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Abstract

In this work, synergism between the conducting polymer matrix and gold nanoparticles is explored for dopamine sensing in the

presence of excess ascorbic acid using poly (3,4-ethylenedioxythiophene) (PEDOT) in neutral phosphate buffer solutions (PBS 7.4).

The electrodeposited thin films of PEDOT were characterized by atomic force microscopy (AFM) (and current sensing-AFM), and

the incorporated Au nanoparticles by UV–Vis spectroscopy and electrochemical methods. Distinct ‘‘oxidized’’ and ‘‘reduced’’

regions of the polymer film were revealed in the CS-AFM. Electrochemical studies have shown that the catalytic oxidation of

DA and AA on PEDOT modified electrodes can afford a peak potential separation of �230 mV. Further enhancement in the oxi-

dation current for DA/AA oxidation was achieved by incorporation of Au nanoparticles in the PEDOT modified electrodes. The

nanometer sized gold particles favour the nanomolar sensing of dopamine in the presence of excess of ascorbic acid (1.0 mM). The

DA oxidation current increases linearly with DA concentration and the detection limit of DA is found to be �2 nM. Amperometric

detection under stirred conditions is free from electrode fouling at lower concentrations of DA and is only slightly affected at con-

centrations beyond 20 lM. The combined effect of Au nanoparticles and the PEDOT matrix is based on the Aunano surrounded by a

‘‘hydrophobic sheath’’ tending to reside within these hydrophobic regions of PEDOT, increasing the DA oxidation current.

� 2005 Elsevier B.V. All rights reserved.

Keywords: Atomic force microscopy; Cyclic voltammetry; Amperometric sensor; Electrocatalytic oxidation; Conducting polymer; Chemically mo-

dified electrode
1. Introduction

Dopamine (DA), the most important among the class

of catecholamines, plays an important role in the func-

tion of the central nervous, renal, hormonal and cardio-

vascular systems. The development of methods for

dopamine quantification in blood and biological fluids

is the subject of intense current investigation [1–5]. Since
dopamine is easily oxidizable, electrochemical methods

are an ideal choice for the quantitative determination

of dopamine. However, electrochemical oxidation of

DA at conventional electrodes is found difficult because
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of (a) fouling of the electrode surface due to the adsorp-

tion of oxidation products, (b) interference due to the

co-existence of ascorbic acid (AA) in the biological flu-

ids, which also undergoes oxidation more or less at the

same potential; and (c) also, the concentration of AA

is relatively higher than that of DA in these samples

(�103 times higher than DA), which results in poor

selectivity and sensitivity for DA detection.
The detection of DA in the presence of excess of AA

is a challenging task in electroanalytical research. To de-

velop an ideal sensor system, both sensitivity and selec-

tivity are equally important. Various attempts are

reported in the literature to detect DA using electro-

chemical approaches based on surface coatings [6], car-

bon paste electrodes [7], self-assembled monolayers
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Scheme 1. Depiction of hydrophobic and hydrophilic regions on the

conducting polymer film; DOQ = Dopamine-o-quinone, DHA =

Dehydro ascorbate.
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[8–11], interfaces between two immiscible electrolyte

solutions (ITIES) [12], etc. each one associated with its

own advantages and limitations.

Deposition of conducting polymers is a simple ap-

proach to construct a sensor electrode. The advantages

of electropolymerization are that: (a) thin, uniform and
adherent polymer films can be obtained; (b) films can

be deposited on a small surface area with a high degree

of geometrical conformity and controllable thickness

using a specific number of growth cycles in potentiody-

namic cycling. Among the numerous polymeric materials

developed and studied over the past few decades, polyan-

iline (PANI), polypyrrole (PPy) and poly (3,4-ethylenedi-

oxythiophene) (PEDOT) constitute an important class
[13]. PEDOT has received a significant amount of atten-

tion as an electrode material for a variety of applications

[14,15]. It shows remarkable stability, provides homoge-

neous films, and can be synthesized electrochemically

from both aqueous and non-aqueous media [16–18].

The conductivity of the PEDOT film does not change

significantly with the counter ion [19]. Studies on the

behaviour of PEDOT in phosphate buffer solutions show
a high level of stability when compared to other conduct-

ing polymers, suggesting that PEDOTmay be a potential

candidate for sensor applications and hence it is chosen

here for sensing DA.

Simultaneous determination of DA and AA has been

reported utilizing electrodes coated with substituted PA-

NIs and PPys, which help separation of the voltammet-

ric signals of DA and AA [20,21]. We found that these
approaches lack sensitivity due to the large volumetric

capacitance (background) that originates from the poly-

mer film [22], and hence the detectability at submicrom-

olar level becomes difficult. It is natural for one to expect

that the sensitivity of the polymer can be increased, by

increasing the volume porosity (effective volume) of

the film. Nevertheless, there is a caveat in this approach

in that an increase in film porosity can result in un-
wanted enhancement in the capacitive currents and ren-

der the film mechanically unstable. This higher thickness

also limits the mass transport of the analyte molecule

(acting as a diffusional barrier). One of the strategies

to overcome these limitations is to incorporate an inert

high-surface-area material whose content is relatively

lower than that of the polymer matrix. An obvious

choice is an assembly of gold nanoparticles.
The fabrication of sensors based on nanoparticle

incorporated/embedded polymeric matrices are of recent

technological interest [23,24]. Arrays of Au nanoparti-

cles have been utilized for electrochemical sensors as

they exhibit excellent catalytic activity towards various

reactions [25–29]. In these, the Au nanoparticles func-

tion efficiently as ‘‘electron antennae’’ [30]. In the pres-

ent work, we have taken advantage of (a) the
hydrophobic/hydrophilic nature of the polymer film;

and (b) the signal enhancing character of the embedded
Au nanoparticles. We work with a premise that the

polymer film contains a distribution of hydrophobic (re-

duced) and hydrophilic (oxidized) regions [31] and

dopamine prefers to interact with the more hydrophobic

regions (Scheme 1).

In the present investigation, we attempt to study the
effect of Au nanoparticles in conjunction with PEDOT

with the aim of achieving DA determination at nM lev-

els in the presence of mM concentrations of AA.
2. Experimental

2.1. Materials

3,4-ethylenedioxythiophene (EDOT, Baytron M) was

a gift sample provided by Bayer AG (Germany).

HAuCl4 (Sigma–Aldrich), dopamine (Acros), ascorbic

acid (E-Merck), potassium dihydrogen phosphate (E-

Merck), sodium hydroxide (E-Merck) were used as re-

ceived. The aqueous solutions were prepared using

Milli-Q water (18.3 X) (Millipore).
In the electrochemical experiments, a GC electrode (/

3 mm, BAS, Inc.) and a platinum foil were used as the

working and auxiliary electrodes, respectively, in a stan-

dard 3-electrode configuration. All the potential values

are reported against the standard calomel electrode

(SCE) reference unless otherwise mentioned.

2.2. Instrumentation

Electrochemical experiments were carried out using a

potentiostat/galvanostat Autolab PGSTAT-30 (Eco-

Chemie B.V., The Netherlands) at ambient temperature

(25 ± 1 �C). To record the differential pulse voltammo-

grams (DPV), the following input parameters were used:

scan rate: 30 mV s�1, sample-width: 17 ms, pulse-ampli-

tude: 50 mV, pulse-width (modulation time): 50 ms,
pulse-period (interval): 200 ms and rest-time: 2 s. Peak

currents were determined either after subtraction of a

manually added baseline or as absolute peak heights

above zero.

PEDOT/Au-PEDOT films (coated on ITO glass

substrates supplied by Donnelly Corp., USA) were



Fig. 1. UV–Vis absorption spectra of: (a) EDOT stabilized Au

nanoparticles, (b) Au-nanoparticle incorporated PEDOT film.
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characterized by atomic force microscopy (Molecular

Imaging, USA) using gold coated SiN3 cantilevers

(Force Constant 3 n/W) and a fiber-optic UV–Visible

spectrometer (SD 2000, Ocean Optics).

2.3. Methods

2.3.1. Preparation of PEDOT modified GCE

PEDOT was deposited from a solution of 25 mM

EDOT + 0.1 M tetrabutylammonium perchlorate in

acetonitrile on a glassy carbon electrode by potential

scanning between �0.9 and 1.7 V vs. an Ag wire pseu-

do-reference electrode. PEDOT film was allowed to

grow on the GCE surface for five successive scans, as
seen from the increasing anodic and cathodic peak cur-

rent densities. The cycling was intentionally limited to

five cycles to obtain only thin films.

2.3.2. Preparation of Au-PEDOT (Aunano/pedot)

composites modified GCE

The biphasic procedure of Brust et al. [32] was fol-

lowed to prepare the Au particles protected by poly-
meric/oligomeric species of EDOT (Aunano/edot) using

the self-assembling character of thiophenes on gold sur-

faces [33]. Briefly, an aqueous solution of hydrogen tetra-

chloroaurate (20 ml, 1 mM) was added to a solution of

tetraoctylammonium bromide (TOABr) in toluene

(20 ml, 40 mM). The organic layer was separated out

after the phase transfer of AuCl�4 . EDOT (25 mM) in tol-

uene was added to this organic phase and themixture was
stirred for 6 h. A freshly prepared aqueous solution of so-

dium borohydride (20 ml, 10 mM) was added. Awine red

colouration of the organic phase was observed indicating

the formation of Aunano/edot MPC. Toluene was evapo-

rated using a rotary evaporator and the resulting residue

was washed with acetone three times to remove the stabi-

lizer (TOABr). Then, Aunano/edot MPC was redissolved

in acetonitrile. Aunano/pedot was electrochemically depos-
ited as a continuous film on GCE from a solution of

Aunano/edot MPC in acetonitrile containing tetrabutylam-

monium perchlorate as supporting electrolyte. The con-

ducting polymer provides a matrix for the nanoparticles.
3. Results and discussion

3.1. Characterization of PEDOT/Aunano/pedot modified

electrodes

Fig. 1 shows the absorption spectra of the PEDOT/

Aunano/pedot film coated on ITO glass substrates. The

spectrum obtained for the Aunano/pedot film is very simi-

lar to that of the Aunano/edot MPC though the intensity is

relatively small. Both Aunano/edot MPC and Aunano/pedot
give an absorption maximum at �530 and 540 nm that

corresponds to a particle size of �20–40 nm [25,34].
The atomic force microscopy (AFM) images (Fig. 2)

show the surface morphology and film thickness of the
electropolymerised PEDOT film and the Aunano/pedot
film coated on ITO glass substrates. The film was ob-

tained by cycling the electrode potential between �0.5

and 1.9 V vs. the Ag wire pseudo-reference (five cycles)

in the corresponding solution. The topography of PED-

OT on the GCE is relatively smooth, with a height var-

iation of �10 nm. The Au clusters are the spherical

patches on the PEDOT strands. The image also clearly
shows that the Au clusters of 50–100 nm sizes are well

distributed throughout the polymer matrix. Film thick-

ness measurements, performed with three-dimensional

AFM analysis, show a thickness of �100 nm. From

the AFM image, the Au-cluster density on the polymer

film is found to be �25 per (1000 nm · 1000 nm).

Fig. 3 shows the cyclic voltammograms of PEDOT

and Aunano/pedot coated GCE in 0.5 M sulphuric acid
in a potential range of �0.7 to 1.2 V. The CV charac-

teristics of the PEDOT film do not show any character-

istic peak within the potential scan range, whereas the

Au incorporated polymer film shows the ‘‘signature’’ of

the voltammetric behaviour of Au stripping in 0.5 M

H2SO4 (a weak response at 0.45 V vs. MSE) revealing

the presence of Aunano in the film. However, the cur-

rent response is weak because of masking by the rela-
tively large background current due to the polymer

matrix.



Fig. 2. AFM image of PEDOT and Aunano/pedot films coated on a ITO

glass.

Fig. 3. Redox behaviour of: (a) PEDOT and (b) Aunano/pedot coated

GCE in 0.5 M sulphuric acid in a potential range of �0.7 to 1.2 V,

Scan rate 100 mV s�1 (› mark denotes the reduction of Au).

Fig. 4. Cyclic voltammetric behaviour of DA (0.5 mM) at: (a) bare, (b)

PEDOT and (c) Aunano/pedot coated GC electrodes in PBS of pH 7.4.

Scan rate 50 mV s�1. (Inset: relationship between square root of scan

rate and peak current.)
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3.2. Oxidation of DA on PEDOT and Aunano/pedot
modified electrodes

The oxidation behaviour of dopamine at bare GCE,

PEDOT and the Aunano/pedot modified GCE is shown

in Fig. 4. Oxidation of DA occurs at �0.12 V irrespec-

tive of the electrode surface and the modifier. During

oxidation, DA undergoes a two-electron oxidation

DA ! DOQþ 2e� þ 2Hþ ð1Þ
where DOQ is the o-quinone form of DA. When com-

pared to bare GCE, the oxidation current increases by

33% and 48% on PEDOT and Aunano/pedot modified



Fig. 5. Cyclic voltammetric behaviour of AA (0.5 mM) at: (a) bare, (b)

PEDOT and (c) Aunano/pedot coated GC electrodes in phosphate buffer

solution (PBS) of pH 7.4. Scan rate 50 mV s�1. (Inset: relationship

between square root of scan rate and peak current.)
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electrodes, respectively, which clearly indicates catalytic

DA oxidation on the modified electrodes. The increase

in oxidation current in the presence of Au nanoparti-

cles is attributed to the favourable weak adsorption

of DA cations on gold particles [23]. The weak adsorp-

tion of DA on the Au surface may be because of the
fact that dopamine self-assembles on gold surfaces

through the interaction of –NH2 with Au [35]. Interest-

ingly, the reversibility of DA oxidation is also greatly

enhanced on the PEDOT/Aunano/pedot electrode, which

may have been favoured by the PEDOT polymer film

(since the PEDOT film has a rich electron cloud), that

acts as an electron mediator. In addition, a hydropho-

bic environment appears to favour reversible oxidation
of dopamine [36]. The peak separation (DEp =

|Epa � Epc|) at a scan rate of 0.05 V s�1, is found to

be 0.085 ± 0.002 V on bare GCE, whereas it is

0.049 ± 0.002 V on the PEDOT electrode and

0.060 ± 0.002 V on the Aunano/pedot electrode, showing

faster electron transfer kinetics on PEDOT, as well as

on the Aunano/pedot film. Further, the linear relationship

between the peak current and square root of sweep rate
(Fig. 4, inset) in the scan rate range from 0.005 to

0.15 V s�1 points to the diffusion-controlled nature of

DA oxidation on Aunano/pedot films. In addition, the ab-

sence of an oxidation current in the cycles subsequent

to the first cycles indicates electrode fouling by the oxi-

dation products. Recently, a very high selectivity for

DA was reported using exfoliated graphite electrodes

[37], and this was attributed to the adsorption of
DA. Nevertheless, the Ip vs. v1/2 plots showed a non-

linear trend and the method appears to be suitable only

for adsorptive stripping voltammetry.

3.3. Oxidation of AA on PEDOT/Au-PEDOT modified

electrodes

Fig. 5 shows the oxidation behaviour of AA on bare
GC and PEDOT/ Aunano/pedot modified GC electrodes.

An irreversible oxidation occurs at 0.156 V at bare

GCE, whereas it occurs at �0.020 and �0.060 V on

PEDOT and Aunano/pedot modified electrodes, respec-

tively. An increase of 40% in AA oxidation current is

noticed on both PEDOT and Aunano/pedot modified elec-

trodes when compared to bare GCE. Thus, both modi-

fied electrodes are catalytic towards AA oxidation. The
plot of AA oxidation current against square root of scan

rate is linear in the range from 0.005 to 0.15 V s�1 show-

ing that the AA oxidation process is diffusion-controlled

on the Aunano/pedot film.

Having examined the individual oxidation behaviour

of AA and DA on these three electrodes, details of the

interdependence of AA and DA oxidation at the

above-modified electrodes are in order. This study is
necessitated due to the expected shifts in their peak po-

tential values in each other�s presence [3,8,20,38].
3.4. Oxidation of DA and AA on PEDOT/Aunano/pedot
modified electrodes

Fig. 6 shows the oxidation of co-existing DA and AA

on bare GCE, PEDOT, and Aunano/pedot modified GC

electrodes. It is well known that both DA and AA un-

dergo oxidation at almost the same potential and appear

as a single broad peak on a GC electrode [39,40]. How-

ever they are clearly separated on a PEDOT-electrode

by �230 mV. On Aunano/pedot modified GC electrode
also, the same separation of AA and DA oxidation is

retained. DA is oxidized at 0.144 (PEDOT)/0.127

(Aunano/pedot) V and AA oxidation occurs at �0.066

(PEDOT)/�0.060 (Aunano/pedot) V]. It is interesting to

note that the reversibility of DA oxidation is enhanced

on both PEDOT- and Aunano/pedot modified electrodes,

as indicated by the appearance of a peak at 0.073 V in

the reverse scan corresponding to the reduction of the
oxidized species of DA and a decrease in the DEp values

(i.e., 71 and 54 mV, respectively). While Au-incorpora-

tion seems to favour reversible oxidation of DA, it also

enhances the DA oxidation current magnitudes.

Fig. 7 depicts a histogram presenting a comparison of

the behaviour of these electrodes with respect to the oxi-

dation of DA and AA. As can be seen from this figure,

the peak current of DA is enhanced in the case of the
Aunano/pedot electrode compared to that of other elec-

trodes, even in the presence of AA. This clearly shows

the synergism between the polymer matrix and the

embedded Au nanoparticles.



Fig. 6. Cyclic voltammetric behaviour of DA (0.5 mM) + AA

(0.5 mM) at: (a) bare, (b) PEDOT and (c) Aunano/pedot coated GC

electrodes in PBS of pH 7.4. Scan rate 50 mV s�1.

Fig. 7. Histogram comparing the behaviour of bare, PEDOT,

Aunano/pedot coated GC electrodes with respect to oxidation of

0.5 mM of DA and AA. (Data taken from CV measurements.)

Fig. 8. Current sensing atomic force microscopy (CS-AFM) of

PEDOT film.
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It is now established through voltammetric studies

that the PEDOT polymeric film favours the separation

of the voltammetric peaks of DA and AA through

hydrophobic/non-specific interactions. It is reasoned

that the conducting polymer films (ca. polypyrrole)
coated on the electrode surfaces contain a distribution

of ‘‘reduced’’ and ‘‘oxidized’’ regions [31,41] and that

the reduced regions are more hydrophobic [42] in nat-
ure, and the same is expected in the case of PEDOT.

Further, we establish this feature through current sens-

ing atomic force microscopy (CS-AFM) of the PEDOT

film that shows clear distinct regions of conducting (oxi-

dized) and non-conducting (reduced) regions (Fig. 8). It

may also be stated that DA is more hydrophobic than
AA and it is likely that DA interacts with the ‘‘reduced’’

regions of PEDOT through hydrophobic–hydrophobic

interactions, whereas AA does not. This is understand-

able since the ‘‘reduced’’ form of the film acts as a mere

redox polymer [21] and can mediate the electron transfer

for oxidation of DA. It is also reported that hydropho-

bicity of the polymer is one of the important factors that

is responsible for the selective DA receptor ligand bond-
ing [43]. In the case of AA oxidation, catalytic oxidation

is observed as noticed from the shift of potential to less

positive values. This may arise because of the electro-

static interactions between the oxidized regions of the

film and the anionic AA.

Further, the DA adsorption is favoured by the Au

nanoparticles through specific interactions through –

NH2 groups [35]. It is speculated that the Aunano
surrounded by a ‘‘hydrophobic sheath’’ tend to reside

within these hydrophobic regions of PEDOT and can

offer a combined effect of increasing the DA oxidation

current.

Thus, in this present study, Au favours the DA

adsorption and the use of Aunano results in DA signal

enhancement. Yet, the sensitivity of these polymeric

modified electrodes towards DA sensing is found to be
low due to the presence of a large capacitive current.

It is reasonable to expect that increasing the thickness



Fig. 10. Relationship between the DA oxidation current and concen-

tration of DA.
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of the polymer film can enhance the current signal, but

thicker films are usually associated with a greater extent

of porosity. Increased film thickness also results in un-

wanted charging current enhancement, thus limiting

their detection at submicromolar levels usually with

low signal-to-noise ratio (S/N). It is likely that the ana-
lyte molecules (DA/AA) can be trapped inside the por-

ous polymeric matrix through specific/non-specific

interactions in thicker porous films, limiting the scope

of renewal of the surface for repeated analysis (ca. foul-

ing effect). In order to minimize the charging current, the

PEDOT film is kept as thin as possible, at the same time

ensuring complete coverage of the electrode surface by

the PEDOT film. In view of the charging current gener-
ated by the polymer film, pulse voltammetric techniques

are resorted to in this study to increase the sensitivity [1].

Fig. 9 exhibits the DPVs obtained for varying DA

concentrations in the presence of a fixed concentration

of AA on PEDOT modified electrodes. The voltammet-

ric peak current of AA oxidation remains unchanged,

whereas the oxidation current of DA increases linearly

as the bulk concentration of DA is increased. This fur-
ther confirms that the oxidations of DA and AA at a

PEDOT film take place independently. The detection

limit of DA in the presence of 1 mM of AA was found

to be 2.0 nM. The calibration plot (Fig. 10) for DA is

found to be linear with a correlation coefficient (R2) of

0.97 with a slope value of 0.85 lA nM�1 for dopamine.
Fig. 9. Differential pulse voltammogram of AA and DA at the

Aunano/pedot film coated GC electrode in PBS 7.4 solution. [DA] was

changed and [AA]was kept constant (i.e., [AA]: 1 mM; [DA]: (a) 2, (b) 4,

(c ) 6, (d) 8, (e) 10, (f) 12, (g) 14, (h) 16, (i) 17, (j) 18, (k) 20, (l) 22 nM).
Fig. 11 shows the steady state current response

obtained for the oxidation of DA at the PEDOT modi-
fied electrodes in the presence and absence of 1 mM of

AA. The concentration of DA was varied by stepwise

addition of 10 ll of 10 mM DA into the PBS solution

of pH 7.4 and each addition of DA increased the
Fig. 11. Steady-state current response for the oxidation of DA at the

PEDOT modified electrodes (a) without and (b) with 1 mM of AA.

(Inset: relationship between DA concentration and oxidation current.)
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concentration of AA by 2 lM. The steady-state current

for the oxidation of DA in PBS solutions was examined

by holding the potential of the electrode at 0.20 V. The

current response for the oxidation of DA with and with-

out AA is very similar. Further, a good linear relation-

ship (Fig. 11, inset) between the DA concentration and
current magnitude with a correlation coefficient of 0.99

was found for the Aunano/pedot electrode. The sensitivity

of the Aunano/pedot coated electrode towards the DA oxi-

dation was found to be �6.5–8.5 lA lm�1. A stable and

rapid current response was obtained within 1–2 s upon

repeated addition. This fact confirms the elimination

of the oxidation of AA by the modified electrodes and

thus the selective determination of DA is possible, irre-
spective of the presence of AA in large excess. This re-

sult is of great significance from the viewpoint of

practical applications. Thus, this work demonstrates

that both sensitivity and selectivity can be achieved by

using composites such as the ones employed here.

The films also appear to be free from fouling by the

analytes and/or the oxidized products, as their penetra-

tion into the thin film modifier is likely to be minimal
(ca. 2%). However, repeated cycling of the electrode in

a pH 7.4 buffer is found to remove the incorporated ana-

lytes completely, especially DA. The selectivity was

found to be consistently reproducible. A series of 20

repetitive voltammetric determinations of sample solu-

tions containing 10 lM of DA and 10 lM of AA was

performed to evaluate the stability of the modified elec-

trode over 30 days. The coefficient of variation was
found to be <5%, indicating that the modified electrode

is not subject to surface fouling by the oxidation product

(which was originally known to foul glassy carbon sur-

faces [44]), whereas a system based polyphenol-modified

electrode [45] suffered a loss of up to �15% in the cur-

rent output. Unfortunately, very few studies have re-

ported the degree of reproducibility and electrode

stability and the information available is at the best very
qualitative, thus preventing a systematic quantitative

comparison. These advantages accruing from the cata-

lytic function of the film improved the selectivity and

sensitivity of the voltammetric determination of DA in

the presence of AA.

To ascertain further the reproducibility of the results,

three different PEDOT electrodes with and without Au

nanoparticles and their responses towards the oxidation
of AA and DA were tested. The separation between the

voltammetric signals of AA and DA and the sensitivities

remained the same at PEDOT electrodes. This confirms

the reproducibility of the results. It is pertinent to note

that the PEDOT films deposited from aqueous LiClO4

solutions do not show any selectivity at all between

DA and AA, thus indicating that the film morphology

apparently plays an important role in the detection of
organic molecules [46]. We continue to investigate these

systems to elucidate the mechanism of electrooxidation
and the resultant films vis-à-vis electrooxidation of or-

ganic molecules at these films.
4. Conclusions

In this work, we have demonstrated that the PEDOT

polymeric film favours voltammetric peak separation of

DA and AA oxidation. Unlike the base electrode, the

PEDOT coated GC electrode showed a separation of

230 mV in the oxidation peak potentials of DA and

AA present in the same solution. We have also estab-

lished the possibility of using the Aunano-incorporated

PEDOT film modified electrode for improving the sensi-
tivity of DA detection. Incorporation of Au nanoparti-

cles into PEDOT film enhances the DA current signal

or in other words, improves the sensitivity. The modified

electrodes showed excellent sensitivity, selectivity and

anti-fouling properties. Thus, the Aunano/pedot incorpo-

rated film coated GC electrode could detect DA at

2 nM in the presence of a higher concentration of AA

(1 mM), i.e., 1:1000 ratio, which reflects the difference
in their concentration under physiological conditions.

A good linear relationship between DA concentration

and current response was obtained in the concentration

range of ca. 0.5 to 2 lM. Since PEDOT is proved effec-

tive in bringing about a wide separation of the peak

potentials of DA and AA, it becomes imperative to

study the effect of the dopant anion and density of nano-

particle incorporation on both sensitivity and selectivity
in their determination and work is in progress to eluci-

date these aspects.
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