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Abstract: In the present work we have prepared 
nano-crystalline rare earth doped strontium aluminate 
as Sr1-xEuxAl2O4, (with x = 0.01, 0.02 & 0.03) via sol 
gel auto combustion technique. The homogeneity, 
structure as well as UV-excitation and persistent 
luminescence of the materials was investigated by X-
ray powder diffraction, SEM microscopy as well as 
by steady state luminescence spectroscopy and 
persistent luminescence decay curves, respectively. 
The morphology of the materials at high temperatures 
indicated important aggregation due to sintering. The 
luminescence decay of the quite narrow Eu2+ band at 
ca. 525 nm shows the presence of persistent 
luminescence after UV irradiation. The dopant (Eu2+) 
concentrations affect the crystallinity and 
luminescence properties of the materials. The present 
work reports the changes made in the combustion 
process to achieve the homogenous incorporation of 
dopants and large-scale production of the 
nanophosphor in a short interval of time. 
 Keywords: Luminescence, nano-alumina, phosphor. 

1. Introduction: 
The optical properties of rare-earth (RE) 

ions in different host materials have been extensively 
studied for several years. Although there are several 
reports on this subject, in recent years, considerable 
attention has been focused on submicrometer 
/nanometer-sized particles doped with RE ions, since 
it has been shown that a reduction in particle size 
often results in an improvement of their structural, 
electronic, and optical properties. [1] The interest in 
RE-doped nano-crystals is fueled by their potential in 
the fabrication of optical devices, such as optical 
amplifiers, display phosphors in optoelectronic 
applications, and micro lasers in a submicron 
dimension.[2, 3] This requires that the RE-based nano 
particles be synthesized and integrated with 
functional substrates, such as single crystals, ceramic 
microspheres, and nanofibers. It was demonstrated 
that such materials, especially the ceramics built from 
nano-crystals, are characterized by pronounced 
optical properties. [4] Among the materials 
investigated to date, few studies have been performed 
on RE ion-doped aluminum oxide (Al2O3). Several 
structural modifications of Al2O3 are known with a-
Al2O3 , the only stable phase. The α-Al2O3 is a 
material with a significant technological importance 
because of the large optical transparency from an 

ultraviolet to near infrared wavelength, excellent 
mechanical properties, and good chemical stability. 
Similarly, among the variety of RE ions commonly 
used to dope different kinds of materials, europium 
ions (Eu3+) have attracted significant attention 
because they have tremendous potential for 
applications as phosphors, electroluminescent 
devices, optical amplifiers or lasers, and high density 
optical storage. 

2.   Materials: 
The Eu2+ doped strontium aluminate were prepared 
by solution combustion synthesis (SCS) using urea as 
fuel with different concentration of dopent (0.01 %, 
0.02%, 0.03%) . The precursors used in the synthesis 
are aluminium nitrate (Al(NO3)3.9H2O ), strontium 
nitrate Sr(NO3)2 and europium oxide (converted into 
nitrate by adding few drops of nitric acid). The 
reaction is as follows- 
2Al(NO3)3.9H2O + Sr(NO3)2 + CO(NH2)2 + 
Eu(NO3)3 + 1.5O2 → SrAl2O4 : Eu2+ +                                                                                            
20H2O + 5N2 + 14.5O2 + CO2 …………(1) 

 
The stoichiometric amount of aluminium 

nitrate (Al(NO3)3.9H2O ), strontium nitrate Sr(NO3)2 , 
europium nitrate Eu(NO3)3 · 5H2O and urea 
CO(NH2)2 weighted accurately were dissolved in 50 
ml double distilled water with constant stirring till 
clear solution is obtained. This solution then heated 
on hot plate till more than half of the content (water) 
evaporates and gel like liquid if formed. This viscous 
gel then moved into microwave oven. (The 
microwave was deodorized for 15 min. before using 
it for sample preparation.) The gel boils and burns 
vigorously with evolution of large amount of gases 
indicating combustion reaction occurred. A foamy 
product was formed which were ground in agate 
mortal for an hour. A part of formed product then 
sintered at 800oC for 2 hours. The photoluminescence 
properties of phosphor were measured using 
photoluminescence spectrometer at room temperature 
under UV light. The prepared compositions were 
characterized for their phases, crystallinity by powder 
X-ray diffraction. 

 
3. Results and Discussion:  

The crystalline structure of SrA2O4:Eu2+ 
(Sr1-xEuxAl2O4, with x =0.01) were investigated by 
wide angle X-ray diffraction, using a powder X-Ray 
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diffractometer with Cu- Kα source. All the scan were 
recorded in the 2θ region of 15- 950 at a scan rate of 
0.020 per second. Fig. 1 shows the XRD pattern of 
the sample prepared via SCS synthesis, calcined at 
800oC.  

 
Figure 1: XRD patterns of SrA2O4:Eu2+ (Sr1-

xEuxAl2O4, with x = 0.01) annealed at 800oC. 
It can be seen from the XRD patterns 

(Fig.1), at the temperature of 800oC, crystalline phase 
formation began with the production of a mixed 
phase with diffraction peaks indicating the presence 
of monoclinic SrAl2O4 (JCPDS #34-0379) and 
hexagonal SrAl2O4 

(JCPDS #31-1336). Further 
increases in temperature also yielded this mixed 
phase of monoclinic and hexagonal SrAl2O4.  
                This indicates the formation process begins 
to occur at 800°C, according to: 

SrO + Al
2
O

3
→ SrAl2O4 (Hexagonal) + SrAl2O4 

(Monoclinic)………. (2) 
Some literature reported the transition 

temperature occurs at 650o C (Avdeev et al 2007) [5]. 
An estimation of the crystal size for the sample was 
performed using Scherrer’s equation from the full 
width at half maximum (FWHM) of the most intense 
peak at 2θ = 38·57o. The calculated average size for 
the crystallite was about 50 nm.  

SrAl2O4 with a stuffed tridymite-like 
structure belongs to the monoclinic P21 space group 
according to the literature (Clabau et al 2005), 
whereas hexagonal SrAl2O4 belongs to the space 
group of (P6322) [6]. Since only the monoclinic form 
shows luminescent properties when doped with rare 
earth ions, the characterization of this polymorph 
content in a sample is of great importance. The Sr2+ 
ions are located in the cavities of the framework of 
corner-sharing AlO4

5− tetrahedra. Oxygen is shared 
with two aluminum ions so that each tetrahedron has 
one net negative charge. The charge balance is 
accomplished by the Sr2+ ions, which occupy 
interstitial sites within the tetrahedral framework. 
There are two kinds of low symmetric sites occupied 
by Sr2+. Because the sizes of Eu2+ (1·20 Å) and Sr2+ 
(1·21 Å) are very similar, the readily substitution of 
Eu2+ ion to the site of Sr2+, will not involve a 
significant distortion of the lattice parameter 
(Haranath et al 2003) [7].  

The SEM micrograph of SrAl2O4:Eu2+ 
(EU1) as prepared sample is shown in figure 2. It can 
be seen from figure 2, the phosphor powders are 
irregular and nearly hexagonal particles, the surfaces 
of the foams show a lot of cracks, voids and pores 
formed by the escaping gases during combustion 
reaction. It also reveals the smaller particle size of the 
compound. Compared with the phosphors prepared 
via the traditional ceramic method, the grain size is 
greatly smaller. In fact, the large amount of escaping 
gases dissipates heat and thereby prevents the 
material from sintering and thus provides conditions 
for formation of nano-crystalline phase.  

 

 
 

Fig. 2: SEM micrograph of as prepared SrAl2O4:Eu2+  
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The excitation and emission spectrum of SrA2O4:Eu2+ 
were studied using Photoluminescence 
spectrophotometer with Helium-cadmium laser 
source. The excitation spectrum of SrA2O4:Eu2+ (Sr1-

xEuxAl2O4, with x = 0.01, 0.02, 0.03) , sintered at 
800oC and monitored from 300 nm to 500 nm is 
shown in figure 3. It can be seen from figure 3, there 
is a broad band with maximum located around 360 
nm, corresponding with band gap of 3.44 eV. This 
broad band is associated with Eu2+ electron transition 
lying in the band gap region of the host matrix. The 
intensities of the excitation peaks were found to be 
increasing with increase in Eu2+ concentration.    

 
Fig 3: Excitation spectra of SrAl2O4: Eu2+ (Sr1-

xEuxAl2O4, with x = 0.01, 0.02, 0.03) 
 

The emission spectra of SrA2O4:Eu2+ ( Sr1-

xEuxAl2O4, with x = 0.01, 0.02, 0.03) is shown in 
figure 4 excited at wavelength of 360 nm. A broad 
emission peak centered at wavelength 525 nm was 
observed which corresponds to green light (Choi et al 
2006) [8]. This is characteristic emission of Eu2+ 
activators for 4f65d1→ 4f7 transition. The intensity of 
the emission peaks increases with increase in 
europium concentration (active species), as it 
increases number of transitions. It is well known that 
the emission spectra of SrAl2O4:Eu2+ have a broad 
band characteristic due to 4 f –5d transitions of Eu2+ 
ion. In general, it can be said that there are two basic 
factors that influence the emission radiation of a 
phosphor. The first one is the strength of the crystal 
field at the sites of the luminescent ions, and the 
second is the degree of covalence of these ions with 
the surrounding oxygen ions. The role of the crystal 
field is to split the 5d level into sublevels; the 
luminescence always takes place from the lowest 
sublevel (Haranath et al [211]. 

 

 
Fig. 4: Emission spectra of SrA2O4:Eu2+ (Sr1-

xEuxAl2O4, with x = 0.01, 0.02, 0.03)  
 

The afterglow characteristics of nano-
crystalline SrA2O4:Eu2+ (Sr1-xEuxAl2O4, with x = 
0.01, 0.02, 0.03) is shown figure 5 The 
phosphorescence intensities at 525 nm were plotted 
as a function of lasting time. It can be seen from the 
curves that the sample showed a rapid decay and then 
long lasting phosphorescence afterward. The 
phosphorescence intensity for the nano-crystalline 
SrAl2O4:Eu2+ coating can be detected to 23 mcd/m2 at 
60 min. Both the initial intensity after excitation and 
the afterglow intensity of the commercial powder 
were higher than nano-crystalline SrAl2O4:Eu2+. The 
difference is simply attributed to the Dy3+ ions 
distribution in the commercial powder. The Dy3+ 
incorporation creates deep traps in the form of hole 
trapping levels near the valence band. Therefore, 
when the excitation source is switched off, the 
relaxation of these secondary ions from deep traps is 
very slow; this leads to the long persistence of 
phosphor. In our case, both the concentration of the 
trap and the coexistence of Eu3+ ions in the material 
are quite different from commercial powder. The 
doping of the second rare-earth ions and the perfect 
reduction are still being studied in-depth. 

 
Fig.5:  Afterglow decay curves of SrA2O4:Eu2+ 
(Sr1-xEuxAl2O4, with x = 0.01, 0.02, 0.03) 

4. Concusions: 
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The crystal structure of SrAl2O4:Eu2+ (as Sr1-

xEuxAl2O4) prepared by SCS method was found to 
contain mixed phases of monoclinic SrAl2O4 and 
hexagonal SrAl2O4. At higher temperature hexagonal 
phase transforms into monoclinic phase. Only 
monoclinic form of SrAl2O4 shows luminescent 
properties with rare earth ions where Eu2+ ions 
replaces Sr2+ ions as their atomic sizes are 
comparable. The SEM analysis conforms the nano-
crystalline nature of SrAl2O4 with average grain size 
50 nm. As far as photo luminescence properties of 
SrAl2O4:Eu2+

  is concerned, the excitation spectrum 
shows maximum at 360 nm showing band gap of 3.44 
eV, whereas emission spectrum gives a peak at a 
wavelength of 525 nm corresponds to green light. 
This shows characteristics emission of Eu2+ activators 
for 4f65d1 → 4f7 transition. The intensities of the 

peaks is found to be increased with increase in Eu2+ 
concentration. 
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