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There has been considerable interest in the develop-
ment of advanced luminescent materials for applications
such as large flat panel displays, for example, PDPs
(plasma display panels) and FEDs (field emission
displays). The properties of these materials arise from
complex interactions among the host structure, activa-
tors, and defects and interfaces, all of which are strongly
dependent on composition.12 To create efficient lumi-
nescent materials, it is necessary to suppress nonra-
diative processes in which the energy of the excited state
is used to excite the vibrations of the host lattice, that
is, to heat the host lattice. Point defects in the crystal
structure also contribute to this nonradiative process.
A discrepancy in the pure composition and/or the charge
compensation induces point defects in the structure.

An efficient luminescent center for green emission, a
Th3* ion, is activated in many materials. As a host of
luminescent material, a bulk sample of single-phase Srs-
Al10SiOy was prepared. The crystal structure of single-
phase Sr3Al10SiO, was determined from the powder
X-ray diffraction (XRD) data, revealing one-dimensional
pillars of edge-sharing AlOg octahedra and six-mem-
bered rings of corner-sharing (Al,Si)O4.2 The structure
is unique and has not previously been observed among
luminescent aluminum-based oxides.*~% The composi-
tion Sr3Al1SiOy is in the monoclinic system in a space
group of C2/m. The Tb3" ion possesses an excessive
positive charge relative to that of the Sr2* ion and thus
requires charge compensation. Therefore, charge com-
pensation is required when the Sr?* ion is replaced by
the Th3" ion in this material. Replacement of Si** with
AI®T ions can maintain the charge compensation of the
material. There are four different sites, that is, 8j, 8j,
4h, and 2a, for the AI3* ions in the structure.” The Si4*
and AI** ions occupy two 8j sites in common. The
occupancy of the AI®T and Si** ions at 8j sites is 0.875
and 0.125, respectively. Therefore, substitution of Si4*
with AI®T ions appears to be an easy means of main-
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Figure 1. Comparison between the observed and calculated
patterns of (Sro.esT0o.05)3Al10.15Si0.85020. From upper to lower:
dotted line, observed intensity; solid line, calculated intensity;
vertical short lines, position of reflections; solid line, difference
between observed and calculated intensity.

taining charge compensation. Using the method con-
sidered here, we prepared and characterized a new
luminescent material, Sr3Al;0SiO20:Th3". The relative
emission intensity of this material is higher than that
of other Th3"-doped strontium aluminum silicates, for
example, Sr,Al,SiO7 and SrAlLSi;Og, and is also higher
than that of the strontium aluminate SrAl;2019 under
UV excitation.

To systematically study this luminescent material, a
series of bulk powder samples of composition (Sr1—xThy)s-
Al1p4+3xSi1—3x020, With x ranging from 0 to 0.1, were
synthesized by conventional solid-state synthesis. Sr-
CO3, AlO3, SiO,, and ThsO7 (>99.99% purity) were
mixed in the molar ratio given by the formula. The
mixture was calcined for 2—10 h at 1500—-1700 °C in a
reducing atmosphere with one intermediate. Other
Th3*-doped strontium aluminum silicates, Sr,Al,SiO7
and SrAl,Si»Og, and the strontium aluminate SrAl;,019
were calcined under the same conditions. All samples
were checked by XRD. The profile refinement, using the
Rietveld method, was performed using RIETAN-2000.8
Selected bond lengths and angles were calculated by
ORFFE.® The photoluminescent (PL) excitation and
emission spectra of (Sri—3xTby)3Al10+3xSii—xO20 were
taken using a Hitachi F-4500 spectrophotometer in the
reflection mode.

Figure 1 shows the comparison between the observed
and calculated patterns as well as the difference curve
of the Rietveld refinement of (Sro_95Tbo_05)3A|10,15Sio_35020.
The factors of the refinement are R, = 0.0567, Ry, =
0.0749, and Rexp = 0.0561. The sample has the single-
phase crystal structure of (Sro.95Tbo.05)3Al10.15Si0.85020
with the following cell parameters: a=15.1181(5) A, b
= 11.1866(3) A, ¢ = 4.9022(2) A, and 8 = 108.131(2)°
(the numbers in parentheses are the errors in the last
digits). There are two crystallographically independent
Sr atoms in the Sr3Al1SiOy structure, with different
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Figure 2. Photoluminescencent excitation and emission
spectra of a powder sample of (Sro.93Tbo.07)3Al10.21Si0.79020.

coordination environments, that is, ten-coordinated for
Sr(1) and eight-coordinated for Sr(2).

The refinement revealed that the Tb®" ions were
located only at the Sr(1) sites, whereas the possibility
that the Tb3" ion located at the Sr(2) site or at both sites
was rejected by the negative occupancy parameters of
the Tb3" ions at the Sr(2) site. A comparison of the
Crystal structure of (Sr0,95Tb0_05)3A|10.15Si0.85020 with that
of SrzAl1(SiO, revealed that the volume of the unit cell
of (SI"o_gsTbo_o5)3A|10,15Si0,85020 was smaller than that of
Sr3Al10SiO2. The results are explained by the difference
in the ionic radius between Sr2* (1.25 A for eight-
coordination) and Tb3* (1.04 A for eight-coordination).10
The average distances of Sr1—0 decreased more than
that of Sr2—0 with increasing Th3* concentration. This
result is coincident with the fact that the Tb®" ion exists
only at the Srl site.

The excitation and emission spectra of (Sro.g3Tbo.07)3-
Al10.21Sip.70020 (Figure 2) display maxima at 228.4 and
541.4 nm, respectively. The emission peaks are assigned
to the transition from 5Dj=34 to 5Fj—3456 Of the Th3*"
ion.1

The PL intensity is shown in Figure 3 as a function
of x. The emission intensity of °Dj=3 — °Fj=3.456 around
375 and 475 nm decreased with increases in the Th3*
concentration, whereas the emission intensity of °Dj—4
— SFj=3456 around 475 and 640 nm increased. This
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Figure 3. Concentration dependence of the emission intensity
of (Sr1—xThy)sAl10+3xSi1-3x020 (0.0 < x < 0.1). The area of peaks
of emission from the 5Ds level (triangle), 5Dy level (square),
and total area (circle).

finding is explained by the following cross-relaxations
between Th3* ions: Th3"(°D3) + Th3+("Fg) — Th3"(°Dy)
+ Tb3+(7|:o).12

The Thé*-doped strontium aluminum silicates, Srp-
Al;SiO; and SrAl,Si,Og, and the strontium aluminate
SrAl;,019 were synthesized under the described condi-
tions (the Th3* concentration of each sample was 7 mol
% of the Sr2* ion), and their emission intensities were
ComparEd with that of (Sro'ggTbol(ﬂ)gAl10'21Si0.79020. A|O4
and SiO, tetrahedra form five-membered rings, sharing
corners in Sr,Al,SiO7,4 whereas AlO, and SiO, tetra-
hedra form the six-membered rings in the SrAl,Si,Og
structure.> The SrAl;,019 belongs to the magnetoplum-
bite structure, which is identical to that of BAM
(BaMgAl10017).5 In this compound, AlOg forms walls
that connect at each edge, and these walls are connected
via AlO, and AlOg. Under UV excitation, the relative
emission intensity of SrAl,SiO7, Sr,Al,SiO;, and
SrAl;,019 were 63, 6, and 20%, respectively, of (Srg.gs-
Tbo.07)3Al10.21Si0.79020.
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