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studied by photoluminescence (PL), thermoluminescence (TL) and, for the first time, optically stimulated
luminescence in continuous wave modality (CW-OSL). The SryP,07:Eudt material was structural and
morphological characterized using X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM). The
PL excitation and emission spectra exhibited transitions related to Eu** ions into the SroP,07 host lattice.
In the excitation spectrum an intense broad charge transfer band around 267 nm was observed in all
Solvent evaporation method doped samples. A chemical reduction pgrg)cess of the Eu>* ions incorporated in the Sr,P,07 host is carried
Strontium pyrophosphate out when the samples are exposed to ““Sr beta particles and it is a crucial factor in the TL and CW-OSL
Eu3* jons responses. The TL response of the Eu>* doped Sr,P,07 samples, displays light emissions associated with
Luminescence properties the presence of Eu?* and Eu®" ions. The undoped Sr,P,07 showed TL maxima at 95, 150 and 230 °C and
CW-OSL fast decay when the samples are stimulated with infrared light. All Sr,P,07 and SrP207:Eu®*
(0.5 and 1 mol%) samples showed TL and CW-OSL linear response in the range of 0.5—25Gy and
acceptable repeatability with a variation coefficient lower than 5%. Using CW-OSL and TL dose-response
the minimum detectable dose was estimated as 2 mGy (TL-0.5 mol%), 3 mGy (TL-1 mol%), 14 mGy (TL-
undoped) and 2 mGy (CW-OSL-undoped).
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1. Introduction

The luminescent materials (phosphors) are studied for techno-
logical applications due to their ability to emit visible light when
are irradiated with different types of radiation, for example, gamma
radiation, P particles, X-ray and ultraviolet (UV) light. Pure and
doped (Ca, Sr and Ba) pyrophosphates are used as host lattices for
phosphors and recently some studies showed that the incorpora-
tion of lanthanide ions into the pyrophosphate structure provide
chemical stability and interesting properties applicable to display
devices, light emitting diodes, flat panel displays and dosimetry
materials [1,2]. In this context, the strontium pyrophosphate
(Sr2P207) has shown good structure characteristics for the incor-
poration of luminescent ions. This material exhibits two poly-
morphs: low temperature p-SroP>07 and elevated temperature a-
Sr,P,07, the phase transition occurs at about 760—780 °C. There are
two types of sites for Sr2t (Srq and Sry) ions in the SryP,07 unit cell,
both Sr?* sites are coordinated by nine oxygen ions with average
bond lengths of 2.721 A and 2.679 A, respectively [3]. @-SrP,07
contains four molecules per unit cell and has cell parameters of:
a=28917 A, b=13.173 A, c=5.400 A [4]. Since the development of
Sr2P207:Eu2Jr materials diverse investigations are oriented to study
the luminescence properties of SroP,0~ doped with rare earth ions
and transition metal ions. The Sr,P,07:Eu®* phosphor is used in
fluorescent lamps due to its high quantum efficiency (~90%) [5]. In
another investigation, the Y>* co-doped SryP,07:Eu®* showed a
long-lasting blue phosphorescence up to 8 h after turned off the UV
light excitation at 254 nm. This lasting blue emission could be
related to the energy transfer process from traps created by the
incorporation of Y>* ions [6]. Peng and Wondraczek [7] discussed
the energy transfer process and red emission emitted by the
Srzl’207:Bi2+ compound. This transfer process occurred between
two Bi** jons incorporated in both Sr; and Sr lattice sites. The Bi**
ions located on Srq site emit at 667 nm whereas the Bi2* ions on Sry
emits at 700 nm. The luminescence properties of SryP,07:Eu’t,M
(M =Li*, Na*, K") were studied by Fan et al. [8]. It is found that the
Sr2P207:Eu3+,Na+ shows the best emission intensity and enhance-
ment of the °Dy —’F, transition at 610 nm due to the charge
compensator effect and the improved crystallinity. On the other
hand, thermally stimulated luminescence (thermoluminescence,
TL) emissions were studied on SryP,07:Eu*, SryP,07:Ce3* and
SroP,07:Th>* phosphors. A TL glow curve composed by two peaks
around 192 and 292 °C was observed in ®°Co gamma irradiated
SroP,07:Eut samples [9]. Similar temperature peak at 192 °C was
shown by Sr,P,0; samples doped with Ce3* ions after exposed to
X-ray irradiation [10]. Furthermore, two TL glow peaks at 147 and
252°C were found in Tb>* doped SryP,0; phosphors irradiated
using %°Sr B-source [11]. In this work, the luminescence properties
of Srp,P,07 and Sr21’207:Eu3'Jr powders synthesized by solvent
evaporation method were studied using photoluminescence,
thermoluminescence and, for the first time, optically stimulated
luminescence. In addition, the structural and morphological char-
acteristics of SroP,07:Eu* powders were analyzed by XRD and
SEM, respectively.

2. Materials and methods
2.1. Synthesis of SroP,07 and Sr2P207:Eu3+ powders

The strontium pyrophosphate (Sr,P,07) undoped and doped
with Eu* ijons were synthesized through the simple solvent
evaporation method. SrCl, (analytical grade), (NH4);HPO4 (99%
purity) and EuCls (0.5, 1, 3, 5, 8 and 10 mol%) (99.9% purity), mixed
with deionized water in stoichiometric quantities, were used as
precursor reagents for obtaining the Sr,P,0; and SroP,07:Eu*

samples. Then, the solvent was evaporated at 250 °C by a time of
45 min. Finally, the obtained Sr,P,07 and Sr,P,07:Eu* powders
were placed into an alumina crucible and annealed at 900 °C for
18 h.

2.2. Structural (XRD) and morphological (SEM) analyses

Structural characterization of the Sr2PzO7:Eu3+ (1 mol%) pow-
ders were carried out by X-ray diffraction in a D-8 advance Bruker
diffractometer using Cu-Ko radiation (A = 1.5406 A). The XRD pat-
terns were measured from 10° up to 70° (26 in steps of 0.020° and
155 per step). SroP,07:Eu* powders were ground in an agate
mortar and sifted up to a particle size <17 um was obtained. The
sifted powders were collocated on copper grids and covered with
carbon for SEM analysis in a Field Emission Scanning Electron Mi-
croscope JEOL model JSM-7800F. The SEM images of the
Sr2P207:Eu3+ sample was scanned by an electron beam at 15 kV.

2.3. Luminescence properties of PL, TL and CW-OSL

Luminescence properties of Sr,P,07 and SroP,07.Eu* samples
were studied by photoluminescence excitation (PLE) and emission
(PL) spectra, thermoluminescence (TL) and optically stimulated
luminescence (CW-OSL). PLE and PL spectra were measured at
room temperature (RT) in a Horiba Jobin-Yvon Fluoro-Max-P fluo-
rescence spectrophotometer. Aliquots of 0.8 mg (<149 um) were
weighted and mounted into aluminum disks using silicon oil. All
samples were irradiated using a %°Sr B-source with dose rate of
0.12 Gy/s and analyzed by TL and CW-OSL in an automatic TL/OSL
Lexsyg Research equipment. The TL measurements were acquired
from RT (~25 °C) up to 300 °C with a linear heating rate of 2 °C/s and
detection windows centered at 414 and 575 nm. CW-OSL readings
of the samples were performed for 60 s with infrared light stimu-
lation peaked at 850 nm and powered by 10 mW/cm?. The CW-OSL
emissions of the samples were observed through a set of optical
filters (Schott BG-39 and Semrock FFO1-414/46) to obtain a detec-
tion window peaked at 414 nm and FWHM bandwidth of 50 nm.
One aliquot was used for each TL and CW-OSL measurement.

3. Results and discussion
3.1. Structural characterization

The XRD pattern of the Sr,P,07 doped with Eult (1 mol%) is
shown in Fig. 1a. The XRD pattern of the sample shows the pure
phase of Sr,P,07 without the formation of other undesirable phases
and matched well with the standard JCPDS file 024-1011 (red ver-
tical lines in Fig. 1a). The structural characteristic of the powders
corresponds to alpha phase (a-SroP,07) with centrosymmetric
spaced group Pnma (62), orthorhombic crystalline system and cell
parameters of a=8.917 A, b= 13.169 A and ¢ = 5.400 A. These XRD
data agree with those reported in the literature [8].

3.2. Surface morphology of SroP07:Eu*

The SrpP,07:Eu* (1 mol%) powders show a surface morphology
constituted by polycrystalline irregular particles with sizes be-
tween 1 and 4 pum distributed homogeneously over the whole
sample and the formation of some agglomerates is also observed,
the above is shown in Fig. 1b. In the inset of Fig. 1b can be appre-
ciated a detail the size and shape of the particles. The crystalline
phase, size and morphology of the particles are important charac-
teristics of a luminescent material because they affect, to some
extent, the position and intensity of the PL emissions. In particular,
luminescent materials with larger grain size such as Ln>* doped
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Fig. 1. a) XRD pattern (red lines correspond to 024-1011 file) and b) SEM image of Sr,P,0; doped with 1 mol% Eu>*. Inset shows in some detail the shape and size of the
SroP,07:Eu* particles. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

fluoride (B-NaGdF4:Eu>™) presents higher emission efficiency [12].
In this sense, the synthesized Sr,P,07:Eu®* (1mol%) powders
present a well-defined orthorhombic crystalline phase (according
to Fig. 1), proper particle size and homogeneous morphology for its
use as luminescent material. It is well known that the method of
synthesis affects strongly the morphology (shape and size) of the
powders. Several authors obtained Sr,P,07 powders using methods
such as chemical precipitation [9], combustion synthesis [2,10,11]
and high temperature solid state reaction [6—8]. In these in-
vestigations they do not reported the superficial morphology of the
synthesized samples and they do not correlated the luminescence
properties of the samples with the shape and size of the particles.
Wang et al. [13] reported the formation of flowerlike microspheres
in green strong emitted SrygyP,07:0.06Ce>*,0.02 Tb>* powders
synthesized by microwave-assisted co-precipitation reaction.
Similar morphology was observed in SroP,07:Ce3* Mn?* phosphors
synthesized by co-precipitation method. It was concluded that the
observed spherical morphology improves the luminescence prop-
erties [14]. The solvent evaporation method has been extensively
used to synthesize photoluminescence [15,16] and thermolumi-
nescence [17,18] materials due to it can be applied at relatively low
temperatures and provide homogeneity and particle size control-
lability [19]. For these reasons, we employed the solvent evapora-
tion method to synthesize the Sr,P,07 and Sr2PzO7:Eu3Jr powders.

3.3. Photoluminescence analysis

Photoluminescence emissions were studied using the excitation
(PLE) and emission (PL) spectra of the Sr,P,07:Eu®* samples (0.5, 1,
3, 5, 8 and 10 mol%) measured at RT (~25 °C). The PLE spectrum,
monitored at 612 nm associated with the Dy — ’F, characteristic
emission of Eu>* ions, exhibits an intense broad excitation band
ranging from 230 nm to 315 nm (centered at 267 nm) and five
narrow lines at 319 (“Fg — °Hs), 362 (“Fg — °Da), 377 ("Fg — °G3),
382 ("Fp — °Ly) and 394nm (Fg — °Lg) (Fig. 2a, left). A charge
transfer (CT) from 0%~ to Eu>* atoms is responsible of the broad
excitation band, the Eu* ions present a partially-filled 4f® config-
uration that is less stable than the half-filled 4f’ configuration
[20,21]. As seen in Fig. 2a, right, PL spectrum (Aex =267 nm) of
SryP,07:Eu* shows six emissions peaks centered at 536, 555, 593,
612, 652 and 698 nm corresponding respectively to the °D; — 7F1,2,
5Dg — ’Fy,°Dg — ’Fy, °Dg — ’F3, and °Dy — ’F4 Eu>* transitions.
Such behavior has been observed regardless of the matrix

(phosphates, or aluminates) and/or the luminescence process (PL
[22] or CL[23]). The magnetic dipole transition >Dyg — “F; (593 nm)
is insensitive to the symmetry, whereas that the intense electric
dipole transition °Dy — ’F, (612 nm) is induced by the lack of
inversion symmetry at the Eu>" sites [22,24]. The local symmetry of
the atoms around Eu3* jons can be measure using the intensity
ratio (R =IF,/IF;) between °Dy — ’F, and °Dy — ’F; transitions
[25,26]. The intensity of both transitions (IF, and IF;) was calculated
using the area from 570 to 603 nm and 604—642 nm, respectively.
The variation of the intensity ratio presented values of 2.11, 2.3, 1.56,
1.44, 1.65 and 1.68 for a Eu>* content of 0.5, 1, 3, 5, 8 and 10 mol%,
respectively. These values (R > 1) indicated that the Eu** ions are
incorporated into the Sr,P,07 host lattice with a low symmetry, in
the case of the sample doped with 1 mol% Eu>* it exhibits more
symmetry than those with other Eu* content. Fig. 2b depicts the
influence of Eu* content in the emission intensity of the PL
spectrum (Aex =267 nm) and in the ratio R (inset of Fig. 2b). It is
well known that the intensity of the PL emissions increases as
doping content up to a quenching concentration where the PL in-
tensity decreases. According to the inset of Fig. 2b (red circles) the
quenching concentration was found at around 8 mol% Eu>* and a
light recovery of the integrated PL intensity was observed in 10 mol
% of Eu>* content. The best integrated PL intensity is shown by the
Sr2P207:Eu3+ sample doped with 5mol%. The concentration
quenching could be influenced by the amount of Sr vacancies (V"s;)
and oxygen interstitials (O”;). Han et al. [27] proposed that the
luminescence intensity of the Sr,P,07:Dy samples is affected by the
presence of V”s. and O”; defects which were generated by the
addition of the Dy>* ions. In this study, probably the incorporation
of Eu®* into the SryP,05 lattice produce these defects that cause a
decrease of the luminescence intensity. The V”s; defect is observed
when two Eu3" ions substitute three Sr* and the 0”; defect ap-
pears in the crystal lattice whether two Sr?* atoms are substituted
by two Eu®* jons. The luminescence intensity of the Eu* ions is
reduced by energy transfer to V”s; vacancy and energy migration
through O”; interstitials.

3.4. TL and CW-OSL properties

According to the PL spectra and the available optical filters, the
SryP,07:Eu* samples were analyzed by TL using a set of filters
(Schott BG 39 and Semrock HC 575/25), centered at 575 nm with a
bandwidth of 25nm, for observing the Dy — ’F (593 nm)
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Fig. 2. a) PLE and PL spectra of SroP,07:Eu>* (5 mol%) measured at room temperature using a hem = 612 nm and hex = 267 nm, respectively, and b) PL spectra of Sr,P,07:Eu* doped
with 0.5, 1, 3, 5, 8 and 10 mol% (inset displays the integrated PL intensity and the intensity ratio (R) as function of Eu®* content).

emission of Eu>*. The TL response of the green-yellow region
(550—600 nm) exhibits glow maxima at 75, 162 and 230 °C for the
samples doped with 0.5, 1 and 3 mol% Eu>", the 5, 8 and 10 mol%
Eu?* doped samples display glow maxima at 75 and 162 °C, finally
the undoped sample shows TL maxima at 90, 150 and 230°C, as
illustrated in Fig. 3a. Nevertheless, the TL glow curve of the samples
in the green-yellow region shows a very low intensity. Therefore,
the TL response of the samples was studied in another range of
wavelength such as 385—450 nm according to reported by Upadeo
et al. [28]. It was found that Eu?* ions in the Sr,P,07 lattice change
the valence state to Eu** due to the interaction of the sample with
the ionizing radiation. As consequence, the TL emissions of the
samples were studied in the UV-blue region using a detection
window centered at 414 nm and bandwidth of 46 nm. Fig. 3b dis-
plays the TL glow curves obtained with a test dose of 8 Gy. The
undoped sample shows UV-blue TL maxima at 95, 150 and 230 °C
which are similar to observed by Seyyidoglu et al. [29] on pure
SroP207 samples. The SryP,07:Eu3t samples displayed TL glow
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curves that exhibit maxima around of 79 and 160 °C (0.5 mol%), 85
and 161 °C (1 mol%), 82 and 162 °C (3 mol%), 57, 91 and 155°C
(5mol%), 90 °C and 153 °C (8 mol%), and 86 °C and 148 °C (10 mol%)
(Fig. 3b). The dispersion of the maxima in the TL glow curves could
be related to the concentration of the Eu* ions incorporated in the
SroP207 crystal lattice, i.e. the quenching concentration affects the
intensity and temperature of the glow maximum possibly to
saturation of electron and hole traps, radiative and nonradiative
recombination competition and/or different kinds of trapping
centers [30]. Others compounds have shown TL maxima dispersion
with the variation of Eu** concentration [31,32].

On the other hand, the enhancement of the TL intensity in
SryP,07:Eu3t samples measured at wavelength that correspond to
UV-blue (385—450 nm) region confirms that a chemical reduction
process is carried out in the Eu** jons (Eu>*—Eu’**) when the
samples are exposed to °Sr beta particles. Also, the observed TL
response using the 575 nm set of optical filters (green-yellow re-
gion) implies that the concentration of Eu>* ions is not all reduced
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Fig. 3. TL glow curves measured on Sr,P,0; undoped and doped Eu* (0.5, 1, 3 5, 8 and 10 mol%) using a set of optical filters centered at a) 575 nm (green-yellow region) and b)
414 nm (UV-blue region). Inset shows the relation between the integrated TL response and Eu* content. The Eu** 0.5 mol% TL glow curve was multiplied by 1/3 and the 575 nm
integrated TL response was multiplied by 46. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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to Eu®* ions independent of the dose of radiation applied in the
sample.

The low temperature maximum (95 and 90 °C) of the undoped
sample in the UV-blue (370-460nm) and green-yellow
(550—600 nm) regions would be associated with structural de-
fects in the lattice such as oxygen vacancies, substitution and
interstitial atoms that create the localized charge losses [33] and
has been also observed in some other synthetic phosphates [34].
These defects are created and increased during the growth and
annealing of the sample, respectively. The maxima appearing in 150
and 230 °C (UV-blue and green-yellow regions) could be related to
the recombination of PO3~ and 0%~ radicals generated during the
irradiation of the samples [9]. The TL maxima of the Eu>* doped
SryP»07 samples in the UV-blue and green-yellow regions should
correspond respectively to Eu?>* and Eu>* emissions excited by
energy transfer from recombination centers associated to structural
defects (low temperature maxima, 75—91 °C) and recombination of
PO3~ and 0%~ radicals (high temperature maxima, 155—162 °C and
230°C).

Inset of Fig. 3b shows the integrated TL intensities for the Eu>*
contents studied with both 575 and 414 nm set of optical filters. For
the integrated TL glow curve obtained in the green-yellow region
the undoped sample shows an intense TL response than the others
doped samples. In the case of the integrated TL glow curves ob-
tained in the UV-blue region the sample doped with 0.5 mol%
presented the more intense TL response than the other samples. For
3, 5, 8 and 10mol% of Eu* the integrated TL response of the
samples decreased drastically. At low doping concentration the
substitutional incorporation of the Eu* impurities in Sr** sites are
predominated whereas at high concentrations the interstitial
incorporation of Eu>* ions can be carried out. Previously, Patel et al.
[35] studied the variation in TL intensity of “°Sr (5—50 Gy) irradi-
ated SrP,07:Eu* samples with concentrations from 0.1 mol% up to
5.0 mol%. They observed the higher TL intensity in samples with
0.1 mol% of Eu>* jons. Hence, the Sr,P,07:Eu’* samples doped with
3, 5, 8 and 10 mol% were not further analyzed due to its low TL
integrated response.

For the first time the CW-OSL decay curves of Sr,P,07 and
SrzP207:Eu3+ (0.5 and 1 mol%), irradiated at 8 Gy and stimulated
with IR light (850 nm and 10 mW/cm?) for 60s, are analyzed. All
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the samples were measured using a detection window centered at
414 nm (UV-blue region) to study the Eu?* blue emissions. Fig. 4a
shows that the CW-OSL response of the Sr,P,07 sample is eleven
and twenty-four times more intense than those doped with 0.5 and
1 mol% of Eu* ions. For times of 0.5 and 20 s of IR light stimulation,
the CW-OSL intensity of the undoped and doped Sr,P,07 with 0.5
and 1 mol% of Eu* samples decayed 66% and 98%, 6% and 51%, 26%
and 69%, respectively. The undoped Sr,P,07 sample showed a CW-
OSL decay faster than the SroP,07:Eu* samples. In order to
investigate the origin of the CW-OSL response the undoped and
Eu’* doped samples were firstly analyzed by TL (residual) after
subsequent CW-OSL (Fig. 4a) and secondly preheated with a
heating rate of 2 °C/s up to 120°C to isolate the second group of
components, cooled to room temperature, analyzed by CW-OSL
and then the residual TL was measured (Fig. 4b). Inset of Fig. 4a
displays the TL glow curve before and after subsequent CW-OSL
response for undoped and 0.5 mol% Eu>* doped samples. It was
found that the TL intensity of the maxima at 95 °C and 150 °C in the
undoped sample decrease after subsequent CW-OSL reading. The
intensity of the maximum at 95 °C only decreases in the initial part
which could be related to the presence of an overlapped maximum
at low temperature than 95 °C. The TL intensity of the maximum at
90°C of Sr2P,07:Eu* sample is little affected by the IR light of the
CW-OSL measure, whereas the TL intensity of the maximum at
150 °C was not modified. In Fig. 4b is shown the CW-OSL response
of the undoped and doped samples preheated at 120 °C. The CW-
OSL intensity of the undoped sample decreases drastically (~71%)
because the maximum at 95 °C were removed and only the traps
associated with the maximum at 150 °C giving rise to the CW-OSL
response. An important observation is the reappearing of the TL
maximum at 95 °C (inset of Fig. 4b) which can be related with the
phototransfer of charge carries from deep TL traps located at 150 °C
to shallow traps under IR light stimulation. This confirms that the
CW-OSL intensity of undoped samples is originated from the 95
and 150 °C maxima and the intensity of the maximum at 95 °C is
improved by phototransfer. On the contrary, the TL intensity of the
maximum at 150 °C of Eu>* doped samples not change before and
after subsequent CW-OSL readout, as well a maximum around at
90 °C is observed on the residual TL glow curve, in this sample the
phototransfer of charge carries could be related to deeper traps
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Fig. 4. CW-OSL decay curves of SroP,07 undoped and doped Eu* (0.5 and 1 mol%) samples recorded a) after irradiation and b) preheated at 120 °C with 2 °C/s heating rate. Insets of
figures show the TL glow curves before and after IR light stimulation for 60 s. The undoped CW-OSL decay curve was multiplied by 1/5 and the preheated TL glow curves of Eu**

(1 mol%) doped Sr,P,0; was multiplied by 15.



J. Roman-Lopez et al. / Journal of Alloys and Compounds 756 (2018) 126—133 131

located over 300 °C, more studies are necessary to confirm this
behavior.

The dose-response and repeatability experiments were per-
formed on the undoped Sr,P»07 and doped with 0.5 and 1 mol% of
Eu?* samples with the purpose of study its possible application in
the TL and CW-OSL fields. In dose-response test the samples were
exposed to %Sr beta particles from 0.5 Gy to 25 Gy. As can be seen
in Fig. 5, the TL and CW-OSL dose-response in the UV-blue region
was fitted using a linear regression and the fit of each regression
was monitored by the adjusted R-squared (r?). In the TL dose-
response each data was obtained from the integration of the
whole TL curve and in the CW-OSL response the data was calcu-
lated from the difference between whole integrated data and the
mean of the last ten points of the CW-OSL curve, i.e. the background
of the CW-OSL intensity was subtracted of the integrated curves.
The integrated TL and CW-OSL response of the samples showed a
linear response in the whole dose range (0.5—25 Gy) with r? equal
to 0.995 (TL-undoped), 0.997 (TL-0.5 mol%), 0.992 (TL-1 mol%), and
0.994 (CW-OSL-undoped). As mentioned above, the Sr,P,07 and
SroP,07:Eu> (0.5 mol%) samples exhibited the most intense CW-
OSL and TL response, respectively. The minimum detectable dose
(MDD) of the undoped and Eu* (0.5 and 1 mol%) doped Sr,P,07
samples was calculated using three times the standard deviation
(30) of three non-irradiated readings (TL and CW-OSL back-
grounds) [36]. The MDD values were estimated as 2 mGy (TL-
0.5 mol%), 3 mGy (TL-1 mol%), 14 mGy (TL-undoped) and 2 mGy
(CW-OSL-undoped). It means that SrP,07; and SrzP207;Eu3+
(0.5 mol%) can be respectively used to detect low doses of %St beta
particle radiation using CW-OSL and TL response.

A desirable characteristic in a TL and CW-OSL luminescent
material is that it has repeatability, with a standard deviation lower
than 5%, after a given number of irradiation and measurements.
Therefore, the TL (undoped and Eu* doped Sr,P,07 with 0.5 and
1 mol %) and CW-0OSL (undoped Sr,P,07) repeatability were stud-
ied. The samples were irradiated, using 2°Sr beta particles at 8 Gy,
and measured for ten cycles. The samples showed an acceptable TL
and CW-OSL repeatability (Fig. 6) with a variation coefficient (VC)
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Fig. 5. TL dose response of Sr,P,0- (black squares) and Sr,P,07:Eu®* doped at 0.5 (red
circles) and 1 mol% (blue triangles), and CW-OSL dose response of Sr,P,0; (green
triangles). Both TL and CW-OSL response was analyzed in the dose range 0.5—25 Gy.
Horizontal lines represent the 3¢ value of three TL and CW-OSL background mea-
surements. (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
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Fig. 6. TL repeatability of Sr,P,0; undoped (black squares) and doped with 0.5 (red
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Sr,P,07 (green triangles). Dashed lines represent the mean of the measurements. (For
interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)

equal to 3.10% (TL-undoped), 0.90% (TL-0.5 mol%), 0.16% (TL-1 mol
%) and 0.91% (CW-0SL-undoped).

TL and CW-OSL fading response (UV-blue region) were inves-
tigated in undoped and Eu* (0.5 and 1mol%) doped Sr,P,07
samples, they were irradiated to 8 Gy of °°Sr beta particles, stored at
room temperature in the dark and analyzed (TL and CW-OSL) after
different intervals of time (0.5, 1, 3, 6, 18, 24 72 and 120 h). After
each CW-OSL response the sample was cleaned with a TL readout
from RT to 300 °C and 2 °C/s heating rate. The first value (reference)
was measured immediately after irradiation. In Fig. 7 is shown the
results of the fading study. In the first 24 h the intensity of the
samples strongly decayed due to the thermal instability of the
shallow traps which are related to the maxima at low temperature
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Fig. 7. Fading of undoped (TL and CW-OSL) and Eu>* (TL-0.5 and 1mol%) doped
Sr,P,07 monitoring up to 72 h after irradiation. The samples were irradiated to 8 Gy
and storage in dark at RT.
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in the undoped (95°C) and Eu>* doped (79 and 85 °C) materials.
The undoped sample shows the less TL and CW-OSL fading after
72 h of stored with amount around 50% compared with the refer-
ence. Before 24 h the CW-OSL response displayed a fading rate
faster than the TL response and at 18 h the TL and CW-OSL fading
shows similar decayed. This behavior is due to that the first TL
maximum (95 °C) contributes more in the formation of the CW-OSL
decay curve than the second maximum (150 °C) which is thermally
stable after 24 h of storage. Eu>* (0.5 and 1 mol%) doped samples
showed similar trends with TL intensity decay around 95% after
72 h because the maximum at low temperature (79 and 85°C)
exhibits strong fading during the storage in the dark at RT.

4. Conclusions

The solvent evaporation method was successful to synthesize
undoped and Eu?* (0.5, 1, 3, 5, 8 and 10 mol%.) doped Sr,P,0;
phosphors. Photoluminescence excitation and emission spectra
showed characteristics 4f—5d transitions associated with the
presence of Eu* ions into the SroP,07 host lattice. The PL excitation
spectrum displayed an intense charge transfer band centered at
267 nm which is related to the charge transference between Eu>*
and 0%~ ions. PL concentration quenching appears in the phosphors
doped with Eu* concentrations higher than 5 mol%. The thermo-
luminescence response of the SryP,07:Eut samples measured
using a set of filters at 414 nm (UV-blue region) and 575 nm (green-
yellow region) confirms that the 2°Sr beta particles cause a chem-
ical reduction process in the Eu®* ions which change the valence
state to Eu’" ions. Thermoluminescence response of the
SroP,07:Eu®" material analyzed in the UV-blue region displays the
formation of at least two peaks around 79—90 and 148—162°C
associated with the Eu?* blue emissions. The TL glow curve of
undoped SryP,07 is composed by three peaks at 95,150 and 230 °C.
CW-OSL response of undoped and doped SrP,07:Eu* (0.5 and
1 mol%) was studied for the first time. All SroP207 and Sr2P207:Eu™
(0.5 and 1 mol%) samples exhibited a linear TL and CW-OSL dose
response from 0.5 to 25 Gy and acceptable repeatability after ten
cycles of irradiation and reading. A minimum %°Sr beta particle dose
of 2 mGy can be detected by Sr,P,07 and SryP,07.Eu>* (0.5 mol%)
samples using CW-OSL and TL dose-response. The TL and CW-0OSL
fading of the undoped sample shows a decay of 50% within the 72 h.
In Eu’* doped samples (0.5 and 1 mol%) the fading decayed ~95%
after 72 h of storage due to the thermal instability of the low
temperature maximum. Sr,P,0; and SryP,07:Eu* (0.5 mol%)
samples show interesting PL, TL and CW-OSL emissions. More
physical studies are necessary to understand the luminescence
processes involved in the CW-OSL and TL response of the undoped
and Eu3* doped Sr,P,0; materials.
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