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Background/Objectives:   
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                      glasses were designed for understanding the optical properties of the emission, such as absorption, lifetime, and quantum
                  efficiencies (QEs) of the glasses. Methods: The glasses were synthesized using the conventional melt-quenching technique at 11500C. The amorphous nature of the samples was confirmed by x-ray diffraction studies. Findings: The radiative QE (η) obtained from the radiative lifetime by Judd-Ofelt analysis, as well as directly measured lifetime using
                  a 582 nm were measured and compared with other reported literature. Novelty: The present work focuses on the replacement of fluorine ions to their alkali content and studied their stimulated emission
                  cross section. The stimulated emission cross-section shows σemi=25.3x10-21cm2 and σemi=18.5x10-21cm2 for oxide (R1) and oxy-fluoride glasses (F2) with 0.5mol% Nd203 content respectively. The stimulated emission cross section σemi=29.9x10-21cm2 and σemi=32.5x10-21cm2 for oxide (F1) and oxy-fluoride (A3) glasses with 1.0mol% Nd203 content respectively. The data clearly suggests that addition of higher fluorine content in the glasses are suitable for
                  NIR solid state device applications.
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               Introduction

            The use of Nd3+ glasses in the realm of technology has increased especially for applications involving photonic and solid-state devices.
               For lasers, amplifiers, etc., rare-earth ions-doped glass is more appropriate. Among all the rare-earth ions, Nd3+ finds in the field of infrared optical communication and laser due to their efficient infrared 4I9/2,11/2,13/2 with the emission at wavelengths around 946, 1064 and 1315 nm. The oxyfluoride glasses are found to have advantages of both
               oxide and fluoride glasses 1, 2. 
            

             In general, oxide glasses have good chemical resistance and stability, while fluoride glasses have very low phonon energies.
               However, when fluoride is replaced with oxygen, the structure and connectivity of the glass are affected, and as a result,
               they are better suited to working in the ultraviolet spectrum and as laser materials 3. 
            

             Among all glasses, borate glasses are being studied because of their very intriguing properties that change with variations
               in the cation modifier content and its size with these variations being well related to glass structure modification. These
               glasses also have good solubility and high transparency, act as a dopant host and are responsible for the intrinsic emission,
               and can be used in a variety of applications, including lasers and solid-state lighting, etc 4, 5.
            

             M. Djmal et.at (2020), have investigated Nd3+ ion doped Zn-Al-Ba borate oxide glasses and reported that their glasses are
               applicable for NIR emitting devices 6. In present work instead of oxide, the addition of fluoride which enhances luminescence properties.
            

             Mauricio Rodriguez Chilanza, et. al (2021), had investigated oxy-fluoroborate glasses doped with Nd3+ and their results shows their glasses are applicable for thermoluminescence 4. 
            

             P. Rekha rani,et.al (2020), had investigated B2O3-BaF2-PbF2-Al2O3 glasses. They have shown quantum efficiency is 16% for BaPbAlFBNd2.5 glass 7. In our cases we investigated quantum efficiency observed 22 to 47%. its more supportive to NIR- solid state device applications
               at 1.06µm.
            

         

         
               
                
               Methodology
               
            

             The glass sample with composition of  
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            Where X=0.5, and 1.0, (coded as CaAlBBaFNaNd0.5), (coded as CaAlBBaFNaNd1.0), 23CaO; 10Al2O3; (51-X) 
            

            B2O3; 6BaF; 10NaF; XNd2O3 where X=0.5, (coded as CaAlBBaFNaFNd0.5), 23CaO; 10Al2O3; (51-X) B2O3; 6BaO; 
            

            10NaF; XNd2O3 where X=1.0(coded as CaAlBBaNaFNd1.0) mol% concentrations prepared by conventional melt quenching technique. The oxide chemicals
               with the high purity of CaCO3, Al2O3, H3BO3, BaCO3, Na2CO3, BaF2, NaF and Nd2O3 were well mixed on pestle mortar and grind to fine powder till, it obtained a homogeneous mixture and weighed to 15 grams,
               a porcelain crucible with well grinded oxides was used to place the uniform mixture in electrical muffle furnace. Density
               (ρ) measurements on glass samples were performed using the Archimedes technique using toluene as the immersion solvent. The
               prepared mixture was then heated at 11500 C for 3hours, the homogeneous oxides melt remained and then swifty dispensed into stainless steel block that had been pre
               - heated, and it was quenched to create uniform thick glass samples. To reduce thermal stress, the glass underwent an entire
               day of annealing at 5500C before being allowed to cool gradually to ambient temperature. The powdered approach was utilized to capture the X-ray diffraction
               pattern of glass samples. Cuk, with a wavelength of 1.54 nm, was employed as a source in the Diffractometer. The acquired glass sample were shaped for
               characterization. by being cut and polished. Using Perkin Elmer lambda 950 UV/VIS/NIR spectrophotometer, the optical absorption
               spectra of present glass were measured in UV/VIS/NIR region of 250-2500nm. The photoluminescence spectra were recorded using
               near-infrared spectrophotometers (Quanta Master (QM)-300, PTI-Horiba) using Xenon as a source.
            

         

         
               
                
               Result and Discussion
               
            

            
                  3.1 Physical properties

               
                     
                     Table 1

                     Physical properties of Nd2O3 concentration doped in barium oxide and oxy-fluoride borate glasses.
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Optical Properties

                              
                           
                           	
                                 
                              
                               One oxygen and one fluoride Glasses

                              
                           
                           	
                                 
                              
                               Two fluoride Glasses

                              
                           
                        

                        
                              	
                                 
                              
                               BCaAlNaOBafNd0.5 (F1)

                              
                           
                           	
                                 
                              
                               BCaAlNafBaONd1.0 (R1)

                              
                           
                           	
                                 
                              
                               BCaAlNafBafNd0.5 (A3)

                              
                           
                           	
                                 
                              
                               BCaAlNafBafNd1.0 (F2)

                              
                           
                        

                        
                              	
                                 
                              
                               Density (g/cm3)
                              

                              
                           
                           	
                                 
                              
                               2.8914

                              
                           
                           	
                                 
                              
                               2.9019

                              
                           
                           	
                                 
                              
                               2.7946

                              
                           
                           	
                                 
                              
                               2.7484

                              
                           
                        

                        
                              	
                                 
                              
                               Molar Volume

                              
                           
                           	
                                 
                              
                               26.511

                              
                           
                           	
                                 
                              
                               25.732

                              
                           
                           	
                                 
                              
                               26.714

                              
                           
                           	
                                 
                              
                               28.376

                              
                           
                        

                        
                              	
                                 
                              
                               Refractive Index (n)

                              
                           
                           	
                                 
                              
                               1.56

                              
                           
                           	
                                 
                              
                               1.57

                              
                           
                           	
                                 
                              
                               1.57

                              
                           
                           	
                                 
                              
                               1.56

                              
                           
                        

                        
                              	
                                 
                              
                               Dielectric constant(ℇ)

                              
                           
                           	
                                 
                              
                               2.4336

                              
                           
                           	
                                 
                              
                               2.4336

                              
                           
                           	
                                 
                              
                               2.4649

                              
                           
                           	
                                 
                              
                               2.4649

                              
                           
                        

                        
                              	
                                 
                              
                               Optical Thickness

                              
                           
                           	
                                 
                              
                               0.400

                              
                           
                           	
                                 
                              
                               0.412

                              
                           
                           	
                                 
                              
                               0.423

                              
                           
                           	
                                 
                              
                               0.377

                              
                           
                        

                        
                              	
                                 
                              
                               Polaron radius Rp (Å)
                              

                              
                           
                           	
                                 
                              
                               3.915

                              
                           
                           	
                                 
                              
                               3.104

                              
                           
                           	
                                 
                              
                               3.959

                              
                           
                           	
                                 
                              
                               3.161

                              
                           
                        

                        
                              	
                                 
                              
                               Inter-ionic radii Ri (Å)
                              

                              
                           
                           	
                                 
                              
                               9.534

                              
                           
                           	
                                 
                              
                               7.558

                              
                           
                           	
                                 
                              
                               9.643

                              
                           
                           	
                                 
                              
                               7.696

                              
                           
                        

                        
                              	
                                 
                              
                               Field strength (×1020)
                              

                              
                           
                           	
                                 
                              
                               10.00

                              
                           
                           	
                                 
                              
                               15.91

                              
                           
                           	
                                 
                              
                               9.779

                              
                           
                           	
                                 
                              
                               15.34

                              
                           
                        

                     
                  

               

               
                     3.1.1 Analysis of physical properties (mass density, molar volume Vm and dielectric constant)

                  The mass density of glass samples has been listed in Table  1 along with the physical properties of 
                  

                  Neodymium doped Calcium Aluminum Barium Sodium Barium Fluoride Sodium Fluoride–Borate glasses. From the results, it’s found
                     that mass density and Vm rises from 2.25414(gm/kg3) to 2.90193(gm/kg3) and 25.7306(Cm3/mol) to 40.7787(gm/kg3) in accordance with the increase in mol concentration of Nd2O3 compositions. In The glass sample Nd2O3 concentration rises at the expense of B2O3 concentration. The increase molar weight of Nd2O3(336.48g/mol) which is greater than the molecular weight of the constituents in the glass samples accounts for the rise in
                     glass density as (molecular weight of CaO, Al2O3, B2O3, BaO, Na2O, BaF2 and NaF are 56.08, 101.96, 69.6203, 153.33, 61.9789, 175.34, 41.998 g/mol respectively). Therefore, the glass network turns
                     denser when Nd3+ions are exchange internally along by B2O3. Whereas F1 glass show lower density and higher volume compared with other glasses suggesting a greater number of nonbridging
                     oxygen’s in the glass. The creation of non-bridging oxygen (NBO) and the expansion of CaAlBaNaBaFNaF borate glass network
                     may be the causes of the rise in molar volume in the glass sample. The dielectric constant is somewhat increased by increasing
                     the Nd2O3 content in the glass samples 8, 9.
                  

               

               
                     3.1.2 X-Ray Diffraction Studies

                   Figure  1  depicts the X-ray diffraction profiles of all the prepared glass samples doped with Nd3+ ions in present work. For all of the samples, the diffracted intensity was measured for the angular distribution of scattered
                     x-ray energy between 100 and 1000. Broad humps in the recorded XRD pattern plainly indicate that all of the manufactured Nd3+ doped glass samples are amorphous in nature 10.
                  

                  

                  

                  
                        
                        Figure 1

                        X-Ray diffraction pattern of prepared glasses

                     
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/42298edd-8117-4651-bc69-a2b28ffc9394/image/b8b867f6-39ef-4f72-93c3-8d89dfcfa7f7-uimage.png]

                  

                  

               

               
                     3.1.3 Optical Absorption studies

                  The absorbance studies of 23CaO; 10Al2O3; (51- X) B2O3; 6BaF2; 10Na2O; XNd2O3 where, X=0.5, and 1.0, 23CaO; 10Al2O3; 
                  

                  (51&#8209;X) B2O3; 6BaF; 10NaF; XNd2O3 where X=0.5, and 23CaO; 10Al2O3; (51-X) B2O3; 6BaO; 10NaF; XNd2O3 1.0, glass doped with various concentrations of Nd2O3. The Uv- visible NIR absorption spectrum of prepared glasses. The wavelength range of 400-900 nm, recorded at room temperature,
                     is displayed in Figure  2. This absorption spectrum has 10 absorption bands and provides details on the non-crystalline material's band location, energy
                     gap, and induced transitions. Centre around 430, 475, 511, 524, 583, 626, 681, 746 ,803 and 875 nm which corresponding to electronic transitions state of (2P1/2+2D5/2) , (2D3/2+2G9/2+2K15/2), 4G9/2,4G7/2, 4G5/2+2G7/2), 2H11/2,4F9/2 (4S3/2+4F7/2) 
                  

                  (4F5/2+2H9/2) and 
                  

                  4F3/2 respectively of Nd3+ ions in the glass
                  

                   matrix. Electronic transition at 4G5/2 + 2G7/2 has highest intensityin the prepared glass samples at
                  

                   626nm NIR region 11.
                  

                  

                  
                        
                        Figure 2

                        UV–Vis–NIR absorbance of BCaAlNaBaNd glasses

                     
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/42298edd-8117-4651-bc69-a2b28ffc9394/image/10382f7f-218b-413e-8f6e-35d5507da6e9-uimage.png]

                  

                  

               

            

            
                  3.4 Luminescence studies

               
                     3.4.1 Photo-Emission spectra

                  
                        
                        Figure 3

                        Photoluminescence Spectra of Emission ofBCaAlNaBaNd glasses
                        

                     
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/84ded108-d187-4df9-a9a3-3afe64946fbbimage3.png]

                   Figure  3   demonstrates the NIR emission spectra of BCaAlNaBaNd glasses stimulated with a 582nm laser diode and doped with various
                     Nd3+ ion concentrations within the spectral range of 800nm to 1500nm. The spectra reveal three intense emission bands centered
                     at 891, 1070 and 1335nm corresponding to the 4F3/2→4I9/2, 4F3/2→4I11/2, 4F3/2→4I13/2, emission transitions respectively. There may be a transition with a higher intensity than the other two in the entire emission
                     band at 1069nm that corresponds to the 4F3/2→4I11/2 transition. It has been noted that as the concentration of neodymium ions increases, the emission intensity of the 4F3/2→4I11/2 transition increases up to 0.5 mol% Nd2O3 and thereafter decreases. The concentration quenching effect may be to blame for this 12, 13. The emission intensity of oxyfluoride glasses is higher than that of oxide glasses. The lower phonon energy of oxyfluoride
                     glasses is likely to be responsible for the observed discrepancy between emission intensity. Since oxyfluoride glasses have
                     better radiative emission characteristics than oxide glasses because their phonon energy is higher 14.
                  

               

               
                     3.4.2 Judd-Ofelt Analysis

                  The J-O parameters clarify the glass network's structural characteristics, such as the type of bonding and rigidity. The table
                     2 displays the glass's BCaAlNaBaNd J-O measurements. As well as values for various other Nd3+ ion-doped CaAlBBaNaBaFNaF glasses that have been published in the literature. The J-O parameters are obtained for BCaAlNaBaNd
                     glass are following the trends Ω2>Ω6>Ω4 and Ω4>Ω6>Ω2. Higher values of Ω2 indicate non-symmetry in the crystal fields surrounding the location of Nd3+ ions as well as greater O-Nd covalency. table 3 reveals that the CaAlBBaNaBaFNaF (present) glass has greater Ω2 values than some other host glasses. That shows more asymmetry of crystal field around Nd3+ ions in present glasses when compared with other glasses 7, 15, 16. Through absorption spectrum, experimental oscillator strengths (fexp) of the f-f transitions of were found and are used in the work of J-O theory, in the current glasses the Ω2parameter has the greater value compare to Ω2 and Ω6the emission intensity through the 4F3/2 level of Nd3+ions can be unique characterized, Ω4 and Ω6intensity parameters are spectroscopic quality factors. The current oxyfluoride glasses have higher values of Ω2 than most of the glasses in table 3 and exhibit higher covalency of Nd-O bonds and greater site asymmetry of structure around
                     Nd3+ ions. In a similar manner, Ω4, Ω6 are related to the bulk properties of glasses 14.
                  

                  
                        
                        Table 2

                        Assignmentof absorption peaks of Nd3+ ions and their line strengths (×10-6) and JO parameters (Ωλ  where λ=2,4,6) glasses
                        

                     

                     
                           
                              
                                 	
                                    
                                 
                                  Transition 4I9/2

                                 
                              
                              	
                                    
                                 
                                  Level 

                                 
                              
                              	
                                    
                                 
                                  A3

                                 
                              
                              	
                                    
                                 
                                  R1

                                 
                              
                              	
                                    
                                 
                                  F1

                                 
                              
                              	
                                    
                                 
                                  F2

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  (λ)

                                 
                              
                              	
                                    
                                 
                                  (cm-1)

                                 
                              
                              	
                                    
                                 
                                  fexp

                                 
                              
                              	
                                    
                                 
                                  fcal

                                 
                              
                              	
                                    
                                 
                                  fexp

                                 
                              
                              	
                                    
                                 
                                  fcal

                                 
                              
                              	
                                    
                                 
                                  fexp

                                 
                              
                              	
                                    
                                 
                                  fcal

                                 
                              
                              	
                                    
                                 
                                  fexp

                                 
                              
                              	
                                    
                                 
                                  fcal

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4F3/2

                                 
                              
                              	
                                    
                                 
                                  854

                                 
                              
                              	
                                    
                                 
                                  11709

                                 
                              
                              	
                                    
                                 
                                  4.69

                                 
                              
                              	
                                    
                                 
                                  4.57

                                 
                              
                              	
                                    
                                 
                                  5.50

                                 
                              
                              	
                                    
                                 
                                  4.31

                                 
                              
                              	
                                    
                                 
                                  6.44

                                 
                              
                              	
                                    
                                 
                                  5.02

                                 
                              
                              	
                                    
                                 
                                  3.78

                                 
                              
                              	
                                    
                                 
                                  3.58

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4F5/2, 2H9/2

                                 
                              
                              	
                                    
                                 
                                  801

                                 
                              
                              	
                                    
                                 
                                  12484

                                 
                              
                              	
                                    
                                 
                                  10.3

                                 
                              
                              	
                                    
                                 
                                  9.80

                                 
                              
                              	
                                    
                                 
                                  7.20

                                 
                              
                              	
                                    
                                 
                                  2.28

                                 
                              
                              	
                                    
                                 
                                  8.89

                                 
                              
                              	
                                    
                                 
                                  9.33

                                 
                              
                              	
                                    
                                 
                                  6.14

                                 
                              
                              	
                                    
                                 
                                  6.52

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4F7/2, 4S3/2

                                 
                              
                              	
                                    
                                 
                                  745

                                 
                              
                              	
                                    
                                 
                                  13422

                                 
                              
                              	
                                    
                                 
                                  10.6

                                 
                              
                              	
                                    
                                 
                                  10.9

                                 
                              
                              	
                                    
                                 
                                  7.95

                                 
                              
                              	
                                    
                                 
                                  7.60

                                 
                              
                              	
                                    
                                 
                                  9.33

                                 
                              
                              	
                                    
                                 
                                  9.13

                                 
                              
                              	
                                    
                                 
                                  6.45

                                 
                              
                              	
                                    
                                 
                                  6.24

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4F9/2

                                 
                              
                              	
                                    
                                 
                                  679

                                 
                              
                              	
                                    
                                 
                                  14727

                                 
                              
                              	
                                    
                                 
                                  0.31

                                 
                              
                              	
                                    
                                 
                                  0.87

                                 
                              
                              	
                                    
                                 
                                  0.41

                                 
                              
                              	
                                    
                                 
                                  0.64

                                 
                              
                              	
                                    
                                 
                                  052

                                 
                              
                              	
                                    
                                 
                                  0.77

                                 
                              
                              	
                                    
                                 
                                  0.29

                                 
                              
                              	
                                    
                                 
                                  0.53

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  2H11/2

                                 
                              
                              	
                                    
                                 
                                  624

                                 
                              
                              	
                                    
                                 
                                  16025

                                 
                              
                              	
                                    
                                 
                                  0.23

                                 
                              
                              	
                                    
                                 
                                  0.24

                                 
                              
                              	
                                    
                                 
                                  0.32

                                 
                              
                              	
                                    
                                 
                                  0.18

                                 
                              
                              	
                                    
                                 
                                  0.48

                                 
                              
                              	
                                    
                                 
                                  0.21

                                 
                              
                              	
                                    
                                 
                                  0.24

                                 
                              
                              	
                                    
                                 
                                  0.15

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4G5/2, 2G7/2

                                 
                              
                              	
                                    
                                 
                                  581

                                 
                              
                              	
                                    
                                 
                                  17211

                                 
                              
                              	
                                    
                                 
                                  23.7

                                 
                              
                              	
                                    
                                 
                                  23.8

                                 
                              
                              	
                                    
                                 
                                  16.1

                                 
                              
                              	
                                    
                                 
                                  16.2

                                 
                              
                              	
                                    
                                 
                                  19.6

                                 
                              
                              	
                                    
                                 
                                  19.6

                                 
                              
                              	
                                    
                                 
                                  13.2

                                 
                              
                              	
                                    
                                 
                                  13.2

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4G7/2, 4G9/2

                                 
                              
                              	
                                    
                                 
                                  523

                                 
                              
                              	
                                    
                                 
                                  19120

                                 
                              
                              	
                                    
                                 
                                  7.18

                                 
                              
                              	
                                    
                                 
                                  5.80

                                 
                              
                              	
                                    
                                 
                                  6.41

                                 
                              
                              	
                                    
                                 
                                  4.99

                                 
                              
                              	
                                    
                                 
                                  6.43

                                 
                              
                              	
                                    
                                 
                                  5.86

                                 
                              
                              	
                                    
                                 
                                  5.02

                                 
                              
                              	
                                    
                                 
                                  4.13

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  2G9/2, 2D3/2, 2K15/2

                                 
                              
                              	
                                    
                                 
                                  510

                                 
                              
                              	
                                    
                                 
                                  19607

                                 
                              
                              	
                                    
                                 
                                  0.53

                                 
                              
                              	
                                    
                                 
                                  0.73

                                 
                              
                              	
                                    
                                 
                                  0.52

                                 
                              
                              	
                                    
                                 
                                  0.45

                                 
                              
                              	
                                    
                                 
                                  0.79

                                 
                              
                              	
                                    
                                 
                                  0.55

                                 
                              
                              	
                                    
                                 
                                  0.40

                                 
                              
                              	
                                    
                                 
                                  0.37

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  

                                 
                              
                              	
                                    
                                 
                                  470

                                 
                              
                              	
                                    
                                 
                                  21276

                                 
                              
                              	
                                    
                                 
                                  1.57

                                 
                              
                              	
                                    
                                 
                                  1.75

                                 
                              
                              	
                                    
                                 
                                  1.73
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                        Table 3

                        Absorption peaks of Nd3+ ions and their line strengths (×10-6) and JO parameters (Ωλ where λ=2,4,6) glasses compared with other Nd3+ doped oxyfluoride glasses
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                                  17

                                 
                              
                           

                        
                     

                  

               

               
                     3.4.3 Radiative Properties

                  Calculations based on the absorption spectra were used to calculate the produced glass samples' radiative characteristics,
                     such as their radiative transition probabilities (Ar), stimulated emission cross-sections (σe), branching ratios (βexp, βcal), radiative lifetime (τrad), and quantum efficiency (η) are tabulated in table.4. The computed radiative parameters all accord with the values found
                     in the literature. The radiative emission spectra of all glasses are representing three emission bands correspondence to 4F3/2 → 4I9/2,4I11/2 and 4I13/2 transitions are appearing around 900, 1066 and 1334 nm, respectively. Among these three bands 4F3/2 → 4I9/2 (900nm) is noticed that the most intense and 4F3/2 → 4I11/2 (1334) nm is noticed that weak intensity compared to other glasses using the J-O theory and are tabulated in the table 4.
                     The findings of the 4F3/2 → 4I11/2 transitions show that the AR is 2160 s-1 and 2398 s-1 for 0.5 and 0.5 mol% of Nd2O3 content in oxide (F1) and oxyfluoride (A3) glass respectively. The βCal and βExp are 0.44 and 0.43 respectively. The stimulated
                     emission cross section σemi=29.9x10-21cm2 and σemi=32.5x10-21cm2 for oxide (F1) and oxy-fluoride (A3) glasses respectively. Similarly, for the 4F3/2 → 4I11/2 transitions show that AR is 1842 s-1 and 1500 s-1 1.0 and 1.0 mol% of Nd2O3 content in oxide (R1) oxyfluoride glasses (F2) respectively. The βCal are 0.43 and 0.43 respectively. The stimulated emission
                     cross-section shows σemi=25.3x10-21cm2 and σemi=18.5x10-21cm2 for in oxide (R1) and oxy-fluoride glasses (F2) respectively. It is found that the oxy-fluoride glasses show higher stimulated
                     emission cross section than compared to oxide glasses. When alkali ion oxygen is replaced by fluorine ion, they show more
                     stimulated emission than compared to their oxygen counterpart. The quenching of emission intensity was not observed in the
                     present case, the quenching can be observed due to energy transfer process through cross relaxation process 17, 18. Present samples retain their higher values of radiative properties for 4F3/2→4I11/2 transitions. One important factor that significantly influences lasing materials is the rate of energy extraction from a
                     material, and the stimulated emission cross-section is a key measure for figuring out the rate of energy extraction. High
                     optical gain materials require greater emission cross sections. Similar to this, the branching ratio is a crucial factor in
                     determining if a certain transition has the potential for stimulated emission; it must be greater than 50% to be regarded
                     suitable for laser applications. In our work the calculated values are more than 50% for 4F3/2→4I11/2 transition, hence the laser action is possible from 4F3/2→4I11/2 transition. table 5 show that oxyfluoride glasses exhibit greater values than oxide glasses at 1.6μm emission when compared
                     among the samples and other reported literatures. As a result, the oxyfluoride glasses made in this work exhibit enhanced
                     radiative characteristics and are therefore likely to be employed as a laser gain medium 7.
                  

                  
                        
                        Table 4

                        Includes the following information: the emission band position (λp,nm), the stimulated emission cross-section (σemi ×1021 cm2), the radiative transition probability (Ar, s-1), the calculated and experimental branching ratio (βcal and βexp), radiative and experimental lifetime (τ in µs), and Quantum efficiency (η=τexp/ τrad (%)).
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                        Radiative properties of current glasses and compared with other Nd3+doped glasses.
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                        Experimental lifetime (τ in µs), and Quantum efficiency (η=τexp/ τrad (%)) of current glasses and  compared with other Nd3+doped glasses
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                     3.2.4 Life time analysis

                  Experimental life times (τexp) is found to be 47, 33, 28 and 22µs for CaAlBNaBaFNd0.5CaAlBNaBaFNd1.0, CaAlBNaFBaFNd0.5 CaAlBNaFBaNd1.0, respectively. As
                     a result of cross relaxation from 4F3/2+4I9/2 to 4I15/2+4I15/2, which is what reduces the life periods of 4F3/2 level Nd3+ions in the present glasses, energy is transferred from excited Nd3+ ions to ground state Nd3+ ions. As a result, the experimental life times (τexp) are decreased with increasing Nd2O3 concentration due to host defects in the glass structure Because of the high phonon energy of borate glass, it is found that
                     all present glasses have radiative life times (τrad) that are longer than experimental life times (τexp). The ratio of experimental life times to radiative life times (τexp/τrad) is used to determine the quantum efficiency of the current glasses. As stated in table 6, BCaAlNaBaNd glasses have a quantum
                     efficiency between 22% and 47%. The low efficiency of BCaAlNaBaNd glasses suggests that the borate glasses have more non-radiative
                     transitional processes 21.
                  

               

            

         

         
               Conclusions

            The glasses were synthesized with different variation of oxygen and fluorine content in the stoichiometry ratio. The oxide
               content glasses show more density that compared to fluorine content glasses. Judd-Ofelt analysis were employed to evaluate
               the JO parameters and follows the trends Ω2>Ω6>Ω4 and Ω4>Ω6>Ω2. It was found that higher intensity peak 1.06µm for higher
               fluorine content than compared to oxygen content. It was also, noted that the oxy-fluoride glasses show higher stimulated
               emission cross section than compared to oxide glasses. The present glasses show quantum efficiency around 22 to 47%. The data
               clearly suggests that addition of higher fluorine content in the glasses are suitable for NIR solid state device applications.
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