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In this study, the melt-quenching technique was employed to fabricate a series of zinc 

tellurite glass systems doped with erbium oxide. At room temperature, raman 

spectroscopy, elastic and optical measurements were utilized to analyse and report the 

result of prepared glass samples. The raman spectra displays the existence of structural 

units of tellurite networks such as trigonal bipyramid and trigonal pyramid. The elastic 

parameters including Debye temperature, mean velocity, acoustic impedance and 

softening temperature provide a fluctuating trend against the concentration of erbium 

oxide. The increment and decrement of these parameters can be explained by the 

‘competition’ of non-bridging and bridging oxygen atoms. In the aspect of optical 

approach, the oxide ion polarizability, optical basicity and metallization criterion display 

more than one trend. Again, this can be correlated to the presence of erbium oxide which 

affects the vicinity in the glass matrix. 
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1. Introduction

Erbium oxide is known as a material that has brought a huge potential in terms of optical 

application together with the aid of tellurite glasses [1,2]. The promising criteria for tellurite such 

as large linear and non-linear refractive index, small phonon energy, many valence states of 

tellurium, efficient infrared transmittance and chemical durability enhance the execution of fiber 

laser and optical amplifier devices [1-3]. Among many methods that have been suggested, Raman 

scattering is utilized to determine the information of the structure of the glasses specifically on the 

molecular units that exist in the lattice network of the atomic arrangement around the active rare-

earth dopants.  

Elastic parameters are another properties that are very crucial and informative in term of 

defining the structure and mechanical properties of the glasses. This is more efficient as they are 

influenced by the structural (softening/compactness), changes in geometrical configuration, 

dimensionality and cross-link density which can be attributed to the dopant that act as oxide 

modifier. In addition, the ultrasonic pulse-echo method has been inferred as convenient equipment 

to determine the elastic properties of glasses as a function of composition, frequency or 

temperature. According to earlier researchers [4-7], most ultrasonic investigation on tellurite 

glasses have focused on the changes in values of elastic moduli as well as Poisson’s ratio with the 

density. The reliability of the composition towards elastic properties in the tellurite glasses is the 

condition that needs to be observed deeply. 

The addition of two or more glass formers into the tellurite glasses can affect the optical 

properties of the materials in the field of scientific and technical applications at the same time. The 

desirable criteria of tellurite such as high non-linear refractive index, low melting point, low 

phonon energy which approximately lies from 700 to 800 cm
-1

 and larger refractive index of 

tellurite glasses as compared to other oxide glasses provide better outcome in obtaining a large rate 

off radiative transition of rare earth ions. Usually, tellurite glasses is utilized in the application of 
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optical fibers and planar waveguides. Meanwhile, the inclusion of zinc oxide into the glass 

samples is observed to help in reducing the rate of crystallization process as well as enhancing the 

glass forming ability [8-9]. 

Although some researches on the synthesis and characterization of tellurite glasses have 

been implemented, the use of erbium oxide has never been investigated. Plus, the evaluation on 

structural, elastic and optical properties of the glass system also have never been reported. 

Therefore, throughout this research, a glass system of erbium-doped zinc tellurite glasses were 

identified and characterized on structural, elastic and optical properties. 

 

 

2. Experimental 
 

A series of glasses were fabricated using oxide powders of tellurium (IV) oxide, TeO2 

(Aldrich 99.5%), zinc oxide, ZnO (Alfa Aesar 99.99%) and erbium (III) oxide, Er2O3 (Alfa Aesar, 

99.9%) utilizing the melt-quenching method. The amount of calculated dopant was varied between 

0.01 until 0.05 molar fractions of erbium oxide.  

The mixture of all chemical powders that was mixed together was weighed by using an 

electronic weighing balance machine with an accuracy of ± 0.0001 g. The entire chemical with a 

weight of 11 g were completely blended and put into the alumina crucible. The glass rod, spatula 

and alumina crucible were cleaned earlier by using distilled water and acetone in order to prevent 

any impurities spotted on the equipment. Next, the mixture was consistently stirred for about 30 

minutes to produce a homogenous mixture.  

The homogenous mixture in the alumina crucible was positioned in the first furnace and 

heated at a temperature of 400℃. The mixture was kept at this temperature for one hour with a 

purpose to remove the water content in the mixture which will affect the final result. After one 

hour, the crucible was then transferred to the second furnace for two hours at 900℃. The mixture 

in the crucible was melted in this furnace. A stainless steel cylindrical shape split was used to 

mould the raw material which had been polished beforehand in order to get rid of the material 

from having any reaction with impurities on it. The stainless steel mould was also preheated at a 

temperature of 400℃ to avoid the thermal shock as a consequence of the temperature difference 

between the molten mixture and the mould. This process and melting process were done 

simultaneously at the same time. 

The molten mixture that had been put into the mould was annealed at 400℃ for two hours. 

The aim of the annealing process is to remove the presence of air bubbles, discourage the thermal 

stress as well as to enhance the mechanical stress. The furnace was then switched off and the glass 

sample was allowed to cool down in the furnace at room temperature. The glass samples were 

taken out from the furnace and preserved in the bottle contained with silica gel to absorb any 

moisture [10].  

The surfaces of the glass samples were polished by using SiC abrasive of grade 800, 1000, 

1200, 2400 and 4000 in ascending order until a parallel, flat and smooth surface of the glass 

systems were attained. A vernier caliper was utilized to evaluate the thickness of glass sample and 

to study the thickness suitability for elasticity measurement which should be approximately 5.0 

mm. On top of that, another prepared glass sample was measured around 2.3 mm in order to 

achieve an excellent optical measurement. Some parts of the glass samples were ground into 

powder by using the plunger. The glass samples were tested specifically for raman analysis.  

 

 

3. Results and discussions 
 

3.1. Raman spectroscopy 

Fig. 1 displays the raman spectra of erbium-doped zinc tellurite glasses at room 

temperature. The doping concentration of the dopants ranges from 0.01 till 0.05 molar fractions. 

The shape of raman spectra was found having slightly similar to the previous reseachers who had 

also studied the tellurite glasses system as based glass [11-14]. In analyzing the raman spectra, 
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three distinct regions can be declared as shown in Fig. 1. It ranges around 120, 670,and 760 cm
-1

 at 

the respective wavenumber. The intensity also increases as the erbium concentration increases as 

observed in the figure. 

 

 
 

Fig. 1. Raman spectra of erbium-doped zinc tellurite glasses. 

 

 
The investigation of the oxide modifier in the tellurite glasses are formed by a three 

dimensional network which is composed of asymmetrical TeO4 trigonal bipyramids when the 

content of modifier is literally low [15]. The increment of concentration of oxide modifier 

enhances the creation of distorted TeO3+1 units where the subscript ‘3+1’ indicates the presence of 

a longer bond compared to the other three [16] followed by the formation of trigonal pyramid 

(TeO3) which is attributed to the formation non-bridging oxygen atoms (NBO) [17].  

Based on 670 and 760 cm
-1

 observed in raman spectra, it can be assigned that those 

wavenumbers belong to the stretching vibration of trigonal bipyramid and trigonal pyramid or 

TeO3+1 units respectively. The increment intensity of the observed 760 cm
-1

 with erbium 

concentration is consistent with the destruction of trigonal bipyramid groups. The introduction of 

erbium oxide into the glass network encourage the reduction of tellurium coordination (4 to 3+1 to 

3) which therefore lead to the substantial changes in the glass structure. According to Sekiya et al., 

(1995), Duverger et al., (1997) and Sakida et al., (1999) [13-15], the inclusion of erbium ions will 

perfectly give an impact to the Te-O local structure as well as can be deduced that the trigonal 

bipyramid can be converted into trigonal pyramid as the number of erbium ions incline in the glass 

network. 

Referring to 425 cm
-1

, it is usually can be explained by the bending vibrations of Te-O-Te 

linkages [18-20] which is also created by the vertex sharing of TeO4, TeO3+1 and TeO3 polyhedra. 

As can be seen from Figure 1, the decrease of the intensity of these bands TeO4, TeO3+1 and TeO3 

with the increment of dopant concentration unveils that the erbium deforms the Te-O-Te linkages. 

Moreover, the decrement of intensity of 425 cm
-1

 can be attributed to the presence of erbium ions 

in tellurite glasses that break down the Te-O-Te linkage and produce numbers of non-bridging 

oxygen atom. This can be further supported with the conversion of trigonal bipyramid into trigonal 

pyramid having one NBO atoms. Therefore, the inclusion of erbium oxide into tellurite based 

glasses breaks the Te-O-Te bonds and leads to the decrement in the Te coordination number. 

Meanwhile, at 120 cm
-1

, it can be associated with the rotational and torsional modes of the 

vibrations of TeO4-ZnO6-TeO3 chain structures. Specifically, Zn plays a role as a glass network 

forming in agreement with the vibrational frequencies of ZnTeO3 and Zn2TeO3O8 crystals [21]. 
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Table 1. Debye temperature, θD, mean velocity, vmean, acoustic impedance, Z and softening  

temperature, Ts, of erbium-doped zinc tellurite glasses. 

 

Elastic 

parameter 

0.01 0.02 0.03 0.04 0.05 

θD (K) 249.65 245.70 246.28 246.78 270.18 

vmean (m/s) 2055.00 2024.30 2033.41 2045.94 2037.13 

Z (x10
7
 kg/m

2
s) 1.797 1.794 1.832 1.845 1.859 

Ts (K) 386.82 378.24 383.54 393.91 392.10 

 
 

3.2. Elastic properties 

From the elastic data, there are other parameters that can be evaluated which are Debye 

temperature, mean velocity, acoustic impedance and also softening temperature. Debye 

temperature is a parameter that is related to atomic vibration and highly affected by mean 

ultrasonic velocity. In the meantime, it is also presenting the temperature at which all modes of 

vibrations in solid are excited. This parameter can be influenced by the number of vibrating atoms 

per unit volume (N/V) and its escalation indicates the increment in the rigidity of a glass system. 

In this investigation, Debye temperature can be evaluated by using the equation below: 

 

𝜃𝐷 =
ℎ

𝑘
(

3𝑁𝐴

4𝛱𝑉𝑚
)

1

3
 𝑣𝑚𝑒𝑎𝑛

−1

3                                  (1) 

 

where 𝜃𝐷 is the Debye temperature, ℎ, 𝑘, 𝑁𝐴 and 𝛱 is equivalent to 6.626𝑥10−34𝐽. 𝑠, 

1.381𝑥10−23𝐽. 𝐾−1, 6.023 𝑥 1023, and 3.142 respectively, 𝑉𝑚 is molar volume and  𝑣𝑚𝑒𝑎𝑛 is the 

mean ultrasonic velocity.  𝑣𝑚𝑒𝑎𝑛  is identified using the following relations: 
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The increment of Debye temperature has brought a tendency to elevate the connectivity 

and compactness of a glass network while the bonds are tightly associated and improve in their 

covalence. Indirectly, it will cause the glass rigidity to increase.  

Besides that, the acoustic impedance is a measurement of transmission and reflection of 

sound energy in the glass specimen. It relies on the sound velocity (𝑣𝐿) and also the density (𝜌) of 

a material. High acoustic impedance signifies that the rigidity and connectivity of a sample tend to 

be increased. Other than that, the acoustic impedance also defines the tendency of sound to 

transmit in two different materials. As sound passes through two different materials that connected 

together, it is crucial for those materials to have little differences in their acoustic impedance. This 

is due to the fact that sound energy will be reflected as it encounters a material with different 

acoustic impedance. The relation that can be used to calculate this parameter is as shown below: 

 
𝑍 = 𝑣𝐿𝜌                                  (3) 

 

where 𝑍 is the acoustic impedance. Based on the equation, it can be said that a denser material will 

have higher Z and vice versa. 

Softening temperature is defined as the temperature in which a material softens as it is 

dominated to heat. This parameter can be evaluated using the following equation. 

 

𝑇𝑠 =
𝑣𝑠

2𝑀𝑇

𝑐2𝑃
                                     (4) 

 

where 𝑇𝑠 is the softening temperature and 𝑐 is a constant which equivalent to 0.5074 x 10
5
 cm/sK

-1
. 

As the rigidity of material increases, it is expected for this parameter to increase as well. In 

contrast, the decrement of Ts indicates that the glass network becomes less tightly packed and 
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more non-bridging oxygen will form. As a result, the bonds between the atoms will become 

weaker and the amount of energy needed to break the bonds and soften the material will be 

smaller. 

 

3.3. Debye temperature and mean velocity 

Fig. 2 displays the diversity of Debye temperature (θD) and mean velocity with the 

inclusion of erbium oxide inside the glass system. Debye temperature describes the temperature 

where all high—frequency of the lattice vibrational modes are excited. Some of the researchers, 

Saddeek (2004), Gaafar et al., (2009), Marzouk, (2010) and Elokr and AbouDeif (2016) [22-25] 

had reported that Debye temperature is one of the parameter that is used to investigate the 

characteristics of the solid materials which is correlated to the atomic vibration in the glass 

network. 

 

 
 

Fig. 2. Debye temperature (K) and mean velocity of erbium-doped zinc tellurite glasses. 

 

 

Fig. 2 illustrates the graph of Debye temperature (θD) and mean velocity against the 

concentration of erbium-doped zinc tellurite glass system. Earlier researchers had reported that 

Debye temperature is correlated to the mean ultrasonic velocity (vmean). The elevation of Debye 

temperature entails the rise in the ultrasonic velocity and also encourages the strength of the glass 

network structure [26]. This can be elaborated more by the increment of the number of bond per 

unit volume that is strongly related to the connectivity of the glass network structure [27].  

In the meantime, the decrement of Debye temperature can be related to the creation of 

non-bridging oxygen in the glass network. As mentioned in the raman spectra section, it is 

observed that there is a presence of trigonal bipyramid and trigonal pyramid where the conversion 

of these structural units leads to the formation of non-bridging oxygen. Saddeek (2004) [22] had 

proposed that the glass structure becomes less compact and reduce in the rigidity as the lattice 

vibration start to decrease. In addition, the declination of bond strength is another crucial factor 

that promotes the decrement in Debye temperature. Molecular vibration in the network structure 

can be noticed as spring vibration where the force needed to move the molecules is dependent to 

the bond strength. As the bond strength of the glass structure reduces, it will be easier for the 

atoms to vibrate and the energy needed to do will also decline. Therefore, this will reduce the 

amount of Debye temperature of the glasses [28]. The decrement in Debye temperature might also 

be due to the decrease of the ultrasonic velocities that lead to the formation of more non-bridging 

oxygen as mentioned by Nazrin et al., (2018) [29]. 

 

3.4. Acoustic impedance 

Acoustic impedance or specific acoustic impedance measures the opposition that a system 

presents to the acoustic flow resulting from an acoustic pressure applied to the system. Figure 3 

shows the graphs of acoustic impedance (Z) with respect to the molar fraction of erbium oxide. 

From the figure, it can be observed that the acoustic impedance increases as more dopants are 

added into the glass system. The trend probably can be attributed to larger cross-link density and 

number of bond per unit volume. In details, larger cross-link density and larger number of bond 
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per unit volume lead to the higher of acoustic impedance which may be caused by the numbers of 

bridging oxygen within the glass system. 

 

 
 

Fig. 3. Acoustic impedance, Z of erbium-doped zinc tellurite glasses. 

 

 

3.5. Softening temperature 

Softening temperature (Ts) is another parameter that can be evaluated using the shear 

velocity data. It has a tendency to discard some light on the temperature where the glass starts to 

soften when exposed to the heat. This is significant to investigate the temperature stability of the 

glass. Other than that, the need of the glass to have small or large softening temperature is also 

dependable on its applications. If the glass used is at higher temperature, therefore, the glass 

requires high softening temperature in order to avoid it from soften. In contrast, the small amount 

of softening temperature is beneficial to shape the glass especially in the curved glass industry.  

Softening temperature is observed to increase, decrease and increase (fluctuating trend) at 

particular concentration of erbium-doped zinc tellurite glasses as can be observed in Figure 4. 

Halimah et al., (2010) [30] and Bootjomchai, (2015) [31] had reported that the declination of 

softening temperature which is due to the inclusion of dopants in the glass system promotes lesser 

tightly packed of glass network structure which then results in the creation of non-bridging oxygen 

atoms (NBOs). As a consequence, less energy is required to break the bonds within the glass 

system. This can be observed in the figure where the decrement of softening temperature can be 

supported by the conversion of trigonal bipyramid into trigonal pyramid as illustrated in raman 

spectra section.  

 

 
 

Fig. 4. Softening temperature of erbium-doped zinc tellurite glasses. 

 

 

Another point that affects the changes of the softening temperature is the micro-hardness 

of the glasses which had been mentioned by Nazrin et al., (2018) [29]. The increment of micro-

hardness eventually will strengthen the softening points of the glass. Therefore, the softening 

temperature is predicted to increase as the micro-hardness increases or vice versa. The maximum 

point of softening temperature is usually affected by the inclination of shear velocity of the glass 
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samples at specific concentration. Hence, the increment of shear velocity will cause the softening 

temperature to increase [29]. 

 

 
4. Optical properties 
 

4.1. Oxide ion polarizability 

Dimitrov and Sakka, (1996) [32] had proposed the evaluation of oxide ion polarizability 

on the basis of optical band gap energy. The deformability of the electron cloud of the oxide ion is 

greater than those of the cation. This can be associated by high capability of the cation electron to 

hold onto the cationic charge. As an outcome, the electron cloud of the cation will not polarize. 

The rapport between √𝐸𝑔 and 1 −  𝑅𝑚/𝑉𝑚 was approached by Duffy, (1993) [34] for a large 

number of simple oxides from the following expression: 

 

𝐸𝑔 = 20(1 −
𝑅𝑚

𝑉𝑚
)2                                                (5) 

 

The oxide ion polarizability can be attained by replacing the Equation (5) into Equation 

(6) as displayed by the following formula: 

 

𝛼𝑜2− (𝐸𝑔) = [
𝑉𝑚

2.52
(1 − √

𝐸𝑔

20
) − ∑ 𝛼𝑖](𝑁𝑜2− )−1                                   (6) 

 

It has been acknowledged that this equation is agreeable with the heavy metal oxide 

glasses. 

 
Table 2. Oxide ion polarizability, optical basicity and metallization criterion of  

erbium-doped zinc tellurite glasses. 

 

Optical 

parameters 

0.01 0.02 0.03 0.04 0.05 

Oxide ion 

polarizability, αO 
2-

  

2.986 3.076 3.001 3.000 3.061 

Optical basicity, 

Ʌ  

1.111 1.127 1.114 1.113 1.124 

Metallization 

criterion, M  

0.387 0.374 0.383 0.384 0.369 

 

 

4.2. Optical basicity 

The chemical cooperation between the components of the oxide glasses consists of acid-

based character. Based on the Lewis theory, a base consists at least one pair of valence electron 

that is not being shared by other molecules. At the same time, an acid contains of a vacant orbital 

can be accommodated by the other ions. In term of oxide glass system, the oxides play a role as a 

Lewis base and the metal acts like a Lewis acid. In addition, the negativity of the oxygen ions 

produces larger capability to transfer their negative charge to the cations. It is concern to study the 

tendency of the oxygen to transfer the negative charge to the surrounding of weak cations. A deep 

considerate of optical basicity was proposed by Duffy and Ingram, (1971) [34] from the 

experimental shift of the ultraviolet spectrum of a probe incorporated in various oxides. 

Duffy and Ingram, (1971) [34] had also proposed the theoretical calculation of the optical 

basicity for the multi-component oxide glasses. Optical basicity can be identified as the numerical 

expression of the average electron donor power of the oxide species constituting the medium [35]. 

There is a compelling equality in physical background between oxide ion polarizability and optical 

basicity. The increment of oxide ion polarizability brings significance to the increase of electron 
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donor power. The optical basicity could be anticipated from the glass compositions and from the 

basicity moderating parameters of difference cations present [36]. 

The optical basicity can be evaluated by the following expression: 

 
Ʌ = 𝑋1Ʌ1 + 𝑋2Ʌ2+. . . . . +𝑋𝑛Ʌ𝑛                                                    (7) 

 

where 𝑋1, 𝑋2, … . , 𝑋𝑛 is the equivalent fractions of each oxide in which contributes to the overall 

material stoichiometry and Ʌ1, Ʌ2, … . , Ʌ𝑛 correspond to the optical basicity of each individual 

oxides in the glass system. The liaison between oxide ion polarizability and optical basicity can be 

noted by the following equation: 

 

Ʌ = 1.67(1 −
1

𝛼𝑜2−
)                                          (8) 

 

The above correlation displays that the optical basicity increases with an increment of 

oxide ion polarizability. 

 

4.3. Metallization criterion 

The approach of the metallization of condensed matter can be clarified by the theory 

reported by Dimitrov and Komatsu (1999) [37]. The condition of 𝑅𝑚/𝑉𝑚 = 1 in the Lorentz-

Lorenz equation proposed that the refractive index becomes continuous. This is in agreement with 

the metallization of covalent solid materials. In addition, the electrons will become itinerant and 

acquires metallic status [38]. The nature of metallic and non-metallic of oxide glasses can be 

anticipated by the following conditions: 𝑅𝑚/𝑉𝑚 < 1 (non-metal) and 𝑅𝑚/𝑉𝑚 > 1 (metal). 

Subtracting by 1 gives the equation of metallization criterion as shown in the following 

expression: 

 

𝑀 = 1 −
𝑅𝑚

𝑉𝑚
                                      (9) 

 

This equation shows that when the metallization criterion becomes zero, the transition 

process to the metal states will take place. The metallization criterion on the basis of refractive 

index and optical band gap can be evaluated by transform the Equation (9) to the following 

expression: 

 

𝑀 = 1 −
(𝑛2−1)

(𝑛2+2)
= (

𝐸𝑔

20
)1/2                                 (10) 

 

Dimitrov and Komatsu, (2010) [39] had proposed that a huge amount of glass-forming 

oxide leads to the increment of the metallization criterion [40]. High number of metallization 

criterion indicates that the width of the valence gap and conduction gap becomes smaller and leads 

to the expansion of the width of the band gap. This will result in the tendency for metallization of 

the glass system to decrease. Whereas, the materials which possess a large metallization criterion, 

M value close to 1 is said to be insulators. 

 

4.4. Oxide ion polarizability 

‘The deformability of electron cloud of oxide ions is larger than cations’. This 

phenomenon occurs when the cations are tightly bound to the cationic surroundings. As a 

consequence, the values of cations polarizability are consistent with different compositions and 

compounds. However, the polarizability of oxide ions is inconsistent and varies widely. Therefore, 

it is vital to study the effect of erbium oxide concentration on the oxide ion polarizability. The 

graph of oxide ion polarizability of erbium oxide is depicted in Fig. 5. 
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Fig. 5. Variation of oxide ion polarizability of erbium-doped zinc tellurite glasses. 

 

 

Based on Fig. 5, a general increment of oxide ion polarizability except for 0.03 molar 

fractions of erbium oxide is observed. This can be attributed to the structural changes in the glass 

system as the concentration of dopants increase. The oxide ion polarizability can be explained by 

the influence of the changes in optical band gap energy as mentioned by Nazrin et al., (2018) [29]. 

The decrement in optical band gap promotes the increase of oxide ion polarizability [39]. On top 

of that, the increment of oxide ion polarizability is due to the breaking bond tellurite network when 

the erbium ions are inserted into the glass system which creates numbers of non-bridging oxygen 

atoms. The presence of non-bridging oxygen atoms enhance large polarizability and this 

occurrence can be supported by large bond length of erbium oxide and high atomic radius that 

create more spaces within the glass network [41].  

   

4.5. Optical basicity 

Theoretically, the optical basicity (Ʌ) is a measurement of electron donor power of anions 

in a medium. The anions in this current research refer to the oxygen ions since all the chemicals 

used are in oxide forms. Besides that, it is also stated by Elkhoshkhany et al., (2014) [42] that this 

parameter helps in the estimation on the type of bonding that exists in a glass network. This can be 

associated with the formation of bonds in the glass system that is dependent on the donation or 

sharing of electrons. Therefore, as the electron donor power and Ʌ increases, the formation of 

ionic bonding will increase, causing the glass to become more basic. The reduction of electron 

donor power tends to produce more covalent bonding and the glass will become more acidic. 

 

 

 
 

Fig. 6. Variation of molar refraction of erbium-doped zinc tellurite glasses. 

 

 

As shown in Fig. 6, the optical basicity increases except for 0.03 molar fractions of erbium 

oxide. The increasing values of optical basicity indicate the increment of the oxides to donate 

electrons. The covalence of the glass network increases as the optical basicity increases. Currently, 

Dimitrov and Komatsu, (2010) [39] had evaluated the values of optical basicity for single 

component oxide specifically in erbium-doped glasses where the values of optical basicity for each 
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element of the present glass system are listed as follows: Ʌ(Er2O3)=0.929, Ʌ(TeO2)=0.93 and 

Ʌ(ZnO)=0.82. It can be observed that optical basicity of tellurite oxide and erbium oxide is 

slightly the same. Zinc oxide is observed to have less basicity compared with other oxides. 

Because of high value of optical basicity of the dopants, the overall optical basicity in the glass 

system start to increase. High values of average optical basicity show the glass series to be more 

ionic and make the glass series becomes more basic. Meanwhile, when the glass system exhibits 

less optical basicity, the glass system tends to become more covalence and acidic. 

In addition, the increment of the optical basicity can be attributed to the inclination of 

glass polarizability and improve the numbers of non-bridging oxygen (NBOs) within the glass 

system. As the NBOs increase, the ionic bonding prevails which will cause the glass to become 

more basic. This can be affirmed by the formation of TeO3 structural units as mentioned in the part 

of raman spectra. Besides that, Lakshminarayana et al., (2008) [43] had also stated that the 

increment of NBOs results in the inclination of negative charges around the cation and 

consequently increases the optical basicity of the glasses. Other than that, polarizability (α) and Ʌ 

are interrelated where both of these parameters are directly proportional to one another. The fact 

that polarization define the distortion of the electron cloud of an anion towards a cation, therefore, 

as the electron donor power of oxygen ions or optical basicity increases, the tendency of the 

polarization process to occur also becomes easier. Other than that, the other factor that could result 

in the inclination of Ʌ is the weaker bond strength of the dopants as stated by Duval et al., (1990) 

[44]. 

 

4.6. Metallization criterion 

Metallization criterion (M) parameter provides an overview regarding the electrical 

conduction ability of a glass sample. All the values which are more than zero indicate the 

insulating behaviour of the glasses and it is related to the optical band gap (Eopt) of the glass 

sample [45]. The plotted graph of metallization criterion against concentration is displayed in 

Figure 7. The relationship between metallization criterion and refractive index can be made by 

comparing the values. Earlier works by Nazrin et al., (2018) [29], there is an inverse relationship 

between refractive index and metallization criterion (current work). This indicates that a smaller 

value of refractive index leads to a higher value of metallization criterion. On top of that, the 

increment in metallization criterion can be attributed to the increment of optical band gap. This can 

be attributed to the decreasing number of free electrons with the increasing value of energy band 

gap. High value of metallization criterion shows that the glass series are not good conductor which 

is shown in certain concentration of erbium oxide. Therefore, it can be justified that the presence 

of erbium oxide tends to increase the M parameter of the glass system. 

 

 

 
 

Fig. 7. Variation of metallization criterion of erbium-doped zinc tellurite glasses. 

 

 

At certain concentration of erbium oxide which is from 0.01 to 0.02 molar fraction and 

from 0.04 to 0.05 molar fraction, the metallization criterion parameter is observed to decrease 

slightly. This can be explained by the increasing number of refractive index and the decreasing 

number of optical band gap as ascribed by Nazrin and other co-authors in 2018 [29]. Lack 
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presence of free electrons in the glass system promotes higher value of metallization criterion. 

Scientifically, when M is equivalent or approaching zero, the glass sample is said to achieve the 

metal state. Therefore, the continuous reduction of M as erbium oxide is added into the glass 

system suggests that the glass sample exhibits lesser insulating behaviour. The reduction of 

metallization criterion indicates that the valence and conduction bands become wider and therefore 

reduce the optical band gap [42]. The fact that the value of metallization criterion ranges in 

between 0.35-0.45, the glass samples are good to be used as non-linear application [46]. 

 

 

6. Conclusion 
 

A series of zinc tellurite glasses doped with erbium oxide with chemical formula [(TeO2)0.7 

(ZnO) 0.3]1-x (Er2O3) x where x = 0, 0.01, 0.02, 0.03, 0.04 and 0.05 was synthesized by utilizing 

melt-quenching method. Precisely, raman analysis shows the presence of the trigonal bipyramid 

and trigonal pyramid in the glass system. The elastic parameters such as Debye temperature, mean 

velocity, acoustic impedance and softening temperature display a fluctuating trend as expected.  

The formation of bridging oxygen that creates stronger connectivity and rigidity of the 

glasses can be associated with the inclination of all the values of the elastic parameters. 

Meanwhile, the decreasing value of the related moduli can be attributed by the conversion of 

bridging oxygen into non-bridging oxygen which can be explained by the distortion of the bonds 

within the glass network. Eventually, this phenomena will reduce the rigidity and connectivity of 

the glass a network. Elastic properties might also be influenced by the structural changes that 

assign the variation of the molar fraction of the dopant. For theoretical optical approach, oxide ion 

polarizability, optical basicity and metallization criterion were analysed as well. The variation 

trend of the oxide ion polarizability and optical basicity is similar where this phenomena can be 

attributed to the formation of non-bridging oxygen atoms which are more polarizable than bridging 

oxygen atoms.  

The effect of large concentration of rare earth ions, Er
3+

 ions creates denser packing 

structure of rare earth modifiers in the host glass material and the effect of size of cation Er
3+

 has 

the highest polarizability value among other elements. Meanwhile, the metallization criterion is to 

have opposite characteristic compared to the aforementioned optical parameters. Higher 

metallization criterion can be explained by the existence plenty of non-bridging oxygen atoms 

within the glass matrix.  
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