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 ABSTRACT : Glasses with the composition xNa2O-15ZnO- 20Bi2O3- (64−x) B2O3- 1EuO [where x= 0, 5, 10, 15, 

20 mol %] were prepared by the conventional melt quenching technique. X-ray diffraction studies are carried out, effect 

on glass transition temperature (Tg ) were carried out using differential scanning calorimetry (DSC) thermograms, and 

from Archimedes principle, the density of the samples were estimated. Molar volume was calculated from the density 

data, and the physical properties are calculated using density, refractive index etc. The structural changes in the borate 

network and bismuth co-ordination with incorporation of alkaline earth oxide variations and rear earth (EuO) doping 

were investigated by FT-IR spectroscopic techniques. The optical absorption spectra in UV-Vis region (in the wave 

length range 200-1000nm)were recorded at room temperature. Cut-off wavelength, direct, indirect band gap, Urbach 

energy, Molar refraction (Rm), Molar electronic polarizability (αm), reflection loss and refractive index values were 

evaluated from absorbance data. 
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I. INTRODUCTION 

 

Glasses containing Bismuthate (Bi2O3) have attracted great attention because of their wide applications in the field of 

glass-ceramics, thermal and mechanical sensors, reflecting windows, radiation shielding.   They can be used as layers 

for optical and opto-electronic devices [1, 2]. Bismuthate glasses containing alkali oxide act as ionic conductors and 

possess high conductivity compared to other heavy metal oxide glasses. Among different glass matrices, scientific 

interest  on bismuth borate glasses is attributed to their favorable properties such as rigid physical and chemical 

stability[1], high refractive index,  extensive glass formation range, long infrared cutoff  and large third order nonlinear  

optical susceptibility[7-10], low melting temperature[7,8], high density and high infrared transparency. Bismuth borate 

glasses are also possessing broad range of applications in the fields of optical fiber amplifiers [1-5,8], thermal and 

mechanical sensors, laser materials[8], electro-optic switches, optoelectronics and magneto optical devices, reflecting 

windows, photonic switches and layers for optical and electronic devices etc.  

 

In the present system of glasses alkaline earth zinc bismuth borate (ZNB) glasses doped with Europium oxide, the 

oxides such as Bi2O3  is added to get good refractive index for using it in enhancement of  other optical properties and 

ZnO could be found as the network modifiers(NWM) and it is a good additive, the oxygen becomes non-bridging when 

the divalent cat ion like zinc are incorporated in the glass network  with relatively large composition range[7,8]  and 

B2O3 can be used as the network former (NWF) and is contained in most of the prominent commercial glasses. 

 

I. MATERIALS AND METHODS 

Glass preparation: H3BO3, Bi2O3, ZnO and Na2O with Eu2O3 as doping were used as the raw materials for preparing the 

glasses, the raw materials in the powder form were mixed using a mortar and pestle. Each mixture was put in muffle 

furnace melted in a porcelain crucible at 1000
o
C for 3–4 hour in air. The glass melts were stirred occasionally to 

achieve good homogeneity. The highly viscous melt was cast in to a cylindrically shaped mold of stainless steel. The 
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glass produced was annealed at 200
o
C in a second furnace for 2 hr after which the furnace was switched off and the 

glass was allowed to cool gradually for 2 hrs.   

The X-Ray diffractograms were recorded at room temperature with 0.02/sec scanning rate in the range (100-900) using 

the Philips X-Ray diffractometer with Kα tube target and nickel filter operated at 40 kV, 30mA. . All the x-ray 

diffractograms were recorded at room temperature. The peak free x-ray diffractograms confirmed [fig.1] the amorphous 

nature of the prepared glass samples.   

 

The infrared transmittance spectra of the glass samples were recorded at room temperature by using Perkin Elmer 

Frontier FTIR in the mid-IR range (250-4000cm
-1

) KBr pallet technique was used to record the IR spectra the sample 

was powdered with 0.3g of KBr in the ratio 2:100 and put in to a 13mm dye and passed with a pressure of 7-10 ton 

using hydraulic press to obtain transparent pallets of approximate 1mm thickness. The spectra of these pallets were then 

recorded by using universal sample holder with the resolution of 4 cm-1 and 16 scans per sample. The background 

removal and baseline correction was done with the help of spectrum 10 software.                              

The densities of these glass samples were determined at room temperature by the Archimedes principle using xylene as 

an immersion liquid.  

 

          

 

 

 

 

 

 

 

 
                                Fig.1.XRD of doped glasses             Fig.2.density, molar volume Vs mol % of Na2O 

 

The differential scanning calorimetry (DSC) thermograms were recorded using DSC Q20 V24.10 Build 122 Instrument, 

at the rate of 10.00 °C/min, Equilibrate at 50 °C to 520 °C temperature in Ramp. 3mg of Sample in powder form is 

taken in to Tzero Aluminium Pan and lid under liquid Nitrogen Gas pressure of 50.0 ml/min. 

The optical absorption spectra of the polished samples (optical path length or thickness 2.00mm) were recorded at room 

temperature using recording spectrophotometer make by Analytical Technologies Limited (Philip halogen, deuterium 

lamp(200H), model: Spectro UV 2092) in the range 200–1000nm. 

 

III. RESULTS AND DISCUSSION 

3.1. Optical absorption  

From the Optical absorption spectra we observe eight absorption bands (
5
L6, 

5
D3, 

5
D2, 

5
D1,

5
D0) and their transitions 

assigned (fig.3(a)). The cut-off wavelength was evaluated at the absorption edge from (fig.3 (b)). It is clear from the 

below fig.3 (b). that the absorption edges were not sharp which is an indication of amorphous nature of the glass 

samples (fig.3).  

 

 

 

 

 

 

 

 

                                                                 

                                                                          (a)                                                                                      (b) 

Fig.3.UV-Vis absorption spectra (a) absorption bands and their transitions assigned (5L6, 
5D3, 

5D2, 
5D1,

5D0 )  (b) Cut-off wavelengths calculation from 

absorption edge . 
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The absorption coefficient, α (υ) is determined near the absorption edge of different photon energies for all glasses and 

is given by the relation [1, 3]; 

         α (υ) = 2.303 
𝐴

𝑑
 

Where 'A' is the absorbance and’d’ is the thickness of the sample and 2.303 is logarithmic conversion factor from log to 

ln. Davis and Mott proposed the following relation for amorphous materials where the absorption co-efficient α (υ) is a 

function of photon energy (hυ) for direct and indirect transitions [1, 7].  

 

      (αhυ)= B
2
 (hυ - Eg)

 r 

 

Where Eg, is the optical band gap, and 'r' is the index which has different values (2, 3, l/2 and 1/3) corresponding to 

indirect allowed, indirect forbidden, direct allowed and direct forbidden transitions, respectively. B is a constant called 

the band tailing parameter and υ is the energy of incident photons. Here the optical band gap refers to photons assisting 

the electrons to move from valence band to conduction band. The optical band gap between valence band and 

conduction band in oxide glasses can be determined from the position of the absorption edge. The absorption edge 

gives information about the width of the localized states in the band gap which arises due to disorder in the glass matrix. 

The optical band gap energy also provides information about the nature of chemical bonds and glass structure. The 

typical (αhυ)
 1/2

 versus photon energy (hυ)for indirect allowed transitions, (αhυ)
3
 versus(hυ)for direct forbidden,(αhυ)

 1/3
 

versus (hυ) for indirect forbidden and (αhυ)
 2

 versus (hυ) direct allowed transitions (called as Tauc's plot) have been 

plotted to find the values of optical band gap energy, Eg(fig.4). The values of Eg are obtained by extrapolating the linear 

region of the curve to the (x) axis, i.e. (αhυ)
1/2

=0 and (αhυ)
2
=0 for indirect and direct transitions and is shown in 

Figs.4(a),(b). The values of Eg for absorption edge, indirect allowed transitions and direct allowed transitions are given 

in Table 1.  

 

 

 

 

 

 

 

 

 

        

                

(a)                                                                (c) 

 

 

 

 

 

 

 

 

 

 

 

(b)                                                                   (d) 
Fig.4: Tauc's plots (a) (αhυ) 2 verses (hυ) for direct allowed transition (b) (αhυ) 1/2 verses (hυ) for indirect allowed transition (c) (αhυ)3 verses (hυ) for 

direct forbidden transition (d) (αhυ) 1/3 verses (hυ) for indirect forbidden transitions 

                                      

The value of band gap can be obtained by extrapolating the linear region of (a/λ)
 1/r

 verses (l/ λ) curve at (a/ λ)
 1/r

=0. The 

x-axis intersect value is multiplied with 1239.83 then it is found that the best fit is observed for r=2. This value of band 

gap, designated as 𝐸𝑜𝑝𝑡  in eV, is calculated from the parameter λg using the expression 
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                                            𝐸𝑜𝑝𝑡 =
1239.83

λg
  

The variation of (a/ λ)
 1/r

 verses (1/ λ) is used to evaluate the  values of optical band gaps 𝐸𝑜𝑝𝑡   of the present glass 

samples calculated using ASF method are reported in Table 1. It is observed that the values of optical band gap energy 

(Eg) match the values of optical band gap energies 𝐸𝑜𝑝𝑡  calculated from ASF method.                                                       

 

3.2. Urbach Energy 

The Urbach energy, ΔE is defined as the energy gap between localized tail states in the forbidden band gap [1]. It 

provides a measure of disorder in the amorphous and crystalline solids [22]. In amorphous materials, structural disorder 

dominates and this could be due to the presence of structural defects like dangling bonds or non bridging oxygen atoms 

[23]. In borate based glass network, the higher the concentration of NBO's, the smaller is the optical band gap energy 

and the greater are the Urbach energy values [1, 22]. When the energy of the incident photon is less than the band gap, 

the increase in absorption coefficient is followed with an exponential decay of density of localized states into the gap 

[23] and the edge is known as the Urbach energy. The lack of crystalline long-range order in amorphous/glassy 

materials is associated with a tailing of density of states [24]. At lower values of the absorption coefficient (a), the 

extent of the exponential tail of the absorption edge characterized by the Urbach energy is given by [24] 

             α = αo exp⁡ 
hν−E

Eu
  

Where Eu  is Urbach energy, from fig.5 the Urbach energy values are evaluated by taking the reciprocal of the slopes of 

the linear portion of the curves of ln(α) versus (hυ) and are listed in Table.1. The variation of Urbach energy (ΔE) with 

Na2O concentration is non- linear.  

 

 

 

 

 

 

 

 

 

 

Fig.5: Urbach plots lnα verses (hυ) 

 

Table.1: optical band gap, Cut-off wavelength, Urbach Energy, Reflection loss, Refractive index. 

 

 

3.3. Refractive Index 

Refractive index (n) is determined from optical band gap energy (Eg) using the formula proposed by Dimitrov and 

Sakka [38, 39] 

SN 
Sample 

name 

Cut-off 

wavelength 
r=1/2 r=1/3 r=2 r=3 

Urbach 

Energy 

Ref. 

loss 

Refractive 

index 

Rm 

(cm3) 

αm 

(10-

24)(Å3) 

Tg 

(oC) 

1 ZNB0 434 2.689 2.772 2.894 2.891 0.223 0.621 2.428 17.693 7.0 462 

2 ZNB5 439 2.653 2.74 2.808 2.837 0.236 0.6205 2.432 18.135 7.19 456 

3 ZNB10 442 2.627 2.717 2.773 2.797 0.249 0.616 2.411 17.653 6.999 398 

4 ZNB15 452 2.569 2.677 2.734 2.734 0.256 0.6212 2.433 18.0 7.137 395 

5 ZNB20 459 2.521 2.630 2.709 2.709 0.269 0.6214 2.434 18.0 7.137 363 
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(n2−1)

(n2+2)
 = 1˗  

 𝐸𝑜𝑝𝑡  

20
 

The refractive index (n) values calculated from above Equation and are given in Table 1. The refractive index values of 

the present glass samples are in the range 2.411 to 2.434. The refractive index values quoted correspond to the 

respective values of the present glass samples. However there are chances of creeping small errors in the refractive 

index "n" values owing to extrapolation (aλ
-1

)
1/2

 verses (λ
-1

) plots in estimating  𝐸𝑜𝑝𝑡  . 

 

3.4. Molar refraction (Rm) 

The product of both reflection loss and molar volume is called molar refraction Rm (cm
3
). This parameter is related to 

the structure of the glass is given by the Lorentz- Lorentz equation where Rm is directly proportional to Vm as follows  

                   Rm = ( 
n2−1

n2+2
 ) Vm  

Where "n'' is the refractive index, Vm is molar volume and the term (n
2
-1)/ (n

2
+2) represents the reflection loss. The 

values of molar refraction Rm are presented in Table.1. 

 

3.5. Molar electronic polarizability (αm) 

According to Clausios-Mosotti, the molar electronic polarizability αm is given by the relation 

                   αm = ( 

3

4𝜋𝑁𝑎
 ) Rm 

where Na is Avogadro's number. The values of molar electronic polarizability αm are presented in Table.1. 

 

3.6. Infrared spectra                                           
 FTIR transmittance spectra [fig.6]showed fine intense absorption bands centred around 1800, 1340, 900, 690, 497 and 

280 cm
-1

 and small shoulders around 270,300, 352, 1740, 2300, and 3400 cm
-1

. The sharp intense band around 1340 

cm-1 are due to symmetric stretching vibration of B-O bonds in BO3 units varied from Pyro, Ortho borate groups 

respectively. A sharp band around 1338, 1344, 1336, 1315, 1313 cm
-1

 are due to B-O symmetric stretching vibration in 

BO3 units from Pyro and Ortho borate groups, these are highest intensity bands. The sharp band around 690 cm
-1

 is due 

to the bending vibrations of B-O-B units in BO3 triangles. The broad intense band around 900 cm
-1

 is assigned to 

stretching vibrations of BO4 units in various structural groups.2920 cm
-1

 and 3020 cm
-1

 presence of hydroxyl or water 

groups present in the glass. The absence of peak at 806 cm
-1

 indicates the absence of Boroxol ring in vitreous B2O3 

glasses, 883 cm
-1

 band is due to Bi-O and /or Bi-O-Bi in [BiO6] octahedral.  The peak at 704 to 713 cm
-1

 is due to B-O-

B bending in oxygen bridges between two trigonal boron atoms.  

  

 

 

 

 

 

 

Fig.6. FTIR transmittance spectra                                    Fig.7.DSC: Temperature Vs heat flow 
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Table.2: Observed IR absorption band in Eu
3+

 ions doped alkaline earth oxide Zinc bismuth borate glasses. 

S No sample IR absorption bands 

1 ZNB0 281 497 690 902 1338 1788 2318 3421 

2 ZNB5 285 507 698 893 1344 1774 2071 3489 

3 ZNB10 270 499 704 902 1336 1840 2312 3408 

4 ZNB15 277 543 707 879 1313 1859 2312 3514 

5 ZNB20 279 514 709 883 1315 1741 2312 3417 

 

Table.3. Vibration types of different IR wave numbers. 

 
Range of wave numbers (cm-1)                                            Vibration types 

    270-285                                                         Zn-O vibrations in ZnO4 units [27, 36] 

     420–522                                                         Bi–O–Bi stretching vibration of [BiO6] octahedral [26, 30] 

    692–713                                                         Bending vibration of BO4 units [26, 32, 33] 
    881–920                                                         Stretching vibration of [BiO3]/ [BO4] units [26, 35, 36] 

    1317–1363                                                     Stretching vibration of B–O–B in [BO3] triangles [26, 30, 33] 

    1600-1800                                                      Bending modes of OH groups [27, 36] 
    2304-2380                                                      Anti symmetric stretching of water molecule [28, 37] 

    2620-2920                                                      Hydrogen bonding [28, 37] 

    3400-3460                                                      O-H stretching vibration [28, 37] 

 

3.7. The DSC 
As per the definition of glass the material is said to be glass it should have a transformation temperature called the glass 

transition temperature in addition to amorphous nature, the values of transition temperatures (table.1) are found to be 

around 363 to 462 centigrade’s from which the glassy nature of samples is confirmed, as the mole percentage of 

sodium oxide is increasing the transition temperature is decreasing (Fig.7).  

 

3.8. Physical properties 

The density (𝜌) values were estimated using the following formula: 

                  𝜌 =
𝑤

𝑤−𝑤1
x ρx  

                                                             

where w is the weight of the glass sample in air, w1 is the weight of the glass sample when immersed in xylene of 

density (ρx) 0.865gm/cm
3
. The density verses mol% of Na2O graph gave a non linear relation and the molar volume 

was calculated from the density data, using the formula  

                         V =   
𝑀

𝜌
 

where M = average molecular weight, ρ=density. 

The molar volume verses mol% of Na2O graph (fig.2) shows a non linear relation.  

The concentration of the rear earth doped ion is calculated using the fallowing formula 

                       𝑁𝑖 =
mol %.of  dopent  X Na  X Density  

Avg .molecular .wt .
 

The polaron radius of the atoms is calculated using the fallowing formula [7-9] 

                     𝑅𝑝 =
1

2
(

𝜋

6𝑁𝑖
)

1

3  𝐴0 

Where 𝑁𝑖  is concentration of rear earth ions. 

The inter molecular distance is calculated using the fallowing formula [7] 

                    𝑅𝑖 = (
1

𝑁𝑖
)

1

3  𝐴0  

Where 𝑁𝑖  is concentration of rear earth ions. 

The field strength is calculated from the fallowing formula [7, 8] 

                   𝑓 =
𝑍

𝑅𝑝
2  𝑐𝑚

−2 
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Where Rp is polaron radius and Z is oxidation number. 

The dielectric constant is calculated from the refractive index calculated from UV-Vis absorption data and from optical 

band gap obtained from absorption and is given by [7] 

                   𝜀 = 𝑛2    
Where n is refractive index. 

The Optical dielectric constant is defined as one minus the square of the refractive [7] index i.e. 

                  εo =  𝑛
2 − 1 

Where n is refractive index. 

The electrical susceptibility (χ) is calculated by formula [7] 

                  (𝑛2 − 1) /4π      

   

Table.4: physical properties 

 

S.No sample ρ(g/cm2) Vm(cc) Ni(x1020) Rp(nm) Ri(nm) 
(f) 

(x1015cm-2) 
ε εo χ 

1 ZNB0 5.372 27.641 2.179 0.040 0.153 1.871 5.8854 4.8854 0.3888 

2 ZNB5 5.301 28.010 2.150 0.041 0.155 1.822 5.9146 4.9146 0.3912 

3 ZNB10 5.379 27.608 2.181 0.040 0.153 1.875 5.8129 4.8129 0.3831 

4 ZNB15 5.182 28.657 2.101 0.042 0.159 1.740 5.9195 4.9195 0.3916 

5 ZNB20 4.960 29.943 2.011 0.043 0.166 1.594 5.9244 4.9244 0.3919 

 

IV. CONCLUSIONS 

 
 From the XRD studies The glasses of composition xNa2O-15ZnO- 20Bi2O3- (64−x) B2O3- 1EuO shows that 

the investigated samples are amorphous in nature. 

 From (DSC) thermograms we confirm that it is glass. From DSC plots, and calculated transition temperature 

shows that the Tg is decreasing with increase in the content of Na2O, and hence decreasing melting temperature. 

  The FTIR studies revealed that, in the glass matrix, various borate groups are randomly interconnected typical 

borate groups like ortho borate glasses were observed. From FTIR spectra it is also evident that present glasses consist 

of pyro, ortho BO3 and octahedral BiO6 structural units and with increase of Na2O content the intensity of absorption 

peaks is decreasing (fig.6) hence we can say that these glasses are more transparent with more content of Na2O.  

 From the optical data the evaluated values of optical band gap energy (Eg) matches with the values of optical 

band gap energies 𝐸𝑜𝑝𝑡  calculated from ASF method. The UV-Vis absorption band is studied and the variation of 

Urbach energy (ΔE) with Na2O concentration is varying non- linearly with increase of Na2O contents.   
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