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Abstract

Glass of the system :(40-x)TeO2:10Zn0O:10Li,0:10Na,0:10W03:20B,03:xNd»03, (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 spectra were recorded at room temperature for all glass samples. Slater-
Condon parameters Fx (k=2, 4, 6), Lande parameter &4 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 Q, (=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 (fr), radiative life time (zr) and stimulated emission cross—section (o)) of
various emission lines have been evaluated.
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I. Introduction

Among different ceramic glasses, scientific interest on borotellurite glasses is attributed to their
favorable properties such as, high density, high refractive index, large third order nonlinear optical susceptibility
[1-6].Tellurite glass is an extremely promising material for reflecting windows, laser, mechanical sensors and
nonlinear applications in optics due to some of its essential characteristic features, such as low phonon energy,
low melting temperature and excellent transparency. They have high thermal stability, high transparency and
low dispersion rates [7-12].

Tellurite glasses are potentially important host materials for developing rare earth doped optical
devices. Tellurite glasses have excellent transparency, good mechanical and thermal stability. Borotellurite glass
has low phonon energy, chemical and thermal stability [13,14]. Thus, it can be widely used in visible and
infrared laser, 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 and low dispersion. The
host matrix compose of ZnO, a glass modifier/glass farmer a heavy metal oxide along with TeO,, Li,O, NazO,
WOs3 and B,0s.The addition of Na,O 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 absorption and emission properties of Nd®* doped zinc lithium sodium
tungsten borotellurite 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(cp) are evaluated using J.O. intensity
parameters ( Q;, A=2,4 and 6).

I1. Experimental Techniques

Preparation of glasses

The following Nad3* doped borotellurite glass samples :(40-
X)Te02:10Zn0:10Li20:10Na20:10W03:20B203: XNd,0s. (where x =1, 1.5, 2) have been prepared by melt-
quenching method. Analytical reagent grade chemical used in the present study consist of TeO,, ZnO, Li.0,
Na,O, WOs3, B,03; and Nd>Os. They were thoroughly mixed by using an agate pestle mortar. Then melted at
975°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
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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.

Sample Glass composition (mol %)

ZLSTBT (UD)  40Te02:10Zn0:10Li>0:10Na;0:10W03:20B,03

ZLSTBT (ND1) 39Te02:10Zn0:10Li>0:10Na,0:10W03:20B,03:1Nd>03
ZLSTBT (ND1.5) 38.5Te0,:10Zn0:10Li,0:10Na,0:10W03:20B,03:1.5Nd>03
ZLSTBT (ND2) 38Te02:10Zn0:10Li>0:10Na;0:10W03:20B,03: 2Nd203

ZLSTBT (UD) - Represents undoped Zinc Lithium Sodium Tungsten Borotellurite
glass specimen.

ZLSTBT (ND) - Represents Nd* doped Zinc Lithium Sodium Tungsten Borotellurite
glass specimens.

I11. Theory
3.1 Oscillator Strength
The intensity of spectral lines is expressed in terms of oscillator strengths using the relation [19].

fexpt. = 4.318 x109e (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 |

Pm=4.6 x10°%x q log I—O XAy )
C

Where c is the molar concentration of the absorbing ion per unit volume, 1 is the optical path length, loglo/l 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:

8I1’mco 1 (n2+2)2
3h(23+1)n| 9

Where, the line strength S (J, J') is given by the equation
S(3,7)=e? Y <4t NS, L) J||u® ||4fN (S, L) I>2 4)
1=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=2,4and 6) are known as Judd-Ofelt intensity parameters.

x5(3,3°)
)

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 (op).

The spontaneous emission probability from initial manifold | 4fN (S, L) I> to a final manifold | 4N (S, L) J
>| is given by:

6423 |n(n2+2)

ALS L) 35 (8, 1) 3] = ot P x50y ©
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Where, S (I, J) = 2 [Q[|U®@ |2+ Q4 |U® |2+ Q6|U® |1

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

BIS. L) (S, L)3]= A0 ©)
SLJ
The radiative life time is given by
Tad =X A[(S, L) 5 (SL)] = Arga ™
SLJ

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
| 4N (S, L) J >| is expressed as

03 0) = [gmmmins | X AL 1) 13 G, D) ©®)

Where, 4,, the peak fluorescence wavelength of the emission band and AA. 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 = (©)

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

values of bonding parameter b'/? are given by
1/2 1-p|M/?
b2 = [ (10)

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.

Intensity (arb.units)

T T T T T
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20 (degree)
Fig.1: X-ray diffraction pattern of ZLSTBT (ND 01) glass.

4.2. Absorption spectra
The absorption spectra of ZLSTBT (NDO1) glass, consists of absorption bands corresponding to the
absorptions from the ground state “lg;» of Nd®* ions. Nine absorption bands have been observed from the ground
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state *lg to excited states 4|:3/2, 4|:5/2, 4[:7/2, 4Fg/z, 2H11/2, 4Gs/z, 4G7/2, 4Gg/z, and 2Ggy, for Nd3* doped ZLSTBT (ND
01) glass.
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Fig.2: Absorption spectra of ZLSTBT (ND 01) glass.
The experimental and calculated oscillator strength for Nd®* ions in ZLSTBT glasses are given in Table 2.

Table 2. Measured and calculated oscillator strength (P™ x 10*) of Nd* ions in ZLSTBT glasses.

Energy level from Glass ZLSTBT Glass ZLSTBT Glass ZLSTBT
oy (NDO01) (ND1.5) (NDO02)
Pexp‘ I:)cal. Pexp. Pcal‘ Pexp, I3cal‘

*Far 3.47 3.66 3.42 3.65 3.37 3.63
“Fsp 8.75 8.59 8.71 8.55 8.63 8.50
“Fuip 9.35 9.87 9.28 9.82 9.23 9.79
“Fo 0.65 0.53 0.63 0.53 0.60 0.52
2Hyypp 0.25 0.15 0.22 0.15 0.20 0.15
“Gspa 25.75 26.10 24.65 25.03 23.56 23.96
‘G 4.25 5.24 4.20 5.16 4,15 5.08
e 2.26 2.28 221 2.26 2.16 2.25
2Gyjy 0.94 2.90 0.92 2.89 0.89 2.88

r.m.s.deviation 0.7681 0.7718 0.7735

Table3. Computed values of Slater-Condon, Lande, Racah, nephelauexetic ratio and bonding parameter
for Nd** doped ZLSTBT glass specimens.

Parameter Free ion ZLSTBT ( NDO1) ZLSTBT (NDL5) ZLSTBT (ND02)
Fo(cm?) 331.16 32458 324.64 324.65
Facm?) 50.71 50.72 50.72 50.72
Fo(cm?) 5.154 5038 5041 5.042
Ea(cm?) 884.0 882.73 882.67 882.66
EX(cm™) 5024.0 494712 4948.19 494.83
EZ(cm™) 23.90 23.08 23.09 23.09
E3(cm™) 497.0 48958 48958 489,59

FJF, 0.1531 0.1563 0.1562 0.1562
FolF2 0.0155 0.0155 0.0155 0.0155
ET/E 10.1086 10.1048 10.1070 10.1069
EZE° 0.0481 0.0471 0.0472 0.0472

B 0.9958 0.9960 0.9961

b2 0.04578 0.04449 0.04444

The values of Judd-Ofelt intensity parameters are given in Table 4.
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Table 4. Judd-Ofelt intensity parameters for Nd** doped ZLSTBT glass specimens.

Glass Specimen Qy(pm?) Q,(pm?) Qg(pm?) Q4/Q6
ZLSTBT (NDO01) 2.716 7.744 3.559 2.176
ZLSTBT (ND1.5) 2.361 7.724 3.541 2.181
ZLSTBT (NDO02) 2.032 7.671 3.528 2.174

4.3. Excitation Spectrum

The Excitation spectra of Nd**doped ZLSTBT ND (01) glass specimen has been presented in Figure 3 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 (*lo.—*Fs12) and (“lo;—*F312) transitions, respectively. The highest absorption level is (*lo,—*Fs2) and is
at 808 nm. So this is to be chosen for excitation wavelength.
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Fig.3: Excitation spectra of ZLSTBT (ND 01) glass.

4.4. Fluorescence Spectrum

The fluorescence spectrum of Nd**doped in zinc lithium sodium tungsten borotellurite is shown in Figure 4.
There are six broad bands (*Gr2—%ler2), (*Gr2—*1112), (*Fa—er2) (*Fa—*1112), (“Fae—11312) and (*Farz—*11s12)
respectively for glass specimens.
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Fig.4: Fluorescence spectrum of ZLSTBT glasses doped with Nd3*.
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The wavelengths of these bands along with their assignments are given in Table 5.

Table 5. Emission peak wave lengths (p), radiative transition probability (Arad), branching ratio (Br),
stimulated emission crosssection (eop), and radiative life time (tr) for various transitions in Nd** doped
ZLSTBT glasses.

Transition ZLSTBT (ND 01) ZLSTBT (ND 1.5) ZLSTBT (ND 02)
Amax Arad(S'l) B Op TR(US) Arad(S'l) B Op Arad(S'l) B Op TR
(nm) (100 (10 TR (11S) (10 (10

cm?) cm?) cm?) cm?)

“Gro—"loz | 532 | 3159.17 | 0.4195 | 0.483 3108.83 | 0.4249 | 0.496 3051.05 | 0.4301 | 0.5086

4Gro—*lue | 595 | 3058.93 | 0.4062 | 1.190 2896.47 | 0.3959 | 1.243 2737.41 | 0.3858 | 1.243

‘Fsn—%ler | 905 [ 779.32 [ 0.1035 | 0.767 778.68 | 0.1064 | 0.780 775.13 | 0.1093 | 0.805

*Fan—"luz | 1075 | 456.90 | 0.0607 | 2.152 132.78 | 456.00 | 0.0623 | 2.444 136.68 | 45459 | 0.0641 | 2.516 140.95

Fan—*lizn | 1320 | 74.90 0.0099 | 0.432 74.67 0.0102 | 0.451 74.55 0.0105 | 0.471

Fs2—°lis2 | 1800 | 1.79 0.0002 | 0.026 1.78 0.0002 | 0.026 1.78 0.0003 | 0.027

V. Conclusion
In the present study, the glass samples of composition :(40-
X)Te0,:10Zn0:10Li20:10Na20:10W03:20B,03: XNd,03. (where x =1, 1.5, 2 mol %) have been prepared by
melt-quenching method. The stimulated emission cross section (op) has highest value for the transition
(*Fan—*l112) in all the glass specimens doped with Nd®* ion. This shows that (*Fs—*l112) transition is most
probable transition. The results show that the Nd** doped borotellurite glasses could be potential candidates for
1.08 um photonic devices.
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