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Abstract

Polycrystalline Ba2TiP2O9 phosphor was synthesized and its crystalline state was checked by X-ray diffraction. Its luminescence

properties were investigated under UV excitation and X-ray excitation. The phosphor is efficiently excited by UV light and X-ray

irradiation and presents a bright blue green luminescence band with a peak centered at about 490 nm. The luminescence quantum

efficiency (QE) and the X-ray excited emission spectra of Ba2TiP2O9 phosphor were compared with those of a highly efficient

scintillation material, Bi4Ge3O12. Ba2TiP2O9 phosphor shows higher QEs under UV excitation and comparable QE under X-ray

excitation. It is suggested that the luminescence of Ba2TiP2O9 arises from isolated centers of octahedral TiO6.

& 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Polyhedral oxides consisting of transition-metal ions
without electron in the 3d state like Ti4þ , Nb5þ , Ta5þ ,
and W6þ ions have attracted attention from scientists and
optical engineers who are looking for a good optical
material [1–6]. Of various transition-metal ions without
3d-electrons, extensive study has been made for Ti4þ -
doped polyhedral oxides because of their applications in
tunable solid-state laser host [7], nonlinear optical material
[8], phosphor [9], and long-lasting phosphorescence mate-
rial [10]. For example, Ti4þ -doped 20Na2O–10CaO–
70SiO2 glass has applications in high-density optical
storage and three-dimensional color displays [11], and
Ba2TiSi2O8 nano-crystallized ceramics are used as non-
linear optical material [8].

Ti4þ ions have shown two type luminescence of blue
and yellow emissions [12,13]. The blue emission is due to
the charge-transfer transition from 2p orbits of oxygen to
3d orbit of Ti4þ , i.e., O2�

�Ti4þ-O��Ti3þ , while the
yellow emission is due to titanium octahedron associated
with oxygen defects [13]. Most luminescence studies
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on Ti4þ ion have been made under UV excitation. Few
studies have been made under X-ray excitation.
In this paper, we report the self-activated luminescence

of polyhedral oxide, Ba2TiP2O9 (called BTP). The lumi-
nescence is measured under not only X-ray excitation but
also UV excitation, and compared with Bi4Ge3O12 (BGO)
which is currently known as a good scintillation material.
The photoluminescence quantum efficiency (QE) is inves-
tigated for BTP and BGO.
2. Experimental

Polycrystalline Ba2TiP2O9 was grown by the crystallization
from the glass composition of 50 BaO:25 TiO2:25 P2O5,
which is the stoichiometric composition of Ba2TiP2O9 crystal.
The starting material was a stoichiometric mixture of reagent
grade BaCO3, TiO2, and P2O5. Firstly, the mixture was
heated up to 500 1C and kept at this temperature for 5 h.
After that, the samples were thoroughly mixed and melted in
a platinum crucible at 1250 1C for 1 h in an electric furnace.
Crystal growth was carried out from the melts by cooling
from 1250 1C to 850 1C at 20 1C/h, and then cooling to room
temperature by switching off the electricity power source.
rved.
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Fig. 2. Photoluminescence (PL) and PL excitation (PLE) spectra of

Ba2TiP2O9. The PL was obtained at 250 nm excitation, while PLE was

obtained for 490 nm emission.
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Fig. 3. Temperature-dependent luminescence intensities of Ba2TiP2O9

excited by 266 nm Nd:YAG laser.
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X-ray diffraction (XRD) data were collected on a
Rigaku D/Max diffractometer operating at 40 kV, 30 mA
with Bragg–Brentano geometry using Cu Ka radiation
(l¼1.5405 Å). The UV-excited luminescence spectra were
recorded on a Perkin-Elmer LS-50 B luminescence spectro-
meter. The X-ray excited luminescence (XEL) spectra were
measured by using an X-ray-excited spectrometer, Fluor-
Main, where an F-30 movable X-ray tube (W anticathode
target) was used as the X-ray source. The QE was
measured by a Hamamatsu-Photonics C9920-02 Absolute
Photoluminescence Quantum Yield Measurement System
with an integral sphere at room temperature.

3. Results and discussion

Fig. 1 shows the XRD pattern of BTP powder. For
comparison, XRD pattern of the PDF2 card number No.
34-1467 (Ba2TiP2O9) in the International Centre for
Diffraction Data (ICDD) database is shown in the lower
part of Fig. 1. The observed XRD pattern is quite similar
to the standard pattern, indicating that the powder consists
of micro-crystals of pure crystal of Ba2TiP2O9

The photoluminescence (PL) spectrum of Ba2TiP2O9

excited at 250 nm is shown in Fig. 2. A broad emission
band with a peak at 490 nm (2.53 eV) is observed in the
blue-green range. This spectrum is in agreement with the
previously reported spectra [14,15]. The CIE (Commission
International de l’Eclairage 1931) coordinate is calculated
to be (x=0.222, y=0.313). The blue-green emission has
a PL decay time of 90 ms which was estimated under a
355 nm pulsed laser. Therefore we can call Ba2TiP2O9 as a
phosphor.

Fig. 3 shows the luminescence intensities of Ba2TiP2O9

single crystal in a 150–500 K temperature range. The
luminescence intensity decreases slightly with increase in
temperature from 150 K to 350 K, while decreases sharply
above 350 K. Such an abrupt thermal quenching is
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Fig. 1. XRD pattern of Ba2TiP2O9 compared with the PDF2 card

36-1467.
suggested to arise from nonradiative transition from the
excited state to the ground state due to thermal energy at
high temperature. From Fig. 3, it is concluded that
Ba2TiP2O9 has an excellent thermal stability with higher
thermal-quenching temperature (TQT) of 350 K than the
other titanates and PO4-compounds such as LiTiOPO4

(with TQT of 125 K), KTiOPO4 (100 K) and a-NbOPO4

(150 K) [16,17]. High thermal-quenching temperature is
important for the practical application to lighting, display,
and phonon-detectors.
In Fig. 2 the excitation spectrum is also shown, which

was obtained by monitoring the emission at 490 nm. The
excitation band has a peak at 250 nm. This peak position is
much shorter (higher energy) than the previously reported
PLE peak positions of various titanates. The Stokes shift
of Ba2TiP2O9 was estimated to be 20� 103 cm�1.
Fig. 4 shows the comparison of emission spectrum

excited at X-ray (XEL) of BTP with XEL of BGO.
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Fig. 4. X-ray excited luminescence of BGO and BTP measured under the

same conditions.
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Fig. 5. Photoluminescence quantum efficiencies of BGO and BTP in UV

excitation.
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The two XELs were obtained under the same experimental
conditions. It is noted that BTP has a broad emission band
similar to BGO. The integral emission intensity ratio of
BTP to BGO is 0.9, indicating the quantum yield of BTP is
comparable to that of BGO. It has been reported that the
QE ratios of YBa3B9O18, LuBa3(BO3)3, a-YBa3(BO3)3, and
Sr9Ga(PO4)7 powders to BGO powder are about 0.15,
0.50, 0.50, and 0.57, respectively [18,19]. The results
indicate that BTP is useful as a material for X-ray medical
diagnostic imaging system or scintillator. Scintillation
materials for X-ray intensifier screen are useful in micro-
crystal powder form, because the powder provides not only
qualitative measurement of luminosity but also reliable
measurements of time response and scintillation spectrum.

The photoluminescence QE of BTP which was excited at
various excitation wavelengths in the UV range is shown in
Fig. 5, together with QE of BGO. The maximum QE is 20%
for BGO which is obtained at 280 nm excitation, while
65.4% for BTP which is obtained at 250 nm. The efficiency
of BTP increases by shortening the excitation wavelength
from 320 nm to 250 nm. At excitation of 250 nm, the QE of
BTP is much higher than QE of 10.6% for BGO.
The large Stokes shift and broad emission band

observed for BTP are similar to the case [20] of materials
consisting of transition metal without electron in the 3d
state. It is suggested that the blue-green luminescence in
BTP is due to the intrinsic luminescence centers, namely
isolated TiO6 octahedra as proposed in Ti-doped oxides
[12,13]. Bouma et al. reported the detailed investigation for
the luminescence dependence of titanates on their crystal
structures [16]. They have suggested that compounds with
isolated TiO6 octahedra and short Ti–O distances give rise
to efficient luminescence with large Stokes shift, short-
wavelength (ultra-violet) absorption spectrum, and high
thermal quenching temperature in the luminescence. When
TiO6 octahedra are closely located with each other, the
luminescence quenching temperature decreases, whereas
the absorption band shifts to lower energy (long wave-
length) due to the broadening of the energy bands. In fact,
since three-dimensional TiO6 coupling occurs in the per-
ovskites BaTiO4 and rutile-type TiO2, the low absorption
band (BaTiO4: 340 nm, TiO2: 380 nm), small Stokes shifts
(BaTiO4: 9� 103 cm�1, TiO2: 5.5� 103 cm�1), and low
quenching temperatures (BaTiO4: 45 K, TiO2: 20 K) are
obtained for the two materials [16,21].
The crystal structure of BTP has not been established

yet. It is suggested, however, that the host lattices contain
the isolated TiO6 octahedra with the extremely short Ti–O
distance. This suggestion is based on the luminescence
results of BTP phosphor, e.g., the high excitation energy
(250 nm), the large Stokes shift (20� 103 cm�1), and the
high quenching temperature (350 K). Certainly, the lattice
defects such as oxygen-vacancies and cation vacancies are
conceivable to play an important role in the property of
luminescence. Further study to clarify the luminescence
mechanism of BTP is needed in the future work.
4. Conclusions

The well crystallized Ba2TiP2O9 phosphor was prepared
from the crystallization of the glass composition 50
BaO:25 TiO2:25 P2O5 The phosphor shows bright blue-
green luminescence (peaked at 490 nm) with CIE coordi-
nates of (x¼0.222, y¼0.313) under UV light excitation
and also under X-ray excitation. The emission quantum
efficiency (QE) is 90% of BGO in case of X-ray excitation,
while much higher QE than BGO under UV excitation.
Ba2TiP2O9 is not only a scintillation material but also a
photoluminescence material. Compared with the pre-
viously reported titanates, Ba2TiP2O9 has a large Stokes
shift (20� 103 cm�1), high excitation energy (250 nm), and
high quenching temperature (350 K). From these lumines-
cence characteristics, it is suggested that Ba2TiP2O9 lattices
contain the isolated TiO6 octahedral intrinsic luminescence
centers with the short Ti–O distance.
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