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Abstract: Glass sample of zinc lithium potassiumniobate borosilicate (35-x)
Si0,:10Zn0:10Li,0:10K,0:10Nb,05:25B,03:XEu,03  (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. The absorption and
fluorescence spectra of three Eu®** doped zinc lithium potessiumniobate glasses have been recorded at room temperature. The
various interaction parameters like Slater-Condon parameter F,, Lande parameter (&), nephelauexetic ratio (') and bonding
parameter (b*?) have been computed. Judd-Ofelt intensity parameters and laser parameters have also been calculated.
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L. INTRODUCTION

Rare-earth ions-doped luminescent materials have wide range of applications in solid state lasers, display devices, optical detectors,
optical fibers and optical amplifiers [1-5].Oxide glasses are the most stable host matrices for practical applications due to their high
chemical durability and thermal stability. The importance of glasses doped with rare earth elements lies in their distinctive emission
properties in several electromagnetic spectral regions [6-8]. Among these hosts, the borosilicate system is attractive due to its
superior physical, structural and optical properties [9-13]. ZnO is a wide band gap semiconductor and has received increasing
research interest. It is an important multifunctional material due to its specific chemical, surface and micro structural properties [14].
Among different rare —earth ions, the Er** ion has been identified as the most efficient ion for obtaining the lasing action, frequency
up-conversion and optical fiber amplification[ 15-20].

The aim of the present study is to prepare the Eu** doped zinc lithium potassiumniobate borosilicate glass with different Eu,0;
concentrations. The absorption spectra and fluorescence spectra of Eu**of the glasses were investigated. The Judd-Ofelt theory has
been applied to compute the intensity parameters Q, (A=2, 4, 6).These intensity parameter have been used to evaluate optical optical
properties such as spontaneous emission probability, branching ratio, radiative life time and stimulated emission cross section.

1. EXPERIMENTAL TECHNIQUES
A. Preparation of glasses
The following Eu®* doped borosilicate glass samples (35-x) Si0O,:10Zn0:10Li,0:10K,0:10Nb,05:25B,03: X Eu,03 (where x=1,1.5,
2) have been prepared by melt-quenching method. Analytical reagent grade chemical used in the present study consist of SiO,, ZnO,
Li,O, K,0, Nb,Os, B,03 and Eu,0Os. They were thoroughly mixed by using an agate pestle mortar. then melted at 1070°C 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 350°C 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.

Table 1

Chemical composition of the glasses
Sample Glass composition (mol %)
ZLPNBS (UD)  35Si0,:10Zn0:10Li,0:10K,0:10Nb,05:25B,0;
ZLPNBS (EU1)  34Si0,:10Zn0:10Li,0:10K,0:10Nb,05:25B,0;: 1 Eu,05
ZLPNBS (EU 1.5) 33.5Si0,:10Zn0:10Li,0:10K,0:10Nb,05:25B,05: 1.5 Eu,04
ZLPNBS (EU2)  33Si0,:10Zn0:10Li,0:10K,0:10Nb,05:25B,0;: 2 Eu,05
ZLPNBS (UD) -Represents undoped Zinc Lithium Potassiumniobate Borosilicate glass specimen.
ZLPNBS (EU) -Represents Eu** Zinc Lithium Potassiumniobate Borosilicate glass specimens.
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1. THEORY
A. Oscillator Strength
The spectral intensity is expressed in terms of oscillator strengths using the relation [21].
fexpr- = 4.318 x10°%fe (v) d v )

Where, € (v) is molar absorption coefficient at a given energy v (cm™), 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 [22], using the modified relation:

1 |
Pn=4.6 x10°x _I log TO XAvy (2)
C

Where c is the molar concentration of the absorbing ion per unit volume, | is the optical path length, logly/l is optical density and
Avyy, is half band width.

B. Judd-Ofelt Intensity Parameters
According to Judd [23] and Ofelt [24] theory, independently derived expression for the oscillator strength of the induced forced
electric dipole transitions between an initial J manifold | 4f" (S, L) 3> level and the terminal J' manifold | 4" (S',L') J'> is given by:

8I1°mco 1 (n2+2)2
3h(2J+Yn| 9

X S(J , J') Where,

©)
the line strength S (J, J) is given by the equation
S, J) =6y <4 NS, L) I|U® |4V (S, L) I>2
A=2,4,6
In the above equation m is the mass of an electron, c is the velocity of light, v 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, Q; (A =2, 4, 6)
are known as Judd-Ofelt intensity parameters.

C. Radiative Properties

The Q, parameters obtained using the absorption spectral results have been used to predict radiative properties such as spontaneous
emission probability (A) and radiative life time (tr), and laser parameters like fluorescence branching ratio (Bg) and stimulated
emission cross section (cp).

The spontaneous emission probability from initial manifold | 4" (S', L') J'> to a final manifold | 4f" (S, L) J >| is given by:
2
AT L) 35 (5,1 3] = S |22 s @)

3n(2)'+1) 9
Where, S (I, J) =* [ | U@ |2+ QuJU® ||+ a]|U®© ||

The fluorescence branching ratio for the transitions originating from a specific initial manifold | 4N (S', L") J*> to a final many
fold | 4f" (S, L) J > is given by
Cn - - Al(s" )]
BI(S, LY J;(S,L)I]= uuuA[(S,L,)],GL)]uuuuuuuuuuuuuuuuuuuuuuuuuuuuu(s)
SLJ
Where, the sum is over all terminal manifolds.

The radiative life time is given by
OoooooooooooooooooonoooooooiooooooooiDd pooooooo A[S, LY I (S, L) ] :A;gtal
(6)

SLJ
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Where, the sum is over all possible terminal manifolds. The stimulated emission cross -section for a transition from an initial
manifold | 4f™ (S', L) I> to a final manifold
| 4" (S, L) J >| is expressed as

ap(4) = [mm ]XA[(S' L)' (S. D)1 (7)

Where, 1, the peak fluorescence wavelength of the emission band and A4, is the effective fluorescence line width.
D. Nephelauxetic Ratio (p) and Bonding Parameter Y %)

The nature of the R-O bond is known by the Nephelauxetic Ratio (') and Bonding

Parameter (b*?), which are computed by using following formulae [25, 26]. The Nephelauxetic Ratio is given by

pr=:" ®)

where, vg and v, refer to the energies of the corresponding transition in the glass and free ion, respectively. The values of bonding
parameter (b*?) is given by
1/2

= [
©)

V. RESULT AND DISCUSSION
A.  XRD Measurement
Figure 1 presents the XRD pattern of the sample contain — SiO, 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 SiO,:Zn0:Li,0:K,0:Nb,05:B,05: Eu,0;

Intensity (arb. units)

B. Absorption Spectrum

The absorption spectra of ZLPNBS (EU 01) glass specimen have been presented in Figure 2 in terms of optical density versus
wavelength (nm). Four absorption bands have been observed from the ground state 'Fy to excited states *D,,’Ls,°G, and (*Ge,*G,) for
ZLPNBS (EU 01) glass.
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Fig.2: Absorption spectrum of Eu®**doped ZLPNBS (01) glass
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The experimental and calculated oscillator strengths for Eu®*ions in zinc lithium potassiumniobate borosilicate glasses are given in
Table 2.

Table2: Measured and calculated oscillator strength (P,x10"°) of Eu**ions in ZLPNBS glasses.

Energy level Glass ZLPNBS Glass ZLPNBS Glass ZLPNBS
Fo (EU01) (EUL.5) (EU02)
Pexp- Peal- Pexp- Peal- Pexp- Peal-
°D, 2.25 2.38 2.22 2.36 2.18 2.34
*Lg 3.68 3.83 3.65 3.82 3.61 3.80
>G, 0.80 0.96 0.78 0.96 0.75 0.95
>Ge, "Gy 2.99 3.16 2.96 3.14 2.93 3.14
r.m.s. 0.1532 0.1689 0.1938
deviation

The small value of r.m.s. deviation indicates fairness of fitting between experimental and calculated oscillator strengths.
Computed values of F,, Lande' parameter (£4), Nephlauxetic ratio (') and bonding parameter(b*?) for Eu**doped ZLPNBS glass
specimen are given in Table 3.

Table 3. F,, & p' and b2 parameters for Europium doped glass specimen.
Glass Specimen F. Eut B' b2

Eu®* 372.63 1445.73 0.9645 0.1332

In the present case the three Q, parameters follow the trend Q> Q,> Qg The spectroscopic quality factor (4 /Qg) related with the
rigidity of the glass system has been found to lie between 1.064 and 1.068 in the present glasses.

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

Table4: Judd-Ofelt intensity parameters for Eu** doped ZLPNBS glass specimens.

Glass Specimen Q(pm?) | Qu(pm?) | Qe(pm?) | Q4 /Q% Trend References
ZLPNBS (EUO01) 4,977 3.735 3.507 1.065 Q, >0, >Qp P.W.
ZLPNBS (EUL.5) 4,938 3.716 3.491 1.064 Q, >0, >Qp P.W.
ZLPNBS (EU02) 4.894 3.710 3.475 1.068 Q, >0, >Qp P.W.
LFB(SM) 3.41 2.92 2.17 1.346 >0, >0 | 27]
ZLSLPNM(SM) 5.016 4,758 4.213 1.129 Q, >0, >Qp [28]
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The fluorescence spectrum of Eu**doped in zinc lithium potassiumniobate borosilicate glass is shown in Figure 3. There are seven
bands observed in the Fluorescence spectrum of Eu**doped zinc lithium potassiumniobate borosilicate glass. Fig. (3).Shows the
fluorescence spectrum with seven peaks (*Do—'Fo), *Do—'F1), (CDo—'F2), (Do—"F3), ((Do—'F4), (*Do—'Fs) and (°Do—’F) for
glass specimens.

D. Up Conversion Mechanism

Intensity (a.u.)

GLASS SPECIMEN
ZLPNBS EU(01)

Aexc. = 395nm
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The up-conversion mechanism is given in Fig. 4.

Table5. Emission peak wave lengths (Amax),radiative transition probability (Arq),branching ratio

)

1

3
Energy(x10” em

20

10

650

700 1750

|
750

Wavelength (nm) ———»

Fig.3: fluorescence spectrum of ZLPNBS EU(01) glass.
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Fig. 4: Energy level diagram and up conversion mechanism of doped ZLCABG (EU) glasses.

(B),stimulated emission cross-

section( o,) and radiative life time( tr ) for various transitions in Eu**doped ZLPNBS glasses

Transition ZLPNBS EU 01 ZLPNBS EU 1.5 ZLPNBS EU 02
Amax Arad(s_ B Gp Arad(s_ B G Arad(s_ B Gp
(hm) |9 (107 tw(ps) | ) (107 ) (10%°cm?)
cm?) cm?) TR(US) TR(US)
*Dy—'F, 619 | 43.230 | 0.268 | 0.0154 42.998 | 0.268 | 0.0151 42.679 | 0.266 | 0.0147
8 6217.4 3 6240.6 7 6249.5
°Dy—"Fs 700 117.14 | 0.728 | 0.0688 8 116.78 | 0.728 | 0.0675 7 116.87 | 0.730 | 0.0665 5
3 8 4
*Dy—"F¢ 820 | 0.4636 | 0.002 | 0.000320 0.4624 | 0.002 | 0.000315 0.4612 | 0.002 | 0.000310
9 9 9

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue IX Sep 2022- Available at www.ijraset.com

V. CONCLUSION

In the present study, the glass samples of composition (35-x) Si0O,:10Zn0:10Li,0:10K,0:10Nb,05:25B,03: x Eu,03 (where x=1,

1.5

2mol %) have been prepared by melt-quenching method. The Judd-Ofelt theory has been applied to calculate the oscillator

strength and intensity parameters Q, (A=2, 4, 6). The radiative transition rate and the branching ratio are highest for (*Dy—'Fs)
transition and hence it is useful for laser action. The stimulated emission cross section (o) value is also very high for the transition
(°*Do—"Fs). This shows that (°*Dy—'Fs) transition is most probable transition.

[t
[2]
(3]
[4]
[5]

(6]
[’

[5]
[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

REFERENCES
Kumar, G.R. and Rao, C.S.(2020).Influence of Bi,O3, Sh,O3 and Y,0; on optical properties of Er,Os-doped CaO-P,0s-B,0;5 glasses, , Bull. Mater. Sci. 43:71,
1-7.
S.L.Meena (2020).Spectral and Thermal Properties of Ho®* Doped in Zinc Lithium Alumino Antimony Borophosphate Glasses, Int.J.Sci.and Dev.and Res. 5
(11), 127-133.
Chaofeng zhu, Jia Wang, Meimei Zhang, Xiaorong Ren, J Shen, Y Yue, (2014).Eu, Th and Dy doped oxyfluoride silicate glasses -for LED applications, J.of
the American Ceremic Society 97(3), 854-861.
Reddy,A. A., Babu, S. S., Pradeesh, K., Otton,C. J. and Prakash, G. V. (2011). Optical properties of highly Er** doped sodium-aluminiumphosphate glasses for
broadband 1.5 um emission, Journal of Alloys and Compounds 509, 4047-4052.
Liaolin Zhang, Yu Xia, Xiao Shen and Wei Wei, (2019). Concentration dependence of visible luminescence from Pr3* doped phosphate Glass, Mol. and
Bio.spect.,454-459.
Y.H. Elbashar and D.A. Rayan(2016).Judd ofelt study of Absorption spectrum for Neodymium Doped Borate Glass,Int.J. App. Chem., 59-66.
Khaldoon Nasser, Vladimir Aseev, Sergey Ivanov, Alexander Ignatiev and N Nikonorov(2019).optical spectroscopic properties and Judd-ofelt analysis of Nd3+
doped photo thermo refractive glass, J. lumi.,213,255-262.
Yasukevich,A. S., Rachkovskaya, G.E., Zakharen, G.B., Trusova, E.E., Kornienko, A. A., Dunina, E.B., Kisel, V. E., Kuleshov, N .V.(2020).Spectral
luminescence properties of oxyfluoride lead silicate germante glass doped with Tm3* ions, Journal of luminescence, 117667.
Rao,T.G.V.M., Kumar, A. R., Neeraja, K., Veeraiah, N. and Reddy, M.R.(2013).Optical and structural investigation of Eu®** ions in Nd** co-doped magnesium
lead borosilicate glasses, J. Alloy. Compd. 557,209-217.
Lin, L., Ren, G., Chen, M., Liu, Y. and Yang, Q.(2009).Study of Fluorine Losses and Spectroscopic Properties of Er** Doped Oxyfluoride Silicate Glasses and
Glass Ceramics, Opt. Mater., 31 1439-1442.
Babu, M.R., Rao, N.M., Babu, A.M., Jaidass, N., oorthy, C.K.and Moorthy. L.R.(2016).Effect of Dy** ions concentration on optical properties of lead
borosilicate glasses for white light emission. Optik (Stuttg.), 127, 3121-3126.
El-Maaref, A.A., Shaaban, K.S., Abdelawwad, M.and Saddeek, Y.B.(2017). Optical characterizations and Judd—-Ofelt analysis of Dy** doped borosilicate
glasses. Opt. Mater. (Amst), 72,169-176.
Shaaban,K.S., ElI-Maaref, A.A., Abdelawwad, M., Saddeek, Y.B., Wilke, H.and Hillmer H.(2018).Spectroscopic properties and Judd-Ofelt analysis of
Dy*" ions in molybdenum borosilicate glasses.J. Lumin., 196, 477-484
Pavani, P. G., Sadhana, K. and Mouli, V. C. (2011).Optical, physical and structural studies of boro-zinc tellurite glasses, Physica B: Condensed Matter, 406, 7,
1247.
Prabhu,N.S.,Hegde,V.,Sayyed,M.1.,Agar, O. and Kamath,S.D.(2019).Investigations on structural and radiation shielding properties of Er** doped zinc bismuth
borate glasses, Materials chemistry and physics, 230, 267-276.
David, L. Veasey, David S Funk, Philip M peters, Norman A Sanford, Gregory P Peskin, Wei- Chin Liu, SN Houde walter and Joseph S Hayden(2000). Yb/Er
co-doped waveguide lasers in phosphate glass, J. non-cryst.solids, 263,369-381.
Chen,Y., Chen, G.H., Liu, X.Y., Yang, T.(2018). Enhanced up — conversion luminescence and optical thermometry characteristics of Er**/ Yb** co-doped
transparent phosphate Glass Ceremics, J. lumi. 195,314-320.
Philipps, J.F., Topfer,T., Heidepriem, H. E., Ehrt, D. and Sauerbrey, R. (2001).Spectroscopic and lasing properties of Er** Yb*" doped fluoride phosphate
glasses, Applied physics B 72(4), 399-405.
Woijciench A Pisarski Lidia Zur, Tomasz Goryczka, Marta sottys and Joanna Piesarska(2014).Structure and Spectroscopy of rare earth doped lead phosphate
glasses.(Eu,Th, Dy, Er), J. Alloys and Comp. 587, 90-98.
Shixun Dai, Jialu Wu, J Zhang, G Wang and Zhonghong Jiang(2005).Spectroscopic properties of Er*" doped Glasses with high mechanical strength
performance, Spectroscopic Acta part A : Molecular and Bio molecular spectroscopy 62(1-3),431-437.
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, VVol. 25, Chap. 167, North-Holland, Amsterdam, 101-264.
Sharma, Y.K., Surana, S.S.L. and Singh, R.K. (2009). Spectroscopic Investigations and Luminescence Spectra of Sm*" Doped Soda Lime Silicate Glasses. J.
Rare Earths, 27, 773-780.
Judd, B.R. (1962). Optical Absorption Intensities of Rare Earth lons. Physical Review, 127, 761.
Ofelt, G.S. (1962) Intensities of Crystal Spectra of Rare Earth lons. J. Chemical Physics, 37, 511.
Sinha, S.P. (1983).Systematics and properties of lanthanides, Reidel, Dordrecht.
Krupke,W.F.(1974).IEEE J.Quantum Electron QE,10,450.
SouzaFilho,A.G.,Filho,M.,Melo,F .E.A.,Custodio,M.C.C.,Lebullenger,R.L.and Hernades (2000).Optical properties of Sm*'doped lead fluroborate
glasses,J.Phys.Chem.Solids,61(9),1535-1542.
Meena, S.L.(2021).Spectral and Transmittance Properties of Sm*" Doped in Zinc Lithium Soda lime Potassiumniobate Molybdate Glasses, Int.J.Sci. Dev.
AndRes.,6(2),185-191.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




