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Abstract: The sol gel route allows powder-less processing of glasses and ceramics. Sol gel
chemistry provides mild conditions so that organic species can be mixed with the inorganic
precursors, leading to the formation of hybrid organic-inorganic systems. In the present work
silica glasses were prepared by sol gel technique. The structural properties of silica glasses has
been investigated with Fourier Transform Infrared Spectroscopy (FTIR), since Infrared
spectroscopy may probe the nature of the bond between the metal cation and its surrounding
oxygens and can distinguish the bonding between metal cations with oxygen.
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Introduction

Sol gel is an attractive synthetic method to metal oxide materials applied in a wide variety of
fields such as ceramics, sensors, catalysts, optics, electronics and thin films'™. The sol-gel
method has several advantages such as high purity, ultra homogeneity, lower processing
temperatures, and most significantly the possibility of making glasses of new compositions.
The sol-gel technique has become quite popular during the past few years.

Sol-gel derived silica-titania gel films provide considerable interest*® since they enable
fine control of refractive index and thickness for optical applications. For a planar
waveguide application, the basic condition is that the guiding layer must have a refractive
index higher than the substrate and cladding optical media. Single mode waveguide on fused
silica (n=1.45) or soda lime substrates (n=1.51) requires a thickness of the guiding layer
typically in the range of 0.2 to 5 mm, depending on the refractive index of the layer itself (in
the range 1.65 to 1.512). Currently, the synthesis of SiO, by the sol-gel method has proven
to be a very useful tool in the fields of environmental purification, solar energy cells,
photocatalysts, gas sensors, photoelectrodes and electronic devices.
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Experimental

The preparation of the sol gel glass specimens is similar to the method given by Vinoy et al.”
The sol gel glass specimens were prepared by mixing TEOS (Aldrich, 99.9%), ethanol (AR
grade 99.9%), double distilled water and HC1 (Nice chemicals) in the ratio 1: 4: 14: 0.01
respectively. TEOS and ethanol were magnetically stirred thoroughly till both were in well-
mixed state. To this well-mixed solution the remaining water was added in which the desired
acid was mixed. Again the solution was magnetically stirred to get a clear solution. The sols
were cast in polypropylene dishes and were sealed to avoid intercalation of external
impurity. The gels were aged for one month at room temperature to obtain the sol-gel.
Lifetime may be shortened if the water content is not reduced to very low concentrations
during drying and densification processes®. Hence, the samples taken in silica crucibles were
sintered in a Muftle furnace at 600 °C for 3 h and then the furnace was cooled to room
temperature at a rate of 0.5 °C per minute. The highest temperature required to obtain a silica
glass prepared by sol gel method is about 1000 °C, which is lower by about 1000 °C
compared to the temperature required for the melt-quenching process’.

Any structural changes in the samples prepared have been studied in the IR fundamental
region (4000-400 crn') on a Perkin-Elmer 1710 spectrometer using the Perkin-Elmer
Infrared Data Manager using the KBr pellet method. Glass pellets for the infrared
investigation were prepared by mixing thoroughly ~ 4 mg glass powder with ~ 200 mg dried
KBr powder and compressing the resulting mixture in an evacuable die under 10 ton
pressure for 5 min in order to yield transparent discs suitable for mounting in the

spectrometer. The infrared spectrum were recorded in the range 400-4000 cm™.
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Figure 1. Infrared spectrum of sol-gel glass
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Results and Discussion

The absorption band at 3444 cm ™' and 1639 cm™, showing that only a small amount of water
is present in the glass, can be attributed to the stretching and bending vibration of either free
OH groups or free H,O molecules. The water has no substantial effect on the structure of the
glass'’. Metal alkoxides of Si(IV) are reported'' to show absorption bands attributed to
v(M-0) stretching modes around 800 cm™, respectively. Therefore IR peaks of TEOS at
794 e in Figure 1 are assigned to v (Si-O)) stretching vibration. The very broad strong peak at
1083 cm™ can be ascribed to composite of C-O stretching of TEOS and ethanol'”.

It is also often reported'*'" that bands within the range 900-1000 cm ' are composite
features of Si-OH species. The strong band at the frequency of ~950 cm’, therefore, is
assigned to stretching vibration of Si-OH. The peak near 450 cm™ and a low frequency peak
near 576 cm’ is assigned to Si-O-Si out of plane bending and Si-O-Si stretching modes
respectively.

Conclusion

The SiO, glass was successfully synthesized by sol-gel method. FTIR spectroscopy showed
the Si-O, Si-O-Si bonds were formed. The IR spectra showed that our synthesized material
have similar and even better features than the reference material employed.
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