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Abstract. We have synthesized manganese cobaltite nanoparticles doped with iron (0.2, 

0.4, 0.6) using a hydrothermal method. Crystal structure and the morphology of 

synthesized materials were characterized through X-ray diffraction (XRD) and field-

emission scanning electron microscopy (FE-SEM). The presence of functional groups 

were examined using Fourier- transform infrared spectroscopy (FTIR). Additionally, 

electrodes of the samples were fabricated by using hydrothermal method to investigate 

their electrochemical properties. Electrochemical properties of prepared samples were 

evaluated with an electrochemical workstation employing two-electrode configuration in 

3 M KOH electrolyte. 

  

Keywords: Hydrothermal, Electrochemical properties, Supercapacitor 

  

†Email: rksinghbhu@gmail.com 

  

1.  INTRODUCTION 

In recent technological era, every aspect of our daily life is energy 

dependent. Our society faces energy and environmental challenges 

including pollution from toxic materials, limited availability of fossil fuels 

and the phenomenon of global warming. We need sustainable and clean 

energy sources and their associated technologies urgently to address these 

challenges [1]. Since these renewable energy sources are generally 

dependent on natural sources hence the energy from these sources has to 

be stored. Since supercapacitors and lithium-ion batteries have developed 

significantly in recent years, allowing for greater advancements in energy 

storage, there is a great deal of interest in increasing these technologies. 

Orissa Journal of Physics  

ISSN 0974-8202 

Vol. 32, No.1   

February 2025 

pp. 78-86 

© Orissa Physical Society  

mailto:rksinghbhu@gmail.com


Diksha et. al. 

Orissa Journal of Physics, Vol. 32, No, 1   February 2025 

 

 

79 

Supercapacitors have garnered a lot of attention because of their 

significant charge storage capacity, deliver high power, safety, absence of 

memory effect [2]. Supercapacitors are divided into two main types based 

on how they store charge: Electric Double Layer Capacitors (EDLCs) and 

Pseudocapacitors. In EDLCs, charge is stored by gathering on the surface 

of the electrodes. In pseudocapacitors, charge is stored through faradic 

redox reactions that occur at interface between the electrode and the 

electrolyte. Pseudocapacitors generally exhibit higher specific capacitance 

due to their dependence on faradaic processes [3,4]. 

Binary metal oxides are considered highly viable materials for 

pseudocapacitor electrodes. This interest is because of their excellent 

electrical performance and low cost [5]. For usage in Li-ion batteries and 

supercapacitors for energy storage, the MnCo2O₄ spinel structure has 

drawn a lot of interest because of its superior specific capacity, natural 

availability, affordability and environmental friendliness [6] and its 

performance can be further enhanced by doping it with other transition 

metals. Several MnCo₂O₄ shapes have been produced and investigated for 

applicability as supercapacitor electrodes, according to the literature 

review. Sahoo et al. produced MnCo2O4 nanoparticles with capacitance 

values of 290 Fg-1 on indium tin oxide and 95.6 Fg-1 on nickel foam [7]. 

Li et al. achieved 349.8 Fg-1 with MnCo2O4 nanowires on nickel foam [8], 

while Thorat et al. reported 950 Fg-1 with MnCo2O4 microspheres at 2 Ag-

1 [9]. 

This work focuses on the synthesis of iron (Fe) doped manganese cobaltite 

(MnCo2O4) nanoparticles using the hydrothermal method. The 

morphological and structural properties are being studied by Field 

emission scanning electron microscopy, Fourier transform infrared 

spectroscopy and X-Ray diffraction. Electrochemical performances are 

studied by cyclic voltammetry technique. 

2.  EXPERIMENTAL DETAILS 

2.1  Materials used 

We employed analytical-grade chemicals in our synthesis; no additional 

purification was performed. Manganese chloride tetrahydrate 
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(MnCl2.4H2O), Iron nitrate nonahydrate (Fe(NO3)3.9H2O), Cobalt nitrate 

hexahydrate (Co(NO3)2.6H2O), ammonia, NMP (N-Methyl-2- 

pyrrolidone), acetylene black and potassium hydroxide (KOH). Merck 

India provided all of the chemicals. Double distilled water was used 

throughout the synthesis and characterization process. 

2.2  Synthesis of iron doped manganese cobaltite nanoparticles 

The general formula for the nanoparticles, MnCo2-xFexO4, was used during 

their production. The values of x can be 0.2, 0.4, or 0.6, which correspond 

to MCF 2, MCF 4, and MCF 6, respectively. First, a 1 M solution of 

nickel chloride was made in 25 milliliters of distilled water (referred to as 

solution A) in order to create MCF 2. In a similar manner, solutions B 

and C or 0.2 M and 1.8 M, respectively, of cobalt nitrate and iron nitrate, 

were made. After that, the solutions were combined and shaken for 30 

minutes at room temperature with a magnetic stirrer. Then, NH₃ solution 

was added little by little to original mixture until solution’s pH 12 was 

achieved. Subsequently, mixture was placed in a 100 ml autoclave and 

heated for 22 hours at 180°C. After this mixture cooled in autoclave, it 

was centrifuged multiple times using ethanol and DI water. Then, the 

precipitate was dried for 14 hours at 70°C in an oven. After that, the 

obtained material was calcined for five hours at 600°C in powder form. 

The process outlined for MCF 2 was also used to prepare the other 

samples, MCF 4 and MCF 6. 

2.3  Characterization techniques 

Crystallinity was assessed using X-ray diffraction (XRD) with a 

Panalytical Xpert Pro diffractometer, utilizing a CuKα X-ray source. To 

analyze the nanoparticles' morphology, field- emission scanning electron 

microscope (FESEM JSM 7900F, JEOL) was employed. The 

Fourier-transform infrared (FTIR) spectroscopy was performed using a 

Perkin Elmer spectrometer. 

2.4  Electrode fabrication 

Electrochemical performance of the synthesized electrode materials were 

studied by using a standard two-electrode setup. This investigation was 

conducted with an electrochemical workstation (CHI 760). To make the 
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electrodes, a mixture was created using MnCo2-xFexO4, Acetylene Black, 

and Polyvinylidene Fluoride in an 80:10:10 ratio. This mixture was then 

dissolved in N-methyl-pyrrolidone. After that, the uniform slurry was 

coated onto the nickel foam, and it was vacuum-dried at 60°C for 12h. The 

prepared symmetric electrodes were put together into a cell setup using 

3M KOH electrolyte. The Whatman filter paper served as a partition 

between the electrode to prevent them from touching each other. The 

constructed cell was placed within a Swagelok cell holder, and 

measurements of its electrochemical performance were made. 

3.  Results and Discussion 

3.1  X-ray diffraction analysis 

The Fig.1 displays diffraction peaks at 2ϴ values of 18.39, 30.33, 35.97, 

43.50, 53.68, 57.26 and 62.95o corresponding to the crystal planes (111), 

(220), (311), (400), (422), (511), and (440) respectively. Furthermore, 

presence of an additional peak can be seen at 21.6o in the XRD patterns of 

MCF 2 and MCF 4, which is caused by the dopants forming a secondary 

phase. The sample's XRD pattern can be indexed using the JCPDS card 

number 23-1237 [10], which corresponds to MnCo2O4 with cubic 

structured spinel compound. 
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 The crystallite size of the MCF 2, MCF 4 and MCF 6 were 

determined using the Scherrer equation [11]: 

 

 

Where D is the average crystallite size, k (0.9) is form factor, λ is the 

wavelength (0.154 nm) of the incoming X-rays of Cu Kα radiation, β is the 

full width half maximum of diffraction peak and θ is the Bragg diffraction 

angle. Crystallite sizes determined for MCF 2, MCF 4 and MCF 6 are 

approximately 15.45 nm, 26.51 nm, and 24.54 nm, respectively. With 

increase in doping level crystallite size increase up to x = 0.4 (MCF 4) and 

then decrease at x= 0.6 (MCF 6). This maybe due to at lower doping 

concentrations, the substitution of dopant ions into the crystal lattice 

causes slight distortions, which can lower the energy barrier for grain 

growth. This helps the crystal size to grow. However, at higher doping 

concentrations, excessive dopant ions introduce significant lattice strain or 

defects. These defects disrupt the crystal structure and hinder growth, 

resulting in a smaller crystallite size. 

3.2  Fourier Transform Infrared Spectroscopy Analysis 
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FTIR spectroscopy is a highly sensitive technique used to detect and 

identify various organic and inorganic functional groups in a sample. 

Using a wavelength range of 4000–400 cm-1, the FTIR (using Perkin 

Elmer spectrometer) spectra of the MCF 2, MCF 4, and MCF 6 

nanoparticles are displayed in Fig. 2.Two peaks in the fingerprint region 

indicate the presence of a Co–O bond at 545 cm-1 and a Mn–O bond at 

620 cm-1 [12]. 

3.3  Field Emission Scanning Electron Microscope Analysis 

Morphology of the sample surfaces was analyzed using a field emission 

scanning electron microscope (FESEM JSM 7900F, JEOL). The FESEM 

images of Fe doped MnCo2O4 nanoparticles, as displayed in Fig. 3 (a), (b), 

and (c) reveals that sample has an agglomerated nature and consists of 

nano crystals that appear as grain-like particles. 

 

The grain size for MCF 2, MCF 4 and MCF 6 were measured to be 

61.56 nm, 56.91 nm and 58.83 nm, respectively. 

3.4 Electrochemical Analysis 

The three MCFs were developed as supercapacitor electrodes to 

evaluate their electrochemical performance. The electrodes' 

electrochemical behavior was investigated by using cyclic 

voltammetry (CV).Within potential ranges of -1 V to 1 V, cyclic 

voltammetry studies were conducted at various scan rates ranging 

from 5 mVs-1 to 60 mVs-1. Fig. 4 displays the CV profiles of MCF 2, 

MCF 4 and MCF 6, which were acquired at various scan rates. 

Pseudocapacitive behavior of electrodes is indicated by redox peaks 

on the CV curves of each electrode in the KOH electrolyte solution 

(Fig. 4(a–c)). 



Synthesis of Iron … 

Orissa Journal of Physics, Vol. 32, No, 1   February 2025 

 

 

84 

 
As scan rate increases, positions of the peaks shift significantly, but the 

forms of the CV curves remain constant throughout a range of scan rates 

(5–60 mVs–1). As a result, it has been observed that ionic and electronic 

movements occur more quickly at higher scan rates, which speeds up a 

redox reaction at interface between electrolyte and the electroactive 

material [13, 14]. 

Equation (2) can be used to compute specific capacitance (Cs ) of built 

electrodes based on the CV graphs. 

 
Here, m is mass of active material (g), Sr is scan rate (mVs-1), I is the 

current (A), and ∆v is voltage window. Cs is specific capacitance (Fg-1). 

The measured specific capacitance values at a 5 mVs-1 scan rate are 

124.28 Fg-1 for MCF 2, 91.03 Fg-1 for MCF 4, and 54.58 Fg-1 for MCF 6. 

Table 1 presents specific capacitance values of MCF 2, MCF 4, and MCF 

6 as obtained from the CV graph at the different scan rates. 
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Table 1. Specific capacitance values for MCF 2, MCF 4 and MCF 6 at 

different scan rates. 

  

  

    Specific Capacitance (Fg-1) 

Scan Rates (mVs-1)     

  MCF 2 MCF 4 MCF 6 

5 124.28 91.03 54.58 

10 106.00 81.50 48.56 

20 80.26 66.54 43.88 

40 53.59 48.26 40.03 

60 43.29 26.82 38.06 

 

 
  

The specific capacitance for MCF 2, MCF 4 and MCF 6 is found to 

decrease as the scan rates increase. This is because, at greater scan rates, 

the electrolyte ions travel more quickly, preventing them from completely 

engaging in the electrochemical interaction with the active material. 
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4.  CONCLUSION 

In summary, iron (0.2, 0.4, 0.6) doped MnCo2O4 nanoparticles (MCF 2, 

MCF 4, MCF 6) were successfully produced using the hydrothermal 

method and their electrochemical behavior was studied. The crystallite 

size was confirmed by XRD, and the grain-like structure was verified by 

FESEM. The specific capacitance of the material was obtained from the 

CV curve, yielding a maximum value of 124.28 Fg-1 at a scan rate of 5 

mV s-1 for MCF 2. The results suggest that prepared nanoparticles are 

anticipated to be very helpful in the fields of supercapacitors, batteries, 

fuel cells and sensing in future study. 
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