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ABSTRACT  

Glasses with the chemical formula 52B2O3 – 12SiO2- 26Bi2O3 – (10 − 𝑥)TiO2 - 𝑥Y2O3, : (0 ≤ 𝑥 ≥ 10), the melt-quench method was used to prepare this glass system. The purpose of 

this article is to investigate the spectroscopic features of these glasses. The nature of the glass 

system has been investigated using X-ray diffraction analysis. In the current article, the molar 

volume acquired decreased while the density and refractive index increased. In the current 

article, Y2O3 plays an important role and impacts the spectroscopic characteristics of 

the samples accordingly. For all the present glasses, the optical bandgap is found to be in the 

semiconducting range. The optical bandgap enhances as Y2O3 rises, while Urbach energy 

reduces. Molar Refractivity, molar polarization, polarizability, and optical basicity decrease 

with increasing Y2O3 content. Wemple and Didomenico principles were used for calculated the 𝐸𝑜 and 𝐸𝑑 dispersion. The significance of the Y2O3 modifier in the glass system signifies 

proved.  
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1. Introduction 

Due to the importance of glass materials containing many transition metal ions (TMI) 

for many applications, these glasses have existed intersected over the past few years. In 

specific, the glass based on B2O3 and SiO2 has become common among a wide variety of glass 

systems, keeping in mind its glass status, transparency, and a variety of physical and chemical 

properties. The B element can transform its coordination number between 3 and 4 with oxygen 

supplying by modification of metal cations [1-5]. Due to their unique properties such as 

hardness, transparency, UV-transmission ability, and corrosion resistance, SiO2-B2O3 glasses 

were investigated for many years. B2O3- SiO2 glass modified with Bi2O3 is characterized by its 

excellent optical, mechanical, radiation, and electrical properties [5-12]. 

The physical characteristics of the glass change based on its formulation and can be 

linked with the network structures and interatomic forces. Glasses with higher levels of 

bridging oxygen (BOs) have a more compact glass framework and high elastic moduli. 

Introducing Y2O3 to SiO2 - B2O3 glasses provide chemical stability durability, a vast 

compositional variety of glass forming, and increased transmission with promising properties 

reported. The presence of trivalent oxide like Y2O3 in borosilicate glass exhibits dual nature as 

former or intermediate in the glass network. These glasses obtained noticed to withstand 

atmospheric moisture and are accept a good quantity of doping transition metal (TM) or rare-

earth (REs) [13-17]. 

Glasses doped intermediate oxides such as TiO2 and Y2O3 have specific mechanical 

and optical characteristics such as hardness, elastic moduli, and higher refractive index [15-

21]. It is also significant to observe that the inclusion of Y2O3 improves the capability of UV 

transmission, enhances thermal stability and chemical durability. The emergence of Y2O3 into 

the glass network improved the glass's mechanical, thermal, and crystallization characteristics. 
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Because of their excellent conductivity, these samples in ionic terms, it is probable to use them 

in UV optics, solid-state batteries, and radiation protection. These glasses have a higher 

refractive index and less photon energy than other glasses. The significant development of 

B2O3 – SiO2 – Bi2O3 – TiO2 – Y2O3 glasses is extremely important in both science and 

technology. The creativity of this research paper is reflected in the structural, 

and optical characteristics of B2O3 – SiO2 – Bi2O3-TiO2 glass undoped and doped with Y+3 ions. 

2. Methodology 

Five glass samples in Table 1 with the nominal compositions 52B2O3 – 12SiO2 – 

26Bi2O3- TiO2- Y2O3, prepared using the solid-state conventional method. By melting together 

specific weights of B2O3 in the form of H3BO4 (Merck), SiO2 (Aldrich), Bi2O3 (Merck), TiO2 

(Merck), and Y2O3 (Merck) in an open porcelain crucible. H3BO4 converted into B2O3 after the 

H2O evaporation process throughout the melting in porcelain crucibles. Thus, it is possible to 

estimate the required amount of oxide to match the chemical formula used by knowing the 

molecular weight of H3BO4, and B2O3. The porcelain crucible with the blend was kept at 650 

°C for 45 minutes to decrease the tendency to volatilize. The furnace temperature programmed 

to rise to the melting temperature at 1150 °C and kept for 50 minutes. To remove internal 

stresses, the melting glass was cast in a clean stainless-steel mold and annealed at 400 °C. 

 The status of manufactured glasses was checked using a Philips X-ray diffractometer 

(model PW/1710). Densities of samples quantified by Archimedes method. 𝜌 = 𝜌0 ( 𝑀𝑀−𝑀1) 

where M and M1 are the weights of samples in air and fluid, the glass density is ρ and the 

density of toluene is 𝜌0 (0.865 g.cm-3). Molar volume can evaluate as 𝑉𝑚 =  𝑀𝜌   where M average 

molecular weight of the glasses.  The optical spectra were obtained at wavelengths ranging 

from 2700 to 200 nm using a (JASCO V-670 spectrophotometer - Japan). 

3. Results and Discussions 

3.1. XRD 
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  XRD characteristic of B2O3-Bi2O3-SiO2- TiO2 - Y2O3 glass with a wide hollow band at 

2θ° between (20° - 30°) demonstrated in Fig.1, which signifies the amorphous status of the 

glass. The width of the small mound differs from one sample to another but is not no indications 

of the crystalline phases have displayed in all the glasses. 

3.3 Physical Studies  

Different factors, such as chemical constituents and internal structure have affected the 

density of 52B2O3 – 12SiO2 – 26Bi2O3-(10 −  𝑥) TiO2- 𝑥Y2O3, 𝑤ℎ𝑒𝑟𝑒 𝑥: (0 ≤ 𝑥 ≥ 10) glass 

system. Its values are in the range 4.213–5.07 g/cm3 for different glass compositions and follow 

a linear trend. The density of these samples increases with an increment in the content of Y2O3. 

This observation because of the high Y2O3 density (5.03 g/cm3) relative to TiO2 (4.23 g/cm3) 

and the high Y2O3 atomic mass (225.81) relative to TiO2 (79.866). The emergence of Y2O3 in 

a glass matrix enhances the structural network by raising the oxygen level, resulting in the 

transformation of BO3 into BO4 units, and may also another reason lead to an increase in glass 

density. In the science of glass, the molar volume also plays an important role. The reduction 

in molar volume could be related to the formation of bridging oxygens that reduce the voids 

within the configuration. The density and molar volume of B2O3-Bi2O3-SiO2- TiO2 - Y2O3 

glasses are exemplified in Fig. 2. 

Field strength 𝐹𝑖  of these samples were evaluated by: 𝐹𝑖 = 𝑚𝑟𝑝2       (1)     

𝑟𝑝 = 12  ( 𝜋6𝑁 )13    (2) 

Where 𝑚 average coordination number, and 𝑟𝑝 polaron radius. 

The molar refractivity 𝑅𝑚  as  bandgap 𝐸𝑜𝑝𝑡., molar polarizability (∝𝑚), and Reflection loss  𝑅𝐿, were evaluated by: 
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𝑅𝑚 =  𝑉𝑚(1 − √𝐸𝑜𝑝𝑡./20)    (3) ∝𝑚= ( 34𝜋𝑁) 𝑅𝑚      (4)  

𝑅𝐿 = (𝑅𝑚𝑉𝑚)    (5) 

The criterion for metallization, electronegativity (χ), electron polarizability ∝ °, and optical 

basicity  ∧ predicted as:  𝑀 = 1 − 𝑅𝑚𝑉𝑚     (6)   𝜒 = 0.2688𝐸𝑜𝑝𝑡.    (7) ∝ ° = −0.9 𝜒 + 3.5   (8) ∧= −0.5𝜒 + 1.7     (9) 

 Because of the decrease in molar volume, the values of (𝑅𝑚) (∝𝑚) and (𝑅𝐿) decrease with Y+3 

while 𝑀 increased.   As Y+3 increases, do the electronegativity (χ) values increase. ∝ ° and ∧ 

have the inverse value of (χ) so, ∝ ° and ∧ decrease with Y+3. These data can signify recorded 

in Table 2. 

3.3 Optical studies 

Optical absorption spectra are one of the most useful tools for determining the electronic 

structure of glasses [22-25]. Fig. 3 demonstrates the absorption (A) and transmittance (T) of 

glass system. These observations were used to evaluate the optical band gap and Urbach energy 

in the 200–2700 nm. The absorption coefficient of these samples is illustrated in Fig. 4. ∝= (2.303|𝑑) ∗ 𝐴   (10) 

Where 𝑑  thickness of glass sample. As a result, Y2O3 is to take responsibility for 

enhances of BO. 

3.3.1 Calculations of optical bandgap (𝐸𝑜𝑝𝑡.) and Urbach energy 𝐸𝑢 

According to Tauc's concept [26], bandgap energies for direct and indirect transitions are 

determined by: 
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 𝛼ℎ𝜈 = 𝐶(ℎ𝜈 − 𝐸𝑜𝑝𝑡)𝑠    (11) 

where C is a transition probability parameter and 𝑠 is an index with values of 0.5, and 2 for 

direct allowed and indirectly allowed. Figs. 5 and 6 demonstrate the relationship between 

(𝛼ℎ𝜈)1/2, (𝛼ℎ𝜈)2, and (ℎ𝜈) for as-prepared glasses. 𝐸𝑜𝑝𝑡.𝑑𝑖𝑟
, and 𝐸𝑜𝑝𝑡.𝑖𝑛𝑑𝑖𝑟  for the investigated glasses 

were calculated from the intercepts of the straight as Figs. 5 and 6. Table 2 displays the obtained 

data values. We realize that adding Y2O3 to the glass enhances the bandgap energy. The glass-

free Y2O3 (G 1) is characterized by 𝐸𝑜𝑝𝑡. = 2.08, and 2.12 eV, but with the lower concentration 

of Y2O3 G2 (𝐸𝑜𝑝𝑡.= 2.2, and 2.26, the 𝐸𝑜𝑝𝑡. starts increasing until high content of Y2O3 G 5 

(𝐸𝑜𝑝𝑡.= 2.74, and 2.8 eV). This increasing trend in bandgap may be associated with an increase 

in bridging oxygen (BO) in the samples. With a TiO2 replaced by Y2O3, because of an 

increasing trend in bridging oxygens (BOs), structural units, and interconnection of modifier 

oxide tetrahedral increment, while non-bridging oxygens (NBOs) reduce. It denotes a reduction 

in the number of donor centers in the glass network, resulting in an increase in optical bandgap 

energy and, as a result, a shift in the absorption edge to a lower wavelength. As a result, 

may attribute the increase in 𝐸𝑜𝑝𝑡. to the addition of Y2O3. Because of the addition of Y2O3 to 

the glass matrix, YO6 and YO4 units may alternate with BO4 in the glass, resulting in a decrease 

in the number of bonding defects and NBOs. 

Urbach energy 𝐸𝑢 of samples has predicted as: 

  ∝0 𝑒𝑥𝑝 (ℎ𝜐𝐸𝑢 )   (12)   
Figure 7 exemplifies the logarithm of absorption coefficient as a function of energy for 

determining the Urbach energy (𝐸𝑢). 𝐸𝑢 owns the differing correlation described among their 𝐸𝑜𝑝𝑡. values. As shown in Fig. 8, and table 2 the Urbach energy decreases while the bandgap 

energy increases as Y2O3 rises. This is attributed to the fact that adding Y2O3 into the glass 

matrix tends to cause the creation of bridging oxygens, which reduces disorder. 

3.1.2 Refractive index (𝑛𝐷) 
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𝑛𝐷 of manufacturing glasses calculated as:  

 𝑛 =  (1− 𝑅)2+𝑘2(1+ 𝑅)2+ 𝑘2    (13)                                      where k = /4, and 𝑅 reflectance of glass 

samples shown in Fig. 9. 𝑛𝐷 of synthesized glasses is shown in Fig.10, and it was discovered 

that the𝑛𝐷 of the studied glasses rises as density tends to increase. It confirmed that there is a 

significant correlation between density and refractive index, i.e., the higher 𝑛𝐷 values are the 

denser in this article.  

3.1.3 Dispersion parameters 

Molar Refractivity 𝑅𝑚, molar polarization ∝𝑚, polarizability, and optical basicity (˄) given 

by: 

 𝑅𝑚 = ⟨𝑛2 − 1|𝑛2 + 2⟩𝑉𝑚      (14)  ∝𝑚= (3|4𝜋𝑁)𝑅𝑚                     (15)  

∝02−= [𝑉𝑚2.52(𝑛2  −1𝑛2+2 )−∑∝𝑐𝑎𝑡]𝑁𝑜2−            (16)      

𝛬 =  1.67 (1 −  1∝02−)                (17)       

These concepts are exemplifying in Figs. 9, 10, and 11. According to the outcomes of 

these glasses, these constructs appear to decrease with increasing Y2O3 content. Molar 

polarizability is proportional to molar volume, according to Lorentz-Lorenz principles. As a 

result of the change in molar volume denoting that these samples are less polarized with the 

increase in Y2O3, the 𝑅𝑚, ∝02−, and 𝛬 of glasses decrease. 

Wemple and Didomenico calculated the 𝐸𝑜 and 𝐸𝑑 dispersion [27-30].   𝑛2  −  1 =  𝐸0  𝐸𝑑𝐸0 2 − 𝐸2      (18)  

Figures 12 show (n2−1)-1 with λ-2, 𝐸𝑜 and 𝐸𝑑 predicted from the slope and intercept. It was 

stated that as Y2O3 increased, so did 𝐸𝑜 and 𝐸𝑑.  𝐸𝑜𝑝𝑡, (𝑛𝑜), 𝜀∞, (𝜆𝑜), and (𝑆𝑜) calculated 

as:  
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  𝐸𝑜𝑝𝑡 = 𝐸𝑑2      (19)   

𝑛0 =  √1 + 𝐸𝑑𝐸0       (20)   

𝜀∞ = 𝑛0  2      (21)  

𝑛2  −  1 =  𝑆0  𝜆021 − (𝜆0𝜆  )2       (22) 

Where 𝐸𝑜𝑝𝑡, (𝑛𝑜), 𝜀∞, (𝜆𝑜), and (𝑆𝑜) are bandgap, static refractive index, oscillator 

wavelength, and oscillator strength. These components are found in Table 3. It was stated that 

as Y2O3 increased, these components increased. 

Figures 15&16 demonstrate a refractive index (direct and indirect) according to [31-35]. The 

linear and non-linear bandgaps caused a small deviation in the (n). Moreover, dielectric and 

the static dielectric constant (𝒐 , and ∞) were calculated as follows: 

 𝒐 = −33.26876 + 78.61805𝐸𝑔 − 45.70795𝐸𝑔2 + 8.32449𝐸𝑔3    (23)  

  ∞ = nAV2     (24)  

Tables 4&5 show various optical constraints (∞), (o),  𝜒(1), (𝜒(3))  and (𝑛2)   as a function 

of linear and non-linear 𝐸𝑜𝑝𝑡. 

4. Conclusions 

The influence of varying Y2O3 content on the structure of spectroscopic properties of yttrium 

bismuth titanate borosilicate glasses with the form 52B2O3 – 12SiO2- 26Bi2O3 – (10 − 𝑥)TiO2 

- 𝑥Y2O3, 𝑤ℎ𝑒𝑟𝑒 𝑥 = 0, 2, 6, 8, 𝑎𝑛𝑑 10 mol % have illustrated in this investigation. XRD 

measurements evaluated the amorphous status of the glasses. In the current article, the molar 

volume acquired is reduced while the density is increased. In the current article, Y2O3 plays an 

important role and impacts the spectroscopic characteristics of the samples accordingly. The 

acquired values for optical bandgap (𝐸𝑜𝑝𝑡.) indirect and direct, and Urbach energy (𝐸𝑢), 

demonstrated that increasing the bridging oxygens in the glass network leads to an increase in 
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𝐸𝑜𝑝𝑡. and a decrease in 𝐸𝑢, which is connected to decreasing disorder. Molar Refractivity, 

molar polarization, polarizability, and optical basicity decrease with increasing Y2O3 content. 

Wemple and Didomenico principles were used for calculated the 𝐸𝑜 and 𝐸𝑑 dispersion. 
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Figures

Figure 1

XRD of the studied glasses.



Figure 2

Density and molar volume of the prepared samples versus Y2O3 concentration in mol %.



Figure 3

Optical absorption spectra of the prepared glasses



Figure 4

The absorption coe�cient of the prepared glasses



Figure 5

Variation of (αhν)1/2 as a function of (hν) for studied glasses.



Figure 6

Variation of (αhν)2 as a function of (hν) for studied glasses.



Figure 7

Variation of ln(α) as a function of hν for the prepared glasses.



Figure 8

Evolution of bandgap energy (eV) and Urbach energy (eV).



Figure 9

Re�ectance spectra of the prepared glasses



Figure 10

Refractive index of the prepared glasses



Figure 11

Molar refractivity of the prepared glasses.



Figure 12

Electronic polarizability of the prepared glasses.



Figure 13

Optical basicity of the prepared glasses.



Figure 14

Plots of (n2−1)−1 against λ−2 of the prepared glasses.



Figure 15

Refractive index of Moss, Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & Singh and Average (n)
according to indirect bandgap for glass samples.



Figure 16

Refractive index of Moss, Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & Singh and Average (n)
according to direct bandgap for glass samples
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