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ABSTRACT

Zinc tellurite glass system doped with samarium oxide were prepared using a melt quenching
technigue. The analysis of X-ray diffraction (XRD) and Fourier Transform Infrared (FTIR) were
employed to obtain the structural properties. The XRD result revealed the amorphous nature of the
sample glasses. The density of the glass system increases with increase in dopant. The refractive
index was obtained using the proposed relation of Sakka and Dimitrov. The values of theoretical
electronic polarisability, polarisability of oxide ion and metallization criterion of the glass system
were obtained via the equation of Lorenz-Lorenz. The band gap energy and refractive index based
optical basicity were calculated by the Duffy and Ingram relation. The refractive index and energy
band gap-based metallization criterion showed an increasing trend with increasing Sm,0O;
concentration. Urbach energy decreases with an increase in dopant concentration. The decreasing
Urbach energy confirmed that the glass samples have a higher tendency to reduce static disorder
within its structure. The obtained result showed that the sample glasses have all potentials to be
used on optical limiting devices for photonics.

Keywords: Telluride glasses; index of refraction; oxide ion polarisability; optical basicity; electronic
polarisability; metallization criterion.

*Corresponding author: Email: tafidajalingo@yahoo.com;



1. INTRODUCTION

“Tellurium oxide (TeO,) based glasses are of
scientific and technological concern because of
their high polarisability and non-linear optical
properties” [1]. TeO, based glasses have been
recommended by many researchers to be used
in photonic devices[2]. “Samarium oxide is added
as a dopant into the glass network as a result of
their lower melting point and good rare-earth ions
solubility”[2]. The addition of zinc oxide into the
glass composition improves the forming ability of
the fabricated samples as well as lower the
crystallization rate of tellurite doped glasses [3].
“Zinc tellurite doped glasses are stable and
developed a lot of interest from scientist around
the world because of their dual important roles as
a network modifier and network former
respectively’[3]. Recently, Komatsu and Dimitrov
(2005) examined the polarisability method of
various oxide glasses by taking an estimation on
the oxide ion electronic polarisability, optical
basicity as well as the metallization criterion
based on refractive index and optical energy
band gap of the synthesized glass samples. The
optical nonlinearity of glass material is the reason
behind the electronic polarization of the glass
upon exposure to intense light beams and
therefore polarisability is the most significant
parameter that indicates the non-linearity
response of the glass materials and is closely
connected to most properties of a materials like
conductivity, optical basicity as well as the optical
nonlinearity of glass materials [4]. Therefore, “it
is strongly suggested to advance the
investigation on the optical basicity, metallization
criterion and the electronic polarisability of glass
materials to estimate the nonlinear optical
properties of glass materials’[2]. The main
objectives of the study are to identify the effect of
samarium oxide concentration on the linear
optical properties of the zinc tellurite glass
system and also to adopt the proposed
polarisability approach of Sakka and Dimitrov by
applying the experimental data for band gap as
well as refractive index to determine the
polarisability, metallization criterion and the
optical basicity of the synthesized glass samples
using theoretical approach.

2. MATERIALS AND METHODS
2.1 Production of Zinc Tellurite Glasses
Melt quenching technique was employed in the

fabrication of samarium oxide doped with zinc
tellurite glass system with composition of
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[(TeO2)o7 (ZNO) g3l1x [SM,0O3] «, Where x = 0.01,
0.02, 0.03, 0.04 and 0.05 molar fraction. To
measure the required chemical powders for
individual oxide, a digital weighing balance with
an accuracy of += 0.000lg was used. The
chemical powders of (Alfa Aesar, 99.99%)
tellurium oxide (TeO,), (Alfa Aesar, 99.99%) zinc
oxide (ZnO) and (Alfa Aesar, 99.99%) of
samarium (ll) oxide (Sm,03) were measured for
the glass fabrication process. The weighted
chemical powders were mixed thoroughly for
about 30 minutes for a homogeneity. The
chemical mixture in the alumina crucible was
then transferred to the first electric furnace for
preheating process at 400°C for one hour to
remove any amount of water vapour or moisture
in the chemical mixture. Further, the chemicals
were melted for two hours using the second
furnace set at 900° C. The cylindrical steel mould
was, then, preheated using the first furnace that
was set at 400° C as the chemicals were melted
in the second furnace. After two hours, the
molten liquid was poured rapidly into the
preheated mould and the melts immediately
transferred for annealing process in the first
electrical furnace at 400° C for 1 hour 30 minutes
to eliminate air bubbles and thermal strains in the
fabricated glasses before the furnace was turned
off. The samples were allowed to cool to room
temperature before taken out from the furnace
and kept in the scintillation vial with silica gel to
absorb any vapour. The synthesized glasses
were polished with sandpapers of various
grades.

2.2 Optical Properties Characterization

For optical properties characterization, the
synthesized glasses were cut to a thickness of
approximately 2 mm and both the two sides of
the glass samples was polished to obtain a flat
and smooth surface. The UV-1650PC UV-vis
spectrophotometer was used for the
characterization of the sample with wavelength
ranging from 200 to 2000 nm to get the optical
absorption of the glass samples.

2.3 Structural Properties Characterization

For structural properties, the sample was
crushed with a plunger before being ground with
pestle and mortar to obtain the fine sample
powder. The powdered samples were sent for
Fourier Transform Infra-Red Spectroscopy
(FTIR) and X-ray Diffraction (XRD) for
structural investigation of the glass samples
respectively.



2.4 Calculation of Glass Sample Density

Density is an important property that is used to
explore the structural compactness of tellurite
doped glasses [5]. Archimedes principle was
used in measuring the density of the present
glass samples using electronic densimeter MD-
300S (Alfa Mirage). The density measurement
for each glass sample was carried out ten (10)
times and the average values were taken. The
density of the glass sample is obtained using the
following relation[6]:

wW..
=—2 x Pwater €]

psamp le
Wwa ter

where (p) is the density of glass sample in g/cm?’,
W represents the weight of sample in air and
water in g and cm?® respectively.

2.5 Analysis of X-ray Diffraction (XRD)

X-ray diffraction (XRD) analysis is a technique
mainly used for phase identification of
amorphous and crystalline materials. The
powdered portion of the glass samples was used
to carry out the XRD analysis in the range
20 <26 <80 as presented in Fig. 2. The
coefficient of optical absorption a(w) for the
present glass system is realized using the
absorbance values obtained from UV-Vis
spectroscopy using the following equation:

a(w) = 2.303 (2) @)
The symbol d represents the sample thickness in
cm, A is the absorbance obtained from UV- Vis
result. Mott and Davis proposed affiliation among
the absorption coefficient and photon energy to
obtain the calculation for a direct and indirect
transition that exists in the band gap. The
relationship as recommended by Mott and Davis
is presented in the following equation [15].

B(Pw — Eppe )"

a(@) === 3
The symbol B represents the band trailing
parameter, the samples photon energy is

denoted by Aw, n is the determining factor for the
type of optical transition that exist in the materials
and is constant with values of 1/2 and 2 for both
indirect and direct forbidden transitions
respectively [16].Urbach energy (AE) of glass
materials indicates the amount of disorder of the
material and can be obtained using the following
relation:
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a(w) = Bexp (Z—E) 4)

where h is the reduced plank constant, B is
constant, w represents photon frequency and AE
is the Urbach energy of the synthesized glass
system [18]. The refractive index of the glass
samples is calculated using the optical energy
band gap values and the proposed equation of
Dimitrov and Sakka [21].

_ Eopt
n+2 20

(5)

where n is the index of refraction of the glass
system, Eopt represents the indirect energy band
gap of the synthesized glasses. Electronic
polarisability of tellurite glasses describes the
extent of the electron responding to the electric
field and it can be obtained using the following
equation:

3 3(n? - 1)
%e = 4nN,(n? + 2)

(6)

where a, represents the electronic polarisability,
n is the index of refraction of the fabricated
glasses and N, is Avogadro’s number of the
glass system. Oxide ion electronic polarisability
( @,,-) can be calculated based on two
independent initial values that are, the energy
band gap, E4 and the linear index of refraction, n
of a glass material as shown in equation 7 and 8.

a0 - = [(32) - Y @] o)t @)

( Vin ) 1- Eopt
2.52 20

- Z ai] (Noy,-)™1 €)

Xo2 — (Eopt) =

where «,,_(n) is the oxide ion electronic
polarisability based on refractive index, a,,_(Eg)
is the band gap energy-based oxide ion
electronic polarisability, Y, ai stands for molar
cation electronic polarisability and the number of
oxide ions in the glass system based on the
chemical formula of the glass is denoted by
No,-. Theoretically, the optical basicity of the
multi-component  glass system can be



determined using the equation proposed by
Ingram and Duffy (1992).

At’h = Xl/\l + Xz/\z +X3/\3 + .-
+ XN, 9

where X;,X,, X3, ..., X, represent the equivalent
segments based on the amount of oxygen of
each oxide contributes to the glass network and
N A, A, is the representation of optical
basicity assigned to each oxide in the glass
network [27]

The optical basicity alternative approach has
been established by Duffy (1992) whereby it can
be determined using oxide ion polarisability
values based on an index of refraction, n and
band gap energy, Eq [28].

A =167 (1 - ({;_)) (10)

The relation for the metallization criterion of the
glass system is determined by subtracting the
prediction of R,/V, =1.

R
M=1-(2
)

(11D
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The metallization criterion based on refractive
index, M(n,) and optical energy gap, M(E,) of the
glass system is obtained as proposed by Sakka
and Dimitrov [21].

M(n,) =1- (12)

(ng—1)
(ng + 2)]

(13)

3. RESULTS AND DISCUSSION
3.1 Density Measurement

Table 1 listed the density values of the glass
system while Fig. 2 has depicted the graph of
density with various concentration of samarium
oxide. The density values increase from 5.041 to
5.300 glcm® as the concentration of Sm,0;
increases. The increasing density values can be
attributed to the replacement of glass former
tellurium oxide with smaller atomic mass (Z+.
=127.6 gmol'l) by the dopant samarium, with a
larger atomic mass (Zs, = 150.36 gmol'l) in the
glass system [7].

Table 1. Density for [(TeO3)o.7 (ZNO) ¢3]1x [SM,03] « glasses

Molar fraction (Sm,03)

Density (g/cm®) [+0.045]

0.01 5.041
0.02 5.093
0.03 5.124
0.04 5.214
0.05 5.300
5.35 -
5.30 1
& 525 1
5 520
~~
S 515 -
=
2 510 -
[%2]
S 5.05 -
D 5.00 T T T T T 1
0 0.01 0.02 0.03 0.04 0.05 0.06
(Sm,03) molar fraction

Fig. 1. Plot of density for [(TeO,)q7 (ZNO) g3]1x [SM205] x glasses
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Fig. 2. Plot of X-ray diffraction pattern for [(TeO,)o.7 (ZNO) ¢3]1x [SM,03] x glasses

“The XRD results show non-appearance of sharp
absorption peaks in the spectra but a broad
hump which confirms the non-crystalline nature
of the glass samples” [2].

3.2 Fourier Transform Infrared Spectro-
scopy (FTIR)

“Technique of Fourier transform infrared (FTIR)
provide details information about the local
arrangement, structure as well as functional
groups in  non-crystalline and crystalline
materials” [8]. “The FTIR spectra were recorded
in the range 280-4000 cm™ The absorption band
as recorded for FTIR at 600-650 cm™ is assigned
to the functional vibration of trigonal bipyramid,
TeO, in the glass system” [9]. Therefore, the
formation of TeQ, in the present glasses leads to
more tightening of the glass structure due to the
formation of bridging oxygen [10]. The TeO,
formation at the expense of TeOs; indicates the
possible presence of Te-O-Zn bonds in the
fabricated glasses. The creation of Te-O-Zn
might be caused by ZnO which goes into the

glass network as a modifier and breaks up of Te-
O-Te bonds in the glass system [5]. The
disappearance of the bands at wavenumber
ranging from 400 to 550 cm™ for ZnO in the
fabricated samples is an indication that zinc
lattice has been broken down [3]. “The
absorption spectra were further deconvoluted to
obtain additional information regarding the
decrement and increment for every structural unit
using Origin 6.0 software. The deconvolution
result presented four different absorption bands
that can be assigned to tellurite, zinc oxide and
Sm,0O3 structural units in that order. In general,
the areas for TeO, and TeOs; structural units
increases after the progression. This can be
related to the structural redisposition process and
breaking of bonds that occur in the glass
network” [11] as well as the process of ionization
and atomic displacement that happen in the
glass matrix. Tables 2 and 3 present the
assignment and the deconvolution band centre
and band area at different concentration of
dopants as depicted in Figs. 3 and 4
respectively.

Table 2. Infrared transmission bands assignment for [(TeO,)o7 (ZNO) o3]1.x [SM,03] x glasses

SM Molar Measurement (Infrared transmission band assignment) Stretching Vibrations
Fraction of Te-O bonds in TeO,4 units [5].

0.01 600cm™

0.02 603 cm™

0.03 606 cm™

0.04 608 cm™

0.05 650 cm™
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Fig. 3. Plot of FTIR spectra for [(TeO,)7 (ZNO) ¢3]1x [SM,03] « glasses
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Fig. 4. Spectra deconvolution for [(TeOy)e7 (ZnO) ¢3]1.x [SM,03] x glasses (0.02)

Table 3. Band area (A), Band Centre (B) and assignments of [(TeO,)q.7 (ZNO) ¢.3]1.x [SM>03] «

glasses
Molar fraction Band Centre, B
(Sm,05) (cm™) and band
area, A (%)
0.01 B 417.7 580.3 621.7 746.7
A 73.9 56.3 49.9 20.3
0.02 B 419.6 562.3 625.8 743.1
A 57.8 46.6 47.8 18.9
0.03 B 397.2 586.2 681.2 727.2
A 180.7 28.7 28.2 34.7
0.04 B 282.1 499.7 620.1 728.4
A 191.7 50.1 46.8 25.0
0.05 B 4115 586.1 650.4 759.8
A 73.7 48.5 43.7 9.6
Assignment Stretching mode of  Stretching Starching TeO, trigonal
(Sm,0,)[8] mode of mode of bipyramid[5]
ZnQO[7] TeO3[13]




4. OPTICAL ABSORPTION, BAND GAP
ENERGY AND URBACH ENERGY

“The optical absorption of glass materials and
the absorption edge are of significant importance
mainly for the investigation of the transitions that
are induced in the glass materials and also to
obtain information regarding the band structure
and the optical energy gap of non-crystalline”
[14]. “The decrement of the absorption coefficient
with increasing wavelength is observed. The
existence of a non-sharply defined fundamental
absorption edge is because of the amorphous
nature of the glass samples. As the amount of
samarium oxide increases in the glass network,
the fundamental absorption edge appears to shift
to a longer wavelength as more dopants are
added. The shifting of the absorption edge can
be ascribed by the increase in the rigidity of the
glass samples as the concentration of dopant
increases” [3]. There exist seven absorption
bands in the spectra located at 405, 482, 960,
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state 6H5/2 to excited states 4F7/2’ 4|9/2, 6F11/2, 6F9/2,
®F.),, °Fsp, and °F, transitions respectively. The
absorption spectra for the present glasses is
depicted in Fig. 5.

“Both direct and indirect optical band gaps exhibit
an increasing trend from 3.409 to 3.702 eV and
2.785 to 2.986 eV with an increase in dopants
content. Generally from the literature, the band
gap energy of glass materials for direct and
indirect transition is determined by the changes
in the structure of the samples when a modifier
oxide is added to the glass matrix” [2]. “The
increasing trend as observed for band gap
energy can be because of the decrease in the
amount of non-bridging oxygen (NBOs) in the
glass system”. [17]. “The amount of NBOs
reduces due to the increasing number of oxygen
anions in the glass system”[2]. The plot of
(ahw) * for indirect band gap, (ahw) % for direct
band gap, direct and indirect band gap and
Tauc's plot indirect band gap are presented in

2000

1091, 1236, 1389 and 1495 nm. These Figs.6,7,8and9 listedin Table 4.
absorption bands are assigned to the ground
Sm203 (0.01) —— Sm203 (0.02) —— Sm203 (0.03)
3.50 1 ——Sm203 (0.04) —— Sm203 (0.05)
3.00 -
6
2.50 - Far . Faro sFe,, oF,),
= Far l
S 200 1
[¢b]
S 150 A
®©
o]
S 1.00 -
Q0
< 050 A
0-00 T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800
Wavelength,A(nm)

Fig. 5. Plot of optical absorption spectra for [(TeO3)o.7 (ZNO) o3]1x [SM203] x glasses

.Table 4. Indirect band gap (Elopt), Direct band gap (Ezopt) and Urbach energy (AE) for [(TeOy)o.;
(Zn0) o.3]1x [SM203] « glasses

Molar fraction Indirect band gap E},.(eV)

Direct band gap, EZOpt (eV) Urbach energy

(Sm;05) [+0.037] [+0.056] AE (eV)
0.01 2.785 3.409 0.248
0.02 2.846 3.463 0.231
0.03 2.927 3.507 0.221
0.04 2.957 3.654 0.218
0.05 2.986 3.702 0.207
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Fig. 6. Plot of (ahw)? against hw for [(TeO,)o (ZNO) ¢.3]1.x [SM»03] x glasses
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Fig. 7. Plot of (ahw) 2 against hw for [(TeO,)o7 (ZNO) o3]1x [SM203] « glasses
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Fig. 8. Direct and indirect band gap for [(TeO3)o7 (ZnO) g3]1.x [SM,03] «x glasses
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Fig. 9. Tauc’s plot indirect band gap for [(TeO,)y7 (ZnO) ¢3]1.x [SM,03] x glasses
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Fig. 10. Plot of (Ina) against (hw) for [(TeOy)s.7 (ZNO) 3]1.x [SM203] x glasses
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Fig. 11. Plot of Urbach energy for [(TeO,)o7 (ZNO) g3]1.x [SM203] x glasses



In this work, “Urbach energy is obtained using
the reciprocal of the slope of the In (a) against
(hw) plot. The Urbach energy values show a
decreasing trend with an increase in dopant
concentration”. [12]. “The reduction in Urbach
energy with increasing Sm,0O; content is
attributed to the decrease in the degree of
disorderliness in the glass network structure”[19].
The data of Urbach energy are listed in Table 4
and presented in Figs. 10 and 11 respectively.

5. REFRACTIVE INDEX AND ELEC-
TRONIC POLARISABILITY

“The index of refraction of a glass material is one
of the most important optical features” [4]. The
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index of refraction values of glass materials can
be used to decide how suitable the glass
material is to be applied in optical devices [20]. A
lot of researchers examined how the index of
refraction can be related to the composition of a
glass material [8]. The index of refraction of a
glass material is closely associated with the
polarisability and the density of the component
ions [22]. The refractive index and electronic
polarisability exhibit a generally decreasing
trend as listed in Table 5 presented in Figures 12
and 13. This can be as a result of the decrease
in the amount of NBOs in the glass matrix [5]
[23]. This can also be related to the decreasing
amount of high polarisability NBOs in the sample
glasses.

247
2.46
2.45
244
243
242
241
2.40
2.39

Refractive index (n)

0.01 0.02

Sm,0, (molar fraction)

0.03 0.04 0.05 0.06

Fig. 12

. Plot of refractive index for [(TeO3)o.7 (ZNO) ¢3]1.x [SM,03] x glasses

2.49
2.48
247
2.46
2.45
244
2.43

25)

2.42 T T
0 0.01 0.02

Electronic polarisability (a,) (x10-

Sm, 0O, (molar fraction)

0.03 0.04 0.05 0.06

Fig. 13. Plot of electronic polarisability for [(TeO2)o7 (ZnO) ¢3]1.x [SM,03] «x glasses
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Table 5. Refractive index and electronic polarisability for [(TeO,)q7 (ZNO) g.3]1x [SM203] « glasses

Molar fraction (Sm,03)

Refractive index (n) [£0.010]

Electronic polarisability

(a,)[+0.009]
0.01 2.457 2.484
0.02 2.439 2.468
0.03 2.416 2.447
0.04 2.408 2.439
0.05 2.400 2.431

6. OXIDE ION POLARISABILITY

Dimitrov and Sakka (1996) have originally
proposed the oxide ion electronic polarisability
relation for simple oxide and the relation was
later stretched to numerous binary glasses by
Banu and Jagannathan [24] as well as Dimitrov
and Komatsu (2010). The values of No,- is given
by X;i + X,j + X3k + X,l and Y a; are given by
Xikay + Xomag + Xsna, + X,0ap [20]. The
molar cation polarisability for every element in
the glass matrix can be obtained from the
Komatsu and Dimitrov data of molar cation
polarisability [25]. Therefore, the values of the
molar cation polarisability of Te**, Zn**, and Sm**
ions are as follows: ay, = 0.283 A®, ar. =1.595 A®
and agy, =1.16 A® respectively. The energy band
gap and refractive index-based oxide ion
polarisabilities decrease with an increase in
dopant concentration. The decreasing values can
be related to the reduction in the amount of
NBOs as the dopant content increases in the
glass system [2]. The values of «a,,_(n) and
ay,-(E;) of the glass system are calculated and
listed in Table 6 while the graph for oxide ion
polarisability based on the index of refraction and
band gap energy against the dopant
concentration is presented in Fig. 14.

7. OPTICAL BASICITY

“The ability of the oxide glasses in contributing
negative charges in the glass matrix is
determined by the optical basicity of the glass
material which is also known as the electron-
donating power of the oxygen in the oxide
glasses” [26]. According to literature, the

optical basicity values for individual oxide are
given as : A(TeO,) = 0.9300, A(ZnO) = 1.0800
and A(Sm,03) = 0.9476 [1]. The theoretical
optical basicity increases perfectly indicating the
trend of optical basicity values according to[29].
The values for index of refraction based optical
basicity, n and band gap energy, E, decreases
which shows the acidic nature of the prepared
glasses [2]. Another reason explaining the
decreasing optical basicity based on both
refractive index and energy band gap is the
decreasing number of negative charges on the
oxygen atoms which resulted in the reduction of
the oxygen bonding covalency in the cation of
the glass system [26]. The idea behind the
theoretical basicity was only to forecast the
trends of optical basicity instead of obtaining the
true optical basicity values of the glass system as
reported by [29]. The variation between the
theoretical optical basicity Ay and the
experimental optical basicity might be due to the
significant structural changes in the samples [29].
The values for theoretical optical basicity,
refractive index-based optical basicity and
energy band gap-based optical basicity are listed
in Table 7 and presented in Figures 15 and 16
respectively.

8. METALLIZATION CRITERION

To find out the possibility for glass materials in
undergoing metallization and also to study the
insulating behaviour of the glass system, the
metallization criterion of the glass samples are
calculated theoretically [2]. The metallization
criterion theory of condensed matter has been

Table 6. Oxide ion polarisability for [(TeO2)o7 (ZnO) ¢3]1.x [SM,03] x glasses

Molar fraction (Sm,03)

Refractive index-based oxide
ion polarisability, a,,_(n)

Energy band gap-based
oxide lon polarisability,

aoZ—(Eg)
0.01 3.273 3.274
0.02 3.237 3.238
0.03 3.208 3.208
0.04 3.154 3.155
0.05 3.107 3.107
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Fig. 14. Oxide ion polarisability for [(TeO,)o7 (ZnO) g.3]1.x [SM203] x glasses

Table 7. Optical basicity for [(TeO,)q.7 (ZnO) o.3]1.x [SM-03] x glasses

Molar fraction  Theoretical Optical Refractive index based Energy band gap based
(Sm,03) basicity, (Ay) optical basicity, A(n) optical basicity, A(E,)
0.01 1.638 1.160 1.161
0.02 1.650 1.154 1.155
0.03 1.662 1.149 1.149
0.04 1.674 1.141 1.142
0.05 1.686 1.133 1.133
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Fig. 15. Theoretical optical basicity for [(TeO,)o7 (ZNO) g3]1.x [SM203] X glasses
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Fig. 16. Optical basicity for [(TeO2)p7 (ZnO) ¢3]1.x [SM,03] X glasses
Table 8. Refractive index and energy band gap-based metallization criterion for
[(TeO2)o.7 (ZNO) o3]1.x [SM203] « glasses
Molar fraction Metallization criterion based Metallization criterion-based
(Sm,05) refractive index, energy band gap,
M (no) M (Eo)
0.01 0.373 0.374
0.02 0.377 0.378
0.03 0.383 0.383
0.04 0.385 0.386
0.05 0.387 0.387
—0—M(n) —o— M(Ein)
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Fig. 17. Metallization criterion based refractive index and band gap energy for [(TeO,)q7 (ZnO)
0.3l1x [SM,03] X glasses



suggested by Herzfeld which disclosed that the
index of refraction of a glass system is infinite if
and only if the relation R,/V,, =1 in the equation
of Lorenz-Lorenz [30]. The theory has stated that
any material with the condition of R,/Vy, =2 7 will
have a mobile electron and the material is
assumed to be metallic in nature while the
materials with the condition of R.,/V, <1 are
assumed to be non-metallic in nature [31]. The
values for index of refraction-based metallization
criterion, M(n,) and band gap energy-based
metallization criterion M(Ey) for the sample
glasses are calculated by employing equation
(12) and equation (13). The metallization
criterion-based refractive index and band gap
energy show a perfect increasing trend as
samarium oxide concentration increases. The
increase in both the metallization criterion
signifies that the sample's metalizing tendency is
low with high Sm,0O; content. The increasing
metallization criterion on the band gap energy-
based revealed that the glass samples are not
metalizing hence the smaller width of the
conduction band of the glass system [32]. The
calculated metallization criterion values are listed
in Table 8 and presented in Fig. 17.

9. CONCLUSION

In conclusion, zinc tellurite glass system doped
with Sm*" ions containing chemical formula
[(TeO2)o7 (ZNO) ¢3]1x [SM.03] «, Where x = 0.01,
0.02, 0.03, 0.04 and 0.05 molar fraction were
fabricated using conventional melt quenching
technique. The XRD study reveals that there is
no sharp peak indicating that the samples being
prepared are in the amorphous nature of the
state. FTIR investigation shows TeO,4 units exist.
The density of the glass system shows an
increasing trend. This action can be due to the
introduction of modifier oxide which breaks up
the Te-O-Te linkage and the free space within
the glass network increases. The increase in
bandgap reflected the formation of (BOs) in the
glass matrix. The decreasing trend of Urbach
energy reflects a decrease in the concentration
of defects in the glass network and this has also
confirmed a higher tendency for the samples to
minimize static disorder within their structure.
The decline in refractive index and electronic
polarisability is due to the decreasing amount of
non-bridging oxygen high polarisability in the
glass network. The decreasing optical basicity
indicates that the sample glasses are more
acidic. The increasing refractive index and band
gap energy base metallization criterion show that
the possibility of the fabricated glasses to
metalize is considerably high.
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