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Abstract 

This paper reports on the preliminary results obtained from the cathodoluminescence (CL) and 

thermoluminescence (TL) properties of undoped LaAlO3 (LAO) and LaAlO3: REE (REE= Dy
3+

, Pr
3+

 

and Eu
3+

) to be potentially employed for dosimetric purposes. The samples were synthesized by a 

sol-gel process based on the Pechini‟s method with a spray-drying technique and, subsequently, 

characterized by Environmental Scanning Electron Microscopy and Energy Dispersive X-Ray 

Analysis Spectrometry. CL spectra display sharp and narrow wavebands that could specifically be 

associated with structural (in the range of 300-450 nm) and point defects (from 450 to 800 nm). The 

observed wavebands could be assigned as follows: (i) 480 and 570 from the Dy-doped LAO should 

corresponding respectively to 
4
F9/2

6
H15/2 and 

4
F9/2

6
H13/2 transitions, (ii) 490-638 from the Pr-

doped LAO is linked to 
3
P0

3
H4,

 1
D2

3
H4 transitions and (iii) 590 and 620 where the dopant Eu

3+ 

gives rise to 
5
D0

7
F1 and 

5
D0

7
F2 transitions and (iv) a UV-blue broad band is associated with 

NBOHC in undoped LAO. Such emissions are due to the presence of the 4f electrons of rare earth 

ions that are shielded by the outer 5s and 5p electrons, the intra-4f emission spectra of REE. 

Furthermore, the study performed on the TL emission of LaAlO3:Dy
3+

 displays (i) two maxima 

centred at 150
o
C and 240 

o
C (ratio 1:2) similarly to the Pr

3+
-doped sample but with 7:5 of ratio. And 

(ii) the highest radiation sensitivity, allowing us to think on the potential use of this material for 

dosimetric purposes, however further works are necessary to confirm such assertion.  

 

Keywords: Cathodoluminescence; Thermoluminiscence; LaAlO3; Sol-gel method; Rare earth 

elements. 
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1.- INTRODUCTION 

Lanthanum aluminate (LaAlO3 or LAO) is known like a perovskite-type mixed oxide 

composed of a rhombohedral structure with R-3c space group. Trivalent lanthanum (La
3+

) 

ions occupy a D3 symmetry site and is transformed into a pseudocubic lattice (Pm3m) at 

temperatures above 530°C [Randy et al., 1999], where their ionic radii are similar, thus 

making it favourable to dope LaAlO3 hollow spheres with Dy
3+

, Pr
3+

, Eu
3+

. These structures 

exhibit sharp and narrow emissions in the visible region due to its electronic, optical, and 

chemical features arising from their 4f electron configurations [Fang et al., 2003; Zhang and 

Saito., 2000; Kaewkhao et al., 2016; Rajagukguk et al., 2016]. To examine the viability of 

prepared hollow spheres as efficient and versatile host materials, lanthanide ions (Dy
3+

, Pr
3+

, 

Eu
3+

) were doped into the LaAlO3 host lattice to investigate the luminescence properties 

emitting a diversity of colors [Zhang et al., 2008; Bu et al., 2008; Ohtomo and Hwang, 2004; 

Zaman et al., 2016]. 

 

Different synthesis methods have been developed for the production of these materials, such 

as ceramic powder elaboration [Scheneider et al., 1961], precursor decomposition approach 

[Pazik et al., 2011], spray-pyrolysis process [Lux et al., 1993], sol-gel method [Yu and Guo., 

2011] [Peshev and Slavova., 1994] and spray-drying technique [Rivas-Murias et al., 2011], 

among others. Thus, variations of sol-gel based on the Pechini‟s method [Pechini, 1967] 

have been employed in the preparation of several types of perovskite materials. Such method 

provides a molecular mixing of constituents in an aqueous and organic medium, allowing a 

complete chemical homogeneity, a decrease of the temperature of crystallization and an 

increase in the reaction rate [Fadlalla et al., 2008]. It is based on the fact that particular α-

hydroxycarboxylic organic acids produce a stable chelate which is heated and transformed 

into a polymer with a homogeneous distribution of cations after the addition of a 

polyhydroxylic alcohol to the mixture. The organic part is subsequently removed at 

temperatures close to 300 °C, thereby forming reactive oxides.  

 

Among the precursor laboratory procedures, the spray-drying technique is less commonly 

used compared to sol-gel method since presents significant advantages such as high 

reproducibility and possibility of production of large quantities. In fact, this is a well-known 
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technique for industrial processes, where a water-based suspension is transformed into a dry 

agglomerated powder by atomization of the slurry into a stream of hot air. 

 

The composition and structure of LAO materials and their genetic characteristics and 

typomorphic properties, can be determined by cathodoluminescence (CL) [Mholongo et al., 

2011], thermoluminescence (TL) [Isasi-Marin et al., 2009] and photoluminescence (PL) 

[Foster et al., 2013; Kaewnuam et al., 2016] techniques, among others. These luminescence 

techniques give us information about the trapped charge recombination sites related to 

metastable defects in the lattice depending on whether the detrapping process is due to heat 

(TL) or electron exposure (CL). Intrinsic and extrinsic defects (point defects, vacancies, 

Schottky defects, dislocations, Frenkel defects, planar defects, etc.) are responsible for 

different luminescence emissions. Thus, TL is a method based on the photon emission from 

an insulator or semiconductor samples when it is heated after being irradiated by, for 

instance, beam of electrons, gamma rays, X-rays, cosmic rays, etc. [McKeever., 1985].  

 

From the TL glow curves, one can estimate the depth of the traps involved during the TL 

readout that are directly linked to the trapped charge recombination due to the metastable 

defects of the lattice and the subsequent detrrapping process due to heat. CL, that is a 

process where the light is caused by an energetic electron beam, provides data about 

transient defects after irradiation on the surface of the lattice. CL is usually employed to 

identify the migration and diffusion of some luminescent centres from the emission bands 

[Kalceff and Phillips., 1995]. 

 

Factors such as lifetime, efficiency, emission spectra, etc. are involved in the luminescence 

process and depend directly on the crystalline phase that is mainly influenced by pressure 

and temperature. In this sense, small variations in the lattice structure due to the presence of 

inclusions, impurities, substituted ions, surface defects in ppm concentrations, etc. induce 

changes not only in the intensity, but also in the wavelength position of the spectral 

emission. Light emission from rare earth REE is mainly attributed to electric and magnetic 

dipole transitions inside the 4f manifolds or involving configurations such as 4f 
n−1

 and 5d 

[Gerhard., 1968]. The external 5s and 5p shells cover the f electrons from outward forces 
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and, as a result, the emission spectra consist of relatively sharp peaks. The crystal field 

surrounding the rare earth REE reduces the selection rules so that luminescence emission 

can be observed at room temperature, even though the f–f transitions of lanthanide ions are 

forbidden [Garcia-Hipolito et al., 2001]. 

 

 

This paper reports on the luminescence properties (CL and TL) of undoped LaAlO3 (LAO) 

and LaAlO3: REE (REE= Dy
3+

, Pr
3+

 and Eu
3+

) powders obtained by the Pechini‟s method 

and a spray-drying technique, previously characterized by Environmental Scanning Electron 

Microscopy (ESEM) and X-Ray Diffraction (XRD), to determine its potential use, for 

instance, in the field of dosimetry. 
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2.- MATERIALS AND METHODS 

 

Undoped and doped (2 % of Pr, 5% of Eu and Dy each) LAO aliquots were prepared from a 

deionized water solution, containing stoichiometric amounts of La and Al ions, starting with 

hydrated salts of lanthanum nitrate (La(NO3)3·6H2O, 99 % purity); dysprosium nitrate 

(Dy(NO3)3·H2O, 99.9 % purity); praseodymium nitrate, (Pr(NO3)3·6H2O, 99.9 % purity) and 

europium nitrate (Eu(NO3)3·5H2O, 99.9 % purity) supplied by Fluka Sigma-Aldrich® and 

aluminum nitrate (Al(NO3)3·6H2O, 99% purity) provided by J. T. Baker®. The solution of 

metal nitrates was completed by adding citric acid, HOC(COOH)(CH2COOH)2·H2O (99.9% 

purity) and ethylene glycol, HOCH2CH2OH (99.85% purity) supplied by J. T. Baker®. The 

stoichiometry ratio of (Me(NO3)3·nH2O, HOC(COOH)(CH2COOH)2·H2O and 

HOCH2CH2OH) is 1:2:2, where Me corresponds to the metallic ion. 

 

The solution was heated up to 80°C during one hour to start the polyesterification reaction 

[Pechini., 1967] [Hernández and González., 2002]. The resulting mixture was dried by 

Spray Dryer (Yamato-ADL31) to obtain white xerogel agglomerates. The conditions were 

(i) inlet temperature 200°C and outlet temperature 90°C, (ii) feed flow 1.6·10
-5

 m
3
·min

-1
, 

(iii) drying air flow 0.5 m
3
·min

-1
, and (iv) spray pressure 0.2 MPa. Additionally, the 

obtained powders were dried at 90°C and pre-annealed at 400°C for one hour to remove the 

precursor organic matter at a heating rate of 3 °C·min
-1

, followed by two-step process (i) an 

isothermal treatment from 1000 to 1200°C for 3 h, with a heating rate of 5 °C·min
-1

 and (ii) 

the samples were sintered at 1600°C for 5 h with a heating rate of 5 °C·min
-1

 in a furnace 

Thermolyne 46100®.  

 

The crystal structure of the powders was determined by XRD, using a Cu Kα (1.54 Å) 

radiation in a BRUKER Linxeye XE diffractometer. The XRD patterns were obtained by 

step scanning from 2ᵒ to 64ᵒ 2Ɵ (2 h in steps of 0.020 h; 4 s per step) and compared with the 

XRD PDF2 card files of the Joint Committee on Powder Diffraction Standards using 

XPowder diffraction software. 
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The luminescence emissions of samples were studied by Cathodoluminescence (CL) and 

Thermoluminescence (TL). The CL spectra were carried out using a Gatan MonoCL3 

detector with a PA-3 photomultiplier tube connected to the ESEM model XLS30 of the FEI 

Company, providing at 27 kV electron beam using Energy Dispersive Spectroscopy (EDS).  

 

The detector covers a spectral range of 250–850 nm and is most sensitive in the blue parts of 

the spectrum. The samples were deposited on polished slabs, at low-vacuum mode without 

coating to keep open way out to the CL emission. The emission of the samples was collected 

and amplified using a retractable parabolic diamond mirror and a photomultiplier tube. The 

distance between the sample and the bottom of the CL mirror assembly was 15 mm. 

 

The TL glow emission, observed through a blue filter (a FIB002 of the Melles-Griot 

Company) where the wavelength (in nm) is peaked at 320–480 nm; FWHM is 80 ± 16 nm; 

and peak transmittance (minimum) of 60%, was carried out using an automated Risø TL 

reader model TL DA-12 with an EMI 9635 QA photomultiplier [Bøtter-Jensen and Duller., 

1992]. This TL reader is provided with a 
90

Sr/
90

Y beta source with a dose rate of 0.011 Gy·s
-

1
 that were calibrated against a 

137
Cs gamma source in a secondary standard laboratory 

[Correcher et al., 1998]. The samples, which were carefully powdered with an agate pestle 

and mortar to avoid triboluminescence [Garcia-Guinea et al., 2000], were measured using a 

linear heating rate of 5
o 

C·s
-1

 from room temperature (RT) up to the corresponding 

temperature in a N2 atmosphere. Aliquots of 5.0 ± 0.1 mg of the sample (less than 90 µm of 

diameter) were used for TL measurements. 
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3.- RESULTS 

3.1. Sample Characterization: ESEM and XRD 
The sample characterization was carried out by means of ESEM and XRD. Figure 1 shows a 

set of ESEM micrographs of (a) undoped LAO, (b) LaAlO3: Dy
3+

, (c) LaAlO3: Pr
3+

 and (d) 

LaAlO3: Eu
3+

. One can observed the hollow structure in each material formed by 

agglomerate compounds giving rise to the presence of pores with sizes lesser than 5 µm. On 

the other hand, Figure 2 shows the results obtained by using the XRD technique for the 

undoped LAO sample, sintered at 1600°C and measured at RT, according with PDF01-085-

1071 card. 

 

 

Figure 1.- Environmental scanning electron microscopy (ESEM) image of (a) undoped 

LaAlO3, (b) LaAlO3: Dy
3+

, (c) LaAlO3: Pr
3+

 and (d) LaAlO3: Eu
3+

 (in the range of 5µm). 
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Figure 2.- X-Ray diffraction (XRD) of the undoped LaAlO3 sample and measured at RT. 

 

 

3.2. Luminescence properties: CL and TL 
Luminescence properties of undoped LAO and doped with REE (REE= Dy

3+
, Pr

3+
 and Eu

3+
) 

have been investigated by means of CL and TL techniques. 

 

Figure 3 displays the CL spectra of the samples in the 250-850 nm regions at RT. The main 

CL emission bands due to the presence of these REEs have been assigned to each of the 

studied materials. Such REE
3+

 induce characteristic sharp and narrow peaks caused by their 

4f configurations. 
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Figure 3.- Cathodoluminescence spectra recorded of (a) undoped LaAlO3, (b) LaAlO3: 

Dy
3+

, (c) LaAlO3: Pr
3+

 and (d) LaAlO3: Eu
3+

 at RT. Note the assignment of the main 

emission bands from REE
3+

 ions. 

 

 

The wavelength values of the CL emission bands of the materials are assigned in the 

following tables: 

 

Table 1. Wavelength values of the Cathodoluminescence peaks of LaAlO3: Dy
3+

 

Transition Peak position (nm) 
4
F9/2→

6
H15/2 457.23, 482.04 nm 

4
F9/2→

6
H13/2 543.08, 570.74, 577.51 nm 

4
F9/2→

6
H11/2 652.83, 661.40 nm 

4
F9/2→

4
F11/2+

6
H9/2 734.92, 747.25, 754.91, 760.63, 771.15 nm 
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Table 2. Wavelength values of the Cathodoluminescence peaks of LaAlO3: Pr
3+

 

Transition Peak position (nm) 
3
P0→

3
H4 476.65, 488.25, 493.97 nm 

3
P1+

1
I6→

3
H5 527.56 nm 

3
P0+

1
I6→

3
H5 544.87 nm 

1
D2→

3
H4 585.24, 605.42, 612.19, 617.92, 637.19 nm 

3
P0→

3
F2

 
648.64, 654.36 nm 

3
P0→

3
H6 671.68, 681.32, 690.96 nm 

1
D2→

3
H5 721.68, 735.09 nm 

3
P0→

3
F3,4 741.86, 751.50, 772.59 nm 

 
 

 

Table 3. Wavelength values of the Cathodoluminescence peaks of LaAlO3: Eu
3+

 

Transition Peak position (nm) 
5
D2→

7
F0 465.12 nm 

5
D2→

7
F1 473.40 nm 

5
D2→

7
F2 489.26 nm 

5
D2→

7
F3 509.61 nm 

5
D1→

7
F1 526.30 nm 

5
D1→

7
F2 537.54 nm 

5
D0→

7
F0 554.93 nm 

5
D0→

7
F1 583.69, 592.68 nm 

5
D0→

7
F2 618.36 nm 

5
D0→

7
F3 650.07, 658.35 nm 

5
D0→

7
F4

 
684.03, 691.60, 705.14, 709.71 nm 

 
 

 

Based on the CL results, the TL emission has been measured considering the UV-blue 

spectral region since appears as the more intense signal in the samples and a dose of 11 mGy 

(Figure 4). The preliminary results on the UV-blue TL glow curves display complex curve 

shapes with a trap system that could not be analysed taking into account the commonly 

accepted model based on the discrete trap distribution. It was not possible to calculate 

physical parameters such as trap-energies or pre-exponential factors in terms of both first 

(corresponding to the cases where the intensity of the TL is proportional to the concentration 

of thermally released charges) and/or second order kinetics equations (where the thermally 

released charges are retrapped at least once before the recombination process). 
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The best fitting parameters obtained, based on the value of the factor of merit, were 

unsatisfactory and were not possible to determine some physical parameters such as Ea or 

pre-exponential factors(s). Furthermore, LaAlO3:Dy
3+

 (Fig. 4b) and Pr
3+

-doped LAO (Fig. 

4c) display glow curves with two main defined maxima peaked at ~ 150 and 240 
o
C with 

inverted ratios, 1:2 and 7:5, respectively. One the other hand, Dy
3+

-doped LAO exhibits the 

highest radiation sensitivity, allowing us to think on the potential use of this material. 

 

 

Figure 4.- Thermoluminescence spectra of 11mGy irradiated samples of (a) undoped 

LaAlO3, (b) LaAlO3: Dy
3+

, (c) LaAlO3: Pr
3+

 and (d) LaAlO3: Eu
3+

. 
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4.- DISCUSSION 

4.1. Sample Characterization: ESEM and XRD 
ESEM micrographs (Figure 1) of (a) undoped LAO, (b) LAO: Dy

3+
, (c) LAO: Pr

3+
 and (d) 

LAO: Eu
3+

, include a pale area which corresponds to higher atomic number and confirming 

their hollow structure. The irregular and spherical agglomerate compounds are formed by 

micrometer particles (less than 5 µm) linked to the quick process of synthesis giving rise to a 

porous structure. Similarly, the obtained morphology for the samples LAO: REE
3+

 are 

shown in Figure 1 (b), (c) and (d), exhibiting doped products keeping the structure of hollow 

spheres with regions of particles adhered, causing the appearance of smaller pores compared 

to the undoped LAO probably associated with a seed crystal growth or eviction of CO2 from 

the precursors (organic compounds) since the samples were heated up to 1600
o
C. 

 

The XRD results of LaAlO3 powders (Figure 2) confirm the presence of a unique 

rhombohedral phase, according to PDF01-085-1071 card [Randy et al., 1999], where REE
3+

 

ions replace lanthanum ions and occupy the aforementioned D3 symmetry positions. La
3+

 

has an ionic radius of 122 pm which is similar compared with Dy
3+

 (91 pm), Pr
3+

 (106 pm) 

and Eu
3+

 (98 pm). Therefore REE
3+

 doped LaAlO3 replaces the La
3+

 in the crystal structure, 

creating point defects; this fact causes hybridation in the molecular orbitals and higher 

density of states. Such defect is not evident in the pattern because the peaks apparently do 

not show a displacement in the doped sample pattern due to low concentration. 

 

4.2. Cathodoluminescence (CL) 
As observed in Figure 3a, CL spectrum recorded of the undoped LAO sample displays, at 

least, four groups of components where the wavebands are peaked at UV-blue, 490 nm, 580-

630 nm and a red-infrared band. The first broad waveband consists on an overlapping 

maxima peaked at 360, 380, 430 and 450 nm, where: (i) the 360 nm emission that is very 

common in the luminescence spectra of oxidized compounds, is linked to non-bridging 

oxygen hole centers (NBOHC), i.e. F
o
 center (an oxygen vacancy trapping two electrons) 

associated with aluminium vacancy-hole centers and Me–O bonding defects as a 

consequence of the electron beam impact [Garcia-Guinea et al., 2007]. Therefore, it could be 

assumed that LAO structure includes such NBOHC commonly observed in ionic crystals 
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formed by irradiation. (ii) According to Moritani and Moriyama., 1997, both the 360 and 

380 nm bands are linked among them since irradiation from the electron beam induces 

defects of F-type centers (mainly F
+
 and F

0
 centers, common for all irradiation types). The 

production mechanism can be explained in two steps: (1) a first-order reaction where the 

irradiation gives rise to an excitation of the LaAlO3 to LaAlO3* followed by a de-excitation 

producing F
+
 centers that should be associated with an O

-
 interstitial under Coulomb 

interaction as (F
+
·O

-
) and a photon emission (hν) at 380 nm; and a (2) second-order 

reactions where LaAlO3*→F
0
+O2 and (F

+
·O

-
) + LaAlO3*→F

0
+O2 induce hν, both, at 360 

nm. (iii) The 430 nm band can be associated with the effect of the irradiation that cause the 

formation of –O-O- type defects or O
-
2 intrinsic defects [Kalceff and Phillips., 1995] and (iv) 

the waveband peaked at 450 nm can be assigned to the radiative recombination of self-

trapped excitons (STE) due to the radiolysis of oxygen bonds; the gain in energy is owing to 

the interaction between an electron in the conduction band and a hole in the valence band 

along the lattice. 

 

The interaction of free excitons with phonons would be linked to in its localization in the 

lattice (so-called self-trapping) inducing the blue emission [Kalceff and Phillips., 1995]. The 

range from 450 to 800 nm would be associated with the presence of point defects [Gorobets 

and Rogojine., 2002] in the LaAlO3 material. The CL spectral emission exhibits typically 

narrow and sharp lines peaked at 490 nm, 580-630 nm and a red-infrared band that could 

linked to the excitation-de excitation of La
3+

 in the LAO structure, among others. However, 

further works are necessary to confirm such assertion.  

 

The comparison of Dy
3+

 doped and undoped LAO exhibits similar wavebands in the UV-

blue region and 620 nm that are clearly associated with the LAO lattice; the low energy 

emission bands, the green signal and the maxima peaked at 460-480 nm are masked with the 

typical Dy emissions. Figure 3b shows the CL spectrum of Dy
3+

 doped LaAlO3 powders 

displaying sharp peaks located in the range of 450-490 nm, 540-580 nm, 650-665 nm and 

730-775 nm, corresponding to 
4
F9/2→

6
H15/2, 

4
F9/2→

6
H13/2, 

4
F9/2→

6
H11/2, 

4
F9/2→

4
F11/2+

6
H9/2 

transitions, respectively (Table 1). According to Wiatrowska et al., 2016, this lanthanide ion 

has a similar regardless of lattice, for instance LuI3 powders. The emission of Dy
3+

 consists 
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of two dominant bands, (i) the blue emission due to 
4
F9/2→

6
H15/2 that is assigned to a 

magnetic dipole transition, where its intensity hardly varies with the crystal field and (ii) the 

yellow-orange emission band (
4
F9/2→

6
H13/2) is a hyper sensitive transition which has ΔJ=2 

(electric dipole transition), that is strongly influenced by the crystal field environment [Shen 

et al., 2005; Pang et al., 2005; Xu et al., 2005] and is only allowed in the absence of an 

inversion center. Consequently, when the Dy
3+

 ion is located at a low symmetry local site 

(without an inversion center), the yellow emission dominates in the luminescence spectrum. 

In contrast, when the Dy
3+

 ion occupies a high symmetry local site (with an inversion center) 

its 
4
F9/2→

6
H15/2 blue emission will be stronger than the yellow one (

4
F9/2→

6
H13/2) [Shen et 

al., 2005; Qiang et al., 2009]. This spectral property of Dy
3+

 indicates that these
 
ions mainly 

host the octahedral La
3+

 sites in the LaAlO3 lattice [Krishna et al., 2007]. 

 

This sample shows similar intensities in the yellow and blue emission so both magnetic and 

electric dipole transitions indicate that could exist simultaneously (intensity ratio is 1:1). The 

Pr-doped sample (Fig 3c) shows an emission linked to the LAO lattice (the UV-blue broad 

band) with a relative intensity higher than the Dy-doped material probably due to the 

percentage of dopant (Pr-2% and Dy-5%). The sharp and narrow bands peaked at lower 

energies (over 450 nm) are directly associated with the presence of this lanthanide ion. It 

could be observed how the Pr
3+

 transitions are similar regardless of the type of the structure; 

e.g. ZrO2: Pr
3+

 or CaIn2O4:Pr
3+

 exhibits similar CL response [Isasi-Marin et al., 2009; 

Xiaoming and Jun., 2009]. 

 

As illustrated in table 2, the first group associated with the 
3
P0→

3
H4 shows emissions 

centered at 476.65, 488.25 and 493.97 nm, where the most intense peak at 493.97 nm 

corresponds to the 4f
2
→ 4f5d transitions with the slight contribution of the La

3+
 (Figure 3a). 

The second emission in the range of 585–638 nm, centered at 612.19 nm, is associated with 

the 
1
D2→

3
H4 transition. The third group of components, linked to the 

3
P0→

3
F3,4 transition 

gives rise to emissions peaked at 741.86, 751.50, 772.59 nm. The rest of the emissions at 

527.56 nm, 544.87 nm, 690.96 nm and 721.68 nm, correspond to the 
3
P1+

1
I6→

3
H5, 

3
P0+

1
I6→

3
H5, 

3
P0→

3
H6 and 

1
D2→

3
H5 transitions respectively. Figure 3d displays the Eu

3+
 

doped LaAlO3 sample with characteristic emissions in the UV-blue region and at 730 nm 
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that allow us to detect maxima only linked to the LAO lattice, noticed in the undoped 

material (Figure 3a). As shown in other materials, i.e. La2O3, La(OH)3 [Méndez et al., 2012], 

and SiO2 [Mholongo et al., 2011], the Eu
3+

 transitions are similar independently of the type 

of the structure. The different peaks, corresponding from 
5
DJ (J = 0−2) to 

7
FJ‟ (J′ = 0−4) 

fundamental states, were identified for the Eu
3+

 doped LaAlO3 structure (Table 3). The 

5
D0→

7
FJ (J = 0−4) transitions showed higher intensity than the corresponding 

5
D1 →

7
FJ (J = 

1, 2), whereas 
5
D2→

7
FJ (J = 0−3) exhibited the lowest intensities. The peak at 592.68 nm 

(
5
D0→

7
F1) arises from the magnetic dipole, and the peak at 618.36 nm (

5
D0→

7
F2) occurs 

from electric dipole transitions. According to Judd-Ofelt theory [Walsh., 2006], the 

magnetic dipole is allowed but the electric dipole is forbidden unless the Eu
3+

 ions are 

located at a site without an inversion center [Ninjbadgar et al., 2009]. The relative intensity 

of these two typical peaks of Eu
3+

 was sensitive to the local symmetry. For LaAlO3 :Eu
3+

 

hollow spheres, the peak located at 618.36 nm is similar in intensity than that of the peak at 

592.68 nm, indicating that most of the Eu
3+

 are located in both sites with and without 

inversion symmetry. The observation of the 
5
D0→

7
F0 transition (554.93 nm) in the structure 

indicates that Eu
3+

 was located in the crystallographic sites, since this transition should be 

completely forbidden but might be partially approved in the presence of a linear crystal field 

term. The 2J+1 degeneracy of the free ion may be broken by the crystal field at its location. 

The levels with J=0 are nondegenerate; therefore, if only one structural position for Eu
3+

 in 

the crystalline structure exists, the 
5
D0→

7
F0 might be only one peak, while the 

5
D0→

7
F1 

should exhibit three peaks and the 
5
D0→

7
F2 transition five peaks. 

 

In the spectrum presented in Figure 3d and Table 3, the 
5
D0→

7
F0 shows only one peak in 

Eu
3+

: LaAlO3, while the 
5
D0→

7
F1 and the 

5
D0→

7
F2 transitions display two sharp peaks 

located in the range of 580–620 nm, and several overlapped maxima, due to the presence of 

La
3+

 in the doped sample. This spectrum has only one peak (554.93 nm) for the 
5
D0→

7
F0, 

confirming that only one structural position for Eu
3+

 exists in the crystalline structure. The 

intensity of the electric dipole 
5
D0→

7
F2 is very sensitive to the crystal field (known as 

„hypersensitive‟) generated by the ligands. Although the 
5
D0→

7
F1 is a magnetic dipole 

transition, and its intensity is independent of the local environment of Eu
3+

 that can be 

considered as a reference for different materials.  
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4.3. Thermoluminescence (TL) 
 

The preliminary results on the UV-blue TL glow curves (Figure 4) display complex curve 

shapes with a trap system that could not be analysed taking into account the commonly 

accepted model based on the discrete trap distribution. It was not possible to calculate 

physical parameters such as trap-energies or pre-exponential factors in terms of both first 

(corresponding to the cases where the intensity of the TL is proportional to the concentration 

of thermally released charges) and/or second order kinetics equations (where the thermally 

released charges are retrapped at least once before the recombination process). 

 

The best fitting parameters obtained, based on the value of the factor of merit, were 

unsatisfactory and were not possible to determine some physical parameters such as Ea or 

pre-exponential factors(s). Furthermore, LaAlO3:Dy
3+

 (Fig. 4b) and Pr
3+

-doped LAO (Fig. 

4c) display glow curves with two main defined maxima peaked at ~ 150 and 240 
o
C with 

inverted ratios, 1:2 and 7:5, respectively that indicates a higher radiation sensitivity of the 

deeper traps in the Dy-doped LAO. 

 

The highest UV-blue TL intensity could be due to lowest ionic radius (91 pm) compared to 

the other dopants (98 pm –Eu
3+

- and 106 pm – Pr
3+

) inducing a higher number of structural 

defects. Such effect suggests that Dy-doped LAO could be valid in the field of dosimetry; 

nevertheless further works are necessary to confirm such assertion. 
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5. - CONCLUSIONS 

Cathodoluminescence properties of undoped LaAlO3 (LAO) and LaAlO3: REE (REE= Dy
3+

, 

Pr
3+

 and Eu
3+

) synthesized by a Pechini-type sol-gel method and Spray Dryer technique, 

characterized by ESEM and XRD, display spectral emissions with well-defined maxima. It 

can be distinguished several sharp and narrow CL wavebands peaked at: (i) broad 300-450 

nm emission, linked to structural defects (NBOHC, F
+
 centers, –O-O- type defects or O

-
2 

intrinsic defects and radiative recombination of self-trapped excitons, etc.). And, (ii) in the 

range of 450-850 nm, where the CL emission would be associated with point defects of the 

sort: Dy
3+

 (5%), Pr
3+

 (2%), Eu
3+ 

(5%) and, probably, La
3+

. The observed wavebands at (i) 

480 and 570 nm from the Dy-doped LAO should correspond respectively to 
4
F9/2

6
H15/2 

and 
4
F9/2

6
H13/2 transitions, (ii) 490-638 nm from the Pr-doped LAO linked to 

3
P0

3
H4,

 

1
D2

3
H4 transitions and (iii) 590 and 620 nm where Eu

3+
 acts as a dopant giving rise to 

5
D0

7
F1 and 

5
D0

7
F2 transitions. According to the literature, the aforementioned 

wavebands, that are specifically from each of these lanthanide ions, appear in the same range 

of energy emissions regardless of the host matrix. TL emission of Dy
3+

-doped LAO exhibits 

(i) the highest radiation sensitivity and (ii) two maxima centred at 150
o
C and 240 

o
C (ratio 

1:2) similarly to the Pr
3+

-doped sample but with 7:5 of ratio. And, (iii) LaAlO3:Dy
3+

 could 

potentially be a suitable dosimeter. However, further work is necessary to confirm such 

assertion. 
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