Facile Synthesis, Characterization and Optical Measurements in nano-spherical LaAlO3 doped with Europium (III)
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Abstract:


In present report, the nano-spherical LaAlO3 doped with rare earth ions (Eu3+) was prepared by facile modified combustion method. The prepared material was characterized through X-Ray Diffraction (XRD), Fourier Transform Infra-Red spectroscopy (FTIR), and Field Effect Scanning Electron Microscopy (FESEM) for structural and morphological analysis. The Particle size measurements were done through Scherrer’s Method, W-H plot Method, FE-SEM, and BET analysis. The optical measurements were done through photoluminescence spectroscopy. The results revealed the orange-red luminescence in the prepared nano material. Moreover, optimum doping concentration was also studied in the prepared nano-spherical LaAlO3:Eu3+
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1. Introduction

Nanoparticles have recently attracted much attention from researchers nowadays, it is only because of their distinct large surface areas, and low densities. Hence, nano-materials show promising application in various modern fields [
,
]. Moreover, nanomaterials also have proven their potential in drug delivery, as photonic crystals, and as lightweight filler materials [
, 
]. Recently, luminescent nano-materials have shown great potential as labels and containers for biological labeling and drug release [
,
]. Even though much advancement has been made in the synthesis of luminescent nanomaterials, it has still confronted to look for a logical etiquette for synthesizing luminescent nano-materials [
].

LaAlO3 is rhombohedral structured perovskite-type mixed oxide and has intensive applications as the luminescent host material in the nano-phase. It also has high thermal stability and a high band gap required for luminescence. In recent times, some motivating work focused on the luminescent properties of nanocrystalline LaAlO3 doped with rare earth has been carried and proved the excellent properties of LaAlO3 as luminescent host materials [
]. For example, LaAlO3: Nd3+ nanoparticles coated with a SiO2 shell layer has been used to enhance the photoluminescence emission [
].  Also, single host full-colour emission has been achieved in LaAlO3/Eu phosphor by the co-doping of Eu2+ and Eu3+ [
]. Thus, LaAlO3 nanoparticles with good luminescence might serve as a purposeful material and find immense applications in the field.

Various conventional and non-conventional synthesis approaches have been developed for the synthesis of nano-crystalline LaAlO3 [
, 
, 
, 
, 
, 
, 
,
]. However, the size and shape control of LaAlO3 materials remains a large challenge. Perovskite-type LaAlO3 require a relatively high temperature for the formation and usually, chances of particle agglomeration increased at high temperature. Thus, irregular particle size has been obtained through most synthetic methods. 

Here in, a modified solution combustion approach based on a self-propagating reduction process has been used for the preparation of nano-crystalline LaAlO3. Urea has been used as fuel. Though urea has earlier been utilized by many researchers as a fuel, in this report the quantity of urea has been reduced and the results are prominent. The precursors support the phase formation and morphology control of LaAlO3 and are converted to nearly uniform LaAlO3 nano-crystalline particles through thermal treatment. 
2. Experimental Work
2.1 Materials and methods 


During the reaction, the AR grade starting materials viz. La(NO3)3 and Al(NO3)3 were procured from Sigma Aldrich Scientific. The Urea (NH2CONH2) was used as fuel for combustion and ammonium nitrate (NH4NO3) was used as an oxidizer. The rare earth nitrate Eu(NO3)3 was prepared by adding dilute HNO3 to respective europium oxide and stirring on a magnetic stirrer till all the metal oxide gets dissolved in the HNO3 solution. Table 1 shows the balanced molar ratios of precursors used in the synthesis and corresponding chemical reaction.

Table 1: The balanced molar ratios of precursors used in the synthesis and corresponding chemical reaction

	Product
	Corresponding reaction with balanced molar ratio of precursors 

	LaAlO3: Eu3+
	(1-x) La(NO3)3+Al(NO3)3.9H2O+5NH2CONH2+5NH4NO3+xEu(NO3)3
( LaAlO3: xEu3+ + Gaseous Products (H2O, NH3, NOx, etc.)

(x=0.005, 0.01, 0.02, 0.05)


As reported earlier, combustion synthesis is an efficient method of preparing phosphor powder with good mechanical, physical and chemical stability. It is one step, easy method carried out at relatively low temperature (500-550°C) [
, 
, 
, 11]. All the precursor materials in their stoichiometric ratios were put in the quartz combustion container. The required amount of double distilled water was added to the precursor materials to get a paste-like consistency. The paste was mixed well for homogenization of the mass. The quartz container was placed in a furnace maintained at around 500–550°C. In about 2-3 minutes reaction started with a bright yellow flame. The reaction continued only for a few seconds. As soon as the reaction was over, the quartz container was taken out of the furnace and allowed to cool. The prepared phosphor was crushed to fine powder by using mortar and pastel. The same flow of process was followed for the different concentrations of Eu3+. 
2.2 Characterization 
As synthesized host samples were then subjected to the XRD analysis on Rigaku miniflex X-ray diffractometer operating at 40 kV, 30 mA with scan speed of 2.000 deg./min and with Cu Kα radiation (λ = 1.5405 Å). The FTIR spectrum of the phase pure host has been taken on SHIMADZU FTIR spectrometer. FESEM characterization of the prepared sample was carried out on Hitachi S-4800 field effect scanning electron microscope with resolution 1.4 nm. The photoluminescence properties of the phosphor (excitation and emission) were measured using Hitachi F-7000 fluorescence spectrophotometer at room temperature.
3. Results and Discussions
The X-ray pattern of LaAlO3 calcinated at different temperatures was represented in Fig.1 (a). The phosphor calcined at temperature 6000C was amorphous, showing broad peaks in the range of measurement. Whereas, a phase transition of LaAlO3 occurs at 800°C from amorphous to crystalline phase, with space group Pm3m. However, as the temperature increases to 1000°C, the phase changes to the rhombohedral phase (R3c). Thus, the rhombohedral crystallized LaAlO3 can be prepared by combustion synthesis followed by 10000C calcinations. The XRD pattern of 10000C calcined LaAlO3 was in good agreement with the standard ICDD file no.31-0022, in terms of peak position as well as peak intensity. Fig. 1 (b) shows the XRD patterns for the different concentrations of Eu3+. The dopant peaks are not arising in the pattern that supports the complete dissolution of the dopant in the lattice. However, it was observed that the addition of dopant Eu3+ ions in the lattice produces low angle shifting in the main peaks of the XRD pattern. This shift in peaks may be occurred due to the incorporation of different ionic radii ions in the lattices i.e. due to replace ment of La3+ ions by Eu3+ ion. The average crystallite size was calculated by broadening of major peaks and using scherrer formula [12]. The FWHM was corrected during the calculation by using literature mathods. The average crystallite size was found to be 43 nm. 


It was well known that, williamson-hall method was more accurate method to calculate crystallite size as compared to scherrer method. The Fig. 1(c) represents the williamson-hall (W-H) plot for LaAlO3:Eu3+ nanostructure phosphor. The Y- intercept is 0.0027 taking λ as 0.154 nm, the grain size was found to be around 46 nm. The calculated particle size was in good concurrence with the scherrer data. The small variation in the size of grains calculated by the scherrer and W-H method can be attributed to the fact that in debye-scherrer formula strain component was assumed to be zero and the diffraction peak broadening was assumed to be due to reduced grain size only.
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Fig. 1. (a) XRD pattern for LaAlO3:Eu3+ calcined at different temperatures, (b) Effect of dopant concentration on phase of La1-xAlO3:xEu3+ calcined at 1000°C, (c) Williamson-Hall plot 

The FESEM micrograph produced for said phosphor shows porous and spongy structure which was the result from the mass flow takes place during the combustion [Fig 2 (a) and (b)]. The SEM photograph revels that, the particles were randomly distributed all over the surface and were not oriented in any particular direction. Also, the phosphor particles are spherical in nature with quite diffused grain boundaries. However, it was clearly observed from the magnification of images that the phosphor consists of tiny spherical particles of an average diameter of the order of 44.76 nm [Fig 2 (c) and (d)]. The particle size observed from the SEM images was in good correlation with the particle size calculated from the XRD patterns. 
[image: image2.emf]
Fig. 2. FESEM micrographs of LaAlO3:Eu3+

To support the above said results the BET analysis was performed on the prepared sample. In the technique, the equivalent spherical diameter used to represent the entire size distribution; the spherical particle diameter that has the same specific surface as that of the distribution, provides the value. The specific surface area of the powder was measured by the BET technique with nitrogen adsorption method. The particle size was calculated from the data of specific surface area, by the equation DBET= 6000/ρS 

Where DBET was the average diameter of a spherical particle in nano-meter; S was the specific surface area of a powder in m2/g and ρ was the theoretical density of LaAlO3 in g/cm3. Thus, the particle size calculated from BET analysis was found to be 38.11 nm. The difference in the particle size by FESEM and specific area method resulted due to porous surface morphology of the sample produced by combustion method. Table 2 shows the comparative data of particle size calculated by different methods in the present work along with the literature data. 
Table 2: Comparison of particle size calculated by different methods

	Method of Synthesis
	Average Particle Size (nm)
	Reference

	Modified Combustion
	Scherrer’s analysis 
	43
	This Work

	
	W-H plot analysis 
	46
	

	
	FE-SEM              
	44.76
	

	
	BET Method        
	38.11
	



The FTIR spectrum of LaAlO3:Eu3+ powder phosphor is shown in Fig. 3. The broad band at around 3551 cm-1 was attributed to absorbed water. Whereas, the weak band at 1639 cm-1 corresponds to the deformation vibration of water (δOH) molecules.

[image: image3.jpg]



Fig. 3. FTIR spectra of LaAlO3:Eu3+


Adak and Pramanik reported broad Al–O bands in the as formed condition and sharp Al–O bands at 439 and 667 cm-1 respectively were clearly observed in the spectra. The band from 1300 cm-1 to 1500 cm–1 was due to the asymmetric stretching vibration and the symmetric stretching vibration of the NO3 group, which are expected to form from the starting materials [
, 17]. The broad band observed in the range 800 cm-1– 400cm-1 can be assigned to the metal–oxygen stretching frequencies. Thus the important regions in the infra-red spectra of the powder prepared by a combustion method were (i) 3600–3000 cm-1 region (assigned to the O–H), (ii) 1630–1200 cm-1region (assigned to the N–H stretching vibrations), (iii)1200–800 cm-1region (assigned to the O-H bending vibrations), and (iv) 800–400 cm-1 region (assigned mostly to the Al–OH and La–OH stretching vibrations) [
, 18].


As we know, LaAlO3 was so much studied and an excellent luminescent host material due to its thermal stability and lower phonon energy. To check the applicability and practicability of prepared material, the material was doped with Eu3+ and studied for its photoluminescence properties. The combined excitation and emission spectra of nano-structured spherical LaAlO3/Eu3+ was shown in Fig. 4 (a). The emission spectra of said material consist of sharp lines mainly located in the orange-red region of visible spectra. The material exhibits series of peaks at 578-585 nm, 594 nm and 619-627 nm, can be assigned to the 5D0(7F0, 5D0(7F1 and 5D0(7F2 transitions, respectively. It was well known that the peaks raised in the orange region (594 nm) were mainly attributed to magnetic dipole transitions, whereas the peak in red region (619-627) nm occurred from electric dipole transitions. According to Judd-Ofelt theory, the magnetic dipole transition was allowed but the electric dipole transition was forbidden unless the Eu3+ ions were located at a site without an inversion centre. Thus, the local symmetry of Eu3+ was strongly sensitive to the ratio of these two transitions. For LaAlO3:Eu3+ the peak located at 594 nm is much stronger than the peak located at 619 nm, indicating that a few of the Eu3+ ions were located at the sites without inversion symmetry. However, for LaAlO3:Eu3+, it was assumed that the Eu3+ ions mainly replace La3+ ions in the host crystal structure, which adopts a high Oh symmetry. The resultant ratio of the magnetic dipole to electric dipole might be due to the partial occupancy of Eu3+ at the La3+ site in the host whereas the partial Eu3+ may occupy the Al3+ sites because Eu3+ and Al3+ have similar electro-negativities. 
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Fig.4. (a) Excitation and emission spectra of nano-structured spherical LaAlO3:Eu3+, (b) Effect of Eu3+ doping on the emission of LaAlO3 nano-structured phosphor

As shown in Fig. 4(a), the excitation spectra of LaAlO3:Eu3+ monitored at the main orange peak from emission (λ = 618 nm) consists of a strong peak at 330 nm with one weak shoulder at 254 nm. The band at 254 nm originates from the host adsorption, and the peak at 330 nm arises from the europium oxygen charge-transfer band, whereas the f-f transition band at 394 nm was very weak in terms of CTB band in prepared LaAlO3:Eu3+.


Fig. 4(b) represents the effect of Eu3+ doping on the emission of LaAlO3 nano-structured phosphor. From the figure, it was clearly observed that the Emission peaks at 594 nm and 619 nm relatively increase with an increase in doping percentage of Eu3+ up to 0.02 mole, while on a further increase of doping the emission of LaAlO3: Eu3+ decreases abruptly, this sudden decrease in emission strength of LaAlO3:Eu3+ may be raised due to concentration quenching of dopant in the host.

4. Conclusions

  The nano-spherical LaAlO3 doped with rare earth ions (Eu3+) was successfully prepared by facile modified combustion method. The results obtained through X-Ray Diffraction (XRD), and Fourier Transform Infra-Red spectroscopy (FTIR) were in concurrence with the literature data. Field Effect Scanning Electron Microscopy (FESEM) reveals the spherical morphology of the prepared material. The particle sizes calculated through Scherrer’s Method, W-H plot Method, FE-SEM, and BET analysis were in correlation and found to average ~40±5 nm. The optical measurements done through photoluminescence spectroscopy reveal the orange-red luminescence in the prepared nanomaterial. Moreover, the optimum doping concentration was obtained by 0.02 moles of Eu3+. 
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