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Abstract: Strontium aluminate, SrAl2O4 is well-known phosphor host material with spinel structure. Mg substituted com-
positions, MgxSr1-xAl2O4: Eu, Nd (with x= 0.05 - 0.25) were prepared by solid-state reaction method. Effect of Mg substi-
tution on structure and photoluminescence was investigated. Prepared compositions were characterized for the phase and 
crystallinity by powder X-ray diffraction. The micro-structural investigations were carried out by transmission electron 
microscopy (TEM) technique. Photoluminescence characteristics show the intense emission for MgSrAl2O4:Eu2+, Nd3+ in 
the green region ( max = 512 nm) with long persistence. The green emission corresponds to transitions from 4f6 5d1 to 4f7 
of Eu2+ ion. 

PACS: 78.55.-m; 78.55.Hx. 

INTRODUCTION 

 A new generation of persistent luminescent phosphors, 
Eu2+ doped alkaline-earth aluminates, MAl2O4: Eu2+ (M = 
Ca, Ba, Sr), have been developed to replace the traditional 
sulphide phosphors, ZnS: Cu [1-3]. Long persistence materi-
als are needed in applications like signing and display [4, 5]. 
For these purposes rare-earth ion doping in alkaline-earth 
aluminates is well established. Aluminates generally gener-
ate more defect related traps when they are doped with rare-
earth ions. Several aluminate compositions are investigated 
and used as photoluminescence, catholuminescence and 
plasma display panel phosphors for their high quantum effi-
ciency in the visible region. The emission of Eu2+ is very 
strongly dependent on the host lattice and can occur from 
ultraviolet to the red region of the electro-magnetic spectrum 
[6-8]. Notably barium and strontium aluminates have been 
reported to be good host materials. In the SrO –Al2O3 sys-
tem, four well-known phosphor hosts, SrAl2O4 [9], SrAl12O19 
[10], Sr2Al6O11 and Sr4Al14O25 [11] exist. Green-emitting 
SrAl2O4 that has been co-doped with Dy3+ and Eu2+ ions and 
recrystallized with B2O3 flux has been regarded as a useful 
long persistence phosphor [12-15]. Strontium aluminate, 
SrAl2O4 can be used safely as phosphorescent pigment for 
luminous watches, clocks and cold-lighting that emits no 
infrared radiation. Katsumata et al. [16] have reported that 
among the four strontium aluminates mentioned above, only 
the first two compounds are found to exhibit phosphores-
cence when co-activated by Eu2+ and Dy3+, with the emission 
peak around 520 nm and 400 nm, respectively. The emission 
studies on BaAl2O4:Eu2+, CaAl2O4:Eu2+, Nd3+ and their solid 
solutions have been reported earlier [17-21]. 
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 We have prepared and investigated SrAl2O4 based mate-
rials by substituting Sr with Mg and co-doping of Eu2+ and 
Nd3+ ions as activator and sensitizer respectively. The single 
phase limit of Mg in SrAl2O4:Eu2+, Nd3+ phosphor was inves-
tigated using powder X-ray diffraction. High-resolution 
TEM was used to understand the microstructure of the mate-
rial. Photoluminescence characteristics were investigated by 
measuring excitation and emission spectrum of these compo-
sitions. 

EXPERIMENTAL DETAILS 

 Solid-state synthesis method was used to prepare the 
compositions MgxSr1-xAl2O4:Eu2+, Nd3+ (x = 0.05, 0.10, 0.15, 
0.20 and 0.25). High purity (Aldrich, 99.99%) raw materials; 
MgO, SrCO3, Al2O3, Eu2O3, Nd2O3 and B2O3 in appropriate 
quantities were used for preparation of the charge. The com-
position for each material was weighted in proper 
stoichiometric ratios. Eu2O3 and Nd2O3 were mixed with the 
charge as activator and sensitizer ions respectively. The con-
centration of active ions Eu2+ and Nd3+ was optimized sepa-
rately. It was found that the combination of 1 mol% Eu2O3 

and 2 mol% Nd2O3 is best for the higher photoluminescence 
in this material. The stoichiometric charge was mixed thor-
oughly with ethanol in an agate mortar and the resulting 
slurry was dried at 80 0C in a vacuum oven. The mixed and 
ground powders were sintered at 1000 °C for 6h in an air 
atmosphere. The resulting powders were annealed at 1300 
°C for 4h in a reducing atmosphere (5% H2 and 95% N2) to 
ensure complete reduction of Eu3+ to Eu2+. The phase and 
crystallinity of the synthesized compositions were investi-
gated by powder XRD using Rigaku D/MAX-2200V diffrac-
tometer with Cu K  radiation. High-resolution TEM studies 
were done to investigate the crystallinity and defect structure 
of the phosphor. Sample for TEM observation was prepared 
by suspending the particles in ethanol by ultrasonification 
and drying a drop of the suspension on a carbon coated cop-
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per grid. Philips Tecnai G2-20 (FEI) electron microscope 
operating at 200 kV was used for TEM experiments. The 
photoluminescence (PL) emission spectra were taken on 
Perkin-Elmer LS50B luminescence spectrometer. Each sam-
ple was loaded into a circular holder and excited with 254 
nm radiation from a pulsed xenon lamp. The emission spec-
tra were scanned in the range of wavelengths from 360 to 
700 nm. To measure the excitation spectra, the analyzer 
monochromator was set to the maximum wavelength of the 
emission spectra and then an excitation monochromator was 
scanned in the range of 200 to 400 nm. The decay time was 
recorded using a pulsed Xenon lamp and oscilloscope. 

RESULTS AND DISCUSSION 

 Phosphor compositions in the series MgxSr1-xAl2O4:Eu2+, 
Nd3+ (with x = 0.05, 0.10, 0.15, 0.20 and 0.25) were pre-
pared. The Eu2+ and Nd3+ concentrations in Mg/SrAl2O4

 

were optimized independently and were kept at 1 mol% and 
2 mol% respectively. The Mg/Sr solid-solution range was 
optimized with the help of powder XRD. The parent host 
aluminates with general formula MAl2O4 (M = Ca, Ba, Sr) 
are formed with a three-dimensional frame-work of corner 
sharing AlO4 tetrahedra. Each oxygen ion is shared by two 
aluminum ions so that each tetrahedron has one net negative 
charge. The charge balance is achieved by the large divalent 
cations like Ba2+, Sr2+, Ca2+ etc. which occupy interstitial site 
within the tetrahedral frame-work. The tetrahedra frame-
work is isostructural with the tridymite structure. Fig. (1) 
shows the representative XRD patterns taken for MgxSr1-

xAl2O4:Eu2+, Nd3+ compositions (with x = 0, 0.10 and 
0.25). The XRD pattern for parent SrAl2O4 (x=0) was given 
for comparison. The XRD patterns show the monoclinic 
phase diffraction peaks of parent SrAl2O4. The lattice pa-
rameters for the parent SrAl2O4 were calculated from XRD 
data and are matching well with the JCPDS data file (PDF# 
74-0794). The lattice parameter calculated were for mono-
clinic SrAl2O4, a = 8.441 Å, b = 8.812 Å and c = 5.158 Å. A 
little amount of doped rare-earth active ions Eu2+ and Nd3+ 
has almost no effect on the basic crystal structure of SrAl2O4. 
It is revealed from the XRD patterns that there is no extra 
peak for Mg up to the composition of x= 0.25. There is no 
mixed phase present in the prepared material. It suggest that 
the substitution of Sr2+ (1.18 Å) by Mg2+ (0.72 Å) is smooth 
though the size difference is large. The prepared mixed com-
positions retain the parent spinel structure. The Sr2+ and Eu2+ 

are very similar in their ionic sizes (1.21 Å and 1.20 Å, re-
spectively). This means when occupied by Eu2+ ions, the two 
different Sr2+ sites will have a quite similar local distortion, 
so that the Eu2+ ions located at the two sites will have similar 
environment. The second dopant Nd3+ ion (1.16 Å) also oc-
cupies the Sr2+ site. 

 Transmission electron microscopy (TEM) is the best tool 
to investigate the local structure and defect structure of the 
material. TEM studies were conducted to investigate the 
morphology and the crystalline defects in the synthesized 
material. Fig. (2a-c) shows the representative high-resolution 
(HRTEM) bright-field micrographs for the samples with x = 
0.05, 0.15 and 0.25. The corresponding selected area electron 
diffraction (SAD) patterns are inserted on the micrographs. 
There is no indication in the micrograph for the presence of 
secondary phases. The clarity of the fringe patterns in high- 
 

 

Fig. (1). Representative XRD patterns for MgxSr1-xAl2O4:Eu2+, 
Nd3+ (x = 0, 0.10 and 0.25). 

resolution micrographs shows the synthesized material crys-
tallizes in single phase. Also the clear and strong diffraction 
spots in the SAD patterns are indicative of the crystalline 
particles having sufficient sizes. However the streaks along 
spots and diffuse scattering can be seen in the SAD patterns 
for higher x values. These streaks along the diffraction spots 
and faint diffuse scattering are indicative of the point defects 
produced by excess of Mg concentrations. The faint streaks 
with diffuse scattering as the elongation of basic spots can be 
seen for x = 0.15 in Fig. (2b), which further increases for x = 
0.25 in Fig. (2c). These HRTEM results suggest that the 
mixed compositions retain the parent spinel phase till the 
composition with x= 0.25. This further supports the XRD 
results where there is no extra peak was found. Only slightly 
enhanced point defects were observed in higher Mg/Sr sub-
stitution concentrations. 

 Photoluminescence studies were carried out on the pre-
pared phosphor compositions. All the phosphor composi-
tions exhibit green emission when excited by UV light. The 
appearance of green emission indicates that the matrix retain 
the parent phosphor host. The activator ion Eu is in divalent 
Eu2+, green emission state. The excitation and emission spec-
tra for MgxSr1-xAl2O4:Eu2+, Nd3+ phosphors for different val-
ues of x (0.05, 0.10, 0.15, 0.20 and 0.25) are shown in  
Fig. (3a, b). The excitation spectra of MgxSr1-xAl2O4:Eu2+, 
Nd3+ phosphor (Fig. 3a) show two broad bands extending 
between 220 to 280 nm and 300 to 390 nm corresponds to 
the crystal field splitting of the Eu2+ d-orbital. The emission 
has a symmetrical band peak at 512 nm for all the composi-
tions (Fig. 3b). These emissions are attributed to the typical 
4f65d1 – 4f7 transition of Eu2+ ion [13]. The Nd3+ co-doping 
in these phosphor materials creates the deep trapping levels. 
The compositions with higher Mg concentrations show 
higher excitation and emission intensities. It was observed 
that when the phosphor material with composition of Mg at x 
= 0.15, the emission spectrum have highest intensity (Fig. 
3b). This combination of Sr and Mg also shows higher exci-
tation intensity and longer decay time. The Mg concentration 
above this optimum value shows lowering of the excitation 
and emission intensities. It is understood that the sensitizer  
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Fig. (2). Representative HRTEM micrographs for MgxSr1-

xAl2O4:Eu2+, Nd3, (a) x= 0.05, (b) x= 0.15 and (c) x= 0.25. Corre-
sponding SAD patterns are inserted in the micrograph. 

ion Nd3+ act as traps of holes and the trap levels lie near the 
valence band [18, 22]. Electron-hole pairs are produced in 
Eu2+ ions, when excited by the excitation light source and the 
Nd3+ traps capture some of the free holes moving in the va-
lence band. When the excitation source is cut off, some holes 
captured by the Nd3+ traps are thermally released slowly and 
relaxed to the excited state of Eu2+, finally, returning to the  
 

(a) 

(b) 

 

Fig. (3). Excitation (a) and emission (b) spectra for MgxSr1-

xAl2O4:Eu2+, Nd3+ (x= 0.05, 0.10, 0.15, 0.20 and 0.25). 

 

Fig. (4). Decay curves for MgxSr1-xAl2O4:Eu2+, Nd3+ (x= 0.05, 0.10, 
0.15, 0.20 and 0.25). 
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ground state of Eu2+ accompanied with emitting light. The 
mechanism of the long persistence is due to the holes trapped- 
transported-detrapped process [13, 14]. This is the reason why 
doubly doped phosphor materials maintain a long persistent 
decay time after the excitation is cut off. The prepared phosphor 
compositions show long decay time when the powders were 
efficiently activated by a pulsed Xenon lamp for 15 min. When 
the source lamp was switched off, the intensity of the persis-
tence decreased rapidly and finally formed a stable long persis-
tent emission for several minutes. The persistent luminescence 
curves for MgxSr1-xAl2O4:Eu2+, Nd3+ (x= 0.05, 0.10, 0.15, 0.20 
and 0.25) are shown in Fig. (4). The decay curves are plotted in 
log scale so that the time dependence is clearer. The curves 
show that the trend of increasing the decay time with increasing 
Mg concentration, highest at the optimized composition of x= 
0.25. When the substitution concentration reaches above this, 
the decay time starts decreasing. The Nd3+ 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 the phosphor. The optimized 
composition MgxSr1-xAl2O4:Eu2+, Nd3+ (x= 0.15) with Eu  
(1 mol%) and Nd (2 mol%) sufficiently good photolumines-
cence with longer persistent time. It has been found from the 
detailed studies on these visible phosphors [19-22] that the role 
of second rare-earth is important to enhance the decay time and 
the combination of the substitution by alkaline earth element 
dictates the luminescence intensity. This trend can be a guide-
line to set boundary conditions to look for the desired composi-
tion. The perfect combination among these doping and substitu-
tion is still being studied in-depth to find out the most state-of-
the-art composition. 

CONCLUSIONS 

 Green phosphors MgxSr1-xAl2O4:Eu2+, Nd3+ (x= 0.05-0.25) 
were synthesized by solid-state reaction method. Powder XRD 
analysis shows that the synthesized phosphor compositions with 
varying Mg concentration retain the parent SrAl2O4 monoclinic 
crystal structure. TEM investigations also indicate that the par-
ent spinel structure was retained on Mg substitution. The TEM 
study shows that the local area disorder (point defects) is intro-
duced due to excess substitution concentration. PL characteris-
tics was investigated for varying Mg concentrations and it was 
optimized that MgxSr1-xAl2O4:Eu2+, Nd3+ (x= 0.15) has the 
highest PL intensity and longer persistent time. 
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