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ABSTRACT 

Tellurite (TeO2) glass has attracted 

significant attention in nanomaterial 

research due to its high solubility of rare-

earth doping, making them as promising 

host materials for rare earth ion doping like 

erbium (Er3+). These properties are mainly 

due to its structural feature that contains 

lone pair electron (LPE) within TeO2 

structural units which contributes to the 

linear and non-linear optical properties. 

Notably, with these properties, Er3+-doped 

TeO2 glass has the potential application in 

optical amplifier.  However, the presence of 

this LPE also prevent TeO2 to form a stable 

glass on its own under conventional melt 

quenching method. In this study, we show 

that the addition of modifiers like zinc 

oxide (ZnO) and a small concentration of 

antimony oxide (Sb2O3) can enhance the 

network stability of TeO2 glass as well as 

improving its properties. A series of 60 

TeO2 – 40 ZnO – xSb2O3 – yEr2O3 (0 < x < 

1 mol%, 0 < y < 3 mol%) glasses were 

synthesized using melt quenching 

technique under controlled parameter, and 

the structural properties of the glasses were 

investigated using x-ray diffraction (XRD) 

analysis and Fourier transform infrared 

(FTIR) spectroscopy. XRD analysis shows 

no crystalline peak, revealing the 

amorphous structure for all samples. The 

FTIR spectra show the strong absorption at 

690 cm⁻1 for all samples, indicating the 

TeO3-rich environment in the glass network 

due to the high concentration of ZnO. The 

addition of Sb2O3 and Er2O3 alters the 

short-range structural environment in TeO2 

glass mostly on the TeO3 unit as observed 

in the shifting in the region 700 – 800 cm⁻1. 

Our findings show that these structural 

modifications can heavily impact optical 

properties such as the absorption and 

luminescence which could mostly be 

desired for optical and photonics 

applications like optical amplifiers. Future 

study can be done to explore its optical 

performance, such as the absorption, 

emission spectra, and fluorescence lifetime 

measurements, to evaluate their 

effectiveness as rare-earth-doped materials 

for optics and photonics application. 

Keywords— Tellurite glass; rare-earth; 

FTIR spectroscopy; XRD analysis; and 

optical amplifier 

1.0 INTRODUCTION 

Recently, the studies of rare-earth 

ions doping have attracted various 

attentions from the researchers because of 

its frequent utilisation to improve the 

physical and optical properties of the glass 

host [1]. Among these rare-earth ions, 

erbium ion (Er3+) possesses efficient 

broadband emission and can amplify light 

at 1.53 μm, a key wavelength in fibre optics 
[2]. Notably, with these properties, Er3+-

doped glass has potential applications in 

optical amplifiers. To achieve the full 

potential of Er3+ doping, a suitable host 

material is needed to ensure efficient 

luminescence and minimal non-radiative 

losses. The host material should possess 

low phonon energy, high rare-earth 
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solubility, and good thermal and chemical 

stability to help maintain the emission 

efficiency of Er3+ ions. For the past years, 

researchers have used oxide glasses 

because of their high chemical durability, 

thermal stability, and excellent insulating 

and optical properties, which make them 

suitable to be utilised as host materials for 

rare-earth doping. Nonetheless, there are 

challenges remaining in identifying a 

suitable combination of oxides as host 

systems that can balance glass-forming 

ability with desirable optical performance. 

This study focuses on Er3+-doped zinc 

tellurite glasses modified with 

antimony(Ⅲ) oxide (Sb2O3), aiming to 

address these challenges and explore their 

structural suitability for optical amplifier 

applications. 

2.0 THEORY/LITERATURE 

REVIEW 

Tellurite (TeO2) glass has been 

widely investigated for its unique optical 

properties, such as broad transmission 

range around 0.4 to 6 μm, high nonlinear 

refractive index, and low phonon energies 

between 700 and 900 cm⁻1 [3]. In addition, 

TeO2-based glass also possesses a high 

solubility for rare-earth ions, which makes 

it a promising candidate for a host material 

for rare-earth doping [4]. However, it is 

difficult to prepare TeO2 glass under the 

conventional melt quenching technique [5]. 

The configuration of TeO2 glass is similar 

to TeO2 crystal, which makes the network 

structure of TeO2 highly compact and rigid. 

This makes TeO2 favour crystallisation 

during the quenching process. To bypass 

crystallisation, TeO2 needs to be quenched 

at an exceedingly high rate [6]. An easier 

way to fabricate TeO2 glass through melt 

quenching is by adding the other oxides like 

zinc oxide (ZnO) and antimony(Ⅲ) oxide 

(Sb2O3) into TeO2 glass to promote its 

glass-forming ability [7]. ZnO can reduce 

the rigidity of the TeO2 glass network by 

transforming the high coordination of the 

TeO4 trigonal bipyramidal (tbp) unit into a 

lower coordination unit like TeO3 trigonal 

pyramid (tp) unit, which is less rigid [8]. 

Zinc tellurite glass shows great potential for 

optical properties due to its high refractive 

index, wide transmission window, and non-

linear optical behaviour [9], [10]. In 

addition, Sb2O3 is known as a glass 

stabiliser and a source of non-linear optical 

properties, such as high non-linear 

refractive index [11]. Sb2O3 can also act as 

both network formers and network 

modifiers, depending on their coordination 

environment [12]. Therefore, the inclusion 

of ZnO and Sb2O3 plays a significant role in 

altering the fundamental structural units of 

TeO2 glass. 

In terms of oxygen bonding, TeO4 

units are generally associated with bridging 

oxygen (BO), while TeO3 units are linked 

to non-bridging oxygen (NBO) [13]. The 

conversion of TeO4 to TeO3 upon the 

addition of modifiers is crucial as the 

presence of BO and NBO in the glass is a 

key structural change that directly 

influences the optical properties of TeO2-

based glasses. Hence, to observe the ratio of 

BO and NBO within the glass structure, 

Fourier Transform Infrared (FTIR) 

spectroscopy is employed as it is a suitable 

method to detect the vibration modes 

associated with BO and NBO in TeO2 glass. 

FTIR is chosen for its effectiveness in 

detecting the vibrational modes in the 

bonds, such as the stretching and bending 

vibration in distinctive structural groups 

that represent the glass matrix [14]. In this 

study, the FTIR spectroscopy was used to 

analyse the structural characteristics of 

Er3+-doped zinc tellurite glass by 

identifying the vibrational modes of the 

chemical bonds within the glass network. 

The identification helps to determine the 
structural evolution of TeO2 glass with the 

addition of the modifiers, such as ZnO, 

Er2O3 and Sb2O3. 
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3.0 MATERIALS 

Tellurium dioxide (>99.5%), zinc 

oxide (99.9%), antimony(Ⅲ) oxide 

(99.999%), and erbium(Ⅲ) oxide (99.9%) 

were purchased from Sigma Aldrich. 

4.0 EXPERIMENTAL 

A series of TeO2 – ZnO – Sb2O3 – 

Er2O3 glasses were synthesized via melt 

quenching technique by varying the 

composition of the materials using the 

stoichiometric formula (60.0 − x − y) TeO2 

– 40.0 ZnO – x Sb2O3 – y Er2O3, where x =

0, 0.5, and 1.0 mol %, and y = 0, 1.5, 3.0,

and 5.0 mol %. A total of 6 glass samples

were prepared, and the composition of each

sample was tabulated in Table 1. The

required amount of tellurium dioxide

(TeO2), zinc oxide (ZnO), antimony(Ⅲ)

oxide (Sb2O3), and erbium(Ⅲ) oxide

(Er2O3) were calculated and weighed

accordingly using a digital weight machine

at a total of ~6 g. The powders were

weighed and mixed homogeneously,

transferred into an alumina crucible, and

placed inside the furnace for the preheating

process at 400 °C for 2 hours. After 2 hours,

the crucible was transferred into another

furnace for the melting process at 1100 °C

for 1 hour. Then, the melted sample was

cast on the preheated brass plate and

annealed in the first furnace at 370 °C for

2 hours to remove the thermal stress that

can cause the glass to develop cracks.

Finally, the furnace is turned off to let the

sample slowly cool to room temperature.

TABLE 1: Molar compositions of the glass 

material 

Sample 

annotation 

Molar percentage of the 

glass material (mol %) 

TeO2 ZnO Sb2O3 Er2O3 

S1 57.0 40.0 0.0 3.0 

S2 55.0 40.0 0.0 5.0 

S3 56.5 40.0 0.5 3.0 

S4 56.0 40.0 1.0 3.0 

S5 59.5 40.0 0.5 0.0 

S6 58.0 40.0 0.5 1.5 

The structural properties of the 

glasses were assessed using x-ray 

diffractometer to determine their 

amorphous nature and Fourier Transform 

Infrared (FTIR) spectroscopy for the 

detection of functional groups in the glass 

network. The glasses were ground into a 

powder form and examined using Bruker 

D8 Advance x-ray diffractometer. The x-

ray diffraction (XRD) analysis was carried 

out with CuΚα radiation source of 

wavelength λ = 1.5406 Å at the range 2θ 

between 10° to 80°. For FTIR analysis, the 

spectra were recorded using PerkinElmer 

Frontier FT-IR. The KBr pellet technique 

was employed, and the analysis was carried 

out in the range of 400 – 4000 cm⁻1. All the 

measurements were done at the resolution 

of 4.0 cm⁻1. 

5.0 RESULTS AND DISCUSSION 

 5.1 X-Ray Diffraction (XRD) 

Fig. 1 shows the x-ray diffraction 

(XRD) spectra of the glasses that were 

scanned from 10° to 80° of 2θ. It is 

observed that there are no visible sharp 

peaks, which indicates the properties of the 

amorphous structure. There were 

observable broad humps at 20° to 35° for all 

samples, which indicate the short-range 

order in the glass network [15]. From the 

XRD spectra, it can be concluded that 

amorphous Er3+-doped zinc tellurite glasses 

modified with Sb2O3 have been 

successfully prepared via the melt 

quenching technique. 
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5.2 Fourier Transform Infrared 

(FTIR) 

Fig. 2 shows the FTIR spectra of 

(60-x-y) TeO2 – 40 ZnO – x Sb2O3 – y 

Er2O3 glass series, where x and y were 

varied in the range of 0 < x < 1.0 mol% and 

0 < y < 5.0 mol%, given in Table 1. All 

spectra exhibit several characteristic 

absorption features within the 400 – 

4000 cm⁻1 range, as shown in the inset 

graph in Fig. 2, indicating the presence of 

various vibrational modes in the glass 

structure. A broad absorption band appears 

in the region of 3100 – 3700 cm⁻1 for all 

spectra, typically attributed to the stretching 

vibration of the OH group [16], [17]. The 

presence of this group suggests that there 

might be water content or moisture trapped 

during the grounding process of the glass 

powder and KBr. There is a broad 

absorption peak around ~1650 cm⁻1 that 

appears for all samples, which is related to 

the bending vibration of OH bonds [17], 

[18], [19]. There is a sharp absorption band 

centred at ~1400 cm⁻1 detected for all 

samples, which is unusual for ZnO-TeO2-

based glass. Usually, this band is assigned 

to the carbonate (CO3
2⁻) or nitrate (NO3

2⁻) 

impurities [20]. This band might arise due 

to the atmospheric CO2 during the 

preparation of KBr pellet. Nevertheless, the 

persistence of this band across all 

compositions also raises the possibility of a 

new bonding environment related to zinc 

tellurite glass, which would require 

complementary techniques such as Raman 

spectroscopy or nuclear magnetic 

resonance (NMR) to confirm it. There is 

also an absorption peak detected at 

~1120 cm⁻1 with a shoulder at ~1193 cm⁻1 

attributed to the Te-O-Zn linkages [17], 

[21]. These peaks seem not to be affected 

by the change in the compositions. On top 

of that, several prominent bands appear in 

the region 1000 – 400 cm⁻1. All samples 

exhibit a broad absorption band that spans 

between 400 – 800 cm⁻1. The observed 

broadening of the bands can be either from 

the overlapping of some individual bands or 

the distribution of the bond angles, the bond 

lengths, and the fluctuations of the local 

electronic and atomic environments in the 

amorphous state [22]. Therefore, it is 

necessary to carry out the deconvolution to 

separate those peaks. The deconvolution 

was carried out using Gaussian function, 

and the parameters such as the peak centre 

(C) and the relative area of the band (A)

were recorded in Table 2, and the

deconvolution of the spectra is shown in

Fig. 3.

Fig. 2: FTIR absorption spectra of (60-x-y) 
TeO2 – 40 ZnO – x Sb2O3 – y Er2O3 glass series 
at various compositions from 2000 – 400 cm⁻1, 

and the inset is the same FTIR spectra from 
4000 – 2000 cm⁻1. 

Fig. 1: XRD spectra of Er3+-doped zinc tellurite 
glasses series at various compositions. 
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As seen in the deconvolution data 

and spectra in Table 2 and Fig. 3, all six 

samples exhibit a common absorption 

feature that spans the region from 

approximately 400 cm⁻1 to 900 cm⁻1. This 

broad absorption is an envelope of seven 

absorption bands, representing the 

vibration modes of Te-O and Zn-O. Table 3 

shows the band assignments of the 

functional group for TeO2 glass. At low 

concentration of modifiers (x + y < 

3.0 mol%), as observed in S1, S5, and S6, a 

strong absorption band dominates in the 

region 690 – 700 cm⁻1, indicating that the 

glass network in these samples is primarily 

composed of TeO3 structural units. This is 

mainly due to the high concentration of 

ZnO, which breaks down the bridging 

oxygens of TeO2 glass network (Te-O-Te) 

to form the NBOs, which reduces the 

formation of TeO4 units and creates more 

TeO3 units [23], [24].  Upon the inclusion 

of modifiers, several peak centres show 

variations, indicating the structural 

modification of the zinc tellurite glass 

network. When the total modifier contents 

exceed 3.0 mol% (x + y > 3.0 mol%), the 

band centred at ~430 cm⁻1, related to the 

stretching vibration of Zn-O or bending 

vibration of Te-O-Te linkages [14], [25], 

[26], gradually diminishes and shifts 

toward higher wavenumber, around 

~460 cm⁻1. This behaviour may relate to the 

decrease of Zn-O bonds in the glass, which 

agrees with the literature [26]. Similarly, 

the band at ~470 cm⁻1, also assigned to Te-

O-Te linkages, shifts to a higher

wavenumber, around ~550 cm⁻1,

suggesting the transformation of weaker

bending vibrations of Te-O-Te linkages into

Fig. 3: The deconvolution of FTIR spectra in the 
region 400 – 1000 cm⁻1 for all samples. 

TABLE 2: The deconvolution parameters of FTIR spectra of (60.0 − x − y) TeO2 – 40.0 ZnO – x 

Sb2O3 – y Er2O3 glass in the region 400 – 1000 cm⁻1, where C is the centre of deconvoluted band 

(cm⁻1) and A is the relative area fraction of deconvoluted band (%). 

Sample 

Molar 

percentage 

(mol%) 

The centre of deconvoluted band, C (cm⁻1) and the relative area 

fraction of deconvoluted band, A (%). 

S1 
x = 0 C 437 475 - 605 649 694 767 808 

y = 3.0 A 1.90 3.43 - 18.09 8.52 47.72 16.18 4.16 

S2 
x = 0 C - 459 550 607 651 686 744 792 

y = 5.0 A - 6.70 30.04 13.74 6.31 17.88 10.89 14.43 

S3 
x = 0.5 C - 462 556 606 651 688 752 798 

y = 3.0 A - 10.25 25.37 18.24 8.18 24.21 11.48 2.27 

S4 
x = 1.0 C - 465 566 606 651 691 749 787 

y = 3.0 A - 9.90 26.88 14.35 6.53 25.11 7.64 9.60 

S5 
x = 0.5 C 431 471 - 607 650 682 756 809 

y = 0 A 1.46 3.32 - 19.18 3.97 37.75 27.73 6.58 

S6 
x = 0.5 C 436 474 - 606 652 688 750 802 

y = 1.5 A 1.99 4.66 - 27.38 11.47 28.65 23.04 2.80 
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stronger stretching vibrations associated 

with Te-O-Te bonds involving BO in TeO4 

units [26], [27]. Meanwhile, the bands at 

~600 – 650 cm⁻1 that relate to TeO4 tbp 

structure remain nearly unchanged for all 

samples [15], [28]. It is implied that this 

specific vibrational mode is less affected by 

the modifiers. However, it is worth noting 

that these bands appear as a partially 

overlapped doublet at low concentration of 

modifiers. Upon the addition of Er2O3 

and/or Sb2O3, the two centres at ~600 cm⁻1 

and ~650 cm⁻1 become more widely 

separated, implying the changed in local 

environment of Te atoms. The modifiers 

like Sb2O3 and Er2O3 can distort the TeO4 

unit, which could alter its bond lengths and 

angles, thus leading to the splitting of the 

vibrational modes and the appearance of 

two distinct peaks in the FTIR [29]. On the 

other hand, in the region 650 – 800 cm⁻1 

corresponding to TeO3 tp units, the peak 

centres exhibit significant shifts compared 

to the nearly unchanged bands at 600 – 

650 cm⁻1, indicating that TeO3 units are 

more sensitive to structural modification 

from the inclusion of Sb2O3 and Er2O3. This 

behaviour might suggest that Sb2O3 and 

Er2O3 may have alter the bond lengths and 

angles from TeO3 unit more than from TeO4 

unit, which explained the shift of peak 

centres. 

To evaluate the effect of Sb2O3 and 

Er2O3 on the formation of BO and NBO in 

ZnO-TeO2 glass, the relative fraction area 

of the deconvoluted band (A) can be used, 

as it reflects the concentration of the 

structural unit associated with each peak 

centre. The relations in (1) and (2) can be 

used to evaluate the concentration of TeO4 

and TeO3 units [30]: 

PTeO4 = 
ATeO4

ATeO4 + ATeO3
 × 100% (1) 

PTeO3 = 
ATeO3

 ATeO4 + ATeO3
 × 100% (2) 

where PTeO4 and PTeO3 refers to the 

percentage fraction area of TeO4 and TeO3 

unit, while ATeO4 and ATeO3 is the collective 

area of TeO4 and TeO3 unit, respectively. 

These relations can be used to evaluate the 

presence of BO and NBO in ZnO-TeO2, 

Fig. 4: Variation of TeO4 and TeO3 with the 

concentration of modifiers at the expense of 

TeO2. The dashed line represents the trendline 

of the plot. 

Table 1: FTIR band assignment in the spectra of TeO2 glass. 

Wavenumber 

(cm⁻1) 

Assignment Reference 

430 – 470 

The bending vibration from Te-O-Te or O-Te-O 

linkages or the stretching vibration of Zn-O in 

ZnO4 tetrahedra. 

[14], [25], [26] 

545 – 590 
The stretching vibrations of Te-O-Te bond 

between TeO4 and bridging oxygen. 

[26], [27] 

600 – 650 The stretching vibration of Te-O in TeO4 tbp. [15], [28] 

650 – 700 The stretching vibration of Te-O in TeO3 tp. [15], [24] 

740 – 770 
The vibration modes of TeO3 tp or distorted 

TeO3+1. 
[4], [34], [35] 

780 – 810 
The stretching mode of Te-O with non-bridging 

oxygen. 

[27], [36] 
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since TeO4 units are typically associated 

with BOs, while TeO3 are linked with 

NBOs. Fig. 4 shows the plot of percentage 

area for TeO4 and TeO3 vs the concentration 

of TeO2. Based on Fig. 4, it shows the 

variation of TeO4 and TeO3 units with the 

decrease of TeO2 induced by the addition of 

Sb2O3 and Er2O3. For S5, S6, and S1, TeO3 

unit is higher than TeO4, which implied that 

the content of NBO is high in these 

samples. The high NBO content is due to 

the high concentration of ZnO, as discussed 

above. As the modifiers increase at the 

expense of TeO2, the fraction of TeO3 units 

decrease while TeO4 units increase, 

indicating the creation of BO in the glass 

network. For S3, S4, and S2, the inclusion 

of modifiers at the expense of TeO2 leads to 

a more balanced ratio of BO and NBO units 

within the glass network, as reflected in the 

graph. This is crucial as it will impact the 

functionality of the glass. Excessive NBOs 

are known to weaken the network 

connectivity, which could reduce the 

overall stability of the glass network [31]. 

On the contrary, too little NBO could 

potentially reduce the refractive index of 

the glass, as the presence of NBO has been 

correlated with an increase in the refractive 

index of various glass systems [32], [33]. A 

glass network that maintains both BO and 

NBO units in proportion is more likely to 

combine mechanical durability with 

favourable optical characteristics, an 

important quality for glasses intended for 

photonic applications, where stability and 

high refractive index must coexist.   

6.0 CONCLUSION 

In conclusion, a series of ZnO-TeO2 

glasses with a stable glass network have 

been successfully fabricated by adding 
Er2O3 and Sb2O3. The structural properties 

of the fabricated glasses were characterized 

using XRD and FTIR spectroscopy. XRD 

patterns confirmed the amorphous nature of 

all samples while the FTIR results revealed 

the absorption bands at 400 – 1000 cm⁻1, 

1120 – 1190 cm⁻1, 1400 cm⁻1, 1650 cm⁻1, 

and 3100 – 3700 cm⁻1. To resolve the 

overlapping bands in the 400 – 1000 cm⁻1, 

a deconvolution analysis was performed, 

which revealed seven distinct absorption 

bands corresponding to the vibration modes 

of Te-O and Zn-O. At low concentration of 

modifiers, the band at ~690 – 700 cm⁻1 

appeared as the most intense, indicating the 

NBO-rich environment in the glass. As the 

modifiers increased, the intensity of the 

band decreased, suggesting the reduction in 

NBO and a transition towards a more 

balanced distribution of BOs and NBOs. 
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