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ABSTRACT
Zinc lithium antimony sodalimetelluriteglasses containing Ertt in (45-x):

Te0,:10Zn0:10Li,0:10Sh,05:10Ca0:15Na,0:XEr,0;. (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, fluorescence and Raman spectra were recorded at room temperature for all glass
samples. Judd-Ofelt intensity parameters Q, (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, branching ratio, radiative life time and stimulated emission cross—section of
various emission lines have been evaluated.
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l. INTRODUCTION

Rare-earth ions doped glass-ceramics are important materials for optical fibers, wave guide lasers,
sensors 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 importantance of glasses doped with rare earth
elements lies in their distinctive emission properties in several electromagnetic spectral regions [6-10]. Tellurite
glasses have been extensively investigated due to their transparency in a wide spectral rang from the ultraviolet
to the infrared,which makes them suitable for the fabrication of optical fibers [11,12].Tellurite glasses are
extremely attractive materials for linear and non-linear application in optics, due to their important aspects such
as their low melting temperature, low phonon energy and high refractive index, high dielectric constant, good
chemical durability, high thermal stability, non-hygroscopic, with a large transmission window and the
possibility to integrate a large amount of rare-earth ions [13-18].Er*" doped tellurite glasses considerable
literature has recently emerged concerning the structure, optical, mechanical, thermal, and electrical
properties[19-23].

In this work, the spectroscopic properties of Er**-doped (45-x):
Te0,:10Zn0:10Li,0:10Sh,03:10Ca0:15Na,0:XEr,03 (where x=1, 1.5,2 mol %) glasses were investigated. The
Optical absorption, Excitation, fluorescence and Raman spectra of Er¥*of the glasses were investigated. 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 (), radiative life time(tg) and stimulated
emission cross section(cy) are evaluated using J.O.intensity parameters( £, A=2,4 and 6).

1. EXPERIMENTAL TECHNIQUES
Preparation of glasses

The following Er** doped zinc lithium antimony sodalimetelluriteglass —samples(45-X):
Te0,:10Zn0:10Li,0:10Sh,03:10Ca0:15Na,0:xEr,0; (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,Sh,03,Ca0,Na,0Oand Er,0s. All weighed chemicals were powdered by using an Agate pestle mortar and
mixed thoroughly before each batch (10g) was melted in alumina crucibles in silicon carbide based an electrical
furnace.

Silicon Carbide Muffle furnace was heated to working temperature of 1055°C, for preparation of zinc
lithium antimony sodalime tellurite glasses, for two hours to ensure the melt to be free from gases. The melt was
stirred several times to ensure homogeneity. For quenching, the melt was quickly poured on the steel plate &
was immediately inserted in the muffle furnace for annealing. The steel plate was preheated t0100°C.While
pouring; the temperature of crucible was also maintained to prevent crystallization. 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
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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 %)

ZLASLT (UD) 45Te0,:10Zn0:10Li,0:10Sh,05:10Ca0:15Na,0

ZLASLT (ER1)  44Te0,:10Zn0:10Li,0:10Sh,03:10Ca0:15Na,0:1 Er,04
ZLASLT (ER 1.5) 43.5Te0,:10Zn0:10Li,0:10Sh,05:10Ca0:15Na,0:1.5 Er,04
ZLASLT (ER2)  43Te0,:10Zn0:10Li,0:10Sh,04:10Ca0:15Na,0: 2 Er,0;

ZLASLT (UD)—Represents undoped Zinc Lithium Antimony SodalimeTelluriteglass specimen.
ZLASLT(ER) -Represents Er ** dopedZinc Lithium Antimony Sodalime Telluriteglass specimens.

I1.  THEORY
3.1 Oscillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation  [24].
fexpr. = 4.318 X107 (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, using the modified relation [25].

1 |

Pn=4.6 x10x — log —> xAvy, 2)
cl |

where c is the molar concentration of the absorbing ion per unit volume, | is the optical path length, loglo/l is

absorbtivity or optical density and Avy, is half band width.

3.2. Judd-Ofelt Intensity Parameters
According to Judd [26] and Ofelt [27] 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 |4f" (S',L") I> is given by:
gri’mc v 11 (n? +2)°]
me v —] (n - ) |xS(J,J‘) where, the

3h(2J +1)n 9
] ] 3)
line strength S (J, J") is given by the equation
S ) =e*y <4, L) I UP |4 (s, L) I>2  (4)

r=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, , (A =2, 4 and 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 (o).
The spontaneous emission probability from initial manifold r4fN (S', L") J*> to a final manifold | 4fN (S,L) J>| is
given by:
P _ 64m?v3 |n(n?+2 2 ;=

AT, L) 3 G = [ x50 )

Where, S (', J) = €2 [Q || U® |2+ Q| U |2+ Q]| U@ |2

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

BI(S', L) 35 (S,L)J]= Z%@
SLJ

where, the sum is over all terminal manifolds.
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The radiative life time is given by
T =Y Al(S, L) T3 (S,L) ] = Argea(7)
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 | 4fN (S,L)J>| is expressed as

00(%) = [ | AL\ L GDA ®)

where, 4, the peak fluorescence wavelength of the emission band and A2, 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'/2), which are
computed by using following formulae [28, 29]. The Nephelauxetic Ratio is given by

v

p=2 ©)

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

value of bonding parameter ( b/? ) is given by
111/2

e (10)

V. RESULT AND DISCUSSION
4.1. XRD Measurement
Figure 1 presents the XRD pattern of the samples containing show no sharp Bragg’s peak, but only a broad
diffuse hump around low angle region. This is the clear indication of amorphous nature with in the resolution
limit of XRD instrument.
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Fig.1:X-ray diffraction pattern of ZLASLT(ER) glasses.

4.2 Raman spectra

The Raman spectrum of Zinc Lithium Antimony SodalimeTellurite(ZLASLT) glass specimens is
recorded and is shown in Fig. 2. The Raman band at 120cm™corresponds to bending mode of Te—O-Te, which
is formed by sharing vertices of TeOutbp’s, TeOs.polyhedra and TeOastp’s; stretching over long distance in the
glass network.The Raman band at 450 cmis usually ascribed to bending vibrations of Te—O-Te linkages.The
Raman bands around 675 and 750 cm™ are assigned to stretching vibrations in TeO, and TeOsgroups,
respectively. The increase in intensity observed for the 750 cm™band with erbium concentration is consistent
with the destruction of TeO4 groups.
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Fig. (2) Raman spectrum of ZLASLTER (01) glass.

4.2. Absorption spectra

The absorption spectra ofZLASLTER(01)glass, consistsof absorption bands corresponding to the
absorptions from the ground state “l;5,, of Er** ions.Ten absorption bands have been observed from the ground
state 4|15/2tO excited states 4|11/2,4|9/2,4Fg/2,483/2,2H11/2,4F7/2,4F5/2,4F3/2, ZHg/zand4Gll/2 for EI’3+ dOpEd ZLASLTER
(01)glass.
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Fig.2: Absorption spectra of ZLASLTER(01) glass.

The experimental and calculated oscillator strengths for Er** ions in zinc lithium antimony sodalime tellurite
glasses aregiven in Table 2

Table 2.Measured and calculated oscillator strength (P™x 10*°) of Er**ions in ZLASL Tglasses.

Energy level Glass ZLASLT Glass ZLASLT Glass ZLASLT
*lisiy (ER01) (ERL.5) (ER02)
Pexp. F,cal. Pexp. F>ca\I. Pexp. Pcal‘
112 0.88 0.66 0.85 0.66 0.82 0.65
*lor 0.44 0.14 0.41 0.13 0.39 0.13
*Forz 2.45 1.42 2.42 1.41 2.38 1.40
*Sar2 0.38 0.60 0.36 0.59 0.33 0.59
"Hy, 6.58 2.40 6.55 2.41 6.51 241
*Fir2 5.30 2.08 5.25 2.07 5.20 2.05
*Fsr 0.67 0.76 0.64 0.75 0.61 0.74
*Fan 0.38 0.47 0.35 0.46 0.32 0.46
"Hop, 1.68 0.89 1.65 0.98 1.62 0.88
*Gun 4.85 6.78 4.83 6.78 4.79 6.77
R.m.s.deviation 1.8283 1.8129 1.7989

The wvarious energy interaction parameters like Slater-Condon parameters Fy(k=2, 4, 6),
Lande’parameter (&) and Racah parameters E%(k=1, 2, 3) have been computed using partial
regression.Computed values of Slater-Condon, Lande’, Racah,nephelauexetic ratio and bonding parameter for
Er**dopedZLASLT glassspecimens are given in Table 3.
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Table3.Computed values of Slater-Condon, Lande’, Racah, nephelauexetic ratio and bonding parameter

for Er®* doped ZLASLT glass specimens.

Parameter Free ion ZLASLTERO1 ZLASLTERL5 ZLASLTER02
Fo(cm™) 441.680 433.951 433.944 433.965
Fscm™?) 68.327 67.045 67.043 67.044
Fe(cm™) 7.490 7.045 7.043 7.046
Ea(cm™) 2369.400 2414.646 2414.708 2414632
E'(cm™) 6855.300 6663.138 6662.629 6663.316
E’(cm™) 32.126 31.348 31.346 31.350
E(cm™) 645.570 643.641 643.681 643.647

F4lF, 0.15470 0.154499 0.1544968 0.1544917
Fe/F, 0.01696 0.01623455 0.01623020 0.01623633
EVE® 10.61899 10.352258 10.350824 10.352439

E’ES 0.049764 0.048704 0.048698 0.048707

' 0.99577279 99567274 .99579898
b’ 0.045973986 0.046514838 0.045831333

Judd-Ofelt intensityparameters Q,(4 = 2, 4 and 6) were calculated by using the fitting approximationof the
experimental oscillator strengths to the calculated oscillator strengths with respect to their electric
dipolecontributions. In the present case the three Q, parameters follow the trend €,<€Q,<Qs.

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

Glass Specimen Q,(pm?) Q.(pm?) Qs(pm?) Q4/Q
ZLASLT (ER01) 0.8612 0.2944 0.9350 0.3149
ZLASLT (ERL5) 0.8676 0.2921 0.9300 0.3141
ZLASLT (ER02) 0.8704 0.2890 0.9202 0.3141

4.4 Excitation Spectrum

The Excitation spectra of Er**doped ZLASLT glass specimens have been presented in Figure 4 in terms
of Excitation Intensity versus wavelength. The excitation spectrum was recorded in the spectral region 300-600
nm fluorescence at 550nm having different excitation band centered at 350,365, 381, 425, 450, 470and 515
nmare attributed to the ?Kisp, *Ger, *Giuz, 2Gor, *Fap, “Fs and 2Hyyp, transitions, respectively. The highest
absorption level is “G,1,and is at 381nm.So this is to be chosen for excitation wavelength.
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Fig.4:Excitation Spectrum of ZLASLTER (01) glass.

4.3. Fluorescence Spectrum

The fluorescence spectrum of Er**doped in zinc lithium antimony sodalime tellurite glass is shown in
Figure 3. There are  sevenbroad bands (*Fro—*11512), CH1o—l1512), (*Sa—"l151),
(4F9/2—>4|15/2),(4|11/2—>4|15/2),(4|13/2—>4|15/2) and(4|11/2—>4|13/2) reSpeCtively for gIaSS SpECimenS.
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Fig.3:Fluorescence spectrum of ZLASLTER (01) glass.
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Table 5.Emission peak wave lengths (1), radiative transition probability (Ar.qd), branching ratio (Bg),
stimulated emission crosssection (e},), and radiative life time (t) for various transitions in Er** doped

ZLASLT glasses.
Transition ZLASLTER 01 ZLASLTER 1.5 ZLASLTER 02
p I Anls?) B gy Tr(us) Anls?) B gy Tr (us) Anls?) B G, =
(nm) (10 em®) (10 em®) (10%*em?) | (10-*cm?)
Fza— 50 485 1956.35 0.4047 0.5282 1945.45 04037 0.5207 1932.76 04025 0.5060
Hy 12— sa 530 123431 0.2553 0.3%09 124148 0.2571 0.38%96 124433 0.2562 0.3837
#830—1sn 550 867.76 0.1795 02617 864 .85 0.1791 0.2588 85699 0.1785 0.2514
Fon—T1sn 657 581.20 0.1202 0.3089 206.84 579.14 0.1199 03038 207.07 57391 0.1195 0.2959 208.29
Ma—Tisa 990 100.43 0.0208 0.3559 100.17 0.0207 0.3492 9643 0.02071 0.3410
M3a—T1sn 1538 80.99 0.0168 1.205¢ 80.74 0.01672 1.1874 80.06 0.01672 1.1573
Ly a—n 2711 | 13.59 0.0028 0.7802 1355 0.0028 0.7718 13.44 0.0028 0.7580
V. CONCLUSION
In the present study, the glass samples of composition (45-x)Te0,:10Zn0:10Li,0:

10Sh,05:10Ca0:15Na,0:XEr,03 (where x=1, 1.5, 2 mol %) have been prepared by melt-quenching method. The
value of stimulated emission cross-section (op) is found to be maximum for the transition (“l13p—"1151,) for glass
ZLASLT (ER 01), suggesting that glass ZLASLT (ER 01) is better compared to the other two glass systems
ZLASLT(ERL.5) and ZLASLT (ER02).A Raman band, associated with the Te-O-Te vibration mode has been
observed near 450 cm™. It was found that this band shows a significant decrease in intensity as the Er®* ion
concentration increases, indicating a structural disruption in the glass network due to the erbium increasing.
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