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Abstract.  
 

The impact of MoO3 and TeO2 inclusion on electrical and dielectric mechanisms of the zinc-phosphate host glass matrix 

has been reported in this communication. The well-known melt quenching route has been employed to produce glass 

nanocomposite systems. The formation of superimposed nanocrystallites of ZnMoO4, Mo5TeO16 and TeO3 within the 

amorphous glass matrix is established by XRD spectra. The well-known Debye-Scherrer approach has been used to 

estimate the typical nanocrystallite size (dC). The semiconducting nature of glasses has been demonstrated from their DC 

conductivity. The small polaron hopping process causes nonlinearity in DC conductivity, which is different from AC 

conductivity. The modified correlated barrier-hopping (CBH) model explains the mechanism of AC conduction. The DC 

and AC activation energies are found to decrease with the accumulation of TeO2 in glass matrices. 

Keywords. Glass nanocomposite; Almond-West formalism; Small polaron hopping; AC and DC Conductivity; Modified 

CBH model 

1. INTRODUCTION 

Recent years have seen a rise in interest in zinc-phosphate glasses due to its low UV cut-off wavelength, exceptional 

chemical strength, thermal constancy, and outstanding electrical conduction [1, 2]. Because of their high thermal expansion 

coefficient, lower melting temperature, and excellent UV transmission, phosphate glasses are of tremendous technological 

and scientific attention for both practical and theoretical applications [3]. When compared to Pb-based glasses, their weak 

chemical stability frequently limits their ability for real-world sealing applications. To improve the poor chemical stability 

of phosphate glasses, the controlled accumulation of oxides such as CuO, MoO3, SnO, Sb2O3, and V2O5 [3] has already 

been found to be effective.  

Due to the remarkable modifications in the physical and structure properties seen in ZnO-P2O5 system, the presence of ZnO 

into phosphate glasses is quite fascinating [4]. Better chemical stability is achieved by using ZnO such as a network 

modifier or former, which also results in a wider glass-forming region and lower glass transition temperatures [5]. The 

glass doped with TeO2 is challenging to make at large concentrations because of the potential for quick amorphization and 

phase separation during cooling. As a result, different kinds of defects may occur in TeO2-doped glass during the melt 

quenching procedure. To improve the tellurite glassy network's ability to create glass, metaphosphate can be added [6, 7]. 

As a result, after being doped with P2O5 as a glass making agent, MoO3 as a network modifier, and ZnO as network 

stabilizer, TeO2-doped glass can be made utilizing the quench of melt method. Electro-optical applications are made 

possible by the electrochromism properties and improved ionic conductivity of phosphate glass systems doped with MoO3. 

Mo ions can be found inside glass network as octahedral and tetrahedral structural units because they can exist in two 

unique valence states, Mo6+ and Mo5+ [8, 9]. Due to the development of TeO4 trigonal bipyramids, doping ZnO-P2O5 

glasses with TeO2 results in changing structural. To determine the most suitable glassy system for more effective 

applications, we have investigated the results of including both MoO3 and TeO2 as mixed modifiers in ZnO-P2O5 glasses in 

the present work. The purpose of this research is to use the melt quenching method to synthesise three quaternary glassy 

systems that have the chemical formula 0.60ZnO-0.10P2O5-0.30[((1-x) MoO3-xTeO2]. One of the main objectives of this 

communication is to examine the X-ray diffraction (XRD) patterns to investigate the microstructure. In order to evaluate 

each sample's semiconducting nature and DC conductivity, the small polaron hopping hypothesis is applied. Almond-West 

formalism and the well-known Jonscher's Universal Law have both been used to analyze the conductivity of the present 

glassy systems. 
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2. EXPERIMENTAL PROCEDURE 

The unique chemical composition 0.60ZnO-0.10P2O5-0.30[((1-x)MoO3-xTeO2] has been used to synthesize three 

quaternary glassy nanocomposite systems. ZnO, MoO3, P2O5, and TeO2 in the proper amount in powder form, all with 99% 

purity, have been methodically assorted in an alumina crucible according to the stoichiometry of each composition. Initial 

temperature of the high-temperature electrical furnace is then set to 150°C, and then, it rises at a rate of 10°C/min while the 

alumina crucible is placed inside the furnace. We cautiously notice the form of the assortment in the furnace every five 

minutes and record the temperature at which the composite melts. At temperatures between 770°C and 890°C, three 

samples of quaternary glass (x = 0.1, 0.2, and 0.3) are melted. The entire melt of each composition has been immediately 

cooled at 25°C among two superbly polished metal plates in order to form semi-transparent glassy samples with 

thicknesses of 1-2 mm. To perform the structural measurement, the as-quenched solid glasses are converted into adequate 

powder form by grinding appropriately. Density (ρ) of the as-prepared glasses has been perceived using the Archimedes 

principle and acetone is used as the immersion liquid. The quaternary glass samples have been tested for density and 

molecular weight, which are then applied to calculate the molar volumes. An X-ray diffractometer has been used to 

examine the X-ray diffraction patterns using CuKα radiation. By using the two-probe method and LCR meter, electrical 

measurements have been conducted. To operate as an electrode, a highly conductive silver paste has been coated on both 

surfaces of the glass sample. At a range of temperatures, electrical conductivity of glasses has been evaluated in a wide 

frequency range. 

3. RESULTS AND DISCUSSIONS 

 

3.1.  Investigation of Physical Parameters 

  
To determine the nature of structural reforms in amorphous glassy or polycrystalline materials, ρ is a fundamental 
characteristic or physical feature. Molecular weight, constituent element fraction, and glass structure type all have a 
significant impact on oxide glass density. The average values of ρ of all glasses have been determined using the well-known 
Archimedes principle (Eq. 1) using the following expression [11]. 

                (1) 

By applying the derived values of ρ, the following equation can be employed to determine the molar volume [11]. 

                                                           (2)       

                                                                                              

 

Figs. 1(a) Estimated values of ρ and VM, and (b) composition dependence of VO and OPD. 

As the amount of TeO2 (x) rises, the association between VM and ρ of all examined samples is revealed in Fig. 1(a). TeO2 
and MoO3 have molecular weights of 159.6 and 143.94 g/mol, respectively. When TeO2 is added to the glass matrix, the 
values of ρ increase as the amount of MoO3 decreases. The compactness of the glass network increases as the value of ρ 
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rises, which causes the bond length to decrease as the concentration of TeO2 rises (x) [12]. As the amount of TeO2 rises, VM 
values decrease, which is also seen in Fig. 1. (a). With the addition of TeO2, the decremental bond length and higher 
stretching force constant produce compact glass structures, which leads to the declining nature of VM value [12]. 

Molar volume of oxygen (VO) and oxygen packing density (OPD) have been assessed in order to better realize the glass 
structure using associations based on the corresponding values of ρ and VM [13]. 

 

                                                                                                        (3)                                                                                                                                                                                  

         and    

                                                                                                  (4)                                                                                                                                           

In the above equations, ni is the quantity of oxygen atoms found inside each oxide, C is the amount of oxygen atoms 

available within every unit of the formula, and M is the molecular weight.  

For all glass nanocomposites, the computed VO and OPD values are shown in Fig. 1(b). TeO2 is added to the MoO3-ZnO-

P2O5 glass structure, which results in a reduction in NBO bonds as VO rises and OPD falls. This study shows that fewer NBO 

bonds improve the compactness of glass structure and improve the density of as-prepared glasses [13]. 

 

3.2. Analysis of XRD Spectra 

 

Glassy systems with TeO2 doping are shown with their spectra in Fig. 2. Crystallinity can be seen inside the amorphous 

glassy matrix as evidenced by the distinct peaks and defined widths in the XRD patterns. This leads to the claim that a 

small number of nanocrystallites are formed within the glassy, amorphous network. The subsequent relation determines the 

degree of crystallinity for every glassy system and the projected values are presented in Table 1. 

           (5) 

For the effect of the mixed modifier, it has been perceived that the percentage crystallinity values rise as more 

nanocrystallite phases emerge in zinc phosphate glass matrices. The available literature data has been used to identify and 

index the nanophases of specific diffraction peaks.  

Table 1 demonstrates that the identified nanocrystallites of ZnMoO4 [14], Mo5TeO16 [15] and TeO3 [16] are developed 

within the glassy matrix. 

Using the Debye-Scherrer equation, the values of dc have been estimated [17]. 

                                                                   (6) 

The assessed values of dc for all three quaternary glasses are tabulated in Table 1. 

 

Table 1: Several computing parameters from XRD spectra 

x 

(mol%) 

2θ  

(Degree) (±0.10) 

FWHM Identified 

 Phase 

h k l dc  

(±0.06) 

Crystalinity (%) 

(±0.05) 

0.15 36.12 0.1903 ZnMoO4 0 2 1 31.67 2.21 

0.25 31.75 0.1995 Mo5TeO16 -3 2 1 41.42 3.34 

34.27 0.2123 TeO3 1 1 0 

36.12 0.2003 ZnMoO4 0 2 1 

0.35 31.75 0.1874 Mo5TeO16 -3 2 1 49.65 4.56 

34.27 0.1612 TeO3 1 1 0 

35.45 0.1623 Mo5TeO16 -3 2 1 

36.12 0.1887 ZnMoO4 0 2 1 
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Fig. 2. Recorded XRD spectra of all glasses 

 

3.3. Electrical Conduction Mechanism 

This section provides an in-depth assessment of mechanism of electrical conductivity of TeO2 and MoO3 doped zinc 

phosphate glass systems at a wide range of temperatures. 

 

 

 

Fig. 3.  σtotal spectra of x = 0.25 glassy system Fig. 4. σtotal spectra off three quaternary glass systems at T = 693K. 

σtotal spectra of glass with x = 0.25 and three glasses at a fixed temperature T = 693K are revealed in Figs. 3 and 4, 

respectively.  

As seen in Figs. 3 and 4, the values of σtotal rise as the temperature rises, indicating non-linear properties and the 

semiconducting characteristics of glasses under investigation. The lower frequency portion has a nearly frequency-

independent σtotal spectrum (plateau or flat area), which is a property of DC conductivity (σdc). The conductivity spectrum 

displays an almost linear characteristic at higher frequencies. 

It is perceived from Fig. 4 that the glass system of x = 0.35 (higher TeO2 content) reveals higher conductivity.  

The Almond-West formalism, which is represented by the succeeding equation, has been used to explore the electrical 

conduction mechanism of MoO3 and TeO2 doped zinc phosphate glass systems [4, 17]. 

                                                           (7) 

Here, the parameter p stands for the frequency exponent, and ωH for the crossover frequency. As shown in Fig. 3, curve 

fitting of entire conductivity data is utilized to assessment of these parameters. 

The resultant values of ωH of three quaternary glasses are plotted with inverse of applied temperatures, as shown in Fig. 

5(a). The behaviour of temperature dependence is verified in Fig. 5(a), which also demonstrates that the value of ωH rises 

with temperature. The nature of ωH in a glass according to Arrhenius is explained by the following equation [18]. 
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                                                               (8) 

The operative attempt frequency is denoted by ωe in the equation above, while the Boltzmann constant is signified by KB. 

The polaron migration activation energy (EH) for disordered materials is defined as the minimum quantity of energy 

necessary for small polarons to hop between localized sites that are parted from one another by a potential barrier [18]. In 

Fig. 5(b), it can be realized that the values of ωH rise as TeO2 is added, while EH exhibits an inverse relationship with ωH.  

The Almond-West formalism yields the values for σdc that are totally temperature-dependent, and the non-linear behavior 

of σdc is caused by the influence of several conduction mechanisms. The subsequent equation can be used to represent the 

temperature-dependent σdc.  

                                                  (9) 

From the equation above, two dissimilar sorts of DC conductivity mechanisms may be inferred: σdc at high temperatures 

(σhigh) and σdc at low temperatures (σlow). The DC conduction (σHigh) mechanism, which operates at higher temperatures, 

depends solely on the amount of formed defects states inside the mobility gap, which is determined by the amount of 

amorphousness in the glassy systems [18]. 

As opposed to this, the DC conduction (σlow) mechanism at low temperatures relies on polarons hopping among a variety of 

produced defects or localized states and relies on the tunnelling mechanism among the nearby potential barriers [19]. 

 
 

Fig. 5 (a) Temperature dependency of ωH and (b) composition dependency of EH and ωH 

 

 

 

 

 

 

Fitting with linear equation of the acquired σdc spectra, as shown in Fig. 6(a), predicts two different types of DC activation 

energies, ELow and EHigh, for the lower and higher frequency zones, respectively. The values of ELow and EHigh gradually 

decrease under the impact of TeO2 in the ZnO-P2O5 glassy network, which is supported by the tabulated values of ELow and 

EHigh in Table 2. As a result, the amount of TeO2 increases with the conductivity of the glasses. 

The mechanism of AC conductivity of polycrystalline and amorphous glasses is described by the Jonscher universal power-

law, which is frequency- and temperature-dependent. [20]    

                                                                                                          (10) 

The power-law exponent (s) and constant parameter A are used to calculate the glass system's polarizability strength. The 

difference between the σtotal and the estimated σdc is subtracted to acquire the AC conductivity (σac) of glasses. Fig. 6(b) 

establishes the quaternary glass sample's dependence on temperature and frequency. The chance of charge carriers escaping 

to the conduction state is increased with the rise in temperature due to an increase in lattice vibration. Conduction thus 

improves, leading to a decrease in activation energy. 

 

 

Table 2: Different types of estimated activation energies. 

Composition 

 (x, mol%) 

Activation energy (DC) Activation energy (AC) 

Eac (eV) Ehigh (eV) Elow (eV) 

0.15 2.22 1.31 1.02 

0.25 1.87 1.12 0.93 

0.35 1.64 0.73 0.74 
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Fig. 6 (a) Temperature-dependent σdc of glasses and (b) Frequency-dependent σac of glass sample x = 0.25. 

 

Table 2 provides the activation energies (Eac) related to each glass sample's AC conduction mechanism as determined by 

the fitting with linear equation of the σac data. For the glass with x = 0.25, the alterations in AC with frequency are 

displayed in Fig. 6(b). Eac is the necessary energy required for disordered or semiconducting glass to overcome the barrier 

potential and start the AC conduction process. As TeO2 replaces the transition metal oxide MoO3, it has been noticed that 

the values of Eac are falling. TeO2 content thus improves the AC conduction of the glass system. 

 

Fig. 7(a-c) S versus T plots and modified CBH model fittings of all glass samples. 

As seen in Fig. 7(a), the temperature dependence of σac is projected to occur at higher frequency ranges. The fluctuation of 

"s" with temperature aids in the adaption of the optimal AC conduction mechanism. According to Fig. 7(a-c), the expected 

values of "s" for respective glass drop as temperature rises. When "s" declines as temperature rises in disordered or 

amorphous glassy materials, Pike and Elliott's CBH model offers a precise description of the mechanism of σac [17]. As 

stated in CBH model, conduction occurs as a result of charge carriers (electron or microscopic polarons) hopping over the 

potential barrier; the amount of energy required to do so is determined by the Coulombic interaction separating the two 

sites. Jumps between two localized sites are thought to have symmetric jumping possibilities per unit of time, which means 

they can happen both forward and backward. Little polarons or charge carriers hop when the barrier separating two suitably 

defined sites is thermally activated. 

For glassy systems with greater values of s, the conventional CBH model is inappropriate. It is important to alter the typical 

CBH model in the manner described below in order to acquire the correct values for all fitting parameters. [18] 
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                                                  (11) 

As presented in Fig. 7 (a-c), values of fitting parameters hopping barrier potential (Wm), Debye relaxation time (τ0), and 

ideal thermodynamic temperature of glass transition (T0) are estimated from fitting with modified CBH model (Eq. 11). It 

has been noted that the σac of the glassy system reduces as TeO2 content is added to glassy matrices, which causes the 

values of Wm to decrease. 

4. SUMMARY AND CONCLUSIONS 

It is established that the volumetric mass density of all semiconductor glasses having the common formula 0.60ZnO-

0.10P2O5-0.30[((1-x)MoO3-xTeO2] prepared by the quenching of melt process increases steadily with increasing of TeO2 

(x) content, while the VM decreases since the greater compaction structure of glasses. With the addition of TeO2, the glassy 

system becomes more compact because the values of VO and OPD are continuously increasing and decreasing. The 

presence of ZnMoO4, Mo5TeO16, and TeO3 nanocrystallites on amorphous glass matrices is established by XRD patterns. 

Values of dc and the crystallinity (%) both rise with TeO2 content. Total conductivity spectra analysis revealed frequency-

independent (σdc) and frequency-dependent (σac) regions. In both cases, conductivity increased with an increase in 

temperature due to changes in the bond structures of the glassy systems and the emergence of the defect or localized states, 

exhibiting semiconductor behavior. The values obtained of the minimum acceptable energy for small polaron migration 

(EH) and Eac drop as σac rises. The fact that the power-law exponents (s) decrease as temperature rises suggests that the AC 

conductivity mechanism is a perfect match for the modified CBH model. As the AC conductivity rises, the value of the 

CBH model parameter Wm drops. According to the findings of the current study, structural changes and conduction 

processes are significantly influenced by the presence of TeO2 and MoO3 as mixed modifiers in the glassy matrix of ZnO-

P2O5. 
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