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Abstract 
Glass of the system: (35-x)SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3: xDy2O3. (where x=1, 1.5,2 mol %) 

have been prepared by melt-quenching method. The amorphous nature of the glasses was confirmed by X-ray 

diffraction studies.  Optical absorption, excitation and emission 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. 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 
Rare earth glasses have attracted much attention, because they have large practical and potential 

applications in many fields, such as glass lasers, optical fiber amplifiers, sensor energy storage and 

communication[1-5].Transparent glass-ceramic as host materials for active optical ions have attracted great 

interest due their potential application in optical devices such as optical amplifiers, lasers, frequency-conversion 
materials[6-8].Silicate glasses possess higher thermal damage threshold than other glasses, because the main 

componenet is SiO2.Recently silicate based glasses have a wide range of potential applications in optical data 

transmission, sensing and laser technologies [9-12]. B2O3 is excellent material for combination with SiO2 as it 

improves the glass quality in terms of transparency and hardness [13].Up conversion is a non-linear optical 

phenomenon which involves the sequential absorption of two or more low energy (NIR) photon to emit a high 

energy (visible) photon. In recent decades, the upconversion materials have been extensively investigated due to 

their potential applications in many fields, such as sensor, solar cell and color display. The up-conversion of 

silicate glasses is also compressed because of their relatively large phonon energy [14-18].  

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 absorption, excitation and emission properties 

of Dy3+ doped zinc lithium potassiumniobate borosilicate 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 
Preparation of glasses 

The following Dy3+doped silicate glass samples (35-x)SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3: 

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 SiO2, ZnO, Li2O, K2O,Nb2O5, B2O3 and Dy2O3. They were 

thoroughly mixed by using an agate pestle mortar. then melted at 10600C 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 %) 

ZLPNBS (UD)      35SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3.  

ZLPNBS (DY1)    34SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3:1 Dy2O3. 

ZLPNBS (DY1.5) 33.5SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3:1.5 Dy2O3. 

ZLPNBS (DY2)    33SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3:  2 Dy2O3. 

 

ZLPNBS (UD) -Represents undoped   Zinc Lithium Potassiumniobate Borosilicate 

glass specimens.  

ZLPNBS (DY)-Represents Dy3+ doped   Zinc Lithium Potassiumniobate Borosilicate 

glass specimens. 

 

III. THEORY 
3.1 Oscillator Strength 
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [19].  
 

                                              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 [20], using the modified relation:  

 

                                           Pm=4.6 ×10-9×
cl

1
log 

I

I
0 ×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 [21] and Ofelt [22] 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] = 
       

         
 
       

 

 
                                 (5) 

 
     Where, S (J', J) = e2 [Ω2║U (2) ║2 + Ω4║U (4) ║2 + Ω6║U (6) ║2] 

 

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

                     
(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 ) ]  =       
                                         (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 

                                                
  
 

          
                                                   (8)                                                

                                                                                                                                   

     where,    the peak fluorescence wavelength of the emission band and       is the effective fluorescence line 

width. 
 

3.4 Nephelauxetic Ratio (β') and Bonding Parameter (b
1/2

)  

The nature of the R-O bond is known by the Nephelauxetic Ratio (β') and Bonding Parameters (    ), which are 

computed by using following formulae [23,24]. The Nephelauxetic Ratio is given by  

                                                               
  

  
                                                               (9) 

 

  where, νa and νg refer to the energies of the corresponding transition in the glass and free ion, respectively. The 

value of bonding parameter (      ) is given by 
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IV. RESULT AND DISCUSSION 
4.1 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   SiO2:ZnO:Li2O:K2O:Nb2O5:B2O3:Dy2O3 

 

4.2 Absorption Spectrum 

The absorption spectrum of ZLPNBS DY (01) glass specimen has been presented in Figure 2 in terms 

of optical density versus wavelength. Thirteen  absorption bands have been observed from the ground state 
6
H15/2 to excited states 

6
H13/2, 

6
H11/2, 

6
H9/2+

6
F11/2,

6
H7/2+

6
F9/2,

6
F7/2+

6
H5/2,

6
F5/2,

6
F3/2,

6
F9/2,

4
I15/2,

4
G11/2, 

6
F7/2+

4
I13/2, 

6M19/2+4(P,D)3/2 and 4G9/2+
6P3/2 for ZLPNBS DY(01)glass. 
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Fig. (2) Absorption spectrum of ZLPNBS DY (01) glass. 

 

4.3 Excitation Spectrum 

The Excitation spectrum of ZLPNBS DY (01) glass specimen has been presented in Figure 3 in terms 

of optical density versus wavelength. The excitation spectrum was recorded in the spectral region 300–500 nm 

fluorescence at 575nm having different excitation band centered at 353, 367, 390, 428, 454 and 474 nm are 

attributed to the 6P3/2,
 6P7/2,

 6P5/2,
 4K17/2,

 4G11/2,
 4I15/2 and 4F9/2 transitions, respectively. The highest absorption 

level is 6P7/2 and is at 353nm.So this is to be chosen for excitation wavelength. 
 

 
Fig. (3) Excitation spectrum of  ZLPNBS DY (01) glass. 

 

The experimental and calculated oscillator strength for Dy3+ ions in ZLPNBS glasses are given in Table 2. 

 

Table 2: Measured and calculated oscillator strength (Pm×10+6) of Dy3+ions in ZLPNBS glasses. 
Energy level from 

6
H15/2 

           Glass                  

    ZLPNBS (DY01) 

         Glass  

   ZLPNBS (DY1.5) 

         Glass  

  ZLPNBS (DY02) 

 Pexp. Pcal. Pexp. Pcal. Pexp. Pcal. 
6
H13/2 2.02 2.37 2.00 2.35 1.96 2.34 

6
H11/2 1.36 1.95 1.33 1.93 1.30 1.91 

6
H9/2+

6
F11/2 10.21 10.10 10.17 10.06 10.14 10.03 

6
H7/2+

6
F9/2 5.52 5.20 5.49 5.18 5.45 5.14 

6
F7/2+

6
H5/2 4.68 3.66 4.65 3.62 4.62 3.58 

6
F5/2 1.27 1.63 1.25 1.61 1.22 1.58 

6
F3/2 0.25 0.31 0.23 0.30 0.20 0.30 

6
F9/2 0.33 0.28 0.30 0.27 0.27 0.27 

4
I15/2

 
0.30 0.67 0.28 0.66 0.24 0.65 

4
G11/2

 
0.24 0.17 0.22 0.17 0.19 0.17 

6
F7/2+

4
I13/2 3.42 3.61 3.39 3.59 3.36 3.55 

6
M19/2+4(P,D)3/2 7.92 10.04 7.89 10.03 7.85 10.01 

4
G9/2+

6
P3/2

 
1.60 2.03 1.58 2.01 1.54 1.99 

r.m.s. deviation 0.7136  0.7204  0.7290  

 

In the Zinc Lithium Potassiumniobate Borosilicate glasses (ZLPNBS) Ω2, Ω4 and Ω6 parameters decrease with 

the increase of x from 1 to 2 mol%. The order of magnitude of Judd-Ofelt intensity parameters is Ω2>Ω4> Ω6 for 
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all the glass specimens. The high values obtained for Ω2 in all glasses indicate that the Dy3+ ion is subjected to 

higher covalency with low symmetry. The spectroscopic quality factor (Ω4 /Ω6) related with the rigidity of the 

glass system has been found to lie between 1.259 and 1.308 in the present glasses.  

The values of Judd-Ofelt intensity parameters are given in Table 3. 

 

Table 3: Judd-Ofelt intensity parameters for Dy
3+

 doped ZLPNBS glass specimens. 
Glass Specimen Ω2(pm

2
) 

 
Ω4(pm

2
) 

 
Ω6(pm

2
) 

 

Ω4 /Ω6 Ref. 

ZLPNBS (DY01) 2.553 1.568 1.245 1.259 P.W. 

ZLPNBS (DY1.5) 2.536 1.573 1.229 1.280 P.W. 

ZLPNBS (DY02) 2.524 1.577 1.206 1.308 P.W. 

BariumFluroborate(DY) 2.90 1.09 0.98 1.112 [25] 

Ge-Ga-Sb-S(DY) 11.61 2.79 1.11 2.514 [26] 

 

4.4. Fluorescence Spectrum 

The fluorescence spectrum of Dy3+doped in zinc lithium potassiumniobate borosilicate glass is shown 

in Figure 4. There are four broad bands observed in the Fluorescence spectrum of Dy3+doped zinc lithium 

potassiumniobate borosilicate glass. The wavelengths of these bands along with their assignments are given in 

Table 4. The peak with maximum emission intensity appears at 485nm,575 nm ,665 nm and 752nm and 

corresponds to the( 4F9/2→
6H15/2), (

4F9/2→
6H13/2 ), (

4F9/2→
6H11/2) and (4F9/2→

6H9/2)  transition. 

 

 
Fig. (4). Fluorescence spectrum of ZLPNBS DY (01) glass. 

 

 

4.5 Up conversion Mechanism 
The up-conversion mechanism is given in Fig. 5 

 

 
Fig. 5. Energy level diagram of Dy

3+
 ion and up conversion mechanism of Dy

3+
 doped glass ceramic. 
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Table4: 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 Dy
3+

 doped 

ZLPNBS glasses. 

 
 

V. CONCLUSION 
In the present study, the glass samples of composition (35-x)SiO2:10ZnO:10Li2O:10K2O:10Nb2O5:25B2O3:  

xDy2O3 (where x =1, 1.5and 2mol %) have been prepared by melt-quenching method. The value of stimulated 

emission cross-section (σp) is found to be maximum for the transition (4F9/2→6H13/2) for glass ZLPNBS 

(DY01), suggesting that glass ZLPNBS (DY 01) is better compared to the other two glass systems ZLPNBS 

(DY1.5) and ZLPNBS (DY02).Such optical glasses could be suggested as potential materials for their use in 

progress of optical lasers and optoelectronic devices.  

 

REFERENCES 
[1]. Mandal, P.,Aditya,S.and Ghosh,S.(2020).Optimization of rare earth(Er3+) doping level in lead zinc phosphate glass through Judd-

Ofelt analysis,Materials Chem. And Phy., 246, 122802,1-7. 

[2]. Hatefi,Y., Anbaz,K., Moghimi,A. and Maddah,B.(2010).Up and Down Frequency-Conversion Properties of Eu3+ Doped Lead 

Fluorophosphate Nanoglass Ceramics,Int. Journal of Optics and Photonics (IJOP) , 4(1),57-64. 

[3]. Vijay kumar, R., Venkataiah, G. and Marimuthu, K. (2015).  White light stimulation and luminescence studies on Dy3+ doped 

Zincborophosphate glasses. Physica B 457,287-295. 

[4]. Pisarska,J.,Soltys,M.,Zur,L.,Pisarski,W.A.andJayasankar,C.K.(2014).Excitation and luminescence of rare earth-doped lead 

phosphate glasses, Appl. Phys. B., 116,837–845 

[5]. Hatefi,Y., Shahtahmasebi, N., Moghimi,A. and Attaran,E.(2011). Ultraviolet to visible frequency-conversion properties of rare 

earths doped glass–ceramics, J. Rare Earths 29, 484–488. 

[6]. Reddy, A. , Sekhar, M. C. , Pradeesh, K. , Babu,  S. S. and  Prakash, G. V. (2011).Optical properties of Dy3+-doped sodium-

aluminumphosphate glasses, J Mater Sci., 46 ,2018-2023. 

[7]. Vijaklakshmi,L.,Naresh,V., Rudramadevi, B.H. and Buddhudu,S.(2014).Emission analysis of Pr3+ and Dy3+ ions doped Li2O-LiF-

B2O3-ZnO glasses,4(9),19-25. 

[8]. Pavlista,M.,Sourkova,P.,Frumar,M. and Nemec,P.(2011).Enectronic energy levels of trivalent lanthanide ions in chalcogenide 

glasses:Case of Pr3+,Sm3+ and Dy3+,Mater.Lett.65,3427. 

[9]. Xin, F., Zhao,S.,Xu,S., Jia,G. ,Deng, D., Wang, H. and Huang, L. (2012).Preparation and photoluminescence of Eu3+-doped 

oxyfluoride borosilicate glass–ceramics, J. Rare Earths 30,6–9. 

[10]. Kilinc,E. and Hand, R.J.(2015). Mechanical properties of soda–lime–silica glasses with varying alkaline earth contents, J. Non. 

Cryst. Solids. 429,190–197. 

[11]. Chouard, N., Caurant, D., Majérus, O., Hasni, N. G., Dussossoy, J.L., Hadjean, R. B.and Pereira -Ramos, J.P.(2016). Thermal 

stability of SiO2-B2O3-Al2O3- Na2O-CaO glasses with high Nd2O3 and MoO3 concentrations, J. Alloys Compd. 671,84–99. 

[12]. Ramachari, D., Moorthy, L. R.and Jayasankar, C.K.(2014). Energy transfer and photoluminescence properties of Dy3+/ Tb3+ co-

doped oxyfluorosillicate glass ceremics for solid state white lighting,” Ceremics International 40(7), 11115-11121. 

[13]. Deepa, A.V.,Priya,M. and Suresh,S.(2016).Influence of samarium oxide ions on structural and optical properties of borate 

glasses,Sci. Res.Eassays11(5),57-63. 

[14]. Miguel, A., Morea, R., Gonzalo, J., Arriandiaga, M. A., Fernandez, J. and Balda, R. (2013). Near-infrared emission and 

upconversion in Er3+-doped TeO2-ZnO-ZnF2 glasses, J. Lumin. 140, 38-44 (2013).  

[15]. Chunlei Yu, Junjie Zhang, Lei Wen, Zhonghong Jiang (2007).New transparent Er3+-doped oxyfluoride tellurite glass ceramic with 

improved near infrared and up-conversion fluorescence properties, Materials Letters 61,3644-3646. 

[16]. Balda, R., García-Adeva, A. J., Fernández, J.and Fdez-Navarro, J. M. (2004). Infrared-to-visible upconversion of Er3+ ions in 

GeO2-PbO-Nb2O5 glasses,J. Opt. Soc. Am. B 21, 744-752. 

[17]. Zmojda, J., Kochanowicz, M., Miluski, P., Righini, G.C., Ferrari, M. and Dorosz, D. (2016). Investigation of up conversion 

luminescence in Yb3+/Tm3+/Ho3+ triply doped antimony-germanate glass and double-clad optical fiber. Opt. Mater., 58, 279–284 

[18]. Gao, W., Dong, J., Liu, J.and Yan, X.(2016). Highly efficient red up-conversion fluorescence emission in Yb3+/Ho3+/Ce3+ 

codoped LaF3nanocrystals. J. Lumin., 179, 562–567. 

[19]. Gorller-Walrand, C. and Binnemans, K. (1988). Spectral Intensities  of  f-f Transition. In: Gshneidner Jr., K.A. and Eyring, L., Eds., 

Handbook on the Physics and Chemistry of Rare Earths, Vol. 25, Chap. 167, North-Holland, Amsterdam, 101.  

[20]. Sharma, Y.K., Surana, S.S.L. and Singh, R.K. (2009). Spectroscopic Investigations and Luminescence Spectra of Sm3+ Doped 

Soda Lime Silicate Glasses. Journal of Rare Earths, 27, 773.  

[21]. Judd, B.R. (1962). Optical Absorption Intensities of Rare Earth Ions. Physical Review, 127, 750.  

[22]. Ofelt, G.S. (1962). Intensities of Crystal Spectra of Rare Earth Ions. The Journal of Chemical Physics, 37, 511.  

[23]. Sinha, S.P. (1983). Systematics and properties of lanthanides, Reidel, Dordrecht. 

[24]. Krupke, W.F. (1974).IEEE J. Quantum Electron QE, 10,450. 

[25]. Dwivedi, Y. and Rai ,S. B.(2009). Spectroscopic study of Dy3+ and Dy3+/Tb3+ ions co-doped in barium fluoroboarte glasses,Opt. 

Mater. 31, 1472-1477. 

[26]. Yang, Z., Chen, W. and Luo, L. (2005). Dy3+-doped Ge-Ga-Sb-S glasses for 1.3 µm optical fiber amplifiers, J. Non-Cryst. Solids 

351, 2513-2518. 


