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ABSTRACT: A new sialon Eu3.60LiSi13.78Al6.03O6.82N22.59 has been discovered via the single-particle diagnosis approach. Its 
crystal structure (space group P3m1) was solved and refined from single crystal X-ray diffraction data. It has the interesting 
feature of two types of disorder at the Eu2 site: positional disorder (Eu2a/Eu2b) and substitutional disorder with 
(Si/Al)2(O/N)). The structure is generalized to the formula A4-mBnC19+2mX29+m (A = Sr, La, Eu, Ce; B = Li; C = Si, Al; X = O, N; 0 ≤ 
m ≤ 1; 0 ≤ n ≤ 1), of which Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon, m = 0.41, n = 1) and La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 (LaSr-
sialon, m = 0.40, n = 1) are two examples that have been obtained as a single phase powder. Sr-sialon:Eu and LaSr-sialon:Eu 
both show blue to yellow emission, depending on Eu concentration, while Sr-sialon:1%Ce shows a deep-blue emission band 
centered at 422 nm with a full width at half maximum (FWHM) of 80 nm and an IQE of 80% (λex = 355 nm). The latter phosphor 
has very good thermal stability of both emission intensity and color. A white LED containing the newly discovered Sr-
sialon:5%Ce as blue phosphor component shows excellent color rendering indices (Ra = 96 and R12 = 97) with a correlated 
color temperature (CCT) of 4255 K. It indicates that Sr-sialon:Ce is a highly promising deep-blue phosphor for illumination 
grade white LEDs.

KEYWORDS: single-particle diagnosis approach, new sialon phosphors, deep-blue emitting, high color rendering, warm white 
LEDs

1. INTRODUCTION
M-Si-Al-O-N (sialon) materials, where M is usually an 
alkaline earth or rare earth element, have been extensively 
investigated as ceramics for several decades because of 
their excellent high-temperature mechanical properties 
and thermal shock resistance.1, 2 The good chemical and 
thermal stability and high structural flexibility make sialons 
hot candidates as host materials for white LED phosphors. 
Several oxynitride phosphors that developed from sialon 
phase materials turned out to have good 
photoluminescence properties promising for phosphor-
converted white LED (pc-wLED) application. The examples 
are β-sialon:Eu (Si6-zAlzOzN8-z:Eu),3 Ca-α-sialon:Ce 
(Cam/2Si12-(m+n)Alm+nOnN16-n:Ce),4 La3Si6.5Al1.5N9.5O5.5:Ce3+

,
5 

Sr5Al5+xSi21-xN35-xO2+x:Eu2+ (x ≈ 0),6 MAl2-xSixO4-xNx:Eu2+ (M = 
Ca, Sr, Ba),7 Gd3Al3+xSi3−xO12+xN2−x:Ce3+ 8, BaSi3Al3O4N5:Eu9 
and LaAl(Si6-zAlz)(N10-zOz):Ce3+.10

There are two main ways in order to obtain efficient 
phosphor converted white LEDs: 1) a blue LED chip in 
combination with a mixture of red and green phosphors, 

and 2) a UV/near-UV LED chip with a mixture of red, green 
and blue phosphors. However, to obtain a high power white 
LED with very high color stability, a UV excitable white LED 
is preferred over a blue excitable LED. A UV excitable LED 
namely has a better color stability as its color is solely 
determined by the emission light of the phosphors.11 
Furthermore, for high power white LEDs, a UV LED chip has 
the advantage over a blue LED chip in that it has less current 
drooping and less binning at high current.12 The blue 
phosphor that needs to be used in such a UV LED chip 
should preferably have a peak emission wavelength in the 
410-450 nm range, as a phosphor with a shorter 
wavelength will have a part of its emission in the spectral 
range for which the human eye is not sensitive enough, 
while a phosphor with a longer wavelength is not blue 
enough, lowering the color rendering index.13, 14 
However, despite several efficient green, yellow and red 
emitting sialon phosphors have been developed and even 
commercially applied, there is still a lack of highly efficient 
and thermally stable deep-blue emission phosphors. Only a 
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few (oxy-)nitride phosphors have been reported of which 
the emission is in the 410-450 nm region. LaSiO2N:Ce and 
YSiO2N:Ce have their emission peaks at 415-430 nm and at 
430-450 nm respectively, but both compounds have a low 
luminescence efficiency and a fast thermal quenching.15, 16 A 
similar low quantum efficiency and fast thermal quenching 
is also seen for Gd5Si3O12N:Ce with an emission maximum at 
427-437 nm.17 LaSi3N5:Ce with an emission maximum 
between 424 and 444 nm shows a relatively high 
luminescence efficiency at 355 nm excitation, especially 
after a heat treatment of the phosphor.18 However, thermal 
quenching reduces the emission intensity with almost 50% 
at 250 °C.18 Recently, we reported the deep-blue emission by 
La3Si6.5Al1.5N9.5O5.5:Ce, showing an efficient (IQE = 84%) 
emission with a maximum at 418 nm, but also for this 
phosphor the thermal quenching is still considerable.5 The 
deep-blue emitting LaAl(Si6-zAlz)(N10-zOz):Ce with 430 nm 
emission is more thermally stable, but it has a bit lower 
efficiency (IQE = 75%).10 Other blue emitting phosphors, 
that have high quantum efficiency and are thermally stable, 
have been reported, such as AlN:Eu 19 and 
BaSi3Al3O4N5:Eu2+,9 However, their emission peaks are at 
longer wavelengths > 450 nm. 
In order to discover new phosphors, several methods have 
been developed,20 such as mineral-inspired prototype 
evolution and new phase construction,21 heuristics-assisted 
combinatorial chemistry22 and the single-particle diagnosis 
approach23, 24. The latter allows for a fast and simple way to 
discover new phosphors without the need to grow large-
size single crystals. New phosphors are discovered by 
analyzing candidate particles from mixture products 
synthesized by a conventional powder process with single 
crystal XRD and microspectroscopy. With this approach, 
several types of nitride and oxynitride phosphors have been 
discovered, such as Sr2B2–2xSi2+3xAl2–xN8+x:Eu,25 
Ba2LiSi7AlN12:Eu,26 and Sr3Si8–xAlxO7+xN8–x:Eu27.
In this work, a new series of sialon phase A4-mBnC19+2mX29+m 
(A = Sr, La, Eu, Ce; B = Li; C = Si, Al; X = O, N; 0 ≤ m ≤ 1; 0 ≤ n 
≤ 1) is reported, discovered by the single-particle-diagnosis 
approach. The crystal structure and photoluminescence 
properties induced by with Eu or Ce doping, including 
thermal quenching, quantum efficiency and luminescence 
decay, of these new phosphors are investigated, as well as 
the application in a white LED.

2. MATERIALS AND METHODS

2.1. Synthesis
The starting materials of Si3N4 (Ube, E10), AlN (Tokuyama, 
E-grade), Li3N (Kojundo Chemical, 2N), Eu2O3 (Shin-etsu 
Chemical, 3N) were mixed in a glove box filled with 
nitrogen. The mixture was filled in a boron nitride crucible 
and fired in a nitrogen atmosphere of 0.92 MPa at 1900 °C 
for 2 h. The products were used for single crystal pick-up.
Non-doped and Eu or Ce doped A4-mBnC19+2mX29+m (A = Sr, La, 
Eu, Ce; B = Li; C = Si, Al; X = O, N; 0 ≤ m ≤ 1; 0 ≤ n ≤ 1) powders 
have been prepared by solid-state reaction synthesis. The 
starting materials (EuN, Sr3N2, LaN, Li3N, Si3N4, SiO2, AlN and 
CeN) were mixed in a glove box filled with nitrogen by 
following the designed chemical compositions, and then 
packed in a boron nitride crucible for firing. The samples 
were sintered in a gas pressure furnace at 0.92 MPa for 2 h 

at a temperature of 1850 °C. After synthesis, the samples 
were crushed to powder and fired again for 2 hours at the 
same temperature. The final products were finely grounded 
for further characterization.

2.2. X-ray diffraction
The products were irradiated by a 370 nm UV LED lamp, 
and luminescent particles were selected under microscopic 
observation. The selected particles were mounted at the top 
of a glass capillary with glue, and the single crystal XRD data 
of the single particle were collected using a diffractometer 
(Bruker-AXS, SMART APEX II Ultra) with Mo Kα radiation (λ 
= 0.71073 Å) and multilayer focusing mirrors as a 
monochromator operated at 50 kV and 50 mA. The 
absorption corrections were applied using the multi-scan 
procedure SADABS.28 The crystal structure was solved by 
direct methods implemented in SHELXL-97.29 Refinement 
of the crystal structure was carried out with anisotropic 
displacement parameters for all atoms by full-matrix least-
squares calculation on F2 in SHELXL-2013.29 The elemental 
analysis was conducted using a scanning electron 
microscope (Hitachi High-technology, SU1510) equipped 
with an energy dispersive spectroscopy instrument (Bruker 
AXS, XFlash SDD) operated at 15 kV. The powder XRD was 
measured by Rigaku Smartlab with Cu Ka1 radiation (λ= 
1.54056 Å) under 40 kV and 200 mA. 

2.3. Electron microscopy
For transmission electron microscopy (TEM) observation, 
the finely crushed Eu3.60LiSi13.78Al6.03O6.82N22.59 powder was 
dispersed in absolute ethanol and dropped on copper finder 
grids. The grids then were fixed on double-tilt holders. The 
high resolution TEM (HRTEM), selected area electron 
diffraction (SAED), and scanning TEM using a high-angle 
annular dark-field (STEM-HAADF) detector were 
performed using a JEM-ARM200F (JEOL) at 200 kV. Digital 
Micrograph software was used for analysis of HRTEM and 
SAED images. 

2.4. Luminescence measurements 
The photoluminescence spectra at room temperature were 
measured with a spectrophotometer (Hitachi F-4500) 
equipped with a 150 W Xe lamp. The 2D photoluminescence 
spectra were recorded with a FP-8600 fluorescence 
spectrometer (JASCO). The diffuse reflectance spectra were 
measured with a UV/vis spectrophotometer (JASCO V-570). 
The temperature dependent emission spectra for the low 
temperature (4 - 298 K) and high temperature range (298 - 
573 K) were obtained using an MCPD-9800 and a MCPD-
7000 spectrometer (Otsuka Electronics), respectively. A He 
cryostat was used for cooling down the sample. The MCPD-
9800 spectrometer, in combination with an integrating 
sphere, was also used to measure the reflectance and 
emission of the phosphors, from which the internal 
quantum efficiency (IQE) was calculated, as described in 
our previous work.30 The luminescence decay curves were 
obtained with a time-correlated single photon counting 
system (Horiba), exciting with a 370 nm nanoLED with 1.2 
ns pulse duration. 
A white LED was fabricated by combining a UV LED chip 
(365 nm) with commercial green (SrSi2O2N2:Eu2+) and red-
emitting (Sr0.9Ca0.1AlSiN3:Eu2+) phosphors and the prepared 
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5% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon) blue 
phosphor. The white LED was operated at a bias current of 
20 mA and a voltage of 3.7 V. The electroluminescence 
spectrum was collected with an IMS5000 spectrometer 
(Asahi Spectra, Japan).

3. RESULTS AND DISCUSSION

3.1. Discovery of A4-mBnC19+2mX29+m (A = Sr, La, Eu, Ce; B = 
Li; C = Si, Al; X = O, N; 0 ≤ m ≤ 1; 0 ≤ n ≤ 1) phase and its 
crystal structure
A variety of Eu : Li : Si : Al cation compositions were 
investigated and a new crystal was identified from a 
composition of Eu : Li : Si : Al = 0.05 : 3 : 11 : 4. The crystal 
was formed as a columnar shape with dimensions of 94 μm 
× 12 μm × 12 μm as shown in Figure1a. With the refinement 
of the single crystal XRD data, the crystal structure of the 
new crystal was solved and it has a trigonal unit cell of a = 
12.12130(11) Å and c = 4.89283(5) Å with the P3m1 space 
group (No. 156). The crystallographic data, the atomic 
coordinates and isotropic displacement parameters are 
shown in Table 1 and 2, respectively. EDS was used for 
Al/Si ratio analyses, while the O/N ratio was determined 
from charge neutrality of the total chemical composition. 
The composition was determined to be 
Eu3.60LiSi13.78Al6.03O6.82N22.59. The crystal structure that was 
finally obtained, is depicted in Figure 1b. Si/Al occupies the 
tetrahedral sites (blue tetrahedron) and Li occupies the 

independent tetrahedral site (red tetrahedron). These 
tetrahedra form a three-dimensional framework by corner-
sharing. There are two Eu sites. The Eu1 site (brown ball) is 
on the one-dimensional channel along the c direction and 
coordinated by nine O/N atoms. Another Eu (Eu2 site) is on 
the (0, 0, z). The early refinement resulted in the large 
anisotropic displacement parameter U33 and a positional 
disorder at the Eu2 site was therefore expected. The 
splitting atom model (Eu2A/Eu2B) was used to represent 
the disorder of the Eu2 site. The refined separation distance 
between Eu2A and Eu2B is 0.62 Å. 
Eu3.60LiSi13.78Al6.03O6.82N22.59 also contains a substitutional 
disorder on the same (0, 0, z) axis described by the 
alternative occupation of Eu2 (Eu2A, Eu2B) or 
(Si/Al)2(O/N). The fraction of Eu2A, Eu2B and 
(Si/Al)2(O/N) is 0.46 : 0.14 : 0.40, respectively. In Figure 1c, 
Eu2A, Eu2B and (Si/Al)2(O/N) are shown together and the 
color divided balls represent the site occupancies. The O/N 
position of (Si/Al)2(O/N) is the same as the Eu2A site and 
the ball is divided by three colors (Eu2A : O/N : vacancy = 
0.46 : 0.40 : 0.14). Eu2A and Eu2B are coordinated by six 
and nine O/N atoms, respectively. The example of the 
crystal structure estimated from the fraction of Eu2A, Eu2B 
and (Si/Al)2(O/N) is depicted in Figure 1d. (Si/Al)2(O/N) is 
shown as corner-sharing tetrahedra with neighboring three 
O/N. 

Figure 1. (a) Photograph of the selected columnar crystal; Crystal structure of Eu3.60LiSi13.78Al6.03O6.82N22.59 (b) from the [001] 
direction and (c) from the [111] direction. Blue and red tetrahedra are (Si/Al)(O/N)4 and Li(O/N)4, respectively. Brown 
spheres are Eu (Eu1), light blue spheres are (O/N). The substitutional disorder part on the (0, 0, z) axis is shown by three 
possible parts (Eu2A, Eu2B, (Si/Al)2(O/N)). The color divided balls represent the site occupancies. These images were drawn 
with the program VESTA.31 (d) A schematic representation of the disorder part of Eu3.60LiSi13.78Al6.03O6.82N22.59. The fraction of 
Eu2A, Eu2B and (Si/Al)2(O/N) is based on the refined value. (e) SAED patterns, HRTEM and HAADF-STEM images from [001] 
(above) and [100] (below) zone axis.

To confirm the crystal structure model obtained from the 
single crystal XRD data, TEM measurements were 
performed. In the HAADF-STEM image along [001] 
directions, the bright dots forming a triangle correspond to 

Eu1, as shown in Figure 1e. A bright dot surrounded by Eu1 
triangles corresponds to Eu2. Due to the substitutional 
disorder by the alternative occupation of Eu2 (Eu2A, Eu2B) 
or (Si/Al)2(O/N), the Eu2 is less bright than Eu1. In the 
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electron diffraction pattern, no streak was observed on the 
[001] direction, coinciding with disordering of Eu2A, Eu2B 
and (Si,Al)2(O,N). The SAED patterns from [001] and [100] 
zone axes can be well indexed on the basis of a hexagonal 
unit cell, with parameters a = 12.122 Å and c = 4.893 Å. The 
lattice fringes of 1.062 nm in the HRTEM image correspond 
to the (010) planes of the hexagonal structure. Eu atoms are 
directly observed via HAADF-STEM images in atomic scale 
along the [001] and [100] direction, which is consistent 
with the structure model. The brightest dots correspond to 
Eu sites. The dots indicating the Eu2A and Eu2B sites 
overlap with each other in the HAADF-STEM image, as the 
distance between Eu2A and Eu2B sites (0.62 Å) is smaller 
than the resolution of JEM-ARM200F in STEM mode (0.8 Å).

Table 1. Crystallographic data of 
Eu3.60LiSi13.78Al6.03O6.82N22.59

Formula mass / g∙mol-1 1528.66
Crystal system Trigonal 
Space group P3m1 (No.156)

Cell parameters / Å a = 12.12130(11) and c = 
4.89283(5)

V / Å3 622.57(1)
Z 1
Crystal size / mm3 0.09 x 0.01 x 0.01
Temperature / K 293
Crystal form Columnar

Diffractometer Bruker APEXII CCD area 
detector

Radiation type Mo Kα (λ = 0.71073 Å)
Scan mode ω scan
Abs correction Multiscan (SADABS)
μ / mm-1 9.91
2θmax / ° 35.1
Measured reflections 26188
Independent reflections 2019
Observed reflections 2014
R[F2 > 2σ(F2)], wR(F2)   0.015, 0.037

Δρmax, Δρmin / e Å-3 2.48, -0.9
S 1.12

The Eu3.60LiSi13.78Al6.03O6.82N22.59 crystal showed very weak 
luminescence at UV-excitation because the rare earth site is 
fully occupied by Eu, resulting in concentration quenching. 
Crystals with the same type of crystal structure were found 
in samples made using Sr and La containing starting 
compositions. The Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 crystals were found from 
the powder product from compositions of Sr : Eu : Li : Al : Si 
= 1 : 0.05 : 4 : 6.5 : 6.5 and La : Eu : Li : Al : Si = 0.9 : 0.1 : 0.9 
: 9 : 7, respectively. The crystallographic data, the atomic 
coordinates and isotropic displacement parameters are 
shown in the supplementary information (Table S1-S3). 
These new found materials are generalized as a sialon phase 
with the formula A4-mBnC19+2mX29+m (A = Sr, La, Eu, Ce; B = Li; 
C = Si, Al; X = O, N; 0 ≤ m ≤ 1; 0 ≤ n ≤ 1), 
[Eu3.60LiSi13.78Al6.03O6.82N22.59 (m = 0.40, n = 1), 
Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 (m = 0.41, n = 1), 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 (m = 0.40, n = 1)]. It can 
also be expressed as A3BnC19X29(C2X)mA1-m by extracting the 
disorder part. The site occupancy of the B site (Li) was fixed 
to 1 because the refined value was nearly 1. The x value 
corresponds to the ratio of A (Eu, Sr, La) and (Si/Al)2(O/N) 
at the substitutional disorder part on the (0, 0, z) axis. The 
similar x values in three crystals indicate that the new sialon 
phase is stable in some composition range. The 
Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 crystals showed cyan and 
blue luminescence under the UV-excitation, as shown in 
Figures 2a and 2b, respectively. The emission spectra 
excited by 370 nm light are shown in the inset. To 
characterize the detailed luminescence properties of these 
new phosphors, powder syntheses of these phosphors were 
carried out. 

Table 2. Atomic coordinates, isotropic atomic displacement parameters, and occupancies of Eu3.60LiSi13.78Al6.03O6.82N22.59

Atom x y z Ueq / Å2 Occupancy
Eu1 0.55401(2) 0.10801(2) 0.32409(11) 0.01789(6) 1
Eu2A 0 0 0.8037(8) 0.0721(9) 0.458
Eu2B 0 0 0.6765(16) 0.0303(11) 0.1381
Li1 0.3333 0.6667 0.836(6) 0.011(3) 1
Si/Al1 0.58927(8) 0.91989(8) 0.8080(3) 0.00464(13) 1
Si/Al2 0.50713(13) 0.75357(7) 0.3187(6) 0.0082(2) 1
Si/Al3 0.75605(9) 0.00212(9) 0.2976(3) 0.00446(15) 1
Si/Al4 0.81994(6) 0.18006(6) 0.7877(3) 0.0056(2) 1
Si/Al5 0.6667 0.3333 0.8256(12) 0.0130(4) 1
Si/Al6A 0 0 0.1449(15) 0.0082(6) 0.4038
Si/Al6B 0 0 0.4569(14) 0.0082(6) 0.4038
O/N1 0.8541(3) 0.1459(3) 0.4566(10) 0.0146(8) 1
O/N2 0.6064(3) 0.9219(3) 0.4552(7) 0.0100(5) 1
O/N3 0.8378(4) 0.9189(2) 0.2965(14) 0.0135(8) 1
O/N4 0.3333 0.6667 0.3956(15) 0.0120(14) 1
O/N5 0.5370(5) 0.7685(2) 0.9431(11) 0.0104(8) 1
O/N6 0.4813(2) 0.9625(4) 0.8779(7) 0.0082(7) 1
O/N7 0.7279(3) 0.0367(3) 0.9655(7) 0.0138(6) 1
O/N8 0.6667 0.3333 0.161(2) 0.0218(18) 1
O/N9 0.7404(3) 0.2596(3) 0.7103(13) 0.0185(9) 1
O/N10 0 0 0.8037(8) 0.0721(9) 0.4039
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Figure 2. Luminescence photos and emission spectra of 
Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 (a) and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 (b) single particles. The 
single particles were irradiated with a 370 nm LED. 

3.2. Synthesis and photoluminescence properties of Eu 
doped Sr-sialon and LaSr-sialon powder phosphors                                         

The powder samples were prepared according to the single 
crystal compositions described in the previous section. A 
1% Eu doped Sr-sialon powder sample was made with the 
nominal chemical composition of 
Sr3.57Eu0.04LiSi14.27Al5.61O6.19N23.25 (Sr-sialon:0.01Eu). The 
sample is phase pure, which can be seen from the powder 
XRD patterns shown as supplementary information in 
Figure S1. The peak position and intensity almost coincided 
with those of the powder XRD pattern calculated from the 
crystallographic data obtained by the single crystal XRD 
analysis. The synthesis of a phase pure 1% Eu doped La-
sialon, however, proved to be more difficult and it resulted 
in samples with low luminescence efficiency. In order to 
enhance the efficiency and obtain high phase purity, some 
of the La was substituted by Sr, leading to the nominal 
chemical composition of 

La2.85Sr0.72Eu0.04LiSi14.86Al4.93O2.89N26.51 (LaSr-sialon:0.01Eu), 
which can be seen in supplementary information Figure S1. 
When exciting at 355 nm, Sr-sialon:0.01Eu and LaSr-
sialon:0.01Eu samples both emit blue light with a broad 
emission band centering at 475 nm and 470 nm, 
respectively (see Figure 3a), attributed to the Eu2+ 5d-4f 
transition. Note that the emission wavelength in these 
powder phosphors is much shorter than that for the single 
particle discussed above (Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10, 
around 530 nm). This is probably due to a higher Eu 
concentration in the single particle as compared to the 
powder phosphor. The Sr-sialon:0.01Eu phosphor displays 
a much broader emission band (FWHM = 90 nm) with 
higher luminescence intensity than that of LaSr-
sialon:0.01Eu phosphor (FWHM = 62 nm) due to more 
emission at the longer wavelength side (see inset of Figure 
3a). Note that there are three Eu sites in the new sialon 
phase and the emission peak position is site-dependent. The 
higher emission at the longer wavelength side for Sr-
sialon:0.01Eu, as compared to LaSr-sialon:0.01Eu, indicates 
that more Eu2+ ions occupy the lower energy site in Sr-
sialon than in LaSr-sialon. The difference of emission colors 
in Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 single particles shown in 
Figure 2 can be explained in the same way. By further 
checking the luminescence decay for the powder samples 
(Figure 3b), one can see that LaSr-sialon:0.01Eu sample 
shows faster decay than Sr-sialon:0.01Eu, which is 
consistent with that the La-containing sample has a lower 
efficiency. Note also that, due to energy transfer, the longer 
wavelength emission has longer decay time than the shorter 
wavelength emission and that Sr-sialon:0.01Eu has 
relatively larger contribution of longer wavelength 
emission as compared to LaSr-sialon:0.01Eu.
In Figure 3c, the excitation spectra of Sr-sialon:0.01Eu and 
LaSr-sialon:0.01Eu are shown, monitoring the emission 
peak. Both spectra show a broad excitation band ranging 
from 200 to 450 nm, but the excitation spectrum of the 
LaSr-sialon:0.01Eu sample is much weaker than that of Sr-
sialon:0.01Eu sample at high energies (between 200 and 
300 nm), see Figure 3c. This difference in strength of the 
excitation band can be explained by a difference in bandgap. 
In Figure 3d, the reflectance spectra of non-doped Sr-sialon 
(Sr3.61LiSi14.27Al5.61O6.19N23.25) and non-doped LaSr-sialon 
(La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51) are given, showing that 
the onset for the host-lattice absorption of LaSr-sialon 
sample is at significantly longer wavelengths. The optical 
bandgaps, as derived from the diffuse reflectance spectra,32 
for Sr-sialon and LaSr-sialon are estimated to be 4.99 eV and 
4.49 eV, respectively (inset Figure 3c). As a result of the 
smaller bandgap, LaSr-sialon:Eu has relatively more host-
lattice absorption between 200 and 300 nm and, 
consequently, relatively less Eu2+ 4f-5d absorption in the 
200-300 nm region than Sr-sialon:Eu. Since 4f-5d 
absorption is generally much more efficient as compared to 
host lattice absorption in giving 5d-4f emission, the 
emission intensity of Sr-sialon:Eu is much higher than that 
of LaSr-sialon:Eu for excitation in the 250-300 nm range, 
explaining the difference in excitation spectra. 
In Figure 3e- 3f, the excitation and emission spectra of the 
new Sr-sialon phase doped with different Eu concentrations 
are shown. These samples were prepared with the nominal 
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chemical composition of Sr3.61(1-x)Eu3.61x 
LiSi14.27Al5.61O6.19N23.25 (x = 0.01, 0.03, 0.05, 0.10 and 0.25). 
The position of the emission band maximum shifts from 475 
nm at 1% Eu to 530 nm at 25% Eu, changing the emission 
from blue to green. A redshift is typically observed with 
increasing amount of Eu2+ as a result of a lowering of the 5d 
level in combination with reabsorption of emission light. In 
addition, the redshift of the emission with increasing Eu 
concentration may be enhanced for the new Sr-sialon phase 
because of the presence of Eu on different sites with 
different energy. With increasing Eu concentration, the 
energy transfer from the high energy site to the low energy 
site is enhanced, causing a redshift. The emission intensity 

of the new Sr-sialon phosphors initially increases with 
increasing Eu concentration due to higher absorption 
strength, reaching a maximum in luminescence intensity for 
a 3% Eu doped sample. For higher Eu concentrations, the 
emission intensity starts to decrease as a result of 
concentration quenching. The excitation bands of the 
samples become broader with increasing Eu concentration, 
and the FWHM value for emission bands increases from 90 
nm at 1% Eu to 110 nm at 25% Eu, which is typically 
observed for Eu2+ doped samples. The highest internal 
quantum efficiency is equal to 55% for the 1% Eu doped 
sample and the external quantum efficiency reaches 37% 
for the 3% Eu doped sample.

Figure 3. (a) Emission spectra, normalized emission spectra (inset) after 355 nm excitation, (b) luminescence decay curves 
after 370 nm nano-LED excitation and (c) normalized excitation spectra by monitoring emission peak wavelength of 1% Eu 
doped Sr-sialon and 1% Eu doped LaSr-sialon powder phosphors; (d) diffuse reflectance spectra and the Kubelka−Munk 
absorption spectra (inset) for both Sr3.61LiSi14.27Al5.61O6.19N23.25  (non-doped Sr-sialon) and La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 
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(non-doped LaSr-sialon) powder samples; (e) normalized excitation spectra and (f) normalized emission spectra and integral 
intensity (inset) of Sr3.61(1-x)Eu3.61xLiSi14.27Al5.61O6.19N23.25 (x = 0.01, 0.03, 0.05, 0.10 and 0.25) samples. 

3.3. Photoluminescence properties of Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 and 
La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 phosphors

The phase pure Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 and 
La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 phosphor powders were 
synthesized in a similar way as was done for the Eu doped 
samples. The 1% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-
sialon) phosphor powder sample has a white body color. 
The excitation and emission spectra are shown in Figures 
4a and 4b, respectively. The excitation at 355 nm results in 
a deep-blue emission. The emission band centered at 422 
nm (2.94 eV) is composed of two bands, centering at 2.99 
eV (415 nm) and 2.74 eV (453 nm). These bands are 
assigned to the emission from the 5d excited state to the 

2F5/2 and 2F7/2 ground states, respectively, because the 
energy difference of 0.25 eV is very close to the expected 
energy difference between the 2F5/2 and 2F7/2 states33. The 
excitation spectrum of 1% Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 sample (see Figure 4a), 
monitoring the 422 nm emission, can be well fitted with five 
Gaussian curves, centering at 4.99, 4.35, 4.01, 3.66 and 3.45 
eV. The energy band at 3.45 eV can be assigned to the lowest 
4f-5d transition of Ce3+, meaning that the 
Sr3.61LiSi14.27Al5.61O6.19N23.25:0.01Ce phosphor has a Stokes 
shift of 0.46 eV. As the emission band can be well fitted with 
two Gaussian curves, it is suggested that the Ce emission 
mostly originates from one crystallographic site. This is 
confirmed by its single exponential decay behavior, as 
shown in the inset of Figure 4b. 

Figure 4. (a) excitation spectrum monitoring 422 nm emission, (b) emission spectrum (λex = 355 nm) and luminescence decay 
curve (inset) of 1% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon:0.01Ce) phosphor; the comparison of emission spectra (c), 
excitation spectra (d), between Sr-sialon:0.01Ce and LaSr-sialon:0.01Ce (La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51:0.01Ce) phosphors.

After the 355 nm excitation, the La-containing sample 
displays a similar emission spectrum as that of the Sr-sialon 
sample without La, as the bandwidth and emission 
maximum are the same (Figure 4c). However, the 
luminescence intensity reduces by 48% for the La sample as 
compared to the Sr sample. When comparing the excitation 

spectra (monitoring the 422 nm emission) of a 1% Ce doped 
La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 (LaSr-sialon:0.01Ce) 
sample with a 1% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-
sialon:0.01Ce) sample (Figure 4d), no difference in the 
excitation band maximum position is observed, and the 
normalized excitation spectra overlap between 330 and 
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400 nm. The similarities in the excitation and emission 
spectra indicate that there is no shift in the 4f-5d energy 
after introducing La to the structure. At higher energies, 
below 330 nm, the excitation spectrum of the LaSr-
sialon:0.01Ce sample is much weaker than that of Sr-
sialon:0.01Ce sample. The difference in intensity below 330 
nm can be understood considering the smaller bandgap of 
LaSr-sialon as compared to that of Sr-sialon, similar as was 
discussed before for the Eu doped Sr-sialon and LaSr-sialon 
samples.
The samples with different Ce concentrations were 
prepared for the following compositions: Sr3.61(1-

y)Ce3.61yLiSi14.27Al5.61O6.19N23.25+1.203y (y = 0.01, 0.03, 0.05, 
0.10, 0.25). The XRD patterns (supplementary information 
Figure S2) indicate that, up to a Ce concentration of 10%, 
the samples are phase pure. For the 25% Ce containing 

sample a small amount of unknown impurity is detected. 
With increasing Ce concentration, the position of the Ce3+ 
5d-4f emission band in the Ce doped new Sr-sialon phase 
phosphors shifts from 422 nm for 1% Ce to 441 nm for the 
25% Ce doped sample, as shown in Figure 5a. The red-shift 
of the emission can be explained by reabsorption and 
energy transfer.30 The highest internal quantum efficiency 
(IQE) of 80% is obtained for the 1% Ce doped sample 
(Figure 5b). When the Ce concentration is increased to 5% 
and 10%, the IQE value only reduces to 78% and 75%, 
respectively, indicating a very small concentration 
quenching. The external quantum efficiency (EQE) is 
highest for the 10% Ce doped sample with the efficiency of 
62%. It is noted that Ce doped Sr3.61(1-

y)LiSi14.27Al5.61O6.19N23.25+1.203y phosphors have still a 
relatively high IQE and EQE at high dopant concentrations.

Figure 5. (a) Normalized excitation (monitoring the emission maxima) and emission spectra (excited at 355 nm) of the Sr-
sialon:Ce phosphors for different Ce concentrations, the emission intensity is shown in the inset; (b) internal quantum 
efficiency (IQE) and external quantum efficiency (EQE) of the Sr-sialon:Ce phosphors as a function of the Ce concentration; 
(c) CIE chromaticity diagram indicating the color coordinates of the Sr-sialon:Ce phosphors for different Ce concentrations; 
(d) 2D photoluminescence spectrum showing the dependence of the emission intensity on the excitation wavelength for Sr-
sialon:5%Ce.

As mentioned before, the Ce emission mostly originates 
from Ce at only one crystallographic site. This emission 
probably is from Ce at the Sr1 site. This assumption is based 
on the shift of the emission band when increasing the Ce 
doping concentration from 1% to 25%. This shift is 
continuous without significant broadening of the emission 
band, implying that the relative distribution of Ce over the 
sites remains similar. From the single crystal XRD result of 

Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10, the Sr/Eu1 : Sr/Eu2 : 
Sr/Eu3 ratio is 3.0 : 0.49 : 0.1. Since the Ce amount in the 
25% Ce doped sample (3.59*0.25=0.90) largely exceeds the 
sum of Sr/Eu2 and Sr/Eu3 (0.49+0.1=0.59), a high Ce 
concentration at only one site is only possible if that site is 
the Sr1 site. 
With increasing Ce concentration, the CIE coordinates shift 
from (0.166, 0.051) for 1% Ce to (0.161, 0.073) for 25% Ce 
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(Figure 5c). For 5% Ce doping, the CIE coordinates are x = 
0.159 and y = 0.052. Note that for all samples the CIE 
coordinates are very close to the NTSC blue standard 
(0.155, 0.070), signifying a high color purity. As shown by 
the 2D photoluminescence spectrum in Figure 5d, the 
deep-blue emission of the 5% Ce doped Sr-sialon sample 
displays high color stability under various excitation 
wavelengths (200-400 nm), as almost no shift of the 
emission peak can be observed. 

3.4. Thermal quenching of the luminescence of Ce and 
Eu doped Sr-sialon and LaSr-sialon

In order to understand the difference of luminescence 
intensity at 355 nm excitation between Eu and Ce doped 
LaSr-sialon and Sr-sialon phosphors, the temperature 
dependent emission was investigated between 4 K to 573 K. 
For the Sr-sialon:0.01Ce sample, the luminescence intensity 
remains almost constant between 4 K and 200 K and only 
8% of the luminescence is quenched at room temperature 
compared to the intensity at 4 K (see Figure 6). However, 
the La-containing sample already starts to quench at above 
100 K, reducing the intensity by 32% at room temperature. 
Since the La-containing sample is more thermally quenched 
at 300 K, it is less efficient than the sample without La at 
room temperature. Above 200 K, a nearly linear decrease of 
intensity with increasing temperature can be observed for 
the La-containing sample, and only 28% of the 
luminescence is left at 573 K. For the 1% Ce doped Sr-sialon 
sample, the luminescence intensity decreases slowly with 
increasing temperature and there is still 78% left at 473 K 
and 69% left at 573 K. Its good stability against thermal 
quenching is an advantage for application in a high-power 
white LED. Note that for both Sr-sialon:0.01Ce and LaSr-
sialon:0.01Ce the shape and position of the emission peak 
do not shift at all between 4 K and 573 K (see 
supplementary Figure S3), which is a further indication 
that the Ce emission is all from Ce at only one distinct 
crystallographic site, as discussed before. By cooling down 
the phosphors back to room temperature, the luminescence 
intensity is almost fully restored, indicating that the 
phosphors have good thermal stability.
Compared to Ce doped samples, the luminescence of 1% Eu 
doped Sr-sialon starts to quench at above 150 K (Figure 6). 
At room temperature about 25% of the emission intensity 
has been quenched and, at 573 K the emission intensity has 
decreased to 27% compared to the original intensity at 4 K. 
Together with the intensity decrease with increasing 
temperature, a blue shift of the emission is observed with 
the maximum shifting from 477 nm at 4 K to 466 nm at 573 
K. As compared to Sr-sialon:0.01Eu, LaSr-sialon:0.01Eu 
quenches much slower. For the LaSr-sialon:0.01Eu sample, 
only 14% of the luminescence is quenched at room 
temperature and 51% left at 573 K, compared to the 
intensity at 4K. As mentioned above, the LaSr-sialon:0.01Eu 
has a relatively smaller contribution of emission from Eu at 
the low energy site (see inset Figure 3a). This difference 
may give an explanation for the faster thermal quenching of 
Sr-sialon:0.01Eu as compared to LaSr-sialon:Eu, if the Eu at 
the low energy site quenches faster than Eu at the high 
energy site.

There is an interesting difference when comparing the 
thermal quenching behaviors of the Eu and Ce doped Sr-
sialon and LaSr-sialon samples. In the Sr-sialon samples, the 
Eu emission quenches faster than the Ce emission, while in 
the LaSr-sialon samples, the opposite trend is observed as 
the Ce emission quenches faster than the Eu emission. In 
most other phosphors, the quenching of the Eu emission is 
faster than the quenching of the Ce emission, because the 
quenching is often caused by thermal ionization34 of an 
electron from the 5d level to the conduction band and the 
lowest 5d level of Eu2+ is closer to the conduction band than 
the lowest 5d level of Ce3+. The faster thermal quenching of 
the Ce emission in LaSr-sialon, therefore, suggests that 
other factors play a role in the emission quenching. It may, 
for example, be related to energy transfer and quenching at 
defects, considering the disorder in the structure of this 
phosphor, as well as the presence of multiple 
crystallographically different sites at which Ce and Eu can 
substitute. 

Figure 6. Temperature dependency of the luminescence 
intensity of 1% Ce doped Sr-sialon, 1% Ce doped LaSr-
sialon, 1% Eu doped Sr-sialon and 1% Eu doped LaSr-sialon 
phosphors.

3.5. Application of Sr3.61LiSi14.27Al5.61O6.19N23.25:0.05Ce 
phosphor in a white LED

A white LED has been fabricated with 5% Ce doped Sr-
sialon phosphor as the blue component, in combination 
with a 365 nm UV LED chip, a green-emitting SrSi2O2N2:Eu2+ 
phosphor (emission maximum at 540 nm, EQE = 75%) and 
a red-emitting Sr0.9Ca0.1AlSiN3:Eu2+ phosphor (emission 
maximum at 620 nm, EQE = 76%). The emission spectra of 
all phosphor components are shown in the supplementary 
information (Figure S4). One can see from Figure 7a that 
the fabricated white LED has excellent color rendering 
indices (see Table 3) with Ra = 96 and R12 = 97 at a flux 
current of 20 mA. The white LED has a correlated color 
temperature (CCT) of 4255 K and chromaticity coordinates 
of x = 0.366 and y = 0.353, giving a bright natural white light. 
A luminous efficacy of 17.8 lm/W has been obtained for this 
white LED device. These performances make Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 a promising blue phosphor for 
illumination grade white LEDs.
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Figure 7. (a) Electroluminescence spectrum of a white LED 
using a 5% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 as a blue 
phosphor component, in which a 365 nm UVLED chip and a 
green-emitting SrSi2O2N2:Eu2+ phosphor and a red-emitting 

Sr0.9Ca0.1AlSiN3:Eu2+ phosphor were used. The photographs 
of the LED in off and on states are shown in the inset. (b) A 
comparison of temperature dependences of emission 
intensity (30 °C - 300 °C) obtained for 5% Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon) and La N-phase 
(La3Si6.5Al1.5O5.5N9.5:Ce) phosphors.

Recently, we reported5 another highly efficient deep-blue 
emitting Ce doped La N-phase (La3Si6.5Al1.5O5.5N9.5:Ce) 
phosphor as a component of a warm white LED with high 
color rendering index. In comparison to this phosphor, the 
Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 phosphor designed in 
the present contribution is more thermally stable. At 
around 200 °C, the photoluminescence intensity of 
Sr3.61LiSi14.27Al5.61O6.19N23.25 is still at 80%, as compared to 
the intensity at 30 °C, while there is only 53% left for 
La3Si6.5Al1.5O5.5N9.5:Ce phosphor at 200 °C (Figure 7b). The 
large difference may be explained by the difference in 
bandgap: the bandgap of the Sr-sialon phase (4.99 eV) is 
much larger than that of La3Si6.5Al1.5O5.5N9.5:Ce (4.34 eV). 
This probably shifts the lowest 5d level further away from 
the bottom of the conduction band in 
Sr3.61LiSi14.27Al5.61O6.19N23.25, resulting in a higher activation 
energy for thermal quenching. 

Table 3. Color rendering indices of the white LED containing 5% Ce doped Sr-sialon deep-blue emitting phosphor
Ra R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15

96 99 98 96 96 99 97 95 92 80 95 96 97 98 97 97

4. CONCLUSIONS

The newly discovered sialon A4-mBnC19+2mX29+m (A = Sr, La, 
Eu, Ce; B = Li; C = Si, Al; X = O, N; 0 ≤ m ≤ 1; 0 ≤ n ≤ 1) 
crystallizes in a trigonal unit cell with the P3m1 space group 
(No. 156). The structure is characterized by two 
crystallographically different A (A = Sr, Eu, La) cation sites, 
of which the A2 site has both a positional disorder 
(A2a/A2b) as well as a substitutional disorder with 
(Si/Al)2(O/N). Both the Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-
sialon) and the La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 (LaSr-
sialon) hosts can be doped with either Eu2+ or Ce3+. Doping 
with 1% Eu2+ results in broad emission band centered at 
475 nm for Sr-sialon and 470 nm for LaSr-sialon. An IQE up 
to 55% has been reached for Sr-sialon:Eu, while the LaSr-
sialon:Eu is less efficient. On the other hand, the quenching 
of the Sr-sialon:Eu phosphor is significantly faster than that 
of the LaSr-sialon:Eu phosphor. The 1% Ce doped Sr-sialon 
shows a deep-blue emission (λem = 422 nm, FWHM = 80 nm) 
after the 355 nm excitation with an IQE of 80%. Ce doped 
LaSr-sialon gives similar emission, but with lower efficiency 
and faster thermal quenching, due to the reduction of 
bandgap after La substitution. Compared to other highly 
efficient deep-blue emitting (oxy-)nitride phosphors, the 
newly reported Sr-sialon:Ce phosphor has a much better 
stability against thermal quenching, retaining a relative 
intensity of 80% at 200 °C as compared to the intensity at 
room temperature. Moreover, the shape and the position of 
the emission band do not change with temperature, 

indicating excellent color stability. The newly reported Ce 
doped Sr-sialon phosphor shows the highest luminescence 
intensity at a Ce dopant concentration of 10%. At higher Ce 
contents, the concentration quenching comes into effect, 
although the reduction of the EQE at high Ce concentrations 
is relatively minor as compared to that in other Ce doped 
phosphors. In addition, a white LED made using the newly 
reported Sr-sialon:Ce phosphor as blue phosphor 
component shows excellent color rendering indices (Ra = 
96 and R12 = 97) with a correlated color temperature of 
4255 K and chromaticity coordinates of x = 0.366 and y = 
0.353. These performances indicate that the newly reported 
Ce doped Sr-sialon phase is a highly promising deep-blue 
phosphor for high color rendering warm white LEDs.

ASSOCIATED CONTENT 
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Crystallographic data, atomic coordinates, isotropic atomic 
displacement parameters, and occupancies of 
Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 single particles; XRD 
patterns, temperature dependency emission spectra of Eu 
doped and Ce doped La-sialon, LaSr-sialon and Sr-sialon 
powders samples; emission spectra of phosphors used for a 
white LED fabrication.

The supporting information is available free of charge via 
the Internet at http://pubs.acs.org.
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Figure 1. (a) Photograph of the selected columnar crystal; Crystal structure of 
Eu3.60LiSi13.78Al6.03O6.82N22.59 (b) from the [001] direction and (c) from the [111] direction. Blue and red 
tetrahedra are (Si/Al)(O/N)4 and Li(O/N)4, respectively. Brown spheres are Eu (Eu1), light blue spheres are 
(O/N). The substitutional disorder part on the (0, 0, z) axis is shown by three possible parts (Eu2A, Eu2B, 
(Si/Al)2(O/N)). The color divided balls represent the site occupancies. These images were drawn with the 
program VESTA.31 (d) A schematic representation of the disorder part of Eu3.60LiSi13.78Al6.03O6.82N22.59. 

The fraction of Eu2A, Eu2B and (Si/Al)2(O/N) is based on the refined value. (e) SAED pat-terns, HRTEM and 
HAADF-STEM images from [001] (above) and [100] (below) zone axis. 

169x92mm (300 x 300 DPI) 

Page 13 of 19

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

Figure 2. Luminescence photos and emission spectra of Sr3.43Eu0.15LiSi14.27Al5.56O6.32N23.10 (a) and 
La3.19Eu0.41LiSi15.29Al4.51O2.12N27.28 (b) single particles. The single particles were irradiated with a 370 nm 

LED. 
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Figure 3. (a) Emission spectra, normalized emission spectra (inset) after 355 nm excitation, (b) 
luminescence decay curves after 370 nm nano-LED excitation and (c) normalized excitation spectra by 
monitoring emission peak wavelength of 1% Eu doped Sr-sialon and 1% Eu doped LaSr-sialon powder 
phosphors; (d) diffuse reflectance spectra and the Kubelka−Munk absorption spectra (inset) for both 

Sr3.61LiSi14.27Al5.61O6.19N23.25 (non-doped Sr-sialon) and La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51 (non-doped 
LaSr-sialon) powder samples; (e) normalized excitation spectra and (f) normalized emission spectra and 

integral intensity (inset) of Sr3.61(1-x)Eu3.61xLiSi14.27Al5.61O6.19N23.25 (x = 0.01, 0.03, 0.05, 0.10 and 0.25) 
samples. 

145x174mm (300 x 300 DPI) 

Page 15 of 19

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

Figure 4. (a) excitation spectrum monitoring 422 nm emission, (b) emission spectrum (λex = 355 nm) and 
luminescence decay curve (inset) of 1% Ce doped Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon:0.01Ce) 

phosphor; the comparison of emission spectra (c), excitation spectra (d), between Sr-sialon:0.01Ce and 
LaSr-sialon:0.01Ce (La2.85Sr0.76LiSi14.86Al4.93O2.89N26.51:0.01Ce) phosphors. 
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Figure 5. (a) Normalized excitation (monitoring the emission maxima) and emission spectra (excited at 355 
nm) of the Sr-sialon:Ce phosphors for different Ce concentrations, the emission intensity is shown in the 
inset; (b) internal quantum efficiency (IQE) and external quantum efficiency (EQE) of the Sr-sialon:Ce 

phosphors as a function of the Ce concentration; (c) CIE chromaticity diagram indicating the color 
coordinates of the Sr-sialon:Ce phosphors for different Ce concentrations; (d) 2D photoluminescence 

spectrum showing the dependence of the emission intensity on the excitation wave-length for Sr-
sialon:5%Ce. 
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Figure 6. Temperature dependency of the luminescence intensity of 1% Ce doped Sr-sialon, 1% Ce doped 
LaSr-sialon, 1% Eu doped Sr-sialon and 1% Eu doped LaSr-sialon phosphors. 
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Figure 7. (a) Electroluminescence spectrum of a white LED using a 5% Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 as a blue phosphor component, in which a 365 nm UVLED chip and a green-

emitting SrSi2O2N2:Eu2+ phosphor and a red-emitting Sr0.9Ca0.1AlSiN3:Eu2+ phosphor were used. The 
photographs of the LED in off and on states are shown in the inset. (b) A comparison of temperature 

dependences of emission intensity (30 °C - 300 °C) obtained for 5% Ce doped 
Sr3.61LiSi14.27Al5.61O6.19N23.25 (Sr-sialon) and La N-phase (La3Si6.5Al1.5O5.5N9.5:Ce) phosphors. 
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