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4.1 Introduction 

The ABX3 structure, stand out by a wide margin, and pervoskite is far ahead of 

spinel as the single structure which, with skilled chemical manipulation, can produce an 

incredibly wide array of phases with totally different functions (Figure 4.1) [1]. 

 

Figure 4.1 Pervoskite – the maximum multifunctional structure. 
 

The emphasis on the importance of the structure-property relation is the key to 

the understanding of material science was a unique half-truth of the 1950s falsely 

imposed on the ages of students. In working to emphasize the importance of crystal or 

atomic structure as opposed hardly to gross composition, this facile expression led to 

the opposite error that the structure was a necessary predictor of properties. The 

pervoskite structure stands as an excellent example proving the error of this over-

simplistic cliché [2].  

The pervoskite structure is highly extensible in that it is capable of forming 

from an array of element sequences [2, 3]. Moreover, the versatility of this structure 

enables it to provide a wide range of deficiencies while maintaining structural stability 

[4 – 9]. Layered type heterostructures also form by pervoskite. In this kind of 

formation, pervoskite is interlayered with different compounds or structures [10]. One 

such example is the Ruddlesden-Popper phase [11 – 13], where layers of ABX3 

pervoskite and AX rock salt found to alternate through the material. 

The versatility of the pervoskite structure is a result of its strength to distort. 

Divergence from the ideal cubic structure may occur due to ratios of non-ideal atomic 

radii, or electronic and magnetic effects, the structural changes characterized by 

rotations or distortions of the BZ6 octahedra [14].  
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A Jahn-Teller distortion [15, 16] occurs in pervoskites if the B cation is an open 

shell transition metal. This kind of distortions is associated with increased separation in 

the energy between occupied and unoccupied d-orbital. For the cubic pervoskite 

structure, the regular BZ6 octahedra result in d-orbitals splitting. This d-orbital split in 

three degenerate lower energies t2g orbitals and two degenerate higher energy eg 

orbitals. Distorting octahedra results in either the t2g or eg orbitals splitting. If either it 

partially occupied, the splitting would result in a stabilization of the system. Typically, 

two of the B-Z bonds in the octahedral complex elongate, and the other four shorten or 

two of the B-Z bonds contract and the other four elongate. 

Pervoskites possess several useful properties, which lead them to use in a wide 

range of applications. Many ferroelectric pervoskites, like BaTiO3, possess a high 

dielectric constant useful as capacitors. Ferroelectric capacitors are used in 

Ferroelectric RAM [17]. Ferroelectric pervoskite was also using as pyroelectric and 

piezoelectric. Thus, varying temperature and applied stress will induce a voltage. These 

make pervoskites such as PbZr1-xTixO3 useful in sensor applications like pressure pads, 

microphones, and infrared sensors [2]. Pervoskite structure with Cuprates such as 

YBaCuO makes the majority of High-Temperature Superconductors (HTS) [18]. 

Magnetoresistance saw in some of the manganese-based pervoskites like LnCaMnO3. 

The resistance of the material is varied by orders of magnitude in the presence of a 

magnetic field. The main possible application for magnetoresistance property is in hard 

drives, where the read heads currently make use of Tunnel Magnetoresistance [19]. 

Pervoskites like LaMO3 are likely front-runners in electrochemical applications such as 

fuel cells [20], where the flexibility of the structure may aid ion transport.  

4.2 Synthesis and Characterization 

4.2.1  Synthesis 

The Sr2GdNbO6: (X%) Eu (III) (Where X= 1, 2, 3, 4, 5) phosphor synthesized 

by solid-state synthesis method. The starting chemicals used for the synthesis of 

Sr2GdNbO6 are SrCO3, Gd2O3, Nb2O5, and Eu2O3. These materials were intimately 

mixed in the stoichiometric ratio corresponding to the nominal composition of Eu (III) 

doped Sr2GdNbO6 and transferred it into alumina crucible. This mixture was heated at 

1200
O
C in a muffle furnace for 3 hours and then allowed it cool naturally to room 
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temperature. The obtained material crushed using mortar – pastel, the final product was 

obtained in powder form having white. 

4.2.2 Characterization 

XRD measurements of undoped and Eu(III) doped Sr2GdNbO6, were done 

using D8 Bruker advance X-Ray Diffractometer with the Cu Kα radiation with 8.05 

keV energy, and 1.5406 Å wavelength (λ) at room temperature by step scanning with 

an angle range of 20° ≤ 2θ ≤ 70° with increments of 0.02⁰. FTIR spectra of phosphors 

were, recorded using Jasco FTIR- 4100, spectrophotometer (Japan) by mixing 

phosphor with KBr through mortar - pestle in a ratio of 1:10. The PL of the samples 

examined using a Shimadzu spectrofluorophotometer (RF-5301 PC) at room 

temperature with a xenon lamp as an excitation source.     

4.3 Results and Discussion 

4.3.1 X-Ray Diffraction 

Figure 4.2 shows the room temperature X-ray diffraction profile of Eu (III)
 

doped Sr2GdNbO6. A good agreement between the observed and calculated inter 

planner spacing‘s (d-values) suggests that the compound crystallizes in monoclinic 

phase having P21/n symmetry. The relative coordinates and occupancy of each site for 

Sr2GdNbO6 are shown in Table 4.1. The values for the bond distances of cations 

(relative to the oxygen anion) and occupancy were obtained from the Rietveld 

refinement. These are shown in Table 4.2. These diffraction lines are consistent and 

confirm the formation of a double pervoskite structure for all studied samples. The 

average crystallite size calculated using the Debye-Scherrer formula given in the 

literature [21] which is given as equation (4.1), 

  
   

      
 ----------------------- (4.1) 

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

wavelength of the X-rays equal to 0.1542 nm, θ is the Bragg angle and β is FWHM. 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.  
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Figure 4.2 X-ray diffraction pattern of Eu(III) doped  Sr2GdNbO6. 
 

 

Atom Site x Y z 

Sr 4e 0.5185 0.5543 0.2480 

Gd 2c 0.0000 0.5000 0.0000 

Nb 2d 0.5000 0.0000 0.0000 

O 4e 0.2237 0.1880 -0.0463 

O 4e 0.3163 0.7255 -0.0463 

O 4e 0.4074 -0.0148 0.2306 

Table 4.1 Structural parameters of Sr2GdNbO6 found by Rietveld analysis of XRD 

data. 

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 study of distortion from the ideal cubic pervoskite structure is 

clear as the Sr2GdNbO6 complex pervoskite has the general formula A2BB‘O6. The 

tolerance factor Tf  [22] of the sample is calculated by using equation (4.2),  

   

   
      

√ (
       

 
   )

  -------------------- (4.2) 

Where, RBa, RCe, RNb and RO are the ionic radii of Sr, Gd, Nb and O respectively [23]. 

By the geometry of crystal, the ideal cubic structure should have Tf = 1, whereas it will 
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be monoclinic structure for values of Tf < 1 and it following the SPuDs prediction [24].  

The value of tolerance factor for Sr2GdNbO6 was found to be approximately 0.9218, 

which suggests that sample under study has the monoclinic structure. 

 

Cation Anion & Multi. Distance (Å) Occupancy 

Gd (2c) O (4e) X 2 2.2872 1.00 

Gd (2c) O (4e) X 2 2.2891 1.00 

Gd (2c) O (4e) X 2 2.2881 1.00 

Nb (2d) O (4e) X 2 1.9776 1.00 

Nb (2d) O (4e) X 2 1.9793 1.00 

Nb (2d) O (4e) X 2 1.9777 1.00 

Sr (4e) O (4e) X 1 3.6747 1.00 

Sr (4e) O (4e) X 1 2.9365 1.00 

Sr (4e) O (4e) X 1 2.7027 1.00 

Sr (4e) O (4e) X 1 2.5186 1.00 

Sr (4e) O (4e) X 1 2.8788 1.00 

Sr (4e) O (4e) X 1 3.6833 1.00 

Sr (4e) O (4e) X 1 2.5354 1.00 

Sr (4e) O (4e) X 1 2.7426 1.00 

Sr (4e) O (4e) X 1 3.3278 1.00 

Sr (4e) O (4e) X 1 2.4867 1.00 

Sr (4e) O (4e) X 1 3.4425 1.00 

Sr (4e) O (4e) X 1 2.6414 1.00 

Table 4.2 Inter-atomic distance and occupancy calculated through Rietveld refinement 

of experimental data. 

Williomson – Hall Plot 
 

Scherrer formula examines only the effect of crystallite size on the XRD peak 

broadening, but it doesn't give any information about the microstructures of the lattice 

about the intrinsic strain, which gets improved in the nanocrystals due to the point 

defect, grain boundary, triple junction and stacking faults [25].  
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Figure 4.3(a–e) Williomson-Hall plot of Eu(III) doped  Sr2GdNbO6. 

 

There are many methods such as the Williamson Hall method, Warren-

Averbach method, etc., which considers the effect of the strain-induced XRD peak 

broadening and can use for the calculation of the intrinsic strain along with the particle 

size. Among these methods, the Williamson–Hall (W–H) method is a very easy and 

simplified one [25 – 28]. 

Figure 4.3 (a-e) shows W-H plot of Eu (III) doped Sr2GdNbO6. The broadening 

effect of XRD peaks reflects the nanocrystalline nature of the resulting Eu(III) doped 

Sr2GdNbO6 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 
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calculated by plotting β cosθ versus sinθ in the following relation (equation 4.3) 

(Williamson–Hall plot) [21], 

                (
  

 
)            ------------------------- (4.3) 

The crystallite size and strain of Eu(III) doped Sr2GdNbO6 estimated from the 

intercept and slope are listed in Table 4.3.   
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Sample Sr2GdNbO6: 

Eu
3+

 (1 %) 

Sr2GdNbO6: 

Eu
3+

 (2 %) 

Sr2GdNbO6: 

Eu
3+

 (3 %) 

Sr2GdNbO6: 

Eu
3+

 (4 %) 

Sr2GdNbO6: 

Eu
3+

 (5 %) 

Structure Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic 

Space Group P21/n P21/n P21/n P21/n P21/n 

Cell 

Parameters 

a(Å) 6.0120 5.9889 5.9846 6.0245 6.0025 

b(Å) 6.1402 6.1435 6.2940 6.2745 6.1203 

c(Å) 8.0958 8.0985 8.1035 8.0992 8.1306 

β 90.080 89.920 89.950 90.1 89.98 

Volume (Å)
3
 298.855 297.966 305.235 306.155 298.694 

Average 

Crystallite 

Size (nm) 

Scherrer 

Method 

35.55 35.1 34.2 37.9 29.1 

W-H 

Plot 

46.2 39.1 38.7 47.5 30.9 

Strain (ε) 2.63 X 10
-3

 1.28 X 10
-3

 3.36 X 10
-4

 2.12 X 10
-3

 5.06 X 10
-4

 

 

Table 4.3 Summary of cell parameter, volume and crystalline size of Eu(III) doped Sr2GdNbO6. 
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4.3.2 FTIR (Fourier Transform Infrared Spectrometry) 

 

Figure 4.4 FTIR spectra of Eu(III) doped Sr2GdNbO6. 

In order to determine the atomic bonds in a molecule FTIR analysis was carried 

out. In Figure 4.4 FTIR spectra of Sr2GdNbO6 has shown with a range of 400 cm
-1

 to 

1800 cm
-1

 wavenumber. The FTIR spectrum of Sr2GdNbO6 shows some well-defined 

bands in the figure 4.4. It is in good accordance with what orderly found for a 

pervoskite type structure following group theory predictions [29]. In pervoskite-type 

material, significant vibrational couplings may expect between the different 

coordination polyhedral compounds. The observed shoulder peak at 704 cm
-1

 

recommends the overlapping of Sr2O6 and NbO6 stretching bands with the 

displacement toward higher frequencies of the NbO6 bands [30]. Several pervoskite-

type oxides and especially in the niobium containing compounds corner-shared and 

edge-shared octahedra may present [31,  32]. Corner-shared and edge-shared octahedra 

are predominant in niobium-oxygen polyhedral compounds where edge-shared 

octahedra exhibit large distortions compared to corner-shared octahedra which 

appearing in significant alterations in Nb-O bond lengths. For the edge-shared 

octahedra the Nb-O bond length varies from 1.7 to 2.3 Å, whereas in corner-shared 

octahedra Nb-O bond lengths ranges from 1.8 to 2.1 Å [33,  34]. 

The bands at 542 cm
-1 

are assigned to the Gd-O vibration [35 – 37]. For the end 

edge-shared NbO6 octahedra, the symmetric stretching vibrations are observed in 850-
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1000 cm
-1

 wavenumber range. Whereas in the case of corner shared octahedra, these 

vibrations in 750cm
-1

 to 850 cm
-1

 region  [38, 39]. The identical spectral pattern, with 

four well-defined IR bands in the 400-750 cm
-1

 range, had been found in a great 

number of A2BB‘O6 pervoskite type materials, and they were assigned in the same 

way [38 –42]. In the present study, the symmetric stretching vibrations from 838.8 cm
-1

 

completely support the possible presence of edge-connected Nb-O octahedra.  

4.3.3 Photoluminescence 

 
 

 
 

 



 

Chapter - 4   

~ 82 ~ 
 
 

 
 

Figure 4.5 Photoluminescence emission spectra of Eu(III) doped Sr2GdNbO6.  

(a) excitation wavelength 254nm, (b) excitation wavelength 262nm, and (c) excitation 

wavelength 277nm. 

Figure 4.5 (a-c) presents room temperature emission spectra of Eu(III) doped 

Sr2GdNbO6 phosphors excited at 254nm, 262nm, and 277nm. Here, the concentration 

of europium varied from 1 to 5 mol percentage. The Eu(III) doped Sr2GdNbO6 samples 

exhibit three visible emission bands around 582, 596, and 613 nm. These assigned to 

the magnetic dipole (MD) and electric dipole (ED) transitions of europium 
5
D0 → 

7
F1, 

5
D0 - 

7
F2. The emission of Eu(III) has assigned to transition from the 

5
D1 and 

5
D0 levels 

to the 
7
FJ (J = 0 – 6) levels [43]. The photoluminescence emission peaks in 580–600 nm 

range are due to the magnetic dipole transition of 
5
D0 → 

7
F1, which is lower than that 

of the intensity of the 
5
D0 → 

7
F2 transition. This transition confirms that the Eu(III) 

ions situated at the non-inversion symmetric sites [44, 45]. It is worthwhile to note that 

all emission spectra show an intense emission peak at around 613nm in the red region, 

which attributed to the 
5
D0 → 

7
F2 transition. This red emission from the Eu(III) 

luminescence center has a better perception of the human eye. However, an admixture 

of odd-parity electronic configuration to the pure 4f level will allow the electric dipole 

transitions partially, and their probability of occurrence is much higher than the chance 

of parity-allowed magnetic dipole (MD) (
5
D0 → 

7
F1) transition. The site symmetry of 

Eu
3+

 ion in the host lattice can be predicted by asymmetry ratio, which can be defined 

by equation (4.4), 
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 (       )

 (       )
 --------------------------- (4.4) 

Where, I(
5
D0→

7
F2) and I(

5
D0→

7
F1) are the intensities of electric dipole and magnetic 

dipole transition peaks, respectively. If the asymmetry ratio is more than one, then 

Eu(III) substituted at the non-centrosymmetric site. For the asymmetric proportion less 

than 1, Eu(III) placed at a centrosymmetric position in the host lattice. Here, the 

asymmetry ratio found to be more than 1, so the phosphor shows that Eu(III) placed at 

A site in the host lattice and is in good agreement with the presently reports [46 – 51]. 

It could understand that the substitution of Eu(III) at Sr(II) site in Sr2GdNbO6 is 

followed by Sr(II) ion vacancy due to charge imbalance and lattice strain due to 

different ionic radius. These defects in lattice reduce the local site symmetry at the 

Eu(III) site and act as a luminescence quenching center. 

Sr. 

No. 

Sample Asymmetry Ratio 

at 254nm at 262nm at 277nm 

1 Sr2GdNbO6: Eu(1%) 1.6 1.18 1.11 

2 Sr2GdNbO6: Eu(2%) 1.9 1.45 1.34 

3 Sr2GdNbO6: Eu(3%) 1.3 3.2 3.46 

4 Sr2GdNbO6: Eu(4%) 1.6 1.11 0.95 

5 Sr2GdNbO6: Eu(5%) 1.44 3.24 2.78 

 

Table 4.4 Asymmetric ratio of Eu(III) doped Sr2GdNbO6 at 254nm, 265nm and 277nm 

emission spectra. 

CIE (Commission International del'éclairage) 

The emission spectra of Eu(III) doped Sr2GdNbO6 examined, and the 

chromaticity color coordinates of all samples calculated. The Commission International 

del'éclairage (CIE) 1931 diagram is depicted in Figure 4.6 (a-c). With the increasing 

europium concentration, the color tone of the emanating light shifts from orange to the 

red region. The results also show that the Eu(III) doped phosphors herein reported 

extended further to the latitude of the orange-red tenability region after compared to 

reported results [52 – 55]. 
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Figure 4.6 (a-c) CIE diagram of Eu(III) doped Sr2GdNbO6. 
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It is good to point out that the incorporation of the emission color corresponding 

to coordinate points (Figure 4.6 (a-c)) yields a mixture of light with color in the orange-

red region possess glow correlated color temperature, i.e., CCT in the 1700K – 2500K 

range. We have admittedly simulated the generation flow CCT for red-light using 

xenon lamp, and the phosphors herein reported [56 – 58]. Table-4.5 shows the CIE1931 

coordinates and associated correlated color temperature of the overall emission. 
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Sr. 

No. 

Sample 254 nm    262 nm 277 nm 

x Y CCT x y CCT x y CCT 

Calcu. Software Calcu. Software Calcu. Software 

1 Sr2GdNbO6: Eu (2%) 0.642 0.357 2297.096 2306 0.541 0.457 2149.956 2168 0.626 0.374 1751.782 1921 

2 Sr2GdNbO6: Eu (3%) 0.645 0.354 
2436.266 2403 

0.545 0.453 
2093.64 2115 0.628 0.371 1786.208 1966 

3 Sr2GdNbO6: Eu (4%) 0.637 0.362 
2103.525 2164 

0.538 0.446 
2104.95 2125 0.631 0.368 1831.621 2024 

4 Sr2GdNbO6: Eu (5%) 0.641 0.358 2232.48 2276 0.567 0.431 1823.434 1864 0.634 0.362 1919.988 2136 

5 Sr2GdNbO6: Eu (1%) 0.643 0.356 2382.59 2337 0.516 0.481 2528.094 2534 0.639 0.359 2000.372 2236 

 

Table 4.5 CIE 1931 coordinates and CCT of the emissions under (254nm, 262nm, and 466nm) xenon lamp excitation. 
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4.4. Outcome 

Eu
3+

 doped Strontium Gadolinium Niobate (SGN) oxide has been synthesizing by 

the solid state reaction method. The X-ray diffraction measurement of Strontium 

Gadolinium Niobate (SGN) oxide revels that phosphor has a monoclinic phase with 

space group P21/n (# 014). Prepared pervoskite phosphor is nanocrystalline measured 

through Scherrer‘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 Sr2GdNbO6 lattice.  

FTIR of Sr2GdNbO6 gives information that phosphor has a nano-size pervoskite 

structure with an edge-connected Nb-O octahedral. The bands at 542 cm
-1 

are assigned to 

the Gd-O vibration. The observed shoulder peak at 704 cm
-1

 recommends the 

overlapping of Sr2O6 and NbO6 stretching bands with the displacement toward higher 

frequencies of the NbO6 bands. The symmetric stretching vibrations from 838.8 cm
-1

 

completely support the possible presence of edge-connected Nb-O octahedra.  

Room temperature photoluminescence spectra of phosphor recorded using a 

Xenon lamp as a source. A Photoluminescence study of Eu
3+

 doped Sr2GdNbO6 

phosphor shows that Eu
3+

 substituted at A-site at 254nm, 262nm and 277nm. 

Photoluminescence spectra of phosphor show high-intensity peaks at 590nm and 610nm 

due to 
5
D0 → 

7
F1 and 

5
D0 → 

7
F2 transitions of Eu

3+
 ions. The substitution of Eu

3+
 at Sr

2+
 

site in Sr2GdNbO6 is followed by Sr
2+

 ion vacancy due to charge imbalance and lattice 

strain due to different ionic radius. With the increasing europium concentration, the 

colour tone of the emanating light shifts from orange to the red region. The emission 

colour corresponding to coordinate points yields a mixture of light with colour in the 

orange-red region possess glow correlated colour temperature, i.e., CCT in the 1700K – 

2500K range. 
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