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6.1 Introduction

Pervoskites have the common formula ABX3, where A and B are two cations of
different sizes, and X is an anion that form bonds with both cations [1]. X is usually
oxygen, but also other large anions such as halides, sulphides, and nitrides are possible.
The pervoskite structures are exists in different form such as: ABOgs-pervoskite (ex:
BaTiOgs, CaTiOg3), A,BO,-Layered pervoskite (ex: SroRuQ4, KoNiF,), A,BB’Og-Double
pervoskite (ex: Ba,TiRuOg) and A,A’B,B’Og-Triple pervoskite (ex: La,SrCo,FeQy),
etc [2 - 4].

Number of pervoskite-type oxides have been studied due to their attractive
features like superconductivity [5], insulator-metal transition [6], ionic conduction
characteristics [7], dielectric properties and ferroelectricity [8]. Pervoskites are one of
the most often found structures in solid-state physics, and it carries most of the metal
ions of the periodic table with a vital number of different anion.

Through the past few years, many experimental and theoretical researches were
dedicated to the study of pervoskite solids. Pervoskite solids are recently gaining more
importance in the field of electrical ceramics [9], geophysics[10], material science [11],
astrophysics [12], particle accelerators [13], fission-fusion reactors [14, 15],
heterogeneous catalysis [16], environment [17], etc.

These types of oxides can accept substitutions in one or both cationic sites (i.e.,
A and B sites) while retaining their original crystal structures. This kind of feature
provides the chemical tailoring of the substances, via partial replacement of the cationic
site(s) with foreign metal ions, hence transforming their structural, microstructural,
electrical and magnetic properties [18 — 20]. Pervoskite-type oxides have been found
many applications in physics and chemistry.

Pervoskite-type structures have specific features due to their nonstoichiometry
of the cations and the anions, the distortion of cation configuration, and the valence
mixture electronic structure. Most of the metallic elements in the periodic table are
stable in a pervoskite-type oxide structure. Therefore the possibility of synthesizing
multicomponent pervoskites by partial substitution of cations in positions of A and B
gives rise to various complex types.

Ceramics with double-pervoskite structure of general formula A,B’B”O¢ have
attracted a great attention due to their rich and challenging physical properties [21] and

their potential application in technology. Among the various kinds of double-
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pervoskites, Sr,LnTaOg (LN = lanthanides) compounds with an ordered arrangement of
the Ln and Ta ions at B-site have been investigated by many researchers [22].
Practically all kinds of optical centres study has been carried out in the pervoskite
structure for low as well as in high concentration. The optical studies on pervoskite
systems have contributed considerably to the development of many optical materials
like LASER materials, solar energy conversion, and many more [23].Although, the
permittivity measurement at microwave frequencies of many tantlates have been
performed by other researchers [24]. There is no reported data on luminescence
properties of rare earth doped Sr,GdTaOs.

In current years, pervoskites gets significant concern in materials research for
its laser application. Recently, more researches were focused on luminescent
characteristics of rare-earth ions doped pervoskite-type oxides. Pervoskite-type
phosphors are very stable and can steadily work in diverse conditions [25, 26].

Moreover, Pervoskite type phosphors are likely candidates in field emission
display (FED) and plasma display panel (PDP) devices because they are sufficiently
conductive to release electric charges stored on the phosphor particle surfaces [27].
Eu*® is a good activator ion with red or red-orange emission in many hosts, such as
borates [28], niobates [29], and molybdates [30]. The PL feature makes pervoskite
material assuring for applications such as field emission displays, plasma displays,
solid-state lighting, green photocatalyst, and scintillators [31, 32].

6.2 Synthesis and Characterization

6.2.1 Synthesis

The Sr,GdTaOg, Sr.GdTaOs: Eu*®, Sr,GdTaOg: Er'®, andSr,GdTaOs:Eu(1%),
Er(x%) (Where x= 0.5, 1.0, 1.5, 2.0) phosphors were synthesized by combustion
synthesis method. The reagents used for this purpose are SrCOsz; (99.9%),
Gd,03(99.9%), Ta,05(99.9%), Eu,03(99.9%), Er,03(99.9%), and Urea(99%) as a flux.
These materials were intimately mixed in the stoichiometric ratio corresponding to the
nominal composition of all above phosphor and transfer it in alumina crucible and
heated at 900°C in muffle furnace for 3 hours, then allowed to cool to room
temperature naturally. The synthesized material was grinded in mortar pastel to make

the fine powder and final powder product obtained in white color.
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6.2.2 Characterization

XRD analyses were done through D8 Bruker advance X-ray Diffractometer,
with the Cu Ka radiation having (A = 1.5406 A) 40kV voltage, 40mA current, and
energy 8.05keV at room temperature by step scanning in range of an angle 20° < 26 <
60° with increments of 0.02°/s. FTIR spectra registered on a Jasco FTIR- 4100,
spectrophotometer (Japan) from the 1mm KBr pallet formed by mixing phosphor with
KBr in mortar and pestle in the ratio of 1:100. The photoluminescence (PL) of the
samples investigated using the Shimadzu spectrofluorophotometer (5103 R-PC) at
room temperature with a xenon lamp as an excitation source for various excitation

wavelengths.

6.3 Results and Discussion

6.3.1 X-Ray Diffraction
Figure 6.1 exhibits the powder X-ray diffraction pattern of undoped, single

doped, and Eu(lll), Er (1I1) double doped Sr,GdTaOgs. The recorded patterns present
sharp and well-defined peaks, indicating that the as prepared materials have a highly
crystalline nature.There is a good agreement between the observed and calculated
interplanar spacing (d-values) that suggest, the compound has a monoclinic phase with
a P2i/n (#14) space group. The relative coordinates and occupancy of each site for
Sr,GdTaOg are mentioned in Table 6.1. The values for the bond distances of cations
(relative to the oxygen anion) and occupancy were obtained from the Rietveld
refinement which is summarized in Table 6.2. These diffraction lines are consistent and
confirm the formation of a double pervoskite structure for all studied samples. The
average crystallite sizes were estimated by the Scherrer’s equation using the full width
at half maximum (FWHM) of all hkl marked intense peak. The average crystallite size
calculated using the Debye-Scherrer formula [33], which is given as equation (6.1),

....................... (6.1)

Where, D is the average crystallite size, k is the constant equal to 0.94, X is the

wavelength of the X-rays equal to 0.1542 nm, 6 is the Bragg angle and 3 is FWHM.

~122 ~



Chapter - 6

(a)

ol
(=}
=

Sr,GdTaO,:Eu 1%, Er 0.5%

Intensity 'l' (a.u.)

8r,GdTaO,:Eul%

l , S1,GdTa0,:Erl%
ﬂ ‘\ Sr,GdTa0,

20 30 40 50 60
20
L}\ Sr,GdTaOg:Eu 1%, Er 2.0%
LA M A
Sr,GdTaO4:Eu 1%, Er 1.5%
g
«
= Sr,GdTaOg:Eu 1%, Er 1.0%
2
g $1,GdTa0gEu 1%, Er 0.5%
E N N NN
Sr,GdTa04:Eul%
LA A FA—
1 N Sr,GdTaO,:Er1%
H A Sr,GdTaOy
- T T T T T u
20 30 40 50 60
20

Figure 6.1 Powder X-ray diffraction pattern of (a) undoped, single doped, double
doped Sr,GdTaOg and (b) Eu(ll), Er(111) double doped Sr,GdTaOs.

Atom Site X Y z
Sr 4e 0.5213 0.5612 0.2475
Gd 2c 0.0000 0.5000 0.0000
Ta 2d 0.5000 0.0000 0.5000
0 4e 0.2222 0.1840 0.0495
@) 4e 0.3212 0.7243 0.0496
0] de 0.4010 0.0167 0.2291

Table 6.1 Structural parameters of Sr,GdTaOg found by Rietveld analysis of XRD

data.
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All the reflection peaks of the X-ray profile indexed and lattice parameters are
determined with the help of a standard computer program Powder-X. In double
pervoskite oxide the analysis of distortion from the ideal cubic pervoskite structure is
clear because the Sr,GdTaOg complex pervoskite has the general formula A;BB’Oe.

The tolerance factor T of the sample is calculated by using equation (6.2),

Rsr+Ro

Tf = "R~ ¥Rr, N\ "TTTTTTmmTTo (62)

R;g+R
\/7( Gd2 Ta+RO)

Where, Rs;, Red, Rta and Rg are the ionic radii of Sr, Gd, Ta and O respectively
[34]. If tolerance factor T; is equal to unity, there is ideal cubic pervoskite structure, and
if T < 1 the structures is distorted from the cubic symmetry, and in accordance with the
SPuDs prediction [35], the value of tolerance factor by Sr,GdTaOg complex pervoskite
is 0.9135. The malformation from the ideal cubic pervoskite the structure is an outcome
of the inclination of the Gd-Og, and Ta-Og/, octahedra; in the meantime support their
corner connectivity. Then, the Ta>* and Gd*" cations occupy two crystallographic
independent octahedral sites, namely 2d and 2c [36]. The crystallographic results of all
prepared pervoskite are in accordance with other reports, but there is no an enhanced

characterization about atomic positions and inter-atomic distances [37].
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Figure 6.2 Magnified (021) reflection peak of undoped, single doped and Eu(lll),
Er(111) double doped Sr,GdTaOs.
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Cation Anion & Multi. Distance (A) Occupancy
Gd (2¢) O (4e) X 2 2.3202 1.00
Gd (2¢) O (4e) X 2 2.3228 1.00
Gd (2¢) O (4e) X 2 2.3214 1.00
Ta (2d) O (4e) X 2 1.9864 1.00
Ta (2d) O (4e) X 2 1.9885 1.00
Ta (2d) O (4e) X 2 1.9865 1.00
Sr (4e) 0 (4e) X 1 3.7611 1.00
Sr (4e) O (4e) X 1 2.9630 1.00
Sr (4e) O (4e) X 1 2.6842 1.00
Sr (4e) 0 (4e) X 1 25170 1.00
Sr (4e) 0 (4e) X 1 2.8913 1.00
Sr (4e) O (4e) X 1 3.7725 1.00
Sr (4e) O (4e) X 1 25378 1.00
Sr (4e) O (4e) X 1 27338 1.00
Sr (4e) O (4e) X 1 3.3674 1.00
Sr (4e) 0 (4e) X 1 2.4848 1.00
Sr (4e) O (4e) X 1 3.5312 1.00
Sr (4e) 0 (4e) X 1 2.6239 1.00

Table 6.2 Inter-atomic distance and occupancy calculated through Rietveld refinement
of experimental data.

From Bragg's equation, the variation in position of reflection peaks implies the
change in the lattice parameter of synthesized phosphors [33, 38]. To confirm the
change in reflection peaks, the magnified scale of characteristic reflection peak (021) of
all Sr,GdTaOg samples as seen in Figure 6.2 and compare the shift in reflecting angle
with the calculated lattice parameters mentioned in Table 6.3. From Figure 6.2, the
change in position of the peaks suggests a change in crystallite size and lattice
parameter can be seen in the Table 6.3. Due to small crystallite size, the number of
parallel planes available is too small for a sharp diffraction maximum to build up and
hence the reflection peaks in the diffraction pattern become broadened for all samples
(Figure 6.2) [39].

Williamson-Hall Plot

The broadening of XRD peaks reflects the nano crystalline nature of undoped, single
doped and Eu(lll), Er (Ill) double doped Sr,GdTaOg samples. As the effective
broadening of XRD peak caused due to lattice strain and small crystallite size, these
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two effects can be distinguished. These effects can be calculated by plotting Bcos6
versus sin6 as per the following equation (6.3) (Williamson—Hall plot) [33, 40].

kA ,
ﬁhkl * COSHhk[ = (F) + & * smBhkl ------------------- (63)

The shift in the XRD patterns also reflected in the Williamson—Hall plot, which
assigned due to the strained and distorted environment in undoped, single doped, and
Eu(ll), Er (111) double doped Sr,GdTaOg phosphors. The crystallite size and strain of
all Sr,GdTaOg are estimated from the intercept and slope of the W-H plot are listed in
Table 6.3. The Williamson-Hall plot shows (Figure 6.3 (a-g)), the slope of the line for
all samples is negative (compressive) indicates that strain broadening must be very
small [41].
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Figure 6.3 (a-g) Williamson—Hall plot of undoped, single doped and Eu(lll), Er(I1I)
double doped Sr,GdTaOg.

~128 ~



Chapter - 6

Sample Sr,GdTaOs  Sr,GdTaOs: Sr,GdTaO: Sr,GdTaOg: Sr,GdTaO: Sr,GdTaOg: Sr,GdTaOs:
Eu(1%) Er(1%) Eu(1%0), Eu(1%), Eu(1%0), Eu(1%0),
Er(0.5%) Er(1.0%) Er(1.5%) Er(2.0%)
Structure Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space Group P2,/n P2./n P2,/n P2,/n P2./n P2./n P2./n
Cell a(A) 6.0156(2) 6.0198(7) 6.0235(6) 6.0189(7) 6.0214(3) 6.0138(1) 6.0125(4)
Parameters b(A) 6.2589(5) 6.2645(3) 6.2718(4) 6.2573(2) 6.2605(9) 6.2679(6) 6.2725(7)
c(A) 8.3089(4) 8.3112(5) 8.3185(1) 8.3125(3) 8.30.40(8) 8.3099(5) 8.3025(2)
] 89.057 89.092 90.012 90.045 90.083 90.018 90.115
Volume (A)? 312.84 313.42 314.26 313.06 313.03 313.23 313.11
Average | Scherrer 18.12 14.56 24.53 20.88 16.24 16.78 16.2
Crystallite { Method
Size (nm) W-H 17.83 13.16 23.76 21.15 15.76 16.9 15.6
Plot
Strain (&) 277X 10°  -2.47X10° -3.31 X 10 -2.95 X 10 -1.57 X 10° -3.47 X 10°® -2.55 X 10°®

Table 6.3 Summary of cell parameter, volume, crystalline size and strain of undoped, single doped and Eu(lll), Er(l1l) double doped

SrzGdTaOB.
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6.3.2 FTIR (Fourier Transform Infrared Spectrometry)
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Figure 6.4 FTIR spectra of (a) Undoped Sr,GdTaOg and (b) single doped Sr,GdTaOg
and (c) Eu(l1l), Er(I11) double doped Sr,GdTaOs.
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Figure 6.4 (a-c) exhibits the FTIR transmission pattern of undoped, single
doped, and Eu(lll), Er (111) double doped Sr,GdTaOg. The FTIR spectra were recorded
via the potassium bromide (KBr) pellet structure using the pellet technique. The
infrared pattern presents three well-defined bands at 380 cm™, 566 cm™, and 1456 cm™.
It's in good cooperation for a pervoskite type structure under group theory predictions
[41] where the vibrational coupling between the different coordination polyhedral
expected. The asymmetric stretching and bending modes of TaOg octahedron dominate
in the IR spectrum of all Sr,GdTaOg phosphors. The energy band at 380 cm™is due to
the asymmetric bending of the TaOg octahedra while the strong energy band at 566 cm™
attributed to the asymmetric stretching of the TaOgoctahedra [42]. Pervoskite type
materials usually present characteristic two band spectra dominated by the
antisymmetric Fyp stretching and deformation modes of the MOg octahedra [43—-46].
Therefore, in the present case, the strong and broad IR band found at higher energies
can be allocated to the antisymmetric stretching to the vibration of the TaOg octahedra
present in the investigated lattices. The second band, located at around 320 cm™, is
probably of complex origin, involving the mentioned deformational mode of the same
octahedra, mixed with modes of the LnOg octahedra.

The same spectral pattern, with two strong and well-defined IR bands in the
400-650 cm™ region, has also been found in a great number of A,BB’Og pervoskite
type materials [47 — 51]. The weak band at around 1456 cm™ likely corresponds to the
overtones of the fundamental vibrations in undoped, single doped, and Eu(lll), Er (111)
double doped Sr,GdTaOs. A very small peak at 1627 cm™ is of the carrier KBr.(H,0)n
[22]. It is to be mentioned that in the present case with the polycrystalline sample and
non-polarized light, the other remaining stretching and bending modes are probably too
weak to be observed in the transmittance spectrum. The absorption peaks at 992 cm™
and 860 cm™ due to legend formation were assigned to stretching characteristics of
SrCO;[52].

6.3.3 Photoluminescence
Photoluminescence (PL) is finding more extensive as an experimental window

into the electronic structure. PL spectroscopy is a well-recognized method to collect
information about the electronic structure, optical and photoelectronic properties of
materials, including gap states, shallow and deep defects [53]. PL depends on electronic
excitations, and thus it's a significant complement to spectroscopies concerning lattice

excitations. In particular, understanding the structures of both fundamental and photo-
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excited states is essential for their broad applications and also for their importance in
getting insight into the nature of luminescence processes. It allows developing
theoretical models for prophesying the nature of the mechanisms for photo-induced
processes. Therefore, PL performance driven by controlled filling the development of
the electronic structures is one of the most exciting issues of condensed matter physics.
The interpretation of the problem opens a possibility to explain the impact of PL
behavior and the optical properties of these systems [54].

Synthesis, characterization, and study of luminescence features of pervoskite
oxides are the subject of several kinds of research. The corresponding electronic
structures of pervoskite oxides have been analyzed quite broadly by experimental
or/and theoretical works [55-65]. These properties revealed important fields of research
for such material applications, stimulating further efforts in the study of their response
under various conditions.

In the literature, there are several methods to explain the radiative decay taking
place in pervoskite-like structures. Impurities, surface states, and defects perform an
essential role in the PL properties of pervoskite-type oxides [56, 66 — 75]. At room
temperature, PL is seen in undoped and/ or doped nanocrystalline powders and
amorphous thin films of pervoskite-type oxides [75 — 85]. Lately, red and green
phosphors based on the pervoskite structure were analyzed and optimized [86, 87].

The beginning of PL emission can be associated with variation in stoichiometry
and the appearance of impurities. From the general phenomenology, the fundamental
idea of Landau [88] on intrinsic molecular polarons in ionic solids has a crucial impact
on the specific feature of modern research. The approach of self-trapping formerly
introduced by Landau explains an excess electron being caught within a potential well
in solids. The electron together with the locally distorted lattice around it considered a
quasiparticle, which is known as a polaron.

Among the numerous mechanisms for analyzing the origins of PL in pervoskite-
based materials, the recombination of the self-trapped electron (STEs) [58, 89] and the
charge transfer vibronicexciton (CTVE) [90] are the basis of the current proposals to
understand the PL behavior. Vikhnin et al.[91, 92], have been proposed the concept of
CTVE to explain an exciton structure in pervoskite-type materials. The CTVE is a
multi-site structure that occurrence induced by charged impurities in ionic-covalent
solids [92].
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Photoluminescence of Eu (111) doped Sr,GdTaOg

There has been a long-running dispute about the nature of PL appearance in
pervoskites. Lots of experiments have been performed at room temperature as well as
at the low temperature in many pervoskites to explain PL behavior [82, 86, 89, 93, 94].
The development of room-temperature PL emission in amorphous type pervoskite
encourages notable research interests for room temperature PL of pervoskite materials.

Now it's well known that optical properties like PL depend on both structural
and electronic properties with compositional regulation, and the appearance of
impurities and defects. In addition, there is a piece of experimental confirmation has
been exhibited that room temperature PL can't be seen in well-crystallized pervoskite
phosphors [83, 95-98]. The PL is a quantum phenomenon, and for luminescence to

appear there should be specific mid-gap states in the forbidden band.
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Figure 6.5 PL spectra of Sr,GdTaOg, Sr,GdTaOg: Eu (1%) and Sr,GdTaOg: Eu (3%).

Figure 6.5 exhibits photoluminescence spectra of undoped and Eu(lll) doped
Sr,GdTaOe. A magnified portion from 575nm to 625nm of PL of undoped and 1% and
3% Eu** doped Sr,GdTaOg displayed in inset figure. In the magnified portion, there is a
small effect of Eu* in the PL spectra of Sr,GdTaOg. Limited number of PL emission of
Eu** maybe due to crystal field quenching effect observed in emission spectra of
Sr,GdTaOg.
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Production of visible luminescence in rare-earth ion-doped materials as a result
of continuous photon absorption in excited levels was introduced in 1959 and has been
termed as “quantum counter action” [99]. Now, the same effect usually called excited-
state absorption (ESA) in contrast with ground-state absorption (GSA). This effect is
observed particularly at high excitation densities such as produced by high-power laser
light excitation or encountered in single-mode optical fibers.

Photoluminescence of Eu (l11), Er (111) double doped Sr,GdTaOq

Luminescence spectra of Eu (I11) compounds are more informative than the
identical absorption spectra. Eu (lIl) containing many compounds show strong
photoluminescence due to the °Do—'F; transitions (J = 0 — 6) from the °Dy excited state
to the J levels of the 'F ground state. Ordinarily, the transitions from °Dg to 'Fs and 'Fg
levels are not observed as they are outside the wavelength range of the detectors of
spectrofluorimeter. The conclusion made from the analysis of different positions of
°Dy—'F; transitions is the distance between J and J + 1 line, which is increases with
increasing the J value. The *Dy—'F; transition is very close to the *Do—'Fy transition,
but °Do—'Fg transition is prevailing more than 50 nm further to the infrared than the
*Dy—Fs transition [100].
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=} em
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Figure 6.6 Photoluminescence excitation spectra of Eu(lll), Er(l1l1) double doped

SrzGdTaOG.
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Figure 6.7 Photoluminescence spectra of Eu(l11), Er(111) double doped Sr,GdTaOg of

excitation wavelength (a) 265nm and (b) 276nm.

This function can be described by the fact that the splitting of the "F; multiplet

corresponds quite well to the Landé interval rule. The Landé interval rule is an interval

between consecutive energy levels is proportional to the larger of their total angular

momentum values J (i.e., the splitting increases with increasing J values). The majority

of transitions in the luminescence spectrum are due to electric dipole transitions. An
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electric dipole transition is an outcome of the interaction of lanthanide ion with the
electric field vector within an electric dipole. The linear movement of charges is
considered the origin of an electric dipole. The electric dipole operator has odd
transformation features strengthening inversion towards an inversion center.
Intraconfigurational electric dipole transitions (e.g., s-s, p—p, d—d, or f—f transitions) are
bordered by the Laporte selection rule. This rule rigidly refers to lanthanide ion in a
centrosymmetric environment. But this rule is relaxed for lanthanide ions implanted in
a medium. As this transition is partly allowed by vibronic coupling or by combining
higher configurations into 4f wave functions by the crystal-field effect, these transitions
are much weaker compared to ordinary electric dipole transitions. These transitions are
called induced electric dipole transitions or forced electric dipole transitions. The
intensities of the electric dipole transitions can be described by the Judd—Ofelt theory
[107-112].

Some transitions such as the >Dy—'F;transition have magnetic dipole character.
Magnetic dipole transitions (MD transitions) are allowed by the Laporte selection rule,
but their intensities are weak and comparable to those of the induced electric dipole
transitions [106].The intensity of a magnetic dipole transition is mostly independent of
the environment, and it can be considered in a first approach to be constant. A magnetic
dipole transition is induced by the interaction of the lanthanide ion with the magnetic
field component of the light by a magnetic dipole. If a charge removed over a curved
path through the transition, the transition will own a magnetic dipole character. The
curve of the displacement will be weakly visible in a volume as small as the extent of a
lanthanide ion, so that magnetic dipole transitions have low intensity. Magnetic dipole
emission also can be considered as a rotational displacement of charge. Since the
function of rotation not changed under inversion by an inversion center, a magnetic
dipole transition has even parity. Therefore, magnetic dipole operator occupies even
transformation properties under inversion and allows transitions between states with
even parity (i.e., intra-configurational transitions such as 4f—4f transitions) [113-115].

Figure 6.6 shows room-temperature photoluminescence excitation spectra at
616nm. This PLE spectrum shows broad band with peak at 265nm and 276nm from the
intra configuration of the 4f—4f transitions of Eu®*. The broad band peaking at 265 nm
can be ascribed to the charge transfer (CT) transition of the filled 2p orbitals of O* ions
to the partially filled 4f orbitals of Eu®" ions when in the octahedral field, of which the

position is mainly determined by the Eu — O distance [116].When smaller Eu®*" ions
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substitute the Sr** sites, the lattice shrinks and the Eu — O bond becomes shorter and
stronger, which will take more energy to break, thus a blue shift of CT band emerge
[117, 118]. Figure 6.7 (a & b) displays typical emission spectra of radiation emanating
from the Eu(lll), Er (111) double doped Sr,GdTaOg phosphors excited at 265nm and
276nm with a fixed europium concentration of 1.0mol% and increasing erbium
concentration from 0.5 to 2.0mol% with an increment of 0.5 mol%. These phosphors
were excited using xenon lamp operated at a 265nm and 276nm. The Eu(lll), Er (111)
double doped Sr,GdTaOg samples exhibited two visible emission peaks around 596 and
614 nm, which were assigned to the magnetic and electric dipole transitions (°"Dy —
F1, °Do — 'F,) of europium when excited at 265nm. While Eu(l11), Er (111) double
doped Sr,GdTaOg exhibited five distinct visible emission bands around 468nm, 474nm,
584nm, 596nm, and 614nm. These are assigned to the electric transition (*Fz, — *l1s5)
of erbium and magnetic and electric dipole transitions (°Dy — 'F1, Dy — 'F») of
europium when excited at 276nm, respectively.

Emission peaks with low-intensity at 499nm, 535nm, and 538nm were seen and
assigned to the electric transition of *Fs;, — *l1s;, and *Sz,—*115/, of erbium [119, 120].
The emission peaks at 584nm, 596nm, and 614nm are associated with energy
transitions from high energy levels °D; and °Do to low energy levels of 'F; (J=0—
6) [121]. From Figure 6.7, an intense emission peak at 614 nm can be ascribed to the
hypersensitive electric dipole transition of the >Dy—'F,. The emission peaks with the
range of 580-600 nm are due to the magnetic dipole transition ("Do—'F1) of europium
has a lower intensity than the >Do—'F, transition when it excited at 276nm, revealing
that Eu® ions are at the non-inversion symmetric positions [122, 123]. The emission
peaks in the range of 610-630 nm are due to the electric dipole transition of Do—'F,
has a lower intensity than the >Do—’F; transition at excited with 265nm [124].

It is important to note that both emission spectra show a peak at 614nm in the
red region, which is attributed to the >Dy—'F, transition. Red emission due to the Eu®*
luminescence center has a better perception of the human eye. This red emission is
attributed to the electric dipole transition °Do—'F,) of Eu®*, which is forbidden electric
dipole transition. However, an admixture of odd-parity electronic configuration to pure
4f orbitals (like a non-centrosymmetric crystal field component) [125, 126]can partially
allow the electric dipole transitions, and their expectation is much higher than the

probability of parity-allowed magnet dipole transition ("Do—'F,) [109]. The site
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symmetry of Eu** ion in the host lattice can be predicted by asymmetry ratio which can

be defined as equation (6.4),

1(°Dy—"F,)
1(3Do—"Fy)

Asymmetry — ratio = o (6.4)

Where, 1(°Dy—'F,) and 1(°Dy—'F1) are the intensities of electric dipole and magnet
dipole transitions respectively. For asymmetry ratio >1, Eu** substituted at the non-
centrosymmetric site while for asymmetry ratio <1, Eu®* substituted at a
centrosymmetric site in the host lattice. In present work, the asymmetric ratio is greater
than unity (1) for phosphors excited at 276nm, which intimates that Eu** is displaced at
A site in host lattice, and it's in good agreement with earlier reports [127-131]. Table-
6.4 shows the asymmetry ratio for both the emission spectra. Here it’s noted that the
substitution of Eu®" at Sr** site in Sr,GdTaOg is followed by Sr** ion vacancy (due to
charge imbalance) and lattice strain (due to different ionic radius). These defects in
lattice lower the local site symmetry of the Eu®* ion and also act as a luminescence
quenching center.

Figure 6.8 displays an energy level diagram of Eu(l11) and Er(l1l) ion to explain
PLE and PL mechanisms. With 265nm and 276nm excitation wavelength, electrons
jump from the ground state to the excited state. After that, electrons are relaxed to the
lowest level °Dy by using non-radiative transition (NR). In the end, luminescence
occurs through the radiative transition °Dy - 7Fj (=0, 1, 2). Hence, the luminescence
emission process is composed of several transitions [132 - 134].

The outcomes from Figure 6.7 (a & b) reveals that the spectral profile of
phosphors show remarkable variations with raising erbium concentration concerning
the mixed emission light chromaticity when more green light element added to the

overall mixed emission fluorescence.

Sr.  Sample Asymmetry Ratio

No. at 265nm  at 276nm
1 Sr,GdTaOg: Eu(1%), Er(0.5%) 0.86 2.04

2 Sr,GdTaOs: Eu(1%), Er(1.0%) 0.84 2.00

3 Sr,GdTaOs: Eu(1%), Er(1.5%) 0.79 1.93

4 Sr,GdTaOs: Eu(1%), Er(2.0%) 0.48 1.295

Table 6.4 Asymmetric ratio of Eu(lll), Er(I1l) double doped Sr,GdTaOg for excitation
wavelength of 265nm and 276nm emission spectra.
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Down conversion mechanism

Luminescence generated in phosphor materials is due to the presence of
activator ion. Through external energy excitation, the host lattice absorbs the energy
and transfers it to the activator ion. The doped ion experiences excitation from ground
level to higher energy levels. After that, it gets relaxed and then radiates a photon of
lesser energy that seems like a peak in photoluminescence emission spectra. Eu®* has
*fs configuration where europium possesses ('Fo.s) ground states and (°Do.3) excited

states. Figure 6.7 depicts the transitions of Eu®* ion in the undertaken host material
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Figure 6.8 Energy level diagram of Eu(lIl), Er(111) double doped Sr,GdTaOs.

The down conversion emission spectra of Eu(lll), Er(ll1l) double doped
Sr,GdTaOg phosphor shown in Figure 6.7 (a & b). The fluorescence spectrum display
high-intensity peaks at 596 nm and 614 nm excited at 265 nm and 276nm, appearing
due to °Dy — F; and °Dy — 'F, transitions of Eu®* ions. The magnetic dipole and
electric dipole transitions of Eu™ (AJ =0, + 1, + 2) are hypersensitive to site symmetry,
and the effect seen with very intense Dy — 'F; and Dy — 'F, transitions. It has
indicated that under UV excitation, the same phosphor shows orange color emission,

which confirms the down-conversion of the UV wavelength to the visible wavelength.
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Figure 6.6 shows the photoluminescence excitation (PLE) spectra of Eu(lll), Er(I1l)
double doped Sr,GdTaOg phosphor at 614 nm. The PLE spectrum shows broadband
from 245 to 285 nm due to the charge transfer absorption of the (TaOg)" in the host
Sr,GdTaOg phosphor and sensitizing the activator Eu®* ion [136]. The broadband in
PLE clearly shows the efficient charge transfer process between the hosts (Sr,GdTaOg)
to the activator (Eu®").

CIE (Commission International del’'éclairage)

The emission spectra were examined and the chromaticity color coordinates of all
samples were calculated and are presented in the Commission International
del'éclairage (CIE) 1931 diagram in Figure 6.9 (a-b). With the increasing erbium
concentration, the color tone of the emanating light shifts from orange to the red region.
The results also show that the Eu(lI1), Er(I11) double-doped phosphors herein reported
extended further to the latitude of the orange-red tenability region after compared to
reported results [137 — 139]. Moreover, it's good to point out that the combination of
the emission color corresponding to coordinate points (Figure 6.9 (a-b)) yields a
mixture of light with color in the white-light region possess glow correlated color
temperature, i.e., CCT in the 3000K — 6000K range. We have admittedly simulated the
generation flow CCT for white-light using xenon lamp and the phosphors herein
reported [140 — 142]. Table-6.5 shows the CIE1931 coordinates and associated
correlated color temperature of the overall emission. One can see that the white-light
generated exhibits low CCT owing to the presence of red components in the emission

spectra of the Eu(l11), Er(111) double-doped phosphors.
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X

Figure 6.9 CIE diagram of phosphor excited at (a) 265nm and (b) 276nm for fixed Eu®*
content of 1.0mol% and Er**: (1) 0.5mol%; (2) 1.0 mol%; (3) 1.5 mol%; (4) 2.0 mol%.
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Sr. Sample 265nm 276nm
No. X y CCT X y CCT
Calcu.  Software Calcu. Software
1 Sr,GdTaOg: Eu(1%), Er(0.5%) 0.563 0.435 1842 1852 0.333 0.266 5370 5388
2 Sr,GdTaOs: Eu(1%), Er(1.0%) 0569 0.431 1783 1790 0.328 0.262 5850 5874
3 Sr,GdTaOs: Eu(1%), Er(1.5%) 0.578 0.423 1680 1692 0.337 0.268 5030 5048
4 Sr,GdTaOg: Eu(1%), Er(2.0%) 0.577 0.418 1668 1675 0.374 0.279 3129 3075

Table 6.5 CIE 1931 coordinates and correlated color temperature of the emissions under (265nm and 276nm) xenon lamp excitation of
Eu(l1), Er(111) double doped Sr,GdTaOg phosphor.
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6.4 Outcome
Undoped, single doped and double doped Strontium Gadolinium Tantalum

(SGT) oxide has been synthesizing by the combustion synthesis method. The X-ray
diffraction measurement of all Strontium Gadolinium Tantalum (SGT) oxide phosphor
revels that phosphors have a monoclinic phase with P2;/n (# 014) space group.
Prepared pervoskite phosphors are nanocrystalline in size measured through Scherrer’s
method and Williamson-hall plot method. Angle Shift in XRD patterns is also reflected
in the Williamson—Hall plot, which occurred due to the highly strained and distorted
environment in the Sr,GdTaOg lattice.

FTIR spectra of Sr,GdTaOg gives information that phosphor has a nano-size
pervoskite structure with an edge-connected Ta-O octahedral. The energy band at 380
cmis due to the asymmetric bending of the TaOg octahedra. The strong energy band at
566 cm™ attributed to the asymmetric stretching of the TaOgoctahedra. The weak band
at around 1456 cm™ likely corresponds to the overtones of the fundamental vibrations
in undoped, single doped, and Eu(lll), Er (111) double doped Sr,GdTaOs. A very small
peak at 1627 cm™ is of the carrier KBr.(H,0)n. The absorption peaks at 992 cm™ and
860 cm™ due to legend formation were assigned to stretching characteristics of SrCOs.

Room temperature photoluminescence spectra of phosphor recorded using a
Xenon lamp as a source. There is a very small effect of Eu®* in the PL spectra of
Sr,GdTaOg, this happen maybe due to crystal field quenching.

PLE spectrum for Eu** and Er** doped Sr,GdTaOg shows broad band with peak
at 265nm and 276nm from the intra configuration of the 4f—4f transitions of Eu®*. The
broad band peaking at 265 nm can be ascribed to the charge transfer (CT) transition of
the filled 2p orbitals of O% ions to the partially filled 4f orbitals of Eu®" ions when in
the octahedral field, of which the position is mainly determined by the Eu — O distance.
Emission spectra shows emission peaks at 584nm, 596nm, and 614nm of Eu®".
Emission peaks with low-intensity at 499nm, 535nm, and 538nm were seen and
assigned to the electric transition of *Fsp, — *lis, and *Ssp—*lis;, Of erbium. The
spectral profile of phosphors shows remarkable variations with raising erbium
concentration concerning the mixed emission light chromaticity when more green light
element added to the overall mixed emission fluorescence. The emission color
corresponding to coordinate points yields a mixture of light with color in the white-light

region possess glow correlated color temperature, i.e., CCT in the 3000K — 6000K
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range. The white-light generated exhibits low CCT owing to the presence of red

components in the emission spectra of the Eu(lll), Er(1l1) double-doped phosphors.

Eu(l11), Er(111) double-doped phosphor propose for tunable solid state lightning.
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