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Abstract A blue-emitting phosphor Sr,ZnSi,O7: Eu*" was
prepared by combustion-assisted synthesis method and an
efficient blue emission under from ultraviolet to visible
light was observed. The emission spectrum shows a single
intensive band centered at 475 nm, which corresponds to
the 4f°5d'—4f’ transitions of Eu**. The excitation spec-
trum is a broad band extending from 250 to 450 nm, which
matches the emission of ultraviolet light-emitting diodes
(UV-LEDs). The effect of doped Eu*" concentration on the
emission intensity of Sr,ZnSi,O5: Eu®" was also investi-
gated and the corresponding concentration quenching
mechanism is verified to be an electric multipole-
multipole interaction.

Keywords Silicates - Optical materials - Phosphors -
Luminescence

1 Introduction

In recent years, alkaline earth silicates A,BSiO; (A = Ca,
Sr, Ba, B = Mg, Zn) codoped with rare earth ions have
attracted research interests in the field of photolumines-
cence since they are suitable hosts with excellent thermal
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and chemical stability [1-5]. Eu*", Dy”" co-doped Sr-MSi,O,
(M = Mg, Zn) phosphor was found to emit blue light upon
ultraviolet (UV) illumination and show long afterglow [6, 7].
Toda et al. prepared Sr,MgSi,O;: Eu”", Dy’" and Ca,Mg-
Si,07: Eu?*, Dy’ phosphors, and they showed bright and
long-lasting phosphorescence [8]. In the light-emitting diodes
(LED) phosphors, the long persistent property is not
necessary [9, 10]. Zhang et al. reported the luminescence
properties of M>MgSi,O,: Eu** (M = Ca, Sr) phosphors and
found their effects on yellow and blue LEDs for solid-state
lighting [11]. Hayato et al. prepared the Ca,ZnSi,O;: Eu*"
phosphors for white light generation by blue ray excitation
[12]. So we considered the Sr,ZnSi,O;: Eu®" phosphor
without the Dy coactivator as a potential blue phosphor for
UV-LED.

The optical properties of luminescent materials are
frequently affected by the preparation method [13, 14].
The conventional solid-state reaction for preparing phos-
phors requires a high calcining temperature, which induces
sintering and aggregation of particles. Furthermore, the
milling process to reduce to the particle size leads to
decreasing of luminescence properties. It has been observed
that the preparation of the powders by sol-gel procedures
leads to significant reinforcement of the photoluminescence
intensity [15]. For sol-gel techniques, processing routines to
prepare the phosphors are complicated and the duration is
long. The combustion method to synthesize the phosphors,
however, can produce a homogenous product in a short
time without the use of expensive high-temperature
furnaces [16, 17]. In the present work, we synthesized the
Sr,..ZnSi,07: Eu,>" blue-emitting phosphor by
combustion-assisted synthesis method and investigated its
luminescent properties.
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2 Experimental
2.1 Sample synthesis

SI'(NO3)2, ZH(NO3)2'6H20, Si(OC2H5)4, EUQO3, H3BO3,
and NH,CONHj,, all in analytical grade, were used as the
starting materials in the experiment. Small quantities of
H;BO; were used as a flux and amounts of urea were added
as a fuel. Powders were weighted according to the
stochiometry. Sr(NOs3),, Zn(NOs),'6H,O, H3;BO3; and
NH,CONH, were dissolved into enough deionized water
to obtain transparent solution, the Eu,O3 was dissolved into
concentrated nitric acid, then mixed the two solutions. Si
(OC,Hs)4 and appropriate amount of ethanol was added
slowly into the above solution under vigorous stirring.
The mixture solution was allowed to react at 80°C for
2 h to obtain a homogenous solution. And then the
solution was introduced into a muffle furnace preheated
at 600°C. Within a few minutes, the solution boiled and
was ignited to produce a self-propagating flame. The
product obtained was post-annealed in a reducing
atmosphere at 1000°C for 3 h.

2.2 Characterization

The synthesized phosphors were ground to powder and
passed through a 200 mesh sieve prior to the characteriza-
tion. The crystal phase of the synthesized powders prepared
in the process was characterized by X-ray powder diffrac-
tion using an X' Pert PRO X-ray diffractometer having a Cu
Ko radiation (A=1.5406A) at 40 kV tube voltage and
40 mA tube current. The XRD patterns collected in the
range of 10°<20<90°. The emission spectrum was per-
formed on a RF-5301 fluorescence spectrophotometer
equipped with a xenon discharge lamp as an excitation
source. The excitation and emission slits were set to
3.0 nm. All the luminescent properties of the phosphors
were studied at room temperature.

3 Results and discussion
3.1 Phase composition of the obtained phosphor

The XRD patterns of the phosphors Sr;_ZnSi,O5: Eu,(2+
samples post-annealed 1000°C for 3 h are shown in Fig. 1.
There are no observable differences between the two
diffraction patterns, indicating that the small amount of
doped rare-earth ions has almost no effect on the
Sr,ZnSi,0; crystalline structure. Its diffraction peak is
consistent with the standard JCPDS card of tetragonal
Sr,ZnSi,0; phase (JCPDS, 39-0235) and also with that
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Fig. 1 Powder X-ray diffraction patterns of Sr,_ZnSi,O7: Eu2" (x=0,
0.01, 0.03, 0.05, 0.07, 0.09)

reported in the literature (space group P421,,, a=8.007A,
¢=5.168A) [19]. In this work, the structure of Sr,ZnSi,O;
with space group P421,, was taken as the starting model for
the synthesized phosphors.

In the Sr,ZnSi,0; crystal structure, the zinc atoms are in
tetrahedral of oxygen, all four of which are shared by
adjacent [SiO4] tetrahedral, which themselves are linked in
pairs to form [Si,O7] groups [20, 21]. The calculations of
the radius percentage difference (Dr) between the doped
ions (Eu®") and possible substituted ions (Sr**, Zn>") in
Sr,ZnSi,O, are summarized in Table 1. The values are
based on the following formula:

Dr = [Rm(CN) — Rd(CN)]/Rm(CN)

where CN is the coordination number, Rm(CN) is the radius
of the host cation, and Rd(CN) is the radius of the doped
ion. We take the date of Eu*" with CN=6 as a responsible
approximation [22]. The value of Dr between Eu”* and Sr**
is 0.8%. While that between Eu®" and Zn>" is —95.00%.

Table 1 Ionic radii difference percentage (Dr) between matrix cations
and doped ions

Doped  Rd(CN) Dr = [Rm(CN) — Rd(CN)]/Rm(CN)(%)
ions (A) N o
RZ(8) = 1.26(A)  RZ/(4) = 0.60(A)
Eu®* 1.170 (6) -95.00
1.250 (8) 0.8

CN stands for coordination number, Rm(CN) and Rd(CN) for the radii
of matrix and doped cations, respectively, and the data of the effective
ionic radii are from Ref. [23]
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Thus, doping ions of Eu®" will preferentially substitute the
strontium sites.

3.2 Luminescent properties

A series of Sr, ZnSi,O7: Euy phosphors with various Eu®*
concentrations (x=0.01-0.09) were prepared and the effect
of doped Eu”" concentration on the excitation and emission
intensity was investigated. The excitation and emission
intensities of Sr,ZnSi,O,: Eu, with different Eu*"
concentrations are shown in Fig. 2. The positions of
excitation and emission bands have no obvious changes
for all the samples. With increasing Eu®" concentration, the
emission intensity increase and the maximum is at x=
0.05 mol. Concentration quenching occurs, when the Eu”"
concentration is more than 0.05 mol.
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Fig. 2 (a) Excitation (A.,=475 nm) and (b) emission (A,,=342 nm)
intensity of Sr»..ZnSi,0: Eu,>" with different Eu?" concentrations
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With respect to the mechanism of energy transfer in
phosphors, Blasse has pointed out the critical transfer
distance (R.) is approximately equal to twice the radius of
a sphere with this volume [24]:

3V
4ry.N

Gl

Re =~ 2( )

where y. is the critical concentration, N the number of
cations in the unit cell and V is the volume of the unit cell.
By taking the experimental and analytic values of V, N and
Xe (331.10A3, 4, 0.05 mol, respectively), the critical
transfer distance of Eu?" in Sr,ZnSi,O, phosphor is
calculated to be about 15A. Qiu et al. showed that the
probability of energy transfer among Eu’" ions increases
when the Eu®" concentration increases [25]. A non-radiative
energy transfer from one Eu®" ion to another Eu®" ion
occurs as a result of an exchange interaction, radiation
reabsorption, or a multiple-multiple interaction. The
exchange interaction is generally responsible for the
energy transfer to forbidden transitions and the typical
critical distance is about 5A [26]. The mechanism of
radiation reabsorption comes into effect only when there is
a broad overlap of the photoluminescence spectra of the
sensitizer and activator. In the present case, Eu®" ion
shows the allowed 4f-5d transition and there is little
overlap between excitation and emission spectra. There-
fore the exchange and reabsorption interaction can not
account for the energy transfer of Eu?" in S1,ZnSi,0-. The
process of energy transfer between Eu®" ions in phosphor
should be controlled by the electric multipole-multipole
interaction according to Dexter’s theory [26].

The photoluminescence spectra of Sty 9sZnSi;O7: Eug s>
is shown in Fig. 3. It can be observed that a broad

Aex = 342 nm Aem =475 nm
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Fig. 3 Photoluminescence spectra of Sry 95ZnSi,O7: Eug 05>
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absorption band extends from 250 to 450 nm. The results
show a broad excitation band, centered at 342 nm. The
excitation band is due to 4f’ ground state to the 4f°5d'
excited state transition of Eu®" ions. The 5d energy level
of Eu?" and the lower level of 4f state overlap, so the
electron of 4f state can be excited to 5d state. The broad
luminescence of Eu?" is due to 4f°5d'—4f’ transitions,
which is an allowed electrostatic dipole transition.
However, the 5d state is easily affected by the crystal
field, that is to say, different crystal fields can split the
5d state in different ways. This makes Eu?" emit different
wavelengths light in different crystal fields and the
emission spectrum can vary from the ultraviolet to the
red region [27]. Since the codopant Eu®" ions are
substituted for the Sr*" sites and are exposed to a strong
crystal field, the excitation band of Eu*" can extend into
the visible region. With the excitation wavelengths of
242 nm, the emission spectra is located at 475 nm,
consistent with the fact that there is only one kind of Sr
site in the host material Sr,ZnSi,O,. Owing to its excellence
in excitation spectrum profile, it is believed that
Sr; 9sZnSi07: Eug os> phosphors would have applications
in the UV-LEDs.

4 Conclusions

Sr,ZnSi,0,:Eu*" phosphor powders have been synthesized
by the combustion-assisted synthesis method. With an
increase in the Eu?" concentration, quenching of the
excitation energy occurs. The critical quenching concentra-
tion of Eu*" in Sr,ZnSi,05: Eu** phosphor is determined as
0.05 mol. The critical transfer distance is calculated as 15A.
The photoluminescence spectrum of Sty 95ZnSi,07:Eug 05>
contains board excitation bands extending from 250 to
450 nm, resulting from the strong crystal field imposed on
the Eu sites. Under ultraviolet and visible excitation,
Sty 9sZnSi,07:Eug 05>~ shows a blue emission band cen-
tered at 475 nm. According to its excellence in excitation
spectrum profile, we have demonstrated that the optimized
phosphors Sty 9sZnSi,07:Eug 05> is a potentially useful
blue phosphor for UV-LEDs.
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