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ABSTRACT: Glass of the system :(35-x)Ge0,:10Zn0O: 10Li,O: 10CaO: 10Na,03: 10WO3: 15B,03: xNd»O;3 (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. DTA curve was analysed to evaluate the glass transition temperature, crystallization
temperature and melting temperature. Optical absorption spectra were recorded at room temperature for all glass
samples. Slater-Condon parameters F (k=2, 4, 6), Lande parameter E4r and Racah parameters EX (k=1, 2, 3) have been
computed. Using these parameters energies and intensities of these bands has been calculated. Judd-Ofelt intensity
parameters €, (A=2, 4, 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 (A), branching ratio
(Br), radiative life time (tr) and stimulated emission cross—section (o)) of various emission lines have been evaluated.

KEYWORDS: ZLSLTBG Glasses, Thermal Properties, Judd-Ofelt Theory, Photoluminescence Properties.
I. INTRODUCTION

Rare earth doped glasses are important materials as they find applications in white light emitting diodes,
optoelectronics device, photonic technology, optical fiber amplifiers and thermal and mechanical sensors[1-5].Among
different ceramic glasses, germinate glasses have wide range applications in the field of glass ceramics with the
advantage such as high density, high refractive index, high rare earth ions solubility and large third order nonlinear
optical susceptibility [6-9].Germinate glass is an extremely promising material for nonlinear applications , mechanical
sensors, reflecting windows and laser in optics due to some of its essential characteristic features, such as low melting
temperature ,low phonon energy, low dispersion rates. They have high transparency and thermal stability [10-12].
Germinate glasses have excellent transparency, good physical, optical and mechanical properties. Borogerminate glass
has low phonon energy, chemical and thermal stability [13,14]. Thus, it can be widely used in fiber amplifier and
optical data storage devices. They present superior properties like that high transparency, low melting point, high gain
density, high solubility for rare-earth ions. The host matrix compose of ZnO, a glass modifier/glass farmer a heavy
metal oxide along with Li,O, CaO,Na,O, WOs3 and B,0s.The addition of CaO to the glass mixture improves the rare
earth ion solubility leading to the possibility of using even higher concentrations of ions [15-18].

The present work reports on the thermal, absorption and emission properties of Nd*" doped zinc lithium sodalime
tungsten borogerminate glass. 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 (Br), radiative life
time (tr) and stimulated emission cross section(cy) are evaluated using J.O. intensity parameters ( ;, A=2,4 and 6).

II. EXPERIMENTAL TECHNIQUES

Preparation of glasses

The following Nd*" doped borogerminate glass samples :(35-x)Ge0,:10ZnO: 10LiO: 10CaO: 10Na,Os: 10WOs:
15B203: xNd»O3. (where x =1, 1.5, 2) have been prepared by melt-quenching method. Analytical reagent grade
chemical used in the present study consist of GeO,, ZnO, Li,O,Ca0, NaO, WO3, B>O3 and Nd,Os. 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 250°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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Table 1

Sample Glass composition (mol %)

ZLSLTBG (UD) 35Ge02:10ZnO: 10Li2O: 10CaO: 10Na203: 10WOs: 15B203

ZLSLTBG ND(1.0) 34Ge02:10ZnO: 10Li20: 10CaO: 10Na203: 10WOs: 15B203:1Nd203
ZLSLTBG ND(1.5) 33.5Ge02:10Zn0O: 10Li20: 10CaO: 10Na203: 10WO3: 15B203:1.5Nd203
ZLSLTBG ND(2.0) 33Ge02:10ZnO: 10Li20: 10CaO: 10Na203: 10WO3: 15B203: 2Nd203

ZLSLTBG (UD) - Represents undoped zinc lithium sodalime tungsten borogerminate
glass specimen.

ZLSLTBG (ND) - Represents Nd*" doped zinc lithium sodalime tungsten borogerminate
glass specimens.

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

Soxpt. =4.318 x10°fe (v) d v (1)
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 [20], using the modified relation:

1 I,

P.,=4.6 x 109% — log — XAvip (2)

cl 1

Where c is the molar concentration of the absorbing ion per unit volume, I is the optical path length, loglo/I is optical
density and Avyy; 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
| 4N (S', L") J'> is given by:

8Imev 1| (n*+2) |

3h(27+1)n| 9 str.)

3)
Where, the line strength S (J, J') is given by the equation

S (I, 1) =e* Y u=<4f NS, L) J|[U® [|4fN (S, L) I>2 4)
A=

> Ty

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, Qi (A=2,4and 6) are known as Judd-Ofelt intensity parameters.

3.3 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
(Br) and stimulated emission cross section (Gp).
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The spontaneous emission probability from initial manifold | 4N (S', L") I'> to a final manifold | 4N (S, L) J >| is given
by:

A[S,LHI; (S, L)J] =

64 v’ ”<"2+2>2J x U J) 5)

3n(2)'+1) 9
Where, S (J', 1) = & [ [[U® [|2+ Q[|U® |12+ Q6| U@ |17

The fluorescence branching ratio for the transitions originating from a specific initial manifold |4fN (S, LYJ>toa
final many fold | 4fN (S, L) J > is given by

BIS.L)T:(S,L)T]= X
3

-

The radiative life time is given by

Taa =2 A[(S LYJ;(SL)] =
LT

(7

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
| 4 (S, L) > is expressed as

™ N (BT
0p (%) = [ | X AL, LY 15 G.D]] (8)
Where, 4, the peak fluorescence wavelength of the emission band and A is the effective fluorescence line width.

3.4 Nephelauxetic Ratio (B) and Bonding Parameter (b'?)
The nature of the R-O bond is known by the Nephelauxetic Ratio (B') and Bonding Parameters (b'’?), which are
computed by using following formulae [23,24]. The Nephelauxetic Ratio is given by

B =3 ©)

Va

where, v, and v, refer to the energies of the corresponding transition in the glass and free ion, respectively. The values
of bonding parameter b'/? are given by

111/2

b1/2 = |=E (10)

2

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.

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 10170



http://www.ijirset.com/

X YR
IJIRSET

International Journal of Innovative Research of
Science, Engineering and Technology (JIRSET)

Impact
Factor

91935

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

4.2 Thermal Property

Volume 15, Issue 6, June 2026
|DOI: 10.15680/IJIRSET.2026.1506165|

700 |

600 -

500 -{

400

300

Intensity (arb. units)

200

100 T T T T T T T T T T T
20 30 40 50 60 70 80

20 (degree)

Fig.1: X-ray diffraction pattern of ZLSLTBG ND( 1.0) glass.

Differential thermal analysis checks the heat absorbed by glass samples during heating or cooling. Fig. 2 depicts the
DTA thermogram of powdered ZLSLTBG ND(1.0) sample. The glass transition temperature (T), onset crystallization
temperature (T.), crystallization temperature (T,), melting temperature(Tr), thermal stability (Ts),Balaji Parameter (Bp),
Hurbe’s criterion (Hr) and reduced glass transition temperature (T.;) were calculated. Shankar’s parameter also
calculated by using eq. (15). All the determined thermal parameters are given in table 2.
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Fig.2: DTA curve of ZLSLTBG ND (1.0) glass.
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Table 2 Thermal parameters determined from the DTA traces of ZLSLTBG ND glasses.

Sample Name T, T(°C) | To(°C) | Tu(®C) | T<(°C) | Br(°C) | Hr(°C) | Ks(°C) | To(°C)
ZLSLTBG  ND §7Cs) 510 548 | 685 135 | 3.553 | 0217 | 34.489 | 0.547
(zlL()s)LTBG ND | 380 | 511 552 | 688 131 | 3.195 | 0232 |33.702 | 0.552
(zlLss)LTBG ND | 384 | 514 555|692 | 130 |3.171 | 0230 | 34.439 | 0.555
(2.0)

The thermal stability of the glass samples can be calculated by difference between onset crystallization temperature and

transition temperature [25].

Balaji Parameter can be calculated using [25].

Thermal Stability (Ts)= Te-Tg

Balaji Parameter (Bp) = [(Tc-Tg)/(Tp-Te)]

Hruby’s criterion is calculated using the Hurby’s relation [25].

Hruby’s criterion(Hr)=[(Tp-Tc)/(Tm-Tc)]

Reduced glass transition temperature is given as [25].

Thermal Parameter is given as [25].

4.3. Absorption spectra

Ks=[(Tm-Te) (Te-Tg)/Trm]

Reduced glass transition temperature (Trg) =T¢/Tm

(11

(12)

(13)

(14)

(15)

The absorption spectra of ZLSLTBG ND(1.0) glass, consists of absorption bands corresponding to the absorptions from
the ground state “Is» of Nd** ions. Nine absorption bands have been observed from the ground state *Ig» to excited

states “Fap, “Fsp, *Fr, *Fop, 2Hi12, *Gsp, *G712, *“Gopa, and 2Gop, for Nd** doped ZLSLTBG ND( 1.0) glass.
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Fig.3: Absorption spectra of ZLSLTBG ND(1.0) glass.
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The experimental and calculated oscillator strength for Nd** ions in ZLSLTBG glasses are given in Table 3.

Table 3 Measured and calculated oscillator strength (P™ x 10%%) of Nd** ions in ZLSLTBG glasses.

Energy level from Glass ZLSLTBG Glass ZLSLTBG Glass ZLSLTBG
*lop ND(1.0) ND(1.5) ND(2.0)

Pexp. Pcal. Pexp. Pcal. Pexp. Pcal.
*F3n 3.45 3.45 3.42 3.44 3.38 3.42
*Fsp 8.35 8.34 8.30 8.30 8.24 8.26
*Frn 9.48 9.79 9.42 9.74 9.38 9.72
“Fop 0.64 0.52 0.62 0.52 0.60 0.51
*Hiip 0.25 0.15 0.22 0.15 0.19 0.15
*Gsp 24.36 24.61 23.45 23.72 22.55 22.84
*Gn 4.28 4.98 4.22 491 4.18 4.84
*Gon 2.25 2.17 2.22 2.16 2.17 2.15
2Gop 0.97 2.76 0.95 2.75 0.92 2.73
r.m.s.deviation 0.6549 0.6590 0.6608

Table4. Computed values of Slater-Condon, Lande, Racah, nephelauexetic ratio and bonding parameter for
Nd** doped ZLSLTBG glass specimens

Parameter Free ion ZLSLTBGND(1.0) | ZLSLTBG ZLSLTBG ND(2.0)
ND(1.5)
Fa(cm')) 331.16 324.58 324.69 324.52
Fy(cm’)) 50.71 50.72 50.70 50.74
Fo(cm™) 5.154 5.038 5.043 5.038
Eafem!) 884.0 882.73 882.91 882.61
El(em™) 5024.0 4947.12 4948.45 4947.09
E2(cm™) 23.90 23.08 23.10 23.06
E3(em™) 497.0 489.58 489.56 489.54
Fu/F, 0.1531 0.1563 0.1561 0.1564
Fo/F, 0.0155 0.0155 0.0155 0.0155
EVE? 10.1086 10.1048 10.1079 10.1057
EY/E} 0.0481 0.0471 0.0472 0.0471
B 0.9958 0.9961 0.9959
b!2 0.04578 0.04431 0.04552

The values of Judd-Ofelt intensity parameters are given in Table 5.

Table 5 Judd-Ofelt intensity parameters for Nd** doped ZLSLTBG glass specimens.

Glass Specimen Qo(pm?) Qu(pm?) Qq(pm?) Qu/Qq Ref.
ZLSLTBG ND(1.0) 2.593 7.299 3.591 2.033 P.W.
ZLSLTBG ND(1.5) 2.297 7.282 3.572 2.039 P.W.
ZLSLTBG ND(2.0) 2.026 7.235 3.560 2.032 P.W.
ZLLVBM (ND) 2.876 7.830 3.393 2.308 [26].
SLBB (ND) 7.530 10.070 8.860 1.137 [27].
TBZN (ND) 1.574 2.368 1.768 1.339 [28].

4.4, Excitation Spectrum

The Excitation spectra of ZLSLTBG ND (1.0) glass specimen has been presented in Figure 4 in terms of Excitation
Intensity versus wavelength. The excitation spectrum was recorded in the spectral region 700—1000 nm fluorescence at
1065nm having different excitation band centred at 808 nm and 887 nm are attributed to the (*lop—*Fsp) and
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(*Ion—*F3p) transitions, respectively. The highest absorption level is (*Is»—“Fsz) and is at 808 nm. So this is to be
chosen for excitation wavelength.
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Fig.4: Excitation spectra of ZLSLTBG ND (1.0) glass.

4.5. Fluorescence Spectrum

The fluorescence spectrum of Nd**doped in zinc lithium sodalime tungsten borogerminate is shown in Figure 5. There
are SiX broad bands (4G7/2—>419/2), (4G7/2—>4111/2), (4F3/2—>419/2) (4F3/2—>4I11/2), (4F3/2—>4113/2) and (4F3/2—>4115/2) respectively
for glass specimens.
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Fig.5: Fluorescence spectrum of ZLSLTBG ND(1.0) glass.

The wavelengths of these bands along with their assignments are given in Table 5.
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Table 6 Emission peak wave lengths (Ap), radiative transition probability (Araa), branching ratio (pPr), stimulated
emission crosssection (op), and radiative life time (tr) for various transitions in Nd** doped ZLSLTBG glasses.

Transit ZLSLTBG ND( 1.0) ZLSLTBG ND( 1.5) ZLSLTBG

ion ND(2.0)
Ama | Ard( | B op | TR(W | Ard( | B Op Ard( | B Op R
. s1) (1020 | 5) s1) (102 | |sh (102 | (102
(n cm?) cm?) | (us) cm?) cm?)
m)

4Gip— | 53 | 2941 | 0.41 | 0.453 2900 | 0.4 | 0.471 2853 | 0.4 | 0.481

Top 2 |.16 |75 36 | 222 22 | 266

4Gin— | 59 | 2862 | 0.40 | 1.140 2728 | 0.3 | 1.144 2599 | 0.3 | 1.185

“Liue 5 |1.07 |62 141. 1 .19 | 972 145 | 56 886 149.5

F3p—t [ 90 | 726. | 0.10 | 0.745 | 94 | 725. | 0.1 |0.763 |58 | 722. |01 |0.786 | O

Loy 5 |44 31 97 057 98 081

‘F3p—* | 10 | 439. | 0.06 | 2.108 438. | 0.0 |2.284 437. 1 0.0 | 2.469

Liin 75 | 52 24 63 639 46 654

Fyp—t [ 13 | 742 1 0.01 | 0.440 739 | 0.0 | 0.454 73.8 | 0.0 | 0478

Lisn 20 |2 05 8 108 7 110

‘F3p—* | 18 | 1.77 | 0.00 | 0.026 1.77 | 0.0 |0.026 1.77 | 0.0 |0.027

Lisn 00 03 003 003

V. CONCLUSION

In the present study, the glass samples of composition :(35-x)Ge0:10Zn0O: 10Li,O: 10CaO: 10NaxOs: 10WOs:
15B,0;: xNd203, (where x =1, 1.5, 2 mol %) have been prepared by melt-quenching method. The large value of Balaji
parameter indicate that the prepared glass samples have good thermal stability. The stimulated emission cross section
(op) has highest value for the transition (*F3»—*I112) in all the glass specimens doped with Nd3* ion. This shows that
(*F32,—*1112) transition is most probable transition. The results show that the Nd** doped germinate glasses could be
potential candidates for photonic and laser devices.
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