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Sodium decatungstoeuropate, Nag[Eu(Ws0,g)>]-14H,0, is a promising material to convert X-ray into visible
light. In this work, temperature and exposure time-dependent scintillation of the Nag[Eu(Ws0,g)2]-14H,0
sample under X-ray excitation were evaluated. Light emission intensity decreases along with X-ray exposure
time, probably due to electronic defects at (W5018)® groups, leading to a lower efficiency of the LMCT (O—W)
process, which is determinant in the scintillation mechanism of this material. After X-ray exposition, there is a

partial recovery of the initial emission intensity, indicating that defects created are reversible. With temperature
increasing, changes in the emission spectra evidence the decreasing of the local symmetry around the Eu®* ions,
caused by reticular vibration and dehydration process. The luminescence intensity dependence with temperature
suggests the possibility to use this material as molecular thermometer in two different temperatures ranges.

1. Introduction

Scintillators are materials that can convert ionizing radiations (like
X-rays) into visible light [1]. Due to this property, these materials are
used in ionizing radiations detection and are applied in high-energy
physics, dosimetry and medical imaging technologies [2—4]. Despite of
impressive advances in the technology of direct detection, the search
for new lanthanide-based scintillators materials with high efficiency
and for new conformations of these materials is still the focus of re-
search in this area [5-7].

In this context, lanthanide ions-based compounds are promising
scintillator materials, due to the singular luminescent properties of
these ions [8]. Polyoxometalates containing lanthanide ions (LnPOM)
have electrical, magnetic and optical properties with large technolo-
gical interest [9-11]. Besides, LnPOM can be prepared from low cost
synthetic routes and molded into different conformations [10,12-14].

Among LnPOM materials, sodium decatungstoeuropate, Nao[Eu
(Ws01g)21-14H50, presents intense red emission with color purity, high
luminescence quantum efficiency under ultraviolet (UV) excitation and
can be prepared at different conformations [15]. Moreover, europium
and tungsten elements have high X-ray mass attenuation coefficients,
indicating that this material present high X-ray absorption. The synth-
esis of this compound dates back almost five decades [16] and since
then, there have been no studies about its luminescence under X-ray
excitation and about the temperature influence on its luminescent

properties.

The study of the luminescent properties as a function of temperature
and X-ray exposure time is important to evaluate the possibility of
application of the material in scintillation devices. In this work, we
discuss the temperature and exposure time-dependent scintillation of
the Nag[Eu(Ws01g)2]-14H,0 under X-ray excitation.

2. Experimental

Sodium decatungstoeuropate, Nag[Eu(Ws01g)>]-14H50, was pre-
pared according to the procedure described in literature [16-18],
starting from sodium tungstate and europium chloride 1.25molL ™!
solutions. After pH adjustment, stirring, heating and rest, the obtained
solid crystals were filtered, washed, dried and characterized. The
number of lattice water molecules was determined by thermogravi-
metric analysis and it agrees with literature [18].

Temperature and exposure time-dependent scintillation was in-
vestigated by X-ray Excited Optical Luminescence (XEOL) measure-
ments performed using a homemade instrumentation [19]. Nag[Eu
(Ws5018)2]'14H,0 sample was excited by copper soft X-ray from an
800 W (40kV and 20 mA) X-ray source and light output collected with
an optical fiber (SR-OPT-8050, RoMack Inc., one way fiber bundle,
100 um core, HOH-UV/VIS, 6.0m) coupled to a SHAMROCK 163
spectrometer, Andor Tech., equipped with 600 lines mm ! diffraction
grating and 1024 x 127 pixels iDus DV401A-BV CCD camera, Andor
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To evaluate the X-ray exposure time-dependent scintillation, the
luminescent polyoxometalate in the sample holder accessory was ex-
cited by continuous X-ray beam and emission spectra were recorded in
front face mode each 2 min during the experiment time at room tem-
perature. UV-excited photoluminescence spectroscopy (UV-PLS) mea-
surements were also performed in intervals between the X-ray exposure
time experiments. UV-PLS measurements were performed in FLUOR-
OLOG HORIBA JOBIN YVON fluorimeter, FL3-222 model, with Xenon
arc lamp as excitation light source.

Temperature-dependent scintillation was evaluated using a cryo-
stat-oven accessory coupled to the X-ray source. This accessory was
designed in our lab in collaboration with the Microtube Ferramentaria
de Precisdao e Comércio LTDA-ME company. In this accessory, the
system temperature is lowered with the use of liquid N,, and increased
with the use of an electrical resistance. Emission spectra were recorded
with the sample holder fixed at 30° of the X-ray excitation beam in the
-100 to 350 °C temperature range (25 °C step).

3. Results and discussion
3.1. Exposure time-dependent scintillation

Fig. 1 shows the emission spectra of the Nag[Eu(Ws0,g)>]-14H,0
sample recorded at beginning (2 min) and ending (480 min) of the X-ray
exposure time experiment. The known emission spectral profile of the
sodium decatungstoeuropate is observed, with all lines attributed to
5Doy—"F; (J = 0-4) transitions of the Eu®>" ion and with Dy—"F; lines
more intense than *Dy—"F, lines due to Eu®* high symmetry site (D4q)
[17,18]. After 480 min under X-ray exposure, emission intensity is re-
duced to approximately 65% of the initial intensity. However, there are
no changes in the emission spectral profile. Eu®>* ion is a known
spectroscopic probe, because its emission spectral profile is influenced
by the local chemical environment. Then, despite of the emission in-
tensity decreasing, there are not evidences of local structural changes in
the Eu®* environment.

Emission intensity of the polyoxometalate (integrated intensity of
5Do—"F; lines) as a function of the X-ray exposure time can be observed
in Fig. 2. It is possible to see that emission intensity decreases under X-
ray exposure, probably due to electronic defects created by ionizing
radiation excitation. This decreasing is more pronounced in the first
instants of X-ray excitation and the emission intensity to time ratio
becomes smaller and constant along the exposure time. Furthermore,
after a period without X-ray exposure (12h), it is observed that the
emission intensity increases, tending to return to its initial value,
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Fig. 1. X-ray excited luminescence spectra of the Nag[Eu(Ws0;g)2]-14H,0
sample recorded at beginning (2min) and ending (480 min) of the X-ray ex-
posure time experiment.
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Fig. 2. X-ray excited luminescence intensity of the Nag[Eu(WsO15)2]-14H0
sample (given by area under the line assigned to the Dy—’F; transition) as a
function of the X-ray exposure time in a 24 h experiment: 8 h under X-ray on,
12 h under X-ray off and 4 h under X-ray on.

indicating that the electronic defects created are reversible.

To better understand the scintillation mechanism in this material,
emission intensity under X-ray and UV excitation was monitored al-
ternately by XEOL and UV-PLS measurements. The result of this ex-
periment is shown in Fig. 3a. As discussed earlier, the X-ray excitation
generates electronic defects in the material. Although it is a reversible
process, the restitution of these defects is not immediate, and the
emission intensity does not assume its initial value even after a period
of time without X-ray exposure. UV-PLS measurements performed be-
tween cycles of X-ray exposure shows that emission intensity under UV
excitation also is smaller after X-ray exposure, probably because the
electronic defects created by the ionizing radiation remains in the
material and act as traps, promoting the nonradiative decay. Besides,
this experiment reveals that emission from ligand to metal charge
transfer (LMCT) excitation mechanism (275 nm) is more adversely af-
fected by X-ray exposure than emission from 4f-4f intraconfigurational
transition excitation mechanism (394nm). W®" ions have a high
atomic number and a significative contribution to X-ray mass attenua-
tion coefficients of the sodium decatungstoeuropate. Thus, X-ray ab-
sorption is higher in (W5018)% groups of the [Eu(Ws0;5)21° anion and
electronic defects are created predominantly in these groups. The
creation of defects levels close to the Eu®* high energy levels can de-
crease the energy transfer process efficiency (Fig. 3b), leading to lower
Eu®* excitation by this mechanism. Consequently, the °Dy—’F; emis-
sion intensity of Eu®" decreases under LMCT states excitation. This
analysis suggests that LMCT states are an important part of the scin-
tillation mechanism in this material.

3.2. Temperature-dependent scintillation

Fig. 4 shows the emission spectra of the Nag[Eu(Ws015)2]-14H,0
sample recorded at different temperatures, normalized by intensity of
the °Dy—"F; line. When the temperature increases, the *Dy—"F; lines
becomes broader due to the higher electronic-vibrational coupling. It
was observed that the intensity of the >Dy—’F, line increases in relation
to the ®Dy—"F; line due to symmetry changes around the Eu®* ions.
The 5Dy—"F, transition is forbidden at D,q symmetry, however, it ap-
pears in all spectra due to distortions of this symmetry. With the tem-
perature increasing and consequently, with the reticular vibration in-
creasing, probably the D,q sites are more distorted, decreasing the local
symmetry around Eu®* ions and increasing the intensity of the line
assigned to *Do—"F, transition. In addition to the vibrational effect,
there are water molecules leaving the solid structure at temperatures
above 100 °C and this dehydration process also contributes to modify
the structure of the solid and consequently, the local symmetry around
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Fig. 3. (a) Emission intensity of the Nag[Eu(Ws015),]-14H,0 sample (given by area under the line assigned to the Dy—"F; transition) as a function of the X-ray
exposure time in a 12h experiment: four cycles of 2h under X-ray on and 1 h under X-ray off. UV-PLS measurements were performed each X-ray off interval. (b)

Schematic energy level diagram of the Nag[Eu(Ws0,g)2]-14H,0.
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Fig. 4. X-ray excited luminescence spectra of the Nag[Eu(Ws0;g)2]-14H,0
sample recorded at different temperatures, normalized by intensity of the
5 75 1

Do—"F; line.

Eu®" ions. It is also observed that the intensity of the line assigned to
the ®Dy—"F, transition increases due to the J-mixing effect in lower
symmetries [20].

Symmetry changes can also be discussed by the analysis of Ry
parameter, given by the ratio between the integrated area under lines
assigned to °Dy—’F, and °Do—"F; transitions. Fig. 5 exhibits the var-
iation of the Ry; parameter as a function of the temperature. As pre-
viously discussed, with temperature increasing, the structural distor-
tions caused by reticular vibration and dehydration process lead to
decreasing of the local symmetry around the Eu®* ions. As con-
sequence, Ry; parameter increases with the temperature, especially
above 100 °C, because dehydration process starts at this temperature
and contributes significantly to structural distortions. Comparing X-ray
and LMCT (275 nm) excitations, it is possible to see that Ry; parameter
variation is similar for both, indicating that Eu®* deactivation me-
chanisms are analogous. These results corroborate the statement that
LMCT states are important on the scintillation mechanism of this ma-
terial. It is also important to note that, to a first approximation, Ry
parameter increases linearly (R> ~ 0.99) in two temperature ranges:
—100 to 0 °C and 50 to 250 °C, independent of the excitation energy (X-
ray or UV). This property allows the use of this material as molecular
thermometer in these ranges [21,22]. Above 250°C, Rp; parameter
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Fig. 5. Ry; parameter as a function of the temperature. The parameters were
obtained from emission spectra recorded under different excitations.
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Fig. 6. X-ray excited luminescence spectra of the Nag[Eu(Ws0;g)2]-14H,0

sample after thermal treatment at different temperatures, recorded at 298 K
after sample cooling.
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values decrease, probably due to the reorganization of the solid struc-
ture after water molecules leaving, which increases the Eu®" local
symmetry.

Fig. 6 shows the emission spectra of the Nag[Eu(Ws0,g)>]-14H,0
sample after thermal treatment at different temperatures, all recorded
at 298 K after sample cooling. The spectra were normalized by intensity
of the Dy—"F; line. Emission spectral profile of the sample treated at
100°C is similar to that observed for the sample without thermal
treatment (25 °C). Structural changes promoted by heating until this
temperature are only due to reticular vibrational contribution. There-
fore, these structural changes until 100 °C, which change the emission
spectral profile as observed in Fig. 4, are reversible when the tem-
perature of the sample decreases. Above 100 °C, the dehydration pro-
cess promotes significative structural changes due to water molecules
leaving from solid structure, decreasing the Eu®* local symmetry.
Therefore, the intensity of the ®Dy—"F, line increases in relation to
5Do—’F; line. These changes are not reversible and consequently,
samples treated above 100 °C present emission spectral profile different
from that observed for the sample without thermal treatment.

4. Conclusion

The Nag[Eu(Ws015)2]-14H>0 sample exhibits high emission in-
tensity under X-ray excitation, even considering the intensity de-
creasing due to the ionizing radiation exposure time. LMCT states are
important on the scintillation mechanism of this polyoxometalate. X-
ray exposure along time measurements reveals that reversible elec-
tronic defects are created in the material and the emission intensity
depends of the X-ray dose received and to the kinetics of generation and
restitution of these defects. Finally, a possibility of application is based
on the use of this material as luminescent molecular thermometer, since
the Rp; parameter can be used to determine the temperature of the
material in two ranges: —100 to 0 °C and 50 to 250 °C.
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