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Pure and rare earth doped pervoskite phosphor gathered scientific and 

technological important because of their luminescent, dielectric, semiconductor, 

catalytic, magnetic, fluorescent, and ion-exchange properties [1–3]. A large variety of 

properties and corresponding applications is the reason, why the synthesis of pervoskite 

is a more attractive field of research for researchers. Out of many properties, luminescent 

properties are significantly investigated by many researchers. Wide-bandgap rare-earth 

doped pervoskite phosphors have gained much more attention, for their potential 

applications in diverse areas such as X- and gamma-radiation detectors, lighting, display 

phosphors, light-emitting diodes, scintillators, and solid state lasers [4–6]. In this thesis, 

undoped, single Rare earth doped and double rare earth doped pervoskite phosphors are 

synthesis by hydrothermal method, solid state reaction method and combustion synthesis 

method to investigate its luminescence properties and its application.  

The thesis comprises of seven chapters. Chapter 1 (Introduction and 

Literature review) comprises of the introduction to the research problem and its 

relevant literature review. Chapter 2 (Experimental Method and Characterization 

Techniques) contains the basic information of various synthesis method and the 

procedure followed for the synthesis of phosphors. This chapter also contain information 

related to characterization techniques. Chapter 3 (Synthesis and Characterization of 

Strontium Cerium Niobate Nanophosphor) in this chapter, synthesis method and 

characterization of strontium cerium niobate oxide was explained in detail. The result of 

characterization was also discuss in detail with require graphs and images. Chapter 4 

(Synthesis and Photoluminescence studies of undoped and doped Strontium 

Gadolinium Tantalum Oxide) in this chapter, synthesis method and characterization of 

undoped and doped strontium gadolinium tantalum oxide was explained in detail. The 

result of characterization was also discuss in detail with require graphs and images. 

Chapter 5(Photoluminescence Studies of Strontium Gadolinium Niobate Oxide) in 

this chapter, synthesis method and characterization of strontium gadolinium niobate 

oxide was explained in detail. The result of characterization was also discuss in detail 

with require graphs and images. Chapter 6 (Synthesis and Photoluminescence studies 

of undoped and doped Barium Cerium Niobate Oxide) in this chapter, synthesis 

method and characterization of undoped and doped barium cerium niobate oxide was 

explained in detail. The result of characterization was also discuss in  
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detail with require graphs and images.  Chapter 7 (Conclusion) in this chapter, 

outcome of all prepared phosphors are explained in detail. 

Chapter 1: Introduction 
 Various kinds of luminescence emission are observed in nature such as 

lightening, aurora, fireflies, etc. The luminescence emission from the sea bacteria were 

observed by the ancient Chinese (1500-1000 B.C.). The information regarding to the 

knowledge of luminescence in India is found in holy writings of ancient India - the 

Vedas. Aristotle (384-382 B.C.) from Greece had observed light being emitted from 

decaying fish [7].  

In 1888, the German physicist Eilhardt Wiedemann first introduced the word 

luminescence to include both phosphorescence and fluorescence [8-12]. In Latin, a word 

‘lumen’ means ‘light’ from where the word luminescence originated. Nowadays, the 

word luminescence is defined as a phenomenon in which the electronic state of a 

luminescent substance is excited by some kind of external energy given to the substance 

[13]. 

The pervoskite mineral was discovered in the Ural 

Mountains of Russia by Gustav Rose in 1839 and is named after Russian 

mineralogist Lev Perovski (1792–1856). In pervoskite, a divalent cation is consolidated 

with a quadrivalent cation. Within certain limits of cation size, different combinations of 

a divalent and a quadrivalent cation have the pervoskite structure with differing degrees 

of distortion from the ideal cubic form [14–16]. Moreover, within certain cation-size 

limitations, other cation combinations with a total charge of six can proxy for the A2+: 

B4+ combination.  For example, lanthanum aluminate oxide (LaAlO3) both are trivalent 

while in KNbO3 (potassium niobate) have a monovalent and a pentavalent cation has the 

pervoskite structure [4, 17]. In the case of double pervoskites such as A2B2O6, 

stoichiometric control of two cations at the B site is known to be advantageous for 

visible light photocatalysis. 

Compounds with general formula A2B2O6 belong to the double pervoskites and they 

have similar crystal structures as simple pervoskites. Double pervoskites have the basic 

structure of corner connected BO6 octahedra and A cations enclosed inside. However, the 

connectivity of the octahedra may alter from structure to structure. Double pervoskites 

could contain different cations at the A or/and B sites, using a general form AA'BB'O6 

[18, 19]. 

 

https://en.wikipedia.org/wiki/Ural_Mountains
https://en.wikipedia.org/wiki/Ural_Mountains
https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Gustav_Rose
https://en.wikipedia.org/wiki/Lev_Perovski
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Chapter 2: Experimental Methods and Characterization Techniques 

The pervoskite phosphors present in this thesis are prepared by various methods. 

These phosphors are synthesis by hydrothermal method, solid state reaction method and 

combustion synthesis method. In hydrothermal process, an aqueous mixture of reagents 

prepared from their stoichiometric ratio obtained through the chemical reaction is heated 

at a constant temperature in an airtight stainless steel shell (autoclave) [20]. The 

temperature of the autoclave had been raise above the steaming temperature of the water 

which could be maintained at a constant value < 300°c for 10-24 hours depends on the 

reaction. However the volume of the autoclave is constant, consequently, the temperature 

above the boiling point of water increases the pressure within the reaction autoclave 

which is intensely increased beyond atmospheric pressure. The combined effect of high 

temperature and pressure in this method provides an extensive single-step chemical 

process to produce highly crystalline material which could not require post-annealing 

treatments to obtain pure material [21, 22].   

Reactions between or within solid reactants to yield a solid product are 

prototypical of solvent free reactions [23]. From literature reports the concept of 

chemical reactivity between solids (and very often within solids) is very difficult to 

define [24].  The confined environment of the reactant crystal lattice can control the 

kinetic features of a reaction and hence the nature of products. Such reactions are said to 

be topochemically controlled and illustrate the topochemical principle proposed by 

Cohen and Schmidt in which reactions in the solid state take place with minimum 

requirements of energy and atomic or molecular motion requirements [25, 26].  

Combustion synthesis method generally called as self-propagating high-temperature 

synthesis, was discovered in the 1980s. Combustion synthesis method was accidentally 

discovered by Prof. Patil in his laboratory in India in 1988 [27]. It is mainly a wet-chemical 

processing method. It does not require additional calcination of the material and repetitive 

heating treatment. Combustion synthesis method is an efficient and inexpensive method for 

the production of highly crystalline materials like inorganic-ceramic phosphor, magnetic 

materials, etc [28]. It is an extensively useful method to develop materials in all section for 

commercial and industrial applications. It is one of the most popular method that draw 

attention from the scientists and material technologists of various disciplines since last three 

decades. The physical properties like structure having crystalline or amorphous, purity of  
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material, surface area, particle size, porosity and agglomeration of the synthesized 

powders which highly depends on the parameters adopted for the process [29]. All these 

phosphors are characterizes by X-ray diffraction, FTIR, SEM and Photoluminescence. 

Chapter 3: Synthesis and Photoluminescence studies of Strontium Cerium Niobate 

Nanophosphor 

Strontium Cerium Niobate synthesis by hydrothermal method and characterizes by XRD, 

FTIR, SEM and Photoluminescence.  

 
Figure 1 X-Ray Diffraction patterns of Sr2CeNbO6 phosphors. 

Figure 1 presents the X-ray diffraction (XRD) pattern of Sr2CeNbO6. As stirring time 

increased, the intensity and crystallinity of Sr2CeNbO6 also increased. The  phosphors 

that have high crystallinity always means few defects and also have stronger 

luminescence [30]. 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 P21/n at room temperature [31, 32]. Average crystalline size of all sample 

are calculated by using Scherrer formula which was given below [33].  

                                       𝐷𝐷 = 𝑘𝑘∗𝜆𝜆
𝛽𝛽∗𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

 …………………………………….. (1) 

 

Where, λ = wavelength of X-ray i.e. 1.5443Å, θ = Diffraction angle, k = constant 0.94 

and β = FWHM. 

The broadening effect of XRD peaks reflects the nano crystalline nature of the 

resulting Sr2CeNbO6 samples. Since the effective XRD peak broadening can caused by 

lattice strain and small crystallite size, these two effects have to be distinguished. This 
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can be calculated by plotting β cosθ versus ε sinθ in the following relation (Williamson–

Hall plot) [33].  

             𝛽𝛽ℎ𝑘𝑘𝑘𝑘 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃ℎ𝑘𝑘𝑘𝑘 = �𝑘𝑘∗𝜆𝜆
𝐷𝐷
� + 𝜀𝜀 ∗ 𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃ℎ𝑘𝑘𝑘𝑘  …………………………. (2) 

 
Figure 2 FTIR spectra of Sr2CeNbO6 phosphors. 

Figure 2 shows FTIR spectra of Sr2CeNbO6 with a range of wavenumber from 400 cm-1 

to 1600 cm-1. The IR spectrum of Sr2CeNbO6 shows some well-defined bands in Figure 

2. This is in good accordance with what is systematically found for a pervoskite structure 

following group theory prophecies [34]. The observed shoulder peak at 715 cm-1 

recommends the overlapping of Sr2O6 and NbO6 stretching bands with the displacement 

toward higher frequencies of the NbO6 bands [35].  
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Figure 3 (a), (b), (c), and (d) SEM image of Sr2CeNbO6 phosphors for 10 min., 20 min., 

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

Figure 3 (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 (b). As stirring time increases at room 

temperature, cotton flower type shape occurred, which presented in Figure 3(c) and (d).   
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Figure 4 (a) Excitation spectra of Sr2CeNbO6 and (b) Emission spectra of Sr2CeNbO6.  

Figure 4 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 5d1 to the two levels of 

the ground state 2F5/2 and 2F7/2 [36]. 

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 

peaks generated prominently the optical transitions that occurred in Ce+3 from 5d to 4f, 

which are relatively fast (~20–40 ns). 

Chapter 4: Photoluminescence studies of Europium doped Strontium Gadolinium 

Niobate Oxide 

Strontium Gadolinium Niobate synthesis by Solid State Reaction method and 

characterizes by XRD, FTIR, and Photoluminescence.  
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Figure 5 X-ray diffraction pattern of Eu(III) doped  Sr2GdNbO6. 

 

Figure 5 presents the X-ray diffraction (XRD) pattern of Sr2GdNbO6. As stirring 

time increased, the intensity and crystallinity of Sr2GdNbO6 also increased. The  

phosphors that have high crystallinity always means few defects and also have stronger 

luminescence [30]. 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 P21/n (#014) at room temperature [31, 32]. Average crystalline size of all 

sample are calculated by using Scherrer formula which was given below [33].  

                                       𝐷𝐷 = 𝑘𝑘∗𝜆𝜆
𝛽𝛽∗𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

 …………………………………….. (1) 

 

Where, λ = wavelength of X-ray i.e. 1.5443Å, θ = Diffraction angle, k = constant 0.94 

and β = FWHM. 

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  [37] of the sample is calculated by using equation (2),    

𝑇𝑇𝑓𝑓 = 𝑅𝑅𝑆𝑆𝑆𝑆+𝑅𝑅𝑂𝑂
√2�

𝑅𝑅𝐺𝐺𝐺𝐺+𝑅𝑅𝑁𝑁𝑁𝑁
2 +𝑅𝑅𝑂𝑂�

  -------------------- (2) 

Where, RBa, RCe, RNb and RO are the ionic radii of Sr, Gd, Nb and O respectively [38]. 

By the geometry of crystal, the ideal cubic structure should have Tf = 1, whereas it will 

be monoclinic structure for values of Tf < 1 and it following the SPuDs prediction [39].  

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

which suggests that sample under study has the monoclinic structure. 
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The broadening effect of XRD peaks reflects the nano crystalline nature of the 

resulting 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 calculated by plotting β cosθ versus ε sinθ in the following relation (Williamson–

Hall plot) [33].  

             𝛽𝛽ℎ𝑘𝑘𝑘𝑘 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃ℎ𝑘𝑘𝑘𝑘 = �𝑘𝑘∗𝜆𝜆
𝐷𝐷
� + 𝜀𝜀 ∗ 𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃ℎ𝑘𝑘𝑘𝑘  …………………………. (2) 

 

Figure 6 FTIR spectra of Eu(III) doped Sr2GdNbO6. 

In Figure 6 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 6 It is in good accordance with what orderly found for a pervoskite type structure 

following group theory predictions [34]. The bands at 542 cm-1 are assigned to the Gd-O 

vibration. [40–42]. The symmetric stretching vibrations from 838.8 cm-1 completely 

support the possible presence of edge-connected Nb-O octahedra.  
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Figure 7 Photoluminescence emission spectra of Eu(III) doped Sr2GdNbO6 (a) 

excitation wavelength 254nm, and (b) excitation wavelength 262nm. 

 

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 5D0 → 7F1, 5D0 - 7F2. The emission of Eu(III) has 

assigned to transition from the 5D1 and 5D0 levels to the 7FJ (J = 0 – 6) levels [43]. 

The site symmetry of Eu3+ ion in the host lattice can be predicted by asymmetry 

ratio, which can be defined by equation (4), 

𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑟𝑟𝑎𝑎 − 𝑟𝑟𝑎𝑎𝑡𝑡𝑠𝑠𝑐𝑐 = 𝐼𝐼(5𝐷𝐷0→7𝐹𝐹2)
𝐼𝐼(5𝐷𝐷0→7𝐹𝐹1) --------------------------- (4) 

Where, I (5D0→7F2) and I (5D0→7F1) 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 [44–49]. It is 

good to point out that the incorporation of the emission color corresponding to 

coordinate points 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. 

Chapter 5: Synthesis and Photoluminescence studies of undoped and Europium 

doped Barium Cerium Niobate Oxide 

Barium Cerium Niobate synthesis by combustion method and characterizes by XRD, 

FTIR, and Photoluminescence.  
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Figure - 8 X-ray diffraction pattern of undoped and Eu(III) doped  Ba2CeNbO6. 
 

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 intense 

peak [50]. 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. The value of 

tolerance factor for Ba2CeNbO6 was found to be approximately 0.9505, which suggests 

that sample under study has the monoclinic structure [51]. The broadening effect of XRD 

peaks reflects the nanocrystalline nature of the resulting Eu(III) doped Ba2CeNbO6 

samples. Since the effective XRD peak broadening can caused by lattice strain and small 

crystallite size, these two effects have to be distinguished. 

 

Figure 9 FTIR spectra of undoped and Eu(III) doped Ba2CeNbO6. 

The FTIR spectrum of Ba2CeNbO6 shows some well-defined bands in the above 

figure. It is in good accordance with group theory predictions what orderly found for 

pervoskite type structures [34]. All the peaks in the spectra are typical of the material. 

One small hump is at 1750 cm-1, which is due to the presence of adsorbed moisture in 

KBr [52]. The lower energy band found at around 450–650 cm-1 is related to the 

deformational mode of CeO6 octahedra [53]. The medium energy peak appearing near 

850 cm-1 is due to the asymmetric NbO6 stretching vibration [54] due to the higher 

charge of the cation. The peak at 552cm-1 is due to the Ba-O.  
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Figure 10 Photoluminescence Excitation spectra of Eu(III) doped Ba2CeNbO6. 

Figure 10 represents the absorption spectra of Eu(III) doped Ba2CeNbO6 

phosphor. These excitation spectra recorded with the 613nm emission wavelength. An 

intense peak at 466 nm wavelength is due to the  5D2 ← 7F0 electric dipole transition 

[55]. The absorption spectra of Eu(III) compounds allows the determination of higher 

energy levels of the 4f6 electronic configuration of Eu3+ ion. The transitions to the 5D0, 
5D1, and 5D2 levels were called the yellow, green and blue bands based on their places in 

the visible spectrum [56, 57]. The transitions of 5D0←7F1 and 5D0←7F2 are suitable for 

determining the location of the 5D0 level if the 5D0←7F0 transition is forbidden.  

    
Figure 11 Photoluminescence emission spectra of Eu(III) doped Ba2CeNbO6 (a) 

excitation wavelength 275nm and (b) excitation wavelength 466nm. 

Fig. 11 (a) and (b) depict typical PL emission spectra of Eu (III) doped 

Ba2CeNbO6 phosphors excited with 275nm and 466nm wavelength. In the present study, 

the concentration of europium ranges from 0.5 to 2.5 mole percentage. The Eu (III) 

doped Ba2CeNbO6 phosphors exhibit two visible emission bands around 596 and 613 nm 
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when excited at 275nm while it displays four emission peaks at 582nm, 596nm, 613nm, 

and 633nm. These emission peaks are assigned to the magnetic dipole (MD) 5D0 → 7F1 

and electric dipole (ED) 5D0 → 7F2 transitions of europium when excited with 275nm 

and 466nm. The emission peak at 596 nm is due to the magnetic dipole transition of 5D0 

→ 7F1, which has higher intensity compare to peak at 613nm of 5D0 → 7F2 electric dipole 

transition during excitation at 275nm. This asymmetricity confirms that the Eu3+ ions are 

located at the non-inversion symmetric sites in host material [58–60]. 

It's important to note that in both the emission spectra emission peak at around 

613nm is occurred in the red region. In emission spectra peak at 633nm seen when 

phosphor excited at 466nm wavelength, which is attributed due to 5D0→7F2 electric 

dipole transition. Though an admixture of odd-parity electronic configuration to the pure 

4f (like a non-centrosymmetric crystal field component) [61, 62] will allow the ED 

transitions partially and their possibility of occurrence is much higher than the 

probability of parity-allowed magnetic dipole (MD) (5D0→7F1) transition.  The 

asymmetric ratio is found to be less than unity (1), indicates that Eu (III) is substituted at 

a non-centrosymmetric site in the host lattice.  

Chapter 6: Synthesis and Photoluminescence studies of undoped, single doped and 

double doped Strontium Gadolinium Tantalum Oxide 

Strontium Gadolinium Tantalum oxide synthesis by combustion method and 

characterizes by XRD, FTIR, and Photoluminescence.  

   
Figure 12 Powder X-ray diffraction pattern of (a) undoped, single doped, double doped 

Sr2GdTaO6 and (b) Eu(III), Er(III) double doped Sr2GdTaO6. 

Figure 12 exhibits the powder X-ray diffraction pattern of undoped, single doped, 

and Eu(III), Er (III) double doped Sr2GdTaO6. The recorded patterns present sharp and 
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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 P21/n (#14) 

space group [31]. 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 (1), 

𝐷𝐷 = 𝑘𝑘.𝜆𝜆
𝛽𝛽.𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

 ----------------------- (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. 

The malformation from the ideal cubic pervoskite the structure is an outcome of the 

inclination of the Gd-O6/2 and Ta-O6/2 octahedra; in the meantime support their corner 

connectivity. Then, the Ta5+ and Gd3+ cations occupy two crystallographic independent 

octahedral sites, namely 2d and 2c [63]. 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 [64]. 

 

Figure 13 Magnified (021) reflection peak of undoped, single doped and Eu(III), Er(III) 

double doped Sr2GdTaO6. 

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 
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in reflection peaks, the magnified scale of characteristic reflection peak (021) of all 

Sr2GdTaO6 samples as seen in Figure 13. 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 13)[66]. 

          
 

 
Figure - 14 FTIR spectra of (a) Undoped Sr2GdTaO6 and (b) single doped Sr2GdTaO6 

and (c) Eu(III), Er(III) double doped Sr2GdTaO6 

Figure 14 (a-c) exhibits the FTIR transmission pattern of undoped, single doped, 

and Eu(III), Er (III) double doped Sr2GdTaO6. 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-1, 566 cm-1, and 1456 cm-1. The energy band 

at 380 cm-1is due to the asymmetric bending of the TaO6 octahedra while the strong 

energy band at 566 cm-1 attributed to the asymmetric stretching of the TaO6 octahedra 

[67]. Pervoskite type materials usually present characteristic two band spectra dominated 

by the antisymmetric F10 stretching and deformation modes of the MO6 octahedra [43–
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46]. The weak band at around 1456 cm-1 likely corresponds to the overtones of the 

fundamental vibrations in undoped, single doped, and Eu(III), Er (III) double doped 

Sr2GdTaO6. A very small peak at 1627 cm-1 is of the carrier KBr.(H2O)n [31]. The 

absorption peaks at 992 cm-1 and 860 cm-1 due to legend formation were assigned to 

stretching characteristics of SrCO3 [72]. 

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.  

 

Figure 15 PL spectra of Sr2GdTaO6, Sr2GdTaO6: Eu (1%) and Sr2GdTaO6: Eu (3%) 

Figure 15 exhibits photoluminescence spectra of undoped and Eu(III) doped 

Sr2GdTaO6. A magnified portion from 575nm to 625nm of PL of undoped and 1% Eu3+ 

doped Sr2GdTaO6 displayed in inset figure. In the magnified portion, there is a small 

effect of Eu3+ in the PL spectra of Sr2GdTaO6. Limited number of PL emission of Eu3+ 

maybe due to crystal field quenching effect observed in emission spectra of Sr2GdTaO6. 
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Figure 16 Photoluminescence excitation spectra of Eu(III), Er(III) double doped 

Sr2GdTaO6. 

            

 

Figure 17 Photoluminescence spectra of Eu(III), Er(III) double doped Sr2GdTaO6 of 

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

Figure 16 shows room-temperature photoluminescence excitation spectra at 

616nm. This PLE spectrum shows broad band with peak at 265nm and 276nm from the 
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intra configuration of the 4f–4f transitions of Eu3+. The broad band peaking at 265 nm 

can be ascribed to the charge transfer (CT) transition of the filled 2p orbitals of O2- ions 

to the partially filled 4f orbitals of Eu3+ ions when in the octahedral field, of which the 

position is mainly determined by the Eu – O distance [77].When smaller Eu3+ ions 

substitute the Sr2+ 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 [78, 

79]. 

Figure 17 (a & b) displays typical emission spectra of radiation emanating from 

the Eu(III), Er (III) double doped Sr2GdTaO6 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(III), Er (III) double doped 

Sr2GdTaO6 samples exhibited two visible emission peaks around 596 and 614 nm, which 

were assigned to the magnetic and electric dipole transitions (5D0 → 7F1, 5D0 → 7F2) of 

europium when excited at 265nm [80, 81]. While Eu(III), Er (III) double doped 

Sr2GdTaO6 exhibited five distinct visible emission bands around 468nm, 474nm, 584nm, 

596nm, and 614nm. These are assigned to the electric transition (4F3/2 → 4I15/2) of erbium 

and magnetic and electric dipole transitions (5D0 → 7F1, 5D0 → 7F2) of europium when 

excited at 276nm, respectively [82, 83]. The asymmetric ratio is greater than unity (1) for 

phosphors excited at 276nm, which intimates that Eu3+ is displaced at A site in host 

lattice. 
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Figure 18 Energy level diagram of Eu(III), Er(III) double doped Sr2GdTaO6. 

Figure 18 displays an energy level diagram of Eu(III) and Er(III) ion to explain 

PLE and PL mechanisms. With 265 and 276nm excitation wavelength, electrons jump 

from the ground state to the excited state. After that, electrons are relaxed to the lowest 

level 5D0 by using nonradiative transition (NR). In the end, luminescence occurs through 

the radiative transition 5D0 - 7Fj (j = 0, 1, 2). 

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(III), Er(III) 

double-doped phosphors herein reported extended further to the latitude of the orange-

red tenability region after compared to reported results [84–87]. Moreover, it's good to 

point out that the combination of 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 range. 
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