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Abstract A method to fabricate poly(3,4-ethylene dioxy-
thiophene)-poly(4-styrene sulfonate)-Meldola Blue (PEDOT-
PSS-MDB)-modified electrodes had been disclosed. Firstly,
the PEDOT-PSS-film-modified electrode was electrochemi-
cally prepared. Then, the PEDOT-PSS was treated as a matrix
to immobilize electroactive mediator, Meldola Blue (MDB),
by means of an electrostatic interaction to form the proposed
film, PEDOT-PSS-MDB. Electrochemical properties of the
proposed film exhibited surface confinement and pH depen-
dence. The PEDOT-PSS-MDB electrode could electrocata-
lytically reduce hydrogen peroxide (H,O,) with a low
overpotential and showed a linear response to H,O, in the
concentration range of 5 to 120 puM, detection limit of
0.1 1M, and sensitivity of 353.9 pAmM 'cm 2 (S/N=3). By
comparison, the electrocatalytic activity of PEDOT-PSS-
MDB electrode was found superior to that of PEDOT-PSS
and MDB-PSS electrodes. It also has competitive potential
as compared with other mediators, through the use of HRP
to determine H,O,. Moreover, the potential interferents such
as ascorbic acid, dopamine, uric acid, and glucose were also
studied for H,O, determination by the proposed film.
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Introduction

There has been a continuous motivation for fabrication of
electrodes with high surface area because the larger the area
of the electrode—electrolyte interface is, the larger will be
the rate of the electrochemical process. Electrodes with
increased roughness or porosity have been prepared for that
purpose [1-5] and electrodes with structure elements down
to the nanometer scale have been reported [4, 5]. Electro-
polymerization is a good approach to prepare polymer-
modified electrodes (PMEs) for adjusting electrochemical
parameters to control film thickness, permeation, and
charge transport characteristics. PMEs have many advan-
tages in the detection of analytes due to its selectivity,
sensitivity, and homogeneity in electrochemical deposition,
strong adherence to electrode surface, and chemical
stability of the film [6-8]. Other advantages like high
density of positive charge or electrocatalytic features of
electropolymerized layers have also been noticed, such as
electroanalysis of NADH using conducting and redox
active polymer/carbon-nanotube-modified electrodes [9].
Conducting polymers (CPs) are easily synthesized and
deposited onto the conductive surface of a given substrate
from monomer solutions by electrochemical polymerization
with precise electrochemical control of their formation rate
and thickness. Coating electrodes with CPs under mild
conditions opens up enormous possibilities for the immo-
bilization of biomolecules and bioaffinity or biorecognizing
reagents, the improvement of their electrocatalytic proper-
ties, rapid electron transfer, and direct communication to
produce a range of analytical signals and new analytical
applications. Coimmobilization of other molecules (enzy-
matic cofactors or charge—transfer mediators) by entrap-
ment within electropolymerized films or by covalent
binding on these films permits straightforward fabrication
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of reagentless biosensors. The characteristics of CPs and
their uses, mainly in amperometric biosensors, have been
reviewed [10].

Instantly, CPs are a natural choice for preparing arrays of
voltammetric sensors because they have a rich electro-
chemical behavior and their electrochemical properties can
be modulated by introducing chemical modifications in the
sensitive materials [11, 12]. Recently, the recent advances
in conducting polymer-based electrochemical sensors,
including chemical sensors and biosensors have also been
reviewed [13].

These polymers are generally permeable to small
molecules [14]; this, in principle, should allow every
volume element of the electrode material at the molecular
level to be in contact with the electrolyte solution, resulting
in an extremely high effective surface area. However, due
to their low compatibility with the electrolyte phase, the
separations of the polymer chains in conducting polymers
are generally small relative to the double-layer thickness
[15]. This increases the electrolyte resistance in the polymer
matrix [14, 16] and lowers the effective double-layer
surface area. Conducting polymers with higher compatibil-
ities have been developed in the last few years by chemical
modification of the polymer units, by use of appropriate
dopant counterions, and/or by using other additives [17].
Stable dispersions and/or solutions of conducting polymers
are widely available [17]. Employment of such conducting
dispersions for fabrication of electrodes does improve the
kinetics of the electrochemical process. Nevertheless, it is
then limited by the diffusion of ions in the colloidal
particles of the polymer [18].

Among conducting polymers, poly(3,4-ethylenedioxy-
thiophene) (PEDOT), a comparatively new conducting
polymer, has been attracting growing interest due to its
high compatibility with other polymers, very good film-
forming properties, high stability, high charge mobility, low
band gap, and high degree of doping [19-21]. The use of
poly(4-styrene sulfonate) (PSS) enhances the solubility of
3,4-dioxyetylenethiophene (EDOT) in aqueous media since
the solubility of EDOT itself in aqueous media is not
adequate to form a film [15]. The polyelectrolyte complex
of PEDOT and PSS, with an excess of the latter component,
is produced and negatively charged, which stabilizes them
in the aqueous media [22].

Meldola Blue (MDB) is one kind of quinoid dye.
Among the options of mediators when designing NADH
sensors, MDB is a well-studied and extensively used
compound and is one of the suitable mediators for
facilitating NADH oxidation [23]. This mediator allows us
to achieve high sensitivity for the amperometric determi-
nation of NADH and to detect as low as 2x107° M with
good selectivity [24]. In recent years, the number of reports
concerning NADH sensor was continuously increasing, and
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the MDB was often a preferred modifier when designing
NADH detectors [23, 25-27]. Immobilization of MDB on
Si0,/Sb,03 binary oxide matrix [25], zirconium phosphate
(MDB-ZP-CPEs) [26], layered barium, and calcium phos-
phates [27] was reported for fabrication of NADH sensor,
and their ability to oxidation of NADH has been investi-
gated. However, it has never been studied for H,O,
determination by MDB composite due to its good electro-
catalytic properties.

Since several techniques have been adopted for the
accurate determination of hydrogen peroxide (H,0,) due to
it being an essential mediator in food, pharmaceutical,
clinical, and environmental analysis, many techniques
including titrimetry [28], spectrometry [29], and chemilu-
minescence [30] have been employed in the determination
of H,O,. However, these techniques are obviously time
consuming and expensive. Recently, more attention has
been paid to the electrochemistry technique owing to its
intrinsic sensitivity, high selectivity, and simplicity [31].
Electrochemistry technique based on a simple and low-cost
enzyme electrode has been extensively employed for
accurate determination of H,O, due to the intrinsic
selectivity and sensitivity of enzymatic reactions [32, 33].
Although a lot of materials have been used to immobilize
enzyme on an electrode for retaining the enzymatic biologic
activity and electrically connecting the enzyme with the
electrode surface, it was ineluctable that these materials
might block the electron transfer and biologic activity of the
enzyme [34, 35].

Nowadays, there is considerable interest in the develop-
ment of amperometric biosensors based on electropolymer-
ized layers and active composites (enzymeless). As NADH
oxidation by MDB has already been done, other electro-
catalytic properties of MDB is attractive to discuss. In this
work, it is the first time to report enzymeless H,O,
biosensor fabricated by PEDOT-PSS-MDB. We plan to
fabricate an enzymeless H,O, biosensor without using
horseradish peroxide (HRP). Herein, we report a study for
PEDOT-PSS-MDB electrode as a novel electrocatalyst to
electrocatalytically reduce H,O, without HRP, and the
interference was also investigated.

Experimental
Chemicals

EDOT, PSS, and MDB were purchased from Aldrich. All
reagents were of analytical grade and used without any
further purification. Solutions were prepared with doubly
distilled deionized water (DDDW). High-purity nitrogen
was used for deaeration. The buffer and sample solutions
were purged with highly purified nitrogen for at least
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10 min prior to the experiments. The pH conditions (from 1
to 9) were prepared by sulfuric acid, potassium hydrogen
phthalate, phosphate buffer solution (PBS; K,HPO, and
KH,PO,), Tris(hydroxymethyl)aminomethane, and potassi-
um hydroxide in DDDW. Nitrogen atmosphere was main-
tained over the solutions during the experiments to prevent
the reentry of atmospheric oxygen.

Apparatus

Electrochemical experiments were performed with CH Instru-
ments using CHI-750 potentiostat. Glassy carbon electrode
(GCE; geometric area of 0.07 cm?®) obtained from BAS
served as the working electrode. Pt wire was used as counter
electrode, and Ag/AgCl with the saturated KCl solution was
used as reference electrode. All the potentials given in this
paper were referred from Ag/AgCl (saturated KCl solution).

Preparation of MDB, MDB-PSS, PEDOT-PSS,
and PEDOT-PSS-MDB film-modified electrodes

Prior to modification, GCE was polished with 0.05 pum
alumina on Buehler felt pads and then ultrasonically
cleaned in water for 1 min. Finally, the electrode was
washed thoroughly with doubly distilled deionized water
(DDDW) to be used.

To form the MDB-modified electrode, the polished and
cleaned GCE surface was dipped into 0.1 M PBS solution
(pH 7) containing 1 mM MDB for 10 min. Hereafter, the
electrode called as MDB/GCE-modified electrode was
performed. The MDB composite electrode was thoroughly
washed further with extrapure water and stored in PBS for
further studies.

To form the MDB-PSS-modified electrode, the polished
and cleaned GCE surface was first dipped into 0.1 M PBS
solution (pH 7) containing 0.01 M PSS for 10 min and
further transferred to PBS solution (pH 7) containing 1 mM
MDB for 10 min. Hereafter, the electrode called as MDB-
PSS/GCE modified electrode was performed. The MDB-
PSS composite electrode was thoroughly washed further
with extrapure water and stored in PBS for further studies.

To form the PEDOT-PSS-MDB-modified electrode, the
polished GCE surface was subjected to electrochemical
deposition of PEDOT film (three scan cycles within the
potential range from —0.5 to 1.1 V) in 0.1 M LiClO4
solution (pH 5) containing 0.01 M EDOT and 0.01 M PSS.
This modified electrode was denoted as PEDOT-PSS/GCE
electrode. Furthermore, the PEDOT-PSS electrode was
dipped into PBS solution (pH 7) containing 1 mM MDB
for 10 min. Hereafter, the electrode was called PEDOT-
PSS-MDB/GCE electrode. The PEDOT-PSS-MDB com-
posite electrode was thoroughly washed further with
extrapure water and stored in PBS for further studies.

Results and discussion

Fabrication of MDB immobilized PEDOT-PSS-modified
electrode

Figure 1 shows voltammograms of different kinds of MDB-
modified electrodes with scan rate of 50 mVs ' in PBS
(pH 7). Figure 1 (a—c) shows the voltammograms represent-
ing PEDOT-PSS-MDB, MDB, and PSS-MDB-modified
electrode, respectively. The cyclic voltammogram of
PEDOT-PSS-MDB-modified electrode shows a pair of well-
defined reversible redox peaks in the potential interest (Fig. 1,
a), whereas MDB- and PSS-MDB-modified electrodes show
ill-defined redox peaks (Fig. 1, b and c). On the other hand,
MDB (Fig. 1, b) and PSS-MDB (Fig. 1, c) electrode do not
show such reversible voltammetric response for MDB. As
shown, the anodic and cathodic peaks are rather broad, and
the magnitude of the peak current is significantly lower than
that observed on the PEDOT-PSS-MDB electrode. The
magnitude of the peak current of PEDOT-PSS-MDB
electrode was 10 times higher than MDB- and PSS-MDB-
modified electrodes, respectively. The peak current enhance-
ments may be related to the electrostatic effect created by the
considerable film charge density, leading to an effective
accumulation of positively charged MDB in polyelectrolyte
films. Furthermore, the AEp value at the PSS-MDB- and
MDB-modified electrodes is relatively large, suggesting
sluggish electron transfer kinetics.

Electrochemical characteristics of PEDOT-PSS-MDB
electrode

Figure 2 shows the cyclic voltammograms of the
modified electrode at different scan rates in the potential

Current

I I T T T
0.6 -04 -0.2 0 0.2 04 0.6

E/V vs. Ag/AgCl
Fig. 1 Cyclic voltammograms of ¢ PEDOT-PSS-MDB/GCE, » MDB/

GCE, and ¢ MDB-PSS/GCE in 0.1 MPBS solution (pH 7); scan rate:
v=50 mVs'
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range from —0.6 to 0.6 V in PBS solution (pH 7). The
peak currents of redox couples are directly proportional
to scan rates up to 500 mVs ' (Fig. 2, inset A) as
expected for surface-confined process. As can be seen in
inset B of Fig. 2, the logarithmic regressing equation of
anodic peak current and concentration can be expressed
as log(Ipa)(uA) = 0.8636log(v)(Vs~') — 4.4818, R*=
0.9994. Moreover, the ratio of oxidation-to-reduction peak
currents is near unity and formal potentials did not change
with increasing scan rate in this pH condition. This result
reveals that the electron transfer kinetics is very fast on the
electrode-modified surface.

We have estimated the apparent surface coverage (I) by
using Eq. 1:

I' = Q/nFA, (1)

Where Q is charged from the areca under the PEDOT-
PSS-MDB composite electrode oxidation peak corrected
for the baseline (at the scan rate of 10 mstl); A, is the
area of the electrode surface (0.07 cm?); n is the number of
electron transfer; F' is Faraday constant (96,485 C/mol). In
the present case, the calculated surface coverage (I) was
1x10"® molem 2 for assuming a two-electron process.

Figure 3 displays the pH-dependent voltammetric response
of PEDOT-PSS-MDB composite electrode. In order to
ascertain this, the voltammetric responses of PEDOT-PSS-
MBDB electrode were obtained in the solutions of different pH
values varying from 1 to 9. As can be seen in Fig. 3, the formal
potential (E°) of the redox couples were pH dependent, and
it was negatively shifted by increasing pH value of the
solution. The pH dependence suggests that the electroactive
sites on the PEDOT-PSS-MDB composite electrode behave
as true surface active groups influenced by specific solution

¥ =0.8636x - 4.4818
R =0.9994
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Fig. 2 Cyclic voltammograms of PEDOT-PSS-MDB/GCE in PBS
solution (pH 7) with different scan rates (from inner to outer
correspond to v=(a) 10, (b) 50, (c) 100, (d) 200, (e) 400, and (f)
500 mVs ). Insets: a plot of Log(v) versus Log(Ipa); b plot of current
Versus scan rate
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Fig. 3 Cyclic voltammograms of PEDOT-PSS-MDB/GCE tested in
different pH solution including: @ pH 1, b pH 2, ¢ pH 3, d pH 4, e
pH S5, fpH 6, g pH 7, h pH 8, and i pH 9, respectively. Scan rate: v=
50 mVs '; slope=—0.0539

conditions and not shielded within the electrode interior. The
plot of formal potential (E”") versus pH yields a straight line
with a slope of about —54 mV per pH change in the solution
as shown in the inset of Fig. 3, which was very close to the
anticipated Nernstian value of —59 mV for processes in
which equal numbers of electrons and protons were involved
in the electrode reactions. As shown in Scheme 1, the
structure of I and II represents the reduction and oxidation
states of Meldola Blue in pH 7 solution. As the experimental
result, the slope of =54 mV/pH close to Nernstian value
(=59 mV/pH) implies two-electron/two-proton process.
Further considering the previous reference [36], the structure
of T and II represents the reduction and oxidation states of
Meldola Blue in PBS solution (pH 7) as shown in Scheme 1.
It involved the process of one-proton and two-electron
transfer.

Electrocatalytic properties of PEDOT-PSS-MDB electrode
towards the reduction of hydrogen peroxide

Electroanalytical application of the PEDOT-PSS-MDB
composite electrode was studied for the analysis of H,O,.
The electrochemical responses to the reduction of H,O,
were shown in Fig. 4, where the current response was
recorded by the PEDOT-PSS-MDB composite electrode in
0.1 MPBS solution (pH 7) in the (a) absence and presence
of H,O,: (b) 1x107° M, (¢) 2x107° M, and (d) 3x107° M,
respectively. The PEDOT-PSS-MDB modified electrode
with an addition of H,0O, to PBS solution (pH 7), and
change in the cyclic voltammogram occurs with an increase
in cathodic current and a concomitant decrease in the
anodic current. The catalytic reduction occurs at a much
lesser potential of —0.16 V at the PEDOT-PSS-MDB
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Scheme 1 Structural formula of
Meldola Blue (MDB)

(CH;)ZN/©i ;’ ‘2\<+126 H

composite electrode. A significant improvement in the
magnitude of the cathodic current at a lower potential reflects
the high electrocatalytic activity of the PEDOT-PSS-MDB
composite electrode. Besides, the electrocatalytic activity for
H,0, by MDB-PSS (curve ¢) and PEDOT-PSS (curve f)
electrode was also shown by comparison (inset of Fig. 4). It
confirms that PEDOT-PSS-MDB-modified electrode gave
higher catalytic current than MDB-PSS or PEDOT-PSS
electrode. The higher electrocatalytic current response for
H,O, by PEDOT-PSS-MDB-modified electrode might be
due to the cooperation of PEDOT, and MDB lowers the
activation of electrode surface and it gives lager surface
area. After 10 repeated experiments, the lower overpoten-
tial of electrocatalytic reduction for H,O, by PEDOT-PSS-
MDB remains the same. Base on both positively charged
PEDOT and MDB in the PEDOT-PSS-MDB film, this kind
of lower potential shifting could be explained by rich
positive charge of electrode surface lowering the activation
energy of H,O,.

Jo.ospa

Current

Current

E/V vs Ag/AgCl

-0.3 -0.2 -0.1 0 0 1 0.2
E/V vs. Ag/AgCl

Fig. 4 Cyclic voltammograms of different HO, concentrations tested
by PEDOT-PSS-MDB/GCE in PBS solution (pH 7) containing H,O,
of a OM, 510> M, ¢ 2x10> M, and d 3x 10> M, respectively. Inset:
cyclic voltammograms of 10> M H,0, tested by » PEDOT-PSS-
MDB/GCE, e MDB-PSS/GCE, and f PEDOT-PSS/GCE, respectively.
Scan rate: v=50 mVs '

‘ pH>S
(CHy)N

pH<S

Amperometric determination of H,O, at PEDOT-PSS-
MDB electrode

Quantitative determination of H,O, was also carried out
amperometrically in a stirred solution of PBS (pH 7) with
sequential additions of H,O, from 1 to 270 uM (electrode
rotation rate of 400 rpm). Figure 5 depicts the typical
amperometric response of the PEDOT-PSS-MDB elec-
trode recorded at an applied potential of —0.15 V for
successive addition of 1 mM H,O, solution. A rapid and
well-defined response was observed for each addition of
H,0,. The sensor responds quickly to the concentration of
H,0,, a response current being reached within less than
6 s. Under optimum conditions, the modified electrode
showed a linear concentration range of 5 to 120 uM,
detection limit of 0.1 uM, and sensitivity of 353.9 pA
mM 'em™? (S/N=3) for sensing H,O, at the proposed
composite electrode. As a result, the linearly regressing
equation of peak current and concentration can be expressed

Io.-a pA

—
=
-
5 ;gl-.oomg-s;:; +0.2932
RSD~=2.1%
0 100 200 300
[H,0,)/ pM
h
a
1 T 1 )
0 400 800 1200 1600
Time/ s

Fig. 5 Amperometric responses of ¢ MDB/GCE, » PEDOT-PSS/
GCE, and ¢ PEDOT-PSS-MDB/GCE individually tested in PBS
solution (pH 7) with the addition of 100 pL of 10™* M H,0, applied
potential: Eapp.=81-150 mV, rotation rate of 400 rpm. Inset: plot of
current versus H,0, concentration by PEDOT-PSS-MDB/GCE.
Linear concentration range of 5 — 120 uM
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Table 1 Comparison of electrochemical sensing of H,O, with various modifiers

Modifiers Working potential (V) Linear range/uM LOD (uM) Sensitivity Ref.
(vs. Ag/AgCl) (mAM 'em™?)
5,2":5,2" -Terthiophene-3-carboxylic acid/HRP? -0.2 300-1,500 200 6 [37]
PEDOT/PSS/HRP* 0.025 0-30 1 130 [38]
PANI/HRP? -0.4 250-5,000 25x107* 1627 [39]
PANI/carbon nanotubes/HRP?* —-0.1 0.2-19 1 130 [40]
2-Methoxyaniline-5-sulfonic acid/poly(L-lysine)/HRP* —0.1 10-100 10 2491 [41]
nanostructured Prussian Blue® 0.05 103-10* 0.001 700 [42]
conventional (unstructured) Prussian Blue* 0.05 0.1-1000 0.001 500-700 [42]
Prussian Blue® —-0.05 0.1-100 0.10 600 [43]
Cerium oxide nanoparticles® 0.2 1-50 1 15 [44]
Polymer/Pt nanoparticle® 0.6 0.042-160 0.042 500 [45]
Pt nanowire® 0 100-6x10* 0.050 540 [46]
CNT/nano-Pt® 0.55 0.025-2,000 0.025 3,886 [47]
Carbon film/nano-Pt® 0.6 0.5-2,000 75x107° 56 [48]
Ensembles of nano-Pt’ 0.5 5%107*-4000 500 21 [49]
PEDOT-PSS-MDB* —-0.15 0.1-120 0.10 3539 This work

Sensing of H,0, by its reduction
b Sensing of H,0, by its oxidation

as Ipc(uA) = 0.0259[H,0,](uM) + 0.2932, R*=0.9702.
The relative standard deviation for determining H,O, is
2.1%. It indicates that the sensor had very good reproduc-
ibility at pH 7. The results indicate that the modified
electrode maintained a good sensitivity and had a stable
amperometric response under hydrodynamic condition.

The main goal of this work is to perform an enzymeless
H,0, sensor. To understand the ability of PEDOT-PSS-MDB,
some other methods including HRP-based [42—46] and HRP-
less-based [47-49] modifiers for H,O, determination are
compared. In comparing detection potential, linear range,
limit of detection (LOD), and sensitivity in Table 1, the
proposed film (PEDOT-PSS-MDB) has competitive potential
as compared with other HRP-based H,O, sensors [42—46].
By further comparing the proposed film with other enzyme-
less H,O, biosensor [47-49], PEDOT-PSS-MDB also has
developed potential due to its fast detection result (because
most of these HO, sensors are performed in flow injection

Table 2 H,O, recoveries at various concentrations determined with
the biosensor (PEDOT-PSS-MDB)

H,0, (M) [H,0,] Found® (uM) Recovery/%
1 1.01 101.0
1.5 1.48 98.7
2 1.98 99.0
2.5 2.47 98.8
5 4.90 98.0

# Average of three measurements
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analysis (which is time consuming). Furthermore, it also can
be envisaged that MDB might improve the electrocatalytic
property for H,O, by further considering the electrocatalytic
result of PEDOT-PSS and PEDOT-PSS-MDB (in Fig. 4 of
the “Electrocatalytic properties of PEDOT-PSS-MDB elec-
trode towards the reduction of hydrogen peroxide”). The
main goal of enzyme-less sensors is proceeded by PEDOT-
PSS-MDB. It is worth mentioning that not using any enzyme

:[0.1 pA
H,0,

- Hzoz DA AA l
= 4 UA Glucose
g I S L1
=
o

| | | | | |

0 200 400 600 800 1000 1200
Time/ s

Fig. 6 Amperometric responses for interferents tested by PEDOT-PSS-
MDB/GCE-modified electrode with 100 pL of various electroactive
biomolecules additions of: 10°* M H,0, (at 400th s), 10> M DA (at
500th s and 550th s), 107> M AA (at 600th s and 650th s), 10™* M UA
(at 700th s and 750th s), 10> M glucose (at 800th s and 850th s), and
10* M H,0, (at 900th s) applied potential, Eapp.=—150 mV, rotation
rate of 400 rpm
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(HRP) would be an extreme advantage which would make
possible the manufacturing of H,O, biosensors with low cost,
easy fabrication, and wide storage condition.

Stability study of PEDOT-PSS-MDB film

Repetitive potential cycling experiments to test redox peaks
intensity of the proposed film were performed to determine
the extent of stability relevant to PEDOT-PSS-MDB-
modified GCE in 0.1 MPBS solution (pH 7). This
investigation indicated that the peak heights of the redox
couple decreased less than 5% after 100 continuous scan
cycles with scan rate of 100 mVs™'. On the other hand, the
PEDOT-PSS-MDB-modified GCE kept its initial activity
for more than 1 month as kept in 0.1 MPBS solution
(pH 7). A decrease of 5% was observed in the current
response of the electrode at the end of 30th day. And the
electrocatalytic response current of PEDOT-PSS-MDB for
H,0, can keep more than 90% of the original current
response with a lifetime of 30 days at least.

The analytical applicability of the biosensor was evalu-
ated by determining the recoveries of five H,O, samples
with different concentrations by the standard addition
method. The results were satisfactory, with an average of
99.1%, as listed in Table 2.

Interferences study

In order to understand if other factors can affect the analytical
estimation, we have finally studied the effect of the potential
interferents such as dopamine, uric acid, and glucose in the
determination of H,O, with PEDOT-PSS-MDB-modified
electrode. Figure 6 shows the typical amperometric responses
of DA, UA, NADH, glucose, and ascorbic acid at —0.15 V in
PBS solution (pH 7) under stirring condition. No evident
oxidation current was observed upon the addition of DA, UA,
AA, and glucose. However, if H,O, was successively added
to the electrolyte solution, an increase in current response
was observed. Also, the magnitude of the currents was
proportional to the concentration of AA. The main target of
H,0, determination to present no interference with interfer-
ents (AA, DA, UA, and glucose) can proceed although the
background currents are not good. These observations also
indicate that PEDOT-PSS-MDB-modified electrode could be
used to design sensors for the selective detection and
determination of H,O, in the presence of interferents.

Conclusion
The PEDOT-PSS-MDB celectrode had been successfully

fabricated by electropolymerization of PEDOT-PSS and
further immobilization of MDB by an electrostatic interac-

tion. Electrochemical properties of PEDOT-PSS-MDB-
modified electrode exhibited surface confinement and pH
dependence. The PEDOT-PSS-MDB-modified electrode
could electrocatalytically reduce hydrogen peroxide
(H,0O,) and had lower overpotential and higher current
response in the absence of HRP. In addition, electrocatalytic
activity of PEDOT-PSS-MDB was superior to that of
PEDOT-PSS and MDB-PSS for H,O, detection. Particu-
larly, the proposed film has competitive potential as
compared with other HRP-based H,O, sensors. Further-
more, the potential interferents such as ascorbic acid,
dopamine, uric acid, and glucose were not found for
H,0, determination using PEDOT-PSS-MDB.

Acknowledgements We acknowledge NSC of Taiwan (ROC), project
no. NSC982113M027006MY 3.

References

1. Mayer ST, Pekala, Kaschmitter JL (1993) J Electrochem Soc
140:446
2. Wang J, Chen Q, Renschler CL, White C (1994) Anal Chem 66:1988
3. Posey FA, Morozumi T (1966) J Electrochem Soc 113:176
4. Attard GS, Bartlett PN, Coleman NRB, Elliott JM, Owen JR,
Wang JH (1997) Science 278:838
5. Niu C, Sichel EK, Hoch R, Moy D, Tennent H (1997) Appl Phys
Lett 70:1480
. Kumar SA, Chen SM (2007) J Mol Catal A Chem 278:244
. Kumar SA, Tang CF, Chen SM (2008) Talanta 74:860
. Kumar SA, Chen SA (2007) J Solid State Electrochem 11:993
. Kumar SA, Chen SA (2008) Sensors 8:739
. Juan-Carlos V, Esperanza GR, Juan-Ramoé nC (2003) Microchim
Acta 143:93
11. Skotheim T (1986) Handbook of conducting polymers, vol 1-2.
Marcel Dekker, New York
12. MacDiarmid AG (2001) Angew Chem Int Ed 40:2581
13. Rahman MA, Kumar P, Park DS, Shim YB (2008) Sensors 8:118
14. Lyons MEG (1994) In: Lyons MEG (ed) Electroactive polymer
electrochemistry, part I. Plenum, New York, pp 65-116
15. Fan B, Mei X, Ouyang J (2008) Macromolecules 41:5971
16. Komura T, Usui T, Takahasi K (1995) Bull Chem Soc Jpn
68:1129
17. Skotheim T, Elsenbaumer RL, Reynolds JR (1998) Handbook of
conducting polymers. Marcel Dekker, New York
18. Novak P, Inganas O, Bjorklund R (1987) J Electrochem Soc
134:1341
19. Dietrich M, Heinze J, Heywang G, Jonas F (1994) J Electrochem
Soc 369:87
20. Pei QB, Zuccarello G, Ahlskog M, Inganas O (1994) Polymer
35:1347
21. DeLeeuw DM, Kraakman PA, Bongaerts PFG, Mutsaers CMJ,
Klaassen DBM (1994) Synth Met 66:263
22. Ghosh S, Inganas O (1999) Synth Met 101:413
23. Vasilescu A, Andreescu S, Bala C, Litescu SC, Noguer T, Marty
JL (2003) Biosens Bioelectron 18:781
24. Wang J, Pamidi PVA, Jiang M (1998) Anal Chim Acta 360:171
25. Ribeiro ES, Rosatto ASS, Gushikem Y, Kubota ALT (2003) J
Solid State Electrochem 7:665
26. Ladiu CI, Popescu IC, Gorton L (2005) J Solid State Electrochem
9:296

S O 03N

@ Springer



1128

J Solid State Electrochem (2011) 15:1121-1128

27.
28.
29.
30.
31.
32.
33.

34.
35.

36.

37.

Lazarin AM, Airoldi C (2005) Sens Actuator B 107:446

Hurdis EC, Romeyn H (1954) Anal Chem 269:320

Matsubara C, Kawamoto N, Takamura K (1992) Analyst 117:1781
Nakashima K, Maki K, Kawaguchi S, Akiyama S, Tsukamoto Y,
Kazuhiro I (1991) Anal Sci 7:709

Jia JB, Wang BQ, Wu AG, Cheng GJ, Li Z, Dong SJ (2002) Anal
Chem 74:2217

Guo CL, Song YH, Wei H, Li PC, Wang L, Sun LL, Sun YJ, Li Z
(2007) Anal Bioanal Chem 389:527

Ferapontova E, Schmengler K, Borchers T, Ruzgas T, Gorton L
(2002) Biosens Bioelectron 17:953

Willner 1, Katz E (2000) Angew Chem Int Ed 39:1180

Xiao Y, Patolsky F, Katz E, Hainfeld JF, Willner I (2003) Science
299:1877

Andrea AH, Silvio LPD, Edilson VB, Eder CL, Flavio AP,
Jordana RR, Rodrigo S, Emerson SR, Yoshitaka G (2007) J Braz
Chem Soc 18:1462

Kong YT, Boopathi M, Shim YB (2003) Biosens Bioelectron 19:227

@ Springer

38.
39.
40.
41.
42.

43,
44.

45.
46.

47.
48.

49.

Asberg P, Inganas O (2003) Biosens Bioelectron 19:199
Mathebe NGR, Morrin A, Iwuoha EI (2004) Talanta 64:115

Luo X, Killard AJ, Morrin A, Smyth MR (2006) Anal Chim Acta
575:39

Ngamna O, Morrin A, Moulton SE, Killard AJ, Smyth MR,
Wallace GG (2005) Synth Met 153:185

Arkady AK, Elena AP, Ivan AB, Elena EK (2007) Angew Chem
Int Ed 119:7822

Arkady AK, Elena EK (1999) Sens Actuator B 57:268

Mehta A, Swanand P, Hyungseok B, Hyoung JC, Sudipta S
(2007) Sens Actuator A 134:146

Karam P, Halaoui LI (2008) Anal Chem 80:5441

Yang M, Qu F, Lu Y, He Y, Shen G, Yu R (2006) Biomaterials
27:5944

Male KB, Hrapovic S, Luong JHT (2007) Analyst 132:1254
You T, Niwa O, Tomita M, Hirono S (2003) Anal Chem
75:2080

Sudip C, Retna RC (2009) Biosens Bioelectron 24:3264



	Electrochemical study of PEDOT-PSS-MDB-modified electrode and its electrocatalytic sensing of hydrogen peroxide
	Abstract
	Introduction
	Experimental
	Chemicals
	Apparatus
	Preparation of MDB, MDB-PSS, PEDOT-PSS, and PEDOT-PSS-MDB film-modified electrodes

	Results and discussion
	Fabrication of MDB immobilized PEDOT-PSS-modified electrode
	Electrochemical characteristics of PEDOT-PSS-MDB electrode
	Electrocatalytic properties of PEDOT-PSS-MDB electrode towards the reduction of hydrogen peroxide
	Amperometric determination of H2O2 at PEDOT-PSS-MDB electrode
	Stability study of PEDOT-PSS-MDB film
	Interferences study

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


