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ABSTRACT

The aim of this study is to investigate the infrared spectra of Li,O-
B,O3 glasses doped with modifier ions ZnO, CaO and CdO.
Glasses with composition 30 Li,0-10 MO-60 B,O3; doped Modifier
ions (where MO=ZnO, CaO and CdO) were prepared by using the
melt quenching technique. Differential scanning calorimetry in the
temperature range 30-750 °C reveals that homogenous glasses are
formed and glass forming ability is more in ZnB glass samples.
FTIR spectra in the wavelength range 400-4000 cm™ reveals the
presence of BO; and BO, units in the glass network by
introduction of modifier ions.

Keywords: Differential scanning calorimetry, Infra-red spectra,
Borate glasses, melt quenching method.

INTRODUCTION

Glasses are super cooled liquids, transparent, and
amorphous in nature. They are inorganic product of fusion
which has cooled to a rigid condition without any
crystallization. The main distinction between glass and
crystals is the presence of long-range order in the crystal
structure [1]

The credit of first successful attempt to categorize the
materials into glass formers and non-glass formers goes to
Zachariasen [2]. He prepared the glasses with five oxide
materials which were the only known glass formers by
themselves: SiO,, GeO,, B,0; As,O; and P,0s. In
addition, these oxides can also form glasses when mixed up
with other oxides (up to certain percentage) which were not
by themselves glass formers. Basing on these glasses
Zachariasen proposed certain rules which an oxide should
obey if it has to form a glass. The latest rules after Cooper
[3] objections to original rules are

i. A high proportion of glass network forming cations is
surrounded by oxygen tetrahedra or triangles.

ii. The oxygen polyhedra share only corners with each
other.

iii. Some oxygen atoms are linked to only two
cations, and do not form additional bonds with any other
cations.

Basing on these rules, a continuous random network for a
glass can be constructed. As per these rules, the oxides of
the type AO, A,O should not form glasses, and the rules are
satisfied only for oxides of the type A,0; AO, and A,Os.
Presence of oxides such as A" (example Li*, Na*, K" etc.),

A" (example Ca**, Pb%*, Zn®*, Cd** etc.) other than A*" and
A* are known as network modifiers. Li,O, Na,O, K,0,
ZnO, CaO, CdO are some of the basic examples of
modifiers in glass network. These modifiers break up the
continuous network by introducing non-bridging oxygens.
A third group of oxides known as intermediate class of
oxides also exist which by themselves not readily form
glasses but do so when mixed with other oxides; such
oxides are known as network modifiers. The examples of
this group are TeO,, WO3, M0Os3, Ge,03, Al,O3, Ga,03 and
V,0s. Excellent reviews and articles on the topology of the
glass by Vanvotert [4], Elliott [5], Polk [6], Egamin [7],
give the useful information.

During the last few decades a large variety of inorganic
glasses have been developed with an attempt to achieve
suitable electrical and optical characteristics. These
characteristics are associated with the improved physical
properties such as electrical resistance, mechanical strength,
glass transparency, IR transmission performance and their
ability to accept more rare-earth ions as luminescent centers
for their use in glass laser technology. Work along these
lines was carried out on a number of glasses giving valuable
information [8-15]. Investigations on electrical properties
such as dielectric properties and dielectric breakdown
strength of glasses help to have an idea over their insulating
character. Investigations on the optical properties such as
optical absorption, IR spectra, and luminescence can be
used as probes to throw some light on the structure of these
glasses.

The boric acid (B,0s) is used in the present study since
it is one of the good glass formers and can form glass alone
with good transparency, high chemical durability, thermal
stability and good rare-earth ion solubility [16]. Among the
three modifier oxides chosen to mix in the present glass
system, viz., CaO, ZnO and CdO; ZnO is expected to
shorten the time taken for solidification of glasses during
the quenching process. Both ZnO and CdO are thermally
stable and appreciably covalent in character [17]. Addition
of alkaline-earth oxide CaO into these glass matrices is
expected to increase the resistance of the glasses to the
moisture [18]. The glass containing Li,O as network
modifier was seen as bubble free, highly stable and
moisture resistant, suitable for a systematic analysis [19].

Infrared spectroscopy (IR) is an important tool for
understanding the structure and dynamics of amorphous
materials. It is also used to assign the observed absorption
peaks to the proper vibration of the atoms in geometric
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grouping. The spectra of many solids variables can affect
the absorption peaks, and the assignment of vibration peaks
of the atoms is very difficult. Usually, the method of
repeated occurrence is followed in analyzing the IR
spectrum of solid materials [20,21]. In this spectroscopy,
the nature of the light matter interaction is not same as in
Raman spectroscopy, and the fundamental differences of
the two processes determine the selection rules, which
control Raman or IR activity of normal mode of vibrations.
Interaction of IR radiation with a normal mode of vibration
only occurs when the electric field of radiation oscillates
with same frequency as instant dipoles caused by atomic
vibrations. A normal vibration is therefore, IR active only
if a change in the dipole moment of the vibration occurs
and is a one photon process, as only photon is absorbed
[22].

I. MATERIALS AND METHODS

The following modifier ion doped glasses in mole% are
prepared by using standard melting and quenching
techniques and used for the present study. [23-25].

ZnB : 30 Li,0-10 Zn0-60 B,0,,
CaB : 30 Li,0-10 Ca0-60 B,03, and
CdB : 30 Li,0-10 CdO-60 B,0s,

Appropriate amounts of raw materials ZnO, CaCOj
CdO, H3BO; and Li,COs; were thoroughly mixed and
grounded in an agate mortar and melted in a platinum
crucible. The chemicals used in the work were of high
purity (99.9%). These compositions were heated in a PID
temperature controlled furnace at 450 °C for 2 hour for the
decorbonization from CaCO; and Li,CO; and then the
temperature maintained within the range 1000-1050 °C and
kept the melt at this temperature for an hour till a bubble
free liquid was formed. The crucibles were shaken
frequently for the homogeneous mixing of all the
constituents. The resultant melt was poured on a
rectangular brass mould held at room temperature. The
samples were subsequently annealed at glass transition
temperature in another furnace to remove mechanical stress
and were polished.

The density ‘p’ of these glasses was determined by the
standard principle of Archimedes’ using xylene (99.99%
pure) as the buoyant liquid. The glass transition
temperatures Ty and crystallization temperature T, of these
glasses were determined (to an accuracy of + 1 °C) by
differential scanning calorimetry (DSC) traces, recorded
using universal V23C TA differential scanning calorimeter
with a programmed heating rate of 15 °C per minute in the
temperature range 30-750 °C.

Infrared transmission [IR] spectra for these glasses
were recorded using a Perkin Elmer Spectrometer in the
wavenumber range 400-4000 cm™ by KBr pellet method.

1. RESULTS B
The density and the average molecular weight M values
of all samples were measured and presented in the Table 1.

Table 1
Various physical properties of Li,O-MO-B,0; glasses
Property/ Glass ZnB CaB CdB
Refractive index, ny 1.517 1.519 1.523
Density, p (g/cm”) 2.181 2.415 2.799
Average molecular | ¢ 051 | 46.017 | 46.028
weight, M

Our visual examination, absence of peaks in X-ray
diffraction spectra, existence of glass transition temperature
Ty and crystallization temperature T in differential thermal
analysis curves, indicate that the glasses prepared were of
amorphous in nature.

Fig.1 represents the thermograms of pure Li,O-MO-
B,O; glasses; the glass samples ZnB, CaB and CdB
exhibits an endothermic effect due to the glass transition
temperatures Ty at 553 °C, 544.7°C, 537 °C respectively.
Presence of single transition temperature Tg in each glass
sample indicates homogeneity of the glasses. At still higher
temperatures an exothermic peak T. due to the crystal
growth followed by an endothermic effect due to the re-
melting of the glass symbolized by T, are observed. The
glass forming ability (Hruby’s) parameter Ko = (T¢-Tg)/(Tr-
Te) is calculated, which gives the information about the
stability of the glass against devitrification [26,27] are
evaluated and presented in Table 2.

Fig. 2 represents IR spectra of the pure Li,O-MO-B,0;
glasses. The infrared transmission spectra of pure Li,O-
MO-B,0; glasses exhibit three groups of bands: (i) in the
region 1336-1378 cm™, (ii) in the region 939-992 cm™ and
(iii) a band at about 710 cm™. It is well known that the
effect of introduction of alkali oxides into B,Os glass is the
conversion of sp® planar BO; units into more stable sp®
tetrahedral BO, units and may also create non-bridging
oxygens. Each BO, unit is linked to two such other units
and one oxygen from each unit with a rare earth ion and the
structure leads to the formation of long tetrahedron chains.
The second group of bands is attributed to such BO, units
whereas the first group of bands is identified as due to the
stretching relaxation of the B-O bond of the trigonal BO;
units and the band at 710 cm™ is due to the bending
vibrations of B-O-B linkages in the borate network [28-31].
When the glasses are doped with MO, the intensity of the
second group of bands (band due to the trigonal BO, units)
is found to increase at the expense of first group of bands
(bands due to tetrahedral BO3 units) with the increase of
atomic number of modifier ions with the shifting of meta-
centres of first and second group of bands, respectively
towards slightly lower and higher wave number for all the
glasses. The summary of the data on the positions of
various bands in the IR spectra of Li,O-MO-B,0; glasses
are presented in Table 3.
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Table 2 Data on differential scanning calorimetric studies of Li,O-MO-B,0; glasses.
Glass T, (FO) T (°0) Tn(C) | ToMm | (Te-Tg)(C) (Te-T)/ Tm Ka
ZnB 553.0 636 686.7 0.805 83.0 0.121 1.637
CaB 544.7 625 681 0.800 80.3 0.118 1.434
CdB 537.0 613.8 678 0.792 76.8 0.113 1.196
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Figure 1: Regular CSLA Circuit

Table 3 Peak positions (cm™) of IR spectra of Ln** doped Li,0-MO-B,0; glasses.
Glass Band d_ue to B-O bor_1d Band d_ue to B-O bor_1d Band_due to B-O-B linkage
stretching in BO; units stretching in BO, units in borate network
ZnB 1378 939 710
CaB 1352 979 710
CdB 1336 992 710
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IV DISCUSSION

The Li* ions have closed structure, do not have energy
levels within 10 eV of the ground state and hence these
ions do not participate directly in luminescence but may act
as activator ions [32]. The action of X-ray irradiation on
glasses is to produce secondary electrons from the sites
where they are in a stable state and have an excess energy.
Such electrons may traverse in the glass network depending
upon their energy and the composition of the glass and are
finally be trapped, thus forming color centers (or
alternatively they may form excitations with energy states
in the forbidden gap). The trapping sites may be the
modifier ions which constitute the glass structure, ions of
admixtures to the main composition and the structural
defects due to impurities in the glass. Thus this process
leads to the formation of 1) boron electron centers, 2) non-
bridging oxygen hole centers and 3) boron oxygen hole
centers [33-35].

It is well known that the effect of introduction of alkali
oxides into B,Os is the conversion of sp? planar BO; units
into more stable sp® tetrahedral BO, units and may also
create non bridging oxygens. Each BO, unit is linked to two
such other units and one oxygen from each unit with a metal
ion and the structure leads to the formation of long chain
tetrahedron. The presence of such BO, units in the present
glasses is evident from the IR spectral studies.

V. CONCLUSIONS

Finally our studies on properties of Li,-B,03 glasses doped
different modifier ions indicate that i) Differential scanning
calorimetric studies indicate high glass forming ability is for
CdB glass. ii) The IR spectral studies indicate relatively less
disorder in ZnB glass network.
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