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Effect of strontium nitride on the properties of Sr2Si5N8:Eu2+ red phosphor
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Abstract: The nitride phosphor Sr2Si5N8:Eu2C was synthesized by the high temperature solid-state method. The
properties of Sr2Si5N8:Eu2C were discussed by X-ray diffraction (XRD) scanning electron microscope (SEM) and
spectra analysis. The XRD pattern shows that the single phase produces when strontium nitride is a bit excessive.
The SEM photo implies that the excessive strontium nitride works as a flux in the reaction system. The position
of emission peak is also located at about 612 nm as strontium nitride is excessive. The luminescent intensity of
the phosphor adding excessive strontium nitride is higher than that of the phosphor introducing stoichiometric
strontium nitride. The optimized content of nitride strontium was 2.05 mol/mol for the obtained phosphor with
excellent properties.
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1. Introduction

White light-emitting diodes (LEDs) have drawn much at-
tention due to their valuable application, such as a backlight
source for liquid crystal displays and power descent lampsŒ1; 2�.
Phosphor-converted LED (pc-LED) is the popular white light
deviceŒ3; 4�, wherein Y3Al5O12:Ce3C (YAG:Ce3C/ is the su-
perior commercial yellow phosphorŒ5�7�. However, there is a
lack of perfect red phosphors for white LED application at
presentŒ8�. Recently, the nitride phosphors have been inten-
sively studied as a host lattice in exploration of LED conver-
sion phosphors, which exhibit unusual, interesting luminescent
properties when activated by rare earth ions, such as Eu2C,
Ce3CŒ9;10�. Most importantly, the nitride phosphors emit vis-
ible light efficiently under near-ultraviolet or blue light irradi-
ation and have outstanding thermal, chemical and mechanical
stabilityŒ11�13� compared with those conventional phosphors.

In previous work, we reported the influence of Eu2C ion
on the properties of Sr2Si5N8:Eu2C phosphorsŒ14� and the
Sr/Ca ratio on the properties of (Sr1�xCax/2Si5N8:Eu2C phos-
phorsŒ15�. With respect to the above mentioned investigations,
there still remain a number of questions, for example, how to
improve the luminescent intensity and the morphology of the
nitride phosphor. In this paper, the nitride phosphor was syn-
thesized by the high temperature solid-state method. The mo-
tivation of the paper is to study the effect of strontium nitride
on the properties of Sr2Si5N8:Eu2C phosphors. The structure,
morphology and luminescent properties are characterised by
XRD, SEM and spectra analysis, respectively.

2. Experimental

Sr2Si5N8:Eu2C phosphors were synthesized by high tem-
perature solid-state method. The raw materials Si3N4 (99%)
and Eu2O3(4N)were stoichiometrically weighted out, and then
strontium nitride was added. Subsequently they were mixed
and ground together in an agate mortar homogeneously in a

purified argon glove box. The mixtures were then transferred
into an alumina crucible positioned in a tube furnace to fire at
1400 ıC for 9 h under nitrogen/hydrogen atmosphere with vol-
ume ratio 95 : 5. The sintered cake was grinded and sieved, and
then the Sr2Si5N8:Eu2C samples were obtained.

The crystal structure of the phosphors was checked using
a D8 DISCOVER X-ray diffractometer that was manufactured
by BRUKER in Germany. The SEM analysis was conducted
on SIRION scanning electron microscope made in Japan. The
emission spectra were detected by RF-5301PC spectrofluo-
rometer made in Japan.

3. Results and discussion

3.1. X-ray diffraction analysis

Figure 1 shows the XRD pattern of Sr2Si5N8:Eu2C added

Fig. 1. XRD pattern of Sr2Si5N8:Eu2C added with strontium ni-
tride (a) stoichiometrically ratio and (b) excessively. (“ı” belong to
SrSi2N2O2 impure phase)
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Fig. 2. SEM photo of Sr2Si5N8:Eu2C added with strontium nitride
(a) stoichiometrically ratio and (b) excessively.

with strontium nitride according to stoichiometric ratio and
excessively, respectively. The examination of the diffraction
peaks confirms that only Sr2Si5N8 phase is prepared success-
fully when strontium nitride is a bit excessive. However, be-
sides the main Sr2Si5N8 phase, a few SrSi2N2O2 diffraction
peaks are generated when the raw materials were stoichiomet-
rically weighted out. This suggests that it is helpful to produce
pure phase as strontium nitride is excessive, which enhances
the luminescent intensity of the phosphor.

3.2. SEM analysis

Figure 2 is the SEM photo of Sr2Si5N8:Eu2C added with
strontium nitride according to stoichiometric ratio and exces-
sively, respectively. It is obvious that the powders produce
reunion and the morphology is not regular and smooth when
strontium nitride was weighted out according to stoichiomet-
ric ratio. However, the powder consists of well-crystallized and
well-dispersed grain with a mean size of 10 �m. It implies that
the excessive strontium nitride promotes the crystallization ac-
tion of pellets and works as the flux in the system.

3.3. Spectra analysis

Figure 3 is the emission spectra of Sr2Si5N8:Eu2C added
with strontium nitride according to stoichiometric ratio and ex-
cessively, respectively (�ex = 460 nm). The emission spectra

Fig. 3. Emission spectra of Sr2Si5N8:Eu2C added with strontium ni-
tride (a) stoichiometrically and (b) excessively.

Fig. 4. Effect of the content of strontium nitride on the intensity of
Sr2Si5N8:Eu2C.

exhibit a broad emission band peaking at about 612 nm which
is assigned to the 4f65d1!4f7 transition of the Eu2C ionŒ16�.
Compared with other Eu2C ion doped phosphors, the emis-
sion band of Sr2Si5N8:Eu2C locates at a fairly longwavelength
range. Furthermore, in the Eu2C ion doped oxynitride or nitride
hosts the emission occurs at longer wavelengths with increas-
ing nitrogen contentŒ9�, which is attributed to the higher elec-
tronegativity of N3�and the nephelauxetic effect which effec-
tively lower the center of gravity of 5d orbital of Eu2C ionsŒ17�.

Figure 4 is the different contents of strontium nitride on
the intensity of Sr2Si5N8:Eu2C. Obviously, when the content
of strontium nitride is a bit excessive (2.05 mol/mol), the lumi-
nescent intensity of the phosphor is the best. The distortion of
crystal produceswhen strontium nitride is excessive. Thewidth
between the valence band and conduction band is much lower,
which results in the easier 4f–5d transition of Eu2C, and then
the intensity of luminescence becomes stronger. At the same
time, the excessive strontium nitride is helpful for forming the
pure phase Sr2Si5N8. Both behaviors enhance the emission in-
tensity of the phosphor.
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4. Conclusion

The Sr2Si5N8:Eu2C red phosphor with different contents
of strontium nitride added was prepared by a high temperature
solid state method. The XRD shows that it is helpful to pro-
duce pure phase when strontium nitride is a bit excessive. The
SEM photo exhibits that the excessive strontium nitride pro-
motes the crystallization action of pellets and woks as a flux in
the system. The emission spectra show a broad emission band
at 612nm due to the 4f65d1!4f7 transition of the Eu2C ion.
The luminescent intensity of the phosphor adding excessive
strontium nitride is higher than that of the phosphor introduc-
ing stoichiometric strontium nitride.

References
[1] Nakamura S, Mukai T, Senoh M. Candela-class-high brightness

InGaN/A1GaN double-heterostructure blue LEDs. Appl Phys
Lett, 1994, 64: 1687

[2] Su Qiang, Wu Hao, Pan Yuexiao, et al. Rare earth luminescent
materials for white LED solid state lighting. J Rare Earth, 2005,
23: 513

[3] Schlotter P, Baur J, Hielscher C, et al. Fabrication and character-
ization of GaN/InGaN/AlGaN double heterostructure LEDs and
their application in luminescence conversion LEDs. Mater Sci
Eng B, 1999, 59: 390

[4] Nakamura S, Fasol G. The blue laser diodes, GaN based light
emitters and laser. Berlin: Spirnger, 1997: 216

[5] Li Dongping, Miu Chunyan, Liu Lifang, et al. Progress on re-
search of blue LED converted white materials YAG:Ce3C. J Liq-
uid Crystals and Displays, 2005, 20(6): 526

[6] Pan Y, Wu M, Su Q. Comparative investigation on synthesis
and photoluminescence of YAG:Ce phosphor. Mater Sci Eng B,

2004, 106(3): 251
[7] Zhang Shusheng, Zhuang Weidong, Zhao Chunlei, et al. Study

on (Y,Gd)3(Al,Ga)5O12:Ce3C phosphor. J Rare Earth, 2004, 1:
118

[8] Li Y Q, van Steen J E J, van Krevel J W H, et al. Luminescence
properties of red-emittingM2Si5N8:Eu2C (M =Ca, Sr, Ba) LED
conversion phosphors. J Alloys and Comds, 2006, 417: 273
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