
A

m
r
T
r
b
o
©

K

1

i
d
m
d
w
e
m
a
t
c
a
a
i
s

1
d

Available online at www.sciencedirect.com

Journal of Molecular Catalysis A: Chemical 278 (2007) 244–250

Electrocatalytic reduction of oxygen and hydrogen peroxide
at poly(p-aminobenzene sulfonic acid)-modified

glassy carbon electrodes

S. Ashok Kumar, Shen-Ming Chen ∗
Department of Chemical Engineering and Biotechnology, National Taipei University of Technology,

No. 1, Section 3, Chung-Hsiao East Road, Taipei 106, Taiwan, ROC

Received 15 June 2007; received in revised form 19 September 2007; accepted 20 September 2007
Available online 29 September 2007

bstract

The electrocatalytic ability of the modified electrodes for the reduction of dioxygen to hydrogen peroxide was investigated by using cyclic voltam-
etry and chronocoulometry techniques at poly(p-aminobenzene sulfonic acid) (PABS)-modified glassy carbon electrodes. The electrochemical

eduction of oxygen (O2) has been studied in pH 7.0 buffer solution by using PABS-modified glassy carbon rotating ring disk electrode (RRDE).
he PABS-modified glassy carbon (GC) electrode (GC/PABS) showed excellent electrocatalytic activity for oxygen and hydrogen peroxide (H2O2)
eduction reactions. The RRDE data indicated that the reduction of oxygen on GC/PABS electrodes proceeds by a two-electron pathway in aqueous
uffer solution (pH 7.0). In addition, PABS-coated GC electrode was successfully utilized as an enzyme-less amperometric sensor for the detection
f hydrogen peroxide (H2O2) in the range from 50 to 550 �M with detection limit of (S/N = 3) 10 �M.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Chemically modified electrodes (CMEs) have great signif-
cance as important analytical tools for the electrochemical
etermination of various analytes with the benefits of electrode
odification. The modification of electrode results in efficient

etection of electro-active biomolecules at very lower potential
ithout its major interferences [1,2]. Generally, modification of

lectrodes surface was achieved by using inorganic and organic
aterials, among them polymer-modified electrodes (PMEs)

re widely used [3]. Electropolymerization is a good approach
o prepare PMEs as adjusting electrochemical parameters can
ontrol film thickness, permeation and charge transport char-
cteristics. PMEs have many advantages in the detection of

nalytes because of its selectivity, sensitivity and homogene-
ty in electrochemical deposition, strong adherence to electrode
urface and chemical stability of the film [4,5].

∗ Corresponding author. Tel.: +886 2 27017147; fax: +886 2 27025238.
E-mail address: smchen78@ms15.hinet.net (S.-M. Chen).
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On the other hand, oxygen electrochemistry, particularly the
eaction mechanism of oxygen reduction and the role of elec-
rocatalyst in this reaction is one of the most important research
rea among the electrochemist since it has been one of the most
mportant issues in the development of hydrogen–oxygen fuel
ells, metal air batteries, industrial electrolytic process, electro-
rganic reactions, and fuel cells [6–9].

A survey of the literature report reveals that electrocatalytic
eduction of O2 using bare electrodes modified with anthro-
uinone derivative [10,11], polyaniline/nafion composite film
12], polyterthiophene carboxylic acid 1,5-diaminonaphthalene
opper complex [13], gold nanoparticles dispersed into
oly(aminothiophenol) [14], Pt/polyaniline [15], multi-walled
arbon nanotubes/cobalt porphyrin-modified glassy carbon [16],
arbon-supported RuSex nanoparticles with ultra-thin WO3
lms [17] and binary catalysts of Au nanoparticles/MnOx

anoparticles [18] were reported and the electrocatalytic reduc-

ion of O2 by water soluble iron porphyrin/phthalocyanines/
orphyrins is also reviewed by Kobayashi and Nevin [19]. Elec-
rocatalytic reduction reaction of molecular O2 has been studied
t metal, metal nanoparticles or metal-sited ligands due to their

mailto:smchen78@ms15.hinet.net
dx.doi.org/10.1016/j.molcata.2007.09.023


lar C

c
d
T
m
o
(

a
e
o
(
p
(
i
o
t
t

f
i
p
s
m
–
p
i
p
i
w
t
a

w
o
t
o
w
M
f

2

2

a
p
t
S
a
c
s
E

w
p
4

T
d
m
C
d
t
g

I
t
w
r
t
v
f
a
(
r

2

i
fi
a
u
d
t
e
w
r
T
m
fi
p
G
t
r
G
m
t
[

3

3
e

G
7
r
s

S.A. Kumar, S.-M. Chen / Journal of Molecu

atalytic reduction of O2 at reduced over potential but the main
isadvantage of those methods are cost of the electrocatalyst.
hus, numerous efforts have been paid to the search for cheaper
aterials with excellent electrocatalytic activity towards the

xygen reduction reaction (ORR) to replace the costly metal
Pt)-based electrocatalysts.

On the other side, conducting polymers have potential
pplications in various fields such as fuel cells, biosensors,
lectroanalysis, electrocatalysis, electrochromic displays and
thers [3,8,9]. The ORR at electronically conducting polymers
ECPs) such as polyaniline (PANI), polypyrrole, polythiophen,
oly(3-methyl)thiophen and poly(3,4-ethylenedioxythiophene)
PEDOT)-modified electrodes have been studied [20]. Interest-
ngly, their results suggested that electrochemical investigations
f above ECPs-modified electrodes in oxygen-saturated elec-
rolytes indicated that existence of electrocatalytic activity
owards the ORR with the exception of PEDOT [20].

Among ECPs, PANI and its derivatives have been the
ocus of much attention. Sulfonated polyaniline (SPAN) is of
nterest because of its unusual physical properties, improved
rocessability, and potential industrial applications [21,22]. The
olubility of polyaniline in aqueous solutions and in most com-
on organic solvents is greatly improved by the presence of

SO3
− groups [23]. The environmental stability of the parent

olyaniline is also further improved in SPAN. The conductiv-
ty of SPAN is independent of external protonation in a broad
H range. SPAN was found to have better thermal stability than
ts parent polyaniline [24]. SPAN is electrochemically active in
ide pH range 1–12 rather than PANI. We have been reported

he electrochemical polymerization of p-aminobenzene sulfonic
cid doped with flavins and its electrochemical properties [25].

To the best of our knowledge, for the first time in this paper,
e report the electrocatalytic reduction reaction of molecular
xygen and H2O2 at substituted polyaniline-modified elec-
rodes. The effect of potential, pH, scan rate and film thickness
f PABS polymer on O2 reduction and stability of the PMEs
ere discussed. RRDE is sued to study the electrode kinetics.
oreover, the PABS-modified electrode was utilized as a sensor

or the detection of H2O2 in physiological condition.

. Experimental

.1. Reagents and equipment

All chemicals and reagents used in this work were of
nalytical grade and were used as received without further
urification. Those were hydrogen peroxide (∼30%) solu-
ion and p-aminobenzene sulfonic acid were purchased from
igma–Aldrich (St. Louis, MO, USA). Sulfuric acid (H2SO4)
nd sodium hydroxide (NaOH) were purchased from Wako pure
hemicals (Osaka, Japan). Sodium acetate (CH3COONa) and
odium dihydrogen phosphate (NaH2PO4) were received from
-Merck (Darmstadt, Germany).
Supporting electrolytes used for electrochemical experiments
ere 0.1 M H2SO4 (pH 1.0), 0.1 M H2SO4 + 0.1 M NaOH (for
H 2.0–3.0), 0.2 M CH3COOH + 0.2 M CH3COONa (for pH
.0–5.0) and 0.1 M NaH2PO4 + 0.1 M NaOH (for pH 6.0–12.0).

w
1
r
a
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he required values of pH solutions were obtained with the
escribed solutions by mixing and the pH of the medium was
easured using a Suntex Model SP-701 pH meter (Jiangsu,
hina). The aqueous solutions were prepared by using doubly
istilled deionized water and before each experiment the solu-
ions were deoxygenated by purging with pre-purified nitrogen
as with an exception of O2 reduction reactions.

Electrochemical measurements were performed with CH
nstruments (TX, USA) Model-400 potentiostat with conven-
ional three-electrode cell. A BAS glassy carbon and platinum
ire are used as the working electrode and counter electrode,

espectively. All the cell potentials were measured with respect
o an Ag/AgCl [KCl (sat)] reference electrode. Hydrodynamic
oltammetric studies on dioxygen reduction reaction were per-
ormed on a Bi-potentiostat Model CHI750A (TX, USA) having
n analytical rotator model AFMSRK with MSRX speed control
PINE Instruments, USA). All experiments were carried out at
oom temperature.

.2. Electrode modification

Prior to use, the working electrodes were mechanically pol-
shed with alumina powder (Al2O3, 0.05 �m) up to a mirror
nish. Then the electrodes were cycled in 0.2 M sulfuric acid in
potential range from −0.5 to 1 V at a sweep rate of 100 mV s−1

ntil a stable voltammogram obtained. The electrochemical
eposition of PABS films were carried out by cyclic voltamme-
ry (between −0.5 and 2.0 V at 100 mV s−1) for 30 cycles. The
lectropolymerization was conducted in a three-electrode cell
ith glassy carbon as the working electrode, Ag/AgCl as the

eference electrode and platinum wire as the counter electrode.
he electrolyte consisted of 2 mM p-aminobenzene sulfonic acid
onomer in aqueous solution of 0.1 M HNO3. The resulting
lms were washed with doubly distilled deionized water before
roceed electrochemical measurements. Finally, the modified
C/PABS electrode was electroactivated by cyclic voltamme-

ry from −0.75 to 0.65 V in pH 7.0 buffer solutions at a scan
ate of 100 mV s−1 and then electrochemical properties of the
C/PABS were studied. The electrochemical polymerization
echanism of p-aminobenzene sulfonic acid in acidic solu-

ion was previously well studied and reported by many authors
21–25].

. Results and discussion

.1. Electrochemical behavior of GC/PABS film-modified
lectrodes

The cyclic voltammograms (CVs) were recorded by using
C/PABS-modified electrode in aqueous buffer solutions (pH
.0) at different scan rates; it was showed one obvious reversible
edox couple centered at formal potential (E0′

) 0.04 V ver-
us Ag/AgCl electrode. The anodic and cathodic peak currents

ere directly proportional to the scan rate in the range of
0–100 mV s−1 which is an indication of a surface confined
edox process. According to the equation, Ip = n2F2Γ Aυ/4RT
nd Q� = nFAΓ where n is the number of electrons, A the work-
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ng electrode area (0.0707 cm2), υ scan rate (10 mV s−1) and
ther parameters have their usual meanings [26,27], the elec-
ron transfer number and the surface coverage were calculated
o be 1.85 and 5.866 × 10−10 mol/cm2, respectively.

The effect of external solution pH on the response of
C/PABS was investigated in the pH range of 1–12. It was found

hat both the cathodic and anodic peak potentials shifted to nega-
ive direction with increasing pH of the electrolyte solution. The
0′

versus pH plot yields straight line with a slope of 57 mV per
nit change in solution pH which was very close to the antici-
ated Nernstian value for equal number of protons and electrons
ransfer reaction. It suggests that the overall redox reaction of the
olymer film comprises a two-electron and two-proton process.

On the other hand the anodic peak potentials shifted to the
ositive direction and the cathodic peak potentials shifted to the
egative direction at higher scan rate (υ > 100 mV s−1), which
esulted in an increase of the peak separation between anodic and
athodic peak. The peak separation at higher scan rate could be
sed to estimate the heterogeneous electron transfer rate con-
tant. According to the method of Laviron [28,29] the electron
ransfer rate constant (ks) value can be determined by measuring
he variation of peak potential with scan rate. The values of peak
otentials were proportional to the logarithm of the scan rate
igher than 0.5 V s−1 (Fig. 1). The slope value of the �Epc versus
og(υ) was about −214 mV for GC/PABS-modified electrode.
sing the equation Ep = K−2.3030(RT/αnF) log(υ) and the two

lectrons transferred for polymer redox peak a charge transfer
oefficient (α) 0.8 was obtained, introducing these values in Eq.
1), an apparent surface ks value 1.6 s−1 was estimated.

og Ks = α log (1 − α) + (1 − α) log α − log(RT/nFυ)

− α(1 − α)
nFE

2.3RT
(1)
.2. Electrocatalytic dioxygen reduction reaction

Fig. 2 shows the CVs of buffer solution (pH 7.0) saturated
ith nitrogen (curve a) and with O2-saturated buffer solution

Fig. 1. Plot of peak potential separation vs. log υ for GC/PABS films.
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ig. 2. CVs of GC/PABS-modified electrodes in pH 7.0 PBS: (a) N2-saturated
olution; (b) O2-saturated solution and (c) bare GC electrode in O2 saturated
olution. Scan rate 20 mV s−1.

curve b) at the GC/PABS-modified electrode. In the absence
f O2, the cyclic voltammogram is the same as that shown in
ig. 2, curve a. In the presence of O2 a new cathodic peak
as developed about −390 mV at a scan rate of 20 mV s−1.
his cathodic peak corresponds to the electrochemical reduc-

ion reaction of O2 at the GC/PABS electrode (Fig. 2, curve
). The electrochemical reduction of O2 at a bare GC electrode
hows a broad and ill-defined cathodic peak (Fig. 2, curve c)
nd the cathodic peak potential is located at −830 mV at a scan
ate of 20 mV s−1. Based on the above results, it was concluded
hat GC/PABS electrode reduced the overpotential required for

2 reduction about 440 mV. Furthermore, the peak currents of
urve c are much less than that in Fig. 2, curve b. All the above
esults indicated that the GC/PABS electrode has excellent elec-
rocatalytic activity for the electrochemical reduction reaction
f O2.

.3. The effect of pH and scan rate

To ascertain the effect of pH on the electrocatalytic reduc-
ion of dioxygen at a GC/PABS was examined in the pH range
etween 1.0 and 12.0 using cyclic voltammetry. The reduc-
ion peak potential of oxygen and the formal potential (E0′

) of
eversible redox peak PABS are found to be pH-dependent. How-
ver, PABS redox peak was shifted to negative potential with
espect to pH of the contacting solution, cathodic peak potential
f O2 reduction found to be unequal due to the differences in their
inetic behavior. On the other side, there is a gradual increase
n the cathodic peak current for O2 reduction with increasing
H of the buffer solution up to 7.0. Maximum enhancement of
athodic current and shift in oxygen reduction potential at the
C/PABS-modified electrode led to the selection of pH 7.0 as an
ptimum condition to investigate the electrocatalysis of oxygen

eduction reaction.

To investigate the effect of scan rate on O2 reduction reaction
t GC/PABS in oxygen-saturated solutions CVs were recorded.
he variation of cathodic peak current with scan rate was shown
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ig. 3. CVs of GC/PABS-modified electrode in O2-saturated pH 7.0 PBS at
ifferent scan rates. The scan rates from inner to outer are 10–100 mV s−1.

n Fig. 3. The cathodic peak current, Ipc, varies linearly with
he square root of scan rate, υ1/2. This indicates that the oxygen
eduction process is diffusion controlled.

To study the effect of positive potential used for electro-
olymerization of p-aminobenzene sulfonic acid on catalytic
urrent and cathodic peak potential of O2 reduction reaction was
arried out. The obtained results are presented in Table 1. The
atalytic current was increased whereas Epc for O2 reduction was
oved towards more positive potential with respect to the anodic

otential range used for polymerization. Beyond 2 V, there is
lmost no change was observed in catalytic current as well as
n Epc for O2 reduction at GC/PABS. For this reason, anodic
otential 2 V is selected an optimum for electro-polymerization
f p-aminobenzene sulfonic acid to prepare GC/PABS electrode
or electrocatalytic reduction reaction of oxygen.

.4. Chronocoulometry

The chronocoulometric behavior of GC/PABS-modified
lectrode was examined by the double potential-step technique
n the absence and presence of oxygen with the same ini-
ial and final potentials. As an example, Fig. 4 exhibits the
hronocoulomogram of GC/PABS. In oxygenated buffer, a large

nhancement of charge and the appearance of a nearly flat line on
eversal of the potential indicate the irreversible electrocatalytic
eduction of oxygen. The number of electrons (n) involved in
xygen reduction at the modified electrode is evaluated from the

i
e
t

able 1
he effect of applied potential on the surface coverage of PABS, catalytic current and

pplied potential used for polymerization (V) Polymer surface coverage, Γ (× 10

.2 2.1462

.4 2.8388

.6 3.8190

.8 4.6610

.0 5.8660

.2 5.8059
ig. 4. Chronocoulomogram of GC/PABS at pH 7.0 in (a) presence, (b) absence
f oxygen and (c) bare GC electrode in O2 saturated solution.

lope of Q versus t1/2 plots under oxygen-saturated conditions,
sing the Cottrell equation, i.e.,

= 2nFACD1/2π−1/2t1/2 (2)

here C = 1.25 mM, A = 0.0707 cm2 and
= 2.1 × 10−5 cm2 s−1. The calculated n value is 2.07.
ence, the reduction product is hydrogen peroxide [10,11,30].

.5. Rotating ring disc voltammetry

Hydrodynamic voltammetric studies were also performed on
otating GC disk electrodes modified with PABS in the absence
nd presence of oxygen in pH 7.0 buffer solution to determine
he kinetic parameters more quantitatively. As an illustration,
ig. 5A represents a set of current–potential curves in an oxygen-
aturated buffer of pH 7.0 at various angular velocities, ω, with
rotating disk GC electrode modified with PABS. Curve (a′) is

he response of the modified electrode in the absence of oxygen.
he limiting current, Il, is defined as the difference between the
urrents on a modified electrode at the potential corresponding
o the diffusion plateau in deaerated and O2-saturated solutions.
he Levich and Koutecky–Levich plots are formulated from the

imiting currents measured at a potential −800 mV and are given
n Fig. 5B and C, respectively.
The Levich plot in Fig. 5B is very close to the theoret-
cally calculated line for a two-electron process (n = 2) and
xhibits a linear relationship between limiting current and rota-
ion rate (ω) values. And, the corresponding Koutecky–Levich

Epc of O2 reduction

−10 mol/cm2) Epc for O2 reduction (V) Catalytic current, Ipc (× 10−6 A)

−0.764 4.606
−0.673 4.890
−0.600 5.159
−0.539 6.031
−0.390 7.587
−0.401 6.812
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Fig. 5. A Current–potential curves for reduction of oxygen (1.25 mM) at rotating
ring (Pt) glassy carbon disk electrode modified with PABS in pH 7.0 solution at
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techniques, electrochemical methods such as amperometric
sensor has several advantages including low cost, ease han-
dling, operational stability and suitability for real-time analysis.
Most of the amperometric sensor reported for H2O2 detection
arious rotation rates (rpm) (scan rate of 10 mV s−1). B Levich plot of limiting
urrents at −800 mV (exp), and theoretical Levich plots for two (n = 2) electron
eduction reaction of O2. C Koutecky–Levich plots of above data.

lot (Fig. 5C) also shows a linear relationship between I−1 and
−1 with a slope close to that of the theoretical line for two-
lectron reduction reaction of oxygen. These findings suggest
hat adsorbed polymer film sustains the reduction of oxygen to

2O2. The heterogeneous rate constant for the catalytic oxygen
eduction reaction can be evaluated from the intercept of the
outecky–Levich plot using the expression [10,11,31]:

−1
1 = I−1

k + I−1
lev (3)

k = nFAKO2CO2ΓPABS (4)

here Γ PABS indicates the surface coverage of electro-active
olymer on GC disk electrode. The surface coverage Γ PABS can
e evaluated from the equation Γ = Q/nFA, where Q is the charge
btained by integrating the cathodic peak under the background
orrection at low scan rate of 10 mV s−1 and the other symbols
ave their usual meanings.
−1
l = [nFAkCO2Γ ]−1 + [0.62nFAD

2/3
O2

γ−1/6ω1/2CO2 ]
−1

(5)

Therefore, the kinetic parameters can be evaluated using
outecky–Levich plots (Fig. 5C) that are analyzed according
atalysis A: Chemical 278 (2007) 244–250

o Eq. (5). The intercepts of the Koutecky–Levich plots in
ig. 5C correspond to a reciprocal kinetic current I−1

k , which
escribes the current limited by the rate of the electrocatalytic
eaction and from which KO2 can be obtained directly [30,31].
he values of the heterogeneous rate constant for the reduc-

ion of O2, KO2 at the surface of PABS is obtained from Eq.
4) where n = 2, F is the Faraday’s constant (96 485 C mol−1),

the effective area of the electrode (0.16 cm2), CO2 indi-
ates the concentration of O2 in oxygen saturated solution
1.25 mM) and Γ PABS refers to the electrode surface cover-
ge (1.262 × 10−10 mol/cm2) of GC/PABS disk electrode. The
eterogeneous rate constant and diffusion coefficient of O2
n buffered aqueous O2-saturated solution were determined to
e 2.55 × 10−3 M−1 s−1 and (1.95 ± 0.05) × 10−5 using the
evich plot. The value of kinematic viscosity of water υ used

n this calculation was 0.01 cm2 s−1. The value obtained for
O2 is good comparable with other reported values elsewhere

10,11,30,31].
In Fig. 5A, it was observed that O2 reduction current at the GC

isk electrode and the oxidation current of H2O2 at platinum ring
lectrode (potential held at +0.7 V) increased with the increase
f rotation rate. The product generated at the disk is collected at
he ring. The collection efficiency (N) was calculated from the
atio between the ring current (IR) and disk current (ID) [26].
he IR/ID was found to be 0.12, that is, 12% of the product
enerated at the disk is collected at the ring. Our experiments as
ell as previous literature report [20] revealed that the following
robable mechanism for oxygen reduction reaction at PABS-
oated electrode (Scheme 1):

PABS)oxd + nH+ + ne ↔ (PABS)red (6)

PABS)red + nO2 → (PABS)oxd + nH2O2 (7)

.6. H2O2 detection using cyclic voltammetry and
mperometry

The determination of H2O2 concentrations is very important
n clinical, biological and chemical samples, as well as in food
rocessing and fermentation process [32,33]. Among the many
Scheme 1.
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Kobayashi et al. [37] reported that the catalytic activity of par-
ent PANI is limited by the pH value, since PANI has little electro-
chemical activity at pH > 4; the potential range of the electroac-
tivity for PANI decreases with increasing pH value and its redox
ig. 6. CVs of GC/PABS-modified electrodes in pH 7.0 PBS—H2O2: (a)
.0 �M, (b) 100 �M, (c) 200 �M, (d) 300 �M and (a′) bare GC electrode with
00 �M H2O2; scan rate 20 mV s−1.

ainly based on enzymes [32] and heme proteins [34–36]. The
easibility of utilizing PABS polymer-coated electrode as an
merometric sensors was tested in this context.

In order to test the electrocatalytic activity of GC/PABS-
odified electrode for the electrochemical reduction of H2O2,

he CVs were obtained at various concentrations of H2O2 in pH
.0 buffer solution as shown in Fig. 6. In the absence of H2O2,
owever, the polymer exhibited a redox couple at E0′

0.04 V
Fig. 6a). Upon the addition of 100, 200 and 300 �M H2O2
Fig. 6b–d), there was a drastic and linear increase in the cathodic
eak current at −0.7 V was observed. This phenomenon indi-
ated that the GC/PABS effectively reduced the H2O2. The
athodic current further increased linearly with respect to the
dded concentration of H2O2, in contrast bare GC electrode did
ot reveal any signal for H2O2 over the potential range studied
Fig. 6a′).

The voltammetric data detailed above suggested that
C/PABS-modified electrode facilitates the low potential

mperometric detection of H2O2. Amperometric study (Fig. 7A)
xamines this possibility by comparing the current–time trac-
ngs at −0.7 V using GC/PABS-modified electrode to successive
dditions of 50 �M H2O2. As expected from the voltammet-
ic profiles, the GC/PABS sensor responds favorably to each
ddition yielding steady-state signals within 5 s. These data indi-
ated that the GC/PABS electrode has a higher electrocatalytic
ctivity for H2O2. Analysis of the amperometric responses and
he standard addition data showed that limit of detection is
0 �M (S/N = 3); the linear range was observed in the range
f 50–550 �M, after this range the current attained steady state
Fig. 7B). In addition, GC/PABS electrode displayed good repro-
ucibility with a relative standard deviation of 4.2% for seven
ndependent determinations in 100 �M H2O2 solution. More-

ver, the current depended linearly with square root of scan rate
n the range of 10–100 mV s−1, suggesting a reaction controlled
y diffusion-controlled process on GC/PABS electrode. This
bservation is similar to that reported elsewhere [19,20]. The

F
p
∼
s

atalysis A: Chemical 278 (2007) 244–250 249

roposed mechanism for the reduction of H2O2 by PABS is as
ollows:

PABS)oxd + nH+ + ne ↔ (PABS)red (8)

PABS)red + nH2O2 → (PABS)oxd + nH2O (9)

The CVs obtained for a series of H2O2 solutions with various
oncentrations are illustrated in Fig. 7. From Fig. 7 it can be seen
hat the reduction current responses increased with increasing
he H2O2 concentration. Thus, the GC/PABS electrode can be
sed as an amperometric sensor for determination of H2O2 in
olution.
ig. 7. Typical amperometric curve obtained with a GC/PABS electrode in
H 7.0 PBS at an applied potential of −0.7 V s−1 vs. Ag/AgCl, stirring rate
500 rpm (A) successive additions of 50 �M H2O2 solution and (B) the corre-

ponding standard addition plots (each value is the mean of three measurements).
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eaks disappear in the cyclic voltammetry for pH > 5. Thus, in
eneral, the redox potential of species to be oxidized and reduced
y PANI is within the potential range in which PANI itself is elec-
roactive, restricts its application in electrocatalysis. Recently,
anthosh et al reported a PANI grafted on multi-walled car-
on nanotube-modified electrode as an amperometric sensor for
2O2 determination [38] and they also found that PANI-coated
C electrode is not suitable for determination of H2O2. Based on
ur experimental results and earlier reports [37,38] we have con-
luded that our proposed new modified electrode (GC/PABS)
an be much useful for determination of H2O2 in neutral pH
nvironment than its parent polyaniline-modified electrode.

.7. Stability test of the modified electrodes

Finally, the stability of the GC/PABS-modified electrode was
valuated by cycling 500 times in the potential range between
0.7 and 0.6 V at a scan rate of 100 mV s−1 in pH 7.0 buffer solu-

ion. It is observed that redox peak current of PABS remained
table on continuous cycling even more than 500 cycles. Good
tability of the modified electrode may reflect the irreversible
eposition of PABS on GC electrode. Based on the above results,
t was concluded that GC/PABS-modified electrode have good
tability and also time required for electrode fabrication is less
han 10 min so it can be prepared whenever needed.

. Conclusions

For the first time in this paper, electro-polymerized-
ubstituted polyaniline derivative was used to modify GC
lectrode for the electrocatalytic reduction of O2 and H2O2.
he electrocatalytic properties of modified electrode were stud-

ed by using cyclic voltammetry, chronocoulometry and RRDE.
ABS was strongly and irreversibly adsorbed onto GC electrode
urface. The modified GC/PABS exhibited potent electrocat-
lytic activities towards dioxygen reduction in pH 7.0 buffer
olutions with a reduced overpotential of about 440 mV lower
han plain GC electrode. The kinetic parameters such as elec-
rocatalytic reaction rate constant and diffusion coefficient of
ioxygen were evaluated from rotating ring disk voltammetric
easurements. Moreover, GC/PABS electrode was successfully

sed as an enzyme-less amperometric sensor for detection of
2O2 in the range from 50 to 550 �M. The detection limit was

ound to be 10 �M (S/N = 3).
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