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ABSTRACT

A promising electrochemical sensor based on PANI/AgCl hybrid material has been developed. The organic/inorganic
hybrid material has exhibited good electrocatalytic properties by cyclic voltammetry measurement and differential pulse
voltammetry. The oxidation overpotential of dopamine decreased dramatically, and the oxidation peak current increased
significantly at PANI/AgCl/GCE compared to those obtained at PANI/GCE, AgCl/GCE and bare GCE, corresponding
to the synergistic effect between PANI and inorganic particle AgCl. Under the optimized conditions, the linear response
in the concentration range of 0.7 to 6.0 uM for the selective determination dopamine on the PANI/AgCl/GCE is ob-
tained with a detection limit of 5.4 x 10 M (S/N = 3) using differential pulse voltammetry. The results indicated that
the modified electrode can be used to determine dopamine without the interference from ascorbic acid and ensure high

sensitivity and good selectivity.
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1. Introduction

In recent years, the design, fabrication and application of
novel sensors has been considerable interest. Particularly,
the development of electrochemical sensors has been
widely studied as a reliable method to quantitatively de-
tect a large number of organic substances of biological
importance, including hydrogen peroxide [1], hydro-
quinone [2], nicotinamide-adenine dinucleotide (NADH)
[3], serotonin [4], glucose [5], dopamine (DA) [6] and
ascorbic acid (AA) [7], and so on. Dopamine, the most
significant catecholamine, belongs to the family of neuro-
transmitters and attracts considerable research in clinical
research because of its involvement in the immune system,
metabolic processes, and emotional processes. Several
neurological disorders, in particular schizophrenia and
Parkinsonism, are associated with the low concentration
of DA [8-10]. DA is electrochemically active and elec-
trochemically oxidized characteristic, which has long
been a great deal of developments in electrochemical
methods. However, there are some problems in electro-
chemical methods due to the nature of the electrooxida-
tive reaction, involving two major problems in monitoring
dopamine are selectivity and sensitivity. It is well known
that the direct electrochemical oxidation of other neuro-
chemical compounds, including AA and uric acid (UA),
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is irreversible and always overlapping voltammetric re-
sponse with each other at bare glassy carbon electrode
(GCE), which results in rather poor selectivity and repro-
ducibility. Moreover, the basal concentrations of DA and
AA changes in a broad range from 1.0 x 107 to 1.0 x 10
M and the concentration of AA is usually 1000 times
higher than that of DA in human brain. Quantitative de-
termination of DA is therefore important and has been a
subject of considerable interest between neuroscientists
and chemists. Therefore, both sensitivity and selectivity
are highly desirable for real analytical applications and
diagnostic researches. To meet these needs, considerable
strategies have been devoted to modify the electrode sur-
face by using new electrode materials to obtain poly-
mer-modified electrode or self-assembled electrode [11-
15], then the modified electrode can not only decrease the
oxidation overpotential but also increase the sensitivity.
The strong m-n conjugated macromolecules such as
polyaniline (PANI), polypyrrole (PPY), and polythiophene
(PTH) belong to one of the most interesting classes of
conducting polymers (CPs). Since their discovery in the
1970s, they hold great promise for applications as elec-
trochemical sensors due to the considerable flexibility in
their chemical structures and their redox characteristics.
Among the various types of CPs, PANI has many attrac-
tive features owing to its unique conduction mechanism,
easy proton doping, readily film-forming ability, favo-
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rable environmental stability and having extensive appli-
cations in molecular electronic devices, fuel cells, non-
linear optics, sensors, etc. [16-20]. In particular, PANI can
be used to construct selective electrode of sensors for DA
determination since it can improve the electrocatalytic
properties and increase the electron transfer rate and sta-
bility of the electrode response [21-24]. However, the
drawbacks such as the poor selective and overlapping of
the voltammetric response to DA are the limiting fac-
tor for the usage of CPs, and PANI combined with inor-
ganic particles could overcome these limitations. Indeed,
polymer-inorganic hybrid materials can keep the integrity
and activity of inorganic as well as exhibit the unique
conducting properties of polymer because of the strong
synergistic effect between the inorganic particles and
polymer matrixes. Yan and co-workers [25] synthesized
AgCI@PANI coreshell structured nanocomposites and
studied the electrocatalytic activities toward oxidation of
DA and AA at pH neutral environment.

Although the composites based on PANI and AgCl
have been reported, the selectivity and electrocatalytic
activity for the composites with nanostructure is still a
novel challenge. So far, dramatic efforts have been dedi-
cated to developing new methods for the fabrication of
polymer-inorganic hybrid materials. Herein, we have uti-
lized a facile approach to synthesize conducting PANI
nanowire networks immobilizing AgCl nanoparticles in
the presence of polyvinypyrrolidone (PVP), and then
coated the PANI/AgCl hybrid materials on the GCE to
develop a sensitive and selective biosensor for DA de-
termination. In addition, the modified electrode not only
exhibited strong electrocatalytic activity toward the oxi-
dation of DA and AA, but also successful separated their
electrochemical responses in mixed solution. The separa-
tion of the oxidation peak potential for DA and AA as
larger as 262 mV by differential pulse voltammetry (DPV).

2. Experimental
2.1. Chemicals and Solutions

Aniline was obtained from Aldrich and purified twice by
distillation under reduced pressure. Dopamine hydro-
chloride, ascorbic acid and potassium biiodate (KH(IO3),)
were purchased from Aladdin Chemistry Co, Ltd. Nafion
was obtained from Aldrich. N, N-dimethylformamide
(DMF), AgNOs;, PVP, sodium phosphate monohydrate
(NaH,PO,4-H,0) and sodium phosphate dibasic dehydrate
(Na,HPO,4-2H,0) used for the preparation of PBS with
various pH values were received from Guangzhou Che-
mical Reagent Factory (Guangzhou, China). Freshly pre-
pared solutions of DA and AA were used in all the ex-
periments. All other chemicals used were of analytical
grade without further purification. Highly purity nitrogen
was used for the deaeration. The solutions were prepared
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with double-distilled water.

2.2. Apparatus

The morphology was observed via a Philips TECNAI-10
transmission electron microscope (TEM) using an ace-
lerating voltage of 100 kV. The functional groups on the
surface of samples were detected via Nicolet FT-IR 6700
spectrometer with KBr plate in the 800 - 4000 cm™' region.
Ingsens electrochemical workstation (Ingsens, China) was
used for the electrochemical measurements. A conven-
tional three-electrode system was used throughout the
experiments. The working electrode was a glassy carbon
electrode, the auxiliary electrode was a platinum wire
and an Ag/AgCl (in saturated KCl solution) electrode as
the reference electrode, respectively. All the potentials
reported were referred to the Ag/AgCl electrode.

2.3. Preparation of PANI/AgCl Hybrid Materials

For preparing PANI/AgCl hybrid materials, AgCl and
aniline were employed as raw materials and PVP as a
template according to a reported procedure [26,27] with
some modifications. Typically, 1 mM of AgNO; and 1
mM of aniline were added respectively to 4% PVP
aqueous solution. 20 mL of 1 M HCI aqueous solutions
was dropped into the above mixture with magnetic stir-
ring at room temperature for 2 h. After that, a 100 mL of
potassium biioodate (0.012 M, KH(IO3),) was added to
the solution which was magnetically stirred for 15 min,
and then sodium hypochlorite (5%, NaClO) and the hy-
pochlorite (5 mL, HCIO) was added and maintained for
20 min without stirring. The polymerization reaction was
carried out under static condition at room temperature for
24 h. Then the green suspension was filtered and con-
tinuously washed with HCI (1 M) until the filtrate be-
came colorless, and then resultant precipitate was dried
in oven at 60°C for 24 h.

2.4. Preparation of the PANI/AgCl Hybrid
Materials Modified Glassy Carbon Electrode

Prior to the surface modification, the bare GCE (4 mm in
diameter) was first carefully polished with 1.0, 0.3, and
0.05 pm aluminum oxide (Al,O;) powder, then rinsed
with double-distilled water and ethanol in sequence, and
finally was sonicated for 5 minutes. A mixture containing
3 mg of PANI/AgCl hybrid composites, 3 mL. DMF so-
lution was dispersed ultrasonically for 2 h to obtain a
well-dispersed ink. A 5 puL of above solution was then
dropped on the surface of the pretreated GCE and then
10 uL 1% Nafion was coated on it, then the electrodes
dried under infrared lamp for 20 min to obtain the PANI/
AgCl/GCE. After modification, the electrodes were ac-
tivated in 0.1 M PBS solution at pH 7.3 by cyclic scan-
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ning between —0.6 and +1.5 V at the scan rate of 100
mV-s~ for 20 cycles. Before and after each experiment,
the modified electrodes were carefully washed with dis-
tilled water and reactivated by the above-mentioned
method. All experiments were carried out in 10 mL pH
4.0 PBS solutions at room temperature and all solutions
were deaerated and purged by purity nitrogen before
each experiment.

3. Results and Discussion

3.1. Characterization of the PANI/AgCl Hybrid
Composites

Potassium biiodate, KH(10;),, is a primary standard sub-
stance that can be used as an oxidant. KH(IO;), decom-
poses according to the following reaction [27]:

KH(IO, ), — K* +H" +2I0;
210; +12H" +10e™ — [, + 6H,0

In this experiment, potassium biiodate and sodium hy-
pochlorite are used as co-oxidants. Figure 1 shows the
typical TEM image of PANI/AgCl hybrid composites.
The as-synthesized PANI is interconnected threadlike
network, being wrapped the dark particles are AgCl nano-
particles. It can be seen that AgCl particles are success-
fully inserted into the PANI. Due to this special structure,
the interfacial affinity of inorganic AgCl with PANI im-
proves the electrochemical performance/the electrical con-
tact due to tight space contact, which will be certified by
further electrochemical measurement.

Figure 2 gives FI-IR spectrum of the PANI/AgCl hy-
brid material. Two absorption peaks in the IR spectrum
of the sample at 3233 and 3436 cm™" are attributed to the
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Figure 1. TEM image of PANI/AgCl hybrid composites
synthesized with potassium biiodate co-used sodium hypo-
chlorite as co-oxidant.
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Figure 2. FT-IR spectrum of PANI/AgCl composite.

stretching -OH and -NH modes arising from superficial
adsorption water and PANI, respectively. The small peaks
at 2922 and 2851 cm ' are originated from the benzenoid
ring stretching vibration of C—H bond, and the chara-
cteristic bands at 1574 and 1494 cm ' attribute to C=C a
stretching deformation mode of the quinoid and benze-
noid rings. Bands at 1302 and 1245 cm ' are related to the
C-N stretching of the secondary aromatic amine, C—N
stretching vibration in the polaron structure, respectively.
Bands at 1140 and 803 cm ' are the results of a vibration
mode of the N=Q=N stretching mode and an aromatic
C-H out-of-plane bending of 1,4-disubstituted benzene
ring [7,28]. The absorption band assignable to C=0 is
observed at 1700 cm ', which indicated the presence of
PVP.

3.2. Electrochemical Behaviors of DA and AA at
the PANI/AgClI/GCE

Figure 3 gives the CVs in three different electrolytes at
bare GCE, AgCIl/GCE, PANI/GCE and PANI/AgCl/GCE
in a pH 4.0 PBS solution. As can be seen from Figure
3(a), a pair of board redox peaks at PANI/GCE is ob-
served, which is attributed to redox process normally
found for the PANI system under weak acidic condition.
Under the identical conditions, only a very weak current
response can be observed at the AgCl/GCE and bare GCE.
However, when AgCl nanoparticles are added into PANI
matrix, the current response of PANI/AgCl/GCE is visi-
bly reducing and the deviation of redox peaks becomes
narrow. These changes indicate that PANI/AgCl/GCE
will be advantageous for the detection of AA and DA.
Since AA is the major interfering substance in the
electrochemical measurement of DA, CV behavior of
AA at modified electrode was also studied, as shown in
Figure 3(b). Oxidation of AA at the bare GCE, AgCl/
GCE and PANI/GCE are generally believed to be totally
irreversible, indicating the slow electron transfer kinetics
of the electrodes. Compared to CV of PANI/AgCl/GCE
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in Figure 3(a), a new pair of redox peaks is presented,
indicating the oxidation and reduction of AA.

Figure 3(c) shows the CVs of DA at different modi-
fied electrodes. Two well-defined redox peaks with the
anodic and cathodic peak potentials of oxidation DA
appear at 386 and 328 mV are observed at the PANI/
AgCl/GCE, respectively. As peak-to-peak separation (A
Ep) is a function of electron transfer rate, the lower A
Ep, the faster electron transfer rate. The anodic peak po-
tential shifted negatively value and the cathodic peak
potentials shifted positively compared with that at the
bare GCE. So the small AEp suggests that the reverse-
bility of DA is considerably improved at PANI/AgCl/
GCE. A comparison between the anodic and cathodic
peaks for AEp is 58 mV for PANI/AgCl modified elec-
trode and 78 mV for the PANI/GCE in 1 mM DA. Com-
pare to the blank PBS solution, the anodic peak current at
PANI/AgCIl/GCE is enhanced by about 2.8 times as well
as the AEp is decreased in comparison with the PANI/
GCE, implying the synergic effect of both the PANI or-
ganic polymer and inorganic particle in the hybrid com-
posites at | mM DA solution. Therefore, the PANI/AgCl/
GCE has an electrocatalytic activity for DA oxidation in
0.1 M PBS solution.
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Figure 3. CVs for the bare GCE, AgClI/GCE, PANI/GCE
and AgCI-PANI/GCE at 0.1 M blank PBS (a), 1 mM AA (b)
and 1 mM DA (c) in PBS solutions at pH = 4.0, respectively.
Sweep rate: 50 mV-s™.

It is well known that silver halides are one type of im-
portant semiconductor. Although AgCl particles do not
make a continuous electron path, the incorporated con-
ducting AgCl generates more active sites for the charge
transfer through the interface inside the electrode by
making good contacts with the PANI matrix, thus PANI
particles located far from the electrode surface can effec-
tively take part in the redox reaction [26]. Under the
identical conditions, Compare to curve (b), (c) and (d) in
Figure 3(c), the peak current was significantly increased
and overpotential was lower of DA at PANI/AgCl/GCE
owing to the composite effect. The synergic effect of the
catalytic system can be described as the accumulation
ability of the PANI organic polymer which is enhanced
by the inorganic nanoparticle of the AgCl in the hybrid
composites.

3.3. Effects of the Scan Rate and pH on Peak
Currents of DA and AA

In order to further investigate he electrode reaction ki-
netics and verify whether diffusion or adsorption is con-
trolling factor for electron transport at the modified elec-
trode. Figure 4 presents the effect of the scan rates on
the DA and AA oxidation at the PANI/AgCl/GCE by CV
in PBS solution at pH 4.0 containing 1 mM DA and 1
mM AA, respectively. A pair of redox peaks is ob- tained
in each of the CV. The anodic and cathodic peak currents
of DA at the modified electrode are increased linearly
with the increase of the scan rates ranged from 100 to
500 mV-s', as shown in Figure 4(a), indicating that
direct electron transfer between DA and the modi- fied
electrode. The linearity of the plots is very reason- able,
with correlation coefficients of 0.9977 (Ipc,DA (nA) =
—0.2636v — 13.12) on the cathodic current and 0.9966
(Ipa,DA (nA) = 0.3342v + 22.55) on the anodic current.
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The result implies that the electrochemical oxidation of
DA at the modified electrode is dominated by a sur-
face-adsorption controlled process [29].

The anodic peak current (Ipa,AA) of AA at PANI/
AgCIl/GCE is also proportional to the scan rates with a
linear regression equation of Ipa,AA (LA) = 0.1454v +
19.60 (R = 0.9997), showing a typical surface-adsorption
kinetics (Figure 4(b)).

The effect of pH on the peak potential and current were
investigated by DPV in the presence of 0.1 mM DA and
0.5 mM AA in the pH range 2.0 - 8.0 (the results are not
shown). The results indicated that AgCl incorporated in
PANI can catalyze the electrooxidation of DA in opti-
mum pH 4.0, which can obtain maximum separation of
peak potential (AEp) and peak current for DA-AA, thus
we choose this PBS solution as the optimum supporting
electrolyte. Yan and co-workers [25] had investigated
that AgCl@ployaniline materials which showed the elec-
trochemical selectivity to DA in 0.1 M PBS of pH 7 and
PANI-ES to PANI-PNS occurred in E, = +0.76 V (vs.
SCE). However, in this study, we find that the oxidation
of DA in E=0.337 V (vs. Ag/AgCl).
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Figure 4. CVs for the oxidation of 1 mM DA (a) and 1 mM
AA (b) at the PANI/AgClI/GCE in pH 4.0 PBS solution at
different scan rates. The insert is the plots of the peak cur-
rents vs. scan rates.
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3.4. Selective Determination of DA in the
Presence of AA at the PANI/AgCl/GCE

PANI/AgCl hybrid composites were modified onto the
surface of the GCE as an electrochemical sensor. The de-
termination of DA concentration is performed with DPV
technique in 0.1 M deaerated PBS solution of pH 4.0 in
the interference from AA. It is well known that bare
glassy carbon electrodes cannot resolve the oxidation
peaks of DA and AA and show low sensitivity for these
oxidation reactions. Some special carbon materials may
be favorably altered through the modification of the elec-
trode surface. Based on the above-mentioned demonstra-
tions, the excellent catalytic activity of the PANI/AgCI
composites remarkably facilitates the electron transfer of
DA at a more negative potential (see Figure 3(c)). An
intrinsic property of the PANI/AgCl hybrid composites
substantially differentiates the oxidation processes of DA
and AA and well avoids the overlapping oxidation peaks.

Figure 5 shows the typical DPVs for the oxidation
currents of DA at a fixed concentration of AA (1 mM) at
the PANI/AgClI/GCE. The date show that two well-dis-
tinguish peaks at about 80 and 342 mV are observed,
respectively. It could be found that the DPV peak current
of the DA is linearly related to its concentration within
the range from 0.7 uM to 6.0 uM DA, whereas the an-
odic peak currents of AA is almost stable when increas-
ing the DA concentration in the presense of AA with a
concentration 1000 times higher than that of DA, reveal-
ing that the oxidation of DA and AA has no significant
interference effects at the PANI/AgCl/GCE. The linear
regression equation is expressed as: Ip,DA (nA) =
12.7516Cps (LM) + 48.0274 with a correlation coefficient
of 0.9958 (the inset in Figure 5). The slope of the above
equation is high to 12.7516 pA-uM ', which is superior
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Figure 5. DPV for DA in the presence of 1 mM AA at the
PANI/AgCI/GCE in PBS at pH 4.0. DA concentrations
(from bottom to top): 0.7, 1.2, 1.6, 2.0, 2.5, 3.2, 4.0, 4.5, 5.5
and 6.0 pM. The insert is the relationship between the peak
current and the concentration of DA.

AJAC



390

to the sensitivity response of Yan [25], and the detection
limit of 5.4 x 10® M could be estimated (S/N = 3) [30].

These results indicate that the selective and sensitive
detection of DA in the presence of high AA concentra-
tion is achieved at this modified electrode. Meanwhile, a
AEp of 262 mV between AA and DA allows disting-
uishing DA selectively by using DPV. Furthermore, the
relative standard deviation (RSD%) of the modified elec-
trode in 10 successive scans is 1.7% for 6.0 pM DA in
the presence of 0.1 mM AA, confirming the excellent
reproducibility and stability of the PANI/AgCI modified
GCE. The results indicate that remarkable selectivity for
determination of DA free from AA interference on modi-
fied electrode. A following probable reason is proposed
for selectively electrochemical oxidation of DA and AA
by the modified electrode. DA exists as a cation with a
positive charge of amine group (pKa = 8.9) at pH 4.0
solution, however, AA with a pKa of 4.17 exists mainly
as neutral form in the solution of pH 4.0. DA has been
attracted by the electrostatic force from sulfonic anion on
the surface of PANI/AgCl/GCE. Therefore, DA is selec-
tively electro-oxidized to result in the improvement of
the oxidation current of DA. On the other hand, the oxi-
dation of AA is hindered.

4. Conclusion

In summary, the PANI/AgCl hybrid material has been
successfully used as explore the electrocatalytic propertie
for the selective determination of DA in the presence of
high concentrations of AA. The electrochemical tests il-
lustrate that PANI and inorganic nanoparticle AgCl have
a strong synergetic effect, ability to improve current, fast
electron transfer kinetics and obviously decrease the over-
potentials. In addition, the selective determination for
DA is obtained in the range from 0.7 to 6.0 uM with the
detection limit of 5.4 x 10°* M (S/N = 3) by DPV under
an optimum condition. The PANI/AgCI hybrid modified
electrode exhibits a very low detection limit, good stabi-
lity and anti-interference ability and can be utilized as a
promising material for the construction of DA electro-
chemical sensor.
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