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ABSTRACT 

 
Glass system of (80-x)B2O3-10Al2O3-10SiO2-xCaF2 (where x=5, 10, 20, 30 and 
40 mol.%) were prepared by melt-quenching method and checked using 
XRD technique which reveals the amorphous state of these systems. Density 
and molar volume were measured. Increases in density from 2.156 to 2.809 
(g/cm3) were observed with an increase in CaF2 content. Fourier transform 
infrared spectroscopy (FTIR) spectral study was investigated using 
deconvolution quantitative analysis. Ultraviolet-Visible (UV-VIS) absorption 
spectra were also measured using polished parallel surfaces glass samples. 
These glasses showed a decrease in the optical band gap (Eopt) from 3.40 to 
2.91 eV and an increase in the localized states tails (∆E) from 0.21 to 0.35 eV 
with increasing in the CaF2 content. The overall results suggested that CaF2 
content in glass samples played a role as a network modifier in the system. In 
addition, a correlation between the results from density, UV-VIS and FTIR 
measurements ensured the conclusion that changing in the atomic structure 
were due to the formation of BO4 units. 
 
Keywords: Oxyfluoroborate glasses/X-ray diffraction/Density/FTIR/UV-VIS.  

 
INTRODUCTION 

 
    The technological relevance of glasses has led to increased efforts to resolve their 
structures to gain deep insight into the structure–properties relationship that can be exploited 
for the design of new materials. The structure and properties of oxide glasses containing 
fluorine ions are important owing to their potential applications in the fields of infrared fiber 
optics, laser windows and multifunctional optical components. Also, the spectroscopic studies 
have shown that these glasses can be considered as promising candidates for electro-chemical 
applications such as power sources, especially in the field of solid state batteries(1). Fining 
agents such as calcium fluoride are added to the glass mixture to remove bubbles from the 
melt(2).  
 
      Borate glass, based on B2O3 network as opposed to the SiO2 network for silicate glasses, 
may provide an alternative bioactive glass for biomedical applications(3). Pure borate glass is 
mostly made up of a random network of boroxyl units with boron in three-fold co-ordination 
(BO3). CaO enters the glass network structure in the form of a network modifier(4), by 
producing four-fold coordinated boron (BO4) via cross-linking the planar triangles and tighten 
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or strengthen the network(5). The fraction of N4 (BO4 units) is strongly affected by changing 
the modifier content(6), so by increasing in non-bridging oxygens lead to open the network 
structure and the durability decreases. Borosilicate glasses have high thermal conductivity, 
high glass-transition temperature, good chemical durability, low phonon energy and can be 
used as infrared window materials(7). Furthermore, the addition of alumina to borate glasses is 
known to enhance the chemical durability and it has been a popular practice to add alumina in 
small amounts for obtaining good chemical resistance(8). According to our knowledge, no 
report has been published on optical study for (80-x) B2O3-10Al2O3-10SiO2-xCaF2 glass 
systems where x=5, 10, 20, 30 and 40 mole %. Our aim was to study the structure of our new 
glass systems through optical properties and then testing the use of such systems in various 
technological applications and dosimetrical purposes.   
 

2. EXPERIMENTAL TECHNIQUE 
 
1. Glass preparations 

   
      Glasses of the system (80-x) B2O3-10Al2O3-10SiO2-xCaF2, where x=5, 10, 20, 30 and 40 
mole % were prepared by the melt-quenching technique. Required quantities of Analar grade 
of B2O3, Al2O3, SiO2 and CaF2 were mixed together by grinding the mixture repeatedly to 
obtain a fine powder. The mixtures were melted in a platinum crucible in an electrically 
heated furnace under ordinary atmospheric conditions at a temperature of about 1200-1300 0C 
for 1 h to homogenize the melt.  
 
      The glass formed by quenching the melt on a pre-heated stainless-steel mold was 
immediately transferred to annealing furnace. It was annealed at 400 oC (this was below the 
glass-transition temperature) for 2 h and then the furnace was switched off to cool to room 
temperature at a rate of 20 °C/h.  
 
      The starting composition, melting temperatures of samples are summarized in Table 1, 
where the weight losses were found to be less than 0.4%. Glass system is symbolized by 
BASC and for an example; BASC5 refers to BASC of 5 mole% CaF2 and so on. The 
amorphous nature of the prepared glasses was examined by X-ray diffraction using Brukur, 
Germany.  From the X-ray diffraction analysis there is no evidence of crystallization was 
detected (see Fig. (1)). 
 
Table (1):  Details of prepared compositions with corresponding furnace temperatures. 
 
Sample 
code 

B2O3 
(mole%) 

Al2O3(mole%) SiO2 
(mole%) 

CaF2 
(mole%) 

Furnace temp. 
(0C)  

BASC5 75 10 10 5 1300  
BASC10 70 10 10 10 1250 
BASC20 60 10 10 20 1250 
BASC30 50 10 10 30 1200 
BASC40 40 10 10 40 1200 
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2. Density, D, and molar volume, Vm, measurements  

           Density measurements were carried out using Archimedes method with toluene 
as an immersion liquid at room temperature. Four samples of each glass were used to 
determine the density. The density values were reproducible within ±0.02 g/cm3. 
The molar volume (Vm) was calculated using eq. (1). 

(1)m
MV
D

=  

 
 
 

 
Fig. (1): XRD patterns of our prepared BASC glass systems. 

 
3. Infrared absorption spectra measurements 
 

      IR absorption spectra of the studied glasses were recorded at room temperature using KBr 
disc technique. Nicolet IR200 FT-IR Madison Spectrometer, Thermo Fisher Scientific, USA, 
was used in a wavenumber range between 400 and 4000 cm-1 with a resolution of 2 cm-1. At 
least two spectra for each sample were recorded. Infrared spectra were corrected for the dark 
current noises and background using the two points baseline correction.  
 
  The IR spectra were normalized by making the absorption of any spectrum varies from zero 
to one arbitrary unit. Such normalization was necessary to eliminate the concentration effect 
of the powder sample in the KBr disc. 10 mg of each sample was mixed with 1000 mg of KBr 
in an agate mortar.  
 
4. Optical absorption spectra measurement 
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The optical absorption spectra in the visible and near ultraviolet region were recorded at room 
temperature. These curves were traced for highly polished glass samples of 3mm thickness 
using a UV/VIS double beam spectrophotometer (T80), Beijing Purkinje General Instrument 
Co., Ltd, in the wavelength range of 320–1080 nm. 

 
RESULTS AND DISCUSSIONS 

 
1.Density and Molar Volume measurements  

 
     The variations of the density and molar volume with mol % of CaF2 are shown in Fig. 2, 
where a good linearity behavior was obtained. Fig. 2 shows an increase in D values (2.15-
2.80 g/cm3) with increasing CaF2 content which is probably attributable to the effect of 
replacing the lighter boron cations (A=10.81) by the heavy calcium cations (A=40.08). The 
density factors are then based upon the mass contribution per added/substituted atom in 
accordance with additives relationships. In contrast, the molar volume, Vm, showed a 
decrease with increasing CaF2 content. 
 
1. Infrared measurements  
 

     Infrared absorption spectra of the studied glasses are shown in Fig. 3, where all the spectra 
are shifted upwards with respect to each other for the sake of clarity. The absorption bands 
arise from overlapping of different component bands. Each absorption band can then be 
deconvoluted and each resulted component is related to some types of vibrations in a specific 
structural group(9). A component is characterized by (1) its center (C), (2) its relative area (A) 
and peak height (H). A and H are proportional to the concentrations and vibrations of 
respective bonds (10). Fig. (4) displays the deconvoluted infrared spectrum for the BASC5 
sample, as an example.   
 
      Gaussian fitting was the best for each IR band component and the C, A and H parameters 
were extracted and represented in Table 2. From deconvoluted spectra, the following group 
bands (K1, B31, B32, B33, B34, B41, B42, B43, W1, W2 and W3 (see also Fig. 4)) were extracted:- K1 
(494-577 cm-1) which attributes to Al2O3 that enters the glass network mainly as both AlO6 
octahedral in modifying position and as AlO4 tetrahedral groups(11). B31 (689-705 cm-1) which 
is attributed to bending of B–O–B linkages in the borate network(12). B32 (1242-1288 cm-1), 
B33 (1357-1392 cm-1) and B34 (1477-1507 cm-1) are attributed the stretching vibrations of B–
O−   bond BO3 units (13). B41 (777–866 cm-1), B42 (912–978 cm-1) and B43 (1070-1091 cm-1) are 
attributing to the stretching vibration of B–O bond of BO4 units (14). W1 (1603-1679 cm-1), W2 
(1917 cm-1) and W3 (2215 cm-1) are attributed to OH bending that gives rise to absorption in 
this region and the possibility of some adsorbed water (15).  
       
      Table 2  illustrates again the assignments of IR absorption band resulted from curve 
fitting spectra of Figs. 3 and 4 which has a good agreement between the data of the base glass 
and those from the literature (11,12, 13, 14, 15). The parameters C, A and H in Table 2 can be used 
to calculate the fraction N4 of BO4 units in the borate matrix. N4 can be calculated as the ratio 
of (BO4) concentration units/sum of (BO3) and (BO4) concentration units. Table 2 also 
provides the assignments of the absorption frequencies towards the corresponding types of 
vibrational bands. Accordingly, the network of borate glasses were formed of borate structural 
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units [BO3] and [BO4]. The band centered at around 685 cm−1, appears in all the IR spectra 
were attributed to the B–O–B bending vibration. 
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Fig (2): Density, D, and molar volume, Vm, of BASC glass systems with different CaF2 

content. 

                                          Fig. (3):  IR spectra of BASC (5- 40) of glass systems. 
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Fig.  (4): An example of the resulted deconvoluted peaks for BASC5. 
      

Table 2. Deconvolution parameters from IR spectra using BASC glass systems. 
 

Glass system K1 B31 B41 B42 B43 B32 B33 B34 W1 W2 W3 
C 543 705 866 978 1091 1265 1392 1507 1650 - - 
A 1.69 7.25 10.1 11.7 13.45 11.15 16.17 15.10 18.21 - - 

 
BASC5 

H 0.011 0.047 0.059 0.075 0.089 0.068 0.1029 0.1103 0.077 - - 
C 555 697 801 946 1084 1242 1378 1492 1677 - - 
A 3.95 11.04 7.20 7.53 16.05 14.31 19.26 29.76 13.4 - - 

 
BASC 10 

H 0.02 0.06 0.041 0.043 0.093 0.082 0.11 0.17 0.07 - - 
C 577 689 - 920 1089 1248 1357 1486 1603 - - 
A 5.81 11.9 - 27.5 20.3 14.3 20.55 19.83 45.07 - - 

 
BASC 20 

H 0.027 0.08 - 0.114 0.109 0.106 0.136 0.120 0.128 - - 
C 494 697 - 912 1073 1251 1368 1497 1659 - - 
A 9.12 25.04 - 41.82 33.56 25.97 32.80 38.00 31.84 - - 

 
BASC 30 

H 0.04 0.12 - 0.19 0.18 0.13 0.16 0.20 0.12 - - 
C - - 777 927 1070 1288 - 1477 1679 1917 2215 
A - - 47.89 26.99 50.60 55.13 - 67.92 34.06 22.59 7.79 

 
BASC40 

H - - 0.142 0.149 0.23 0.22 - 0.28 0.13 0.06 0.02 

      The stronger absorption band centered at 907 cm−1 was attributed to the B–O stretching 
vibration of BO4 units in tri, tetra and pentaborate groups.  This is confirming the change in 
the coordination number of the boron atoms from 3 to 4, i.e. the conversion of BO3 triangular 
structural units into BO4 tetrahedra. The band at 1392 cm−1 was assigned to the B–O− 
stretching vibrations of BO3 units. 
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Fig.  (5): Variation of N3 and N4 ratios with changing CaF2 content in the glass 
systems  (lines are drawn as guides for the eye). 

     As shown from Fig. 5 the role of CaF2 as network modifier on N3 [BO3 ratio] and N4 [BO4 
ratio] is clear. N3 is, in general, has higher value than N4 in all studied glass samples. N3 and 
N4 show opposite trends in correspondence to the CaF2 concentration, i.e, if N3 increases 
within a certain range of concentration, N4 shows a decrease and vice versa (see Fig. 5). Thus, 
the borate structural units can be interacting strongly with the calcium structural units as CaF2 
modifies the network of borate glasses (18). The interruption of the borate network by 
transforming BO3 into BO4 with non-bridging oxygens (NBOs) whose linkage is weaker than 
that in [BO4]-. In addition, this can be attributed to the increase in the cross-link density of the 
studied glasses. As shown in Fig. 5, BASC10 has lower N4 then when increasing CaF2 content, 
N4 increased correspondingly that means NBOs decreases making the structure more 
compact.  

3.3. UV-VIS measurements 
     The optical absorption coefficient, α, is related to the intensity of light transmitted out, I, 
of a sample of thickness, t, by this relation: 

α  =    [ln (Iin / I) / t]                                                                 (2) 
where Iin  is the intensity of the incident light on the sample.    The absorption edge as observed 
in the UV region (see Fig. 6) could be divided into two regions depending on the value of the 
absorption coefficient, α for many glassy and amorphous non-metallic materials.  The first 
region, usually known as an Orbach tail(19), which is characterized with α <104 cm-1 and 
depends exponentially on the photon energy, hυ as: 

                                             α (υ)   =   α`(υ) exp (hυ / ∆E )                                          (3) 
Where α`(υ) is constant  and ∆E is the width of the band tails energy. 
 In the second region, where 104 ≤ α (cm-1) ≤ 106 ,  the following relation is obeyed(20): 

                                             α (υ)   =    B [ ( hυ – Eopt )n / hυ ]                                          (4) 
Where B is a constant, Eopt is the optical band gap energy and n is a number which 
characterizes the transition process.  The exponent, n takes the values: 2, 3, 1/2 and 3/2 for 
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indirect allowed, indirect forbidden, direct allowed and direct forbidden transitions, 
respectively.  
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Fig.  (6):  Variations of optical radiation density ,ORD, (arbitrary units) for glass 

systems of different CaF2 content (5-40Mol.%) 
     Values of Eopt were determined for all prepared glasses from the above relation (eq. 4) by 
extrapolating to zero absorption in the (αhυ)1/2 versus hυ plots in Fig.7 (a) and listed in Table 
3. In additions, values of widths of localized states, ∆E, of the indirect gap is calculated from 
slopes of linear portions between Ln α versus hυ as shown in Fig. 7(b) are listed in Table 3 
with Eopt values. It is noticed that Eopt gradually decreases with increasing CaF2 content. This 
means that the CaF2 content affects the optical band gap due to the change of some of the 
bonds. The change in band gap may also arise from the photon-lattice interaction.   
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Fig.  (7):  (a) The variation of (αhυ) 0.5 with photon energy (hυ) (linear extrapolation is 
used to obtain Eopt.), (b) the variation of Ln (α) with photon energy (hυ) all for our  glass 

systems. 
 

Table (3): Variation of optical band gap (Eopt), cut-off wavelength (λcutoff) and width of 
localized states (∆E) with CaF2 mole% using the BASC samples. 

 

Sample code Eopt (eV) λ cutoff (nm) ∆E(eV)

BASC5 3.407 364 0.21 

BASC10 3.293 383 0.25 

BASC20 3.098 405 0.28 

BASC30 2.994 413 0.33 

BASC40 2.917 428 0.35 
 
     The shift of the absorption band to lower energy corresponds to the formation of bridging 
oxygen that changes the absorption characteristics(21). In the present glass system, the possible 
explanation for this shift to a higher wavelength with increasing CaF2 content is the formation 
of bridging oxygen (BO4 units). This is in accordance with our results for density and 
bandgap energy results; that is, the formation of BO4 units at the expense of BO3 units 
with an increase in CaF2 content. 
 
 

2. CONCLUSION 
 

      The increase in D or the decrease in Vm may indicate that the volume of non-bridging 
oxygen (NBO) sites in glass structure produced by CaF2 modifier reach a minimum value at 
equivalent quantity of B2O3. This result is assured by IR quantitative analysis indicated that a 
state fraction N4 (BO4) is increased at the expense of N3 (BO3). Therefore the NBO decreases 
with increasing CaF2 concentration in glass samples. This result can be correlated to that 
extracted from the UV-optical properties study. The optical absorption spectra from UV study 
of our glass systems showed that, the absorption edge is shifted towards the lowest 
wavelength direction with increasing CaF2 content.  
 
     The optical energy gap (Eopt), for indirect allowed transitions showed a decrease with 
increasing the CaF2 content. The studied glass systems obey the Urbach rule due to the 
dependence of the absorption coefficient (α) on photon energy and the indirect band gaps are 
found to be 2.917-3.407 eV.  The value of the width of the tails of localized states (∆ E) 
varied between 0.21 and 0.35 eV depending on the CaF2 content.  
 
     The glass system of low CaF2 concentration makes the network more open due to the 
increasing in NBO sites. The results obtained from the density, FTIR spectroscopy and 
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bandgap energy measurements are in agreement with each other and give approximately the 
similar information about the present glasses. Further studies on these samples will be done to 
study the thermoluminescence properties of these glasses in measuring a wide range of 
gamma and thermal neutron doses. 
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