Anal. Bioanal. Electrochem., Vol. 4, No. 4, 2012, 342 - 356

Analytical &
Bioanalytical
Electrochemistry
© 2012 by CEE
www.abechem.com

Full Paper

Direct Electrochemistry and Electrocatalysis of Myoglobin
Immobilized on a Novel Chitosan-Nickel Hydroxide
Nanoparticles-Carbon Nanotubes Biocomposite Modified
Glassy Carbon Electrode
Ali Babaei1,2* and Ali Reza Taheri1
1
2

Department of Chemistry, Faculty of Science, Arak University, Arak, 38156-8-8349, Iran
Research Center for Nanotechnology, Arak University, Arak, 38156-8-8349, Iran

*Corresponding Author, Tel.: +98 861 4173401; Fax: +98 861 4173406
E-Mail:a-babaei@araku.ac.ir, ali.babaei08@gmail.com

Received: 28 July 2012 / Accepted: 14 August 2012 / Published online: 27 August 2012

Abstract- A novel myoglobin-based electrochemical biosensor was developed. The
fabricated biosensor is based on a nanobiocomposite prepared from multiwalled carbon
nanotubes and Ni(OH)2 nanoparticles that were coated with myoglobin and chitosan. Cyclic
voltammogram of the electrode showed a pair of well-defined and quasi-reversible redox
peaks with a formal potential (E0') of –0.330 V in 0.1 M pH=7.5 phosphate buffer solution,
which was the characteristic of the Mb heme Fe(III)/Fe(II) redox couple. Immobilized Mb
exhibits excellent electrocatalytic activity toward the reduction of hydrogen peroxide. The
linear range for the determination of hydrogen peroxide was from 0.4 to 702 µM with a
detection limit of 0.08 µM using chronoamperometry method. The kinetic parameters such as
the electron transfer coefficient and the heterogeneous electron transfer rate constant for H2O2
determination were determined using electrochemical approaches. The biosensor was used
for determination of H2O2 in human blood serum and the oxidant with satisfactory results.
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1. INTRODUCTION
Direct electrochemistry of most redox proteins on conventional electrodes is a great
challenge due to the deeply buried redox-active center inside the proteins [1]. Moreover, the
denaturation and loss of electrochemical activities will occur when the proteins adsorbed
directly on the electrode surface [2]. Thus, one of the main challenges in this area is to
develop a host matrix which can both provide a suitable microenvironment for proteins and
also enhance direct electron transfer between their redox-active center and underlying
electrodes. Myoglobin (Mb), a kind of oxygen transportation protein with the function to
store and transport oxygen, has an active heme redox center.
The oxidation of some biological substances in body can produce certain amounts of
H2O2. The content of H2O2 is also related with the environmental chemistry. Furthermore,
hydrogen peroxide and its derivatives are powerful oxidizing agents, which can therefore be
employed in the synthesis of many organic compounds [3]. So it is of great importance to
establish sensitive and convenient methods for H2O2 detection. Detection of hydrogen
peroxide which is a byproduct in an enzymatic reaction is important in the field of biosensor
fabrication [4].
Carbon nanotubes (CNTs) as a type of nanomaterials have attracted attention during
recent years [5]. CNTs can be coupled to enzymes to act as electrical connectors between the
redox center of the enzymes and the electrodes [6]. In recent years, many studies focused on
the direct electrochemistry of proteins which were incorporated into the composites to
investigate the stability and biocompatibility of films. These films contained water-insoluble
surfactants [7, 8], hydrogel polymers [8], polyelectrolyte- or clay-surfactant composites [9],
Chitosan [10], nanoparticles [11] and MWCNTs [12]. Immobilizing proteins or enzymes with
nanoparticles has become a popular surface derivatization procedure; the reason for this is
mostly ascribed to its easy preparation and versatility and to the establishment of a high level
of order on a molecular scale [13]. The film formed by this technique has the advantages of
high organization and uniformity, which could provide a desirable microenvironment to
immobilize protein and facilitate the direct electron transfer from the protein to the
underlying electrode. In particular, transition-metal nanoparticles, in different forms, have
emerged as a novel family of catalysts able to promote more efficiently a variety of organic
transformations because of their small size and extremely large surface-to-volume ratio [14,
15]. Some nanoparticles have been successfully introduced onto CNTs, such as CdTe [16],
Au [17], Cu [18] and Ag [19]. Many electrodes were modified by Ni, NiO2, Ni(OH)2
particles and nanoparticles on traditional electrode surfaces such as diamond [20], gold [21],
carbon or graphite [22-24]. In contrast to Ni nanomaterials which are unstable and easily
oxidized in air and solution, hydroxide (or oxide) of this material is relatively stable [22, 23,
25].
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Nickel hydroxide with a small crystalline size shows a high proton diffusion coefficient,
giving excellent electrochemical performance. many precipitation methods for preparing
Nano scale nickel hydroxide such as coordination precipitation, precipitation transformation,
hydrothermal conversion, urea homogeneous precipitation, micro emulsion, need harsh
reaction conditions such as high temperature or pressure; some need organic solvent, which
increases the production cost; and some need the addition of extra precipitator to the reaction
system, which the precipitator is readily partially over concentrated, and thus resulting in
poor quality of this production [23,25-28]. However, the method of coordination
homogeneous precipitation is new and facile, needing no expensive raw materials or
equipment, it is also easy for mass production, and can be extended to synthesize other
hydroxide or oxide nanocrystals.
Chitosan (Cs) is a transformed polysaccharide obtained by deacetylation of natural chitin,
which is one of the naturally occurring biopolymers and widely present in the exoskeleton of
crustaceans and other biological materials [29]. Due to its desirable properties such as low
cost, chemical inertness, high mechanical strength, high hydrophilicity, and good filmforming ability, chitosan has been used in various practical fields. A distinct advantage of
chitosan in fabricating biosensors is its MWCNTs biocompatibility and nontoxicity. We thus
expect that Cs films may provide a suitable microenvironment for redox proteins to exchange
electrons with underlying electrodes directly. Herein, we developed a composite biofilm,
which contains MWCNTs, Ni(OH)2 nanoparticles, Cs and Mb, based on the idea that the
MWCNTs with Ni(OH)2 nanoparticles could facilitate the electron transfer and Cs had good
biocompatibility and stability.

2. EXPERIMENTAL
2.1. Reagents and solutions
Horse heart myoglobin (Mb, MW 17,800), was purchased from Sigma and used as
received. Multi-walled carbon nanotubes (MWCNTs) (>95 wt%, 5-20 nm) was purchased
from PlasmaChem GmbH company. Chitosan (CS) (MW: 20,0000) was dissolved in acetic
acid (1.0 g chitosan in 100 ml 0.05 M acetic acid). A 30% H2O2 solution was purchased from
Sigma Chemical Company and the concentration of H2O2 solution was determined by
titration with standard KMnO4 solution. 0.1 M Phosphate buffer solution (PBS) was prepared
by dissolving appropriate amounts of disodium hydrogen phosphate and sodium dihydrogen
phosphate in 250 mL volumetric flask. Fresh human serum samples were available from Razi
Institute of Vaccine and Serum Company (Tehran, Iran).
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2.2. Synthesis of nanoscale Ni(OH)2
Nanoscale Ni(OH)2 was synthesized using a coordination precipitation procedure as
previously reported [26]. Briefly, by adding concentrated ammonia (28wt.%) to nickel nitrate
solution (1 M), a deep blue colored nickel hexamine complex solution was formed and added
into a given amount of distilled water, the reaction was carried out under magnetic stirring for
1 h at 70 oC. Finally, light green sediments were formed. The precipitate was separated by
centrifuge and rinsed with distilled water and ethanol three times respectively to remove the
adsorbed ions, then dried in a vacuum oven at 80 oC for 12 h; the final product was green
powder. Product that is obtained without any surfactant in the reaction process was plateletlike shape. The method is simple and facile; it is low cost and also easy for mass production
and can be extended to synthesize other hydroxide or oxide nanocrystals.
2.3. Instrumentation
All the voltammetric measurements were carried out using Cs/Mb/Ni(OH)2MWCNTs/GCE as the working electrode, Ag/AgCl, 3 M KCl as the reference electrode and
platinum wire as an auxiliary electrode. Cyclic voltammetry (CV) and chronoamperometry
(CA) experiments were carried out in oxygen free water under nitrogen by using an Autolab
PGSTAT 30 Potentiostat Galvanostat (EcoChemie, The Netherlands) coupled with a 663 VA
stand (Metrohm Switzerland). The pH measurements were performed with a Metrohm 744
pH meter using a combination glass electrode.
2.4. Fabrication of H2O2 biosensor
Prior to use, the glassy carbon electrode (2 mm in diameter) was first polished with
alumina slurry (followed by 1.0 μm and 0.05 μm) and ultrasonically cleaned with 1:1 water,
ethanol and distillated water. A stock solution of MWCNTs–Ni(OH)2 in DMF was prepared
by dispersing weighed amounts of MWCNTs and Ni(OH)2 nanoscale (95%:5% w/w) in 1 mL
DMF using ultrasonic bath until a homogeneous solution resulted, and 20 µL of prepared
suspension was casted on the electrode with a microsyring. The electrode was dried in air,
denoted as MWCNTs-Ni(OH)2/GCE.10 μL of 15 mg/mL Mb was dropped on the modified
GCE surface, and allowed to dry under ambient conditions for 3 h. After that, 5 µL of
chitosan solution was casted on the surface of the electrode and was set in ultrasonic bath to
form a stable composite film. The fabricated electrode was denoted as Cs/Mb/Ni(OH)2MWCNTs/GCE and stored at 4 oC when not in use. Fig. 1 shows the Schematic illustration of
stepwise
Electrode
modification.
For
comparison,
Cs/Mb/Ni(OH)2/GCE,
Cs/Mb/MWCNTs/GCE, MWCNTs/GCE and Ni(OH)2-MWCNTs/GCE were prepared and
used for further investigation.
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2.5. General procedure
10 mL solution containing appropriate amounts of H2O2 in 0.1 M PBS at pH 7.5 was
transferred into the voltammetric cell. Calibration curves were obtained by plotting the
cathodic peak currents of H2O2 against the corresponding concentrations. All experiments
were carried out under open circuit conditions.
After each measurement, the electrode was regenerated by thoroughly washing the
electrode with distilled water and then 0.5% sodium hydroxide solution. The electrode was
finally rinsed carefully with distilled water to remove all adsorbate from electrode surface
and provide a fresh surface for next experiment.

Fig. 1. Schematic illustration of stepwise fabrication process of biosensor: Cs/Mb/Ni(OH)2MWCNTs/GCE

3.RESULT AND DISCUSSION
3.1. Characterization of the electrode
In order to study the electrode surface, different parts of the electrode surface were
observed by scanning electron microscopy (SEM). Fig. 2 shows a typical image of the
MWCNTs and Ni(OH)2 nanoscale synthesized through coordination precipitation method. It
shows a platelet-like nanostructure with a dimension in the range of 50–100 nm. It can be
seen that, size-homogeneity of these particles is very well.

Anal. Bioanal. Electrochem., Vol. 4, No. 4, 2012, 342 – 356

347

Fig. 2. SEM image of the MWCNTs and Ni(OH)2 nanoscale on glassy carbon

3.2. Electrochemical behavior of Cs/Mb/Ni(OH)2–MWCNTs/GCE
In order to investigate the electrochemical properties of Cs/Mb/Ni(OH)2-MWCNTs
modified electrode, cyclic voltammograms were recorded in phosphate buffer solution. As
shown in Fig. 3b, no redox peaks can be seen for Ni(OH)2-MWCNTs/GCE in the potential
range of -1 to 0.3 V, indicating that there were no electroactive substances to react at this
range and the redox peaks should be attributed to Mb electron transfer on electrode. Electron
transfer between Mb and electrode was facilitated by Ni(OH)2 nanoparticles imbedded in the
complex film as a result of the nano-size effect of Ni(OH)2 nanoparticles (Fig. 3a). On the
other hand, if the MWCNTs and Mb mixture was dropped on the electrode could provide a
desirable microenvironment to immobilize protein and facilitate the direct electron transfer
from the protein to the underlying electrode (Fig. 3c). However, for Cs/Mb/Ni(OH)2MWCNTs/GCE (Fig. 3d) a pair of reduction–oxidation peaks with formal potential -0.33 V
and the peak-to-peak separation (ΔEp) was calculated to be 95 mV at a scan rate of
100 mV/s, indicating a fast and quasi-reversible electron transfer process. The ratio of anodic
to cathodic peak currents is about one. This also indicates that myoglobin undergoes a quasireversible redox process at the glassy carbon electrode modified with Cs/Mb/Ni(OH)2MWCNTs film. Thus, the film must have a great effect on the kinetics of electrode reaction
and provide a suitable environment for the myoglobin to transfer electron with the underlying
GC electrode. The shapes of anodic to cathodic peaks were nearly symmetric, and the heights
of reduction and oxidation peaks are the same. This behavior suggests that all of the
electroactive MbFe(III) within the film are converted to MbFe(II) on the forward scan to
negative potential and vice versa. Herein, CS was adopted to fix Mb on the electrode;
meanwhile, adding Cs into Mb can also improve the adherence of the composite film with the
electrode surface.
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3.3. Optimization of Experimental Variables
The influence of amount of immobilized Mb on the analytical characteristics of the
enzyme electrode was studied. Fig. 4A displays the effect of the amount of Mb enzyme in the
modified electrode. The current response increases sharply as the protein amount increases
and reaches maximum at 15 mg mL−1, and then the current did not change significantly with
further increase of the Mb concentration. Such a behavior is typical of a mediator-based
sensor [30]. So, an optimum loading 10 µL of 15 mg mL−1 Mb was used for subsequent
experiment.
Modification of GCE with different amounts of MWCNTs and Ni(OH)2 nanoscale was
tested for evaluation the electrochemical response of Mb by cyclic voltammetry. It was found
that as the ratio of Ni(OH)2 nanoscale increased from 2 to 5%, the response of electrode
improved and when the ratio was more than 5%, the response decreased with larger
background current, which is attributed to an increase in the resistance and double layer
capacitance of the modified electrode, as a consequence of the decrease in the ratio of carbon
nanotubes and resulted in poor measure for H2O2 (Fig. 4B). Therefore 20 µL of 5% Ni(OH)2
Nanoscale was chosen for the fabrication of the biosensor. CS because of its biocompatibility
and bioadhension, played the roles of sustaining the natural structure of Mb and keeping good
interaction with Ni(OH)2, which enhanced the electron transfer process. The effects of
various concentration of CS have also been studied (data are not shown). It is found that the
film had poor mechanical stability with the concentration of Cs less than 0.5%, and large
background current with the concentration of Cs larger than 0.7%. An optimum loading
10 µL of 0.5% Cs was used for subsequent experiment.

Fig. 3. CVs recorded in PBS (pH 7.5, 0.1M) at Cs/Mb/Ni(OH)2/GCE (a), Ni(OH)2MWCNTs/GCE (b), Cs/Mb/MWCNTs/GCE (c) and Cs/Mb/Ni(OH)2-MWCNTs/GCE (d).
Scan rate: 100 mV/s
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Fig. 4. A) Effect of the concentration of Mb on the biosensor response. Supporting
electrolyte, 0.1 M pH 7.5 PBS. B) Effect of the ratio of NHNP on the biosensor response

3.4. Effect of pH solution
In most cases, protein redox behavior is often significantly dependent on the solution. The
CV peaks of the modified electrode in 10 µM H2O2 were measured with well-defined peaks
in the pH range from 4.0 to 9.5 (Fig. 5). As shown in Fig. 5a, the higher cathodic peak
currents for H2O2 are resulted in buffer solution with pH 7.5. Further investigation of the
dependence of peak potential upon pH, it is found that there is linear relationship between
peak potential and pH, the regression equation is E0(mV)=-66.0-43.0 pH (Fig. 5b). The slope
value of -43.0 mV/pH is smaller than the theoretical value of -57.6mV/pH for a reversible
proton coupled single electron transfer process which might be explained as the effect of the
protonation states of trans ligands to the heme iron and amino acids around the heme [31, 32]
or the protonation of water molecules coordinated to the central iron that may exist at
different pH values [33]. This suggests that a quasi-reversible one-electron transfer
accompanies a single-proton transfer between the electrode and the heme of Mb.
3.5. Effect of the scan rate
To obtain the kinetic parameters of Modified electrode the effect of scan rate was
examined. From Fig. 6, it can be found that the peak currents increased with increasing of
scan rate in 10–800 mV/s and the results show symmetrical anodic and cathodic peaks of
approximately equal heights for Mb at different scan rates. The anodic and cathodic peak
currents were linearly related to the scan rate (ν) (Fig. 6a). This result indicated that Mb
immobilized on the electrode undergoes a quasireversible electron transfer with the
MWCNTs and Ni(OH)2 nanoscale islands. The electrochemical behavior of Mb immobilized
on MWCNTs-Ni(OH)2 nanoscale film was a surface-controlled process [32]. It is also found
that peak potential varied linearly with the scan rate in the range of 50–600 mVs-1
(Fig. 6b,c), while the formal potential kept almost unchanged. The regression equation was
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Epc=−0.1068 log ν –0.5 with a coefficient of 0.9983. According to Laviron equation [34]. The
relationships of Ep with log ν were calculated and shown in Fig. 4c with two linear equations.
Form the slope and the intercept, the value of n and α were got as 1.11 and 0.49, respectively.
When n∆Ep ≤200mV, the electron transfer rate Ks can be estimated with the Laviron’s
equation Ks=α nFv/RT [35]. An apparent surface electron transfer rate constant, Ks=2.13 s−1,
was estimated. The results also show that the integration of Ni(OH)2 and MWCNTs can
provide a remarkable synergistic augmentation of biosensor performance. The estimated
value is in the controlled range of surface-controlled quasi-reversible process.

Fig. 5. Cyclic voltammograms of Cs/Mb/NHNP-MWCNTs/GCE in 0.1 M PBs at different
pHs.(curves a–f: pH =4, 5.5, 6.5, 7.5, 8.5, 9.5) in the presence of 10 µM of H2O2 and scan
rate: 0.1 V s−1. a), plot of peak current vs. pH values, b) Plots of E vs. pH

3.6. Electrocatalytic activity of H2O2 on the Biosensor
The electrocatalytic effect of the electrode has also been investigated in the presence of
different concentrations of hydrogen peroxide (Fig. 7a). As shown, with increasing H2O2
concentration, the reduction peak currents were increased and the peak potentials were
shifted to more negative values. The decrease of overvoltage and increased peak current of
hydrogen peroxide reduction confirm that Ni(OH)2-MWCNTs film has high catalytic ability
for H2O2 oxidation. The catalytic peak currents are proportional to the concentration of H2O2
and the linear regression equation for the concentration range from 0.5–500 µM is obtained
as I(µA)=-0.631C(µM)-18.5, R2=0.9995. The detection limit is estimated to be 0.285 µM
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when the signal to noise ratio is 3. It can be inferred from these results that the presence of
the composite film on the surface of GC electrode facilitates the detection of hydrogen
peroxide at low concentration level.
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Fig. 6. CVs of Cs/Mb/Ni(OH)2-MWCNTs/GCE at different scan rates (from A to M) 0.01,
0.02, 0.05, 0.08, 0.1, 0.12, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.8 V s-1. Insets: (a) dependence of
peak currents vs. scan rate, (b) dependence of potential vs. logarithm value of scan rate and
(c) Magnification of the same plot for high scan rate
The electrocatalytic reduction of hydrogen peroxide at Cs/Mb/Ni(OH)2-MWCNTs/GCE
was also studied by amperometry i-t curve. The potential dependence of amperometric signal
was tested in the range from 0 to -0.60 V. The steady-state reduction current increased as the
applied potential decreased from 0 to -0.30 V, which was due to the increased driving force
for the fast reduction of H2O2 at low potential. So the value of -0.3 V was selected as
optimum working potential. Fig. 7b illustrates a typical amperometric response of the Mb
sensor at-0.30 V on successive step changes of H2O2 concentration to a continuous stirring
10 mL PBS solution under the optimized conditions. The modified electrode achieved 95% of
steady-state current within 5 s. This result shows that the response time of the sensor is short.
The current had a linear relationship with the concentration of H2O2. With Application of the
method two linear ranges were obtained. The first linear dynamic range was from 0.4 μM to
9 μM, with a calibration equation of Ip(µA)=-0.258c (µM)+0.0121, R2=0.9987, n=10 and the
second linear dynamic range was between 9 μM to 702 μM with a calibration equation of
Ip(µA)=-0.245c (µM)+0.0146, R2=0.9981, n=10. A detection limit of 0.08 µM (S/N=3) was
obtained. When the concentration of H2O2 is higher than 702 µM, a response plateau in
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calibration curve is observed, showing the characteristics of the Michaelis–Menten kinetic
mechanism. It can be obtained from the electrochemical version of the Lineweaver–Burk
equation [36]. The KM value was determined by analysis of the slope and intercept for the
plot of the reciprocals of the cathodic current versus H2O2 concentration. The KM value of the
H2O2 biosensor was determined by steady-state amperometric response and found to be
64.2 µM. The value shows that the immobilized Mb retains its bioelectrocatalytic activity
and possesses a high biological affinity toward H2O2 .

0

100

a

50

b

‐20

0

Current / µA

‐100
‐150
‐200

I / µA

I/ µA

‐40

f

‐50

‐250

‐400
‐700

a

‐300

‐100

0 200 400 600 800

‐60
‐1.5

‐80

‐2.5

‐100

‐3.5

‐120

‐4.5

C / µM

0

‐140

‐350
‐1.1

‐0.85

‐0.6

‐0.35

‐0.1

0.15

0.4

E/ V

200

300

100

200

400

500

600

700

Time / S

Fig. 7. Cyclic voltammetric response of the biosensor with different concentrations of H2O2
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25, 50, 100 and 200 respectively (a), Typical current–time response to the successive
additions of different concentrations of H2O2 at an applied potential of −0.3 V in the time
intervals of 30 s from 9-702 µM (Inserts: From 0.4-9 µM)(b)

3.7. Repeatability and stability of the H2O2 biosensor
The biosensor shows good repeatability for the determination of H2O2 concentration in its
linear range. The relative standard deviation (R.S.D.) is 2.8% for 15 successive assays at the
H2O2 concentration of 10 µM. The stability of the proposed biosensor was investigated. After
100 cyclic runs, the voltammetric response to 10 µM H2O2 almost remained 94.8% of the
initial response (data not shown). The storage stability of the proposed biosensor was also
studied. When not in use, the electrode was suspended above PBS at 4 oC in a refrigerator.
The response to 10 µM H2O2 was tested intermittently. After 7 and 15 days at 4 oC, the
biosensor retained 92.1% and 90.4% of its initial response current, respectively.
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3.8. Selectivity of developed H2O2 biosensor

The influences of common interfering species in presence of 10 µM H2O2 were
investigated, and the results confirmed that interfering species did not significantly influence
the height of the peak currents for H2O2.The tolerance limit was defined as the maximum
concentration of the interfering substance that causes an error less than 10% for
determination of H2O2. It was found that a 500-fold excess of NADH, 450-fold excess of
glucose, 350-fold excess of Uric acid, 300-fold excess of sucrose, 250-fold excess of oxalic
acid and citric acid, 220-fold excess of ascorbic acid, 200-fold excess of folic acid and CaCl2
did not interfere with the measurement of H2O2.
3.9. Real sample analysis
In order to investigate the possibility of using the prepared biosensor, it was applied to the
determination of H2O2 in blood serum samples and also a commercial oxidant solution. The
actual concentration of H2O2 in the oxidant solution was determined by the KMnO4 titration
method [31] and also by using the recommended procedure in this work. The results are
presented in Table 1 (n=3), which shows that there is a very good agreement between the
results obtained for the commercial oxidant solution by the proposed sensor and those
obtained by the potassium permanganate titration method, which was employed as the
reference method.

Table 1. Result of analysis of H2O2 in real samples
Sample
blood
serum

oxidant**

*

added(µM) found*(µM) Recovery RSD(%)
25
50
100
25
50
100

0
25.2
49.8
99.2
105.4
134
155
209

100.80
99.60
99.20
102.76
99.74
101.75

Average of five determinations at optimum conditions

**

The concentration found by KMNO4 titration method was 103.5 µM

3.4
3.3
3
4.3
4
3.2
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Table 2. Comparison of the proposed electrode for H2O2 with other types of nanocomposite
material modified electrode

Electrode

methode

linear range
(µM)

PVA/Clay/Hb/CILE
Cat–NiO/GCE
Hb-CdTe-CS/GCE
Cat-MWCNTs/GCE
Mb-SWCNTs-CTAB
Mb/MWCNTs/Cs/GCE
Nafion/Mb/IL/GCE
Nafion/Mb/MWCNTs/CILE
Nafion/Mb/IL/PtNPs/MWCNTs/GCE

CV
CA
CA
CA
CA
CA
CA
CV
CA
CV
CA

7.5- 100
1-1000
7.44-6950
10-100
61.8-507
37.9-550
1-180
8-1960
0.5-210
0.5 – 500
0.4-702

Cs/Mb/Ni(OH)2-MWCNTs/GCE

Detection
Limit
µM)
2
0.6
2.23
1
18.5
NR
0.14
6
0.1
0.285
0.08

Ks (s-1)

Kmapp
(µM)

References

0.54
3.7
1.36
80
NR
NR
NR
NR
0.41

56.26
960
181
420
61000
1070
22.6
0.181
69

[37]
[38]
[16]
[39]
[40]
[41]
[42]
[43]
[44]

2.13

64.2

This work

NR=Not reported, HRP=horseradish peroxidase, PVA: polyvinyl alcohol, CdTe=cadmium telluride
nanoparticles, Cat=catalase, CTAB=cetyltrimethyl ammonium bromide

4. CONCLUSIONS
In this paper, direct electrochemistry of Mb was immobilized on nickel hydroxide
nanoparticles-chitosan-carbon nanotubes-modified electrode. The modified electrode was
fabricated by a layer-by-layer casting method, and the resulting electrode exhibited a good
electrocatalytic performance to H2O2 because of the combining of Ni(OH)2 and MWCNTs.
Comparisons between the analytical characteristics of the proposed electrode with other types
of nanocomposite material modified electrode for H2O2 determination are listed in Table 2.
The simple fabrication procedure, high speed, reproducibility, high stability, wide linear
dynamic range, low detection limit, high sensitivity, suggest that the proposed biosensor is an
attractive candidate for practical applications.
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