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Abstract 

 

LiF with different dopants has been one of the most investigated materials to use as 

thermoluminescent dosimeter. In this paper, we present the preparation method, the 

characterization and the thermoluminescent response of Eu doped LiF irradiated with 

X-rays. Pure and Eu doped LiF samples with different dopant contentration (0, 0.25, 

0.5, 0.75 and 1 % mol) were synthesized using the precipitation method. The samples 

were structurally characterized by X-ray diffraction (XRD), the diffraction patterns 

showed a main cubic crystalline structure and a secondary hexagonal structure. The 

photoluminescence spectrum exhibited four well defined peaks characteristic of the 

Eu3+ ion. Termoluminescent (TL) glow curves of x-ray irradiated samples showed a 

well-defined single peak arround 200 °C, except for the pure and 0.25% Eu doped 

samples. 
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1.- INTRODUCTION 

 

The emission of light by the effect of thermal stimulation or thermoluminescence is the 

property possessed by some crystalline solids to emit light when heated after being 

irradiated. The amount of light emitted is proportional to the amount of dose received. 

Thermoluminescent Dosimetry is one of the most common methods for the measurement 

ofdoses in medical physics and personnel dosimetry. Numerous thermoluminescent 

materials and different preparation methods have been studied so far. Azorin (2014) 

 

LiF is one of the most studied thermoluminescent materials, widely used in radiation 

dosimetry due to its sensitivity to ionizing radiation and because its effective atomic 

number (8.14) is close to the one from biological tissue (7.4). The optical properties of LiF 

can be modified using different dopants such as rare earth, so in recent decades has been 

growing interest in studying the effect of different dopants and different methods of 

synthesis. However, optical properties of  Eu doped LiF micro-cubes are rarely reported. 

[Alharbi et al. 2012, Kristianpoller et al. 2001] 

 

The objective of this work was to synthesize pure and Eu doped LiF using a precipitation 

method. Then we studied the optical properties of the material, and their TL response for 

possible applications in TL dosimetry. 

 

2.- MATERIALS AND METHODS 

 

We obtained five samples of  LiF:Eu
3+

 using the precipitation method. The synthesis 

process was performed at room temperature. LiCl, NH4F and EuCl3 were used as precursor 

materials. All the solutions were prepared with tridistilled water as a solvent. 

 

Solutions of EuCl3 of different molar concentrations of 0.25, 0.5, 0.75 and 1% were 

prepared in 50 ml of tridistilled water. The solution was mixed dropwise into a beaker 

containing a 0.4M solution of  LiCl placed on a magnetic stirrer. For the LiF pure sample 
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this step was not performed. Then this solution was added dropwise to a 0.2M solution of 

NH4F using a burette. The solution of  NH4F was contained in a plastic beaker to avoid any 

reaction between the materials and the glass. The solution was continuously stirred using 

magnetic stirrer for 30 min. The precipitate was washed 25 times using tridistilled water in 

order to remove undesired impurities and was dried at 70°C in an oven for 2.5 h. 

 

The as-synthesized LiF powder samples were characterized by XRD, using an D2 Phaser, 

Bruken diffractometer with Cu Kα radiation (1.54 Å) operated at 30 kV and 30 mA current 

for a 2θ range from 20° to 70°. The absorption spectra for the samples were obtained using 

a Cary 5000 UV-Vis-NIR spectrophotometer. PL emission spectra were measured using a 

UV filter at an excitation wavelength of 325 nm using a Acton SpectraPro 2150i 

spectrofluorophotometer.  

 

For the thermoluminescent characterization, the samples were annealed at 400°C for 1h. 

Then they were irradiated with a X-ray dental equipment, model Elity 70E operating at a 

maximum of 70 kV and 10 mA, using 20 shots of 1.30s each. The samples rested under a 

black bag for 1h before being placed on a Harshaw 3500 TLD reader.  

 

3.- RESULTS 

 

The X-ray diffraction pattern of the pure LiF sample is presented in Figure 1 and the 

diffraction patterns of Eu doped samples in Figure 2. For the pure LiF the data were 

recorded only for a 2θ range from 30° to 70° due to the absence of peaks between 

20° and 30°. 

 

The average crystallite sizes of the samples were calculated using the Scherrer equation. 
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where τ is the average crystallite size, λ is 1.54Å, B is the full width at half maximum 

(FWHM) in radians, θ is the Bragg diffraction angle and K is a constant we took as 1. The 

average crystallite sizes were calculated to be in the range 71 - 105 nm. 

 

The Figure 3 shows the UV-Vis absorption spectra of all the five samples of LiF in 

the wavelength region 200–750 nm. 

 

The photoluminescence emission spectra of the Eu doped LiF samples are presented in 

Figure 4. The pure LiF sample does not present a PL signal attributed to the absence of 

color centers. All samples showed peaks at the same locations with difference in the 

intensities. The maximum PL intensity was obtained from the LiF:Eu (0.75% mol). 

 

From the thermoluminescent characterization, we obtained the five glow curves for the x-

ray irradiated samples showed in Figure 5. The glow curve observed in Figure 6 

corresponds to the non-irradiated Eu 1% doped LiF sample after the annealing process. 

The glow curves were recorded using a preheating time of 10s at 50°C and a constant 

heating rate of 10°C/s with a maximum temperature of 400°C. 

 



ISSSD 2015 
September 26-30, 2015 

Leon, Gto. Mexico 

 

787 
 

Figure 1.- XRD pattern of pure LiF 

 

Figure 2.- XRD pattern of Eu (0.25, 0.5, 0.75 and 1 mol %) doped LiF. 
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Figure 3.- UV-Vis absorption spectra of pure and Eu doped LiF 

 

Figure 4.- PL emission spectra of Eu (0.25, 0.5, 0.75 and 1 mol %) doped LiF. 
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Figure 5.- TL glow curves of pure and Eu (0.25, 0.5, 0.75 and 1.0% mol) LiF exposed with 

X-rays. 
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Figure 6.- Glow curve of non-irradiated Eu doped 1.0 % mol LiF sample 

 

4.- DISCUSSION 

 

From the Figure 1 and Figure 2, three main peaks are observed at 2θ = 38°, 45° and 66° 

which corresponds to (111), (200) and (220) planes respectively, according to Database 

PDF no. 00-004-0857. This results show that the material presents a cubic crystalline 

structure. 

 

A secondary set of peaks was found at 2θ = 25°, 26°, 28° and 46° which match  with (002), 

(110), (111) and (113) planes  (PDF 00-032-0373) corresponding to EuF3 with a hexagonal 

crystalline structure.  This peaks have been reported for Eu concentrations greater than 

0.05% mol. Kumal et al. (2015)  

 

The UV-Vis absorption spectra were very similar for all the samples. In Figure 3 a peak at 

390 nm can be seen. We can assume that this peak appears due to the presence of the Eu as 
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this grows as the concentration of europium was increased, besides the spectrum of pure 

LiF do not exhibit this absorption peak. 

 

From the PL emission spectra presented in Figure 4, the main peaks can be observed at 591, 

615, 650 and 682-691 nm corresponding to transitions from Eu
3 +

 
5
D0 to 

7
FJ (J = 1,2,3,4). 

The 
5
D0 → 

7
F0 transition occurs at a wavelength of 580 nm and could have been masked by 

the peak at 591 nm. The most intense peaks are located at 591 and 615 nm. The first is 

known as a magnetic dipole transition that dominates the spectrum only if Eu
3+

 ions occupy 

the center of symmetry in the host lattice. The emission peak of 615 nm is an electric dipole 

transition and dominates the spectrum when the Eu
3+

 ions are located in a position without 

inversion symmetry. The spectra also show a peak at 443 nm that could not be identified 

with a known transition from Eu
3+

.[ Kumal et al. (2015), Volanti et al. (2009), Das et al. 

(2011)] 

 

Figure 5 shows the glow curves obtained for all synthesized samples of LiF. They exhibit 

good defined peaks in the temperature range of 150-300 °C. 

  

The weakest TL response was found for the pure LiF sample, as expected; the shape o the 

glow curve is very similar as the one showed by LiF:Eu (0.25%), from the last one, two 

peaks, one around 116 °C and another at 250 °C were observed.  From the Eu doped 0.5% 

and 0.75% ,  only a peak centered at 220 and 200, respectively, were obtained. The most 

intense response and the best defined peak appeared at 210°C for the 1% mol sample, also 

for this sample, we show the glow curve recorded before being irradiated (Figure 6), this 

curve doesn’t exhibit any TL signal as it was expected. These results show a good response 

TL material and suggest their possible application for dosimetry of ionizing radiation. 

 

 

 

 

5.- CONCLUSIONS 
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In this work we successfully synthesized pure and Eu doped LiF using a precipitation 

method. XRD patterns show that we obtained a crystalline cubic LiF structure. The PL 

emission showed the typical transitions of Eu
3 + 5

D0 → 
7
FJ (J = 1,2,3,4). Finally, the 

samples exhibited good response TL, three of them with a single defined peak near 200 ° C, 

it is why the LiF: Eu may be used for purposes of dosimetry. 
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