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EFFECT OF Nb,Os NETWORK STABILIZER ON ELASTIC AND OPTICAL
PROPERTIES OF xNb,0s-(20-x)BaO-80TeO, TELLURITE GLASS SYSTEM

M. M. UMAIR, A.K.YAHYA"
Faculty of Applied Sciences, UniversitiTeknologi MARA, 40450 Shah Alam,
Malaysia

Telluro-niobatexNb,Os-(20-x)Ba0-80TeO, glass system was prepared by melt-quenching
method. Elastic, structure, and optical properties of the glass systems were measured using
ultrasonic velocity measurement, Raman spectroscopy and UV-Vis spectroscopy,
respectively. Results showed that the longitudinal velocity, v_ and shear velocity, v and
independent moduli, C_ and u steadily increased with Nb,Os. The related moduli such as
bulk modulus, K, and Young's modulus, Y and also Debye temperature, 85 showed similar
behavior to C_ and u. The increase of elastic moduliis suggested to be due to the increase
of bridging oxygen (BO) via TeO, tbp formation compared to non-brindging oxygen
(NBO) which was confirmed by Raman spectroscopy and these results indicate the
stabilizer effect of Nb,Os. Optical energy gap, Ey was found to decrease with
Nb,Oswhich is suggested to be due to smaller difference between HOMO and LUMO
states of TeO, tbp compared to that of TeO; tp and the averaging effect of Egy of
constituent oxides. Meanwhile, Urbach energy, E, decreased with Nb,Os content
indicating reduction in disorder of the glass structure.
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1. Introduction

Tellurite glasses have attracted much interest in the application of optical devices due to
their high third-order nonlinear optical susceptibilities[1-4], high refractive index[5-8], high
dielectric constant [9-11] and also good chemical durability[12]. These properties make the glass
suitable material for optical applications such as laser materials and fiber optics. Also, tellurite
glass shows low maximum phonon energy[13-16], low glass transition temperature[17,18], low
crystallization ability [19]and is non-hygroscopic[20]. The unit structure for this glass, TeO, is
unique where it consists of Te element positioned in trigonal bipyramids (tbp) with a lone pair in
the equatorial position [21-23]. Another unit structure for this glass is TeOz, which consists of Te
element positioned in trigonal pyramids (tp) with two equatorial Te-O bond, one axial Te-O bonds
and a lone pair. Uniquely, TeO, is a conditional network former as it cannot form glass on its own
but needs a modifier such as alkali metal, alkaline earth metal, transition metal, or rare earth to
form glass.

Addition of Nb,Os in tellurite glass has been suggested to introduce some kind of
stabilizer effect on glass network formation.For (80-x)TeO,-20Nb,0s-xZnO glass system, Nb,Os
was reported to enter the glass network as NbOg octahedral by connecting two neighbouring TeO,
tbp[24].Nb,Osalso plays a dual role in glass network modification, as network former or network
modifier, depending on its concentration[25, 26]. The increase of Nb,Os for TeO,-Nb,Os-ZnO-
NdO[27]and TeO,-ZnO-Nb,0s-Er,05[25] glass systems were reported to increase BO whilefor
TeO,-Zn0O-Nb,Os glass system [28],BO decreased for Nb,Os< 10 mol % but increased for Nb,Os>
10 mol %. Particularly, for 76 TeO,-20Nb,0s-4Ba0 glass[24], besides Nb,Os, the presence of BaO
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was suggested to contribute to the increase in third order non linear susceptibility, x°. BaO showed
strong network modifier character as reported for TeO-TiO-BaO[21]and TeO-BaO[29, 30] glass
systems. However, Nb,Osin the 76TeO,-20Nb,0s-4Ba0O glass system[24]was fixed and therefore,
the structural change in the glass systemdue to the presence of Nb,Os/BaO is not very clear.Thus,
further investigation on BaO-Nb,Os-TeO, glass system is essential to elucidate glass structure
modification due to Nb,Os.

On the other hand, ultrasonic study in conjunction with Raman and/or FTIR spectroscopy
is one of the best tools to investigate the influence of glass network modification on rigidity,
stiffness as well as elastic properties of the glass [26,27,28, 31-41]. Glass network modification
was reported to show very close correlation to elastic behavior of glass. Increase of TeO, thp
formation was suggested to enhance elastic properties due to formation of bridging oxygen as
shown for xTiO,-(50-x)V,05-50Te0,[38], xSm,0;-(35-X)V,05-65TeO,[37] and X\WO3-5ZrO-(95-
X)TeO,[7] tellurite glass systems. Meanwhile, the increase in TeO3 tp formation which indicate
increase in NBO of glass network weakens rigidity as shown by studies on xK,0-(20-x)WOQO;-
60TeO,[42], ,xNa,O-(35-X)V,05-65TeO,[31] and xAg,O-(50-x)V,05-50TeO,[43] glass systems.
On the other hand, optical properties such as optical energy gap and refractive index can give good
insight on structural and polarizability changes in glass[44-50]. It is known that Nb,Os possess
high polarizability due to the empty d shell [51] and is expected to give significant changes on
optical properties. However, no elastic and optical studies on Nb,Os-BaO-TeO, glass system have
been reported.

In this work, the effect of Nb,Os/BaO on elastic, structure and optical properties of
XNb,0Os-(20-x)Ba0O-80TeO, glass system was investigated using ultrasonic velocity measurement,
Raman and UV-Vis spectroscopy, respectively. All these three methods were analyzed and
correlated to elucidate the changes in glass structure as a result of Nb,Os addition.Also, further
analysis on elastic properties using bulk compression and ring deformation models have been
presented and discussed.

2. Experimental Detail

The xNb,05-20Ba0-80TeO, glass samples with x= 0,5,10 and 15 mol % were prepared
using the conventional solid state method and melt-quenching technique. Powders of Nb,Os, BaO
and TeO, with purity >99.95%-99.99% was mixed and ground in an agate mortar in an hour to
reach good homogeneity and fined grained mixture. The mixed batches were then melted for an
hour at 900°C and quenched onto stainless steel plate before annealed at 400°C for 4 hours. The
glasses were then ground into powder to meet the requirement of X-ray diffraction (XRD), Raman
and UV-Vis measurements.

XRD analysis was performed using X’Pert Pro Panalytical diffractometer to confirm the
amorphous nature of the glass samples. The density, p of the glass samples were determined by
Archimedes principle with xylene as an immersion medium using the relation below:

P=( " ]pb (1)

W, —Wp

whereW, is the glass sample weight in air, W, is the glass sample weight in xylene and p, is the
density of xylene which is 0.861 g/cm®. Raman spectra of the glass samples were recorded using
HORIBA JOBIN HR800 LabRam spectrometer at room temperature with the wavelength range
100-1200 cm™ and the excitation wavelength of 488nm (Ar" laser). Optical absorption spectra
were recorded using Varian Cany 5000 UV-VIS-NIR spectrometer with wavelength range
between 200-1000 nm at room temperature.

The samples were polished using fine sand paper to obtain parallel opposite faces to meet
the requirement for ultrasonic velocity measurement. Ultrasonic velocity measurements were
measured in both longitudinal and shear modes at room temperature by applying the pulse-echo
overlap technique at 5MHz using Matec model 7700 system. The related elastic moduli were
calculated using the equations:
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where h is the Planck’s constant, kg is the Boltzmann’s constant, N, is the Avogadro number, V, is
the molar atomic volume calculated from the effective molecular mass and the density (M/p), P is
the number of atoms in the chemical formula and v,, is the mean sound velocity defined by the

relation:
3,,3 %
| vy
Vi = 3 3
V] +V,

9)

3. Results

XRD patterns for all thexNb,Os-(20-x)BaO-80TeO,; x=0, 5,10,15 mol % glass samples
(Fig. 1) were observed to have no sharp peaks which confirm the amorphous nature of the
samples. Values of density, p, molar volume, V,, longitudinal velocity, v, shear velocity, v,
longitudinal modulus, C, and shear modulus, u for all samples are tabulated in Table 1. The
density, p shows steady decrease from 5.61 g cm™ (x=0 mol %) to 5.25 g cm™ (x=15 mol %) with
Nb,Os content (Fig. 2) while molar volume, V, of the glasses showed steady increase from 28.22
cm® mol ™ (x=0 mol %) to 33.37 cm® mol™ (x=15 mol %) (Fig. 2).

Table 1. Values of density, p, molar volume, Vy,longitudinal velocity, v, , shear velocity, v, longitudinal
modulus, C, and shear modulus, u of xNb,Os-(20-x)Ba0-80TeO, glass samples.

X (%) p(gem®)  Viem®mol) vikms?)  vi(kms')  C_(GPa) u (GPa)

+0.03 +0.02 +0.01 +0.01 +0.4 +0.2
0 5.61 28.22 3.19 1.34 57.2 10.0
5 5.45 30.09 3.36 1.42 61.4 11.0
10 5.29 32.06 3.53 1.54 65.9 12.6

15 5.25 33.37 3.69 1.61 71.7 13.7
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Fig. 1. XRD patterns of xXNb,Os-(20-x)BaO-80TeO, glass samples.

5.7 34

=,
eV k33

5.6

r 32

%51 k31

r 30
5.4 4

Density,p (g cm™)

r29

Molar Volume,V, (cm3/m0I)

5.3 A
r28

5.2 T T T T T T T T 27
0 2 4 6 8 10 12 14 16

Nb,O; content (mol%)

Fig. 2. Density (p) and molar volume (V) of XNb,Os-(20-x)BaO-80TeO, glass samples.

Fig. 3 shows Raman spectra of the XxNb,Os-(20-x)BaO-80TeO, glass samples for
x=0,5,10,15 mol%. Four obvious peaks were observed in the spectra which is at 450-470 cm™,
660-663 cm™, 743-763 cm™ and 879-883 cm™. As reported in previous structural studies on
niobate tellurite glasses [25,27,28] the 450-470 cm™ peak was assigned to asymmetric stretching
and bending vibration of Te-O in TeO, trigonal bipyramid (tbp) and in the present work, this peak
was observed to increase in intensity, broadening and shifted to lower frequency with addition of
Nb,Os. Meanwhile, the peak of 660-663 cm™ was assigned to symmetric vibration of Te-O in
TeO,thp and this peak was also observed to increase in intensity with addition of Nb,Os content.
The 743-763 cm™peak which was assigned to TeOj trigonal pyramid showed decrease in intensity
as Nb,Os content increased. On the other hand, 879-883 cm™peak which refer to stretching
vibration of Nb-O in NbOg octahedral [25,27,28,52] was observed in samples x=5-15 mol % only
and this peak showed slight increase as Nb,Oswas increased.
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Fig. 3. Raman spectra of xNb,05-(20-x)Ba0-80TeO, glass samples.

Fig. 4 shows the behavior of longitudinal velocity, v, and shear velocity, vs as Nb,Os
content increased. The addition of Nb,Os caused gradual increase in v, from 3.19 km s™(x= 0 mol
%) to 3.69 km s™(x=30 mol %) and also in v; from 1.34 km s™(x=0 mol %) to 2.61 km s™ (x=30
mol %). Meanwhile, longitudinal modulus, C, and shear modulus, « also show similar behavior
with v, and vs (Fig. 5) with increases from 57.24 GPa (x=0 mol %) to 71.66 GPa (x=30 mol %) for
C. and form 10.04 GPa (x=0 mol %) to 13.67 GPa (x=30 mol %), for u. Table 2 represent the
values of bulk modulus, K., Young's modulus, Y, hardness, H, Poisson's ratio, o, Debye
temperature, dp and mean velocity, vy,. K. steadily increased from 43.85 GPa to 53.43 GPa (Fig. 6)
while Y also shows similar behavior with increase from 27.98 GPa to 37.79 (Fig. 6) as Nb,Os
content increased. On the other hand, hardness, H showed small increase with values between 0.71
GPa (x=0 mol %) and 4.99 GPa (x=15 mol %) (Fig. 7) while Poisson's ratio (¢) showed small
decrease (Fig. 7) with the addition of Nb,Os. Fig. 8 showed the behavior of the Debye temperature,
6p and mean velocity, v, whereby both gradually increased with Nb,Os.

Table 2. Values of bulk modulus, K, Young's modulus, Y, hardness, H, Poisson's ratio, o, Debye
temperature, Op and mean velocity, v, of xXNb,Os-(20-x)Ba0-80TeO, glass samples.

X (%) K.(GPa) Y(GPa) H(GPa) o 0p(°C) Vm(km s™)
+1.0 +1.8 +0.1 +0.01 +0.6 +0.01
43.9 28.00 0.7 0.40 101.8 1.88

0

5 46.8 30.5 0.8 0.39 108.6 1.99
10 49.2 34.7 1.0 0.38 118.3 2.16
15 53.4 37.8 11 0.38 125.3 2.27
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Fig.4. Longitudinal velocity, v, and shear velocity, vs of xNb,Os-(20-x)Ba0-80TeO, glass samples.
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Fig.7. Hardness, H and Poisson's ratio, o of xNb,0s-(20-x)Ba0O-80TeO, glass samples.
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Fig.8. Debye temperature, O and mean velocity, vy, of xNb,0s-(20-x)Ba0O-80TeO, glass samples.

A quantitative interpretation of the experimental elastic properties of the xNb,Os-(20-
X)BaO-80TeO, glass system can be further analyzed using the bulk compression model in
conjunction with the ring deformation model. In the bulk compression model, it is assumed that
the compression is isotropic in all directions with change in bond length without altering bond
angle [23]. The theoretical bulk modulus, Ky, was computed using the relation [53]:

K,. = 9NVA Z:(xnf rZF)n

(10)

where N, is the Avogadro number, n; is the cation coordination number, r is the bond length, F is
the stretching force constant of oxide andn is the mole fraction of component oxide. For this glass
system, Ky decreased with the addition of Nb,Os content from 89.84 GPa (x=0 mol%) to 78.20
GPa (x=15 mol%). Fig.9 shows the behavior of K,J/K. with respect to the Nb,Os content and
shows the K,/K. steadily decrease from 2.05 (x=0 mol %) to 1.46 (x=15 mol %). On the other
hand, the ring size, | is calculated using relation[53]:
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where K is the experimental bulk modulus and F, is the average stretching force constant of glass
which was calculated using equation [54]:

e _20nF),
(i), (12)

The average ring size, | was observed to show a slight decrease(Fig. 9)between 0.467 nm
(x=0 mol %) and 0.455 nm (x=15 mol %).The average ideal cross-link density, n"; was calculated
using equation [53]:

n-i (13)

wheren. is the number of bridging bonds per cation minus two , N is the number of cations per
glass formula unit and # is the total number of cations per glass formula unit. It was observed that
the n; steadily increased with addition Nb,Os and the values lie between 2.40 (x=0 mol %) to 2.61
(x=15 mol %)(Table 4).

Table 3. Coordination number, n¢, bond length, r, first order stretching force constant,
F and of the oxides of TeO,, Nb,Os and BaO.

Oxide N r (nm) F(Nm?)
TeO, (Saddeek 2005) 4 0.199 216
Nb,Os (Saddeek et al 2009) 6 0.170 346
BaO (Saddeek 2005) 6 0.194 232

Table 4. The values of theoretical bulk modulus, K., ratio Ky / K¢, average ring size,
| and average cross-link density, n"; of xXNb,Os-(20-x)BaO-80TeO, glass samples.

x (mol %) Kye (GPa) Koo/ Ke I (nm) n.
+0.04 +0.03 +0.01
0 89.84 2.05 0.47 2.40
5 85.08 1.82 0.46 2.48
10 80.62 1.64 0.46 2.55

15 78.20 1.46 0.45 2.61




295

2.2 0.52
- K /K,
2.0 1 o |
F050 —~
1.8 A S
=
o )
2 1.6 A N
© N
< 048 o
8 144 =
Y )
g
[
1.2 A >
F046 ®
1.0 A
0.8 T T T T 0.44
0 5 10 15
Nb,O, content (%)

Fig.9 Ky /K, ratio and average atomic ring size, | of xNb,Os-(20-x)Ba0-80TeO, glass samples.

Optical energy gap, Eqp of the xNb,Os-(20-x)BaO-80TeO, glass samples were determined using
equation [55]:

A(ho—-E,,) P

a(w) =
ha (14)
where o is the absorption coefficient near the fundamental absorption edge of each spectrum, Eqy
is the optical band gap in eV, A is a constant and p is an index which can be assumed to be 1/2,
3/2,2 or 3, depending on the nature of the electronic transition responsible for absorption. For
amorphous materials, p=2 as absorption by indirect transition is most applicable according to Tauc
relations [55]. The value of E, can be obtained from the above equation by extrapolating the « to
zero absorption in the (a4v)*? vs hv as shown plot in Fig. 10. The Eqpt Shows decrease from 2.93
eV (x=0 mol%) to 2.58 eV (x=15 mol%). (Fig. 11). On the other hand, in amorphous materials,
band tailing exist in the forbidden energy band gap [51,55,56]. The band tailing which also known
as Urbach energy can be determined using Urbach Rule [55]:

() =, op[ ]
. (15)

where a, is a constant and E, is the width of the band tails of electron states in the forbidden band
gap. The values of E, were obtained from the reciprocal of the slope of the linear region of the
curve (Urbach region) in the In a vs hv plot. The E, was observed to increase at initial addition of
5 mol % of Nb,Os from 0.70 eV (x=0 mol %) to 0.79 eV (x= 5 mol %) followed by large decrease
to 0.55 eV (x>5 mol%). (Fig. 11).

Table 5. Values of optical band gap, Eqy, Urbach energy, E, and refractive index,
n of XNb,Os-(20-x)Ba0-80TeO, glass samples.

x (%) Eopt (€V) E, (eV) n
0 2.93 0.70 2.42
5 2.75 0.79 2.47
10 2.67 0.55 2.49

15 2.58 0.58 2.52
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The values of refractive index, n were calculated by using the following relation [55]:
n® -1 1 Eopt
n®+2 20

Our calculation showed n increased with addition of Nb,Os content from 2.42 (x=0 mol %) to 2.52
(x=30 mol%) (Table 5).

(16)

4. Discussion

Analysis on density is important in glass studies to identify structural compactness
[25,33]. In the present work, the change in p has been analyzed using the well-known formula,
p=M/V, where M is the molecular mass while V, is the molar volume of the glass samples. The
decrease in p (Fig. 2) indicates decrease in compactness of the glass[25] and this is due to the
increase in molar volume, V, as a result of replacement of smaller BaO (26.80 cm*/mol) by larger
Nb,Os (57.78 cm*/mol).
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The change in longitudinal velocity, v, and shear velocity, v due to addition of
Nb,Os indicates that the elastic properties of this glass system are sensitive to the composition of
the glass. The behavior of v_ and v; were analyzed based on equation (2) and (3) where the
ultrasound velocities are dependent on the independent moduli, C. and x and density, p. In the
present work, the increase in ultrasound velocities was due to both increase in independent moduli
and decrease in p. However, the larger percentage change of independent moduli (AC, =25.20 %
and Au=36.21 %) in comparison wasp which is 6.42 % gives insight of the dominant influence of
both independent modulus on ultrasound velocities of the glass system.

On the other hand, the increase in intensity of asymmetric TeO, thp (450-470 cm’
1) and symmetric TeO, tbp (660-663 cm™ peak) (Fig. 3) obviously indicates increase in bridging
oxygen (BO) [25,28]. Meanwhile, the intensity of TeOstp peak showed decrease with addition of
Nb,Os and this indicates decrease in formation of non-bridging oxygen (NBO) [25]. On the other
hand, the small increase in NbOg peak (879-883 cm™) indicates some increase in formation of
NBO. Nevertheless, the obvious increase in intensity of TeO, tbp (450-470 cm™ and 660-663 cm’®
'peaks) indicates progressive formation of BO in comparison to NBO.

Elastic properties are considered important for the selection of glasses for a particular
application as it gives valuable information on stiffness and rigidity [28,31,32,34,35,41]. The
gradual increase in C_ and u (Fig. 5) indicates the increase in stiffness and rigidity of the glass
system, respectively [34,57]. The increase is suggested to be due to the increase in BO formation
which is attributed to Nb,Os addition concurrent with the decrease of network modifier, BaO. The
formation of BO as a result of Nb,Os addition was also reported for XEr,O3-15Zn0-(10-x)Nb,Os-
75Te0,[25], xPbO-(0.3-x)Nb,0s-0.7TeO,[52] and xNd,0s-15Zn0-(10-x)Nb,0s-75TeO,[27] glass
systems while formation of NBO as a result of BaO addition was reported for 80TeO,-20ZnO-(x-
20)BaO[58] and Te0,-V,05-BaO [59] glass systems.The increase in rigidity and stiffness together
with BO formation indicates that Nb,Os enters and stabilizes the glass network [24].Also, the
increasing rigidity with Nb,Os addition may be due to the reduction of stronger modifying BaO in
comparison to Nb,Os modifier.

Bulk modulus, K. is a measure of material's resistance to uniform compression [23]. The
steady increase in K, reflects the increase in rigidity and stiffness of this glass. Meanwhile,
Young's modulus, Y which is defined as the ratio of linear stress to linear strain showed gradual
increase with Nb,Os (Fig. 6) indicating increase in stiffness of the glass [34, 57]. In addition, the
behavior of Y was observed to show similar behavior to C_ and x and this gives insight on the
influence of the independent moduli on Y. Poisson's ratio, o is an essential parameter to study
elastic properties of solid materials. It is defined as a ratio between lateral and longitudinal strains
produced when a tensile force is applied [36]. Ideally, the decrease in ais followed by an increase
in actual cross link densityand vice versa as reported for xTiO,-(50-x)V,0s-50Te0O, [38], xFe,0s-
(20-x)Zn0-80TeO, [32] and xSm,03-(35-x)V,05-65TeO, [37] glass systems. Therefore, the
decrease in o (Fig. 7) indicates increase in actual cross link in the glass system. This suggests that
the increase in elastic moduli may also be contributed by the increase in cross link which
consequently increase the stiffness and rigidity of the glass.

Debye temperature, 6 represents the temperature where all modes of vibration are excited
[36] and it is an important parameter for a solid. dp also reflects strength of bonds [60], rigidity
[28,31,33] and stiffness [34,57] for the glass material. 6y was analyzed based on equation (7)
where it is depends on number of atoms in the chemical composition, P, molar volume, V, or mean
velocity, vy,. In the present work, the increase in dp(Fig. 8) may be due to the increase in P and vy,.
However, 05 was found to show similar behavior to vy, (Fig. 8) and thus this suggests that 5 is
strongly influenced by v;,,. The dominant influence of v,, in p indicates the increase in 6y reflects
the glass's rigidity. Such indication was also reported for xZnO-45PbO-(55-x)V,05[34], xXWO;-
20Pb0O-(80-x)TeO, [33] and xFe,05-(20-x)Zn0-80TeO, [32] glass systems.Previously, T.
Hayakawa et al (2010) reported that the »* increased as TeO, tbp increased in their studied glass
system. The reportwas also supported by ab initio molecular orbital calculation result which
showed higher polarizability of TeO, tbp compared to TeO; tp[26,61]. Thus our Raman analysis
and elastic moduli results suggest some kind of correlation between rigidity and »*for the glass
system.
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Analysis using the bulk compression model shows that the values of K. were always
smaller compared to Ky indicating the energy required for the compression was less compared to
ideal isotropic compression [23]. However, the decrease in Ky/K, ratio with addition of Nb,Os
(Fig. 9) indicates increase in ideal isotropic compression at the expense of ring
deformation[42,60]. As described by Afifi and Gaafar (2004), the value of Ky./K.=1 indicates
compression occur via ideal compression while Ky/K, = 3-10 indicates bond bending process is
involved during compression. In this present work, Ky./K. value is close to 2 which indicate the
main compression mechanism remains ideal compression. In addition, the behavior of K,/K,
follow suit with average ring size, | (Fig. 9) indicating decrease in ring deformation with Nb,Os
addition. Similar observations were reported for xK,O-(20-x)WQO3-80TeO, (Sidkey and Gaafar
2004), xNa,0-(35-x)V,05-65TeO, [31] and xSm,05-(35-x)V,05-65TeO, [37].

Generally, a decrease in Eqy can be due to increase in NBO where electrons were held less
tight compared to BO[51,55]. Intriguingly, in the present study, the decrease in Eq was
accompanied by the increase of BO. Nevertheless, the decrease in E,y due to increase in TeO,
have been suggested for xFe,Os-(100-x)[4TeO,-PbO,[62], 68Te0,-5Nb,05-20Zn0O-7PbO[63],
70Te0-10Nb,05-20PbO [52] and 50(6Te0,-4V,05)-50PbO [17] glass systems where ab-initio
molecular orbital calculation shows that the difference between highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) state of TeO,thp is small compared to
that of TeO;tp. Therefore, the decrease in Eqy in the present glass system is suggested to be due to
the increase in TeO, thp. Also, G. Upenderet. al. (2010) suggested that the decrease in Eq, may not
be related to structural change but contributed by the E,y of constituent oxides. If constituent
oxides is considered to affect E,, of the presently studied glass system, the replacement of
Nb,Os(Eqx=3.30 eV)[52] with BaO (E,,=3.45 eV)[64] contributes to the decrease in E,y 0f the
glass system.On the other hand, amorphous materials possess band tail energy due to their
disordered structure [51,55,56]. This band tail, also known as the Urbach energy, E, is determined
using the Urbach rule and its increase indicates increase in degree of disorder of the amorphous
structure [51,55,56]. In the present work, the decrease in E, (Table 5) indicates reduction of
defects in this glass system as Nb,Os increased. Generally, refractive index of tellurite glass shows
increase with increase in NBO formation. However in the present study, n showed increase with
increase in BO formation as discussed earlier in our Raman analysis. Interestingly, several reports
for TIO-TeO,[66]and 68Te0,-5Nh,05-20Zn0O-7PbO [64] glass systems suggest that the increase
in n was due to increase in TeO, tbp which possesses about 20% higher mean polarizability
compared to that of TeO; tp as computed by ab initio molecular orbital calculation. Thus the
increase in n for xNb,0s-(20-x)Ba0-60TeO, glass system may be to be due to the increase in TeO,
tbp which has higher mean polarizability in comparison to TeOstp.

5. Conclusion

Elastic, structural and optical properties of the xNb,Oz-(20-x)BaO-60TeO, glass system
have been investigated. Addition of Nb,Os at the expense of BaO caused increase in ultrasound
velocities and elastic properties indicating increase in rigidity and stiffness of the glass system.
Raman analysis showed predominant formation of BO via TeOutbp group. The results suggest
Nb,Os enters and stabilizes the glass network. On the other hand, Kyp/K, ratio decreased with
Nb,Os indicating reduction of ring deformation upon compression due to reduction in average ring
size. The decrease in optical band gap, Eoy is suggested to be due to the smaller difference
between HUMO and LUMO states of TeO, tbp compared to that of TeO; tp and to the averaging
effect of E, of constituent oxides. Addition of Nb,Os also caused refractive index to increase and
Urbach energy to decrease.
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