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Undoped and Eu-doped BaAl,S, samples were synthesized by sulfurization using N,/CS,
gas flow. The XRD measurement indicated that the synthesized samples were a single phase of
cubic BaAl,S,. The Eu-doped sample exhibited photoluminescence and optically stimulated
luminescence (OSL) emissions originating from the 5d—4f transitions of Eu?*. In OSL dose
response functions, the Eu-doped sample showed a sublinear response between 10 mGy and 10
Gy with X-rays.

1. Introduction

Phosphors are often used for ionizing radiation detection.!-!') Among the phosphors, those
capable of storing ionizing radiation energy are useful for dosimetry applications, such as
personal dosimetry and medical imaging.(!>"15) The development of higher-performance
phosphors provides radiation protection and early detection of disease. Storage-type phosphors
for dosimetry applications exhibit two types of luminescence: optically stimulated luminescence
(OSL) and thermally stimulated luminescence (TSL). OSL has some advantages compared with
TSL. The dose assessment time using OSL is generally shorter, and the cost of the reader system
is lower than that using TSL. In addition, OSL prevents thermal quenching and is expected to
show a higher luminescence intensity than TSL. On the other hand, few materials are used as
OSL-type phosphors in practical applications.

To date, oxide and halide materials have been mainly researched, 131 and there are only a
few studies on sulfide materials in dosimetry fields. In particular, the reports are limited only to
binary sulfide materials as far as we know.3?73% Since some ternary sulfide materials show
good luminescence properties,3>3%) there is room to develop ternary sulfide materials for
dosimetry applications. Eu-doped BaAl,S, is known to exhibit bright blue luminescence.(7-3%)
According to a previous report, the internal PL quantum yield is more than 60%.4% Although
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the luminescence properties of Eu-doped BaAl,S, were reported more than 50 years ago,*" no
dosimetric properties of this material have been reported. In this study, we synthesized undoped
and Eu-doped BaAl,S, samples and investigated their PL and OSL properties.

2. Materials and Methods

Undoped and Eu-doped BaAl,S, samples were synthesized by the following procedure: The
starting powders used were BaCO; (3N, Kanto Chemical), Al,0; (4N, High Purity Chemical),
and Eu,O; (3N, Nippon Yttrium). The chemical compositions of the prepared samples were
BaAlL,S,; and BajgoEug g Al,S,. First, BaAl,O,4 precursors were prepared by the solid-state
reaction. After mixing, the powders were calcined at 800 °C for 12 h and then sintered at 1200
°C for 12 h in the air. The oxide precursors were sulfurized at 1000 °C for 12 h in a N,/CS, gas
flow created by bubbling with N, carrier gas through liquid CS,. The obtained samples were
pressed into pellets and sintered again at 1000 °C for 12 h in a N,/CS, gas flow. The crystal
phase of the samples was checked by X-ray diffraction (XRD) measurement using an X-ray
diffractometer (Rigaku, Ultima IV). Photoluminescence (PL) excitation and emission spectra
were measured using a spectrofluorometer (JASCO, FP-6500). The PL decay curve was
measured using Quantaurus-t (Hamamatsu Photonics, C11367) and approximated using the
following formula:

1(t) = Iyexp(—t/7). (1)

Here, I(¢) represents the intensity at time ¢, and /;, and 7 mean the initial intensity and the decay
time constant, respectively.

OSL emission and excitation spectra, decay curves, and dose-response functions were
acquired using a spectrofluorometer (JASCO, FP-8600). An X-ray generator (Spellman,
XRB80ON100/CB) with 40 kV bias voltage was used for X-ray irradiation.

3. Results and Discussion

Figure 1 shows the XRD patterns of the undoped and Eu-doped BaAl,S, samples. The inset
shows the appearance of the samples under room light and 364 nm UV light. Both XRD patterns
are consistent with a BaAl,S, reference pattern (ICSD 035136), and no impurity phases are
detected. Therefore, the obtained samples are a single phase of cubic BaAl,S,. Since the Eu-
doped sample exhibits luminescence due to Eu?" (described later) despite the BaAl,O,4 precursor
exhibiting red luminescence, Eu*' could be reduced to Eu?" during sulfurization. In the

sulfurization process, the following reaction would occur.?

BaA1204 + CSZ — BaAlzs4 + COZ(g) + CO(g) + Sz(g) + C(S) (2)

The carbon would act as a reducer. BaAl,S, has three cation sites: 6 and 12 coordinated Ba>*
sites (1.35 and 1.61 A) and 4 coordinated AP sites (0.39 A).49 EuZ" (1.17 A) occupies 6
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Fig. 1. (Color online) XRD patterns of undoped and Eu-doped BaAl,S, samples. The inset shows the photos of the
samples under (left) room light and (right) 364 nm UV light.

coordinated Ba®" sites because of ionic radii and valence.**> The samples are 9 mm in diameter,
3 mm in thickness, and gray. The color has been reported in a previous study and explained by
carbon deposition.*?) However, the present samples show no carbon diffraction peaks because of
a light element and low amount. Under UV irradiation, only the Eu-doped sample exhibits blue
emission. Therefore, the luminescence properties of the Eu-doped sample were researched.

Figure 2 shows the PL excitation and emission spectra and decay curve of the Eu-doped
sample. The Eu-doped sample exhibits a broad emission peak centered at 475 nm. The emission
wavelength is consistent with the visual color shown in the inset in Fig. 1. For the 475 nm
emission, two excitation peaks at 295 and 350 nm are observed. The spectral shapes of the
emission peak remain constant regardless of excitation wavelength, and the emission intensity
becomes the highest with 350 nm excitation. On the basis of the PL excitation and emission
spectra, the excitation and monitoring wavelengths for the PL decay curve were set to 340 and
475 nm, respectively. The obtained decay time constant is 0.33 ps. The spectral shapes of the
excitation and emission spectra well agree with previous studies,**#4%) and the decay time
constant is typical for the 5d—4f transitions of Eu%*. #¢-50) Therefore, the luminescence center is
attributed to Eu?". The carbon contamination would decrease the luminescence intensity by self-
absorption, while the overall spectral shape remains unaffected.

Figure 3 shows the OSL stimulation and emission spectra and decay curve of the Eu-doped
sample. After X-ray irradiation, the Eu-doped sample exhibits an emission peak around 475 nm
with light stimulation. Judging from the spectral shape, the luminescence origin is the 5d—4f
transitions of Eu?" as well as PL. The OSL intensity increases as the stimulation wavelength
shortens. The stimulation and monitoring wavelengths for the OSL decay curve were set to 475
and 610 nm, respectively. The emission intensity gradually decreases with continued irradiation
by light stimulation. The decay curve is evidence that the emission peak shown in Fig. 3 is due to
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Fig. 2. (Color online) PL excitation and emission spectra (inset) and decay curve of Eu-doped BaAl,S,.
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Fig. 3. OSL emission and stimulation spectra (inset) and decay curve of Eu-doped BaAl,S,.

the OSL phenomenon. According to a previous report, Eu?" acts not only as luminescence
centers but also as hole trapping centers.®" In addition, S vacancies act as electron trapping
centers.®? Therefore, Eu?" and S vacancies may drive as trapping centers in Eu-doped BaAl,S,.

Figure 4 shows the OSL dose-response function of the Eu-doped sample. The OSL intensity
is defined as the integrated intensity of OSL decay curves for each irradiation dose. The Eu-
doped sample shows sublinearity between 10 mGy and 10 Gy. During the measurement,
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Fig. 4. OSL dose-response function of Eu-doped BaAl,S,.

BaAl,S, was hydrolyzed by moisture and decreased the luminescence intensity.®> Therefore,
the OSL intensity in the higher dose range measured later was underestimated, and the dose-
response function showed sublinearity. The results comprise the first report on the OSL
properties of ternary sulfide materials, although the lower detection limit of 10 mGy is worse
than those of some commercial dosimeters.(!®3*) The gray color shown in Fig. 1 causes self-
absorption and decreases the OSL intensity. Therefore, the sensitivity can be improved by
preventing carbon deposition, for example, by using H,S gas instead of CS, for sample synthesis.
In addition, sealing should also be considered to prevent hydrolysis.

4. Conclusions

In this study, the PL and OSL properties of Eu-doped BaAl,S, were investigated. This is the
first report on the OSL properties of ternary sulfide materials. The synthesized samples were a
single phase of cubic BaAl,S,. Under UV irradiation, Eu-doped BaAl,S, exhibited an emission
peak around 475 nm, and the decay time constant was 0.33 ps. The emission peak was attributed
to the Sd—4f-transitions of Eu?". In OSL, Eu?" acted as a luminescence center as well as PL. A
sublinear response between 10 mGy and 10 Gy was observed in the OSL dose-response
functions. Eu-doped BaAl,S, demonstrated that ternary sulfide materials are suitable for
dosimetry application, although the lower detection limit of the present sample was worse than
that of a commercial dosimeter. The OSL properties could be enhanced to improve the synthesis
method.
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