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INTRODUCTION

Several scientists are working constantly on the phosphors,
since they mostly used in all areas but mainly are used in
manufacture of white light emitting diodes (WLEDs). These
WLEDs are very important commercial materials due to their
special characteristics like long life time, economically low-
cost, high efficacy and little amount of toxic nature [1,2]. In
order to produce white light generation three methods are
followed [3,4]. They are (i) mixing of three monochromatic
light sources red, green and blue; (ii) excitation of blue, red
and green phosphors coated on an epoxy with blue UV LED;
and (iii) combination of blue LED chip with yellow phosphor.
Since, the efficiency of red light is eight times less than the
green and blue light [5]. So, the researchers are focused to
improve the efficiency of red light. There are many other red
phosphor materials, which are available in the market mainly
oxides, sulphides, etc. form, even though red phosphor material
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containing sulphide has high efficient, but it has less life time
and highly toxic in nature [6,7]. However, double perovskite
structured materials are mainly substitued in the preparation
of WLEDs. Researchers continually trying to improve the
efficiency of red component by using double perovskite struc-
tured materials which are majorly used in the electronic,
ferrites, photonics [8-11], photocatalysts [12-20], etc. Similarly,
molybdate and tungstate are also tried in these double perovskite
structures as main elements to improve the red light efficacy
due to their high thermal and chemical stability [21].

Similarly, due to their specific characterstics like a good
lumin equivalent, quantum efficiency, photostability and well
defined transitions, the rare earth element ions are also used
in WLEDs [22]. Generally, Eu3+ ions exhibit 5D0-7EJ transitions,
where 5D0-7F1 (595 nm) and 5D0-7F2 (614 nm) are the strong
transitions, which comes under the red region [22]. Moreover,
Eu3+ ions have good absorption capacity, high colour purity and
also exhibit stable chemical and physical properties [23,24].

https://orcid.org/0000-0001-6176-7828
https://orcid.org/0000-0002-8513-1389


In this work, a double perovskite with bismuth as one of
the host elements is well known energy transfer centre and
environmentally safe element [25], apart from its low price
and large availability in nature is reported. By substituting
bismuth ions in place of gadolinium, for the double perovskite
composition [26], a similar change is expected insite symmetry
and in view of its inherent energy transfer behaviour could
additionally help in obtaing higher emission efficiency. Earlier,
we have prepared Eu3+ doped Bi2MoO6 by a semi sol-gel method
and found good red luminescence intensity [27]. Encouraged
by these results, a new bimuth containing double perovskite
of composition NaSrBi1-xEuxMoO6:Eu3+ is prepared by a sol-gel
method and characterized its crystal structure and luminescence
properties as a function of dopant concentration.

EXPERIMENTAL

Synthesis: A series of NaSrBi1-xEuxMoO6:Eu3+ (x = 0.0-0.24)
phosphors was prepared by following a sol-gel method using
AR grade starting materials NaNO3, Sr(NO3)2, Bi2O3, Eu2O3,
(NH4)6Mo7O24·4H2O, HNO3 and citric acid procured from the
reliable commercial sources.

The preparation of NaSrBi0.88Eu0.12MoO6:0.12Eu3+, the
usual procedure for the sample preparation is illustrated as
follows: Weighed the required amount of starting materials
i.e. 0.8696 g of NaNO3, 2.1842 g of Sr(NO3), 2.1136 g of Bi2O3,
0.2179 g Eu2O3, as per stoichiometry and transferred to 500
mL glass beaker. Added distilled water slowly to all the starting
materials to get a clear solution. If any sample is not dissolved
in distilled water, added either nitric acid or liquefied ammonia
in a minimum quantity. After that, the solution should maintain
its pH at 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 and then place on the magnetic stirrer,
which contains two nobs for simultaneous heating as well as
stirring. This solution is subjected to the magnetic stirrer for
6-8 h at 100 ºC. Then, before formation of a grey gel liquid,
added ethylene glycol (1.5 mL) dropwise to the solution
mixture. After 8 h of simultaneous heating and stirring, a grey
gel was formed. The gel was burned in an electric burner for
15-20 min. The grey powder form was grinded in mortar pestle
to get the fine powder, then annealed at various temperatures
viz. 500 ºC, 600 ºC and 700 ºC for 5 h in a muffle furnace to
obtain a red light emitting phosphor.

Characterization: The 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 100-900 with 0.02
scanning speed and 40/min scanning rate, respectively. The
light absorbance capacity was measured with diffuse reflectance
spectra (Perkin-Elmer UV Win lab 6.2). The surface morpho-
logy, size and distance between particles were measured with
FESEM (Oxford instruments). The excitation and emission
spectra were recorded by using PL data ( FP8300,Serial number
D046261450). The CRI co-ordinates were measured by using
Osram Sylvania color calculator.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) studies: The double perovskite
samples have been synthesized by sol-gel method, at various
temperatures i.e. 500, 600 and 700 ºC for 5 h of each series.
The XRD patterns exhibit impurities as well as double pero-
vskite phases. However, the sample annealed at 700 ºC for 5 h
exhibits purified, perfect, well-matched crystal structure.
Annealing beyond 700 ºC for 5 h, the partial melting of the
samples was observed.Thus, the optimum temperature for the
preparation of red phosphor compounds is at 700 ºC for 5 h.

The powder-XRD patterns of all the samples in the series
NaSrBi1-xEuxMoO6 (x = 0.0-0.24) are shown in Fig. 1. For the
concentration of Eu3+ ranging from 0.0 to 0.03, the XRD data
of double perovskite samples, fits well with orthorohmbic
phase having space group: Pban. These compounds have well
matched peak patterns with earlier reported (JCPDS No. 24-
0423) [28]. The lattice parameters of a representative ortho-
rohmbic sample (x = 0.0-0.03) were a = 10.8107 Å, b = 11.9599,
c = 8.9062, V = 1151.53 Å3. For Eu3+ concentration ranging
between 0.12 to 0.18, the powder patterns showed monoclinic
phases with space group P2/m and the lattice parameters were
a = 10.5106 Å, b = 4.9922 Å, c = 8.1849 Å, V = 402.54 Å3.
The XRD patterns of NaSrBi1-xEuxMoO6 (x = 0.21-0.24) showed
the triclinic crystal structure with space group of P1.
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Fig. 1. Powder XRD patterns of samples NaSrBi1–xEuxMoO6 for x = 0.03-
0.24

Diffuse reflectance spectra (DRS): The efficiency of any
phosphor depends on the nature of host crystal lattice and
doped rare earth ion activator. Host lattice absorbs the light and
transfers to doped rare earth ion activator. Either host crystal
lattice or doped rare earth ion activator absorbs light radiation
alone, if so a lead to very low emission intensity is observed in
the phosphors material [29,30]. Additionally, diffuse reflec-
tance spectra explains the band gap of host crystal lattice, which
is also one of the factors to influence the absorbance capacity
of material [31,32].

From DRS spectra (Fig. 2), a good absorption intensity at
the lower wavelengths and the absorption intensity decreases
as moved to longer wavelengths is observed. The absorbance
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capacity of phosphor appear in two regions. The first region
of absorbance band ranging from 200-380 nm due to the
oxygen-Mo charge transfer transition [33], while the second
region ranged from 400-480 nm is due to f-f transition of Eu3+,
which is a weak absorption band. The prepared sample exhibited
strong absorption in UV region as well as very weak absorption
in near UV region. Moreover, a steep fall of absorbance spectra
occured around 400-450 nm is due to the band gap transition,
but not due to the crystal defects in host lattice structure [34].

FE-SEM studies: For sample of x = 0.12, the prepared
sample exhibits the sharp flake like structures with strong agglo-
merations and the particle size ranging on average from 20-
30 nm and the distance between particle lies in between 100-
200 nm. Fig. 3 shows the EDAX profile of NaSrBi1-xEuxMoO6

(x = 0.12). The presence of all elements as per the sample
composition is quite visible from the spectra and the stoichio-
metric ratio of elements were found to be close to the intended
stoichiometry of the prepared sample (x = 0.12). The commer-
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Fig. 2. UV-Vis reflectance spectra for NaSrBi1–xEuxMoO6 for x = 0.03-0.24
with different Eu3+concentrations
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Fig. 3. SEM images of NaSrBi1-xEuxMoO6:Eu3+ at (a) 1 µm, (b) 400 nm, (c) 100 nm, (d) EDAX pattern for NaMgBi1-xEuxMoO6:Eu3+
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cial phosphor samples usually possesses particles sizes in the
range 2-10 µm [35]. The prepared phosphor consists both the
nano and micron sizes, and hence the emission intensities
would be comparable to the commercial red phosphors.

The as-prepared particles were dispersed into deionized
water and particle size was measured by particle size analyzer
(PSA) using Fraunhofer method. The morphologies of the
double-perovskite did not vary with different doping concen-
tration. Several voids were observed in the morphologies, which
might be due to the inadequate sintering temperature profile.
Since the optimum condition for synthesis this phosphor has
not been known yet and the particle size, morphology and voids
affect the luminescence properties, it is expected that the photo-
luminescence properties will be improved by the appropriate
sintering temperature profile.

CIE coordinates of the phosphors: The color purity and
the chromoticity co-ordinators (x,y) of any phosphor material
are measured with CIE (Commission International D'E
Clairage) software (CIE 1931 XY.V.1.6.0.2) by using photo-
luminescence data of the prepared phosphor materials. The CIE
mode is connected to software link, where the photolumine-
scence data i.e. wavelength and colour observed were incorp-
orated, in order to find out the colour the purity and the chroma-
ticity co-ordinators (x,y). However, the prepared red phosphor
chromaticity co-ordinators (x,y) have been measured using the
above said software and the data is given in Table-1.

For sample NaSrBi1-xEuxMoO6:Eu3+ (x = 0.12), the (x,y) is
(0.6298,0.3702), (Xd,Yd) is (0.66,0.32) and (Xi,Yi) is (0.31,0.32).
Thus, the colour purity for the prepared sample is 91.4%, which
shows the sample falls in the red region and also the CCT
values are also lies around 1200-1500K, for all the different
concentrations of the NaSrBi1-xEuxMoO6 for x = 0.03-0.24.

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 shows very close to the
chromaticity co-ordinators of the commercial standard red
phosphor for every series. Moreover, the obtained co-ordinators

TABLE-1 
CIE CO-ORDINATES OF NaSrBi1–xEuxMoO6 FOR (x = 0.03-0.24) 

FROM EMISSION SPECTRA EXCITED AT 465 nm 

Sample CIEx  
(465 nm) 

CIEy  
(465 nm) 

CCT  
(K) 

NaSrBi0.97Eu0.03MoO6:Eu3+ 0.6191 0.3808 1382 
NaSrBi0.91Eu0.09MoO6:Eu3+ 0.6214 0.3786 1248 
NaSri0.88Bi0.88Eu0.12MoO6:Eu3+ 0.6298 0.3702 1195 
NaSrBi1.82Eu0.18MoO6:Eu3+ 0.6204 0.3796 1276 
NaSrBi1.79Eu0.21MoO6:Eu3+ 0.6119 0.3881 1387 
NaSrBi1.76Eu0.24MoO6:Eu3+ 0.6059 0.3941 1498 

 

are very close to the CIE edge in the CIE diagram (Fig. 4), it
indicates that the luminescence intensity and colour purity of
prepared phosphor can be optimized by increasing the concen-
tration of Eu3+ dopant gradually.

By gradual increment of Eu3+ dopants into the host crystal
lattice, the ratio of R/O increases and leads to terminate the
symmetric nature of the prepared red phosphor. Hence, the red
colour purity, emission intensity and the availability of 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 incre-
ment of Eu3+ dopant concentration. The colour purity (CP) of
the prepared sample can be measured using below equation
[36,37]:

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.

Photoluminescence (PL) studies: Fig. 5 shows the
excitation spectra for NaSrBi1-xEuxMoO6:Eu3+ (x = 0.0-0.24)
prepared at 700 ºC for 5 h  by sol-gel method. The charge transfer
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Fig. 4. CIE chromaticity coordinates of NaSrBi1–xEuxMoO6 for x = (0.03-0.24) (λex = 465 nm)

Vol. 34, No. 11 (2022) Eu3+ Activated Double Perovskite Structured Series NaSrBi1-xEuxMoO6 Prepared by Citrate-Gel Method  2809



200 250 300 350 400 450 500 550
Wavelength (nm)

In
te

n
si

ty
 (

a.
u.

)

λem = 614 nm

CTB 7
5

F
 –

 
L

0
6

7
5

F
 –

 
D

0
1

7
5

F
 –

 
D

0
2

Fig. 5. Excitation spectra of NaSrBi1–xEuxMoO6 (x = 0.12) obtained by
monitoring 614 nm emission

band (CTB) lies in the range of 250-350 nm, due to Mo6+−O,
Eu3+−O transitions [38]. In general, high intensified CTB trans-
ition represents more absorption of light; correspondingly it
transfers the light energy to luminescent centre, which leads
to emit high emission intensity radiation.

The concentrated sample at x = 0.12 considered as the
optimum concentration level for recording excitation as well
as emission spectra for the sample NaSrBi1-xEuxMoO6:Eu3+ at
various wavelength. Diffuse reflectance spectra also supports
the optimum concentration of x = 0.12, by showing the syste-
matic red shift of absorption edge with increase concentration
from x = 0.12-0.12. The sharp peaks were appeared at 395, 467,
540, 595 nm wavelength correspond to 7F0-5L6, 7F0-5D2, 7F0-5D1,
7F0-5D0 transitions, respectively. Out of these four peaks,
relatively a wavelength peak at 467 nm has prominent absor-
ption, which gives high intensity emission at 614 nm.

Emission spectra: Fig. 6 shows the emission spectra for
the compound prepared at 700 ºC for 5 h recorded at 395, 467
and 540 nm excited wavelengths. The corresponding emission
peaks were assigned as 5D0-7FJ (J = 0,1,2,3). Out of all four
transitions, 5D0-7F2 transition shows the highest intensity for
sample x = 0.12, due to the non-centro symmetric nature of
Eu3+ in the host crystal lattice [39]. The other transitions, which
are formed at 595,650 and 700 nm are to be considered as
moderate weak and very weak. Thus, the transition 5D0-7F2

represents very good red light emission phosphor at 614nm,
which is also supported by Li et al. [40,41]. Similarly, the XRD
pattern also supports the maximum emission intensity for the
sample x = 0.12, since, it possess mixed phase structure, which
leads to the non-centro symmetric resulting a high emission
intensity.

The concentration quenching of the prepared phosphor
indicated that as the concentration of Eu3+ ions increases, the
intensity of 5D0-7F2 emission transition increases gradually (Fig.
7). Moreover, at x = 0.12 of Eu3+ concentration, it attains the
maximum intensity. However, beyond x = 0.12 concentration
of Eu3+, the intensity of emission transition is declined gradually.
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Fig. 6. Emission spectra of NaSrBi1–xEuxMoO6 (x = 0.03-0.24) obtained
by exciting at 465 nm
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Fig. 7. Comparison of emission intensities (for 5D0–7F2 transition) as a
function of Eu3+ conc. for the NaSrBi1–xEuxMoO6 (x = 0.03-0.24)
excited at 467 nm

The concentration quenching is well explained by Blasse
et al. [42,43] with critical distance and can be represented as:

1/3

c
c

3V
R 2

4 X N

 
=  π 

where Rc = critical distance, V = unit cell volume, Xc = critical
concentration, N = number of formula units in the unit cell.
As V = 947.56 Å3, Xc = 0.12 and N = 8, the critical distance Rc

= 12.35 Å. Since, the critical distance is greater than 5 Å, the
non-radiative path way energy transfer is prevalent among the
Eu3+ ions in the crystal lattice. It also indicates that the
multipole-multipole interaction is more dominant and is the
major cause of concentration quenching of Eu3+ in the
phosphors [44].
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Moreover, the concentration quenching depends mainly
on the energy transfer between the ions in the host crystal lattice,
which in turn depends on the distance between the ions in the
host crystal lattice. The distance of Eu3+-Eu3+ ions varies in
different layers of the host material. However, Eu3+-Eu3+ ions
in the same layer have  low range of distance than the ions present
in the different layers of the host crystal lattice. Similarly, the
distance between Eu3+-Eu3+ ions is very low along the a-axis,
when compared to the b- and c-axis. Hence, it takes more energy
transfer in the same layer along a-axis in the host crystal lattice.
The reason is well attributed due to the Dexter theory [45],
where the concentration quenching causes mainly due to the
energy transfer among the ions present in the host crystal lattice
and the energy transfer easily takes place between the identical
ions, where one of the ions acts like sink due to its existence
next to a defect [45].

Conclusion

A series of samples of composition NaSrBi1-xEuxMoO6 (x
= 0.0-0.24) were prepared by a citrate-gel precursor method.
Samples crystallized in orthorhombic, monoclinic and triclinic
structures as the concentration of Eu was increased and confir-
med by powder XRD. The morphology of samples is flake
like structure with particulate inclusions as well having size
ranges of few nm to microns, as identified by SEM analysis.
The emission spectra recorded by exciting at 467 nm, showed
maximum intensity at 614 nm for x = 0.12 in the series of
NaSrBi1-xEuxMoO6. The color purity and chromaticity co-
ordinates are close to standard red light in the CIE diagram,
and therefore, useful in WLEDs.
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