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ABSTRACT

Some Li containing nitride and oxynitride phosphors have
been reported to show interesting properties. Li can
occupy independent crystallographic sites and contribute
to a variety of crystal structures. Here we show interesting
Li containing nitride phosphors discovered by the single
patrticle diagnosis approach.

1 INTRODUCTION

Some Li containing nitride and oxynitride phosphors
have been reported to show interesting properties; i.e.
narrow-band emission [1], supertetrahedron [2]. The ionic
size of Li is between large constitution elements (i.e. Ba,
Sr, Ca, La) and small constitution elements (Si, Al). Li can
occupy independent crystallographic sites and contribute
to a variety of crystal structures. Here we show two
interesting Li containing nitride phosphors discovered by
the single particle diagnosis approach [3].

Ba,LiSi;AIN12:Eu?*  particle shows an emission
spectrum with a peak at approximately 515 nm and a full
width at half maximum (FWHM) of 61 nm [4]. Besides
narrow-band emission, it shows high internal quantum
efficiency (79% with 405 nm excitation) and a small degree
of thermal quenching. Luminescence properties were
measured for the discovered Ba,LiSi;AIN12:Eu?* particles
by a micro-spectroscopy method. A single phase powder
of Ba,LiSizAIN12:Eu?* is not obtained from the nominal
composition of Ba,LiSizAIN12:Eu?*. The Li component is
easily evaporated in the high-temperature synthesis, and
the composition of the product deviates from the target
composition. In this presentation, the single phase powder
of BasLiSizAIN12:Eu?* was obtained by controlling the
starting composition, annealing condition, reaction vessel
and its luminescence properties were studied [5].

Another example is a BaSi7N1o:Eu derived phosphor.
The original BaSi7N1o:Eu shows blue emission [6]. By
introducing Li into the BaSizN1o:Eu structure, the emission
spectra changed from blue to broad white.

2 EXPERIMENT

The starting materials of BasN2, EuN, SisN4, AIN, and
LisN were mixed in a designed molar ratio described in a
glove box under a nitrogen atmosphere. They were placed
in a boron nitride (BN) crucible or sealed in a molybdenum
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(Mo) tube, and fired in a nitrogen atmosphere of 0.92
MPa at 1650 - 1900 °C for 0.5 - 4 h.

3 RESULTS and DISCUSSION

In the synthesis of BayLiSi;AIN12:Eu?*, firstly, we
changed the starting composition (excess Li amount)
and annealing condition (annealing temperature and
time). In the 1.75 times LisN composition and 1700°C/1h,
the ratio of the BayLiSi;AIN12:Eu?* phase was 89% at
maximum. In the next we changed Si/Al ratio. Both Si3zN4

and AIN contain a small amount of oxygen impurities (c.a.

1 wt%). In the presence of oxygen contamination, the
charge neutrality of the ideal composition
BayLiSizAIN12:Eu?* is not retained. In the Al rich
composition, the charge neutrality is satisfied as
BapLiSizxAl1+xN12xOx:Eu?*. On changing the Si/Al ratio
from 7/1, the ratio of the BasLiSizxAl1+xN124xOx:Euz*
phase increased and was highest as 95% at the Si/Al
ratio of 6.5/1.5 (x = 0.5) Although the product was
considerably close to a single phase, a small amount of
impurity phases remained.

BN ceramics are porous compact materials and

cannot completely seal the inner evaporative component.

It is suitable to use a sealed system to control the Li
content. We used a Mo tube and sealed the mixed
starting materials. At the Si/Al ratio of 6.5/1.5, the excess
Li amount was again optimized in the sealed Mo tube
condition. In the 1.3 times LisN composition, a single
phase of BayLiSis 5Al1.5N11.500.5:Eu?* was obtained.

Excitation and emission spectra of
Ba1,94LiSie,5A|1,5N11,50o‘52EUO‘06 are shown in Fig. 1. The
emission spectrum has a peak at approximately 508 nm
with a FWHM of 68 nm. The value of 68 nm is larger than
the value obtained from the single particle (61 nm). High
uniformity is attained in the single crystal. On the other
hand, compositional variation among particles (i.e., Al/Si
and O/N ratio, Eu concentration) is expected in the
powder sample. This will lead to a variety of coordination
structures of Eu and broadening of the emission
spectrum.

The temperature dependence of the peak intensity,
and integrated intensity of
Ba1,94LiSie,5A|1,5N11,50o‘52EUO‘06 are shown in Fig. 2.
Although both peak intensity and integrated intensity
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gradually decreased with temperature, the degree of
decline was very small.
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Fig.1 Emission and excitation spectra of Ba,LiSi;-
xAl1+xN Fi 12.xOx:Eu.

The integrated intensities at 200 °C and 300 °C were
100% and 96% of that at room temperature, respectively.
The temperature dependence improved from the data for
the single particle (Eu 7.5 at%) due to the small Eu2+
concentration in the powder sample (Eu 3 at%).
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Fig.2 Temperature dependence of PL peak and
integrated intensity of BasLiSi7xAl1+xN12.xOx:Eu.

In the chemical analysis, Li added in excess still
remained in the product. In the XRD pattern, however,
there was no impurity phase. There is a possibility that the
Li containing phase remains as a phase not detected by
the XRD analysis such as an amorphous phase. If there is
absorption by the phase in the green range, the PL
intensity of BayLiSizxAl1+xN12xOx:Eu?* will decrease. We
washed the product by hydrochloric acid solution (pH = 0).
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After acid washing, the body color changed from muddy
green to bright green. The PL intensity increased as
shown in Fig. 3 and the internal QE increased to 93%
from 79% before washing.
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Fig.3 Emission spectra of Ba,LiSi7xAl1+xN12.xOx:Eu.
before and after acid washing.

Another is BaSizN1o:Eu derived phosphor. The original
BaSi7N1¢:Eu shows blue luminescence. We found white
luminescent particles isostructural with BaSi7N1o in the
product from BasN2, EuN, SizN4, AIN and LisN fired at
1900°C. However, there is only one Ba site for Eu doping
in the BaSi7N1o crystal structure. A structural change to
produce the some Ba sites is anticipated. In the single
crystal XRD analysis, residual electron densities around
the Ba site were recognized. LA-ICP-MASS analysis
showed Li is included in the white luminescent particle.
These results indicate that the incorporated Li in the
crystal has effect on the multiple Ba sites for Eu doping.

4 CONCLUSIONS

Both Li containing phosphors show interesting
luminescence properties.  Further discovery of
interesting Li containing phosphors are anticipated by a
combination of a sealed tube and Li analysis.

REFERENCES

[11 P. Pust, A.S. Wochnik, E. Baumann, P.J. Schmidt,
D. Wiecher, C. Scheu and W. Schnick,
“Ca[LiAl3N4]:Eu?*-A  Narrow-Band Red-Emitting
Nitridolithoaluminate” Chem. Mater., 24, pp. 3544-
3548 (2014).

[2] P. Wagatha, P. Pust, V. Weiler, A.S. Wochnik, P.J.
Schmidt, C. Scheu and W. Schnick,
“Ca1g.75Li10.5[Al3oNss]:Eu?* Supertetrahedron
Phosphor for Solid- State Lighting”, Chem. Mater.,
28, pp. 1220-1226 (2016).

[3] N. Hirosaki, T. Takeda, S. Funahashi and R. Xie,



(4]

(3]

6]

“Discovery of New Nitridosilicate Phosphors for Solid
State Lighting by the Single-Particle-Diagnosis
Approach”, Chem. Mat., 26, pp. 4280-4288 (2014).
T. Takeda, N. Hirosaki, S. Funahashi and R. Xie,
“Narrow-Band Green-Emitting Phosphor
Ba,LiSizAIN12:Eu?*  with High Thermal Stability
Discovered by a Single Particle Diagnosis Approach”,
Chem. Mater., 27, pp. 5892-5898 (2015).

T. Takeda, K. Kato, H. Kiyono and N. Hirosaki,
“Powder synthesis and luminescence properties of
green emitting Ba,LiSiz-«AlxN12.xOx:Eu?* phosphor”, J.
Alloys Compd., 850, 156358 (2021).

Y. Li, A. Delsing, R. Metslaar, G. With, H. Hintzen,
Photoluminescence properties of rare-earth activated
BaSi7N+o. J. Alloys Compd., 487, 28-33 (2009).

IDW '20

336



