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Abstract: 

  Zinc-doped manganese ferrite nanoparticles were synthesized using the co-precipitation 

technique and subsequently annealed at different temperatures (400℃, 600℃, and 700℃). The 

synthesized samples underwent characterization using several techniques including TG/DTA, 

XRD, FTIR, SEM, TEM, EDX, XPS, BET, and CV. The sample’s thermal behaviour and 

decomposition were examined using differential thermal analysis and thermo gravimetric 

analysis. The crystal structure and phase purity of the nanoparticles were examined using X-

ray diffraction (XRD). Fourier transform infrared spectroscopy was used to identify the 

chemical bonds present in the samples. The surface morphology and particle size of the 

Mn0.5Zn0.5Fe2O4 nanoparticles, annealed at 700℃, were investigated using scanning electron 

microscopy and High- Resolution transmission electron microscopy with selected area 

electron diffraction patterns providing crystal structure and orientation information. Energy 

dispersive X-ray spectroscopy (EDX) analysis confirmed the presence of manganese, zinc, 

iron, and oxygen in the synthesized nanoparticles. The specific surface area of the samples 

was examined using the Brunauer-Emmett-Teller method, providing insights into 

nanoparticle porosity and surface characteristics. X-ray photoelectron spectroscopy was 

utilized to measure the binding energy of the samples, yielding information about their 

electronic structure and chemical composition. Cyclic voltammetry (CV) was employed to 

analyze the electrochemical properties of the samples, revealing a specific capacitance value 

of 388.35 Fg
-1

 at a lower scan rate of 2mVs
-1

. This high specific capacitance suggests the 

potential suitability of Mn0.5Zn0.5Fe2O4 nanoparticles for supercapacitor applications. 

Keywords: Co-precipitation, Surface morphology, particle size, supercapacitor. 
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Introduction: 

            The potential uses of magnetic nanoparticles in a variety of fields, particularly high-

temperature magnetic refrigeration, high-density information storage, medical diagnosis, 

color imaging and electromagnetic wave absorption, have generated a great deal of interest 

[1]. Manganese zinc ferrite, known for its remarkable electromagnetic properties, chemical 

stability, corrosion resistance, and affordability, has been extensively investigated [2]. 

The characterization and use of manganese zinc ferrite nanoparticles, particularly for 

magnetic data storage technology and biological applications, have attracted more attention 

over the past few years. Manganese zinc ferrites belong to the category of soft magnetic 

materials known for their exceptional magnetic penetration capabilities [3]. Soft 

ferromagnetic materials like manganese, nickel, and copper ferrites exhibit advantageous 

characteristics such as high resistivity, high initial permeability, high dielectric constant, low 

power losses and high saturation magnetization. By introducing particular transition metal 

ions into the spinel structure of ferrites, numerous cations can migrate across lattice sites. 

This directly affects the ferrite's essential features, especially their magnetic behaviour [4]. 

            Due to its important magnetic and electrical properties, zinc ferrite has been widely 

used in a variety of commercial applications, including absorbent materials, photocatalysts, 

gas sensors, catalysts, magnetic resonance imaging (MRI), and Li-ion batteries [5]. The 
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incorporation of dopants plays a crucial role in altering the elastic properties of these 

nanocrystals. The introduction of different impurities induces defects in the crystal structure 

and texture, leading to significant modifications in key material properties, particularly the 

elastic properties. Extensive investigations have been conducted to incorporate different 

dopants into ferrites (Fe2O4) to explore the magnetic and electrical properties of these 

materials. Various synthesis methods, including hydrothermal techniques, sol-gel methods, 

microwave emulsion processes, and co-precipitation methods, have been employed to 

fabricate ferrites. Comparatively, the co-precipitation method offers advantages such as 

simplicity, cost-effectiveness, and precise control over particle size and purity. Nanoparticles 

exhibit distinct properties from their bulk counterparts due to their large surface-to-volume 

ratio, which introduces surface effects. In the case of ferrite nanoparticles, intriguing 

magnetic phenomena can arise, including superparamagnetism, spin canting, core-shell 

structures, reduction in saturation magnetization, and the presence of single-domain 

characteristics [6]. 

          Mn-Zn ferrites retain their status as magnetic materials of significant importance, 

finding wide-ranging applications in everyday life, production technology, scientific research, 

and national defense [7]. Extensive research has been conducted to investigate the intriguing 

magnetic and electromagnetic properties of Mn-Zn ferrites, owing to their exceptional 

attributes. These ferrites exhibit favourable chemical stability, magnetic properties, and cost-

effectiveness [8]. 

             The co-precipitation method was employed to synthesize zinc-doped manganese 

ferrite nanoparticles. The synthesis process involved combining manganese, zinc, ferric 

compounds, citric acid, and sodium hydroxide in a 1:2:3 ratio. The resulting mixture was 

subjected to annealing at temperatures of 400℃, 600℃, and 700℃ for 3 hours. Following 

annealing, the sample was ground into a powder using a mortar and pestle. The powdered 

sample underwent a comprehensive characterization process using various analytical 

techniques. Thermo gravimetric analysis and Differential thermal analysis, X-ray diffraction, 

Scanning electron microscopy, High-resolution transmission electron microscopy, cyclic 

voltammetry, Brunauer-Emmett-Teller analysis, Fourier-transform infrared spectroscopy, 

Energy dispersive X-ray analysis, and X-ray photoelectron spectroscopy were employed. 

These characterization techniques allowed for the examination of thermal behaviour, crystal 

structure, surface morphology, electrochemical properties, specific surface area, chemical 

composition, and binding energies of the synthesized zinc-doped manganese ferrite 

nanoparticle sample. 

2. Materials and method: 

2.1 Synthesis of Mn0.5Zn0.5Fe2O4 nanoparticle:  

Nano-crystalline Mn0.5Zn0.5Fe2O4 nanoparticles were successfully synthesized using a co-     
precipitation technique. The chemical reagents, obtained from Merck Chemicals, were 

directly used without any additional purification. The synthesis of Mn0.5Zn0.5Fe2O4 

nanoparticles 0.5M , 0.5M Zn(NO3)2.6H2O,  0.2  and 0.29 M Mn(NO3)2·4H2O Fe(NO3)2·9H2O

of citric acid ( were dissolved in 20ml of deionized water individually. Afterward, C6H8O7) 

the solution was added one by one respectively with stirring continuously at 650 rpm.  The 

precipitating agent was diluted with sodium hydroxide to the proper concentration. The 
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dissolved solution was then agitated at 80°C for three hours. After a dark brown precipitate 

formed, it was extensively cleaned using acetone and deionized water many times. Then the 

precipitate was dried in the oven to form Mn0.5Zn0.5Fe2O4 powder and then it was annealed at 

different temperatures such as 400℃, 600℃ and 700℃. 

2.2 Characterization: 

          The crystalline phase of the Mn0.5Zn0.5Fe2O4 nanoparticles was examined through X-

ray diffraction analysis using a BRUKER USA D8 Advance, Davinci instrument. CuKα 

radiation with a wavelength of 1.54060Å was employed, operating at 40 kV and 30 mA. At a 

scan speed of 10°/min, step scans were recorded in the 2 range of 20° to 80°. Phase 

identification was carried out by referencing the International Centre for Diffraction Data 

database. The degradation behaviour of the synthesized sample was evaluated using thermal 

gravimetric and differential thermal analysis performed on a NETZSCH-STA 449 F3 

JUPITER instrument. Fourier transform infrared spectroscopy was conducted using a Purkin-

Elmer model Spectrum Two to analyze the chemical bonds present in the sample. For 

characterization purposes, scanning electron microscopy was performed using a CAREL 

ZEISS EVO 18 model after sputtering the sample. Additionally, a High-Resolution 

transmission electron microscope coupled with Energy dispersive X-ray spectroscopy was 

utilized. The HR-TEM analysis was conducted using an FEI-TECNAI G2-20 TWIN model 

operating at 200kV to investigate the morphology and determine the particle size. Elemental 

analysis was carried out using Energy dispersive X-ray spectroscopy with a Bruker EDX 

instrument equipped with an LN2-free detector. The selected area electron diffraction pattern 

was obtained by depositing the sample onto a carbon-coated copper grid. X-ray photoelectron 

spectroscopy measurements were performed using a ULVAC-PH1 INC model PH150000 

version probe 111 to examine the elemental composition and chemical states of the sample. 

The Brunauer-Emmett-Teller method, utilizing a Quantachrome Instruments Autosorb IQ 

series, was employed to investigate the nanoparticle's pore size and surface area. To assess 

the electrochemical properties, cyclic voltammetry (CV) experiments were conducted using a 

Versa STAT MC model. 

3. Result and Discussion: 

3.1. Thermo Gravimetric and Differential Thermal Analysis (TG/DTA): 

          Fig 1 indicates the TG (Thermo Gravimetric) and DT (Differential Thermal) analysis 

curves obtained from the thermal analysis study conducted on the prepared Mn0.5Zn0.5Fe2O4 

sample. These curves provide valuable information about the temperature at which 

transformations or changes occur within the sample. 
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Fig 1. TG/DT analysis curve of Mn0.5Zn0.5Fe2O4 

         The temperature range for thermo gravimetric evolution was found to be 35℃ to 850℃ 

[9]. Analysis of the TG-DT curves indicated that the sample underwent water desorption, 

breakdown of metal hydroxides, and the production of spinel ferrite. The TG curve exhibited 

three distinct weight losses, while the DT curve showed two endothermic and one exothermic 

peak corresponding to each weight loss [10]. 

          During the first stage, occurring from 35℃ to 190℃, a moderate weight loss of 10% 

was observed, primarily attributed to water molecule desorption. The second stage, spanning 

190℃ to 350℃, displayed a significant weight loss of 16% due to the decomposition of 

nitrates and other organic templates. In the third stage, between 350℃ and 600℃, a minor 

weight loss of 4% occurred as a result of the sample's phase transition. Beyond 600℃, no 

further weight losses were observed, indicating the formation of spinel ferrite nanoparticles 

[11].  

                    The DTA curve showed an endothermic peak at 140°C and 380°C, which is 

suggesting of dehydration [12] [13]. Additionally, an exothermic peak was observed at 310℃, 

indicating the decomposition of residual nitrate ions [14]. 

3.2. X-Ray Diffraction (XRD): 

       The X-ray diffraction pattern illustrates the structural analysis of zinc-doped manganese 

ferrite nanoparticles synthesized through the chemical co-precipitation method. The samples 

were subjected to annealing at 400℃, 600℃, and 700℃. XRD is a useful method that is 

frequently used to analyse the crystal structure of materials, especially in the context of 

various crystalline nanomaterials, as well as to calculate the average crystallite size of the 
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synthesized sample. [15]. Fig 2 presents the XRD pattern specifically for Mn0.5Zn0.5Fe2O4, 

providing valuable information about its structural characteristics. 

         

 
Fig 2. XRD pattern for Mn0.5Zn0.5Fe2O4 

     The XRD analysis revealed diffraction peaks at 2θ values of 30.00°, 32.301°, 36.24°, 

45.09°, 57.43°, and 61.90°, corresponding to the crystallographic planes (220), (311), (222), 

(400), (511), and (440), respectively. These diffraction peaks demonstrate the highly 

crystalline nature of the sample. The XRD peaks were matched with the standard reference 

patterns for MnFe2O4 (ICDD Card no 00-010-0319) [16] [17] and ZnFe2O4 (ICDD Card no 

01-079-1150) [18], confirming the sample's purity. Additionally, it was found that annealing 

caused the diffraction peaks to become narrower and sharper, suggesting an increase in 

particle size. Using Debye-Scherrer's equation, the prepared sample's average particle size 

was calculated [19]. 

                    D=
  

     
   

       Here, the crystalline size (D) in nanometers (nm) with various factors. The diffraction 

constant (k), which is typically around 0.9 and accounts for the shape factor, is used in the 

equation. The wavelength of the incident X-ray (λ), the calculated value of β based on the full 

width at half maximum of the diffraction peak, and the diffraction angle (θ) are also taken 

into consideration. Applying equation (1), the average crystalline size of the synthesized 

samples was estimated to be found 50 nm [20]. 
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3.3. Fourier Transform Infrared Spectroscopy (FTIR): 

      The FTIR spectra of Mn0.5Zn0.5Fe2O4, displayed in Fig 3, cover the spectral range of 400 - 

4000 cm
-1

. Below 1000 cm
-1

, an absorption peak signifies the presence of ferrites. In the 

FTIR spectra of the ferrite, two distinct absorption bands can be identified. The lower band, 

located at 459.82 cm
-1

, corresponds to the metal ion-oxygen complex in the octahedral sites, 

while the higher band at 553.07 cm
-1

 indicates the metal ion-oxygen complex in the 

tetrahedral sites [21]. Additional peaks in the FTIR spectrum include the stretching vibrations 

of C-H and C=O bonds, appearing at 2956.59 cm
-1

 and 1643.98 cm
-1

, respectively. The 

absorption peak at 1436.36 cm
-1

 is attributed to the bending vibration of the C-H group [22]. 

Moreover, vibrations associated with the C-C ring and C-N=O bending are evidenced by 

peaks at 866.27 cm
-1

 and 672.72 cm
-1

, respectively [23]. 

             

 
Fig 3.  FTIR spectra of Mn0.5Zn0.5Fe2O4 
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3.4 Scanning Electron Microscope (SEM): 

 

  

                                                 
 

Fig 4 (a), (b) and (c) SEM image of Mn0.5Zn0.5Fe2O4 annealed at 700℃ 

  The manganese zinc ferrite nanoparticles' morphology was examined using 

scanning electron microscopy. Fig 4 (a), (b), and (c) present the SEM images of the sample, 

demonstrating its morphology annealed at 700℃. The microstructure of the grain sample 

displays a mixture of roughly spherical shape with agglomeration [24].  

 

3.5 High-Resolution Transmission Electron Microscope (HR-TEM): 

  



Comprehensive Characterization and Electrochemical Analysis of Zinc-Doped Manganese Ferrite 

Nanoparticles: Potential for Supercapacitor Applications 

Section A-Research paper 

 

104 
Eur. Chem. Bull. 2022, 11 (01), 96 – 115 
 

  
Fig 5 (a), (b) HR-TEM of Mn0.5Zn0.5Fe2O4 nanoparticle annealed at 700℃ with 

different magnifications, and (c) shows the SAED pattern, (d) particle size measured 

using image ‘j’ viewer software. 

The High-Resolution Transmission Electron Microscope was utilized to investigate 

the particle size and nanostructure of zinc-doped manganese ferrite nanoparticles after 

annealing at 700℃. Fig 5(a-d) displays the HR-TEM images obtained. In Fig 5(a) and (b), 

different scale bars of 100 and 200 nm are shown, providing a clear view of the morphology 

of Mn0.5Zn0.5Fe2O4 nanoparticles. The images reveal variations in particle size and shape, 

confirming the characteristics of the ferrite particles [25]. 

 The observed agglomerated particles in Fig 5(a) and (b) exhibit a roughly spherical 

shape for Mn0.5Zn0.5Fe2O4 nanoparticles. Using the "Image J Viewer" software, the average 

particle sizes were calculated and determined to be in the range of 48 nm [26], which is 

identical to the results of the XRD analysis. The Selected Area Electron Diffraction pattern 

depicted in Fig 5(c) displays concentric rings around spots, indicating the polycrystalline 

nature of the synthesized Mn0.5Zn0.5Fe2O4 sample [27]. This size estimation is visually 

illustrated in Fig 5(d) and graphically presented in the bar diagram shown in Fig 5(e). Table 1 

displays the calculated particle size made with the Image J Viewer programme.

 
Fig 5(e). Average particle size of HR-TEM by using image ‘j’ viewer software 
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Number of 

particles 

Particle size Number of 

particles  

Particle size 

1 21.541 2 28.844 

3 32.249 4 46.819 

5 48.826 6 53.814 

7 61.057 8 70.88 

9 73.705 10 79.699 

11 72.111 12 64.125 

13 59.464 14 52 

15 46.819 16 44.721 

17 29.12 18 23.324 

19 20 Average 48.09 

 

Table 1. Number of particles and particle size calculated using image ‘j’ viewer software 

for Mn0.5Zn0.5Fe2O4 from HR-TEM 

 

3.6 Energy Dispersive X-Ray Analysis (EDX): 

 The Energy Dispersive X-ray Spectroscopy examination was carried out at room 

temperature, and the results are shown in Fig 6. This analysis was conducted to examine the 

elemental composition of the sample and confirm its purity. 

 Fig 6 EDX image of Mn0.5Zn0.5Fe2O4                

    An EDX spectra display peaks that validate the presence of Mn, Zn, Fe, and O elements in 

the sample, with no indication of any other impurities [28]. These peaks serve as 
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confirmation of the presence of zinc-doped manganese ferrite nanoparticles. Detailed 

elemental analysis results can be found in Table 2. 

  

Element  Series Net unn. C norm. C Atom. C Error(3 

sigma) 

   [wt.%] [wt.%] [at.%] [wt.%] 

Oxygen K-series 23414 25.06 25.06 54.64 2.38 

Iron K-series 59875 46.35 46.35 28.96 4.29 

Manganese  K-series 15101 11.33 11.33 7.19 1.14 

Zinc K-series 16932 17.26 17.26 9.21 1.69 

  Total 100.00 100.00 100.00  

 

Table 2: Elemental analysis of Mn0.5Zn0.5Fe2O4  

3.7 Brunauer - Emmett - Teller (BET): 

 
Fig 7(a).  Pore distribution of Mn0.5Zn0.5Fe2O4 
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Fig 7(b). N2 adsorption- desorption isotherm 

        The pore size distribution curve and a typical N2 adsorption-desorption isotherm of the 

Mn0.5Zn0.5Fe2O4 are shown in Fig 7(a), (b) respectively. As can be seen there is a dominant 

pore size of 3.41 nm in this region, with a broad mesopore size variation in the 2–15 nm 

range. This leads us to the conclusion that the porosity structure in this sample is disordered. 

According to the IUPAC, Fig 7(b) demonstrates that the adsorption isotherm at relative 

pressure (P/P0) between 0.0 and 1.0 is IV-type with a type H2 hysteresis loop. It is believed 

that the presence of mesopores amid sample is what causes the isotherm to have a 

pronounced hysteresis loop. The findings of the analysis of nitrogen adsorption show that 

Mn0.5Zn0.5Fe2O4 has a BET surface area of 63.6 m
2
g

-1
, which is much greater than the 

previously reported results for pure sample nanoparticles [29]. These findings implies the 

Mn0.5Zn0.5Fe2O4 surface has the more active sites which promotes the supercapacitance 

behavior of the mesoporous structured synthesized Mn0.5Zn0.5Fe2O4. 

3.8 X-ray Photoelectron Spectroscopy (XPS): 

         X-ray Photoelectron Spectroscopy analysis plays a vital role in accurately determining 

the surface components and compositions of a sample. Fig 8(f) illustrates the wide scan XPS 

spectra of the sample, covering a binding energy range of 0-1200 eV. To measure the binding 

energies of the individual components in the composite sample, C1s (C-C), (C=O), CF2 

(30),(31),(32) was used as a reference point (approximately 288 eV), as depicted in Fig 8(a). 

To further validate the presence of each component in the composites, specific XPS spectra 

were obtained for Oxygen (O1s) (C-O-Fe), (C-O-C) [33], Manganese (Mn2p3/2 and Mn2p1/2) 

[34], Ferrous (Fe2p3/2 and Fe2p1/2) [35], and Zinc (Zn2p3/2 and Zn2p1/2) [36]. These 
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individual XPS spectra, displayed in Fig 8(a) to (e), provide detailed insights into the 

chemical states and compositions of each respective component within the sample. 

           The wide scan XPS spectra of the sample are depicted in Fig 8(f), showing the 

assigned binding energies for different elements. Fig 8(a) specifically displays the binding 

energy assigned to C1s. The O1s binding energy is illustrated in Fig 8(b), while Fig 8(c) 

represents the Mn2p binding energy. Additionally, Fig 8(d) exhibits the Fe2p binding energy 

on the surface of Fe, including the presence of Mn-ZnO and doped Mn with Fe in the sample 

(Fe-Mn/ZnO). These spectra provide valuable insights into the elemental composition and 

surface properties of the analyzed sample. The binding energies for the individual 

components, including C1s, O1s, Mn2p, Fe2p, and Zn2p, have been compiled and presented 

in Table 3. 

      The binding energies of Zn2p and Zn2p1 components in the sample were measured to be 

1021.5 eV and 1046.5 eV, respectively, as indicated in Fig 8(e) and Table 3. While the 

FWHM values for each spin-orbit component are similar, the Zn2p and Zn2p1 components 

exhibit broader peaks compared to Fe2p. This broadening can be attributed to the Coster-

Kronig effect, which involves post-ionization processes. Additionally, it is noteworthy that 

the Zn2p1 peak appears shorter in height compared to the Zn2p peak. The XPS analysis 

confirms the presence of Mn2+ and Fe2+ on the surface of the Fe-doped Mn-ZnO sample 

(Fe-Mn/ZnO), supporting the findings reported in [37]. 
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Fig 8 (a), (b), (c), (d) and (e) Deconvolution  XPS spectra of c1s, O1s, Mn2p, Fe2p and 

Zn2p peak of the sample respectively and Fig 8(f) shows wide scan XPS spectra of 

Mn0.5Zn0.5Fe2O4 sample 

 

 

Name  

 

 

Peak 

BE 

 

FWHM 

eV 

 

Area (P) 

CPS.eV 

 

Atomic 

% 

C1s 

 

288.53 2.33 26519.49 5.28 

O1s 

 

532.14 6.37 116424.43 9.57 

Mn2p 

 

644.55 6.31 13575.79 0.29 

Fe2p 

 

712.99 7.33 41210.79 0.80 

Zn2p 

 

1021.66 3.64 33731.78 0.42 

Zn2p1 

 

1046.80 5.80 64841.60 2.57 

Table 3. Binding Energies of O1s, C1s, Mn2p, and Fe2p components in the synthesized 

sample. 

3.9 Cyclic Voltammetry: 

         Cyclic Voltammetry was employed to analyze the supercapacitor behaviour of the 

Mn0.5Zn0.5Fe2O4 ferrite nano-composite annealed at 700℃. Fig 9 displays the recorded CV 

curve of the Mn0.5Zn0.5Fe2O4 electrode at scan rates of 2, 5, and 10 mVs
-1

. The cyclic 

voltammogram graph demonstrates a direct association between the voltammetric current and 

the scan rate, with the current gradually increasing as the scan rate increases. Furthermore, 
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the presence of pseudocapacitance in the as-synthesized sample contributes to the broad peak 

observed alongside the rectangular-shaped cyclic voltammetry. This characteristic 

rectangular shape of the CV curves suggests a reversible and facile oxidation-reduction 

process [38].  

 
Fig 9. CV pattern of Mn0.5Zn0.5Fe2O4 

 

The specific capacitance (Cs) value of the Zinc-doped manganese ferrite electrode was 

calculated using the equation [39]: 

                                                 Cs = 
 

    
 

                 Here, Cs represents the specific capacitance, Q is the combined anodic and 

cathodic charges obtained during each scanning, m denotes the mass of the electrode material 

in milligrams (mg), and ΔV indicates the fixed scan rate in millivolts per second (mVs
-1

). The 

electrochemical measurements were conducted using a standard three-electrode setup, 

consisting of a working electrode (the sample), a reference electrode (Ag/AgCl), and a 

counter electrode (a high platinum wire). The measurements were carried out in the presence 

of a 0.2 M solution of tetra-butyl ammonium perchlorate [40]. 

      At a lower scan rate of 2 mVs
-1

, the cyclic voltammetry (CV) investigation found a higher 

specific capacitance value of 388.35 Fg
-1

, while a lower capacitance value of 146.24 Fg
-1

 was 

found at a higher scan rate of 10 mVs
-1

. This behaviour can be attributed to the ion diffusion 

process. At lower scan rates, there is ample time for ions to diffuse throughout both the inner 

and outer regions of the electrode material, resulting in a higher capacitance. Conversely, at 

higher scan rates, ion diffusion mainly occurs on the external surface of the electrodes, 

leading to a lower capacitance value [41]. The improved crystallinity of the zinc-doped 

manganese ferrite nanoparticles is demonstrated by the greater specific capacitance value 

found at the lower scan rate. This suggests that the nanoparticles possess favourable structural 

characteristics for enhanced energy storage capabilities. 
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            According to a study by A. Ghasemi et al., the specific capacitance value obtained for 

a scan rate of 2 mVs
-1

 was reported as 71 Fg
-1

. However, when comparing this result with the 

present work on zinc-doped manganese ferrite, the specific capacitance value of 388.35 Fg
-1

 

at the same scan rate demonstrates significantly improved suitability for supercapacitor 

applications [42]. In the research conducted by Mustafa Aghazadeb et al., it was observed 

that the specific capacitance values for MnFe3O4 at scan rates of 2 mVs
-1

 and 5 mVs
-1

 were 

225 Fg
-1

 and 199 Fg
-1

, respectively. Comparing these results with the findings of the present 

study on Mn0.5Zn0.5Fe2O4, it was found that the specific capacitance values at the same scan 

rates were significantly higher, measuring 388.35 Fg
-1

, and 261.72 Fg
-1

 respectively. These 

findings suggest the superior suitability of Mn0.5Zn0.5Fe2O4 for supercapacitor applications 

[43]. As the scan rate was increased from 2 to 10, the specific capacitance values changed. 

This variation is shown in Fig 9 and summarised in Table 4.                   

Scan rate  (mVs
-1

) Specific Capacitance (  Fg
-1

)

2 388.35 

5 261.72 

10 146.24 

 

Table 4. Specific Capacitance value of Mn0.5Zn0.5Fe2O4 (700℃) at different scan rate 

Conclusion: 

              In summary, zinc-doped manganese ferrite (Mn0.5Zn0.5Fe2O4) nanoparticles were 

successfully obtained via the co-precipitation technique, and they were then heated to 700°C 

for annealing. The XRD analysis confirmed the synthesised sample's crystallinity, and the 

average particle size was estimated to be around 50 nm. The SEM and HR-TEM images 

showed that the zinc-doped manganese ferrite nanoparticles exhibited a spherical shape. EDX 

analysis confirmed the presence of Mn, Zn, Fe, and O elements in the sample. Importantly, 

the cyclic voltammetry study demonstrated a high specific capacitance value of 388.35 Fg
-1

 at 

a scan rate of 2 mVs
-1

, indicating the promising suitability of these nanoparticles for 

supercapacitor applications. 
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