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A glucose biosensor was developed, which was based on Prussian blue-gold (PB-Au) nanocomposite
films and platinum nanoclusters (Pt-NCs). Prussian blue (PB), as an electron mediator, was electrochem-
ically deposited on the glass carbon electrode (GCE) in the presence of chloroauric acid, forming PB-Au
nanocomposite films. Then, Pt-NCs were electrodeposited to construct a bilayer film. At last, glucose oxi-
dase was modified on the electrode with the bilayer film and the film of Nafion (Nf) was used to prevent
the glucose oxidase (GOD) from leaking off. The resulting amperometric glucose biosensor exhibited a fast
iosensor
russian blue-gold nanocomposite
latinum nanoclusters
lucose oxidase
lectrochemical deposition

response time (within 8 s) and a linear calibration range from 3.0 �M to 1.1 mM with a low detection limit
of 1.0 �M glucose (S/N = 3). With the low operating potential, the biosensor showed little interference to
the possible interferents, including acetum acid, uric acid and arginine, indicating an excellent selectivity.
The improved performances of resulting electrode for electrocatalysis-oxidation glucose were ascribed
to the high surface-to-volume ratio and the excellent catalytic activity of nanoparticles. The combina-
tion of the PB-Au nanocomposite and Pt-NCs would open new horizons for fabrication of biosensors and
biocatalysts.
. Introduction

Recently, tremendous attention has been paid to the nanoscale
aterials due to their unique physicochemical characteristics, such

s the catalytic activities, optical properties, electronic properties
nd magnetic properties that cannot be achieved by their bulk
ounterparts [1]. The nanostructured materials have a broad range
f potential importance to analysis and catalysis [2,3]. To construct
biosensor with good performance, the immobilization of the

iomolecule is great pivotal. Fortunately, the conductive nanome-
er scale structures with good stability and highly catalytic ability
avor to the immobilization of the biomolecule and can enormously
mprove the performance of biosensors [4]. The nanostructured

aterials, such as metal [5], metal oxide [6], alloy [7], carbon nan-
tube [8], have been extensively applied in the construction of the
iosensor at present.

In recent years, noble metal nanoparticles have been exten-

ively utilized owing to their extraordinary catalytic activities
9–12]. Particularly, Pt nanoparticles have attracted a substan-
ive research subject for the fabrication of electrodes [13–15]. For
xample, Li et al. [16] decorated the magnetic composite of ferric
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E-mail address: cshong@swu.edu.cn (S. Chen).
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oxide and multil-wall carbon nanotube (FexOy–MWCNTs) with Pt
nanoparticles to construct an amperometric glucose biosensor. The
combination of FexOy–MWCNTs and Pt nanoparticles in the biosen-
sor results in a linear range and a lower detection limit for glucose
determination, as compared to those MWCNTs and FexOy-based
glucose biosensors. Catalytic activity is one of the most important
properties of Pt nanoparticles. Compared with the Pt nanoparti-
cles, platinum nanoclusers (Pt-NCs) with a large surface-to-volume
ratio can further increase the amount of immobilized enzyme, min-
imize the barriers for mass transportation between the substrate
and the product, and provide a chemically and mechanically robust
system. The unique physiochemical properties suggest that Pt-NCs
have significantly potential application in chemo/biosensors and
catalysts. Li et al. [17] fabricated a nitrite biosensor with PPy–Pt
nanocomposite formed by depositing Pt-NCs in polypyrrole (PPy)
nanowires, and it performed well with the wide linear calibration
range and high sensitivity.

Since 1978 that Neff realized the first study of thin films of
Prussian blue (PB) on various metal and semiconductor substrates,
PB and several of its analogues have been of significant interest

in many different research areas [18]. The ferriferrocyanide com-
plex PB is electrochemically reduced to form Prussian white (PW),
which is capable of catalysing the reduction of hydrogen perox-
ide (H2O2) at low potentials like peroxidases, so it is referred to
as “artificial peroxidase” [18,19]. The detection mode involved in

dx.doi.org/10.1016/j.molcatb.2010.12.002
http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
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xidase-based biosensors is often based on the electrochemical
etection of H2O2, which is produced during the enzyme-catalyzed
xidation of substrates by dissolved oxygen [20]. In the same way,
ost amperometric glucose biosensors are determining the enzy-
atically liberated H2O2 by electrochemical methods. The glucose

iosensors constructed with PB [21–23] exhibit the short response
ime and high electrocatalytic activity and sensitivity of electro-
hemical response to glucose, and show a significantly decreased
ackground, resulting in improved signal-to-noise ratio. However,
he lower electrochemical stability of the PB films and the subse-
uently lower operational stability of the PB-based biosensors at
ear neutral solution [24,25] seriously restrain the further devel-
pment of this kind of biosensors, because the oxidase enzymes
hich produce H2O2 in an enzyme-catalyzed reaction usually are

perated at near neutral solution. To resolve this problem, sev-
ral measures have been adopted, including reducing the pH of the
uffer solutions [26], synthesizing PB nanoparticles [4], wrapping
B around the organic substances [23] or depositing it with other
aterials to obtain composites [27].
Kumar et al. [28] reported the one-step electrochemical depo-

ition of PB-Au nanocomposite films and developed a H2O2
iosensor. Ahmadalinezhad et al. [22] developed a glucose biosen-
or, which was based on the immobilization of glucose oxidase
GOD) on a PB modified nanoporous gold surface. In this study,
e reported a glucose biosensor based on Pt-NCs and PB-Au
lms formed by the way of one-step electrochemical deposition.
he biosensor prepared by the method can be operated at a low
otential with a broad linear range, low detection limit, short
esponse time and high sensitivity. Compared with those systems
ased on the enzyme immobilized onto the films of the pure PB
ano-particulates directly [29–31], our presented system based on
B-Au/Pt-NCs matrix possesses superior performance because of
ollowing reasons. Firstly, the nanocomposite of PB and nano-Au
rovided two merits for the glucose biosensor. On the one hand,
he forming of PB-Au nanocomposite is in favor of the immobility of
he electron mediator PB, alleviating the problem of the stability of
B, which is mentioned in the reference [24,25]. On the other hand,
ano-Au, as a popular noble metal, owing the satisfactory conduc-
ivity, can transmit the electrons rapidly and provide a favorable

icroenvironment for retaining biological activity of enzymes. Sec-
ndly, with a large surface-to-volume ratio of the Pt-NCs, more
OD could be immobilized tightly on the films of PB-Au/Pt-NCs.
oreover, the Pt-NCs are capable of catalyzing the reduction of
2O2 intrinsically. Consequently, both PB-Au nanocomposites and
t-NCs are the outstanding matrixes for the construction of glu-
ose biosensor. Such a fabrication technology demonstrated in this
aper brings a new platform for electrochemical biosensor by using
he synergistic effect of the electrocatalytic activity of PB-Au and
t-NCs.

. Experimental

.1. Materials

Glucose oxidase (GOD), Nafion (Nf), chloroplatinic acid
H2PtCl6·6H2O) and chlorauric acid (HAuCl4·4H2O) were purchased
Sigma, St. Louis, MO, USA). Potassium ferricyanide (K3[Fe(CN)6]),
otassium nitride (KNO3), nitric acid (HNO3), Potassium hydrox-
de (KOH) and Ethylene glycol (C2H6O2) were obtained (Chongqing

huandong Chemical Regent Co., Chongqing, China). All other
hemicals were of analytical grade and used without further purifi-
ation. Double-distilled water was used throughout this study. A
tock solution of 2.0 mg/ml GOD was freshly prepared with 0.1 M
hosphate buffer solution (pH 6.5).
lysis B: Enzymatic 69 (2011) 1–7

2.2. Apparatus and measurements

Electrochemical impedance spectroscopy measurements were
carried out with a Model IM6e (ZAHNER Elektrick Co., Germany)
in the presence of a 5.0 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) mix-
ture as a redox probe. The alternative voltage was 5 mV and
the frequency range was 50 mHz–10 kHz. Transmission electron
microscopy (TEM) was performed on a TECNAI 10 (PHILIPS FEI Co.,
The Netherlands). Atomic force microscopy (AFM) images of the
films were achieved by scanning probe microscope (SPM) (Vecco,
USA). Amperometric experiments and cyclic voltammetric exper-
iments were performed using a CHI 660A electrochemical work
station (Shanghai CH Instruments Co., China) in a three-electrode
electrochemical cell containing a platinum wire auxiliary electrode,
a modified GCE as working electrode and a saturated calomel elec-
trode (SCE) as reference electrode against which all potentials were
measured. The test solutions were potassium nitrate buffer solu-
tions. All the electrochemical experiments were carried out at room
temperament.

2.3. Glucose biosensor fabrication

2.3.1. Preparation of Pt-NCs
Pt-NCs were prepared according to the procedure described

in the literature [32]. All operations were carried out under
inert atmosphere (N2). Typically, 50 ml Ethylene glycol solution
of NaOH (0.5 mol/l) was added into 50 ml Ethylene glycol solu-
tion of H2PtCl6·6H2O (1.93 mmol/l) with stirring to obtain a yellow
platinum hydroxide or oxide colloidal solution which was then
heated at 160 ◦C for 3 h, with N2 slowly passing through the reaction
system to take away water and organic byproducts. A transpar-
ent dark-brown homogeneous colloidal solution of the Pt-NCs (Pt:
3.76 g/l Ethylene glycol, 19.3 mmol/l) was obtained without any
precipitate. The obtained Pt-NCs solution was very stable, no pre-
cipitate had been observed several months later.

2.3.2. Modification of the electrode
The glass carbon electrode (˚ = 4 mm) (GCE) was used for the

glucose biosensor. The electrode was carefully polished with alu-
mina slurry (grain size, 0.3 mm and 0.05 mm) until a mirror was
obtained. Ultrasonic rinsing with ethanol and water was neces-
sary to remove the alumina residues from the electrode surface.
Such prepared electrode was dried. For the growth of PB-Au films,
a solution of 0.1 M KNO3 at pH 3.2 containing equimolar (1 mM)
potassium ferricyanide and chloroauric acid was employed [28].
And the range of the depositing potential was from 0.0 V to 1.0 V.
The films formed after 20 potential cycles between 0.0 V and 1.0 V
was examined for their cyclic voltammetric behavior in a blank
solution of 0.1 M KNO3. After the solvent evaporating, Pt-NCs were
deposited on the PB-Au composite films under the potential of
−0.25 V for 120 s and dried in air. The construction of the enzyme
electrode was accomplished as follows: 10 �l GOD (2 mg/ml) was
modified onto the Pt-NCs/PB-Au/GCE. After drying in refrigerate,
the electrode was coated by 5 �l of Nafion (0.5 wt%) to stabilize the
adherence of the modified layer and dried at 4 ◦C. The procedure for
preparing glucose biosensor is schematically shown in Scheme 1. As
the control experiment, Nf/GOD/PB-Au/GCE was fabricated using
the same procedure as described above except that Pt-NCs were
not involved.

3. Results and discussion
3.1. The response mechanism of the biosensor

The mechanism involve in the detection of glucose with genera-
tion of H2O2 is the same as the literature [33–35]. GOD catalyzes the
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Scheme 1. The illustration of the p

xidation of glucose in the presence of molecular oxygen according
o Eqs. (1) and (2), producing H2O2, so the concentration of H2O2
s directly proportional to the concentration of the glucose. There-
ore, the concentration of the glucose can be monitored indirectly
uring the course of the reaction.

OD(FAD) + �-D-glucose → GOD(FADH2) + �-D-gluconolactone(1

OD(FADH2) + O2 → GOD(FAD) + H2O2 (2)

PB films can be reduced to the colorless form PW, as shown in
q. (3): where FeII and FeIII correspond to different oxidation states
f Fe atoms in the PB structure. PW can electrocatalytically reduce
2O2, acting as an electron transfer mediator between the substrate
nd H2O2 formed in the enzymatic reaction. Here we employed
PB-Au layer obtained via one-step electrochemical deposition,
hich has been proven to yield stable films with good electrocat-

lytic properties for reduction of H2O2 [26].

2Fe2+Fe2+(CN)6(PW)
H2O2�

e
KFe3+Fe2+(CN)6(PB) + K+ (3)

.2. The characterization and electrochemical measurements of
he biosensor

.2.1. TEM of the Pt-NCs

TEM was employed to characterize the shape and size of the syn-

hesized Pt-NCs. The TEM image of Pt-NCs shows the presence of
pherical nanoparticles homogeneously dispersed in Ethylene gly-
ol (Fig. 1). It is obviously that no particle agglomeration appeared,
uggesting that Ethylene glycol stabilized the Pt-NCs and prevented

Fig. 1. TEM image of platinum nanoclusters.
tion process of modified electrode.

the further aggregation of the particles. The nanoclusters have an
average particle size of about 4.6 nm and a size distribution from 3
to 6 nm.

3.2.2. Atomic force microscopy (AFM)
Fig. 2 shows the surface to topographic images of films of the

stepwise biosensor fabrication process using the AFM technique
with tapping mode. As can be seen from Fig. 2a, PB-Au nanocom-
posite aggregates were observed from the films formed using
K3[Fe(CN)6] and HAuCl4. It was convinced that the gold nanopar-
ticles being the “seeds” for the growth of PB were hidden inside of
the aggregates [28]. And the globular particles with the small size
are the unmodified exposed gold nanoparticles formed during the
deposition cycles. When Pt-NCs grows on films of the PB-Au surface,
the topographies image is similar to that of PB-Au nanocompos-
ite, which may be attribute to the small size and the pattern of
the Pt-NCs as similar as that of the gold nanoparticles and the PB-
Au nanocomposite aggregates (Fig. 2b). Then the assembly of GOD
on the films of Pt-NCs/PB-Au surface is observed from Fig. 2c. The
phase figure part in the AFM image of GOD/Pt-NCs/PB-Au films
exhibited a smoothing effect as compared to that of Pt-NCs/PB-Au
films, which might be due to GOD molecules filling the interstitial
places between PB-Au nanocomposites and Pt-NCs.

3.2.3. EIS and CV characterization
It is well known that EIS is an alternative powerful tool for

measuring the changes of interface properties on the modified
electrode surfaces. In order to acquire more information from EIS
results, the working electrode was modeled with an equivalent
circuit (inset of Fig. 3A). The equivalent circuit consists of an elec-
trolyte solution resistance Rs, a parallel double layer capacitance
Cdl, electron-transfer resistance Ret and the Warburg impedance
Zw. Depending on the dielectric and insulating features on the elec-
trode/electrolyte interface, the combination of Ret and Cdl bring
about a semicircle in the Nyquist plot (Z′′ vs. Z′). By the means of
measuring the diameter of the semicircle in the impedance spec-
trum via simulation, the electron-transfer resistance Ret can be
obtained. The electrochemical impedance studies of the modified
electrodes were performed and the results are shown in Fig. 3A.
The curve a (Fig. 3A) shows EIS of the bare GCE. There is a small
semicircle at high frequencies and a linear part at low frequen-
cies, as was reported, implying low Ret (Ret = 134 �) to the redox
probe dissolved in the electrolyte solution. A decrement of resis-
tance was observed at the PB-Au/GCE (curve b), in contrast to the
resistance of the bare GCE, which proves that PB-Au nanocomposite
is beneficial to the electron transfer. When Pt-NCs were deposited
onto PB-Au films, a further decrease of Ret is observed (curve c),

which is on account of the favorable conductive property of Pt-NCs.
Compared with the Pt-NCs/PB-Au/GCE, the EIS of the Nf/GOD/Pt-
NCs/PB-Au/GCE presents an obvious increase in Ret (Ret = 513 �,
curve d), suggesting that GOD and Nf were successfully assembled
on the surface of the resulting electrode. This increase is due to the
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Fig. 2. AFM images of PB-Au composite films (a), Pt-NCs/PB-Au films (b) and GOD/Pt-NCs/PB-Au films (c) on the gold surface.
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Fig. 3. (A): EIS of bare GCE (a), PB-Au/GCE (b), Pt-NCs/PB-Au/GCE (c) and Nf/GOD/Pt-NCs/PB-Au/GCE (d) in 5.0 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1); Inset: equivalent circuit
used to model impedance data. (B) Cyclic voltammograms obtained at a scan rate of 50 mV/s from different modified electrodes in 0.1 M KNO3 (pH 6.0) solution. The bare
GCE (a), PB-Au/GCE (b), Pt-NCs/PB-Au/GCE (c), and Nf/GOD/Pt-NCs/PB-Au/GCE (d).
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ig. 4. The cyclic voltammograms of Nf/GOD/Pt-NCs/PB-Au/GCE in 0.1 M, pH 6.0,
NO3 solution at various scan rates. From curves a to h corresponding to 30, 50, 80,
00, 150, 200, 250, 300 mV/s. Inset: The relationship between the peak currents and
can rates.

on-conductive properties of GOD and Nf films. The impedance
hange obtained after the modification process proves that PB-Au,
t-NCs, GOD and Nf had been successively assembled on the surface
f the GCE.

Fig. 3B displays the cyclic voltammograms (CVs) at differently
odified electrodes in 0.1 M KNO3 (pH 6.0) solution. The curve a

Fig. 3B) is the CVs obtained at a bare GCE in KNO3. No obvious
lectrochemical peak in this potential range was observed as the
ack of electron mediator. In contrast, after the PB-Au composite

as deposited on the electrode, a pair of well-defined peaks can be
bserved (curve b), characteristic of PB redox couple. In compar-
son with it, the peak currents increase after Pt-NCs modification
curve c in Fig. 3B). Apparently, the presence of the Pt-NCs is an
ssential component for the electron transfer. The reason is that
anometer-sized particle play an important role, similarly to a con-
ucting wire or electron-conducting tunnel, which enhances the
lectron-transfer kinetics. With the immobilization of GOD and Nf
n the modified electrode surface, an obvious decrease of the peak
urrents is noted (Fig. 3B curve d). This may be ascribed to the
onconductive property of GOD and Nf, obstructing electron trans-

er between PB-Au and the surface of the electrode, as observed
n EIS.

Fig. 4 shows the CVs of the Nf/GOD/Pt-NCs/PB-Au/GCE recorded
n 0.1 M KNO3 at different scan rates. It is found that both anodic
nd cathodic peak currents increase clearly with increasing the scan
ate. The peak currents are linearly correlated to the square root of
he scan rate in the range from 30 mV/s to 250 mV/s (insert of Fig. 4),
mplying that the electrochemical kinetics is a diffusion-controlled
rocess.

.3. Optimization of experimental parameters for biosensor

.3.1. The thickness of the PB-Au film-effect
When the cyclic voltammetric behavior of the GCE on potential

ycling between 0.0 V and 1.0 V in 0.1 M KNO3 medium containing
AuCl4 and K3[Fe(CN)6] at the scan rate of 50 mV/s was stud-

ed (measured solution pH 3.2), all redox peaks gradually grow
nd tend to be constant increase with the increase of number of
cans (data not shown), which demonstrates that the PB films have
ormed on the substrate surface. The films’ thickness influences the

esponse of the biosensor. A thicker film shows a long response time
nd a lower sensitivity but result in a wider linear range. Keeping
he concentration of K3[Fe(CN)6] and HAuCl4 constant (1 mM), the
lm thickness is easily controlled by limiting the number of scans.

n the present experiments, 20 cycles of successive scanning at the
lysis B: Enzymatic 69 (2011) 1–7 5

scan rate of 50 mV/s was suitable for achieving a higher sensitivity
and a relatively wide linearity.

3.3.2. pH-effect and potential-effect
Since the activity of the immobilized GOD and the stability of

the PB layer are pH dependent, investigation of the pH value of the
detection solution on the performance of the biosensor is of great
importance [36]. In the literature [19,20], it is clearly reported that
PB is unstable and dissolves at pH values above 7, suggesting a
limited use of PB-modified electrodes in alkaline solutions. In this
work, Fig. 5A shows the effect of solution pH on the amperomet-
ric response at the Nf/GOD/Pt-NCs/PB-Au/GCE. The pH dependence
of the enzyme electrode over the pH range 4.0–8.0 in 0.1 M KNO3
buffer solution in the presence of 60 �M glucose was studied.
The optimum response was achieved in the pH 6.0. Therefore, we
selected pH 6.0 for this study so as to assure higher sensitivity and
the stability of PB.

The choice of the applied potential at the working electrode is
fundamental to achieve a low detection limit and to avoid the elec-
trochemical interfering species. So, we also investigated the effect
of applied potential on the enzyme electrode response toward con-
stant concentration (60 �M) of the glucose (see Fig. 5B). The results
demonstrate that the response currents gradually increase with
decreasing negatively applied voltage from 0.2 V to −0.4 V. A more
negatively applied voltage would lead to a higher sensitivity, how-
ever, it is preferable to control a more positively applied voltage
in order to avoid or decrease the interference caused by some
coelectroactive species in the sample solution. Hence, a working
potential of −0.15 V was chosen for glucose determination in this
work, where the biosensor could maintain reasonable sensitivity
and avoid the interference caused by some electroactive species.

3.4. The response characteristics of the glucose biosensor

For amperometric biosensing application, electrodes are gener-
ally evaluated by measuring current response at a fixed potential
with the addition of the analyte in the measuring solution. Fig. 6A
illustrates a typical current–time curve of the glucose biosensor
upon the addition of different concentration of glucose at −0.15 V
in a 0.1 M KNO3 buffer solution (pH 6.0) under the optimized con-
ditions. The bio-functionality of GOD and the feasibility of the
method for biosensing were exhibited by the increase in reduc-
tion current upon the addition of successive aliquots of glucose.
For Nf/GOD/Pt-NCs/PB-Au/GCE, the 95% of the steady-state current
can be obtained within 8 s, which was faster than other glucose
biosensors [4,21,33,37]. As can be observed, the glucose biosensor
had a fast and sensitive response to the addition of glucose and
the glucose biosensor exhibited a wide linearity from 3.0 �M to
1.1 mM. The detection limit of the biosensor is 1.0 �M (S/N = 3) with
the sensitivity of 2.77 mA M−1. The wide linear range extended over
three orders of magnitude of glucose concentration, indicating that
large loading of enzymes was implemented in the immobilization
of GOD.

As controlled experiment, the amperometric responses were
also measured at the Nf/GOD/PB-Au/GCE. The corresponding typi-
cal current–time curves are showed in Fig. 6B. As can be observed,
the GOD/PB-Au/GCE showed a relatively small current response to
glucose (curve a in Fig. 6B). Such a response was mainly ascribed to
the favorable capacity of transferring the electron of PB molecules,
which was promoted through the conducting tunnels of nano-
Au since they could provide the protein molecules more freedom

in orientation. However, with the addition of the glucose, drastic
increase in the response current was observed at the Nf/GOD/Pt-
NCs/PB-Au/GCE (Fig. 6B curve b). This result demonstrated clearly
that the biosensor based on the PB-Au composite and Pt-NCs
exhibited a better electro-catalytic activity to glucose due to the
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f the current response of the Nf/GOD/Pt-NCs/PB-Au/GCE to 60 �M glucose on the

ynergistic action of PB-Au composite and Pt-NCs, since they both
ad an ability to catalyze the reduction of H2O2 and promote the
lectron transfer between GOD and the underlying electrode.

.5. Apparent Michaelis–Menten constant (Km)

The apparent Michaelis–Menten constant (Km), which is a crit-
cal parameter to describe the enzyme-substrate kinetics of the
iosensor, can be obtained from the electrochemical version of the
ineweaver–Burk equation:

1
Iss

= Km

Imax
×

(
1
c

)
+ 1

Imax

here Iss is the steady-state current after the addition of the sub-
trate, c is the bulk concentration of the substrate and Imax is the
aximum current measured under saturated substrate condition.

he Km value was determined by analysis of the slope and inter-
ept for the plot of the reciprocals of the steady state current versus
lucose concentration. The Km value of the GOD was calculated to
e 1.66 mM, which suggested that the apparent affinity between

mmobilized glucose oxidase and substrate was higher.

.6. Reproducibility and stability of the biosensor

The reproducibility of the biosensor was investigated by the

easurement of the response currents at the same modified

lectrode for five times in 60 �M glucose. The relative standard
eviation was calculated to be 5.8%. The electrode-to-electrode
eproducibility was also examined from the responses in 60 �M
lucose among six different electrodes made independently follow-
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Cs/PB-Au/GCE (b) in stirring 0.1 M KNO3 of pH 6.0 at applied potential −0.15 V.
cose on the pH of buffer solutions at an applied potential of −0.15 V. (B) Dependence
d potential in 0.1 M KNO3 (pH 6.0).

ing the same procedure. They showed an acceptable reproducibility
with a R.S.D. of 6.2%.

Stability is a basic requirement for fabrication of glucose biosen-
sors. The stability of the Nf/GOD/Pt-NCs/PB-Au/GCE was also
examined. Generally, denaturation and loss of enzyme could occur
during the storage of the biosensor, a result of decreasing the
sensitivity. The storage stability of the glucose biosensor was inves-
tigated through the response to 35 �M glucose at −0.15 V in 0.1 M
KNO3 (pH 6.0) every 2 days. When not in use, it was stored at 4 ◦C in
a refrigerator. The results revealed that the steady-state response
current of the electrode remained relatively constant after 2 weeks
and a gradual decrease till a final loss of 20% of the initial response
current was observed after 1 month. Such good stability of the
biosensor may be attributed to the aspect that the Pt-NCs/PB-Au
matrix was stable. The long lifetime of the GOD on the nanoparticles
suggested that immobilization of the glucose oxidase on nanopar-
ticles stabilized the enzyme activities.

3.7. Anti-interference of the biosensor

The number of interfering species depends on the working
potential and the nature of sample. Such a low-working potential
of −0.15 V reduces the responses of common interferences from
redox-active species that are usually present in physiological sam-
ples and improves the selectivity of the glucose biosensor. The

interference test of the glucose biosensor was carried out in 0.1 M
KNO3 (pH 6.0) at −0.15 V in the presence of 70 �M acetum acid,
70 �M uric acid, or 70 �M arginine. The currents generated from
the interfering species were negligible to the response current of
70 �M glucose, indicating the interference-free determination of
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Table 1
The comparison of the performance of present biosensor and others reported in the literatures for glucose detection.

Electrode fabrication Linearity range Detection limit Sensitivity Km Ref.

CS/FexOy–MWCNTs/Pt/GOD/Nf 6.0 × 10−6–6.2 × 10−3 M 2.0 × 10−6 M – 9.0 mM [16]
PB/GOD/silica sol–gel 0–4.75 mM 2.0 × 10−5 M 1.182 mA M−1 6.7 mM [20]
Fe3O4/PB/GOD 5.0 × 10−7–8.0 × 10−5 M 1.0 × 10−7 M – 1.44 × 10−2 mM [21]
CS/CS-PB/GOD 2 × 10−6–4 × 10−4 M 3.97 × 10−7 M – 3.73 mM [29]
Pt/PB/GA-GOD 5 × 10−6–1.1 × 10−3 M 5 × 10−6 M 43 mA M−1 cm−2 6.3 ± 1.2 mM [30]
PANI–PB/MWNTs/GOD/Nafion 1–11 mM 1.0 × 10−5 M 15.36 mA M−1 cm−2 5.1 mM [38]
Au NPs–PANI/GOD/Nf 1.0 × 10−6–8.0 × 10−4 M 5.0 × 10−7 M 2.3 mA M−1 – [39]
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PB-Au/Pt-NCs/GOD/Nf 3.0 × 10−6–1.1 × 10−3 M 1.0 ×
S, chitosan; FexOy–MWCNTs, iron oxide–multiwall carbon nanotubes; GA-GOD, glu
arbon nanotubes; Au NPs–PANI, Au nanoparticles–polyaniline; –, not available.

lucose at proposed biosensor. Obviously, the higher selectivity of
he biosensor was attributed to the contribution of a low operat-
ng potential and Nafion coverage, and the efficient and selective

ediation by PB.

.8. The comparison with other glucose biosensors

For comparison, the analytical performance of the proposed
iosensor and some other glucose biosensors were listed in Table 1.
he information includes the range of linearity, the limit of detec-
ion, the sensitivity, the apparent Michaelis–Menten Constant
Km) of the biosensors. A wider linear range was obtained in
he proposed biosensor, when compared to the other biosen-
ors [21,29,38,39]. The detection limit was lower than that of the
iosensors [20,38]. The biosensor showed a satisfactory sensitiv-

ty, which was revealed by the value of 2.77 mA M−1. As shown
n Table 1, the value of Km of the proposed biosensor was lower
han other glucose biosensors excepted for the biosensor in the
eference [21]. The data in Table 1 revealed that this biosensor
xhibited better combination of the wide linear range, low detec-
ion limit, high sensitivity and low value of Km. The main reason
esults from the fact is that the forming of the PB-Au compos-
te could effectively overcome the shortcomings of the leakage of
B, and the combination of excellent electrocatalytic activity of
B and Pt-NCs toward H2O2 reduction can amplify the response
ignal.

. Conclusions

The novel PB-Au nano-composite films were prepared and
ts integration with Pt-NCs was used to fabricate an elec-
rochemical biosensor for glucose detection. With PB as the
lectron-transfer mediator, the PB-Au/Pt-NCs/GOD films electrode
howed excellent electro-catalytic activity and operational sta-
ility toward glucose. The simplicity in fabrication, ease of the
etection, high sensitivity, and good reproducibility of the biosen-
or offer a good promise for practical glucose analysis in real
iological systems. It is highly anticipated for the novel PB-
u/Pt-NCs films to be applied in the various glucose assay-based
iosensors.
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