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Abstract: The Eu
3+

doped Sr0,5Ca0,5WO4 has been synthesized by the sol-gel method for the first time. The 

phosphors were analyzed by XRD, SEM, DTA/TG optical absorption spectra, radioluminescence (RL), 

photoluminescence (PL), and thermoluminescence (TL) spectra. The energy transfer mechanism was determined 

on Eu
3+

 doped Sr0,5Ca0,5WO4 phosphor. The XRD results reveal that the samples exhibit a tetragonal scheelite 

structure. FT-IR spectra provide the proof of scheelite structure with W-O anti-symmetric stretching vibration in 

[WO4]
2-

 tetrahedrons at 750-910 cm
-1

. The Sr0,5Ca0,5WO4 phosphor showed a broad emission between 350-750 

nm with a maximum of 506 nm. Sr0,5Ca0,5WO4:0.5Eu
3+

 phosphor exhibit characteristic emissions of Eu
+3

 (545, 

592, 614, 650, and 700 nm) in the RL spectrum. The host material has excellent energy transfer efficiency for 

lanthanide ions. The kinetic parameters were calculated by the computerized glow curve deconvolution (CGCD) 

analysis method. As a result of CGCD, three peaks (Etrap:0.74-1.46 eV) for un-doped Sr0,5Ca0,5WO4 and five 

peaks (Etrap:0.75-1.28 eV) for Sr0,5Ca0,5WO4: Eu
3+

 were determined under main TL glow curve. In the cyclic 

voltammogram of the doped sample, an oxidation peak of about -0.4 eV, which is thought to be derived from 

Eu
3+

, was observed. Based on the results, the Sr0,5Ca0,5WO4:Eu
+3

 phosphors may be potential applicants for 

LEDs. 

Key words : Kinetic parameters, luminescence, rare earth doping, sol-gel method 

 

Sol-Jel Tekniği ile Sentezlenmiş Sr0,5Ca0,5WO4 Fosforunda Eu3+ İyonunun 

Lüminesans, TL Kinetik Parametreler ve Elektrokimyasal Davranışındaki 

Rolü  

 

Öz:  Eu
3+

katkılandırılmış Sr0,5Ca0,5WO4 sol-jel method ile ilk kez sentezlenmiştir. Forsforların DTA/TG, XRD, 

SEM, optik absorpsiyon, fotolüminesans (PL), radyolüminesans (RL) ve termolüminesans (TL) teknikleriyle 

analiz edilmiştir. Enerji transfer mekanizması Eu
3+

 katkılı fosfor için belirlenmiştir. XRD sonuçları örneklerin 

tetragonal şelit yapıda olduğu ortaya koymaktadır. RL spektrumlarında Sr0,5Ca0,5WO4 fosforu 350-750 nm 

aralığında 506 nm zirve yapan geniş bir emisyon bandı göstermiştir ve Sr0,5Ca0,5WO4:0.5Eu
3+

 fosofru Eu
+3

 

iyonunun karakteristik (545, 592, 614, 650, and 700 nm) geçişlerini göstermiştir. Kinetik parametrelerin 

hesaplanmasında bilgisayarlı ışıma eğrisi ayrıştırma (CGCD) metodu kullanılmıştır. CGCD sonuçları, ana TL 

ışıma eğrilerinde Sr0,5Ca0,5WO4 örneği için üç ve Sr0,5Ca0,5WO4: Eu
3+

 fosforu için beş pik belirlenmiştir. 

Katkılandırılmış örneğin döngüsel voltamogramında Eu
3+

 dan kaynaklandığı düşünülen yaklaşık -0.4 eV’ lik bir 

oksidasyon zirvesi gözlendi. Bu sonuçlar temelinde Sr0,5Ca0,5WO4:Eu
+3

 fosforları ışık yayan diyot uygulamarı 

için potansiyel oluşturabilirler.  
 

Anahtar kelimeler: Kinetik parametreler, lüminesans, nadir toprak iyonu dopu, sol-jel metodu 

http://www.teknolojikarastirmalar./
http://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=xz5s9XSyulZkLM&tbnid=oCAfilol35s7FM:&ved=0CAUQjRw&url=http://ahmetatangrafiktasarim.blogspot.com/2011/06/tubiad-kuruldu.html&ei=23GwUZS3GoGbtAaknYHQAQ&bvm=bv.47534661,d.Yms&psig=AFQjCNE6WroNwBybnesv1SG0F_JPplJUQQ&ust=1370604374041622
mailto:mehmetismailkati@gmail.com


Katı, M. İ., Keskin, İ.Ç.,Türemiş, M., Çetin, A., Kibar, R. ECJSE 2021 (1) 254-267   

 

255 

 

1. Introduction 

 

Recently, studies on trivalent rare-earths (RE
3+

) doped phosphors have increased significantly [1]. 

These phosphors are used widely in potential fields, such as lighting, display devices, fluorescent 

and phosphorescent materials for biological applications, white light-emitting diodes (WLEDs), 

sensors, and dose sensitivity improvements nuclear medicine field dating of biological samples, 

etc.[2]. WLEDs appear as light sources in various fields with economic advantages in repair and 

energy as well as positive benefits on the environment [3] 

 

The tungstate and molybdate-based derivatives (ABO4: Ca
2+

, Sr
2+

, Ba
2+

, B:MO
6+

, W
6+

) are 

appropriate host materials for the addition of trivalent lanthanide ions (RE
3+

). New compounds 

formed by the combination of tetrahedral [VO4, PO4, MoO4, and WO4] group are ideal host material 

for phosphors due to these clusters thermal and chemical stability [4]. The chemical stability of 

WO4 is activated depending on the geometry, which has a central W metal ion that is coordinated 

by four O
2-

 in tetrahedral symmetry [5]. Rare-earths such as Eu
3+

 doped in tungstate are widely 

known as luminescent materials having unique chemical and physical properties [6]. The physical 

properties of these materials are based on lattice defects that occur folded by other ions. The 

difference in electronic density between the dopant and host material and the differences in 

electronic orientation structures are the most important factors for forming luminescence centers 

[7]. Generally, Eu
3+

 doped tungstate-based materials are expected to have characteristic red 

luminescence emission. This characteristic emission is based on the electronic orbital properties of 

materials [8]. These electronic properties are derived from the shape, size, crystal types, and 

compositions that rely on synthesis methods[9]. Many methods are used in the synthesis of 

inorganic substances, such as solid-state reactions, precursor polymeric, electrochemical cells [10], 

galvanic cells [11], molten salts [12], microwave, Pechini [13], Czockhralski [14], co-precipitation 

[15], flame spray [16] and sol-gel [2]. The sol-gel method is of much interest due to its advantages, 

such as easy stoichiometric control, good homogeneity, and low calcination temperature. Besides, 

generally prepared materials by sol-gel process excellent luminescent properties and small particle 

size.  

 

In this article, un-doped Sr0,5Ca0,5WO4 and Sr0,5-xCa0,5WO4:Eux
3+

 highly luminescent phosphors 

were prepared by the sol-gel method for the first time. The changes that occur with Eu
3+

 doping in 

the sample's optical, structural, and morphological properties were examined. For the first time, 

radioluminescence and photoluminescence properties of Sr0,5Ca0,5WO4:0.5Eu
3+ 

(mol %) were 

investigated in detail. In addition to RL and PL measurements, TL glow curves of the samples were 

also taken. The RL system is different from PL due to its excitation source. Unlike the PL system, 

X-ray radiation penetrates the entire sample in the RL system to stimulate it and generate new 

luminescence defects [17]. In addition to these investigations, XRD, TG-DTA, absorption 

measurements, and SEM images of these phosphors were also taken and interpreted. 
 

2. Materials and Methods 

 

2.1.Preparation of Samples 

 

2.1.1. Synthesis of Sr0.5Ca0.5WO4:Eu
3+ 

 

All the chemicals used in this study were obtained from commercial suppliers. Europium (III) 

nitrate hydrate (Sigma Aldrich 99.9%) was used as the dopant rare earth material. As starting 

materials, Strontium nitrate (Sr(NO3)2) (Acros Organics 99+%), Calcium nitrate tetrahydrate 

(Ca(NO3)24H2O) (Sigma Aldrich 99.9%), Ammonium para tungstate ((NH4)10H2(W2O7)6 xH2O) 

(Merck 99%), were used, and also citric acid monohydrate (C6H8O7H2O) was utilized as a chelating 

agent. All aqueous solutions were prepared using double distilled. The number of materials to be 
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used was primarily calculated as 0.01 molar, taking into account stoichiometric coefficients. The 

ammonium para tungstate was fully dissolved in 300 ml of double-distilled water at 90 
o
C and was 

continuously mixed until it became transparent. The solution was allowed to cool at room 

temperature. No precipitate formed in the solution.  The molar ratio (total metal cations: citric acid) 

was 1:3. Strontium nitrate and calcium nitrate tetrahydrate were dissolved together in another 

container, and then with continuous magnetic stirring at room temperature, 50 ml aqueous solution 

containing (NH4)10H2(W2O7)6 xH2O was slowly added to this solution. By dissolving in 10 ml of 

ionized water, the dopant (europium III nitrate hydrate) was added to this solution. The stirring time 

of the resulting solution was 2 h. The solution was kept in an oven for 16 hours at 80 
o
C. By 

evaporating water, a clear gel was obtained. The gel was dried in an oven at 120 
o
C for 

approximately 24 h. In order to remove the nitrate in the dry gel content, it was thoroughly dried by 

increasing it by 10 
o
C from        120 

o
C to 200 

o
C in 45-minute steps. Ultimately, via TG DTA 

analysis, the heat treatment process has been determined, and powder phosphor has been obtained 

using this process. 

 

2.2. Characterization 

 

X-ray diffraction (XRD) patterns of the prepared Sr0,5Ca0,5WO4: Eu
3+

 luminescent powders through 

sol-gel reaction technique were carried out under room temperature by a PANalytical Empyrean X-

ray diffraction (XRD) appliance. The diffractometer's voltage and current values in this study were 

set to 45 kV and 40 mA, respectively. Cu-Kα (1.5405 Å) was used as the radiation source. XRD 

patterns were obtained by step scanning from 10
o
-80

o
 (2θ in steps of 0.01313

o
; 59.925 s per step; 

0.055 
o
/s scan speed and 5331 number of step). Before XRD measurements, all samples were kept 

in an oven at 90
o
C for 12 hours to remove possible ambient humidity and were cooled to room 

temperature in a designator. 

 

TG-DTA measurements of phosphors samples were carried out synchronously employing Exstar 

S11 TG/DTA 7300 thermal analyzer. These measurements were studied in the temperature range of 

25-1000
 o

C at a heating rate of 10 
o
C min

-1
 in the argon atmosphere. By using Perkin-Elmer 

Lambda 950 spectrophotometer, the optical absorption spectra of samples were registered at room 

temperature in the wavelength region of 200–800 nm. It was not shown in the graph as there was no 

peak in part after 500 nm. 

 

PL spectra were recorded using an FLS920 spectrofluorometer. Also, the photoluminescence 

instrument is equipped with a Standard xenon lamp (488 nm). The RL spectra were created in an X-

ray unit with a Machlett OEG-50A tube running with a current of 15 mA and a voltage of 30 kV, 

delivering a dose rate of 30 Gy min
-1

. The luminescence detection system is conducted with a Jobin 

Yvon spectrometer coupled to a liquid nitrogen cooled CCD detector. 

 

The UV irradiated phosphors for TL analysis were readout in the darkroom with an RA94 

Reader/Analyser system at a linear heating rate of 2 
o
C/s from 50 

o
C to 350 

o
C in an N2 atmosphere 

in a dark environment. 

 

The Nova Nano SEM 650 field-emission scanning electron microscope (FE-SEM) was utilized to 

investigate these phosphors' morphology. SE (secondary electron) detector was selected for SEM 

images, and the working distance (WD) was set to about 7mm. For host and doped phosphorus, 

images were taken at 10Kx and 20Kx magnifications. 

 

A conventional tree-electrode electrochemical system was used to investigate the electrochemical 

behavior of samples [18]. Cyclic voltammetry was performed on an Autolab potentiostat-

galvanostat (PGSTAT 101 and PGSTAT 128N) with a three-electrode system. Three electrodes, 
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which consisted of a working electrode (having a 3mm diameter glassy carbon electrode), auxiliary 

electrode ( a bright platinum wire), and a reference electrode (Ag/AgCI (sat. KCI)) were used in all 

measurements taken at room temperature. 
 

3. Result and Discussion 

 

3.1. Crystal Structure of Sr0.5Ca0.5WO4:Eu
3+

 

 

Generally, the anticipated optimum crystallinity phosphors have stronger lighting and smaller traps. 

Besides, crystallization and phase structure are some of the important parameters for luminescent 

materials [19]. The crystallinity of the host Sr0,5Ca0,5WO4 luminescent powder and its Eu
3+

 doped 

variety were examined by X-ray diffraction. Fig. 1 shows the XRD patterns of Sr0,5Ca0,5WO4 and 

Sr0,5Ca0,5WO4:0.5Eu
3+

(mol %) prepared by the sol-gel method and sintered 2 hours at 900
o
C. 

Additionally, the XRD pattern of these materials is compared with the SrWO4 given in the literature 

(ICSD card number 98-015-5745). As it can be seen, all of the phases of the phosphorus 

synthesized can be indexed as tetragonal scheelite phase (space group: I41/a and group number:88), 

and it is compatible with the literature [20]. Lattice and structural parameters of Sr0,5Ca0,5WO4 

(Table 1.) were calculated with the Rietveld refinement using the High Score Plus program. The 

lattice parameters were found to d=2.9211Å, a= 5.3316Å, b= 5.3316Å, c= 11.6844Å for tempered 

Sr0,5Ca0,5WO4 sample (represented Fig. 2). 
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Figure 1.  XRD patterns of the Sr0,5Ca0,5WO4 and Sr0,45Ca0,5WO4:Eu
3+

0,05 compared with the 

standard data of SrWO4 

 

Some rare-earth ions like Tb
3+

, Eu
3+

 are susceptible in Sr0,5Ca0,5WO4 crystal lattice, and the Eu
3+

-

dope does not significantly affect the phase structure. Moreover, XRD patterns revealed the lack of 

diffraction peaks attributed to the europium oxide (Eu2O3) and (CaO) that proposes to 

Sr0,5Ca0,5WO4:Eu
3+

 phosphors were produced in their pure state. The average crystallite size was 

found to 57 nm, 59 nm for un-doped Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:0.5Eu
3+

(mol %) respectively. 
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The crystallite size was calculated using Debye-Scherrer’s formula from the plane (112), the highest 

peak of the XRD model; D=kλ/βCosθ, where D is the crystallite size (nm), k=0.94, λCu=0.15406 

nm, β is the full-width at half-maximum of the peak in radians corrected from instrumental 

broadening, θ is peak angle. 

 

 

 

Figure 2. Representative tetragonal scheelite structure of Sr0,5Ca0,5WO4  

Table 1. The lattice parameters of un-doped Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:Eu
3+

 phosphors. 

 

Samples (hkl) 2Ɵ(
0
) d(Å) a(Å) b(Å) c(Å) 

Volume of cell 

(10
6
pm

3
) 

ICSD#98-015-5745 
(004) 

(020) 

30.153 

33.261 

2.9615 

2.6915 

- 

5.3830 

- 

5.3830 

11.8460 

- 
343.26 

Un-Doped Sr0,5Ca0,5WO4 
(004) 

(020) 

30.578 

33.590 

2.9211 

2.6658 

- 

5.3316 

- 

5.3316 

11.6844 

- 
332.14 

Sr0,45Ca0,5WO4:Eu
3+

0,05 
(004) 

(020) 

30.542 

33.523 

2.9246 

2.6710 

- 

5.3418 

- 

5.3418 

11.6984 

- 
333.81 

 

3.2. Thermal Properties of Sr0,45Ca0,5WO4: Eu
3+

0,05 

 

For phosphors used in white emitting LEDs, thermal properties are critical technological 

parameters. Therefore, TG-DTA analyses were performed to understand the thermal properties of 

Sr0,5Ca0,5WO4 phosphor. The powder sample produced by the sol-gel method and dried after the 

gelation process was prepared to decide the path to be followed in the heat treatment technique. 

Exstar brand S11 TG/DTA 7300 model device was used to determine the thermal properties and the 

appropriate heat treatment regime. The measurement was carried out in an argon atmosphere.  The 

sample was heated up to 1000 
o
C, and the heating rate was 10 

o
C/min. 

 

Figure 3 shows the thermal behavior of the dried gel of Sr0,5Ca0,5WO4 precursor solution. It is seen 

that 50 % weight of dried gel was lost at the end of the thermal analysis. The reason for this is that 

the precursor solutions include a massive amount of organic compounds. This is the typical 

characteristic of the sol-gel technique [21]. Firstly the solution was dried at 200 
o
C, and solvent 

molecules have left the structure. So that reactions started after 200 
o
C in thermal analysis. Progress 

of weight loss continued from the temperature of 200 
o
C to 850 °C. The endothermic peak after 200 

o
C might be the related decomposition of excess non-chelated citric acid [22]. 
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DTA curve shows several exothermic peaks between 300 and 600 ºC. These peaks at about 320, 

410, and 520 ºC correspond to the pyrolysis of organic compounds. A sharp endothermic peak 

located around 820 ºC indicated the crystallization of the gel [11]. 

 

Figure 3. DTA and TGA graph of the Sr0,5Ca0,5WO4 

 

The heat treatment regime to synthesize the desired phase was determined in the light of thermal 

analysis results. The Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:0.5Eu
3+

(mol %) phosphors which are 

prepared by the sol-gel method sintered 2 hours at 900
o
C. 

 

3.3. FT-IR Results 

 

FT-IR spectra of the samples taken in the range of 450-4000 cm
-1

 are shown in Fig.4. The FT-IR 

research was applied to total qualitative information about the principal components in the samples. 

When generally looking in Fig.4, both samples showed similar spectral bands.  
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Figure 1. The FT-IR spectrum of the Sr0,5Ca0,5WO4 and Sr0,45Ca0,5WO4:Eu
3+

0,05 

 

For both samples, the reasonably wide absorption band, which has a peak at 3400 cm
-1

 and 

extending to the wavenumber range to 3100 cm
-1

, is assigned to the O-H stretching of H2O on the 

surface of the samples. The peaks around 2400 cm
-1 

are thought to be caused by C-O vibrations of 
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atmospheric CO2[23]. In the region of 500-1000 cm
-1

 in the FT-IR spectrum of the Sr0,5Ca0,5WO4 

and Sr0,5Ca0,5WO4:0.5Eu
3+

(mol%) samples, the spectra show a characteristic band of W-O anti-

symmetric stretching vibration in [WO4]
2-

 tetrahedrons at 750-910 cm
-1

. This band is one of the 

internal modes specified as ν3(F2) anti-symmetric stretching vibration, and FT-IR results are 

appropriate with other MWO4(M=Ba, Sr, and Ca) in the literature[24]. 

 

3.4. Morphological Properties of Phosphors 

 

The FE-SEM also investigated the morphology of the host and doped phosphors. It can be seen 

clearly from the images(Fig. 5); the dopant ions show good uniformity. The Sr0,45Ca0,5WO4:Eu
3+

0,05 

samples were composed through a soft chemical process in which Eu
3+

, Sr
2+

, Ca
2+,

 and WO4
2-

 ions 

were homogeneously mixed in molecular levels. 

 

The host material Sr0,5Ca0,5WO4 has a tetragonal crystal structure as determined in the XRD 

analysis. Besides, in doped phosphors, SEM image Fig.5 (c-d) showed that the morphology was 

relatively spheroid. These structures are formed by Eu
3+

 contribution. 

 

 

Figure 2. SEM images of un-doped Sr0,5Ca0,5WO4 (a-b), Sr0,5Ca0,5WO4:0.5Eu
3+

 (mol %) (c-d).  

 

3.5. Optical Properties of Host and Sr0,45Ca0,5WO4:Eu
3+

0,05 

 

The dopant effect on the luminescent properties and emission spectra of Sr0,5Ca0,5WO4 were 

investigated with different excitation sources. The spectra were obtained for the phosphor materials 

as a result of X-ray stimulation in the RL system and light stimulation in the PL system, and those 

are indicated in Fig. 6 and Fig. 7. The RL spectra were recorded at room temperature for un-doped 

and Eu
3+

 doped Sr0,5Ca0,5WO4 phosphors synthesized by the sol-gel method under X-ray irradiation. 

Figure 6a shows the RL spectrum of un-doped Sr0,5Ca0,5WO4  range from 300 to 900 nm at room 

temperature. A broad emission of 350-750 nm appears in the RL spectrum of the host material. 

When this emission is examined in detail, wavelengths of peaks are approximately 420, 464, 506, 

and 526 nm. It can be said that the radiative transitions cause it within WO4
2-

 complexes, creating 

change transfer from O to W ions in the host material [25]. This quite strong emission continues to 
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exist after the Eu contribution. As can be seen that, the RL spectra line of Eu
3+

 ion contains sharp 

emission peaks between 550 and 750 nm (Fig. 6b), which are derived from the electronic transitions 

of 
5
D0→

7
Fj (J=1, 2, 3, 4). When the crystal cage is doped with Eu

3+
, the broad emission band in the 

range of 400-700 nm is significantly reduced, and the characteristic emission peaks of Eu
3+

 are 

improved. These emission peaks are clear evidence for energy transfer from the host material (Un-

doped Sr0,5Ca0,5WO4) to Eu
3+

. Also, the transition lines of host material Sr0,5Ca0,5WO4, which is 

doped with Eu
3+

 (592 nm, 
5
D0→

7
F1; 614 nm, 

5
D0→

7
F2; 650 nm, 

5
D0→

7
F3; 700 nm, 

5
D0→

7
F4) are 

seen in the RL and PL emission spectra. At the same time, the absorption bands (
7
F0→

5
G5, 

7
F0→

5
F2, 

7
F0→

5
L7, 

7
F0→

5
D4, 

7
F0→

5
L6, 

7
F0→

5
D3, 

7
F0→

5
D2,

 7
F0→

5
D1 transitions) are observed for 

Sr0,45Ca0,5WO4:Eu
3+

0,05; in the PL excitation spectrum (Fig. 7 b). The red light is caused by 
5
D0→

7
F2 electric-dipole transition of Eu

3+
. The 

5
D0→

7
F2 transition strongly influenced by the 

chemical environment of Eu
3+

 in the host lattice is stronger than the transition of 
7
F1 energy level, 

which indicates Eu
3+

 in low symmetry fields [2]. If the Eu ions occupy sites without an inversion 

center (i.e., low symmetry sites), electrical dipole transitions are evident [26]. The transition: 
5
D0→

7
F1, at 592 nm, originates from the parity-allowed magnetic dipole transition and is non-

sensitive to the crystal field environment. This transition becomes prominent for the cases when Eu 

ions are located at high symmetry sites. The higher intensity of electric dipolar transitions (614 nm) 

than magnetic dipolar transitions (592 nm) shows that Eu ions in Sr0,5Ca0,5WO4 lattice are located at 

low symmetry sites. 

 

 

Figure 3. RL spectra of un-doped Sr0,5Ca0,5WO4(a) and Sr0,5Ca0,5WO4:0.5Eu
3+

(mol %)(b). 

 

 

Figure 4. Photoluminescence excitation and emission spectra of un-doped Sr0,5Ca0,5WO4(a) and 

Sr0,5Ca0,5WO4:0.5Eu
3+

(mol%)(b). 

 

Figure 7a. shows the PL excitation and emission spectrum of un-doped Sr0,5Ca0,5WO4 range from 

350 to 700 nm at room temperature. When the sample is excited under 370 nm light, Sr0,5Ca0,5WO4  

emits a broad emission in the electromagnetic spectrum's blue region resulting from W-O charge 

transitions within [WO4]
2-

 group and peaking at 414, 438, 506, and 560 nm. In summary, it was 
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observed that there are broad emission bands in the visible region in both RL and PL spectra for un-

doped Sr0,5Ca0,5WO4. This situation is not often observed. So the emission spectra of RL and PL 

represent that Eu
3+

 doped Sr0,5Ca0,5WO4 can be used as a red phosphor for LEDs. 

 

3.6. Thermoluminescence (TL) Properties 

 

The thermoluminescence (TL) glow curves for un-doped, and doped phosphors at a heating rate of   

2 
○
C.s

-1
 are shown in Fig. 8. TL glow curves were obtained after 10 min short-wave UV (254 nm) 

irradiation in the darkroom. As shown in Fig. 8, TL glow curves at 90 and 250 
o
C, which have a 

shoulder at around 202 
○
C, have been observed for un-doped Sr0,5Ca0,5WO4. Three main glow peaks 

have been observed for Sr0,45Ca0,5WO4:Eu
3+

0,05; the first (55 
o
C) and second (145 

o
C) broad peaks 

include the peaks of the host material; the third one is at 215 
o
C with a shoulder at around 175 

o
C. 

The traps formed by Eu
3+

 ion doping in the crystal lattice resulted in the TL curves at high 

temperatures. These TL spectra are very complex and difficult to interpret. In interpreting the TL 

spectra, there are many parameters such as the variety of excitation sources, the energy level of 

stimulation source, and the excitation of deep and shallow traps close to the recombination center. 

Therefore, the deconvolution of complex glow curves into their components is widely applied for 

evaluating the kinetic parameters using curve fitting methods [27,28]. 

 

 

Figure 5. TL glow curves of Sr0,5Ca0,5WO4 (a) and Sr0,5Ca0,5WO4:0.5Eu
3+

 (b) under 10 min. UV 

irradiation (254nm). 

 

Figure 6. Fitted multiparameter peaks for main TL glow curves. 

 

Computerized glow curve deconvolution (CGCD) analysis was performed to separate each peak 

from the main TL glow curve. As seen from Fig. 9, the analyzed TL glow curves occurred three and 

five glow peaks for un-doped Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:Eu
3+

0,05, respectively. The analysis 

of the peak maxima was solved with high accuracy(r
2
 = 0.996 and 0.998). The kinetic parameters of 
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these peaks are given in Table 2. The calculated activation energy and frequency factor values are 

in harmony with each other. 

 

Table 2. Physical parameters obtained from the deconvolution of TL glow curves of Un-doped and 

(0,5 mol%)Eu
3+

 doped Sr0,5Ca0,5WO4 (Fig. 9) with r
2
 = 0.996 and 0.998 respectively.( Im: the intensity of 

the peak maxima, Tm (
o

C): Temperature of the peak maxima, E (eV): The activation energy, s(s
-1

): The frequency factor, µ: The kinetic order) 

 

 Peak Number Im Tm (
o
C) E (eV) s(s

-1
) µ 

U
n

-D
o
p
ed

 

S
r 0

,5
C

a 0
,5

W
O

4
 

1 14.843 78.2 0.744±0.006 6.65x10
9
 0.507 

2 8.417 107.8 1.221±0.018 2.82x10
15

 0.660 

3 2.695 244.9 1.463±0.006 2.18x10
13

 0.478 

S
r 0

,4
5
C

a 0
,5

W
O

4
: 

E
u

3
+

0
,0

5
 

1 14.81 50.4 0.860±0.002 5.00x10
12

 0.503 

2 44.91 134.7 1.282±0.004 1.35x10
15

 0.461 

3 85.94 157.9 0.916±0.011 5.92 x10
9
 0.501 

4 103.65 214.5 1.118±0.021 3.95 x10
10

 0.553 

5 17.51 264.7 0.749±0.032 6.30 x10
11

 0.505 

 

3.7. Optical Properties 

 

Figure 10 shows optical absorption spectra (in the 200-800 nm range) of un-doped and Eu
3+

 

Sr0,5Ca0,5WO4 at room temperature and in the darkroom. The optical band gap measurement 

involves the excitation of electrons from the valance band to the conduction band using photons of 

selected frequencies. The process does not change the number of carriers involved, and the total 

numbers of carriers present in the semiconductor remain the same. The optical band gap (Eg) values 

were calculated the Tauc’s equation αhν= (hν-Eg)
n

 equation, where α represents the absorbance, h is 

the Planck’s constant, ν is the frequency, Eg is the optical energy gap, and n is a number associated 

with the type of electronic transitions[29].  
 

 
 

Figure 7. The optical absorption spectra and Tauc plot (inset) used calculating the bandgap of host 

Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:0.5Eu
3+

(% mol) phosphors. 
 

From Fig. 10, the optical band gap of Sr0,5Ca0,5WO4 was calculated as 2.88 eV. A significant 

change in the bandgap was observed by doping the Eu
3+

 ion to Sr0,5Ca0,5WO4. The absorption band 

of Sr0,45Ca0,5WO4:Eu
3+

0,05 phosphorus shifted to about 50 nm red region relative to the host material. 
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The energy band gap value of Sr0,45Ca0,5WO4:Eu
3+

0,05 phosphorus increased to about 3.28 eV. 

Increasing structural defects with the RE
3+

 ion contribution causes localized states to occur in the 

energy band gap, which leads to an increase in the energy bandgap. The bandgap narrowing can be 

correlated with the strong s-d and p-d spin-exchange interactions between band electrons and 

localized d orbital electrons of Sr
2+

 ions in which Eu
3+

 ions occupy. The change in optical band gap 

can be attributed to electron-electron and electron-impurity scattering within the host and doped 

material [30]. It is seen that the optical absorption spectra of the samples are compatible with the PL 

excitation values. 
 

3.8. Optical Visual Properties 

 

It is seen that while the Sr0,5Ca0,5WO4 host material was emitting bluish-white light, thanks to Eu
3+ 

doping, the phosphor began to emit fuchsia light under a 254 nm UV lamp. This color change is an 

essential optical visuality phenomenon; energy transfer from the host material to rare-earth ions 

[31]. In Fig. 11, the CIE (1931) diagram of the un-doped and Eu
3+

 doped Sr0,5Ca0,5WO4 powders 

was demonstrated with chromatic coordinates. The CIE coordinates of phosphors and their images 

were found to be compatible.  

 
Figure 8. CIE diagram of the samples upon excitation at 370 nm and image of the phosphors when 

excited at 254 nm under a UV lamp in the darkroom. 
 

3.9. Electrochemical Results 
 

Cyclic voltammograms were carried out in the 1.5 M citric acid solution (pH 4.2) for investigated 

electrochemical properties of un-doped Sr0,5Ca0,5WO4 and Sr0,45Ca0,5WO4:Eu
3+

0,05 samples.  

 

 
Figure 9. Cyclic voltammograms of un-doped Sr0,5Ca0,5WO4 and Sr0,5Ca0,5WO4:Eu

3+
 in 1.5 M citric 

acid solution. 

The applied potential was changed from -1 V to +1.5 V, and voltammograms were created from the 

current signals corresponding to these potentials. In Figure 12, shows cyclic voltammograms of Un-

doped Sr0,5Ca0,5WO4 and Sr0,45Ca0,5WO4:Eu
3+

0,05 in 1.5 M citric acid solution. While (a) and (b) 
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peaks are common for Un-doped Sr0,5Ca0,5WO4 and Sr0,45Ca0,5WO4:Eu
3+

0,05 in these 

voltammograms, the (c) peak is only seen at Sr0,45Ca0,5WO4:Eu
3+

0,05. It is thought to be the 

oxidation peak of the Eu ion. 

 

4. Conclusion 

 

In summary, un-doped and Eu
3+

 doped Sr0,5Ca0,5WO4 phosphors were successfully synthesized by 

sol-gel technique (new host material), and also, RL behavior of these luminescent powders 

observed for the first time. XRD patterns determined phase structure, and no impurity phase was 

found in Sr0,5Ca0,5WO4, Sr0,5Ca0,5WO4:0.5Eu
3+

(mol%) phosphorus. The results present that the 

powder samples are tetragonal scheelite phase structures (space number: I41/a). The average 

crystallite size was found to 57 nm and 59 nm for host and Sr0,5Ca0,5WO4:0.5Eu
3+

(mol%), 

respectively. As can be seen, (Fig. 5), the samples have a relatively spheroid morphology. When RL 

and PL measurements are examined in detail, common transitions (592 nm, 
5
D0→

7
F1; 614 nm, 

5
D0→

7
F2; 650 nm, 

5
D0→

7
F3; 700 nm, 

5
D0→

7
F4) were observed in both spectra for 

Sr0,5Ca0,5WO4:0.5Eu
3+

(mol%). Three and five estimated glow peaks under main TL glow curves. 

The calculated kinetic parameters results are compatible. The bandgap value of the doped host 

sample was found to higher than the un-doped Sr0,5Ca0,5WO4. The Eu
3+

 doped Sr0,5Ca0,5WO4 

phosphorus showed fuchsia luminescence, while the host material has turquoise emission under 254 

nm UV lamp. From the cyclic voltammograms, data were obtained to demonstrate that Eu ions 

doped to host material. In light of this information, both in terms of energy transfer mechanism and 

color scale, Sr0,45Ca0,5WO4:Eu
3+

0,05 may be used for optical-electronic applications, solid-state 

lighting, and a light-emitting diode. 
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