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INTRODUCTION

Currently, the researchers are paving usually more attention
towards the white light-emitting diodes (WLEDs). The WLEDs
have many advantages such as long life time, high luminescent
efficiency and very low power consumption. Simultaneously,
it has own feature of it’s to function as eco-friendly in nature
[1,2]. In this connection, the concerned WLEDs are generally
made the using various strategies. Out of all strategies, the
main synthetic routes are InGaN chip is coated on the yellow
phosphor (YAG: Ce3+), however this approach has some limi-
tations such as colour rending index (CRI) is very low in the
red region [3]. Second approach is the mixing of (red + green +
blue) tricolour phosphor which is excited with near UV LED
to produce white light emission [4]. But this approach has
also some limitations. The usage of sulphur as well as oxy-
sulphur derivatives, which are not ecofriendly in nature. Since,
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it emits harmful gases into the atmosphere [5-7]. The third
strategy is UV-LED to excite three different phosphors (RGB)
coated over the epoxy layers. Hence, one needs to formulate a
new structured phosphor for producing high efficient WLEDs.

In this regard, it is recommended that the Eu3+ ion can be
used as dopants in the red phosphors for improving the lumine-
scence efficiency in the formation of strong and broad charge
transfer band in the excitation spectra. The charge transfer
band (CTB) is strong and broad the host crystal lattice absorbs
more light energy and it transfers to rare earth activator ion
Eu3+, which leads to high intensity emission spectra [8].

However, the WLEDs are mostly prepared by using solid-
state method. But this method faces many limitations for
example, (i) requisition of high calcination temperature, (ii)
grinding of powder for long time, and (iii) the physical state
of fine powder is non-homogeneity. On account of limitation,
the prepared WLEDs are directly affected in various ways like
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as such high calcination temperature causes the damage surface
of the powder that leads to crystal defects. Finally, the above
mentioned reasons cause decrease the phosphor luminescence
efficiency. As a result, to avoid all the above said drawbacks,
one should proceed with sol-gel method. The sol-gel method
has many advantages as such the preparation of phosphor at
ease, economically cheap, high quality and predominantly high
homogeneity with tiny particles. Moreover, this method requires
low temperature, in comparison with solid state method.

Tungstate’s contain of double perovskite structures, which
are mostly used in the applications of both phosphors materials
and scintillators [9,10]. Generally, tungstate acts like a self-
activated luminescent materials due to wide range of intrinsic
emission band [11-13]. Hence, intrinsic emission transitions
are formed due to annihilation of self-trapped excitation with
UV light. However, the materials are excited with UV light,
which have high stoke shift is about 16,000 cm. In case of
tungstate’s containing double parton scatterings (DPS), the
stoke shift is very low. Hence, one can use as applications of
WLEDs [14].

Bismuth is considered as green main group element due
to its non-carcenogenic nature and non-toxic nature [15].
Moreover, Bi3+ ion shows both strong absorption band in UV
region and emits a broad band emission extending from UV to
red spectral range due to 3P1,0–1S1,0 transition [16]. In addition
to this, the starting materials are also accessible for stoichio-
metry calculation. In this work, the red phosphor Bi2-xEuxWO6

(x = 0-0.24) was prepared with sol-gel method. Moreover, its
crystal structure, surface morphology, luminescence efficiency
and colour absorption regions were also investigated.

EXPERIMENTAL

Synthesis: Bi2-xEuxWO6 (x = 0.12) compound was prepared
with simple citrate sol-gel method at 700 ºC for 5 h of sintering.
In brief, weighed 1.4212 g of Bi2O3, 0.1528 g of Eu2O3, 1.8083 g
of H2WO4, 3.146 g of citric acid (stoichiometric ratio of total
cations to citric acid as 1.0:1.5) and transferred to 500 mL
glass beaker followed by the addition of the distilled water to
get a clear solution. If any sample is not dissolved in distilled
water, added either nitric acid or liquid ammonia. After that,
the solution should maintain its pH in around 6-7 by adding
required amount of either acid or base to the solution. The
total quantity of the solution should not exceed 300 mL. Place
the glass beaker on the magnetic stirrer, which contains two
nobs for simultaneous heating as well as stirring. Left the
solution on the magnetic stirrer for 6-8 h at 100 ºC for both
simultaneous heating and stirring. Then, before the formation
of a grey gel liquid, added 1.5  mL of ethane diol or ethylene
glycol dropwise to the solution mixture. After 8 h of simult-
aneous heating and stirring, it produces a grey gel sample. Then,
the gel substance was burned in an electric burner for 15-20
min, which turns into the grey powder form. This powder form
was grinded in mortar pestle up to fine powder state. Finally,
fine powder was annealed at various temperatures viz. 500 ºC,
600 ºC, 700 ºC for 5 h in a muffle furnace.

Characterization: XRD patterns were recorded by using
X-ray diffractrometer (Phillips PW 1830) with CuKα radiation

(K = 0.15406 Å) at 36 kV tube voltage and 20 mA tube current.
On the other hand, the angles (2θ) values were recorded for
every structure in between 10º-90º with 0.02 scanning speed
and 4º/min scanning rate, respectively. The light absorbance
capacity was measured with diffuse reflectance spectra (Perkin
Elmer UV Win lab 6.2.0.0741 λ35 1.27). Surface morphology,
size and distance between particles were measured with FESEM
(Oxford instruments). Excitation and emission spectra were
recorded by using PL data (FP8300, Serial number D046261450).
CRI coordinates were measured by using Osram Sylvania color
calculator.

RESULTS AND DISCUSSION

Crystallinity and phase purity: The double perovskite
structured samples have been prepared by sol-gel method, at
various temperatures i.e., 500, 600, 700 ºC for 5 h of each
series. However, XRD technique can be used in order to find
the structural characterization of these double perovskite
structured compounds. When the above samples which are
synthesized at 500 and 600 ºC for 5 h, exhibits impurities as
well as double perovskite phases through XRD pattern. As a
result in order to form purified, perfect, well matched crystal
structure, one has to be annealed the sample at 700 ºC for 5 h.
Annealing beyond 700 ºC for 5 h, it was observed of its partial
melting of the samples. During the process of observation,
one should fixed 700 ºC for 5 h is the optimum temperature
for the prep-aration of red phosphor compounds. Finally, to
identify the structural and optical characterization, the samples
which were annealing at 700 ºC for 5 h. The sample structures
are named through Nakmuta program [17]. Hence, the samples
of XRD pattern and its structure shown in Fig. 1.

The samples annealed at 700 ºC/5 h (Fig. 1b) showed good
phase purity and high crystallinity having pure orthorhombic
Bi2-xEuxWO6 type crystal structure (JCPDS No.73-1126). Space
group: B2ab, Space group number: 41 [18].

Diffuse reflectance spectroscopy: From Fig. 2, it is
observed that the DRS for the double perovskite structures
which is prepared at 700 ºC for 5 h and clearly showed that
the absorbance capacity of phosphor appear in two regions.
The first region of absorbance band ranging from 250-380 nm
due to oxygen–Mo charge transfer transition [19]. The second
region ranging from 420-480 nm, which is weak absorption
band, due to f-f transition of Eu3+. The prepared sample has
strong absorption in UV region and very weak absorption in
near UV region. This absorption of light leads to optical exci-
tation, so that electrons jump from valence band to conduction
band, in which Mo has 4d-electrons, while W has 5d-electrons
[20]. Many researchers explained that weak CTB is due to Eu-O,
which is located in the region 250-350 nm. The CTB which is
located in the region 350-400 nm due to Mo-O transition. It is
also found that the steep fall of absorbance spectra around
400-450 nm is due to band gap transition, but not due to crystal
defects in host lattice structure [21].

Morphological studies: From FESEM image, the sample
of x = 0.12, consists of loosely packed structure of round shape
grains with strong agglomerations’ and the particle size ranging
on average from 20-30 nm and the distance between particle
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Fig. 2. UV-Vis reflectance spectra for Bi2-xEuxWO6 at x = 0.03-0.24 of
Eu3+concentrations

lies in between 100-200 nm. On other hand, many voids are
appeared in the SEM image due to in adequate sintering temp-
erature. However, it was observed that voids which enhances
the luminescence properties of red phosphor. On the other hand,
the prepared red phosphor’s size lies in the range of 200 nm –
1 µm. Hence, the prepared sample also exhibits high lumine-
scence as like commercial red phosphor and it can be used in
luminescence, display devices and WLEDs. From Fig. 3, the
prepared sample composition is seen in EDAX pattern. As a
result, the stoichiometric percentage of elements in the EDAX
data is almost equal to the elemental stoichiometry of the
prepared phosphor sample.

Photoluminescence studies

Excitation spectra: Fig. 4a shows excitation spectra for
Bi2–xEuxWO6, where the charge transfer band (CTB) lies in the
range of 300-370 nm, which is due to W6+-O and Eu3+-O

transitions [22]. In Fig. 4a, sample x = 0.12 shows a high intensity
charge transfer band transition, which has comparatively less
intensity than f-f transition. Moreover, the rest of all samples
show low intensity charge transfer band transition than f-f
transition. In addition, the f-f transitions are gradually increases
with increase concentration and reaches maximum for x = 0.12
sample. Thereafter, the intensity of f-f transition is gradually
decreases with the increase of concentrations i.e. (x = 0.15-0.24).

Hence, x = 0.12 concentrated sample is considered as the
optimum concentration level for recording emission spectra
of Bi2–xEuxWO6 at various wavelengths. So, it is concluded that
charge transfer band indirectly helps the luminescent centre
to emit high intensity transition. Moreover, diffuse reflectance
spectra (DRS) supports the optimum concentration of x = 0.12,
by showing the systematic red shift of absorption edge with
increase concentration from x = 0.0-0.12. In this spectrum,
the sharp peaks were appeared at 465 and 545 nm wavelengths
and their corresponding transitions are 7F0−5D2 and 7F0−5D1,
respectively. Out of these three peaks, relatively 465 nm wave-
length peak has prominent absorption, which gives high intensity
emission at 614 nm wavelength.

Emission spectra: Fig. 4b shows the emission spectra
for compound Bi2–xEuxWO6 recorded at 465 nm excited wave-
length. The main emission peaks lies in the range of 550-700
nm. The corresponding emission peaks are assigned as 5D0−
7FJ (J = 0, 1, 2, 3). Among all four transitions 5D0−7F2 transition
shows highest intensity for the sample x = 0.12, due to the
non-centro symmetric nature of Eu3+ in the host crystal lattice
[23]. The other transitions at 595, 650, 700 nm are considered
to be as moderate weak and very weak. The transition 5D0−7F2

represents very good red light emission phosphor at 614 nm,
which is supported by Li & Liu [24].

Sun et al. [25] and Blasse et al. [26] proposed an equation to
calculate the critical transfer distance (Rc) between the two acti-
vator ions in the host crystal lattice. The equation given below as:
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Fig. 1. XRD pattern for Bi2-xEuxWO6 at x = 0.0-0.24 of Eu3+ concentrations

Vol. 34, No. 9 (2022)  Mechanism of Luminescence Enhancement in Eu3+ Activated Double Perovskite Phosphors Bi2-xEuxWO6 (x = 0-0.24)  2207



(d)

0 2 4 6 8 10 12 14 16 18 20

keV
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Fig. 4. Excitation spectra of (a) Bi2–xEuxWO6 at x = 0.12 obtained by monitoring 614 nm emission; (b) Bi2–xEuxWO6 for x = 0.03–0.24
obtained by exciting at 465 nm

where V is the volume of the unit cell, Xc is the atom fraction
of Eu3+ activator in which the concentration quenching occurs
and N represents the number of host cations in one-unit cell.

So the unknown parameters for Bi2–xEuxWO6 are Xc = 0.12, V
= 494.58.29, N = 4.0. Thus the calculated Rc value is 12.29 Å,
which is greater than 5 Å, hence the energy transfer between
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the activator ions is mostly associated with the multipolar inter-
actions, radiation reabsorption. It also indicates that the multi-
polar–multipolar interaction is more dominant and results in
the quenching of Eu3+ in the phosphors [27].

In addition to this, quenching depends mainly on the energy
transfer between the ions in the host crystal lattice. But, the
energy transfer depends on the distance between ions presented
in the host crystal lattice. The distance of Eu3+−Eu3+ ions varies
in different layers of host material. However, ions Eu3+−Eu3+

present in the same layer have very low range of distance than
the ions present in the different layers of host crystal lattice.
Similarly, the distance between Eu3+−Eu3+ ions is very low
along the a-axis, with comparative to the b and c-axis. Thus, it
takes more energy transfer in the same layer along a-axis in
the host crystal lattice. According to Dexter [28], the energy
transfer easily takes place between the identical ions. In which
one of the ions acts like sink due to its existence next to a
defect.

CIE coordinates of phosphors: The prepared red
phosphor chromaticity coordinators (x,y) have been measured
using the CIE software (CIE 1931 XY.V.1.6.0.2) and the data
is given in Table-1. The obtained results of chromaticity co-
ordinators (x,y) are closed to the standard red phosphor, i.e.
(0.67, 0.33). On the other hand, the sample with x = 0.12
concentrated sample shows very close to the chromaticity co-
ordinators of the commercial standard red phosphor. In addition
to this, the obtained coordinators are very close to the CIE edge
in the CIE diagram (Fig. 5). It indicates that the luminescence
intensity and colour purity of prepared phosphor can be opti-
mized by increasing the concentration of Eu3+ dopants gradually.

By gradual increment of Eu3+ dopants into the host crystal
lattice, the ratio of R/O increases and leads to destroy the
symmetric nature of the prepared red phosphor. Hence, the
red colour purity, emission intensity and the availability of

TABLE-1 
CIE CO-ORDINATES OF Bi2–xEuxWO6 FOR (x = 0.03-0.24)  

FROM EMISSION SPECTRA EXCITED AT 465 nm 

Sample CIE  
x (465 nm) 

CIE  
y (465 nm) 

CCT  
(K) 

Bi1.97Eu0.03WO6:Eu3+ 0.5703 0.4296 1742 
Bi1.91Eu0.09WO6:Eu3+ 0.6167 0.3833 1285 
Bi1.88Eu0.12WO6:Eu3+ 0.6254 0.3746 1208 
Bi1.82Eu0.18WO6:Eu3+ 0.5864 0.4131 1644 
Bi1.79Eu0.21WO6:Eu3+ 0.5639 0.4358 1823 
Bi1.76Eu0.24WO6:Eu3+ 0.5592 0.4404 1886 

 
different excitation chips can be optimized. Similarly, the
colour tone of the prepared red phosphor changes with the
increasing of Eu3+ ion concentration. It varies from yellowish
orange to orange-reddish and finally turns to red colour tone.
Once the colour tone is optimized, it can’t be changed with
the gradual increment of Eu3+ dopant concentration. The colour
purity (CP) of the prepared sample can be measured with below
equation [19,29]:

2 2
i i

2 2
d i d i

(x x ) (y y )
CP

(x x ) (y y )

− + −
=

− + −

where (x,y) are the prepared sample coordinators, (Xd,Yd) are
the dominant wavelength co-ordinators and (Xi,Yi) are the
standard white light coordinators. For sample Bi2–xEuxWO6:
Eu3+ (x = 0.12 concentration), the (x,y) is (0.6254,0.3746),
(Xd,Yd) is (0.66,0.31) and (Xi,Yi) is (0.31,0.32). So from the
equation the colour purity for the prepared sample is 92.5%,
which shows the sample falls in the red region and also the
CCT values are also lies around 1200-1900 K, for all the different
concentrations of Bi2–xEuxWO6 for x = 0.03-0.24.

Conclusion

A series of samples of composition Bi2-xEuxWO6 (x = 0.03-
0.24) were prepared by a citrate-gel precursor method and all
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of them crystallized in orthorhombic structure as confirmed
by powder XRD. The morphology of samples is nearly spherical
shape and size ranged from few nm to microns. The emission
spectra recorded by exciting at 465 nm, showed the maximum
intensity at 614 nm for x = 0.12 in the series of Bi2-xEuxWO6:
Eu3+. The colour purity and chromaticity coordinates were closed
to standard red light in the CIE diagram and therefore, useful
in WLEDs.
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