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3.1Introduction
Pervoskite generally outlines a kind of the crystal structure with chemical

formula ABXj3, in which A and B are cations while X is an anion. In an ideal cubic
structure, A cation has 12-fold cuboctahedral coordination. B cation has 6-fold
coordination surrounded by an octahedron of anions. The cubic unit cell of such
compounds is composed of A cations at cube-corner positions, B occupying at the
body-center location, and X anion obtaining the face-centered positions [1]. Oxide
pervoskites are in use in various ferroelectric [2, 3], piezoelectric [4 — 6], dielectric [7 —
9], pyroelectric applications [10, 11], and LED [12, 13] etc.

At present high efficient luminescent phosphors are synthesized by various
methods like hydrothermal, sol-gel, combustion, solid state reaction, etc. For increasing
the effectiveness of white light emission in solid-state devices, maximum attention has
been given to develop new phosphors in the near-UV range [14, 15]. Sr,CeNbOg shows
very efficient luminescence properties in the UV-blue region of the spectrum due to the
energy level difference between the 4f* and 5d* configurations of Ce* [16, 17].

Hydrothermal synthesis of ceramic powders has interesting potential in view of
increasing demand for environmentally benign materials and manufacturing methods.
Hydrothermal reactions are usually performed in moderate conditions, which do not
require expensive precursors or equipment and may yield homogeneous crystalline
powders [14, 18]. Now, hydrothermal technology has found its place in several
branches of science and technology, covering a variety of fields, such as materials
science, earth science, metallurgy, physics, chemistry, biology, etc. Given the broad
application and increasing importance of the hydrothermal method, it has been
improved considerably during a process of continuous development [19]. For example,
the application of microwaves [20, 21], mechanical mixing [22, 23], and electric fields
[24, 25] to enhance the reaction kinetics of the hydrothermal method had appeared in
widespread attention. With these techniques, the experimental time has been reduced
by at least two orders of magnitude, making this technology more economical and
practical. Hydrothermal synthesis involves water as a catalyst and occasionally as a
component of solid phases in the synthesis at elevated temperature (>100°C) and
pressure (greater than a few atmospheres). It is nontoxic, nonflammable,
noncarcinogenic, nonmutagenic, and thermodynamically stable. Another advantage of
hydrothermal is that water is very volatile, so it can be removed from the product very
easily [14].
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Hydrothermal method to synthesis pervoskite-type oxides have attracted a vast
deal of interest for numerous years now; however, the report shows the existence of a
large difference in ionic radii of B-cations of double pervoskite-type oxides [26 — 30].

The common materials used for synthesis of Strontium Cerium Niobate (SCN)
are Strontium Carbonate (SrCOg), Cerium (I11) Nitrate Hexahydrate (Ce (NO3)3.6H,0)
and Niobium Oxide (Nb,Os). Cerium Nitrate Hexahydrate is a highly water soluble
crystalline Cerium source for uses compatible with nitrates and lower (acidic) pH [31].
Nitrate compounds are generally soluble in water and these materials are also oxidizing
agents. Nitrates are excellent precursors for production of ultra-high purity compounds
and certain catalyst and nanoscale (hanoparticles and nanopowders) materials.

The interest to study the NDb,Os is due to its remarkable physicochemical
properties and structural isotropy suitable for a wide range of applications in the
construction of gas sensing, and photoelectrodes, as well as in field-emission displays
and microelectronics [32]. Niobium Oxide Nanocrystals include in electrochemical
capacitors and electrochemical cathodes, nanowire, nanofibre and catalyst applications.
Niobium oxide also uses as niobium oxide nanotubes, their potential electrical,
magnetic, optical, and biomedical and bioscience properties [33].

The pervoskite structure is adopted by many oxides that have the chemical
formula ABO3. The most common pervoskite compounds contain oxygen and there are
a few pervoskite compounds that form without oxygen. Niobium based pervoskite
oxides have been found very useful for various industrial and technological
applications [34]. The study of electrical properties of these materials provides useful
information regarding their stability in electrical and electronic devices.

Practically all kinds of optical centres have been studied 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 [35].

3.2 Synthesis and Characterization
3.2.1 Synthesis

Strontium Cerium Niobate (SCN) was synthesized by the hydrothermal method.
The starting materials are AR grade Strontium carbonate (SrCOg, purity 99%), Cerium
Nitrate Hexahydrate (Ce(NO3)3.6H,0, purity 99% ) and Niobium Pentoxide (Nb,Os,
purity 99.95 %) taken in a stoichiometric ratio of 0.2M SrCOg3, 0.2M Nb,Os, and 0.2M
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Ce(NO3)3.6H,0. Each is dissolved in 100 ml distilled water. As a solution of
Ce(NO3)3.6H,0 was kept under continuous stirring, the solution of Nb,Os and SrCO;3

was added drop wise in it. The resultant solution was prepared by stirring using a
magnetic stirrer at room temperature. Taking 75ml solution mixture after 10-minute
stirring with the remaining solution under continuous stirring, then continued to draw
different samples after 20 min., 40 min., and 80 min of a time interval. The amount of
each sample taken is about 75 ml. All the samples were dried at 70°C for 2 hours in an
oven. Figure.1 shows the flow chart of the hydrothermal method used to synthesize
Sr,CeNbOg (SCN).

/—(_:> Ce(NO;);.6H,0 + 100ml | Added drop wise | N, 0O, + 100ml

2 Distilled Water Distilled Water
i l Stirred for 10 minute
o
s
g 75ml solution taken out | _Dry at 60-70°C SCN powder
3
< Stirred for 10 minute
SrCO; + 100ml : Dry at 60-70°C
Distilled Water || 79l solution taken out SCN powder
Stirred for 20 minute

. Dry at 60-70°C
75ml solution taken out SCN powder

Stirred for 40 minute

. . Dry at 60-70°C
Remaining solution SCN powder

Figure 3.1 Flow chart of Sr,CeNbOg synthesis method.

3.2.2 Characterization
XRD measurements were done on D8 Bruker advance X-Ray Diffrectometer

with the Cu Ka radiation having wavelength of 1.5443 A and energy 8.05keV. The
intensity versus angle (20) graph gives the information about the variation of intensity
and having the peaks at some 20 angles. FTIR spectra recorded on a Jasco FTIR- 4100,
spectrophotometer (Japan) by mixing with KBr in mortar and pestle in the ratio of 1:10.
PL emission spectra done at room temperature the light from a xenon lamp through a
monochromater was used for the optical excitation. Here PL spectra recorded by

Shimadzu spectrophotofluorometer.
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3.3 Results And Discussion
3.3.1 X-Ray Diffraction

Double-pervoskites with lanthanide ordered on one subset of the octahedrally
coordinated B sites have recently been of crystal-chemical interest. The magnetic
lanthanide sub lattice presents a classical fcc arrangement, and the edge-shared network
of lanthanide octahedra is known to result in geometric magnetic defeat. As X-ray
diffraction (XRD) is a non-destructive technique for phase identification, XRD patterns

are especially important for phase characterization [36].
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Figure 3.2 X-Ray Diffraction patterns of Sr,CeNbOg phosphors.

Figure 3.2 presents the X-ray diffraction (XRD) pattern of Sr,CeNbQOg. As
stirring time increased, the intensity and crystallinity of Sr,CeNbOg also increased. The
phosphors that have high crystallinity always means few defects and also have stronger
luminescence [37]. All the reflection peaks of the X-ray profile are indexed, and lattice
parameters are determined with the help of a standard computer program Powder — X.
Inter-planer spacing (d-spacing) suggests that all phosphors have a monoclinic structure
with space group P2i/n at room temperature [38, 39]. The relative coordinates and
occupancy of each site for Sr,GdNbOg are shown in Table 3.1. The values for the bond
distances of cations (relative to the oxygen anion) and occupancy were obtained from
the Rietveld refinement [40]. These are shown in Table 3.2. These diffraction lines are
consistent and confirm the formation of a double pervoskite structure for all studied

samples. XRD pattern confirms a single pervoskite phase for all phosphors. Table 3.3
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shows the Summary of cell parameter, volume and crystalline size of Sr,CeNbOs
samples. Average crystalline size of all sample are calculated by using Scherrer

formula which was given below [41].

kxA
S Tegosg e (3.1)

Where, A = wavelength of X-ray i.e. 1.5443A, 6 = Diffraction angle, k = constant 0.94
and p = FWHM

Atom Site X Y z
Sr 4e 0.5258 0.5732 0.2465
Ce 2c 0.0000 0.5000 0.0000
Nb 2d 0.5000 0.0000 0.0000
0 4e 0.2228 0.1742 -0.0552
0 4e 0.3333 0.7255 -0.0553
0 4e 0.3895 -0.0199 0.2231

Table 3.1 Structural parameters of Sr,CeNbOg found by Rietveld analysis of XRD
data.

Cation Anion & Multi. Distance (A) Occupancy
Ce (2¢) O (4e) X2 2.4052 1.00
Ce (2¢) O (4e) X 2 2.4098 1.00
Ce (2¢) O (4e) X2 2.4074 1.00
Nb (2d) O (4e) X2 1.9766 1.00
Nb (2d) O (4e) X2 1.9802 1.00
Nb (2d) O (4e) X2 1.9765 1.00
Sr (4e) O (4e) X1 3.9149 1.00
Sr (4e) O (4e) X1 3.0182 1.00
Sr (4e) O (4e) X1 2.6499 1.00
Sr (4e) O (4e) X 1 2.5127 1.00
Sr (4e) O (4e) X1 2.9124 1.00
Sr (4e) O(4e) X1 3.9290 1.00
Sr (4e) O (4e) X1 2.5509 1.00
Sr (4e) O (4e) X1 2.7238 1.00
Sr (4e) O (4e) X1 3.4415 1.00
Sr (4e) O (4e) X1 2.4823 1.00
Sr (4e) O(4e) X1 3.6900 1.00
Sr (4e) O(4e) X1 2.5989 1.00

Table 3.2 Inter-atomic distance and occupancy calculated through Rietveld refinement
of experimental data.
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Williamson-Hall Plot
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Figure 3.3 Williamson — Hall Plot of Sr,CeNbOg phosphors.

From various kinds of crystal defects, the one we are concerned about here is a
non-uniform strain because it is the characteristic of the cold-worked state of metals
and alloys. The change in the shape of any grain is determined not only by the applied
forces to the section as a whole but also by the fact that each grain retains contact on its
side surfaces with all its neighbours [42]. Because of this cooperation between grains, a
single grain in a polycrystalline section is not free to deform in the same way as an

isolated single crystal. As a result of this restraint by its neighbours, a plastically
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deformed grain in a solid, usually has regions of its lattice left in an elastically bent or
twisted condition or rarely, in a state of uniform tension or compression [43].

The phosphor is then said to contain residual stress. Such stress is usually called
internal stress but the term is not very informative since all stress residual or externally
imposed are internal. The term residual stress indicates the fact that the stress remains
after all external forces are removed [44]. These kinds of stress are also known as
micro stress since they differ from one grain to another or from one part of the grain to
another part on a microscopic scale. On the other hand, the stress may be quite uniform
over large distances; it is then referred to as macro stress [45].

The broadening effect of XRD peaks reflects the nano crystalline nature of the
resulting Sr,CeNbOg samples. Since the effective XRD peak broadening can caused by
lattice strain and small crystallite size, these two effects have to be distinguished. This
can be calculated by plotting B cos® versus & sin® in the following relation

(Williamson—Hall plot) [41].

kxA ,
:Bhkl * COSHhkl = ( ) ) + & * Slnehkl ............................... (32)

The shift in the XRD patterns is also reflected in the Williamson—Hall plot,

which is attributed due to the highly strained and distorted environment in the

Sr,CeNbOg lattice. Strain and crystalline size obtain from W-H plot listed in Table 3.3.

Sample Sr,CeNbOg Sr,CeNbOg  Sr,CeNbOg  Sr,CeNbOg
10 min Stir 20 min Stir 40 min Stir 80 min Stir
Structure Monoclinic Monoclinic ~ Monoclinic  Monoclinic
Space Group P2:/n P2:/n P2:/n P2:/n
Cell a(A) 5.6258 5.7258 5.7186 5.7246
Parameters b(A) 5.4865 5.4326 5.4432 5.4326
c(R) 9.3256 9.3256 9.3318 9.3215
B 91.256 90.856 90.833 90.752
Volume (A)° 287.77 290.05 290.48 289.89
Average Scherrer
Crystalline | Method 22.1 23.87 27.42 21.59
Size (nm)  W-H Plot 21.8 23.72 27.6 21.8
Strain (&) 1.56 X 10 954 X10° 218X10° 2.3X10°

Table 3.3 Summary of cell parameter, volume and crystallite size of Sr,CeNbOs.
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3.3.2 FTIR (Fourier Transform Infrared Spectrometry)
In infrared spectroscopy, as IR radiation is transferred through a sample, some

IR radiation is absorbed while some of it transmitted by the sample. The resulting
spectra depict the absorption and transmission line of a molecule, produced a molecular
fingerprint of the sample. Like a fingerprint, two unique molecular structures never
give the same infrared spectrum. This makes infrared spectroscopy useful for different

types of analysis [46].
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Figure 3.4 FTIR spectra of Sr,CeNbOg phosphors.

Figure 3.4 shows FTIR spectra of Sr,CeNbOg with a range of wavenumber from
400 cm™ to 1600 cm™. The IR spectrum of Sr,CeNbOg shows some well-defined bands
in Figure 3.4. This is in good accordance with what is systematically found for a
pervoskite structure following group theory prophecies [47]. In this type of material,
significant vibrational couplings between the different coordination polyhedral
structures may be expected. The observed shoulder peak at 715 cm™ recommends the
overlapping of Sr,Os and NbOg stretching bands with the displacement toward higher
frequencies of the NbOg bands [48].

Several pervoskite-type oxides and especially the niobium containing
compounds may present corner-shared and edge-shared octahedra [49, 50]. Corner-
shared and edge-shared octahedra are predominant in niobium-oxygen polyhedral
compounds, where edge-shared octahedra exhibit large distortions than corner-shared
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Octahedra which appearing in significant alterations in Nb-O bond lengths, for the
edge-shared octahedral [51 — 53]. The Nb-O bond length varies from 1.7 to 2.3 A,
whereas in corner-shared octahedra Nb-O bond lengths are in the range of 1.9 to 2.1
A [54, 55].

In the case of the end edge-shared NbOg octahedra, the symmetric stretching
vibrations are usually observed in the range of 850-1000 cm™, whereas in the corner
shared octahedra these vibrations are observed in 750-850 cm™ region [56, 57]. The
same spectral pattern, with two strong and well-defined IR bands in the 400-750 cm™
region, had been found in a large number of A,BB’Og pervoskite type materials, and
they were assigned in the same way [58, 59]. In the present study, the symmetric
stretching vibrations from 911 cm™, completely support the possible presence of edge-
connected Nb-O octahedra.

3.3.3 SEM (Scanning Electron Microscopy)
Figure 3.5 (a) - (d) shows SEM images of SCN for stirring time of 10, 20, 40,

and 80 minutes. SEM images exhibited that the particle size and morphology
diversified with the alternating stirring time of Sr2CeNbO6 at the same reaction
temperature. Figure 3.5 (a) shows particles of SCN producing numerous types of
shapes like hexagonal, needle, flowered, etc. This different variety of shapes is
uniquely obtained. As the stirring time increases, the shape of SCN particles becomes

unique, but the size of the particle also differs as shown in Figure 3.5 (b). As stirring

time increases at room temperature, cotton flower type shape occurred, which presented
in Figure 3.5 (c) and (d).
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Figure 3.5 (a), (b), (c), and (d) SEM image of Sr,CeNbOg phosphors for 10 min., 20

min., 40 min., and 80 min. stirring time respectively.

3.3.4 Photoluminescence
The luminescence properties of the samples have been examined by recording

the Photoluminescence spectra. To study the grain size, the effect of 4f — 5d inter-
configurational transitions, room temperature emission, and excitation spectra are
recorded [60]. The PLE spectrum shows strong, and broad-ranging band from 230 to
380 nm and towering at 316 nm, which is attributed to Ce** 4f—5d transition and
matched well with the emission of Near UV chips [61].

To obtain excellent photoluminescence intensity at room temperature, most of
these oxides have to be activated with a trivalent lanthanide ion or a combination of
ions [62]. Photoluminescence is strongly reliant on the concentration of doping, where
Photoluminescence was activated by doping and concentration quenching typically
seen when doping levels exceeds 5 to 10% [62 — 64]. Also, charge neutrality plays an
important function in improving the luminescence efficiency of phosphors.

Figure 3.6 shows the PLE and PL spectra were recorded at room temperature of
Strontium Ceria Niobate (SCN). A broad emission band occurred corresponding to the
parity-allowed electric dipole transition (5d — 4f). The emission spectra were
compounded by broad and asymmetric band emission centered at about 394 nm
attributed to the transition, from the lowest of the crystal field component of 5d* to the

two levels of the ground state Fs;, and 2F+, [60].
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Figure 3.6 (a) Excitation spectra of Sr,CeNbOg and (b) Emission spectra of
Sr,CeNbOsg.

The PLE spectra measured for 400 nm emission wavelength are shown in
Figure 3.6. The excitation spectra exhibit two absorption bands: the first one is very
intense and centered at 316nm, and the second is a low-intensity band centered at 362
nm. These bands can be attributed to the allowed electric-dipole transitions from 4f
ground state to the 5d excited states of the Ce*®ion [65, 66]. It is well understood that
the electron in 5d state experiences more effective interactions with the crystal field
related to the electron in 4f state because of the large radial extension of the 5d orbitals
[67]. Furthermore, the 4f - 5d excitation and emission bands are widely vibronic;
consequently the decomposition of emission and excitation spectra into a sum of

Gaussian curves is justified [68].
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Figure 3.7 Decomposition into sum of two Gaussian curves of different stirring time

emission spectra of Sr,CeNbOs.

Figure.3.7 shows the emission spectra of SCN nanophosphor, fitted into two
Gaussian curves represent the 5d —2Fs,, 2F7, inter-configurational transitions at room
temperature. From Figure.3.7 we noted that the high energy transition (5d —2Fs))
shows the same intensity compared to the lower energy (5d —2F75) [69].

The emission spectra show two shoulder peaks at 450nm and at 469nm with
energies 2.75eV and 2.645eV respectively. As the stirring time increased the shoulder
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peaks generated prominently the optical transitions that occurred in Ce*® from 5d to 4f,
which are relatively fast (~20-40 ns) [70, 71].

CIE (Commission Internationale de I’Eclairage)

Commission Internationale de I’Eclairage (CIE) chromaticity coordinate for all
Sr,CeNbOg phosphors had been calculated using the xenon lamp with the excitation
wavelength 254 nm shown in Figure 3.8 and the coordinate values are found in the blue
region. Their coordinate point had been indicated in Figure 3.8 with a cross in the blue
region. This clearly shows that Sr,CeNbOg sample can be used for blue colored solid-

state lighting applications, and its chromaticity coordinate is listed in Table 3.4 [72].

Figure 3.8 CIE 1931 for all Sr,CeNbOg phosphors.

Sample CIE coordinate CCT

X y Calculated Software
Sr,CeNbOg for 10 min stir 0.18 0.11 2621.4 2715
Sr,CeNbOg for 20 min stir 0.16 0.12 4171.1 4182
Sr,CeNbOg for 40 min stir 0.15 0.13 5870.9 5912
Sr,CeNbOg for 80 min stir 0.14 0.14 6962.7 6980

Table 3.4 CIE coordinate and CCT of Sr,CeNbOg at 254nm emission spectra.
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3.4. Outcome

Double Pervoskite phosphor Strontium Cerium Niobate (SCN) oxide present in
this chapter has been synthesizing by the hydrothermal method. The X-ray diffraction
measurement of Strontium Cerium Niobate (SCN) oxide revels that phosphor has a
monoclinic phase with space group P21/n (# 014). Prepared pervoskite phosphor is
nanocrystalline measured through Scherr’s method and Williamson-hall plot method.
Shifting in XRD patterns is also reflected in the Williamson—Hall plot, which occurred
due to the highly strained and distorted environment in the Sr,CeNbOg lattice. FTIR of
Sr,CeNbOg gives information that phosphor has a nano-size pervoskite structure with
an edge-connected Nb-O octahedral. The observed shoulder peak at 715 cm™
recommends the overlapping of Sr,O¢ and NbOg stretching bands with the
displacement toward higher frequencies of the NbOg bands. The symmetric stretching
vibrations from 911 cm™ completely support the possible presence of edge-connected
Nb-O octahedra. SEM image shows that Sr,CeNbOg phosphors have different shapes
and sizes with initial stir time. With increasing stir time, phosphor had been appearing
as cotton flower-shaped type particles. Room temperature photoluminescence spectra
of phosphor recorded using a Xenon lamp as a source. The emission spectra appeared
as broad and asymmetric band emission centered at about 394 nm attributed to the
transition. The intensity of this broad peak increases with an increase in stir time. The
emission spectra of SCN nanophosphor fitted into two Gaussian curves, which
represent the S —2Fs, 2F1 inter-configurational transitions at room temperature. The
CIE coordinates values situated in the blue region. It recognized that the Sr,CeNbOg

samples are applicable for blue-colored solid-state lighting applications.
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