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In this study, a lead-doped barium-strontium-silicate (BaSrSiO4 :Pb2+ ) phosphor was synthesized
using a combustion method. The photoluminescence characteristics of the BaSrSiO4 :Pb2+ phosphor particles were improved by using a co-doping system. The characteristics of the synthesized
(BaSr)2 SiO4 :Pb2+ phosphor were investigated using X-ray diffraction (XRD), scanning electron
microscop, and photoluminescence The BaSrSiO4 XRD patterns became shaper and stronger at
a Ba concentration of x = 0.05 with a (103) main peak. The maximum emission band of the
BaSrSiO4 :Pb2+ was observed to be 423 nm.
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I. INTRODUCTION
In the last few years, white light-emitting diodes (WLEDs) have been the subject of increasing interest due
to their advantages of low energy consumption, long
life span, lack of pollutants such as Hg and their potential applications in indicators, backlights, automobile
headlights and general illumination [1,2]. White lightemitting diodes are in high demand in solid-state lighting (SSL) technology because of their most challenging
application as a replacement for conventional incandescent and fluorescent lamps. Therefore, they are referred
to as the next generation of solid-state lights. Without a doubt, SSL is a pivotal emerging technology that
promises to alter lighting in the future.
With the development of materials science and technology, some soft-chemical synthesis methods, such as
the sol-gel [3,4], co-precipitation [5], and hydrothermal
synthesis methods [6,7] have been successfully applied
in synthesizing phosphate-white LED phosphors. All of
these methods use liquid components that can be accurately controlled and thoroughly mixed throughout.
Combustion synthesis is characterized by its being a
more complete reaction with an increased reaction efficiency and its being a fast convenient reaction. The
synthesis of phosphors by using the combustion method
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can produce a homogenous product in a short time without the use of expensive high-temperature furnaces. This
synthesis technique makes use of the heat energy liberated by the exothermic redox reaction between metal
nitrates and urea or other fuels at a relative low ignition
temperature [8]. The particle of the phosphors prepared
using the conventional solid-state reaction are of and are
not suitable for the desired applications. The combustion process [9-11] used to prepare the phosphor is very
facile and only takes a few minutes.
In this work, a lead-doped barium-strontium-silicate
(BaSrSiO4 :Pb2+ ) phosphor was synthesized using a combustion method. The photoluminescence characteristics
of the BaSrSiO4 :Pb2+ phosphor particles were improved
by using the co-doping system.

II. EXPERIMENTS
In this study, (BaSr)2 SiO4 :Pb2+ phosphors were
prepared using the combustion method. Ba(NO3 )2
(99.999%, Aldrich), Sr(NO3 )2 (99.995%, Aldrich), SiO2
(99.9%, Aldrich), and Pb(NO3 )2 (99.999%, Aldrich)
were used as the starting materials. The Sr2 SiO4 :Pb2+
phosphors were doped by using Ba2+ to obtain a molecular conposition of Bax Sr2−x SiO4 :Pb2+ . The Ba(NO3 )2 ,
Sr(NO3 )2 , and SiO2 were mixed with Lead nitrate; distilled water was added. Urea was used as a fuel, and
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Table 1. Mole ratio of the (BaSr)2 SiO4 :Pb2+ fabricated by using the combustion method at 1000 ◦ C.

Bax Sr2−x :Pb0.02
Ba0.05 Sr1.95 :Pby
SiO2
Urea
Ammonium Nitrate

X=0
Y = 0.01

The various mole ratios of the materials
X = 0.05
X = 0.3
X = 0.7
Y = 0.02
Y = 0.05
Y = 0.1
1
20
20

Temp.
X=1
Y = 0.15

1000 ◦ C

Fig. 1. Flowchart for the preparation of the phosphor powders.

ammonium nitrate served as the oxidizer. The parameters were measured and are shown in Table 1.
A flowchart of the preparation of the phosphor powders is shown in Fig. 1. The urea and ammonium nitrate
solution were heated to 80 ◦ C and were continuously
stirred using a magnetic bar. The metal solution was
dropped into the fuel and heating at 80 ◦ C was continued for 30 min. The solution was then transferred to a
furnace pre-heated at 500 ◦ C. Different samples of the
mixture were then sintered in the furnace for 3 hours at
1000 ◦ C.
The crystalline development of the resulting samples
was checked by using X-ray diffraction (XRD, model
D/MAX-2200) with Cu Kα radiation in the range of 2 =
20 ∼ 80◦ . The measurement of the photoluminescence
(PL) spectra was carried out with a 150-W Xe lamp
(spectrofluorometer, FP-6200, JASCO). The morphology and the size of the prepared particles were investigated with a field-emission scanning electron microscope
(FE-SEM, model S-4700, HITACHI).

III. RESULTS AND DISCUSSION
Figure 2 shows the XRD patterns of the
(BaSr)2 SiO4 :Pb2+ phosphors at different concentrations of Ba2+ . The patterns indicate the influence
of the Ba2+ content on the crystalline structure of the
produced powders of the (BaSr)2 SiO4 :Pb2+ phosphors.

Fig. 2. XRD patterns of the Bax Sr2−x SiO4 :Pb0.02 phosphors at different Ba2+ molar ratios.

Orthorhombic Sr2 SiO4 mainly formed in the Ba-free
Sr2 SiO4 :Pb2+ composition, but monoclinic Sr2 SiO4
was also registered as a secondary phase. In the
case of the Ba-containing compositions, orthorhombic
Ba0.05 Sr1.95 Sio4 was predominantly registered.
The XRD patterns of the Ba0.05 Sr1.95 Sio4 :Pb2+ phosphors at different concentrations of Pb2+ are shown in
Fig. 3. The added amount of Pb2+ ranged from 0.01
to 0.15 mole. The Sr2 SiO4 peaks, with the (103) main
peak, appeared in the XRD patterns at all concentrations of Pb.
Figure 4 shows the SEM images of the
(BaSr)2 SiO4 :Pb2+ phosphors at different concentrations of Ba2+ . The Ba doping also has a strong
influence on the microstructure of the produced powders. According to the SEM images in Fig. 4, the
fine Ba0.05 Sr1.95 Sio4 :Pb2+ powder consists of small
spherical particles with smooth and round surfaces
whereas increasing the Ba content cause in the powder
to become bigger and to take an irregular shapes
and sharp edges. The cause for this change in the
crystal structure and the surfaces of the particles is the
structural heterogeneity and the chemical complexity
[12,13].
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Fig. 3. XRD patterns of the Ba0.05 Sr1.95 Sio4 :Pb2+ phosphors at different Pb2+ molar ratios.
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Fig. 5.
(Color online) PL emission spectra of the
Bax Sr2−x SiO4 :Pb0.02 phosphors at different Ba2+ molar ratios.

Fig. 4. SEM images of the Bax Sr2−x SiO4 :Pb0.02 phosphors
at different Ba2+ molar ratios.

Fig. 6.
(Color online) PL emission spectra of the
Ba0.05 Sr1.95 Sio4 :Pb2+ phosphors at different Pb2+ molar ratios.

The emission spectra of (BaSr)2 SiO4 :Pb2+ with various concentrations of Ba2+ are shown in Fig. 5. The photoluminescence emission spectra were measured for the
produced co-doped Bax Sr2−x SiO4 :Pb2+ powders under
excitation at 291 nm. These phosphors show an intense
and blue emission.
Figure 6 shows the PL emission spectra of
Ba0.05 Sr1.95 Sio4 :Pb2+ with various concentrations of
Pb2+ . The Pb2+ materials with different Pb2+ mole
ratios were investigated using a spectrofluorometer at
room temperature. Typically at room temperature, the
emission is observed from the 3 P1 - 1 S0 transition [13].
The maximum emission band of Ba0.05 Sr1.95 Sio4 :Pb2+
was observed at 423 nm, corresponding to the transition for the 3 P1 excited state level to the 1 S0 ground

state upon excitation at 291 nm. The dependence of
the emission intensity on the Pb2+ concentration for
Ba0.05 Sr1.95 Sio4 :Pb2+ was investigated. The critical concentration of Pb2+ in the phosphor was observed to be
0.02 mole.
Figure 7 shows the variation of the intensity
with the Ba2+ and the Pb2+ concentrations for
(BaSr)2 SiO4 :Pb2+ . The intensity of the emission peak
showed its highest intensity for Bax Sr2−x SiO4 :Pb2+ (x =
0.05) (Fig. 7(a)) but the intensity for the BaSrSiO4 :Pb2+
phosphor was found to slowly decrease for Ba2+ concentrations from x = 0.1 to x = 1.0. The dependence
of the emission intensity on the Pb2+ concentration for
Ba0.05 Sr1.95 Sio4 :Pby (y varies from 0.01, 0.02, 0.05, 0.1,
and 0.15 mole) is shown in Fig. 7(b). With increasing
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The BaSrSiO4 XRD patterns were taken at different
concentrations of Ba2+ . At a Ba concentration of x
= 0.05, with a main peak (103), the diffraction peaks
became shaper and stronger, but the BaSrSiO4 peaks
were markedly weakened for value of x over x = 0.05
due to the concentration quenching effect. The emission spectrum for the 291-nm excitation showed a single
band, peaking at a 423-nm blue emission. The intensity of the emission peak showed its highest intensity for
Bax Sr2−x SiO4 :Pby (x = 0.05, y = 0.02). As seen in
the SEM images, the Ba0.05 Sr1.95 Sio4 powder consisted
of small spherical particles with smooth and round surfaces. The BaSrSiO4 :Pb2+ phosphors have a wide range
of applications as blue emission phosphors for white light
and can be applied to backlightunit of LCD.
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