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Infrared Spectroscopy and Raman Scattering

Studies on the Structure of Ag2O. B2O3. TeO2 Glass
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Abstract
Infrared spectroscopy investigation of silver - borate - tellurite glasses in
the system 0.4 Ag2O. 0.6 [x B2O3 . (1-x) TeO2] for various values of x (0 <

x <1) has been performed in order to understand the glass modifying
properties of the TeO2. In pure crystalline TeO2 spectra observed

absorption bands at 780 cm"* and 660cm"* have been ascribed to the
stretching vibrations of Te-O bonds in the TeC^ units.In the glass 0.4

Ag2O. 0.6 [x B2O3.(l-x) TeO2] the bands at 700cm"1 and 694cm'1 are
assigned to the symmetric breathing vibration of the boroxol group and the

pentaborate one. The glasses show bands at 630cm"1 which corresponds to
the vibrations due to TeC>4 units.
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Introduction

Glass is an elastic, amphorphous or non- crystalline solid material
made of oxides formed by progressive solidification of a liquid obtained by

melting crystalline minerals. L°J Glass structure has a random network in three
dimensions but no unit repeats itself at regular distances. The basic unit is a
tetrahedral or triangular co-ordination of a glass former with oxygen.

Inorganic glasses have been known to exhibit ionic conduction. Ionic
conductivity in glass is used in different applications. The first one includes
ion exchange process to modify surface properties. The second kind of
applications includes sodium ion concentration determination in solutions.
Finally the third kind of promising applications is for high energy density

solid state batteries,

Oxide glasses containing transition metal oxide ions are reported to
have a temperature dependent conductivity similar to that of usual
semiconductors. Electronically conducting glasses have been used for
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different applications. The first one is information storage. A mixed
conductivity, that is ionic and electronic opens for applications as electrode
materials for batteries, L̂ J

The applications of conducting glasses caused by heat are becoming more and
more numerous. Investigation of oxide glasses containing two or more
different glass formers or two different transition metal oxides are interested
to understand structure and transport properties. To study the structure of
Ag2O. B2O3. JeO2 glass Fourier Transform Infrared (FT-IR) and Raman

Scattering experiments were performed.

Experiment

The glass samples were prepared in the laboratory by powdering and
mixing throughly the weighted amounts of silver nitrate, boric acid and
tellurium oxide in a porcelain crucible. They were fused in an electric furnace

by gradually increasing the temperature at the rate of 15°C / 10 min till
300°C. Then they were kept at this temperature for an hour to gain Ag2<3 and

B2O3. After this the mixture was continued heating till 1000°C and made by

pouring the bubbles free melt in between the copper mold kept at room

temperature. L̂ J

The samples are transparent, vary from yellow to light brown in colour
and darken as the Ag2O / B2O3 ratio increases. To avoid the photochemical
reaction of Ag ions, the samples are placed in dessicator, covered with black

clothei5] '..•:...

For the IR transmittance experiments, the glasses were powdered,
mixed with an appropriate amount of anhydrous KBr powder and pressed in
vacuum at 22 tons load for 2 minutes. This procedure gave transparent pellet
with about 2wt% of glass.

The IR transmission spectrum of the glass samples were recorded in

the middle wave number ranges 200 - 4200 cnr * by means of Fourier
Transform Infrared Spectrometer. (FTIR - 8400 Shimadzu)
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Raman spectra were measured in the back scattering geometry using
Ocean optics RSI 2001 S Raman spectrometer. The excitation light source is a
solid-state diode laser with the constant output of 500 m W at 514 nm.

Results and Discussion

The IR- spectra of Ag2O. B2O3. Te(>2 glass show bands at 630 cm"1,

940 cm"1, and 1300cm'1. While the band at 630 cm"1 attributed to the basic
oscillation of the TeC>4 units, the other bands due to B-0 vibration linkage in

BO4 and the vibrations of B-O-B bands constituting the linkage of the boroxol

group to the neighouring groups respectively.^]

I.R transmittance spectra of Ag2O.B2O3. Te(>2 glasses show (3) well

distinguished regions.

1. 1200 -1450 cm"1 (B-0 stretching of BO3 units)

2. 850 - 1120 cm"1 (B-0 Stretching of BO4 units)

3. around 700 cm"1 which is attributed to the bending of B-O-B linkages

in the borate network. L̂ J

When the glass network becomes rich in BO3/ BO4 content, most of

the available TeO4/ TeO3 units transformed into TeO3", TeO3
2" and Ag-Te

species. L Ĵ

An infrared study of LiX. LJ^O. TeO2 glasses^] has suggested that

Te-axO bonds become weaker and the TeO4 trigonal bipyramid (tbp) network

breaks up with the creation of non-bridging oxygen (NBO) atoms in both Te-
eqO and Te-axO bonds when l^O/LiX is added to TeO2 network.Based on

earlier studies t 1 0 ] , the observed absorption bands at 780 cm"1 and 660cm"1

(in pure crystalline TeO2 spectra) have been ascribed to the stretching

vibrations of Te-0 bonds in the TeO4f1 '4 '1 0] units. The bands at 740cm"1,

630cm"1 and 440cm"1 in the 0.40Ag2O.0.60 TeO2 glasses are assigned to the
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stretching mode of the TeC>3 trigonal pyramid (tp) with NBOS, TeC>4 tbp with
BOs and bending mode of Te-eqOax-Te or O-Te-0 linkages respectively. The

Ag2O glasses show bands at 680 cm"* which corresponds to the vibrations

due to TeC>4 units. t^J ( e q 0 a x indicates the oxygen atoms at axial and
equatorial sites) IR transmittance spectra is shown in Fig(l).

Raman spectra of lithium and calcium borate glasses, which consists

of chain type metaborate groups I-̂ J exhibit a strong peak at 710 c m . In our

spectra (Fig. 2) this band appears at 700cm" *• and indicates the presence of the

chain type metaborate groupsL°J.
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Fig 1 Infrared spectra of 0.4Ag2O.0.6[xB2O3(l-x)TeO2]glass for
0 < x < l
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Fig 2 Ramea spectra of QAAfytXO.6 [x B2Oj(l-x) TeOJ glass

Conclusion

More interesting results on the typical borate units, constituting the
glass network have been obtained by analysing the bands in the region (850-

1120cm"1), which show a fine structure comprised of four components. By
comparison; with the spectra of poly crystalline compounds having the same

formula, one component at 1050cm" * corresponds to B-0 bond stretching of

BO4 units in diborate polycrystals, and the other near 850,940 and 1120cm"^

correspond to the same vibratrion but in tetraborate units. When the glass
network becomes rich BO3/ BO4 content, most of the available TeO4 /TeO3

units transformed into TeO3" ,TeO3
2" and Ag-Te species. The

Ag2O.B2O3.TeO2 glasses show bands at 630cm"1,940cm"1 and 1300cm"1

which correspond to the vibrations due to TeO4 units, B-O-B bonds and B-O

bonds of the BO4 units respectively.
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