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Abstract: Glass of the system: (25-x)Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5: 15B2O3: xDy2O3. (where x=1, 
1.5,2 mol %) have been prepared by  melt-quenching technique.  The amorphous nature of the prepared glass samples was 
confirmed by X-ray diffraction. DTA curve was analysed to evaluate the glass transition temperature, crystallization temperature 
and melting temperature.   
Optical absorption and fluorescence spectra were 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. The 
radiative properties like spontaneous emission probability (A), branching ratio (β), radiative life time(τR),stimulated emission 
cross–section(σp)and thermal properties have been evaluated.     
Keywords: ZLSLPNBB Glasses, Optical Properties, Judd-Ofelt Theory, Thermal Properties. 
 

I. INTRODUCTION 
Tripositive rare earth ions have attracted much attention, because they have potential applications in many fields, such as laser 
action, fluorescent lamps, displays, optical devices such as frequency-conversion materials and optical fiber amplifiers [1-5].  
 Among different host matrices, borate glasses are quite prone with the advantages such as low non-linear refractive index, good 
physical, thermal and chemical stability and high transparency from near Ultra Violet to mid-Infrared region [6-10]. Borate glasses 
have a best thermal performance with considerable chemical durability, high gain as with low energy back transfer and weak 
upconversion.  
They present superior properties that include high thermal expansion coefficient, high transparency, low melting point, high thermal 
stability and high gain density. The addition of network modifier (NWF) Li2O is to improve both electrical and mechanical 
properties of such glasses.  Borate glasses also exhibit high RE ions solubility [11-15]. 
The present work reports on the preparation and characterization of rare earth doped heavy metal oxide (HMO) glass systems for 
lasing materials.  
I have studied on the Thermal, absorption and emission properties of Dy3+ doped zinc lithium sodalime potassiumniobate bismuth 
borate glasses. 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 (β), 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 
A. Preparation of Glasses 
The following Dy3+doped borate glass samples (25-x)Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5:15B2O3:xDy2O3. 
(where x=1,1.5 and 2 mol%)  have been prepared by melt-quenching method. Analytical reagent grade chemical used in the present 
study consist of Bi2O3, ZnO, Li2O, Na2O, CaO,K2O,Nb2O5, B2O3 and Dy2O3. They were thoroughly mixed by using an agate pestle 
mortar. then melted at 9600C by an electrical muffle furnace for 2h., After complete melting, the melts were quickly poured in to a 
preheated stainless steel mould and annealed at temperature of 3500C for 2h 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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Table 1. 
Chemical composition of the glasses 

Sample      Glass composition (mol %) 
ZLSLPNBB (UD)    25Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5:15B2O3 
ZLSLPNBB DY(1.0)24Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5:15B2O3: 1 Dy2O3. 
ZLSLPNBB DY(1.5)23.5Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5:15B2O3:1.5 Dy2O3. 
ZLSLPNBB DY(2.0) 23Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 10Nb2O5:15B2O3:2Dy2O3. 
 
ZLSLPNBB (UD) -Represents undoped   Zinc Lithium Sodalime Potassiumniobate Bismuth Borate glass specimens.  
ZLSLPNBB (DY) -Represents Dy3+ doped   Zinc Lithium Sodalime Potassiumniobate Bismuth Borate glass specimens. 
 

III. THEORY 
A. Oscillator Strength 
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [16].  
                                              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 [17], 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.  
 
B. Judd-Ofelt Intensity Parameters 
According to Judd [18] and Ofelt [19] 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 . 
 
C. 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] = ଺ସ గమఔయ

ଷ௛(ଶ௃ᇲାଵ)
ඌ௡൫௡

మାଶ൯మ

ଽ
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     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 ] =  � ஺ൣ൫ௌᇲ  ௅൯൧
 ஺[(ௌᇲ ௅ᇲ) ௃ᇲ(ௌ̅  ௅)]

���������������������������������(6) 

                                                                                                        S L J   
where, the sum is over all terminal manifolds.  
The radiative life time is given by 
��������������������������������������� rad ������� A[(S', L') J'; (S,L ) ]  = ்ܣ௢௧௔௟ିଵ                                        
(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 

௣൯ߣ௣൫ߪ                                         = ൤ ఒ೛ర

଼గ௖௡మ୼ఒ೐೑೑
 ൨ × ;ᇱܬ (ᇱܮ,ᇱܵ)]ܣ                                                 (8)                         ̅[ܬ(തܮ,̅ܵ)

                                                                                                                                   
where, ߣ௣ the peak fluorescence wavelength of the emission band and Δߣ௘௙௙ is the effective fluorescence line width. 
 

IV. RESULT AND DISCUSSION 
A. XRD Measurement 
Figure 1 presents the XRD pattern of the sample contain – B2O3 which is show 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 ZLSLPNBB DY(1.0) glass. 

 
B. Thermal Property 
Differential thermal analysis checks the heat absorbed by glass samples during heating or cooling. Fig. 2 depicts the DTA 
thermogram of powdered ZLSLPNBB sample. The glass transition temperature (Tg), onset crystallization temperature (Tc), 
crystallization temperature (Tp), melting temperature(Tm), thermal stability (Ts),Balaji Parameter (BP), Hurbe’s criterion (HR) and 
reduced glass transition temperature (Trg) were calculated. Shankar’s parameter also calculated by using eq. (13). All the determined 
thermal parameters are given in table 2. 
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Fig.2: DTA curve of ZLSLPNBB DY (1.0) glass. 

 
Table 2. Thermal parameters determined from the DTA traces of ZLSLPNBB DY   glasses. 

Sample Name Tg (0C) Tc(0C) Tp(0C) Tm(0C) Ts(0C) BP(0C) HR(0C) KS(0C) Trg(0C) 
ZLSLPNBB  DY (1.0) 375 510 548 686 134 3.436 0.220 34.574 0.547 
ZLSLPNBB  DY (1.5) 380 512 551 688 132 3.474 0.216 33.767 0.552 
ZLSLPNBB  DY (2.0) 385 514 555 693 129 3.146 0.229 32.320 0.556 
 
The thermal stability of the glass samples can be calculated by difference between onset crystallization temperature and transition 
temperature [20]. 
 Thermal Stability (Ts)= Tc-Tg                                                                                      (9) 
Balaji Parameter can be calculated using [20]. 
Balaji Parameter (BP) = [(Tc-Tg)/(Tp-Tc)]                                                                    (10) 
Hruby’s criterion is calculated using the Hurby’s relation [20].  
Hruby’s criterion(HR)=[(Tp-Tc)/(Tm-Tc)]                                                                    (11) 
Reduced glass transition temperature is given as [20]. 
Reduced glass transition temperature (Trg) =Tg/Tm                                                    (12)  
Thermal Parameter is given as [20]. 
KS= [(Tm-Tc) (Tc-Tg)/Tm]  (13) 
 
C. Absorption Spectrum 
The absorption spectra of ZLSLPNBB DY (1.0) glass specimen has been presented in Figure 3 in terms of Intensity versus 
wavelength. Thirteen  absorption bands have been observed from the ground state 6H15/2 to excited states 6H13/2, 6H11/2, 
6H9/2+6F11/2,6H7/2+6F9/2,6F7/2+6H5/2,6F5/2,6F3/2,6F9/2,4I15/2,4G11/2, 6F7/2+4I13/2, 6M19/2+4(P,D)3/2 and 4G9/2+6P3/2 for ZLSLPNBB DY (1.0) 
glass. 

 
Fig. 3: Absorption spectrum of ZLSLPNBB DY(1.0) glass. 
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 The experimental and calculated oscillator strength for Dy3+ ions in ZLSLPNBB glasses are given in Table 3. 
 

Table 3: Measured and calculated oscillator strength (Pm×10+6) of Dy3+ions in ZLSLPNBB glasses. 
Energy level from 

6H15/2 
           Glass                  
ZLSLPNBB DY(1.0)           

         Glass  
   ZLSLPNBB DY(1.5) 

         Glass  
  ZLSLPNBB DY(2.0) 

 Pexp. Pcal. Pexp. Pcal. Pexp. Pcal. 
6H13/2 3.46 3.12 3.43 3.11 3.40 3.09 
6H11/2 2.65 3.14 2.61 3.12 2.58 3.08 

6H9/2+6F11/2 11.85 11.91 11.82 11.87 11.79 11.84 
6H7/2+6F9/2 6.92 6.67 6.90 6.64 6.87 6.62 
6F7/2+6H5/2 5.96 5.75 5.93 5.70 5.90 5.66 

6F5/2 2.85 2.87 2.82 2.84 2.79 2.82 
6F3/2 1.05 0.54 1.03 0.54 1.00 0.53 
6F9/2 1.09 0.44 1.07 0.44 1.04 0.43 
4I15/2

 1.12 1.12 1.10 1.11 1.08 1.10 
4G11/2

 0.99 0.14 0.96 0.14 0.93 0.14 
6F7/2+4I13/2 4.88 5.11 4.85 5.08 4.81 5.05 

6M19/2+4(P,D)3/2 8.99 10.57 8.95 10.58 8.93 10.58 
4G9/2+6P3/2

 2.84 3.09 2.82 3.07 2.80 3.05 
r.m.s. deviation 0.5863  0.5917  0.5892  

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

Table 4: Judd-Ofelt intensity parameters for Dy3+ doped ZLSLPNBB glass specimens 
Glass Specimen Ω2(pm2) 

 
Ω4(pm2) 
 

Ω6(pm2) 
 

Ω4 /Ω6 Ref. 

 ZLSLPNBB DY(1.0) 3.552 1.324 2.383 0.5556 P.W. 
ZLSLPNBB  DY(1.5) 3.531 1.337 2.358 0.5670 P.W. 
ZLSLPNBB  DY(2.0) 3.513 1.346 2.335 0.5764 P.W. 
TB (DY) 4.910 0.630 2.290 0.2751 [21]. 
YZLSLMP (HO) 6.234 1.645 2.246 0.7324 [22]. 

 
D. Excitation Spectrum 
The Excitation spectra of Dy3+doped ZLSLPNBB glass specimens have been presented in Figure 4 in terms of Excitation Intensity 
versus wavelength. The excitation spectrum was recorded in the spectral region 315–465 nm fluorescence at 575nm having different 
excitation band centered at 321,354, 365, 385, 425, 455 and 473 nm are attributed to the 6P3/2, 6P7/2, 4P3/2, 4I13/2, 4G11/2, 4I15/2 and 4F9/2 
transitions, respectively. The highest absorption level is 4I13/2 and is at 385nm.So this is to be chosen for excitation wavelength. 

 
Fig. 4: Excitation spectrum of ZLSLPNBB DY(1.0) glass. 
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E. Fluorescence Spectrum 
The fluorescence spectrum of Dy3+doped in zinc lithium sodalime potassiumniobate bismuth borate glass is shown in Figure 5. 
There are four broad bands observed in the Fluorescence spectrum of Dy3+doped zinc lithium sodalime potassiumniobate bismuth 
borate glass. The wavelengths of these bands along with their assignments are given in Table 5. The peak with maximum emission 
intensity appears at 485nm, 575 nm , 665 nm and 752 nm and corresponds to the (4F9/2→6H15/2), (4F9/2→6H13/2), (4F9/2→6H11/2)  and 
(4F9/2→6H9/2) transition. 

 
Fig. 5: Fluorescence spectrum of ZLSLPNBB DY(1.0) glass. 

 
Table5: Emission peak wave lengths (λp),radiative transition probability (Arad),branching ratio (β),stimulated emission cross-section( 

σp) and radiative life time( τR ) for various transitions in Dy3+ doped ZLSLPNBB glasses. 
Transition          ZLSLPNBB DY( 1.0)                 ZLSLPNBB  DY( 1.5)                     ZLSLPNBB  DY( 2.0) 

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) 
4F9/2→6H1

5/2 
485 128.36 0.2236 0.226  

1742.2
3 

127.48 0.223 0.220  
1751.0

4 

126.66 0.2228 0.214  
1759.00 

4F9/2→6H1

3/2 
575 378.82 0.6600 1.394 377.04 0.660 1.347 375.47 0.6604 1.304 

4F9/2→6H1

1/2
 

665 37.97 0.0662 0.168  37.83 0.0662 0.165  37.70 0.0663 0.160  

4F9/2→6H9/

2
 

752 28.82 0.0502 0.176  28.75 0.0503 0.174  28.68 0.0504 0.170  

       
 

V. CONCLUSION 
In the present study, the glass samples of composition (25-x)Bi2O3: 10ZnO: 10Li2O: 10Na2O: 10CaO: 10K2O: 
10Nb2O5:15B2O3:xDy2O3. (where x =1, 1.5and 2mol %) have been prepared by melt-quenching method. The large value of Balaji 
and Shankar parameters indicate that the prepared glass samples have good thermal stability. The value of stimulated emission 
cross-section (σp) is found to be maximum for the transition (4F9/2→6H13/2) for all glass specimens. This shows that (4F9/2→6H13/2) 
transition is most probable transition. 
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