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ABSTRACT 
Zinc barium borate glasses with composition (65-x) B2O3-10Na2O-10Al2O3-10ZnO-5Li2O-xBaO with (0 ≤ x ≤40 % mol) 
have been prepared using melt quenching technique. 

 The density, molar volume and the optical absorption studies revealed that the optical band gap energy (Eopt) and Urbach 
energy increase with the increase of BaOcontent.This is mainly due to the increased polarization of theBa

2+
 ions and the 

enhanced formation of non-bridging oxygen (NBO). The IR studies indicate that these glasses are made up of [AlO6], 
[BO3],[BO4], and [AlO4] basic structural units.  
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1-Introduction 

There has been an increasing interest in the synthesis, structure and physical properties of heavy metal oxide (HMO) 
glasses due to their high refractive index, high infrared transparency and high density [1]. Glasses based on heavy metal 
oxide such as BaO have wide applications in the field of glass ceramics, layers for optical and electronic devices, thermal 
and mechanical sensors, reflecting windows, etc. [1, 2]. Glass materials are one of the possible alternatives to 
concrete because they can be transparent to visible light and these properties can be modified by composition and 
preparation techniques.Binary alkali and alkaline borate glasses R2O-B2O3 (R = Li, Na, Ba, etc.) have been studied 
extensively by several authors [2, 3]. Addition of BaO to borate network stabilizes the glasses [4,5].The structure of 
the borate glasses is not a random distribution of [BO3] triangles and [BO4] tetrahedral, but a collecting,of these 
units to form well-defined and stable borate groups such as (diborate, triborate, tetraborate, etc.), that constitute 
the random three-dimensional network [6].Borate glass is a suitable optical material for rare earth ions with high 
transparency, low melting point, high thermal stability and good rare earth ion solubility [7, 8]. The purpose of the 
present work is to study the dependence of several structural and optical properties on composition via infrared 
spectroscopy, optical spectroscopy and refractive index measurements. 

2–Experimental techniques and theoretical calculation 

The glass samples of the chemical composition (65-x) B2O3-10Na2O-10Al2O3-10ZnO-5Li2O-xBaO where (0 ≤ x ≤40 
mol. %)havebeen prepared from purechemicals in a powder form by using the melt quenching technique. Each 
batch weights was melt in porcelain crucibles by placing them in an electric furnace for at least 2 hours, at 1100 

0
C 

till a homogeneous mixture was formed. Themolten mixturewas quickly poured into preheated stainless steel mold. 
The quenched glasses were annealed at 400 

0
C toreducethermal stress, and cooled down to the room 

temperature. All glass samples were cut and polished in suitable shape for additional studies. The thickness of each 
sample was measured by a micrometer at room temperature. 

      The X-ray diffraction technique was used to check for possible crystallinity of the samples after quenching and 
annealing. XRD measurements were also performed, using Philips X-ray diffractometer PW/1710 with Cu-Kα 
radiation with angle 2ϴ ranging from 10 to 80 degrees. The glass sample was used in the form of very fine 
homogeneous powder and a thin flat layer inserted in the path of X-ray beam. The air scattering was avoided by a 
suitable applied arrangement of XRD system. The receiving and divergence slits were properly chosen in both 
small and large 2ϴ-ranges, in order to improve the qualities of data collected as it could as it possible. 

Densities of the samples were measured by using Archimedes principle with toluene as immersion liquid. The density was 
calculated by using the relation[9]  

                                  ρ =   
wt a

wt a−wt liq
x ρliq(1) 

Where ρ is the density of glass sample, wta is weight of glass sample in air, wt liq is weight of glass sample in 
toluene and ρ liq is the density of toluene, (ρliq =0.866 gm/cm

3
 at room temperature). 

The molar volume Vm is defined as the volume occupied by unit mass of the glass samples. The molar volume of a 
glass is given by the relation [10]  

Vm= ∑ (M/ρ)                                                       (2) 

Where M is the total molecular weight of the multi-component glass system. 

FTIR measurement withA computer assisted double beam spectrophotometer (JASCO Corp.,V-
570,UV/VIS/NIR)was used to record thereflectance (R) and transmittance (T). The resolution limit of 
thespectrophotometer is equal to 0.5 nm. The accuracy of measuring reflectance and transmittance is ± 0.002. The 
measurements were carried out at room temperature in the range (190-1500)nm.  FTIR Measurements were 
performed for solid polished sample in the wavenumber range (4000-400 cm

-1
)at room temperature  using Vertex 

series FTIR spectrometer (Bruker optics),while the UV was measured by (JASCO V-570).  

optical spectra over wide range of photon energy is very useful technique for understanding the basic mechanism 
of optically-induced transitions in crystalline and amorphous materials, as well as providing information about the 
band structure. Measurement of the optical absorption coefficient (α) near the fundamental absorption edge is  
particularly a standard method for the investigation of optically induced electronic  transitions in many materials. 
The optical absorption coefficients (𝛼) are evaluated from the optical transmittance (𝑇), reflectance (𝑅), and 
thickness “𝑡” of the samples using the relation: 

                                            α =
𝟏

𝒕
𝒍𝒏  [

(𝟏−𝑹)

𝑻
](3)                       

Two types of optical transitions, (i.e. direct and indirect), occur at the absorption edge [11, 12]. Optical band gaps 
were calculated using absorption spectra for direct and indirect transitions for all prepared glass samples.  The 
absorption coefficient, α, as a function of the photon energy, E, can be described by the relation [13] 

αE = B( E-Eopt)
n                                             

    (4) 

Where (n=1/2) the allowed transition, B is a constant and Eopt is the direct optical band gap. Relation (5) is also 
used for the indirect transitions. In that equation, (n=2) the allowed transition, B is a constant and Eopt is indirect 
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optical band gap.For lower photon energies E lying between 10
2
 and 10

4
 cm

−1
. The absorption coefficient 

characterize as a function ofUrbachenergy can be expressed as follows: 

α = α0exp (E/ΔΕ)                                                   (5) 

Where α0 is a constant, E is the photon energy and ΔΕis the Urbach energy.The Urbach energy is interpreted as 
the width of the tail of the localized energy states in the band gap. The above relation can be expressed as follows: 

     Ln α = (E/ΔΕ) - const                                            (6) 

The plots of natural logarithm of the absorption coefficient (α) versus photon energy (E) are called Urbach plots . 
Urbach energy values (ΔΕ) were calculated by taking the reciprocals of the slopes of linear portion in the lower 
photon energy region of these curves as stated with relation (6) [14] 

5– Results discussion 

5.1. X-Ray diffraction analysis 

The prepared glass samples were investigated by means of X-ray diffraction in order to confirm the amorphous 
state of the samples. The obtained XRD diffraction patterns are as shown in Fig.1. The displayed pattern confirms 
that the prepared samples are completely amorphous. 

Fig. (1): XRD patterns at room temperature for three selected glass samples. 

5.2-Density and Molar Volume 

The density increases linearly with BaO content as has been illustrated in Fig. 2. The increase in the empirical 
density was also depicted in the same figure, for comparison. It is obvious that the empirical density values are 
higher than those obtained experimentally. This increase may be can be taken as evidence for the homogeneity of 
the glassy state of the prepared glass samples [[15, 16 and17]. 

 

Fig. 2. Experimental and empirical densities versus BaO content 
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Fig. 3. Experimental and empirical Vm versus BaO content 

The values of molar volume also increase linearly with BaOcontent in the glass system as shown in Fig. 3. It is 
obvious from this figure that the rate ofincreases of the (Vm)expis higher than that of the (Vm)emp , which can be 
also taken as evidence for the homogeneity of the glassy state of the prepared glass samples.This increase in 
molar volume would have been possible only if BaO plays a role in the network formers. Thus, variation of molar 
volume in the present investigation suggests that the BaO are acting as network modifiers rather than network 
formers [18] 

5.3- FTIR Study 

 Infrared spectroscopy has proved to be an important tool for the investigation of structure and dynamics of 
disorder materials. IR spectra of materials may help to get the idea of the nature of vibration in a disorder 
system[19]. The near-infrared region extending from 4000 to 2000 cm−1 comprises the absorption bands due to 
vibrations of water, hydroxyl (OH) groups. The FTIR absorption spectra of all the glass samples are displayed in 
Fig.4,   The broad band at ~1398 cm

−1
 can be attributed to B–O− stretching vibrations of BO3 units that exist in the 

form of various groups such as meta, pyro and ortho-borates [20].Thebroadening of this peak indicates formation of 
pyro-borates at the expense of metaborates which in turn caused decrease in NBOs.The broad band ~861 cm

−1
 

may be due to combination of stretching vibrations of B–O bonds in tetrahedral BO4 units such as tri-, tetra-, 
pentaborate groups and vibrations of AlO4 structural units. [23] The AlO4tetrahedrons may enter the glass network and 
alternate with BO3 units. 

 

Fig.4: FTIR spectra of (65-x) B2O3-10Na2O-10Al2O3-10ZnO-5Li2O-xBaO, glass system. 
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The sharp absorption band ~690 cm
−1

 indicates B–O–B bending vibrations of borate network [20] and the vibration 
of bridged oxygen, which connects the two trigonal boron atoms [21].The change in the coordination state of boron 
due to the change in modifier oxide content variation in the structural units BO 3 triangles, BO4  tetrahedra, non-
bridging oxygen atoms, and other structural groupings present in the glassnetwork.The vibrational sub band due to 
AlO6 structural units is located at about 452 cm

−1
. [22] 

5.4-Optical Properties 

Optical transmission spectra as a function of BaO concentrationat room temperature in the wave length region 200 -
2600 nm are shown in Fig 5. Due to the homogeneous distribution of BaO in the prepared glass matrices, all glass 
samples are transparent.The optical transmission edge is not sharp and extended over wide wavelength range, in 
consistence with the amorphousnature of the prepared glasses. 

From eq.5, by plotting (αE)
1/2

 and (αE)
2
  as a function of photon energy(E) Figs.6 and 7. The optical band gaps for 

indirect and direct transitions could be found. The respective values of Eopt were obtained by extrapolating to 
(αE)

1/2 
=0  for indirect transitions and (αE)

2
 =0 for direct transitions [23]. From the Figs. it is clear that the 

absorption edges were not sharp which is an indication of amorphous nature of the samples. The increase in 
optical band gap in the present glass system indicates decease in nonbridging oxygen content since the bridging 
oxygen (BOs) atoms are less excited than NBOs. Hence, with increasingBaO content in the glass, the number of 
non-bridging oxygen ions decreased [24]. The increment in optical band values means that there are less tails in 
the localized states. The variation in the optical bands with increasing BaO in the glass matrix is small and 
therefore rigorous structural changes might have not occurred in the glass network as has been illustrated in Figs. 
8, 9 and table 1. 

The values of Urbach energies (ΔE) for all test glasses were calculated by taking the reciprocals of the slopes of the linear 
portion in the lower photon energy regions of lnα versus E (hƲ) as shown in Fig. 10.The obtained result concerning the 
optical band gaps for direct and indirect transitions and the Urbach energies are given in table 1. Theoptical band 
gaps for direct transitions of the samples vary between 4.609–4.834 ev and vary between 3.135–3.219ev for 
indirect transitions and the value of the width of the tails of localized states (ΔE) varied between 0.231 and 0.927 
ev.  

 

Fig.5:Optical transmission spectra of three selected glass samples. 
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Fig.6:(αE)
1/2
∼E variations of glass samples.           Fig.7:(αE)

2
∼E variations of glass samples. 

 

Fig.8: indirect Eg∼ Ba%.                                   Fig. 9:direct Eg∼ Ba%. 

 

Fig.10: Ln (α) ∼E variations of glass samples. 
 
 

 



ISSN 2347-3487                                                           

3196 | P a g e                                                    D e c e m b e r  1 5 ,  2 0 1 5  

 

Table 1. Direct and indirect optical band gaps, Urbach energies of glass samples. 

Sample no.  Eopt (direct) (eV) Eopt (indirect) (eV) ΔΕ (eV) 

1 4.609 3.135 0.389 

2 4.638 3.163 0.231 

3 4.764 3.177 0.631 

4 4.777 3.190 0.681 

5 4.834 3.219 0.927 

 

CONCLUSION 

(65-x) B2O3-10Na2O-10Al2O3-10ZnO-5Li2O-xBaO with (0 ≤ x ≤40 % mol.), glasses have been prepared and their 
optical properties are investigated. Densities and energy bandgaps are discussed in terms of the glass composition and 
structure. From the present obtained data it isclear that as BaO contentincreased both the density and molar 
volume values increased. The comparison between the experimental and empirical density and molar volume 
values proved that all the glass samples are in amorphous glassy phase.FTIR spectra of the present glass system 
indicate that B2O3and Al2O3 acts as network former and exists in mainly [BO3] and[AlO4]structural groups, where 
BaO acts as glass network modifiers. The increase in the optical band gap in the present glass system indicates 
decrease in non-bridging oxygen content since the bridging oxygen (BOs) atoms are less excited than NBOs. 
Hence, with the increase in BaO content in the glass, the number of non-bridging oxygen ions decreased. 
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