
       TABLE OF CONTENT 

 

List of Figure                                                                                                             i-vi 

List of Table                                                                                                         vii-viii 

Chapter-1     Introduction                                                                     1-20 

1.1.                    Introduction                                                                                            2 

1.2.                    Basic of Luminescence                                                                          2 

1.3.                    Literature Review                                                                                  7 

1.3.1.                 Basic of Inorganic Phosphates                                                              7 

1.3.2.                 Luminescence of Inorganic Pyrophosphates                                         9 

1.4.                    Objective of Thesis                                                                                11 

1.5.                    Thesis Layout                                                                                      12 

References                                                                                                                    13 
 
 

Chapter-2     Experimental Method                                                 21-40 

2.1.                    Introduction                                                                                         22 

2.2.                    Combustion Synthesis Method                                                             22 

2.2.1.                 Overview                                                                                             22 

2.2.2.                 Principle                                                                                              24 

2.2.3.                 Control Parameters of Combustion                                                     24 

2.2.3.1.              Precursor Use as Oxidants                                                                   25 

2.2.3.2.             Fuel                                                                                                     25 

2.2.3.3.           Composition of Precursor and Fuel-oxidant Ratio               26 

2.2.3.4.             Oxidant-Fuel Ratio                                                                             27 

2.2.3.5.             Atmosphere                                                                                        28 

2.2.3.6.              Nature of Flam of Combustion                                                           28 

2.2.3.7.            Temperatures Variation in Combustion                                    29 

2.2.3.8.             Gas Generation                                                                                   30 

2.2.4.                 Scope of Combustion Synthesis                                                         30 

2.3.                    Materials and Sample Preparation Method                                        31 

2.4.                    Rare Earth Doped Strontium Pyrophosphate                                      33 

2.4.1.                 Sr2P2O7: Ce3+                                                                                                                                 
33 

2.4.2.                 Sr2P2O7: Eu3+                                                                                                                                 
33 

2.4.3.                 Sr2P2O7: Tb3+                                                                                                                                 
34 

2.4.4.                 Sr2P2O7: Dy3+                                                                                                                                
34 

2.4.5.                 Sr2P2O7: Er3+                                                                                                                                  
34



 

2.4.6.                 Sr2P2O7: Gd3+                                                                                                                           
34 

2.5.                    Rare Earth Co-Doped Strontium Pyrophosphate                                 34 

2.5.1.                 Sr2P2O7: Ce3+, RE3+                                                                                                            
34 

References                                                                                                                     35 
 
 

Chapter-3     Structural Characterization                                         41-78 

3.1.                    Instrumentation                                                                                    42 

3.1.1.                 X-ray diffraction                                                                             42 

3.1.1.1.              Basic Information                                                               42 

3.1.1.2.              Principle                                                                              42 

3.1.1.3.              Instrumentation used for x-ray diffraction                          43 

3.1.1.4.              Uses of XRD                                                                       44 

3.1.2.                 Fourier Transform Infrared Spectroscopy                                      44 

3.1.2.1.              Basic Information                                                               44 

3.1.2.2.              Principle                                                                              44 

3.1.2.3.              Instrument Used for FTIR                                                  45 

3.1.2.4.              Uses of FTIR                                                                      46 

3.1.3.                 Scanning Electron Microscopy (SEM)                                         46 

3.1.3.1.              Basis Information                                                               46 

3.1.3.2.              Principle                                                                             46 

3.1.3.3.              Instrument Used for SEM                                                  47 

3.1.3.4.              Uses of SEM                                                                      47 

3.2.                    Structural Characterization                                                                 48 

3.2.1.                 X-ray Diffraction                                                                           48 

3.2.1.1.              Sr2P2O7: RE (RE = Ce3+, Eu3+, Tb3+, Dy3+, Er3+, Gd3+)    48 

3.2.1.2    Sr2P2O7: Ce3+, RE (RE = Eu3+, Tb3+, Dy3+, Er3+, Gd3+,    

                          Sm3+, Nd3+)               63
3+                                  

 
3.2.2.                 Fourier Transform Infrared Spectroscopy                                     66 

3.2.2.1.              Sr2P2O7: RE (RE = Ce3+, Eu3+, Tb3+, Dy3+, Er3+, Gd3+)    66 

3.2.2.1    Sr2P2O7: Ce3+, RE (RE = Eu3+, Tb3+, Dy3+, Er3+, Gd3+,    

                          Sm3+)                   70 
3+                                   3+          3+

 
3+         3+          

3.2.3.                 SEM                                                                                               71 

3.2.3.1.              Sr2P2O7: Ce3+                                                                                                        
71 

3.2.3.2.              Sr2P2O7: Eu3+                                                                                                        
72 

3.2.3.3.              Sr2P2O7: Tb3+                                                                                                        
73 

References                                                                                                                     74



 

Chapter-4    Photoluminescence of Strontium 

Pyrophosphate                                                            79-132 

4.1.                    Introduction                                                                                       80 

4.2.                    Photoluminescence                                                                            80 

4.2.1.                 Overview                                                                            80 

4.2.2.                 Principle                                                                                       80 

4.2.3.                 Photoluminescence Mechanism                                                   81 

4.2.3.1.              Absorption and Excitation                                                83 

4.2.3.2.              Emission                                                                           84 

4.2.4.                 Instrumentation of Photo-spectrometer                                        84 

4.2.5.                 Applications                                                                                  85 

4.2.5.1.              Light Emitting Diode (LED)                                             85 

4.2.5.2.              Fluorescence Lamp                                                           86 

4.2.5.3.              Scintillator                                                                         87 

4.2.5.4.              Up-conversion Phosphor                                                   87 

4.3.                    Rare Earth Doped Strontium Pyrophosphate                                      89 

4.3.1.                 Sr2P2O7: Ce3+                                                                                                                          
89 

4.3.2.                 Sr2P2O7: Eu3+
                                                                                                                          95 

4.3.3.                 Sr2P2O7: Tb3+
                                                                                                                       104 

4.4.                    Rare Earth co-doped Strontium Pyrophosphate                                110 

4.4.1.                 Sr2P2O7: Ce3+, Eu3+                                                                                                         
111 

4.4.2.                 Sr2P2O7: Ce3+, Tb3+                                                                                                         
113 

4.4.3.                 Sr2P2O7: Ce3+, Dy3+                                                                                                        
115 

4.4.4.                 Sr2P2O7: Ce3+, Sm3+                                                                                                       
118 

4.4.5.                 Sr2P2O7: Ce3+, Er3+                                                                                                          
120 

4.4.6                  Sr2P2O7: Ce3+, Gd3+                                                                                                         
122 

References                                                                                                                  124 
 

 

Chapter-5    Thermoluminescence of Strontium 

Pyrophosphate                                                            133-195 

5.1.                    Introduction                                                                                        134 

5.2.                    Thermoluminescence                                                                         134 

5.2.1.                 Overview                                                                                      134 

5.2.2.                 Principle                                                                                        136



 

5.2.3.                 TL Mechanism                                                                              137 

5.2.4.                 Methods for TL parameter                                                            141 

5.2.4.1.              Initial Rise (IR) Method                                                   141 

5.2.4.2.              Whole Glow-Peak Method                                               142 

5.2.4.3.              Peak Shape Method                                                          143 

5.2.4.4.              Glow Curve Deconvolution (GCD) Method                    144 

5.2.5.                 Instrumentation                                                                             146 

5.2.6.                 Applications                                                                                  148 

5.2.6.1.              TL Dosimetry (TLD)                                                        149 

5.2.6.2.              Archaeological Science                                                    151 

5.2.6.3.              Geology                                                                            152 

5.3.                    Rare Earth Doped Strontium Pyrophosphate                                     152 

5.3.1.                 Sr2P2O7: Ce3+                                                                                                                        
153 

5.3.2.                 Sr2P2O7: Tb3+                                                                                                                        
161 

5.3.3.                 Sr2P2O7:  Eu3+                                                                                                                      
169 

5.3.4.                 Sr2P2O7:  Dy3+                                                                                                                     
180 

References                                                                                                                   188 
 
 

Chapter-6     Conclusion                                                                   196-200 
 
 

List of Publications                                                                                 201 


