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Summary

Conducting polymers have emerged as an important class of electronic materials
because of their potential applications in solid state batteries, electrochromic
displays and microelectronic devices, etc. a large number of conducting polymers
such as polyacetylene, polypyrrole and polythiophene etc, have been synthesized
and characterized  in recent past. Among these polyaniline( PANI) family of
conjugated polymers has been considered as extremely interesting and unusual
member of polymers having the delocalized p electrons. Conducting polyanilines are
basically poly (paraphenylene amineimine) in which its oxidation state can be varied
from the fully oxidized (pernigraniline) to fully reduced (leucoemeraline) states. The

most stable emeraldine state refers to 50% oxidized form of PANL

A numbers of studies on PANI relating to its structure, morphology,
electrochromic and solid state properties have been reported in the literature. In spite
of these interesting developments, the basic chemistry and physics of PANI has not
yet been completely elucidated. The present thesis is a systematic attempted towards
the solution of some problems encountered in relation to the synthesis and

characterization

The first chapter divided to two parts. The first part deals with an up-to-date
review in relation to PANI polymer. The aim of this part is to enlighten research
works done on PANI after a state of the art on the synthesis, mechanism of
polymerization, PANI doping, deposition methods of thin PANI films and
application of PANI. The second part of the introduction deals with the basic theory
of the technique used which is the quartz crystal microbalance (QCM). This part
includes an introduction about piezoelectricity, development of piezoelectric quartz

crystal mass sensing, QCM solution phase sensing and application of QCM sensors
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Chapter two deals with an investigation to the optimum reaction conditions for the
PANI films. The QCM technique was used to determine the reaction conditions for
PANI film deposition during the oxidative polymerization of aniline with
ammonium persulfate (APS) as an oxidizing agent in aqueous acidic medium. The
effect of the initial molar ratios of the APS/aniline on the yield and the thickness as
well as on the growth rate of the PANI films was investigated. The most efficient
initial molar ratio of APS/aniline was found to be ~1.15 + 0.1. This was in close

agreement with the optimum reaction conditions for the PANI formed in the bulk

Third chapter involves a study to the kinetics of PANI film deposition during the
oxidative polymerization of aniline with APS in aqueous acidic medium. The
formation PANI film is half-order with respect to APS and first-order with respect to
aniline. The activation energy of the polymerization is 39.79 kJ/mol. This is in close
agreement with the activation energy obtained for the PANI formed in the bulk. The
UV-visible spectra for PANI films grown onto glass supports immersed into the
bulk solution during the polymerization process were measured. This revealed that
the trends of the growth of PANI film thickness with time and the growth of the
PANI film absorbance with time are similar except the induction periods. The
detection of the induction period using the UV-visible spectroscopy delayed to
longer times, in comparison to the induction period detection using the QCM
experiment under the same conditions. The sensitivity of the QCM technique to the
oligomer sites formation is superior compared with the UV-visible absorption
detection,

The fourth chapter investigates the influence of HCl on the PANI film formation.
It was concluded that the yield of PANI film deposition increased with increasing
the acid concentration from 0.025 up to 0.IM., and decreased when the
concentration of HCI increased from 0.1M to 0.4 M. In addition, for solutions of
HCI concentration higher than 0.1 M, a degradation for the deposited PANI film
started to appear at the early stages of polymerization. The effect of temperature on
the yield formation was studied. The yield of PANI film deposition increased when

the temperature decreased.
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Aim of the work,

Study the oxidative polymerization of aniline to deposit polyaniline films on
some substrates such as gold and gléss using the chemical method. The oxidative
polymerization of aniline was carried out using ammonium persulfate. The
weight and thickness of the formed films were measured using the quartz crystal
microbalance technique. The study included a determination of the optimum
concentration conditions of the polyaniline film deposition in the aqueous acid
medium. The kinetics and the spectral properties of the film formation were
evaluated. Also, the effect of HCl concentrations and temperature on the film

formation were studied.



