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Abstract

The aim of the present work was to investigate the luminescent properties of
europium-doped lanthanum aluminate (LaAlO,) powder prepared by Mod-
ified Pechini (MP) method. Samples were prepared at different Eu** concen-
trations and calcined at 1600°C. Structural and morphology characterizations
were obtained by X-ray diffraction (XRD), scanning electron microscopy
(SEM), and transmission electron microscope (TEM). Luminescent properties
were analyzed by photoluminescence (PL) and thermoluminescent pheno-
mena. The XRD pattern shows pure lanthanum aluminate oxide LaAlO, with
a rhombohedral structure. Photoluminescence studies of the powders was re-
lated to 4f > 4f(°D, > ’F,) (i = 1, 2, 3, 4) transitions of Eu** ion, the most in-
tense emission of Eu** in LaAlO, was registered for the transition °D, > "F,,
for 5% of Eu’*. The recorded TL glow curves of excited samples showed a
main TL peak, the main peak appeared its maximum as a function of excita-
tion energy. The investigation demonstrates that polycrystalline LaAlO,:Eu’*
powders calcined at 1600°C have interesting luminescent characteristics.

Keywords

Modified Pechini Method, LaAlO,:Eu’*, Photoluminescence,
Thermoluminescence

1. Introduction

Luminescent materials have been widely studied and applied in a number of ap-
plications including solid-state lighting, display, photovoltaics and detectors.
Luminescent materials can be found in a broad range of everyday applications

such as cathode ray tubes (CRTs), projection televisions, fluorescent lamps,
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X-ray detectors, solid state lighting, sensors, and displays [1]. Phosphors are lu-
minescent materials that efficiently emit light upon electromagnetic or particle
excitation. Light emission can be observed easily in polycrystalline materials
when these are subjected to an exciting agent (ionizing radiation) and subse-
quently analyzed by the stimulated luminescence phenomena [2]. The energy of
the excited photons is absorbed and dispersed through the materials in the form
of energetic electrons and holes [1] [2]. Eventually, these high-energy charge
carriers relax toward the electronic ground state by either a radiative relaxation
resulting in luminescence. Consequently, research and development on lumi-
nescent materials has resulted in synthesis and testing of thousands of phos-
phors. An increasing important application of luminescent material is for down
conversion phosphor to create white light emitting diodes (W-LEDs) [3] [4].
Luminescence in rare-earth elements (REE) doped luminescent materials is a
process by which ultraviolet light converted into visible light due to their sharp
4f-intra shell transitions [4] [5] [6]. Among these ions, europium is the most
widely used activator and has been used in phosphor materials for an efficient
red and blue emission. The europium emission in the phosphor material is
strongly dependent on the host lattice and it is possible to obtain different colors
from blue to red. Optical properties of the trivalent europium (Eu*) doped
crystals and several research groups have studied glasses. They have investigated
Eu’" emission in borates, oxides, silicates, phosphates, sulfates and fluorides [4]
[6] [7] [8] [9] [10], etc. The small amount of intentionally doped europium in
the host matrix is essential for the development of photoluminescent devices.
These materials find their applications in lighting, information display, and op-
toelectronics technology. The photoluminescence properties of RE-doped com-
pounds not only depend on the composition and local structure of the host but
also affected by its crystal size and morphology. The effect of the impurities in
the matrix [11] [12] [13] [14] as well as in alkaline earth aluminates doped with
RE™ jons (R: rare earth) have been the subject of investigation as luminescent
materials [15]. The emission of LaAlO:Eu® nanocrystals has been investigated
and mechanism of luminescence has been proposed in literature by some inves-
tigators [16]. Few published papers report on the synthesis [17] [18], optical
properties [19] and ultraviolet stimulated emission [20] of the RE’*- doped
LaAlQO; nanocrystals. Vijay et al reported [21] the TL glow curve gamma irra-
diated of LaAlO; doped with europium. But in the literature it was noticed that
there are no information of lanthanum aluminate doped with europium irra-
diated with X-ray beam. Historically, LaAlO, has been prepared by conventional
solid-state reaction of AlL,O, and La,O, in the temperature range 1500°C -
1700°C [22]. This conventional solid-state reaction process suffers from many
inherent shortcomings, such as high reaction temperature, large particle size,
limited chemical homogeneity and low sinterability. Other synthesis methods
have been also developed to fabricate the inorganic functional materials, such
as precipitation, combustion, and sol-gel processes [23] [24] [25] [26]. The last

method so-called wet method, generally need long time to obtain nanosized
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particles. Therefore, the aim of the present work was to synthesize Eu** doped
LaAlO, powders using modified Pechini method and investigate its lumines-

cent characteristics.

2. Experimental Details

Keeping in view, lanthanides and aluminates based phosphor as a new lumines-
cent material in the field of optical devices; the following luminescent powders
have been prepared by modified Pechini’s (MP) method [27] [28] [29]. All
chemical reagents were analytical grade and used without further purification.
Stoichiometric quantity of solid mixture of La(NO,),-6H,0, and AI(NO,),-6H,0
were diluted in deionized water and Eu,O, was well diluted in nitric acid solution.
The Eu™ concentration in the solution was in the range from 0.5 to 20 at %, with
respect to the amount of lanthanum content, having been found that the optimal
concentration correspond at 5 atomic percent in relation to lanthanum content.
Hence, an aqueous solution of citric acid HOC(COOH)(CH,COOH),-H,O and
ethylene glycol HOCH,CH,OH was added to the metal solution (citric acid:
metal nitrates: ethylene glycol molar ratio = 2:1:2). The solution formed was
evaporated in a YAMATO-ADL31 Spray Dryer device that in place give granu-
lated white gel. Entrance temperature in spray dryer was 200°C and exit temper-
ature from this was 90°C. The gel was kept on a plate and placed into an oven
for its pre-annealed at 400°C this is in order to eliminate all organic compo-
nents. Powders were submitted at different calcination processes in the range
from 800°C up to 1600°C. The best thermoluminescent response was obtained
for that samples calcined at 1600°C. Then, all powders were submitted at 1600°C
for all characterization processes. X-ray diffraction (XRD) patterns of all samples
were recorded on a SIEMMENS D5000 diffractometer with Cu Ka radiation
(1.54056 A). The surface morphology was obtained using a scanning electron
microscopy (SEM) Model No. JEOL, JSM-6400 instrument. The morphology of
the samples was characterized by transmission electronic microscopy (TEM)
(Tecnai F20). Photoluminescence (PL) measurements were performed with a
UV-VIS FluoroMax-P Jobin Yvon Horiba spectrometer. 50 mg powder samples
were pressed to obtain pellets and then exposed into a spectrometer. A Xenon
arc lamp was used as a broadband excitation source and a double Czerny-turner
monochromator was used to select the excitation wavelength for photolumines-
cence excitation. For high energy X-ray irradiation processes were done using an
accelerator Elekta SYNERGY, with nominal energy of 6 MV using a radiation
field size of 10 x 10 cm? at an absorbed dose of 1 Gy. For UV irradiation, the
samples were individually exposed to UVR from a 150 W Xe arc lamp coupled
to a monochromator for selecting the desired wavelength. Thermoluminescent
(TL) signal was obtained using an analyzer Harshaw model 3500 connected to a
PC in order to store and to analyze the glow curves, digitizing both TL and tem-
perature signals by means of two channels of an RS232C interface. The linear
heating rate of the TL analyzer was kept at 10°C/s for all the TL readings, which

were made integrating the signal from 50°C up to 350°C. All TL measurements
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were made in a nitrogen atmosphere in order to reduce the thermal noise from
the heating planchet of the TL reader.

In this study to extract, the information about positions of the TL emission,
peak shape method was employed. The method consists in the temperature at
the maximum emission, 7}, the temperature on the ascending part of the peak,
T,, corresponding to the half peak intensity and the temperature on the des-
cending part of the peak, 7,, and the half width parameters and the symmetry
properties @=T,-T,0=T,-T, andt =T, —T,. The symmetry factor (x,) of
the glow peak i, was obtained using Equation (1) from the peak shape parame-

ters dand w.

= (1)

é Tz _TM
@

Experimental kinetic parameters of Eu’* doped LaAlO; powders were ob-
tained exposing the powders contained into a cup with UV radiation at 230 nm
at a dose of 10 mJ/cm* The same powders X-ray irradiated were used for kinetic
parameters calculation. The activation energy (E) of the TL glow curve of LaA-
10,:Eu’* was calculated using different equations expressed by peak shape me-
thod by mean of the second order kinetics proposed by Chen modified [30] [31]
equation, and is given by:

Chen modified equation
KT

oC

EOC :C(L

b, 2KT, )

where a stands for 7; d and w respectively, c, and b, were obtained using the ex-

pressions given below:
C, =151+3.0( s, —0.42),b, =1.58+4.2(u, —0.42)
C, =0.976+7.3( 1, —0.42),b, =0
c, =2.52+10.2(p, ~0.42),b, =1

3. Results and Discussion

The X-ray diffraction patterns of europium trivalent doped LaALO, submitted at
1600°C is shown in Figure 1. According to XRD analysis, a pure rhombohedral
crystal phase of LaAlO, (PDF01-085-1071) with a perovskite structure is ob-
tained at 1600°C. The results of XRD measurements for doped (with 5% of Eu**
ions) and, undoped LaAlO, powders show no significant alterations in the posi-
tion peaks between undoped and Eu doped samples. The diffraction patterns for
other dopant concentration are not included because XRD patterns were similar
than those obtained for five percent doped samples. In the same figure it seems
that the doping impurity does not influence the crystalline formation. Then, all
diffraction peaks in these XRD patterns could be attributed to the rhombohedral
structure of perovskite system with space group R-3m. X-ray diffraction patters

of LaAlO; was similar than that reported by Rivera et al [32].
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Figure 1. X-ray diffraction pattern of LaAlO,:Eu’* host lattice obtained at 1600°C.

Figure 2. SEM micrographs of powders obtained at 1600°C of calcination temperature.

The SEM micrographs were obtained by JEOL JSM6300 scanning electron
microscope. Figure 2 exhibit surface morphologies of Eu’* doped LaAlO, par-
ticles. The SEM images revealed that the crystallites have no uniform shapes and
the sizes. As it can be seen, the powders are composed by crystals and exhibit the
formation of aggregate among them. Spherical agglomerated within average
range of 2 + 0.5 um. The aggregation of powders, apparently, should result of the
sintered density for LaAlO, materials made of these powders. Eu** doped powders
submitted at 1600°C particles size could be show less compaction and less agglo-
meration particles formed by smaller particles than that obtained in the previous
work, this is could be, the calcination processes was uploaded until 1600°C,
meanwhile, in the previous work this was stopped at 1000°C and 1200°C.

Figure 3 illustrates the image obtained by a high resolution transmission elec-
tron microscope (HRTEM) images of europium trivalent-doped (La,4sEu,sAlO;)
powders calcined at 1600°C, showing that the powders are composed by crystal-
line particles and exhibit the uniform distribution of lattice planes. The HRTEM
images of single samples having different distinct diameters are shown in Figure
3. The light field images in (Figure 3(a)), dark field in (Figure 3(b)), as it can be
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Figure 3. TEM micrographs of LaAlO,;Eu* (5% Eu) powders synthesized at 1600°C:
light field images in (a), dark field in (b), HRTEM image of LaAlO,:Eu** (c) and HRTEM
image (d) showing the plane (012) of rhombohedral phase.

seen in Figure 3(a), an agglomerate of spherical morphology particles is ob-
served in the light field image. In the dark field image (Figure 3(b)) the presence
of small crystals on the surface of the agglomerate and (Figure 3(c)) in the high
definition image shows the planes corresponding to the rhombohedral structure
of the LAO phase belonging to the plane (012). The crystals have a crystalline
structure with clearly interplanar distances between adjacent crystallographic
planes for the LaAlO,:Eu®* polycrystalline powders. The lattice spacing of 3.68A,
seen in Figure 3(d), corresponds to (012) growth directions of rhombohedral
LaAlO,.

The conventional luminescence spectra of the LaAlO;:Eu’ polycrystalline
showed in Figure 4. The inset shows the corresponding excitation spectrum of
LaAlO;:Eu™, using a wavelength of 612 nm. The inset figure shows a maximum
centered at 340 nm UV excited at room temperature. This spectrum was ob-
tained with a fixed emission at A = 613 nm. In this spectrum is possible to ob-
serve a broad excitation band centered at 340 nm can (could be related charge
transfer transitions of 4f - 5d) be attributed to band-to-band transitions of the
host lattice. For the present investigation, this excitation wavelength was selected
for photoluminescent measurements. The obtained powders emitted both the
orange and the red luminescence, which showed the activator Eu’* has success-
fully entered in the LaAlOQ; lattice. As it can be two groups of sharp lines domi-

nate seen PL emission spectra of Eu®" at 594 and 619 nm. In previous works this
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Figure 4. PL Emission spectra of Eu** 5% doped LaAlO, excited at 340 nm wavelength.

figure was published just to observe photoluminescent phenomena [32], but in
the present work we try to explain the emission process. The emission observed
at 594 nm corresponds to the magnetic dipole transition (°D, > ’F,). Meanwhile
the sharp line showed at 619 nm, which is in place of it is originated by the elec-
tric dipole (°D, > ’F,) transition. The intensities of electric dipole transitions, in
particular for ] = 0 and for J = 2, are strongly sensitive to the rare earth sur-
rounding environment, being absent in high symmetry sites, while the intensi-
ties of magnetic dipole transitions are independent of the environment. There-
fore the ratio of intensities I (°D, > ’F,)/I °D, > F,) is an indication of the
symmetry around the rare-earth ion. The highest emission intensity was ob-
served for °D, - “F, transition, this is reverse than that expected. Dhahri and his
group [17] reported that this transition emits a characteristic red light with
number of narrow lines due to the intra-configurational 4f > 4f °D,>’F,) (i = 1,
2, 3, 4) reported in the literature [21]. For our case, the D, > ’F, transition is at-
tributed as the responsible for the emission orange luminescence color, instead
of the expected typical red color luminescence characteristic of Eu** ion as ob-
served in other work [33]. A possible reason of emission orange color is a change
in the local symmetry around of Eu* ion generating an inversion symmetric
center in the host lattice. Europium trivalent emission can give information, on
the local high symmetry around the rare-earth ion which responsible of highest
emission intensity peak. Both these aspects are relevant for the physics of the
system and for the potential applications. In addition, several lines were in place
of are observed at around 700 nm, corresponding to the °D, > ’F, transition. The
°D, > ’F, transitions are less common, are essentially attributed magnetic dipole

transitions. The highest intensity peaks can allow evaluating its radiative lifetime
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Figure 5. TL glow curve of: — LaAlO;:Eu’* powders (at UVR exposure). — LaAlO :Eu’
induced by high energy X-ray beam.

(t_rad) by using a simple formula assuming that the energy of the D, > ’F, tran-
sition and its oscillator strength are constant.

Figure 5 shows a corresponding typical TL glow curve of LaAlO;:Eu®* powd-
ers exposed to UV radiation (plotted by dashed line). TL response as a function
of UV visible light wavelength was recorded from 200 nm to 400 nm having the
highest peak centered at 230 nm. As it can be seen in the Figure 5, the TL glow
curve of LaAlO,:Eu’* powders is constituted by a glow curve with a single peak
centered in 165°C when this is exposed at 230 nm UV wavelength. In this case
UVR sensitivity of LaAlO;:Eu* powders is about 10 times higher as compared to
that obtained of TL response of undoped LaAlO, phosphor obtained under the
same conditions processes. In the same Figure 5 can be seen a well defined TL
glow curve of LaAlO,:Eu’" high energy X-ray irradiated. As it can be seen in this
Figure 5, the TL glow curve of LaAlO:Eu®* powders X-ray irradiated also exhi-
bited by a single peak centered in 230°C (plotted by full line). The TL glow
curves UV irradiated as well as X-ray irradiated, both showed single glow peak
this suggests that only one type of traps is being activated. The glow peak
showed by full line is shifted toward high temperature, is due high energy X-ray
perturbs high level energy of the crystal. High-energy X-ray beam allows releas-
ing trapped electron deeper traps into the lattice and releasing them to produce
broader wavelength light emission than that incident beam.

The opto-electronic properties of luminescent materials depend upon defects
in crystal, chemical composition and doping of impurities. The study of ther-
moluminescence (TL) is very useful for determination of trapping parameter like
activation energy, and frequency factor of luminescent materials. For the estima-
tion of the activation energy and other parameters, most of the methods are
basing on the mathematical approaches. For this investigation, the geometrical
factor of the TL glow curve for the LaAlO,;:Eu’ powders was calculated by using
Equation (1). The geometrical factor value of the peak for sample UV irradiated
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was equal to 0.49. Meanwhile, the geometrical factor for the sample but irra-
diated by high energy X-ray beam was 0.53, both geometrical factor values obey
second order kinetic. Trap depth was found 1.08 + 0.11 eV for samples exposed
under UV radiation. Apparently, TL glow peak under UVR effects is similar
than that obtained by X-ray irradiated samples. But a mathematical analysis
concerning the thermoluminescent emission of light is the results of using lower
energy excitation as well as UV energy, this processes just needs 1.08 eV to excite
and moving charge carriers into lattice crystals until trap them into shallow
traps. Meanwhile, samples irradiated under X-ray effect trap depth was 1.30 £
0.09 eV. The mean activation energy of the same sample exhibited a glow peak
with 1.30 eV as result of released deeper electron traps. From a theoretical point
of view, the thermoluminescent phenomena describe electron traps directly
connected to the band structure of solids and particularly to the effects of im-
purities and lattice irregularities. Then, it describes as centers that may occur
when ions of either signs move away from their original sites, thus leaving vacancy
states, able to interact with free charge carriers and to trap them. This indicates
that Eu*" ions in host lattice occupies an inversion center. Alternatively, ions can
diffuse in interstitial positions and break locally the ideal lattice geometry; finally,
impurity ions can perturb the lattice order, because of their sizes and valences,
generally different from their neighbor ones. Therefore, these values reveal quite a
complex configuration, and the experimental TL emission study can provide a sa-

tisfactory tool to get detailed information on its most meaningful parameters.

4. Conclusion

Eu’* doped LaAlO, powders were successfully synthesized by the modified Pe-
chini method, Pure LaAlO; phase was obtained at 1600°C. The XRD pattern
shows pure perovskite oxide LaAlO; with a rhombohedral structure. Dopant
(Eu’) ion concentration has no effect on the obtained X-ray diffractograms of
LaAlO;:Eu’*. Photoluminescence (PL) emission was recorded under 340 nm ex-
citation shows an intense emission peak at 594 nm along should be attributed to
the magnetic transition with other emission peaks at 619, 692, 605 and 702 nm.
LaAlO;:Eu* as luminescent material shows very high orange luminescence of
nearly 594 nm, and this effect could be attributed a change in the local symmetry
caused by Eu’* ion, which is definitely a material for further investigation for its
use in lighting applications. The TL glow curve for Eu** doped LaAlO, expressed
second order kinetics. Trap depth was found to be in the range of 1.08 - 1.30 eV.
These values suggest TL signal from samples exposed under UV radiation cor-
respond to shallow traps which should be useful for this material as UV radia-
tion monitor. Meanwhile, TL signal obtained from LaAlO;:Eu’* under X-ray ef-
fect correspond to deep traps and suggests as a good material as ionizing radia-

tion dosimeter.
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