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Abstract 
Dysprosium and europium doped strontium silicate (Sr2SiO4) phosphors were synthesized using high-temperature solid-
state reaction technique. The obtained phosphor was characterized by powder X-ray diffraction, scanning electron 
microscopy, FTIR, UV–visible spectroscopy and thermoluminescence. From scanning electron microscopy (SEM), 
agglomerations of particles were observed. The chemical composition of the prepared Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ 
phosphors were confirmed by energy dispersive X-ray spectroscopy (EDX). Thermoluminescence study carried out on the 
phosphor with UV irradiation showed one glow peak. The trapping parameters associated with the glow peak of 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ were determined using Chen’s glow curve method.  
Keyword: - solid state reaction, spectroscopy, SEM, FTIR, Termoluminescence. 

 
INTRODUCTION  
Currently there is a great deal of interest optical and 
structural properties of nanometer sized semiconductor 
particle or thin films [1]. Since the mid 1990s, persistent 
luminescence materials have received exceptional attention 
not only due to their versatile applications, but also because 
of the scientific challenges offered by the phenomenon 
itself. The various applications extend from the common 
place luminous paints and ceramics for e.g. emergency 
signals to highly sophisticated uses in micro defect sensing, 
optoelectronics for image storage and high energy radiation 
detection as well as in pressure/temperature sensing. 
The chemical and physical properties of inorganic 
micro/nano structured materials are dependent on their 
chemical composition, size, morphology, phase and also 
dimensionality of the crystal [2–5]. Therefore, in the past 
decade, extensive research work was devoted to have 
control over these parameters [6]. More applications and 
novel functional materials might emerge, if shape- 
controlled nano/micro crystals could be achieved with high 
complexity [7]. Rare-earth ion-doped inorganic luminescent 
materials have considerable applications in most devices for 
artificial light production [8]. Phosphors are composed of 
an inert host lattice and an optically excited activator, 
typically of 3d or 4f metal ions. Usually, inorganic 
luminescent materials are applied in displays such as 
television tubes, computer monitor, oscilloscopes, radar 
screens and displays in electron microscopes [9]. One of the 
yellow emitting afterglow phosphors is strontium ortho-
silicate (Sr2SiO4) doped with Eu2+ and Dy3+. The Eu2+ 
activated ortho-silicates were first reported by Barry [10] 
and Blasse et al. in 1968 [11] and were intensively studied 
as phosphors for color-tunable white light emitting diodes 

(LEDs). The luminescence of divalent europium doped 
ortho-silicate is attributed to the [Xe]4f6 5d1-[Xe]4f7 

transition and is strongly influenced by the local 
coordination in the host lattice [12 ]. In recent times, Dy3+ 
doped ortho-silicate (Sr2SiO4: Dy3+) powers were fascinated 
due to its excellent emission characteristics, single 
luminescent center and high absorption efficiency in the 
UV region [13].  
Thermoluminescence (TL) is observed when, in the process 
of irradiating a material, part of the irradiation energy is 
used to transfer electrons to traps. This energy, stored in the 
form of the trapped electrons, is released by raising the 
temperature of the material, and the released energy is 
converted to luminescence. The trapping process and the 
subsequent release of the stored energy find important 
application in ionizing radiation dosimetry and in the 
operation of long persistence phosphors. The shape and 
position of the TL glow curves can be analyzed to extract 
information on the various parameters of the trapping 
process—trap depth, trapping and re-trapping rates, etc. TL 
finds wide applications in radiation dosimetry, 
archeological dating, mineral prospecting, forensic science 
etc. [14]. 
Solid-state reaction method is usually used to prepare 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ phosphors. In this method, 
the reactants are mixed thoroughly and the mixture is then 
heated or fired under an appropriate atmosphere. To 
facilitate the reaction and to improve the crystalline of the 
luminescent materials, flux agents or molten salts are often 
added to provide a more interactive medium for the reaction 
[15].  
In the present study, we report the synthesis of europium 
and dysprosium doped strontium silicate phosphor by high 
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temperature solid state reaction method. This report 
describes the structural characterization on the basis of 
XRD,  SEM, energy band gap and TL study of 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ phosphors. 
2.  EXPERIMENTAL DETAILS 
2.1 Synthesis 
Solution solid state reaction technique was employed for 
the preparation of Sr2SiO4: Eu2+ and Sr2SiO4: Dy3+ 
phosphor.  Strontium nitrate [Sr(NO3)2 (99.99%)], silica gel 
(99.99%)], and Rare-earth material dysprosium oxide 
[Dy2O3 (99.99%)] and europium oxide [Eu2O3 (99.99%)], 
all of analytical reagent (A.R.), grade, were employed in 
this experiment. Ammonium chloride (NH4Cl) was used as 
flux. Initially, the raw materials were weighed according to 
the nominal compositions of [2Sr (NO3)2 - silica gel - 
NH4Cl - 1%RE (Dy2O3, Eu2O3)] Sr2SiO4: Eu2+ and Sr2SiO4: 
Dy3+ phosphor. Then the powders were mixed and milled 
thoroughly for 2 h. using mortar and pestle. The ground 
sample was placed in an alumina crucible and subsequently 
fired at 12000C for 3 h. At last the nominal compounds 
were obtained after the cooling down of programmable 
furnace. 
2.2 Characterization techniques 
Crystal structure and phase formation of the phosphors 
were examined using an X-ray diffractometer (Philips PAN 
Analytical X'pert Pro) operating at 40 kV and 30mA with 
CuKα radiation (λ=1.54056 Å) and data collected over the 
2θ range 20-600. The surface morphology of prepared 
phosphors was determined by the SEM (ZIESS EVO-18) 
operated at the acceleration voltage of 5 kV. The samples 
were coated with a thin layer of gold (Au) and then surface 
morphology of prepared was observed. Energy dispersive 
x-ray spectroscopy (EDX) was used for the elemental 
(quantitative and qualitative) analysis of the prepared 
phosphor. Absorption spectra were recorded using 
Shimadzu UV-1700 UV-Visible spectrophotometer. A 
routine TL setup (Nucleonix TL 10091) was used for 
recording TL glow. The samples were irradiated with UV-
rays source. Thermoluminescence were studied with PC 
based Thermoluminescence analyzer (10091) system set-
up.  
3. RESULT AND DISCUSSION 
3.1 X-ray diffraction analysis 
X-ray diffraction (XRD) analysis was used to characterize 
the synthesized phosphors. The analysis of XRD data of 
Sr2SiO4 phase is usually qualitative,  based on relative peak 
intensities. Strontium silicate exists in monoclinic (β- 
Sr2SiO4) phase at low temperatures and in orthorhombic 
(α’-Sr2SiO4) phase at high temperatures with a transition 
temperature of ~850C. It has been reported that the crystal 
structure of α’-Sr2SiO4 (orthorhombic), and β-Sr2SiO4 
(monoclinic) are  similar [16].  
The typical X-ray diffraction patterns of the resultant 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ are shown in Figure 1. The 
XRD pattern for the pure (undoped)  Sr2SiO4 is also given 
for comparison. The orthorhombic phase diffraction peaks 
of the pure Sr2SiO4 were clearly observed in the XRD 

patterns. The XRD patterns were similar for all the 
prepared samples and the peak positions are unchanged 
with  change in doping element. The position and intensity 
of diffraction peaks of every sample were matched and 
could be indexed to the orthorhombic phase of α’-Sr2SiO4 
(COD card No. 98-003-5667).  These results revealed that 
the crystal structure of the phosphor has not changed, 
though the Eu2+and Dy3+ ions occupy Sr2+ sites within the 
Sr2SiO4 phosphor, because the ionic radius of Sr2+ (1.21 A0) 
nearly matches with the Eu2+ (1.20 A0) and Dy3+ (0.99 A0) 
ionic radius.   
XRD data was indexed on an orthorhombic system with 
space group Pnma having cell parameters a= 7.0900 A0, b=   
5.6820 A0 and c= 9.7730 A0. An estimation of average 
crystalline size for the sample was done using Debye 
Scherrer’s formula [17], 
 

L=0.94λ/βcosθ 
 

where L is the crystalline size, λ is the wavelength (for Cu 
Kα, λ=1.5406 A0), β is the full width at half maximum 
(FWHM) and θ is the Bragg’s angle. As shown in  Figure 1, 
the principal diffraction peaks are at  2θ= 30.6, 31.2, 31.8. 
The crystalline size using Debye Scherrer’s formula of 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ were calculated to be about 
31 nm and 27 nm respectively.  

 
Fig.1: XRD pattern of Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ 

phosphors.  
 

3.2 Morphological characterization: scanning electron 
microscopy 
SEM study was carried out to investigate the surface 
morphology and the crystalline size of the synthesized 
phosphors. Figure 2(a-d) shows the representative SEM 
micrographs taken for Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ (1% 
mol Eu and 1% Dy) at different magnifications(x2000 and 
x10000) respectively. The surface morphology of the 
particles was not uniform and they aggregated tightly with 
one another. In addition, the agglomeration of particles is 
expected in phosphor prepared by high temperature solid 
state reaction method. From Figure 2(a-d) of the SEM 
image, it can be observed that the prepared sample consists 
of particles with different size distribution. 
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3.3 Energy dispersive X-ray spectroscopy (EDX) 
Figure 3(a, b) shows the EDX spectra of Sr2SiO4:Eu2+ and 
Sr2SiO4:Dy3+ phosphor. The composition of the powder 
sample has been measured using EDX. The existence of 
Europium (Eu) and Dysprosium (Dy) in prepared 
phosphors is clear in their corresponding EDX spectra. 
There is no other peak apart from strontium (Sr), silicon 
(Si), oxygen (O), Europium (Eu) / dysprosium (Dy) in 
Sr2SiO4:Eu2+/  Sr2SiO4:Dy3+  EDX spectra of the samples.  

 

 
Fig.2:- SEM micrograph of Sr2SiO4:Eu2+ (a, b), Sr2SiO4:Dy3+ 

(c, d) phosphor with different magnification. 
In the EDX spectrum 3(a), the presence of Sr, Si, O and Eu, 
intense peaks are present, which confirm the presence of 
elements in prepared Sr2SiO4:Eu2+ phosphor and EDX 
spectrum 3(b), the presence of Sr, Si, O and Dy intense 
peaks are present, which confirm the presence of elements 
in prepared Sr2SiO4:Dy3+ phosphor.  

 

 
Fig. 3:- EDX spectra (a) Sr2SiO4:Eu2+ (b) Sr2SiO4:Dy3+ 

phosphor 
3.4 Optical Absorption Spectra  
The optical absorption spectra can be used as a good quality 
check for the optical behavior of materials. UV-visible 
spectrum gives information about the excitonic transition of 
nano materials [18]. In Figure 4, the optical absorption 
spectra of Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ is shown in the 
range of 200-500 nm. It can be seen that the absorption 
edges are  found at  λ= 213 nm wavelength and λ= 215 nm.  
The band gap energy can be determined using the Tauc 
relation [19-22]. In the Tauc plot graph between (αhυ)2 
versus photon energy, the extrapolation of the straight line 
(αhυ)2=0 , gives the value of band gap (Figure 5).  

 
Fig.4: - Absorption spectra of (a) Sr2SiO4:Eu2+ (b) 

Sr2SiO4:Dy3+ phosphor. 
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Fig.5: - Tauc Plot of (a) Sr2SiO4:Eu2+ (b) Sr2SiO4:Dy3+ 

phosphor. 
From the UV spectra, it is clear that the absorbance 
decreases with increase in wavelength. This increase in 
transmittance indicates the presence of optical band gap in 
the material. The calculated band gap value for  
Sr2SiO4:Eu2+ is   5.8eV and for Sr2SiO4:Dy3+, it is 5.7eV.  
  
3.5 Thermoluminescence Studies 
Thermoluminescence is thermally stimulated emission of 
light from an insulator or semiconductor following the 
previous absorption of energy from ionizing radiation [23-
25]. TL glow curves of UV-rays irradiated Sr2SiO4 

phosphors for Eu2+and Dy3+ dopants are shown in Figure 
6(a) and 6(b) at a heating rate 50C/s. A single glow peak 
was observed for both dopants, though the temperature of 
the peak was different. The variation of TL glow peak 
intensity with increasing time (min.) of UV exposure was 
plotted for both the dopants (Figure 7). It was observed that 
intensity increases with increasing UV exposure. Further it 
was found that TL intensity is more in Sr2SiO4:Dy3+ 
sample.  

  
Fig. 6(a): - TL glow peak of Sr2SiO4:Eu2+ phosphor with 

increasing UV exposure time (min). 

 

 
Fig. 6(b): - TL glow peak of Sr2SiO4:Dy3+ phosphor with 

increasing UV exposer time (min). 
    

 
Fig. 7:- Variation of TL peak intensity with increasing UV 

exposure time(min). 
In Sr2SiO4:Eu2+ phosphor, thermoluminescence signal 
intensity is maximum for 20 min. of UV exposure and 
Sr2SiO4:Dy3+ phosphor, thermoluminescence signal 
intensity is maximum for 25 min. of UV exposure, after 
which it starts to decrease. The charge carrier density might 
be increasing with increasing UV exposure, but after some 
time of exposure, trap level may have started to destroy 
resulting in decrease in thermoluminescence signal. 
TL glow peak temperature and intensity depends on various 
parameters such nature of the host, dopant, type of ionizing 
radiation, and amount of irradiation and environment of the 
sample during measurement, temperature at which the 
measurements are carried out, purity of the sample, heating 
rate etc. [26]. Figure 8 shows TL glow curve of pure, 
Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+ phosphor with highest 
intensity of signal. In un-doped Sr2SiO4 phosphor, TL 
intensity is negligible as compared to Eu2+ and Dy3+ doped 
Sr2SiO4 phosphors.  
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Fig.8:- TL glow peak of Un-doped and doped (Eu2+ and Dy3+) 

Sr2SiO4 phosphor. 
An isolated single peak is observed due to only one type of 
luminescence centre is formed of samples. In Dy3+ doped in 
host materials, TL peak was observed around 75.680C and 
TL peak observed around 94.670C of Eu2+ doped Sr2SiO4 
phosphor.  
The TL parameter, the thermal activation energy E (the trap 
depth) is obtained using peak shape method [27-29]. The 
kinetic order can be related to the geometrical factor (μg) by 
the relation µg= δ/ω = T2-Tm / T2-T1 where T1 and T2 
represent respectively the temperatures of half intensity at 
low temperature side peak temperature and high 
temperature side of TL peak and Tm is the peak temperature 
at the maximum TL intensity and δ = T2-Tm, τ = Tm-T1 and 
ω = T2-T1, therefore, Eδ, Eτ and Eω are the corresponding 
activation energy. As per µg value,  Sr2SiO4 with different 
dopant phosphor shows the general order of kinetic and the 
activation energy is given by 

ఈܧ	 ൌ ఈܥ ቆ
݇ ܶ

ଶ

ߙ
ቇ െ ܾఈሺ2݇ ܶ	ሻ 

 
For general order kinetics, the values of the cα and bα (α = τ, 
δ, ω) are calculated 
cτ= [1.51+3(µg - .42 )], bτ= [1.58+4.2((µg -0 .42 )]  
cδ = [0.976+7.3(µg -0 .42 )], bδ= 0 and  
cω = [2.52+10.2(µg - 0.42 )], bω= 1.0  
The relationship between the frequency factor‘s’ and the 
depth of the trap ‘E’ is given by the following equation [30] 
 

ܧߚ
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where k is Boltzmann constant, E is activation energy, b is 
order of kinetics, Tm is the peak temperature at the 
maximum TL intensity and β is the heating rate. In the 
present work, β = 50C/s.  

Table1:- Values of different parameters calculated from TL 

glow curves 
   
 
Theoretically, the values of symmetry factor (μg) for first 
and second order kinetics are close to 0.42 and 0.52, 
respectively. The activation energy (Eα) or trap depth which 
is the thermal energy required to liberate the trapped 
electron and holes can be determined by the Chen’s 
equation. Kinetic parameters calculated from glow curves 
are presented in Table 1. The value of trap depth, which 
resembles the activation energy, is calculated to 0.99 and 
0.91eV. It is worth reporting that the shape factor, which is 
0.52 and 0.50, shows the second order kinetics and supports 
the probability of re-trapping released charge carriers 
before recombination. The afterglow of any phosphor is 
generated by the deeper trapped carriers, which recombine 
with the opposite carriers in the luminescent center with a 
transition resulting in the long afterglow [31]. 
4. CONCUSION 
In this work, Sr2SiO4:Eu2+ and Sr2SiO4:Dy3+   phosphors 
were prepared by solid state reaction method. From XRD 
studies, a single orthorhombic phase was achieved. The 
average crystallite size of Sr2SiO4:Eu2+ phosphor is ~31 nm 
and Sr2SiO4:Dy3+ phosphor is ~27 nm. From SEM studies, 
in both phosphors, the particles appear to be non uniform 
and agglomerates composed of circular with several 
micrometers in size. The EDX spectra confirm the present 
elements in phosphors. The absorption spectra of Sr2SiO4 
phosphor doped with Eu2+ / Dy3+ shows wide band gap. The 
TL glow curve for Eu2+/ Dy3+ doped   Sr2SiO4 phosphors 
exhibits an isolated glow  peak, due to only one type of 
luminescence centre. Calculated glow peak parameters of 
the phosphor indicate that obey second order kinetics.  
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