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Abstract 
Glass of the system:(30-x)P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3: 10Y2O3: x Nd2O3. (where x=1, 

1.5,2 mol %) have been prepared by melt-quenching method. (where x=1,1.5 and 2 mol%) have been prepared 

by  melt-quenching technique.  The amorphous nature of the prepared glass samples was confirmed by X-ray 

diffraction. Optical absorption, Excitation, fluorescence and Raman spectra have been recorded at room 

temperature for all glass samples. Judd-Ofelt intensity parameters Ωλ (λ=2, 4 and 6) are evaluated from the 

intensities of various absorption bands of optical absorption spectra. Using these intensity parameters various 

radiative properties like spontaneous emission probability, branching ratio, radiative life time and stimulated 

emission cross–section of various emission lines have been evaluated.  
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I. Introduction 
The rare earth doped glasses are the promising candidates for the advanced technological applications 

including the optoelectronic devices, up-converters, optical amplifications. Amongst many other glasses the 

phosphate glasses find many applications in optical data storage, high energy particle detector, solid state ionic 

devices, white LEDs, optical waveguide and optical telecommunications [1-5].Phosphate glasses are very well 

known for their suitable physical, optical and chemical properties, good thermal stability and excellent 

mechanical properties phosphate glasses. Phosphate glasses act as good hosts for large concentrations of doping 

rare earth ions with good homogeneity [6-8]. These glasses possess high refractive index, density, good 

photothermal properties and low phonon phonon losses. 

Phosphate glasses  have has become the most prominent choice as host materials due to its high rare 

earth solubility, high color purity of the emitting light, high quantum efficiency, long life-time of metastable 

state and low non-linear refractive index. The addition of oxide such as ZnO,Li2O and BaO are used for 

improves the chemical durability of phosphate glasses. The presence of Al2O3 in host matrix enhances the 

mechanical strength and increase the devitrification [9-11]. Recently Nd3+ ions doped glasses found important in 

the area of wave guide laser, laser action and Telecommunications optical fibers [12-16]. 

I have studied on the Optical absorption, Excitation, Fluorescence and Raman spectra of Nd3+ doped 

ytterbium zinc lithium sodium barium calcium aluminophosphate. The intensities of the transitions for the rare 

earth ions have been estimated successfully using the Judd-Ofelt theory. The laser parameters such as radiative 

probabilities (A), branching ratio (βR), radiative life time (τR) and stimulated emission cross section(σp) are 

evaluated using J.O. intensity parameters ( Ωλ, λ=2,4 and 6). 

   

II. Experimental Techniques 
 Preparation of glasses 
The following Nd3+ doped aluminophosphate glass samples :(30-

x)P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3: 10Y2O3:xNd2O3. (where x =1, 1.5, 2) have been 

prepared by melt-quenching method. Analytical reagent grade chemical used in the present study consist of 

P2O5, ZnO, Li2O, Na2O, BaO, CaO,Al2O3,Y2O3 and Nd2O3. They were thoroughly mixed by using an agate 

pestle mortar. Then melted at 1075˚C by an electrical muffle furnace for 2 hours. After complete melting, the 

melts were quickly poured in to a preheated stainless steel mould and annealed at temperature of 350˚C for 2 h 

to remove thermal strains and stresses. Every time fine powder of cerium oxide was used for polishing the 

samples. The glass samples so prepared were of good optical quality and were transparent. The chemical 

compositions of the glasses with the name of samples are summarized in Table 1. 
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                                                                 Table1. 

 

                Sample                                          Glass composition (mol %) 

 

YZLSBCAP (UD)         30P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3:10Y2O3 

YZLSBCAP (ND1)       29P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3:10Y2O3:1Nd2O3 

YZLSBCAP (ND1.5)    28.5P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3:10Y2O3:1.5Nd2O3 

YZLSBCAP (ND2)       28P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3:10Y2O3: 2Nd2O3 

               

                                                  

YZLSBCAP (UD) - Represents undoped Ytterbium Zinc Lithium Sodium Barium Calcium Aluminophosphate 

specimens. 

YZLSBCAP (ND) - Represents Nd3+ doped Ytterbium Zinc Lithium Sodium Barium Calcium 

Aluminophosphate   glass specimens. 

                                                               

III. Theory 
3.1 Oscillator Strength 
The intensity of spectral lines is expressed in terms of oscillator strengths using the relation [17].  

 

                                              fexpt. = 4.318 ×10-9∫ε (ν) d ν                                          (1)  

 

where, ε (ν) is molar absorption coefficient at a given energy ν (cm-1), to be evaluated from Beer–Lambert law.  

Under Gaussian Approximation, using Beer–Lambert law, the observed oscillator strengths of the absorption 

bands have been experimentally calculated [18], using the modified relation:  

 

                                           Pm=4.6 ×10-9×
cl

1
log 

I

I0 ×Δυ1/2                                                          (2)  

     Where c is the molar concentration of the absorbing ion per unit volume, I is the optical path length, logI0/I is 

optical density and Δυ1/2 is half band width.  

 

3.2. Judd-Ofelt Intensity Parameters 

According to Judd [19] and Ofelt [20] theory, independently derived expression for the oscillator strength of the 

induced forced electric dipole transitions between an initial J manifold │4fN (S, L) J> level and the terminal J' 

manifold │4fN (S', L') J'> is given by:      
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Where, the line strength S (J, J') is given by the equation  

                         S (J, J') =e2 ∑ Ωλ<4f N(S, L) J║U (λ) ║4fN (S', L') J'>2                   (4) 

                                         λ =2, 4, 6 

In the above equation m is the mass of an electron, c is the velocity of light, ν is the wave number of the 

transition, h is Planck’s constant, n is the refractive index, J and J' are the total angular momentum of the initial 

and final level respectively, Ωλ (λ=2,4and 6) are known as Judd-Ofelt intensity parameters.  

 

3.3 Radiative Properties 

The Ωλ parameters obtained using the absorption spectral results have been used to predict radiative properties 

such as spontaneous emission probability (A) and radiative life time (τR), and laser parameters like fluorescence 

branching ratio (βR) and stimulated emission cross section (σp). 

     

The spontaneous emission probability from initial manifold │4fN (S', L') J'> to a final manifold │4fN (S, L) J >| 

is given by: 

 

                           A [(S', L') J'; (S, L) J] = 
64 𝜋2𝜈3

3ℎ(2𝐽′+1)
⌊

𝑛(𝑛2+2)
2

9
⌋ × 𝑆(𝐽′, 𝐽)̅                       (5) 

     Where, S (J', J) = e2 [Ω2║U (2) ║2 + Ω4║U (4) ║2 + Ω6║U (6) ║2] 
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The fluorescence branching ratio for the transitions originating from a specific initial manifold │4fN (S', L') J'> 

to a final many fold│4fN (S, L) J > is given by 

 

                     β [(S', L') J'; ( S , L ) J ] =  
A[(S′  L)]

 A[(S′ L′) J′(S̅  L)]
(6) 

                                                                                                        S L J   

The radiative life time is given by 

 rad  A[(S', L') J'; (S,L ) ]  = ATotal
−1                                        (7) 

                                                                                     S L J 

 

Where, the sum is over all possible terminal manifolds. The stimulated emission cross -section for a transition 

from an initial manifold │4fN (S', L') J'> to a final manifold 

│4fN (S, L) J >| is expressed as 

                                        σp(λp) = [
λp

4

8πcn2Δλeff
 ] × A[(S′, L′) J′; (S̅, L̅)J]̅                         (8)                                                

                                                                                                                                   

Where, λp the peak fluorescence wavelength of the emission band and Δλeff is the effective fluorescence line 

width.  

 

IV. Result and Discussion 
4.1. XRD Measurement 

Figure 1 presents the XRD pattern of the samples shows no sharp Bragg’s peak, but only a broad diffuse hump 

around low angle region. This is the clear indication of amorphous nature within the resolution limit of XRD 

instrument. 
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Fig.1: X-ray diffraction pattern of YZLSBCAP ND (01) glass. 

 

4.2 Raman spectra  
The Raman spectrum of Ytterbium Zinc Lithium Sodium Barium Calcium Aluminophosphate 

(YZLSBCAP) glass specimens is recorded and is shown in Fig. 2. The spectrum peaks located at 395 and 775 

cm-1. The band at 395 cm-1is is related to the bending motion of phosphate polyhedral PO4 units with cation like 

ZnO as the modifier. The broad band at 775cm-1 is due to symmetric stretching of (P–O–P) bridging oxygen 

bonds in (P2O7)4 units. 
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Fig. (2): Raman spectrum of YZLSBCAP ND (01) glass. 

 

4.2. Absorption spectra 
The absorption spectra of YZLSBCAP (ND01) glass, consists of absorption bands corresponding to the 

absorptions from the ground state 4I9/2 of Nd3+ ions. Nine absorption bands have been observed from the ground 

state 4I9/2 to excited states 4F3/2, 4F5/2, 4F7/2, 4F9/2, 2H11/2, 4G5/2, 4G7/2, 4G9/2, and 2G9/2 for Nd3+ doped YZLSBCAP 

(ND 01) glass. 

 

 
Fig.3: Absorption spectra of YZLSBCAP ND( 01) glass. 

 

The experimental and calculated oscillator strength for Nd3+ ions in YZLSBCAP glasses are given in Table 2. 

 

Table 2. Measured and calculated oscillator strength (Pm × 10+6) of Nd3+ ions in YZLSBCAP glasses. 
Energy level from 

4I9/2 

Glass YZLSBCAP 

(ND01) 

 Glass YZLSBCAP 

(ND1.5) 

 Glass YZLSBCAP 

(ND02) 

 

 Pexp. Pcal. Pexp. Pcal. Pexp. Pcal. 
4F3/2 4.88 4.41 3.82 3.55 2.80 2.69 
4F5/2 8.57 8.83 7.45 7.58 6.46 6.31 
4F7/2 8.89 8.95 7.85 8.06 6.82 7.12 
4F9/2 0.68 0.52 0.64 0.45 0.61 0.39 

2H11/2 0.30 0.15 0.27 0.13 0.22 0.11 
4G5/2 26.25 26.40 24.15 24.36 23.25 23.39 
4G7/2 4.68 5.79 3.65 4.92 2.45 4.12 
4G9/2 3.32 2.56 3.28 2.12 2.15 1.69 
2G9/2 0.99 3.37 0.96 2.76 0.92 2.14 

r.m.s.deviation 0.9336  0.7532  0.7220  
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Table3. Computed values of Slater-Condon, Lande′, Racah, nephelauexetic ratio and bonding parameter 

for Nd3+ doped YZLSBCAP glass specimens. 
Parameter Free ion YZLSBCAP  

( ND01) 

YZLSBCAP (ND1.5) YZLSBCAP (ND02) 

F2(cm-1) 331.16 324.41 324.48 324.49 

F4(cm-1) 50.71 50.75 50.73 50.75 

F6(cm-1) 5.154 5.032 5.034 5.035 

ξ4f(cm-1) 884.0 882.81 883.05 882.77 

E1(cm-1) 5024.0 4945.11 4945.61 4946.35 

E2(cm-1) 23.90 23.04 23.06 23.06 

E3(cm-1) 497.0 489.56 489.56 489.57 

F4/F2 0.1531 0.1564 0.1563 0.1564 

F6/F2 0.0155 0.0155 0.0155 0.0155 

E1/E3 10.1086 10.1010 10.1021 10.1034 

E2/E3 0.0481 0.04706 0.04710 0.04709 

      β'           0.99542            0.99548          0.99568 

      b1/2           0.04788            0.04751          0.04649 

 

The values of Judd-Ofelt intensity parameters are given in Table 4. 

 

Table 4. Judd-Ofelt intensity parameters for Nd3+ doped YZLSBCAP glass specimens.  
Glass Specimen Ω2(pm2) Ω4(pm2) Ω6(pm2) Ω4/Ω6 Ref. 

YZLSBCAP ( ND01) 1.391 9.046 2.833 3.193 P.W. 

YZLSBCAP (ND1.5) 2.121 7.203 2.623 2.746 P.W. 

YZLSBCAP (ND02) 3.198 5.353 2.394 2.236 P.W. 

SLBB (ND) 7.530 10.070 8.860 1.137 [21] 

TZ (ND) 3.829 4.353 4.247 1.025 [22] 

 

4.3 Excitation Spectrum 

Excitation spectra of YZLSBCAP ND (01) glass recorded at the emission wavelength 1065 nm is 

depicted as figure 4. The excitation spectra consists of two peaks corresponding to the transitions from the 

ground state 4I9/2 to the two excited states 4F5/2  and 4F3/2  at the wavelengths of 808 and 887 nm respectively. 

Among these, a prominent excitation band at 808 nm has been selected for the measurement of emission 

spectrum of Nd3+ glass.  

 

 
Fig.4: Excitation Spectrum of YZLSBCAP ND (01) glass. 

 

4.4. Fluorescence Spectrum 

The fluorescence spectrum of Nd3+doped in ytterbium zinc lithium sodium barium calcium 

aluminophosphate is shown in Figure 5. There are six broad bands (4G7/2→4I9/2),(4G7/2→4I11/2), (4F3/2→4I9/2), 

(4F3/2→4I11/2), (4F3/2→4I13/2) and (4F3/2→4I15/2)   respectively for glass specimens.  
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Fig.5: Fluorescence spectrum of YZLSBCAP ND (01) glass. 

 

The wavelengths of these bands along with their assignments are given in Table 5. 

 

Table 5. Emission peak wave lengths (λp), radiative transition probability (Arad), branching ratio (βR), 

stimulated emission crosssection (σp), and radiative life time (τR) for various transitions in Nd3+ doped 

YZLSBCAP glasses. 

 
Transition  YZLSBCAP ( ND 01) YZLSBCAP  ( ND 1.5) YZLSBCAP  ( ND  02) 

λmax 

(nm) 

Arad(s-1) β       σp 

(10-20 

cm2) 

τR(μs) Arad(s-1) β       σp 

(10-20 

cm2) 

 

τR (μs) 

Arad(s-1) β     σp                  

(10-20 

cm2) 

      τR                 

(10-20 

cm2) 
4G7/2→4I9/2 532 3955.32 0.4546 0.548  

 

 

114.92 

3342.65 0.4309 0.485  

 

 

128.92 

2779.91 0.3947 0.421  

 

 

141.98 

4G7/2→4I11/2
 595 3126.58 0.3593 1.107 3072.30 0.3961 1.183 3204.11 0.4549 1.314 

4F3/2→4I9/2 905 1033.34 0.1188 0.917 833.82 0.1075 0.769 632.30 0.0898 0.597 
4F3/2→4I11/2

 1075 514.74 0.0592 2.174 441.48 0.0569 1.989 366.20 0.0520 1.699 
4F3/2→4I13/2

 1320 69.89 0.0080 0.367 64.84 0.0084 0.356 59.32 0.0084 0.339 
4F3/2→4I15/2

 1800 1.67 0.0002 0.022  1.55 0.0002 0.020  1.42 0.0002 0.019  

 

V. Conclusion 
In the present study, the glass samples of composition :(30-

x)P2O5:10ZnO:10Li2O:10Na2O:10BaO:10CaO:10Al2O3: 10Y2O3:xNd2O3.  (where x =1, 1.5, 2 mol %) have been 

prepared by melt-quenching method. From Raman spectra the broad band at 775cm-1 is due to symmetric 

stretching of (P–O–P) bridging oxygen bonds in (P2O7)4 units.The stimulated emission cross section (σp) has 

highest value for the transition (4F3/2→4I11/2) in all the glass specimens doped with Nd3+ ion. This shows that 

(4F3/2→4I11/2) transition is most probable transition. 
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