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Abstract: We investigated the effect of annealing time on the structure and optical properties of SrWO4:Eu3+ powders prepared by 
the non-hydrolytic sol-gel method and heat treated at 800 ºC for 2, 4, 8 and 16 h. Thermogravimetric and differential thermal analyses 
revealed that SrWO4:Eu3+ powders were obtained at about 800 ºC. X-ray diffraction patterns and Rietveld refinement data confirmed 
that all powders had a scheelite-type tetragonal structure. Micro-Raman and Fourier transform infrared spectra indicated structural 
order at short range and anti-symmetric stretching vibrations of O–W–O bonds associated with tetrahedral [WO4] clusters. Optical 
properties were investigated by ultraviolet-visible (UV-vis) diffuse reflectance, and photoluminescence (PL) data which provided the 
evolution of quantum efficiency (η) and lifetime (τ). UV-vis spectroscopy evidenced intermediate energy levels within the band gap 
of SrWO4:Eu3+ powders. PL properties validated that the Eu3+ electric-dipole (5D0→7F2) transition in PL emission spectra was domi-
nant which proved that Eu3+ ions were positioned in a site without an inversion center. [(5D0→7F2)/(5D0→7F1)] band ratios showed 
that Eu3+ ions were located in a low symmetry environment. The PL emission, η and τ proved the dependence on the annealing time 
in the behavior of SrWO4:Eu3+ powders with a higher relative emission PL intensity as well as higher η and τ values related to other 
samples when heat treated at 800 ºC for 8 h. 
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Luminescent materials are known to exhibit a wide 
variety of applications such as solid state lasers, cathode 
ray tubes, phosphors for televisions, fluorescent tubes, 
medical images (X-rays, tomography) and devices in the 
production of artificial light[1,2]. White-light-emitting di-
odes (WLEDs) appear as light sources in the solid state 
with economic advantages in energy and maintenance as 
well as positive effects on the environment; WLEDs can 
replace traditional light sources such as incandescent and 
fluorescent lamps. Therefore, several research advances 
have been realized in light emission diodes (LEDs) 
which consist of a merger with the light blue or radiation 
near to the ultraviolet (UV) to obtain white light. When 
excited at 254 nm, conventional phosphors have a domi-
nant emission band from the mercury lamp which is used 
for this purpose[3]. In phosphor converters of white light, 
the wavelength of excitation is higher at around 380 to 
480 nm where the LED light emissions occur. New ma-
terials are being developed with high efficiency which can 
be efficiently excited at these wavelengths[3]. The lumi-
nescence efficiency of phosphors such as Y2O2S:Eu3+, 

BaMgAl10O17:Eu3+, CaS:Eu3+, SrY2S4:Eu3+ [4–7], used in 
color TVs is very low near UV irradiation. These phos-
phors are deficient in red emission, so consequently there 
has been growing interest in the discovery and develop-
ment of new materials which emit white light with high 
UV absorption to emit in the red region[4-7]. Moreover, 
new compounds formed by the combination of tetrahe-
dral [MoO4, WO4, PO4 and VO4] clusters are excellent 
host matrices for phosphors due to their excellent 
chemical and thermal stability[3,6–8]. The stability of a 
host matrix is active depending upon the geometry where 
each metal atom is coordinated to oxygen atoms and tet-
rahedral distortions[9–11]. Trivalent lanthanide ions (RE3+) 
doped in tungstates are widely known as functional ma-
terials having unique physical and chemical properties[12]. 
Physical properties of these materials are strongly de-
pendent on lattice defects formed when they are doped 
by other ions. The difference in electronic density be-
tween the dopant and host cations as well as the differ-
ences in electronic structures has proven to be the most 
important factor which involves the production of lumi-
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nescent centers[13–15]. Therefore, the incorporation of tri-
valent dopants within different scheelite-type structures 
has been studied[13].  

Tungstates and molybdates possess structural formulas 
of ABO4, where A=Ca, Sr, Ba, Pb, Cd and B=W, Mo. 
These compounds crystallize in the (I41/a) space group 
and point symmetry equivalent to C 6 

4h
[16–18]. Lattice 

parameters and unit cell volumes were evaluated as a=b= 
0.54168 nm, c=1.1951 nm and V=0.35066 nm3, respec-
tively, with four molecules in each crystallographic cell 
(Z=4) at room temperature[19]. In this type of structure, 
A2+ ions are surrounded by eight adjacent tetrahedral 
WO2– 

4
[16–18] in a dodecahedral cluster approximation in 

the point group symmetry (C6 
4h) which is related to the 

site symmetry (S4); B6+ ions are surrounded by four 
equivalent oxygen sites which form a tetragonal struc-
ture[13,20]. Trivalent rare-earths (RE3+) provides a favor-
able situation for the substitution of A-sites with a perfect 
isostructural exchange[13,15]. Due to differences in valence 
states and sizes of W6+ (0.042 nm) and Eu3+ (0.107 nm) 
ions, the Eu3+ ion is expected to occupy only Sr2+ (0.113 
nm) sites[21]. This occupancy is possible since electronic 
densities and coordination numbers of Eu3+ and Sr2+ ions 
are very similar[2,13,14,22–24]. Recently molybdates and 
tungstates doped with Eu3+ of the scheelite structure have 
been developed as red phosphors[5] for white LEDs. 
These materials have a strong charge transfer band (CTB) 
in the UV region[4–8] and an intense excitation of the Eu3+ 
ion at around 393 and 464 nm[25]. Under excitation at the 
UV range, the energy is transferred to the activator ion 
by non-radiative mechanisms[2,9]. This Eu3+ ion intensity 
is obviously enhanced in these matrices as compared 
with other matrices doped with the same ion[5]. When in-
organic materials are doped with a certain amount of 
Eu3+ ions, the resulting product can be used as a potential 
phosphor for white light by combining blue-green light 
with the CTB of the O→W in tungstate materials and the 
red light characteristic of Eu3+ ions[12]. RE3+ doped inor-
ganic matrices represent a family of materials with sig-
nificant technological importance based on electronic, 

optical and chemical characteristics due to 4f-orbitals 
protection[24,26]. Most of their electronic properties are 
derived from the size, shape, crystal types and composi-
tions which depend on synthesis processes[2,12,27]. Differ-
ent methods have been employed in the synthesis of in-
organic materials such as molten salts[12], microwave[18], 
Czochralski[28], Pechini[29], co-precipitation[28,30], galvanic 
cells[29], electrochemical cells[29], precursor polymeric[28], 
solid state reactions[28–30] and sol-gel[31]. Among these 
methods, the sol-gel process has advantages, including 
easy stoichiometric control, good homogeneity and low 
calcination temperatures. In general, prepared samples 
possess small sizes and narrow particle size distributions 
that promote good luminescent properties.  

Therefore, the main objective for this paper was to 
synthesize strontium tungstate (SrWO4) powders doped 
with Eu3+ ions by the non-hydrolytic sol-gel (NHSG) 
method and heat treated at 800 ºC for 2, 4, 8 and 16 h, 
respectively. Crystallization processes for precursors 
were evaluated by thermogravimetric (TG) and differen-
tial thermal analyses (DTA). The structure was con-
firmed by X-ray diffraction (XRD), Rietveld refinement 
data, micro-Raman (MR) and Fourier transform infrared 
(FT-IR) spectroscopies. Moreover, their optical proper-
ties were investigated by UV-vis diffuse reflectance 
spectroscopy and PL measurements at around 25 ºC and 
at 77 K. 

1  Experimental 

1.1  NHSG synthesis of SrWO4 powders doped with 
Eu3+ ions 

SrWO4 powders doped with 1.0% of Eu3+ ions were 
synthesized as described in the previous study[31]. In this 
research, the powder was dried and pre-treated at 400 ºC 
for 4 h followed by heat treatment at 800 ºC for 2, 4, 8 
and 16 h. In general, the chemical reactions involved 
between (Eu3+/Sr2+←WO2– 

4 ) ions resulted in crystalline 
SrWO4:Eu3+ as shown in Eqs. (1) to (5):  
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This oxide is formed by the condensation reaction of a 

metallic halide or semi-metallic (M–X) with an oxygen 
donor such as metallic alcoxide (M’–OR), ether (–ROR–) 
or alcohol (–OH–), under non-aqueous conditions to 
form inorganic oxide (M–OM’)[32–34]. The reaction 
mechanism is shown in Eqs. (1–5) where the MeOH 
oxygen atom (Lewis base) coordinates with the center of 
the metallic halide WCl6 or SrCl2 (Lewis acid) followed 
by the nucleophilic attack of the halogen on electrophilic 
atoms of carbon adjacent to the oxygen. The substitution 
of ligands can occur by bimolecular nucleophilic substi-
tution, SN2 or unimolecular nucleophilic substitution, SN1. 
The formation of the carbocation by the SN1 mechanism 
quickly rearranges into a more stable secondary carboca-
tion and forms alkyl halide (R–X) as a by-product[35] as 
illustrated in Eqs. (1 and 2). Then the acetylacetone 
(C5H8O2) in a 1:3 and 1:1 molar ratios related to the 
WCl6 and SrCl2, respectively, were mixed into these so-
lutions which formed a complex to prevent precipitation 
(see Eqs. (3) and (4)). The reaction between W and Sr 
complexes in 1:1 molar ratios results in oxy-chlorides 
metallic formation with the release of alkyl halides (RX) 
(Eq. (5)). After pre-treatment at 400 ºC for 4 h, the or-
ganic group is eliminated, and the treatment is main-
tained at 800 ºC for different time to produce SrWO4 ox-
ide doped with Eu3+ with a scheelite structure composed 

of tetrahedral and deltahedral clusters (Eq. (5)). 

1.2  Characterizations 

A thermal analysis was carried out using Thermal 
Analyst 2100-TA Instruments SDT 2960 with simulta-
neous thermogravimetric (TG) and differential thermal 
analyses (DTA) under a synthetic air flow at a heating 
rate of 20 ºC/min, from 25 to 1000 ºC. Powders were 
structurally characterized by XRD using a Rigaku- 
DMax/2500PC equipment (Japan) with Cu Kα radiation 
(λ=0.15406 nm) in the 2θ range from 10º to 75º and a   
2 (º/min) increment. Micro-Raman (M-Raman) spectra 
were recorded using a T-64000 Horiba Jobin-Yvon triple 
monochromator coupled to a CCD detector; results were 
obtained in the 50 to 800 cm–1 range. Infrared spectra 
were recorded using potassium bromide (KBr) pellets 
from Merck P.A in a Bomem-Michelson FT spectropho-
tometer, MB-102 model. UV-vis spectra were taken us-
ing a Varian spectrophotometer (Model Cary 5G, USA) 
in a diffuse reflectance mode. PL data were obtained un-
der continuous Xe-lamp (450 W) excitation in a SPEX 
Triax 550 Fluorolog 3 spectrofluorometer at ~25 ºC and 
at liquid N2 temperature. The detection was performed 
with a Peltier-cooled SPEX Synapse CCD. The emission 
was collected at 90º from the excitation beam, and the 
Eu3+ lifetime was evaluated through the decay curve set 
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of the excitation and emission wavelength at 393 and 614 
nm, respectively. 

2  Results and discussion 

2.1  TG and DTA analyses 

The investigation of crystallization processes and pre-
cursor decomposition was evaluated by TG and DTA.  
Fig. 1 shows typical TG and DTA curves for SrWO4:Eu3+ 
powders prepared by the NHSG method at room tem-
perature.  

The crystallization process for dry gel precursors could 
be divided into three stages according to the TG/DTA 
curves. The first stage has three distinct endothermic 
transformations with strong peaks at about 90 ºC (see 
DTA curve) which correspond to a mass loss of around 
20% between 50 and 150 ºC as is shown on the TG curve. 
This mass loss originates from the volatilization of water 
molecules absorbed on the surface of the powder and the 
evaporation of alcohol. The second stage shows a mass 
loss of about 24% from 250 to 650 ºC with exothermic 
peaks at about 300, 420 and 490 ºC (see DTA curve) due 
to the pyrolysis of organic compounds. In this stage, the 
mass loss was assigned to the combustion of excess ace-
tylacetone, a residual organic group of alcohol and the 
decomposition of chlorides such as alkyl halides or metal 
chlorides. In the third stage, the mass loss was about 
3.0% at 800 ºC which can be ascribed to the disappear-
ance of residual alkoxy groups in the mineral matrix. In 
addition, the sharp endothermic peak located at 807 ºC 
indicated the crystallization of the gel. Above these tem-
peratures, the mass remained constant which indicates 
that combustion and decomposition processes of all or-
ganic material precursors were complete[5]. The crystal-
lization of the SrWO4:Eu3+ powder is in accordance with 
the results of XRD patterns. 

2.2  XRD pattern analyses 

Fig. 2 shows a typical XRD pattern of SrWO4:Eu3+ 

 
Fig. 1 TG and DTA curves for the precursors of SrWO4:Eu3+ 

powders prepared by NHSG method at room tempera-
ture 

powders prepared by the NHSG method heat treated at 
800 °C for 2 h, 4 h, 8 h and 16 h. 

Fig. 2 shows a comparison of XRD patterns for sam-
ples with the ICSDS card No. 155425 which verifies that 
all XRD peaks are identified as pure SrWO4:Eu3+ pow-
ders; no extra peaks were detected, and almost all char-
acteristic weak peaks were observed in XRD patterns. 
This result implies that the crystallinity and the degree of 
structural order at long range of SrWO4:Eu3+ powders are 
quite high and suggests an ordered structure[31] without 
any deleterious phases. Several peaks appear at 2θ=18.1º, 
27.7º, 30.0º, 33.2º, 45.2º, 47.5º, 51.6º and 55.8º which 
can be, respectively, attributed to (101), (112), (004), 
(200), (204), (220), (116) and (312) reflections of the 
scheelite tetragonal structure of SrWO4:Eu3+ powders. 
All diffraction peaks can be indexed as a pure tetragonal 
structure with space group I41/a, cell parameters of a= 
b=0.5416 nm and c=1.1951 nm and a unit cell volume of 
0.35056 nm3 which are in agreement with the respective 
ICSDS card No. 155425[16,20,36]. In addition, XRD pat-
terns revealed the absence of diffraction peaks attributed 
to the europium oxide (Eu2O3) which suggests that 
SrWO4:Eu3+ powders were obtained in their pure species. 

Average crystallite sizes were estimated by the 
Scherrer’s equation using the full width at half maximum 
(FWHM) of the most intense peak (112). The Scherrer’s 
equation was explained in the previous study[31]. Based 
on this equation, average crystallite sizes of four samples 
of SrWO4:Eu3+ powders annealed at 800 ºC for 2, 4, 8 
and 16 h were estimated at 58, 61, 66 and 62 nm. An in-
crease in the annealing time facilitates an improvement 
in the intensity of XRD peaks for SrWO4:Eu3+ powders. 

2.3  Rietveld refinement data analyses 

Figs. 3(a–d) illustrate Rietveld refinement plots of 
SrWO4:Eu3+ powders prepared by the NHSG method and 
heat treated at 800 °C for (a) 2 h, (b) 4 h, (c) 8 h, and (d) 16 h. 

 
Fig. 2 XRD patterns of SrWO4:Eu3+ powders prepared by 

NHSG method heat-treated at 800 ºC for (1) 2 h, (2) 4 h, 
(3) 8 h, and (4) 16 h (The vertical lines indicate the In-
organic Crystal Structure Database (ICSD No. 
155425))  
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Fig. 3 Rietveld refinement plots of SrWO4:Eu3+ powders prepared by NHSG method heat-treated at 800 ºC for 

(a) 2 h; (b) 4 h; (c) 8 h; (d) 16 h 
 

Rietveld refinement is a method where profile meas-
urements of the intensity of the powder allow us to esti-
mate an approximation of the structural model for the 
real structure. Figs. 3(a–d) show good agreement be-
tween observed XRD patterns and theoretical fit results 
which indicates the success of the Rietveld refinement 
method which is verified by small differences near to 
zero in the intensity scale as illustrated by a line (YObs– 
YCalc) in Figs. 3(a–d). Values obtained through Rietveld 
refinement as well as (Rwp, RBragg, χ2) coefficients, lattice 
parameters, volume cell and atomic coordinates of the 
unit cell are listed in Tables 1–3. 

Table 1 indicates that the Rietveld refinement was 
performed with success and all the parameters listed 
above are acceptable for publication. 

Table 2 lists lattice parameters and cell volume of 
SrWO4:Eu3+ powders obtained for different heat treat- 

Table 1 Coefficients refinement of SrWO4:Eu3+ powders 
heat-teated at 800 ºC for 2, 4, 8 and 16 h 

SrWO4:Eu3+ 800 ºC Rwp/% RBragg/% χ2 

2 h 9.22 2.93 5.62 

4 h 9.11 2.69 5.33 

8 h 8.91 2.98 5.20 

16 h 7.54 3.10 3.84 

Table 2 Lattice parameters and volume cell of SrWO4:Eu3+ 
powders heat-treated at 800 ºC for 2, 4, 8 and 16 h 

Lattice parameters/nm SrWO4:Eu3+ 

800 ºC a=b c 
Volume/nm3 

2 h 0.5418±2.5×10–5 1.1960±9.7×10–5 0.351099±4×10–3

4 h 0.5417±2.4×10–5 1.1959±9.6×10–5 0.350932±3×10–3

8 h 0.5417±2.2×10–5 1.1958±8.8×10–5 0.350918±4×10–3

16 h 0.5417±2.3×10–5 1.1959±9.1×10–5 0.350944±3×10–3

ICSD 0.5416 1.1951 0.350559 

 

ment time; no significant changes were observed. How-
ever, note that a small framework expansion occurs (in 
agreement with ICSDS card No. 155425), which causes 
a slight distortion in the environment. In comparison with 
samples at different heat treatment time, it can be verified 
that there is a reduction in the crystalline framework as 
confirmed by obtained lattice parameter (c) and cell 
volume values. It is believed that an effective competi-
tion exists between temperatures and treatment time 
variables which promotes the generation of structural 
defects in the SrWO4:Eu3+ lattice. 

Table 3 shows atomic coordinates for O, Sr, Eu, and 
W atoms obtained by Rietveld refinement. According to 
these data, the environmental distortion is verified 
mainly from O atoms in (x, y, z) atomic coordinates  
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Table 3 Atomic coordinates of the unit cell of SrWO4:Eu3+ 
powders heat-treated at 800 ºC for 2, 4, 8 and 16 h 

SrWO4:Eu3+ (800 ºC/2 h) 
Atoms Site 

x y z 

O 16f 0.2374 0.1132 0.0444 

Sr 4b 0 0.2500 0.6250 

Eu 4b 0 0.2500 0.6250 

W 4a 0 0.2500 0.1250 

SrWO4:Eu3+ (800 ºC/4 h) 
Atoms Site 

x y z 

O 16f 0.2338 0.1129 0.0449 

Sr 4b 0 0.2500 0.6250 

Eu 4b 0 0.2500 0.6250 

W 4a 0 0.2500 0.1250 

SrWO4:Eu3+ (800 ºC/8 h) 
Atoms Site 

x y z 

O 16f 0.2325 0.1137 0.0454 

Sr 4b 0 0.2500 0.6250 

Eu 4b 0 0.2500 0.6250 

W 4a 0 0.2500 0.1250 

SrWO4:Eu3+ (800 ºC/16 h) 
Atoms Site 

x y z 

O 16f 0.2329 0.1100 0.0444 

Sr 4b 0 0.2500 0.6250 

Eu 4b 0 0.2500 0.6250 

W 4a 0 0.2500 0.1250 

 
while for Sr, Eu and W atoms, (x, y, z) atomic coordi-
nates remain fixed in their characteristic positions. This 
phenomenon is based on the theory that Sr (4b), Eu (4b) 
and W (4a) atomic coordinates stay in special positions 
while for the O (16f), they are distributed in different po-
sitions in the crystalline lattice[37,38]. 

Tables 4 and 5 illustrate bond angle and bond length 
values for tetrahedral [WO4] and deltahedral [SrO8] 
clusters determined by modeling with the Diamond 
software (Crystal and Molecular Structure Visualization) 
version 3.2 g for Windows 7.  

Small variations observed in SrWO4:Eu3+ powders 
(see Tables 4 and 5) obtained for different treatment 
time can be confirmed by angle and bond length values 
between tetrahedral [WO4] and deltahedral [SrO8] clus-
ters. 

2.4  Unit cell representation for SrWO4:Eu3+ 

Fig. 4 illustrates the unit cell representation for a 
SrWO4:Eu3+ tetragonal phase with space group (I41/a) 

which was modeled using Diamond software[39,40]. 
To model this unit cell, structural lattice parameters 

and atomic coordinates were used (see Tables 2 and 3). 
According to Fig. 4, Sr and Eu atoms are coordinated to 
the eight oxygen atoms which form deltahedral [SrO8]/ 
[EuO8] clusters and disphenoid-type polyhedra (8 verti-
ces, 12 faces and 18 edges)[11,18]. The W atoms are coor-
dinated to four oxygen atoms which form tetrahedral 
[WO4] clusters with a tetrahedral geometry slightly dis-
torted[18,41] in accordance with data obtained with differ-
ent bond angle values between oxygen atoms (see Ta-
bles 4 and 5). This simulation was conducted with 
SrWO4:Eu3+ powders heat treated at 800 °C for different 
treatment time (not illustrated), but only sample data 
treated for 8 h are shown in Fig. 4 where no significant 
changes between the unit cells were noticeable (only a 
slight distortion) (see Table 2). 

2.5  M-Raman spectroscopy analyses 

Fig. 5 shows M-Raman spectra from 50 to 800 cm–1 

for SrWO4:Eu3+ powders prepared by the NHSG method 
and heat treated at 800 ºC for different time. 

According to group theory[42], SrWO4:Eu3+ powders 
belong to point-group symmetry (C6 

4h) and space group 
(I41/a) at room temperature which contain two molecular 
formulas per primitive cell (Z=4). Based on the character 
of the point-group symmetry, optically active modes in 
Raman (R) and infrared (IR) spectra are represented in 
Eq. (6): 
Γvib=3Ag (R)+5Bg (R)+5Eg (R)+4Au (IR)+4Eu (IR)    (6) 

In agreement with Eq. (6) regarding tungstates with a 
scheelite-type tetragonal structure, there are 26 different 
vibrational modes which are determined by calculations 
of group theory[43–45]. The first member pair “g” is a Ra-
man-active mode, and the second member odd “u” is an 
infrared-active mode represented by the (R) and (IR), re-
spectively. However, only 4Au and 4Eu of 5Au and 5Eu 
vibration modes are active in IR spectra, (1Au and 1Eu) 
modes are acoustic vibrations and 3Bu are silent modes[43].   

Table 4 Bond length to (W–O) and bond angle present into 
tetrahedral [WO4] clusters 

Bond angle 
Tetrahedral [WO4] clusters 

α/(º) β/(º) 

Bond length/nm

W–O 

2 h 107.23 114.05 0.177 

4 h 107.36 113.78 0.175 

8 h 107.36 113.77 0.174 

16 h 107.29 113.93 0.171 

Table 5 Bond length to (Sr–O) and bond angle present into deltahedral [SrO8] clusters 

[SrO8] α/(º) β/(º) γ/(º) δ/(º) ε/(º) ζ/(º) η/(º) θ/(º) Bond length/nm Sr–O 

2 h 68.1 73.6 76.7 78.1 97.8 127.9 136.7 149.3 0.258; 0.261 

4 h 67.9 73.3 78.7 97.7 112.0 137.1 149.2 149.6 0.260; 0.262 

8 h 67.8 73.1 77.2 79.1 97.6 127.6 137.4 149.0 0.261; 0.262 

16 h 67.8 73.2 77.7 78.6 97.8 127.3 136.7 149.7 0.260; 0.261  
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Fig. 4 Unit cell representation to SrWO4:Eu3+ 

 
Fig. 5 M-Raman spectra of SrWO4:Eu3+ powders obtained by 

the NHSG method heat-treated at 800 ºC for 
(1) 2 h; (2) 4 h; (3) 8 h; (4) 16 h 

 
Therefore, only 13 active modes are expected in Raman 
spectra, as represented by Eq. (6). These modes are clas-
sified as seven internal and six external modes, respec-
tively, and correspond to four translations and two rota-
tions which involve interactions with deltahedral [SrO8] 
and tetrahedral [WO4] clusters. Internal modes occur 
within unit molecular tetrahedral [WO4] clusters where 
the center of mass remains stationary. External modes 
are lattice phonons and correspond to the motion of A2+ 
cations in rigid molecular units. Their vibrational modes 
are composed of [ν1(A1), ν2(E), ν3 (F2) and ν4 (F2)], one 
free rotation mode [νf.r.(F1)] and one translation mode 
(F2)[43]. 

Fig. 5 confirms that all Raman peaks are strong and 
well defined. According to Basiev et al.[45], characteristi-
cally, these crystals have a covalent character in their 
bonds. Therefore, SrWO4:Eu3+ powders exhibit ionic 
bonds between cations and the molecular group in each 

crystal while covalent bonds dominate tetrahedral [WO4] 
clusters[31].  In these crystals, the most intense modes 
correspond to internal vibrations within tetrahedral [WO4] 
clusters. 

Thus, by using Eq. (6), the existence of 13 vibrational 
modes in Raman spectra can be predicted. However, in 
this study, we observed only 11 Raman-active modes 
(see Fig. 5). The symmetric stretching and anti-symmetric 
stretching between O–W–O bonds at lower energies in-
dicates a twist mode between O–W–O and O–Sr–O 
bonds. Therefore, Raman spectra show 3Ag vibrational 
modes (917; 335 and 189 cm−1), 3Bg (835; 372; and 74 
cm−1) and 5Eg (796; 380; 237; 133 and 100 cm−1). Two 
other Raman peaks which are not observed can overlap 
with other peaks. In agreement with results reported by 
Basiev et al.[46], an overlapping of ν2 (Ag) by ν2 (Bg) 
modes near 337 cm–1 occurs. The Raman peak at 917 
cm−1 is attributed to the symmetric stretching ν1 of 
O–W–O bonds while the peak at 335 cm–1 is assigned as 
ν2 of the symmetric deformation which is related to 
symmetric bending O–W–O bonds. Peaks at 835 and 796 
cm–1 are designated as ν3 anti-symmetric modes which 
represent stretching of O–W–O bonds; peaks at 372 and 
380 cm−1 are attributed to the ν4 anti-symmetric deforma-
tion of O–W–O bonds[47]. Peaks located at 237, 189, 133, 
100 and 74 cm–1 are designated as rotational (Ag, Eg) and 
translational (Bg) modes[48]. Free modes of tetrahedral 
[WO4] clusters were observed at 237 and 189 cm–1; peaks 
at 133, 100 and 74 cm–1 correspond to external modes of 
stretching and flexion actions of O–Sr–O bonds.   

Moreover, the rise of processing time causes an in-
crease in the structural organization at short range be-
tween the [WO4]–[SrO8]–[WO4]–[EuO8]–[WO4] clusters. 
This behavior can be observed by the presence of Raman 
peaks more defined at 189 cm–1, which is related to free 
rotation modes. Therefore, all Raman-active modes are 
well defined (see Fig. 5), which indicates that SrWO4:Eu3+ 
powders are all crystalline at short range. 

2.6  FT-IR spectroscopy analyses 

Fig. 6 shows IR spectra for SrWO4:Eu3+ powders syn-
thesized by the NHSG method and heat-treated at 800 °C 
for 2, 4, 8 and 16 h. 

The representation related to the tetrahedral symmetry 
is ΓTd =[ν1(A1), ν2(E), ν3(F2) and ν4(F2)], but only ν3(F2) 
and ν4(F2) are infrared-active modes in FT-IR spectra[49].  

Ling et al.[47] reported that Eu (826.6 cm–1) and Au (411.7 
cm–1) modes are optically active modes and are detected 
in FT-IR spectra. The absorption band in FT-IR spectra 
at 827 cm–1 is attributed to F2(ν3) of the anti-symmetric 
stretching of tetrahedral [WO4] clusters while the band at 
412 cm–1 is assigned to F2(ν4) with anti-symmetric de-
formation regarding O–W–O bonds. Bands at around 
350 cm–1 can be assigned to ν2 modes and are related to  
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Fig. 6 FT-IR spectra of the SrWO4:Eu3+ powders in range from 

2000 to 200 cm–1 heat-treated at 800 °C for 
(1) 2 h; (2) 4 h; (3) 8 h; (d) 16 h 

 
the symmetric deformation in tetrahedral [WO4] clusters 
which are located at 319 and 275 cm–1 due to distortions 
in deltahedral [SrO8] clusters[47]. 

According to Nakamoto[50] the internal mode (ν2) which 
is related to symmetric deformation indicates an active 
vibration in Raman spectra, which is in agreement with 
the micro-Raman spectra (see Fig. 5). IR analyses re-
vealed two internal modes (ν2) which are ascribed to the 
unique peak at 335 cm–1 in MR spectra. According to 
Basiev et al.[46] and group theory[42], a possible overlap-
ping of ν2(Ag) and ν2(Bg) modes is visible near 337 cm–1. 

FT-IR spectra of two bands below 350 cm–1 indicate a 
phonon coupling energy between tetrahedral [WO4] and 
deltahedral [SrO8] clusters. According to the Ref. [47], 
IR-active vibrational modes at around 193 and 162 cm–1 
correspond to stretching between O–Sr–O bonds in del-
tahedral [SrO8] clusters. Moreover, infrared-active modes 
at 135 and 73 cm–1 were assigned to axial deformation in 
vibrations of O–W–O and O–Sr–O bonds, respectively. 
However, these regions were not detected by the equip-
ment due to the spectral range from 200 to 4000 cm–1. 

FT-IR spectra show the same profile for all samples 
which indicates that heat treatment at different time did 
not modify stretching and deformation modes of 
O–W–O bonds. FT-IR spectra provided evidence that all 
SrWO4:Eu3+ powders have a scheelite-type tetragonal 
structure and do not show active modes relative to or-
ganic compounds remaining from the synthesis, which 
indicates the total decomposition of organic constituents 
when samples were heated at 800 ºfor different treatment 
time. 

2.7  UV-vis absorption spectroscopy analyses  

The optical band gap energy (Egap) was calculated by 
the Kubelka and Munk method[51]  which is based on the 
transformation of diffuse reflectance measurements to 
estimate Egap values with good accuracy within the limits 
of assumptions[52]. This method is particularly useful in 

limited cases of an infinitely thick sample layer. The 
Kubelka-Munk equation for any wavelength is described 
by Eq. (7): 

s
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RRF =

−
=
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∞ 2
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                          (7) 

where F(R∞) is the Kubelka–Munk function or absolute 
reflectance of the sample. In our case, magnesium oxide 
(MgO) was the standard sample in reflectance measure-
ments. R∞=Rsample/RMgO (R∞ is the reflectance when the 
sample is infinitely thick), k is the molar absorption coef-
ficient, and s is the scattering coefficient. In a parabolic 
band structure, the optical band gap and absorption coef-
ficient of oxide semiconductors[53] can be calculated by 
Eq. (8): 

1 gap( )nh C h Eα ν ν= −                            (8) 

where α is the linear absorption coefficient of the mate-
rial, hν is the photon energy, C1 is a proportionality con-
stant, Egap is the optical band gap, and n is a constant as-
sociated with different kinds of electronic transitions (n= 
0.5 for a direct allowed, n=2 for an indirect allowed, n= 
1.5 for a direct forbidden and n=3 for an indirect forbid-
den). According to the literatures[54,55], tungstate materials 
exhibit an optical absorption spectrum governed by di-
rect electronic transitions. In this phenomenon, after the 
electronic absorption process, the electrons located in 
maximum energy states in the valence band (VB) revert 
to minimum-energy states in the conduction band (CB) 
under the same point in the Brillouin zone[56]. Based on 
this information, Egap values of SrWO4:Eu3+ powders 
were calculated using n=0.5 in Eq. (8). Finally, using the 
remission function described in Eq. (7) with k=2α, the 
modified Kubelka-Munk equation was obtained as indi-
cated in Eq. (9):  

2

2 gap[ ( ) ] ( )F R h C h Eν ν
∞

= −
     

               (9) 

Therefore, by finding the F(R∞) value from Eq. (9) and 
plotting a graph of [F(R∞)hν]2 against hν, we can deter-
mine Egap values for our SrWO4:Eu3+ powders for dif-
ferent treatment time with greater accuracy by extrapo-
lating the linear portion of UV-vis curves. 

Figs. 7(a–d) show UV-vis spectra for SrWO4:Eu3+ 
powders synthesized by the NHSG method and heat- 
treated at 800 ºC for 2, 4, 8 and 16 h; their corresponding 
Egap values obtained are listed in Table 6. 

Figs. 7(a–d) show that an increase in heat treatment 
produces a decrease in Egap values (see Table 6). Ac-
cording to Cavalcante et al.[57], this behavior indicates 
that there are structural defects in the SrWO4:Eu3+ pow-
ders and implies distinct organizations of intermediate 
states within the band gap. Thus, variations of Egap en-
ergy are related to the degree of order-disorder of the lat-
tice and the degree of distortion within tetrahedral [WO4] 
clusters and deltahedral [SrO8] clusters which are caused 
by the influence of temperature and treatment time (see   
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Fig. 7 UV-vis spectra for SrWO4:Eu3+ powders heat-treated at 800 °C for 

(a) 2 h; (b) 4 h; (c) 8 h; (d) 16 h 
 

Figs. 7(a–d)). These relationships of order-disorder 
and/or structural distortions in Sr–O bonds and W–O 
bonds are due to the use of Eu3+ ions as dopants which 
promote distortions in (α, β) angles and in bond lengths 
which reflect directly on variations of lattice parameters 
and cell volumes (see Table 2). These various types of 
defects in the lattice promote different distributions in 
intermediate levels between the VB and CB[11,16,18,36,37,41]. 

Therefore, these modifications in the electronic structure 
affect optical properties of the material. Data obtained for 
the Egap are corroborated with cell volume variations 
which decrease as the heat treatment time change. 

Different types of structural defects can appear in 
SrWO4:Eu3+ crystals. These defects can also be attributed 
to oxygen vacancies caused by the introduction of Eu3+ 

Table 6 Egap values for the SrWO4:Eu3+ powders synthe-
sized by NHSG method heat-treated at 800 ºC for 
different time 

Samples Shape Temperature/ºC Time/h Egap/eV 

SrWO4:Eu3+ Powders 800 2 4.37 

SrWO4:Eu3+ Powders 800 4 4.31 

SrWO4:Eu3+ Powders 800 8 4.18 

SrWO4:Eu3+ Powders 800 16 3.8 

ions into the lattice according to Eq. (10) below: 
Eu2O3

4SrWO⎯⎯⎯→ 2Eu• 
Sr+V′′ 

Sr+3Ox 
O               (10) 

The optical band gap behavior can be justified by the 
formation of strontium vacancies (V ′′ 

Sr ) and complex 
oxygen vacancies which are able to show three different 
charge forms: neutral Vx 

O, singly ionized V• 
O and double 

ionized V•• 
O . The Vx 

O are able to donate up to two electrons, 
the V• 

O are donors or capture only one electron, and V•• 
O  

are not able to donate electrons but can receive up to 
two electrons. These oxygen vacancies act as defects in 
the lattice of (Sr1–xEu2x/3)WO4 crystals with x=0.01 and 
can be stabilized by charge compensation into the lat-
tice. The necessity for charge compensation and the in-
fluence of temperature and treatment times causes a 
lattice distortion. According to the Ref. [58], oxygen 
vacancies induce new energy in the “band gap” and 
can be assigned to vacancies formed by tungsten- 
oxygen. 

2.8  PL excitation and emission spectra analyses 

Excitation spectra of SrWO4:Eu3+ powders synthesized 
by the NHSG method which are heat treated at 800 °C 
for 2, 4, 8 and 16 h monitored at 614 nm (5D0→7F2) are 
shown in Fig. 8(1–4). 
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Fig. 8 PL excitation spectra of SrWO4:Eu3+ powders heat- 

treated at 800 °C  
(1) 2 h; (2) 4 h; (3) 8 h; (4) 16 h 

 
Fig. 8 illustrates that excitation PL spectra were per-

formed in the range from 280 to 530 nm. An increase 
from 280 to 320 nm for all the spectra is notable and is 
attributed to charge transfer bands CTBs between the 
O→W and O→Eu[59]. In addition, these CTBs in the 
SrWO4:Eu3+ are attributed to electron transitions from 
the oxygen 2p orbital to the empty tungsten 5d orbital or 
to an empty Eu3+ 4f orbital[15,22]. This behavior is related 
to coupling between the lattice and luminescent centers. 
These couplings depend mainly on the distance from 
metal ions to ligands[15,22]. In the range from 295 to 550 
nm, there are bands of f-f transitions that are characteris-
tics of the intra-configurational of Eu3+ ions in all 
SrWO4:Eu3+ spectra. We identified and assigned the fol-
lowing transitions: 5F4←7F0 (298 nm), 5F2←7F0 (302 nm), 
5H3←7F0 (317 nm), 5D4←7F0 (361 nm), 5GJ ←7F0 (J=2–6) 
in the range from 365 to 385 nm, 5L7←7F0 (381 nm), 
5L6←7F0 (393 nm), 5D3←7F0 (416 nm), 5D2←7F0 (463 nm) 
and 5D1←7F0 (535 nm). The CTB with Eu3+ ion f-f tran-
sitions shows that an increase in the heat treatment time 
promotes a rise in the f-f transition intensities. 

Fig. 8 illustrates that SrWO4:Eu3+ powders heat treated 
at 800 ºC for 2 and 16 h exhibit more intense 5D2←7F0 
transitions in relation to 5L6←7F0 transitions. In 
SrWO4:Eu3+ powders heat treated at 800 ºC for 4 h, an 
inversion in the intensity of these transitions is visible; 
5L6←7F0 transitions are preferred for this system. Pow-
ders heat treated at 800oC for 8 h had the same intensity 
as 5L6←7F0 transitions; however, their transitions became 
more intense as compared with other transitions.  

Fig. 9(1–4) shows PL emission spectra of SrWO4:Eu3+ 
powders synthesized by the NHSG method and heat 
treated at 800 °C for 2, 4, 8 and 16 h when excited at 393 
nm (5L6) at room temperature. 

PL emission spectra of SrWO4:Eu3+ powders are 
dominated by 5D1,0 transitions and do not have any (5D2) 
transition due to the rapid process of non-radiative re-  

 
Fig. 9 PL emission of SrWO4:Eu3+ powders heat-treated at 800 ºC 

for 2 h (1), 4 h (2), 8 h (3), and 16 h (4), excited at 393 nm 
(Inset shows the picture of the powder emission at room 
temperature) 

 
laxation[13]. PL emission spectra show transitions excited 
state 5D1,0 levels to the ground levels; 7FJ (J=0–4) for 
Eu3+ ions for all samples. Multiplets in PL emission 
spectra are assigned to 2J+1 component[9]. The level J=0 
is non-degenerate, so the 5D0→7F0 transition should 
show only a band when the Eu3+ ion is located in the low 
symmetry site. Other transitions can have a maximum of 
three (5D0→7F1), five (5D0→7F2), seven (5D0→7F3) and 
nine (5D0→7F4) components if the Eu3+ ion is located in 
sites having only one type of symmetry. 5D1→7FJ (J=0–4) 
transitions occur at about 529.5, 533.6, 551.9, 560.4 and 
587.9 nm and are attributed, respectively, to 5D1→7F0, 
5D1→7F1, 5D1→7F2, 5D1→7F3 and 5D1→7F4. 5D0→7FJ 

transitions occur at 578.4, 589.5, 614.4, 649.6 and 700.1 
nm, respectively, for 5D0→7F0, 5D0→7F1, 5D0→7F2, 
5D0→7F3 and 5D0→7F4 transitions. It is possible to inves-
tigate through 5D0→7F0 transitions if the material pos-
sesses different luminescent centers; i.e., more than one 
emissive site. Samples treated at 800 ºC for different 
treatment time show a peak only at 578.4 nm which in-
dicates one single type of site symmetry for Eu3+ ions. 

In materials with scheelite-type tetragonal structures 
(e.g., SrWO4), Sr2+ ions are partially replaced by Eu3+ 
ions. Therefore, peak intensities regarding the f-f transi-
tion at 614.4 nm are related to Eu3+ ions located in the 
A-site without a center of symmetry[60]. SrWO4:Eu3+ 
powders show a dominant red PL emission (see inset in 
Fig. 9) which is a characteristic of the electronic transi-
tion [5D0→7F2] at around 614.4 nm. Eu3+ ions are an ex-
cellent structural probe to investigate the chemical envi-
ronment. 5D0→7F2 transitions are characteristic of one 
electric dipole (ED) (hypersensitive) while 5D0→7F1 
transitions are related to magnetic dipoles (MD) and are 
insensitive to change in the local coordination environ-
ment in the lattice[2,12,61–63]. The 5D0→7F1 transition is 
dominant in the inversion symmetry site while in sym-
metry without an inversion site, the 5D0→7F2 transition 
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dominates the PL spectra (see Fig. 9(1–4)). These results 
indicate that Eu3+ ions are located in a non-symmetric 
site such as the scheelite lattice[4,9,12,25]. PL emission 
spectra have a similarity for all samples which corre-
sponds to typical f-f transitions of Eu3+ ions. PL emission 
spectra with excitation at 280 nm (CTB) and 463 nm (5D2) 
performed at 77 K and room temperature (not illustrated) 
have the same profiles but with different absolute intensity. 
In comparison with the excitation of Eu3+ ions, the PL 
emission intensity of the Eu3+ ion is weak under excitation 
in the CTB which confirms that energy transfer from tet-
rahedral [WO4] clusters to Eu3+ ions is not efficient. 

Using PL emission spectra, it is possible to determine 
the symmetry site (S4). To facilitate an understanding of 
PL emission spectra for SrWO4:Eu3+ powders, the num-
ber of bands in each 5D1 and 5D0 transition to 7FJ is illus-
trated in Figs. 10(a, b), and their respective positions are 
listed in Table 7. 

It is possible to estimate the expected number of bands 
in each transition, and therefore [5D1→7FJ] (J=0, 1, 2, 3  

 
Fig. 10 PL emission spectra of SrWO4:Eu3+ powders heat- 

treated at 800 ºC for 8 h excited at (λ=393 nm) for 
bands in each: (a) [5D1→7FJ] (J=0–4) (I, II and III) and 
(b) [5D0→7FJ] (J=1–4) (I, II, III, and IV) transitions 

Table 7 Expected number of band in each transition from 
the 5D0,1→7FJ (J=0–4) to the symmetry site (S4) 

  J=0 J=1 J=2 J=3 J=4 
5D0  0 2 3 4 4 
5D1 Γ3,4 1 2 4 5 7 

 
and 4) transitions show one peak at 529.5 nm; two peaks 
at 533.6 and 538.8 nm; four peaks at 551.9, 554.0, 558.3 
and 560.4 nm; five peaks at 582.1, 583.9, 584.6, 585.8 
and 587.9 nm; and seven peaks at 612.4, 617.6, 618.2, 
619.0, 623.3, 625.9 and 627.5 nm, respectively. 

According to Bunzli et al.[64], the symmetry site (S4) 
peak related to the [5D0→7F0] transition should appear, 
but it is very weak in emission spectra (or does not ap-
pear). Therefore, the [5D0→7F0] transition can be as-
cribed to only one weak peak for the PL emission line at 
578.4 nm;  the 5D0→7F1 transition has two bands at 
589.5 and 594.4 nm, and the 5D0→7F2 transition has two 
bands at 611.1 and 614.4 nm. However, the third band is 
difficult to be observed due to overlapping in the [5D1→ 
7F4] transition. The 5D0→7F3 transition shows four bands 
at 641.0, 644.9, 649.6 and 652.8 nm. Finally, the 
5D0→7F4 transition has four bands at 692.2, 694.3, 698.6 
and 700.1 nm (see Figs. 10(a, b)). The number of bands 
experimentally observed are in agreement with 5D1→7FJ 
and 5D0→7FJ (J=0–4) transitions as listed in Table 7. 
Thus, using these results, we conclude that ED and MD 
transitions for Eu3+ ions are strictly obeyed at the S4 
symmetry site[65]. Fig. 4 illustrates that Eu3+ ions substi-
tute for Sr2+ ions and form deltahedral [EuO8] clusters 
located at the A-site. 

Fig. 11 displays 3D PL emission spectra of SrWO4:Eu3+ 
powders heat treated at 800 ºC for different times in the 
range from 520 to 725 nm as monitored excitations at 
393 and 463 nm at room temperature and 77 K. 

3D PL emission spectra show the same profile when 
excited at 393 (5L6) and 463 nm (5D2) and performed at 
77 K and at room temperature (not illustrated). However, 

 
Fig. 11 3D PL emission spectra for SrWO4:Eu3+ powders 

treated at 800 ºC for: (1, 2) 4 h (3, 4) 8 h and (5, 6) 16 
h, λex=393 and 463 nm, respectively at 77 K 
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different intensities are apparent in samples heat treated 
at different times. Fig. 11 confirms that all transitions are 
characteristics of Eu3+ ions. PL emission spectra dis-
played in Fig. 11(1), (3) and (5) and excited at 393 nm 
(5L6) show that PL emission intensities are dominant as 
compared with PL emission spectra monitored at 463 nm 
(5D2) (see Fig. 11(2), (4) and (6)). Nevertheless, both 
spectra possess the same profile with the maximum red 
PL emission at 614.4 nm related to the Eu3+ [5D0→7F2] 
transition. PL emission intensity increases significantly 
as the heat treatment time is raised and attains its maxi-
mum value at 800 ºC for 8 h. When the sample was 
treated above at 800 ºC for 8 h, the PL emission intensity 
decreased independent of the excitation wavelength used. 
This phenomenon is known as luminescence quenching 
which is caused by non-radiative transitions and the en-
ergy transfer process. Non-radiative transitions in [5L6→ 

5D0] levels and the energy transfer of center activator 
Eu3+ ions to other centers or through lattice defects are 
believed to be the main processes responsible for lumi-
nescence quenching. The similarity between PL emission 
spectra monitored at 393 and 463 nm indicates that Eu3+ 
ions are located in a single symmetry A-site which indi-
cates that there is one emitter site in these powders. 

2.9  Lifetime and quantum efficiency analyses 

The decay curves of SrWO4:Eu3+ powders heat treated 

at 800 ºC for different time related to the 5D0→7F2 transi-
tion of Eu3+ ions are shown in Figs. 12(a–d). The excita-
tion and emission wavelength were set at 393 and 614 
nm, respectively. 

Decay curves for SrWO4:Eu3+ powders related to 
[5D0→7F2] transitions from Eu3+ ions and values obtained 
for optics constants are listed in Table 8. The lifetime (τ), 
radiative (ARAD) and non-radiative (ANRAD) rates as well 
as the emission quantum efficiency (η) regarding the 5D0 
level were obtained using the equation discussed in pre-
vious research[31]. PL emission decay curves of 
SrWO4:Eu3+ powders show that the fit is related to the 
mono exponential function (τ=0.60; τ=0.56; τ=0.60, and 
τ=0.56 ms, respectively); these values are in agreement 
with PL emission spectra (see Fig. 8).  

Table 8 verifies that lifetime values of SrWO4:Eu3+ 
powders are very close and confirm that all samples ex-
hibit similar structural characteristics which are inde-
pendent of the variation in heat treatment time. The 
quantum efficiency for samples heat-treated at 800 ºC for 
2, 4, 8, and 16 h showed values of 41.1% (±0.05), 39.7% 
(±0.05), 40.8%(±0.05) and 34.2%(±0.05), respectively. 

A slight decrease in the quantum efficiency is apparent 
as the heat treatment time increases; unlike behavior was 
observed for the rate ANRAD (see Table 8). We believe 
this characteristic may be related to an increase in com-
binations of non-radiative centers for Eu3+ ions which  

 
Fig. 12 Decay curves for SrWO4:Eu3+ powders heat-treated at 800 ºC for different times 

(a) 2 h; (b) 4 h; (c) 8 h; (d) 16 h 
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Table 8 Lifetime (τ), radiative (ARAD), non-radiative (ANRAD) rates, emission quantum efficiency (η), relative area of (I0→2/I0→1) 
transition and chromaticity (x and y) for the SrWO4:Eu3+ powders heat-treated at 800 ºC for 2, 4, 8 and 16 h 

Chromaticity Processing 

time/h 
τ/ms ARAD/s–1 ANRAD/s–1 η/% 

Ω2/ 

(10–20 cm2) 

Ω4/ 

(10–20 cm2) 
I0→2/I0→1 

x y 

2 0.60 685 981 41.1 (±0.05) 17.6 4.56 10.0 0.644 0.348 

4 0.56 708 1077 39.7 (±0.05) 18.7 4.25 10.6 0.667 0.330 

6 0.60 681 986 40.8 (±0.05) 17.3 4.61 9.8 0.657 0.339 

8 0.56 611 1175 34.2 (±0.05) 15.0 4.25 8.5 0.623 0.366 

 
contribute strongly to the multiphonon deactivation 
process at the Eu3+ in 5D0 level. The increase in the AN-

RAD rate is probably caused by defects and lattice distor-
tions which promote a recombination of non-radiative 
centers and decrease the quantum efficiency; conse-
quently, the PL emission intensity decreases. The ratio of 
the emission intensity for Eu3+ [5D0→7F2]/[5D0→7F1] 
transitions provides information about the A-site sym-
metry where Eu3+ ions are located[66]. In addition, this 
procedure can pinpoint the degree of distortion in the in-
version center and the coordination sphere around Eu3+ 
ions in the SrWO4 host matrix[22]. The ratio between the 
relative area of bands related to [5D0→7F2]/[5D0→7F1] 
transitions in PL emission spectra indicates greater dis-
tortion in A-sites due to the low symmetry for Eu3+ 
ions. 

Table 8 shows the ratio of [I0→2/I0→1] transitions for 
SrWO4:Eu3+ samples heat treated at 800 ºC for 2, 4, 8 
and 16 h. The values do not show large variations, which 
indicates that Eu3+ ions are located at A-sites with low 
symmetry and occupy network sites without specific in-
version symmetry specifically which is consistent with 
the greater intensity of the [5D0→7F2] related to [5D0→ 
7F1] transitions. The intensity of this [5D0→7F2] transition 
related to ED is extremely plausible for the ligand envi-
ronment around Eu3+ ions[1,15,61–63]. 

2.10  International standards chromaticity coordi-
nates (CIE) analyses 

The standards chromaticity is considered as a crucial 
parameter to evaluate the performance of phosphors such 
as LEDs by analyzing their luminescence efficiency and 
brightness. CIE patterns available for SrWO4:Eu3+ pow-
ders heat treated at 800 ºC for different time of 2, 4, 8 
and 16 h are shown in Fig. 13 and are listed in Table 8. 

Through CIE analyses, we obtained chromaticity co-
ordinates (x=0.644; y=0.348); (x=0.667; y=0.330); (x= 
0.657; y=0.339) and (x=0.623; y=0.366) values for 
SrWO4:Eu3+ powders heat treated at 800 ºC for 2, 4, 8 
and 16 h, respectively (see Fig. 13). These values are 
close to published values for International Standards 
Chromaticity Coordinates of the commercial phosphor 
Y2O2S:Eu3+ (x=0.64; y=0.34)[67]. Fig. 13 shows that color 
coordinates for our powders are fixed in the red region, 
which corresponds to the (5D0→7F2) emission of Eu3+ 
ions. 

 
Fig. 13 Chromaticity coordinates of indices to SrWO4:Eu3+ 

powders obtained by NHSG route synthesized at 800 
ºC for: (▪) 2 h, (*) 4 h, (▫) 8 h, and (•) 16 h 

3  Conclusions  

In summary, the NHSG process is a promising new 
route to obtain monophasic SrWO4:Eu3+ powders. TG/ 
DTA analyses showed that the crystallization process for 
the SrWO4:Eu3+ powders occurred at 807 ºC. XRD pat-
terns, Rietveld refinement data and M-Raman spectra 
showed that SrWO4:Eu3+ powders had a scheelite-type 
tetragonal structure and were structurally ordered at long 
and short range. Rietveld refinement data indicated that 
Eu3+ ions were probably located mainly at the A-site; 
Eu3+ ions which caused a slight distortion in the lattice 
due to their quite different electronic density. UV-vis 
spectra revealed intermediate energy levels within the 
"band gap" of this material. PL emission spectra showed 
all characteristic transitions of Eu3+ ions of the excited 
state to the fundamental [5D0,1→7FJ] (J=0–4). The strong 
PL emission in the red region was related to the electric 
dipole [5D0→7F2] transition of Eu3+ observed at 614 nm 
which was caused by the presence of these ions in an en-
vironment without an inversion center as confirmed by 
the [5D0→7F0] transition. PL properties and ratio values 
of relative areas for [5D0→7F2/5D0→7F1] transitions 
proved that Eu3+ ions were located in a low symmetry 
environment. Through quantum efficiency (η) and life-
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time (τ) values, a correlation with the effect of annealing 
time was confirmed which indicated that the ideal mate-
rial was obtained after 8 h of heat treatment, since it 
showed a higher relative intensity when compared to the 
other samples. The luminescence and CIE data showed 
that SrWO4:Eu3+ powders had potential for possible ap-
plications as red phosphor devices with an excited wave-
length of 363 and 462 nm.  
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