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ABSTRACT
Investigating the effect of different types of rare-earth oxides on zinc borotellurite glass is

important to determine the potential application in optical devices. The addition of rare-earth
oxides in zinc borotellurite glass is well-known to enhance the optical properties due to the effects
of 4f-4f transitions. In this work, we aim to compare the effect of different rare-earth oxides on
zinc borotellurite glass denoted as ZBTNd, ZBTHo, ZBTEr and ZBTSm. The glass samples were
successfully fabricated via the melt-quenched technique. The physical investigation of the glasses
has been done by measuring the density and molar volume. It was found that ZBTNd glass has the
lowest density than the other glasses due to the small atomic radius in neodymium oxide. High-
density value for ZBTHo glass shows potential to be used as radiation shielding properties. The
high value of molar volume for ZBTNd glass is advantageous for fiber optics as ZBTNd glass has
good performance in elasticity. It was found that ZBTEr has a lower refractive index than the other
glasses due to low dispersion characteristics. However, ZBTEr glass has good performance to be
used in optical communication applications. It was found that the optical absorption shifts to a
longer wavelength beginning from ZBTEr > ZBTHo > ZBTNd > ZBTSm. The optical band gap energy
for ZBTEr glass is higher than the other glasses due to the Coulomb repulsion energy for erbium
which is greater than neodymium and samarium and slightly higher than holmium. The pattern of
electronic polarizability for all glasses was found as follows ZBTSm>ZBTNd>ZBTEr>ZBTHo. The
optical basicity for ZBTEr was found highest which indicates a higher acidity, meanwhile, the ZBTNd
glass has the lowest value which corresponds to a higher basicity.
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Introduction

There is no denying the extensive ongoing
investigations on glass science and technology,
which discuss discoveries in photonics and optical
applications [1]. Rapid development and innovation
in telecommunications enhance the production of
new materials for optical fiber and laser [2]. A wide
range of glass materials has often been produced to
manufacture optical devices. Silicate-based glass is
widely utilized as the primary core of the optical
fiber. However, silicate-based glass has more than
1500 °C melting point, moderate absorbency and
high signal loss [3]. The high quality of optical glass
is essential for the advancement of current
optoelectronic devices. Whilst tellurite-based glass
is the best choice for high-quality glass materials [4].

Tellurite oxide is comprised of double triangular
bipyramids which are surrounded by four oxygen
atoms in the tellurite glass network. Four oxygen
atoms are located at a distance of 1.95 A from the
tellurite ion [5]. Hence, the tellurite ion is located in
an intermediate state between four oxygen atoms.
Pure TeO, glass is not stable and exists in a crystal
state with four coordination numbers as Te*. The
addition of modifier ion in tellurite oxide, TeO, may
lead to the formation of the glassy state and hence
vitrified TeO,. The tellurite ion in the glass network
is more stable in four coordination numbers than in
six coordination numbers. This trend is due to the
shrinking distance between tellurite and oxide
atoms, Te—0 as the valence electrons increase in the
glass network. Besides that, if the modifier ions have
the same coordination number and size as TeOs, the
six-atom coordination state of Te** might be stable
[6].

Erbium oxide is a well-known material to be
used in fiber amplifiers such as erbium-doped fiber
amplifier (EDFA) devices [7]. In previous research,
holmium oxide has been used extensively in
telecommunication and solid-state lasers [8].
Moreover, samarium oxide is one of the best
lanthanide compounds to be utilized as an optical
amplifier and fiber [9]. Meanwhile, neodymium
oxide has the greatest interest in the area of optical
materials due to its near-infrared lasing properties
ataround 1.06 um [10]. Hence, the inclusion of these
rare-earth oxides is beneficial to improve the optical
properties of the current zinc borotellurite glass.
Extensive studies have been done to incorporate
these rare-earth oxides in tellurite glass. However,
the detailed comparative analysis between these
rare-earth oxides is rarely documented.

This study aims to compare the role of holmium,
erbium, neodymium and samarium oxides on the
physical and optical performance of zinc-
borotellurite glass. The objectives of this study are
to determine the physical properties of the glasses
such as density and molar volume. The optical
analysis such as optical absorption, optical band gap
energy, Urbach energy, electronic polarizability,
optical basicity and metallization criterion is
investigated. The outcomes of this study will provide
a detailed comparative analysis between rare-earth
oxide inclusions in zinc borotellurite glass. These
reports will be useful to manufacture novel
materials to be used in optoelectronic applications.

Methodology

A conventional melt-quenching method was
used in the chemical formula of {{[
(Te02)o.70(B203)0.30]0.7(Zn0)0.3},(RE203)1.y, RE= H0,03,
Er,0s, Nd;Os; and= 0.005, 0,01, 0,02, 0.03, 0.04,
0.05). High-purity chemical powder (99 per cent
purity grade) of erbium oxide, Er,03 (Reacton, Alfa
Aesar), holmium oxide, Ho,03 (Reacton, Alfa Aesar),
neodymium oxide, Nd,Os; (Reacton, Alfa Aesar),
samarium oxide, Sm;0s; (Reacton, Alfa Aesar),
tellurite oxide, TeO; (Reacton, Alfa Aesar), boron
oxide, B,Os; (Reacton, Alfa Aesar) and zinc oxide, ZnO
(Reacton, Alfa Aesar) were collected and used. The
raw materials were measured with a +0,0001 g
accuracy and carefully mixed to produce 13 g of
mixed powder by using an electrical balance.

The mixture was placed in the alumina crucible
and preheated by an electric furnace at 400 OC for 1
hour. The aim of the preheating process is that the
excess hydrogen molecules are removed from the
mixture. The mixture in the alumina crucible was
then melted in the second electric furnace at a
temperature of 900 OC for 2 hours. During this
process, the molten mixture was formed. The
molten was then transferred to the cylindrical
stainless-steel mold which was preheated for 1 hour
at 400 OC. During the quenching process, the glass
sample was formed. For the annealing process, the
glass sample in a cylindrical stainless-steel mold was
heated for 1 hour at 400 OC. The aim is to increase
mechanical strength and remove stress during the
cooling process. The glass sample was then cooled
down at around 5 hours at room temperature. By
using Isomet Buehler high precision low-speed saw
machine, the obtained glass sample was cut to a
thickness of about 2 mm. The sample was polished
to get a smooth surface on either side of the sample
with a various sandpaper grade (1000 grid, 1.500
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grid and 2.000 grid). Shimadzu-1650PCUV-Vis
spectrophotometer was used to analyze the
absorption band of the glass sample.

Results and discussions

Physical comparative analysis

The density of the glass system has a significant
effect on the elastic properties, the refractive index
and the mechanical strength [11]. High high-density
glass matrix is known to be beneficial for increasing
the refractive index. In contrast, a low dense glass
matrix has an excellent contribution to the elastic
and mechanical properties of the glass matrix.

The density calculation can be made using the
following formula:

— Wa
P =5 Wa _Wt (1)
where Pt is the density of water "2 and Wi

are the weight of the sample in the air and water
respectively.

The change in density may be due to several
factors, such as the softening or compactness of the
structure, the type of doping, the coordination
number and the atomic radii of the components
[12]. The results of density for different types of
rare-earth doping are shown in Figure 1. Figure 1
shows that neodymium oxide doping has the lowest
density among doping, while holmium oxide has the
highest value. Several factors may explain the large
differences in density between ZBTNd and ZBTHo.
The first factor is the atomic radius of the dopant,
which is higher in holmium oxide than in neodymium
oxide.

The high degree of atomic radius may
significantly contribute to an increase over free
space in the glass matrix [13]. As a result, the
compactness of the glass matrix will be reduced due
to an increase in free space. In addition, the bond
length between the rare earth atom and oxygen has
a significant effect on the oxygen packing density in
the glass matrix [14]. Table 1 shows that neodymium
oxide has a higher bond length than holmium oxide,
which reduces the oxygen packing density. The
density of ZBTEr and ZBTSm glasses shows small
differences in number compared to ZBTNd glasses.
However, erbium oxide has a similar atomic radius
with holmium oxide and small differences in bond
length. The small degree of density of erbium oxide

compared to holmium oxide can be explained by the
change in the number of polyhedral coordination
after the formation of the glass system [15].
Holmium oxide has a higher number of polyhedral
coordination than erbium oxide, which in turn
increases the density [16]. In addition, the
properties of radiation shielding are highly
dependent on the density value. High glass density
contributes to excellent shielding properties. ZBTHo
glasses therefore have a high potential to be used as
shielding properties due to their high-density value.

The investigation of the molar volume of the
glass system is important for the analysis of the
spatial distribution of oxygen in the glass matrix [17].
The molar volume is directly affected by the density
of the glass system through the compaction and
expansion of the glass structure [18]. In addition, the
result of molar volume is more significant in the
analysis of structural changes in the glass network,
except mass (m) from density, and the inclusion of
equal particles for comparison between samples.
The molar volume can be calculated by the following
formula:

xM, M (2)
P 2

where X; and M, denote the molar fraction

and molecular weight of the respective component
and M is the total molecular weight of the
composition. The obtained values for molar volume
are listed in Table 1 and plotted in Figure 2. It is
noted from Figure 2 that the molar volume is higher
in ZBTNd than in the glasses. The interatomic
spacing between the atoms may influence the molar
volume in the glass network [19]. The high bond
length in neodymium oxide may lead to the increase
in interatomic spacing which in turn increase the
molar volume. Moreover, the high number in ionic
radius may increase the tendency of free expansion
in the glass matrix [20]. The low number of molar
volume values is obtained in ZBTHo glasses which
represent the reciprocal value of density. Bulk
modulus has a high dependency on molar volume
which determines the elasticity of optical fiber.
Based on the obtained molar volume data, ZBTHo
glasses have a lower performance in elasticity than
ZBTNd glasses. Hence, ZBTNd glasses is more
preferable to be used for optical fiber than ZBTHo
glasses.

— 3y ——
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Figure 1 - Density of ZBTNd, ZBTEr, ZBTSm and ZBTHo glasses

Table 1 - Density of ZBTNd, ZBTEr, ZBTSm and ZBTHo doped tellurite glass

Glasses Density (kg/m?) Molar Volume Atomic radius Bond Ion.ic
(m3/mol) (pm) length radius
ZBTNd 3.931 128.200 - - -
ZBTHo 5.006 26.043 - - -
ZBTEr 3.960 32.955 - - -
ZBTSm 4.080 31.570 - - -
Single constituents
TeO> - - 140 1.974 2.210
B203 - - 85 1.236 0.230
Zn0 - - 135 1.975 0.740
Nd203 - - 185 2.559 0.983
Ho203 - - 175 2.385 0.901
Er.03 - - 175 2.310 0.890
Sm203 - - 185 2.509 0.958
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Figure 2 - Molar volume of ZBTHo, ZBTSm, ZBTEr and ZBTNd glasses

Refractive index

The refractive index is an important parameter
to be used in a variety of applications such as smart
glass, lenses, optical fiber and electronic displays
[21]. The structure of an amorphous glass network is
closely associated with the amount of non-bridging
oxygen in the glass network. The existence of non-
bridging oxygen will contribute to improving the
polarization of materials which, in turn, may impact
the value of refractive indexes. There are two effects
of polarization on the transmission of light in a
medium;

1. Some light transmission may be absorbed,

2. The delay in the velocity of light waves passes
through the medium.

The large polarizability of the glass system
minimizes the velocity of light propagation in a
medium which, in turn, generates a high refractive
index. The results of the refractive index are shown
in Table 2 and shown in Figure 3. Figure 3 shows that
the highest refractive index is the ZBTSm glasses.

Factors that affect the value of the refractive
index are the characteristics of dispersion, doping
coordination  number, non-bridging oxygen,
electronic cloud density, polarization and density
[22]. Based on previous data, the density of the
ZBTHo glasses is higher than that of the ZBTSm
glasses. It is therefore presumed that the refractive
index of the ZBTHo glasses must be higher than the
rest of the series of glasses. However, the density of
the glass system is not the only factor affecting the
value of the refractive index.

Cation polarization values for single samarium
oxide and holmium oxide are 1.16 A and 0.91 A
respectively. The high
polarizability can therefore contribute to the
increase in the refractive index value. The high value
of the refractive index is beneficial to produce fiber
optics as it widens the angle of reflection by
increasing the critical angle. The lowest refractive
index value is found in the ZBTEr glasses due to the
low cation polarization (0.89 A) compared to the
other dopants. Another possibility is that ZBTEr
glasses may have low dispersion characteristics
compared to other dopants as one of the important
parameters for optical is the
dispersion characteristic.

number of cation

communication

High-dispersion characteristics may reduce the
performance of optical fiber by increasing the
optical pulse and limiting the information-carrying
capacity of the fiber. It can therefore be justified that
ZBTEr glasses are also a good choice to produce fiber
optics, particularly as a core material. In addition,
the amount of non-bridging oxygen may contribute
to the variation of the refractive index as the
existence of lone-pair electrons is high in non—
bridging oxygen. Based on the trend of the refractive
index, the ZBTSm glasses produce high levels of non-
bridging oxygen compared to ZBTHo, ZBTNd and
ZBTEr glasses.
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Table 2 - Refractive index of ZBTEr, ZBTNd, ZBTHo and ZBTSm glasses

Glasses Refractive index
ZBTEr 1.740
ZBTNd 1.863
ZBTHo 1.980
ZBTSm 2.051

Optical absorption and band gap energy

Optical absorption spectra have a significant role
in determining the properties of the electronic
structure of non-crystalline solids. The optical
absorption in glass materials can occur by two
mechanisms which are electronic polarization and
the excitation of an electron from the valence band
to the conduction band [23]. The occurrence of
optical absorption by electronic polarization only
depends on the light frequency in the constituent
atoms. Meanwhile, the process of optical absorption
during the transition of an electron from valence to
conduction band depends on the electronic band
structure of semiconducting materials.

The promotion of an electron from the valence
band to the conduction band is due to the
absorption of photon energy from the electron.
Figure 4 shows the optical absorption spectra for
ZBTSm, ZBTNd, ZBTHo and ZBTEr glasses. It can be
seen from the figure that the optical absorption
shifts to a longer wavelength beginning from ZBTEr
> ZBTHo > ZBTNd > ZBTSm. In comparison, the
absorbance is higher at the lower wavelength and
lower at the higher wavelength for all glasses
indicating an increase in the absorption factor.

Sharp peaks are observed in the absorption
spectra of all dopants leading to the excitation of
electrons from the ground to the excitation state.
This trend can be explained by the type of orbital in
rare—earth oxide. It is well established that rare
earth oxides have 4f orbital, which are localized due
to their strong intra-atomic Coulomb association
[24]. The 4f-4f orbital in rare earth materials leads to
a strong magnetic dipole and an electric dipole force
which, in turn, produces sharp peaks in the
absorption spectra [25].

The investigation of the optical band gap is
important, as the tendency of glass materials to be
more applicable in semiconductor devices is
expected. Optical absorption in glass materials may
arise through two different mechanisms, e.g.
electronic polarization and electron excitation from
the valence band to the conduction band. The
occurrence of optical absorption by electronic
polarization relies only on the frequency of light in
the constituent atoms. Meanwhile, the process of
optical absorption during the transition from
valence to conduction band depends on the
electronic band structure of semiconductor
materials. The promotion of the electron from the

— 37 ==
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valence band to the conductive band is due to the
absorption of photon energy from the electron.

There are two types of optical band gaps that
work in both crystalline and amorphous structures
that are direct and indirect optical band gaps. In the
case of glass materials, the indirect optical band gap
is more accurate in describing the behavior of
electronic transitions due to the long-range
structural disorder in the glass matrix.

The absorption coefficients near the absorption
edge of the glass samples are calculated by:

o (A)=2.3037 (3)

Where A applies to absorption and d refers to
the thickness of the glass samples. The
absorbance of the glass materials often impacts the
absorption coefficient with a directly proportional
behavior to the absorption coefficient value. More
evidence of the electronic states of the glass system
is given by the higher energy components of the
spectral region corresponding with the electronic
transition. Electrons are excited through photon
absorption from a filled band to an empty band. The
following formula can be used to measure photon
energy

h hc
hw=§ (2rf) = hf = - (4)
where ¢=2.9979 x 108 m/s and h = 4.14 x 10-15
eVs. As a result of the electron transitions, the
absorption coefficient a(to) increases significantly.
The relationship between a (a), the photon energy
of the incident radiation, and the absorption
coefficient, can be written as follows:

_ B(hw—Egp)"
B hw

o(w) (5)

Where the tailing parameter is denoted as B,
Eopt is the optical bandgap energy, n is the type of
transition where n=2 in the indirect transition, n=1/2
in the forbidden indirect transition, n=1/3 in the
prohibited direct transition, and n=1/3 in the
forbidden direct transition. Electromagnetic waves
interact with electrons in the valence band, which
are raised across a fundamental gap in the
conductive band in direct and indirect transition
cases [25].

The absorption coefficient is calculated near the
absorption edge of all the different glass samples.
Amorphous materials are well known to fit equation
(3) where n = 2 which is an indirect transition. The

equation (3.8) is therefore converted to the
following equation:

((ahw)?=B(hw-Eop) (6)

The optical band gap can be used to provide
insight into the state of solid-state materials. The
Urbach energy (AE) be computed by the plot of the
logarithm of the absorption coefficient (a(v)) as a
function of the photon energy of the amorphous
material as given below:

a(0)=Bexp () 7

Where B is a constant, h is the plank constant, v
is the frequency of the photon, and AE is the Urbach
energy (Maheshvaran et al., 2013).

Figure 5 shows the optical band gap pattern for
ZBTSm, ZBTNd, ZBTHo and ZBTEr glasses and the
data are listed in Table 3. It can be seen from Figure
5 that the ZBTEr glass has the highest number of
optical band gaps than the other glasses. The
variations in optical band gap can be explained by
the Coulomb repulsion energy between the glasses.
The Coulomb repulsion energy for rare-earth is
shown in Figure 6. It is noted that the Coulomb
repulsion energy for erbium is greater than
neodymium and samarium and slightly higher than
holmium.

Coulomb repulsion energy confines the electron
in orbital which affects the mobility of electrons to
be excited from the ground state to the excited state
[26]. Hence, it can be justified that the higher
number in the optical band gap may be due to the
Coulomb repulsion energy which is greater in
erbium. ZBTSm glass has the lowest number of
optical band gaps which reflects the lower number
in Coloumb repulsion energy. Besides that, the 4f
states for rare-earth may affect the excitation of
electrons to the conduction band. The unoccupied 4f
orbitals may experience the energetic up-shift to the
conduction band which improves the optical band
gap for ZBTSm [27]. The highest optical band gap
value for ZBTEr reflects the lower number of
unoccupied 4f orbitals. However, all glasses fall in
the range of semiconductor energy gap which is
compatible to be wused in semiconductor
applications.

Figure 7 and Table 3 depicted and listed the
values of Urbach energy for the glasses. The
exponential area in the absorption coefficient and
near to the optical band edge is called as Urbach tail.
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The appearance of the Urbach tail is due to the
localized states in the amorphous structure which is
extended in the band gap. The localized states are
associated with the disorders of structure which
gives the information of defects in the glass system.
The high number of Urbach energy indicates the
higher tendency of the weak bond in the glass
structure to be converted to defects. It can be seen

from Figure 7 that the ZBTSm glass has the highest
number of Urbach energy which reflects the fragility
of the glass structure. The lower value of Urbach
energy in ZBTEr glass shows that the glass structure
is less likely to convert the weak bond into defects.
Hence, ZBTEr is more stable than the other glasses.
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Figure 4 - Optical absorption of ZBTHo, ZBTEr, ZBTNd and ZBTSm glasses
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Figure 6 - Coulomb repulsion energy for rare-earth. Reproduced figure from [27]
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Table 3 - Optical band gap and Urbach energy of ZBTEr, ZBTHo, ZBTNd and ZBTSm glasses

Sample (0.05) Optical band gap Urbach Energy
Samarium 2.980 0.660
Neodymium 3.151 0.320
Holmium 3.268 0.432
Erbium 3.380 0.153
Electronic polarizability and oxide ion inter-ionic interaction, refractive index,
polarizability conductivity, optical basicity and non—linear optical

Electronic polarization was used to describe the
deformation of electron clouds by applying an
electromagnetic field. Electronic polarization affects

properties. The early study of polarization in the
field of glass materials was carried out by Fajans and
Kriedl in 1948 [28]. Polarizability values have been

—— 40 ——
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determined for three types of oxide glasses which
are; 1. Acid oxides, 2. lonic oxide, 3. High ion oxides.

The Lorentz-Lorenz equation explains the
relationship between the refractive index and the
molar volume as shown below:

(3~ 1) .
T mi+2) " ®
When Rm represents molar refraction, nO
signifies linear refractive index, and Vm implies
molar volume. The Lorentz-Lorenz equation
represents the average molar refraction for isotropic
substances that are liquids, glasses and cubic
crystals. The average electronic polarizability can be
computed from the Lorentz-Lorenz equation by
applying the number of the Avogadro to the given
equation:

3
- R
%m =N, ™

(9)

Where NA defines the Avogadro’s number
corresponding to the number of polarizable ions per
mole. The value 41/3 is known as a constant in the
Lorentz function. Electronic polarization provides
the magnitude of the electron response by
incorporating the electromagnetic field into the
electron clouds. With the a,, in (A3), equation (3)
can be altered into the given formulas:

Ay =

R
_m (10)
2.52
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ZBTHo ZBTEr

Glasses (RE = 0.05 mol fraction)

ZBTNd ZBTSm

Figure 8 - Electronic polarizability of ZBTHo, ZBTEr, ZBTNd and ZBTSm glasses

Table 4 - Electronic polarizability, oxide ion polarizability, optical basicity and metallization criterion of ZBTHo, ZBTEr,

ZBTNd and ZBTSm glasses

Glasses (0.05)  Electronic Polarizability

Oxide ion polarizability

Metallization Criterion

Optical Basicity

0.404
ZBTHo 5.098 2.361 1.151

0.411
ZBTEr 5.274 3.216 1.165

0.483
ZBTNd 5.843 3.306 1.173

0.549
ZBTSm 6.472 3.516 1.195
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The obtained values of electronic polarizability
for all glasses are depicted in Figure 8 and listed in
Table 4. The pattern of electronic polarizability for all
glasses is as follows ZBTSm>ZBTNd>ZBTEr>ZBTHo.
This pattern shows that the ZBTSm glass has a higher
tendency to be more polarized than the other
glasses. The variations of electronic polarizability
can be explained by the attraction between
electrons and the nucleus and Hooke’s law of
potential energy. Furthermore, the values of
electronic polarizability differ with various types of
compounds. In other words, the values of
polarizability depend on the density of charge
distribution in both negative and positive ions.
Hence, the ZBTSm glass has a higher density of
charge distribution than the other glasses.

Moreover, the number of non-bridging oxygen
has an important role in the tendency of glass to be
polarized. Non-bridging oxygen has a lone pair which
is independent of the chemical bonding and high
mobility. ZBTSm glass may have a higher number of
non-bridging oxygen than the other glass which
contributes to high electronic polarizability.
According to Fajan’s rule, the polarizing power of the
cation increases with decreasing its size and number
of filled orbitals and with increasing its positive
charge [28]. It is known that the samarium has a
lower number of occupied 4f orbitals than the other
glass system. Hence, this effect may increase the
polarizing power of the cation according to Fajan’s
rule. Besides that, Sm3* trivalent ions have a higher
positive charge which leads to higher electronic
polarizability.

Previously, Dimitrov and Sakka, 1996 illustrated
the computation of the polarization of oxide ions
based on optical band gap energy [29]. The
deformity of the oxide ion’s electron cloud is wider
than that of the cation. This is due to the increased
tendency of the cation electron to hold onto the
cationic charge. This effect will contribute to the
cation's electron cloud being not particularly
polarised. The correlation between \/E and 1-
Rm/Vm was presented by Duffy and Ingram in 1991
for a large number of simple oxides as shown in the
given equation:

Ey = 20(1 — 2my2
9 Vin (11)

The oxide ion polarizability can be obtained by
the substitution of Equation (6) into Equation (4) as
shown by the following formula:

oz () = [2%<1 ) E) = ai] Mo)™ (12)

This equation has been accepted to be
compliant with heavy metal oxide glasses.

The obtained values of oxide ion polarizability
for all glass samples are illustrated in Figure 9 and
listed in Table 4. The pattern of oxide ion
polarizability for all glass samples is as follows;
ZBTSm>ZBTEr>ZBTHo>ZBTNd. It is noted that ZBTSm
has a higher number of oxide ion polarizability which
reflects the high density of non-bridging oxygen in
the glass system. Samarium oxide may enhance the
formation of non-bridging oxygen in the glass
system than erbium oxide, holmium oxide and
neodymium oxide. The free electrons of the oxides
in ZBTSm glass are independent of the nuclear
charge and chemical bonding which improve the
oxide ion polarizability. Moreover, the existence of
localized states in the forbidden gap for different
compounds leads to variations of oxide ion
polarizability. The low number of polarizabilities in
ZBTNd glass indicates that the neodymium oxide has
low tendency to form the non-bridging oxygen in the
tellurite glass as compared to other constituents.

Optical basicity and metallization criterion

The deep understanding of optical basicity was
described by the work of Duffy and Ingram, 1971.
Duffy and Ingram, 1971 proposed the theoretical
calculation of the optical basicity for the multi-
component oxide glasses as given below [30]:

A=X1A1+ XoAo + ... + XnAn (13)

Where X, X3,...., Xncorrespond to the equivalent
fractions of each oxide which contributes to the
overall material stoichiometry and A1, Az,....,An
correspond to the optical basicity of each individual
oxide in the glass system.

The obtained values for the optical basicity of
all glasses are shown in Figure 10 and Table 4. The
pattern of optical basicity for the glasses is as
follows; ZBTNd>ZBTHo>ZBTSm>ZBTEr. The low
number of optical basicity for ZBTEr glass indicates
higher in acidity. Meanwhile, the high number of
optical basicity for ZBTNd glass corresponds to
higher in basicity. It is known that a single
neodymium oxide has higher number of optical
basicity A (1.014) than erbium oxide A (0.929).

Hence, it is noted that ZBTNd glass has greater
number of optical basicity than ZBTEr. Meanwhile,
optical basicity values for holmium and samarium
oxides are A (0.945) and A (0.984), respectively. The
difference in optical basicity for single oxide
contributes to the variations of overall optical
basicity.
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Figure 9 - Oxide ion polarizability of ZBTNd, ZBTHo, ZBTEr and ZBTSm glasses
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Figure 11 - Metallization criterion of ZBTHo, ZBTEr, ZBTSm and ZBTNd glasses
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The concept of metallization of the condensed
matter can be explained by the theory proposed by
Herzfeld [31]. The condition of Rn/Vm= 1 in the
Lorentz-Lorenz equation describes that the
refractive index becomes infinite. This is in
accordance with the metallization of covalent solid
materials. In other words, the electrons become
itinerant and acquires metallic status. The nature of
metallic and non-metallic of oxide glasses can be
predicted by the following conditions: Ruy/Vm<1
(non-metal) and Rn/Vm>1 (metal). Subtracting by 1
gives the equation of metallization criterion as
shown in the following expression:

R
M=1-—+ (14)
Vi
This equation indicates that when the

metallization criterion becomes zero, the transition
to the metal states will occur. The metallization
criterion based on refractive index and optical band
gap can be calculated by transforming Equation (10)
to the following expression:

1

(n§ — 1) _ Eg1
= (% 2 (15)

S YT
The obtained values of the metallization
criterion for all glasses are depicted in Figure 11 and
tabulated in Table 4. The pattern of metallization
criterion for the glasses is as follows;
ZBTNd>ZBTSm>ZBTEr>ZBTHo. It is noted that all
glasses are non-metallic and have a relatively large
refractive index. The lower number of metallization
criteria for ZBTHo indicates that the glass
containing holmium oxide tends to be more metallic
than neodymium oxide. Meanwhile, the high
number of metallization criteria for ZBTNd shows
the tendency of glass to be more insulator. The high
metallization criterion reflects the widen of the
forbidden gap and reduction in overlapping

electronic transition. However, all glasses are poor
conductive materials and good for semiconductor
devices.

Conclusions

The glass series identified as ZBTSm, ZBTHo,
ZBTEr, and ZBTNd were fabricated using the
conventional melt-quenching method, leading to
distinct physical and optical properties among them.
The density of these glasses showed a pattern of
ZBTHo>ZBTSm>ZBTEr>ZBTNd, with ZBTHo glass
being highlighted as an ideal material for radiation
shielding. In terms of refractive index, the order was
ZBTSm>ZBTHo>ZBTNd>ZBTEr, positioning ZBTEr
glass as a promising candidate for optical
communication applications due to its low
dispersion. Optical absorption trends indicated a
shift to longer wavelengths in the order of ZBTEr >
ZBTHo > ZBTNd > ZBTSm. Additionally, the optical
band gap followed the sequence
ZBTEr>ZBTH0>ZBTNd>ZBTSm, influenced by
Coulomb repulsion energy in rare-earth oxides. The
electronic polarizability adhered to the pattern of
ZBTSm>ZBTNd>ZBTEr>ZBTHo, with ZBTSm glass
exhibiting a higher charge distribution density,
enhancing its electronic polarizability. These findings
underscore the exceptional optical characteristics of
the selected rare-earth oxides, underscoring their
utility in optical communications applications.
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TYRIHAEME

Cupek ep 31eMeHTTepi OKCUATEPIHIH, apPTYpAi TUNTEpPiHiH, Mbipbiw 6OPOTENNYPUT LWbIHBICbIHA
9CepiH 3epTTey ONTUKaNbIK Kypblafbinapaa a/1eyeTTi KONAaHy MYMKIHAIMH aHbIKTay YLWiH
MaHbI34bl. MbIpbill 6OPOTENNOPUTTI LbIHbIFA CUPEK KEP 3NeMeHTTepi okcuaTtepiH kocy 4f-Af
ayblCyNapblHbIH, 9CePiHEH ONTUKANbIK KAaCMETTEPAI ¥KaKcapTaTbiHbl 6enrini. byn )ymbicta ZBTNd,
ZBTHo, ZBTEr xaHe ZBTSm paen 6enrineHreH MblpblluTbiH, 6OPOTENNYPUT WbIHBICBIHA IPTYPAI
CUPEK }Kep 31eMeHTTePi OKCUATEPIHIH, aCcepiH canbICTblpy Makcat eTinreH. LUbIHbl yarinepi 6ankpity
aaicimeH panbiHaanabl. WbiHbinapra GuU3MKanbiK 3epTTey ThiFbI3AbIK MEH MONAP/bIK Kenemai
e/illey apKblbl Kacangbl. Heoaum okcupiHaeri atTomablk paguyc a3 b6onfaHabiktaH, ZBTNd
LUbIHBICbIHBIH, 6AaCKa LWhbIHbINAPFa KapafaHAa eH TOMEH Tbifbl3apblfbl 6ap eKeHi aHbiKTanabl. ZBTHo
LIbIHBICBIHbIH, *KOFapbl TbIfbI3AbIFbl OHbIH, PaAVaLMAAAH KOpFay peTiHAe NaiaanaHy MyYMKIHAiriH
kepceTesi. ZBTNd wWwbIHbl YWiH MONAPAbIK KONEMHiH KOfapbl MaHi TUIMAj TaNlbIKTbl ONTUKA
60n1bIn Tabblnagpl, eiTKeHi ZBTNd wWwhIHbI cepnimainik 6oMbiHLWA KaKCbl KepceTKiwke ne. ZBTEr
TOMEH AWCMNEPCUANDBIK cunaTTamanapfa ue bonfaHAbIKTaH Gacka aWiHeKTepre KapafaHAa CblHY
KepCceTKili TOMEH eKeHi aHbiKTangpl. [ereHmeH, ZBTEr aiHeri onTuKanblK 6ainaHbic
KongaHbanapbl peTiHAe nahganaHy YWiH YKaKcbl KepceTkiwke ue. ONTUKanbiK CiHipy ZBTEr >
ZBTHo > ZBTNd > ZBTSm 6acrtan y3afblpak, TONKbIH Y3bIHAbIFbIHA ayblcaTbliHbl aHbIKTanapl. ZBTEr
LUBIHBICBIHBIH, ONTUKaNbIK AMAaNasoHAbIK SHepruAacbl spbuiaiH, KyNoHAbIK Tebiny sHepruacbiHa
6ainaHbICcTbl 6acKa LWbIHbINAPFA KapafaHAa KOFapbl, O HEOAMM MEH CaMapUIALEH YIKEH KaHe
roNbMUAEH CAN ¥KOFapbl. BapAbIK WbIHbINAPABIH 3EKTPOHAbIK NOAAPU3ALMANBIK YATICi Kenecigen
ZBTSm>ZBTNd>ZBTER>ZBTHo 60n1aabl. ZBTEr ywiH ONTUKanbIK, Herisainik eH, >kofapbl 60nabl, 6yn
KbILKbINABIKTbIH, }KOFapbl eKeHiH KepceTeai, an ZBTNd LbIHBICbIHbIH, KbILWKbIAABIFBI TOMEH, 6y
HEeri3giniKTiH, Xofapblpak MaHiHe cailkec Kenegi..
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AHHOTALMUA

NccnepoBaHne BAMAHWMA  Pas3/IMYHbIX  TUMOB OKCUAOB pefAKO3eMesibHbIX 3/1eMeHTOB  Ha
LUMHKOOPOTENNYPUTHOE CTEKNO BaXHO A/ ONpeAesieHUA MNOTEHLMANbHOTO MPUMEHEHUA B
ONTUYECKMX YCTPONCTBaX. M3BecTHO, YTo fobaBneHWe OKCMAOB pPeAKOo3eMesIbHbIX 31eMEHTOB B
UMHKBOPOTENNYPUTHOE CTEKNO YAy4yllaeT OMNTMYECKMe cBoicTBa 3a cyeT addektos 4f-4f-
nepexofos. B pAaHHOW paboTe Mbl CTPEMMMCA CPaBHWUTb BAMAHWE PA3/IUYHBIX OKCUAOB
pefAKOo3eMeNIbHbIX 3/1IEMEHTOB Ha UMHKBOpOTennyputHoe cTekno, obosHaueHHoe Kak ZBTNd,
ZBTHo, ZBTEr u ZBTSm. O6pasupl cTekna 6bliv yCrnewHo M3roToB/eHbl MeTOAOM 3aKasku B
Moctynuna: 13 dexabps 2023 pacnnase. dPU3nMyecKoe nccneoBaHue cTekon bbl1o NPOBEAEHO MYTEM U3MEPEHUA MOTHOCTU U
PeueH3upoBaHue: 23 aHeapa 2024 MONAPHOro obbema. YcTaHOBNEHO, YTO cTekno ZBTNd mMmeeT camylo HUM3KYIO MIOTHOCTb MO
MpuHATa B nevaTb: 22 ¢pespana 2024 CPaBHEHUIO C APYTMMMU CTEKNaMM M3-3a MasIoro aTOMHOro pajuyca oKkcuaa Heoduma. Bbicokas
NNOTHOCTb cTekna ZBTHoO yKa3biBaeT Ha ero NoTeHuMan AN UCNONb30BaHUA B Ka4yecTBe 3allyTbl
OT paguauun. Boicokoe 3HaYeHne MonapHoro obbema crekna ZBTNd ABaseTca npeMmyLLecTBom
OMNTOBO/MIOKHA, MOCKOAbKY cTekno ZBTNd wumeeT xopolume MoOKasaTennM 31acTUYHOCTM.
YcTaHoBneHo, 4To ZBTER nmeeT 60nee HU3KWIA NOKa3aTe b NPeNoMIeHNs, Yem Apyrue CTekna, Us-
33 HU3KUX OUCNEPCUOHHbIX XapaKTepUCTUK. Tem He MeHee, ctekno ZBTER umeeT xopowwue
XapaKTEPUCTUKU ANA UCNONb30BAHMA B MPUIOMKEHUAX ONTUYECKOW cBA3U. OBHApyKeHO, 4To
ONTUYECKOE MOr/IOLLEHNE CMELLLAETCA B A/IMHHOBONHOBYO 06nacTb, HaunHaa ¢ ZBTEr > ZBTHo >
ZBTNd > ZBTSm. DHeprus onTUYecKol 3anpeLleHHon 30Hbl y cTekna ZBTER Bbiwe, Yem y apyrux
CTEKON, M3-33 IHEPrUM KYJIOHOBCKOTO OTTa/IKMBaHWUA 3pbusa, KoTopaa bonblue, Yem y Heoauma U
caMapus, U HEMHOTO Bbllle, YeM Y Fro/ibMUA. XapaKTep 3NEKTPOHHOM NONAPU3YeMOCTU 1A BCEX
ctekon 6bln HallpgeH cnegylowmm  obpasom: ZBTSm>ZBTNA>ZBTER>ZBTHo. OnTuuyeckas
OCHOBHOCTb ZBTEr 0Ka3anacb CamMolt BbICOKOM, YTO YKa3blBaeT Ha 6onee BbICOKYI KMCIOTHOCTb, B
TO Bpemsa Kak cTekno ZBTNd nmeeT camoe HWU3Koe 3HaueHue, COOTBETCTBYIoLLee Bosiee BbICOKOM
OCHOBHOCTU.
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