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Abstract

Blue photoluminescence properties of Ti-doped alkaline-earth stannates, A>(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba) (x = 0.005-0.15), were
examined at room temperature. These stannates showed intense broad emission bands peaking at 445 nm for Ca,SnQOy, at 410 nm for
Sr,Sn0y, and at 425 nm for Ba,SnO,4 under UV excitation. Emission intensities were relatively insensitive to Ti concentration and no
sharp concentration quenching was observed. Mixing alkaline-earth ions in the crystal structures did not increase the emission intensities
in the 4,(Sn;_,Ti,)O4 system. The excitation spectra of these stannates exhibited broad bands just below the fundamental absorption
edges, implying that luminescence centers do not consist of the component elements in the host materials. It was suggested that the
isolated TiO4 complexes are possible luminescence centers in these materials, as previously proposed in other Ti-doped stannates such as

Mg25n04 and Y2$H207.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Phosphor materials have been widely used in various
display and luminescence applications and actively inves-
tigated to improve their luminescence properties such as
emission color and efficiency [1]. Flat-panel displays such
as plasma display panels (PDP), field emission displays
(FED), and electroluminescent (EL) devices are particu-
larly important applications of phosphor materials. There-
fore, the development of new inorganic phosphors with
high chemical stability and Iuminescence efficiency is
essential to improve the performance of the flat-panel
displays. In the viewpoint of chemical stability, oxide
phosphors are more attractive than sulfide or oxysulfide
phosphors.

There are many oxide phosphors showing various
luminescence colors [1-3]. As for blue phosphors,
BaMgAl;O,7:Eu®>" for lamps, ZnS:Ag for cathode-ray
tubes, and BaAlS4;Eu’" for EL are in practical use. In
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alkaline-earth containing double oxides, Sr,SnO4Eu’ ™,
SrHfO;:Tm* ", Mg,SnO,:Ti*", and Sr,CeO, have been
reported as blue phosphors [4-7]. In these blue phosphors,
Eu?", Tm>*, and Ti*" ions are doped into host oxides as
emission centers, giving sharp or broad peaks in the blue
region under high voltage or UV/electron irradiation. Only
for Eu®"-doped oxide phosphors, reduction processes are
usually needed in their synthesis to avoid the generation of
Eu’" by oxidation.

Intense photoluminescence (PL) of several colors,
including blue color, was observed from doped alkaline-
earth stannates in our previous study [8]. In this paper, we
investigated the properties of blue luminescence in Ti-
doped alkaline-earth stannates with the chemical composi-
tion of A,(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba). Although the
blue luminescence of these stannate phosphors are shortly
described in literature [6,9], the details of the luminescent
properties have not been reported yet. Therefore, we
measured their basic PL properties and further investigated
the influence of A ions (4 = Ca, Sr, Ba) on the blue
luminescence to examine the chemical composition that
provides maximum PL intensity.
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2. Experiments

Samples with chemical compositions of A,(Sn;_,Ti,)O4
(4 = Ca, Sr, Ba) (x =0.005-0.15) were prepared by the
solid-state reaction method using starting materials of
ACO;5 (4 = Ca, Sr, Ba) (99.9%) and SnO, (99.9%) for host
oxides and TiO, (99.9%) for dopants. Appropriate
amounts of these starting materials were thoroughly mixed
in a mortar with ethanol and dried. The dried powders
were pressed into disks and the disks were heated at
1000-1400 °C for 6h in air. The heat treatments above
1300°C were preferable to obtain sufficient emission
intensities in these phosphors.

X-ray diffraction (XRD) patterns were measured using a
Rint 2500 diffractometer (Rigaku) with CuKo radiation.
Main diffraction peaks in the XRD patterns of the samples
were identified with those from host lattices although
impurity phases were slightly observed in the samples with
high Ti concentration. PL emission/excitation spectra were
measured using an F-4500 spectrometer (Hitachi) at room
temperature. Diffuse reflection spectra were also measured
at room temperature using a V-570 spectrometer (Jasco)
with an integrating sphere. The diffuse reflectance spectra
were converted to absorption spectra following the
Kubelka—Munk theory.

3. Results and discussion

Fig. 1 shows the crystal structures of 4,SnO,4 (4 = Ca,
Sr, Ba) host oxides. Ca,SnO, belongs to the Sr,PbOy-type
structure, while Sr,SnO,; and Ba,SnO,4 belong to the
K,NiF4-type structure with/without slight distortion
[10-12]. In both structural types, SnOg octahedra are
connected in low-dimensional form; SnOg¢ octahedra are
linked sharing edges with each other and forming one-

Cay,Sn0Oy, (SroPb0O, type)

Sr,Sn0, (distorted K,oNiF, type)

® A (Ca, Sr, Ba) ‘
00 SnOg Octahedron

Fig. 1. Crystal structures of 4,Sn0O, (4 = Ca, Sr, Ba). SnO¢ octahedra
connect each other forming one-dimensional chains in Ca,SnO4 and two-
dimensional sheets in Sr,SnO,4 and Ba,SnO,.

dimensional chains in Ca,SnQy, on the other hand, they
are connected sharing corners and composing two-dimen-
sional sheets in Sr,SnO, and Ba,SnO,. The fundamental
structural data are summarized in Table 1.

XRD patterns of A4,(Sn;_,Ti,)O4 (4 =Ca, Sr,
SrgsBags, Ba) (x = 0.05) samples are shown in Fig. 2.
The XRD pattern for the Ca,SnO4 sample is definitely
different from those for the other samples due to the
different crystal structure. On the other hand, 4,SnOy4
(A4 =Sr, SrgsBags, Ba) samples show similar XRD
patterns with slight peak shift because the crystal structural
type of K,NiF,4 remains in the Sr,SnO4—Ba,SnO,4 system.
Although the space group for Sr,SnQy is different from
that for Ba,SnO, as listed in Table 1, the deviation of

Table 1
Crystal structural data for 4,SnO,4 (4 = Ca, Sr, Ba)

CaZSnO4 [10] Sr25n04 [1 l] Ba28n04 [12]

Space group Pbam (55) Bmab (64) I14/mmm (139)

a (A) 5.748 5.7224 4.1411 (5.8564)*

b (A) 9.694 5.7306 —

¢ (A) 3.264 12.5828 13.2834

Sn—-O length (A) 2.146 x 4 2.030 x 4 2.071 x 4
2.010x2 2.052 x 2 2.065 x 2

£/ O-Sn-O (deg.)® 81.00 89.59 90.00

3The lattice constant in parenthesis for Ba,SnO, is a value of +/2a,
which is compared with the lattice constant of a or b for Sr,SnO,
illustrated in Fig. 1.

®Only the smallest O-Sn—O angle is listed in the table.

A28n04

Intensity (Arb. units)

10 20 30 40 50 60 70
20 [CuKa] (deg.)

Fig. 2. Experimental XRD patterns of Ti (5%) doped 4,Sn0O, (4 = Ca,
Sr, SrgsBags, Ba) (thick lines) and calculated XRD patterns from the
crystal structural data for 4,SnO,4 (4 = Ca, Sr, Ba) (thin lines).
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lattice constants in Sr>SnO4 from the ideal tetragonal
K,NiF, structure is rather small.

Emission spectra of A,(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba)
(x = 0.05) excited by the UV radiation of A, = 254 nm are
shown in Fig. 3. Broad emission bands in the blue range
were observed in all samples. The wavelengths at the
maximum of the broad emission bands were 445nm
(2.79¢eV) for the Ca stannate, 410 nm (3.02¢V) for the Sr
stannate, and 425nm (2.92e¢V) for the Ba stannate.
Although the mechanism of the photoluminescence in
these stannates is not clearly understood, TiOg complexes
are probably emission centers as proposed by Macke and
Kroger in several Ti-activated stannates and zirconates
[6,9]. Emission centers in phosphors are usually sensitive to
their local structure and local symmetry. Since the Sn—O
lengths and O-Sn—O angles depend on the alkaline-earth
ions in 4,SnQ4 (4 = Ca, Sr, Ba) (Table 1), the wavelength
at the maximum emission intensity seems to vary along
with the change of the alkaline-earth ions in these
stannates.

Fig. 4 shows excitation spectra of A,(Sn;_,Ti,)O4
(A =Ca, Sr, Ba) (x=0.05) along with the absorption
spectra of nondoped host materials. The excitation
spectrum for each sample was measured by fixing the
emission wavelength at the maximum in Fig. 3. In the
absorption spectra, intense absorption by host materials
appears in the wavelength range shorter than approxi-
mately 270nm for all stannates. This absorption is
attributed to the fundamental absorption of the host
materials. The slight differences of the absorption edges are
due to the different crystal structures and ionic sizes of the
alkaline-earth ions. The excitation spectra of all Ti-doped
samples show common broad bands just below the
absorption edges of the host crystals. This observation
suggests that electrons in the valence band or oxygen ions
are excited not to the conduction band but to Ti-related
defect levels, and then the Ti-related centers emit the blue
luminescence along with the Stokes shift. The Stokes shift
of each sample was estimated to be approximately 1.6eV
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Flg 3. PL spectra of Caz(sno.gsTi0A05)04 (dashed line)7 Srz(Sn0‘95Tio,05)O4
(solid line), and Bay(Sng.9sTig05)04 (dotted line) under UV excitation
(Zex = 254 nm).
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Fig. 4. Excitation spectra of 4,(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba) (x = 0.05)
along with absorption spectra of nondoped host materials: Cay(Sngos
Ti()_()5)04 (zem =445 nm, dashed line), Srz(Sn()_g5Ti0_()5)O4 (;Lem =410 nm,
solid line), and Bay(Sng 95Tig.05)04 (Lem = 425 nm, dotted line).
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Fig. 5. Relative PL intensities as a function of Ti concentrations, x, in
Cay(Sn;_,Ti,)O4 (dashed line), Sry(Sn;_,Ti,)O4 (solid line), and
Ba,(Sn;_,Ti,)O4 (dotted line).

for the Ca stannate, 1.6eV for the Sr stannate, and 1.3eV
for the Ba stannate. These large Stokes shifts and the broad
emission bands are typical luminescence features of d°
complex ions [3]. The Stokes shift and PL intensity of the
Ba stannate are smaller than the others, probably because
the distortion of TiOg octahedra in Ba,SnQ, is smallest and
six Ti—O distances in TiO¢ octahedra are close to each
other in Ba,SnOy [13].

Relative emission intensities as a function of Ti
concentrations are shown in Fig. 5. The Ti concentration
dependence was similar between these samples. In contrast
to general rare-earth doped phosphors, the emission
intensities in A,(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba) moderately
depend on Ti concentrations without showing sharp
concentration quenching [8]. Maximum luminescence
intensity was observed at x = 0.01-0.03 for the Ca and
Sr stannates and approximately x = 0.07 for the Ba
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Fig. 6. Relative PL intensities in the 4,(Sn,_,Ti,)O4 (4 = Ca, Sr, Ba)
(x =0.05) system under uv excitation (Aex = 254 nm):
(Sr|,},Cay)ZSnO4:Ti4+ (dashed line), (Sr1,'VBay)ZSnOAt:Ti4+ (solid line),
and (Bal_},.Ca),)ZSnOA‘:Ti‘t+ (dotted line).

stannate. Ti ions are substituted for Sn ions in distorted
SnOg¢ octahedra in Ca or Sr stannate, but in almost regular
SnO¢ octahedra in Ba stannate. Since the Ti ions
themselves also induce the local distortion in the SnOg
octahedra, the Ti concentration for maximum intensity in
the Ba stannate may shift to a higher value than that in the
Ca or Sr stannate.

Fig. 6 shows PL intensities in the A,(Sn;_,Ti,)Oy4
(4 = Ca, Sr, Ba) (x = 0.05) system under the UV excita-
tion of A, = 254nm. The relative intensities are normal-
ized by that of Sry(SngosTiggs)O4. In the Ti-doped
Ca,SnO4—A4,Sn04 (A = Sr or Ba) system, each end member
once decomposed into Ca;_.A4.SnO3 and Ca;_.4.0 in the
intermediate chemical composition without forming a com-
plete solid solution. This is because the crystal structures are
different between Ca,SnO, and A4,SnO4 (4 = Sr or Ba).
Simultaneously with the decomposition of the end members,
the emission intensities promptly dropped and no enhance-
ment was observed by mixing the alkaline-earth ions. In the
Ti-doped Sr,SnO4—Ba,SnO;, system, a complete solid solution
was formed because of almost the same crystal structures. The
emission intensities gradually decreased as Ba concentration
increased and no maximum was observed. Therefore, the Ti-
doped Sr,SnO, exhibited the strongest blue emission and the
formation of solid solution did not increase the PL intensities.
These results suggested that local lattice distortions caused by
the variation of alkaline-earth ions do not simply increase the
luminescence intensity in the Ti-doped 4,SnOy4 (A4 = Ca, Sr,
Ba) system, in contrast to the rare-earth doped materials such
as ATiO3:Pr and AHfO3;:Tm (A4 = Ca, Sr, Ba) [14,15].

Photoluminescence properties of Ti-doped ASnO;
(4 =Ca, Sr, Ba) with perovskite structure were also
examined. However, blue luminescence was not observed
in Ti-doped ASnO;. We consider that TiOg complexes are
possible emission centers and the isolation of the complexes
in the crystal structures is important for radiative transition
[13]. Ti-O bonds in TiOg complexes will include some
covalent character and need to compete with neighboring

Sn—O bonds in these stannates to draw O ions to the Ti sides
for the formation of the complexes. All six O ions around a
Ti ion are next to Sn ions in Ti-doped 4SnO3, while only
four O ions in Ti-doped A>SnQO,4. This local structural
difference seems to make it difficult to form TiOg complexes
in the three-dimensional ASnO; perovskite. Therefore, it is
suggested that the blue luminescence is not observed in
ASnO5 but A,(Sn;_,Ti,)O4 (4 = Ca, Sr, Ba), where SnOgq
octahedra are connected in the low dimensional form and
TiOg complexes are isolated at low Ti concentration.

4. Conclusion

Ti-doped alkaline-carth stannates, A>(Sn;_,Ti,)O4
(4 =Ca, Sr, Ba), were prepared by simple solid-state
reactions in air and intense blue luminescence was observed
under UV excitation at room temperature. In the PL
emission/excitation spectra, these Ti-doped stannates exhib-
ited broad emission/excitation bands probably originating
from TiOg complexes. Mixing of alkaline-carth ions at A sites
in this system did not increase the luminescence intensity. By
comparison between ASnOz; and A,(Sn;_,Ti,)O4 (4 = Ca,
Sr, Ba), it was suggested that low dimensional structure of
SnOg¢ octahedra is important to isolate TiO4 complexes and
activate them as emission centers.
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