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Abstract: Polyaniline (emeraldine salt) samples prepared with different acid dopants namely hydrochloric
acid (HC1), nitric acid (HNQj3), perchloric acid (HC10,) and sulfuric acid (H; SQ4) were used as modifier by
mixing it with graphite powder and Nujol oil to form a paste. The fabricated Graphite Paste Electrodes
(GPE) were characterized by Cyclic Voltammetry (CV) and differential pulse anodic stripping voltammetry
(DPASYV). Voltammetric analysis using different heavy metal ions (mercury, lead, cadmium, copper, zinc,
nickel and cobalt) in aqueous solution was performed using the prepared electrodes. All polymer graphite
paste electrodes detected the presence of mercury (IT) ions. In addition to mercury ions, the modified
electrodes containing polyaniline prepared with dopants (HNOy and HC1) also detected the presence of

cadmium (IT) 1ons.
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INTRODUCTION

Conducting polymers like polyaniline (PANI) has
been popular lately due to its high electrical
conductivity conductivity [1], unusual and unique redox
properties [2] and favorable environmental stability. It
had been the object of numerous studies because of its
excellent processability and the presence of a number of
mtrinsic redox states. It had found potential applications
ranging from light-emitting diodes [3],
electronic noses [4, 3], electromagnetic shielding and

SENS0TS,

military camouflage [6] to intelligent materials and
anti-corrosion protection.

PANT has a variety of oxidation states that are
dependent on both the pH and potential and these
result to a number of forms that have different
chemical and physical properties. Literature have
shown that PANI has three common forms namely
leucoemeraldine (LEB, fully reduced), emeraldine
(EB, halfoxidized) and pernigraniline (PNB, fully
oxidized) [7]. The emeraldine base (EB-PANI) can be
doped by protonic acids (Bronsted acids) allowing
the coordination of the protons with the imine nitrogen
of Emeraldine Base (EB) to produce emeraldine salt
(ES-PANT), the conducting form of PANI [8, 9]
Protonic acid doping is the most useful way to
achieve high conductivity since this lead to the charge
delocalization on the polymer backbone that gave
increased de¢ conductivity [10, 11] and increased
spin density [12].

Since polyaniline (emeraldine salt) possess
functional groups with high affinity towards heavy
metals 1ons, this study try to look at its application as
modifiers of graphite paste electrode. Graphite paste
electrode is one form of Chemically Modified
Electrodes (CME) wherein a material 1s added
(modifier) to increase the selectivity of the electrode.
The fabricated polyaniline-modified graphite paste
electrode (PMGPE) was then used in the voltammetric
analysis of heavy metals in aqueous samples.

MATERIALS AND METHODS

Preparation of polymer: Polyaniline was prepared
adopting the method of Stejskal and Gilbert [13]. One
hundred mT. (100) of 0.25 M of aqueous solution of
ammonium persulfate (NH, ), 3,0z and 0.20 M solution
of aniline was dissolved m 100 mL of 1 M aqueous
hydrochloric acid (HCL) at 5°C.

Polymerization was allowed to proceed overnight
in a refrigerator. The green precipitate that formed was
removed by filtration, washed with 1 M HCI followed
by acetone until clear filtrate was obtained. The
obtained polymer was dried in a vacuum oven at room
temperature (30°C) for 6 hours. The green material
obtained was identified as the emeraldine hydrochloride.

The emeraldine hydrochloride was converted mto
the emeraldine base by mixing 1 gram with 10 mL of
3% solution of ammonium hydroxide (NH;OH). The
mixture was allowed to settle for several hours. The
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resulting blue material was filtered and washed
with distilled water and vacuum dried at room
temperature for 6 h.

Aside from hydrochloric acid, other acids like
sulfuric acid (H,S0,), nitric acid (HNO,) and perchleric
acid (HCIO,) were used in order to obtain doped

polyaniline with the corresponding counter-ion.

Fabrication of electrode: The polymer obtained was
used as modifier by mixing with graphite powder and
mineral o1l to form a paste. The prepared polymer
(200 mg) was mixed with graphite powder (800 mg)
and enough oil to form a paste. Electrode assembly was
done by filling the open tip of the copper wire inserted
with plastic straw with the polymer-graphite paste until
thoroughly packed The paste was compacted around
copper wire and smoothened with a glass spatula.

Electrochemical analysis: Voltammetric analysis was
done on the Metrohm 694 VA processor connected to a
three-electrode cell system: the auxiliary electrode
(platinum wire), the reference electrode (Ag/AgCl
electrode) and the working electrode (polymer
modified electrode). Electrochemical characterization
of the polymer modified graphite electrode was done
using Cyclic Voltammetry (CV). Heavy metal analysis
using the modified electrode was performed by
differential pulse anodic stripping voltammetry
(DPAdSV). The voltammetric readings before and after
accumulation of the polymer modified electrodes in
different analytes (cobalt, cadmium, lead, mercury and
nickel at 100 pg L*') were compared. These analyte
solutions were prepared by diluting each metal standard
solution (1000 ug L") obtained from I.T. Baker with
delonized distilled water. Accumulation was done on an
open circuit wherein the polymer modified electrode 1s
dipped in an analyte solution in a cell with constant
sturing for three minutes

The parameters used for the DPASV on the
different heavy metals as follows:

U. Amplitude: 50 mV Rot Speed: 0/min
t. Step:0.20s t. meas: 16.7 ms
U. Meas:-1000 mV t. pulse: 33.3 ms
U. Start:-1000 mV U step: 10 mV
U. End: 1000 mV

RESULTS AND DISCUSSION

The electrochemistry of the prepared polyaniline
modified graphite paste electrode (PMGPE) was first
investigated using cyclic voltammetry (CV). CV is the
most widely used technique for acquiring qualitative
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information about electrochemical reactions due to its
ability to rapidly provide considerable information on
the thermodynamics of redox processes and the kinetics
of heterogeneous electron-transfer reactions and on
coupled chemical reactions or adsorption processes. CV
was performed on all the prepared PMGPE to
determine their potential window or potential range.
Results of the cyclic voltammograms (CVs)
(Fig. 1), by comparing the CV scan of the unmodified
and modified GPE m 01M HCl as supporting
electrolyte showed that incorporation of the modifier
significantly increase the charging current of the
working electrode. This deviate from one of the
desirable characteristics of the graphite paste electrode
which is of low residual current [13], that is usually
preserve even with the addition of the modifier. This
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only showed that the modifier (polyaniline emeraldine PMGPEs may have prevented the other metals to be
salt) used exhibits it conductivity property as the detected by using CV.
broadening of CV is due to the redox reactions caused Differential pulse anodic stripping voltammetry
by the modifier. However, not all potential range was (DPASV) was done to determine clearly if heavy
affected by the modifier. Tt is still possible that an metals can bind with the different modifiers on the
analyte of interest can undergo a redox reaction within ~ GPEs. DPASY 1s a common method used for detection
a potential range not affected by the modifier. of metals. Just like in CV, all the prepared PMGPEs
Figure 2 shows a CV before and after a GPE detected the presence of mercury ions. A pealk around 0
modified with polyamline was preconcentrated mm a  V was observed m solution contaming mercury ions
1000 mg ! mercury (II) solution. The CV produced a using the prepared electrodes modified with polyaniline
distinct peak at voltage range near 0 mV, which is the with different dopants (Fig. 3-6). In addition, in
voltage range for the reduction of mercury ions (II)ions.  graphite paste electrode meodified with pelyaniline
This is the only metal that the PMGPEs were able to doped with mitric acid and hydrochloric acid (Fig. 3 and
detect or gave positive result or a distinct peak on CV 5), a peak was observed when the electrode was dipped
after dipping the different electrodes in different heavy  in cadmium solution. A peak was also observed for
metal solution. The mature of the modifier used in the nitric acid doped pelyaniline-modified GPE scaked in
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copper solution. The peaks observed were due to the
metal 10ns present in the solution used.

This only means that mercury ions in general bind
with the polyaniline prepared using different dopants.
Studies have shown that polyamline preconcentrated
mercury ions and methyl mercury [15, 16]. A
composite of polyaniline with polystyrene successfully
removed mercury ions from aqueous solutions.
Desorption experiments showed that the process of Hg
(II) 1on adsorption by polyamline was almost
irreversible and chemisorptive in nature [17]. On the
other hand, cadmium ions can bind in some acid-doped

polyamline. It was successfully detected by
bismuth/polyaniline film electrode [18] and by
sulfonated polyaniline modified electrode [19].

However, both electrodes can alse detect lead 10ns. No
peak was observed when lead solution was used.

CONCLUSION

Polyaniline (emeraldine salt) samples prepared
with different acid dopants were successfully used as
modifier of graphite paste electrodes. The fabricated
polyaniline graphite paste electrodes (PGPE) detected
the presence of mercury ions by voltammetric analysis
(CV and DPASYV). Graphite paste electrodes modified
with polyaniline using HNOy and HCI as dopants also
detected the presence of cadmium (IT) ions.
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