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ABSTRACT

MgO-incorporated melt-derived glasses of compositions xMgO-10Ca0O-10Sb,03-(80-x)B,03 with molar ratios
x=0,5,10,15,20mol% were synthesized. The basic amorphous structural confirmation was done using X-ray
diffraction analysis of the glass series. Short range order and broad humps were presented in the spectra which is a
characteristic nature of glassy amorphous solids. The increasing trends of density were found as a function of MgO
content. The UV-Absorption spectral analysis on the glass samples revealed that the cut-off wavelength values were
enhanced from 296nm to 363nm with additive MgO content. The Urbach energy values increased, whereas, indirect
band gaps decreased with the entry of modifier MgO molar fraction. The higher refractive index 2.3 of the present
glasses proved the suitability for optoelectronic device applications. The FT-IR spectra revealed the existence of
various structural variations with the incorporation of MgO and showed the creation of NBOs.
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INTRODUCTION
Oxide glasses are widely used for many applications over the other types of glasses. Borate and silicate
oxide glasses are the special glasses exhibiting their efficacy in the current needs of industry and
biomedical applications.!2 Most of the bio-glasses (BGs) are the components of borate and silicate-based
matrix. Due to the consistency of the trigonal and tetrahedral BO3; and BOjs units in the borate-based
glasses and also due to the transparency, brittleness, rigidity, and chemical durability, these are the
prominent and suitable candidates for the optoelectronic device, battery, and tissue engineering
applications. The metal oxide-incorporated borate glasses stood in the front line in terms of the enhanced
properties in dental treatments and bone regeneration applications. In particular, MgO, Ag,0O, ZnO &
CaO-incorporated glassy matrices proved their efficiency for biomedical applications with enhanced
zones of inhibitions. In recent days, the borate glasses glassy matrices have also been used in radiation
shielding applications due to higher densities when it is doped with heavy metal oxides.>> Antimony
oxide acts like a network modifier in the glass network. It is familiar for its higher density, higher
refractive index, and third-order non-linear optical susceptibility. Due to these qualities, Sb203-
containing borate glasses show their efficiency in the fabrication of optoelectronic device applications,
fiber-optics communication systems, and bio-active related applications. Sb* ions influence the glass
network and destroy it, in different ways in the formation of creations of non-bridging oxygens. The role
of MgO in the glass network is as a network modifier. The MgO incorporation into the borate glass
network results in the improvement of biological activity and mechanical properties, and also chemical
durability of the glass networks. Mg*? is a trace component of the human body and also human bone.°
Due to the high melting points and thermal stability of MgO, it exhibits an excellent spectrum of
applications in various fields. CaO-MgO-containing glass-ceramics widely used in industry applications,
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low thermal expansion, super mechanical applications, dental-related applications, fractures-related
applications, etc.” The presence of CaO causes the enhancement of antimicrobial efficiency in the form of
Ca*? ions in the glass network. These ions kill the cells and DNA of the bacterial strains.® The present
work focused on the role of MgO in the structural variations of borate glass network with its molar
contents, the optical characteristics dependency on the MgO content, the effect of MgO on the density-
based physical parameters with consuming boric acid and occupancy with dopant MgO. It also deals with
the structure-composition ratio and its effect on various properties of the glass compositions of the present
study.
EXPERIMENTAL

Material and Methods
The melt-quenching method was adopted for the preparations of the glass compositions as increasing
content of MgO and decreasing content of B,0Os3, whereas, CaO and Sb,O; remain fixed in the glass
composition. The formula of chemical compositions in the stoichiometric ratios selected as xMgO-
10Ca0-10Sb,03-(80-x)B,0O3 with molar ratios x=0,5,10,15,20mol%. The oxide compositions were mixed
in a porcelain crucible and kept in a furnace maintained at 1205°C. After 30 minutes, the powder mixture
was melted and the molten liquid was stirred thoroughly to get uniform mixing. Further, it was poured on
a metal plate and rapidly quenched with a presser. The required glassy samples were formed, and,
annealed to remove the strains at 300°C for 12 hours. The X-ray diffraction studies were done on a Philips
XPert’Pro diffractometer at room temperature in the Braggs angle ranging from 10-80°. The density
measurements were done using Dona digital balance. The optical characteristics were studied in the
wavelength ranges from 200nm-1000nm. The FT-IR measurements were done using the KBr pellet
method in the wavenumber range 400-4000cm™'.

RESULTS AND DISCUSSION
XRD Studies
The X-ray diffraction spectrograms of the MgO-incorporated calcium-antimony borate glasses are
depicted in the Fig.-1. In the spectra, only a broad hump was appeared in the spectra near 28° and also
found in short-range order. The broad humps with lower intensity were found. Even, with the addition of
the glass network modifier also no changes were found in the spectra The results of XRD reveal the
strong amorphous behavior of the glasses selected for the 1nvest1gat10n
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Fig.-1: The XRD Spectra of BSCM Glassy Series Fig.-2: The Variation of Density and Molar
Volume with MgO

Archimedes Method: Density and its Dependent Physical Properties

Archimedes' approach generated the experimental density results as follows. As given in Table-1 the
density of the glass system is increased from 2.72 g.cm™ to 2.94 g.cm™ by the addition of MgO. This
linear increase in density concerning the addition of the MgO may be due to the higher molecular weight
of MgO (3.58 g.cm™) in comparison to that of B,Os (3.11 g.cm™)!° Molar volume of the MgO dopant
glass system is changed from 50.76 cm’/mol to 41.29 cm?/mol and continuously decreases with the
addition of the dopant. This decreased trend showed the reciprocal relationship with the density evaluated
by Archimedes method as shown in Fig.-2. It is also observed that the O.P.D. of the evaluated glass
system has also shown an increase in its value from 55.15 to 58.11 g.atm/l units with the increase in the
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amount of MgO. This increase in O.P.D. may be attributed to the increased number of Non-Bridging
Oxygens which may cause significant changes in the physical parameters of the glass system. The
measured and evaluated values of the physical properties by Archimedes method and derived quantities
are given in Table-1.

Optical Studies

The absorption mode of optical spectra of MgO incorporated glass series is shown in Fig.-3. It was
observed that the cutoff wavelength (A.) increased from 296 nm to 363 nm with the addition of MgO
content. The increase in wavelength of cut-off may be attributed to the formation of NBOs with the

increasing concentration of MgO.'!
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Fig.-3: The UV-Spectra of MgO Glass Series

The highest cut-off wavelength A. value was observed at 20 mol% of the MgO in the glass system. The
formation of BO; units from BOs units occurs as the concentration of MgO rises, increasing the refractive
index and decreasing band gap energies. As the molar content of MgO increased, the Ep (indirect) values
dropped from 4.04 eV to 3.07 eV, as shown in Fig.-4. Table-1 illustrates how the addition of MgO
percentage affected the direct energy band gap of the current glasses, which varied between 4.32 eV and
3.60 eV. As shown in Table, the direct band gap of the glasses under study varied with altering MgO
content, ranging from 4.32 eV to 3.60 eV. Higher refractive index values and a lower band gap energy
will follow from this. Notable changes are happening as the concentration of Mg?" ions grows.'? The
least-square fit of the plots’ straight lines was used to compute the Urbach energies AE as shown in Fig.-
6. The AE was found to be growing and shifted from 0.65 eV to 0.85 eV. In other words, the presence of
NBOs causes the glass network structure to become increasingly random as MgO is added. As the
concentration of the network modifiers increases, structural alterations in the host glass are probably the
origin of this development. The least-square fit of the plots’ straight lines was used to compute the Urbach
energies AE as shown in Fig.-6.
Table-1: Physical & Optical Parameters of MgO Series

Parameter Sample Code
MgO-0 | MgO-5 | MgO-10 | MgO-15 MgO-20

Density (g.cm™) 2.72 2.80 2.86 2.90 2.94

Molar mass (g.mol") 138.09 | 133.92 129.75 125.58 121.41

Molar volume (cm*mol™) (£0.1) 50.76 49.71 45.36 43.30 41.29
OPD (g.atm.17!) (£0.15) 55.15 56.45 57.31 57.73 58.11
Cut off wavelength (nm) (£1nm) 296 312 324 361 363
Indirect energy band gap (£0.01eV) 3.90 3.76 3.54 341 3.37
Direct energy band gap(+£0.01eV) 3.97 4.21 3.85 3.68 3.60
Urbach edge (+0.01eV) 0.65 0.72 0.76 0.80 0.85
Index of Refraction 2.12 2.14 2.19 2.22 2.28
Dielectric constant 4.49 4.62 4.79 4.92 5.29
Reflection loss 0.537 0.546 0.558 0.566 0.588

Molar refraction (cm?/mol) 25.14 24.53 23.66 22.57 22.31
Electronic polarizability (10**cm™) 7.25 7.36 7.42 7.48 7.86
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Fig.-5: Tauc’s Plots of Direct Band Gap Fig.-6: The Urbach Plots of MgO Glass Series

The AE was found to be growing and shifted from 0.65 eV to 0.85 eV. In other words, the presence of
NBOs causes the glass network structure to become increasingly random as MgO is added. As the
concentration of the network modifiers increases, structural alterations in the host glass are probably the
origin of this developing disorder in the glass system.'>!3

With each rise of MgO, an increasing trend for the refractive index and a decreasing trend for molar
refraction were observed. The presence of Sb203 and an increase in the MgO concentration could be the
cause of the higher refractive index values (2.12-2.32). By adding MgO, the electronic polarizability
changed and was discovered to be in the range of 10->*. When MgO was added to the glass network, the
molar refraction fluctuated between 25.14 cm?®/mol to 22.31 cm?/mol and the reflection loss increased,
Fig.-7 shows changes in the energy of the relative refractive index and the indirect band gap as a function
of MgO.

FT-IR Spectra of BSC-Mg- Series

Glass sample series BSC-Mg The 400-4000 cm™! wavenumber range was used to record FTIR spectra.
For glass samples in particular, FTIR spectroscopy is a useful and practical method for determining the
structure and functional groups of molecules. Figure-8 (a-¢) shows the FTIR spectra of the BSC-Mg glass
series, where the percentage of Mg-O content is increasing and the percentage of B»O; content is
decreasing. Peak assignments for the associated stretching frequency of the BSC-Mg series are provided
in Table-2. Antimony and calcium have lower mass numbers than boron, which has a high mass number
in this glass series.'® There are four main stretching vibration peaks visible in the FTIR spectra. Among
these vibration peaks, boron peaks appeared above 500 cm™, or in the mid-infrared range.'”'® The
following is the position of the boron stretching frequency vibrations. This region contained three sizable
peaks: one at 1105 cm™!', which might have been brought on by the BO bonds in BOs stretching
vibrations, and another at 1270 ¢cm™!, which might have been brought on by the B-O bond vibrations in

BOs. B-O-B linkage vibrations were the cause of the large peak that was seen in this area.'>
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Fig.-7: The Variations in Refractive Index and Indirect Band Gap of MgO Incorporated Glass Series
The structure of the Ca-O-containing glass form is CaOs, and stretching vibration peaks were identified

at the 910 cm™! areas; these may be the result of Ca,Os; bending vibrations. The Mg-O bending vibrations
that peak at 400 cm-1 are mostly caused by the Mg?" ion, the lightest metal in this series of borate glasses
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with a structure similar to Mg-O.2"?2 The peak positions of the FTIR spectra are presented in Table-2.
Mg-O molar percentage increases from 0 to 20 in the current glass system, with variations of 5 moles in
the boron antimony glass system. The FTIR band peak positions in the BSC-Mg glass series system were
mostly observed at 395-418 cm™!, 465-472 cm!, 492-512 cm’!, 695-700 cm™!, 793-812 cm!, 1219-1225
cm’!, and 2900-2981 cm™!. For Mg-O vibrations, the first peak's faint peak, which is between 395 and 418
cm’!, corresponds to the Mg-O band. Two strong peaks developed, one at 465-472 cm™ and 695-700 cm’!
which is related to the bending vibrations of B-O-B of BO3 and Stretching vibrations of Sb-O-Sb in Sb-O
linkage respectively, and another at 1219-1225 ¢m!, which is induced by the bending vibrations of the
B-O-B bond in BO; units. Additionally, a large peak appeared, mostly around 1435-1445 ¢cm™', which is

connected to the oxygen ion of the BO3; symmetric unit's bridge stretching vibration .-
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Fig.-8: (a-e) FTIR Fittings of (80-x) B203-10Sb203-10Ca0-XMgO Where x = 0,5,10,15, and 20 mol%
Table-2: FTIR Band Positions of (80-x)B203-10Sb,03-10Ca0-XMgO Where x = 0,5,10,15, and 20 mol%

Characteristic bands Assignment
395-418 cm’! Vibrations of MgO tetrahedral.
465-472 cm’! Bending vibrations of Ca-O structural units
695-700 cm™! Stretching vibrations of Sb-O-Sb in Sb-O linkage
793-812 cm’! Bending vibrations of B-O-B in BO4 units
1219-1225 cm’! Stretching vibrations of B-O in BOj3 units from different borate
groups.
2900-2981 cm’! H-O-H groups.
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CONCLUSION
e The XRD spectra of all the studied glasses revealed the short-range order and lack of periodicity with
the existence of broad humps near Braggs angle 28°.
e The Archimedes principle-based density of MgO-incorporated borate glasses was shown increasing
trends. The molar volumes decreased and it showed the opposite trend when compared to the density.
o The optical spectra data used in the calculations of cut-off, refractive index, Urbach, indirect, and
direct band gap energies.
The increasing trends were found in the cut-off edge, Urbach, and Refractive index.
The decreasing trends were found in the indirect band gap and direct band gap.
The stability of the present glasses proved with the higher refractive index of 2.3.
The higher values of refractive index make the glasses prominent in optoelectronic device
applications.
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