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Novel oxyfluorotellurite glasses within the composition (80-x) TeO2–10P2O5–10ZnO- 

xNaF in mol%, where x = 0, 5, 7.5, 10, 12.5, 15, 20 and 25 were prepared. The thermal 

kinetics and optical properties of these glasses were estimated by using differential 

scanning calorimetric (DSC), and UV–Vis-NIR spectroscopy respectively. The results of 

the thermal analysis were indicated that oxyfluorotellurite telluride glass has high thermal 

stability. The density, oxygen packing density, molar volumes, molar refraction, 

metallization criterion, molar polarizability, linear refractive index and optical basicity 

were calculated. It was found that with the increase NaF from TPZN0 0.0 to 15%, the 

linear refractive index (n) was increased otherwise the optical energy gap (Eopt) was 

decreased. The structure of the present glasses investigated by using infrared and Raman 

spectroscopy. Herein in this work, the results suggest that the present oxytellurirde glasses 

modified by NaF can be used as a promising material in optical applications.  
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1. Introduction 
 

Tellurium and phosphorus oxide based glasses have been the topic of present researches as 

a result of its motivating optical, electrical and magnetic properties like high refractive index, high 

dielectric constant, low melting temperature, low glass transition temperatures, low viscosity, high 

thermal expansion, good infrared transmittance, visible wavelength and low phonon energy [1-5]. 

Thermal properties of Tellurite-phosphate oxide glasses have been studied at several papers, N. 

Mochida [6] have found that the thermal expansion coefficient decreases with increasing P2O5 

content up to 28 mol% and the glass transition temperature increases. With more addition of P2O5 

content leads to decrease of glass transition temperature and an increase of thermal expansion 

coefficient. Petr Mošner has studied thermal properties and stability of ZnO–P2O5–TeO2 system 

[7]. Without a modifier such as alkali, alkaline earth oxide and other types of glass formers 

tellurium oxide down normal conditions does not have the ability to compose a glass so, the alkali 

metal such as (Na, Li, K) change the glass structure by giving rise to (NBOs) in the structure and 

effect on optical and thermal properties of the glass. The addition of alkaline earth oxides such as 

(ZnO, MgO, and CaO) improves glass forming nature [8-10]. In presence of glass modifier (ZnO) 

improves the mechanical properties, chemical and thermal resistivity, creates low rates of 

crystallization, decreases the melting temperature and increases the glass forming ability 

(promotes glass polymerization by creating chain-like structures of Te-O-Te) [11].  
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N. Elkhoshkhany had studied [31] the thermal stability of the glass system (TeO2-ZnO-

LiF-Nb2O5-NaF) and found that with increasing NaF content in glass system, the stability of glass 

was relatively large which provided a strong inhibition to the nucleation and the crystallization. 

The glass structure became more linked and hence required high thermal energy. It would be 

expected that the substitution of fluoride ions for oxide ions decreases the glass transition and 

deformation temperatures since two fluoride ions are substituted for an oxide ion, which causes the 

breakdown of the glass network structure. The water in the glasses may be controlled by 

introducing halides such as fluoride as the F
−
 substitution of OH− groups [12-16]. 

The objective of this study is to examine the impact of adding NaF in the oxyfluoride glass 

network and explain their effects on the structure, physical, thermal and optical properties. This 

material may be used in several applications such as electrochemical and optoelectronics devices. 

 

 
2. Experimental 
 

The oxyfluoride telluride glasses of the following composition :( 80-x)TeO2- 10P2O5-

10ZnO- xNaF with x = (0, 5, 7.5, 10, 12.5, 15, 20, 25) were prepared by melt quench technique. 

All the starting chemicals were off 99.9% purity, (Sigma- Aldrich). Calculated weights of the 

chemicals were mixed in an agate mortar and melted in an electric furnace at 880 
o
C for 30 min in 

a platinum crucible so that; a homogeneously mixed melt was obtained. The obtained melt was 

then quenched by pouring onto a preheated stainless steel mold to avoid excess thermal shocks. 

Directly after quenching, the glass (as-prepared sample) was annealed at 250
 o

C for 1 hr in an 

annealing furnace, and then slowly cooled to the room temperature. The annealing process was 

performed to release the internal mechanical stresses to obtain the glass samples with good 

mechanical stability. The samples were then sliced into pieces with appropriate dimensions for the 

optical and density measurements.  

 

2.2. Glass characterization 

The amorphous nature of the glass samples was confirmed through (XRD) studies 

with a Philips X′Pert system. The density (ρ) was measured by the fluid displacement 

method depending on Archimedes principle. The (ρ) was calculated by using the relation 

(1). [17]                 

ρsample = (
wtair   

wtair  −wttoluene
) ∗ ρtoluene                                      (1) 

 

where wtair    is the weight of the glass sample in air and wttoluene   is the weight of the glass 

sample when immersed in toluene. The density of toluene =0.864 (g /cm
3
). 

The molar volume (Vm) of the glass samples can be calculated using equation (2). [17] 

 

Vm = (
Mwt

ρsample
)                                                                (2) 

 

where (Mwt) is the molecular weight of the sample. 

The optical packing density (OPD) can be calculated using the relation (3): 

 

OPD = (
ρ∗O

Mwtsample   
) ∗ 1000                                                          (3) 

 

where, O is the number of oxygen atoms in each constituent oxide per formula unit. 

 

2.2. Differential scanning calorimetry (DSC)  
The characteristic temperatures of the samples were indicated by using a DSC (TA 

Instruments, SDT Q600). The DSC curves obtained at a temperature range (250 to 700 °C), at 

different heating rates (10, 15, 20, and25 °K/min). 

https://en.wikipedia.org/wiki/Differential_scanning_calorimetry
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2.3. Optical absorption studies 
In the visible and near ultraviolet regions optical absorptions were recorded at room 

temperature by using a double beam spectrophotometer (JASCO Corp, v-570, Rel -00 Japan) with 

a wavelength of range (200- 2500nm). A lapping machine with 600 grade and soft, fine AlO3 

powder was used in polishing the prepared glass samples. Opposite faces were finished optically 

flat and parallel with a high mirror-like surface, and a micrometre screw gauge with an accuracy of 

± 0.01 mm was used to measure their thickness. A resolution limit of 0.2 nm and a sampling 

interval of 2 nm were utilized for the different 1150 measuring points. 

 

2.4. (FTIR) 

At room temperature the FTIR absorption spectra of the glasses were recorded by an FTIR 

system, type spectrum BX(PerkinElmer), using the KBr pellet technique at a wavenumber range of 

500–1200 cm
−1

, and resolution of 2 cm
−1

. 

 

2.5. Raman spectroscopy 

The Raman absorption spectra of the glasses were recorded at room temperature using a 

wavelength 530nm, power 10nm, hole of laser entrance 25*1000µm, pulse duration 1sc, number 

of scan 2 and wide range (400to 4000). 

 
 
3. Result and discussion 
 

The prepared glass samples were homogeneous, light yellow, opaque and shiny with no air 

bubbles. 
Table 1. Glass compositions and physical properties of glass system of glass system ((80-x) TeO2-

10P2O5-10ZnO-(x) NaF). 

Samples 
name 

Composition 
(mol%) 

Density 

(ρ) 

(g/cm3) 

Molar volume 

(Vm) 

(cm3/mol) 

OPD 
(g.atom/L) 

Nb 

*1022 

(cm-3) 

̅F 
(N. m-1) 

TPZN0% 
80TeO2-10P2O5-

10ZnO 
5.193 28.89 76.15 8.75 241.7 

TPZN5% 
75TeO2-10P2O5-

10ZnO-5NaF 
5.0961 28.28 60.0343 8.52 243.025 

TPZN7.5% 
72.5TeO2-

10P2O5-10ZnO-

7.5NaF 

4.9823 28.27 72.335 8.31 243.73 

TPZN10% 
70TeO2-10P2O5-

10ZnO-10NaF 
4.9742 27.79 71.96 8.23 244.46 

TPZN12.5% 

62.5TeO2-

10P2O5-10ZnO-
12.5NaF 

4.9619 27.27 71.50 8.17 245.24 

TPZN15% 
65TeO2-10P2O5-

10ZnO-15NaF 
4.8624 27.22 69.80 7.96 246.06 

TPZN20% 
60TeO2-10P2O5-

10ZnO-20NaF 
4.842 26.12 68.91 7.84 247.85 

TPZN25% 
55TeO2-10P2O5-

10ZnO-25NaF 
4.66 25.88 65.69 7.45 249.86 

 

 

3.1. XRD, DSC and Thermal kinetics of TPZN glasses 

XRD used to define the crystallinity and the structure of the material. The X-ray 

diffraction spectrum of prepared glass samples was shown in Fig. 1. The absences of sharp peaks 

in the XRD pattern confirm the amorphous nature of the sample structure. 

 



268 

 

 
 

Fig. 1. XRD spectra of TPZN glass system. 
 

 

Fig. 2 (a, b) showed the (DSC) profiles of TPZN7.5 and TPZN20% glass samples at 

different heating rate 10,15,20,25 K̊/min. Characteristic temperatures such as Tg, Tx, Tc and Tm 

were obtained from the DSC profiles are shown in Table 2.  

 

      
(a)                                                                        (b) 

 
Fig. 2 (a, b). The (DSC) plot of TPZN7.5 and TPZN20% glass samples at heating rate 

 α= 10,15,20,25 k/min. 

 

 

Table 2. The glass transition temperature Tg, onset crystallization temperatures Tx, crystallization 

temperatures Tc, melting temperatures Tm, glass stability range S and glass factor Kg of (80-x) 

TeO2−10P2O5-10ZnO-xNaF glass system. 
 

 

 

Fig. 3 represented the DSC plot of the TPZN glass system at a heating rate α=25 ̊K/min. 

Table 2 showed that the Tg values decreased from 615.8 ̊C to 588.66 ̊C with increasing in 

NaF(mol%).  

Glass 

name 

Tg 

(k) 

Tx1 

(k) 

Tc1 

(k) 

Tx2 

(k) 

Tc2 

(k) 

Tm2 

(k) 

Tm1 

(k) 
S1 S2 

Tg 

/Tm1 

Tg 

/Tm2 
Kg1 Kg2 

TPZN0% 615.8 696.59 755.5 --- --- --- 900.17 80.79 --- 0.68 --- 0.97 --- 

TPZN5% 610.15 688.83 731.98 --- --- --- 824.46 78.68 --- 0.74 --- 1.32 --- 

TPZN7.5% 605.61 689.29 721.98 --- --- --- 916.62 80.68 --- 0.66 --- 0.59 --- 

TPZN12.5

% 
597.72 682.65 713.62 --- --- --- 921.67 84.93 --- 0.64 --- 0.56 --- 

TPZN15% 597.77 688.72 717.86 --- --- --- 892.32 90.95 --- 0.67 --- 0.41 --- 

TPZN20% 593.64 673.73 696.7 739.52 752.81 810.81 896.66 80.09 145.88 0.66 0.73 0.52 2.7 

TPZN25% 588.66 679.92 709.34 744.15 759.2 815.38 890.99 91.26 155.45 0.66 0.72 0.66 3.04 
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Fig. 3. The DSC plot of TPZN glass system at heating rate α=25 K/min. 

 

 

Decreasing in Tg values due to the replacement of TeO2 by NaF creates some Te-F bonds 

and non-bridging fluorine ion with leads to weaker network structure. FTIR & Raman results 

confirmed the change of Tg where the decrease of TeO4 units with the formation of TeO3+1, TeO3 

(or) Te (O, F) 3+1, Te (O, F)3 units. It was found that Tg is a function of both of (Nb and F) [18] 

where, Nb is the number of bonds per unit volume and F is the average stretching force constant. 

The number of bonds per unit volume of the glass Nb is calculated by Eq. (4): 

 

𝑁𝑏 = (
𝑁𝐴

𝑉𝑚
) ∑(𝑛𝑓𝑥)

𝑖
                                                        (4) 

 

where NA is Avogadro's number, Vm is the molar volume, xi is the mole fraction and nf is the 

coordination number of the oxide's cation in reference [18,20]. While the average stretching force 

constant F can be calculated by Eq. (5): 

 

𝐹 =
∑(𝑋𝑛𝑓𝑓)

𝑖

∑(𝑋𝑛𝑓)
𝑖

                                                              (5) 

 

where f is the stretching force constant founded in reference [6,20]. The values of Nb and F listed 

in Table 1. The values of Nb decreased from 8.75*10
22

 to 7.45*10
22

 cm
-3

 and F increased from 

241.7 to 249.86 (N/m) and that’s confirmed by the decreasing in Tg values in glass samples from 

TPZN0% toTPZN25% with increasing of NaF mol%. This glass system shows two crystallization 

temperature )Tc1, Tc2(, two onset crystallization temperature (Tx1, Tx2) and two melting temperature 

(Tm1, Tm2) in glass samples TPZN20% and TPZN25%. The two crystallization temperature (Tc1, 

Tc2) represent the formation of two different crystalline phases, That confirmed the re-increased in 

values of the area under the curve in Raman results and changed in Eopt value in glass sample 

TPZN25% in UV results (Reconfiguration of bridging oxygen (BO) bridging Fluorine (BF)). 

Some useful parameters used for investigating devitrification and stability of the glass. These 

parameters are the glass stability S and the glass forming tendency Kg has shown in Table 2 which 

are given by the following equations [18,19]: 

 

𝑆 = 𝑇𝑥 − 𝑇𝑔                                                         (6) 

 

Kg =   
(Tc−Tg)

(Tm−Tc)
                                                               (7) 

 

The glass stability S increases from 80.79 to 91.26 C̊ and from 145.88 to 155.45 ̊C, as 

shown in Table 2. This means that as NaF increases the stability of the glass increases.  

For the studied glass compositions, the Tg/Tm values are listed in Table 2 all in the range 

from 0.64 to 0.74. This indicates that the prepared glasses have an excellent stability [21]. The 
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dependence of Tg on heating rate α can be determined from empirical relation shown by using the 

Eq. (8) [22]: 

𝑇𝑔 = 𝐴 + 𝐵 ln(𝛼)                                                      (8) 

 

where A and B are constants for a given glass composition. This dependence is shown in Fig. 4.  

 

 
 

Fig. 4. Variation of Tg versus ln (α) for TPZN glass system. 

 

 

 
 

Fig. 5. Variation of ln (α/Tg
2
) versus (1000/Tg) for TPZN glass system. 

 

 

 
 

Fig. 6. Variation of ln (α) versus (1000/Tg) for TPZN glass system.  
 
 

We apply Kissinger's formula stated by Eq. (18) [23] and Moynihan's formula stated by 

Eq. (19) [23] to obtain glass transition activation energy (Eg). Eg is obtained from a plot of 

ln(α/Tg
2
) versus 1000/Tg in Fig. 5 and a plot of ln(α) versus 1000/Tg in Fig. 6 by taking the slopes 

of the resulting linear fits of data and listed in Table 3. 

 

ln (
𝛼

𝑇𝑔
2) = (

−𝐸𝑔

𝑅𝑇𝑔
) + 𝑐𝑜𝑛𝑠𝑡                                                 (9) 
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ln 𝛼 = (
−𝐸𝑔

𝑅𝑇𝑔
) + 𝑐𝑜𝑛𝑠𝑡                                                                 (10) 

 

where R equal (8.314J/mol.K), the values of Eg changes from 789.863 to 344.865 KJ/mol by 

Kissinger's formula and from 795.17 to 360.27 KJ/mol by Moynihan's. The decreased in Eg is due 

to the formation of non-bridging oxygen's (NBO's) and non-bridging fluorine's (NBF's) [24] 

(weakness of the present glass structure) and due to decreasing in (nb) as shown in Table 1 [20]. 

Here we used Kissinger's formula Eq. (20) [25] to obtain first and second crystallization 

activation energy Ec1 and Ec2. Ec1 and Ec2 are obtained from a plot of ln (α/Tc1
2
) versus 1000/Tc1 

and a plot of ln (α/Tc2
2
) versus 1000/Tc2 in Figs. 7, 8 respectively by taking the slopes of resulting 

linear fits of data. Data on Ec1 and Ec2 are listed in Table 3. 

 

ln (
𝛼

𝑇𝑐
2) = (

−𝐸𝑐

𝑅𝑇𝑐
) + 𝑐𝑜𝑛𝑠𝑡                                             (11) 

 

 
 

Fig. 7. Variation of ln (α/Tc1
2
) versus 1000/Tc1 for TPZN glass system. 

 
 

 
Fig. 8. Variation of ln (α/Tc2

2
) versus 1000/Tc2 for TPZN glass system. 

 

 

Table 3. The transition activation energy Et and the crystallization activation energy Ec  

for TPZN glass system. 

 
 

 

 

 

 

 

 

 

 

 

 

Glass  

name 

Eg  

(kJ/mol) 

Eg  

(kJ/mol) 

Ec1 

(kJ/mol) 

Ec1 

(kJ/mol) 

Ec2 

(kJ/mol) 

Ec2 

(kJ/mol) 

TPZN0% 789.863 795.17 311.52 315.1 --- --- 

TPZN5% 496.67 486.78 320.27 181.96 --- --- 

TPZN7.5% 652.32 634.32 211.75 229.02 --- --- 

TPZN12.5% 708.02 719.83 180.75 189.64 --- --- 

TPZN15% 559.53 571.01 215.32 299.63 --- --- 

TPZN20% 344.865 360.27 288.63 244.432 353.01 344.02 

TPZN25% 253.411 253.35 288.87 244.76 352.68 335.38 
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Also, Ec can be calculated from Ozawa and Chen according to Eq. (12) [25] and the data 

listed in Table 3. 

ln(𝛼) = (
−𝐸𝑐

𝑅𝑇𝑐
) + 𝑐𝑜𝑛𝑠𝑡                                                     (12) 

 

Here, Ec1, Ec2 are oisined from a plot of ln (α) versus 1000/Tc1 and a plot of ln (α) versus 

1000/Tc2 in Figs. 9, 10 respectively by taking the slope of the resulting linear fits of data. 

 

 
 

Fig. 9.Variation of ln (α) versus 1000/Tc1for TPZN glass system. 

 
 

 
 

Fig. 10. Variation of ln (α) versus1000/Tc2 for TPZN glass system. 

 

 

The values of Ec1 decrease from 311.22 to 288.87 KJ/mol and the values of Ec2 decrease 

from 353.01 to 325.68 KJ/mol by Kissinger's formula, while Ec1 decreases from 315.1 to 244.76 

KJ/mol and Ec2 decreases from 344.02 to 335.38 KJ/mol by applying Ozawa and Chen. The 

decrease in Ec values indicates decreasing the energy barrier required for the crystallization with 

the increasing NaF content [25]. 
 

3.2. Density, molar volume and Oxygen packing density   
The (ρ), (Vm) and (O.P.D) of the glass samples are given in Table 1. The density, molar 

volume and (O.P.D) values decrease with increasing NaF mol% and decreasing TeO2 mol%. It is 

seen from Fig. 11 that, the density decreases from 5.193 to 4.66 g/cm
3
 with the addition of NaF to 

TeO2 glass network and this can be due to the substitution of lower molecular weight of alkali 

halide (NaF) (41.98817g/mol) instead of higher molecular weight of TeO2 (159.5988 g/mol).  
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Fig. 11. Variation of density and molar volume with NaF mol% in TPZN glass system. 

 

 

So, the glass matrix became less dense because the substitution of TeO2 by NaF (fluoride 

atoms replaced the oxygen atoms). Also, the (Vm) of the present glasses decreases from 28.89 to 

25.88 (cm
3
/mol) when increasing NaF content. The decrease in Vm could be related to the 

decrease in inter-atomic spacing and bond length of Na-F [26]. Where fluorine is a small atom 

with a large electronegativity since the radius of F
−
 smaller than the radius of O

2−
. From Table 1 it 

is found that OPD decreases from 76.15 to 65.69 (mol/L) when NaF is substituted by TeO2 and in 

turn, the decrease in OPD is ascribed to decrease in the number of oxygen. 

 

3.3. Optical properties 

3.3.1. Determination of the optical band gap (Eopt) and Urbach energy (ΔE): 

Eopt: energy gap between the valence band and conduction band can be determined by 

using Davis's and Mott's relation (13) [27-29]  

 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑜𝑝𝑡)
𝑛

                                                           (13) 

 

where A is a constant, n is an index has values 1/2, 3/2, 2, 3 depending on the nature of the 

transition, α(ν) is the absorption coefficient and (ħν) is photon energy of incident radiation. Eopt 

obtained by extrapolating the absorption coefficient to zero absorption in the plot of (αħν)
1/2

 versus 

(ħν) as shown in Fig. 12. The values of Eopt are listed in Table 4. The optical band gap (Eopt) 

decreased from 3.25 to 2.71 in TPZN0% to TPZN15% glass samples and back increased from 2.71 

to 3.22 in TPZN15% to TPZN25% glass samples. The decreased in (Eopt) values were due to the 

addition of modifier such as alkali (Na) which break BOs and created NBOs [30] in breakage of 

the glass network since the bridging oxygen less excited than non -bridging oxygen [30]. The Re-

increases in (Eopt) values because of the effect of F
-
 ion on Te-O bonds in tellurite glass network. 

Where reconstitution occurs in the composition of the bridging the resulted confirm what 

happened in Raman absorption.  

 

 
 

Fig. 12. Plot of (αħν)
1/2

 versus (ħν) for TPZN glass system. 
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Fig. 13. Plot of ln (α) versus (ħν) for TPZN glass system. 

 

 

Urbach energy (ΔE): the width of band tails of localized states (ΔE) were calculated from 

the slope of the linear regions of the plots Ln(α) against (hν) as shown in the Fig. 13 and 

correspond to the expression (14) [31,32]. 

ln 𝛼 = (
ℎ𝑣

∆𝐸
) − 𝐶                                                      (14) 

 

(ΔE) decreases from 0.246 to 0.184 eV with increasing of NaF content as listed in Table 4. The 

decreasing of (ΔE) values refer to the present glass system is highly stable and homogenous. 

 

3.3.2. Determination of refractive index (n), Molar refractivity (Rm), metallization  

         criterion (M) and electronic polarizability (αm) 

We are calculated the (n) from the relation (15) [33,34].    

                  

(𝑛2+1)

(𝑛2−1)
= 1 − √

𝐸𝑜𝑝𝑡

20
                                               (15) 

 

We observed that the value of n increases from 1.99 to 2.106 with increasing NaF from 0 

to 15mol% listed in Table 4 due to increasing in polarizability (non-bridging oxygen) and 

decreasing in density.  

 
Table 4. refractive index n, Molar refraction Rm, metallization criterion M, electronic polarizability 

of the material αm, electronic polarizability of the oxide ion αo
2-

, optical basicity Λ, thickness (d), 

optical energy gap (Eopt) and Urbach energy (ΔE) of ((80-x)TeO2–10ZnO–10P2O5–xNaF) glass 

system. 

 

Then the value of n decreases from 2.016 to 1.997 with increasing NaF from 15 to 25 

mol% due to decreased in polarizability as a result of re-configuration bridging.  (Rm) calculated 

by using Eq (16) [34]. 

 

Sample  

code 

n Rm M αmᵪ10
-24

 αo
2−

 A d Eopt ΔE 

TPZN0% 1.99 14.35 0.503 5.69 2.188 0.91 0.225 3.25 0.246 

TPZN5% 1.994 14.1 0.501 5.595 2.264 0.93 0.23 3.24 0.247 

TPZN7.5% 1.997 14.13 0.501 5.595 2.35 0.96 0.21 3.22 0.236 

TPZN10% 2.04 14.26 0.485 5.67 2.447 0.99 0.22 2.99 0.226 

TPZN12.5% 2.103 14.54 0.467 5.77 2.564 1.02 0.23 2.72 0.196 

TPZN15% 2.106 14.53 0.466 5.77 2.65 1.04 0.285 2.71 0.196 

TPZN25% 1.997 12.91 0.501 5.12 2.66 1.042 0.265 3.22 0.184 
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𝑅𝑚 = [
(𝑛2−1)

(𝑛2+2)
] 𝑉𝑚                                      (cm

3
/mol)    (16) 

 
The values of Rm decrease from 14.35 to 12.91 (cm

3
/mol) listed in Table 4 with the 

increasing of NaF from 0 mol% to 25mol% with the decreasing of TeO2 due to decreases of molar 

volume (Vm). 

(M) calculated to investigate the insulting behaviour of glass samples. The glass samples 

lay within the range of (0.468–0.507) listed in Table 4 were calculated from Eq (17) [31] 

 

𝑀 = 1 − (
𝑅𝑚

𝑉𝑚
)                                                       (17) 

where the most of tellurite glasses exist in the range 0.35–0.45 [34]. Electronic polarizability 

calculated by using the relation (18) [31].  

 

𝛼𝑚 = (
3

4𝜋𝑁
) 𝑅𝑚  (cm

3
)                                              (18) 

 

The value of αm decreases from 5.69 to 5.12cm
3
 listed in Table 4 by increasing of NaF and 

decreasing TeO2 due to the decreasing number of non-bridging oxygen in the glass system where 

non-bridging oxygen (NBO) have a high tendency to polarize compared with bridging-oxygen 

(BO). 

 

3.3.3. Determination of optical basicity from the electronic polarizability of  

         oxygen ion (αo
2−

) 

The (αo
2−

) was calculated by using Eq (19) [35]. 

 

             𝛼𝑜
2−(𝐸𝑔) = [(

𝑉𝑚

2.52
) (1 − √

𝐸𝑔

20
) − ∑ 𝛼𝑖] (𝑁𝑜

2−)−1             ( Å
3
)                (19) 

 

where αo
2−

 (Eg) energy band gap based oxide ion polarizability, αi molar cation polarizability and 

No
2- 

denotes the number of oxide ions in the chemical formula ApOq. The molar cation 

polarizability values of Te
4+

, Zn
2+

 and P
5+

 ions are respectively αi Te = 1.595 Å
3
, αi Zn = 0.283 Å

3
 

and αi P= 3.63 Å
3
. The calculated values of αo

2−
 (Eg) are tabulated in Table 4. 

 

The optical basicity (Ʌ) was calculated using the Eq (20) [35].  

                        

Ʌ = 1.67 [1 − (
1

𝛼𝑜
2−)]                                                              (20) 

 

Our calculation in Table 4 clarified that the Λ decreases with decreasing of (αo
2−

) so, the 

relation between them was a direct correlation due to the addition of NaF content instead of TeO2 

content.  

 

3.4. Structure of TPZN glasses  

3.4.1. Fourier transforms infrared spectroscopy (FTIR) 

When the samples undergo infrared spectroscopy, molecules that form bonds will absorb 

specific frequencies to rotate and vibrates in glass system. The FTIR spectra of the prepared glass 

sample given in Fig. 14 with a range of (400 – 4400 cm
-1

).  Looking at Fig. 14 the absorption 

spectra of the glass samples contains of two strong, broad absorption bands around 624 cm
-

1
and1046 cm

-1
, one weak, broad absorption band around 440cm

-1
, and two mediate peaks around 

3440cm
-1

, 908cm
-1 

and two shoulders around 770cm
-1 

and 1170 cm
-1 

for all glasses. The band 

around 624 cm
-1

 is assigned to The vibration of oxygen atoms in P-O-P bridges in metaphosphate 

Q
2
 [36,45]. The band around 1064 cm

-1
 is assigned to asymmetric vibration of (PO3)

2- 
[37,45]. The 

band around 440 cm
-1

 is due to Zn-O linkages [38]. The mediate peak around 3440cm
-1

is attributed 

to stretching mode of strong hydrogen bonded Te-OH groups [39,40]. The anther mediates peak 
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908cm
-1

 is assigned to the symmetric vibration of (PO3)
2-

 [41]. The shoulder around 770 can be 

attributed to Symmetrical vibration of TeOeq bonds of TeO4 units [42]. The other shoulder around 

1170 is assigned to the symmetric vibration of (PO2)
- 

[43,45]. The deconvoluted IR spectra of 

TPZN0% and TPZN25% glasses by using a Gaussian function is shown in Fig. 15 which were 

symbolized as (1-20) bands and the assignments of each peak are recorded in Table 5. In our study 

in samples TPZN0% and TPZN25% with the addition of NaF to TeO2 glasses of broad absorption 

bands 8 and 12 shifted towards lower wavenumber and O
2-

 bridging Te
4+

 replaced by F
-
 due to the 

same ionic radii of F
-
 and O

2- 
The result of the impact of F

-
 in Te-O-Te linkages in the glass matrix 

transforms TeO4 toTeO3+1andTeO3 or Te(O, F)3+1andTe(O, F)3 decreasing the connectivity of the 

tellurite glass former network. Also, by adding NaF to TeO2 glass the peak number 10 and 13 

shifted towards a higher wave number by increasing NaF due to the appearance of TeO3 units with 

a reduction in the number of TeO4 units. Consequently, the addition of NaF reduces Te-O-Te 

linkages due to gradually transformation of trigonal bipyramid TeO4 and Te(O, F)4 through TeO3+1 

and Te(O, F)3+1 to trigonal pyramid TeO3 and Te(O, F)3 with increasing NaF. The FTIR 

investigation of Fluoro-tellurite crystalline found that two oxyfluoride phasesTeO3F2 and TeOF2 

according to the formation of α and β -TeO2 polymorphs, respectively [31]. 

 

 
 

Fig. 14. FTIR spectra of TPZN glass system. 

 

 

      
 

Fig. 15. De-convoluted FTIR spectra of TPZN glass system. 
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Table 5. Assignment of FTIR bands of the glass system ((80-x) TeO2-10P2O5-10ZnO-(x) NaF). 

  

             3.4.2. Raman spectra 

The Raman spectra of studying glasses are shown in Fig. 16. Four modes describe all the 

glasses: two strong peaks around 468, 666, one shoulder around 780 and one weak peak around 

1024. 

 

 
 

Fig. 16. Raman spectra of TPZN glass system. 
 

 

All the spectra are deconvoluted using Gaussian fitting to measure accurate Raman peak 

positions and are shown in Fig. 17 which were symbolized as (a-p) bands. The positions of the 

Raman bands of these glasses and their assigned vibrational modes are listed in Table 6. In Fig. 17 

showed the band (a) at (409-425) cm
-1

 is assigned to TeO3 tps units with two or three nonbridging 

oxygen [31]. Band (b) at (430-452) cm
-1

 is assigned to bending vibrations of phosphate units [41]. 

Broad Raman band (c) at (449-471) cm
-1

 is given to ZnO4 structural units [42]. Band (d) at (474-

488) cm
−1

 is given to stretching and bending vibrations of Te-O-Te linkages in TeO4 (tbps), TeO3+1 

polyhedral and TeO3 (tps) [42] due to the transference of TeO4 groups into TeO3 groups. A The 

band (e) at (498-506) cm
-1

 is given to deformation, the vibration mode of P-O
- 
[43]. The band (E) 

at (591-619) cm
-1

 is assigned to symmetric and asymmetric stretching and bending vibrate of 

(TeO3+1) linkages [37]. The band (f) at (612-637) cm
-1

 is assigned to vibration of the continuous 

Peak  

number 

Peak positions cm-1 

--------------------------- 

TPZN0%           TPZN25% 

Assignments 

1 389                        390 Bending vibrations of phosphate [36,45] 

2 435                        432 Vibrations of Zn-O bonds from ZnO4 groups [42] 

3 464                        467 Symmetrical stretching or bending vibrations of Te-O-Te linkages [42] 

4 500                        547 Deformation vibration mode of P-O- [43] 

5 575                        568 Symmetric and asymmetric stretching and bending vibrates of (TeO3+1) linkages 

[37] 

6 599                        594 Vibration of the continuous network consisting of TeO4 tbp [44] 

7 

11 

627                       622 

745                       740 

The vibration of oxygen atoms in P-O-P bridges between metaphosphate Q2 and 

diphosphate Q1 units [45] 

8 654                       647 Axial asymmetric stretching vibrations of (Te-O) of tetrahedral TeO4 units [42] 

9 677                       680 Symmetric vibration of P-O-P [45] 

10 710                       714 Symmetric stretching vibrations of TeO3 units [44] 

12 772                       763 Symmetrical vibration of TeOeq bonds of TeO4 units [42] 

13 795                       815 (Te-O) symmetric & (Te-O) asymmetric vibration modes of TeO3 [44] 

14 881                       892 Asymmetric vibration of (P-O-P) [43] 

15 911                        917 Symmetric vibration of (PO4)
3-[43] 

16 1006                      1012 Symmetric vibration of (PO3)
2-[43] 

17 1034                      1038 Symmetric vibration of (P2O7)
4-[43] 

18 1092                      1090 Asymmetric vibration of (PO3)
2-[43] 

19 1114                      1118 Symmetric vibration of (PO2)
-   [43] 

20 1182                     1178 Asymmetric vibration of (PO2)
-  [43] 
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network consisting of TeO4 tbp [44]. The band (h) of (648-662) cm
-1

 is assigned to symmetrical 

stretching vibrational modes of (Teax-O)s of TeO4 units [28]. The band (j) at (688-702) cm
-1

 and 

band (p) at (794-816) cm
-1

 is assigned to the symmetric and asymmetric vibration of P-O-P [36]. 

The band (K) at (704-721) cm
-1

 assigned to stretching modes of nonbridging oxygen (NBO) found 

on the TeO3 [44]. The peak (g) at (632-643) cm
-1

 and peak (m) at (740-758) cm
-1

 are given to 

vibration of oxygen atoms in P-O-P bridges in diphosphate atoms Q
1
 unit and metaphosphate 

atoms [43]. The peak (n) at (758-775) cm
-1

 is assigned to (Teeq–O)s and (Teeq–O)as vibrational 

modes of TeO4 [28]. The band (O) at (775-792) cm
-1

 assigned to (Te-O) symmetric & (Te-O) 

asymmetric vibration modes of TeO3 [44]. In our study, we spotted changes in the Raman spectra 

of glasses with the adding NaF content. By adding NaF to TeO2 glasses occurs substitution of 

fluoride ions (higher electronegativity) for oxide ions, and as two fluoride ions would take the 

place of one oxide ion. As a result, the breakdown of the glass network structure occurs. As the 

fluoride (NaF) content increases, the peak (d) minimizes and shifts from lower wavenumber to 

higher wavenumber (474 to 488) cm
-1

 indicating that the vibrations of the Te-O-Te linkage in 

these samples are due to the transformation of TeO4 groups into TeO3 groups. The intensities of 

Peaks (h) and (n) decreased in (TPZN0%-TPZN15%) and, increased in (TPZN20%, TPZN25%) 

and then, they shifted towards higher wave numbers (from 648 to 662) cm
-1

 and (from 758 to775) 

cm
-1

 respectively. It is ascribed to the decrease of TeO4 units and F
-
 breaks Te-O-Te linkages in the 

glassy network with the formation of TeO3+1, TeO3 or/and Te(O, F)3+1, Te(O, F)3 units in 

oxyfluoride tellurite glasses. Causes changes in the glass structure and the connectivity of the 

tellurite former network. The increase in the intensity of the peak (i) and peak (l) in (TPZN5% to 

TPZN25%) around (652-673) cm
-1

 and (728-766) cm
-1

 were due to the reconfiguration of oxygen 

bridging (BO) or fluorine bridging (BF) by adding fluoride ions which replace bridging oxide ions 

in the TeO4 that becomes Te(O, F)4 . The chain structure will stabilize when two TeO4 are linked 

by the BF ion and then Te(O, F)4 turn into Te(O, F)3 with the increase of NaF. The fraction ratio 

values of intensities of TeO4 / (TeO4+TeO3) are 0.63, 0.61, 0.61 ,0.59 ,0.58 ,0.57, 0.61and 0.62 

respectively; with increasing concentration of NaF from 0 to 25 mol%. The decrease in values of 

faction ratio show that more non bridging oxygen's (NBO), and the increase in values in 

(TPZN20% and TPZN25%) confirm the re-configuration of (BO) and (BF) so, TeO4 becomes 

Te(O, F)4 with bridging fluoride (BF) ions as a result of  the stronger hetero-Polar bond strength of 

fluoride ion than oxygen ion. This BF ion will stabilize chain structure when two TeO4 are 

connected by the BF ion, so the Te(O, F)4 / Te(O,F)3 ratio becomes higher with increasing fluoride 

content. 
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a) b) 

  

c) d) 

                
e) f) 

  

g) h) 

 

Fig. 17. De-convoluted Raman spectra of TPZN glass system at different concentrations: 

a) 0%; b) 5%; c) 7,5%; d) 10%; e)12,5%; f) 15%; g) 20%; h) 25% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.17. De-convoluted Raman spectra of TPZN glass system. 
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Table 6. Raman bands of TeO2–ZnO–P2O5- NaF glasses. 

 

 

 
4. Conclusions 
 

Synthesis of new oxyfluoride tellurite glasses [(80-x)TeO2–10ZnO–10P2O5–xNaF] where 

x= 0, 5, 7.5, 10, 12.5, 15, 20 and 25 mol% were prepared. From (XRD), the amorphous nature of 

the glass samples was observed. The ρ, Vm and nb were decreased by increasing of NaF content 

instead of the TeO2 content, while the  𝐹
− increased. The result from FTIR and Raman spectra, 

observed that, in the present glass system the fluorine ions (F
−
) substituted oxygen ions (O

2−
) in 

TeO4 units resulting in the formation of (BF) units and the conversion of Te(O, F)4 units into Te 

(O, F)3 units through Te(O,F)3+1 with the increase of NaF content. The ratio of TeO4/(TeO4+TeO3) 

decreased from 0mol% to15mol% and then increased in 20mol% and25mol%. Band gap (Eopt) 

decreased and then increased in 25 mol% with increasing of NaF content. The Rm, M, and αm 

decreased, but the αo
2−

 and Ʌ of the glass increased. From DSC Tg decreased because of weakness 

in the glass structure due to the formation of (NBF) and (NBO). 
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