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Abstract
Chitosan (CS) was chosen for dispersing multi-wall carbon nanotubes (MWNTs) to form a stable CS-MWNTs
composite, which was first coated on the surface of a glassy carbon electrode to provide a containing amino groups
interface for assembling colloidal gold nanoparticles (GNPs), followed by the adsorption of hemoglobin (Hb).
Repeating the assembly step of GNPs and Hb resulted in {Hb/GNPs}n multilayers. The assembly of GNPs onto CS-
MWNTs composites was confirmed by transmission electron microscopy. The consecutive growth of {Hb/GNPs}n
multilayers was confirmed by cyclic voltammetry and UV-vis absorption spectroscopy. The resulting system brings a
new platform for electrochemical devices by using the synergistic action of the electrocatalytic activity of GNPs and
MWNTs. The resulting biosensor displays an excellent electrocatalytic activity and rapid response for hydrogen
peroxide. The linear range for the determination of H2O2 was from 5.0� 10�7 to 2.0� 10�3 M with a detection limit of
2.1� 10�7 M at 3s and a Michaelis –Menten constant KM

app value of 0.19 mM.
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1. Introduction

Carbon nanotubes (CNTs) have been extensively studied
for their properties and possible application since their
discovery in 1991 by Iijima [1]. They exist as two funda-
mental forms, singlewall and multiwall CNTs. It has been
demonstrated that CNTs not only show excellent electro-
catalytic activity towardmany important biomolecules such
as dopamine, NADH and ascorbic acid [2 – 4] but also have
an ability to achieve the direct electron transfer of redox
proteins [5 – 9]. These properties make them extremely
attractive for constructing electrochemical sensing devices.
However, a key barrier for developing CNTs-based bio-
sensing devices is the insolubility of CNTs in most solvents.
Dispersion agents used for the dispersion of CNTs include
acetone, dimethylformamide, Nafion, chitosan (CS) and
surfactants such as poly(styrene sulfonic acid) sodium
(PSS), sodium dodecyl sulfate (SDS) and diallyldimethy-
lammonium chloride (PDDA), and so on. Among these
dispersants, CS fulfils many of requirements for preparing a
robust, electrochemically active film composed of CNTs
[10]. Furthermore, CS is a natural cationic polymer with
abundant amino groups. Due to its good biocompatibility,
nontoxicity and excellent film forming ability, it has been
widely used as an immobilization matrix for biomolecules.

Biosensors based on the CS-CNTs composite have been
widely reported [10 – 13].
Just recently, nanocomposites composed of CNTs and

transition metallic nanoparticles including gold (Au), plat-
inum (Pt), palladium (Pd), copper (Cu) and silver (Ag),
have gained a growing interest. With improved electro-
catalytic activity of individual components due to the
synergistic effect, they have been widely used for the
construction of electrochemical sensing devices. For exam-
ple, Hrapovic et al. [14] developed a sensitive glucose
biosensor based on a composite of platinum nanoparticles
and CNTs. Yang et al. [15] fabricated layer-by-layer self-
assembled multilayer films of CNTs and platinum nano-
particles with polyelectrolyte (PSS). Due to high sensitivity
and fast response of this multilayer film to H2O2, a
cholesterol biosensor was prepared. Xiang et al. [11] con-
structed a H2O2 biosensor based on the immobilization of
cytochrome c on a gold nanoparticles – chitosan – carbon
nanotubes nanohybrid film. Additionally, a H2O2 biosensor
based on a nanohybrid film of gold nanoparticles and CNTs
for immobilizing microperoxidase has also been reported
[16].
Layer-by-layer (LBL) assembly technique, as a prepara-

tive method of organized thin films, has been considered as
one of the most promising methods for preparing protein
films because of its simple procedure and precise control
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over the film composition. By alternate adsorption of
charged proteins and oppositely charged polyelectrolytes,
LBL construction of protein/polyelectrolytes flims could be
achieved [17 – 19]. Another effective method to construct
multilayered protein films is based on the LBL assembly of
proteins and nanoparticles. The surface of some nano-
particles could contain positive or negative charges under
specific process of synthesis, which facilitates the electro-
static adsorption between nanoparticles and oppositely
charged proteins. Furthermore, nanoparticles possess some
virtues such as large surface area, good biocompatibility and
suitability for surface immobilization mechanism. Lvov and
co-worker [20] obtained multilayer Mb films through LBL
assembly with MnO2 or SiO2. Kunitake and co-workers [21]
fabricated LBL films of cytochrome c and TiO2 nano-
particles on mercaptoethanol modified Au substrates.
Patosky et al. [22] achieved multilayered microperoxidase-
11/Au nanoparticle films, which exhibited an electrocata-
lytic activity for the reduction of H2O2.
In the present work, CS was chosen for dispersing

MWNTs to form stable CS-MWNTs composites, which
could easily attach colloidal gold nanoparticles (GNPs) to
achieve the nanocomposites of CNTs and GNPs by virtue
of the high affinity of amino groups of CS for GNPs [23].
Through LBL assembly of negatively charged GNPs and
oppositely charged Hb, {Hb/GNPs}n multilayer films were
built on a CS-MWNTs composite film modified electrode.
Compared with those systems based on the enzymes
immobilized onto the composite of CNTs and other
nanomaterials by co-depositing [24], physically entrapping
or incorporating [25], and cross-linking using glutaric
dialdehyde [15], our presented system based on the LBL
assembly of proteins and nanoparticles on the CS-MWNTs
composite matrix possesses superior performance with
regard to controlled enzyme loading and facile preparation
of biosensors. Furthermore, the resulting system, i.e., {Hb/
GNPs}n/CS-MWNTs film retains well the bioactivity of
immobilized Hb. This would ascribe to the fact that both
CS and GNPs provide a favorable microenvironment for
retaining biological activity of enzymes. Such a modifica-
tion technology demonstrated in this paper brings a new
platform for electrochemical devices by using the syner-
gistic action of the electrocatalytic activity of GNPs and
MWNTs.

2. Experimental

2.1. Materials

The multiwall carbon nanotubes (MWNTs) were obtained
from Chengdu Organic Chemicals CO. Ltd. Prior to use,
MWNTs were refluxed in concentrated nitric acid for about
7 h, then filtered and washed with double-distilled water
until the filtrate became neutral, and finally dried under
vacuum. Chitosan (CS,Mw: 100000 – 300000, deacetylating
grade: 70 – 85%), hemoglobin (Hb), gold chloride tetrahy-
drate and sodium citrate were purchased from Sigma

Chemical Co. (St. Louis, MO, USA) and used as received.
A stock solution of 1.0 mg/mLHbwas freshly preparedwith
0.1 M phosphate buffer solutions (pH 6.0). Hydrogen
peroxide (H2O2, 30% w/v solution) was purchased from
Chemical Reagent Company, Chongqing, China. The dilut-
ed H2O2 solutions were freshly prepared from this material
before amperometric testing and the concentration was
determined by titration with potassium permanganate.
Furthermore, dissolved O2 was removed from H2O2 by
highly pure nitrogen before injecting it into cell. Phosphate
buffer solutions (PBS) with various pH values were
prepared with 0.1 M KH2PO4 and 0.1 M Na2HPO4. The
supporting electrolyte was 0.1 M KCl. All other chemicals
were of analytical grade and used directly without further
purification.Doubly distilledwaterwas used throughout the
experiments. Colloidal gold nanoparticles with mean size of
16 nmwere preparedby reducing gold chloride tetrahydrate
with citric acid at 100 8C for half an hour [26].

2.2. Preparation of Modified Electrodes

A 1.0% acetic acid solution was first prepared and then its
pH was adjusted to 5.0 using concentrated NaOH solutions.
In 10 mL of such acetic acid solution, 50 mg of CS flakes
weredissolvedby stirring for some time togive a 0.5 wt%CS
solution. A CS-MWNTs suspension (1.0 mg/mL) was pre-
pared by dispersing 5 mg of the acid-treated MWNTs into
5 mL of CS solution with the aid of 1 h of ultrasonic
agitation.
A glassy carbon (GC) electrode (4 mm in diameter) was

first polished with 1.0, 0.3 and 0.05 mm alumina slurry,
respectively, and ultrasonically cleaned in ethanol andwater
and dried in air. Then, 15 mL of CS-MWNTs suspension was
cast on a cleaned GC electrode surface. After solvent water
was evaporated, the CS-MWNTs/GC electrode was im-
mersed into a colloid gold solution for 8 h to attach GNPs.
Subsequently, {Hb/GNPs}n multilayer films were grown on
the CS-MWNTs composite film through alternate LBL
adsorption fromHb solution (1.0 mg/mL) and colloidal gold
solution for 40 min to produce a {Hb/GNPs}n/CS-MWNTs/
GC electrode. Each immersion was followed by washing
with water and drying in a nitrogen stream. The preparation
process of the modified electrode is shown in Scheme 1. For
comparison, a {Hb/GNPs}n/CS/GC electrode without
MWNTs and a Hb/CS-MWNTs/GC electrode without
GNPs were fabricated. In addition, an electrode only
modified with CS-MWNTs was also fabricated. Modified
electrodes were stored in a refrigerator (4 8C) until further
use.
ForUV-vis spectroscopic study, the assembling procedure

of {Hb/GNPs}n multilayer films was performed on the clean
quartz slides, i.e., the two internal surfaces of a quartz cell.
Thequartz surfaceswere first carefully cleanedwithPiranha
solution for 15 min, and then ultrasonically cleaned with
water and dried in a nitrogen stream. Subsequently,
appropriate amount of 0.5 wt% CS solutions were spread
evenly on them to obtain CS thin film by vaporizing water.
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Finally, {Hb/GNPs}n multilayers were built on the CS film
modified quartz slides by alternate adsorption of GNPs and
Hb.

2.3. Apparatus and Measurements

Amperometric and cyclic voltammetric experiments were
carried out on a CHI 660A electrochemical work station
(Shanghai CH Instruments Co., China). A three-electrode
electrochemical cell comprising amodified GC electrode as
working electrode, a platinum wire auxiliary electrode, and
a saturated calomel electrode (SCE) as reference electrode,
was employed. All potentials were measured and reported
versus the SCE. The test solutions were deoxygenated by
highly pure nitrogen for 10 min before electrochemical
experiments and a nitrogen atmosphere was maintained
during measurements. All the electrochemical experiments
were carried out at room temperature.
Transmission electron microscopy (TEM) was performed

with a TECNAI 10 (PHILIPS FEI Co., Holland).
UV-vis absorption spectra was recorded using a type of

Lambda 17 UV-VIS 8500 (PE Co,USA) with quartz cell
(path length 1 cm) at room temperature.

3. Results and Discussion

3.1. Characterization of the Modified Electrode

3.1.1. Transmission Electron Microscopy

In order to confirm the attachment of GNPs onto CS-
MWNTs composites, the transmission electron microscopy
(TEM) was performed at a CS-MWNTs composite film and
a GNPs/CS-MWNTs composite film, respectively. The
results are shown in Figure 1. As could be seen from
Figure 1, MWNTs were well dispersed in the CS solution
(Fig. 1A). The attachment of GNPs onto CS-MWNTs
composites was as expected to be homogeneous and evident
(Fig. 1B), confirming the feasibility of proposed strategy for
producing the composite material of MWNTs and GNPs
using CS as linker based on strong binding interactions
between GNPs and amino groups of CS.

3.1.2. Cyclic Voltammetric Characterization

The cyclic voltammetric experiments were conducted to
monitor the assembling process of {Hb/GNPs}n multilayer
films, where n was the number of {Hb/GNPs} bilayer.

Scheme 1. Illustration of the preparation process of the modified electrode.

Fig. 1. TEM images of a CS-MWNTs (A) and a GNPs/CS-MWNTs (B) composite film.
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Figure 2 displays the cyclic voltammograms (CVs) of differ-
ent modified electrodes in pH 6.5 PBS at scan rate 50 mV/s.
Compared with the bare GC electrode, the background
current of CS-MWNTs modified electrode was apparently
larger (Fig. 2b), suggesting that an effective electrode
surface area was significantly enhanced due to the use of
MWNTs.When one bilayer of {Hb/GNPs} was grown on the
CS-MWNTs/GC electrode, corresponding CVs displayed a
pair of redox peaks (Fig. 2c), while the anodic peakwas very
obvious and the cathodic peak was not.With the increase of
the number of {Hb/GNPs} bilayer, both anodic and cathodic
peak currents clearly increased as shown in Figures 2d to 2g
and reached a maximum value at the 5 layers. Then a slight
decrease of anodic and cathodic peak currents was observed
for further increasing the number of {Hb/GNPs} bilayer
(here not shown), suggesting the loading of Hb was tended
to be saturation at n¼ 5. From one to five layers, the
increased anodic and cathodic peak currentswere attributed
to the increase of amount of immobilized Hb on the
electrode. In this investigation, we found that the anodic
peak was always more obvious than the cathodic peak.
Furthermore, the shape of cathodic peak gradually became
better with the increase of the number of {Hb/GNPs}
bilayer. For {Hb/GNPs}5/CS-MWNTs/GC electrode
(Fig. 2g), the CVs gave a pair of well-defined redox peaks
at �0.13 V and �0.32 V (versus SCE), characteristic of
heme Fe(III)/Fe(II) redox couples of Hb, suggesting a
quasireversible redox process. So, in our experiment, five
layers of {Hb/GNPs} were selected to fabricate a H2O2

sensor.

3.1.3. UV-vis Absorption Spectroscopic Characterization

UV-vis absorption spectroscopywas employed to follow the
layer-by-layer assembly of {Hb/GNPs}n multilayer films

since Hb has a sensitive Soret absorption band at about
412 nm [27] and colloidal gold has a characteristic plasmon
absorbance at about 520 nm [28]. Figure 3 displays the UV-
vis spectra of colloidal gold solution and {Hb/GNPs}n
multilayer films. It can be seen from Figure 3B, the
absorbance of Hb at 412 nm and GNPs at 548 nm in {Hb/
GNPs}n multilayer films was clearly visible. Compared with
the solution spectrum (lmax¼ 518 nm) of colloidal gold
(curve a in Fig. 3A), the absorption bands of GNPs in {Hb/
GNPs}n multilayer film had a large red shift and gave a lmax

at about 548 nm (curve b in Fig. 3A), this case was similar to
those observed for gold nanoparticles modified by PyDDP
(O,O’-dioctadecane dithiophosphate) [29] and for Nafion/
Mb/GNPs film [30], which may be ascribed to the inter-
action between CS andGNPs and the interaction of Hb and
GNPs. In addition, the absorbance at 412 nm presented in
{Hb/GNPs}n multilayer films was attributed to the Soret
band of Hb, suggesting that presence of Hb in the film.
Furthermore, the absorbance at 412 nm for Hb and 548 nm
forGNPs was increased linearly with increasing the number
of {Hb/GNPs} bilayer from one to five layers, as shown in
curve a and curve b in the insert of Figure 3B, respectively.

Fig. 2. CVs of different modified electrodes in 0.1 M PBS
(pH 6.5) at a scan rate of 50 mV/s: bare GC electrode (a), CS-
MWNTs/GC electrode (b), and the electrodes modified with1, 2,
3, 4, 5 layers (from c to g) of {Hb/GNPs} bilayer on the CS-
MWNTs film.

Fig. 3. A) UV-vis absorption spectra of colloidal gold solution
(a) and {Hb/GNPs}5 films on the CS modified quartz slides (b). B)
UV-vis absorption spectra for layer-by-layer {Hb/GNPs}n films on
the CS modified quartz slides with different number of bilayers:
n¼ 1 – 5. Inset: influence of the number of bilayers (n) on the
absorbance at 412 nm (a) and 548 nm (b), respectively.
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This confirmed that a {Hb/GNPs}n multilayer film was built
up on aCSmatrix in a regular and reproducible fashion, and
the amount of Hb and GNPs assembled in each bilayer was
nearly the same.

3.2. Electrochemical Characteristics of Hydrogen
Peroxide Biosensor

The CVs of the {Hb/GNPs}5/CS-MWNTs/GC electrode in
PBS (pH 6.5) at different scan rates show that both the
anodic and cathodic peak currents increase linearly with
scan rate from 20 to 300 mV/s, indicating a surface-
controlled process.
The electrochemical behavior of the {Hb/GNPs}5/CS/

MWNTs/GC electrode depends on the pH of the working
solution. An increase of pH in solution leads to a negative
shift in potential of both cathodic and anodic CV peaks for
{Hb/GNPs}5/CS/MWNTs/GC electrode (figure not shown).
The formal potentials(E8’), which is mean of cathodic and
anodic peak potentials, have a linear relationship with pH
(from 5.0 to 9.0) with the linear equation E8’(V)¼
�0.0482 – 0.0258 pH, r¼ 0.999). The slope �25.8 mV/pH
is obviously smaller than the theoretical value �57.6 mV/
pH at 18 8C for a one-proton coupled single-electron
transfer during the reversible electrochemical reaction
[31]. While the reason for this is not clear yet, the linear
correlationbetweenE8’ andpHat least indicates that proton
participates in the electron transfer process. The small slope
of variation E8’ with pH is also observed in MP-11/GNPs/
MWNTs film [16].
The electrocatalytic activity of Hb incorporated in the

{Hb/GNPs}5/CS-MWNTs film towards hydrogen peroxide
was studied by cyclic voltammetry. Figure 4 illustrates the
CVs recorded for the {Hb/GNPs}5/CS-MWNTs/GC elec-
trode in PBS (pH 6.5) containing varied concentration of
H2O2 in the absence of oxygen. As can be seen in Figure 4,
with the addition of H2O2, an obvious increase of reduction
peak currents was observed, accompanied by a decrease of
oxidation peak currents, indicating a typical electrocatalytic
reduction process of H2O2.

3.3. Optimum of Analytical Conditions

The analytical conditions including applied potential and
pH of test solutions were optimized in order to obtain an
efficient biosensor for H2O2. The dependence of chronoam-
perometric current response of the biosensor to constant
concentration (8.0� 10�4 M) H2O2 in pH 6.5 PBS on the
applied potential in the range from 0 to �550 mV was
investigated. The results show that the steady-state current
increased rapidly when the applied potential moved from 0
to �400 mV, and approached a plateau at �400 mV (not
shown here). Accordingly, a constant potential of�400 mV
was selected as the working potential for the determination
of H2O2. The effect of pH of test solutions on the
chronoamperometric current response of the {Hb/GNPs}5/

CS-MWNTs/GC electrode to constant concentration (8.0�
10�4 M) H2O2 at�400 mVwas also investigated (not shown
here). The results show that the maximum response
appeared at pH 6.5. So the buffer solution of pH 6.5 was
employed for the detection of H2O2.

3.4. Amperometric Response of the Biosensor

The amperometric response of the {Hb/GNPs}5/CS-
MWNTs/GC electrode was investigated by successively
adding H2O2 to a continuous stirred PBS solution under the
optimized conditions. As controlled experiment, the am-
perometric responses were also measured at the {Hb/
GNPs}5/CS/GC, CS-MWNTs/GC and Hb/CS-MWNTs/GC
electrodes, respectively. The corresponding typical cur-
rent – time curves are depicted in Figure 5A. As can be
observed, the {Hb/GNPs}5/CS/GC electrode showed a
detectable but very small current response to H2O2 (curve
a in Fig. 5A). Such a response was mainly ascribed to direct
electron transfer (DET) from Hb molecules to the under-
lying electrodes, which was promoted through the conduct-
ing tunnels of GNPs since they could provide the protein
molecules more freedom in orientation and reduce the
insulating property of the protein shell for DET [32, 33]. At
the same time, both CS-MWNTs/GC (curve b) and Hb/CS-
MWNTs/GC electrodes (curve c in Fig. 5A) exhibited a
relatively small response current toH2O2.Whereas, with the
addition of H2O2, drastic increase in the response current
was observed at the {Hb/GNPs}5/CS-MWNTs/GCelectrode
(Fig. 5A curve d). This result demonstrated clearly that the
biosensor based on {Hb/GNPs}5 multilayer and MWNTs
exhibited abetter electrocatalytic activity toH2O2due to the
synergistic action ofMWNTs andGNPs, since they both had
an ability to promote the electron transfer between Hb and
the underlying electrode. Additionally, for {Hb/GNPs}5/CS-
MWNTs/GC electrode, the time to achieve 95% of the
steady-state current was in less than 8 s, indicating a fast
response process.

Fig. 4. CVs of the {Hb/GNPs}5/CS-MWNTs/GC electrode at a
scan rate of 50 mV/s in 0.1 M PBS (pH 6.5) without H2O2 (a), with
4.3� 10�4 (b), and 1.46� 10�3 (c) M H2O2, respectively.
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Figure 5B displays the calibration curve of the {Hb/
GNPs}5/CS-MWNTs/GC electrode for H2O2 determination
under the optimal experimental conditions. The linear
response range of the biosensor to H2O2 concentration
was from 5.0� 10�7 to 2.0� 10�3 M with a detection limit of
2.1� 10�7 M at signal-to-noise ration of three. The linear
regression equation of catalytic currents vs. H2O2 concen-
trations was Icat (mA)¼�0.3722þ 11.6 [H2O2] (mM) with a
correlation coefficient of 0.999 (n¼ 29). Our proposed
electrode exhibited a wider response range than the
modified electrode based on the immobilization of cyto-
chrome c on a gold nanoparticles – chitosan – carbon nano-
tubes nanohybrid film [11]. This may be ascribed to the
multilayer assembly of Hb. The increase in the quantity of
immobilized Hb would result in an increase in response
currents.
When the concentration of H2O2 was higher than 2.0�

10�3 M, a response plateau was observed, showing the
characteristics of the Michaelis –Menten kinetic mecha-
nism. The apparent Michaelis –Menten constant (KM

app),
which gave an indication of the enzyme – substrate kinetics,
was calculated to be 0.19 mMaccording to theLineweaver –
Burk equation [34] (inset in Fig. 5B). This value was smaller
than 0.791 mM for Cyt c/GNPs/Chit/MWNTs modified
electrode [11], 0.857 mM for Cyt c/MWNT modified
electrode [35], 0.675 mM for Hb-modified CNT powder
microelectrodes electrodes [36], 0.32 mM for microperox-
idase immobilized on nanohybrid film modified electrode
[16]. The low value of KM

app indicated that Hb immobilized
in the {Hb/GNPs}5/CS-MWNTs film well retained its
bioactivity and had a high biological affinity to H2O2.

3.5. Repeatability and Stability of the Hydrogen Peroxide
Biosensor

The relative standard deviation (RSD) was 3.8 % for nine
successive measurements for 0.10 mM H2O2 with the
proposed biosensor, showing a good reproducibility.

The storage stability of the proposed biosensor was
investigated. When not in use, the electrode was suspended
above 0.1 M phosphate buffer at 4 8C in a refrigerator. The
response to 0.10 mM H2O2 was tested intermittently. The
results are shown inFigure 6.A gradual loss in the activity of
the sensor was observed with the increase of storage period.
The response current was maintained at about 81% after
storage for one month.

3.6. Interference Determination

Five kinds of possible interfering substances, glucose, uric
acid, ascorbic acid, l-cysteine and l-tyrosine, were inves-
tigated. The degree of interference from interfering sub-
stances can be evaluated by comparing the response before
and after addition 0.40 mM possible interferents into 0.1 M
pH 6.5 PBS containing 0.10 mM H2O2. The values of the
current ratio, which were calculated by comparing the
current of the proposed biosensor in an assay solution
containing 0.10 mM H2O2 and a 0.40 mM interfering
substance with that of the proposed biosensor in the same
assay solution containing only 0.10 mMH2O2, were 1.02 for
glucose, 1.03 for uric acid, 1.06 for ascorbic acid, 0.98 for l-

Fig. 5. A) Typical current – time response curves of {Hb/GNPs}5/CS/GC (a), CS-MWNTs/GC (b), Hb/CS-MWNTs/GC (c), and {Hb/
GNPs}5/CS-MWNTs/GC (d) electrodes upon successive additions of 70 mM H2O2 in pH 6.5 PBS at an applied potential of �400 mV. B)
Calibration curve of the {Hb/GNPs}5/CS-MWNTs/GC electrode for H2O2 determination. Inset: the Lineweaver –Burk plot.

Fig. 6. The storage stability of the proposed biosensor.

2146 S. Chen et al.

Electroanalysis 20, 2008, No. 19, 2141 – 2147 www.electroanalysis.wiley-vch.de K 2008 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim

www.electroanalysis.wiley-vch.de


cysteine and 0.99 for l-tyrosine. It could be concluded that
above five tested interferents could not cause observable
interference to the determination of H2O2, which was
largely attributed to the low working potential of
�400 mVused in the determination of H2O2.

3.7. Real Sample Analysis

The applicability of the proposed biosensor was valuated by
detecting H2O2 concentration in a disinfector sample. The
sample was diluted 20 times with PBS (pH 6.5). H2O2

concentration in diluted disinfector sample was tested using
the proposed biosensor and the potassium permanganate
titration method which was employed as the reference
method, respectively. The results are listed in Table 1. It was
found that the result obtained by the biosensor was in
accordance with that obtained by potassium permanganate
titration method, showing the feasibility of using this
proposed H2O2 biosensor for the H2O2 determination in
the disinfector sample.

4. Conclusions

In this experiment, a facile strategy for fabricating multi-
layer films of Hb andGNPs on CS-MWNTs composites was
proposed. The resulting system represented a new biocom-
posite platform for electrochemical devices. Due to the
excellent biocompatibility and film forming ability of CS-
MWNTs composite, and the synergistic action of GNPs and
MWNTs, this proposed system exhibited a highly electro-
catalytic activity to H2O2. The feasibility of practical
application of the proposed biosensor for the H2O2 deter-
mination has been demonstrated by analyzing the disinfec-
tor sample.
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Table 1. Determination of H2O2 in the disinfector sample.

Determined by
biosensor (M) [a]

Determined by
potassium permanganate
titration method (M) [a]

Disinfector 0.0327� 0.0012 0.0366� 0.0002

[a] Mean� SD of three measurements
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