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An overoxidized polypyrrole (OOPPy) film was electrodeposited on a glassy carbon electrode (GCE)
and the modified electrode (GCE/OOPPy) was then decorated with Au nanoparticles (nanoAu). Glu-
cose oxidase was immobilized on the surface of nanoAu decorated OOPPy modified GCE to fabricate
a novel glucose biosensor (GCE/OOPPy-nanoAu/GOXx). Cyclic voltammetry, electrochemical impedance
spectroscopy (EIS) and scanning electron microscopy (SEM) were used to characterize the modified elec-
trodes. A pair of well-defined redox peaks with a formal potential (E°') of —0.449V and a peak to peak
separation (AEp) of 28 mV was observed for the direct electron transfer (DET) of the immobilized GOx.
The electron transfer rate constant (ks) was calculated to be 10.3s~!. The fabricated glucose biosensor
was employed for the determination of glucose in the concentration range between 1 and 8 mM using
cyclic voltammetry and amperometry. The results clearly demonstrate that nanoAu decorated OOPPy
film is an excellent biocompatible scaffold for the immobilization of GOx and fabrication of a glucose
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1. Introduction

Diagnosis of various diseases by monitoring of biochemical com-
pounds in the body fluids is essential not only for controlling of
diseases but also for improving the quality of our lives. It is well
known that the diabetes mellitus is one of the leading causes of
death and disability in the world which can be easily diagnosed
and managed by the determination of blood glucose. The great
importance of glucose monitoring led to a considerable amount
of fascinating research and innovative detection strategies. But,
the most of the proposed strategies are relatively expensive, time
consuming and involve complicated procedures. So, there is an
increasing demand for the determination of glucose using inex-
pensive, rapid and reliable methods.

Biosensor is an analytical device which includes a biological ele-
ment and a suitable transducer for the selective and quantitative
determination of the specific compound in a given biological envi-
ronment. The biological element binds or reacts specifically with
the target compound (analyte) and generates a biological event.
The transducer then converts the biological event into an analytical
signal such as electrical or optical signal. A quick survey on recent
studies shows that the enzyme-based electrochemical biosensors
are the most cited and widely used biosensors because of their
simplicity, speed of their measurement and ease of their uses. The
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biological element in an enzyme-based electrochemical biosensor
is an enzyme which selectively reacts with the target analyte and an
electrochemical transducer produces an electrical signal resulting
from the electrochemical process related to the enzymatic reaction.
The enzyme can be retained in an enzyme-based electrochemical
biosensor using various immobilization methods [1] on different
types of conducting materials which can be served as a support for
the immobilization.

Conducting polymers have received considerable attention over
the last two decades because of their unique physical and chemical
properties and various applications in many research areas. It has
been shown that conducting polymers are very suitable matrix
for the fabrication of electrochemical biosensors with attractive
features such as fast response time, high sensitivity and great ver-
satility [2-8]. Polypyrrole (PPy) is one of the most extensively used
conducting polymers in biosensors fabrication owing to its good
electrical conductivity, stability, biocompatibility, redox properties
and relative ease oxidation of its monomer (pyrrole) [9-11]. There
are two chemical and electrochemical polymerization methods
generally used to synthesize PPy at the electrode surface from the
aqueous or organic solutions [12-14]. But, the electrochemical
synthesis is more beneficial, since in addition to the chemical
parameters (monomer concentration, pH, etc.), electrochemical
parameters (current density, applied potential, electrolyte solu-
tion, etc.) can be varied to have a better control on the properties
of the coated layer [15]. Additionally, the electropolymerized
polymers show better conducting property and long-term stability
for conductivity [16]. PPy film can be overoxidized at high anodic
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potentials [17-19] to produce overoxidized PPy (OOPPy) film
with permselective and antifouling properties resulting from the
introduction of carbonyl groups into the polymer backbone during
the course of overoxidation process.

The introduction of metal nanoparticles (NPs) as a new class
of compounds with unique electronic, optical, magnetic and cat-
alytic properties offers an opportunity for the fabrication of novel
biosensors. Metal NPs in comparison with their bulk counterparts
provide a larger surface-to-volume ratio, higher surface reaction
activity, higher catalytic efficiency and stronger adsorption ability.
Also, metal NPs can interact with some biological species efficiently
and facilitate their charge transfer properties [20]. It seems deco-
ration of PPy or OOPPy with metal NPs leads the creation of new
nano-hybrid materials with the integrated properties of two com-
ponents. Additionally, it seems the application of OOPPy decorated
with metal NPs for the fabrication of new type electrochemical
biosensors can greatly enhances the electroanalytical performance
of the fabricated biosensors. The application of PPy [21-30] and
metal NPs-PPy composites [31,32] for the fabrication of electro-
chemical based glucose biosensor has been reported previously.
But to the best of our knowledge few reports on the application
of OOPPy [33-35] and no report on the application of metal NPs-
OOPPy composite (hybrid) have been presented for the fabrication
glucose biosensor. Additionally, no report has been presented for
DET transfer reaction of glucose oxidase on the mentioned conduct-
ing materials.

In the present study, a PPy film was electrodeposited on the
surface of a glassy carbon electrode. Thereafter, PPy film was
overoxidized and decorated with Au nanoparticles electrochem-
ically to produce a novel nano-hybrid film at the surface of
GCE. The sensor (GCE/OOPPy-nanoAu) was then modified with
glucose oxidase (GOx) to fabricate a novel glucose biosensor
(GCE/OOPPy-nanoAu/GOx). Cyclic voltammetry studies showed a
pair of well-defined redox peaks as a result of direct electron
transfer (DET) between the immobilized GOx and the elec-
trode. The results clearly demonstrate that the produced film
(OOPPy-nanoAu) is an excellent biocompatible template for the
immobilization of GOx and for the fabrication of glucose biosensor.
The proposed glucose biosensor exhibited excellent electrochem-
ical characteristics and high analytical performance in terms of
speed, sensitivity, stability, selectivity, linear range and limit of
detection.

2. Experimental
2.1. Reagents and chemicals

All chemicals were of analytical reagent grade and used with-
out further purification except for pyrrole (Py). Glucose, pyrrole,
KH,PO4, H,SO4, Na;S04, KOH, KCl, HCI, CH3COONa, K3[Fe(CN)s]
and K4[Fe(CN)g] were obtained from Merck (Darmstadt, Germany).
Glucose oxidase (GOx, EC 1.1.3.4, type VII from Aspergillus niger,
221Umg 1), p-(+)-glucose (97%) and tetrachloroauric(Ill) acid
(HAuCl4-3H,0) were obtained from Sigma (St. Louis, MO, USA).
Pyrrole was purified twice by distillation under nitrogen atmo-
sphere. Ten milligram of GOx was dissolved in 1 mL of acetate
buffer (0.1 M and pH 5.5) to prepare a 10mgmL~! of GOx work-
ing solution. A stock solution of glucose (1 M) was prepared in
doubly distilled water and stored at 4°C when not in use. The
stock solution of glucose was allowed to mutarotate at room
temperature for 24h before use. 0.1 M KH,PO4 was used to
prepare phosphate buffer solution (PBS) and its pH was adjusted
at 7.0 using KOH solution. Double distilled water was used
throughout.

2.2. Apparatus

Cyclic voltammetry and amperometric studies were performed
using an Autolab potentiostat-galvanostat model PGSTAT30
(Utrecht, The Netherlands) with a conventional three-electrode
setup, in which a GCE/OOPPy-nanoAu/GOx, an Ag|AgCl|KClsy: and
a platinum rod served as the working, reference and auxiliary
electrodes, respectively. The working potential was applied in the
standard way using the potentiostat and the output signal was
acquired by Autolab Nova (version 1.7) software. All measurements
were performed at room temperature.

2.3. Fabrication of glucose biosensor (GCE/OOPPy-nanoAu/GOx)

The end surface of a GCE (i.d.=3.0mm, Metrohm, Herisau,
Switzerland) was polished on a synthetic cloth successively
with 0.3, 0.1 and 0.05wm alumina slurry (Struers, Copen-
hagen, Denmark) to obtain a mirror finish and then cleaned in
water-ethanol solution (1:1) under ultrasonication. A freshly pol-
ished GCE was immersed in a 0.1 M H,SO4 solution containing Py
(0.05M) and Na3SO4 (0.1 M). Cyclic voltammetry was performed
in a potential range between —0.3 and 0.8V versus Ag|AgCl|KClsa¢
at a scan rate of 20mVs~! for a period of three cycles to elec-
tropolymerize Py on the surface of GCE. The modified electrode
(GCE/PPy) was then rinsed thoroughly with water and trans-
ferred into a voltammetric cell containing 0.1 M NaOH solution.
The conductive PPy film at surface of the GCE was electrochemi-
cally overoxidized to OOPPy by applying potential of +1.0V versus
Ag|AgCl|KClg,¢ for 300 s. The obtained electrode (GCE/OOPPy) was
washed with water and immersed ina 0.1 mM HAuCly4 solution con-
taining 0.1 M KCl. The gold nanoparticles were electrochemically
deposited on GCE/OOPPy using cyclic voltammetry by applying
potential between 0.2 and —1.0V versus Ag|AgCl|KCls,: at a scan
rate of 50 mV s~ for 20 cycles. The decorated GCE/OOPPy with Au
NPs was denoted as GCE/OOPPy-nanoAu. The prepared electrode
(GCE/OOPPy-nanoAu) was immersed in a GOx working solution
(10mgmL-!, 0.1 M acetate buffer and pH 5.5) for about 24h at
4°C to immobilize GOx on the electrode surface. Finally, the fab-
ricated glucose biosensor (GCE/OOPPy-nanoAu/GOx) was rinsed
thoroughly with water to wash away the loosely adsorbed enzyme
molecules. The fabricated glucose biosensor was stored at 4°C in
refrigerator when not in use. For comparison GCE/PPy-nanoAu and
GCE/PPy-nanoAu/GOx were prepared through similar procedures.

3. Results and discussion
3.1. Characterization of GCE/OOPPy-nanoAu

SEM image of a OOPPy modified GCE showed the formation
of polymer film at the surface of GCE with an organized wrinkled
pattern (Fig. 1a and b). Electrochemical reduction of auric ions
(Au*?) on GCE/OOPPy caused the formation of Au nanoparticles on
the surface of the polymer with a diameter less than 200 nm (Fig. 1c
and d). Electrochemical impedance spectroscopy was employed
to investigate the charge transfer property of Fe(CN)g3~/4~ redox
couple at the investigated electrodes. The Nyquist plot of the
EIS includes a semicircular portion at high frequencies which
corresponds to the electron-transfer limited process and a linear
portion at low frequencies which corresponds to the diffusion
limited process. The diameter of semicircular portion is equal to
the charge transfer resistance (Rq:) which shows the kinetic of
electron transfer of the redox probe at the electrode interface.
Fig. 2 displays the Nyquist plots obtained for a GCE (a), GCE/OOPPy
(b) and GCE/OOPPy-nanoAu (c) in a solution containing 5.0 mM
Fe(CN)g3~/4- couple (1:1) and 0.1 M KCl. The semicircular diameter
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Fig. 1. SEM images of a GCE/OOPPy (a and b) and a GCE/OOPPy-nanoAu (c and d).

(Rct) of GCE/OOPPy-nanoAu was much less than those observed for
GCE and GCE/OOPPy, suggesting that decorated Au NPs facilitated
the rate of electron transfer of the redox probe at the modified elec-
trode interface. Also, cyclic voltammetry studies showed (Fig. 2,
inset) that the observed peak to peak separation for Fe(CN)g3—/4-
redox couple on GCE/OOPPy-nanoAu (87 mV) was less than those
observed for GCE (132mV) and GCE/OOPPy (117 mV), verifying
the results obtained by EIS.

Cyclic voltammetry (CV) was performed using a GCE/OOPPy-
nanoAu at different scan rates in a solution containing 5mM
Fe(CN)g3~/4~ redox couple (1:1) and 0.1M KCI to estimate the
apparent surface area (A) of a GCE/OOPPy-nanoAu. The estimated
value for A, calculated from the slope of the plot of peak current (Ip)
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Fig. 2. Nyquist plots and cyclic voltammograms (the inset) for a GCE (a), GCE/OOPPy
(b) and GCE/OOPPy-nanoAu (c) in a solution containing 5.0 mM Fe(CN)s3~/4~ couple
(1:1) and 0.1 M KCL. Scan rate for cyclic voltammetry studies was 100mVs~-1.

versus square root of scan rate (v!/2) at T=298 K (25°C) according
to the Randles-Sevcik equation [36] was 0.071 cm?.

3.2. Electrochemical behavior of GCE/OOPPy-nanoAu/GOx

Fig. 3 shows cyclic voltammograms of a GCE/OOPPy-nanoAu,
GCE/OOPPy-nanoAu/GOx and GCE/PPy-nanoAu/GOx in a Nj-
saturated PBS pH of 7.0 at a scan rate of 50mVs~!. A couple
of well-defined redox peaks was observed for the immobilized
GOx on GCE/OOPPy-nanoAu/GOx (Fig. 3, solid line) and no redox
peaks for GCE/OOPPy-nanoAu (Fig. 3, dashed line). There was also
no obvious redox peaks for the immobilized GOx on GCE/PPy-
nanoAu/GOx (Fig. 3, inset). It is well-known that the active redox
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Fig. 3. Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx (solid line),
GCE/OOPPy-nanoAu (dashed line) and GCE/PPy-nanoAu/GOx (the inset) in a
N,-saturated PBS (0.1 M and pH 7.0) at a scan rate of 50mVs~'.
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center of GOX, flavin adenine dinucleotide (FAD), is deeply embed-
ded in a protective protein shell, which makes the direct electron
communication with electrode extremely difficult. But, the results
showed that OOPPy-nanoAu compared with PPy-nanoAu pro-
vided an excellent biocompatible medium with an extraordinary
electron transport property for achieving direct electron transfer
between GOx and medium. The observed anodic (Epa), cathodic
(Epc) and formal (E*’ = (Epc +Epa)/2) peak potentials for the immo-
bilized GOx on GCE/OOPPy-nanoAu/GOx were —0.435, —0.463 and
—0.449YV, respectively. Also, the value of peak-to-peak separation
(AEp=Epa — Epc) and the ratio of cathodic (Ip¢) to anodic (Ipa) peak
current intensities were 28 mV and 1, respectively.

Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx were
recorded in a Nj-saturated PBS at pH of 7.0 and different scan
rates (v). The results indicated that the peak current intensities (1)
increased linearly with the scan rate in the range between 10 and
1000mVs~!, revealing a surface-limited redox process (Fig. S1).
The surface concentration (/I”¢) of the electroactive GOx was cal-
culated from the slope I, versus v according to equation (1) [37]
derived for a reversible surface redox reaction:

n2F2Avl,
b= —ZzT (1)
where A is the apparent surface area and the other symbols have
their usual meanings. The value of I"¢ was 6.18 x 10~'! mol cm—2
for n=2 and A=0.071cm?2. The obtained value for I"¢ was larger
than that reported for gold nanoparticles modified carbon paste
electrode (9.8 x 1012 mol cm~2) [38].

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.colsurfb.2012.11.010.

Based on the Laviron theory [39] the apparent heterogeneous
electron transfer rate constant (ks) was determined for the immo-
bilized GOx on a GCE/OOPPy-nanoAu/GOx in a Ny-saturated PBS
at pH of 7.0 by measuring the variation of peak potentials at dif-
ferent scan rates. The observed peak-to-peak separations (AEp)
at different scan rates between 10 and 1000 mV s~! were smaller
than 200/nmV wherein n=2. The obtained average value for k;
was 10.3s~1, assuming a=0.5. It noted that the relative error in
ks is at the most 6% if «=0.5 is used. The observed ks was higher
than the value observed for the immobilized GOx on the col-
loidal gold nanoparticles in Nafion film (1.30s~1) [40], the carbon
nanotube electrode (1.5s~1) [41], the amine-terminated ionic lig-
uid functionalized carbon nanotube-gold nanoparticles (2.12s~1)
[42], the graphene-chitosan modified electrode (3.01s~1) [43],
the gold nanoparticles electrodeposited on an indium tin oxide
electrode (3.7 s™1) [44], the GCE modified with Nafion and meso-
porous carbon FDU-15 (4.095s~1) [45], the ordered mesoporous
carbon-Au nanoparticles (OMC-Au) nano-hybrid modified elec-
trode (5.03 s~ 1) [46] and the nano-porous glassy carbon electrode
(5.27s71) [47].

It seems that a medium with an excellent electrical conductiv-
ity and extraordinary electron transport property is provided by
OOPPy-nanoAu film (Fig. 2). The enhancement of the mentioned
properties can be attributed to the presence of Au NPs in the
hybrid. Also, an excellent biocompatible medium for GOx immobi-
lization is provided by OOPPy-nanoAu (Fig. 3). Therefore, it seems
that OOPPy provides an excellent biocompatible template for the
immobilization of GOx and the presence of Au NPs in the pre-
pared hybrid, OOPPy-nanoAu, enhances the electrical conductivity
and electron transport property of the hybrid. It seems in addi-
tion to the excellent electrical conductivity, extraordinary electron
transport property and excellent template biocompatibility, the
efficient interaction between OOPPy-nanoAu and the immobilized
GOx causes to observe a superior electron transfer rate constant
(ks=10.3s71).
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Fig. 4. Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx in a N,-saturated PBS
(0.1 M) with different pHs from 4.0 to 10.0 at a scan rate of 50mVs~'. Inset: plot of
formal potential (E°") versus pH.

The reduction of flavin adenine dinucleotide (FAD), the active
redox center of GOx, is accompanied by protonation; therefore
the pH of solution has a significant effect on the electrochemi-
cal behavior of FAD. In order to explore the effect of pH on the
electrochemical behavior of the immobilized GOx on GCE/OOPPy-
nanoAu/GOx, cyclic voltammetry was employed in a Np-saturated
PBS at different pHs to measure the variation of the formal peak
potential (E°’) with pH. As shown in Fig. 4, clear voltammograms
with well-defined redox peaks were observed at different pHs ran-
ging from 4 to 10; however, the voltammograms shifted to more
negative potentials with increasing pH. The plot of E°’ versus pH
ranging from 4 to 10 (Fig. 4, inset) yielded a straight line with a slope
equal to —52.6 mV pH~! at 25 °C, which was close to the theoretical
value of —58.6 mV pH~! for a 2e~/2H* redox process.

Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx (Fig. 5)
and a GCE/OOPPy-nanoAu (Fig. 5, inset) in Ny-saturated and O;-
saturated phosphate buffer solutions (0.1 M and pH 7.0) revealed
the excellent electrocatalytic activity of the GCE/OOPPy-nanoAu
toward the reduction of O,. It is likely that the observed elec-
trocatalytic activity toward O, reduction originates from the
extraordinary electron transport property of the OOPPy-nanoAu
film.
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Fig. 5. Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx and a GCE/OOPPy-

nanoAu (the inset) in Ny-saturated (dashed line) and O,-saturated (solid line) PBS
(0.1M and pH 7.0) at a scan rate of 20mVs~1.
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Fig. 6. Cyclic voltammograms of a GCE/OOPPy-nanoAu/GOx in a O,-saturated PBS
(0.1 M and pH 7.0) containing different amounts of glucose from 1 to 20 mM (from
outer to inner with 1 mM increments) at scan rate of 20mVs~!. Inset, plot of the
reduction peak current (I,c) of oxygen versus concentration of glucose.

3.3. Electrochemical behavior of GCE/OOPPy-nanoAu/GOx toward
glucose

Cyclic voltammograms for a series of standard glucose solutions
were recorded in a O,-saturated PBS (0.1 M and pH 7.0) using the
proposed biosensor (GCE/OOPPy-nanoAu/GOx). As shown in Fig. 6
the current signal intensity due to the reduction of oxygen which
is started at about —150mV versus Ag|AgCl|KCls;; decreases with
increasing the concentration of glucose, indicating the consump-
tion of oxygen during the course of the enzymatic reaction of GOx
with glucose (Eq. (2)).

Glucose + GOx-FAD + 0O, — GOx-FAD + Gluconolactone
+Hy0, (2)

The inset in Fig. 6 shows the plot of the reduction peak cur-
rent intensity (Ipc) of oxygen at different concentrations of glucose.
Also, the proposed glucose biosensor was employed for the amper-
ometric determination of glucose. Fig. 7 depicts a current-time
plot of the biosensor recorded for the successive additions of glu-
cose solution in a Oj-saturated PBS (0.1 M and pH 7.0) at the
applied potential of —0.4V versus Ag|AgCl|KClsa;. As shown in

-1.5

-2.51
<
3.
~ 1=0.2174 [Glucose] - 3.661
—_ R?=0.9962
22
<
-3.51 =
-34
5 3 6 9
[Glucose] / mM
-4.5 T T T
0 200 400 600 800
t/s

Fig. 7. Hydrodynamic amperometric responses for a GCE/OOPPy-nanoAu/GOX in a
0,-saturated PBS (0.1 M and pH 7.0) to successive additions of 1 mM glucose. Inset,
plot of amperometric response versus concentration of glucose. Operating potential:
—400 mV versus Ag|AgCl|KCly;.

Fig. 7 the reduction current responses of the biosensor decrease
with increasing glucose concentration. The response time of the
biosensor toward glucose was about 11 s. Fig. 7, the inset shows
the plot of amperometric response of the biosensor at different
concentrations of glucose. The calibration curve for glucose deter-
mination using both cyclic voltammetry and amperometry was
linear between 1 and 8 mM. The sensitivity of the biosensor toward
glucose using cyclic voltammetry and amperometry was 0.851 and
0.217 pAmM-1, respectively. Also, the limit of detection (S/N=3)
using cyclic voltammetry and amperometry was 0.7 and 0.5 mM,
respectively. The relative standard deviation for repetitive mea-
surements (n=6) of 5mM glucose using cyclic voltammetry was
2.4%.

The operational stability of the proposed glucose biosensor was
examined by monitoring of its voltammetric currents during poten-
tial cycling in a O,-saturated PBS (0.1 M and pH 7.0). No significant
decrease was observed in voltammetric currents of the biosensor by
recycling potential for 30 cycles in potential range between 0.2 and
—0.9V withascanrate of 50 mV s~!. After storing the biosensorin a
N,-saturated PBS (0.1 M and pH 7.0) at 4 °C for 2 weeks, its voltam-
metric current decreased by approximately 8.2%. This exceptional
stability can be attributed to the biocompatibility of the OOPPy-
nanoAu film which can provide a suitable environment for GOx
immobilization.

The effect of the presence of three possible interfering sub-
stances; uric acid, ascorbic acid and acetaminophen; on the
response of the biosensor toward 1 mM glucose was examined to
evaluate the selectivity of the proposed biosensor. Amperometry
was performed in a O,-saturated PBS (0.1 M and pH 7.0) in the
presence (0.5 mM) and absence of interfering substances. A 5% error
criterion was adopted. No obvious interference was observed from
the mentioned substances at the concentration of 0.5 mM.

Normally, the blood glucose level is maintained between about 4
and 6 mM. So, the linear glucose response from 1 to 8 mM based on
the proposed glucose biosensor is enough and suitable for its practi-
cal application in determining blood glucose concentration. So, the
proposed glucose biosensor was employed for the determination
of glucose in normal human serum to examine its applicability for
real sample analysis. A 200 L of normal human serum was mixed
with 1.8 mL O,-saturated PBS (0.1 M and pH 7.0) and then analyzed
using amperometry and applying the proposed biosensor. The con-
centration of glucose in normal human serum was determined to be
5.46 mM. The recovery of the analysis was about 103%, considering
the value determined by a local hospital (5.30 mM). Also, to exam-
ine the reliability of the proposed biosensor, 200 L of the normal
human serum was mixed with a 1.8 mL O,-saturated PBS (0.1 M and
pH 7.0) containing specific amounts of glucose (0, 0.5, 1.0, 1.5, 2.0,
2.5 and 3.0mM) and was then analyzed using amperometry. The
recovery for each measurement was calculated by comparing the
results obtained in the absence and presence of specific amounts
of glucose. The obtained average recovery for the spiked samples
was 96%.

4. Conclusions

An electrochemically prepared OOPPy film on the surface of
a GCE was decorated with Au nanoparticles to prepare OOPPy-
nanoAu film on the surface of a GCE. Glucose oxidase was then
immobilized on the surface of OOPPy-nanoAu by physical adsorp-
tion. Cyclic voltammetry in a Nj-saturated phosphate buffer
solution showed a pair of well-defined redox peaks as a result
of direct electron transfer between the GOx and OOPPy-nanoAu.
The results indicated that the OOPPy-nanoAu film provided a
biocompatible scaffold with an excellent electrical conductivity
and extraordinary electron transport property for the efficient
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interaction between the GOx and the medium. The electron trans-
fer rate constant for the immobilized GOx on OOPPy-nanoAu film
was superior to those reported previously (ks=10.3s"1). Also,
an excellent electrocatalytic activity toward the reduction of O,
was observed for the prepared OOPPy-nanoAu hybrid. The pro-
posed biosensor was employed for glucose detection using both
cyclic voltammetry and amperometry on the basis of the excel-
lent electrocatalytic activity of the OOPPy-nanoAu film toward the
reduction of O,. The linear response of the fabricated biosensor
toward glucose from 1 to 8 mM was suitable for its practical appli-
cation in determining blood glucose concentration without any
pretreatment. The proposed biosensor was successfully applied for
the determination of glucose in blood sample with satisfactory
results. Additionally, the proposed glucose biosensor exhibited a
fast amperometric response time (11 s), high operational and stor-
age stabilities and high selectivity.
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