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The MnO2-PEDOT hybrid film had been successfully constructed on electrode surface by cyclic 

voltammetry. This composite was surface-confined on electrode surface. The MnO2-PEDOT hybrid 

film was found to be electrochemically active and stable in pH 7 PBS solution. Morphology study of 

MnO2-PEDOT film (3307 nm×3307 nm) was found as the roughness average (Ra) of 7.04 nm, the root 

mean square roughness (RRMS) of 9.04 nm, The positive skewness value (0.04) obtained for the MnO2-

PEDOT film showed that the surface comprised of disproportionate number of peaks which indicated 

that the MnO2 particles were unevenly allocated on the GCE surface. A centrally distributed surface 

had a kurtosis value greater than 3. In this film, the kurtosis value was found as 3.44. The maximum 

number of MnO2 particles had been found in the size range of 258 nm. The electron transfer was a 

slow process at the MnO2-PEDOT film modified GCE. The proposed composite showed lower over-

potential and higher current response to memantine and hydrogen peroxide as compared with bare 

electrode. The electrocatalytic oxidation current to memantine and hydrogen peroxide was found 

linearly in the range of 20–100 μM and 10-140 µM. The linear regressed equation can be expressed as 

Ipa(µA) = 0.019C(µM) + 0.543 and Ipa (µA) = 18C(µM) + 1.698 for memantine and hydrogen 

peroxide, respectively. 
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1. INTRODUCTION 

Memantine is the first in a novel class of Alzheimer's disease (AD) medications acting on the 

glutamatergic system by blocking N-methyl-D-aspartate (NMDA) receptors. Memantine has been 
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associated with a moderate decrease in clinical deterioration in AD [1]. AD is a severe 

neurodegenerative illness affecting more and more aging population over the world. AD represents the 

most common cause of dementia and is characterized by a progressive, but irreversible deterioration of 

cognitive functions and a loss of memory [2]. Although the mechanisms leading to these dysfunctions 

are still unclear and under debate [3-5], the disease is physiologically characterized by two main 

pathological features. These hallmarks are: (i) the intracellular accumulation of the 

hyperphosphorylated tau protein in the neurons and (ii) the progressive production and aggregation of 

β-amyloid peptide (Aβ) [6,7], the latter being considered as the main cause of AD [8]. A systematic 

review of randomized controlled trials found that memantine has a small positive effect own cognition, 

mood, behavior, and the ability to perform daily activities in moderate to severe AD, but an unknown 

effect in mild to moderate disease [9]. 

 

 

Scheme 1. Chemical structure of memantine 

 

Previously different types of analytical techniques have been employed for the detection of 

memantine hydrochloride. They are, simultaneous liquid chromatographic assay of amantadine and its 

four related compounds in phosphate-buffered saline using 4-fluoro-7-nitro-2,1,3-benzoxadiazole as a 

fluorescent derivatization reagent [10], electrophoretic behavior of adamantine derivatives possessing 

antiviral activity and their determination by capillary zone electrophoresis with indirect detection [11], 

pharmacokinetics of single-dose and multiple-dose memantine using an analytic method of liquid 

chromatography-tandem mass spectrometry [12] and determination of memantine in human plasma by 

liquid chromatography–electro spray tandem mass spectrometry [13] were reported. Above these 

methods possess good capability for the detection and determination of memantine hydrochloride. 

However, those methods need much complicated procedure to analyze the memantine. Therefore 

simple and elegant method is expected for the direct determination of memantine hydrochloride. In 

electrochemistry, film modified electrodes are found to be effective for the detection and determination 

of biomolecules and biologically important compounds. Various types of film modified electrodes 

were successfully reported for the detection of biologically important compounds [14-16].  

Hydrogen peroxide (H2O2) has been used as antiseptic and antibacterial agent for many years 

due to its oxidizing effect. It was used by hospitals, doctors, and dentists in sterilizing, cleaning, and 
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treating everything from floors to root canal procedures. Further H2O2 acts as a powerful oxidizing 

agent, so it could be applied in so many organic compound synthesis reactions [17]. The biological 

systems will be directly affected by hydrogen peroxide; therefore, the central nervous system diseases 

could be formed [18]. According to these reasons, there is a need of a sensor to detect the H2O2 in 

clinical and environmental applications [19]. Further the detection and determination of H2O2 can be 

done in several methods like spectrophotometric [20], titrimetric [21], fluorescence [22], 

phosphorescence [23] and chromatographic methods [24]. Although these methods exhibit obvious 

result for the determination of H2O2, they still have their own technical drawbacks and some of them 

were quite expensive. Generally in electrochemical analysis, the reduction or oxidation of hydrogen 

peroxide is not applicable at bare electrodes. At the bare electrode, it shows the slow electrode kinetics 

and high over-potential required for this redox reaction. To overcome this problem, the modified 

electrodes have been widely applied [25]. Further the modified electrodes have shown interesting 

ability toward hydrogen peroxide detection. But they exhibited with many problems linked to the film 

deposition process, its toxicity, poor repeatability, and stability. Also the sensitivity of the modified 

electrodes was restricted to micro-molar concentrations. For these reasons, there is a need to develop 

simple and reliable methods for fabrication of novel sensor for hydrogen peroxide detection at nano-

molar or in lower concentration range. 

Oxide nanomaterials modified electrodes keen special interest in electroanalytical chemistry  

[26, 27]. For example, manganese oxides and hydroxides are of considerable importance in many 

technological applications. To mention a few, Mn2O3, Mn3O4 and MnO2 have been reported to be 

efficient catalysts in many environmental reactions and in the synthesis of organic compounds, 

whereas MnO2 electrodes are widely used in alkaline batteries [28, 29] in which MnOOH is produced 

during the electrochemical processes [29]. Further the advantages of using manganese oxides 

powdered materials with controlled particle size and shape have been amply documented. The 

properties of such solids can also be altered if the particle size is reduced to the nanometer range. 

Further the use of conducting polymers (CPs) as modifying materials of the electrode surfaces is till 

now, far from attracting the interest they deserve, despite the results recently obtained [30, 31]. The 

advantages of such modifiers are ascribed to efficient anti-fouling and also electrocatalytic effects [32, 

33], which are of high meaning just in real matrices. Among the CPs used as modifying materials for 

electrodes, poly(3,4-ethylenedioxythiophene) (PEDOT) has recently attracted much attention of the 

electrochemical community, thanks to several advantageous characteristics. Therefore the combination 

of MnO2 and conducting polymer such like PEDOT will result in the fabrication of interesting metal 

oxide-polymer hybrid film which possesses the good electrocatalytic activities. MnO2 is one of the 

most popular electrochemical energy storage materials because of its high energy density, low cost, 

environmental friendliness, and natural abundance [34, 35], but it has poor conductivity [36]. PEDOT 

has merits of excellent conductivity, high stability, and mechanical flexibility [37], but it provides low 

electrochemical energy density. Electrodeposition is used here because it is a simple yet versatile 

method in controlling structures[38-47] and their composition by tuning applied potentials and 

electrolyte ingredients [38-47]. 

In this chapter, we report the electrochemical deposition of MnO2-PEDOT hybrid film at GCE 

and ITO. The surface morphological analysis of the proposed film was done by atomic force 
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microscopy (AFM) technique. Further the electrochemical properties, stability, pH effect, and 

electrocatalytic reaction of the proposed film were evaluated. The proposed film modified GCE was 

investigated for the electrocatalytic oxidation reaction of memantine hydrochloride and H2O2, 

respectively. 

 

 

 

2. EXPERIMENTAL 

2.1. Reagents 

3,4-ethylenedioxythiophene (EDOT) was purchased from Sigma-Aldrich (USA). All other 

chemicals (Merck) including manganese(II) acetate and hydroxypropyl-β-cyclodextrin were of 

analytical grade (99%). Double distilled deionized water (DDDW) was used to prepare all the 

solutions. Such as pH 1 (0.1 M H2SO4) was prepared using sulfuric acid to dilute with DDDW. A pH 4 

buffer solution was prepared using potassium hydrogen phthalate (0.1 M KHP). A phosphate buffer 

solution (PBS) of pH 7 was prepared using Na2HPO4 (0.05 M) and NaH2PO4 (0.05 M). Other higher 

pH buffer solutions were appropriately adjusted with di-sodium tetraborate, sodium carbonate, and 

sodium hydroxide, respectively. 

 

2.2. Apparatus 

All electrochemical experiments were performed using CHI 1205a potentiostats (CH 

Instruments, USA). The BAS glassy carbon electrode (GCE) with a diameter of 0.3 cm and exposed 

geometric surface area of 0.07 cm
2
 (purchased from Bioanalytical Systems, Inc., USA) was used. A 

conventional three-electrode system was used which consists of an Ag/AgCl (3 M KCl) as a reference 

electrode, a GCE as a working electrode, and a platinum wire as a counter electrode. For the rest of the 

electrochemical studies, an Ag/AgCl (3 M KCl) was used as a reference. Prior to the experiments, the 

glassy carbon electrode was ultrasonicated in DDDW for 1 min after finishing the polish by Buehler 

felt pads and alumina power (0.05 μm). 

The morphological characterization of hybrid film was examined by means of AFM (Being 

Nano-Instruments CSPM-4000, China). The AFM image was recorded with multimode scanning probe 

microscope. Indium tin oxide (ITO) glass was the substrate coated with proposed film for AFM 

analysis. The buffer solution was entirely altered by deaerating with nitrogen gas atmosphere. The 

electrochemical cells were kept properly sealed to avoid the oxygen interference from the atmosphere. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical preparation and characterization of MnO2-PEDOT/GCE 

Fig. 1 shows the electrochemical fabrication of MnO2-PEDOT hybrid film using consecutive 

CV between suitable potentials (-0.6 to 1 V) in aqueous H2SO4 solution 0.1 M LiClO4 aqueous solution 
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containing 510
-3

 M hydroxypropyl-β-cyclodextrin, 0.01 M EDOT, and 0.1 M manganese(II) acetate. 

In the first scan cycle between -0.6 V and 1 V, one anodic peak was found at about 0.7 V and one 

cathodic peak was found at about 0.3 V depicted the redox process of manganese. Current 

development was obviously found at these two redox peaks as increasing scan cycles. Particularly, the 

cathodic peak was positive-shifted to about 0.95 V. 

 

 
 

Figure 1. Cyclic voltammograms of MnO2-PEDOT deposition using GCE in 0.1 M LiClO4 solution 

containing 510
-3

 M hydroxyl propyl-β-cyclodextrin, 0.01 M EDOT, and 0.1 M manganese (II) 

acetate. Scan rate = 0.1 Vs
-1

. 

 

 
 

Figure 2. Cyclic voltammograms of MnO2-PEDOT/GCE examined in NaOH buffer solution (pH 10.4) 

with various scan rates of (a) 0.01, (b) 0.02, (c) 0.04, (d) 0.06, (e) 0.08, (f) 0.1, (g) 0.12, (h) 

0.14, (i) 0.16, (j) 0.18, (k) 0.2, (l) 0.25, (m) 0.3, (n) 0.35, (o) 0.4, (p) 0.45, (q) 0.5, (r) 0.6, (s) 

0.7, (t) 0.8, (u) 0.9, and (v) 1 Vs
-1

, respectively. Inset shows the plot of redox peak currents (Ipa 

and Ipc) vs. scan rate. 
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It displayed that the manganese was further oxidized to form manganese oxide on the electrode 

surface. Hence the MnO2-PEDOT hybrid film was successfully fabricated on electrode surface. The 

MnO2-PEDOT hybrid film modified GCE was slightly washed with deionized water to further study. 

The MnO2-PEDOT/GCE was employed in pH 7 PBS for the different scan rate studies. Fig. 2 

showed the cyclic voltammograms of MnO2-PEDOT hybrid film examined in pH 7 PBS with various 

scan rates. Both anodic and cathodic peak currents (Ipa & Ipc) were increasing with the increase of scan 

rate.  

 

 
 

Figure 3. Cyclic voltammograms of MnO2-PEDOT/GCE examined in various pH conditions of (A) 

pH 1, (B) pH 4, (C) pH 7, (D) pH 9, (E) pH 11, and (F) pH 13, respectively. Scan rate = 0.1 Vs
-

1
. 

 

They were directly proportional to scan rate (0.01–0.1 Vs
-1

) depicted the diffusion-less 

process. This composite was surface-confined on electrode surface. By the way, the background 

current in the potential range of -0.5–0.6 V was also found increasing with the increase of scan rate. 

This proved that the conducting polymer PEDOT existed in the hybrid film with higher conductivity. 
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Here in the neutral pH condition the proposed film exhibited as a quasi reversible process with clearly 

oxidation and reduction peaks of MnO2 and a diminished broad couple which resembles the PEDOT, 

respectively. Finally the MnO2-PEDOT hybrid film found to be electrochemically active and stable in 

pH 7 PBS solution, respectively. Considering the physiological pH, we selected pH 7 PBS solution for 

the further electrochemical studies. Before this, the MnO2-PEDOT hybrid film was examined in 

different pH solutions.  

Fig. 3 showed the cyclic voltammograms of MnO2-PEDOT/GCE examined in different pH 

solution from pH 1 to 13. Different electrochemical properties were observed for MnO2-PEDOT 

hybrid film in various pH solutions. It exhibited as entirely irreversible at pH 1. Further in pH 4, 7, and 

9 it clearly showed the reduction and oxidation peaks of the MnO2. In pH 11 and 13, it displayed like a 

quasi reversible with the diminished electrochemical response. Therefore, pH 4, 7, and 9 buffer 

conditions were found to be more suitable for the electrochemical activity of the proposed film 

particular in pH 7. It can be concluded that the neutral pH was suitable condition for the active MnO2-

PEDOT film. 

 

3.2. AFM analysis of MnO2-PEDOT/GCE 

The surface morphology of the MnO2-PEDOT film was examined using AFM. Here the AFM 

studies could furnish the comprehensive information about the surface morphology of MnO2-PEDOT 

film on the ITO surface. The AFM parameters were evaluated for 3307 nm×3307 nm surface area. The 

surface morphology of MnO2-PEDOT film was examined by using the tapping mode (Fig. 4).  

 

 
 

Figure 4. Tapping mode AFM image of MnO2-PEDOT film on ITO substrate. 

 

From the Fig. 4, it might prove the existence of MnO2 particles in the obvious manner along 

with the deposition of PEDOT. Further the other amplitude parameters such like the roughness average 
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(Ra) for MnO2-PEDOT film (3307 nm×3307 nm) was found as 7.04 nm. The root mean square 

roughness (RRMS) was found as 9.04 nm. Further using the combination of skewness and kurtosis 

values, it identified the film surface with the relatively flat top and deep valleys. The skewness (Rsk) 

measured the symmetry of variation of the surface about its mean plane. Here the positive skewness 

value (0.04) obtained for MnO2-PEDOT film showed that the surface comprised of disproportionate 

number of peaks which indicated that the MnO2 particles were unevenly allocated on the GCE surface. 

Next, the kurtosis (Rku) was a measure of the unevenness or sharpness of the surface. A centrally 

distributed surface had a kurtosis value greater than 3. In this film, the kurtosis value was found as 

3.44. In particular, the maximum number of MnO2 particles had been found in the size range of 258 

nm. Finally the above AFM results clearly illustrated the surface nature of the MnO2-PEDOT film on 

the GCE. 

 

3.3. EIS analysis of MnO2-PEDOT/GCE 

The electrochemical activity of the MnO2-PEDOT film modified GCE has been compared with 

only PEDOT modified and bare GCE using EIS technique. Impedance spectroscopy was an effective 

method to probe the features of surface modified electrodes. This study was employed to analyze the 

electrochemical activities of modified electrode with individual or mixed components. Here the 

complex impedance presented as a sum of the real, ZR(), and imaginary ZI (), components that 

originate mainly from the resistance and capacitance of the cell. From the shape of an impedance 

spectrum, the electron-transfer kinetics and diffusion characteristics was extracted.  

 

 
 

Figure 5. Electrochemical impedance spectra curves including (a) PEDOT/GCE, (b) bare GCE, and 

(c) MnO2-PEDOT/GCE examined in pH 7 PBS containing 510
-3

 M [Fe (CN) 6]
3-

. 

 

Here Fig. 5 showed the Faradaic impedance spectra, presented as Nyquist plots (ZR vs. ZI) for 

the only PEDOT, bare and MnO2-PEDOT film modified GCE, respectively. Here the PEDOT 
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modified GCE exhibited almost a straight line (line a) represented the characteristics of diffusion 

limited fast electron-transfer process on the electrode surface. At the same time, bare GCE (curve b) 

showed a depressed semicircle with an interfacial resistance due to the electrostatic repulsion between 

the charged surface and probe molecule Fe(CN)6
3−/4−

. This depressed semi circle (Ret = 2.7 (ZR/K)) 

clearly indicated the higher electron transfer resistance behavior before modifying electrode surface 

with PEDOT film. At the same time, the Ret of MnO2-PEDOT film modified GCE had been found as 

5.3 (ZR/K). Here the electron transfer resistance (Ret) was increased due to the deposition of MnO2 

and PEDOT as a hybrid on the GCE surface. Thus, the electron transfer process was a slow process on 

the MnO2-PEDOT film modified GCE. Also, the roughness value was increasing automatically due to 

the presence of MnO2 particles in the film. This was also the specific reason for the increase of Ret. 

Finally, these results clearly illustrated the electrochemical activity of MnO2-PEDOT film modified 

GCE.  

 

3.4. Electrocatalytic oxidation of memantine hydrochloride by MnO2-PEDOT/GCE 

The electrocatalytic oxidation of memantine hydrochloride was investigated by MnO2-

PEDOT/GCE.  

 

 
 

Figure 6. Cyclic voltammograms of MnO2-PEDOT/GCE examined in pH 7 PBS containing 

[memantine] = (a) 0, (b) 20, (c) 30, (d) 40, (e) 50, (f) 60, (g) 70, (h) 80, (i) 90, and (j) 100 μM, 

respectively. Scan rate = 0.1 Vs
-1

. Inset shows the plot of anodic peak current (Ipa) vs. 

memantine concentration. 

 

Fig. 6 showed the cyclic voltammograms of MnO2-PEDOT/GCE examined in pH 7 PBS with 

different concentration of memantine hydrochloride. In the scan range of 0.8–1.1 V, the MnO2-
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PEDOT/GCE (curve b-v) exhibited the electrocatalytic oxidation peak at 0.81 V while the bare GCE 

(curve a’) exhibited no oxidation peak to memantine hydrochloride concentration of 20–100 μM. The 

electrocatalytic oxidation current to memantine hydrochloride was found linearly in the range of 20–

100 μM. This increasing peak current for memantine hydrochloride oxidation confirmed that the 

presence of MnO2 particles along with the polymer possessed the higher catalytic activity for the 

memantine hydrochloride oxidation process. From this result, it was evident that the presence of MnO2 

particles increased the electrocatalytic activity of the film and acted as active centers for the proposed 

hybrid film. Therefore, the MnO2-PEDOT hybrid film can be the suitable material to transfer the 

electron between memantine hydrochloride and electrode surface. Furthermore from the current vs. 

calibration plot (inset of Fig. 6), the linear regression equation for this concentration range was 

obtained as Ipa(µA) = 0.019C(µM) + 0.543 with the correlation coefficient of R
2
 = 0.969. Finally, this 

result proved the efficiency of MnO2-PEDOT hybrid film for the significant detection of memantine 

hydrochloride. 

 

3.5. Electro catalytic oxidation of H2O2 by MnO2-PEDOT/GCE 

To examine the electroanalytical performance of MnO2-PEDOT/GCE for H2O2 oxidation, the 

cyclic voltammetry was employed.  

 

 
 

Figure 7. Cyclic voltammograms of MnO2-PEDOT/GCE examined in pH 7 PBS containing [H2O2] = 

(a) 0, (b) 10, (c) 20, (d) 40, (e) 60, (f) 80, (g) 100, and (h) 140 μM, respectively. Scan rate = 0.1 

Vs
-1

. Inset shows the plot of anodic peak current (Ipa) vs. H2O2 concentration. 
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Fig. 7 showed the cyclic voltammograms of MnO2-PEDOT/GCE examined with different H2O2 

addition in pH 7 PBS. Here curve a’ represents the oxidation process of H2O2 (140 µM) on bare GCE. 

There was no obvious peak observed for H2O2 oxidation at bare GCE. At the same time, the 

electrocatalytic oxidation current of H2O2 was found at 0.8 V with high current response. Here the 

H2O2 oxidation current was found linearly increasing in the range of 10-140 µM. The enhanced 

oxidation peak current of H2O2 clearly indicates the electrocatalytic oxidation process of MnO2-

PEDOT/GCE. Further the calibration plot for the H2O2 oxidation (inset of Fig. 7) and the linear 

regression equation for the detection of memantine was expressed as Ipa (µA) = 18C(µM) + 1.698 with 

correlation coefficient of R
2
 = 0.998. From this result, it was found that the proposed hybrid film is 

suitable for the electrocatalytic oxidation of H2O2. 

 

 

4. CONCLUSION 

In this work we have successfully constructed MnO2-PEDOT hybrid film on electrode surface 

by using  cyclic voltammetry. The MnO2-PEDOT hybrid film was characterized using cyclic 

voltammetry, AFM, and EIS analysis. In the proposed hybrid film, the MnO2 particles were found in 

the size range of 258 nm. Here the presence of MnO2 particles exhibited as active centers of the film. 

Further the MnO2-PEDOT hybrid film modified GCE successfully showed efficient electrocatalytic 

oxidation peak for the detection of memantine hydrochloride and H2O2, respectively. Finally the 

typical application of MnO2-PEDOT hybrid film has potential for the successful determination of 

memantine hydrochloride. 
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