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Glasses of composition xBi2O3-(83-x) B2O3-15Na2O-2MnO2 with  

(x =0, 5, 10, 20 and 25 mol %) have been prepared by conventional melt 
quench technique. Characterization of the prepared samples has been achieved 
by X-ray diffraction (XRD), density and optical measurements. The XRD 
patterns of all the samples showed broad humps typical for amorphous systems. 
Density and molar volume have been determined and it is found that both are 
increased with increasing of Bi2O3 content. The effect of Bi2O3 content on the 
optical absorption spectra was investigated in the wavelength range190-
1100nm.The fundamental absorption edge has been identified where it exhibits 
red shift by increasing Bi2O3 content and band tail width follow opposite trend. 
The optical band gap (Eg) values of the investigated glasses are found to lie in 
the range 2.40 – 1.90 eV whereas the values of (ΔEe) lie in the range 
0.66 – 1.436 eV. Some other physical properties also reported. 
  

1. Introduction 

Boric oxide, B2O3, is one of the most important glass formers and flux 
materials [1-4]. It is a particularly suitable optical material because of its high 
transparency, low melting point, high thermal stability, different coordination 
numbers, easy for fabrication, shaping and mass production [5-7]. 

 
Bismuth oxide, Bi2O3, cannot be considered as network former because of 

the small field strength of Bi3+ ion, however in combination with B2O3, glass 
formation is possible in a relatively large composition range [8-10]. Borate 
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glasses containing Bi2O3 exhibits high refractive index, large polarizability and 
high optical basicity. So it has potential applications in the field of glass 
ceramics, optical and electronic devices, thermal and mechanical sensors, smart 
windows and superconducting materials [11-17].  Manganese ions have strong 
effect on glass properties such as optical, magnetic and electrical properties [18]. 

 
The present work  aims to study the effect of replacement of  B2O3 with 

Bi2O3  content on the physical properties such as density, molar volume, optical 
behavior in xBi2O3-(83-x)B2O3-15Na2O-2MnO2 with  (x = 0, 5,10,20 and  
25 mol %) glassy system. 
 

2. Experimental 

2.1. Glass Preparation 

The glass system under investigation has the general formula: 
xBi2O3-(83-x) B2O3-15Na2O-2MnO2 with (x = 0, 5, 10, 20 and 25mol %) have 
been prepared by conventional melt-quenching technique. Analytical grade 
chemicals of Bi2O3, H3BO3, Na2Co3 and MnO2 were used in preparation. 
Appropriate quantities of the chemicals were mixed in agate mortar and melted in 
an open porcelain crucible in a programmable electric furnace at the temperature 
range 1000-1100°C for 1 hour depending on glass compositions. The mixture 
was shaken frequently to ensure the homogeneity. The molten liquid was 
quenched in air by pouring onto a preheated brass plate to avoid breaking of the 
samples due to thermal strains and pressing it quickly with another brass plate. 
The glasses were then immediately transferred to another furnace kept at 300oC 
and annealed for 3h in order to eliminate the internal mechanical stress produced 
by rapid cooling of the melt to room temperature. Apart of the prepared samples 
were selected and polished carefully with fine emery paper in order to study their 
optical properties. 
 

2.2. Glass Characterization 

The amorphous nature of all samples was firstly examined by X-Ray 
diffraction (XRD) at room temperature using nickel- filtered Cu-Kα radiation, 
Philips PW3050/60 diffractometer. 

 
The densities of the glass samples were measured by applying 

conventional Archimedes method with toluene as the immersion liquid (ρ0 = 
0.868 g/cm3) and a single pan electric balance. The density (ρglass) was calculated 
using the formula [19]. 
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                                  (1) 
 

 
where, ρ0 is the density of the liquid, ρ is the density of the glass sample, Wair and 
WL are the weight of the glass in air and liquid respectively. The molar volume 
(VM) was calculated according to the relation [14]. 
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where, Mw is the molecular weight of the glass samples. Density data were used 
to estimate the oxygen packing density (OPD) by using the formula [14]. 
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                                  (3) 

 

where n is the number of oxygen atoms per unit formula. The ionic concentration 
(N) of Mn ion can be obtained through [20]. 
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where x is the mole fraction of transition metal oxide, NA is the Avogadro's 
number. Obtained values were used to evaluate other related physical properties: 
 

         Polaron radius, rp (A°) =  3/1)6/(2/1 NΠ                         (5) 
         Inter ionic distance, r i (A°) = 3/1)/1( N                                       (6) 

         Field strength, F (cm-2) = 2/ prZ                                                   (7) 
 
2.3. Optical Measurements 

The optical absorption spectra of the glass samples were recorded at room 
temperature using (JENWAY 6405 UV/Vis Spectrophotometer) in the 
wavelength range (190 - 1100 nm).        
 

3. Results and Discussion. 

XRD patterns of the prepared samples are shown in Fig.(1), the patterns 
show no sharp peaks but broad humps indicating the amorphous nature of the 
prepared samples. 

                                                                                                    

The density and molar volume are strongly related to the glass structure, 
distribution of the structural units, compactness, cross linking. The atomic 
weight of the constituents play principle role in determining the above mentioned 
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parameters. Thus, replacement of light elements by heavy ones in the glass can 
cause an increase in the density that may show a linear dependence on the 
compositions [17]. The estimated values of the measured density (ρ) as well as 
the calculated molar volume (VM) are listed in Table1 and shown in Fig.(2). The 
obtained results reveal that, the density increases from 2.17 to 4.74 g/cm3, and 
the molar volume increases from 31.64 to 35.34 cm3/mol. as the Bi2O3 content 
increases at the expense of the B2O3 content as shown in Fig.(2). The increase in 
the density by increasing Bi2O3 content is most likely related to the replacement 
of B (atomic mass 10.811) by Bi (atomic mass 208.98). Generally the molar 
volume showed; follow opposite pattern to that of density. However, in many 
cases both follow one common pattern where both increases or decreases by 
changing the composition. In the present system density and molar volume 
increases by increasing Bi2O3 content. This can be accounted by considering that 
we have two competing factors, the atomic weights and the number of non-
bridging oxygen (NBO) which leads to increase in the molar volume i.e. 
formation of open structure. This behavior was reported earlier for many glass 
systems [13,14,17]. The variation of density, molar volume and oxygen packing 
density, ionic concentration of Mn ion, inter ionic distance, polaron radius and 
field strength with Bi2O3 content are shown in (Figs. 2–6) respectively and listed 
in Table (1). It is evident that the oxygen packing density (OPD) decreases with 
increasing of Bi2O3 content. In this respect the obtained values of oxygen packing 
density is consistent with the above explanation. This indicates that the structure 
becomes less tightly packed and the degree of disorder increases as Bi2O3 content 
increased. This behavior is consistent with results observed in reference [14, 21].               
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Fig.(1): XRD spectra of the prepared samples. 
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             Fig.(2): Variation of density (ρ) and the molar volume (VM) with composition of Bi2O3. 
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              Fig.(3): Variation of oxygen packing density (OPD) with composition of Bi2O3. 
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Fig.(4): Variation of Mn ion concentration (N) with composition of Bi2O3. 

0 5 10 15 20 25

5.55

5.60

5.65

5.70

5.75

5.80

Bi2O3 content (mol%)

   
 P

ol
ar

on
 ra

di
us

 (r
p) (

o A
)

6.0

6.1

6.2

6.3

6.4

6.5

Fi
el

d 
S

tre
ng

th
(×

10
14

 c
m

-2
)

 

 Fig.(5): Variation of Polaron radius (rp) and Field strength (F) with composition of Bi2O3. 
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Fig.(6): Variation of interionic distance (ri) and Field strength(F) with 

composition of Bi2O3. 
 
Table ( 1): Physical properties of xBi2O3-(83-x) B2O3-15Na2O-2MnO2 glassy 

system .          
Glass Sample Physical property X=25 X=20 X=10 X=5 X=0 

167.90 148.08 108.45 88.63 68.81 Average molecular weight,M (g) 
4.74 4.37 3.38 2.79 2.17 Density, ρ(gm/cm3) 

35.34 33.84 32.07 31.66 31.64 Molar volume, VM (cm3) 
75.81 79.18 83.55 84.62 84.68 Oxygen packing density, OPD(g-atom/l) 
3.40 3.55 3.75 3.80 3.80 Mn ion concentration, N(x1020  ions/cm3) 
5.76 5.68 5.58 5.56 5.56 Poloron radius, rp(Å) 

14.31 14.11 13.86 13.80 13.80 Interionic distance, r i(Å) 
6.00 6.18 6.41 6.46 6.46 Field strength, F(x1014 cm-2) 
1.90 1.94 2.08 2.28 2.40 Optical energy gap, Eg(eV) 
1.43 1.37 1.10 0.82 0.66 Urbach energy, ΔEe(eV) 

 
3.2. Optical absorption studies 

 The optical absorption spectra of all the samples in the wavelength range 
190–1100 nm are displayed in Fig.(7). The absorption coefficient α (υ), below 
and near the edge of each curve was determined using the relation [22].                

                                                                                                                                                          
                                                  (8) 
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where Io and I are the intensities of the incident and transmitted beams, 
respectively, A is the absorbance and d corresponds to thickness of each sample. 
The factor ln (I0/I) is the absorbance. The relation between α (υ) and the photon 
energy of the incident radiation, hυ was interpreted by Davis and Mott and can 
be written in general form as [22]. 

 

 (9) 
          

where B is constant called band tailing parameter, Eg is the energy of the optical 
band gap, n depends on the type of transition (direct or indirect) taking the values 
n=2, 3, 1/2, 1/3 which corresponding to indirect allowed, indirect forbidden, 
direct allowed, and direct forbidden transitions respectively, n depends also on 
nature of the material (crystal or amorphous). For amorphous materials, indirect 
transitions are valid according to Tauc relation i.e. the power part n=2. By 
plotting (αhυ)½ as a function of photon energy hυ, the optical energy band gap 
(Eg) can be determined by extrapolating the linear region of the curve to the (hυ) 
axis where (αhυ)½ =0 as shown in fig.8.The estimated values are listed in 
table1.The relation between α (υ) and Urbach energy (∆Ee) is given by the well 
known Urbach relation [22]. 
 

       E/exp[h  )( e  ]∆= υαυα o                                      (10)  
 

where α0 is constant and ∆Ee is usually interpreted as the width of the tail of the 
localized states in the band gap and hυ is the incident photon energy. Urbuch 
plots Fig.( )9 are the plots where the natural logarithm of absorption coefficients,  
ln α, is plotted against photon energy, hυ. The values of Urbach energy (∆Ee) 
were calculated by determining the slopes of the linear portion of the curves and 
taking their reciprocals. The values of ∆Ee are listed in table1. 
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Fig.(7a): Spectral behavior of the xBi2O3-(83-x) B2O3-15Na2O-2MnO2 glassy system 
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Fig.(7b): Spectral behavior of the xBi2O3-(83-x) B2O3-15Na2O-2MnO2 glassy system 
(a) Transmission (b) Absorption. 

 
Fig.(8): Tauc's plots for xBi2O3-(83-x) B2O3-15Na2O-2MnO2 glassy system 

 
Fig.(9:) Dependence of ln (α) on (hυ) for xBi2O3-(83-x) B2O3-15Na2O-

2MnO2 glassy system 
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Fig.(10): Variation of optical band gap (Eg) and band tail width (ΔEe) with 
composition of Bi2O3. 

 
 

From the analysis of optical absorption spectra it is found that optical 
absorption edge is not sharply defined which agree with the non-crystalline 
nature of the prepared samples. Fig.(9) reveals the indirect transition in the 
involved absorption mechanism, which is expected seen in glasses. The lake of 
translation symmetry leads to the fact that the wave vector is not good quantum 
number i.e. is not conserved. In the present glass system, the shift of the 
absorption edge or cutoff wavelength to longer wavelength and the decrease of Eg 

to lower energies with increase in Bi2O3 content are related to the progressive 
increase in the concentration of non-bridging oxygen (NBO) atoms. This increase 
in turn gives rise to a possible decrease in the number of (B–O–B) bridging 
oxygen. The shift is attributed to the structural changes due to the replacement of 
B by Bi. It is possible to assume that as the cation concentration increases, the 
bridging oxygens (BO) develop bonds with Bi3+ which in turn lead to the gradual 
breakdown of the glass network. This breakdown seems to account for the 
decrease in the Eg value, i.e., edge shifts to longer wavelengths, as Bi2O3 content 
is increased. Such a decrease in Eg can thus be attributed to decrease in the 
photon- assisted indirect transitions. A plot of Eg and ΔEe against Bi2O3 content 
are shown in fig.10.It is observed that Eg and ΔEe follow opposite trend where 
the addition of Bi2O3 increases the degree of disorder.   
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4. Conclusions 

The glass system under investigation has the general formula: 
xBi2O3-(83-x) B2O3-15Na2O-2MnO2 with (X=0, 5, 10, 20 and 25 mol %) and 
has been prepared by conventional melt-quenching technique. The prepared 
samples have been examined by different techniques including XRD, density and 
optical absorption spectra. The obtained results allow concluding that: 
•   The XRD data confirm the amorphous nature of the prepared samples. 
• It is observed that the density (ρ) increases with increasing Bi2O3 content. 

This increasing in density is mainly due to the difference in the atomic masses. 
The molar volume (VM) increases with increasing Bi2O3 content. Such 
unexpected results can be attributed to the formation of non-bridging oxygen 
(NBO) i.e. formation of open structure. The larger values of the radii and 
bond length of Bi2O3, compared to those of B2O3, resulted in a formation of 
excess free volume, which increase the overall molar volume of the glasses 

• The oxygen packing density (OPD) decreases with increasing of Bi2O3 
content. This indicates that the glass network becomes less tightly packed and 
the degree of disorder increases as Bi2O3 content increases. 

• The optical band gap energy (Eg) decreases with increasing of Bi2O3 content. 
This may be attributed to the formation of non-bridging oxygen (NBO). It is 
observed that (ΔEe) increases with increasing Bi2O3 are due to the addition of 
Bi2O3increases the disorder of the glass system. 
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