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ABSTRACT 
Nanoparticles play a major role in development of new hybrid composites for various engineering 
applications. A simple and novel amperometric biosensor for hydrogen peroxide detection is proposed. It is 
based on the immobilization of Horseradish peroxidase (HRP) in a chitosan (CH) matrix directly on a gold 
electrode surface (HRP/CH-NanoMgO/Au). Hydrogen peroxide was determined by direct electron transfer 
between the electrode surface and HRP. The MgO nanoparticles are prepared with sol-gel method. 
Synthesized nanoparticle was characterized by X-ray diffraction. XRD shows the average particle size was 
found to be ~ 16 nm for MgO. CH-NanoMgO/Au electrode and HRP/CH-NanoMgO/Au bioelectrode has been 
characterized by the scanning electron microscopy (SEM), Cyclic voltammetry (CV) demonstrated the fast 
electron transfer process between HRP and the electrode. The resulted H2O2 biosensor exhibited a rapid 
response upon the addition of H2O2, a low detection limit of 37.64 µM. The linear range of the biosensor is 
from 50-350 µM (R2=0.97). A novel horseradish peroxidase (HRP) electrochemical biosensor based on a CH-
NanoMgO/Au composite matrix was developed with easy preparation and low cost can provide a matrix for 
enzyme immobilization to construct biosensors with higher performance. 
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INTRODUCTION: 

Hydrogen peroxide (H2O2) is an essential 
component in food, biology, medicine, industry 
and environmental analysis. In addition, it is a 
byproduct of highly selective oxidases and an 
important contaminant in several industrial 
products and wastes [1]. It is also an excellent 
oxidizing and antibacterial property, H2O2 has 
been largely used in industries as an oxidizing 
agent [2], antibacterial agent [3] and bleaching 
agent [4]. Therefore, the accurate and convenient 
method for the determination of H2O2 is of great 
significance.  

Amperometric biosensor is an attractive tool for 
the detection of H2O2. Other electrochemical 
methods such as cyclic voltammetry, linear sweep 
voltammetry and differential pulse voltammetry 
are also used for the development of H2O2 
biosensor. HRP is one of the most extensively 
studied and commonly used enzymes for the 
construction of H2O2 biosensors. Horseradish  

peroxidase (HRP), a heme enzyme, is generally 
used as a enzyme to construct an efficient H2O2 
biosensor  for the determination of H2O2 or 
related compounds [5–8]. It can catalyze the 
oxidation of a wide variety of substrates by H2O2. 
Moreover, the reduced form of HRP can be 
chemically reoxidized by H2O2. In such peroxidase 
based biosensors, H2O2 is electroenzymatically 
reduced at low over potential due to the direct 
electron transfer between the electrode surface 
and HRP [9]. Accordingly, the fundamental 
principles for an electrochemical biosensor 
involve providing a suitable microenvironment for 
the enzyme to retaining its stability, bioactivity, 
accelerating the electron transfer between 
enzyme and electrode to realize the direct 
electrochemistry of enzyme. For achieving these 
goals, various materials have been utilized to 
modify the surface of electrode and immobilize 
HRP, including conducting polymers [10, 11], ionic 
liquid [12, 13] and biomolecule films [14, 15]. For 
example, Xiao et al. [16] used single-crystal CeO2 
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nanocubes sol-gel for designing a H2O2 biosensor. 
Shan et al. [17] reported the immobilization of 
hemoglobin on nanoporousCaCO3 films. Wang et 
al. reported the horseradish peroxidase 
amperometric biosensor based on a silica-
hydroxyapatite hybrid film [7].  

Magnesium oxide (MgO) it has received special 
attention because of its important applications in 
paints, catalysis toxic-water remediation, as 
additives in refractory, superconductor products 
and so on [18,19]. Despite versatile properties 
with various applications, there are few reports 
[20] on amperometric biosensors based on 
applications of MgO nanostructures. Due to the 
excellent film-forming ability, high permeability, 
and mechanical strength, biocompatibility, low 
cost and availability of chitosan has been found to 
be an interesting biopolymer for immobilization 
of biomolecules for biosensor applications. Chit is 
a kind of natural polysaccharide, which is derived 
from chitin, has good biocompatibility, 
biodegradability, low toxicity, good film forming 
character and anti-infective activity [21]. We 
report results of the studies carried out on 
immobilization and characterization of HRP on 
CH-NanoMgO composite film deposited onto gold 
plate using physical adsorption method. 

EXPERIMENTAL  

Materials 

Chitosan (CHIT), Horseradish peroxidase (HRP), 
citric acid, ethyl alcohol, magenshium nitrate 
(Mg(NO3)3.9H2O) were obtained from Sigma-
Aldrich. Supporting electrolyte was (0.1 M) KCL 
containing 5 mM [Fe (CN)6]3−/4−. For phosphate 
buffer solution 50 mM of (pH 7.0), including 
disodium monohydroxy phosphate (Na2HPO4) and 
monosodium dihydroxy phosphate (NaH2PO4) 
were obtained from sigma. In all electrochemical 
tests double distilled deionized water was used. 
All other materials used in the laboratory were of 
analytical grade 

Preparation of MgO nanoparticles 

In Sol–gel synthesis stoichiometric ratio of AR 
grade magnesium nitrate (Mg(NO3)3.9H2O)  were 
dissolved in minimum amount of ethyl alcohol at 
room temperature and the sol was heated at 800 

C on magnetic stirrer  3 hrs to form a wet gel. The 
gel was further heated in a pressure vessel at 1300 

C for 12 hrs. The combustion can be considered as 
a thermally induced redox reaction of the gel 
where in ethyl alcohol acts as a reducing agent. 
The nitrate ion acts as an oxidant. The obtained 
powder subjected to 3hrs heat treatment at 3500 
C in muffle furnace and then milled to a fine 
powder. The dried powder calcinated in range of 
3500-6500 C in order to improve to the sensitivity 
and selectivity of material. 

Preparation of biosensor 

A chit solution was prepared by dissolving 0.5 
mg/mL of chit flakes into 10 mL acetate buffer of 
0.05M at pH 4.2 under continous stirring for 3 h 
at room temperature until complete dissolution. 
The prepared nanoparticles is dispersed in this 
solution. Finally, viscous solution of chit with 
uniformly dispersed MgO nanoparticles is 
obtained. CH-NanoMgO hybrid nanocomposite 
film have been fabricated by unifomaly 10 µL 
solution of CHIT- NanoMgO composite onto gold 
(Au) surface and allowing it to dry at room 
temperature for 12 h. These solution cast CH-
NanoMgO hybrid nanocomposite film are washed 
repeatedly with deionized water to remove any 
unbound particles. Next, prepare the 10 μL of 
bioenzyme solution containing peroxidase (10 
mg/ml) [prepared in phosphate buffer (5 mM)] is 
immobilized onto CH-NanoMgO electrode. The 
peroxidase immobilized CH-NanoMgO 
bioelectrode are kept undisturbed for about 12 h 
at 4°C. Finally, the dry bioelectrode is immersed in 
50 mM PBS (pH 7.0) in order to wash out any 
unbound enzymes from the electrode surface 
(Fig. 1). 
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Figure 1: Illustrations of CH/NanoMgO electrode and HRP/CH-NanoMgO bioelectrode coated gold (Au) plate 
 
Charcterzation 

X-ray diffraction (XRD, Cu Ka radiation) study 
was performed to identify the crystal structure 
of MgO nanoparticles. Scanning electron 
microscopy (SEM-ZISS) studies were conducted 
to examine the surface morphology. Formation 
of MgO is also confirmed by the FT-IR 
spectroscopy. Electrochemical measurements 
were conducted on an using a three-electrode 
cell containing Au  act as a working electrode, 
Ag/AgCl as reference electrode and platinum 
(Pt) wire serve as a counter electrode in KCL 
(0.1 M) containing 5 mM [Fe(CN)6]3−/4− as the 
electrolyte. All amperometric measurements 
were carried out at room temperature.  

RESULT AND DISCUSSION 

XRD pattern of MgO Nanopaticles 

The XRD pattern of MgO nanoparticles obtained 
from sol-gel method were as shown in (Fig. 2). 
The existence of strong and sharp diffraction 
peaks located at the 2θ value of 37.10, 43.10, 
62.50 corresponding to (1 1 1), (2 0 0) and (2 2 0) 
planes respectively indicated the formation of 
MgO [22]. The result showed that the structure 
was in cubic structure and these results were 

matched with JCPDS data [JCPDS file: 45-0946] 
[23]. The crystalline size of MgO calculated 
using Debye Scherer’s equestion,  

𝐷𝐷 =
𝐾𝐾𝐾𝐾

𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽
 

Where K is a constant equal to 0.89, β is the full 
width half maximum height of the diffraction 
peak at an angle θ and λ is wavelength. The 
average particle size of the MgO nanomaterials 
was found to be ~16 nm. Table 1 indicates the 
average particle size of the MgO samples.  

Table 1: Particle size determination from XRD data 
 

Obs. 
Max 

Max Int 
(a.u.) 

FWHM 
(θ) 

Partical 
Size 

37.1 113 0.55 15.91 

43.1 1016 0.5 17.85 

62.5 575 0.8 12.14 
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Figure 2: X-ray diffraction pattern of MgO

 
particle 

 
Fourier transformed infrared spectroscopy  

(FT-IR) 

FTIR spectra of MgO particles are shown in (fig. 
3). In the wave number range 4000 to 400 cm-1. 
The region between 3000- 4000 cm-1 shows the 
stretching mode of vibration in hydroxyl group 
(O-H). Peaks at 3698 cm-1, 3616 cm-1 and 3357 
cm-1 corresponding to the O-H stretching mode 
of hydroxyl groups. Peak at 1633 cm-1 was 
attributed to the bending vibration of water 
molecule. The major peaks at 641 cm-1, 659 cm-

1, 863 cm-1 which confirmed the presence of 
mg-o vibrations [24, 25]. 

 
Figure 3: Fourier transformed infrared spectroscopy of 

MgO particles 

Surface morphology studies (SEM) 

SEM study was employed to investigate the 
surface morphology of MgO nanoparticles, CH-
NanoMgO/Au electrode and HRP/ CH-
NanoMgO/Au bioelectrode are shown in  fig. 4. 
The morphology of Mgo nanoparticles which 
indicate uniform in size and irregular fragments 
is shown in fig. 4a. The micrograph of a CH-
NanoMgO/Au electrode appears to be a smooth 
surface. The adsorption of Horseradish 
peroxidase (HRP) enzyme onto the surface of 
sol-gel derived NanoMgO/Au is dependent on 
the morphology of the substrate.  It can be seen 
that after immobilization HRP onto 
NanoMgO/Au electrode, shows a rough surface 
with spherical granules structure, indicating 
that HRP was entrapped in the NanoMgO/Au 
bioelectrode.  

 

 
 

Figure 4: SEM of (a): MgO nanoparticles (b): CH-NanoMgO/Au electrode (c): HRP/CH-NanoMgO
 
/Au bioelectrode 
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Electrochemical Impedance Spectroscopy (EIS) of 
CH-NanoMgO/Au electrode and HRP/CH-
NanoMgO /Au bioelectrode 

Fig. 5 shows the real and imaginary parts of the 
impedance spectra represented as Nyquist plots 
(Zim vs. Zre) for CH-NanoMgO/Au and HRP/ CH-
NanoMgO/Au bioelectrode in (0.1 M)  KCL 
containing 5 mM [Fe(CN)6]3−/4−. The Nyquist plot of 
the EIS includes a semicircle part corresponds to 
electron-transfer limited process as its diameter is 
equal to the electron transfer resistance (RCT) that 
controls electron transfer kinetics of the redox 
probe at the electrode interface. The semicircle of 
the CH-NanoMgO/Au electrode decreased 
dramatically compared with HRP/CH-
NanoMgO/Au bioelectrode, which indicates that 
the adsorption of HRP on nano-MgO made the 
semicircle increase again, indicating that HRP had 
been successfully immobilized. 

 
Figure 5: Nyquist plots of (a): CH-NanoNiFe

2
O

4
/Au electrode 

(b): HRP/CH-NanoMgO/Au bioelectrode in KCL (0.1 M) 

containing 5 mM[Fe(CN)
6
] 

3-/4-
 

Direct Electron Transfer from HRP to the Surface 
of HRP/ CH-NanoMgO/Au    

The changes of electrode behavior after surface 
modification with enzymes (HRP) were studied by 
cyclic voltammetry (CV) in the presence of 
ferricyanide mediator. The electrode surface is 
modified by the biocatalytic material, the change 
in the electron transfer kinetics of [Fe(CN)6]3-/4- 
gives indication of the enzyme attachment. The 
electrochemical studies of both CH-NanoMgO/Au 
electrode and HRP/CH-NanoMgO/Au bioelectrode 

have been studied using cyclic voltammetry in (0.1 
M) KCL containing 5 mM [Fe(CN)6]3−/4−. 

In fig. 6 observed that the CH-NanoMgO/Au 
electrode shows oxidation reduction peaks after 
the immobilization of HRP on the CH-
NanoMgO/Au bioelectrode redox peak are 
increases. Cathodic and Anodic peaks were located 
at 0.220 V and 0.100 V, respectively which 
indicates stable immobilization of HRP and MgO 
nanoparticles on the surface of Au (gold) 
electrode. Here the role of MgO nanoparticles is to 
facilate and accelerate electron transfer rate 
between heme group of enzyme and Au. 
 

 
 
Figure 6: Cyclic voltammogrammes of (a): CH-NanoMgO

 
/Au 

(b): HRP/CH-NanoMgO
 
/Au HRP/CH-NanoMgO

 
/Au 

bioelectrode at 0.01 V/s 
 

Fig. 7 (a) demonstrates typical CV of HRP/ CH-
NanoMgO/Au bioelectrode with scan rate varying 
from 0.01 to 0.07 V/s. With increase in the scan 
rate, there is increase in both the cathodic and 
anodic peak current accompanied with small shift 
and increased peak-to-peak separation indicating a 
surface controlled electrode process. This reveals 
that the electron transfer between enzyme and 
electrode could be easily performed and it was a 
surface confined electrochemical process. To 
analyze this part of electrochemical studies in 
more detail, the data obtained in fig. 7b (based on 
scan rate, v) and 7c (based on square root of scan 
rate, v1/2 s-1/2). It is seen that redox peaks show a 
linear increase and the obtained correlation 
coefficient for cathodic and anodic peaks are equal 
to 0.992 (ipc = 15.94 - 0.094) and 0.992 (ipa = -
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14.82 V-0.945), respectively. These values confirm 
proper and stable immobilization of HRP on the 
surface of CH-NanoMgO/Au and also effective role 
of MgO nanoparticles as facilitators of direct 
electron transfer process. Results of this part of 
studies can be used to determine the amount of 
enzyme in potassium chloride. Besides, the redox 
peak currents are proportional to the square root 
of scan rate (v1/2 s-1/2), indicating a diffusion 
electron-transfer process it can be seen (Fig. 7c). 
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Figure 7: (a) CV of HRP/CH-NanoMgO

 
/Au Relationship of 

cathodic and anodic peak currents (b) with scan rate (v) (c) 
square root of scan rate (v 1/2 s-1/2) at different scan rate 

(0.01-0.06 V/s) 

The values of heterogeneous electron transfer rate 
constant (ks) of HRP immobilized CH-NanoMgO

 
/Au 

bioelectrode have been calculated using the 
Laviron model [26]. 

𝑘𝑘𝛽𝛽 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑅𝑅𝑅𝑅

  

Where, m is peak-to-peak separation, F is Faraday 
constant, ν is scan rate (mV/s), n is the  number of 
transferred electrons and R is gas constant. The 
value of ks obtained as 0.0467 s-1 (T = 298 K, n = 1, 
m = 0.120 V and ν = 10 mV/s) indicating fast 
electron transfer between immobilized HRP and 
electrode due to the presence of MgO 
nanoparticles in the CH-NanoMgO 
nanobiocomposite. 

The surface concentration of the HRP/CH-
NanoMgO

 
/Au film can be estimated from the plot 

of current (IP) vs scan rate (v/s) using Brown-Anson 
model that is based on the following equation Fig. 
(7b). The value estimated for the number of 
electrons, n =1, was therefore used to calculate 
the surface concentration of electroactive HRP the 
CH-NanoMgO film. For thin layer electrochemical 
behaviour like that exhibited by HRP, the surface 
concentration (I*) of its electroactive species in the 
mediator or promoter used can be deduced by 
integration of the peaks of the cyclic 
voltammograms of the biosensor Fig. (7b). 

IP = n2F2I∗Aν
4RT

                                    

Where A is the surface area of the electrode (1 
cm2), n is the number of electrons transferred 
which is 1, F is the Faraday constant (96.5 KJ 
mol−1), I* is the surface concentration (mol cm2) 
obtained for the HRP/CH-NanoMgO

 
/Au 

bioelectrode, From the slope of the Ip-ν curve for a 
surface process, R is the gas constant (8.314 J−1 
mol K), and T is the absolute temperature (298 K). 
The value of the surface concentration of the 
HRP/CH-NanoMgO

 
/Au bioelectrode has been 

found to be 8.77 × 10-6 mol cm-2. This implies that 
multiple layers of HRP were immobilized on the CH 
film. Also the ability of the CH-NanoMgO to 
maintain electro activity and conductivity in 
neutral media play as effective electron transfer 
mediators for the construction of biosensors. 
The Randel-Sevcik equation was used to determine 
the diffusion coefficient of the electrons (D) of 
HRP/CH-NanoMgO

 
/Au bioelectrode can be 

evaluated from the slope of the straight line 
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obtained from the current (IP) vs. square root of 
scan rate, (v 1/2) plot in (Fig. 7c) and was equivalent 
to 4.38 × 10-5cm2 s-1. 

 ip = (2.69 × 105)n3/2AD1/2Cν1/2   

Where D value depends on the density and 
homogeneity of the film as well as other 
conditions for growing the polymer. This provides 
an indication of the diffusion controlled nature of 
the cathodic peak current arising from the electron 
propagation through the polymer chain.                                          

Electrochemical Response Studies  

In the response study detecting H2O2 in ranges as 
small as 50-350 µM concentrations in biological, 
medical and industrial activities is quite obvious. In 
detection of H2O2 different methods are used such 
as spectrometry, chemiluminescence and 
electrochemistry are employed [27]; yet a more 
suitable and efficient choice is electrochemical 
processes, as they offer greater sensitivity and 
selectivity compared to other methods. In present 
research various concentrations of H2O2 were 
added in the presence of HRP/CH-NanoMgO/Au 
bioelectrode (0.1 M) KCL containing 5 mM 
[Fe(CN)6]3−/4−. In fig. (8a) results revealed that as 
concentration of H2O2 is increased, the height of 
cathodic peak also increases while that of anodic 
peak is decreased. In this section of the research it 
was found that sensitivity and reactivity to H2O2 
happens only when all the three factors (i.e., Au 
plate, MgO NPs and HRP enzyme) are used 
together. The H2O2 reduction was triggered by the 
electrocatalysis from HRP– Fe(II) of HRP, which 
could reduce H2O2  while being oxidized to HRP–
Fe(III) and then quickly reduced back to HRP–Fe(II) 
through its direct electron transfer ability with the 
electrode [28]. The electrocatalytic process could 
be expressed as follows: 

HRP-Fe (II) + H2O2             HRP-Fe (III) + H2O 

 HRP-Fe (III) + e-                HRP-Fe (II) 

Such a process provides firm evidence for the 
catalytic effect of HRP and its proper 
immobilization on the surface of CHIT-
NanoMgO/Au, where the process of electron 
transfer has been facilitated by MgO NPs.  
Fig. 8(b) shows calibration plot between current 
over the concentration range 50-350 µM. 
Sensitivity of prepared bioelectrode is found to be 
0.001 mA µM-1cm-2 which is calculate from slope of 

plot current verses concentration, a correlation 
coefficient of 0.995 and the detection limit of 
37.64 µM. An extremely attractive feature of the 
enzyme electrode, is its fast response time (i.e. 2s). 
The relationship between the catalytic current and 
the concentration of H2O2 shows a Michaelis –
Menten kinetic mechanism. The apparent 
Michaelis–Menten constant (Kmapp) could be 
calculated from the Lineweaver –Burk equation 
[29]: 

1/Iss= 1/Imax + Kmapp/ImaxC                                              

where Imax and C represent the steady current, 
maximum current and H2O2 concentration, 
respectively. According to the intercept and slope 
of above regression equation, Kmapp can be 
estimated to be 0.14 mM. The small apparent 
Michaelis –Menten constant shows a high affinity 
to H2O2 and good bioactivity of HRP/nano- 
MgO/chit toward H2O2 reduction.  
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Fig. 8: (a) Electrochemical response of HRP/CH-NanoMgO

 /Au bioelectrode as a function of H2O2 concentration (b) 
Calibration curve between current response and different 

concentrations of H2O2 in KCL (0.1 M) containing 5 mM 
[Fe(CN)

6
]3-/4- . 
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CONCULSION 

The MgO were successfully prepared by a sol-gel 
method and utilized to immobilize HRP for 
constructing a novel H2O2 biosensor. Due to their 
unique properties, the MgO suggested 
immobilization matrix provided a mild 
immobilization process for HRP and enhanced the 
electron transfer between the enzyme active sites 
and the electrode.  The direct electrochemistry 
and high electrocatalytic activity to the reduction 
of H2O2 of HRP was demonstrated. The resulted 
biosensor based on the composites exhibited high 
sensitivity, low detection limit, wide linear range, 
and long term stability. The resulting biosensor 
exhibited showed good performances in the 
determination of H2O2 with linear range of 50-350 
µM (R2=0.97) and low detection limit of 37.64 µM. 
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