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ABSTRACT  
 
 Convergence of biotechnology and nanotechnology, nanomaterial’s are creating hybrids that produce and 
characterize bio-materials are selective catalysts. Combination of bimolecular with Nano-materials in Nano-
biotechnology is a fascinating field. In many research centers, designing inorganic nanoparticles that the 
structure of the physical, chemical, biological and behavioral characteristics, in particular, It has a lot of 
attention. In this research project, direct electron transfer of myoglobin, immobilized on a nickel oxide 
nanoparticles modified graphite electrode, was studied. The prepared nanoparticles were characterized by SEM 
and TEM electron microscopes. The resulting electrode displayed an excellent redox behavior for the 
myoglobin. The myoglobin showed a quasi-reversible electrochemical redox behavior with a formal potential of 
-48±5 mV (versus Ag/AgCl) in 0/05 M phosphate buffer solution at pH 7.0 and temperature 25°C. The cathodic 
transfer coefficient was 0.45 and electron transfer rate constant was evaluated to be 1.98 s−1.The modified 
electrode as a biosensor, good sensitivity to H2O2, showed. The linear range of this biosensor for H2O2 
determination was from 15 to 650 μM while standard deviation in 40 μM H2O2 concentration was 2.8% for 4 
repetitions, and the detection limit was 7 μM. 
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Introduction 
 

 
 

 The use of electrochemical techniques for 
studies of redox proteins is in progress 1-7. Today, 
the use of electrochemical methods for measuring 
concentrations of certain substances, are considered. 
Hydrogen peroxide is such substances that detect it 
in the very small scale have an important role in food 
industry and edible algae. More research on better 
ways to measure the concentration of hydrogen 
peroxide in solution is Continues. Including ways to 
improve the quality Biosensor imposed by the use of 
nanomaterial’s. The nanomaterial’s for several cause, 
improved properties of a biosensor. Nano-materials 
have Electronics, chemical and physical properties 
that are different with bulk state. Also this feature 
strongly to number and type of atoms are linked. 
Surface to volume ratio in Nano-materials is very 
high. In many Nano-materials the, especially electron 
transport properties seen and have a high capacity in 

the electron transport. Conduction electron with 
macromolecular surfaces is affected by them. The 
tiny of this material allows that in a Very Small 
range, bind to many Macromolecules 8-9.In the 
present project, the graphite electrode is used to 
detect levels of hydrogen peroxide. For measuring 
the concentration of hydrogen peroxide was 
introduced into an active membrane that in this 
membrane the graphite electrode surface by Nile blue 
particles as a facilitator of electron transfer and 
electron transfer of peroxidase Nafion modified and 
accelerated to the electrode surface. In fact, in this 
method the graphite electrode modified with Nafion - 
Blue Nile – peroxidase was designed that able to 
measure the concentration of hydrogen peroxide in 
the solution. In recent years, the use of nafion as 
ionic polymer for electrode surface modifier is rising 
because it has simple production of this polymer, 
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electrical conductivity, high stability and high 
penetration of materials in it 10.Myoglobin in 
muscle cells, there was an oxygen tank inside the cell 
and is involved in oxygen transport within the cell. 
External surface of myoglobin is polarized. While 
the interior has a non-polar amino acids Lucien, 
valine, methionine and phenylalanine, and too has 
two polar amino acid histidine is named proximal 
and distal. Oxygen from one side to His F7 (Histidine 
distal) and of  other side the Fe2+ to the that has four 
bonds with purphyrine ring nitrogen (Tetrapyrol) and 
a bond with His F8 (proximal Histidine ) is attached. 
And its application in this research is clear. 
 
Experimental details: 
 
Reagents and apparatuses: 
 
 Human myoglobin, Nafion, potassium nitrate 
(KNO3), Di-potassium hydrogen phosphate (K2HPO4 

), potassium hydrogen phosphate (KHPO4),  acetic 
acid CH3COOH, sodium acetate CH3COONa , Ni 
(NO3)2 , and H2O were purchased from sigma and 
Merck. Of two distilled water was used for making 
all solutions. Electrochemical measurements were 
performed by a device potentiostat/galvanostat. 
Scanning electron microscopic images were recorded 
using a ZEISS DSM 960, while atomic force 
microscopic (AFM) studies were performed with the 
help of a DME (controller, Dual Scope C-21) and a 
scanner (DS 95-50). Graphite electrode with a 
diameter of 1 mm purchased from azar electrode co 
in Iran and Twice in the first alumina particles with a 
diameter of 10 and 3 micro meters to the electrode 
surface was polished to be seen as transparent. After 
washing with 10% nitric acid for several minutes was 
in ultra-sonication. Then Affected by cyclic 
voltammetry in 0/05M phosphate buffer solution in 
the range -500 to 330 mV that be observed repeatable 
cyclic voltammograms. The Solution in which nickel 
deposition was induced, include acetate buffer with 
PH=4 and in voltage 0.8-volt nickel for 5 minutes 
with 2 mmol L acetate buffer solution pH = 4 within 
nickel nitrate, was deposited on a graphite electrode. 
Then Ni-Graphite was placed in the Phosphate buffer 
at pH=7 and with electrochemical method, using a 
cyclic voltammogram as a graphite electrode that 
Nickel oxide nanoparticles deposited on graphite 
electrodes, which have been converted. 
 
Investigation Electron microscopy of membrane 
Nafion – Nile blue: 
 

 Sample for analysis with the SEM, like the way 
the graphite electrode modified by nafion- Nile blue 
was ready, prepared. Sample was prepared for TEM 
analysis. According to the preparation of nickel 
oxide electrode modified with Nano nickel oxide by 
Scratch the surface of the electrode surface with 
Nano-materials are separated and transferred to grids 
coated with Fomvar-carbon, was observed under the 
electron microscope. 
 
Prepared UV-visible spectrum of produced 
nanoparticles: 
 
 Metal nanoparticles have a special color and 
absorption properties are specialThat this depends on 
Production Method, the size and shape of 
nanoparticles. For nickel oxide nanoparticles, the 
absorption peak is located in District 278 nm. 
 
Results and discussion 
 
Electron microscopy study of nickel oxide 
nanoparticles: 
 
 Figure 1a shows the Scanning Electron 
Microscope (SEM) image of graphite electrode 
surface before the construction of nickel oxide 
nanoparticles. Figure 1b illustrates the Scanning 
Electron Microscope image of nanometer-scale 
nickel oxide particles, generated onto the graphite 
electrode surface in various sizes. Figures1c show 
the Transmit ion electron microscopy (TEM) image 
of nickel oxide nanoparticles after being scraped 
from the electrode surface. Because the surface-to-
volume ratio increases with the decreasing size, the 
smaller NPs are able to play a very important role 
during the immobilization process. According to the 
results of TEM and SEM studies of synthetic nickel 
oxide nanoparticles is in diameter of about 70 to 200 
nanometers.  
 
Properties of UV-visible spectrum of produced 
nanoparticles: 
 
 Metal nanoparticles have a special color and 
absorption properties are special. The change in 
dielectric properties of Nano-materials, lead to the 
shifts and changes in the absorption region in a type 
of nanoparticles. It is also clear that the absorption 
peak is located in District 278nm.No sharp peak, 
indicating the production of nanoparticles with 
different sizes and results in the UV-Visible 
spectrum, confirmed the electron microscope data. 
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Fig. 1: (a) SEM image of the graphite electrode surface before the construction of the nickel oxide 

nanoparticles. (b) The SEM image of electrodeposited nickel oxide nanoparticles on the graphite 
electrode surface, (c) TEM images of nickel oxide nanoparticles after being scraped from the electrode 
surface13. 

 
Fig. 2: UV-visible spectrum of produced nickel oxide nanoparticles. 
 
Atomic force microscopy study of nickel oxide 
nanoparticles on graphite electrode: 
 
 Figure 3 a, b, & c) shows images of nickel 
oxide nanoparticles on graphite electrode and Figure 
3 d) shows curves image obtained from Line shown 
in Figure c. This figure shows the formation of nickel 
oxide nanoparticles on the surface of graphite 
electrodes in different sizes. According to the results 
of TEM and SEM studies of synthetic nickel oxide 
nanoparticles is in diameter of about 70 to 200 
nanometers. 
 
3.4 Effect of nickel oxide nanoparticles on the 
electron transfer of myoglobin to the electrode 
surface, and vice versa: 
 
 Protein Electrons transport in the bare electrode 
surface is very slow; therefore peak redox proteins 
are usually not visible. Figure 4a shows a typical 
cyclic voltammogram (CV) of the nickel oxide 
nanoparticles / graphite electrode. Figure 4b shows a 
cyclic voltammogram of a myoglobin/ nickel oxide 

nanoparticles /graphite electrode in 0/05M phosphate 
buffer at pH=7.Cathodic and anodic peaks, shows 
respectively, the in the range -91and -5  mV vs Ag / 
AgCl Electrode. The myoglobin showed quasi-
reversible electrochemical behavior with a formal 
potential of -48 mV (vs Ag/AgCl), cathodic and 
anodic peaks were not observed using the bare 
graphite electrode. This shows that NiO-NPs acts as 
a facilitator of electron transfer from the redox 
species of myoglobin to the electrode surface and 
vice versa. These results are in line with the previous 
work that explains the behavior of nanoparticles as 
the facilitators of electron transfer. Figure 4 (a) 
shows that the nickel oxide particles at the Nano 
level can play a key role in the observed response 
cyclic voltammogram show a cycle of protein 
myoglobin. The Surface-to-volume ratio increases 
with the decreasing size in an environment, And due 
to the fact that the protein size, with blocks made of 
nickel oxide nanoparticles, is comparable, the 
nanoparticles, plays a large effect on electron 
exchange between myoglobin and a graphite 
electrode. 
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Fig. 3: a, b, & c) images of nickel oxide nanoparticles on graphite electrode And Figure 3 d) curves image 
obtained from Line shown in Figure c. 

 

 
Fig. 4: Cyclic voltammograms, using (a) the nickel oxide nanoparticles graphite electrode in 0/05M phosphate 

buffer and (b) myoglobin/ nickel oxide nanoparticles /graphite electrode in 0/05M phosphate buffer 
(scan rate: 100 mV) s–1). 
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Effect of different scan rates on cyclic 
voltammograms myoglobin/ nickel oxide 
nanoparticles /graphite electrode: 
 
 In the next study of electron transfer properties 
of myoglobin on modified graphite electrode with 
nickel oxide nanoparticles were investigated and the 
effect of scan rates on a cyclic voltammogram of 
myoglobin was studied.in Figure 5 (a & b) a linear 

range between the cathodic and anodic flows of 
protein myoglobin with different scan rates is 
observed. Correlation coefficients were equal to: 
0.993 for cathodic peak (ipc = 83.27 v +3.1) and 
0.984 for anodic peak (ipa = -73.39 v + 0.52). This 
phenomenon suggested that the redox process was an 
adsorption-controlled one and the immobilized 
myoglobin was stable. 

 
 

 
 
Fig. 5: (a) Typical cyclic voltammograms of myoglobin/ nickel oxide nanoparticles /graphite electrode at 

different scan rates. The voltammograms (from inner to outer) designate scan rates of 50, 100, 200, 
300, 400, 500, 600 and 700 mV s-1, respectively. (b) Dependence of the anodic and cathodic peak 
currents on the scan rates. All the data were obtained at pH=7 and in 0/05M phosphate buffer 
solution. 

 
Effect of scan rate on Cathodic and anodic peak potential: 
 
 Figure 6 shows the relationship between peak potential and the natural logarithm for the scan rates of 
myoglobin/ nickel oxide nanoparticles /graphite electrode. As could be seen, in the range from 400 to 1000 mV 
s-1, the cathodic peak potential changed linearly versus ln ν with a linear regression equation of y Z= 0/0424x + 
0/3063 , r = 0/957.According to the following equation: 

 
 The α is the cathodic electron transfer coefficient, n the number of electrons, R, T and F are gas, 
temperature and Faraday constant, respectively. The αn is calculated with this formula to be 0.45 that is located 
between 0.3 < α <0.7, and it could be concluded that n = 1.So the redox reaction between myoglobin and 
modified electrodes is a single electron transfer process.The following formula was used to calculate the rate 
constant of electron transfer: 
 
 

 
According to Figure 6 between the peaks potential and natural logarithm of scan rates for the myoglobin / nickel 
oxide nanoparticles / graphite electrode is shown.As seen, in a range from 400 to 1000mV/s, the cathodic peak 
potential is also linear to ln ν with a linear regression equation of y = 0.0728x + 0.2411, r = 0.973. This Figure 
also indicates that nEp > 200 mV so at cross point A, ln νc = lnνa = −4.21, and ks was calculated to be 1.98 s−1.
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Fig. 6: Anodic and cathodic  peak potential dependence on the logarithm scan rates.In all experiments 

phosphate buffer solution of 0 / 05 M with pH = 7 is used. 
 

PH effect on the formal potential of modified 
electrode: 
 
 Figure 7 indicate the effect of PH on E0 modified 
graphite electrode.Results observed in this 
experiment, shows a linear relationship between the 

formal modified electrode potential and pH between 
4 and 10.Increase in solution pH caused a negative 
shift in potential of the cathodic and anodic modified 
electrodes peaks. Value of E0 observed for the pH 
than electrode, is a line with gradient = - 42mV.

 
 

 
  
Fig. 7: Dependence of formal potential and solution PH for modified electrode in 0/05M phosphate buffer 

solution (scan rate is 100 mv. s-1) 
 

The use of myoglobin / nickel oxide nanoparticles / 
graphite electrodes to determine the concentration of 
hydrogen peroxide (H2O2): 
 
 The cyclic voltammograms of the myoglobin/ 
nickel oxide nanoparticles /graphite electrode, in 
phosphate buffer solution, at pH =7, containing 
different concentrations of H2O2 are shown in 
Figure8 (a). Upon the addition of H2O2 to the 
electrochemical cell, the reduction peak current of 
the immobilized myoglobin increased, indicating a 
typical electro-catalytic behavior to the reduction of 
H2O2.figure 8 (b) shows the linear dependence of the 
cathodic peak current on the H2O2 concentration in 
the range of 15 to 650 μM. The standard deviation in 
40 μM H2O2 concentration was 2.8% for 4 
repetitions. This experiment indicate a new sensitive 
biosensor for determine H2O2 concentration in 
solution. It is reported that the cathodic reduction of 
hydrogen peroxide on the surface of graphite 

electrodes, in acidic conditions and a voltage more 
than 1v, is possible11]. Another report also showed 
that the modified glassy carbon electrode with Nano-
silver can catalyze reducing hydrogen peroxide 
reaction in a potential = - 0/9 v 12. Lower redox 
potential and increase the usable potential range is 
the main goal of the sensor design process. The use 
of high flows can increase the sensitivity of the 
sensor.IN our previous report, hydrogen peroxide 
biosensor by fixing enzyme on gold electrode 
modified by nafion and Cysteine, was designed. 
Enzyme Cathodic and anodic peaks was about 1 
micro amps11. But during this study, the peak 
cathodic and anodic was about 10 micro amps. These 
results indicate that the use of nickel oxide 
nanoparticles, electron transfer between myoglobin 
and electrodes and Vic versa are accelerated to high 
amounts that this feature, in bio-electrochemical 
studies, used to be great. 
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Fig. 8: (a) Cyclic voltammograms obtained at an myoglobin/ nickel oxide nanoparticles /graphite electrode in 

0/05M phosphate buffer solution (pH=7) for different concentrations of and (b) the relationship between 
cathodic peak current of myoglobin and different concentrations of H2O2 (scan rate: 100 mV.s-) 

 
Conclusion: 
 
 Overall results showed that the graphite 
electrode modified with nickel oxide nanoparticles, 
the myoglobin redox reactions are catalyzed. Also it 
was shown that by fixing the enzyme on the graphite 
electrode surface modified with nickel oxide 
nanoparticles can design a new biosensor, to 
determine the concentration of hydrogen peroxide 
and generally, this modified electrodes can be useful 
in bio electrochemical studies. In general, a 
conclusion in this study, using electrochemical, 
nickel oxide nanoparticles were deposited on 
graphite electrodes. The electrode was prepared so 
that the nickel oxide nanoparticles with 
electrochemical method on graphite electrodes from 
the solution that include acetate buffer with PH=4 
and too include 2mM L nickel nitrate and nickel in 
effect of – 0/8 V for 5 minutes from buffer solution, 
was deposited on a graphite electrode. Then Ni-
Graphite electrode was placed in phosphate buffer 
with PH=7 and by cyclic voltammetry, it was 
converted as the Graphite electrode that nickel oxide 
nanoparticles deposited on it. Images of scanning 
electron microscopy (SEM), Transmission electron 
microscopy (TEM), And spectrophotometry indicate 
the existence of different geometrical structures with 
a diameter of about 70-200 nm of nickel oxide 
nanoparticles on the electrode. In this study, 
myoglobin has stabilized on the modified electrode 
with nickel oxide nanoparticles and these results 
demonstrate the stability of this protein redox activity 
on the modified electrode that indicating the usability 
of these electrodes is in the design of sensors and 
biosensors. 
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