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ABSTRACT

Alexandrite mineral (BeAl2O4:Cr3+) powder, incorporated in a fluorinated polymer, was prepared 

in the form of pellets. A mixture with 20 wt% of the alexandrite in the pellet had the luminescence 

behavior evaluated as a function of exposure to ionizing radiation using the optically stimulated 

luminescence (OSL) technique. The OSL measurements were evaluated in terms of dose-response 

(beta dose from 0.1 to 5 Gy), repeatability, reproducibility, and fading. The results showed that the 

OSL intensity signal varied linearly with the irradiation dose and that the OSL intensity suffered a 

strong reduction during the first five days of storage in the dark but remained stable for at least the 

following 30 days. Radioluminescence (RL) measurements under X-ray excitation revealed a 

weak luminescence within the ultraviolet-visible spectral region, while optical absorption (OA) 

measurements revealed the presence of Cr3+ impurities. 
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1. INTRODUCTION

Dosimetric materials are useful for evaluating personal and environmental doses as well as 

irradiation doses received in medical, spatial and safety activities [1,2]. Particularly, natural 

dosimeters like minerals find application, e.g., in retrospective dosimetry, geological and 

archeological dating [3]. Also, natural materials can be a low-cost alternative to the synthetic ones,  

and may be more readily available in large quantities [2,4]. Brazil has the world´s  largest deposit 

of alexandrite (BeAl2O4:Cr3+) [5]. In addition, chrysoberyl (BeAl2O4) host contains ~ 20 wt.% 

BeO and ~ 80 wt.% Al2O3:C [6], both commercially available as luminescent dosimeters. Within 

this context, the potential of natural alexandrite as a dosimetric material has been investigated by 

luminescence techniques  such as optically stimulated luminescence (OSL) [7]. This fact, together 

with Zeff = 10.8 value, which is lower than that of Al2O3:C, a widely used dosimeter, makes 

alexandrite an interesting candidate for investigation as a natural OSL dosimetric material. The 

development of a functional and low-cost radiation detector is one of the goals of this investigation.

OSL has been established as a reliable dosimetry technique for many years [8]. OSL 

corresponds to  the luminescence  emitted by some materials  previously exposed to ionized 

radiation stimulated by the absorption of optical energy [1]. OSL emission arises from the 

recombination at the luminescence centers of charges optically released from specific traps. 

Therefore, OSL intensity can be related to the absorbed radiation dose [1,9,10]. There are three 

major modes of stimulation of the material in OSL readout, consisting of: continuous-wave OSL 

(CW-OSL) [1,9], linear modulation OSL (LM-OSL) [11] and time-resolved luminescence [12,13]. 

CW-OSL, used in this work, is a very popular technique as it requires  simpler instrumentation 

and yields a good signal-to-noise ratio [14]. The OSL signal obtained under stimulation with 

constant light power (CW-OSL) is observed as a progressive decrease in time (decay curve) as  



charges are released from the traps   [9,15]. The simplest first-order model for OSL processes 

assumes the absence of re-trapping such that all charges escaping from the traps immediately 

recombine producing luminescence. Consequently, OSL intensity is proportional to the variation 

in the concentration of trapped charges, and in the case of CW-OSL it is described by the following 

equation (1): 

             (1)𝐼𝑐𝑤(𝑡) = ∑
𝑖𝑛0,𝑖𝛼𝑖𝑒

( ‒  𝛼𝑖𝑡)

where  is the OSL intensity at time t, n0i  is the initial trapped charge concentration at type i 𝐼𝑐𝑤(𝑡)

trap , and  is the escape probability of trap i, defined as the product of the photon flux φ (photons α𝑖

per unit time per unit area) and the photoionization cross section σi, i.e.,  = σiφ. This product α𝑖

describes the probability of a photon with energy hv to release a trapped charge interacting with a 

particular defect [9]. From the values of the escape probability (αi), the respective time constant  τ𝑖

of OSL decay curve may also be defined by equation (2):

 (2)τ𝑖 =
1
α𝑖

OSL dosimetry presents several advantages such as high efficiency and stable sensitivity, 

accuracy, possibility of reevaluation of irradiation doses, fast read-out and no thermal annealing 

steps, as compared to other techniques used in personal and environmental dosimetry [1,16,17]. 

Currently, BeO and Al2O3:C are the OSL materials mostly used for personal dosimetry [1,18,19]. 

However, the discovery and  development of new OSL dosimetric materials is necessary [20–23]. 

Likewise, radioluminescence (RL) is an important tool for studying luminescence 

mechanisms. RL corresponds to the luminescence emitted by a material under exposure to ionizing 

radiation [24,25].  The differences in the luminescence mechanisms between RL and OSL allows 



RL to provide insight into the nature of the luminescence centers and thus to complement OSL in 

the development of new luminescent dosimeters [1,26]. 

This work focused on the characterization of a composite based on powdered alexandrite 

mineral dispersed in a fluorinated polymer serving as a binder. Among the characteristics of the 

composite, the reproducibility and repeatability of the OSL response were evaluated. The 

dosimetric response to beta irradiation up to 5 Gy and the deconvolutions of the OSL curves, as 

well as RL and optical absorption of this composite are being reported here for the first time.

2. MATERIALS AND METHODS

Alexandrite-polymer composites were fabricated as follows: firstly, an alexandrite mineral 

sample, extracted from a Brazilian mine, was manually crushed and powdered using a porcelain 

mortar and pestle (Chiarotti Ltda), followed by sieving (Granutest Ltda) obtaining micrometric 

grains (< 0.35 mm). The sieved alexandrite powder was thermally treated at 400 °C for 1 h to erase 

any signal previously accumulated due to natural irradiation and left to cool naturally to room 

temperature. Then the powder was mixed with an organic matrix based on a fluorinated polymer. 

The OSL signal of irradiated fluorinated polymer serving as the binder was previously evaluated, 

and no OSL signal is detected for doses up to 5 Gy. In this work, 5 pellets with 20 wt% alexandrite 

were investigated. Fig. 1 shows the pellets, which presented a smooth surface and light brown 

color.



Figure 1: Alexandrite – polymer pellets arranged on stainless steel sample holders.

For optical absorption (OA) and RL measurements, besides the composite pellets described 

above, both a natural and a synthetic alexandrite samples were used, along with a pellet of the 

fluorinated polymer. The synthetic alexandrite single crystal was grown by the Czochralski method 

[27] with Cr3+ doping for up to 0.3 at.% substituting for A13+ [28]. The single crystal had parallel 

faces and thickness of 2.33 mm.  The natural alexandrite sample was taken from the powder after 

sieving (grain size <75μm).

OSL measurements were carried out at room temperature using an automated Risø TL/OSL 

reader, model DA-20, DTU Nutech. The OSL signal was stimulated in CW mode using blue LEDs 

(470 nm, FWHM = 20 nm, 80 mW/cm2).  The OSL signal was detected by a bialkali 

photomultiplier tube through   a 7.5 mm thick Hoya U-340 filter (transmission band 250 - 390 nm, 

FWHM), and a mask with 5 mm diameter.  For each OSL measurement, three samples were 

readout for 60s twice for completely erasing any signal. Irradiation was executed using the built-

in 90Sr/90Y beta (10 mGy/s) source of the TL/OSL reader delivering a cumulative dose within 0.1 

to 5 Gy. The OSL decay curves were analyzed with OriginLab software by fitting experimental 



data with  Eq. 1 using a  of Levenberg Marquardt algorithm [29,30]. The background signal of the 

measurements was considered as an additive constant.

For the repeatability evaluation, one sample was irradiated to 1 Gy followed by readout 

and this procedure was repeated 10 times for the same sample. In the reproducibility evaluation, 5 

samples were all irradiated to 1 Gy followed by readout at the same conditions. The coefficient of 

variation   where SD is the standard deviation, was used to evaluate the ,𝐶𝑉(%) =
𝑆𝐷

𝑚𝑒𝑎𝑛 × 100,

repeatability and reproducibility tests of the OSL response. Fading tests were performed for 3 

different storage times (1hour, 5 days and 30 days) after irradiation to 1 Gy in the dark using the 

same pellet. After irradiation, the individual samples were covered with light-tight black plastic to 

prevent any possible light incidence. Packing of the sample with black plastic was performed under 

low-intensity red light.

OA measurements were performed in reflectance mode in the range from 350 to 750 nm 

using a Shimadzu 2600 series UV-Vis spectrophotometer, except for the synthetic sample when it 

was performed with a Varian Cary 17 in transmittance mode,  taking advantage of the sample’s 

transparency. The OA data were recorded using non-irradiated samples. 

RL measurements were executed at room temperature using a home-made apparatus 

composed of a 0.2 mA Moxtek, Inc. Magnum 50 kV X-ray source with tungsten target, and an 

Ocean Optics USB2000 spectrometer coupled to an optical fiber [24]. The light emitted by the 

sample (350 to 850 nm) was collected by a collimating lens focused into the optical fiber (74-

series Collimating Lenses, Ocean Optics). Each RL spectrum was collected during 30s under 

continuous wave (CW) X-ray irradiation (dose rate = 92 mGy/s). The spectra presented in this 

work correspond to the total intensity accumulated over the whole collection time.



3. RESULTS AND DISCUSSION

An important parameter for a dosimetric applications is the lower limit of detection.  

Usually, the minimum detectable dose (D0) is calculated by equation (3):

(3)𝐷0 = (𝐵 + 3𝜎𝐵) ∙ 𝑓𝑐

where   is the mean OSL background signal from the samples,   is the standard deviation of 𝐵 𝜎𝐵

measurement of the mean background and   is the calibration factor that is obtained from the 𝑓𝑐

inverse of the slope of the OSL response [31,32]. For the composites fabricated in this work, a D0 

of ~ 75 mGy was obtained.

Fig. 2 shows the average OSL decay curves obtained from the measurement of samples, 

varying the irradiation dose from 0.1 to 5 Gy.   Each decay curve corresponds to the average of 

the decay curves of three pellets irradiated to the same dose.

Figure 2: OSL decay curves after different doses of beta irradiation.



All decay curves showed the same shape, regardless the irradiation dose. In all cases, about 

20s of illumination were enough to essentially extinguish the signal. The average of the OSL signal 

of the three samples as a function of the irradiation dose is shown in Fig. 3. Also shown is the 

linear best fit.  The best fitting procedure yielded a linear coefficient of (-6.7  5.9) x 101 counts ±

and a slope of (2.64  0.03) x 103 counts Gy-1, with R2 = 0.99, where R2 is the coefficient of ±

determination. Note that the coefficient of determination is very close to 1, that is, there is a strong 

correlation (i.e., small variance) between the OSL signal and the irradiation dose. In dosimetry, a 

linear dose-response relationship is a highly desired outcome since it is decisive criterium to 

whether or not investigate a material as a dosimeter. 

Figure 3: OSL signal as a function of the beta irradiation dose. Each point is the mean value of 
three different pellets, the error bars correspond to the standard deviation of the three values, and 
the straight line corresponds to the linear fitting.



The OSL decay curves were fitted with decaying exponential functions (cf. Eq. 1). 

However, it was not possible to obtain reliable fittings for doses smaller than 1 Gy due to the 

relatively low signal-to-noise ratio of those results. Fig. 4 illustrates an example of the fitting for 

the OSL decay curve obtained after 3Gy of beta irradiation dose.  The exponential curves can be 

characterized as fast (blue curve), medium (black curve) and slow (green curve) decay 

components. Note that the sum of the components (red curve) is very close to the experimental 

results. Importantly, for all the irradiation doses between 1 and 5 Gy, three exponential decay 

components were necessary to obtain fittings with a correlation coefficient R2 > 0.985. 

Figure 4: Example of deconvolution of the CW-OSL curve of a composite irradiated with 3Gy, 
with 3 exponential decay components: component 1 (blue line), component 2 (black line) and 
component 3 (green line). The dots represent the experimental results and the red line is the sum 
of all components. The inset is a semi-logarithmic scale representation for better visualization. 



The values of n0 for each of the components are plotted against the beta irradiation dose in 

Fig. 5. As the trends look linear, reliable linear fittings with R2 > 0.998 for fast component; R2 > 

0.993 for medium component and R2 > 0.974 for slow component, were obtained. It is important 

to mention that  values were constant for the same component and all irradiation doses. In the τ

dose range investigated, the CW-OSL curves present yielded three time constants: the fast with 

1=0.51 s, the medium with 2=4.2 s, and the slow with 3=84 s. 

The behavior of n0 as a function of irradiation dose seen in Fig. 5 corroborates the linear 

dose response observed in Fig. 3. In addition, the trapped charge concentration (n0) in the defects 

related to the slow component is higher than in the other two components, being about 2/3 of the 

total trapped charges. This result is probably connected to the dosimetric traps corresponding to 

the main thermoluminescent peaks of alexandrite centered on 225 and 270 ºC, as reported in the 

literature [33,34].

Figure 5: Parameter n0 as a function of beta radiation dose. The   values represented in the graph τ
is constant for each component for all irradiation doses.



Using the intensity values normalized by the corresponding value obtained immediately 

after 1Gy irradiation, the reduction of the OSL signal (fading) of the sample was investigated for 

storage periods of 1 hour, 5 days and 30 days. The OSL signal fades up to 40% of the initial 

intensity value in the first hour of the storage period, at room temperature, and under dark 

conditions. In the next 5 days, the signal decreases by another 20%. The results after 30 days of 

storage show no additional fading, with the signal being stable at 40% of the original value.

In order to test the repeatability of the OSL signal, a sequence measurement was carried 

out using a same pellet. The OSL signal was found to be repeatable when re-measured under the 

same conditions, as the CV value of 2.3% was obtained, without trends in the observed results.  In 

terms of reproducibility of the OSL signal in the 5 pellet-batch, a CV of 8.2% was obtained. The 

optically opaque nature of the binder (cf. Fig. 1) suggests that the origin of the OSL signal is 

restricted to the surface of the pellets and thus it is strongly affected by the concentration of mineral 

particles on the surface of the pellet, that is stochastic. With this result we conclude that the use of 

these composite dosimeters is possible, but a pre-evaluation of each pellet would be required for a 

better precision of dose determination, and further work will focus on obtaining more 

homogeneous batches of composite pellets. 

Recently, our group investigated the chemical composition of the natural samples from the 

same batch used in this study by scanning electron microscopy and energy-dispersive X-ray 

spectroscopy measurements [35]. This analysis leads us to conclude that the alexandrite phase is 

predominant in the mineral with the presence of Cr (0.90 wt.%) and Fe (1.25 wt.%) impurities in 

the sample. As widely discussed before in the literature [33,34,36–40], Cr3+ - Cr3+ pairs and 

clusters, and Fe3+ are responsible for the optical and luminescent properties of alexandrite.  Within 

this context, the optical absorption spectrum for the samples was measured, at room temperature. 



It is shown in Fig. 6. 

Figure 6: Optical absorption spectra of the synthetic and natural alexandrite samples as well as of 
a pellet of alexandrite powder composite, and a fluorinated polymer pellet.

In alexandrite samples, the visible spectra range present two overlapping lines (R lines ~ 

680 nm) and two wide absorption bands, denominated A (~ 590 nm) and B (~ 420 nm).  A Band  

represents Cr3+ ions and B band represents Cr3+ and Fe3+ incorporated in two distinct aluminum 

sites; Al1 and Al2 [39,41,42]. In addition, R lines appear precisely at the same wavelengths, in both 

absorption and emission spectra reported previously [43–45].  Fig. 6 also shows that the powder 

presents the same optical absorption bands as the synthetic alexandrite sample, therefore, the 

quality of the natural samples has been certified. Also, the production of the composite pellets has 

no influence on the sample optical absorption spectrum in the visible range, since the synthetic 

sample, powder and pellets present the bands at the same positions of the spectrum. The results 



also suggest that the increasing absorption observed below ~400 nm is mostly due to the 

alexandrite mineral.

RL measurements were executed to gain insight into the existing OSL recombination 

centers. The spectrum of the 20% alexandrite - composite (blue line) is shown in Fig. 7 together 

with the spectra of the fluorinated polymer binder (red line), as well as natural (black line) and 

synthetic (purple line) alexandrite. The fluorinated polymer binder did not present any RL signal. 

The comparison of the spectra of the natural sample with the synthetic one that is doped with, Cr3+ 

suggests that the 680 nm band is due to Cr3+. However, it is possible to observe that the band 

centered at 680 nm is broader in the natural sample than in the synthetic sample, indicating that it 

might be attributed not to only to Cr3+ but also to Fe3+. The other band centered at about 570 nm, 

that occurs only for the natural samples, is probably related to an additional impurity. Previous 

chemical analysis of this mineral revealed the presence of several impurities, and particularly of 

Mn [33], and the emission of Mn4+ from alexandrite revealed a broad band around 560 nm, among 

other bands [36]. Importantly, a weak contribution below ~400 nm can be seen from the composite. 

The low intensity was attributed in part to the opaque nature of the binder as well as to very low 

efficiency of the optical detector is in this spectral region. This emission is attributed to many 

defects in the alexandrite mineral known to luminesce in this region [6].



Figure 7: RL spectra of the synthetic and natural alexandrite as well as alexandrite composite and 
fluorinated polymer pellets. 

4. CONCLUSIONS

In this work we investigated a new composite material for OSL dosimetric applications, 

based on powder of alexandrite mineral (20 wt.%) dispersed in a fluorinated polymer binder. OSL 

intensity signal from the produced pellet varies linearly with the irradiation dose between 0.1 and 

5 Gy and keeps 40% of the original signal stable after 30 days of storage in the dark. The 

repeatability results show a good CV (2.3% for one sample), and the reproducibility presents a CV 

about 8%. The analysis of the components of the OSL decay curves showed that for doses ranging 

from 1 to 5Gy, the curve is composed by 3 exponential decay components, fast (0.5s), medium 

(4.2s) and slow (84s). These fittings were able to describe very well the experimental curves, 

showing a determination coefficient very close to 1 for all cases. Optical absorption and RL 



showed that Cr, Fe and Mn ions are mainly responsible for luminescence in the visible spectrum. 

In addition, RL measurements revealed the presence recombination centers in the UV that are 

expected to be responsible for the detected OSL signal. Future work will focus on improving the 

fabrication procedure to achieve better reproducibility among different pellets and higher UV 

emission. 
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