygroscopétteave a wider band-
gap, which makes them more versatile for opticaliepgtions. Radiation-induced maodifications of thatical properties
of fluoroperovskites have been reported by sevauthors (Sardar 1992; Gektat al. 1997). The effects observed
include cross-luminescence (Gektin 2000), coloraby a radiochemical process and the formatiomygduirity-defect
complexes (Sardar 1992), thermoluminescence (Tif)s(kt al. 1999) and optically stimulated luminescence (O&le)
Massonet al.2002). The effect of OSL has been exploited feessl decades for mineral dating (Huntktyal. 1985), in
X-ray storage phosphors (Takahashi 2002) and dosisidAkselrodet al. 1999). The process involves radiation
generated electron-hole pairs in bulk crystals thedome localised at different trapping centerds8guent optical
stimulation delocalises the electron or hole teabmbine radiatively with the carrier of the oppesign.

It has already been shown that two fluoroperovskiMgR;:Ce*™* and NaMgE:Ce*, have an OSL sensitivity that is
significantly greater than that observed in@4C (Le Massoret al. 2002). The TL sensitivity of KMgECe™ is also
significantly better than that of the commerciaFldased TL dosimeters. KMgEUW”* was also suggested as a UV
dosimeter (Gektinet al. 1998). We have recently observed that intense ©&h be induced by irradiation in
RbCdR:Mn?*, and that the underlying mechanism only involvalerce changes of intrinsic defects (Dotzeal. 2006).

In this paper we discuss the radiation-induced @8écts in the fluoroperovskites RbGd&nd RbMgk doped with
various concentrations of N and their possible applications.

Materials and Methods

RbCdFR crystallizes in a cubic perovskite (CaE)@tructure, and RbMglferystallizes in the hexagonal BaTLiGtructure.
Single crystals of Mn-doped RbMgBnd RbCdEwere kindly provided by Prof. J.M. Spaeth (Univisref Paderborn).
They were grown using the Bridgman method with teeeus carbon crucible, argon atmosphere and ahstonetric
mixture of Mgk or Cdk and RbF powder to which 0.2 % and 1 % Mwniere added. The RbMglferystals were cut
perpendicular to the optic axis. Transparent pghtalline samples of RbMghvere prepared by melting stoichiometric
mixtures of RbF and MgFin a vitreous carbon crucible and slowly coolingldw the melting point in an Argon
atmosphere. For the Mhdoped samples, 0.05 %, 0.2 %, 0.7 %, 2 % and 5%, Mere added to the melt. Optical
absorption spectra were measured using a Caryd@rsphotometer. PL and OSL spectra were recordgdaHitachi
F-3010 fluorescence spectrophotometer with a coatia Xe lamp source, or a Perkin-Elmer LS55B flaocemce
spectrophotometer with a pulsed Xe lamp source,timdntensities were corrected for the spectrafiler of the lamp
emission. X-ray irradiations were carried out watPhilips X-ray generator equipped with a W tuberafing at 40 kV or
50 kV and 20 mA. Gamma irradiations were performéith 60 keV photons from &'Am source (3.6 GBq) and 662
keV photons from &*'Cs source (5.32 GBq). UV irradiation was performisihg the 254 nm line of a Hg lamp and in
situin the PL spectrometers.

Results and Discussion

Figs. 1 and 2 shows the optical absorption coefficiof RbCdEMn?* and RbMgk:Mn?* after irradiation. Broad
absorption peaks are observed in both compoundsiteaentered at 310 nm for RbGaihd between 300 and 340 nm
for RbMgF; depending on the crystal orientation. In the cdSe@bCdFR, similar absorption spectra were obtained by X-
ray andgray as well as by UV irradiation at wavelengthtobe270 nm, whereas no UV-induced absorption isoled
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in RbMgR,. The magnitude of the UV-induced absorption in BBECwas found to scale almost linearly with ¥n
concentration (Dotzleet al. 2006).

Fig 1. Absorption coefficient of RbCg®n®* (1 % Mn), Fig. 2 Absorption coefficient of single crystal dje and
irradiated with'*’Cs g-rays (red line), 254 nm UV light (blue  polycrystalline (blue) RboMgEMn** (0.2% Mn) before (solid
line) and unirradiated or optically bleached (bléink) lines) and after (single crystal: dotted line, potystalline:

dash-dotted line) irradiation with 50 kV X-rays finoa W
target X-ray tube. The inset shows the differenevben the
irradiated and unirradiated absorption spectra: (edgle
crystal, blue: polycrystalline)

The radiation-induced absorption in RbMgihd RbMgE:Mn?" has been attributed fo-centers (Sardar 1992) (fluorine
vacancies with a trapped electron). The two distpeak positions in Fig. 2 arise because fwoenter transitions are
expected in the hexagonal RbMgsiructure, polarised parallel and perpendiculath® optic axis. While both will be
excited in a polycrystal due to random crystal miagion, in the single crystal only the polarisatgerpendicular to the
optic axis is excited. In cubic RbCgFonly oneF-center absorption peak is expected. The similaftyhe observed
effects in both compounds together with these sytmymeonsiderations imply tha-centers are also present after
irradiation in RbCdE:

It is not possible to observe Kfnabsorption because all transitions that occuriwithe visible spectrum are spin and
parity forbidden. They can, however, be observetthénphotoluminescence (PL) excitation spectratgudioin Figs. 3 and
4 before and after irradiation. Transitions frone thMrf* ground state to the excited states can be seeveals PL
excitation peaks. The OSL excitation peaks areestith the PL excitation difference spectra ang tten be associated
with the radiation-induced changes in the absonptioefficient. They can be optically erased by #&xgiin the
appropriate wavelength region. The OSL emissionmises single peaks at 560 nm in RbgNm** and 580 nm in
RbMgR;:Mn?*, attributable to a forbidden transition from tirstfexcited state to the ground state in’MiNo noticeable
reduction of the OSL was observed in either comfdafter several days when stored in the dark.

The response of RbCgMn* to different UV and X-ray doses can be seen in Bigin both cases, an initial linear
increase and then an approach to saturation isvazseThus, it can be concluded that there is igefinumber of pre-
existing traps and recombination centers that pelé in the OSL process. The electron traps asdlike theF-centers
identified in the absorption and OSL spectra. Huggests that fluorine vacancies are created dariygjal growth. As
OSL recombination is found to occur only via Memission, it is likely that the recombination @stare associated
with Mn ions, possibly in the form of Mhions. A positive identification of the recombiraticenters, however, has not
been made.
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We observe that in both RbMgRn®" and RbCdEMn?*, the OSL process is fully reversible even aftghhiadiation
doses where optical bleaching restores the PL &sdrption to the level prior to irradiation. This in contrast to
observations made by Sibley al. (1976), who identified stable radiation-indudea@entersfF-center aggregates, akd
center-impurity complexes in Mn doped RbMgR was concluded that production efcenters occurred by a radiolysis
process similar to that observed in alkali halidesour observations are substantially differenis likely that the crystal
preparation conditions significantly influence tigpe of radiation damage observed.

Fig. 3. PL excitation spectra (detected at 560 oftle Mrf* Fig. 4. PL excitation spectra (detected at 580 afihe Mrf*
emission of irradiated (red line) and unirradiafbtle line) emission of irradiated (red line) and unirradiatbtlie line)
RbCdR:Mn?* (0.2 % Mn) and difference of irradiated and RbMgR;:Mn?* (0.2 % Mn) and difference of irradiated and
unirradiated spectra (black line). The green liheves the unirradiated spectra (black line). The green liheves the
corresponding emission spectrum. corresponding emission spectrum.
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Fig. 5. Peak OSL intensity versus dose in Ro@dR?" after Fig. 6. OSL response (time integrated decay cuveelus

UV (a) and X-ray (b) irradiation, probed at 320 rand low doses of*’Am irradiation in RbCdEMNn?*. The error

detected at 560 nm. bars represent three times the standard deviatfothe
instrument noise.
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In order to determine the detection limit of RbG##?>*, the crystals were exposed to low dose¥'8im grays and the
dose information was obtained by integrating thé.@8&cay curve. The results are shown in Fig. 6inadr response is
observed from a low dose of approximately h@y.

Conclusions

We have shown that the fluoroperovskites act asitbem detectors of ionising and non-ionising raidia In both
RbCdR:Mn** and RbMgkE:Mn?*, irradiation leads to metastable modification lé bptical properties that can be read
out via OSL. This makes them suitable materialgdoiation dosimeters and x-ray storage phosphdms.sensitivity of
RbCdR:Mn?* to the most hazardous UV-C part of the spectru@8Q<nm) offers potential application as a UV-C
dosimeter. A potential UV-A- and UV-B detector atide based on a pre-irradiated crystal that caoldeched by UV
light with wavelengths greater than 280 nm. Theslef bleaching will be a measure of the absorb®dAUand UV-B
radiation.

Acknowledgements

We would like to thank Prof. J.M. Spaeth and DrS&hweizer for providing the single crystal samgled C. Varoy for
preparing the polycrystalline samples. The reseah supported by the New Zealand Foundation feeRreh, Science
and Technology.

References

Akselrod, M. S. and McKeever, S. W. S. (1999). AdRtion Dosimetry system using Pulsed Opticallyrsiiated Luminescence.
Radiation Protection Dosimeti§1: 167-176.

Dotzler, C., Williams, G. V. M., Edgar, A, Schweiz&., Henke, B., Spaeth, J.-M., Bittar, A., Hamiinand Dunford, C. (2006). The
Effect of X-Ray, gamma-Ray and UV Radiation on @ptical Properties of RbCgin®*. Journal of Applied Physic§0Q(3):
033102.

Gektin, A. V. (2000). Scintillators and storage gpploors based on ABy¢rystals.Journal of Luminescen@y-89 1283-1285.

Gektin, A. V., Krasovitskaya, I. M. and Shiran, M. (1998). UV-Dosimetric material based on KMgperovskite.Radiation
Measurement29(3-4): 337-340.

Gektin, A. V., Shiran, N. V. and Voronova, V. V.9497). Radiation damage in pure and rare earth dajgaF3 crystalsIEEE
Transactions on Nuclear Sciend4(3): 857-860.

Huntley, D. J., Godfrey-Smith, D. L. and Thewalt, M W. (1985). Optical Dating of Sedimeni$ature (Londong13 105-107.

Kitis, G., Furetta, C., Sanipoli, C. and Scacco(199). KMgFk : Ce, an ultra-high sensitivity thermoluminescesterial.Radiation
Protection Dosimetrg2(2): 151-152.

Le Masson, N. J. M., Bos, A. J. J., Van Eijk, C. B/, Furetta, C. and Chaminade, J. P. (2002). @ptiand thermally stimulated
luminescence of KMgf: C€* and NaMgk : C€". Radiation Protection Dosimetrj00(1-4): 229-234.

Sardar, D. K. (1992). Electron Irradiation DamagePiure and Impurity-Doped RbMgRrystals.Physica Status Solidi B: Basic
Researci71(1): 39-50.

Sibley, W. A. and Koumvakalis, N. (1976). Perturddd?" transitions in irradiated RbMgfvin. Physical Review B: Condensed
Matter 14(1): 35.

Takahashi, K. (2002). Progress in science and téofg on photostimulable BaFX:Eu(X = Cl, Br, I) and imaging plategournal
of Luminescenc&00 307-315

Paper No. XXX



