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ABSTRACT
Phosphors exhibiting narrow-band emission are key materials for LED backlights in next- 
generation liquid crystal displays (LCDs) that require high color reproducibility. We successfully 
realized a hypothetical composition, SrLi3AlO4 (SLAO):Eu2+, which is expected to exhibit 
narrow-band emission, by inspiring from reported SrLiAl3N4 (SLAN):Eu2+. Using a single- 
particle-diagnosis approach, SLAO was selectively extracted from calcined powder mixture 
involving multiple phases, followed by crystal structure analysis and optical property charac
terization. SLAO:Eu has a similar cubic structure as SLAN, while it shows narrow-band yellow- 
green emission at 521 nm and 567 nm with full widths at half maximum (FWHM) of 39 nm and 
40 nm, respectively. The emission characteristic is comparable with that of quantum dots, 
demonstrating (i) the feasibility of material design based on the coordination environment 
similarities and (ii) the resultant SLAO:Eu as a promising phosphor for the next-generation 
display applications.
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IMPACT STATEMENT
Discovery of unreported SrLi3AlO4:Eu2+ with two narrow emission bands via single-particle- 
diagnosis, demonstrating an innovative approach for designing novel high-performance 
phosphors

1. Introduction

Phosphors exhibiting narrow emission bands serve as 
key materials for LED backlights used in high- 
performance liquid crystal displays (LCDs) [1,2]. Since 
the color reproduction range of LCDs corresponds to 
the wavelength range that can be reproduced by the 
blue, green, and red lights extracted from a white LED – 
which combines blue LEDs and phosphors – through 
color filters thus requiring phosphors with narrow- 
band emission. For high-end typed displays with high 
color reproducibility, the blue emission is provided by 
blue LEDs and the red emission utilizes K2SiF6:Mn4+ 

(KSF; FWHM ≈ 5 nm, peaked at 630 nm) [3]. In addi
tion, the green emission utilizes Si6zAlzOzN8x:Eu2+ (β- 
SiAlON, FWHM = 55 nm, peaked at 535 nm) [4,5], 
SrGa2S4:Eu2+ (SGS, FWHM = 50 nm, peaked at 540  
nm) [6] and quantum dots [7–9].

To fulfill the specifications required for next- 
generation 8k displays, new material designs are needed 
that enable novel green phosphors with greater stability 
and narrower emission bandwidths (≤50 nm) as com
pared to currently available green phosphors, such as β- 
SiAlON. As one of the potential candidates, narrow 
emission bandwidths can be realized by Eu2+ - 
activated phosphors exhibiting strong absorption in 
the blue region, which can be attributed to 4f-5d spin/ 
parity-allowed electronic transitions. As a notable 
example, Schnick et al. [10] reported that SrLiAl3N4 
(SLAN):Eu2+, in which Eu2+ is substituted into highly 
symmetric cubic coordination environments, yields an 
extremely narrow emission band (FWHM: 50 nm, 
peaked at 650 nm) in red. Similar emission 
characteristics can generally be expected to be attained 
in similar coordination environments. Indeed, other 
nitride and oxide phosphors with the crystal structures 
similar to SLAN, which belongs to the UCr4C4-type 
family [11], have also been reported to exhibit narrow 
emission bands [12–16]. Furthermore, in order to 
enable efficient exploration of new phosphors, we 
have employed material informatics (MI) focusing on 
ideal coordination geometries and successfully reported 
new phosphors with narrow-band emission in the ultra
violet–blue region [17–19]. By employing Wasserstein 
(WS) distance as a typical MI index, it is possible to 
quantitatively evaluate the similarity between the coor
dination environments of phosphors with narrow emis
sion bandwidth and those registered in the inorganic 
crystal structure database (ICSD) [17]. Consequently, 
a new blue phosphor K2ZnP2O7:Eu2+ with an emission 

peak at 440 nm and FWHM of 30 nm was successfully 
developed [19].

Herein, in order to realize novel Eu2+-activated 
phosphors with narrow-band emissions, an effective 
exploration method is the ionic substitution approach 
based on framework structures with focus on the 
similarity of local coordination environments. In this 
study, we focused on the hitherto unreported hypothe
tical composition SrLi3AlO4, which can be obtained by 
substituting O for N in the SLAN:Eu phosphor as 
a design concept. The hypothetical composition SrLi3 
AlO4 is an ideal structure obtained by complete sub
stitution, where Al3+ is replaced by Li+, and N3− by O2 

−, to maintain charge balance. Based on the crystal 
structure of SLAN, it is expected to exhibit a narrow 
emission bandwidth. In particular, since replacing N3− 

with O2− lowers the covalency, it can be expected to 
suppress the nephelauxetic effect on the splitting of the 
5d orbital of Eu2+, and, hence, to give emission in 
shorter wavelength regions rather than SLAN:Eu2+ in 
red [20,21]. Although SLAO:Eu2+ is expected to exhi
bit visible emission with a narrow bandwidth, there 
are no reports of successful synthesis for this 
compound.

In this study, a single-particle-diagnosis approach 
[22], which enables crystal structure analysis and opti
cal property evaluation at the submicron particle level, 
is adopted to clarify the synthesis of SLAO:Eu2+. The 
single-particle-diagnosis approach enables selective 
extraction of individual particles from powder mixture 
involving multiple phases, followed by crystal struc
ture and optical property characterization. This 
method allows for high-precision exploration and eva
luation of phases that tend to be neglected in conven
tional approaches due to low light yield under 
nonoptimized synthesis conditions [23–26]. By apply
ing the single-particle-diagnosis approach, highly 
accurate verification of the synthesis of SLAO:Eu2+ 

was achieved, resulting in the realization of uniquely 
narrow emission bandwidth that are rarely observed 
among existing phosphors. This paper reports the 
realization of the SLAO phosphor with two narrow 
emission peaks in the green and yellow regions.

2. Experimental section

2.1. Sample preparation

Sr0.99Eu0.01Li3AlO4 was synthesized by the conven
tional solid-state reaction method. SrO (98%, High 
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Purity Chem. Lab. Co., Ltd.), Li2O (99.9%, High Purity 
Chem. Lab. Co., Ltd.), LiAlO2 (99.9%, High Purity 
Chem. Lab. Co., Ltd.), and Eu2O3 (99.9%, Shin-Etsu 
Chemical Co., Ltd.) were used as starting raw materi
als. Li2O and SrO were selected to avoid insufficient 
decarbonation, and LiAlO2 was employed because 
Al2O3 was expected to remain unreacted due to its 
low reactivity. The raw powders were weighed in 
a glove box filled with nitrogen gas to achieve 
a molar ratio of Sr:Li:Al:Eu = 0.99:3:1:0.01, and then 
thoroughly mixed within an alumina mortar. The 
powder mixture was placed into an alumina boat and 
heated to 800°C at a rate of 10°C/min in a tube furnace 
under ammonia gas flow, followed by calcination for 
8 h. The calcined sample was ground in the air using 
an alumina mortar.

2.2. Single-particle extraction and 
characterization

The crystalline phases of the synthesized sample were 
confirmed by powder X-ray diffraction (Ultima IV, 
Rigaku). The composition of the synthesized sample 
was confirmed by inductively coupled plasma emission 
spectroscopy (CIROS-120, SPECTRON). The synthe
sized sample was illuminated with a 365-nm UV-LED 
lamp to excite the particles. Emitting particles were 
observed using an optical camera and selectively col
lected onto the tip of a glass capillary using epoxy resin. 
The crystal phases of the collected luminescent single 
particles were identified by single-crystal X-ray diffract
ometer (XtaLab Synergy-Custom, Rigaku), using Mo 
Kα radiation (λ = 0.71073 Å) at 45 kV and 66 mA. 
Diffraction intensity integration calculations and 
absorption correction were performed using 
CrysAlisPro. Crystal structure was determined by 
using the SHELX program [27,28], followed by least- 
squares refinement. The composition (Sr:Al molar 
ratio) of the single particles was confirmed by SEM- 
EDS (SU1510, Hitachi High-Tech and XFlash, Bruker) 
elemental analysis.

The single-particle photoluminescence (PL) spectra 
were measured using an apparatus consisting of 
a sample holder, excitation fiber, detection fiber, and 
a multichannel spectrometer [29]. The excitation 
source was a wavelength-tunable xenon lamp (SM- 
10ND2, Spectra Instruments) with a power of 150 
W. Detection was performed using a multichannel 
photodetector (MCPD9800-3095, Otsuka Electronics), 
with a single-core fiber (core diameter 115 µm) for 
excitation and a multicore band fiber (200 µm × 10) 
for detection; the excitation-detection distance was set 
at 500 µm. Quantum efficiency measurements of single 
particles were performed with a precise sample holder, 
excitation fiber, detection fiber, and multichannel spec
trometer [30]. The sample holder was mounted on 
a three-axis goniometer head commonly used for 

X-ray diffraction. The excitation wavelength was set to 
440 nm. Emission was detected by rotating the sample 
holder with a motor to collect emissions from various 
directions. Time-resolved emission spectra were mea
sured by an apparatus consisting of a Ti:sapphire laser 
with optical parametric generator (OPG) (Chameleon 
Vision-S, Coherent, Inc.), a high-resolution spectro
meter (SpetraPro HRS-300, Princeton Instrument, 
Inc.), and a streak camera (C14831-110, Hamamatsu 
Photonics Co., Ltd.) [31]. Particles were placed on 
a copper plate and excited with a 455 nm, 75 fs pulse 
produced by the Ti:sapphire laser at an emission wave
length of 730 nm. Time resolution was measured up to 
9 µs. Temperature dependence was measured using 
a microcryostat (Janis ST-500, Lake Shore 
Cryotronics, Inc.) at 80 K and from 100 to 600 K with 
50 K intervals.

3. Results and discussion

3.1. Identification of SrLi3AlO4:Eu2+ single 
particles

In order to identify the crystalline phases formed in 
the calcined powder sample, XRD measurements were 
performed. Figure 1(a) shows the powder X-ray dif
fraction pattern of the as‑calcined SrLi3AlO4:Eu2+ 

sample, including the measured data (open circles), 
calculated profile (red line), and their difference 
(green line). The peak markers indicate Sr2LiAlO4 
(●) and Li5AlO4 (▲). The main phases of the calcined 
powder are Li5AlO4 (PDF4+(ICDD)-04–010-8876, 46  
wt%) and Sr2LiAlO4 (PDF4+(ICDD)-04–026-1870, 
54 wt%) [32]. In addition to these two dominant 
phases, very weak peaks of unknown phases are 
observed around 16° and 38°. The obtained reliability 
factors are Rwp = 8.93% and Rp = 6.36%, confirming 
these two phases as the main compositions. Since Li 
tends to volatilize during the calcination, which might 
alter the composition, quantitative analysis of the ele
ment ratio in the calcined powder was conducted by 
ICP emission spectroscopy. After the calcination, the 
composition was Li:Sr:Al:Eu = 3.05:0.99:1.03:0.01. 
Comparing this to the nominal composition before 
the calcination (Li:Sr:Al:Eu = 3.00:0.99:1.00:0.01), the 
variation of Li and Al is less than 0.05, indicating 
negligible deviation from stoichiometry.

To investigate the distribution and emission color 
of the luminescent particles in the powder, the sample 
was illuminated with a 365-nm UV lamp and observed 
by a fluorescence microscope. Figure 1(b) shows the 
fluorescence images of the crystalline particles from 
the as-calcined powders just after synthesis and after 2 
weeks’ exposure in the air atmosphere, respectively. 
Red arrows indicate strong yellow-green luminescent 
particles focused on this study. The X‑ray diffraction 
pattern of the sample after the two‑week exposure is 
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shown in Figure S1. Immediately after the synthesis, 
three types of particles were observed: nonlumines
cent, weak yellow-green emitting, and strong yellow- 
green emitting. After 2 weeks, only the strong yellow- 
green emitting particles remain, while the emission 
from the weak-yellow-green particles disappeared. 
Comparing the images under the visible light and UV 
irradiations, most particles are nonluminescent or 
weakly luminescent, and only a minority are strongly 
luminescent. It is also confirmed that the Sr2LiAlO4 
host lattice without Eu2+ did not exhibit any lumines
cence, suggesting that it exhibits no defect-related lumi
nescence. According to the report by Hoerder et al., Sr2 
LiAlO4:Eu2+ shows green emission [32]. Based on the 
phase ratios from the XRD result, the nonluminescent 

particles are assigned to Li5AlO4, where Eu incorpora
tion is disfavored due to the ionic radius and valence 
mismatch with Li+/Al3+; meanwhile the weak yellow- 
green emitting particles are presumed to be the pre
viously reported Sr2LiAlO4:Eu2+.

Figure 1(c) shows the single particle picked up and 
the apparatus employed for the single-particle photo
luminescence analysis. Figure 1(d) shows the obtained 
emission spectrum of a collected single particle with 
strong yellow-green emitting feature. The red dashed 
line represents the deconvoluted spectrum of the fitted 
Peak‑A component, while the blue dashed line corre
sponds to the deconvoluted spectrum of the fitted 
Peak‑B component. The green dashed line indicates 
the fitted spectrum obtained by summing Peaks A and 

Figure 1. (a) Powder X-ray diffraction pattern of SrLi3AlO4:Eu2+ as-calcined sample. (b) Fluorescence microscope image 
(λex = 365 nm) of the calcined powder sample (immediately after calcination) and the sample observed two weeks later. 
(c) The single particle picked up and the apparatus for single particle photoluminescence and IQE measurements. (d) 
Single-particle emission spectrum of yellow-green luminescent particle (λex = 402 nm) and its Lorentzian fitting on 
spectrum (fitting approach was performed in the energy scale, cm−1 for X-axis).
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B, and the black solid line shows the experimental 
emission spectrum.

The spectrum displays two peaks: the subpeak A at 
around 520 nm and the main peak B at around 570 nm 
by the Lorentzian fitting after converting the wave
length to wavenumber. The calculated emission peak 
wavelengths are 521 nm (FWHM: 39 nm) for the sub
peak A and 567 nm (FWHM: 40 nm) for the main 
peak B. FWHM values of each emission band are 
approximately about 20% narrower than that of 
β‑SiAlON [4,5]. This suggests that if the two emission 
bands could successfully be separated into each band, 
this potentially enable to realize excellent color purity.

3.2. Crystal structure analysis of SrLi3AlO4:Eu2+ 

single particles

Figure 2(a) shows the crystal structure of SLAO 
determined by single-particle-diagnosis approach 
[22]. The structure consists of SrO8 cuboid-like poly
hedron with Sr coordinated by eight O atoms, and 
AlO4/LiO4 tetrahedra sharing edges. The refined 
parameters and atomic coordinates are listed in 
Tables S1 and S2. The crystal structure belongs to 
the triclinic system, space group P-1 (No. 2), with 

lattice constants of a = 5.7375(3) Å, b = 7.3158(4) Å, 
c = 9.7025(5) Å, α = 83.949(4)°, β = 76.658(5)°, and  
γ = 79.619(5)°. Reliability factors were R = 2.72%, 
wR2 = 5.42%, GOF = 1.12, indicating successful 
refinement. The composition estimated from the 
electron density distribution is confirmed to be 
SrLi3AlO4, matching well with the designed 
(hypothetical) composition but differing from the 
main phase Sr2LiAlO4. EDS analysis for the selected 
particle supported the assignment of SrLi3AlO4 
(SLAO), with a Sr/Al ratio of 1.00:1.06 (at%). 
Table 1 compares the lattice parameters of SLAO 
and SLAN. It can be confirmed that both phases 
have identical crystal system and space group, and 
the axes lengths of SLAO are about 2–3% shorter 
than those of SLAN. Figure 2(b,c) shows the local 
coordination environments around the Sr1 and Sr2 
sites, which can be characterized by cuboid-like 
eightfold coordination with O atoms similar to 
SLAN. Each SrO8 cuboid-like polyhedron is stacked 
by face-sharing along [0 1 1] axis (see Figure S2). The 
SLAO structure involves full substitution of the Li 
site with Al and vice versa, and N site with O, as 
compared to SLAN.

To quantitatively assess the similarity in the Sr site 
environments between SLAO and SLAN, Wasserstein 
(WS) distance [17] is calculated which can simply 
evaluate the similarity of the local coordination envir
onments. The WS distance is defined by the following: 

where c(x,y) = |x – y| is the transport distance cost 
matrix, and Γ (f, g) denotes the set of all pairings of 
f and g with marginal distributions for the first 
and second factors, respectively. This value is ‘zero’ 
when the two local structures are geometrically simi
lar. Using the Sr1 site within the SLAN as a reference, 
the WS distances of the Sr2 site within the SLAN and 
the Sr1 and Sr2 sites within the SLAO are calculated, as 
shown in Table 2. The WS distance between the Sr2 
site and the Sr1 site in SLAN is a very small value of 
0.016, leading to the conclusion that their respective 
coordination environments possessed a high degree of 
similarity [17]. The WS distances for the Sr1 and Sr2 
sites in SLAO were 0.022 and 0.021, respectively. 
These values are also small, indicating that the Sr1 
and Sr2 sites in SLAO possessed coordination 

Figure 2. (a) Crystal structure of SrLi3AlO4:Eu2+ phosphor (red, 
green, blue, and orange spheres represent oxygen (O), lithium 
(Li), aluminum (Al), and strontium (Sr) atoms, respectively). (b) 
Local coordination environment around the Sr1 site. (c) Local 
coordination environment around the Sr2 site. This crystal 
structure images were drawn with the program VESTA [33].

Table 1. Lattice constants of SrLi3AlO4 (SLAO) and SrLiAl3N4 (SLAN) structures.
SLAO SLAN [10] Difference SLAO/SLAN

Cystal system Triclinic Triclinic
Space group P-1 P-1
Cell parameters (Å) a 5.75375(3) 5.86631(12) 98.1%

b 7.3158(4) 7.51099(15) 97.4%
c 9.7025(5) 9.96545(17) 97.4%

Cell angle (°) α 83.949(4) 83.6028(12) –
β 76.658(5) 76.7720(13) –
γ 79.619(5) 79.5650(14) –
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environments highly similar to that of SLAN. These 
results suggest that the narrow-band emission of 
SLAO can be ascribed to this similarity in the coordi
nation environment with SLAN.

Although the WS distance is an excellent indicator 
of the coordination environment similarity, it does not 
account for bond distances. Comparison of the aver
age Sr–O bond distances in SLAO (Sr1: 2.647 Å, Sr2: 
2.678 Å) with those of Sr–N in SLAN (Sr1: 2.797 Å, 
Sr2: 2.803 Å) shows that SLAO has about 5% shorter 
anion distances (see in Table S3). This should ordina
rily result in a stronger crystal field splitting of Eu2+ 5d 
orbitals, shifting the emission to longer wavelengths. 
In contrast, however, the main emission peak of SLAO 
(567 nm) was found at shorter wavelengths than that 
of SLAN (650 nm), suggesting that both the reduced 
covalency and suppressed nephelauxetic effect 
decrease the splitting of Eu2+:5d orbitals [20,21].

3.3. Photoluminescence properties of SLAO:Eu 
single particles

Phosphors for white LED applications are required to 
possess high quantum efficiency and efficiently 
absorption coefficient matching with emission curves 
of commercial LEDs. Furthermore, since the heat 
caused from the blue LED chip is transferred to the 
resin layer where the phosphor is dispersed, the phos
phor temperature itself can easily reach above 100°C. 

Therefore, it is essential that the luminescence inten
sity should not decrease significantly with increasing 
temperature.

Figure 3 shows the PLE (λem = 525 nm, 566 nm) 
and PL spectra (λex = 402 nm, 426 nm) of the SLAO: 
Eu single particle in which the two emission bands 
(subband A and main-band B) are suggested to corre
spond to the two different Sr sites indicated by the 
above crystal structure analysis. According to the 
report by Bouquiaux et al., Eu2+ can occupy both the 
Sr1 and Sr2 sites in SrLiAl3N4:Eu2+, their emissions 
exhibit closely spaced zero‑phonon‑line energies and 
strongly overlapping vibronic envelopes. 
Furthermore, the intrinsically broader Sr2‑centered 
emission effectively masks the narrower Sr1 contribu
tion, resulting in a single apparent emission band [34]. 
In contrast, the ZPL positions and vibronic overlap in 
SALO differ from those in SLA, which likely leads to 
the observation of two distinct emission bands.

The excitation spectrum extends widely to the visi
ble region, suggesting strong absorption of UV–blue 
light and high compatibility with commercial LED 
light sources, in particular, the 450 nm one. Figure 
S3 shows the emission spectrum for the quantum 
efficiency measurement of a single SLAO particle, 
where BaSO4 powders were used as reference. The 
calculated internal quantum efficiency (IQE) of the 
SLAO:Eu single particle is ~46%. Figure S4 displays 
the temperature dependence of the integrated emis
sion intensity, normalized to the value at 303 K (30°C). 
The integrated emission intensity decreased linearly 
with increasing temperature, dropping to ~80% at 403 
K and ~60% at 503 K relative to the value at 303 
K. Note that the emission intensity of the single par
ticle may strongly change due to slight moving of 
sample position during the heating. Therefore, we 
examine its temperature dependence of fluorescence 
lifetime monitoring both radiative and non-radiative 
dynamics of the Eu2+ excited state, which gives more 
intrinsic information than the PL intensity.

Figure 4(a) shows the streak images of the SLAO: 
Eu single particle recorded from 80 K to 600 K by 
455 nm laser excitation. Detailed analytical results of 
the streak imaging can be found in Figure S5 taking 
the temperature conditions at 80 K, 200 K, 400 K, 
and 600 K as typical examples. Judging from the 
temperature evolution of the time-resolved spectro
scopy from 80 K to 600 K, the emission band of 
SLAO:Eu can generally be divided into two compo
nents involving the subband A (490–540 nm) with 
a shorter lifetime and the main-band B (540–650  
nm) with a longer lifetime. It is worth noting that 
these is no obvious change for the lifetime even up 
to 600 K for both two emission components, while 
slight peak broadening can be observed at 
a monitoring temperature of 600 K as compared to 
that at 80 K. Figure 4(b,c) presents normalized 

Table 2. Wasserstein distance calculated using the Sr1 site of 
SrLiAl3N4 (SLAN) as the reference.

Composition Site Wasserstein distance

SLAN Sr1 0.000*
Sr2 0.016

SLAO Sr1 0.022
Sr2 0.021

*As a reference.

Figure 3. PLE (λem = 525 nm, 566 nm) and PL spectra 
(λex = 402 nm, 426 nm) of the SrLi3AlO4:Eu2+ single particle.
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emission spectra at different temperatures for the 
0.5–1.5-μs and 2.0–3.0-μs interval, respectively, 
which indicates the broadening mainly occurs for 
the short-time interval, while the dominant main- 

band B only shifts to longer wavelength when tem
perature increases from 80 K to 600 K. On the other 
hand, the normalized fluorescence decay curves 
monitoring the subband A and the main-band 
B are shown in Figure 4(d,e), respectively. The esti
mated lifetimes of the two emission regions moni
tored at different temperatures are summarized in 
Figure 5. The fluorescence lifetime in the wavelength 
region dominated by the sub-band A (490–540 nm) 
is estimated to be ~0.4 μs and increases gradually 
with temperature up to 550 K. The relatively lifetime 
increase monitored at the wavelength range of the 
subband A is partially due to the mixing of the 
main-band B (540–650 nm) by inhomogeneous 
broadening at high temperatures. On the other 
hand, the fluorescence lifetime in the region domi
nated by the main-band B (540–650 nm) is estimated 
to be ~1.0 μs at 80 K and remains almost unchanged 
as temperature increases, indicating extremely high 
thermal stability of this material with very limited 
nonradiative contribution even up to 600 
K. Furthermore, the distinct fluorescence lifetimes 
of subband A and main‑band B suggests that an 
energy‑transfer process from subband A to 
main‑band B may be operative. As the present eva
luation was performed on a single particle, more 
detailed investigations using single‑phase bulk pow
der samples will be necessary in the future work.

Figure 4. (a) Temperature dependence of time-resolved streak imaging of SrLi3AlO4:Eu2+ single-particle phosphor from 80 K to 
600 K; normalized PL spectra (λex = 455 nm) between (b) 0.5 and 1.5 µs, (c) 2.0 and 3.0 µs; normalized fluorescence decay curves 
monitoring the wavelength region of (d) 490–540 nm and (e) 540–650 nm.

Figure 5. Temperature dependence of estimated fluorescence 
lifetime monitoring the wavelength region of 490–540 nm 
and 540–650 nm, respectively.
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4. Conclusion

A novel SrLi3AlO4 (SLAO):Eu2+ phosphor exhibiting 
ultranarrow yellow-green emission bands was discov
ered for the first time using a single-particle-diagnosis 
approach. This advanced phosphor screening techni
que enabled selective extraction and precise analysis of 
individual particles with submicron size from multi
phase powder samples, allowing for accurate crystal 
structure determination and optical characterization. 
It is , generally, quite challenging by other screening 
methods, especially for minor phases involved. As 
a consequence, the SLAO:Eu2+ phosphor was con
firmed to have two emission peaks at 521 nm and 
567 nm with exceptionally narrow FWHM of 39 nm 
and 40 nm, respectively, which are comparable with 
those of the quantum dots. Temperature dependence 
of time-resolved spectroscopy revealed superior ther
mal quenching behavior of SLAO:Eu2+ with very lim
ited nonradiative contribution even up to 600 K. These 
results highlight the effectiveness of the single-particle 
-diagnosis approach for exploring new compounds 
and achieving high-performance narrow-band phos
phors. Further material design efforts toward phase 
purity and single-band emission in the form of powder 
samples are expected to expand its potential for next- 
generation display applications.
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