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INTRODUCTION

Fourier transform infrared (FTIR) technique is one of the
most sought spectroscopic tool to probe the structural units
present in the glass matrix. It is one of the most useful experi-
mental techniques providing the information about the arrange-
ment of building structural groups with respect to each other
and types of bonds present in the glass [1]. The IR spectra of
glasses are used to get more information about the presence of
different structural groups. UV-visible spectrum occurs due to the
electronic transition of the molecules for determining the absor-
ption edge and band gap energies of the investigated materials.

When a semiconductor absorbs photon of energy larger
than the gap of semiconductor, an electron in transferred from
the valence band to the conduction band, where there occurs
an abrupt increase in the absorbency of the materials to the
wavelength corresponding to the band gap energy whether
the electronic transition is direct or indirect. UV-visible DRS
help to obtain the optical band gap energies, the experimental
data, assuming direct and indirect band transitions [2]. The
aim of the present work is to investigate the physical, structural
characterization of ternary glass systems with WO3, SiO2 and
Bi2O3 doped with borate are probed by using Fourier transform
infrared spectroscopy and UV-visible spectroscopy measure-
ments. The surface morphological aspects of glass specimen
was also evaluated by scanning electron microscopy study.

EXPERIMENTAL

The chemicals used in the present study for the preparation
of glass specimen were obtained from the standard and compa-
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nies. The glass composition was prepared in mole percentage
(mol %) with increasing content of borate with decreasing
content of Bi2O3 in (B2O3-WO3-Bi2O3) BTB glass systems and
the same with decreasing content of Bi2O3 in (B2O3-SiO2-Bi2O3)
BSB glass systems where the mole percentage increased in
steps of 2 mol % have been prepared by using the conventional
melt quenching technique. The proper compositions were
mixed together by grinding the mixture repeatedly to obtain a
fine powder. The mixture is melted in silica crucible and
melting was carried out under temperature controlled muffle
furnace with occasional stirring. The temperature controlled
furnace was gradually raised to a higher temperature at the
rate of 373K per hour and a glassy structure was noticed at
1303K for BTB glass systems and 1353K for BSB glass
systems, respectively.

Eventually the molten glass melt was immediately poured
on a heavy copper molding block having dimensions 12 mm
diameter and 4 mm thickness kept at room temperature. Then
the glass samples were annealed at 673K for 2 h to avoid the
mechanical strains developed during the quenching process.
Later glass specimen were allowed to cool gradually at room
temperature. The prepared glass samples were polished and
their surface is made perfectly plane and smoothened.

The FTIR transmission spectra of the glass samples were
recorded at room temperature using KBr pellet technique with
a spectrum RX-1 FTIR spectrometer (Perkin Elmer, USA) in
the spectral range 4000-400 cm-1. The prepared glass samples
were thoroughly mixed with dry KBr with the ratio 1:100 mg
glass powder to KBr, respectively. The weighed mixtures were
then subjected to a pressure of 5 tons/cm2 to produce clear homo-



geneous discs. The IR measurements were immediately carried
out after preparing the discs. For UV-visible studies, the glass
samples were finely ground in an agate pestle and mortar. Diffuse
reflectance spectra of the samples under investigation were
taken using UV1600 series Shimadzu spectrophotometer at
room temperature. The relative diffuse reflectance was measured
with BaSO4 powder taken as reference. The morphology of the
samples was examined using scanning electron microscope
with an acceleration voltage of 20 kv and working distance of
20-26 mm at high vacuum (HV) mode. The materials for investi-
gation is hot air oven dried for about 1 h at 110 ºC , then coated
with the help of gold coater using JEOL auto fine coater model
JES-1600, coating time is 120 s,10 mA and deposited with a
thin layer of gold on the sample and later taken for examination.

RESULTS AND DISCUSSION

Fourier-transform infrared studies: The FTIR transmi-
ttance spectra of BTB (B2O3-WO3-Bi2O3), and BSB (B2O3-SiO2-
Bi2O3) glass system were recorded over the range of 4000-400
cm-1 (Fig. 1). The FTIR spectroscopy of borate containing com-
pounds has vibrational modes mainly active in three infrared

spectral regions (i) 1600-1200 cm-1 group of bands which are
due to the asymmetric stretching relaxation of B-O bond of
trigonal BO3 units (ii) bands in the range 1200-800 cm-1 due
to B-O bond stretching of tetrahedral BO4 units and (iii) peaks
around 700 cm-1 due to bending of B-O-B linkages in the borate
networks [3]. The bands in the range 3600-3200 cm-1 are
attributed to the hydroxyl or water groups originating from
molecular water [4]. The key band assignments of all peaks in
BTB and BSB glass systems are reported in Tables 1 and 2,
respectively. The broad bands are due to the overlapping of
individual bands having its characteristic to some type of vib-
ration of a specific structure. The group and its relative area
which is proportional to the concentration of this structural
group. The boron atom in borate glasses is usually coordinate
with either 3 or 4 oxygen atoms forming BO3 (or) BO4 units.
These two fundamental units can be combined to form either
super  structural units or different BxOy groups like boroxol
rings, pentaborate, tetraborate and diborate groups.

In BTB glass system, the increase of B2O3 contents causes
a increasing of the absorbance in the range 1400-700 cm-1

corresponding to more polymerized structural units. This feature
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Fig. 1. FTIR specrum for (a) BTB glass system, (b) BSB glass system

TABLE-1 
BAND ASSIGNMENTS OF BTB GLASS SYSTEM 

System-I: B2O3-WO3-Bi2O3 (BTB-Glass system) 

Wavenumber (cm-1) Band assignment 
557-511 Bi-O and Bi-O-Bi stretching vibrations of [BiO6] octahedral structural units. 
695-689 The band bending vibration of B-O-B linkages of the boron –oxygen network between two trigonal boron atoms in 

BO3 triangles. 
943-931 The stretching vibrations of B-O linkages in BO4 tetrahedra overlapping with the stretching vibrations of WO6 units. 

1336-1324 B-O stretching vibrations of trigonal units. 
3401-2234 Hydroxyl or water group originating from molecular water. 

 
  TABLE-2 

BAND ASSIGNMENTS OF BSB GLASS SYSTEM 
System-II: B2O3-SiO2-Bi2O3 (BSB-Glass system) 

Wavenumber (cm-1) Band assignment 
542-519 Bi-O and Bi-O-Bi stretching vibrations of in [BiO6] octahedral structural units. 
693-685 The bond oxygen network between two trigonal boron atoms in BO3 triangles. 
943-928 The Si-O stretching vibration in SiO4 tetrahedral units with non- bridging oxygen atoms. 

1343-1319 B-O stretching of tetrahedral BO4 units 
3402-2853 The absorption bands due to vibrations of water, hydroxyl (OH). 
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clearly indicates an increasing of the number non-bridge oxygen's.
In particular, the atmospheric moisture is easily absorbed by
the pellet causing the appearance of IR band belonging to H2O
molecules. The IR spectra of the existing structural borate groups
and their arrangement are absorbed to be slightly affected by
the change of glass composition and their intensities also show
minor variations.

The IR peak in the region 557-511 cm-1 may be attributed
to Bi-O and Bi-O-Bi stretching vibrations of [BiO6] octahedral
structural units [5]. As B2O3 is a well known network former
with BO3 structural units and hence its presence of BO4 units
is evident in this glass from FTIR spectral studies. The band
bending vibration of B-O-B linkages of boron-oxygen network
between two trigonal boron atoms in BO3 triangles appear in
the spectra at 695-689 cm-1 for various concentrations [6]. The
present IR spectra showed non-existence of band at 806 cm-1,
which reveals the absence of boroxol rings in glasses and hence
it consists of only BO3 and BO4 groups [7]. WO3 is a metal oxide,
which do not form glasses by themselves but do so readily in
combination with other glass formers like B2O3. Tungsten ions
are well known for their unusual influence on optical and electro-
chemical properties of glasses for the simple reason than the
oxides of tungsten participate in glass network with different
structural units like WO4 and WO6 [8] .

The role of WO3 that induces the well defined band at 943-
931cm-1 from BTB-1 to BTB-6 glass system which is assigned
to the stretching vibrations of B-O linkages in BO4 tetrahedra
overlapping with the stretching vibrations of WO6 units [9].
There is no significant change in position of these bands. The
change in intensity and wave number due to the presence of
W-O-W vibration in the glass network and also due to WO4

units of tungsten. The peak 943 cm-1 is assigned to the stretching
vibrations W-O band associated with WO4 and WO6 units. This
indicates that tungsten enter the glass structure. The peaks at
the range 1336-1324 cm-1 from BTB-1 to BTB-6 glass due to
B-O stretching vibrations of trigonal units [10]. The peak at
3401-2234 cm-1 attributed to hydroxyl or water group origin-
ating from molecular water [11]. The lack of sharp peak is indi-
cative of the general disorder in the borate network mainly due
to a wide distribution of Bi2O3 or WO3 units occurring in this
glass. Bi2O3 is a weak glass former and it participates in the glass
network with triangular BiO3 pyramidal units. All the above
vibration assignments are in good agreement with literature survey
since WO3 in a conditional glass former with the substitution
of WO3 vibrate glass network. The infrared spectra of our second
ternary (B2O3-WO3-Bi2O3) BSB glass system showed that addition
of Bi2O3 causes broad absorption band axis in the region 1100-
850 cm-1. Bands in this region are not observed in the infrared
spectra of pure B2O3 glasses. Earlier studies reporting the partly
role of Bi2O3 as network former in the glass system. Moreover,
Bi3+ posses lone pair electron in the outer most orbit. Thus,
the structural role played by Bi2O3 in silicate/borate glasses is
complicated and imperfectly understood. B2O3 is one of the most
common glass former and is present in almost all commercially
important glasses because of its high strength the ability of boron
exists three and four oxygen coordination environments and
the high strength of covalent B-O bond enables to form stable
glasses.

From the observed bands of the IR spectra, it is clear that
the expected structural units that build the glass network of the
investigated samples are [BiO3] pyramidal, [BiO6] octahedral
and [SiO4] tetrahedral units. On the other hand, Bi2O3 is not a
classical glass former but in the presence of conventional glass
formers like SiO2, PbO and B2O3, a glass network of BiO3 and
BiO6 units may be built [12]. This is because the [BiOn] polyhedra
are highly distorted due to the presence of lone pair electrons.
Also Bi2O3 possess asymmetrical structural units in the crystal
state and it is possible to form bond with different lengths in
distorted polyhedral. Further, Batal [13] have studied the IR
spectra, thermal properties and density values of Bi2O3, SiO2

glasses and observed the sharing of Bi3+ in network glass
structure as octahedral BiO6 groups and the possibility of presence
of BiO3 units. The peak at 519 cm-1 BSB-1 glass shifted to a higher
wave number side as the B2O3 content increases and reaches
at 542 cm-1, and this peak is attributed to the various modes of
Bi-O and Bi-O-Bi stretching vibrations of [BiO6] octahedral
structural units [14]. The bond oxygen network between two
trigonal boron atoms in BO3 triangles appears in FTIR spectra
at 696-685 cm-1 for BSB-1 to BSB-6 glasses [15]. The peaks
observed in the range 943-928 cm-1 are attributed to the Si-O
stretching vibration in SiO4 tetrahedral units with non-bridging
oxygen atoms [16]. B-O stretching of tetrahedral BO4 units appears
in the BSB-1 glass at 1319 cm-1 and in the BSB-6 glass at 1343
cm-1 [17]. The bands located at 4000-2000 cm-1 comprises the
absorption bands due to vibrations of water, hydroxyl (OH) [18].
The peaks at 519, 685, 928 and 1319 cm-1 in BSB-1 glass shifted
to a higher wave number side and the intensity of the peaks
slightly decrease as the amount of Bi2O3 in glass decrease. Hence,
in the present system Bi2O3 and WO3 play the role of both net-
work modifier and former. Consolidating the overall our two
glass systems, the FTIR study eventually confirms the presence
of various contents of borate network.

UV-visible DRS studies: Diffuse reflectance spectroscopy
(DRS) is a simple, but powerful spectroscopic tool to estimate
the band gap energy (Eg) of powder samples unambiguously.
As the technique does not require the sample to be dispersed
in a liquid medium, the material is not contaminated [19]. Band
gap is generally obtained from optical absorption edge energy,
which is defined as the minimum photon energy required to
excite an electron from the highest occupied molecular orbital
(HOMO, at the top of the valence band in semiconductor domains)
to the lowest unoccupied molecular orbital (LUMO, at the
bottom of the conduction band) [20]. Electronic transitions
are of two types viz., direct and indirect. Direct transitions require
only that photons excite electrons, whereas indirect transitions
require vibrations and energy from the crystal lattice (phonons).
Kubelka-Munk (KM) theory provides the theoretical descri-
ptions of diffuse reflectance spectroscopy [21-23]. When the
powdered sample is radiated with light, a portion is regularly
reflected at a powder surface and the remaining enters the powder
and diffuses. As light of particular wavelength is absorbed by
the sample, the measurement of the diffuse reflected light at
different wavelengths yields a spectrum called diffuse reflectance
spectrum. The calculated values of absorption edge or cut-off
wavelengths and band gap energies for BTB and BSB glass
systems are given in Table-3.
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For the prepared two glass systems (BTB and BSB glass
systems), the cut-off wavelength was determined by plotting
a graph between the reflectance (R) in percentage versus wave-
length (λ) in nm as shown in Fig. 2. The reflectance spectrum
of these two glass spectrum are taken in the visible region of
ranging from 200 nm upto 700 nm.

From Fig. 2 and Table-3, one could see that the cut-off
wavelengths decrease for both glass systems and shift towards

TABLE-3 
CUTOFF WAVELENGTH AND BAND GAP ENERGY FOR BTB AND BSB GLASS SYSTEMS 

System-I: B2O3-WO3-Bi2O3 System-II: B2O3-SiO2-Bi2O3 

Band gape Eg (eV) Band gape Eg (eV) Sample Cutoff 
wavelength 

Theoretical values 
of band gap (eV) Direct Indirect 

Sample Cutoff 
wavelength 

Theoretical values 
of band gap (eV) Direct Indirect 

BTB-1 330 3.75 3.35 2.90 BSB-1 318 3.89 3.49 3.11 
BTB-2 327 3.79 3.40 3.04 BSB-2 316 3.92 3.52 3.12 
BTB-3 325 3.81 3.45 3.06 BSB-3 315 3.93 3.56 3.14 
BTB-4 322 3.85 3.46 3.08 BSB-4 314 3.94 3.60 3.16 
BTB-5 321 3.86 3.49 3.10 BSB-5 312 3.97 3.65 3.25 
BTB-6 320 3.87 3.50 3.18 BSB-6 301 4.11 3.68 3.27 
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Fig. 2a. Diffuse reflectance spectra of BTB-1 and BTB-6 glass samples in BTB glass systems
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Fig. 2b. Diffuse reflectance spectra of BSB-1 and BSB-6 glass samples in BSB glass systems

the blue shift of the wavelength i.e. towards lower wavelength
side. The optical band gap in the glass specimen was deter-
mined by using the relationship Kubelka-Munk function [24]
(eqn. 1).

2(1 R)
F (R)

2R

−= (1)

where R is the absolute value of reflectance and F(R) is
equivalent to the absorption coefficient. Using the Kubelka-
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Munk function, the [hν.F(R)]2 was plotted against hν. The
direct band gap energy was calculated by the curve that plots
the value of [hν − (F(R).hν)2] on the horizontal axis hν and
vertical axis (F(R).hν)2 is drawn. A line drawn tangent to the
point of inflection on the curve and the hν value at the point
of intersection of tangent line and the horizontal axis is the
band gap Eg value. The indirect band gap energy was calculated
by plotting [F(R).hν]0.5 versus energy (hν) [25,26] is presented
for BTB and BSB glass systems in Fig. 3.

From the present UV-visible DRS measurements, it is seen
that the band gap values increases around 3.35 to 3.50 eV for
BTB glasses for direct method and 2.90 eV to 3.18 eV for
indirect and similarly for BSB glasses found around 3.49 to
3.68 eV for direct method and 3.11 to 3.27 eV indirect method.
Their anomalous behaviour of the variation in optical band gap
can be explained on the basis of decrease or increase in non-
bridging oxygen (NBO) content in the glass network [27]. From
the evaluated both direct and indirect transitions, it is clear that
the increase of band gap energies observed for both glass systems.
Interestingly in the direct transition the increasing of band gap
energy is seen more distinctly comparing to indirect transition.
Optical absorption is a useful method for investigating optically

induced transition and to get information about the bond structure
and energy gap of non-crystalline materials.

The present investigation through UV-visible study finds
that (i) increasing of band gap energy for both glass systems
and (ii) decreasing of cut-off wavelength. Increasing band gap
suggests a poor rigidity of the glass network after irradiation.
This result further supported by the observed blue-shift of the
cut-off wavelength (towards lower wavelength side) [28]. In
addition, the increasing band gap can be attributed to the decre-
asing of non-bridging oxygen atoms after breaking the bonds
between boron and oxygen atom. For the amorphous materials,
the values of the band gap energy are above 3 eV independent
of the transition types [29]. Our measured direct and indirect tran-
sition values exhibit more than 3 eV, confirming the amorphous
nature of the glass specimen and this increasing of band gap
energy is resulting in decreasing of non-bridging oxygen atoms
in the glassy matrix [30,31]. The increasing band gap can be
attributed that there is an increasing number of energetic electrons
in the glass network with increasing of borate content. This
electronic ionization will increase the electronic transition bet-
ween localized states, so that the band gap increases. It may
also further be interpreted as, for the band gap increase it may
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due to high doped concentrations which causes the broadening
of the impurity band and the formation of bond tails on the edges
of conduction and valence bands [32].

Scanning electron microscopic (SEM) studies: The magni-
fied images of BTB and BSB glasses are shown in Fig. 4. It is
observed that the sample exhibits surfaces without micro-
structure and different sized grain particles are distributed. The
particle (grain) sizes vary in each micrograph and the glass surface
due to the deposition of amorphous apatite, confirming its amor-
phous nature. From Table-3, it is seen that band gap energy values
are comparatively high in SiO2 doped glass system than WO3

glass system indicating that as explained in UV studies. This
attributes poor rigidity in glassy matrix is noticed in BTB glass
system. The SEM analysis found densely packed grains free
from holes, suggested that during glass formation, the presence
of clusters composed of fibers is formed. The glass may consist
aggregates, agglomerates and clusters, which clearly explain the
surface of morphology of glass samples. The prepared glass
samples contain well defined randomly distributed ingrained
in a glassy network. The residual glass phase is acting as intercon-
necting zones making the glass samples free of voids and cracks.

(a)

(b)

Fig. 4. SEM analysis of (a) BTB glass sample and (b) BSB glass sample
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Conclusion

In this work, several glass samples of composition (B2O3-
WO3-Bi2O3) BTB glass systems and (B2O3-SiO2-Bi2O3) BSB
glass systems with ranging from 2 mol % are prepared using
melt quenching technique. The FTIR spectral studies confirms
the presence of various contents of borate glasses samples. The
FTIR spectrum of broad absorption bands identifies the wide
distribution of borate structural units. The effects is attributed due
to the incorporation of WO3 and Bi2O3 contents on the structures
glass samples. The UV-visible study identifies increasing band
gap energies of glass specimen confirming their amorphous
nature and suggesting their nature of rigidity while the SEM
evaluation clearly emphasizes the surface morphology of the
glass specimens.
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