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Abstract 

Tellurite glasses doped with V₂O₅, Fe₂O₃, Na₂O, and ZnO (TVFNZn) have been extensively 

studied for their structural, magnetic, and optical properties. Analysis using Fourier transform 

infrared (FTIR) and micro-Raman spectroscopy identified characteristic bands at 470, 660, 

695, 808, 905, 955, 1648, 2348, 2890, and 3417 cm⁻¹. The band observed at 695 cm⁻¹ is 

attributed to the stretching vibrations of Te-O bonds in TeO₃⁺¹ or TeO₃ units. Raman 

spectroscopy further revealed bands at 127, 290, 469, 672, 732, 872, and 935 cm⁻¹, with the 

band at 672 cm⁻¹ corresponding to the asymmetric stretching vibration of Te-O bonds in the 

[TeO₄]⁴⁻ bipyramidal structure. Electron spin resonance analysis detected a signal at a 

magnetic field strength of 45.83 mT with a g-factor of 2.09. Magnetic hysteresis 

measurements using a vibrating sample magnetometer showed a coercivity of 2.2622 mT, a 

remanence of 22.883 × 10⁻³ Am²/kg, and a saturation magnetization of 0.2799 Am²/kg. In the 

optical absorption spectrum, an ultraviolet band at 346 nm is associated with TeO₂, while 

absorption bands typical of V₂O₅ are observed in the 200–300 nm range.These results 

highlight the potential of TVFNZn glasses for use in magneto-optical applications, 

showcasing their promising structural, magnetic, and optical characteristics. 
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1 Introduction  

Magneto-optical (MO) materials have gained considerable attention due to their wide-ranging 

applications in optical switches, isolators, circulators, modulators, secure encoding, and 

sensing technologies. Among these, optical isolators and circulators are particularly critical in 

optical systems, as they either ensure unidirectional light propagation or shield upstream 

components from the effects of backward-propagating light [1,2]. MO glasses leverage the 

Faraday effect, which involves the rotation of the polarization plane of light when subjected 

to a magnetic field along the direction of propagation. Enhancing the Faraday effect in 

glasses requires incorporating a high concentration of paramagnetic elements, such as rare 

earth (RE³⁺) ions and certain transition metal oxides [TMOs] [3]. This effect arises from 

circular anisotropy in the magnetized medium, which is a result of the longitudinal Zeeman 

effect—splitting of the ground and excited states in the presence of a magnetic field [4]. The 

ongoing advancement of magneto-optical devices necessitates the development of innovative 

glass materials with high Verdet constants and low absorption properties [5]. 

Tellurite glasses are highly regarded for their potential in both linear and nonlinear 

optical applications. These glasses exhibit several advantageous properties, including low 

phonon energy, a high refractive index, a low melting point, strong chemical resistance, 

thermochromic behavior, good mechanical strength, a high dielectric constant, and excellent 

transparency across the visible and infrared (IR) spectrum.Tellurium dioxide (TeO2), a 

conditional glass former, requires rapid cooling to form a glassy state. It is also an excellent 

host material for rare-earth-doped glasses because its weak Te–O bonds can easily break, 

allowing heavy metal and rare earth atoms to integrate into the glass network [6-10]. Notably, 

tellurite glasses demonstrate extended transmission in the infrared region. Their ease of fiber 

drawing at low temperatures and high capacity to dissolve rare earth ions make them valuable 

for use in optical components for sensors, telecommunications, and medical applications [11]. 
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Furthermore, studies suggest that the presence of non-bridging oxygen leads to structural 

transformations within the glass network, where TeO₄ trigonal bipyramids (tbp) convert into 

TeO₃ trigonal pyramids (tp). This structural flexibility contributes to the unique properties of 

tellurite glasses [12]. 

Numerous studies have emphasized the impact of incorporating transition metals like 

V₂O₅ into glass, highlighting its role in enhancing the semiconducting properties of the 

material. Changes in thermal and optical properties due to such additions have also been 

extensively investigated [13-17]. Vanadium exhibits multiple oxidation states, with trivalent 

(V³⁺), tetravalent (V⁴⁺, also known as vanadyl), and pentavalent (V⁵⁺, also referred to as 

vanadate) being the most notable, with V⁴⁺ and V⁵⁺ being the most prevalent. Vanadium 

pentoxide (V₂O₅) is a strong oxidizing agent with a wide range of applications. These include 

industrial uses, such as in batteries and solar cells, as well as biological applications, such as 

biosensors for detecting macromolecules, and pharmacological uses [18-20]. Glasses doped 

with transition metal oxides like V₂O₅ are recognized for their semiconducting properties, 

making them suitable for various advanced technological and scientific applications. 

Research on binary Fe₂O₃–TeO₂ glasses prepared via melt quenching remains limited, 

with some studies reporting IR spectroscopy and magnetization data for samples where x = 

0.1 to 0.30 [21, 22]. Magnetization measurements indicate that these samples exhibit 

paramagnetic behavior due to the presence of Fe₂O₃. Glasses composed of a combination of 

transition metal oxides (TMOs) such as V₂O₅, Fe₂O₃, and ZnO, along with alkali metals like 

Na₂O, are known to exhibit mixed ionic and electronic conductivity. In recent years, the 

exploration of such mixed electronic–ionic conductors has expanded significantly, driven by 

their potential applications in advanced technologies, including cathodes for electrochemical 

cells and smart windows. 
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This research paper proposes various TMOs with magnetic properties and alkali metal 

oxides (Na2O) doped tellurite glasses were explored for structural, magnetic and optical 

properties for magneto-optical device applications. 

2 Experimental work 

A 10 g batch of glass from equation (1) was prepared using high-purity powders measured in 

precise stoichiometric ratios according to the specified formula. The powders were 

thoroughly ground for one hour using an agate mortar and pestle to ensure homogeneity in 

the mixture. The homogenized mixture was then transferred to a high-purity alumina crucible 

and placed in a programmable furnace. The mixture was melted at 1150°C in an air 

atmosphere for 2 hours.After melting, the molten material was rapidly extracted from the 

furnace and air-quenched by pouring it onto a preheated brass plate at room temperature. The 

resulting glass was then annealed in a furnace at 350°C for 16 hours to relieve internal 

stresses and eliminate air bubbles. The glass was gradually cooled to room temperature 

before being sliced into small pieces. These samples were subsequently powdered and 

prepared for further characterization to analyze their various properties. 

40 TeO2 + 25 V2O5 + 20 Na2O + 10 Fe2O3 + 5ZnO (TVFNZn)     (1) 

3 Characterization techniques 

The FTIR spectra of the TVFN glass were recorded using a Perkin Elmer Spectrum Two 

spectrometer in the range of 4000–400 cm⁻¹. Micro-Raman analysis was performed with a 

Horiba Jobin Yvon LabRAM HR spectrometer, operating in the range of 50–3000 nm. 

Electron spin resonance (ESR) measurements were conducted using a JEOL JES-FA200 

spectrometer (Japan) equipped with X and Q bands, featuring a sensitivity of 7×1097 \times 

10^9 spins/0.1 mT and a resolution of 2.35 µT. The magnetic properties of the TVFN glasses 

were analyzed using a Lakeshore vibrating sample magnetometer (VSM), model 7410 series, 

with a maximum applied field of 31 kOe (3.1 T), a field resolution of 0.1 Oe at 35 kOe, and a 
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temperature range of 100 K to 1273 K. The field accuracy was specified as 1% of the reading 

or 0.05% of the full scale (0.1 × 10⁻⁶ to 1000 Am²/kg). Additionally, absorption spectra in the 

range of 0–2500 nm were measured using a Varian CARY 5000 spectrophotometer equipped 

with a tungsten lamp. 

4 Results and discussion 

4.1FT-IR analysis 

The Fourier transform infrared (FT-IR) transmittance spectra shown in Fig. 1(a) at room 

temperature revealed the presence of TVFNZn glass's structural groups in the waveneumber 

range of 4000 to 400 cm-1. Absorption bands at wavenumbers 470, 660, 695, 808, 905, 955, 

1648, 2348, 2890, and 3417 cm-1 are seen in the TVFNZn glasses. The tiny bands seen at 470 

cm-1 are caused by vibrations caused by the Zn-O bond stretching in TVFNZn glasses [23, 

24]. The symmetric stretching mode of Te-O-Te vibrations is represented by the band at 491 

cm−1. The Te-O stretching vibrations in the TeO4 trigonal bipyramid seen in Fig. 1(b) are 

shown by a band at 660 cm−1. The stretching vibration of Te-O bonds in TeO3+1 or TeO3 units 

is specified by an additional band at 695 cm−1 [25, 26]. The distinctive spectral bands seen in 

V2O5 at 955 and 905 cm−1 are associated with the symmetrical stretching vibration of 

terminal oxygen bonds, V=O (905 cm−1), and the vibrations of doubly coordinated oxygen 

(bridge oxygen) bonds, V–O–V (955 cm−1), respectively [27]. At 1648 cm-1, a little band 

caused by H-O-H bending of absorbed water or Fe-O-Te stretching vibrations was seen [28]. 

Furthermore, the vibrations of the OH-molecule in the glass are represented by the bands 

2890, 2348 and 3417 cm-1. The biggest absorption peak was detected at 695 cm-1, indicating 

that the TVFNZn glasses are important in the luminosity characteristic and have a low 

phonon energy. 
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Fig. 1. (a) FT-IR spectra of Zinc doped tellurite glasses (b) De-convolution of the spectra. 

4.2 Micro Raman analysis 

(a) 

(b) 
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The micro Raman bands in TVFNZn glasses at locations 127, 290, 469, 672, 732, 

872, and 935 cm-1 span the wavelength range of 0 to 1200 cm-1, as shown in Fig. 2. After the 

spectra were deconvoluted, the overlapping bands were seen in the 500–1100 cm-1 region. 

The skeletal bend vibration (B3g mode) is shown by the greatest intensity peak at 127 cm-1 

[29]. The peaks that are closest to Raman shifts, at 291 cm−1, have the highest intensity. A 

Raman band at 469 cm-1 is produced by the symmetrical stretching vibration of the Te-O-Te 

chain. The anti-symmetrical stretching vibration of the Te-O bond is represented by the band 

at 672 cm-1 in the [TeO4]4- bi-pyramid. Two Te4+ ions are joined by this connection to 

produce a bridge O2- ion [30]. The Te-O bond, which connects one Te4+ ion with a non-

bridging O2- ion, is what causes the band at 732 cm-1. Additionally, the presence of either V2+ 

or Fe2+ ions causes the [TeO3]2- pyramid and/or twisted [TeO3+1] to demonstrate charge 

balancing. According to reference [31], the asymmetric and symmetric stretching vibrations 

of VO3 groups in TVFNZn glass are represented by the 872 and 935 cm-1 bands.  

Likewise, the triply coordinated oxygen (CO) stretching modes (V3–O) are linked to the peak 

at 935 cm−1. The doubly CO (V2–O) stretching and bending vibrational modes that are part of 

the B2g symmetry vibration are responsible for the band at 872 cm−1. Furthermore, the 

stretching mode seen at 935 cm−1 was attributed to the V = O bond [32]. The vibrations of 

Fe2O3 are represented by the Raman bands seen at 290, 469, and 672 cm-1 [33, 34].  
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Fig. 2. Micro Raman spectra of Zinc doped tellurite glasses 

4.3 ESR analysis 

According to the Vandate ESR, there are magnetic resonance transitions between the fine 

structure-related triplet-state energy levels. The complexes show electron spin exchange 

interactions with a negligible anisotropic component contribution if our assumption that 

S′=1/2 is correct. As a result, one would anticipate seeing merely a change in line intensity 

when comparing spectra with exchange interaction present (for S′=1) and without (for 

S′=1/2) [35, 36].  

TVFNZn glass was used for ESR experiments, and the resultant spectra are shown in 

Fig. 3. The inclusion of V2O5, Fe2O3, Na2O, and ZnO revealed in Fig. 3(a) is probably the 

cause of the peak in the magnetic field (mT) vs. ESR intensity (a.u.) plot, which shows the 

presence of free radicals in the glass. Within the magnetic field range of 0 to 0.75 T, the 

signal's strength, which ranges from -1200 to 1500 a.u., is noticeably strong. The plot of g 
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value against ESR intensity is shown in Fig. 3(b). Te, V, and Fe ion multivalancy is 

represented by the curve intersecting the zero point at g values of 2.09 and 5.53. This finding 

implies that TVFNZn glasses contain free electrons, which enhance their magnetic 

characteristics.  

 

 
Fig. 3. ESR analysis of TVFNZn glasses (a) Magnetic field vs Intensity (b) g value vs 
intensity 

(a) 

(b) 
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4.4 VSM analysis 

The vibrational sensing magnetometer (VSM), which uses the magnetic field vs. 

magnetisation (M-H) curve between the magnetic field range of -1.75 – 1.75 T, as seen in 

Fig. 4, provides a clear understanding of the materials' magnetic characteristics. The 

magnetisation (M) of the TVFNZn glasses rose as the applied magnetic field (H) increased, 

with saturation magnetisation as high as 0.2799 Am2/Kg recorded. TVFNZn glass kept a 

magnetisation or remanence (Mr) of 22.883 x 10-3 Am2/Kg when the field was switched off, 

and the magnetisation was lagging when the applied field was reduced after attaining the 

saturation point. It takes a negative magnetic field, or coersivity (Hc), of 2.2622 mT to 

remove the remanence from the TVFNZn glasses. The coersivity and remanance of TVFNZn 

glass indicate that the M-H curve showed tiny magnetic domains and a hysteresis loop-like 

magnetic material. 

 

 

Fig. 4. Magnetic field vs Magnetization  curve. 

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 34 ISSUE 12 2024

PAGE N0: 530



5.0 Optical properties 

One useful method for examining electronic transitions in both crystalline and non-crystalline 

materials is optical absorption spectroscopy. Direct or indirect optical transitions take place 

between the valence and conduction bands across the optical band gap. Because glass-

forming anions and cations (RE3+) affect the conduction band and cause phonons to be 

absorbed or emitted, indirect transitions are often seen in vitreous materials. Figure 5 shows 

the optical absorption spectra of TVFNZn glasses utilising UV-visible-NIR spectroscopy in 

the 250–2500 nm range. For TVFNZn glasses, a small number of optical absorption bands 

were detected in the UV area at 275, 346, and 385 nm.TeO2 is responsible for the absorption 

spectrum's UV band at 346 nm [37]. V2O5's absorption band is often seen between 200 and 

300 nm [38]. For TVFNZn glasses, a noticeable band was seen in this area, perhaps as a 

result of the V2O5 material. Additionally, the 200–400 nm range is where the Fe2O3 band is 

seen [39].  

 

 
Fig. 5. Optical obsorption spectra of Zinc doped tellurite glasses. 
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5 Conclusion  

Tellurite glasses modified with magnetic elements such as V₂O₅, Fe₂O₃, Na₂O, and ZnO 

(TVFNZn) were synthesized to investigate their structural, magnetic, and optical properties. 

FTIR analysis of the TVFNZn glasses revealed characteristic bands corresponding to the 

various metal oxides, while micro-Raman deconvolution identified additional unresolved 

bands. The magnetic moments in these glasses are attributed to the ionic states of vanadium, 

iron, and sodium, as determined through ESR analysis. The ESR spectra exhibited a g-factor 

of 2.09, indicating the presence of free electrons in the TVFNZn glasses. Magnetic behavior, 

characterized by hysteresis loops, was analyzed using a vibrating sample magnetometer, 

providing detailed magnetic parameters. The UV-Visible-NIR absorption spectrum of the 

glasses revealed distinct absorption bands. These findings suggest that TVFNZn glasses, with 

their pronounced paramagnetic properties, are promising candidates for applications in 

magneto-optical devices. 
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