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Abstract

A simple and effective strategy for fabrication of hydrogen peroxide (H2O2) biosensor has been developed by entrapping horseradish
peroxidase (HRP) in chitosan/silica sol–gel hybrid membranes (CSHMs) doped with potassium ferricyanide (K3Fe(CN)6) and gold nanoparticles
(GNPs) on platinum electrode surface. The hybrid membranes are prepared by cross-linking chitosan (CS) with 3-aminopropyltriethoxysilane
(APTES), while the presence of GNPs improved the conductivity of CSHMs, and the Fe(CN)6

3−/4− was used as a mediator to transfer electrons
between the electrode and HRP due to its excellent electrochemistry activity. UV–Vis absorption spectroscopy was employed to characterize the
different components in the CSHMs and their interaction. The parameters influencing the performance of the resulting biosensor were optimized
and the characteristic of the resulting biosensor was characterized by cyclic voltammetry and chronoamperometry. Linear calibration for hydrogen
peroxide was obtained in the range of 3.5×10−6 to 1.4×10−3 M under the optimized conditions with the detection limit (S/N = 3) of 8.0×10−7 M.
The apparent Michaelis–Menten constant of the enzyme electrode was 0.93 mM. The enzyme electrode retained about 78% of its response
sensitivity after 30 days. The system was applied for the determination of the samples, and the results obtained were satisfactory.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The rapid, accurate and reliable analysis of H2O2 is of great
importance in chemical, biological, clinical and many other
fields. Numerousmethods have been developed for this purpose,
including titrimetry [1], spectrophotometry [2], fluorescence [3],
chemiluminescence [4] and electrochemistry [5–7]. Among the
techniques mentioned above, electrochemistry, has received
tremendous attention due to its high sensitivity and high
selectivity of peroxidase. The most common electrochemical
technique investigated is via the anodic oxidation of H2O2 at a
metal electrode [8], metal-dispersed carbon paste electrodes [9],
platinized sputtered glassy carbon electrode [10], screen printed
carbon electrode [11], indium–tin oxide electrode [12]. How-
ever, a main problem occurs from the high overpotential and
subsequent interference from many other electroactive species.
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To eliminate this disadvantage, the amperometric analysis
coupling peroxidase with a variety of different redox-mediators,
such as hexacyanoferrates [13], ferrocene and its derivatives
[14,15], quinone [16] and redox dyes [17–19], is one of the most
efficient alternative. Therein, K3Fe(CN)6, the most widely used
as inorganic electron mediators, has been used extensively in
biosensor because of its excellent electron transferability and a
high degree of reversibility. However, analytes are usually
detected using K3Fe(CN)6 in the detection solution, in which the
reference, counter electrodes and the sample solution may be
polluted, so it would be preferable to immobilize K3Fe(CN)6 on
the electrode surface, which can provide several advantages such
as reducing the analytical time and the consumption of the
reagent, simplifying experimental design. Moreover, such an
electrode could provide a relatively stable response toward a
target enzyme without the addition of mediator to the solution.
To the best of our knowledge, there are few reports on immo-
bilization of K3Fe(CN)6 on the electrode surface to prepare
biosensor. The reason maybe that the K3Fe(CN)6, a kind of low
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molecular weight soluble mediating species, could diffuse away
from the electrode surface into the bulk solution.

Nowdays, many support materials like Nafion, silica sol–gel,
chitosan (CS), poly(vinyl alcohol), etc, have been used for co-
immobilizing mediator and enzyme, but single material has its
own inherent obstacles such as cracking and less biocompatibility.
With the development of advanced composite film, more and
more attention has been paid to the novel advanced materials to
immobilize mediator and enzyme on an electrode surface [20–
22]. These hybrid materials can effectively eliminate the
brittleness of pure inorganic materials and the swelling property
of some pure polymer or hydrogel. Among them, silica/CS, as
potential “next generation” membrane materials, has received
wide-spread interest owing to their exciting features such as
tunable porosity, controllable hydrophobicity and mechanical
stability [23]. Therefore, the materials hold much promise in the
development of chemical sensors. A number of articles on the
application of these materials have appeared. For example, Jaafar
Abdullah et al. [24] have stack immobilized a color reagent-
MBTH in nafion/sol–gel silicate hybrid film and HRP in chitosan
film. Dong et al. [25] have fabricated a new electrogenerated
chemiluminescence biosensor by coimmobilization Ru(bpy)3

2+

and alcohol dehydrogenase in silica-chitosan composite film, and
such modified electrode exhibited much higher response than
those obtained at merely chitosan modified electrodes. The
feasibility of the specific interaction of the mediators with the
composite film provides a promising means for the development
of new amperometric sensors. Moreover, due to the possible
control over pore size and hydrophobicity, the mediators could be
attach specifically to the composite film, which the leaching of the
mediators from the composite was avoided [26].With this idea, 3-
Aminopropyltriethoxysilane (APTES), one of the silane-coupling
agents, was selected as a cross-linking reagent to cross-link with
chitosan to prepare a new chitosan/silica sol–gel hybrid
membranes (CSHMs) for the fabrication of biosensor. The
resulting CSHMs possess a homogeneous network suited to the
encapsulation of a variety of biomacromolecules. In particular, the
another key advantage of CSHMswas able to control the porosity
and provide rigidity, which is highly suited to immobilizing
ferricyanide small molecular. At the same time, negatively
charged Fe(CN)6

3−/4− can also be tightly adsorbed within CSHMs
containing robust positively charged amino groups by electro-
static interactions. What is more, the composite system could
provide a hydrophilic environment that is compatible with the
biomolecules, and to efficiently retain the bioactivity of the
entrapped enzymes.

To enhance electron transfer between the redox centre of the
enzyme and the electrode surface and the poor conductive
properties of CSHMs, and hence to increase the sensor sensitivity,
many nanotechnology have been exploited in various applications.
Gold nanoparticles (GNPs) has gained much more attention in
electroanalytical studies because of its unique properties such as
easy preparation, good biocompatibility and relatively large surface
area [27]. Here, GNPs play dual roles: on the one hand, GNPs
could be embedded in matrices through residual amino groups in
CSHMs and further provide a natural environment for bimolecular
immobilization allowing for longer life stability and retaining their
bioactivity. On the other hand, as the merit of GNPs with the high
electrical conductivity and electron transfer accelerating capability,
the non-conductivity of the CSHMs can be compensated to some
extent, which will favor the sensitivity of biosensor.

In the present work, a novel hydrogen peroxide biosensor has
been developed by entrapping horseradish peroxidase (HRP) in
CSHMs doped with K3Fe(CN)6 and GNPs on platinum electrode
surface. The experiments results indicated that K3Fe(CN)6 was
well protected inside the CSHMs film, thus preventing leaking of
the mediator, and further enhance the stability and catalytical
activity of immobilized enzyme. UV–Vis absorption spectro-
scopy was employed to characterize the different components in
the CSHMs and their interaction, the parameters influencing the
performance of the resulting biosensor were optimized and the
characteristic of the resulting biosensor was studied in detail. The
proposed biosensor exhibited good analytical performance
towards the quantification of hydrogen peroxide.

2. Experimental

2.1. Reagent and materials

HRP (EC1.11.1.7, RZN3.0, 250 u/mg), APTES, chitosan,
chloroauric acid (HAuCl4) and sodium citrate were purchased
from Sigma (St. Louis, MO, USA). Hydrogen peroxide (30%
w/v) was obtained from Chemical Reagent Company (Chongq-
ing, China). The concentration of the more diluted hydrogen
peroxide solutions prepared from 30% hydrogen peroxide was
determined by titration with potassium permanganate. Phosphate
buffer solutions (PBS)with various pHswere preparedwith 0.1M
KH2PO4 and 0.1M Na2HPO4. The supporting electrolyte was 0.1
M KCl. All other chemicals employed were of analytical grade
and used as received. Doubly distilled water was used throughout
the experiments. The working solution was deaerated by bubbling
N2 before determination. Gold nanoparticles with mean size of 16
nm were produced by reducing chloroauric acid with sodium
citrate at 100°C for half an hour [28,29].

2.2. Apparatus

Electrochemical measurements were carried out on CHI
660A electrochemical workstation (CH Instruments, Chenhua
Corp., Shanghai, China). The electrochemical cell contained a
three-electrode system where bare or modified platinum disk
electrode (2.0 mm in diameter) was used as a working electrode,
platinum wire as an auxiliary electrode and a saturated calomel
electrode (SCE) as reference electrode. The UV–Vis spectra
was performed in the range of 300–750 nm on a type of Lambda
17 UV–Vis 8500 (PE Co., USA) with quartz cuvette (path
length 1 cm). The size of GNPs was estimated from
transmission electron microscopy (H600, Hitachi Instrument,
Japan). All experiments were carried out at room temperature.

2.3. Preparation of CSHMs

Chitosan solution (0.1%) was prepared by dissolving 0.1 g
of chitosan in 100 ml of pH 5.0 acetate buffer solution. The



Fig. 2. Cyclic voltammograms (CVs) of CSHMs/Pt (a), CSHMs/Fe(CN)6
3−/4−

CSHMs/Pt (b), CS/Fe(CN)6
3−/4− CS/Pt (c), CSHMs/GNPs-Fe(CN)6

3−/4− CSHMs/
Pt (d) and CSHMs/HRP-GNPs-Fe(CN)6

3−/4− CSHMs/Pt (e) modified electrodes
in 0.1 mol/L PBS (pH 7.0). Potential scan rate, 50 mV/s.
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viscous chitosan solution was stirred at 250 rpm for 3 h at room
temperature. And then appropriate amounts of APTES as well
as HCl were added to initiate the cross-linking reaction. The
mixture was stirred at 50°C until homogeneous solution was
obtain. The solution was freshly prepared daily just before the
fabrication of biosensors.

2.4. Configuration of different modified electrodes

The bare platinum disk electrode (Φ = 2 mm) was polished
successively with 0.3 and 0.05 μm Al2O3 before modification,
rinsed with double-distilled water, and sonicated in acetone and
double-distilled water for 5 min, respectively.

10μl of CSHMs stock solution, 10μl of HRP solution (2mg of
HRPwas dissolved in 1ml of 0.1MPBS, pH 7.0), 10μl of GNPs,
and 5 μl 5.0 mMK3Fe(CN)6 solution were mixed completely in a
small beaker. Then 8 μl of the resulting mixture was dropped on
the surface of the freshly cleared platinum disk electrode. The
electrode was dried at 4°C for overnight, and then the enzyme
electrode was immersed in PBS (pH 7.0) for 10 min in order to
remove the excess HRP and Fe(CN)6

3−/4− from the electrode
surface. Finally, 5 μl of CSHMs was pipetted to cover it and was
dried for ca. 6 h at room temperature to obtain modified electrode
(CSHMs/HRP-GNPs-Fe(CN)6

3−/4−-CSHMs/Pt). The top CSHMs
layer can be used as a protection layer to prevent HRP and K3Fe
(CN)6 from leaking in solution. The CSHMs/HRP-Fe(CN)6

3−/4−

CSHMs/Pt and CS/HRP-GNPs-Fe(CN)6
3−/4−-CS/Pt electrodes

were prepared with the same procedures just without the use of
GNPs and silica sol–gel, respectively. The prepared electrodes
were stored at 4°C in a refrigerator when not in use.

3. Results

3.1. UV–Vis absorption spectra analysis of different compo-
nents in the CSHMs and their interaction

UV–Vis absorption spectroscopy was used to investigate the
interaction among the CSHMs, GNPs and HRP. Fig. 1 displayed
Fig. 1. UV–Vis absorption spectra of (a) chitosan solution, (b) sol–gel solution,
(c) CSHMs, (d) gold nanoparticles, (e) CSHMs mixed with gold nanoparticles,
and (f) CSHMs mixed with HRP and gold nanoparticles.
the UV–Vis absorption spectra of (a) CS solution, (b) silica sol–
gel solution, (c) CSHMs, (d) GNPs, (e) CSHMs mixed with
GNPs, and (f) CSHMsmixed with HRP and GNPs. From (a), (b)
and (c), we can see, when silica sol–gel was mixed with CS, no
major changes was observed. It was a strong indication that the
silica sol–gel didn't change its characters in the CS solution. The
optical spectrum of GNPs solution (d) has a λmax of 524 nm,
which is the characteristic plasmon absorbance of unaggregated
GNPs. And when GNPs mixed with CSHMs, there are only
several nanometers shift happened in the Soret absorption band
area (528 nm for (e)), which suggests that GNPs are uniformly
dispersed in the CSHMs and that no obvious aggregation of
GNPs occurred [30]. When HRP was added in (e) solution,
except the Soret absorption of GNPs demonstrating the stable
state of GNPs and interaction between GNPs and HRP, a distinct
absorption peak can be observed, which is similar to the
absorption of native HRP, indicating that HRP keeps its natural
structure and bioactivity in these mixtures.

3.2. Electrochemical characterizations

Fig. 2 showed cyclic voltammograms (CVs) of modified
electrodes in different composites in 0.1 mol/L PBS (pH 7.0),
with a scan rate of 50 mV/s. As can be seen, in Fig. 2 curve a is
CSHMs film modified electrode in PBS. We do not find any
obvious electrochemical peaks in this potential range as the lack
of electron mediator. When Fe(CN)6

3−/4− was adsorbed into
CSHMs film via the opposite-charged adsorption technique, the
CVs presents a couple of sharp and clear reduction-oxidation
peaks of Fe(CN)6

3−/4− (curve b). In contrast, only very weak
current was recorded at Fe(CN)6

3−/4− and CS composite film
modified Pt electrode (curve c). When the GNPs were
assemblied on the electrode, the peak current clearly increase
(curve d). After assembling the HRP layer, an obvious decrease
of reduction–oxidation peaks were observed (curve e).

With an increasing scan rate the CV peak currents of the
CSHMs/HRP-GNPs-Fe(CN)6

3−/4−-CSHMs/Pt modified electrode



Fig. 3. Cyclic voltammograms of the biosensor at different scan rates (from inner
to outer): 10, 20, 30, 50, 80, 100, 150, 200, 250 and 300 mV/s in 5 ml 0.1 mol/L
PBS (pH 7.0) under room temperature. Inset: plots of peak currents versus v1/2.

Fig. 5. The influence of pH on the response of the biosensor in 0.1 mol/L PBS
containing 0.4 mM H2O2.
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increased and the peak potentials almost kept at the constant
values in the scan rate range of 10–300 mV/s (Fig. 3). The plot
of peak current vs. square root of scan rate was shown in the
inset of Fig. 3. Which indicates a diffusion-controlled redox
process.

Upon addition of 0.14 mM H2O2 to electrolyte an obvious
electrocatalytic responsewas observed. The reduction peak current
of the CSHMs/HRP-GNPs-Fe(CN)6

3−/4−-CSHMs/Pt increased and
the oxidation peak current decreased (Fig. 4c and d), indicating a
typical electrocatalytic reduction process of H2O2. However, no
similar cathodic peak corresponding to the reduction of H2O2 can
be observed at CSHMs/GNP-Fe(CN)6

3−/4−-CSHMs/Pt electrode
under the same condition (Fig. 4a and b), so it can be concluded
that HRP embedded in CSHMs shows good catalytic activity
toward H2O2.
Fig. 4. Cyclic voltammograms of the CSHMs/GNP-Fe(CN)6-CSHMs/Pt and
CSHMs/HRP-GNP-Fe(CN)6-CSHMs/Pt electrode without H2O2 (a, c), with
0.14 mM H2O2 (b, d) at a scan rate of 50 mV/s in 0.1 M PBS (pH 7.0),
respectively.
3.3. Influence of pH and applied potential on biosensor
response

The pH of the working solution may effect the life time, linear
range, detection limit of the biosensor as the immobilized
enzyme activity would be effected by the pH of the working
solution and the higher or lower pH would destroy the micro-
structures of enzyme. The effect of pHwas investigated from 4.5
to 9.0. Fig. 5 shows the change of chronoamperometric current
with the pH under constant hydrogen peroxide concentration
(0.4 mM). As can be seen, the maximum response appears at pH
7.0. To obtain the maximum sensitivity and bioactivity, the PBS
of pH 7.0 was used throughout the research.

Fig. 6 shows the dependence of the chronoamperometric
current response to constant concentration (0.4 mM) H2O2 on
the applied potential in the range from −0.2 V to 0.3 V. It can be
seen that the response of biosensor increases sharply from 0.3 V
to −0.05 V, and reach the maximum at −0.05 V, then decreases
at more negative potentials than −0.05 V. Therefore, a constant
potential of −0.05 V was adopted in subsequent experiment.
Fig. 6. Dependence of the current response of the biosensor to 0.4 mM H2O2 on
the applied potential in 0.1 M PBS (pH 7.0).



Fig. 7. The chronoamperometry response at applied potential of −0.05 V with
injection of 3.5×10−4 mol/L H2O2 into 5 mL of stirring pH 7.0 PBS for
(a) CSHMs/HRP+GNPs+K3Fe(CN)6+CSHMs/Pt, (b) CSHMs/HRP+K3Fe
(CN)6+CSHMs/Pt and (c) CS/HRP+GNPs+K3Fe(CN)6+CS/Pt modified
electrode, respectively.

Fig. 8. Amperometric response of the biosensor to H2O2 in a pH 7.0 PBS at an
applied potential of −0.05 Vupon successive additions of 3.50 μM (110–230 s),
10.5 μM (270–390 s), 17.5 μM (430–550 s), 35.0 μM(590–710 s), 42 μM
(750–910 s) and 52.5 μM (950–990 s) in the time intervals of 40 s. Inset shows
linear calibration curves.
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3.4. Amperometric response of hydrogen peroxide biosensor

We compared the chronoamperometric response of differ-
ently modified electrodes with successive injections of
3.5×10−4 mol/L H2O2 to 5mL PBS (pH 7.0) at an applied
potential of −0.05 V. As shown in Fig. 7, CSHMs/HRP-GNPs-
Fe(CN)6

3−/4−-CSHMs/Pt electrode (curve a) showed the best
response to the addition of the same H2O2 concentration. As
controlled experiment, CSHMs/HRP-Fe(CN)6

3−/4−-CSHMs/Pt
electrode (curves b) and CS/HRP-GNPs-Fe(CN)6

3−/4−-CS/Pt
electrode (curves c) exhibited inferior current responses after
the addition of H2O2.

The amperometric response of the hydrogen peroxide
biosensor was investigated by successively adding H2O2 to a
continuous stirring 5 mL PBS solution under the optimized
conditions. The typical current-time curve of the biosensor is
shown in Fig. 8. The response current of the biosensor increases
with the increasing of H2O2. There is a linear relation of the
current with concentration of H2O2 between 3.5×10−6 and
1.4×10−3 M with a correlation coefficient of 0.997 (n = 28), as
shown in the inset of Fig. 8. From the slope of calibration curve,
the detection limit of 8.0×10−7 M is estimated at signal-to-noise
rate of three.

The apparent Michaelis–Menten constant KM
app was gener-

ally used to evaluate the biological activity of immobilized
enzyme and it could be calculated according to the Michaelis–
Menten equation [37]: 1/Iss = 1/Imax + KM

app /ImaxC.
Where, Iss is the steady-state current after the addition of

substrate, C referred to the H2O2 concentration, and Imax is the
maximum current measured under saturated substrate condi-
tions and KM

app stands for the apparent Michaelis–Menten
constant of the system. KM

app can be obtained by the analysis of
the slope and the intercept of the plot of the reciprocals of the
steady-state current versus H2O2 concentration. The KM

app value
for the CSHMs/HRP-GNPs-Fe(CN)6
3−/4−-CSHMs/Pt was deter-

mined to be 0.93 mM.

3.5. Reproducibility and stability of the hydrogen peroxide
biosensor

The stability of the electrode was studied eiectrochemically.
When the 100 continuous cyclic scans was carried out with a
50 mV/s scan rate, only 6.8% decrease of the initial response
at 0.04 mM H2O2 is observed. The relative standard deviation
(R.S.D.) is 4.3% for nine successive measurements at 0.04 mM
H2O2, showing the proposed biosensor possesses a good
reproducibility. When not in use, the electrode was suspended
above 0.1 M PBS (pH 7.0) at 4°C in a refrigerator. The long-
term stability of the proposed biosensor was also studied. The
response to 0.04 mMH2O2 was tested intermittently. During the
first 3 days the response current has about 5.6% decrease and
22% for more than 1 month. Good stability may be attributed to
the strong interactions between GNPs and HRP embedded in
the CSHMs hybrid film, and large quantities of hydroxyl and
amino groups of the CSHMs, which are favorable to maintain
the activity of the HRP.

3.6. Interference determination

Six interfering substances (Glucose, Ethanol, Cysteine,
Ascorbic acid, L-leucine and L-tyrosine) were used to evaluate
the selectivity of the biosensor. The current obtained for each
interfering substance at a concentration of 8.0×10−4 mol/L in
the present of 4.0×10−4 mol/L H2O2 was recorded and
comparing it with the current from the biosensor in the same
assay solution containing only 4.0×10−4 mol/L H2O2. The
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Table 1
Results of interference test

Possible interferents iH/iH+ I
a

Glucose 1.022
Cysteine 0.996
L-Leucine 0.982
Ethanol 0.995
Ascorbic acid 0.988
L-Tyrosine 0.998

a iH: response current of H2O2 (4.0×10
−4 mol/L); iH+ I: response current of

H2O2 (4.0×10
−4 mol/L) in the presence of interferents.
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experimental results were listed in Table 1. It is found that the
six tested substances did not significantly interfere with the
determination of H2O2 when the proposed biosensor was
employed. This was largely due to the low working potential
(about −0.05 V), nearly no electrochemical reactions may occur
at this potential.

3.7. Real sample analyses

The feasibility of practical use of the proposed sensor was
assessed by testing H2O2 concentration in disinfector sample.
The sample was diluted 20 times with phosphate buffer solution
(pH 7.0). The reference method employed was the classical
potassium permanganate titration method. The each assay was
tested parallel three times. The calculated results show that the
results determined by the HRP electrode were satisfactory and
agree closely with those measured by titrimetric method,
indicating that it is feasible to apply the proposed H2O2

biosensor to determine H2O2 in samples.

4. Discussion

This study reported a new method for preparation of
hydrogen peroxide biosensor by entrapping horseradish perox-
idase (HRP) in CSHMs doped with K3Fe(CN)6 and GNPs on
platinum electrode surface, which would be promising in many
fields. The results from Fig. 1 show that the CSHMs GNPs and
HRP are well interacted with each others and keep their good
states, which is the promising basis for the preparation of our
proposed biosensor.

Fig. 2 showed cyclic voltammograms (CVs) of modified
electrodes in different composites. A pair of well-defined
reduction and oxidation peaks was presented, which demon-
strated that Fe(CN)6

3−/4− had the well electroactive performance
as an efficient mediator to shuttle electrons. Furthermore, the
peak current of CSHMs-Fe(CN)6

3−/4− modified electrodes is
larger than of CS-Fe(CN)6

3−/4− modified electrodes, which
indicating the CSHMs film can increase the immobilization
quantity of Fe(CN)6

3−/4− at the electrode surface. The peak
currents increased after immobilizing the GNPs on the
electrode. The remarkably increasing current may be explained
by the fact that the doped GNPs improved greatly the
conductivity of the CSHMs film and the electron shuttle
between the mediator and electrode. The reduction–oxidation
peaks obvious decrease after assembling the HRP layer, the
reason is that HRP acting as the mass transfer blocking layer,
hinders the diffusion of the ferricyanide towards the electrode
surface. Meanwhile, it also indicated that HRP was immobilized
on the modified electrode successfully.

Fig. 3 displayed the dependence of the cyclic voltammogram
on scan rate. The finding showed that the biosensor represents
well-defined surface waves in cyclic voltammetry, which
indicated that the Fe(CN)6

3−/4− adsorbed in CSHMs was
efficiently for faciling the charge transfer. As shown in the
inset of Fig. 3, the peak currents were proportional to the square
roots of the scan rates, indicating that the reduction and
oxidation of the enzyme electrode was diffusion-controlled.

In this work, the optimal pH occurred around pH 7.0, which
was similar to that of living organisms and HRP can remain
more active in neutral solution. Moreover, the low applied
potential was favourable to minimize the interference from the
coexisting electroactive species.

From Fig. 4, the biosensor showed excellent electrocatalysis
for H2O2. These results strongly indicated that the catalytic
reduction of H2O2 originated from the HRP reaction mediated
by Fe(CN)6

3−/4−. Thus, Fe(CN)6
3−/4− could effectively shuttle

electrons from the electrode surface to the redox center of HRP.
The reaction mechanism of the biosensor can be summarized as
follows:

H2O2 þ 2Hþ þ HRPðRedÞ→2H2O þ HRPðOxÞ
HRPðOxÞ þ K4FeðCNÞ6ðRedÞ→HRPðRedÞ þ K3FeðCNÞ6ðO
K3FeðCNÞ6ðOxÞ þ e−→K4FeðCNÞ6ðRedÞ

Fig. 7. showed the chronoamperometry res
ponse of three
differently modified electrodes. According to curves a and b, we
can see that the GNPs played a very important role on the
performance of biosensor, which may be the reason that GNPs
can strongly adsorb enzyme and thus prevent the leakage of
enzyme. Moreover, GNPs can act as tiny conduction centers
which facilitate the transfer of electrons between enzyme and
electrode. As for the apparent difference between curve a and c
may be explained as follows:

The CSHMs exhibited highly porous structure whereas CS
gel was tightly compacted. In contrast to CSHMs, CS gel had a
high swelling ratio. Moreover, CS is capable of forming
hydrogen bonds with adjacent chains. So when CS gel was
dried, it presented severe shrinkage and collapsing structure
[31]. These properties of CS gel would reduce the activity and
stability of the immobilized enzyme [32].

Thus several dopants were efficiently entrapped in the CSHMs
matrix without any restriction to interaction for electron transfer.
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Furthermore, the GNPs improved the conductivity of CSHMs
matrix and facilitated electron transfer. The KM

app value for the
proposed biosensor was 0.93 mM. This KM

app value was smaller
than those of 4.8 mM [5] and 4.6 mM [33] for H2O2 biosensor
based on sol–gel matrix, this suggests that the present sensor
exhibits a higher affinity to H2O2.

Compared with the similar biosensors [34,35], the linear range
of this biosensor was wider under optimal condition. The
biosensor owned lower applied potential as compared to that of
many reported literatures [35,36], which was favourable to
minimize the interference from the coexisting electroactive
species. Moreover, the presented biosensor exhibited a relatively
fast response and it achieved 95% of response within 10 s, which
may be due to the excellent electron transferability and
biocompatibility of the mediator. Meanwhile, it also may be
attributed to a series of good performances of GNPs. In particular,
the proposed biosensing method shows low cost and simplicity,
and can be used in the preparation of other amperometric enzyme-
biosensors for the detection of important species.

5. Simplified description of the method and its (future)
applications

In this experiment, we successed in doping GNPs and Fe
(CN)6

3−/4− in CS/silica sol–gel composite, the new complex
immobilization matrix integrates the merits of chitosan/silica
sol–gel hybrid membranes, GNPs and mediator, and shows
excellent conductive, entrapment and biocompatible properties.
The composite film was used as model film to construct
amperometric hydrogen peroxide biosensors, namely, CSHMs/
HRP-GNPs-Fe(CN)6

3−/4− CSHMs/Pt. It exhibits higher sensi-
bility, wider linear range, lower detection limit and better
reproducibility and stability. In addition, this biosensor also has
strong anti-interference to some potential interfering substances.
Such a proposed strategy would be potentially useful for the
preparation of other enzyme sensor. The system was applied for
the determination of the samples, and the results obtained were
satisfactory.
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