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Abstract 
Glass series of different ZnO content with composition xZnO.10CaO.30TeO2.(60-x)B2O3; (x=0 to 20 mol % with 

a of  5 mol %) was fabricated by conventional melt quenching method. The non-crystalline nature of the 

produced glasses were verified by X-ray diffraction analysis. The Raman spectra confirmed different vibration 

modes of constituents of glass matrix and also the structural changes with varying ZnO content. To study 

transport properties, AC conductivity measurements were carried out on the glass system in the frequency range 

5Hz-35MHz. The conductivity have been studied in two regions as frequency dependent and frequency 

independent. It is also purely a function of temperature. The conductivity results were good at high temperature 

and frequency. For all studied glasses, the conductivity enhanced by almost three orders in both regions. The 

highest conductivity was observed for high ZnO containing BTCZ-4 sample.  It was also observed that the ionic 

conductivity plays significant role. The samples connected with high frequency and high temperature were 

shown the best results.  The highest value of AC conductivity of the glass network is of the order 10
-3

 Ω
-1

cm
-

1
.Cole-Cole Impedance plots were exhibited semi-circular behavior with decreasing radius.  
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I. Introduction 
Glassy materials made up of oxides have gained prominence due to transparent nature, high viscosity 

and chemical durability as well as many different peculiar and interesting properties. A lot of industrial 

applications are made possible, especially in the area of optics as well as opto-electronics. Glasses made up of 

borate oxide, in particular, have high thermal stability and good solubility, making them promising materials for 

a large number of technological applications [1-3]. The crystals and glassy materials containing borates, the 

boron atom is generally co-ordinated with either three or four oxygen atoms, that forms [BO3] pyramidal or 

[BO4] tetrahedral structural units which are fundamental. These [BO3] and [BO4] units can randomly form either 

the supposed superstructure or BxOy structural groups like  diborate, tetraborate, pentaborate,  boroxal-ring.  

Glasses incorporated with ZnO and TeO2 are of particular attention various areas of optical and electronics 

based materials [4-6].  Structural characteristics of the glasses containing ZnO, depends on the nature of other 

glass former oxides present in the network. In the recent days, there is a focus on the ZnO containing glasses 

owing to their manifold uses as antibacterial and bio sensors, photo-transistors, transparent electrodes, solar cells 

as well as diodes.  

AC conductivity measurements provide useful information concerns various dielectric relaxation 

phenomena related to the electrical or dielectric polarization process [7-8]. The characteristic hopping lengths 

and hopping rates of carriers between localized states can be determined with high frequency measurements; on 

the other side low frequency data is more sensitive to slower relaxation process like the reorientation of dipoles 

etc.  

Chemistry and physics both employ Raman spectroscopy to determine the structural properties of 

substances. The wave number and intensity of an element's inelastic scattered light are measured in a Raman 

spectrum. The Raman scattered light has distinct wavelengths from the incident light because molecular 

vibrations have different energy. It has to do with the electron cloud around the molecule's ability to be 

polarised. The majority of photons are elastically scattered when light is scattered from a molecule or an 

amorphous material. Changes in a substance's vibrational, rotational, or electrical energy result in Raman 
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scattering. When a light source's energy does not change, a phenomenon known as Rayleigh scattering takes 

place. If the substance is not elastic, the process is referred to as Raman scattering. 

The present article focused on the influence of ZnO on the Raman and conductivity of calcium-borotellurite 

glass system. Raman spectroscopy are also done to get the information of the structure of the neighbourhood 

structure of CaO-TeO2-B2O3 based glasses. In this paper we have discussed the behaviour of ZnO in these 

glasses i.e., in the presence of two glass forming oxides namely classical glass former B2O3 and conditional 

glass former TeO2 interestingly. 

 

II. Material And Methods 
Preparation of glasses 

ZnO doped glasses with chemical compositions x ZnO-10CaO-30TeO2-(60-x) B2O3- where x values 

lies from 0 to 20 mol% with 5 variation were synthesized by rapid melt-quench route. AR grade B2O3, ZnO 

(Sigma), B2O3 (AR grade) were taken for preparation of the glass samples. About 15 grams of oxides powder 

are taken in a crucible made of porcelain, and melted at 1000-1050 
o
C for 1hr. The powder melted and formed 

liquid. The liquid in the crucible was agitated/swirled frequently for 1 hr to form a homogeneous liquid melt. 

The crucible with melt was emptied on a steel plate which is at 200
o
C and hard-pressed using another steel disc 

which is also at 200
o
C which resulted in the formation of glasses. The prepared glassy samples were annealed at 

around 200 
o
C for 24 hours for removal of thermal stress and strain and also to avoid cracking of glass samples. 

The glass samples thus obtained were good transparency and light chocolate colour. The glass formation was 

confirmed with the transparency and uniformity.   

 

Raman spectra 

The micro Raman spectrum of the obtained glasses was recorded on LABRAM HR-800 model 

spectrometer at the room temperature in the range of 200-2000 cm
-1

 with spectral resolution 2cm
-1

. LASER was 

used for excitation of the atoms. 

 

AC conductivity analysis: 
The glasses were prepared in the button shape of dimensions 2mm thickness and 10mm diameter for 

the AC conductivity measurement. After measuring the cross-section area (A) of the glasses, they were coated 

with silver paste. It enhances the accessibility between the sample and electrodes of the measuring device. The 

data was recorded in the frequency range 5Hz-35MHz on the LCR meter. The range of temperature was room 

temperature to 350
o
C with 50

o
C variation. Determination of AC conductivity was done by the following [9-11] 

𝜎𝑎𝑐 = 𝜔𝜀/𝜀0𝑡𝑎𝑛𝛿                    (1) 

where 𝜀/ and 𝜀0 are the dielectric permittivity in material and vacuum, respectively. tan δ- represents 

the dielectric loss. 

The plot of Cole-Cole impedance was drawn by the following; 

𝑍′ =
𝐺

(𝐺2 + 𝜔2𝐶2)
                            (2) 

𝑍′′ =
𝜔𝐶

(𝐺2 + 𝜔2𝐶2)
                           (3) 

Where Z
/ 
and Z

// 
are the real and imaginary complex impedance, respectively. 

 

III. Results and Discussion 
Raman spectra of BTCZ glass samples Series   

In the BTCZ glass series, Zn-O molar percentage rises 0 to 20 with a 5 variation, whereas B2O3 

concentration decreases from 60 to 40 molar ratio and TeO3 concentration remains the same. Figure 1illustrates 

the Raman spectra of the synthesized glass series of (60-x) B2O3-30TeO2-10CaO-xZnO (where x=0, 5, 10, 15, & 

20).  Three broad, high-intensity peaks were mostly seen in this series of Raman spectra about 458 cm
-1

, 625 cm
-

1
, and 755 cm

-1
. A few weaker peaks were also seen around 220 cm

-1
, 650 cm

-1
,1150 cm

-1
, 1138 cm

-1
, and 1350 

cm
-1

. 
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Fig.1Deconvoluated Raman spectra of BTCZ glass system 

Te-O-Te bond linkage bending vibrations have a broad peak in the 458 cm
-1

 range. Another peak was 

detected between 625 and 755 cm
-1

, which may have been caused by the Te-O bond in the TeO4 structural unit 

[12-14]. The vibrations of the Te-O linkage in the TeO3 structural unit are responsible for a large, high intensity 

peak in the 763 cm
-1

 regions.  
The peak of the 220 cm

-
1wavenumber region is the linkage of the Zn-O atoms in the structural unit of 

ZnO4. A second small peak that was seen in the 1150 cm
-1

wavenumber range was caused by the bending 

vibrations of the B-O-B connection [15-17]. The B-O stretching vibrations in BO3 units from borate groups have 

a peak at about 1373 cm
-1

.In this series of glass samples 220-236 cm
-1

, 458-462 cm
-1

, 625-696 cm
-1

, 755-763 
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cm
-1

, 1150-1180 cm
-1

and 1373-1351 cm
-1

 wavenumber region peaks were observed. Wave number region peak 

at 220-236 cm
-1

 is related to the Zn-O linkage of ZnO4 structural unit. Te-O-Te bond bending vibrations have a 

broad, high intensity peak at 458–462 cm
-1

. Peaks in the 625-696 cm
-1

range are associated with the Te-O bond 

linkage in the TeO4 structural unit. Around 755-763 cm
-1

, a second broad, high-intensity peak was seen; this 

peak corresponds to the Te-O bond connection in the TeO3 structural unit. The B-O bond linkage is represented 

in the 1150-1180 cm
-1

wavenumber region peak. Furthermore, the peak of the wavenumber region between 1373 

and 1351 cm
-1

 corresponds to the BO2-O triangular bond coupling in the BO4 structural unit [18-20]. 

 

Table.1. Band assignments of Raman spectra of BTCZ glass system 
Characteristic bands Assignment 

220-236 cm-1 Ca-O linkage of cationic structural unit.  

458-462cm-1 Te-O-Te bond bending vibrations.  

625-696 cm-1 Te-O bond linkage in TeO4 structural unit 

755-763 cm-1 Te-O bond linkage in TeO3 structural unit 

1150-1180 cm-1 B-O bond linkage BO3 structural unit 

1373-1351 cm-1 BO2-O triangular bond linkage in BO4 

structural unit.    

 

3.2 AC conductivity 

 
Figure 2 depicts the variation of frequency dependent AC conductivity of the BTCZ system at different 

temperatures.It was found to increase with applied frequency and temperature supplied to the sample. It was 

also found to be the highest value at 350
o
C for all the glass samples in the order of 10-4 Ω

-1
cm

-1
. σac almost 

frequency independent in the low frequency domain and strongly dependent in the high frequency domain. The 

low frequency region also considered as the dc conductivity region in which the conductivity varied from 10-8 

Ω
-1

cm
-1

to 10-6 Ω
-1

cm
-1

. The conductivity values obtained from Cole-Cole plots is the same as the σac in the low 

frequency domain [21-23]. High ZnO containing glasses were shown the higher order conductivity. BTCZ-0 

sample was shown the highest impedance than the Zinc containing BTCZ-4 sample was shown the lowest 

impedance and highest conductivity over the remaining samples in the glass system. 
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Fig.2Variation of AC conductivity of BTCZ glass system with logf 
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Cole-Cole plots 

 
Figure 3shows the Cole-Cole impedance plots of BTCZ-0, BTCZ-1 & BTCZ-4 samples. At low temperatures, 

the impedance Cole-Cole plots did not give good results due to the in homogeneities in the glass samples. At 

100
o
C, all the glass samples show single semicircle in the impedance plots which may be due to bulk effects. At 

high temperatures, the impedance plots of high ZnO containing glasses also shown single semicircle only [24-

28]. The radius of the semicircle is decreasing with increase of temperature and modifier content for all the glass 

samples containing high ZnO content. Appearance of semicircle below the real axis indicates that the sample-

electrode system in which the relaxation time distributes continuously and it is not single valued. The electrode-

sample interface dispersion is more pronounced in the low frequency region, and in the high frequency region 

the depressed semicircle may be due to the dispersive behavior of the glass bulk resistance or the sample bulk 

resistance.   
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 Fig.3. Cole-Cole plots of BTCZ glass system  

 

IV. Conclusion 

The selected glass composition was prepared by melt quench route. The Raman spectra of the studied 

glasses conforms the clear variations in the glass structure with different mole percentages of network modifier 

ZnO. It also showed the Te-O-Te bond linkage bending vibrations, Te-O linkage in the TeO3, structural linkage 

of the Zn-O atoms in the structural unit of ZnO4 , B-O stretching vibrations in BO3 units were presented in the 

glass matrix along with metal oxide bonds in the low-frequency domain. AC conductivity was enhanced with 

increasing temperature, frequency and also dopant content. The Cole-Cole impedance behavior was confirmed 
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with the semicircles presented in the plots. The decrease in radius of the semicircle confirmed the increase of 

conductivity and decrement in bulk resistance with increasing temperature. 
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