
Chalcogenide Letters                                                                       Vol. 21, No. 2, February 2024, p. 201 - 215 
 

 
Structural and spectroscopic correlation  

in barium-boro-tellurite glass hosts: effects of Dy2O3 doping 
      
S. F. Hathota,*, B. M. Al Dabbagha, H. Aboudb 
aApplied Science Dep, University of Technology, Baghdad, Iraq 
bFaculty of science- physics Dep, college of Science, Al-Mustansiriya University, 
Iraq 
 
In this study, a series of barium-boro-tellurite glass hosts with varying concentration of 
Dy2O3 doping (0 to 1.25 mol%) were made by melt-quenching method. A study was 
conducted to investigate how Dy2O3 dopants affect the physical and spectroscopic traits of 
glasses. Raw materials including barium oxide (BaO), tellurium dioxide (TeO2), boron 
oxide (B2O3), and dysprosium oxide (Dy2O3) were used to produce these glasses. XRD 
patterns of the samples showed a broad hump and absence of long-range periodic lattice 
arrangements, indicating their amorphous nature. The Raman spectral analyses displayed 
the various vibration modes where the most intense band caused by BaO vibrations at 300 
cm-1 and 450 cm-1 corresponding to the symmetric stretching vibration mode of Te–O–Te 
intra-chain bridges. The peak at 750 cm-1 was due to TeO4 and Te-O-Te vibration modes. 
The value of optical band gap energy was decreased from 3.155 to 2.1894 eV and then 
increase at higher Dy2O3 level (0.75 to 1.25 mol%). At Dy3+ contents between 0.25 to 
1.25 mol% seven absorption bands were observed at 390, 424, 452, 750, 797, 895 and 
1092 nm due to the electronic transitions in Dy3+. The glass refractive indices were raised 
from 2.3563 to 2.6584 and then decreased at higher Dy2O3 contents which was mainly 
because of the generation of more bridging oxygen (BO) in the glass matrix. The value of 
glass electronic polarizability and oxide ions polarizability calculated using Lorentz-
Lorenz equation showed a decrease with the rise of Dy2O3 contents, which was ascribed to 
the presence of fewer non-bridging oxygen (NBO). The optical basicity of the proposed 
glass hosts was calculated using Duffy and Ingram equation which was decreased with the 
increase of doping contents. In addition, the optical transmission was increased and 
reflection loss was reduced with increasing Dy+3 levels. The value of metallization 
parameter below 1 proved the true amorphous nature of the prepared samples. All the 
glasses revealed blue and yellow photoluminescence emission peaks due to 4F9/2→ 
6H15/2, and 4F9/2 →6H13/2 transitions in Dy3+, respectively. The proposed glass 
compositions may be beneficial for the advancement of solid-state lasers. 
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1. Introduction 
 
Tellurium glass system made of TeO2 as a host has been attracting much interest over the 

past few years because of enhanced chemical and physical characteristics when compared with 
oxide glasses such silicates. These glasses have large values of thermoelectric constant, infrared 
transmittance, dielectric constant and refractive index;  low phonon energy cut-off and melting 
point; very high rare-earth ions solubility [1]. Tellurite-based glasses can also be doped with 
various rare earth elements to achieve improved optical characteristics that result from the 
electronic transitions in the rare earth ions. When rare earth ions are added to tellurite glass, they 
can cause changes in the network structure, including the formation of rare earth oxide clusters or 
the coordination 2 of rare earth ions with oxygen atoms [2, 3]. The spectroscopic attributes of such 
glasses can be modified via the structural alterations, indicating a strong correlation between these 
properties that are controlled by the rare earth elements doping. Tellurite glass with rare earth ions 
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doping is useful for the fiber optics, optical amplifiers, and lasers, among other applications [4]. 
For example, erbium-doped tellurite glasses were used in the fiber amplifiers for 
telecommunications and in the infrared lasers. In addition, tellurite glasses doped with neodymium 
were used in solid-state lasers for medical and industrial applications.  

Despite many experimental studies on this glass system a spectroscopic and structural 
correlation has not been developed yet, which may provide an in-depth knowledge on the 
customization of various properties of the tellurite glass system. The addition of Dy2O3 into the 
glasses enhances their optical properties, enabling them suitable for the applications in 
optoelectronics and photonics. [2]. The addition of Dy2O3 into glass can also improve the 
luminescent properties of the material, making it useful in devices that require efficient light 
transmission. Furthermore, the improved thermal and electrical characteristics of the tellurite glass 
hosts make them ideal candidate for various components that require an effective heat and 
electricity transport. In short,  Dy2O3 as dopant is very promising material for numerous industrial 
applications [5]. The tellurium atoms in the glass form covalent bonds with oxygen atoms to create 
the TeO4 tetrahedra, which are then interconnected through shared oxygen atoms to form a three-
dimensional network. The addition of other elements can modify the structure and properties of the 
glass, for example, by introducing Oxygen molecules without bridges ,which can lead to a 
decrease in glass stability [6]. Hazlin et al. [6] made some zinc-boro-tellurite glasses with various 
levels of  Dy3+ to determine its effect on their physical, structural and optical characteristics. The 
values of direct and indirect energy band gap of these glasses were found to increase and Urbach 
energy was decreased with the Dy2O3 concentration, indicating the presence of fewer non-bridging 
oxygen (NBO) atoms in the glass matrix. Halimah [7] studied the zinc-boro-tellurite glasses with 
Dy2O3 as dopants and observed an increase in their optical band gap energies (both indirect and 
direct) [8] and decrease in the Urbach energy, oxide ions and electronic polarizabilities, as well as 
optical basicity with the increase of Dy2O3 doping level [8]. Repeated studies have concluded that 
the tellurite glass system doped with Dy3+ display enhanced NIR absorption as well as improved 
visible-NIR emission. The absorption and emission intensities of these glasses increase at higher 
doping contents of Dy3+ and other lanthanides like Er3+ and Yb3+ [9]. Due to their ability to act as 
sensitizers, Dy3+ can enhance the spectroscopic and structural properties of the glasses when doped 
with these ions [10]. Overall, the Dy3+-doping into the tellurite glass system became advantageous 
for developing low-cost and durable materials with enhanced optical properties needed for various 
applications in optics and photonics [11].  Looking at the benefits of Dy3+-doped tellurite glass 
system we made six barium-boro-tellurite glass samples at various doping contents of Dy2O3 (0 to 
1.25 mol%). The role of Dy2O3 doping towards the improvement of structures, physical and optical 
properties of the proposed glasses was analysed. The prepared glass samples were characterized 
using various analytical tools to establish a correlation between structural and spectroscopic 
characteristics., which may provide an in-depth knowledge on the customization of various 
properties of the tellurite glass system. The addition of Dy2O3 into the glasses enhances their 
optical properties, enabling them suitable for the applications in optoelectronics and photonics. [2]. 
The addition of Dy2O3 into glass can also improve the luminescent properties of the material, 
making it useful in devices that require efficient light transmission. Furthermore, the improved 
thermal and electrical characteristics of the tellurite glass hosts make them ideal candidate for 
various components that require an effective heat and electricity transport. In short, Dy2O3 as 
dopant is very promising material for numerous industrial applications [5]. The tellurium atoms in 
the glass form covalent bonds with oxygen atoms to create the TeO4 tetrahedra, which are then 
interconnected through shared oxygen atoms to form a three-dimensional network. The addition of 
other elements can modify the structure and properties of the glass, for example, by introducing 
Oxygen molecules without bridges, which can lead to a decrease in glass stability [6]. Hazlin et al. 
[6] made some zinc-boro-tellurite glasses with various levels of Dy3+ to determine its effect on 
their physical, structural and optical characteristics. The values of direct and indirect energy band 
gap of these glasses were found to increase and Urbach energy was decreased with the Dy2O3 
concentration, indicating the presence of fewer non-bridging oxygen (NBO) atoms in the glass 
matrix. Halimah [7] studied the zinc-boro-tellurite glasses with Dy2O3 as dopants and observed an 
increase in their optical band gap energies (both indirect and direct) [8] and decrease in the Urbach 
energy, oxide ions and electronic polarizabilities, as well as optical basicity with the increase of 
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Dy2O3 doping level [8]. Repeated studies have concluded that the tellurite glass system doped with 
Dy3+ display enhanced NIR absorption as well as improved visible-NIR emission. The absorption 
and emission intensities of these glasses increase at higher doping contents of Dy3+ and other 
lanthanides like Er3+ and Yb3+ [9]. Due to their ability to act as sensitizers, Dy3+ can enhance the 
spectroscopic and structural properties of the glasses when doped with these ions [10]. Overall, the 
Dy3+-doping into the tellurite glass system became advantageous for developing low-cost and 
durable materials with enhanced optical properties needed for various applications in optics and 
photonics [11].  Looking at the benefits of Dy3+-doped tellurite glass system we made six barium-
boro-tellurite glass samples at various doping contents of Dy2O3 (0 to 1.25 mol%). The role of 
Dy2O3 doping towards the improvement of structures, physical and optical properties of the 
proposed glasses was analyzed. The prepared glass samples were characterized using various 
analytical tools to establish a correlation between structural and spectroscopic characteristics. 

 
 
2. Experimental procedures 
 
Melt-quench approach was followed to prepare the new glass system. Table 1 shows the 

ratios of various raw materials, including barium oxide (BaO), tellurium dioxide (TeO2), boron 
oxide (B2O3), and trivalent dysprosium oxide (Dy2O3) together with the sample code. After 
weighing and mixing the chemical powders, a platinum crucible containing the mix was placed in 
an electric furnace at 970 °C for 30 minutes to melt it completely. Three hours of annealing at 350 
°C were conducted in a separate furnace. For optical measurements, to ensure flat and parallel 
surfaces, the obtained glasses were shaped and polished. A few glass pieces were powdered for the 
structural analysis, silicon carbide paper with different grids was used to polish both sides of the 
fabricated samples to a thickness of about 3 mm. Using a UV–VIS spectrophotometer (Shimadzu, 
model UV-1650PC) optical absorption measurement was carried out in the wavelength range of 
220 to 1100 nm. To produce fine powder of the prepared samples, a plunger was used to crush 
them flowed by grinding using a mortar-pestle. XRD and Raman Spectral measurements were 
performed to analyze the structures of the samples. 

 
Table 1.  Codes of the prepared samples and compositions. 

 
 

Sample code 
Concentrations (mol%) 

B2O3 BaO TeO2 Dy2O3  
BBTD0% 50 25 25 0.00 

BBTD0.25% 49.75 25 23 0.25 
BBTD0.5% 49.5 25 25 0.50 

BBTD0.75% 49.25 25 25 0.75 
BBTD1% 49 25 25 1.00 

BBTD1.25% 48.25 25 25 1.25 
 
 
3. Results and discussion 
 
3.1. Structural analyses of glass 
Figure 1 shows XRD patterns of the fabricated samples. The appearance of a broad hump 

indicated their amorphous character without any long-range periodic lattice arrangements because 
disordered samples are lack of sharp lines and peaks. Thus, the obtained samples were glasses 
because the atoms do not have any uniform spacing thereby unable to produce sharp diffraction 
peaks in the XRD profiles [12] 
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Fig. 1. XRD profiles of as-quenches fabricated glass samples. 
 
 
Figure 2 shows the room temperature Raman spectrum of the studied glass samples. The 

analysis was performed using a Renishaw In-Via Reflex micro-Raman spectrometer that use argon 
ion laser (50 mW) as an excitation source together with a diffraction grating with 2400 lines/mm, 
an edge filter, and a Peltier-cooled CCD detector. Measurements were performed at room 
temperature in backscattering geometry with a spectral resolution of 1 cm−1. All the samples 
showed the spectral peaks related to different functional chemical groups which were consistent 
with the previous findings [13, 14].  Raman profiles of the samples displayed three distinct 
wavenumber regions with a broad envelope in the range of 300-452 cm−1, a weak band at 300 cm-1 
and strong band at 750 cm-1 wherein the peak intensity was increased with the increase of 
dysprosium concentration. The weak band of absorption band was due to the vibration modes of 
barium oxide [8, 15]. The band at 450 cm-1 was associated with the symmetric vibrations of the 
intra-chain bridging of Te–O–Te [15, 16]. Tagiara [17] also reported the bending vibrations of O-
Te-O in TeO4 tbp units at 450 cm-1. Furthermore, the vibrations modes of both TeO4 tbp units and 
Te-O-Te bridges were overlapped around 750 cm-1 [13] [18]. The Raman spectra clearly showed 
an increasing number of [TeO4] units with the decreasing number of [TeO3] units. The 
transformation of [TeO3] structural units into [TeO4] units could significantly improve the number 
of BOs, thus enhancing the glass structural network. 

 

 
 

Fig. 2. Raman spectra of fabricated glasses sample. 
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3.2. UV–Vis absorption spectral analyses of glasses  
Figure 3 displays the UV-Vis absorption spectra of the glass samples that were 

synthesized. As the concentration of Dy3+ increased from 0.25 to 1.25 mol%, seven distinct bands 
were observed at 390, 424, 452, 750, 797, 895, and 1092 nm. These bands corresponded to the... 
6H15/2 → 4F7/2, 6H15/2 → 4G15/2 , 6H15/2 → 4I15/2 , 6H15/2 → 4F9/2, 6H15/2 → 6F3/2, 6H15/2 → 6F7/2, 6F3/2, 
and 6H15/2 → 6H7/2+ 6F7/2 transitions in Dy3+. The intensity of the absorption peaks were increased 
with the rise of Dy2O3 contents from 0.25 to 1.25 mol%. This observed improvement in the glass 
absorbance was due to the occupation of Dy3+ in the position of B2O3. In this study, the UV edge in 
the optical absorption spectrum was employed to investigate the band gap energies, both direct and 
indirect, and the electronic band structures of the glass system under examination. The optical 
absorption coefficient measurement near the fundamental absorption edge served as a standard 
method to examine optically induced electronic transitions in various materials. This technique 
allowed for the characterization of the energy levels involved in the absorption process and 
provided valuable insights into the electronic properties of the material. By analysing the 
absorption spectrum, it was possible to determine the band gap energy, which is a crucial 
parameter for understanding the optical and electrical behaviour of the material. Additionally, the 
measurement of the optical absorption coefficient near the fundamental absorption edge offered 
information about the nature and type of electronic transitions occurring within the material, such 
as direct or indirect transitions. Overall, this approach provided a comprehensive understanding of 
the electronic structure and optical properties of the glass system under investigation. [19]. 

 

 
 

Fig. 3. Optical absorption spectra of glasses. 
 
 
The fundamental absorption edge  (λ cutoff) of the studied glasses showed a shift with the 

increase of Dy3+ contents [20]. The frequency dependent absorption coefficient, 𝛼𝛼(𝑣𝑣) of the 
glasses at a particular incident photon energy (ℎ𝜈𝜈) was calculated from the absorbance A  = 2.304/t 
(with t is the sample thickness equal to 3 mm) [21, 22]. Davis and Mott equation was used to 
determine the direct and indirect optical band gap energy (Eopt in eV) from the generated Tauc plot 
(Figure 4) [14]. Tauc plots was generated using the expression [23]:  

 
𝛼𝛼(𝑣𝑣) = 𝐴𝐴(ℎ𝜈𝜈−𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜)𝑟𝑟

ℎ𝜈𝜈
                                                                         (1) 

 
where the exponent (r) of this formula differs according to the mechanism of the inter-band 
transition including direct allowed, direct forbidden, indirect allowed, and indirect forbidden 
optical transitions [24]. The increase of BOs associated with the increase of Dy+3 contents reduced 
the number of donor centres in the glasses [25], thus widening the optical band gap energies (from 
3.155 to 2.1894) at higher doping level of 0.75, 1.0 and 1.25  mol% (Figure 5).  
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Fig. 4. Tauc plot of the glasses for the evaluation of optical band gap energy.  
 
 
The glassy nature of the obtained samples was confirmed by calculating the Urbach 

energy (Eu), indicating their extent of disorders in the matrix [5, 26]. The Urbach energy being 
associated with valence and conduction bands of the material [27] it can be determined from Eopt 
using [28]: 

 
𝛼𝛼(𝜐𝜐) = 𝛽𝛽 exp (ℎ𝜐𝜐

𝛥𝛥𝛥𝛥
 )                                                                    (2)     

 
A plot of ln α against hυ was created to calculate the inverse of the gradients of the linear 

section. Table 2 provides information on the Urbach energy values of the glass samples. The 
optical energy band gap exhibited an inverse relationship with the Urbach energy (Figure 5). The 
values of Eu were decreased and Eopt were increase with the increase of Dy2O3 content, which was 
mainly due to the generation of more BOs in the glass network and destruction of NBOs [29]. In 
short, with the increase of Dy2O3 contents the NBO number was reduced, as oxygen anions 
enhanced the number of TeO4 units. It is known that the glass network structures with a low 
Urbach energy tend to have less disorders [30]. In the present glass system, the number of NBOs 
and BO3 units was decreased with the raise of Dy+3 concentration, causing the network structures 
more compact [31].A reduction in the Urbach energy can be explained by the fewer defects being 
created [32]. 

 

 
 

Fig. 5. Dy2O3 contents dependent optical band gap and Urbach energy of the glasses.  
 
 

1.0 1.5 2.0 2.5 3.0 3.5

0

200

400

600

800

(α
hν

)2
(e

v/
cm

)2
 

photon energy  (ev)

 BBTD 0% 
 BBTD 0.25%
 BBTD 0.5%
 BBTD 0.75%
 BBTD 1%
 BBTD 1.25%

0.00 0.25 0.50 0.75 1.00 1.25

0.28

0.30

0.32

0.34

0.36

0.38

0.40

Dy2O3 mol%

 U
rb

ac
h 

en
er

gy
 (e

v)

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

3.50

O
pt

ic
al

 e
ne

rg
y 

ba
nd

 g
ap

 (e
v)



207 
 

The refractive indices of the glasses determine how well light can pass through it. 
Following the Lorenz-Lorentz equation [33], the values of glass refractive indices were evaluated 
(Table 2):  

 
𝑛𝑛2−1  
𝑛𝑛2+2

= 1 −�𝐸𝐸𝑔𝑔
20

                                                                         (3) 

 
The refractive indices of the glass system displayed an inverse relation with the values of 

Eopt. For all the studied glasses, the value of n was about 2.5 (high), indicating their potential 
applications in photo-cells and optical filters [34]. The values of n for the glasses were ranged 
from 2.356 to 2.6584 at lower concentration of Dy2O3 (0.25 to 0.5 mol%). As shown in Figure 6, 
the  refractive index of the glasses was first increased and then decreased from 2.406 to 2.398 with 
increase of Dy2O3 contents from 0.75 to 1.25 mol% due to a decrease in the electronic 
polarizability and generation of more BOs [35]. The molar refractivity of the glasses was obtained 
using the Volf and Lorentz-Lorenz equations in terms of the molar volume (Vm) and n [36]: 

 
𝑅𝑅𝑚𝑚 = 𝑛𝑛2−1

𝑛𝑛2+2 
 × 𝑉𝑉𝑚𝑚                                                                         (4) 

 
The polarizability of the glasses is an indicator of their ability to react to the applied 

electric fields. The molar polarizability of the glasses were obtained via [35]: 
 

𝛼𝛼𝑚𝑚 = 3
4𝜋𝜋𝑁𝑁𝐴𝐴

 𝑅𝑅𝑚𝑚                                                                          (5)  

 
The relationship between molar polarizability and molar refractive index was utilized to 

calculate molar electronic polarizability of the glasses using [37]: 
 

 𝛼𝛼𝑚𝑚 = 𝑅𝑅𝑚𝑚
2.52

                                                                            (6) 
 
Figure 6 displays the Dy2O3 contents dependent variation in the values of n, molar 

refractive index and molar electronic polarizability of the glasses. The number of NBOs showed a 
tendency to polarize more than bridging oxygen (BOs). Increasing the concentration of Dy2O3 
along with reducing the molar refractive index and molar electronic polarizability of the samples 
demonstrate the formation of bridging oxygen (BOs) resulting in a less polarized sample [37]. The 
values of the refractive index and electronic polarizability are listed in Table 2. 

 

 
 

Fig. 6. Dy2O3 contents dependent variation in the values of refractive index, molar refractive index and 
molar electronic polarizability of the glasses.  
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Fresnel's equation was used to calculate the reflection loss (RL) at the glass surface [38, 
39]. The transmission coefficient (T) was obtained via [39, 40]: 

 
𝑅𝑅𝐿𝐿 = [ 𝑛𝑛−1

𝑛𝑛+1
 ] 2                                                                             (7) 

 
𝑇𝑇 = 2𝑛𝑛

𝑛𝑛2+1
                                                                                 (8) 

 
Figure 7 illustrates the Dy+3 concentration dependent reflection loss and transmission 

coefficient of the glasses wherein RL exhibited an inverse relationship with T (Table 2). A decrease 
in the value of RL indicated a decrease of the molar refractivity [41].  

 
Table 2. Some essential optical parameters of the studied glasses. Optical energy band gap, Urbach 
energy, Refractive index, Molar refractive index, Molar electronic polarizability, Reflection loss & 

Transmission coefficient. 
 

Dy2O3 contents 
(mol%) 

Eopt  
(eV) 

ΔE  
(eV) 

n Rm 
 

αm 
 RL

 
T 

BBTD 0% 3.1559 0.30527 2.35631 6.3371 15.969 0.1633 0.71924 
BBTD 0.25% 2.7742 0.31224 2.4607 6.56667 16.548 0.1781 0.69757 
BBTD 0.5% 2.1894 0.32081 2.65842 6.99187 17.619 0.2054 0.6590 

BBTD 0.75% 2.9665 0.31487 2.40615 6.39807 16.123 0.1704 0.70877 
BBTD 1% 2.9811 0.30152 2.40218 6.35905 16.024 0.1698 0.70960 

BBTD 1.25% 2.9945 0.30012 2.39856 6.32351 15.935 0.1693 0.71035 
 

 
 

Fig. 7. Dy+3 concentration dependent reflection loss and transmission coefficient of the glasses.  
 
 
It is known that the NBO tends to polarize the glass more than BO. When the molecular 

refractive index as well as the polarizability (𝛼𝛼𝑚𝑚 and 𝛼𝛼0) with Dy+3 concentration was increased, 
more BO was created [42]. Both values (𝛼𝛼𝑜𝑜(𝑛𝑛) and 𝛼𝛼02−𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)  were initially increased then 
dropped at higher concentration of Dy2O3 (Figure 8 and Table 3). Higher electronic polarizability 
of the glasses contradicted to the molar refractivity [34, 35]. The electronic polarizability of the 
oxygen ions was calculated via [43]: 

 

∝𝑜𝑜2−𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜 = [ 𝑣𝑣𝑚𝑚
2.52

�1 −�𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
20
� − ∑ ∝𝑖𝑖𝑖𝑖 ](𝑁𝑁𝑂𝑂2−)-1                                                                            (9)  
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The polarizability of the oxide ions was calculated based on the refractive index [9]: 
 

𝛼𝛼𝑜𝑜(𝑛𝑛)
   = [𝑅𝑅𝑚𝑚

2.52
− ∑𝛼𝛼𝑖𝑖](𝑁𝑁02−) -1                                                                                          (10)                                                               

 
where ∑ 𝛼𝛼𝛼𝛼 and 𝑁𝑁𝑁𝑁2− correspond to the molar cation polarizability and oxide ions number in the 
glass chemical composition.  

In the presence of Dy2O3 contents of 0, 0.25, and 0.5 mol% and due to the formation of 
oxygen molecules that cannot form BO, the free electrons increased the polarizability of the oxide 
ions [44]. Due to the formation of BOs at higher contents of Dy2O3, the oxide iond polarizability 
was decreased.  Since the nuclear charge has less control over the charge distribution, free 
electrons are more polarizable. The difference between 𝛼𝛼−𝑜𝑜(𝑛𝑛) and 𝛼𝛼𝑜𝑜2−𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 can be interpreted 
using the David-Mott's theory of non-crystalline conduction wherein the existence of localized 
states in the band gap play a significant role   ]42 [ . This clearly indicates a strong correlation 
between the structural and spectroscopic properties of the glasses. 

According to El-khoshkhany et al. [45] the glass acidity or basicity can be determined by 
the electron donor power of the oxygen atoms. An acid is a compound that has a low ability to 
donate electrons and a high chemical resistance. Bases are oxides that donate electrons more 
readily, but have a lower chemical hardness. Duffy and Ingram reported  [46] a relationship 
between the oxide ions polarizability (𝛼𝛼𝛼𝛼2-) and optical basicity (Λ) via the relation: 

 
Λ = 1.67(1 − 1

𝛼𝛼𝑂𝑂2−
 )                                                                     (11) 

 
In glasses, the optical basicity is related to oxygen's electron donor power. High values of 

Λ indicate ionic bonding, whereas low values of Λ indicate covalent bonding. This allows the type 
of bonds found in glasses to be calculated. When the polarizability decreases, the optical basicity 
decreases, resulting in a decrease in refractive index and a rise in optical band gap [47]. The value 
of optical basicity of the glasses is listed in Table 3. Figure 8 show Dy+3 contents dependent optical 
basicity of the glasses (Figure 8). 

The metallization criterion (M) of glasses was calculated using the following equation and 
the values were in the range of 0.35 and 0.45 [24]: 

 
𝑀𝑀 = 1 − 𝑅𝑅𝑚𝑚

𝑉𝑉𝑀𝑀
                                                                           (12) 

 
According to these criteria, a material can be regarded as metallic if Rm/Vm > 1 or non- 

metallic if Rm/Vm < 1 [48]. For oxide glasses with excellent nonlinear optical characteristics the 
values of M ranged from 0.30 to 0.45. For the tellurite glass system if the value of M ranged from 
0.35 to 0.45 then it is considered as an insulator, while for M values closer to 1 is considered as 
glass [23, 34]. Saeed et al., [49] reported a value of M less than 1, indicating a much wider valence 
and conduction band. In the present case, the observed reduction of the M value from 0.39723 - 
0.3308 can be ascribed to the decrease of Eopt and the increase of n at lower Dy2O3 contents [50]. 
As shown in Figure 9 and Table 3 with the rise of Eopt the values of M were reduction (from 0.5), 
leading a broader conduction and valence bands [47]. In addition, the values of M for the current 
glasses were better than other reported glasses, indicating their effectiveness for the non-linear 
optical applications [34, 51]. 
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Fig. 8. The refractive index-based polarizability of oxide ions and polarizability based on  
energy band gap of the glasses.  

 
 
Based on the glass refractive index and dielectric constant (𝜀𝜀 static) were calculated 

following [52] and [53]. There is a direct relationship between the dielectric function (constant) 
and energy band gap. We used the formula (13) reported by [9] to calculate the dielectric constant 
in this study  

 
𝜀𝜀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑛𝑛2                                                                           (13) 

 
Following the procedure referred in [52], a relationship amid the optical dielectric 

constant, refractive index, polarization (p), and static dielectric constant was established to 
determine the optical static dielectric constant: 

 
 𝜀𝜀𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑝𝑝 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
=  𝜀𝜀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 1 = 𝑛𝑛2 − 1                                                       (14)     

 
One of the most important properties of dielectric materials is their electrical 

susceptibility. Measurement of polarizing strength of anamorphous materials can be done using it. 
Following [54] the electrical susceptibility (χe) was calculated: 

 
𝜒𝜒𝑒𝑒 = 𝑛𝑛2−1

4𝜋𝜋
                                                                             (15) 

 
The generation of more BO in the glass system led to a decrease  in the values of χe  [41]. 

First the values of χe were increased with the increase of Dy2O3 contents and then decreased at 
higher Dy2O3 level (Table 3). In addition, the values of εopt and ε were correspondingly reduced 
from 4.7704-4.7530 and 5.789580-5.7530 with the raise of Dy2O3 contents in the glass system 
(Figure 10). The values of χe were reduced from 0.3798 to 0.3784 with the increase of Dy2O3 
contents in the glass network  due to the decrease of NBOs [21]. 

 
 
 
 
 
 
 
 
 

0.00 0.25 0.50 0.75 1.00 1.25

1.65

1.70

1.75

1.80

1.85

1.90

1.95

2.00

Dy2O3 moler fraction 

 R
ef

ra
ct

iv
e 

in
de

x-
ba

se
d 

ox
id

e 
io

n 
po

la
riz

ab
ili

ty

2.40

2.45

2.50

2.55

2.60

2.65

2.70

2.75

En
er

gy
 b

an
d 

ga
p-

ba
se

d 
ox

id
e 

io
n 

po
la

riz
ab

ili
ty



211 
 

Table 3. The refractive index-based polarizability of oxide ions, energy band gap-based polarizability, 
optical basicity, metallization criterion, dielectric constant, optical dielectric constant, and electrical 

susceptibility of the glasses. 
 

Dy2O3 
contents 
(mol%) 

∝𝑜𝑜2−𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜  𝛼𝛼𝑜𝑜(𝑛𝑛) 𝛬𝛬 𝑀𝑀 𝜀𝜀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜀𝜀𝑜𝑜𝑜𝑜𝑜𝑜 𝜒𝜒𝑒𝑒 

0 2.461181 1.661035 0.99146 0.39723 5.55222 4.55222 0.3624379 
0.25 2.56208 1.732955 1.01819 0.37244 6.055033 5.055033 0.4024708 
0.5 2.747728 1.864916 1.06223 0.33086 7.067210 6.067210 0.4830581 

0.75 2.481598 1.673762 0.99705 0.38513 5.789580 4.789580 0.3813360 
1 2.462040 1.659130 0.9917 0.38608 5.770482 4.770482 0.3798154 

1.25 2.444025 1.645602 0.9867 0.38694 5.753076 4.753076 0.3784296 
 
 

 
 

 Fig. 9. Optical basicity and metallization criterion of the glasses. 
  
 

 
 

Fig. 10. Dielectric constant, Optical dielectric constant of Dy+3 doped BBTD glasses.    
 
 
3.3. Emission spectral analyses of glasses 
Figure 11 displays the room temperature emission spectra of the glasses under excitation 

wavelength of 400 nm. A Perkin Elmer's LtS55 Luminescence Spectrophotometer was used to 
measure emission properties in the range of 200 and 1300 nm. A Monk-Gillieson monochromator 
was used to analyze the excitation and emission energies of the glasses. The intensity of the 
emission peaks were gradually increased with the increase of Dy3+ contents which agreed with the 
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other findings [55, 56]. The observed 4 prominent luminescence peaks at 474, 485, 564, and 580 
nm corresponded to the 4F9/2 → 

6H15/2, 4F9/2 → 
6H15/2 , 4F9/2 → 

6H13/2 and 4F9/2 → 6H13/2 transitions in 
Dy3+ [57]. The blue transitions (at 474 and 48  5nm) exhibited lower intensity than the yellow 
transitions (at  564 and 580), indicating the significant role of  Dy3 + doping in the glass matrix 
[58] . To explain the observed emission behaviour of the glasses a schematic partial energy level 
diagram of Dy3+ was used (Figure 12). During the excitation at 375 nm, Dy3+ was excited from the 
lower level (6H15/2) to the higher level (4F9/2). There are two prominent emission bands like 6H15/2 
(blue) and 6H13/2 (yellow). Compared with other reported glass matrices, that doped dysprosium 
ions exhibit good spectroscopic and luminescence properties for yellow lighting applications. As a 
result of these emissions, especially those in the visible range of light, the composition may be 
more sensitive and can be used in a variety of applications, including solar cells and sensors [56]. 

 
 

 
 

Fig. 11. Emission spectra of glasses under 400 nm excitation. 
 

 
 

Fig. 12. A schematic energy level diagram of dysprosium ion showing various transitions.  
 
 
4. Conclusion  
 
Barium-boro-tellurite glasses of composition B2O3-BaO-TeO2 doped with Dy2O3 were 

synthesized using melt-quenching approach and characterized. The structural analyses (XRD and 
Raman) of the glasses showed appreciable effect of Dy2O3 concentration variation on the glass 
network structures.  The absorption and emission spectral analyses of the glasses showed a strong 
correlation with the structural alteration due to Dy2O3 doping wherein more BOs were formed 
thereby improving the overall physical characteristics of the glasses. At higher Dy2O3 doping 
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contents (0.75, 1, 1.25 mol%), the optical band gap and refractive index was increased. The 
Urbach energy was first decreased and then gradually increased with the raise of Dy2O3 doping. 
Oxygen anions such as TeO4 were increased with the raise of Dy2O3 contents, causing fewer NBO 
to form. The values of molar refraction, electronic polarizability and electrical susceptibility of the 
glass system were decreased with the increase of Dy2O3 doping level due to the increase of more 
BOs. Consequently, the metallization criterion, oxide polarizability, and optical basicity were 
reduced. The emission spectrum of the glasses displayed 4 intense peaks at 474, 485, 564, and 580 
nm. A correlation between the structural and spectroscopic attributes of the glasses was 
ascertained. It was asserted that the proposed glass composition may be useful for solar cell, solid-
state laser and sensor applications. 
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