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Table 2.5 shows that for polymers with short side chain, such as PANMet ~PANOctyl,
two thermal transitions are observed between endothermic and exothermic. The transition
at 75 °C for exhibit second order shapes with additional endothermal relaxation [49]. In
the subsequent heating, only the second order upshift in heat capacity are seen. The
transitions are assigned to be glass transition temperatures. The observed endothermic
heat in the first heating run at the end of the glass transition can be defined as the
enthalpic relaxation process of the annealed glass state [67]. The T, temperature observed
in the below table shows that the effect of alkyl chain substituent increases with the
decrease in temparature on DSC endothermic regions. The same observations were also
obtained for other conjugated polymers for instance (polyalkylthiophene) bearing short
chains. PANBenz displayed different endothermic tempeture due to its different
properties as compared to the alkyl substituent.

Table 2.5 : DSC endothermic and evothermic neaks of polymers

Polymer DSC endothermic DSC exothermic ]
PANI 30°C - 72°C 77°C =120 °C

PANMet 37°C -70°C 75°C - 109 °C

PANE 35°C-71°C 75°C - 104 °C

PANOct 44°C—65°C 75 °C -103 °C

PANBenz 136°C - 176 °C 184 °C - 197°C

2.6.5 NMR SPECTROSCOPY OF POLYANILINE DERAVITIVES

Additional information about polymers structure could be readily obtained from ' H NMR
spectroscopy. ' H NMR spectrum of poly-N-butylaniline is shown in Fig 2.4 (a). This
polymer was chosen for its good solubility due to its relatively long alkyl chain. The

polymer was run in deuterated chloroform. The deuterated chloroform served as internal
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3.3.7.EFFECT OF ELECTROLYTES ON POLY-N-n-BENZYLANILINE

Fig 3.15 (a) represent cyclic voltammogram of poly-N-n-benzylaniline in HCI. There are
two redox peaks that have been identified in the previous polymers. The peak A/A’ is
well known as the radical cation (polaron) and peak C/C’ is due to diradical dication

transformation. The middle peak B/B’ are interpreted as dimer or hydrolysis products and

are related to benzoquinone/hydroquinone (BQ/HQ) couple.

2 ANBZH

Current nA

T T
o +dJ. 4 +0.2 (=]

Potential v/

Fig 3.17 (a) :\Represent CYV of poly-N-benzylaniline in 1M HCI.

Another interesting observation on the electrosynthesis of PANBenz is that the diradical
dication (bipolaron) predominates as shown by Fig 14 (b)-(d). This implies that the
favoured mechanism is the bipolaronic form in HC1O4, H,SOs, and H;PO4. PANBenz was

insoluble in HNOj3 unlike PANBut where this acid acted as a strong oxidising agent..

P ANBZPER .BIN

Current,nA

| T T N T T T
+08 +0.6 +0.4 +0.2

[mi|
\

Q
N

Potential .V
Fig 3.17 (b) : Represent CV ot poly-N-benzylanmne m 1v1 HCIO;.

62



http://etd.uwc.ac.za



http://etd.uwc.ac.za



http://etd.uwc.ac.za



http://etd.uwc.ac.za



http://etd.uwc.ac.za



3.4. CONCLUSIONS

The modification of polyaniline (PANI) on glassy carbon electrodes were more
pronounced on microelectrodes than macroelectrodes. H,SO4 was shown to the best
electrolyte for the electrosynthesis of PANI. H,SO,4 promotes the chain growth through a
bipolaron mechanism. This is in good agreement with previously reported results [91-99].
The effect of electrolytes was to promote the growth rate. Larger anions seem to have a
lower mobility in the polymer film, and consequently decrease the speed of
electrochemical response of PANI during the successive potentials. This was clearly
explained by Lippe and Holze [99] in the shielding effect model. The SO,* ions tends to
have a double shielding effect and increase polymerization while the C10,™ has a single
shielding effect and reduce polymerization. The two redox pairs are associated with the
leucoemraldine/pernigraniline transformations and the “middle peaks” (associated with
carbozole formation, cross-linking, hydrolysis and by-products) are due to

Benzoquinone/Hydroquinone transformations.

Further studies of poly-N-n-alkylaniline derivatives were conducted to investigate the
electronic and steric effects towards the mechanism. The comparison of these polymers
with PANI shows that the majority favoured the extreme bipolaronic (diradical dication)
forms as indicated in the Table 3.4.1. Alkyl group acted as an activating group and
increased the reactivity of the ring because there is no deprotonation in the initial step of
polymerization. The reason for the diradical dication to predominate is that the polymers
are more stable than polyaniline [100]. The choice of the electrosynthesis of the polymers

depends on the type of electrolyte and the alkyl chain length with lesser interactions.
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DETECTION OF COPPER AND LEAD ON
GLASSY CARBON MICROELECTRODE
7
(7]
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Fig 4. 8 (a) Detection of Copper and Lead on glassy carbon microelectrode

The unmodified microelectrode study was conducted to establish the behaviour of the
electrode. Fig 4.8 (a) shows that there is a rapid growth in peak current until it reaches
concentrations of 200 ppb in both lead and copper solutions. As the concentration
increases the glassy carbon microelectrode becomes saturated. The behaviour of the
modified microelectrode as a function of concentration was studied as displayed in Fig
4.8 (b). It indicates that strong adsorption takes place at lower concentrations hence high

peak currents are observed for modified electrodes.

DETECTION OF COPPER BY PANI AND
GLASSY CARBON MICROELECTRODE

10 +
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—e— umodified
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Fig 4.8 (b) Detection of Copper and Lead on glassy carbon and PANI
microelectrode
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Considering the attention given to conductive polymers, and the role they played in a
variety of applications, the purpose of this project was to synthesize polyaniline and
eventually compare the chemically and electrochemical synthesised (chapter 3) films.
Polyaniline synthesis was successfully achieved and observed as a green emeraldine base.
The Poly-N-n-alkylanilines synthesis were successfully achieved and characterised by 'H
NMR, FTIR, TGA, and DSC. These were also electrochemically evaluated on glassy

carbon macroelectrodes (Chapter 3).

The mechanisms of PANI formation were not well defined and there were also problems
experienced with solubility. The polymers were insoluble in many common organic
solvents. Substituted N-alkylated anilines were introduced to increase the solubility of the
parent PANI. The solubility of Poly-N-n-alkylanilines (N-methyl, N-ethyl, N-butyl, N-
octylaniline, N-Benzylaniline) differ in the degree of solubility (refer table 2.3). An
increase in the alkyl chain to six or seven carbon increases the solubility in most organic
solvents (such as tetrahydrofuran, dichloromethane, and chloroform). The incorporation
of flexible chains on polyaniline through an N-alkylation method at the emeraldine base

provides a remarkably improved solubility.

FTIR spectroscopy shows that the spectra obtained were identical to that obtained in the
literature. All Poly-N-n-alkylanilines presented similar FTIR patterns. The most important
vibration modes of the different polymers are summarized in (chapter 2 Table 1). The
important absorption intensities peaks were the quinoid and benzenoid forms at 1506 cm’
and 1596 cm™. Chevalier et al [19] observed intensity ratio of the bands of the quinoid
and benzenoid forms which were characteristic of moderately oxidized polymers. The

scheme 1 represent quinoid and benzenoid forms during polyaniline formation.
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Table 5.1. Tonic orders of polymers

POLYMER IONIC ORDER

Polyaniline H,SO4 >> HCl >> HNO; >> HCIO; >> H3;PO,

Poly-N-methylaniline HCI104 = H,SO, >> HCl >> HNO; >> H;PO;,

Poly-N-ethylaniline H,SO4>> HCIO; >> HNO; >> H;PO, >> HCI

Poly—N-butylaniline HNO3 >> HzSO4 >> HC]O4 >>HC] >> H3PO4

Poly-N-benzylaniline HCIO4 >>HCI1 >> H,S04 >> H;PO, *HNO;

* Insoluble 1n the polymer

(b) Influence of the steric effect

Many researchers performed the chemical synthesis of N-alkylanilines in order to
improve the solubility of PANI. The route taken for electrosynthesis of N-alkylaniline
was to take advantage of the electron donating ability of the alkyl group, which augment
the m electrons density along the conjugated polymeric chain. The alkyl group acts as an
activating group towards the mechanism. Deprotonation of the starting monomer becomes

easier during the initiation process. The other aspect was to monitor the steric effect.

All the N-alkylaniline derivatives show that the polymer growth was influenced by an
increase in alkyl chain. Predomination of a diradical dication mechanism was observed by
alkylaniline derivatives (Table 3.4.1). It shows that the polymers were more stable than

polyaniline.

The modification of electrodes is explained in chapter3. The purpose of chapter 4 was to
utilize the same modified electrode for metallic detection. The study of evaluating the
performance of macroelectrodes and microelectrodes towards metal detection was

stimulated by the conductance of the polymer. These electrodes can act as sensors for
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