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Abstract 

Improved electron transfer properties and catalytic activity of manganese oxide (MnOx) 

was demonstrated following its electrochemical deposition on a deoxyribonucleic acid 

(DNA) modified glassy carbon electrode. The MnOx showed different morphologies, 

electrocatalytic properties and electrochemical kinetics. Scanning electron microscopy 

showed that electrodeposition of MnOx on a bare glassy carbon electrode led to the 

formation of irregular-shapes while a nanowire cluster (NWC) was formed on a 

GCE/DNA due to the DNA serving as a template. Electrochemical impedance 

spectroscopy (EIS) revealed lower charge transfer resistance of the MnOxNWC compared 

with MnOx. A new mechanism is presented for the electrodeposition of MnOx on the 

surface of a GC/DNA electrode. An electrochemical biosensor was fabricated based on 

depositing MnOx onto a glassy carbon /DNA electrode (GCE/DNA/MnOxNWC) and was 

used to detect hydrogen peroxide (H2O2). The MnOx nanowire cluster and DNA exhibited 

significant electrocatalytic activity for simultaneous electrocatalytic oxidation at two 

oxidation potentials (0.6V and 0.98V vs Ag/AgCl) and one reduction potential (-0.5V vs 

Ag/AgCl) for H2O2 at pH 6.0. A new mechanism for the detection of H2O2 is presented. 

Excellent electrocatalytic activity, stability and facility for simultaneous detection of H2O2 

at different of applied potentials are proposed advantages of the proposed electrochemical 

biosensor. 
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1. Introduction 

For various applications, the size and shape of nanomaterials play an important role [1]. 

The fabrication of novel nanoparticles-biomolecule hybrid systems by biomaterials 

assembled on suitable surfaces is of considerable interest. Biomolecules can provide 

templates for the immobilization of nanoparticles [2]. Deoxyribonucleic acid (DNA) is an 

essential biomolecule with a chain length of 2 µm and a diameter of 2 nm, and this 

organisation can lead to the formation of various nanostructures. DNA is a potential 

template for fabricating some specified materials and creating nanoassemblies; selective 

base-pairing interactions between complementary single-strand DNA chains are reported 

to have been applied [1,3]. Moreover, native double helical deoxyribonucleic acid is an 

appropriate option for interacting directly with metal ions and their complexes. As a 

result, DNA is a good template for fabricating one-dimensional nanoparticles. Thus far, 

the presence of various metals on DNA have been reported, but the immobilization of 

metal nanoparticles remains a challenge [3-4]. The deposition of NiO [5], Ag [6], Au [7], 

Pt [8] and Pd [9] on DNA has been reported as a potential approach for the preparation of 

nanoshapes and nanowires. The measurement of hydrogen peroxide (H2O2) has become 

important because it has many applications. Thus, H2O2 (HP) is used as a fundamental 

species in the pharmaceutical, clinical, food and environmental sectors and it is produced 

by a great number of enzymes [10]. The development of reliable, sensitive and accurate 

methods for H2O2 detection is assuming practical importance. Thus far, many techniques 

such as titration [12], spectrophotometry [13], fluorometry [14], chemiluminescence [15] 

and chromatography [16] have been proposed for the determination of hydrogen peroxide 

[11]. Although reports provide clear benefits for its the detection, they are costly, complex 

and potentially polluting for the environment. In general, in electrochemical analysis, the 

electroreduction or electrooxidation of H2O2 is not feasible at the surface of a bare glassy 

carbon electrode. Such electrodes manifest high-over potentials and slow electron transfer 

for either oxidation or reduction of H2O2. To overcome this challenge, modified 

electrodes are used [17]. 

Many modifiers have been used to fabricate electrochemical sensors such as enzymes 

[18], protein molecules [19], complexes of transition metals [20], dye materials [21] and 

nanomaterials [22] for the detection of hydrogen peroxide. Manganese oxide (MnOx) is a 

type of attractive metal oxide material and shows catalytic activity towards hydrogen 

peroxide. Various types of MnOx nanomaterials have been used in the construction of 



 3 

electrochemical sensors based on hydrogen peroxide catalytic activity [23-24]. 

Manganese oxides can be formed using various techniques such as coprecipitation [25], 

simple chemical reduction reaction [26], sol-gel processes [27] and thermal 

decomposition [28]. Nevertheless, it is to some extent difficult to form the MnOx and the 

commonly employed nanoparticles on the surface of electrodes because employing the 

traditional slurry coating technique for nanoparticles have poor dispersibility in the 

coatings. Thus, electrochemical deposition [29] is considered a powerful alternative for 

the preparation of metal oxide nanoparticle modified electrodes at room temperature. 

Various templates have been proposed for the electrodepositation of MnOx. For instance, 

Wu et al [30] used the electrodeposition method to prepare needle-like manganese oxides 

onto the surface of a graphite disc electrode. The Shinomiya group [31] reported nano-

sized manganese oxide on stainless steel while Pang et al [27] reported the synthesis of 

MnOx thin films onto nickel foils. In this paper, an electrochemical technique was utilized 

for the preparation of a manganese oxide nanowire-like cluster with DNA as template, 

and for its application in the electrocatalytic reduction and oxidation of H2O2 at pH 7. 2.  

2. Experimental 

2.1. Materials and reagents  

Calf thymus (CT) DNA (highly polymerized, sodium salt, type XI, 42% GC content) was 

prepared from purchased from Sigma-Aldrich and it is used as received without further 

purification. Buffer solutions (0.1 M) were prepared from di- sodium hydrogen phosphate 

and sodium dihydrogen phosphate. pH adjustment was performed with hydrogen chloride 

or sodium hydroxide. Sodium sulfate, hydrogen peroxide, manganese sulphate, potasium 

chloride, hydroquinone and K3[Fe(CN)6]/K4[Fe(CN)6] were all purchased from Merck 

company. 

 

                                                                         2.2. Apparatus                                          

All the electrochemical experiments were performed with a µ-Autolab modular 

electrochemical system and GPES software (Eco Chemie U/techt, the Netherlands). A 

three-electrode system including Pt wire as auxiliary electrode, glassy carbon (GC) as 

working electrodes and Ag/AgCl [KCl (sat)] as reference electrode was used. For the 

investigation of the surface morphology of electrodes, a Vega-Tescan electron microscope 
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was employed. The pH values were checked using a pHs-3C pH meter (Shanghai 

Analytical Instrument Factory, China).  

2.3. General analytical procedure 

Electrochemical impedance spectroscopy (EIS) analysis was used in the presence of a 

3mM [Fe(CN)6] 
3-/4-

 as a charged probe at a bias potential of 0.6 V vs Ag/AgCl and with 1 

mM hydroquinone solution as a neutral probe at 0.8 V vs Ag/AgCl in the frequency range 

from 0.01 to 10
4
 Hz. The electrochemical behavior of the GC/DNA/MnOxNWC electrode 

was characterized by cyclic voltammetry. Additionally, the electrooxidation and 

electroreduction properties of the modified electrode were investigated by cyclic 

voltammetry in the potential range of -1 to +1.5 V vs Ag/AgCl and a step potential of 

0.025 V vs Ag/AgCl at pH 7. Amperometric hydrogen peroxide determination on a 

GC/DNA/MnOxNWC electrode was obtained by addition of successive amounts of 

sample.  

2.4. Electrode preparation and modification 

Alumina paste was used for mechanically polishing the bare GCE which was then 

ultrasonicated for 4 min in ethanol and distilled water to remove adsorbed particles. Then, 

the electrode was immersed in a 1.0 mg ml
-1

 of DNA solution and the electrode modified 

by the chronoamperometric method by applying a constant potential of -1.5 V vs 

Ag/AgCl for 40 min. Next, it was rinsed with distilled water. MnOx was deposited on the 

surface attached DNA forming nanowire-like cluster structures. Finally, electrocatalytic 

reduction and oxidation of H2O2 was investigated (Schematic 1).                               

Schematic 1 

 

3. Results and discussion 

3.1. Electrodeposition of manganese oxide nanowire clusters 

Figure1A displays the CVs for the GC/DNA electrode containing 1mM MnSO4.2H2O and 

0.1 M Na2SO4 at the potential range of − 0.8 to 1.8 V vs Ag/AgCl at a scan rate of 10 

mVs
−1

. Current peaks increased with a subsequent scans, consistent with the progressive 

formation of manganese oxide nanoparticles indicating that MnOx was deposited on the 
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surface of the GC electrode (Equations 1 to 9). An anodic peak was observed at +0.8V vs 

Ag/AgCl (first cycle) which corresponds to the oxidation of Mn2+ in solution to a solid 

species and this species is then reduced in four steps on the surface of the GC/DNA 

electrode. According to Petitpierre et al [32], step R1 can be attributed to the reduction of 

solution species available near the working electrode. Based on previous reports [33-35], 

the two later steps (R2 and R3) correspond to the electroreduction of Mn (IV) to Mn (II) 

via intermediate Mn(III) species. Step R4 can be ascribed to the dissolution of manganese 

(II) hydroxide, with solid Mn (II) converted to soluble Mn(II). During the second scan, 

the solid species present on the surface of GCE at the end of the cathodic scan is then 

electro-oxidized back to Mn (IV) in four steps (noted as O4, O3, O2 and O1).The anodic 

peak O4 might be related to the oxidation of an Mn(II) to a mixed Mn(II)–Mn(III) 

species, the anodic peak O3 to the oxidation of Mn(II)–Mn(III) to an Mn(III) species, the 

oxidation peak O2 corresponds to the oxidation of this latter species to an Mn(III)–

Mn(IV) mixed compound and the anodic peak O1 attributed to the oxidation of this last 

species to an Mn(IV). Moreover, the rise in peak intensities with the cycle scan number 

suggests that manganese compounds employed in this mechanism have low solubility and 

are suitable for electron transfer [36]. The findings demonstrate that when the CV scan 

reaches 8 cycles, peak currents scarcely escalate, indicating a cessation of 

electrodeposition. A new mechanism can be proposed based on some previously 

published reports [36]. 

 

                                                             Figure 1 

 

 

Scan 1 

 

Mn
3+

  +  e
-
  →    Mn

2+
                                      (R1)                 (1) 

MnO2 + H
+
  + e

-
   → MnOOH                          (R2)                (2) 

MnOOH + H
+
 + e

-
    → Mn(OH)2                     (R3)                (3) 

Mn(OH)2 + 2H
+
 + 2e

-
    → Mn(s) + 2H2O        (R4)                (4) 
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Scan 2 

 

 3Mn(OH)2 → Mn3O6 + 2H2O + 2H
+
 + 2e

-
                       (5) 

And                                                                      (O4) 

Mn(s) → Mn
2+

 + 2e
-
                                                                   (6)    

 

Mn3O4 + 2H2O → 3MnOOH + H
+
 + e

-
                (O3)      (7) 

7MnOOH → Mn7O33 + H2O + 5H
+
 + 5e

-
             (O2)      (8) 

Mn7O33 + H2O → 7MnO2 + 2H
+
 + 2e

-
                  (O1)       (9) 

 

3.2. Morphology characterization of modified electrodes 

By scanning electron microscopy, the surface morphology of different electrodes 

(GC/MnOx and GC/DNA/MnOxNWC) were investigated. The SEM images showed that 

the MnOx electrodeposited on the surface GCE are different in their shape and size from 

those of glassy carbon modifided with DNA. Figure 1B (a) displays the morphology of 

GCE/MnOx where nanostructured irregular-shaped nanoparticles agglomerated to micron 

size morphology for MnOx. SEM images of the GC/DNA/MnOxNWC electrode indicates 

the creation of regular-shape structures with an average diameter of 100 nm and 

nanowire-like clusters (Figure1B (b and c)). When DNA is used on the surface of the GC 

electrode as templates, the assemblies of nanoparticles obtained might have an 

organisation dependent on the model produced on the DNA immobilization. 

 

3.3. Electrochemical characterization: voltammetric study 

The electrochemical activity of the electrodeposited DNA/MnOxNWC was studied by 

recording cycling voltammograms of the modified electrodes in 1mM hydroquinone. 

Cyclic voltammograms were recorded at bare GC, GC/DNA, GC/MnOx and 

GC/DNA/MnOxNWC electrodes. The results are presented in Figure 2A. As can be seen 

in curve a, a pair of well-defined redox peaks can be obtained at an unmodified GC 

electrode with ∆Ep = 610 mV. Curve c shows that the assembly of DNA on GCE led to 

an increase in the peak separation (∆Ep = 690 mV) of the redox probe due to the 
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insulating behavior of DNA. After the bare electrode was modified with MnOx, a large 

increase in the current and a decrease in ∆Ep were observed (curve b). The current 

response at the GC/DNA/MnOxNWC electrode increased greatly compared with that at 

the GC/MnOx electrode which can be attributed to the high conductivity of MnOxNWC 

and a greater ease of electron transfer on to the DNA template (curve d). 

                                                                      Figure 2 

 

 

Figure 2 The effective surface area was investigated by cyclic voltammetry in 3mM 

[Fe(CN)6] 
3-/4-

 and 0.1 M KNO3 probe at different scan rates (10 -100 mVs
−1

) using the 

Randles–Sevcik equation (Eq 10). 

Ip = (2.69 × 10
5
) n 

3/2
D

1/2
 CAv

1/2
          (Eq 10) 

 Where n is the number of transferred electrons, D is the diffusion coefficient (6.70 × 

10
−6

cm
2
 s 

−1
), C is the concentration of probe (3 mM), A is the effective surface area (cm

2
 

), and v is the scan rate (V s
−1

). For cycling voltammetry using [Fe(CN)6] 
3-/4-

 with n=1, 

the amount of A values was calculated to be 0.032 cm
2
 and 0.038 cm2 for GC/MnOx and 

GC/D NA/MnOxNWC electrodes, respectively [37]. This behavior could be an outcome 

of the immobilization of DNA and might produce a template on the surface of electrode 

increasing the surface area of the GCE.  

3.4. Electrochemical impedance spectroscopy study by the charged probe  

Electrochemical impedance spectroscopy (EIS) is an interesting method for studying the 

electrochemical outcome of the modification process at an electrode using an 

electroactive species, charged probe such as the [Fe(CN)6] 
3-/4-

 couple. Figure 2C (a-d) 

compares the cyclic voltammetric responses obtained at the bare glassy carbon (curve a), 

GC/MnOx (curve b), GC/DNA (curve c) and GC/DNA/MnOxNWC (curve d) electrodes 

for the [Fe(CN)6] 
3-/4-

 probe. The results indicate that at a 100 mV s
-1

 scan rate in 0.1 M 

KCl, the ferricyanide couple presents reversible behavior at a plain GC electrode and ∆Ep 

is approximately 80 mV. For the GC/DNA electrode, the peak currents were very low and 

demonstrated a reversible response. Higher peak currents were observed at the GC/DNA/ 

MnOxNWC electrode when compared with the other electrodes. Figure 2D(a-d) 
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illustrates the impedance spectra indicated as Nyquist plots (Zim vs. Zre) for different 

electrodes such as bare GC (a), GC/MnOx (b), GC/DNA (c) and GC/DNA/ MnOxNWC 

(d) electrodes in the frequency range of 0.01–10
4
 Hz, at 0.6 V vs Ag/AgCl and in 3mM 

[Fe(CN)6] 
3-/4-

 as an electrochemical probe. As observed from the Nyquist plots 2D (a-d), 

the Rct value for the GC/DNA electrode (curve c) shows a significant increase compared 

to the GC bare electrode (curve a). The observed behavior might be related to repulsion 

force between negatively charged DNA on the surface of electrode and the ferricyanide 

ion. The EIS data were obtained for GC/MnOx (b) and GC/DNA/MnOxNWC electrodes 

(d). For GC/MnOx electrode (Rct= 0.8 KΩ), a higher figure was obtained than that for the 

GC/DNA/MnOxNWC electrode (Rct= 0.1 KΩ) under the same conditions. These 

findings suggest that MnOx promotes electron transfer and indicate a faster electron 

transfer at the GC/DNA/ MnOxNWC interface compared to that at the GC/MnOx 

electrode. The decrease of MnOx Rct after immobilization onto GC/DNA electrode 

compared to the bare glassy carbon electrode might be attributed to i) their different 

surface morphologies or ii) an electrostatic attraction between the DNA/MnOxNWC 

surface (positively charged) and the [Fe(CN)6] 
3-/4-

 probe (negatively charged) [5]. To 

discover the origin of the decrease, EIS was carried out in the presence of hydroquinone 

as a neutral probe.  

 

3.4.1. Electrochemical impedance spectroscopy study by the neutral probe 

Figure 2B(a-d) indicates the impedance spectra represented as Nyquist plots for bare GC 

(a), GC/MnOx (b), GC/DNA (c) and GC/DNA/MnOxNWC (d) electrodes with 1 mM 

hydroquinone solution and in the frequency range of 0.01 to 104 Hz and at 0.8 V vs 

Ag/AgCl as an electrochemical probe. The estimates obtained for the Rct calculated by 

fitting the data were 326, 116, 137, and 19.1 KΩ for GC, GC/MnOx, GCE/DNA and 

GC/DNA/MnOxNWC electrodes, respectively. The findings (Section 3.4) are consistent 

with the EIS experiments using the [Fe(CN)6] 
3-/4-

 probe. Therefore, the assumption of an 

electrostatic attraction between surface and probe can be discounted. Consequently, DNA 

can be considered to act as a template for the preparation of nanowire-like cluster with 

improved charge transfer, producing more sites for the immobilization of MnOx. 
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3.5. Simultaneous electrocatalytic oxidation and reduction of hydrogen peroxide on GC/ 

DNA/ MnOxNWC electrode 

For the investigation of electrooxidation and electroreduction of hydrogen peroxide at the 

surface of different electrodes, CV  in the presence and absence of H2O2 was used. 

Figure1C shows the CV at modified and unmodified electrodes in the presence and 

absence of 2000 µM H2O2 in 0.1 M buffer solution at pH 7. At the bare GCE (curve a), no 

observable redox peak in the presence of H2O2 was detected, which indicates that the 

electrooxidation and electroreduction of H2O2 requires a large overpotential. Curve b 

illustrates GC/DNA/MnOxNWC electrode behaviour in the absence of H2O2 in a buffer 

solution at pH 7. As observed, two well-defined anodic peaks (Ox2 and Ox1) and one 

cathodic peak (Red) appear at +0.6, +0.98 and -0.5V vs Ag/AgCl respectively. For the 

GC/MnOx electrode in the presence of H2O2 (curve c), two oxidation peaks increased 

simultaneously and for GC/DNA/MnOxNWC electrode and in the presence of hydrogen 

peroxide, oxidation peak currents and cathodic peak increased dramatically, which might 

be due to the electrocatalytic activity of MnOxNWC (curve d). The effect of pH on the 

electro-chemical behavior of the GC/DNA/MnOxNWC electrode was investigated in the 

pH range 2-8 and CVs showed a dependence on pH. In acidic buffer (pH 2-3), the 

diffusion of ions into the MnOx structure makes it unstable and MnO2 changes to 

MnOOH which indicates that acidic pHs will lead to performance instability. 

Furthermore, DNA might be unstable in very acidic and basic media causing oxidation 

and reduction peaks to be substantially reduced [36]. In order to obtain the optimal pH for 

the electrooxidation and electroreduction of H2O2, the behavior of the 

GC/DNA/MnOxNWC electrode in the pH range 6 to 8 was investigated in 500 µM 

hydrogen peroxide by CV.  From these results, the maximum response of the proposed 

electrode (GC/DNA/MnOxNWC) was at pH= 7 and this was selected for subsequent use. 

The effect of the potential scan rate was also studied in presence of 500 µM H2O2 at pH7 

(Figure 3A). The plots of the cathodic and anodic peak currents vs the square root of the 

scan rate (Figure 3B(a-c)) are linear showing that the process is diffusion controlled as 

expected for a catalytic system.                                                                   

                                                                     Figure 3 
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The behavior of the GC/DNA/MnOxNWC electrode in H2O2 samples at various 

concentrations was investigated (Figure 4A). The modified electrode has good sensitivity 

and a suitable response towards H2O2 in three simultaneous steps: two anodic peaks (Ox1 

and Ox2) and one cathodic peak (Red) appeared at +0.6, +0.98 and -0.5V vs Ag/AgCl, 

respectively. According to previous reports [36,23,38], a possible electrocatalytic 

mechanism between MnOx and H2O2 can be proposed as follows: 

 

OX2: 

7MnOOH → Mn7O33 + H2O + 5H
+
 + 5e

-
                      (11) 

Mn7O33  + 8H2O2  → 7MnOOH + 7O2 +  H2O               (12) 

 

OX1: 

Mn7O33 + H2O → 7MnO2 + 2H
+
 + 2e

-
                           (13) 

2MnO2  + H2O2  → Mn2O3 + O2 +  H2O                                 (14) 

 

Red: 

MnOOH + H
+
 + e

-
    → Mn(OH)2                                             (15) 

2Mn(OH)2  +  H
+
 + e

-
   + H2O2  → MnOOH + 2 H2O              (16) 

 

For the oxidation waves (Ox2 and Ox1): the anodic peak currents which appeared at 0.6 

V and 0.98V vs Ag/AgCl increase linearly with H2O2 concentration. As observed from 

Figure 4B(a-c), the linear ranges for Ox2 and Ox1 are 100 to 4200 µM and 200 to 3000 

µM with an excellent linear correlation of (R
2
 = 0.987) and (R

2
 = 0.992), respectively. In 

addition, the reduction peak of H2O2 is proportional to its concentration over the range 

100 to 2800 µM (R
2
 = 0.993). 

                                                                   Figure 4 
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3.6. Amperometric detection of hydrogen peroxide at GC/DNA/MnOxNWC electrode 

An amperometric method was used to reduce the detection limit and increase sensitivity. 

Figure 5 shows the standard hydrodynamic amperograms of a rotating (2000 rpm) 

GC/DNA/MnOxNWC electrode with sequential injection of H2O2 at applied potentials of 

0.7 V, 1 V and -0.6 V vs Ag/AgCl for Ox1, Ox2 and Red, respectively. As shown, a well-

defined result was obtained during the sequential increase of H2O2.The plots of the peak 

currents as a function of concentration are given in Supporting Information (SI). These 

findings confirm the stable and efficient catalytic property of the modified electrode. The 

linear range, detection of limit (DL) and sensitivity were obtained for oxidation and 

reduction peaks. 

             Figure 5 

3.7. Repeatability and stability                                                                                                     

For investigation of the repeatability of the proposed electrode, 200 µM H2O2 in a 

phosphate buffer (pH 7.0) was selected. The relative standard deviations (RSD) were 

calculated to be 5%, 8% and 4% for three consecutive assays of Ox1, Ox2 and Red peaks, 

respectively. The long term storage stability of the biosensor was tested over 28 days. 

When the proposed electrode was stored at laboratory temperature and measured 

intermittently (every 48 h), this electrode retained approximately 92%, 85% and 94% of 

its original response for Ox1, Ox2 and Red peaks, respectively, after 28 days of storage. 

The above results, therefore, indicate that this electrode has high stability and 

repeatability for measuring hydrogen peroxide. 

3.8. Comparison of the parameters obtained for this electrode with other electrodes  

The proposed electrode was compared with previous modified electrodes used for H2O2 

measurement. The results are presented in Table 1. As can be observed, the detection of 

limit (DL) and dynamic range (LR) of this research are better or comparable with those of 

other methods for hydrogen peroxide analysis.  

 

                                                         (Table 1)   
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3.9. Analytical application     

In this research, various samples of milk were chosen as a real sample and the reduction 

peak (Red) was selected for the determination of H2O2 using -0.5V vs Ag/AgCl in CVs. 

The concentrations of H2O2 in two different commercial milk samples were measured  

using samples spiked with 50 µM and 150µM of H2O2 to obtain recoveries. 

Additionally, a blank milk sample was investigated by our method wich did not give 

any current response. As can be seen from Table 2, good results recoveries are obtained 

ranging from 97 to 102.3 %.                                                                        

           (Table 2) 

 

4. Conclusion                                                                                                                             

In conclusion, a novel method for the construction of conductive DNA-based MnOx 

nanowire clusters by an electrochemical technique is presented. This modified electrode 

was based on immobilizing of DNA/MnOxNWC on a glassy carbon electrode. This 

electrochemical biosensor can be used for determination and detection of very low 

concentrations of H2O2 at three optional applied potentials (OX1, OX2 and Red). 

Electrooxidation and electro-reduction of H2O2 at the surface of the modified electrode 

was studied. The authors propose that this assembly of metal and metal oxide 

nanomaterials by biomolecules such as DNA will yield new hybrid nano-biomaterials 

with synergetic properties and functions. It is expected to be able to employ this 

electrochemical forming strategy to synthesize many other nanomaterials. This proposed 

method could be useful for future biosensor construction. 
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Legends to the Figures: 

Schematic 1. Electrode preparation and modification. 

Figure 1. (A) The continuous CVs for the electrodeposition of MnOx on GC/DNA 

electrode in 1 mM MnSO4.2H2O and 0.1 M Na2SO4 in phosphate buffer solution (pH7) at 

scan rate of 10 mV s
−1

. (B) (a) SEM image of GC/MnOx (b-c) SEM images of 

GC/DNA/MnOxNWC electrodes. (C) Cyclic voltammetry response of (a) bare (c) 

GC/MnOx (d) GC/DNA/MnOxNWC elctrodes in the presence of 2000 µM H2O2 at pH 7 

and (b) GC/DNA/MnOxNWC electrode in the absence of hydrogen peroxide. 

Figure 2 (A and C) The CVs obtained at the bare GC (a) GC/MnOx (b) GC/DNA (c) and 

GC/DNA/MnOxNWC (d) electrodes for the 3mM hydroquinone and 3 mM probe 

[Fe(CN)6]
3-/4-

 at scan rate 100 mVs
-1

, respectively. (B and D) Electrochemical impedance 

spectroscopy (EIS) of (a) bare GC (b) GC/MnOx (c) GC/DNA and (d) 

GC/DNA/MnOxNWC electrodes in 1 mM hydroquinone and in 3 mM probe [Fe(CN)6]
3-

/4-
 in the frequency range of 0.01–10

4
 Hz, respectively. 

Figure 3. (A) Cyclic voltammetry response of a GCE modified with DNA/MnOxNWC in 

a 0.10 M phosphate buffer (pH 7) containing 500 µM of hydrogen peroxide at different 

scan rates. (B(a-c)) The relationship between Ip and v
1/2

 and regression for (a) y =11.649x 

+ 24.152 (R
2
= 0.9964), (b) y =1.55346x + 19.276 (R

2
= 0.9962) and (c) y = -74717x – 

0.0338 (R
2
= 0.9928). 

Figure 4. (A)  Cyclic voltammograms of GC/DNA/MnOxNWC electrode in buffer 

solution pH 7 at scan rate of 20 mVs
-1

 with increasing hydrogen peroxide concentration. 

(B(a-c)) The relationship between Ip and hydrogen peroxide concentrations and 

regression for (a) y =0.0242x + 8.0837 (R
2
= 0.9872), (b) y =0.0054x + 0.281 (R

2
= 0.992) 

and (c) y = -0.0122x – 1.0506 (R
2
= 0.9937). 

Figure 5. Amperometric responses at rotating GC/DNA/MnOxNWC electrode (rotating 

speed 2000 rpm) in buffer solution (pH 7) at applied potentials of 0.7 V, 1 V and -0.6 V 

for Ox1, Ox2 and Red, respectively 



 14 

Table1. Analytical parameters of several modified electrodes for determination of 

hydrogen peroxide. 

Table 2. Determination of hydrogen peroxide content in milk samples. 
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Schematic 1 
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Table 1. Analytical parameters of several modified electrodes for determination of H2O2 

 

 

                                                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

Electrode sensivity LOD  Dynamic rang   Ref 

FeMoO4 - 0.5mM 1-1.6mM [39]  

Cu doped Copperoxide 

NPs 
- 

0.23mM

M 
0.005-8mM [40] 

MWCNT/Cystamine/Na

fion 
- 0.0 1µM 0.1-70 µM [41] 

Rd NPs/Graphite - 2 µM 5-600 µM [42] 

Silver NPs 
9.45µA/m

M 
0.2 µM 0.5µM-30mM [43] 

Ox1 
328mA/m

M 
1.1 µM 5 µM-1.4mM This work 

Ox2 
240mA/m

M 
2.9 µM 5 µM-1.3mM This work 

Red 
412mA/m

M 
1.3 µM           5 µM-2.7mM  

  This 

work 
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Table 2. Determination of H2O2 in milk samples  

Sample            Added (µM)                  Found (µM)                                Recovery (%) 

1 50 59 100.8 

                                150                                    152                                            101.3 

    

 

2                               50                                     48.5                                             97 

                                            150                                   153.3                                           102.3 

 

  



 33 

 

 

 

Graphical abstract 

 

 

 

 

  

  



 34 

 

 

Highlights 

►MnOx nanowire-like clusters prepared using DNA  as template ► Electrocatalytic 

oxidation and reduction of H2O2 at three applied potentials►  Mechanisms proposed for 
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