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Abstract

Alkaline-earth metal oxide having 6-coordinated cofig-
uration easily reacts with water because of their eliques-
cent nature. In this study, high-pressure phase (8eordi-
anted) of cerium-doped strontium oxide (SrO:Ce) phs-
phors were synthesized by sintering at 1500 in reduc-
tion atmosphere, and investigated it's thermal staitity.
Obtained results indicated that the 8-coordinated 8:Ce
ultraviolet phosphor have high thermal stability.

1. Introduction

Phosphor materials with high thermal/chemical ditsibi
are suitable for commercial applications. Perforoeaof the
phosphors are degradated by environmental effEotrsex-
amples, host materials degradation and oxidatiemagsion
center by heating were reported [1]. In additidwe, degrada-
tion by reacts with absorbed water were also repldsecause
of humidity [2]. For plasma display panel (PDP) liggdion,
the phosphor materials should be stable underrtheading
process at 500°C, typically in the PDP manufactuprocess.
Thus, optical and structural degradation tests haes con-
ducted to investigate for applications.

O?% ions in a distorted dodecahedron in cerium-dopa&Y
phosphor [9]. The coordination number around th& @m
changes with 5d orbital energy state positionsjltieg that
the emission color varies. Thus, the new phosphdenah
with high structural stability are expected by afiag emis-
sion center to C& from EW* ion. Crystal structure identifi-
cation and PL measurement are conducted. Furtherriro
obtained SrO:Ce phosphor is expected to have adtigh-
tural stability as SrO:Bt phosphor. Thermal stability of
SrO:Ce phosphor was investigated.

2. Experimental methods

Sr- and Ce-EDTA (metal-ethylenediamine tetraacetid)a
complexes were used for the synthesis of Ce-dop@gBos-
phors. Ce-EDTA was mixed with Sr-EDTA at 0.02%t.
Mixed (Sr,Ce)-EDTA complexes were dried in a spray-dr
apparatus (SD-1000 Tokai Rika-KiKai Co.). Then, lxain
the homogenous SrO:Ce oxide particles, thermatniresat
was performed at 800°C for 3h in the air. Duringeniment,
the SrO:Ce oxide particles mounted on a singletaliree
magnesia substrate. To synthesize the SrO:Ce phoshbo
sample were sintered in a tube furnace under reufucon-

We developed a new blue europium-doped strontiueox dition with 3 vol%H,+Ar gas. Sintering was performed a
(SrO:EU¥") phosphor with orthorhombic lattice[3][4]. Ob- temperature of 1500. In addition, the SrO:Ce phosphor was

tained blue emission is originated from f-d trainsitof ELf*

annealed at 500,1080 in Ar atmosphere. The emission

ion. The SrO:E# phosphor was assigned to 8-coordinatedroperties of the sample were characterized usipigoéolu-

structure of SrO by crystal structure analysis. Maom-
pounds at high pressures indicate crystallinecittvhich is
different from that existing at normal pressuree ®icoor-
dincated SrO at over 36 GPa is known as high-preggwase
[5,6]. The crystal structure of the alkaline-eartatal oxides
existing at the normal pressure belong to the cobjstal
with 6-coordinated structure, such as NaCl-typecstire. On
the other hand, the crystal structure of the comgaxciting
at high-pressure is the cubic crystal with 8-cooatid struc-
ture, such as the CsCl-type structure. Furthermibies ob-

minescence (PL) spectrometer (JASCO FP-6500). AayX-r
diffractometer (XRD, Mac Science MO3XHF MXP3) was
used to investigate their structural changes byalmmg. The
surface morphology, emission distribution and eletaledis-
tribution changes after the annealing were invagtig using

a cathodoluminescence (CL) microscope (Gatan MonoCL3)
energy-dispersive X-ray (EDX) spectrometer (JEOL JED
2201F) equipped with a scanning electron microsdéjie
SEM; JEOL JSM6700F). Then, the accelerating voltage we
20 kV.

tained SrO:E#f phosphor have a high structural stability

compared to 6-coordinated SrO. The SrO are readgthdva-
ter easily. In contrast, the obtained Sr&‘Huhosphor show
strong emission peak after immersion in waterhis study,

3. Results and Discussion
Figure 1 show XRD profiles for obtained sample. KiRD
profiles were not assigned to reported 6-coordth&e and

we attempted to synthesize SrO:Ce phosphor. It é wrelated materials such as Sr£280, we conducted the crystal

known that the emission color is attributed to Sde4f tran-

structure identification from the arrangements whih calcu-

sition of Cé&*, which depends strongly on the crystal field [7]lated XRD pattern using various traditional crystalicture.
lon radius of C& ion is 1.14 A with 8 coordination number We reported 8-coordinated SrOZEwvith orthorhombic lat-

of oxygen[8]. The radius of Brand Ed@*ions are 1.26. and
1.25 A. The radius of C&ion is smalle- than the St and

tice. The obtained XRD profiles were similar to tlotthe
SrO:Eu¢* phosphor. The obtained XRD profiles were indexed

EW* ions. For an example, oné™on is surrounded by eight as 8-coordinated SrO with orthorhombic lattice. Ghtined
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lattice parameter were a=3.9080 b=3.8908%, ¢=3.9109
A Figure 2 show PL spectrum of obtained phosphothsy
sized on single crystalline magnesia. Photograpth@fob-
tained phosphor emitting ultraviolet light wereaakhow in
Fig.2. Excitation wavelength was 325 nm. The obthsem-
ples show a strong ultraviolet emission peak atr883These
results indicated that the 8-coordinated SrO:Ceavilblet
phosphor was synthesized on single crystalline msign
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Fig. 1 XRD profile for obtained sample comparedwaal-

culated diffraction pattern of 8-coordinated Sr@usture
with orthorhombic lattice.
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Fig. 2 PL spectrum for obtained sample. Photogiaphe
sample excited by 325 nm He-Cd laser was also shown

To investigate thermal stability of the obtained €€
phosphor, annealing treatments were conducted.ré=igu
show PL spectra of obtained phosphor. After anngadin
500,1000C under Ar atmosphere, the ultraviolet emissio
peak at 393 nm was remained with weak emissionsgities.
Emission peak positions of SrO:Ce were constan9aitrisn
by the annealing. Existence of high pressure ph&sr@®
with orthorhombic lattice were confirmed from XRBadysis
These results indicated that the 8-coordinated SrQltCavi-
olet phosphor have a high thermal stability.

CL analysis were conducted on the obtained SrO:@s-ph
phors. Before annealing, the SrO:Ce phosphor slstnwag
CL peaks at around 360 nm and 380 nm. In contrasgaded
(in Ar atmosphere) SrO:Ce phosphor shows weak Glkgpe
at around 360 nm and 380 nm. In particlar, the B80CL
peak was decreased by annealing. The cross-sediibnal-
ages of SrO:Ce phosphors indicated that emissginitition
was homogenous and not changed by annealing. @aidat

reduction of C& ion in the 8-coordinated SrO:Ce phospho

would be happened by annealing.

To investigate chemical bond distribution in SrOy@m®s-
phor, XPS analysis was conducted. The chemical isifidfr-
mation is very powerful tool for function group,erhical en-
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vironment, oxidation state. Figure 4 show narroarsspec-
tra for the SrO:Ce phosphors. The SfRthd O1s peaks were
not shifted by annealing. In contrast, the C&%4ukak was
shifted slightly to higher biding energy by annegli The
chemical shift of Ce 4& peak suggested that oxidation pro-
cess of C¥ ion in the 8-coordinated SrO:Ce by annealing.
Peaks analysis for the spectra would be discusseetail.
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Fig. 3 PL spectra for obtained samples, (a)as-syizthe (be-
fore annealing, (b) annealed at 500, (c)annealed at
1000C.Photographs of the sample excited by 325 nm He-Cd
laser were shown.
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Fig. 4 XPS spectra for obtained samples, (a)adisgized
rabefore annealing, (b) annealed at 80P (d)annealed at
1000C.

3. Conclusions

High-pressure phase of SrO:Ce phosphor with highthl
stability was synthesized from SrO:Ce powder onsihgle
crystalline MgO substrate by sintering under remuncton-
dition. To investigate thermal stability, XRD, PLEM/CL,
and XPS analysis for the SrO:Ce phosphor were aiadu
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