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ABSTRACT 
 

In this thesis work, CaMoO4: RE3+ (RE3+ = Eu3+, Tb3+), AWO4:Tb3+ (A = 

Ca and Sr) and Li3Ba2Gd3(MoO4)8: RE3+ (RE3+= Eu3+, Tb3+, Pr3+ and Sm3+) 

phosphors were prepared by mechanochemically assisted SSM route at room 

temperature to explore their structural and optical properties for various 

lighting applications. Eu3+ activated CaMoO4 phosphors were synthesized by 

mechanochemically assisted SSM reaction route at room temperature and 

the PL properties were investigated. The red emission intensity of CaMoO4: 

0.08Eu3+ reported in the present work is stronger by a factor of about 4.7 

times more than that of the commercial red emitting sulphide based 

phosphor, Y2O2S: Eu3+ and also it is about 1.6 times more than that of 

CaMoO4:Eu3+ prepared by conventional method [Chapter-4]. The structural, 

morphological and optical properties of Tb3+ activated CaMoO4 phosphors are 

investigated in detail. The emission color of the optimised phosphor was 

analyzed and confirmed with the help of CIE chromaticity coordinates x, y 

[Chapter-5].Optically proficient terbium doped alkaline earth metal tungstate 

phosphors (AWO4 [A=Ca, Sr]) with different doping concentrations were 

synthesized. The structural and optical properties of the phosphors were 

investigated in detail. The relative emission intensity of CaWO4:0.08 Tb3+  

phosphor  is reported to be  1.5 times stronger than that of commercial green 

emitting lamp phosphor (LaPO4: Ce, Tb) and the relative emission intensity of 

SrWO4 :0.06 Tb3+ phosphor is reported to be  1.2 times stronger than that of 

commercial green emitting lamp phosphor (LaPO4: Ce, Tb) [Chapter-6]. 

Monoclinic phase Li3Ba2Gd3 (MoO4) 8: RE3+ (RE= Eu3+, Tb3+, Pr3+ and Sm3+) 

phosphors were successfully synthesized and their luminescence properties 

were discussed in detail [Chapter-7, 8, 9]. To evaluate the performance and 

potential application of these phosphors, the photoluminescence spectra of  

of the phosphors were compared with the conventional red (Y2O2S: Eu3+)  

and green (LaPO4: Ce, Tb)  emitting phosphors. The as-synthesized 

phosphors could serve as an excellent material for fluorescent and other 

solid-state lighting applications. 
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1. INTRODUCTION 

 

1.1 MOTIVATION AND OBJECTIVE 

In the recent years, an extensive advancement in the field of 

phosphors has been bloomed by deliberately introducing trivalent rare earth 

ions (lanthanides) as luminescent centers (dopants) in different host matrices 

to produce rare earth activated phosphors for lighting applications. A 

phosphor literally, light bearer is a material capable of absorbing energy and 

re-emitting it in the form of light (ultra violet, visible or Infrared). In general, 

most of the phosphors are usually made up of a host material (family of 

phosphates [1], aluminates [2], oxides [3], molybdates [4], tungsates [5], 

silicates [6], etc.)  and dopant (lanthanides [7]). The host material is normally 

an insulator or a semiconductor with a wide band gap and it serves to 

accommodate the dopant. The host also controls some of the physical and 

chemical behaviours of the luminescent materials such as, emission intensity 

and lifetime properties [8, 9]. In most cases, the dopant (activator) is usually 

present in concentration levels varying from a few ppm upto one to five moles 

of the host lattice. In recent times, a huge number of phosphor materials 

activated on trivalent rare earth ions or rare earth host lattices have been 

discovered [2, 3, 4]. It is described that the rare earth ions (group of fourteen 

elements) are categorized by the gradual filling of the 4f sub shell, which is 

strongly shielded by 5s2 and 5p6 orbitals. The incomplete occupation of the 4f 

subshell and shielding effect in the 4f subshell cause very sharp lines in the 

emission spectra and it is the main reason for fascinating luminescence 

properties of lanthanide ions. These lines originate from the intra-

configurational [Xe] 4fn → [Xe] 4fn transitions and were intensively studied in 

the recent years. Light emitting properties of trivalent rare earth ions mutually 

with a maximum number of existing transitions ranging from the deep 

ultraviolet to the mid infrared make them appropriate candidates for lamp and 

device applications. Moreover, besides line emission, some of the rare earth 

ions also possess a broad band due to [Xe] 4fn → [Xe] 4fn−15d1 and charge-

transfer (CT) transitions [8]. Dieke and his co-workers broadly investigated 

and charted the energy levels of the trivalent rare earth ions in a collection of 
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crystals in 1968 [10]. In recent times, the development of high-efficacy, high 

brightness and high color-rendering lighting devices such as fluorescent lamp 

and White Leds have got much increasing attention due to their tremendous  

potential applications in many fields such as  transportation, vetronics, 

shipboard, medical phototherapy, aquarium lighting, air craft, horticulture and 

in general displays. They show lot of advantages over the existing 

incandescent and halogen lamps such as high efficiency, pleasing color, long 

life time, low operating voltages, energy saving, stability, reliability, flexibility, 

safety and low power consumption [11, 12, 13].  

In general, among the different types of lamps available currently, 

tricolour (red, green, blue) phosphors based lamps form a special group. The 

conventional tricolour lamp phosphors are Y2O3S:Eu3+  [14] and 

Y2O3:Eu3+ [15] for red, (La, Ce) PO4:Tb3+  [16],  ZnS:(Cu+, Al3+) [17] for green 

and BaMgAl10O17:Eu2+ [18] for blue, where, Eu3+, Eu2+ and Tb3+ are 

activators. 

While comparing with blue phosphors, the thermal and chemical 

stability of the sulphide based red phosphors are inadequate. They show poor 

absorbance in near UV region and their efficiency is approximately eight 

times lesser than the conventional blue phosphors. Similarly, synthesis of 

single phase (La, Ce) PO4:Tb3+ green phosphor is also difficult by the 

conventional solid state method as it requires a relatively long annealing 

period at high temperature greater than 1000◦C resulting in huge energy 

consumption and introducing the presence of defects which are harmful for 

luminescence and which are also contrary to the energy-saving 

characteristics of lamp phosphors.   

Therefore, a quest for low cost and low temperature synthesis of high 

quality red and green-emitting phosphors with a high efficiency, excellent 

chemical and thermal stability, and good chromaticity coordinates and with a 

satisfactory high absorption in UV region for lighting applications has become 

an important task. 

In the recent years, an increasing attention is focused on molybdate 

and tungstate based host matrix for luminescent ions due to their good 
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chemical and thermal stability and good luminescence properties. They have 

also attracted much interest for their remarkable properties such as 

ferroelectricity, laser hosts, phosphors and catalysis [4].Motivated by all the 

above said, the work presented in this thesis was taken up to explore the 

structural and optical properties of rare earth activated molybdate and 

tungstate based phosphors due to their outstanding physical/chemical 

stabilities and optical properties.In the present work, CaMoO4:RE3+ (RE3+ = 

Eu3+, Tb3+), AWO4:Tb3+ (A = Ca and Sr) and Li3Ba2Gd3(MoO4)8:RE3+ (RE3+ = 

Eu3+, Tb3+, Pr3+ and Sm3+) phosphors were prepared by mechanochemically 

assisted solid state metathesis route at room temperature to explore their 

structural and optical properties for various lighting applications.  

The detailed literature survey reveals that investigations made on the 

structural and optical properties of rare earth activated CaMoO4, AWO4 (A = 

Ca and Sr) and Li3Ba2Gd3-x(MoO4)8 phosphors are limited. In particular, the 

structural and optical properties of rare earth activated CaMoO4, AWO4 (A = 

Ca and Sr) and Li3Ba2Gd3-x(MoO4)8 phosphors by mechanochemically 

assisted solid state metathesis route at room temperature have not been 

reported so far. Hence, the structural and optical properties of CaMoO4:RE3+ 

(RE3+ = Eu3+, Tb3+), AWO4:Tb3+ (A = Ca and Sr) and Li3Ba2Gd3-x(MoO4)8: 

(RE3+ = Eu3+, Tb3+, Pr3+ and Sm3+) phosphors were carried out at different 

doping concentrations. The obtained results were analyzed and discussed in 

detail to bring out the possible applications. 

Literature survey reveals that rare earth activated CaMoO4 , AWO4 (A = 

Ca and Sr)  and Li3Ba2Gd3(MoO4)8 phosphors have been synthesized by 

variety of techniques, such as electro spinning method [19], hydrothermal 

method [20] and  conventional solid state reaction (SSR) method [21]. Among 

these techniques, SSR approach usually requires high temperature and 

consumes a lot of power and time. A number of synthesis methods based on 

wet-chemistry have been established in recent times for the fabrication of 

molybdate and tungstate based phosphors [22]. Even if, wet-chemistry route 

produces pure and homogeneous particles, their processes of formation are 

commonly complicated and necessitate the use of high-priced and moisture-

sensitive precursor materials and low production rate.  
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Comparatively, mechanochemically assisted SSM route at room 

temperature is attractive for several reasons such as the low cost, solvent 

free, fast reaction rate, high yield and controlled morphology. Moreover, a 

variety of parameters can be tuned to effectively control the morphology and 

optical properties of the final product. 

The synthesized samples were characterized by X-ray diffractometer 

(PANalytical X’pert PRO, CuKα,  = 1.5406 Å), Scanning electron microscope 

(JEOL JSM- 5600 LV), Fourier Transform Infrared spectroscope (Nicolet 

6700) and Photoluminescence (Jobin Yuvon Flurolog  spectrophotometer) 

studies. The results of the research work presented in this thesis will bring a 

hopeful contribution for the development of energy saving lighting devices 

such as fluorescent lamps and White LEDs. 

1.2 OUTLINE OF THE THESIS 

This thesis is divided into eleven chapters. The first chapter concise 

about the background and motivation of the research work presented in the 

thesis along with the aim and objective. The next chapter includes a review of 

literature in the subject area under study. This review presents a thorough 

survey of earlier published works on crystal structure, size distribution and 

luminescent characteristics of CaMoO4:RE3+ (RE3+ = Eu3+, Tb3+), AWO4:Tb3+ 

(A = Ca and Sr) and Li3Ba2Gd3-x(MoO4)8:RE3+ (RE3+ = Eu3+, Tb3+, Pr3+ and 

Sm3+) phosphor materials for various lighting applications. 

 Third chapter deals with the starting materials, preparation technique 

and instrumentations in detail. The list of the starting materials required for 

the synthesis of phosphors is given. Mechanochemically assisted SSM 

reaction at room temperature technique was employed for the preparation of 

phosphors ave been illustrated in detail and the devices used for the 

characterization of the phosphor materials have been discussed.  

Chapters 4, 5, 6, 7, 8 and 9 form the core part of the thesis and 

elaborate the results and discussion of the research work. In chapter 4, The 

results of Eu3+ activated CaMoO4 phosphors synthesized by 

mechanochemically assisted SSM reaction route at room temperature are 

presented. The photoluminescence spectra were used to analyze the 
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excitation and emission properties of Eu3+ doped CaMoO4 phosphors in detail. 

The color purity of the phosphor is discussed using CIE chromaticity diagram. 

            In chapter 5, synthesis and photoluminescence properties of Tb3+ 

activated CaMoO4 phosphors are discussed. The structural, morphological 

and optical properties of the as synthesised phosphors are investigated in 

detail. The emission color of the optimised phosphor was analyzed and 

confirmed with the help of Commission Internationale de l’Eclairage CIE 

chromaticity coordinates x, y. Chapter 6 presents the studies on the optically 

proficient terbium doped alkaline earth metal tungstate phosphors (AWO4 [A = 

Ca, Sr]) with different doping concentrations. The structural and optical 

properties of the phosphors were investigated in detail. The CIE coordinates  

measured from the PL spectra are discussed.  

In chapter 7, luminescence properties of Li3Ba2Gd3(MoO4)8:Eu3+ red 

phosphor is discussed. The structural and luminescence properties of 

phosphors were studied in detail. In chapter 8, synthesis and luminescent 

properties of Tb3+ activated Li3Ba2Gd3(MoO4)8 based efficient green emitting 

phosphors are discussed. The structural, morphological and luminescence 

properties have been investigated thoroughly.  In chapter 9, Luminescence 

properties of novel Li3Ba2Gd3(MoO4)8:RE3+ (RE3+ = Pr3+, Sm3+) red emitting   

phosphors are discussed. The structural and photoluminescence (PL) 

properties of the resulting phosphors are investigated thoroughly. The color 

purity of Pr and Sm doped Li3Ba2Gd3 (MoO4)8 phosphors are analysed with 

the help of CIE diagram. 

  Chapter 10 summaries the entire research work presented in the thesis 

with conclusion. 

In Chapter 11, scope for future work is presented. 
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2. LITERATURE SURVEY 
 
 

2.1 INTRODUCTION 

The field of luminescence of rare earth ions has been one of the firm 

growth in recent times and has become well-liked in the progress of the 

optical materials used for various lighting applications. Commercially available 

powder phosphors are generally based on the host matrices of oxides, 

tungstates, phosphates, molybdates, borates, silicates and aluminates etc [1-

6]. Among them the luminescent properties of molybdates and tungstates 

have been extensively investigated in the past few years as phosphor 

materials for lighting applications due to their outstanding chemical, physical 

and optical properties [11,12]. In prospect of this, the present study was 

undertaken to synthesize rare earth activated molybdate and tungstate based 

red and green emitting luminescent materials by a simple mechanochemically 

assisted SSM reaction route at room temperature. A brief survey of relevant 

literature on the various attractive host lattices (inorganic compounds) 

selected by the author of the thesis for the synthesis of phosphors has been 

given below: 

 

2.2 CaMoO4:RE3+ (RE3+ = Eu, Tb)                           

  Crystallographic details of CaMoO4 is given in table 2.1. CaMoO4 

belongs to a Scheelite-type structure (tetragonal symmetry C4h
6). In this 

structure, Ca2+ is coordinated by eight O2-, and Mo6+ takes up the tetrahedral 

sites constructed by O2-. 

  Wang et al [23] successfully prepared a novel Ca1-2xEuxLixMoO4  

phosphor by high temperature solid state reaction method. It is observed that 

under the excitation of 254 nm (UV light), its luminescent intensity is 

comparable to that of the conventional red emitting Y2O3:Eu3+ phosphor. With 

optimum Eu3+ concentration, the phosphor exhibits strong excitation at 395 

nm due to f - f transitions of Eu3+. Thus, it exhibits as a promising material for 

solid state lighting based on GaN LED.  
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Yan et al [24] observed enhancement of red emission in CaMoO4:Eu3+ by 

co-doping Bi3+ into the phosphor. It is shown that by adding Bi3+ ions the 

phosphors exhibit strong red emission instead of increasing Eu3+ 

concentrations. The effect of Bi3+ on the luminescent properties of 

CaMoO4:Bi3+, Eu3+ is investigated thoroughly. 

                     Table 2.1: Crystallographic details of CaMoO4 

  

 

 

           

           

 

 

        

Liu et al [25] have studied the result of luminescent property of Eu3+ 

doped CaMoO4 for different charge compensation models and found Na+ is 

considered as the most favorable charge compensation model for alkaline 

earth molybdate based Scheelite-type phosphor. Zhou et al [26] has 

successfully synthesized one-dimensional CaMoO4:Ln3+ (Ln = Eu, Tb, and 

Dy) nano fibers by electrospinning method in combination with sol-gel 

process. The as-formed hybrid precursor materials exhibited uniform fiber like 

morphology. It is reported that Ln3+ ions exhibit their characteristic strong 

emissions in the CaMoO4:Ln3+ 1D nano materials upon excitation into the 

MoO4
2- groups by an efficient energy transfer from the MoO4 

2- group to Ln3+ 

ions. Khanna et al [27] prepared CaMoO4:Ln3+ (Ln3+ = Eu, Dy and Tb) 

phosphors by means of a flux crystal growth process. They demonstrated that 

the flux growth process also leads to the growth of single crystals of 

phosphors for improving luminescence efficiency of phosphor-based White 

LEDs. The effect of preparation technique on morphology and photo 

luminescent excitation and emission properties of as synthesized phosphors 

 CaMoO4 
JCPDS File no. 85-1267 
Crystal Structure Scheelite 
Unit cell Tetragonal 
Space group I41/a (88) 
Molecular weight 200.02 g/mol 
Lattice Body centered 
Lattice Parameters (Ao) 
 
a 
 
c 
 

 
 
5.223 
 
11.429 
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investigated in detail.  Chunlei et al [28] synthesized CaMoO4:Eu, Sm 

phosphor and it is found that introduction of Sm3+ as sensitizer ion broadened 

the effective excitation range. Additionally, for molybdate phosphor, the 

scheelite host has a stronger UV absorption than wolframite one. Singh et al 

[29] prepared Gd3+ (0, 2, 5, 7 and 10 at %) co-doped CaMoO4:Eu 

nanoparticles via a facile auto-combustion method. The experimental results 

show that excitation intensity increases with Gd3+ indicating an energy 

transfer from Gd3+/Mo–O to Eu3+ and band gap decreases with annealing. 

They demonstrated that the luminescence efficiency of the as synthesized 

phosphor materials was enhanced by incorporating Gd3+ ions into the host 

materials by a simple auto-combustion method. 

Parchur et al [30] prepared the nanoparticles of CaMoO4:Eu3+ (Eu3+ = 

0, 1, 3, 5, 7, and 10 at %) at low temperature (150 oC for 3 h) using urea 

hydrolysis in ethylene glycol. From IR study, the bands at 820 and 441 cm-1 

are observed to asymmetric stretching and bending vibrations of the MoO4
2- 

tetrahedron, respectively. From TEM study, the shape of particle was found to 

be spherical. The high-resolution TEM image reports that a change in 

orientation of the crystal occurs on annealing up to 900 ◦C.The as-prepared 

samples were heated at 500 and 900oC to increase the particle size and 

crystallinity. In addition to lattice fringes by FFT technique, the lattice strain is 

found to be 0.003–0.005. Wu et al [31] prepared CaMoO4:Eu3+ phosphors and 

found that comparing with the solid state reaction, sol-gel method is beneficial 

to synthesize small particles with grain size of 100–200 nm. Additionally, the 

longer fluorescent lifetime of the phosphors can be observed from phosphors 

synthesized with sol-gel because of the removal of crystal defects as well as 

reducing the non-radiative process. Cavalli et al [32] had grown single 

crystals of CaWO4 and CaMoO4 doped with Tb3+ by the flux growth method. 

Their luminescence properties have been investigated in the 10-600 K 

temperature range under different experimental conditions. In spite of very 

similar spectra at low temperature upon excitation at 365 nm, the crystals 

show a very different behavior as the temperature is raised or the excitation 

wavelength is changed. Linga et al [33] prepared (Ca1−x−y, Lny) MoO4:xEu3+ 

(Ln = Y, Gd) red phosphors by co-precipitation method by using NH4HCO3–
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NH3·H2O system as the precipitating agent. The as synthesized 

(Ca1−x−y, Lny)MoO4:xEu3+ exhibit pure phase with high crystallinity. FTIR 

spectra exhibit intense absorption peaks in the range between 914 and 

730cm−1 which are attributed to the vibration of O-Mo-O in MoO4
2− 

tetrahedron. Their PL spectra exhibited a red emission around 614 nm with 

UV excitation. The luminescent intensity of (Ca, Ln) MoO4:Eu3+ was 

apparently higher than that of CaMoO4:Eu3+. Li et al [34] fabricated a green 

emitting Tb3+ doped  CaMoO4 phosphor by solid state reaction method. Its 

luminescent property is deeply investigated. Additionally, the luminescent 

intensity of this phosphor obviously increases after alkali metal ions are 

added into the host as the charge compensation agent. Geng et al [35] 

synthesized Eu3+ and Sm3+ co-doped molybdate phosphors by a 

hydrothermal method. The phosphors have the advantages of narrower 

particle size distribution and regular homogeneous shape. The luminescent 

properties of the molybdate phosphors were systematically studied. The 

introduction of Sm3+ can generate a strong excitation line at 405 nm, 

originating from the 6H5/2 → 4K11/2 transition of Sm3+, significantly extending 

the excitation region for matching the near-ultraviolet (400 nm) LEDs. Energy 

transfer from Sm3+ to Eu3+ was observed. 

 

2.3 AWO4:Tb3+ [A = Ca, Sr] 

In the recent times, an escalating interest is focused on alkaline earth 

based tungstates, mostly AWO4 (A = Ca, Sr) as excellent host matrices for 

luminescent ions due to their distinctive structure, higher chemical stability, 

low temperature synthesis, high-quality luminescence properties and 

inexpensive raw materials. They have also attracted much interest for their 

remarkable properties such as ferroelectricity, laser hosts, phosphors and 

catalysis. They belong to a body centered tetragonal system with scheelite 

structure where WO4
2- molecular ions are loosely bound to Sr2+ or Ca2+ 

cations and with a space group I41 /a in a C4h
6 symmetry. Due to its prominent 

properties such as high chemical stability, high X-ray absorption coefficient, 

high light yield and low afterglow to luminescence, they are considered to be 

a highly functional material. 
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 Crystallographic details of CaWO4 and SrWO4 is given in table 2.2. 

Calcium tungstate (CaWO4) is a blue-emitting luminescence material related 

to tetrahedral WO4 groups of the scheelite family [40, 41]. In recent times, it 

has received a great deal of interest for their resourceful applications in 

scintillations counter [36], laser host material [37], medical devices [38] and 

also utilized in detecting for the dark matter recently [39]. Since CaWO4 

exhibits strong physical & chemical properties, the synthesis of CaWO4 

activated with rare earth ions at nano scale has been investigated in recent 

times. 

Table. 2.2: Crystallographic details of CaWO4 and SrWO4 

 

           

 

 

 

 

 

 

Pang et al [42] prepared rare earth activated CaWO4 phosphor films 

doped by the Pechini sol-gel process. XRD analysis shows that the films start 

to crystallize at 400 ◦C and the crystallinity increases with elevation of the 

annealing temperature. The activated rare earth ions exhibit their 

characteristic emissions in crystalline CaWO4 phosphor films due to energy 

transfer from WO4
2− groups.  

It is observed that by increasing annealing temperature from 500 to 

900 ◦C, the PL emission intensities of the doped rare earth ions increased and 

the optimum doping concentrations of rare earth ions such as Eu3+, Dy3+, 

Sm3+, Er3+ were determined as 1.5, 1.5, 0.5 at.% of Ca2+ in CaWO4 films 

annealed at 900oC respectively.Scheelite CaWO4 doped with rare earth ions 

(Eu3+, Sm3+, Dy3+) were fabricated by Wang et al [43] by a facile solvothermal 

 CaWO4 SrWO4 
JCPDS File no. 77-2237  85-0587 
Crystal Structure Scheelite Scheelite 
Unit cell Tetragonal Tetragonal 
Space group I41/a (88) I41/a (88) 
Molecular weight 287.93  g/mol 335.47  g/mol 
Lattice Body centered Body centered 
Lattice Parameters (Ao) 
 
a 
 
c 
 

 
5.160 
 
11.142 

 
 
5.416 
 
11.951 
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process using sodium oleate and oleylamine as capping reagent. The 

obtained phosphor particles have homogenous morphology, non-

agglomeration, mono dispersity and narrow size distribution. The obtained 

CaWO4:Eu3+, CaWO4:Sm3+ and CaWO4: Dy3+ phosphors show the characteri- 

stic emission lines of Eu3+, Sm3+, and Dy3+, respectively. The phase, 

composition and luminescent properties of the as-synthesized products is 

dependent on reaction temperature, capping reagent and doped rare earth 

ions and exhibit a potential application in the display fields because of their 

nanoscale feature, morphology and luminescence properties.  

The terbium activated spherical CaWO4 micro phosphors dimensions 

were synthesized by a conventional hydrothermal process at 180 oC for 12 h 

by Liao et al [44]. Under ultraviolet excitation, the excitation spectra show the 

occurrence of strong energy transfer from WO4 group of the host material to 

the Tb3+ ions. Under ultraviolet excitation, the PL emission spectra show the 

intense green emission at 545 nm and corresponding to the 5D4→7F5 

transition of CWO:Tb phosphors. The optimum concentration for Tb3+ was 

determined to be about 12 at % of Tb3+ ions in CWO:Tb phosphors. 

Furthermore, the synthesis temperature for CWO:Tb phosphors are much 

lower than that for LaPO4:Ce,Tb. Therefore, the high emission intensity and 

easy preparation of these systems make them potential candidates for 

application in fluorescent lamps. 

Highly crystalline CaMoO4, SrMoO4, CaWO4 and SrWO4 nanoparticles 

were successfully synthesized by co-precipitation of mixtures of Ca(NO3)2 or 

Sr(NO3)2 and Na2MoO4.2H2O or Na2WO4.2H2O dissolved in ethylene glycol at 

room temperature (30◦C) by Thongtem et al [45]. Band gaps of CaMoO4, 

SrMoO4, CaWO4 and SrWO4 were determined to be 5.07, 3.72, 5.40 and 4.47 

eV, respectively. Photo luminescent (PL) emissions were at 414, 413, 418, 

and 414nm for CaMoO4, SrMoO4, CaWO4 and SrWO4 respectively. 

 Liao et al [46] prepared Tb3+ doped SrWO4 phosphors with a scheelite 

structure by hydrothermal reaction method. Scanning electron microscopy 

image showed that the obtained SrWO4:Tb3+ phosphors appeared to be 

nearly spherical and their sizes ranged from 1 to 3 mm. Photoluminescence 

spectra indicated the phosphors emitted strong green light centered at 545 

nm under ultraviolet light excitation. In comparison with the commercial green 
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fluorescent lamp phosphor (LaPO4:Ce, Tb), the excellent luminescence 

properties makes it a new promising green phosphor for fluorescent lamp 

applications. 

The chemical effects of high intensity ultrasound and microwave 

irradiation on lanthanide (Eu3+,Tb3+, Sm3+ and Dy3+) activated SrWO4 

phosphors were extensively studied by  Zheng et al [47]. Four classes of 

characteristic optically active materials (red, green, orange-red and blue-

yellow) with striking luminescence were prepared under very low temperature 

(70°C) in 45 min. Particularly, Sm3+, Dy3+ and Eu3+ doped strontium 

tungstates were visible light driven emissive. The photo catalytic properties of 

these luminescent lanthanide doped tungstates were systematically examined 

by investigating the degradation behaviour of different dyes. 

Jia et al [48] prepared nanocrystalline CaWO4 and Eu3+ (Tb3+) doped 

CaWO4 phosphor by Pechini sol-gel method. The PL excitation, emission and 

time-resolved spectra suggest that there exists an energy transfer from WO4 

to Eu3+ and Tb3+ in CaWO4:Eu3+ and CaWO4:Tb3+, respectively. The energy 

transfer from WO4 to Tb3+ in CaWO4:Tb3+ is more efficient than that from WO4 

to Eu3+ in CaWO4:Eu3+. 

 

2.4 Li3Ba2Gd3 (MoO4)8: Eu3+ / Tb3+/ Pr3+/Sm3+ 

 More recently, an escalating concern is focused on a new series of 

disordered molybdate compounds, which was firstly discovered by Klevtsova 

et al in 1992 [49, 50, 51]. Li3Ba2Ln(MoO4)8 (Ln = La–Lu) belongs to mono 

clinic system with space group C2/c and a disordered structure. Among them, 

Li3Ba2Gd3(MoO4)8 expresses as better-quality host matrix for rare-earth ions 

due to its exclusive structure, excellent chemical and thermal stability, low 

temperature synthesis, good luminescence characteristics. It has also 

attracted a great deal of interest for their extraordinary properties such as 

ferroelectricity, laser hosts, phosphors and catalysis [52, 53]. Crystallographic 

details of Li3Ba2Gd3(MoO4)8 is given in table. 2.3. 
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          Table. 2. 3: Crystallographic details of Li3Ba2Gd3(MoO4)8 
 
 
 
 
 
 
 
 
                

 

 

 

               

 
Most of the studies which were carried on all along the past few years 

were specifically focused on the characterization of the luminescence 

properties of the single crystals of Li3Ba2Gd3(MoO4)8 and Li3Ba2Gd3(MoO4)8 

crystals doped with different lanthanide ions [54]. Recently Song et al[55] 

investigated the crystal structure of Li3Ba2Gd3(MoO4)8:Tm3+ material which 

had been grown by top seeded solution growth method and characterized by 

room temperature polarization spectra, fluorescence spectra and 

fluorescence decay curve. The main spectroscopic properties of the crystal, 

including the spontaneous emission probabilities, fluorescence branching 

ratios and radiative life times were calculated and analyzed by Judd Ofelt 

analysis.  

Recently, the successful preparation and characterization of the single 

and pure phase Li3Ba2Gd3(MoO4)8:Eu3+ powders were reported by Chang et 

al [56]. C. Guo and co-workers synthesized and charaterized red emitting 

Li3Ba2Ln3(MoO4)8:Eu3+ (Ln = La, Gd and Y) phosphors by sol-gel method and 

reported that the results of TG–DTA and XRD indicate that all of the 

Li3Ba2Ln3(MoO4)8:Eu3+ (Ln = La, Gd and Y) phosphors crystallize completely 

with monoclinic structure at about 550 ◦C. The excitation (PLE) spectra of 

Li3Ba2Ln3(MoO4)8:Eu3+ (Ln = La, Gd and Y) phosphors are mainly attributed 

to O → Mo charge-transfer (CT) band at about  295 nm and some sharp lines 

of Eu3+ transitions in near-UV and visible regions and the two strongest 

 Li3Ba2Gd3(MoO4)8 

JCPDS File no. 77-0830 
Unit cell Monoclinic 
Space group C2/c (15) 
Molecular weight 2046.73  g/mol 
Lattice End centered 
Lattice Parameters (Ao) 
 
a 
b 
c 
 

 
5.238 
12.75 
19.151 
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absorption lines at 395 nm and 465 nm are comparative. Intense red 

emissions peaked at 616 nm are monitored under the excitation of ~ 394 nm 

and ~ 465 nm light, for all of Li3Ba2Ln3 (MoO4)8:Eu3+ (Ln = La, Gd and Y) 

phosphors which indicate that these phosphors may serve as a potential red 

phosphor candidate for near-UV and blue LEDs [57]. 
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               3.  EXPERIMENTAL WORK 

3.1 SYNTHESIS OF MOLYBDATE AND TUNGSTATE BASED   

      PHOSPHORS  

This chapter presents the depiction of materials and method used for 

synthesizing phosphor materials for various lighting applications. It also deals 

with the various instruments used for characterization of the synthesized 

phosphors. 

3.1.1 Materials 

            Na2MoO4.2H2O (Merck), CaCl2 (Merck), EuCl3 (Himedia), TbCl3 (Hime 

dia), Na2WO4.2H2O (Merck), SrCl2 (Merck), LiCl (Merck), BaCl2 (Merck), GdCl

3 (Merck), PrCl3 (Himedia) and SmCl3 (Himedia) are the various chemicals sed 

for the synthesis of the phosphor materials discussed in this thesis. 

Keeping in mind that even a small amount of impurity lowers the 

luminescent intensity of the light emitting materials, all the chemicals used for 

the synthesis of the phosphors were of high purity i.e. >99%. 

3.1.2 Mechanochemically (ball mill) assisted solid state metathesis     

        route 

The origin of the word metathesis had come from the phrase “move out 

of my sun” spoken by Diogenes to Alexander the great [125]. Metathesis thus 

means moving from one place to another. It is reported that micro/nano 

structured materials such as nanotubes, nanocrystals, and high-surface-area 

materials can be produced by this simple and economical route. The principle 

behind these reactions is to use the exothermicity of formation of a salt to 

produce a compound rapidly. If the appropriate starting materials are chosen, 

a highly exothermic reaction can be devised. Metathesis reactions have been 

used successfully in the preparation of several crystalline materials such as 

vanadates, molybdates, tungstates, etc. 
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The room temperature mechanochemically assisted solid-state 

metathesis (SSM) reaction has the following advantages as shown in Figure. 

3.1. 

          

         Figure. 3.1: Advantages of room temperature solid state 

                                       metathesis route. 

SSM reactions can be initiated by flame, furnace, heated filament, ball 

mill (to be used in our experimentation) and microwave. The phase produced 

is often determined by the rate of the reaction. Similarly, the reaction rate can 

be tuned to control the crystallite size of the products formed.  

Different types of milling equipments (SPEX shaker mill, Attritor mill, 

commercial mill, planetary ball mill (to be used in our experimentation (Figure. 

3.2))) are used to produce mechanically alloyed powders. They differ in their 

capacity, efficiency of milling and additional arrangements for cooling, 

heating, etc. 

Planetary ball mills are used wherever the highest degree of fineness 

is required. Apart from the classical mixing and size reduction processes, the 

mills also meet all the technical requirements for colloidal grinding and have 

the energy input necessary for mechanical alloying processes. The planetary 
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ball mill owes its name due to planet-like movement of its vials and can mill 

about 10±20 g of the powder at a time. 

                                

  Figure. 3.2:  Planetary ball mill 

The extremely high centrifugal forces of the planetary ball mill result 

very high pulverization energy and therefore short grinding times. Since the 

rotation directions of the bowl and turn disc are opposite, the centrifugal 

forces are alternately synchronized. Thus, friction resulted from the hardened 

milling balls and the powder mixture being ground alternately rolling on the 

inner wall of the bowl and striking the opposite wall. The impact energy of the 

milling balls in the normal direction attains a value of up to 40 times higher 

than that due to gravitational acceleration. Hence, the planetary ball mill can 

be used for high-speed milling. 

Together with the “comfort” grinding jars, the planetary ball mills offer 

the highest possible degree of performance, safety and reliability. Planetary 

ball mills pulverize and mix soft, medium-hard to extremely hard, brittle and 

fibrous materials. Dry and wet grinding can be carried out. Planetary ball mills 

are used successfully in virtually all industry and research sectors, in 

particular wherever the highest demands are placed on purity, quickness, 

fineness and reproducibility. 
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Various factors influencing the milling process for obtaining best 

possible product phase is shown in figure. 3.3 and are considered in the 

following texts. 

(i) Milling media and container 

The composite of the milling container is crucial as materials may 

dislocate from the inner wall owing to the impact of milling. Cross 

contamination might be avoided by using the same material for the grinding 

container and for the grinding medium. The inner wall of the grinding medium 

ought to be thick and high as much as necessary to allow the ball to create 

high impact force on the grinding material. Different types of materials, such 

as hardened steel, tempered steel, stainless steel, chromium, tungsten 

carbide lined etc. are generally used for the milling container. 

(ii) Milling Speed 

It is one of the parameters, which has to be optimised to produce 

homogenous distribution of phosphor materials. In ball mill, increasing the 

rotation speed of the ball may jam the ball, applying no effects on the 

materials. Therefore, the milling speeds should be optimised in order to keep 

the ball moving. In addition to that, high milling speed produces high 

temperature that might contaminate the materials in the container. 

(iii) Milling time 

To obtain good results, materials should be milled for an optimal time. 

If the powder is milled longer than the required time, unwanted contamination 

and phase transformation might take place. The required milling time for a 

particular sample can be found based on the parameter such as type of mill, 

ball to powder ratio, temperature of milling and intensity of milling. 
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                         Figure. 3.3: Factors influencing the milling process. 

 (iv) Ball to powder weight ratio 

The ball to powder weight ratio (BPR) or charge ratio is one of the 

important variables for the milling operation. It plays significant effects on time 

required to obtain a fine particle from powder. The higher the BPR the shorter 

the time required. Different researchers have used the BPR as low as 1:1 to 

as high as 220:1. 

 (v) Extent of filling the milling vial 

To produce a fine powder particles, milling vial should be 50% filled 

and 50% empty to allow the free moving of the milling ball and the powder 

particles around the chamber. If the quantity of the ball and powder particles 

is large, there will be not enough space for balls to move. This would produce 

less impact on powder particles. Thus, special care has to be taken during the 

filling of milling machine with ball and powder. 

(vi)  Milling atmosphere 

The milling atmosphere is one of the factors responsible for 

contaminating the milling powder. Generally, the milling chamber is 

evacuated or filled with inert gas such as argon or helium to avoid this 

contamination. Different atmospheres can be used in the milling media if 

particular effects are desired.  
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(vii) Temperature effects 

The temperature of the milling container depends on the 

characteristics of the milling powder, milling vessels and the kinetic energy of 

the milling ball. The arising temperature induces diffusion and defects in the 

milling powder followed by particle phase transformation.  

 

3.1.3 Preparation of Phosphors 

The various molybdate and tungstate based phosphors were prepared 

by mechanochemically assisted SSM route at room temperature by using AR 

grade chemicals as the starting materials without any further purification. The 

flowchart for the synthesis of phosphor powder by mechanochemically 

assisted SSM reaction route at room temperature is shown in figure 3.4.  

 

 

 

 

 

 

 

 

 

 

Figure. 3.4: The flowchart for the synthesis of phosphor powder by 

                   mechanochemically assisted SSM reaction route at room 

                   temperature. 

STARTING MATERIALS 

            BALL MILL 

          MIXTURES 

           WASHING 

           PHOSPHOR 
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The appropriate stoichiometric mixtures of starting materials were 

mixed and were milled for a period of one hour in a planetary ball mill 

Pulverisette 7 (FRITSCH) by fixing the parameters as given in table 3. 1.  

 

Table. 3.1: The parameters used in mechanical milling with a planetary   

                             ball mill (Pulverisette-7 (Monomill)) 

 

Grinding Bowl Volume 15 ccm 

Material Tungsten Carbide 

Ball-To-Powder Weight Ratio 1:1 

Ball Diameter 12 mm 

Ball And Vial Material 
Hardened 

Tungsten Carbide 

Rotation Speed (optimised) 300 Rpm 

Milling Time (optimised) 1  Hour 

Atmosphere Air 

Interruption Time Nil 

 

           

Milling was carried out in two grinding vials of 15 ccm volume 

containing ball with a diameter of 12 mm. Both the container and balls were 

made of tungsten carbide material. The number of milling balls and the 

rotation speed of the planetary system of milling device were optimized and 

kept constant.  

The resultant powder was washed with distilled water to remove 

sodium chloride that was the by-product of the reaction and then dried at 80 
oC for 3h in a muffle furnace in air and sieved. At long last, the productive red 

and green phosphor materials were obtained. 
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3.2 Synthesis of CaMoO4:xEu3+ and CaMoO4:xTb3+ phosphor 

The red phosphors of CaMoO4: xEu3+ (x = 0.02, 0.04, 0.06, 0.08, 0.10) 

and green phosphors of CaMoO4: x Tb3+ (x= 0.02, 0.04, 0.06, 0.08 and 0.10 

mol) were prepared by mechanochemically assisted SSM route at room 

temperature by using AR grade Na2MoO4.2H2O, CaCl2, EuCl3 (99.9%) and 

TbCl3 (99.9%) as the starting materials without any further purification. The  

phosphor materials of different rare earth doping concentrations were 

prepared as described in section 3.1.3. 

 

                           CaCl2 + Na2MoO4.2H2O→ CaMoO4 + NaCl (B = Mo, W) 

3.3 Synthesis of AWO4:Tb3+ (A=Ca, Sr) phosphor 

The green  phosphors of Ca1-xWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 

and 0.1 mol) and Sr1-xWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) 

were prepared by mechanochemically assisted SSM route at room 

temperature by using AR grade Na2WO4.2H2O, CaCl2, SrCl2 and TbCl3 

(99.9%) as the starting materials. All the chemicals were utilized without any 

further refinement. The green phosphors are synthesised as described in 

section 3.1.3. 

                          ACl2 + Na2WO4. 2H2O→ AWO4 + NaCl [A= Ca, Sr]     

3.4 Synthesis of Li3Ba2Gd3(MoO4)8:RE3+ (Eu3+ / Tb3+ /  Pr3+ and Sm3+)      

       Phosphor 

The red  phosphors of Li3Ba2Gd3-x(MoO4)8:xRE3+ (x =  0.01, 0.03, 0.05, 

0.07 and 0.09 mol) were prepared by mechanochemically assisted SSM route 

at room temperature by using AR grade LiCl, BaCl2, GdCl3, 

Na2MoO4.2H2O,PrCl3 (99.9%), SmCl3 (99.9%)  and EuCl3 (99.9%) as the 

starting materials and used without any further purification. The efficient red 

phosphors were prepared as described in section 3.1.3. The synthesized 

system may be as follows:    

 

  3LiCl + 2 BaCl2 + 3 GdCl3 + 8 Na2MoO4 → Li3Ba2Gd3(MoO4)8 + 16 NaCl 
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3.5 CHARACTERIZATIONS  

3.5.1 X-Ray Diffraction (XRD) Analysis 

X rays are electromagnetic radiation with typical photon energies in the 

range of 100 eV - 100 keV. For diffraction applications, only short wavelength 

X rays (hard X rays) in the range of a few angstroms to 0.1 angstrom (1 keV - 

120 keV) are used. Because the wavelength of X rays is comparable to the 

size of atoms, they are ideally suited for probing the structural arrangement of 

atoms and molecules in a wide range of materials. The energetic X rays can 

penetrate deep into the materials and provide information about the bulk 

structure. Powder diffraction data are usually presented as a diffractogram in 

which the diffracted intensity is shown as function either of the scattering 

angle, 2θ or interplanar spacing, d. The diffractogram data can be analysed 

for phase identification and for calculation of lattice parameters, extent of 

crystallinity, crystallite size and strain present in the lattice. For the structural 

characterization of phosphor materials, here PAN analytical X’pert PRO Xray 

diffractometer is used. The instrumental parameters are summarized in Table 

3.2. 

Table. 3.2: Instrumental parameters of PAN analytical X’pert PRO X ray         

                  diffractometer. 

 

 

 

 

 

 

 

 

 

Goniometer Theta – theta mode 

Goniometer radius 240 mm 

Scan Type Continuous 

Divergence slit type Fixed 

Divergence slit width 0.5° 

Specimen length 10 mm 

Anode material Cu 
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3.5.2 Scanning Electron Microscope (SEM) 

For structural analysis using SEM, non-conductive solid specimens 

should be coated with a layer of conductive material except when observed 

with Variable Vacuum or Environmental SEM. Such coatings are made on the 

surface of non-conductive samples using gold or palladium (Goldstein J. I et 

al 1981).The micro structural analysis of the as prepared phosphors was 

carried out by SEM Philips XL30 scanning electron microscope. The details of 

the instrumental settings are summarized in Table 3.3.    

Table. 3.3: Instrumental parameters of SEM.  

                       

                     

                      

 

 

 

 

 

                     

 

 3.5.3 Vibrational spectroscopy  

Vibrational spectroscopic techniques are extensively used to identify 

the nature of different linkages present in the material. These methods also 

provide valuable information regarding the symmetry of different vibrational 

units. Two types of vibrational techniques, namely IR and Raman 

spectroscopy are used in the present study for selected samples and the 

principle is briefly described below. 

Resolution  3.5 nm  

Accelerating Voltage  0.5 - 30 kV  

Working depth  5 - 48 mm (min)  

Magnification  x18 to x 3,00,000  

Probe Current  10-12 -10-6 A  

Filament  Tungsten Hair pin  

Temperature  15 - 25°C  

Specimen Holder  10 mm dia X 10 mm 

height (min)  
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(i) IR spectroscopy  

Vibrations of bonds and groups, which involve a change in the dipole 

moment results in the absorption of infrared radiation, which forms the basis 

of IR spectroscopy. Modern IR instruments are based on Fourier 

transformation method to improve the signal to noise ratio. Unlike 

conventional IR instrument, in FTIR instrument, all the frequencies are used 

simultaneously to excite all the vibrational modes of different types of 

bonds/linkages present in the sample. This reduces the experimental time 

considerably. 

In the present study, Fourier Transform Infrared spectroscopy (FTIR) 

measurements were carried out in the wavelength range of 400–4000 cm-1 

with a Nicolet 6700 FTIR equipped with a deuterated triglycine sulfate 

detector.  

(ii) Raman spectroscopy 

Raman spectroscopy is a very convenient technique for identification 

of crystalline or molecular phases, for obtaining structural information. 

Backscattering geometries allow films, coatings and surfaces to be easily 

analyzed. Ambient atmosphere can be used and no special sample 

preparation is needed for analyzing samples by this technique. 

Raman spectra were monitored by a RFS/100/S Bruker FT-Raman 

spectrometer with an Nd doped yttrium aluminium garnet laser providing 

excitation light at 1064 nm at the frequency range of 150 - 1000 cm−1. The 

spectra were collected using a grating with 1200 groves/mm with a slit width 

of ~50 micron (yielding a resolution of ~ 1 cm-1), along with Peltier cooled 

CCD and a Razor edge filter. 
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3.5.4   Luminescence Spectroscopy 

It is the study of luminescence, which arises due to spin-forbidden 

transitions in phosphorescence and spin-allowed transitions in fluorescence, 

their stimulation and subsequent relaxation. It provides information about the 

electronic structure, and how energy may be dissipated into other modes of 

molecular motions. The photoluminescence spectra are obtained by plotting 

the relationship between the wavelength and the intensity of the emitted light 

from a sample excited by an appropriate excitation source of constant energy. 

The emission mostly occurs from the lowest electronically excited state with 

the lowest vibrational state to the electronic ground state at different 

vibrational levels. Consequently, often the spectrum of the fluorescent light is 

independent of the excitation wavelength. The excitation source can be light, 

electron beam, heat, X-rays or radiation from radioactive materials. The 

spectra are obtained using a monochromator equipped with an appropriate 

light detector. 

In general, Photoluminescence (PL) spectra are taken for phosphors in 

the powder form only. The powder is placed in a cleaned quartz cuvetts. PL 

spectra are taken by exciting the samples with a particular wavelength of light 

(usually the wavelength of peak absorption). The light source is a xenon arch 

lamp with broad-spectrum emission. In the case of an excitation spectrum, on 

the other hand, the relationship is obtained by observing change in the 

emitted light intensity at a set wavelength while varying the excitation energy. 

When the excitation source is light, single-frequency light produced by a 

monochromator on the sample and the emitted light intensity is recorded as 

the excitation wavelength is varies. In spectra, light intensity at a given 

wavelength is expressed along the ordinate and the wavelength along the 

abscissa. Both the excitation and emission spectra are recorded by fixing the 

excitation and emission monochromator slit widths at 0.5 and 1 nm 

respectively. 
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4. SYNTHESIS AND PHOTOLUMINESCENCE PROPERTIES    

     OF CaMoO4:xEu3+ PHOSPHOR 

 

4.1 INTRODUCTION 

 White LEDs, the next generation of solid state lighting, have got much 

deliberate attention recently due to their leverage over conventional light 

sources such as, high efficiency, long life time, energy saving, stability, 

environmental friendly, no pollutant and have potential applications in many 

fields such as devices like indicators, back lights, automobile headlights and 

general illumination, etc. [58-62]. Now-a-days, special attention is focused on 

discovering a novel red phosphor which is thermally and chemically more 

stable and also shows better luminous efficiency then the  conventional 

(Y2O2S:Eu3+) sulphide based red phosphors. To obtain a red emitting 

phosphor among many rare earth ions, Eu3+ is the best choice as an activator 

ion because it can be effectively excited by near-UV and blue light and then 

emit stronger red fluorescence ascribed to 5D0 – 7FJ  (J = 0,1,2,3) transitions 

[63,64].  

In the present work, the preparation of Eu3+ doped CaMoO4 phosphors 

by mechanochemically assisted SSM reaction route is reported along with the 

observation of its red emission enhancement for an optimal Eu3+ doping 

concentration. The red emission intensity of the SSM prepared sample has 

been compared with that of the same phosphor prepared by solid state 

reaction (SSR) method and the commercially used Y2O2S:Eu3+ red phosphors 

to elucidate the advantage of SSM method.  

4.2 RESULTS AND DISCUSSION 

4.2.1 XRD analysis 

            The comparison of XRD profiles for CaMoO4:xEu3+ (x = 0.02, 0.04, 

0.06, 0.08 and 0.10) phase is displayed in Figure. 4.1. Diffraction peaks of all 

the samples were found to be similar without a noticeable shift in the 

positions. The XRD patterns of the doped samples match with the diffraction 

pattern of the tetragonal scheelite structure of CaMoO4 (JCPDS card no. 

851267). The XRD pattern signifies that the Eu3+ ions have no obvious 

influence on the structure of the host. No impurity peaks related to the starting 
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materials Na2MoO4.2H2O, CaCl2 and EuCl3 were observed and this also 

suggests that doped Eu3+ ions uniformly entered into the crystal lattice of 

CaMoO4.Since the ionic radii of Eu3+ (0.107 nm) and Ca2+ (0.112 nm) are 

similar [65], it is clear that Eu3+ ions replace the site of Ca2+ ions. The strong 

and sharp diffraction peaks indicate the high crystallinity of the prepared 

CaMoO4  activated Eu3+ phosphors [66] and it shows that limited doping of 

Eu3+ ions do not produce any significant change in the crystal structure of the 

synthesized phosphors [67]. 

                 

 

Figure. 4.1: Powder XRD patterns of CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06,  

                     0.08 and 0.1mol) 

The average crystallite size was determined according to the 

Scherrer’s equation. As described in the literature [68], Scherrer’s equation is                  

                                           D = 0.λ / β cos θ                              (4.1) 

 where  is the X - ray wavelength (0.15406 nm), β is the full-width at 

half maximum (FWHM) of the diffraction peak and θ is the diffraction angle. 

The average crystallite sizes of the Eu doped CaMoO4 vary from 20 nm to 40 
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nm, which indicates that the particles are suitable for the preparation of solid 

state lighting devices. 

 

4.2.2 FTIR analysis 

The FTIR spectra of CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 

mol) phosphors are shown in Figure. 4.2. 

     

 

Figure. 4.2: FTIR spectra of CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06, 0.08  

                     and 0.1mol) 

and it displays a very weak absorption band around 430 cm-1, which is 

associated with the bending modes of vibration of   Mo-O [69]. A very broad 

strong absorption band around 810 cm−1 is due to anti- symmetric stretching 

vibrations of O-Mo-O in MoO4
2- tetrahedron [70] .The weak absorption band 

around 3400 cm−1 is due to O-H stretching vibration and the bands around 

1630 cm−1 are due to H-O-H bending vibration of water absorbed from air 

[71]. 
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4.2.3 Photoluminescence properties 

            Figure. 4.3 shows the excitation spectra of CaMoO4:xEu3+ (x = 0.02, 

0.04, 0.06, 0.08 and 0.1mol) phosphors for monitoring the 5D0 → 7F2 ( em = 

615 nm) transitions of Eu3+. The excitation spectrum consists of two parts: 

 

Figure. 4.3:  PLE spectra of CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06, 0.08 and                 
                    0.1mol) phosphors monitored at 615 nm 

 

(i) A more intense and broad excitation band in the range from 225 nm 

to 350 nm. (ii)  Very sharp peaks with less intensity in the range from 350 nm 

to 500 nm. 

            The first region (200 nm – 350 nm) is due to overlapping of two 

(Charge Transfer) CT bands: (i) CT transition from oxygen (O2- ligand) to 

molybdenum (Mo6+ ion) [ligand to metal CT]. (ii) CT transition from an oxygen 

2p orbital to an empty 4f orbital of europium [72, 73, 74]. Many weak sharp 

lines in the second region between 350 nm to 500 nm correspond to the 

typical Eu3+ intra – 4f transitions in the host lattice.  

           Photoluminescence emission spectra of CaMoO4:xEu3+ 

(x = 0.02, 0.04, 0.06, 0.08, 0.1mol) phosphors under 392 nm excitation is 
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shown in Figure. 4.4. The strong absorptions at 392 nm and 462 nm were 

attributed to the 7F0 → 5L6 and 7F0 → 5D2 transitions of Eu3+ which are nicely in 

agreement with the near-UV or blue output wavelengths of GaN based LED 

chips [75]. 

           Since the scope of the present work is on the near –UV/blue GaN- 

based LED phosphor, only the spectroscopic properties in the range of 350- 

500 nm are considered. Figure. 4.4 shows the PL spectra of the 

CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06, 0.08, and 0.1mol) under 392 nm near-

UV excitation. The PL spectra of the synthesized samples are similar with 

respect to the shape and peak positions and differ in their peak intensities. 

 The  photoluminescence emission spectra consists of sharp lines with 

wavelength ranging from 530 nm to 710 nm, which are associated with the 
5D0 → 7FJ (J = 1, 2, 3, 4) transitions from the excited Eu3+ to the ground state. 

The main emission peak is the 5D0→ 7F2 transitions of Eu3+ at 615 nm; other 

transitions from 5D0 →7F1, 
5D0 → 7F3, and 5D0 → 7F4 located in the range of 

530 nm to 710 nm are weak [76]. 

The 5D0 → 7F2 electric dipole transition of Eu3+ is highly sensitive to its 

surroundings and occurs dominantly only when the Eu3+ ion is in a non-

centrosymmetric site. Due to the lack of symmetry, the 4f orbitals mix with the 

opposite parity orbitals and thus the electric dipole transition is occurred [77]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 

 

 

 

 

 

 

              

Figure. 4.4: Photoluminescence emission spectra of CaMoO4:xEu3+   
                        (x = 0.02, 0.04, 0.06, 0.08 and 0.1mol) phosphors monitored 
                       at 392 nm. 
  

For this reason, the intensity of 5D0 → 7F2 was found to be much 

stronger than those of 5D0 → 7F1, which suggests that the Eu3+ is located in a 

distorted (or asymmetric) cation environment and indicates that Eu3+ ions 

occupy the sites of Ca. Other transitions from 5DJ (J = 1, 3, 4) are relatively 

weak, which is advantageous when seeking to obtain high quality red light 

[78, 79].  

The doping concentration of metal ions is one of the important factors 

which influence the properties of luminescent materials. Therefore, the 

optimum Eu3+ doping concentration in CaMoO4:xEu3+ (x = 0.02, 0.04, 0.06, 
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0.08, 0.1 mol) phosphors for enhanced red emission was studied by 

comparing the PL intensities obtained for different concentrations  at  the 

excitation wavelength  of 392 nm and 462 nm. 

            Figure. 4.5 shows the comparison of PL intensity of Ca1-xMoO4:xEu3+ 

(x = 0.02, 0.04, 0.06, 0.08, and 0.1mol) (SSM) phosphors excited by 392 nm 

and 462 nm as a function of Eu3+ concentration.  

 

Figure. 4.5: Comparison of red emission intensities of CaMoO4:xEu3+ 

                        (x = 0.02, 0.04, 0.06, 0.08 and 0.1mol) phosphors under 392 

                        nm and 462 nm excitation as a function of Eu3+ concentration. 

           

  For both the excitation wavelengths, the PL intensity is observed to 

enhance with the Eu3+ concentration reaching a maximum at 0.8 % content, 

which is followed by a decrease with further increase in the concentration. 

This comparison reveals that the emission intensity of phosphors excited at 

392 nm (near-UV) is stronger as compared to that excited at 462 nm at 

almost all the concentrations of Eu3+. 

 Eventhough the maximum red emission is obtained at 0.8% for these 

two wavelengths, it is to be noted that the emission intensity for 392 nm (UV 

near) is much greater than that for 462 nm (blue). Hence, it signifies that the 

as prepared phosphor may be used as a potential red emitting phosphor in 
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near –UV based White LEDs than blue GaN based White LEDs. The optimum 

Eu3+ content in CaMoO4 for the enhanced red emission is found to be 8 mol 

%. 

           The quenching of PL intensity for concentrations above 0.8 % may be 

due to the exchange interaction of energy occurred between a numbers of 

excited Eu3+ ions. For europium activated phosphors, the quenching process 

is attributed to the energy migration among the activators (Eu3+ ions) which 

bring excitation energy to the nearby quenching centers (traps).These centers 

are typically  impurities or defects on the lattice sites [80]. Also it is thought 

that concentration quenching might have been caused due to the following 

reason. Mechanochemically assisted SSM route at room temperature might 

have  provided an uniform environment for Eu3+ activators and might  have 

enhanced the distribution of Eu3+ in the host material  which reduces the 

probability of energy transfer between Eu3+ - Eu3+ resulting in the quenching 

[81]. 

            It is known that the PLE spectrum is comparable to absorption 

spectrum and so the excitation band and peak in the PLE spectra can be 

reasonably referred to one absorption process (Figure. 4.3). To investigate 

the energy absorption, the Diffuse reflectance spectra (DRS) of CaMoO4:x 

Eu3+ (x = 0.02, 0.08, 0.10) phosphors were measured and are shown in 

Figure 4.6. The spectra of CaMoO4:xEu3+ (x = 0.02, 0.08, 0.10) phosphors 

exhibit  absorption band from 220 to 350 nm which correspond to overlapping 

of the (O-Mo) ligand to metal CT in the MoO4
2- group and electron transfer 

from oxygen (O2-) to europium (Eu3+). The absorptions at 392 nm and 462 nm 

are attributed to the 4f - 4f electron transitions of Eu3+ ions and it shows 

maximum at CaMoO4:0.08Eu3+ which is dependable with the result of the 

excitation spectrum analysis.  

           



35 

 

      

   Figure. 4.6: DRS of CaMoO4:xEu3+ (x = 0.02, 0.08 and 0.1mol) Phosphors. 

Figure. 4.7 shows the CIE chromaticity diagram for the emission 

spectra of CaMoO4:0.08Eu3+ phosphor. The CIE chromaticity coordinates (x, 

y) of the CaMoO4:0.08Eu3+  phosphor upon 392 nm excitation wavelength 

                                       

  Figure.  4.7 : CIE chromaticity diagram for CaMoO4:0.08Eu3+ phosphor        

                        ( ex=392 nm).               
      

lie at x = 0.678 and y = 0.322 which are very close to the standard 

chromaticity coordinate values of NTSC (x = 0.670, y = 0.330).Hence, the CIE 

diagram illustrates that the obtained phosphor particles show red emissions 
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when excited by a single wavelength ( ex=392 nm) and thus the obtained 

results confirm that the SSM prepared CaMoO4: 0.08Eu3+ phosphor is a 

promising red emitting components for near-UV InGaN-based white LED.      

The fluorescence life time (Figure. 4.8 (a)) for the 5D0 excited state of 

Eu3+ is measured for CaMoO4:0.08Eu3+. The decay curve for 5D0 → 7F2 (615 

nm) of the Eu3+ ion fits well with that of single exponential function and life 

time is found to be 0.401 ms. The surface morphology of CaMoO4:0.08Eu3+ is 

clearly demonstrated in Figure. 4.8 (b).The particles show a narrow size 

distribution (Figure. 4.8 (c)) with the average diameter of particles at 51 nm, 

indicating that the particles are fit for the fabrication of solid state lighting 

devices.   

                    

 

Figure. 4.8: (a) Room temperature luminescent decay curve of 5D0 → 7F2  
                          transitions at 615 nm of Eu3+ ions of  CaMoO4:0.08Eu3+ 

                                       phosphor. 
                    (b) SEM image of CaMoO4: 0.08Eu3+                                    
                    (c) Particle size distribution of CaMoO4:0.08Eu3+                                         
  

 As the present work is focused for the purpose of red phosphor 

application in WLED with near-UV/blue GaN LEDs as excitation sources, the 

results of the PL spectra of the present work (SSM) are compared with that of 

(1) the PL spectra of CaMoO4:0.08Eu3+ phosphor prepared by SSR method 
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and (2) the PL spectra of the conventional red phosphor Y2O2S:Eu3+ prepared 

by SSR method. 

For this purpose, the commercial red phosphor (Y2O2S:Eu3+) and 

CaMoO4:Eu3+
 phosphors were prepared by SSR method and the 

luminescence properties were studied. The red emission spectra of these 

three red phosphors are presented in Figure. 4.9 which reveals that red 

emission intensity of CaMoO4:0.08Eu3+ (SSM) is about 4.7 times more than 

that of commercial Y2O2S:Eu3+ red phosphor and 1.6 times more than that of 

CaMoO4:Eu3+
 (SSR) phosphor, indicating that CaMoO4:0.08Eu3+ phosphor 

prepared by mechanochemically assisted SSM route at room temperature is 

a promising red phosphor for the phosphor converted White LEDs.   

            

Figure. 4.9: PL Spectrum of CaMoO4:0.08Eu3+ (SSM prepared) phosphor,            

                     commercial Y2O2S:Eu3+ phosphor and  CaMoO4:0.08Eu3+ (SSR 

                           prepared) phosphors for comparison. 
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4.3. CONCLUSION 

            Well crystalline Eu3+ activated CaMoO4 phosphor powders of 

scheelite-type have been successfully prepared by mechanochemically 

assisted SSM route at room temperature. The FTIR spectra showed a very 

intense and broad absorption band of the vibration in the MoO4
2− tetrahedron. 

Upon 392 nm near – UV excitation, the CaMoO4:0.08Eu3+ phosphor showed 

strong red emission lines at 615 nm corresponding to forced electric dipole 

transitions. The optimum doping concentration of Eu3+ content in CaMoO4 for 

the enhanced red emission is found to be 8 mol%. The intensity of emission 

spectra of CaMoO4:0.08Eu3+ excited at 392 nm is remarkably stronger than 

that of the same phosphor excited at 462 nm and this suggests that CaMoO4: 

0.08Eu3+ particles are suitable red emitting phosphor in near –UV based 

White LEDs than blue GaN based White LEDs. The red emission intensity of 

CaMoO4:0.08Eu3+  reported in the present work is stronger by a factor of 

about 4.7 times than that of the commercial red emitting sulphide based 

phosphor, Y2O2S:Eu3+ and also it is about 1.6 times more as compared to that 

of CaMoO4:Eu3+
  prepared by SSR method. All these favourable properties 

indicate that SSM prepared CaMoO4:0.08 Eu3+ red phosphor is a promising 

candidate for the phosphor converted White LEDs.  
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  5.   SYNTHESIS AND LUMINESCENCE PROPERTIES OF    

                                             CaMoO4:Tb3+
 

5.1 INTRODUCTION 

 Since, rare earth ions retain a great deal of energy levels and may 

undergo transfer of electrons among 4f subshells [82], its fluorescence 

wavelength ordinarily extend from UV to IR range. Thus, the addition of 

trivalent rare earth ions as luminescent center to matrices is thought-out as an 

exemplary method for synthesizing excellent luminescent material for lighting 

applications [83]. Tb3+ activated materials have been extensively employed as 

the green emitting phosphor material by virtue of their strong 5D4 →7F5 

emission in the green spectral region. Earlier investigations have 

demonstrated that Tb3+ activated aluminates and phosphates displayed 

almost intense absorption in the UV region and exhibit strong green emission 

with agreeable color purity. However, the conventional aluminate, borate and 

phosphate phosphor have their defects respectively [84, 85, 86]. In 

continuation to previous work on the red luminescent CaMoO4:Eu3+ phosphor 

for lighting applications [20], in the present work, Tb3+ activated CaMoO4 

powder phosphors were prepared for its systematic optical characterization . 

5.2 RESULTS AND DISCUSSION 

5.2.1 Structural analysis 

            Figure. 5.1 displays XRD patterns of CaMoO4:xTb3+ (x = 0.02, 

0.04, 0.06, 0.08 and 0.1mol) phosphor samples prepared by mechanochemi- 

-cally assisted SSM reaction route at room temperature. It can be seen that 

all diffraction peaks are consistent well with the respective Joint Committee 

on Powder Diffraction Standards (JCPDS) card No. 85-1267 of CaMoO4 host. 
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Figure. 5.1: XRD patterns of CaMoO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 

                      and   0.1 mol) 

            The peaks in the XRD spectra are sharp and intense proving that a 

highly crystalline single-phase of tetragonal scheelite structure of CaMoO4 

had been successfully synthesized by mechanochemically assisted SSM 

reaction route at room temperature. No impurity peak was found in the XRD 

patterns, distinctly indicating the incorporation of Tb3+ ions into the host 

material. By using, Scherrer’s equation, the almost accurate crystallite sizes 

of as-prepared samples was calculated as 60 nm and 65 nm   for the 

corresponding XRD patterns.  

              Raman spectra of the SSM prepared CaMoO4:0.08Tb3+ phosphor 

material exhibits peaks referring to the Raman-active internal mode vibrations 

in the tetrahedral [MoO4]
2- units as shown in Figure. 5.2(a). The peaks at 

around 871, 843, 793, 393, 322 and 210 cm-1  correspond to  
1(Ag), 3(Bg), 
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3(Eg), 4(Bg), 2(Ag) and free rotation(Ag) vibrations of Ca1-xMoO4 :x Tb3+ [87, 

88].  

The FTIR spectra of CaMoO4:0.08Tb3+ phosphor is shown in 

Figure. 5.2(b) and it displays a very weak absorption band around 429 cm-1 

which is associated with the bending modes of vibration of   Mo-O. A very 

broad strong absorption band around 801 cm−1 is due to anti-symmetric 

stretching vibrations of O-Mo-O in MoO4
2- tetrahedron [88].The weak 

absorption band around 3418 cm−1 is due to O-H stretching vibration and the 

bands around 1630 cm−1 are due to H-O-H bending vibration of water 

absorbed from air [89]. 

The morphology of the crystalline CaMoO4:0.08Tb3+ particles are 

exhibited by SEM image, as indicated in Figure. 5.2(c). The powder particles 

give off an impression of being crystalline and are slightly agglomerated. 

However, no considerable differences were monitored in the SEM images for 

the powder samples with different Tb3+ concentrations. The average grain 

size of the near rounded particles is about 45 nm, which is in full agreement 

with the data from the XRD patterns.  
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Figure. 5.2:  (a) Raman spectra of CaMoO4:0.08Tb3+ phosphor. 

                      (b) FTIR spectra of CaMoO4:0.08Tb3+ phosphor. 

                      (c) SEM image of  CaMoO4:0.08Tb3+ phosphor. 

                      (d) Particle size distribution of  CaMoO4:0.08Tb3+ phosphor. 
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5.2.2 Photoluminescence properties 

           The excitation and emission spectra of CaMoO4:0.08Tb3+ phosphors 

prepared by SSM reaction route at room temperature is shown in Figure. 5.3 

(a). The excitation spectrum is monitored at the emission wavelength of 547 

nm. It can be observed evidently that the excitation spectrum consists of a 

strong and broad band from 230 to 330 nm with a maximum at about 299 nm 

assigned as the charge-transfer band (CTB) originated from oxygen to 

molybdenum within the MoO4
2- groups. The other sharp lines including the 

peaks from 350 nm to 400 nm are ascribed to the intra-configurationally f-f 

transition absorption of Tb3+ ions in the host lattice [91].  

           Upon excitation at 299 nm, the obtained emission spectrum exhibits 

four major emission bands at 487, 547,590 and 623 nm, corresponding to the 
5D4 → 7F6, 

5D4 → 7F5, 
5D4 → 7F4, and 5D4 → 7F3 typical transitions of Tb3+, as 

shown in Figure. 5.3(b) respectively. The strongest peak appears at 547 nm 

is the characteristic emission of Tb3+ with 5D4 → 7F5 green emission 547 nm. 

Compared with the emission of Tb3+, the intrinsic emission from MoO4
2- 

groups is very feeble ,signifying that an efficient energy transfer from MoO4
2- 

to Tb3+ ions has occurred in the CaMoO4:xTb3+ (x =  0.02, 0.08 and 0.10 mol) 

phosphors. Only the transitions from 5D4 to lower lying 7FJ levels are observed 

at room temperature upon excitation in the UV range. 

 The concentration quenching occurs when the Tb3+ concentration is 

beyond 8 mol%. The reason for the concentration quenching is that if the Tb3+ 

concentration continues to increase, the interaction of Tb3+-Tb3+ also 

increases, consequently, the emission intensity becomes lower [88]. 
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Figure. 5.3: a) The excitation spectrum of CaMoO4:0.08Tb3+ at the   

                    emission wavelength of 545 nm.                   

                    (b)The emission spectrum of CaMoO4:xTb3+ (x = 0.02(▲), 

                    0.08 (●) and 0.1 (■) mol). 
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   The luminescence decay of the transition at 546 nm of Tb3+ doped 

CaMoO4 phosphor sample has been studied at room temperature and is 

demonstrated in Figure. 5.4(a). The measured lifetime (means) for the 
5D4 →7F5 transition has been resolved from the decay curve which is 

represented by the I = Io Ae [-t/ τ], where ‘A’ is the amplitude and ‘τ’ is the 

fluorescence lifetime. Decay curve for CaMoO4:0.08Tb3+ phosphor can be 

fitted to a single-exponential and lifetime is calculated to be 0.51ms.The result 

shows that the life time is short enough for potential applications in displays 

and lights. 

Figure. 5.4(b) shows the CIE chromaticity diagram for the emission 

spectra of CaMoO4:0.08Tb3+ at 299 nm excitation wavelength. The emission 

color was analyzed and confirmed with the help of Commission Internationale 

de l’Eclairage CIE chromaticity coordinates x,y. The calculated CIE 

coordinates for the CaMoO4:0.08Tb3+ phosphors are found to be x = 0.24, y = 

0.69, respectively. These coordinates are located in the green region of the 

CIE chromaticity coordinate diagram, as shown in Figure. 5.4(b). This 

indicates that CaMoO4:0.08Tb3+ phosphor is a promising green emitting 

component for fluorescent lamp applications. 

           

Figure. 5.4: (a) The luminescence decay of the transition at 546 nm of 0.08                            

                          mol Tb3+ doped   CaMoO4 phosphor sample. 

                     (b) The CIE chromaticity diagram for the as prepared  

                          CaMoO4:0.08Tb3+ phosphor. 
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5.3 CONCLUSION 

            A class of novel green emitting Tb3+ doped CaMoO4 phosphors was 

successfully prepared by mechanochemically assisted SSM reaction at room 

temperature. These phosphors emit intense green light dominated by 545 nm 

from 5D4 → 7F5 transition of Tb3+ under excitation of UV light. The CIE 

coordinates of these phosphors located in the green area and the measured 

CIE coordinates were observed to be (0.24, 0.69) for CaMoO4:0.08Tb3+. All 

these properties indicate that these phosphors could serve as a potential 

green emitting phosphor for application on short ultraviolet fluorescent lamps. 
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6. SYNTHESIS AND LUMINESCENT PROPERTIES OF Tb3+     

    ACTIVATED AWO4 BASED (A = Ca and Sr) EFFICIENT   

    GREEN EMITTING PHOSPHORS 

                                                 

6.1 INTRODUCTION 

           In recent times, a quest for low cost and low temperature synthesis of 

high quality green emitting phosphors with a satisfactory high absorption in 

UV region, high efficiency, excellent chemical and thermal stability and good 

chromaticity coordinates has become an important task. To obtain a novel 

green emitting phosphor with proper Commission Internationale de l’Eclairage 

(CIE) chromaticity coordinates, Tb3+ is the best choice to be an activator ion 

because it can be effectively excited by UV and emit fluorescence which is 

attributed to 5D4 → 7FJ (J = 6, 5, 4, 3) multiple transitions of Tb3+ ions and a 

predominant 5D4 → 7F5  transition peaking at around 545 nm (green) [92, 93, 

94]. 

 In the present work, the preparation of Tb3+doped AWO4 (A = Ca,Sr) 

phosphors by mechanochemically assisted SSM reaction route is reported 

along with the observation of its green emission enhancement for an optimal 

Tb3+ doping concentration. In addition, their emission intensities were 

compared with the commercial green emitting phosphor LaPO4:Ce, Tb to 

elucidate the advantage of SSM method.     

6.2 RESULTS AND DISCUSSION 

6.2.1 XRD analysis 

The composition and phase purity of the rare earth ions doped CaWO4 

and SrWO4 samples were first analyzed by XRD. Figure. 6.1 shows the XRD 

patterns of the as-synthesized CaWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 

0.1 mol) phosphors prepared by solid state meta thesis reaction at room 

temperature and the standard data for CaWO4 (JCPDS card no. 77- 2237) as 

a reference, respectively. 
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Figure. 6.1: The XRD patterns of CaWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 
                    and 0.1 mol). 

 

It is displayed that all the XRD diffraction patterns of the samples are 

perfectly  matched with the scheelite type tetragonal structure  with space 

group I41/a and in excellent  accordance with the respective JCPDS card no. 

77-2237, which emphasizes that the as-prepared compound is CaWO4. The 

stable and acuate diffraction peaks signify the excellent crystallinity of the as-

synthesized of CaWO4:xTb3+. No diffraction peaks related to starting materials 

were observed and it implies that the Tb3+ ions have been successfully doped 

into the CaWO4 lattice sites. 

Figure. 6.2 gives the comparison of XRD patterns of  SrWO4:xTb3+ 

(x= 0.02, 0.04, 0.06, 0.08 and 0.1 mol) samples and the standard data for the 

tetragonal   SrWO4 (JCPDS card no. 85-0587) respectively. 
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Figure. 6.2: The XRD patterns of SrWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08  

                     and 0.1 mol) 

XRD patterns affirmed strongly that all diffraction peaks of SrWO4:x 

Tb3+ phosphor materials can be indexed to the scheelite type tetragonal 

structure without the existence of secondary phases and in agreement with 

the respective JCPDS card no. 85-0587.The relative intensities and sharp 

diffraction peaks implied that the samples are well-crystallized, promising an 

ordered structure at long range. It was observed that the loading of terbium 

ions do not produce any other impurity phases and no evident shifting of 

diffraction peaks were also detected.  

By using, Scherrer’s equation the almost accurate crystallite sizes were 

calculated for the corresponding XRD patterns of as-prepared samples. As 



50 

 

described in the literature [95, 96]. The estimated results imply 

that the average crystallite sizes of CaWO4:xTb3+ and SrWO4:xTb3+  samples 

 are around 40 nm and 45 nm, respectively. As, the ionic radius of the Tb3+ 

ion (r = 0.104 nm when coordination number (CN) =8) is near to  that of the 

Ca2+ (r=0.112 nm when CN = 8) and Sr2+ (r=0.126 nm when CN=8), we 

therefore make an assumption  that Tb3+ ions displace the sites of Ca2+ , Sr2+ 

and  does not devastate the lattice frame of CaWO4 and SrWO4.Hence, we 

believe that Tb3+ has been efficiently incorporated into the host lattice.  

6.2.2 SEM analysis       

 Figure. 6.3 shows the scanning electron microscopic investigation of 

the (a) CaWO4:0.08Tb3+ and (b) SrWO4:0.08Tb3+ samples. The powder 

particles exhibit to be crystalline and agglomerated to some extent. The 

average particle sizes of the phosphors are in the scale of 20 - 60 nm with an 

irregular spherical-like shape. 

             

 

Figure. 6.3: Selected SEM image of (a) CaWO4:0.08Tb3+  

                             (b) SrWO4:0.08Tb3+. 
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6.2.3 Raman analysis 

Figure. 6.4 and Figure. 6.5 exhibit the Raman spectra of CaWO4:x Tb3+ 

(x = 0, 0.02 mol) and SrWO4:xTb3+ (x = 0, 0.02 mol) phosphors in the range 

from 200 to 1000 cm-1. 

              

 

       Figure. 6.4: Raman spectra of CaWO4:xTb3+ (x = 0, 0.02 mol). 
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      Figure. 6.5: Raman spectra of SrWO4:xTb3+ (x = 0, 0.02 mol). 

It is displayed that raman spectra of the prepared phosphor materials 

exhibit several peaks referring to the Raman-active internal mode vibrations 

in the tetrahedral [WO4]
2- units [97, 98, 99,100]. An analysis of the spectra 

strongly displayed that all Raman-active modes of CaWO4:0.02Tb3+ and 

SrWO4:0.02Tb3+ acquired in this work are characteristic of a tetragonal 

structure and in agreement with those formerly reported in the literature [101].  

 

6.2.4 FTIR analysis   

Figure. 6.6 and Figure. 6.7 show the FTIR spectra of the CaWO4 

:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) and SrWO4:xTb3+  (x = 0.02,  

0.04, 0.06, 0.08, 0.1mol) phosphors synthesized by SSM reaction at room 

temperature. 
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Figure. 6.6: FTIR spectra of CaWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and                               

                    0.1 mol) 

The set of vibrational bands below 1,000 cm-1 are characteristic 

vibrations of W–O bands (Burcham and Wachs 1998). An intense broad 

absorption band around 657- 966 and 648 - 950 cm-1 for of CaWO4:xTb3+ and 

SrWO4:xTb3+ particles are related to anti-symmetric stretching vibration of O-

W-O in WO4
2- tetrahedron clusters. The weak absorption band detected 

around 431 and 444 cm-1 are due to bending vibration of W-O [102, 103]. The 

bands at around 3419 and 1631 cm-1 correspond to stretching vibration of O-

H and H-O-H bending mode vibration of H2O, respectively [44]. They are the 

typical vibrations of water molecules, which are absorbed physically by the 

sample surface from air. 
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Figure. 6.7: FTIR spectra of SrWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08      

                     and 0.1 mol) 

6.2.5 Photoluminescence properties 

The excitation and emission spectra of CaWO4:xTb3+ (x = 0.02, 0.04, 

0.06, 0.08 and 0.1 mol) phosphors prepared by SSM reaction at room 

temperature is shown in Figure. 6.8. The excitation spectrum is monitored at 

the emission wavelength of 545 nm. It is exhibited evidently that the excitation 

spectrum comprises a strong and broadband from 220 to 320 nm with a 

maximum intensity at about 261 nm assigned as the CTB originated from 

oxygen to tungsten within the WO4
 2- groups. In addition to the CTB, seven 

more sharp excitation bands 7F6 → 5D0 (319 nm), 7F6 → 5G2 (341.8 nm), 
7F6 → 5D2 (352.4 nm), 7F6 → 5G5 (359.4 nm), 7F6 → 5G6 (371.3 nm), 7F6 → 5D3 

(377.2 nm) and 7F6 → 
5D4 (486.6 nm) corresponding to the inner 4f-shell 

excitations of the Tb3+ ion have also been identified [105].  
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Figure. 6.8: The PLE ( em = 545 nm) and emission ( ex = 261 nm) spectra of    

                    CaWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) 

Upon excitation at 261 nm, the obtained emission spectrum exhibits 

four major emission bands at 489, 545, 588 and 622 nm, corresponding to the 
5D4 → 7F6, 

5D4 → 7F5, 
5D4 → 7F4 and 5D4 → 7F3 typical transitions of Tb3+, 

respectively. The strongest peak appears at 545 nm is the characteristic 

emission of Tb3+ with 5D4 → 7F5 green emission 545 nm. Evaluated  with the 

emission of Tb3+, the intrinsic emission from WO4
2- groups are very weak, 

suggesting that an efficient energy transfer from WO4
2- to Tb3+ has occurred 

in the CaWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1mol) phosphors. Only 

the transitions from 5D4 to lower lying 7FJ levels are observed at room 

temperature upon excitation in the UV range. It was monitored from the PL 

spectra that the relative intensity of the Tb3+ emission increase as the 
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concentration of the dopant ion increases from 0.02 mol to 0.08 mol. When 

the Tb3+ ion concentration is higher than 0.08 mol the intensities of the 

emission bands are decreased contrarily. It is suggested that when the Tb3+ 

concentration is smaller than 0.08 mol the energy absorbed from CT state is 

well shifted to Tb3+ ion by a non-radiative means. When Tb3+ concentration is 

higher than 0.08 mol, the exchange interaction between excited Tb3+ ions 

prevail and this promotes an increase of the non-radiative relaxation and may 

be the responsible for the Tb3+ luminescence inhibition in Ca system beyond 

8 mol% [106]. Figure. 6.9 shows the excitation and emission spectra of 

SrWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1mol) phosphors prepared by 

SSM reaction at room temperature. 

The excitation spectrum of phosphors for monitoring the 5D4 → 7F5 ( em 

= 545 nm) transitions of Tb3+ exhibits of a strong and broad band from 220 to 

320 nm with a maximum at about 259 nm, which is due to the CT state from 

the excited 2p orbits of O2- to the empty orbits of the central W6+ of the 

tungstate groups [107]. The lines in 320 - 500 nm range belong to the 

transitions between the ground level 7F6 and the excited levels 5D0, 
5G2, 

5D2, 
5G5, 

5G6, 
5D3 and 5D4, respectively. The narrow peaks located at wavelengths 

longer than 320 nm include 319.3 nm (7F6 → 5D0), 341.8 nm 
7F6 → 5G2), 352.8 nm (7F6 → 5D2), 359.6 nm (7F6 → 5G5), 371.4 nm (7F6 → 5G6

), 377 nm (7F6→ 5D3) and 486.6 nm (7F6 → 5D4).  

Under 259 nm excitation, the emission spectrum exhibits four major 

emission bands at 488.5, 545, 588 and 623 nm, which are attributed to the 
5D4 → 7F6, 

5D4 → 7F5, 
5D4 → 7F4 and 5D4 → 7F3 typical transitions of Tb3+ ions, 

respectively. The intense peak appears at 545 nm green. The emission 

intensity of phosphors enhances with Tb3+ concentration and reaches a 

highest value as at 6 mol% of Tb3+, then decreases due to concentration 

quenching [108].  
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Figure. 6.9: The PLE ( em = 545 nm) and emission ( ex = 259 nm) spectra of   

                     Sr1-xWO4:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) 

Since the optimum concentration of the Tb3+ ion for SrWO4 and 

CaWO4 is about 0.06 mol and 0.08 mol, It may be concluded that the critical 

concentration of the dopant ion increases with the decrease in ionic radius 

A2+, where A is the radius of Ca or Sr [48]. It was noticed that the emissions 

from 5D3 →7Fj (j = 3, 4, 5, 6) could not be observed in both tungstates 

phosphors due to cross relaxation effect occurred between the Tb3+ ions in 

pairs. 

To study the energy absorption, DRS of CaWO4:0.08Tb3+ and SrWO4: 

0.08Tb3+ phosphors were  measured and are shown in Figure. 6.10. The 

absorption band from 220 to 320 nm corresponds to overlapping of the (O-W) 

ligand to metal CT in the WO4
2- group and electron transfer from oxygen (O2-) 

to terbium (Tb3+). 
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       Figure. 6.10: DRS of CaWO4:0.08Tb3+, SrWO4:0.06Tb3+ phosphors. 

  

Figure. 6.11(a) & Figure. 6.12(a) present the photoluminescence 

decay curves and lifetime of Tb3+ (5D4 → 7F5, 545 nm) in the as-prepared 

CaWO4:0.08Tb3+, SrWO4:0.06Tb3+ phosphors. This can be fitted by a single-

exponential function as I = A exp (−t / τ) (τ is the life time of rare earth ion), 

and the value of lifetime of CaWO4:0.08Tb3+ is 0.421 ms and of 

SrWO4:0.06Tb3+ is 0.392 ms. The average particle size distribution of 

optimised phosphors is shown in Figure. 6.11(b) & Figure. 6.12(b) and it is 

around 40 nm CaWO4:0.08Tb3+  and 50 nm for SrWO4:0.06Tb3+
. 
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Figure. 6.11:(a) Luminescence decay curve of CaWO4:0.08Tb3+ 

                                     phosphor. 

                        (b) Particle size distribution of CaWO4:0.08Tb3+
 

                                                        phosphor. 

 

 

Figure. 6.12:(a) Luminescence decay curve of SrWO4:0.06Tb3+ 

                                     phosphor. 

                        (b) Particle size distribution of SrWO4:0.06Tb3+
 

                                                        phosphor. 

Figure. 6.13 shows the CIE chromaticity diagram for the emission 

spectra of CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+ phosphors under 259 nm 

and 261 nm excitation wavelength. The calculated CIE coordinates for the 

CaWO4:0.08Tb3+ (x = 0.24, y = 0.68) and SrWO4:0.06Tb3+ (x = 0.25, y = 0.69) 
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are found to fall in the green region of the CIE chromaticity coordinate 

diagram. It indicates that CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+   phosphors 

are promising green emitting components for fluorescent lamp phosphors. 

 

                         

 

Figure. 6.13: CIE chromaticity diagram of CaWO4:0.08 Tb3+ (●) and SrWO4: 

                      0.06Tb3+ (▪) phosphors. 

To evaluate the performance and potential application of these 

phosphors, the photoluminescence spectra of  CaWO4:0.08Tb3+ and 

SrWO4:0.06Tb3+ and the conventional green emitting lamp phosphor 

(LaPO4: Ce, Tb) were measured and compared. As shown in Figure. 6.14, 

the relative emission intensity of CaWO4:0.08Tb3+  and SrWO4:0.06Tb3+ 

phosphors  is found to be ~ 1.5 and ~ 1.2 times higher than that of 

commercial green emitting lamp phosphor (LaPO4:Ce,Tb). 
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Figure. 6.14: Comparison of emission spectra of CaWO4:0.08Tb3+, SrWO4:               

                      0.08Tb3+ and LaPO4:Ce, Tb. 

6.3. CONCLUSION 

Tb3+ activated CaWO4 and SrWO4  phosphors were successfully 

prepared by mechanochemically assisted SSM reaction at room temperature. 

XRD patterns, SEM, FTIR and Raman spectra indicated that the synthesized 

phosphors present a scheelite-type tetragonal structure without the presence 

of secondary phases and the average particle size is in the range of 20 – 60 

nm. These phosphors emit intense green light dominated by 545 nm from 
5D4 →7F5 transition of Tb3+ under excitation of UV light. The CIE coordinates 

of these phosphors located in the green area and the measured CIE 

coordinates were observed to be (0.25, 0.69) and (0.24, 

0.68) for CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+. Compared with conventional 

green emitting phosphor (LaPO4:Ce,Tb), the emission intensity of 

CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+ is 1.5 and 1.2 times much stronger 

than that of LaPO4:Ce,Tb which specifies that these green phosphors could 

serve as a potential green emitting phosphor for application on short 

ultraviolet fluorescent lamps. 
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7. SYNTHESIS AND CHARACTERIZATION OF Li3Ba2Gd3      

    (MoO4)8:Eu3+ RED PHOSPHOR 

  

7.1 INTRODUCTION 

 In recent times, an intense research is  focused on  to develop  low 

cost and low temperature synthesis of high-grade new red emitting phosphors 

with high efficiency, excellent stability, no environmental hazards  good 

chromaticity coordinates and with high absorption in the UV or blue 

wavelengths of GaN based LED chips. Eu3+ ion has been widely considered 

for owing to its significant red emission which is ascribed to the transition from 
5D0 to 7FJ (J = 0, 1, 2, 3, 4) [109-112].  

In recent times an increasing interest is focused on a new series of 

disordered Li3Ba2Gd3(MoO4)8 compound as host material for luminescent 

ions, discovered by Klevtsova et al[49]. It belongs to the monoclinic system 

with space group C2/c and states as remarkable host matrix for luminescent 

ions due to stable crystalline structure, multifariousness, excellent chemical 

stability, low temperature synthesis, good luminescence characteristics and 

cheap raw materials. They have also attracted a great deal of interest for their 

remarkable properties such as ferroelectricity, laser hosts, phosphors and 

catalysis [53,114].The present work focuses on the preparation and 

characterisation of Eu3+doped Li3Ba2Gd3(MoO4)8  phosphors by 

mechanochemically assisted SSM route. In addition, their emission intensities 

were correlated with commercial red Y2O2S:Eu3+ phosphor to  the advantage 

of the mechanochemically assisted SSM reaction method at room 

temperature. 
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7.2 RESULTS AND DISCUSSION 

7.2.1 XRD and size distribution characterization 

Figure. 7.1 exhibits the XRD patterns of Li3Ba2Gd3(MoO4)8:xEu3+ (x = 

0.01, 0.03, 0.05, 0.07 and 0.09 mol) phosphor samples prepared by mechano

chemically assisted SSM reaction method at room temperature. It can be 

seen that diffraction peaks of the as prepared samples are consistent well 

with standard data (JCPDS. Card No 77-0830) of Li3Ba2Gd3(MoO4)8. The 

peaks in the XRD spectra are sharp and intense proving that a highly 

crystalline single-phase of Li3Ba2Gd3(MoO4)8 phosphors with the monoclinic 

structure of space group C2/c was successfully synthesized by 

mechanochemically assisted SSM at room temperature. No impurity peak 

was found in the XRD patterns distinctly indicating the incorporation of Eu3+ 

ions into the compounds.  

The particle size of the product is calculated from a strong peak (131) 

according to the Debye-Scherrer’s equation (7.1). 

                                        

                    D = 0.λ / β cos θ                                     (7.1) 

where D is the average grain size,  represents Cu Kα wavelength 0.1542 nm 

and β is the half-width at full maximum of the peak. The calculated results 

show that the average crystallite sizes of Li3Ba2Gd3(MoO4)8:xEu3+ (x = 0.01, 

0.03, 0.05, 0.07 and 0.09 mol) are around 67 nm, respectively. 
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Figure. 7.1: Powder XRD patterns of Li3Ba2Gd3(MoO4)8:xEu3+ (x = 0.01,                        

                    0.03, 0.05, 0.07 and 0.09 mol).  
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Figure. 7.2: Particle size distribution of Li3Ba2Gd3(MoO4)8:0.07Eu3+ 

                    phosphor. 

As the ionic radius of Eu3+ (r = 1.066 Å, CN = 8) is the closest to that of 

Gd3+ (r = 1.053 Å, CN = 8), compared with Ba2+ (r = 1.61 Å, CN = 12) and 

Mo6+ (r = 0.59 Å, CN = 6), doped Eu3+ ions may prefer to occupy the Gd3+ 

sites. The particle size distribution of Li3Ba2Gd3(MoO4)8:0.07Eu3+ phosphor 

sample prepared by this method is shown in Figure. 7.2. The particles show a 

narrow size distribution, with the average diameter of particles at 64 nm, 

indicating that the particles are fit for the fabrication of solid state lighting 

devices. 

7.2.2 EDX analysis 

Figure. 7.3 gives the representative EDX spectrum of Li3Ba2Gd3 

(MoO4)8:0.07Eu3+ which was synthesized by mechanochemically assisted 

SSM method at room temperature. The EDX spectrum of the 

Li3Ba2Gd3(MoO4)8:0.07Eu3+ confirms the presence of lithium (Li),barium (Ba), 

oxygen (O), molybdenum (Mo), europium (Eu), Gadolinium (Gd).The analysis 

of EDX spectrum shows that  Li3Ba2Gd3(MoO4)8:0.07Eu3+  red phosphor have 

been prepared successfully by mechanochemically assisted SSM at room 

temperature. 
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Figure. 7.3: EDX spectrum of Li3Ba2Gd3 (MoO4)8:0.07Eu3+ phosphor. 

7.2.3 SEM analysis  

 The morphologies of Li3Ba2Gd3(MoO4)8: xEu3+ (x = 0 and 0.07 mol) 

particles are clearly demonstrated by SEM image, as shown in Figure. 7.4. 
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Figure. 7.4: Selected SEM images of (a) Li3Ba2Gd3(MoO4)8 (b) 

                     Li3Ba2Gd3(MoO4)8:0.07Eu3+
. 

7.2.4 FTIR analysis  

The FTIR spectra of the as-synthesized samples Li3Ba2Gd3(MoO4)8 

and Li3Ba2Gd3(MoO4)8:xEu3+ (x = 0.01 and 0.07 mol) phosphors  prepared by 

mechanochemically assisted SSM reaction method at room temperature are 

shown in Figure. 7.5 a,b &c. The bands at 3363 cm−1 and 1649 cm−1 are 

assigned to O-H stretching vibration and H-O-H bending vibration respectively 

[113, 104]. The two bands are the characteristic vibrations of water 

molecules. The strong absorption peaks at 911.9 cm−1, 807.1 cm−1 and 728.0 

cm−1 which are assigned to stretching vibration of O-Mo-O in MoO4
2− 

tetrahedron. 
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Figure. 7.5: FTIR spectra of Li3Ba2Gd3(MoO4)8:xEu3+ (x = 0, 0.01 and    

                       0.07 mol). 
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7.2.5 Photoluminescence Properties of Li3Ba2Gd3(MoO4)8:Eu3+ 

Figure. 7.6. indicates the excitation spectra of Li3Ba2Gd3(MoO4)8:xEu3+ 

(x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol)  phosphors by monitoring at the 

emission wavelength of 616 nm under room temperature.  

 

 

Figure.  7.6: PLE spectra of Li3Ba2Gd3 (MoO4)8:xEu3+ (x = 0.01, 0.03, 

                     0.05, 0.07 and 0.09 mol) phosphors monitored at 615 nm. 
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 All the samples show similar excitation feature except for difference in 

their intensity. A broad luminescence band ranging from 220 to 350 nm with 

the maximum at about 296 nm in the spectrum is attributed to CT transition 

from oxygen to molybdenum atom. Other narrow and sharp peaks centered at 

360 nm (7F0→5D4), 379 nm (7F0→5G2), 395 nm (7F0→5L6), 416 nm (7F0→ 5D3) 

and 464 nm (7F0→5D2) nm were assigned to intra-configurational f-f 

transitions of Eu3+in the host of molybdate. It is observed that at 394 (near-

UV) and 464 (blue) nm excitation wavelengths, the intensity of the peaks are 

much stronger while compared with the other transitions of Eu3+ [73, 74]. 

Since the scope of the present work is on the near-UV/blue GaN- 

based LED phosphor, only the spectroscopic properties in the range of 350- 

500 nm are considered. Figure. 7.7 shows the PL spectrum of the Li3Ba2Gd3 

(MoO4)8:xEu3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol) under 395 nm near-

UV excitation. The PL spectra of the synthesized samples are similar with 

respect to the shape and peak positions and differ in their peak intensities. 

The  photoluminescence emission spectra consists of sharp lines with 

wavelength ranging from 530 nm to 710 nm, which are associated with the 
5D0 → 7FJ (J = 1, 2, 3, 4) transitions from the excited Eu3+ to the ground state. 

The main emission peak occurs due to the 5D0 →7F2 transitions of Eu3+ at 615 

nm; other transitions from 5D0 →7F1, 
5D0 →7F3, and 5D0 →7F4 located in the 

range of 530 nm to 710 nm are weak [63]. The 5D0 →7F2 electric dipole 

transition of Eu3+ is highly sensitive to its surroundings and occurs dominantly 

only when the Eu3+ ion is in a non-centrosymmetric site. Due to the lack of 

symmetry, the 4f orbitals mix with the opposite parity orbitals and thus the 

electric dipole transition is occurred [77]. 
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Figure. 7.7: Photoluminescence emission spectrum of Li3Ba2Gd3-x(MoO4)8: 

                      xEu3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol) phosphors 

                      under 395 nm excitation and the inset shows PL spectra of 

                     Li3Ba2Gd3(MoO4)8:0.07Eu3+ phosphor. 

For this reason, the intensity of 5D0 →7F2, was found to be much 

stronger than those of 5D0 →7F1, which suggests that the Eu3+ is located in a 

distorted (or asymmetric) cation environment and indicates that Eu3+ ions 



72 

 

occupy the sites of Ca. Other transitions from 7FJ (J = 1, 3, 4) are relatively 

weak, which is advantageous when seeking to obtain high quality red light 

[23, 79].   

   Figure. 7.8 shows the comparison of PL intensity of 

Li3Ba2Gd3(MoO4)8:xEu3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol)  phosphors 

excited by 395 nm and 464 nm as a function of Eu3+ concentration. For both 

the excitation wavelengths, the PL intensity is observed to enhance with the 

Eu3+ concentration reaching a maximum at 0.07 mol content which is followed 

by a decrease with further increase in the concentration.  

           

Figure. 7.8: Comparison of red emission intensities of Li3Ba2Gd3(MoO4)8:  

                   xEu3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol) phosphors 

                   under (a) 395 nm and (b) 464 nm excitation as a function of 

                   Eu3+  concentration. 

This comparison reveals that the emission intensity of phosphors 

excited at 395 nm (near-UV) is stronger as compared to that excited at 464 

nm at almost all the concentrations of Eu3+. Eventhough the maximum red 

emission is obtained at 0.8% for these two wavelengths, it is to be noted that 

the emission intensity for 395 nm (UV near) is much greater than that for 464 

nm. It signifies that they may be used as a potential red emitting component 

in near-UV based White LEDs than blue GaN based White LEDs. The 
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optimum Eu3+ content in Li3Ba2Gd3(MoO4)8 for the enhanced red emission is 

found to be 7 mol %. 

The quenching of PL intensity for concentrations above 0.7 % may be 

due to exchange interaction of energy occurred between a numbers of 

excited Eu3+ ions. For europium activated phosphors, the quenching process 

is attributed to the energy migration among the activators (Eu3+ ions) which 

bring excitation energy to the nearby quenching centers (traps).These centers 

are typically  impurities or defects on the particle [11].  

                         

Figure. 7.9: CIE chromaticity diagram for Li3Ba2Gd3(MoO4)8:0.07 Eu3+     

                               phosphor  ( ex=395 nm).  

Figure. 7.9 shows the CIE chromaticity diagram for the emission 

spectra of Li3Ba2Gd3(MoO4)8:0.07Eu3+ phosphor. The CIE chromaticity 

coordinates (x, y) of the Li3Ba2Gd3(MoO4)8:0.07Eu3+ phosphor, upon 395 nm 

excitation wavelength lie at x = 0.675 and y = 0.323 which are very close to 

the standard chromaticity coordinate values of NTSC (x = 0.670, y = 0.330). 

Hence, the CIE diagram illustrates that the obtained phosphor particles show 

red emissions when excited by a single wavelength ( ex=395 nm) and thus 

the obtained results confirm that the as-prepared Li3Ba2Gd3(MoO4)8:0.07 Eu3+  

phosphor is a promising red emitting components for near-UV InGaN-based 

white LED.Figure. 7.10 presents the photoluminescence decay curves and 

lifetime of Eu3+ (5D0 → 7F2, 617 nm) in the as-prepared Li3Ba2Gd3 
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(MoO4)8:0.07Eu3+ phosphor by mechanochemically assisted SSM reaction at 

room temperature. This can be fitted by a single-exponential function as I = A 

exp(−t / τ) (τ is the life time of rare earth ion) and the value of lifetime of Eu3+ 

is 0.424 ms. The result shows that the lifetime is short enough for potential 

applications in displays and lights. 

 

                            

Figure. 7.10: Room temperature luminescent decay curve of 5D0 →7F2  

                       transitions at 615 nm of Eu3+ ions of  Li3Ba2Gd3 

                         (MoO4)8:0.07Eu3+ phosphor. 

As the present work is focused for the purpose of red phosphor 

application in WLED with near-UV/blue GaN based chips as excitation 

sources, the results of the excitation and emission spectra of the present work 

are compared with that of the excitation and emission spectra of the 

conventional red phosphor Y2O2S:Eu3+ prepared by conventional SSR 

method. For this purpose, the commercial red phosphor Y2O2S:Eu3+ was 

prepared by SSR method and the luminescence properties were studied. The 

red emission spectra of these red phosphors are presented in Figure. 7.11 

which reveals that red emission intensity of Li3Ba2Gd3(MoO4)8:0.07Eu3+ is 

about 3.2 times more than that of commercial Y2O2S:Eu3+ red phosphor, 

indicating that Li3Ba2Gd3(MoO4)8:0.07Eu3+ phosphor prepared by 
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mechanochemically assisted SSM method at room temperature is a 

promising red phosphor for WLEDs. 

 

Figure. 7.11: Excitation spectrum of Y2O2S:Eu3+  (curve a) and Li3Ba2Gd3 

                        (MoO4)8:0.07Eu3+ (curve b) and  emission spectrum under 

                         395 nm UV excitation (curve c for Y2O2S:Eu and curve d for 

                         Li3Ba2Gd3(MoO4)8:0.07Eu3+) 
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7.3 CONCLUSION 

 A red emitting Eu3+ activated Li3Ba2Gd3(MoO4)8 phosphors have 

been prepared by mechanochemically assisted SSM reaction route for the 

first time. Under the excitation of near-UV (395 nm) and blue light (464 nm), 

Li3Ba2Gd3(MoO4)8:xEu3+ phosphors exhibit enhanced red emission of Eu3+ 

(615nm). The optimum doping concentration of Eu3+ in Li3Ba2Gd3(MoO4)8 

phosphor is found to be 7 mol% and the red emission intensity is  3.2 times 

stronger than Y2O2S:Eu3+ phosphor. All these favourable properties indicate 

that the Eu3+- doped Li3Ba2Gd3(MoO4)8 red phosphor could be a promising 

red material for applications in WLEDs. 
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8. SYNTHESIS AND LUMINESCENT PROPERTIES OF    

    Tb3+ ACTIVATED Li3Ba2Gd3(MoO4)8 BASED  

    EFFICIENT GREEN EMITTING PHOSPHORS 

 

8.1 INTRODUCTION 

 The present work reports on the preparation of 

Li3Ba2Gd3(MoO4)8:xTb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.10 mol)  phosphors 

by mechanochemically assisted SSM route at room temperature and 

investigate their photoluminescence (PL) properties. These are green emitting 

phosphors and the present investigation on such green emitting phosphor 

may lead to possible efficient green emitting phosphor for suitable 

applications. 

8.2 RESULTS AND DISCUSSION 

8.2.1 Structural analysis 

 Figure. 8.1(a) displays the XRD patterns of undoped Li3Ba2Gd3 

(MoO4)8 and Li3Ba2Gd3(MoO4)8:0.08Tb3+ phosphor samples.  

 

Figure. 8.1: (a) The XRD patterns of undoped Li3Ba2Gd3(MoO4)8 and  

                                      Li3Ba2Gd3(MoO4)8:0.08Tb3+
. 

                         (b) EDX spectrum of Li3Ba2Gd3(MoO4)8:0.08Tb3+ phosphor. 
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 It specifies that all diffraction peaks are sharp, intense and very well 

consistent with standard data (JCPDS 077-0830) of Li3Ba2Gd3(MoO4)8 

indicating that Tb3+ ions were well incorporated into the host material.The 

approximate crystallite size of the powder is calculated from the strongest 

peak (131) by using Debye-Scherrer’s equation as given below. 

                                             D = 0.λ / β cos θ                              (8.1) 

where D is the average crystallite size,  represents Cu Kα 

wavelength 0.1542 nm and β is the half width full maximum of the peak. The 

calculated results show that the average crystallite size of Li3Ba2Gd3 

(MoO4)8:0.08Tb3+ is around 56 nm. 

The EDX spectrum displays constituent elements of 

Li3Ba2Gd3(MoO4)8:0.08Tb3+ affirms the presence of such as lithium (Li), 

barium (Ba), oxygen (O), molybdenum (Mo), terbium (Tb) and gadolinium 

(Gd) as indicated in Figure. 8.1(b).The analysis of EDX spectrum exhibits that 

the green phosphor of Li3Ba2Gd3(MoO4)8:0.08Tb3+ have been prepared 

successfully by room temperature synthesis route. 

8.2.2   Photoluminescence properties 

The excitation and emission spectra of Li3Ba2Gd3(MoO4)8:xTb3+ (x= 

0.02, 0.04, 0.06, 0.08 and 0.10 mol) phosphors are shown in Figure. 8.2. The 

excitation spectrum is monitored at the emission wavelength of 546 nm. It can 

be seen clearly that the excitation spectrum consists of a strong and broad 

band from 230 to 330 nm with a maximum at about 297 nm assigned as the 

CTB originated from oxygen to molybdenum within the MoO4
2- groups.  
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Figure. 8.2: PL excitation and emission spectra of Li3Ba2Gd3(MoO4)8:x   

                    Tb3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.10 mol). 
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The other sharp lines including the peaks from 350 nm to 500 nm are 

attributed to the intra-configurational f-f transition absorption of Tb3+ ions in 

the host lattice [115]. When excited at UV light (297 nm), the obtained 

emission spectrum exhibits four major emission peaks at 488 nm, 546 

nm, 589 nm and 623 nm corresponding to  5D4 →7F6, 
5D4 →7F5, 

5D4 →7F4, and 
5D4 →7F3 typical transitions of Tb3+ [116] respectively. The strongest peak at 

546 nm is the characteristic emission of Tb3+ which is due to 5D4 →7F5 

transition. It is evident from the present study that when Tb is doped to the 

host lattice of Li3Ba2Gd3(MoO4)8 to replace Gd, only the transitions from 5D4 to 

lower lying 7FJ levels are observed at room temperature upon excitation by 

the UV radiation of 297 nm [117]. The green emission intensity of the 

phosphors increases as the Tb3+ concentration increases and it is maximum 

at 0.08 mol and then decreases due to concentration quenching [106]. 

Figure. 8.3(a) shows the CIE chromaticity diagram for Li3Ba2Gd3 

(MoO4)8:0.08Tb3+, CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+ phosphors.  

 

 

Figure. 8.3: (a) CIE chromaticity diagram of CaWO4:0.08Tb3+,     

                                      SrWO4:0.06Tb3+ and Li3Ba2Gd3(MoO4)8:0.08Tb3+.    

 The CIE chromaticity coordinates (x, y) of 

Li3Ba2Gd3(MoO4)8:0.08Tb3+, CaWO4:0.08Tb3+ and SrWO4:0.06Tb3+ 

(a) 
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phosphors are (0.261, 0.701), (0.240, 0.680) and (0.251, 0.690)  respectively 

[118]. The CIE diagram illustrates that Li3Ba2Gd3(MoO4)8:0.08Tb3+ phosphor 

is a promising green emitting phosphor for fluorescent lamp applications. 

 

   Figure. 8.3(b) presents the photoluminescence decay curve and 

lifetime of Tb3+ (5D4 →7F5, 546 nm) in the as-prepared Li3Ba2Gd3(MoO4)8 

:0.08Tb3+  phosphor. This can be fitted by a single-exponential function as  

                                                   I = Io A e [-t / τ]                               (8.2) 

 where ‘A’ is the amplitude and ‘τ’ is the fluorescence lifetime. The lifetime of 

Tb3+ ion is found to be 0.47 ms.  

            

Figure. 8.3: (b) Fluorescent decay curve for the 5D4 state of Tb3+ in the 

                        Li3Ba2Gd3(MoO4)8:0.08Tb3+ sample upon 297 nm 

                        excitation by monitoring the emission wavelength at 546 nm. 
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Figure. 8.3: (c) Comparison of PL spectra of Li3Ba2Gd3(MoO4)8:0.08  

                           Tb3+ and LaPO4: Ce, Tb. 

To estimate the performance and prospective application of these 

phosphors, the photoluminescence spectra of the optimized Li3Ba2Gd3-

x(MoO4)8:0.08Tb3+ phosphor was compared with  the commercial green 

emitting lamp phosphor (LaPO4:Ce,Tb). As shown in Figure. 8.3(c), the 

relative emission intensity of Li3Ba2Gd3(MoO4)8:0.08Tb3+ phosphor is found to 

be ~ 1.4 times higher than that of LaPO4:Ce,Tb phosphor. 

8.3 CONCLUSION 

A class of novel green emitting Tb3+ doped Li3Ba2Gd3(MoO4)8 

phosphors were successfully prepared by mechanochemically assisted SSM 

route at room temperature. These phosphors emit intense green light 

dominated by 546 nm from 5D4 →7F5 transition of Tb3+ under excitation of UV 

light. The CIE coordinates of Li3Ba2Gd3(MoO4)8:0.08Tb3+ phosphors are 

located in the green region and the measured CIE coordinates were observed 

to be x = 0.26 and y = 0.70. The emission intensity of Li3Ba2Gd3(MoO4)8: 

0.08Tb3+ is 1.4 times much stronger than that of LaPO4: Ce, Tb which 

signifies that these phosphors could serve as a potential green emitting 

phosphor for application on short ultraviolet fluorescent lamps. 
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     9. LUMINESCENCE PROPERTIES OF NOVEL 

Li3Ba2Gd3(MoO4)8:RE3+ (RE3+ = Pr3+, Sm3+)                                    

RED PHOSPHORS  

9.1 INTRODUCTION 

In recent times, Pr3+ and Sm3+ activated phosphor materials have 

drawn broad interest because of their emission (4f - 4f transitions) 

characteristics for various lighting applications. Pr3+ ions exhibits a number of 

distinct emissions depending on the host in which they are blended. Pr3+ ions 

with 4f2 electronic configuration exhibit red (from the 1D2 level), green (from 

the 3P0 level), blue (from the 1S0 level) and ultraviolet (from the 4f - 5d state) 

[119]. Sm3+ ions with 4f5 electronic configuration display a strong orange-red 

fluorescence in the visible region [120,121,122,123].  

The present work reports on the synthesis and luminescent 

characteristics of Li3Ba2Gd3(MoO4)8:xPr3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 

mol) and Li3Ba2Gd3(MoO4)8:xSm3+  (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol) 

red phosphor materials by mechanochemically assisted SSM route at room 

temperature. Furthermore, the structural and optical properties of the resulting 

samples are investigated in detail.  

9.2 Results and Discussion 

9.2.1 Structural analysis 

XRD pattern of selected samples is presented in Figure. 9.1. It is 

demonstrated that all of the peaks match very well with the standard data 

(JCPDS. No. 77-0830) of Li3Ba2Gd3(MoO4)8 structure. The peaks in the XRD 

spectra are narrow and intense proving that a crystalline single-phase of 

Li3Ba2Gd3(MoO4)8 with the monoclinic structure of space group C2/c had been 

successfully prepared.  
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Figure. 9.1: Powder XRD patterns of Li3Ba2Gd3(MoO4)8:xPr3+ (x = 0.01 and 

                     0.09 mol) and Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01and 0.09 mol). 

 

The approximate crystallite size of the product is calculated from most 

intense peak (131). According to the Debye-Scherrer’s equation, The particle 

size is given by the following equation,  

                                              D = 0.λ / β cos θ                                   (9.1) 

where, D is denoted as the average grain size,  represents CuKα 

wavelength 0.1542 nm and β indicates the FWHM of the peak at Bragg angle 

θ. The calculated average crystallite size is about 87 nm for Li3Ba2Gd3 

(MoO4)8:xPr3+ (x = 0.01 and 0.09 mol) and is about 63 nm for 

Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01 and 0.09 mol)  respectively.  
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9.2.2 Photoluminescence properties 

The excitation and emission spectra of Li3Ba2Gd3(MoO4)8:xPr3+ (x= 

0.01, 0.03, 0.05, 0.07 and 0.09 mol) phosphors are displayed in Figure. 9.2. 

The excitation spectrum is monitored at the emission wavelength of 645 nm 

for Li3Ba2Gd3(MoO4)8:xPr3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol) phospho 

rs. The excitation spectrum exhibits a strong and broadband due to charge 

transfer transition occurred in the host at around 250 to 350 nm with a 

maximum intensity at about 294 nm. In addition to the CTB, few narrow  

               

Figure. 9.2: The PLE ( em = 645 nm) spectra and PL ( ex = 450 nm) spectra  

            of Li3Ba2Gd3(MoO4)8:xPr3+ (x= 0.01, 0.03,  0.05, 0.07 and 0.09 mol). 

 

absorption lines due to 4f-4f shell transitions of Pr3+ ions are also observed in 

the spectral region of 450-500 nm. The excitation bands consist of three main 
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peaks located at 453 nm (3H4 → 3P2), 474 nm (3H4 → 3P1+
1I6) and 487 nm 

(3H4 → 3P0) due to the typical f-f transitions of Pr3+ ions with the maximum 

excitation wavelength at 453 nm.  

Upon excitation at 453 nm, the obtained emission spectrum exhibits 

four major emission peaks at 594 nm (3P0 → 3H5), 618 nm (3P0 → 3H6), 645 

nm (3P0 → 3F2) and 680 nm (3P0 → 3F3) corresponding to the typical 

transitions of Pr3+ respectively. The strongest peak appearing at 645 nm 

(3P0 → 3F2) red emission is the characteristic emission of Pr3+. It was 

observed from the PL spectra that the relative emission intensity of the 

phosphors increase as the doping concentration increases and reaches a 

maximum at x = 0.07 mol. With further of addition of Pr3+, the emission 

intensity of the phosphor decreases due to concentration quenching 

phenomena [124]. 

Optical properties of Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01, 0.03, 0.05, 

0.07 and 0.09 mol) phosphors synthesised by mechanochemically assisted 

SSM reaction method is displayed in Figure. 9.3. The excitation spectrum is 

monitored at the emission wavelength of 605 nm. The excitation spectrum 

consists of a broad band in the range from 225 nm to 330 nm due to charge 

transfer transition occurred in the host and sharp peaks in the range from 330 

nm to 500 nm are due to intra – 4f transitions of Sm3+.  

The emission spectrum is monitored at the excitation wavelength of 

404 nm. It exhibits three sharp lines due to 4f-4f transitions of Sm3+ at 570 nm 

(4G5/2 → 6H5/2), 605 nm (4G5/2 → 6H7/2) and 649 nm (4G5/2 → 6H9/2). Among the 

sharp lines, the emission intensity is maximum at 605 nm (red). Other 

transitions located in the range of 530 nm to 750 nm are weak. The optimum 

concentration of Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01, 0.03, 0.05, 0.07 and 0.09 

mol) at which maximum emission occurs is found to be 7 mol%. 
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Figure. 9.3: The PLE ( em = 605 nm) spectra and the photoluminescence 

                     emission ( ex = 404 nm) spectra of Li3Ba2Gd3 (MoO4)8:xSm3+ 

                     (x = 0.01, 0.03, 0.05, 0.07 and 0.09 mol). 

Figure. 9.4 shows the CIE chromaticity diagram for Li3Ba2Gd3(MoO4)8:0.07 

Pr3+, Li3Ba2Gd3(MoO4)8:0.08Sm3+,CaMoO4:Eu3+ and Y2O2S:Eu3+ phosphors.              
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The CIE chromaticity coordinates (x, y) of the Li3Ba2Gd3 (MoO4)8:0.07 

Pr3+, Li3Ba2Gd3 (MoO4)8:0.07Sm3+, CaMoO4:Eu3+
, Y2O2S:Eu3+ phosphors are 

(0.687, 0.303), (0.603, 0.395), (0.678, 0.322) [125] and (0.662, 0.334) [126] 

respectively. Hence, the CIE diagram demonstrates that the synthesised 

phosphor materials of Pr and Sm doped Li3Ba2Gd3(MoO4)8 show intense red 

emissions when excited by a single wavelength ( ex = 450 nm and ex = 404 

nm). The obtained results confirm that Li3Ba2Gd3(MoO4)8:0.07Pr3+ and 

Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors are promising red emitting 

components which could be used in White LEDs. 

            

Figure. 9.4: CIE chromaticity diagram for Li3Ba2Gd3 (MoO4)8:0.07 Pr3+,    

                     Li3Ba2Gd3 (MoO4)8:0.07Sm3+, CaMoO4:Eu3+
, Y2O2S:Eu3+  

                     phosphors. 

 Figure. 9.5(a) & Figure. 9.6(a) present the photoluminescence decay 

curves Li3Ba2Gd3(MoO4)8:0.07Pr3+, Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors. 

This can be fitted by a single-exponential function as I = A exp (−t/τ) (τ is the 

life time of rare earth ion) and the calculated  lifetime value of Pr3+ is 0.321 ms 

and of Sm3+ is 0.310 ms. The average particle size distribution of optimised 

red emitting phosphors is shown in Figure. 9.5(b) and Figure. 9.6(b). The 

particle size is about 80 nm for Li3Ba2Gd3(MoO4)8:0.07Sm3+ and 60 nm for 

Li3Ba2Gd3 (MoO4)8:0.07Pr3+. 
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Figure. 9.5: (a) Room temperature luminescent decay curve of 3P0 → 3F2  

                                        transitions at 645 nm of Pr3+ ions of Li3Ba2Gd3 

                          (MoO4)8:0.07Pr3+ phosphor. 

                     (b) Particle size distribution of Li3Ba2Gd3(MoO4)8:0.07 Pr3+. 

               

 Figure. 9.6:(a) Room temperature luminescent decay curve of 

                                              4G5/2→6H7/2 transitions at 605 nm of Sm3+ ions of  

                                       Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphor.                     

                              (b) Particle size distribution of Li3Ba2Gd3(MoO4)8:0.07Sm3+
. 

 



90 

 

As the present work is focused on the purpose of red phosphor in 

WLED applications, the results of the emission spectra of the present work 

are compared with that of emission spectra of the conventional red phosphor 

(Y2O2S:Eu3+) prepared by high temperature solid state reaction method. The 

PL spectra of these red phosphors are presented in Figure. 9.7. 

   

                       

Figure. 9.7: Comparison of emission spectra of Li3Ba2Gd3(MoO4)8:0.07Pr3+,    

                    Li3Ba2Gd3(MoO4)8:0.07Sm3+ and Y2O2S:Eu3+ phosphors. 
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It reveals that red emission intensity of Li3Ba2Gd3(MoO4)8:0.07Pr3+ and 

Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors are comparable with that of 

commercial Y2O2S:Eu3+ red phosphor, indicating that Li3Ba2Gd3(MoO4)8:0.07-

Pr3+ and Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors prepared by 

mechanochemically assisted SSM reaction route at room temperature is a 

promising red emitting materials for WLEDs. 

9.3 CONCLUSION 

Li3Ba2Gd3(MoO4)8:RE3+ (RE3+ = Pr3+,Sm3+) phosphors were successfull

y prepared by a simple mechanochemically assisted SSM reaction method at 

room temperature. Upon blue excitation (450 nm), the Li3Ba2Gd3 

(MoO4)8:0.07 Pr3+ phosphor showed strong red emission at 645 nm. The 

optimum doping concentration of Pr3+ content in Li3Ba2Gd3(MoO4)8 is 

observed to be 7mol%. Upon near-UV excitation (404 nm), the Li3Ba2Gd3 

(MoO4)8:0.07Sm3+ phosphor showed intense red emission lines at 605 nm. 

The optimum doping concentration of Sm3+ content in Li3Ba2Gd3(MoO4)8 is 

found to be 8mol%. The red emission intensity of Li3Ba2Gd3(MoO4)8:0.07Pr3+ 

and Li3Ba2Gd3 (MoO4)8:0.07Sm3+ phosphors are much comparable with that 

of conventional Y2O2S:Eu3+ red phosphor. All the above results suggest that 

Li3Ba2Gd3(MoO4)8:0.07Pr3+ and Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors are 

found to be appropriate red emitting phosphors in near-UV / blue light GaN 

based White LEDs.  
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    10 CONCLUSION  

The summary of the results of the present study and conclusion drawn 

are presented below. 

Trivalent rare earth cation (RE3+) activated various molybdate and 

tungstate based phosphor particles were prepared by mechanochemically 

assisted SSM reaction at room temperature for the first time. A remarkable 

enhancement of luminescence in the characteristics emission spectra of RE3+ 

(RE3+ = Eu3+, Tb3+, Pr3+ and Sm3+) cations were observed while compared 

with conventional red and green emitting phosphors. 

Doping concentration for CaMoO4:Eu3+ and Li3Ba2Gd3(MoO4)8:Eu3+  

was optimized at 8 mol% and 8 mol%. The results from CaMoO4:Eu3+ and 

Li3Ba2Gd3(MoO4)8:Eu3+  phosphor materials have been interpreted. An 

intense absorption and excitation band in the UV-blue range (370 - 450 nm) 

points out that these materials are promising conversion phosphors for white 

light LEDs. The red emission intensity of CaMoO4:Eu3+ and Li3Ba2Gd3 

(MoO4)8:Eu3+ is 4.7 and 3.2 times stronger than the commercial red emitting 

Y2O2S:Eu3+phosphor. 

The green emission arising from the 5D4 → 7Fj (j = 6, 5, 4, 3) transitions 

are predominant in the spectra for the 8 mol% Tb3+ activated CaMoO4, AWO4 

[A=Ca, Sr]) and Li3Ba2Gd3(MoO4)8 phosphors. The green emission intensity 

of Tb3+ activated AWO4 [A=Ca, Sr]) and Li3Ba2Gd3-x(MoO4)8 phosphors are 

1.5,1.2 and 1.4 times greater than that of the commercial LaPO4:Ce,Tb green 

phosphor. The results demonstrate that green emitting CaMoO4, AWO4 [A = 

Ca,Sr]) and Li3Ba2Gd3-x(MoO4)8 phosphors have high potential for fluorescent 

applications. 

The PL emission spectra of Li3Ba2Gd3(MoO4)8:Pr3+ and Li3Ba2Gd3 

(MoO4)8:Sm3+ phosphors exhibit an intense peak at 645 nm (red) which 

corresponds to 3P0 → 3F2 transition of Pr3+ and  at 604 nm (red) which 

corresponds to4G5/2 → 6H7/2 transition of Sm3+. The optimal doping 

concentration of Pr3+ doped Li3Ba2Gd3(MoO4)8 was measured to be 0.07 mol 

and that for Sm3+ doped Li3Ba2Gd3(MoO4)8 was 0.07 mol. The results points 
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out that Li3Ba2Gd3(MoO4)8 :Pr3+ / Sm3+ are highly promising class of phosphor 

materials for being used in white light LEDs. 

In short, various molybdate and tungstate based high quality phosphor 

materials were successfully prepared by a novel SSM reaction route at room 

temperature for the first time. With respect to their excitation and emission 

characteristics, it is observed that the prepared materials could be used as 

red and green emitting phosphors for White-LED and fluorescent lamp 

applications. 
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  11 SCOPE FOR THE FURTHER WORK 

 

Due to plentiful advantages (such as high efficiency, less power 

consumption and long operating lifetime) over conventional lamps, Tri color 

phosphor based devices are regarded as suitable light sources for indoor and 

outdoor applications. Remarkable progress has been accomplished in the last 

years in terms of enhanced energy conversion efficiency and emission color 

quality of phosphors synthesised by novel routes.  

Many research issues can be carried out from the result of this work. 

Some of the key research directions are described below. 

It is proposed that further work needs to be carried out for the 

development of molybdates and tungstates based phosphors doped with 

lanthanide ions like Nd3+, Ce3+, Er3+
 and Eu2+

 to study and improve the 

properties of materials for different lighting and opto electronics applications. 

Materials may be prepared for different composition of dopants and 

co-dopants (sensitizers) by this room temperature synthesis method and 

could be characterized to study the effect of optical properties of materials by 

varying composition of dopants and co-dopants. 

 Since, controlled structure nanomaterials have played important 

roles in the advancement of lighting applications. It would be interesting to 

investigate the morphological and optical properties of phosphors prepared by 

using surfactants (Example: Oleic acid, etc.,). Promising results would have 

been discussed in terms of nanostructure assembly, micro/nano-environment 

and surface functionalities of phosphor materials.  
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