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Abstract

Strontium calcium tungstates (Sr1−xCax)WO4 crystals (with x¼0; 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,0.7, 0.8, 0.9 and 1.0) were prepared by the standard
wet milling ceramic preparation method. X-ray diffraction (XRD), Fourier transform Raman (FT-Raman) and Fourier transform infrared (FT-IR)
spectroscopic techniques indicate that all the crystals present a scheelite-type tetragonal structure without deleterious phases. FT-Raman spectra
exhibited six Raman active modes in the range from 100 to 1000 cm−1, while the FT-IR spectra present different infrared active modes for W–O
within the wave number range from 500 to 1000 cm−1. Optical properties were investigated by ultraviolet visible (UV–vis) absorption and
photoluminescence (PL) measurements. UV–vis absorption measurements evidenced an increase in the values of the optical band gap (from 5.80
to 5.92 eV) with the increase of Ca into the SrWO4 lattice. All compositions show broad blue PL emission at room temperature when excited
with 250 nm wavelength. Dielectric constant, temperature coefficient of resonant frequency (τf) and quality factors were measured with the
Hakkie–Coleman technique. The permittivity was found to increase with the increase in Ca content, in agreement with the Clausius–Mosotti
relation. The value of τf was found to be −44.61 ppm/1C for SrWO4 which increased to −19.69 ppm/1C for CaWO4.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Alkaline earth metal tungstates, AWO4 (A¼Ca,Sr, and Ba),
are the members of an important inorganic materials family
with a distinctive scheelite-type structure [1,2]. These com-
pounds crystallize in I41/a space group with four molecules in
each crystallographic cell. The divalent A2+ and hexavalent
W6+ atoms coordinate with eight and four O2− atoms,
respectively [3]. These materials have wide applications in
various fields such as electro-optics, microwave ceramics,
lasers and amplifiers [4]

Calcium and strontium tungstates from the scheelite family
remain center of attraction for crystal growers, radiologists,
material scientists and physicists due to their potential applica-
tion in the field of electronic and opto-electronic industries.
Calcium tungstate is the most widely used phosphor in
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industrial radiology and medical diagnosis [5–7], solid-state
LASER action that gives 64% higher slope efficiency than Nd:
YAG laser [8] storage applications [9] tunable fluorescence
[10] sensor for dark matter search [11]and for the detection of
γ- rays [12]. Strontium tungstate is also a very important
member of the scheelite family. It is an efficient scintillator at
low temperatures, and has gained a lot of interest due to the
possibility of combining laser and Raman properties in the
same media [13]. Despite the similar crystal structure, tung-
states with scheelite crystal structure have substantially differ-
ent luminescent properties. At room temperature CaWO4

shows intense blue luminescence with microsecond decay,
PbWO4 shows weak nanosecond blue luminescence while
SrWO4 shows either blue or green luminescence emissions
[14]. On the other hand the luminescence of BaWO4 is almost
undetectable. Hence these materials have attracted consider-
able attention for the development of new electro-optics
devices.
A number of synthesis methods, including solid state

reaction [15], electrochemical [16], micro-emulsion [17,18],
ghts reserved.
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hydrothermal [19], moltensalt [20], sono chemical [21],bio-
membrane template [22], microwave-hydrothermal [23], and
polymer template [24], have been employed to manipulate the
shapes and sizes of AWO4 (A¼Ca, Sr, and Ba) micro and
nanostructures. Among these methods, solution-based chemi-
cal synthetic methods play a key role in the design and
production of fine ceramics. Furthermore, the use of solution
chemistry can eliminate major problems, such as a long
diffusion path, impurities and agglomeration, which result in
products with improved homogeneity. Wet chemical methods
have disadvantages, such as complicated synthetic steps, the
use of expensive precursors, expensive equipments, high
synthesis temperatures and long sintering times. On the other
hand the solid-state reactions require excessive energy con-
sumption. However solid-state, high temperature method is
still industrially accepted for mass production due to its cost
effectiveness [25].

The luminescent properties of single-crystal as well as
polycrystalline SrWO4 and CaWO4 have been widely studied
in the past. Wo et al. studied the thermodynamic properties and
reported that enthalpies of formation for MeWO4 (Me is Mg,
Ca, Sr, Ba) increases with the increase of ionic radii of alkaline
earth metal [26]. It means that scheelite SrWO4 is more
thermodynamically stable than CaWO4. The relation between
ionic parameters and intrinsic microwave dielectric properties
has been investigated by IR spectrum study for the complex
perovskite ceramics [27]. Ionic size, manifesting itself in
tolerance factor (t), is found to be the most important
parameter in controlling the intrinsic microwave dielectric
properties. For t41, W-site has too much room, resulting in
an increasing of damping of the second mode involving W-site
vibration. Damping could be minimized by changing the ionic
size to fulfill, t�1. Based on the aforementioned considera-
tion, we choose smaller sized Ca2+ for higher radii Sr2+ so as
to reduce the tolerance factor.

On the other hand, SrWO4 was reported to have negative-
temperature coefficient of resonant frequency (τf) value (−55)
[28], thus near zero τf value is expected to be tuned for the
same by substituting a lower radii Ca2+ on Sr2+site. The
physical properties of these scheelites, those render them as an
appropriately attractive material, are evidently and intimately-
coupled with their unit cell dimension, crystallographic sym-
metry, as well as band structure. Hence, in this article, we seek
to gain a fundamental understanding of how slight but
controlled variations in the chemical composition of these
scheelite materials may lead to favorable structure property
correlations in these systems. The goal was to investigate the
crystal structure, microstructure, microwave dielectric and
optical properties of Sr1−xCaxWO4 prepared using the wet
milling ceramics preparation technique and compare with
previously reported distortions in WO4 tetrahedra using Raman
spectroscopy and photoluminescence measurements.

2. Experimental procedure

Sr1−xCaxWO4 ceramics were prepared using the solid state
reaction method. Highly pure chemicals, strontium carbonate
(99%, Himedia Chemicals), tungstan oxide (99%, Alfa Assar)
and calcium carbonate (99%, Merck India Ltd.) were used. The
stoichiometrically calculated reagents were thoroughly mixed
in the liquid medium using agate mortar and pestle for 4 h.The
obtained mixtures were dried and uni-axially pressed into
pellets. The pellets were heat treated at 900 1C and 1300 1C at
heating rates of 5 1C/min with an intermediate grinding for 4 h.
The bulk density of the sintered samples was measured by
Archimedes water immersion technique. The microstructures
were examined using a scanning electron microscope (SEM,
JEOL-6330F, JEOL, Japan). The pellets were crushed and
structurally characterized by using PANAlytical X-pert pro
MPD in Bragg–Brentano geometry with an X-Cellerator
detector. XRD patterns were obtained using Cu Kα radiation
in the 2θ range from 201 to 801 with a scanning rate of 0.021/
min and a step size of 0.0171. Raman studies were performed
using STR500, Seki Technotron spectrometer with an excita-
tion wavelength at 514.5 nm, from an Ar laser. Fourier-
infrared (FT-IR) absorption spectrum was recorded by the
standard KBr pellet technique using FT-IR spectrometer (IR-
Prestige21,SHIMADZU, Japan). The optical band gap was
calculated using UV–vis spectra recorded through a standard
spectrophotometer (Lambda 35, PerkinElmer,) in the diffuse
reflection mode. PL measurements of powders were performed
on a Hitachi F-7000 fluorometer with a Xe lamp as the
excitation light source at roomtemperature. The excitation
wavelength was 240 nm. Microwave dielectric constant and
unloaded Q values at microwave frequencies were measured
using the TE01δ resonance mode using the Hakki–Coleman
[29] dielectric resonator method as modified and improved by
Courtney [30] in the frequency range 1–12 GHz. τf was
calculated by measuring the resonant frequency in the tem-
perature range from 30–70 1C at a step of 10 1C. These values
were measured by inserting the cylindrical pellets in a
shielding cavity connected to an Agilent PNA E8364B net-
work analyzer in the transmission setup with a weak or
moderate coupling [31,32].

3. Results and discussion

Fig. 1 shows the XRD pattern of Sr1−xCaxWO4 powders. All
diffraction peaks shows single phase scheelite type tetragonal
structure with space group I41/a. The diffraction patterns of all
compositions show crystalline nature of the ceramics. No
additional or intermediate phases were detected. This suggests
the complete solubility of Ca in the SrWO4 crystal lattice. The
diffraction peaks are found shifted to higher 2θ position with
an increase of Ca concentration suggesting decrease in cell
volume. This decrease in cell volume is due to the smaller
ionic radius of Ca2+ than that of Sr2+.
Fig. 2 shows the composition dependency of absorption

band positions derived from FT-IR spectra recorded in the
region of 400–1500 cm−1. In SrWO4 the stretching vibration is
detected at 411 cm−1. However, Oh et al. [33] studied the
composition within the wave number range from 480 to
4000 cm−1 and observed an absorption band at 831.57 cm−1,
assigned as an anti-symmetric stretching vibration. This band
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Fig. 1. XRD pattern of Sr1−xCaxWO4 powders recorded at room temperature.
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is absent in the present SrWO4 sample and remain absent upto
x¼0.7. The observed band at 411 cm−1 is designated as weak
W–O symmetric stretch in the [WO4]2− tetrahedron. This band
position was found shifting toward higher energy side with
increase in the Ca content. This shifting may be due to increase
in the W–O bond strength resulted due to strengthening of
Sr/Ca–O band. This bond strengthening occurs may be due
to reduction of bond length between metal cation and oxygen
(Sr/Ca–O), by the substitution of smaller radii Ca in place
of Sr. The composition with x¼0.7 shows additional strong
stretching vibrations at 916 cm−1 and found shifting toward
lower wave number side with increase in the Ca Content. The
observed band positions for CaWO4 are quite similar with the
literature reported for CaWO4 prepared by a microwave
irradiation technique [34]. In general our FT-IR result is
analogous to the result reported by Zhang etal. [35]
Fig. 3 shows the room temperature Raman spectra of the Sr1

−xCaxWO4 ceramics. The Raman spectra are able to predict the
degree of structural order–disorder at short range in the
materials. The [WO4] molecular groups with strong covalent
bond W–O are peculiar to the tungstates. Due to weak
coupling between the [WO4] molecular groups and the Ca2+

or Sr2+ cations, the vibrational modes observed in Raman
spectra of Sr1−xCaxWO4. The group theory calculation presents
26 different vibration for Sr1−xCaxWO4, which is represented
by following equation.

Γ ¼ 3Ag þ 5Au þ 5Bg þ 3Bu þ 5Eg þ 5Eu

where all vibration (Ag, Bg, and Eg) are Raman-active. A and B
modes are non-degenerate, whereas E modes are doubly
degenerate. The subscribed ‘g’ and ‘u’ for even and odd,
respectively, indicate the parity under inversion in centro-
symmetric crystals. One Au and Eu correspond to the zero
frequency of acoustic modes, the others are optic modes.
In scheelites, the first member of the pairs (g) is a Raman-active
mode and the second member (u) is active only in infrared
(IR), except for the Bu silent modes that are not IR active. So,
we expect 13 zone-center Raman-active modes in Sr1
−xCaxWO4 as presented in following equation.

Γ ¼ 3Ag þ 5Bg þ 5Eg

This leads to seven internal modes namely (a) the stretching
vibrations: ν1(Ag), ν2(Bg), and ν3(Eg) and (b) bending modes:
ν2 (Ag), ν2(Bg), ν4(Bg) and ν4(Eg). There are six external modes



T
ab
le

1
R
am

an
ac
tiv

e
fr
eq
ue
nc
ie
s
qu

ot
ed

in
lit
er
at
ur
e
an
d
ob

se
rv
ed

in
th
e
pr
es
en
t
fo
r
S
r 1
−
xC
a x
W
O
4
ce
ra
m
ic
s.

S
rW

O
4
in

[4
3]

x
in

S
r 1
−
xC
a x
W
O
4
(p
re
se
nt

w
or
k)

C
aW

O
4
in

[3
4]

M
od
e
sy
m
m
et
ry

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

92
5

92
1

92
1

92
1

91
9

91
7

91
8

91
5

91
3

91
5

91
3

91
1

91
2

ν 1
(A

g
)

83
9

83
8

83
8

83
8

83
8

83
6

83
8

83
8

83
8

83
6

83
8

84
0

83
8

ν 3
(B

g
)

79
7

80
0

79
8

79
8

79
8

79
6

79
7

79
6

79
6

79
6

79
7

79
7

79
7

ν 3
(E

g
)

37
0

37
4

37
5

37
7

38
2

38
4

38
8

39
2

39
5

39
4

39
9

40
0

40
0

ν 2
(B

g
)

33
4

33
7

33
7

33
5

33
5

33
3

33
2

33
1

33
3

33
3

33
2

33
2

33
2

ν 2
(A

g
)+
ν 4
(B

g
)

18
7

19
0

19
2

19
4

19
6

19
8

19
9

20
2

20
6

20
4

21
0

21
0

21
0

ν f
r

N. Khobragade et al. / Ceramics International 39 (2013) 9627–96359630
namely two rotational modes of Ag and Eg symmetry and four
translational modes namely 2Bg and 2Eg [23,36]. The external
modes are called lattice phonon which correspond to the
motion of Sr2+or Ca2+cations and the rigid molecular units
[23].The internal modes belong to the vibration inside [WO4]

2

− tetrahedrons have cubic point symmetry Td [36]. The
stronger Raman-active vibration modes indicate a strong
interaction between the ions, which mainly arise due to the
stretching and bending vibration of the shorter metal–oxygen
bonds within the anionic groups [37]. Only six Raman-active
modes were detected in the ceramics prepared using the solid
state reaction route within the frequency range 50–1000 cm−1

and are shown in Fig. 3. According to literature [38,39], the
scheelite structure has been shown to be one of the few for
which the correlation splitting of the internal modes has been
observed. This results in ν1: Ag(R)+Bu (inactive/silent), ν2:
Ag+Bg(R)+Au(ir)+Bu, ν3, ν4: Bg+Eg(R)+Au(ir)+Eu(ir). The
spectrum for all compositions in the present study contains,
2Ag vibrations, 3Bg and 1Eg mode. The typical frequencies
quoted for [WO4]

2− regular octahedron and the frequencies
observed in the present study are listed in Table 1.

The ν1(Ag) band is observed at 911 cm−1 for CaWO4 while
same band is observed at 921 cm−1 for SrWO4. The corre-
sponding ν1(Bu) vibration is not observed in any composition
because this ν1(Bu) vibration is inactive or a silent mode.
However, Frost et al. [40] have observed a minor band around
894 cm−1 in scheelite structure materials and explained that
may be due to strain in the crystal causing activation of this
silent band. The ν2(Ag) vibration is observed as a strong band
at around 332 cm−1 for CaWO4 and at 337 cm−1 for SrWO4.
CaWO4 showed a weak ν2(Bg) at 400 cm−1 while 374 cm−1

for SrWO4 and the ν2(Bu), which is expected at 428 cm−1 as a
very weak bond, is absent. The ν3(Bg) vibration is located
around 840 cm−1 for CaWO4 while same band is observed at
838 cm−1 for SrWO4. The ν3(Eg) is located around 800 cm−1

for all compositions. Finally, the ν4(Bg) vibration is found
completely overlapping with the ν2(Ag) vibration of all
compositions. The ν4(Eg) mode is absent in the present spectra
although [41] reports this band at 409 cm−1. The bands at
around 186–189 cm−1 have not been previously reported. This
band may be the equivalent of the infrared active ν4(Au)
activated due to strain in the crystal. However, Daturi et al.
[42] assign a similar band at 273 cm−1 as a Raman active ν(Bg)
mode for scheelite type CdMoO4 and also bands at 193 cm−1

assigned to translational modes of the WO4 group.
Fig. 4 shows the band gap energy as a function of Sr

content. The equation proposed by Wood and Tauc [44] was
used to estimate the optical band-gap from UV–vis spectra.
According to these authors, the optical band-gap energy is
related with absorbance and photon energy by the following
equation; hυα α (hυ−Eg)

1/2, where α is the absorbance, h is the
Planck constant, υ is the frequency and Eg is the optical band
gap. The Eg value was evaluated by extrapolating the linear
portion of the curve. The value of direct transition band gap of
CaWO4 was found to be 5.92 eV. Similar value of band gap of
crystalline CaWO4 film was observed by Refs. [45,46] which
was 5.27 and 5.4 eV respectively. As illustrated in Fig. 4 the
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band gap energy increases as Cacontain in the composition
increases [47]. It has been reported that Eg is associated with
the presence of intermediary energy levels within the band-gap
of the materials [48]. These energy levels are also dependent of
the degree of structural order–disorder in the lattice. Therefore,
the increase in structural organization in the lattice leads to
formation of intermediary energy levels and consequently
increases the band gap. The Eg values can also be related to
the other factors such as; preparation method, processing time
and temperature, particles shape and morphology. These
factors affect the different structural organizations like oxygen
vacancies, bond distortions leading to affect the formation of
intermediary energy levels within the band gap. The value of
band gap for SrWO4 was found to be 5.80 eV. This value
reported in literature as 4.5 eV for SrWO4 powder prepared
using the polymeric precursor method [49], 4.49 eV for the
crystal prepared using double decomposition flux reaction
[47], 4.43 for the powder prepared using microwave hydro-
thermal route [50] and 3.90 eV for the powder prepared using
solid state reaction route heated at 1300 1C [51]. Our observed
band gap value for SrWO4 suggests that the sample has very
less defect and comparable to the samples prepared using other
chemical route. The observed value of band gap for end
members of the series are in good agreement with literature
and systematic change with composition suggest that all
samples are structurally ordered at long and short range, in
agreement with XRD and Raman study.

Fig. 5 presents the photo luminescent emission spectrum of
the Sr1−xCaxWO4 ceramics prepared using solid state reaction
route.The Gaussian nature of the spectra indicates that the
electronic levels corresponding to relaxed excited state of an
emission center belong to a degenerate excited state influenced
by some perturbation, e.g. a local low symmetry crystal field
[52]. Such emission peaks can be explained by the influence of
the Jahn–Teller effect [53] on the degenerated excited state of
[WO4]

2− tetrahedron.With excitation at 250 nm, the spectra
show symmetric peaks spread between 350 and 550 nm. The
broad nature of spectra suggests involvement of several energy
state within the band gap. Therefore to have qualitative
information deconvolution was performed using the multipeak
Gaussian fit to the emission spectra of ceramics. All spectra
show, emission is composed of two types of groups.The first
major peaks are located at the blue wavelength 409–420 nm, the
second peaks are in between 456 and 480 nm.It is generally
assumed that the measured emission spectra of metal tungstates
are mainly attributed to the charge–transfer transitions within the
[WO4]

2− complex between the last fully occupied t2 orbital and
the first empty e orbital [54,55]. More detail about the charge
transfer on the basis of hybridization of the [WO4]2− anionic
tetrahedrons is explained in the literature [50,56]. The intensity
of the emission spectra gradually increases with increase in
Ca content. As discussed in the previous section that the band
gap of CaWO4 is higher than that of SrWO4. So CaWO4 can
absorb higher energies than SrWO4. Hence, the higher emission
intensity can be explained on the basis of optical band gap
energy. The different intensities may also be resulted from the
different sizes and surface properties of ceramics. The position
of the emission peaks are not considerably altered, implying that
the energy band gap relating to the blue emission is not highly
affected by the variation in chemical composition.
Microwave dielectric measurements were performed using

N5230A (Agilent Technologies, USA) Vector Network Ana-
lyzer in a TE011. The dielectric constant (εr) were measured
using the [29] dielectric resonator method as modified and
improved by Courtney [30]. The TE011 mode is widely used in
materials property characterization because in this mode there
is no current crossing the dielectric and the conducting plates,
so possible air gaps between the dielectric and the conducting
plates have no effects on resonance properties of this mode
[57]. The theoretical model is properly described for the
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configuration mentioned by Courtney and as modified from
Kobayashi and Tanaka [58]. The TE011 resonance mode has
been found most suitable for the real part of the relative
dielectric constant (εr), and a gain/loss factor (tan δ) of the
specimen was obtained from the measured resonance fre-
quency (f1) and unloaded quality factor (Q0) for the TE011

resonance mode. The relative dielectric constant and loss
factors were calculated from the following formula [29]

εr ¼ 1þ c

πDf 1

� �
ðα21 þ β21Þ ð1Þ

where c is the velocity of light, α1 is given by the mode chart
[58] and β1 is obtained from the resonance frequency (f1) and
the sample dimension. The tan δ is given by Hakki–Coleman
[29] as described in Eq. (2)

tan δ¼ A

Qu
−BRS ð2Þ

where:

A¼ 1þW

εr
ð3Þ

B¼ lλ

2L

� �3 1þW

30π2εrl
ð4Þ

W ¼ J21ðα1Þ
K2

1ðβ1Þ
K0ðβ1ÞK2ðβ1Þ−K2

1ðβ1Þ
J21ðα1Þ−J0ðα1ÞJ2ðα1Þ

ð5Þ

Rs ¼
ffiffiffiffiffiffiffiffiffiffi
πf 1μ

s

r
ð6Þ

The function W is the ratio of electric field energy stored on the
outside of the rod to the energy inside the rod. λ is the free-
space wavelength and L is the length of the dielectric speci-
men. s is the conductivity of the shorting plate, and Q0 is the
unloaded quality factor of the dielectric resonator. If the
dielectric material is isotropic then the characteristic equation
for such a resonance structure for the TE011 mode is given by
Eq. (7):

α
J0ðαÞ
J1ðαÞ

¼ −β
K0ðβÞ
K1ðβÞ

ð7Þ

where J0(α) and J1(α) are the Bessel functions of the first kind
of order zero and one, respectively. K0(β) and K1(β) are the
modified Bessel functions of the second kind of orders zero
and one, respectively. Kobayashi and Katoh [59] described a
method for the experimental determination of Rs which
employs two rod samples cut from the same dielectric rod
with equal diameters but different lengths. The expression of
Rs is given by:

Rs ¼ 30π2
2L
lλ

� �3 εr þW

1þW

1
l−1

1
Q01

−
1
Q0l

� �
ð8Þ

Then substitution of Eq. (8) into Eq. (2) yields:

tan δ¼ A

l−1
l

Q0l
−

1
Q01

� �
ð9Þ
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This calculation facilitates the precise measurement of (tan δ).
Temperature coefficients of the dielectric resonator were
measured using a temperature controlled hot plate enclosure
with an invar cavity in the temperature range from 40 1C to
70 1C using Eq. (10)

τf ¼
1
f

� �
Δf
ΔT

� �
ð10Þ

where Δf /ΔT is the resonance frequency change with respect
to temperature.

According to Shannon [60] the molecular polarizibilities of
complex substances can be broken up into the polarizibilities
of constituent ions which can be estimated from the following
equation.

αðAWO4Þ ¼ αðA2þÞ þ αðW6þÞ þ 4αðO2−Þ ð11Þ
where α is the polarizability. The dielectric constants of AWO4

compounds could be calculated with the polarizability from
Shannon's suggestion and the Clausius–Mosotti relation:

εs ¼
3Vm þ 8παD
3Vm−4παD

� �
ð12Þ

where Vm is the molar volume. Molar volume of AWO4 can be
calculated with the unit cell parameters determined from the
diffraction pattern, and the values of molar volume are shown
in Table 2. The dielectric constant of AWO4 was calculated
with 3.2 for the mean value of polarizability of W6+. The
calculated and observed permittivity after porosity correction
of Sr1−xCaxWO4 ceramics are shown in Table 2. The porosity
correction was applied as per the equation, εr¼εobs(1+1.5 P),
where P is porosity. The calculated and observed permittivity
after porosity correction showed good agreement. Pullar et al.
[61], reported similar values of permittivity for different
wolframite and scheelite structured ceramics sintered at
1200 1C. The observed values of τf for end compositions are
higher than those reported by Yoon et al., [28] may be due to
uniform grain growth of the ceramics and higher bulk density.
One can see the apparently random variation in quality factor
with x content in the samples. This may be due to variation in
the apparent porosity of the samples.

4. Conclusion

Strontium calcium tungstates (Sr1−xCaxWO4) crystals (with
x¼0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0) were
prepared by the standard wet milling ceramic preparation
method. The structural characterization showed formation of
single phase scheelite tetragonal structure without evidence of
any secondary phase. FT-Raman spectra exhibited six Raman
active modes within the range from 100 to 1000 cm−1, while
the FT-IR spectra present different infrared active modes for
W–O within the wave number range from 500 to 1000 cm−1.
Optical properties were investigated by ultraviolent visible
(UV–vis) absorption spectroscopy showed an increase in
band gap energy from 5.80 to 5.92 eV. All compositions show
broad blue PL emission at room temperature when excited
with 250 nm wavelength. Dielectric constant, temperature
coefficient of resonant frequency (τf) and quality factors were
measured with Hakkie–Coleman technique. The permittivity
increases with increase in Ca content, in consistent with the
Clausius–Mosotti relation. The value of τf was found to be
−44.61 ppm/1C for SrWO4 which increased to −19.69 ppm/1C
for CaWO4.
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