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Sn-doped 50BaO—-50P,05 glasses were synthesized by the melt-quenching method, and their
radiation response properties were evaluated. In both photoluminescence (PL) and scintillation,
all the samples showed broad emission peaks at around 450 nm owing to the T;—S, transition of
Sn%*. Among the samples, the highest PL quantum yield (31.3%) and light yield (240 ph/5.5
MeV-a) were obtained in the 1% Sn-doped sample.

1. Introduction

Scintillators convert high-energy ionizing radiations such as X- and y-rays into low-energy
photons, which are extensively utilized in medical imaging,() security inspection,® and high-
energy physics.® For these applications, scintillators are required to show high light yield (LY),
fast decay, large effective atomic number (Z,), and high chemical stability. However, there is no
material that meets all the requirements. Thus, various types of scintillator, including single
crystals,*=® ceramics,®1? and glasses,13-1%) have been developed to satisfy each demand.

Glasses are particularly attractive as scintillators because of their low production cost,
excellent processability, and high compositional flexibility. These features make it possible to
fabricate large, optically uniform samples for fundamental research through conventional melt-
quenching processes without complex and expensive fabrication techniques. Owing to these
advantages, various glasses such as silicate,(1%17) borate, (1819 and phosphate?®-2D) have been
proposed for radiation detection.

Here, we focused on phosphate glasses, which can be fabricated at temperatures lower than
those of other glass systems. The glass host is the BaO—P,05 system, which forms a flexible
phosphate network mainly composed of interconnected PO, tetrahedra.??) BaO strengthens the
network by bonding with non-bridging oxygen and increases Zeffm) As an emission center, Sn>*
was selected owing to its high photoluminescence (PL) and scintillation intensities reported in
various glass hosts such as SiO, (~1650 ph/5.5 MeV-a)17) and HfO,~Al,05-Si0O, (~2500 ph/5.5
MeV-0).% In this study, Sn-doped 50BaO—50P,05 glasses were synthesized by the conventional
melt-quenching method, and their PL and radiation response properties were investigated.
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2. Experimental Methods

The 50BaO-50P,05 glasses with Sn concentrations of 0.3, 1, and 3 mol% were fabricated by
the conventional melt-quenching method. BaCO; (4N), NH,H,PO, (4N), and SnO, (4N) powders
were used as starting materials. The powders, with a total amount of 1 g, were weighed at each
molar ratio and mixed using an agate mortar. The mixture was put into alumina crucibles and
heated at 1200 °C for 2 h in an atmospheric environment. The melts were poured onto a hot plate
kept at 400 °C and rapidly quenched by pressing with stainless plates. The obtained glasses, ~0.5
cm? in size, were collected and polished for each measurement.

The powder X-ray diffraction pattern (PXRD) was measured with a diffractometer (Rigaku,
MiniFlex600). The PL excitation/emission mapping and PLQOY were evaluated with Quantaurus-
QY (Hamamatsu Photonics, C11347). The PL decay curves were measured using Quantaurus-t
(Hamamatsu Photonics, C11367). The X-ray-induced scintillation and pulse height spectra were
collected using our original setups.(>>)

3. Results and Discussion

Figure 1(a) shows the appearances and PXRD patterns of the samples. All the samples were
colorless and transparent, and no crystalline phases were detected in the PXRD patterns,
confirming that the samples were amorphous. Figure 1(b) shows the PL excitation/emission
mapping of the 1% Sn-doped sample and the PL decay curves of the samples, since all the
samples exhibited similar behaviors. The emission intensity is normalized to the maximum
signal, and the regions of highest and lowest intensities are shown in white and black,
respectively. Broad emission peaks at 350—700 nm were observed under excitation at 250-325
nm. The PLQY values of 0.3, 1, and 3% Sn-doped samples under excitation at 280 nm were 5.0,
31.3, and 9.6%, respectively. Concentration quenching was observed at the 3% Sn-doped sample.
From the mapping results, the PL decay curve monitored at 450 nm was measured under
excitation at 280 nm. All the obtained PL decay curves were well approximated by a single
exponential function. The decay time constants of the 0.3, 1, and 3% Sn-doped samples were
calculated to be 6.2, 6.9, and 6.6 us, respectively. The constants were almost equivalent to those
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Fig. 1.  (Color online) (a) Appearances and PXRD patterns (scale bar = 1 mm) of the samples, (b) PL excitation/
emission mapping of the 1% Sn-doped sample and PL decay curves of the samples.
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Fig. 2. (Color online) (a) X-ray-induced scintillation and (b) pulse height spectra of the samples.

of Sn-doped glasses reported previously; thus, the origin of PL was ascribed to the T|—S,
transition of Sn%*.(17-24)

Figure 2(a) shows the X-ray-induced scintillation spectra of the samples. Broad emission
peaks were observed at around 450 nm, and the spectral shapes were the same as that in PL.
Thus, the origin of scintillation was ascribed to the T,—S,, transition of Sn?*. Figure 2(b) shows
the pulse height spectra of 24! Am o-rays (5.5 MeV) measured using the samples to calculate LYs.
For the calculation, the LY of Bi,Ge;0;, (BGO: 8000 ph/MeV®®) under irradiation with 13’Cs
y-rays (0.662 MeV) was used as a reference. LYs were calculated using the following equation:
LY ampie = LY op % E % (channely,, . /channel,yp) * (QE,/OE,,,,.), where E is the y-ray energy,
channel shows the position of full energy or photoabsorption peaks, and OF denotes the quantum
efficiency of the photomultiplier (R7600-200, Hamamatsu Photonics) The QF values of the
samples and BGO were 24.93 and 21.18%, respectively . The peak channels were evaluated by a
single Gaussian fitting, and the obtained channels for the 0.3, 1, and 3% Sn-doped samples were
100, 290, and 200 ch, respectively. The LY values of the 0.3, 1, and 3% Sn-doped samples were
calculated to be 80, 240, and 180 ph/5.5 MeV-a, respectively. The highest LY among the samples
(240 ph/5.5 MeV-a) was lower than those of other Sn-doped glasses such as 0.5% Sn-doped SiO,
(~1650 ph/5.5 MeV-0(7) and 1.0% Sn-doped 10HfO,-10A1,0,—-80SiO, (~2500 ph/5.5
MeV-a2%). According to the simplified model proposed by Robbins,?7) LY is proportional to S x
QY, where S represents the energy transfer efficiency. In this study, the LY of the samples showed
a clear correlation with QY, which is consistent with Robbins’ model.

4. Conclusions

Sn-doped 50BaO-P,05 glasses were successfully prepared by the melt-quenching method,
and their PL and scintillation properties were investigated. Both in PL and scintillation, broad
emission peaks derived from the TS, transition of Sn>" were observed. In the 1% Sn-doped
sample, the highest LY among the samples was obtained (240 ph/5.5 MeV-a), and the trend of LY
was consistent with Robbins’ model. To further increase LY, additional investigations on the
glass composition or synthesis conditions are required.
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