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In the present work, we investigate the thermoluminescence (TL) and optically stimulated luminescence 
(OSL) from strontium molybdate SrMoO4 powders designed with different capping agents. The samples were 
prepared through co-precipitation and processed in a Microwave-Assisted Hydrothermal (MAH) system. The 
structural, optical, and morphological characteristics were investigated using Raman, Fourier transform infrared 
spectroscopy (FTIR), DRX, ultraviolet-visible (UV–Vis) absorption, and Scanning electron microscopy (SEM). The 
TL glow curves recorded from as-prepared and irradiated samples with beta particles reveal that their intensity 
and profile depend on the used capping agent. The trapping depth energy, determined from the TL glows curves, 
ranges from 1.02 to 2.23 eV for the as-prepared samples and from 0.9 to 2.33 eV for the irradiated phosphors. 
The residual TL spectra, registered from successive readouts, indicate that the thermal treatment shifts the glow 
curve to lower temperatures suggesting the formation of shallower trap states. The outcomes reveal that the OSL 
signal and its behaviors with the radiation dose depend on the employed capping agent. The results show the 
TL and OSL signal’s dependence on the structural properties and support the potential application of SrMoO4

powders as an OSL detector.
1. Introduction

Strontium molybdate (SrMoO4) belongs to the class of alkaline earth 
metal molybdates with a general formula AMoO4, where A corresponds 
to the divalent cations (i.e. Ca2+, Ba2+, Sr2+), and exhibits, at room 
temperature, a scheelite-type tetragonal structure and a space group 
of (I41/a) [1]. This material has become the subject of intensive interest 
owing to its outstanding structural and optical properties, allowing their 
potential technological applications as catalysts, photocatalysts, laser 
materials, storage phosphors, gas sensors, scintillators, and radiation 
detectors [1–9].

Several methodologies are adopted to synthesize SrMoO4 phos-
phors, including the Czochralski Method [10,11], co-precipitation [12–
14], Conventional Solid-State Reaction Method [15,7], combustion 
syntheses [16,17], sol-gel [9], hydrothermal [18,19], sonochemical 
method [20], and microwave-hydrothermal [21–23,5], and others. The 
microwave-assisted hydrothermal method is excellent for preparing ce-
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ramic oxides with controlled morphology. It was reported that SrMoO4
synthesized through the hydrothermal method displays some intrinsic 
defects that induce additional absorption bands, which profoundly af-
fect their optical features and enhance their sensing properties [21]. The 
observed intrinsic defects are attributed to oxygen vacancies, interstitial 
Sr and interstitial oxygen in the SrMoO4 lattice structure [21,4,24,25]. 
SrMoO4 displays remarkable optical properties, with the main emis-
sion occurring in the green and blue spectral regions, and is recognized 
as a type of self-activated luminescent material [26,27]. An alternative 
experimental strategy employed to modify the organization level and 
tune the optical properties of materials is the use of capping agents. 
Using suitable capping agents can reduce particle agglomeration, and 
induce modifications in the disorder-order degree, particle morphology, 
and crystallite size [21]. Although the structural, optical, and morpho-
logical properties are extensively studied, to our present knowledge, 
the impact of the capping agents in the SrMoO4 trapping parameters 
and their role in the density and distribution of structural defect states 
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remains unknown. In order to understand how the capping agents af-
fect the location and distribution of the structural defects inside the 
bandgap, thermoluminescence (TL) and Optically Stimulated Lumines-
cence (OSL) techniques can be employed for a careful investigation.

Molybdates, especially SrMoO4, CaMoO4, Li2MoO4, PbMoO4 are 
studied as potential cryogenic scintillating material to be employed 
to investigate uncommon events in high energy physics [28–32]. Un-
der X-ray excitation, the SrMoO4 crystals, produced by the Czochralski 
method, exhibit a broad luminescence band in the 400 – 700 nm, 
peaking around 515 nm [33,34,29]. The energy efficiency of SrMoO4
is around 6% of that observed for the CsI:Tl standard detector [29]. 
The relative defect concentration and their depth in the band gap 
may affect the scintillation yield, the optical, electrical, and magneti-
cal properties [35,31,36–38]. These defects generate localized levels in 
the bandgap that act as carrier traps, affecting the kinetics of charge 
trapping and causing the TL and OSL emissions [39,40]. Thermolu-
minescence from undoped molybdates, including Li2MoO4, BaMoO4, 
SrMoO4, and CaMoO4, suggests that the glow curves result from in-
trinsic defects and its profile and intensity depends on the adopted 
synthesis methodology [5,31,41,42]. The SrMoO4 compounds were also 
investigated concerning their OSL emission. SrMoO4 designed by co-
precipitation and submitted to a hydrothermal treatment revealed that 
SrMoO4 is a promising material to be applied as an OSL radiation sen-
sor under beta particle irradiation [5]. The results showed that the 
OSL signal appears after thermal annealing, which induces the forma-
tion of shallower trapping states responsible for the OSL emission. On 
the other hand, the OSL emission from SrMoO4, also designed by co-
precipitation without hydrothermal treatment, does not present a linear 
OSL response with the beta particle dose. Therefore, these recent results 
suggested that the trapping depth, defects density, and distribution af-
fect the SrMoO4 OSL response [5].

In the present work, we investigate the TL and OSL response 
in SrMoO4 phosphors prepared by co-precipitation followed by the 
microwave-assisted hydrothermal method using four different capping 
reagents. The main goal of this work is to determine the kinetic param-
eters of the trapping structure from TL glow curves SrMoO4 phosphors 
using computational and well-established empirical methods published 
in the literature. The morphological, structural, and optical properties 
are evaluated in full detail. The OSL response over a wide dose interval 
was investigated for the designed materials.

2. Materials and methods

The SrMoO4 powders were prepared by co-precipitation and pro-
cessed by the microwave-hydrothermal technique using four types 
of surfactants. The employed chemical reagents were as follows: 
molybdenum trioxide (MoO3) (Alfa Aesar, 99.95%), strontium acetate 
((CH3CO2)2Sr)) (Alfa Aesar, 99%), citric acid (H3C6H5O7) (Mallinck-
rodt, 99%). The used surfactants were from Sigma-Aldrich (99.9%) 
named as follows: polyethylene glycol (HOCH2CH2OH), Mw 200 -
PEG 200, Mw 400 - PEG 400, Mw 600 - PEG 600, and CTAB (N-
cetyltrimethylammonium bromide) with 364.45 g/mol Mw [21]. As 
described in previous works, the samples were synthesized using the 
co-precipitation method followed by microwave-assisted hydrothermal 
treatment (MAH) [21]. The synthesis procedure follows: Under vigorous 
stirring 5 ×10−3 mol of MoO3 was dissolved in around 50 mL of distilled 
water. Following 5 ×10−3 mL of (CH3CO2)2Sr and surfactant was added 
under constant stirring. The pH of the solution was adjusted to 12, 
adding KOH. The samples were then submitted to an additional MAH 
treatment at 100 𝑜C for 16 min. The resulting white precipitate was 
collected, washed with ethanol and water, and dried at 60 𝑜C. Raman 
spectra were registered using a Renishaw microscope (in Via model) 
with a multichannel CCD detector and He-Ne laser (632.8 nm) from 
80 cm−1 to 1000 cm−1, with the automatic cosmic ray removal option 
set on. The Fourier Transformed Infrared spectra (FTIR) were regis-
2

tered with a Shimadzu IRPrestige-21 spectrophotometer in the spectral 
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range from 500 to 1000 cm−1. The absorbance measurements were per-
formed on a Shimadzu UV-2600 spectrophotometer in the wavelength 
range from 200 to 800 nm and a spectral resolution of 0.1 nm. In wave-
length units, the UV-Vis absorbance spectra were converted to energy 
scale using the Jacobian Conversion method [43]. The band gap energy 
was calculated employing the Tauc relation [44,45]. The particle mor-
phology was observed using a scanning electron microscope, SEM (Jeol 
JSM-6610LV). The DRX measurements were performed using a DRX D8 
ADVANCE equipment (Bruker) using Cu-K𝛼 radiation (𝜆 = 1.5418 Å), in 
the 2𝜃 range from 15𝑜 to 75𝑜 with increment of 0.02𝑜∕min.

The thermoluminescence (TL) and Optically Stimulated Lumines-
cence (OSL) signals were recorded employing a Risø TL/OSL reader, 
model DA-20, with a built-in 90Sr/90Y beta source, 1.48 GBq activity. 
The dose rate supplied to the samples is about 10 mGy/s [46]. The 
SrMoO4 powders, three aliquots with about 6 mg each, were exposed 
to a 1.2 Gy beta radiation dose. The thermal stimulation in this device 
is provided by a heating component that increases the temperature lin-
early. In this work, the adopted heating rates were 3 K/s and 5 K/s. The 
TL measurements were performed using two optical filters: (a) a Hoya 
U-340, with 7.5 mm thickness and transmission window from 270 nm 
to 380 nm, and (b) a blue filter pack with a transmission window from 
320 nm to 450 nm. The background signal was evaluated by measur-
ing the TL signal from an empty sample holder. The OSL measurements 
were carried out using a blue LED array light source with emission at 
470 nm to provide optical stimulation and the Hoya U-340 optical fil-
ter. The OSL data were registered for excitation times ranging from 1 to 
60 seconds, in continuous wave mode, with a radiance of 80 mW/cm2. 
The samples were subjected to successive TL and OSL readouts to eval-
uate the effect of heating treatments on the registered signal. The OSL 
signal was also registered in the dose range from 0.8 Gy to 10 Gy.

2.1. TL glow curve deconvolution

The experimental glow curves were analyzed adopting the com-
putadorized curve deconvolution analysis (CCDA) based on the single 
glow-peak equation of general order kinetics [47]:
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where Δ = 2𝑘𝑇
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𝐸

and 𝑍𝑚 = 1 + (𝑏 − 1)Δ𝑚
𝐸 is to the trap depth, 𝑏, the order of the kinetics, 𝑇𝑚, the temper-

ature of the maximum intensity of the peak, and 𝑘, the Boltzmann’s 
constant. The glow curve deconvolution was performed with the Mi-
crosoft Excel software, employing the Solver utility [48].

The frequency factor (𝑠) is estimated using the following equation 
[47]:
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The goodness of fit was determined by computing the Figure of Merit 
(FOM) [49]:

𝐹𝑂𝑀 =
∑
𝑝 |𝑇𝐿𝑒𝑥𝑝 − 𝑇𝐿𝑓𝑖𝑡|∑

𝑝 𝑇𝐿𝑓𝑖𝑡
(3)

where 𝑇𝐿𝑒𝑥𝑝 are the experimental data and 𝑇𝐿𝑓𝑖𝑡 the adjusted data.
The charge carriers expected lifetime (𝜏) in each trapping level for 

SrMoO4 samples, at room temperature (𝑇 = 300 K), was evaluated from 
the equation [50]:( )

𝜏 = 𝑠−1𝑒𝑥𝑝 𝐸

𝑘𝑇
(4)
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Fig. 1. FTIR, Raman, DRX, UV-Vis measurements and Tauc plot for (A) PEG200, (B) PEG400, (C) PEG600, and (D) CTAB SMO samples produced by co-precipitation 
followed by microwave hydrothermal treatment.
The expected trapping level lifetime corresponds to the time re-
quired for the TL peak intensity to be reduced by a factor 1∕𝑒 of its 
initial value [51].

3. Results and discussion

3.1. Structural and optical properties

Fig. 1 (A-D(I)) shows the registered FTIR and Raman spectra from 
the SrMoO4 samples, designed by co-precipitation and processed in a 
microwave-hydrothermal, using different capping agents as described 
before (PEG200, PEG400, PEG600, and CTAB). The SMO powders have 
tetrahedral symmetry (T𝑑 ), with the 𝐹2(𝜈3) (antisymmetric stretch) and 
𝐹2(𝜈4) (bending modes) vibrations infrared active [21]. The registered 
FTIR spectra exhibit a broad band between 750 and 950 cm−1. These 
bands are assigned to F2(𝜈3) and are related to the Mo-O antisymmetric 
stretch vibration in MoO2−

4 tetrahedra.
The Raman spectra of molybdates exhibit internal and external vi-

brational modes [22,21]. The internal vibration modes are connected 
to the tetrahedral [MO4]2− cluster vibration in the lattice with a sta-
tionary mass center [21]. These vibrations comprise three stretches 
(𝐴𝑔 + 𝐵𝑔 + 𝐸𝑔) and four modes identified as 𝜈1(𝐴1), 𝜈2(𝐸), 𝜈3(𝐹2), and 
𝜈4(𝐹2) [10,12]. The internal vibrational Raman modes in the studied 
samples are located around 886 cm−1 (𝜈1(Ag)), 845 cm−1 (𝜈3(Bg)), 796 
cm−1 (𝜈3(Eg)), 382 cm−1 (𝜈4(Eg)), 367 cm−1 (𝜈4(Bg)) and 328 cm−1
3

(𝜈2(Bg)); and, all these Raman modes are assigned to the tetrahedral 
[MO4]2− cluster vibration in the lattice with a stationary mass center. 
The peak at 182 cm−1 corresponds to the free rotation. The observed 
bands in the range from 97–140 cm−1 are the external vibrational 
modes and are associated with the motion of the rigid molecular unit 
and the Sr2+ cations [22,21]. No additional peaks are observed in the 
Raman spectra indicating no additional phase. These results agree with 
that reported in the literature for SrMoO4 structures [21].

We calculated the Raman line-shape asymmetric broadening from 
the experimental data for the peak centered around 885 cm−1. The 
asymmetric ratio is defined as AR=Γ𝐿∕Γ𝐻 where Γ𝐿 and Γ𝐻 corre-
spond to the half widths on the left (lower frequency) and right (high 
frequency) side, respectively, relative to the center of the peak [52]. The 
asymmetric factors calculated are 𝐴𝑅 = 0.93 (PEG200), 1.03 (PEG400), 
0.99 (PEG600), and 0.97 (CTAB). Asymmetric factors lower than 1.0 
indicate that the peak has a broader half-width (Γ𝐻 ) on the higher-
frequency side of the peak position. The asymmetric ratio changes 
among the samples reveal that the studied powders present different 
levels of disorder degrees.

The structure of the as-prepared SrMoO4 powders and phase pu-
rity were confirmed by the X-ray diffraction (XRD) technique, and the 
registered patterns are displayed in Fig. 1(A-D(II)). The utilization of 
different capping agents impacts particle growth and agglomeration, 
influencing the structural properties [53]. The registered diffraction 
peaks can be indexed for a scheelite-type tetragonal structure with space 
group I41/a (JCPDS card No 85-0586). The sharp and intense peaks 

reveal that the prepared powders are well crystallized. The diffrac-
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Fig. 2. SEM micrographs of the hydrothermal synthesized SrMoO with different capping agents (A) PEG200, (B) PEG400, (C) PEG600 and (D) CTAB at 10000x.
4

tion peak (112) occurs around 2𝜃 = 27.68𝑜 (PEG200), 27.69𝑜 (PEG400), 
27.61𝑜 (PEG600), and 27.66𝑜 (CTAB), revealing the formation of crys-
talline scheelite-type phase. From the JCPDS card No. 08-0482, this 
peak with 100% intensity occurs at 2𝜃 = 27.66𝑜, indicating that the ex-
perimental data agree with the standard one, with a slight variation 
on the peak position. The full widths at half maximum (FWHM) for 
the (112) plane are FWHM= 0.247 (PEG200), 0.257 (PEG400), 0.265 
(PEG600), and 0.243 (CTAB). The discrete variations in the XRD peak 
positions and FWHM values can be attributed to the different densities 
of defect concentrations in the samples. High defect concentration in 
materials impacts their internal strain field, changing their XRD pro-
files compared to moderately defect-free powders [54]. Higher defect 
concentrations broaden the full widths at half maximum (FWHM) and 
induce XRD peak shifting [55,56]. As observed by Paradelas et al. [21], 
the modifications on the diffraction angles affect the lattice parame-
ters and the crystallite size and are induced by defects. The crystal 
structure’s distortions can be related to intrinsic defects such as intersti-
tial strontium ions, oxygen vacancy, interstitial oxygen ions, and defect 
clusters. In particular, the Frenkel defects (oxygen vacancy and inter-
stitial oxygen) are recognized as the dominant defect type in CaWO4
materials due to the lower formation energy [57,58]. Therefore, con-
sidering that the samples investigated in this work have a similar crys-
talline structure to CaWO4, the defects in the SrMoO4 powders could 
also be associated with the Frenkel defects [38].

Fig. 1 (Fig. 1(A-D(III)) shows the absorbance spectral dependence 
and the Tauc plot for the SrMoO4 samples. The absorbance spectra ob-
tained, in wavelength units, were converted into energy units using 
the Jacobian conversion method [43]. The absorption spectra display 
broadband with the maximum intensity in the ultraviolet region from 
300 nm (4.13 eV) to 200 nm (6.2 eV), assigned to the electronic tran-
sitions of the [MoO4]2− complex. To calculate the optical bandgap, 
considering directly allowed transitions [21], the equation proposed by 
Wood and Tauc was used [45]. The calculated band gap values for the 
samples are 4.16 (±0.03) eV for the sample designed with PEG200, 4.10 
(±0.01) eV for PEG400, 4.11 (±0.01) eV for PEG600 and 4.06 (±0.01) eV 
4

for CTAB. The determined band gap values agree with those published 
in the literature for SrMoO4 compounds [20]. The optical absorption 
profile and bandgap values depend on the degree of structural order-
disorder in the lattice structure [59]. More ordered structures exhibit 
higher gap energy than those observed for lower ordered materials be-
cause the defects induce intermediate energy levels within the bandgap, 
reducing the gap energy value [60]. In our study, the UV–vis spec-
tra evidenced changes in band gap energies for the samples designed 
with different capping agents, indicating different order-disorder de-
grees. Therefore, the results show an increase in structural disorder of 
SrMoO4 synthesized in the presence of CTAB observed as a reduction of 
the bandgap energy, compared with the sample prepared with PEG200.

3.2. Morphological properties

Micrographs of SrMoO4 samples display octahedral morphologies, 
as expected, and the images show that the particles agglomerate and 
form different arrangements (Fig. 2 (A-D)). The shape and size of the 
formed structures depend on the used capping reagent. It is observed 
in Fig. 2 (A) that the use of PEG200 results in increased structures 
while the agglomeration degree decreases for the samples designed by 
employing capping agents with an increased molecular chain (Fig. 2 (B-
D)). Therefore, as observed by Paradelas et al. (2017), different capping 
reagents deeply affect the crystal growth process and result in different 
particles size and defect levels [21].

3.3. Thermoluminescence and optically stimulated luminescence

Thermoluminescence glow curves were measured to study the trap 
level structure and the influence of the different capping agents on the 
trapping parameters. Fig. 3(A) shows the glow curves, registered using 
the blue filter pack at 3 K/s heating rate, from as-prepared samples. 
The results show that maximum TL emission and the glow curve pro-
file change according to the used capping agent for both as-prepared 
and irradiated samples, indicating that the used capping reagent af-
fects the trap depth levels structure of the samples in agreement with 

the results from structural analysis. The samples display broad glow 
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Fig. 3. Thermoluminescent glow curves from SMO samples produced using 
PEG200, PEG400, PEG600 and CTAB capping agents measured from (A) as-
prepared at 3 K/s and (B) irradiated with 1.2 Gy at 5 K/s heating rate. The 
vertical dashed line corresponds to the peak of the as-received PEG200 sample.

curves ranging over an extensive temperature range. The SMO-PEG200 
sample depicts a narrower and lower intensity glow curve peaking at 
around 720 K. The glow curves from SMO-PEG400, SMO-PEG600, and 
SMO-CTAB peaks at 711 K, 737 K, and 743 K, respectively. The most 
intense and broader glow curve is observed for the SMO-CTAB sample. 
Fig. 3(B) shows the registered glow curves at 5 K/s for the irradiated 
samples with 1.2 Gy beta radiation. The maximum emission for the 
SMO-PEG200, SMO-PEG400, SMO-PEG600, and SMO-CTAB samples is 
731 K, 786 K, 763 K, and 741 K, respectively. The TL signal for the 
SMO-PEG200 sample is lower than the intensity registered for the other 
samples, suggesting a lower trap density or even a lower concentration 
of recombination centers, or the emitted wavelength has a lower detec-
tion efficiency. Additionally, the lower intensity of the TL glow curve 
can also indicate a higher distance between traps and recombination 
centers, reducing the light emission efficiency [5]. The comparison of 
Fig. 3 A and B shows the modifications induced in the material struc-
ture as a result of the irradiation with beta particles; it is possible to 
observe that the glow curves of some materials shift to the lower tem-
perature side (SMO-CTAB) while others shift to the higher temperature 
side. Although the use of higher heating rates shifts the glow curves to 
the higher temperature side, it is evident from the Fig. 3 the occurrence 
of variation on the peak position, and intensity, for irradiated samples 
compared to its as-prepared counterpart.

The glow curve deconvolution method was adopted to calculate the 
trapping parameters for the as-prepared and irradiated samples. The 
number of peaks required to deconvolve each spectrum was defined by 
calculating the second derivative of the glow curve spectra measured 
for each sample. The glow peak of the as-prepared SMO-PEG200 sam-
ple was fitted with four peaks, and the glow curves of all the other 
samples required five peaks. For the irradiated samples, all the glow 
curves were adjusted with five peaks (Fig. 4(A-D)). After defining the 
number of peaks for each spectrum, the parameters for each glow curve 
were computed based on the general kinetics approximation. The trap-
5

ping depth, frequency factor, and maximum temperature are calculated 
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for each peak from the best fit of the deconvolved spectra to the exper-
imental data. Table 1 brings the calculated TL kinetic parameters and 
the trapping level time for each peak. The FOM (Figure Of Merit) val-
ues for all samples are lower than 3.0% revealing an excellent fitting to 
the experimental data.

The determined activation energy (𝐸𝑝), or trap depth, are in the 
range of 0.93 eV to 2.19 eV for the as-prepared samples and from 0.90 
eV to 2.33 eV for the irradiated powders (Table 1). The results show that 
the irradiation with beta particles, with 1.2 Gy, reduces the activation 
energy for the first peak for all the studied samples. However, the higher 
decrease for the peak 1 from the deconvolved spectra was observed for 
the PEG200 (22% decrease) and PEG400 (12%) samples. The frequency 
factor values, related to the thermal release of electrons from traps, 
range from 1.6 × 108 s−1 to 8.3 × 1013 s−1 for the as-prepared samples. 
For irradiated powders, the frequency factor ranges from 1.2 × 108 s−1

to 9.9 × 1013 s−1. The determined values of s are within the physically 
acceptable range from 108 to 1014 s−1 [50]. Results show a subtle varia-
tion in the activation energy for the samples submitted to beta particle 
irradiation, with the determined values spanning over a broader range 
than their as-prepared samples counterpart. Additionally, the trapping 
depth energy of the irradiated SMO-PEG400 for the whole curve shifts 
to lower energies. The determined trapping lifetime, at 300 K, is shown 
in Table 1. The trapping lifetime ranges from 221 days to 6.1 ×1015 years 
for the as-received samples. For the irradiated powders, the trapping 
level time ranges from 43 days to 4.5 × 1017 years. The outcomes indi-
cate an increase in the trapping level lifetime values with the increase 
of the trapping depth energy. The observed Shift of the trapping depth 
energy to lower values for the first TL peak, induced by the beta particle 
irradiation, also affects the trapping level lifetime. These results suggest 
that irradiating the SrMoO4 powders may produce radiation-induced 
point defects, defects clusters, and more complicated defect structures 
affecting the TL glow curve profile and intensity [42,61].

The effect of the thermal treatment on the glow curves profile was 
investigated by executing a series of successive TL readouts at 3 K/s 
until 873 K employing the same sample using the blue filter pack 
(Fig. 5(A-D)). The experimental procedure is illustrated in Fig. 6 accord-
ing to the following steps: (I) TL readout (TL1); (II) TL reading (TL2), 
(III) Irradiation with 𝛽 particles (irradiation-1); (IV) TL reading (TL3); 
(V) TL reading (TL4); (VI) Irradiation with 𝛽 particles (irradiation-2); 
(VII) TL reading (TL5) and (VIII) TL reading (TL6).

The black curve for each group (PEG200-TL1, PEG400-TL1, PEG600-
TL1, and CTAB-TL1) corresponds to the glow curve registered from 
as-prepared powders submitted to a heating rate of 3 K/s in the temper-
ature range from 300 K to 873 K (Fig. 5). The other curves correspond 
to consecutive readouts performed with the same sample. The red 
color curves correspond to the luminescent emission from the same 
sample submitted to the previous TL1 readout without any additional 
treatment or irradiation (PEG200-TL2, PEG400-TL2, PEG600-TL2, and 
CTAB-TL2). Results show that the luminescence emission did not disap-
pear after the first readout (TL1), and the glow curves registered on the 
second readout (TL2) show that the peak shifts to lower temperatures 
for all the samples. The observed luminescence indicates modifications 
in the material trapping structure with the appearance of shallower 
trapping states due to the heating treatment. After this, the sample was 
irradiated with beta particles (irradiation-1) and submitted to a sub-
sequent TL readout assigned as TL3 in Fig. 5. The luminescence was 
registered for more one TL readout (TL4), and the last TLs readout (TL5 
and TL6) were preceded by irradiation with a 1.2 Gy dose from beta 
particles (irradiation-2). The results show that the luminescence curve 
gets broader after the first TL readout, and the glow curves shift to 
lower temperatures. The glow curve profile is not affected by the sub-
sequent TL readouts and irradiation. However, the intensity of the glow 
curves decreases even with further irradiation.

The effect of different capping agents in the defect structure in 
SrMoO4 powders was also investigated through Optically Stimulated 

Luminescence (OSL) measurements. The experimental cyclic procedure 
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Fig. 4. Deconvolution of experimental TL glow curves measured at 5 K/s heating rate from SrMoO4 samples designed with (A) PEG200, (B) PEG400, (C) PEG600 
and (D) CTAB exposed to 1.2 Gy beta radiation.

Table 1

Kinetic parameters and lifetime of charge in trap (𝜏) of the deconvoluted thermoluminescent peaks measured for the as prepared and irradiated SrMoO4 samples 
designed with different surfactants (PEG 200, PEG 400, PEG 600, and CTAB). The heating rate is 3 K/s (for the as-prepared) and 5 K/s for the irradiated samples. 
The b values show a clear trend towards second order kinetics for all the samples.

SrMoO4

Sample/
Peak

as-prepared (3K/s) 1.2 Gy (5 K/s)

T𝑝 E𝑝 Frequency 𝜏 T𝑝 E𝑝 Frequency 𝜏

(K) (eV) factor (s−1) (300 K) (K) (eV) factor (s−1) (300 K)

PEG200
1 550 1.32 3.6 × 108 1.3 × 106 y 560 1.03 1.94 × 108 33.4 y
2 625 1.5 1.8 × 1011 2.8 × 106 y 630 1.29 2.2 × 109 6.9 × 104 y
3 680 1.83 4.8 × 1012 3.7 × 1010 y 678 1.51 8.95 × 1011 8.4 × 105 y
4 732 1.98 5.4 × 1012 1.1 × 1013 y 715 1.86 1.53 × 1012 3.7 × 1011 y
5 – – – – 762 2.21 4.69 × 1013 9.2 × 1016 y

PEG400
1 505 0.93 2.2 × 108 221 days 500 0.87 1.1 × 108 43 days
2 590 1.07 1.4 × 108 2.2 × 102 y 602 1.09 2.2 × 108 3.2 × 102 y
3 648 1.43 1.5 × 1010 2.3 × 106 y 678 1.57 8.7 × 1010 8.8 × 107 y
4 710 1.81 8.3 × 1011 9.9 × 1010 y 747 1.85 5.5 × 1011 7.1 × 1011 y
5 755 1.98 1.9 × 1012 3.1 × 1013 y 805 1.94 2.4 × 1011 5.2 × 1013 y

PEG600
1 560 1.03 1.9 × 108 34 y 540 0.95 1.3 × 108 2.3 y
2 630 1.29 2.2 × 109 6.9 × 104 y 630 1.22 9.5 × 108 1.1 × 104 y
3 678 1.73 8.9 × 1011 4.2 × 109 y 690 1.73 8.6 × 1011 4.3 × 109 y
4 718 1.86 1.3 × 1012 4.4 × 1011 y 752 1.85 4.5 × 1011 8.6 × 1011 y
5 765 2.19 3.3 × 1013 6.1 × 1015 y 800 2.33 9.9 × 1013 4.5 × 1017 y

CTAB
1 560 1.03 1.9 × 108 34 y 545 0.98 1.2 × 108 7.8 y
2 630 1.29 2.2 × 109 6.9 × 104 y 615 1.22 1.1 × 109 9.2 × 103 y
3 685 1.73 6.5 × 1011 5.7 × 109 y 680 1.61 9.7 × 1010 3.7 × 104 y
4 735 1.86 6.4 × 1011 8.9 × 1011 y 722 1.91 2.6 × 1012 1.5 × 1012 y
5 770 2.0 1.4 × 1012 9.1 × 1013 y 773 2.08 4.2 × 1012 6.7 × 1014 y
6



Journal of Luminescence 257 (2023) 119662A.P. de Azevedo Marques, N.K. Umisedo, J.A. Costa et al.

Fig. 5. Glow curves from SrMoO4 samples submitted to several sequential TL readouts at 3 K/s for (A) PEG200, (B) PEG400, (C) PEG600 and (D) CTAB capping 
agents.
Fig. 6. Experimental procedure used in the successive TL measurements.

used in the OSL measurements is illustrated in Fig. 7. The measurements 
were performed using the Hoya U-340 filter.

The as-prepared samples were irradiated with a 4 Gy dose (Step 1 -
irradiation-1) from beta particles and submitted to a first OSL readout 
(Step 2 - OSL1). After this, the samples were subjected to a TL read-
out at 3 K/s until 873 K (Step 3 - TL1), a CW-OSL readout (Step 4 
-OSL2), and then subjected to subsequent irradiation with beta parti-
cles (Step 5 - irradiation-2) followed by a CW-OSL readout (Step 6 -
OSL3). Steps 5 and 6 were repeated nine times in the dose range from 
0.8 Gy to 10 Gy. Fig. 8 shows the OSL emission from the irradiated sam-
ple (Step 2), after the TL readout (Step 4), and after irradiation with 7.5 
Gy (Step 6) for SMO-PEG200, SMO-PEG400, SMO-PEG600, and SMO-
CTAB samples. The results show that no OSL signal was observed for 
the SMO-PEG200 sample under any conditions. For the SMO-PEG400 
sample, the OSL emission appears for the irradiated sample without a 
previous thermal treatment (Step 2). Without a previous thermal treat-
7

ment, the OSL signal is not observed for the irradiated SMO-PEG200, 
Fig. 7. Experimental procedure used in the successive OSL measurements.

SMO-PEG600, and SMO-CTAB samples (Step 2). The OSL signal after a 
thermal treatment without additional irradiation (Step 4) seems to have 
a slower decay time for the PEG400, PEG600, and CTAB SMO samples. 
The SMO-PEG600 sample has no OSL signal in Step 2 (irradiated with 4 
Gy) and after Step 6, where the sample received thermal treatment and 
irradiation with 7.5 Gy. The PEG400 SMO sample presents OSL emis-
sion in Steps 4 and 6. However, in Step 4 (after TL readout), the signal 
shows a slower decay than those registered after the irradiation with 
7.5 Gy (Step 6), which decays very fast. These results suggest that the 
OSL signal, immediately after the TL measurement, has the contribu-
tion of charges trapped at deeper defect states that are not accessible to 
the optical stimulus. In this case, the heat provides the energy to pro-
mote these trapped charges at deeper levels to shallower defect states 
accessible to the optical stimulus, resulting in the slow decay OSL emis-
sion.

Fig. 9 shows the increase of the OSL signal with the radiation dose, 
in the range between 0.8 Gy and 10 Gy for the PEG400 and CTAB sam-
ples. The OSL data were registered in steps of 0.3 seconds. Fig. 9(A) 

shows that the OSL signal decays quickly, before one second, for the 
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Fig. 8. OSL signal from irradiated SrMoO4 samples (4 Gy) submitted to a thermal treatment (3 K/s) and subsequent irradiation (7.5 Gy) for (A) PEG200, (B) PEG400, 
(C) PEG600 and (D) CTAB capping agents.

Fig. 9. OSL decay curves and dose response from SrMoO4 samples submitted to a previous TL readouts at 3 K/s for powders designed using (A and B) PEG400, and 
(C and D) CTAB capping agents.
PEG400 sample, where the very fast OSL component entirely dominates 
the net signal. The intensity of the OSL signal grows linearly with the in-
crease of the radiation dose (Fig. 9(B)). The OSL signal slightly increases 
with the applied radiation dose for the SMO-CTAB sample. However, 
the SMO-CTAB sample shows a slower decay time compared with the 
SMO-PEG400 samples (Fig. 9(C)) and a lower sensitivity with the radi-
ation dose (Fig. 9(D)). For PEG400, the OSL signal disappears after 60 
s illumination with blue light; that is, the exposure to 60 seconds un-
der blue light was sufficient to empty the sample traps responsible for 
the OSL signal. The observed results show that using capping agents 
8

deeply affects the luminescence emission of SrMoO4 phosphors and the 
signal decay time. The OSL signal is suppressed for the beta-irradiated 
PEG200 and PEG600 powders in the dose range from 0.8 Gy and 10 
Gy. The comparison of the TL and OSL residual signals (Figs. 5 and 9), 
where the residual OSL is close to the background and the residual TL 
glow curve is observed shifted to lower temperatures, suggests that the 
traps responsible for TL are not responsible for OSL. However, this issue 
deserves further investigation. Finally, to the best of our knowledge, this 
is the first time that a kinetic study has been done for the thermolumi-
nescence and optically stimulated luminescence from SrMoO4 designed 

with different capping agents.
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4. Conclusions

In this work, SrMoO4 nanostructures were synthesized by co-
precipitation, using different capping agents (PEG200, PEG400,
PEG600, and CTAB), followed by microwave-assisted hydrothermal 
(MAH) treatment. The characterization techniques, XRD, Raman, and 
FTIR spectra, were used to identify the Scheelite-type structure of 
SrMoO4 compounds and the distinct structural order-disorder degree as 
a consequence of the used capping agent. The octahedral morphology, 
with different levels of agglomeration of the designed powders, was 
observed by SEM microscopy. The calculated band-gap values range 
from 4.06 to 4.16 eV due to structural modifications and variations in 
intermediary energy levels within the band-gap. The TL glow curves 
showed a broad peak for all the as-prepared and irradiated samples, 
and the maximum emission temperature depends on the used capping 
agent. The trapping parameters, calculated through the deconvolution 
of the recorded glow curves, show that distinct capping agents and 
irradiation with beta particles affect the kinetic parameters due to the 
defect concentrations and distribution changes. The residual TL spectra, 
registered from successive readouts, reveal that the thermal treatment 
provokes the shift of the glow curve to lower temperatures when com-
pared with the original TL peak indicating the formation of shallower 
trap states. The OSL signal for two irradiated samples, designed with 
PEG400 and CTAB capping agents, shows a linear variation of the lu-
minescence intensity with the radiation dose ranging from 0.8 Gy to 10 
Gy. The CW-OSL decay curves recorded for the powder designed with 
PEG400 decay quickly, before one second, and the fast OSL compo-
nent entirely dominates the net signal. The results also reveal that the 
PEG400, PEG600, and CTAB samples exhibit a slow decay OSL emission 
after the TL readout suggesting that the thermal energy promotes elec-
trons trapped at deep defect states to shallower traps accessible to the 
optical stimulation. This work’s outcomes reinforce the OSL emission’s 
dependence on the trapping structure and the potential application of 
SrMoO4 powders as an OSL detector.
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