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In this paper we prepared glasses with composition (75-x)TeO2–5Nb2O5–20ZnO–xNa2O 
mol%, (x = 7, 10, 15, and 18) were synthesized by using the conventional quench-melting 
method. The Faraday effect has been investigated as well as the structure of these glasses 
was analyzed by Raman spectroscopy.  It can observe that when the Na2O concentration 
increased from 7 to 18 mol%, the value of the Verdet constant decreased from 0.113 to 
0.071 min/G.cm. This result can be interpreted as the following: when adding Na2O into 
the glass matrix, leads to the attendance of non-bridging oxygens (NBO). The peak (d) in 
the range of 717–721 cm−1 is related to the stretching vibrations of Te˗O˗ and Te=O bonds 
containing nonbridging oxygen in TeO3 (tp) phase.  
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1. Introduction 
 
Due to their contribution to scientific and technical innovations, glasses used in high-tech 

applications have become a cutting-edge study area in materials science. As a result, much 
emphasis has been given to the study of various glass varieties that may be employed in many 
technical applications [1,2]. Tellurite glasses have attracted a lot of interest from scientists in the 
recent two decades. Tellurite glasses have proved to have extremely promising features in terms of 
satisfying optical application requirements, and they have a lot of promise for usage in amplifiers, 
switching devices, and laser technology [3]. Tellurite glasses have low phonon energy, a high 
refractive index, a high dielectric constant, and high infrared transmissivity, which provides them 
suitable matrices for amplifier mediums and laser hosts when compared to SiO2, P2O5, B2O3, and 
GeO2-based glass systems [1,3,4]. New TeO2–based glasses have recently been developed as 
particularly appealing materials for optical amplifiers in a broad variety of wavelength division 
multiplexing (WDM) network systems [4,5]. Their low glass transition and melting temperatures, 
as well as their thermal and chemical stability and strong devitrification resistance, make them 
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easy to manufacture.  [6–9]. Because of its broad glass-forming range and strong solubility of 
transition oxide elements [10], the addition of zinc to tellurite glass is of significant importance to 
glass technology and applications. Furthermore, ZnO in the glass structure raises the refractive 
index value and acts as a glass stabilizer [11,12]. The addition of Nb2O5 to TeO2 results in a small 
domain, improved vitrification, and a higher refractive index [11,13]. The incorporation of Na2O 
enhances thermal stability and the suitability of the ion-exchange process [9,14,15]. The addition 
of alkali oxides to tellurium oxides, such as Li2O, Na2O, and K2O, may enhance toughness, glass-
forming ability, and lower melting point while also increasing non-bridging oxygen (NBO) in the 
matrix [11,16]. As a result, to make tellurite glasses, Na2O was chosen as a secondary component 
in this investigation. Nb2O5 also has magnetic and magneto-optical characteristics that are 
appealing to glass. For example, the high polarizability, high field strength, low photon energy, 
low bandgap, and diamagnetic character of Nb5+ ions [17] are very appealing to glass magnetic 
and Faraday Effect-based magneto-optical technology, which is gaining popularity in optical fiber 
sensors, isolators, and magneto-optical current transducers [18].  

The transition metal oxides Nb3+, Nb4+, and Nb5+, on the other hand, include Nb2O5. The 
unfilled outer shell of niobium causes paramagnetic behavior in the lower valence states, whereas 
the empty d shell (4d0) electron structure causes diamagnetic behavior in the Nb5+ ions. Glass 
containing Nb2O5 has high optical basicity, which may offer an oxidation environment for higher 
valence states of niobium, namely Nb5+, and electron transfer between Nb5+ and O2– [19]. Because 
Nb5+ has a high diamagnetic susceptibility (−9×10−6 emu/mol), it is predicted that its presence 
would enhance magnetization and the Verdet constant. Furthermore, the Nb5+ cation has a high 
charge and a moderate ionic radius of 0.69, resulting in strong ionic field strength and 
polarizability, both of which are advantageous to the magneto-optical characteristics of glass [20]. 
More potential for the tellurite glass family has recently been suggested, including the idea of 
using them to produce efficient diamagnetic magneto-optic fiber components that leverage the 
Faraday effect [21]. The Faraday effect relies on the magnetic field turning the plane of 
polarization of linearly polarized light in isotropic transparent materials [22]. Faraday rotation, or 
magneto-optical rotation of light polarization, is significant for a variety of applications, including 
optical isolators and optical diodes inside laser resonators [23]. The Verdet constant [24] 
determines the intensity of the Faraday Effect in a material. The Verdet constant's magnitude is 
determined by the gain medium host, the dopant and its concentration, the oscillation wavelength, 
and the temperature [23]. On the other hand, by doping highly polarized diamagnetic ions or 
creating surface Plasmon Resonance (SPR) effects, the Faraday rotation effect in diamagnetic 
glass may be enhanced [25].  

The TeO2–based glass system with the formula (75-x)TeO2–5Nb2O5–20ZnO–xNa2O 
mol%, (x = 7, 10, 15, and 18), was synthesized in the present study utilizing the melt-quenching 
approach, which was less cost-effective and time-consuming. The Faraday effect was studied, and 
Raman spectroscopy was used to examine the structure of these glasses.  

 
 
2. Experimental work 
 
Using the traditional quench-melting procedure, glass systems with a composition of (75-

x)TeO2–5Nb2O5–20ZnO–xNa2O mol% (x = 7, 10, 15, and 18) were created. The raw materials 
were powdered and placed in a platinum crucible, which was heated in a melting furnace to 920°C 
for 45 minutes, with the melt being stirred occasionally. A graphite mold was used to cast the very 
viscous melt. The quenched samples were annealed at 340°C for 2 hours before being cooled to 
room temperature within the furnace. Table 1 shows the chemical composition of the TeO2-based 
glass under investigation. Figure 1 shows a schematic diagram of the setup used to obtain the 
Verdet constants for various glasses. A tangential probe and a Tesla-meter were used to calibrate 
an electromagnet that creates a variable flux density up to 1 T and creates a variable flux density 
up to 1 T. The glass samples were placed in a magnetic field between two polarizers (input and 
output) that were 90 degrees apart. The intensity of the laser beam (= 632 nm) passing the glass 
and transmitted through the output polarizer was close to zero in the absence of a magnetic field. 
Visually and with a solar-photo detector, this could be determined. Due to the rotation of the plane 



807 
 
of polarization, which linearly dependent on the flux density B as shown in Fig. 1, a good 
percentage of laser intensity was transmitted through when the magnetic field was applied. An 
ocular and a protractor projected on the output polarizer were used to determine the amount and 
direction of rotation. The direction of the magnetizing current was reversed, and the rotation 
measurement was repeated, to attain high precision. 

 

 
 

Fig. 1. (1) Input Polarizer, (2) Magnet Pole, (3) Glass Sample, (4) Output Polarizer,  
(5) Fluorescent Screen, (6) Ocular. 

 
 
The Raman spectrometer (Senterra, Bruker GmbH, Germany) was used to investigate the 

structure of this tellurite glass at 514 nm excitation. 
 
 
3. Results and discussion 
 
Magneto-optical materials have been employed in a variety of photonics applications, 

most notably in the fabrication of optical isolators and diodes [26]. Optical isolation is achieved in 
such systems by modifying the propagation of light using an external magnetic field. By creating 
circular birefringence via the Faraday effect, the magnetic field modifies the optical response of 
the medium, resulting in a rotation of the plane of polarization of an incoming linearly polarized 
light beam [21,27]. The Verdet constant, V, is a characteristic property of the material that controls 
the amount of the Faraday effect. Zeeman splitting of atomic energy levels causes magneto-optical 
rotation of light polarization [24]. The left and right circularly polarised components of a linearly 
polarised laser beam would experience different refractive indices and hence propagate at different 
speeds in various directions of propagation through a magneto-optical material to which a 
magnetic field is applied. As a result, an incoming linearly polarised laser beam's plane of 
polarization will spin as it propagates through such a material [23]. The rotating angle of glass is 
linked to the magnetic field B, the Verdet constant (V), and the length L of glass in the following 
equation [28], according to Faraday rotation theory: 

 
𝜃𝜃 = 𝑉𝑉𝑉𝑉𝑉𝑉                                                                                 (1) 

 
The relationship between the current and current-produced magnetic field indicated in Eq 

(2) [28] was analyzed to validate the self-constructed setup. 
 

 𝐵𝐵 = 𝜇𝜇0𝑁𝑁𝑁𝑁
𝐿𝐿𝑠𝑠

                                                                                (2) 

 
where μ0 is a constant of 1.26×10˗6 Hm˗1, N is the number of turns in the coil that surrounding the 
solenoids, I is the current that flows through the solenoids, and Ls is the length of the solenoids As 
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demonstrated in Fig. 2, the current and magnetic field had a linear relationship, showing that the 
solenoid was stable. 
 

 
 

Fig. 2. Relation between the current (I) and magnetic field (B). 
 
 
Fig. 3 (a-d) shows the θ of samples with fixed length L as a function of magnetic field B, it 

can be that all samples appear the θ increased with the increase of B. The slope indicates to Verdet 
constant (V) that is calculated by (slope = VL). The values of the Verdet constant (at λ=632 nm) for 
samples are listed in Table 1.  

 

 
 

Fig. 3. Relation between magnetic field B and Faraday rotation angle θ for the TeO2–based glasses  
(75-x)TeO2–5Nb2O5–20ZnO–xNa2O mol%: (a) x=7; (b) x=10; (c) x=15 and (d) x=18. 
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Table 1. The Verdet constant (V) at λ = 632 nm of the TeO2–based glasses [(75-x)TeO2– 5Nb2O5–20ZnO–

xNa2O mol%]. 

 
 
These Verdet constant values are in excellent accord with earlier publications [1,20,28], 

however, the findings from these glasses were better than those published in the literature [29]. 
The Faraday Effect experiments were able to detect the phenomena of light twisting its plane of 
polarization under the influence of a longitudinal magnetic field in all of the studied glasses. Due 
to the diamagnetic nature of Nb5+ ions and high diamagnetic susceptibility, high Verdet constant 
values in these glasses are ascribed to the presence of Nb2O5 [17,20]. The high optical basicity of 
glass containing Nb2O5 may also offer an oxidation environment for higher valence states of 
niobium, such as Nb5+, and electron transfer between Nb5+ and O2– [19]. As a result, the presence 
of Nb5+ is predicted to boost magnetization and the Verdet constant. 

Figure 4 shows the Verdet constant values of the as-prepared glasses as a function of Na2O 
concentration. It can be shown that when the concentration of Na2O increased from 7 to 18 mol%, 
the Verdet constant reduced from 0.113 to 0.071 min/G.cm. The following is how this result might 
be interpreted: When Na2O is added to the glass matrix, it causes non-bridging oxygens to appear 
(NBO). The number of NBOs increases as the concentration of Na2O increases, making electron 
transmission in the glass greater. As a result of the electron transport through glass, the Verdet 
constant is growing [20]. Furthermore, the Verdet constant decreases with increasing Na2O 
concentration, which might be due to the substantial increase in distance between 
atoms/molecules, which is inversely proportional to the Verdet constant, as indicated in Eq. (3): 
[28] 

𝑉𝑉 = −3(𝛼𝛼𝑂𝑂2−)2𝐼𝐼
4𝑟𝑟6

                                                                            (3) 
 
where r is the distance between the atoms/molecules, I is the first ionization energy of the atom, 
and (αO2-) is glass polarizability. 
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Fig. 4. Verdet constants of the TeO2–based glasses (75-x)TeO2–5Nb2O5–20ZnO–xNa2O mol%  
as a function of Na2O concentration. 

 
 

The Raman spectrum is a useful tool for investigating the structure of glass materials. 
Figure 5 shows the Raman spectra of the as-prepared glasses from 300 to 880 cm-1. The disordered 

Sample 
code Composition in mol% Verdet constant 

V(min/G.cm) 
Sample 1 68TeO2–5Nb2O5–20ZnO–7Na2O 0.113 
Sample 2 65TeO2–5Nb2O5–20ZnO–10Na2O 0.102 
Sample 3 60TeO2–5Nb2O5–20ZnO–15Na2O 0.089 
Sample 4 57TeO2–5Nb2O5–20ZnO–18Na2O 0.071 
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features in these glasses are primarily responsible for two large scattering peaks. According to 
each structural unit in the glass network, which was represented as (a-e) bands, the spectra of glass 
samples 1 and 2 were deconvoluted into five separate Gaussian peaks. However, the spectra of 
glass samples 3 and 4 were deconvoluted into three separate Gaussian peaks, one for each 
structural unit in the glass network, which were represented as (a, c, and e) bands. 

 
 

 
 

Fig. 5. Raman spectra of the as-prepared glasses. 
 
 
Figure 6(a-d) depicts those bands, which are listed in Table 2. Table 3 also included their 

band assignments. The addition of modifier oxide to TeO2 rich glass weakened the axial Te-O 
connections and opened the glass network. As a result, the TeO4 phase unit (tbp) is converted to 
TeO3+1 and TeO3 (tp) phases [30]. For symmetrical stretching or bending vibrations of Te-O-Te 
links [31,32] and symmetric stretching vibrations of the Zn–O bond in the ZnO4 tetrahedral group 
[30, 33], the band (a) in the spectral range 431- 462 cm-1 has been determined. The anti-
symmetrical stretching of the continuous network formed of TeO4 (tbp) trigonal bipyramidal units 
is specified by the band (b) that emerged in the range 582-592 cm1 [34,35,36]. The symmetric 
stretching vibrations of tellurium and axial oxygen (Te) in TeqeOaxTeO4 (tbp) units are attributed to 
the band (c) at 640–654 cm-1 [37, 38]. The stretching vibrations of TeO and Te=O bonds including 
nonbridging oxygen in TeO3 (tp) phase were connected to the peak (d) in the range of 717–721 
cm-1 [36]. Finally, stretching vibrations of TeO3/TeO3+1 units are verified in the band designated 
(e) in the range 733–773 cm-1 [32,34,39,40]. 

 
 

Table 2. The band center of de-convolution of the Raman spectra of studied glasses. 
 

 
 
 
 
 
 
 
 

Sample 
code Band a Band b Band c Band d Band e 

Sample 1 455 582 654 717 761 
Sample 2 462 591 651 721 773 
Sample 3 455 - 643 - 733 
Sample 4 431 - 640 - 747 
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Table 3. Peak assignments for the as-prepared glasses. 

 
 

 
 

Fig. 6. Raman spectra and curve-fitting of the TeO2–based glasses (75-x)TeO2–5Nb2O5–20ZnO–xNa2O 
mol%: (a) x=7; (b) x=10; (c) x=15 and (d) x=18. 

 
 
 
 

Raman shift 
(cm-1) Vibrational modes Ref. 

431-462 Symmetrical stretching or bending vibrations of Te˗O˗Te linkages 
and symmetric stretching vibration of ZnO4 tetrahedral unit. 

[30,31,32,33] 

582-592 Anti-symmetrical stretching of the continuous network composed of 
TeO4 tbp. 

[34,35,36] 

640-654 Symmetric stretching vibrations of tellurium and axial oxygen (Te)   
in Teqe˗Oax˗TeO4 (tbp) trigonal bipyramidal units. 

[37,38] 

717-721 Stretching vibrations of Te˗O˗ and Te=O bonds containing 
nonbridging oxygen in TeO3 tp. 

[36] 

733-773 Stretching vibrations of TeO3/TeO3+1 units. [32,34,39,40] 
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4. Conclusion 
 
The incorporated Na2O to the tellurite glasses with composition TeO2–Nb2O5–ZnO leads 

to a decrease in the Verdet constant.  The glass 68TeO2–5Nb2O5–20ZnO–7Na2O has the highest 
value (V= 0.113 min/G.cm) otherwise the glass 57TeO2–5Nb2O5–20ZnO–18Na2O has the lowest 
value (V= 0.071 min/G.cm). The Na2O creates non-bridging oxygens (NBO) in the present 
glasses. Hence the Verdet constant increase with increase NBO. These Verdet constant values are 
excellent compared with tellurite glasses published before. Symmetric stretching vibrations of 
Teqe˗Oax˗TeO4 (tbp) trigonal bipyramidal units appeared at 640-654 cm-1.  
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