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Abstract 

 

The Mn2O3, CuO and Mn2O3/CuOnanomaterials have been synthesized by 

Chemical Co-precipitation method. The average crystallite size and particle size of the 

obtainednanomaterialsweremeasured by using XRD. The morphology and elemental 

analysis of Mn2O3, CuO and Mn2O3/CuOnanomaterials are carried out using Field 

emission scanning electron microscope FE-SEM and observed agglomerations in 

prepared nanomaterials. Functional groups are identified by Fourier transform infrared 

spectroscopy (FTIR) with the range of 100 to 4000 cm
-1

.The optical properties of 

nanomaterials are studied by UV-Visible spectroscopy. These quasi-rectangular shaped 

cyclic voltgrams of obtained CuO,Mn2O3, and Mn2O3/CuO are close to electric double 

layer capacitors (EDLC's) 
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1. Introduction: 

Mn2O3 (manganese oxide) is helpful for supercapacitor applications due to its high specific 

capacitance, good electrical conductivity, and excellent electrochemical stability[1].Mn2O3 is a 

non-toxic and environmentally benign material, making it suitable for sustainable energy storage 

applications[2].Mn2O3 has a high specific capacitance, typically 200-400 F/g, which allows for 

high energy storage density in supercapacitors[1,3].Mn2O3, has reasonably good electrical 

conductivity, which enables fast charge/discharge rates and high power density in super 

capacitors. Mn2O3 exhibits excellent electrochemical stability, allowing for long cycle life and 

reliable performance in supercapacitor applications[4].CuO (copper oxide) can exhibit specific 

capacitances up to 1000 F/g, enabling high energy density. CuO has better conductivity than 

some metal oxides, improving power delivery. It undergoes reversible reduction-oxidation, 

contributing to high capacitance[5,6].Combining Mn2O3's and CuO's high specific capacitances 

(up to 400 F/g and 1000 F/g respectively) results in Mn2O3/CuO composites with enhanced 

overall capacitance[7].CuO's better electrical conductivity can help offset the relatively lower 

conductivity of Mn2O3, improving power delivery. The reversible redox reactions of both metal 

oxides contribute to high energy storage capacity[8,9]. The composite structure can improve the 

electrochemical stability compared to the individual oxides. Using earth-abundant and low-cost 

materials like Mn and Cu makes these composites commercially viable[10]. These advantages 
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make Mn2O3/CuO promising for high-performance supercapacitors with applications in 

renewable energy systems, electric vehicles, and portable electronics.  

 Herein, we adopted chemical and co-precipitation methods for making CuO, Mn2O3, and 

Mn2O3/CuO. We have examined their electrochemical performance in supercapacitors. Our 

synthesis method is a commercially viable, fast approach, and scalable. 

2. Experimental  

2.1 Preparation of Materials  

2.1.1 Synthesis of Mn2O3 nanoparticles  

Manganeseoxide nanoparticles were synthesized using a chemical co-precipitation method. The 

reactants included 1M manganese sulfate and 2M sodium hydroxide. First, a 1M NaOH aqueous 

solution was prepared by dissolving sodium hydroxide in 100 mL of distilled water. Separately, a 

0.5 M solution of MnSO4.H2O was made by dissolving manganese sulfate in 100 mL of distilled 

water. The 1 M NaOH solution was added drop by drop to the 0.5 M MnSO4·H2O solution. The 

mixture was continuously stirred at 60°C for two hours to precipitate the nanoparticles. The 

precipitate was separated from the reaction mixture using Whatman filter paper and thoroughly 

washed several times with distilled water to remove impurities. It was then dried in a hot air oven 

at 100°C for 12 hours and ground into a fine powder using an agitator mortar. Finally, the 

powder was heated and calcined at 500°C for 4 hours. 

2.1.2 Synthesisof CuO Nanoparticles  

NaOH was dissolved in distilled water to create a 1.0 M solution homogenized by stirring at 

90°C. After preparing a 0.5 M CuCl₂  solution in distilled water, the NaOH solution was 

gradually added drop by drop over 26 minutes. The mixture was then stirred at 90°C for an 

additional two hours. It was left to sit overnight to allow precipitation. The resulting suspension 

was filtered and thoroughly rinsed with distilled water to remove contaminants. The washed 

residue was dried in an oven at 70°C, producing Cu oxide nanoparticles. The dried residue was 

then grinded into a fine powder using a pestle and mortar and calcined at 350°C in a furnace for 

three hours. 

2.1.3 Synthesis of nano-composite (Mn2O3/CuO) 

The prepared metal oxide nanoparticles were mixed in a 1:1 ratio and added to 30 mL of distilled 

water, followed by sonication for one hour. The resulting precipitates were dried overnight in an 

oven, ground into a fine powder, and calcined at 650°C for 4 hours. The synthesized 

Mn2O3/CuOnanocomposite was confirmed using various characterization techniques. 

2.2 Characterization Techniques  

The surface morphology of the synthesized samples was analyzed by a field emission scanning 

electron microscope (FE-SEM, Carl Zeiss, Ultra Plus)[11]. The sample was attached to the 

carbon tape for the FE-SEM analysis. X-ray diffraction (XRD) (Bruker D8 advance) identified 

the crystallinity of the synthesized samples[12]. Fourier recognized the functional groups in the 

as-prepared samples-transform infrared spectroscopy analysis[13]. The optical absorption of 

samples was recorded by a UV-visible spectrophotometer (Analytical Jena, Specord 210 

Plus)[14].The electrochemical analysis was carried out by using a MetrohamAutolab 

PGSTA302N (potentiostat/galvanostat) instrument with a computer by Nova 2.0.2 software 

(ECO, Chemie the Netherlands) is connected with three electrodes consisting of the working, 

reference, and counter electrode (screen printed electrode) connector, the SPE electrode 

purchased from Dropsens (Spain). The electrochemical analysis was measured at room 

temperature, and all the chemicals used were of AR grade[15,16].  

2.3 Electrochemical Measurements  
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Prepared nanomaterials are mixed with carbon black and PVDF (Polyvinylidenefluoride) binder 

in a weight ratio of 8:1:1 to fabricatea workingelectrode. This mixture is added with NMP (N-

methyl-2-pyrrolidinone)as a solvent and appropriately mixed using an agate mortar and pestle to 

geta homogeneous slurry. The obtained slurry was drop cast onto Ni foam and dried at 100°C. 

The three-electrode arrangement is usedfor electrochemical measurements. The electrochemical 

properties of the synthesized materials are carried out using OrigaLys 500 by carrying out cyclic 

voltammetry(CV) in the electrolyte of 2 M KOH[17,18]. 

3. Results and discussions  

3.1. Powder X-Ray Diffraction Study 

Powder X-ray diffraction is an essential technique for identifying phases and determining the 

structural parameters of synthesized materials[19]. Figure 1 illustrates the X-ray diffraction 

patterns of Mn2O3/CuO and the distinct phases of CuO and Mn2O3. The sharpened peaks indicate 

the crystallinity of the obtained materials. The peaks positioned appearing at 2θ values of 18.31°, 

23.51°, 33.27°, 36.33°,45.32°,49°.51°,55.47°, and 66.12°and each peak designated as (200), 

(211), (222), (123), (332), (134), (440), (622),  respectively. These identified peaks were well 

indexed to the cubic of the Mn2O3 phase (JCPDS cared no. 01-080-3745). The presence of well-

defined peaks indicates good crystallinity of the material. The peaks at lower angles (18.31° and 

23.51°) correspond to planes with lower Miller indices ((200) and (211)), while the peaks at 

higher angles represent planes with higher Miller indices.The diffraction peaks of CuO located at 

2θ of 32.9°, 35.82°,38.86°,49.11°,53.69°,58.51°,61.81°,66.25°,68.27°,72.71°, and 75.38° 

indexed to relative planes (110), (-111), (111), (-202), (020), (202), (-113), (-311), (220), (311) 

and (-222) are matched to hexagonal phase(JCPDS No. 01-077-7717). The (100) plane is an 

essential hexagonal crystal structure plane. The (111) plane peak indicates another significant 

orientation in the hexagonal structure. 

 The XRD patterns of Mn2O3/CuO composite contain peaks at 12.99°, 18.95°, 25.66°, 

30.74, 36.20°,39.11°, 42.15°, 43.93°, 54.58°,58.18°, 63.69°, 66.32° and75.47° indexed to cubic 

phase of Mn2O3 crystal planes (101), (111), (211),(220),(311), (222), (111), (400), (422),(511), 

(440), (531), and (533). These matched the standard (JCPDS No. 01-071-1145) and agreed with 

the Cubic phase.The composite pattern shows the notable peak of CuO (111). It attests to the 

metal oxides' superior bonding with the preserved cubic phase. The average crystallite size of 

theseprepared materials was calculated by applying the Schererequation[20,21]. The computed 

value from the X-ray spectra and the crystallite size averages from the three patterns of each 

material are 21.24 nm, 23.01 nm, and31.09 nm, CuO,Mn2O3/CuO, andMn2O3respectively.  
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Figure 1. X-ray diffraction patterns of (a) Mn2O3, (b) CuO, and (c) Mn2O3/CuO 

3.2.FESEM of Mn2O3, CuO and Mn2O3/CuO 

The morphology and their EDS of Mn2O3 (a&b), CuO (c&d), and Mn2O3/CuO(e&f)  

nanomaterials were studied by field emission electron microscopy, as shown in Figure2. The 

materials are composed of aggregates of irregularly shaped morphologies. Surface morphology 

shows a rough texture.Due to the porous nature of interconnected particles, the aggregates are 

made up of nanoparticles with a diameter range of around 100-200 nm, which are comparatively 

homogeneous in size and dimensions. Synergistic effects in morphology leads to Mn2O3 

embedded in CuO.Energy-dispersive X-ray spectroscopy was investigated to identifythe 

elements present in the prepared materials[22]. The elemental maps and our high-precision EDS 

tests demonstrated morphological homogeneity due to a suitable distribution of Cu, Mn, and O. 

The close intermixing of Mn is responsible for the tremendous compositional homogeneity of 

nanoscale materials. 
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Figure 2.FESEM Images of (a &b) Mn2O3, (c&d) CuO, and(e&f) Mn2O3/CuO 

3.3. Vibrational analysis 

The distinct functional groups in the produced nanoparticles and nanocomposite are identified by 

the Fourier Transform Infrared (FTIR) analysis.When the collected vibrational peaks are 

matched to the FTIR library, vibrational notes of functional groups including carbonate, 

hydroxyl, and metal oxide are discovered[23,24]. Fourier Transform Infrared (FTIR) spectral 

characteristics of Mn2O3, CuO, and their composite Mn2O3/CuO.The fingerprint region (400-

700 cm
-1

) is most informative for metal-oxygen bonds.Broader bands around 3410.6 cm
-1

 

occurred due to O-H stretching from surface-adsorbed moisture. H-O-H bending vibrations of 

adsorbed water molecules at 1626.55 cm
-1

occurred. Characteristic Cu-O stretching vibrations 

were observed at 480-530 cm
-1

. Significant Cu-O vibrational modes appeared at 601.3 cm
-1

. 

Notable features observed inMn2O3/CuOcomposite.Multiple bands in 500-700 cm
-1

 region due to 

overlapping Mn-O and Cu-O vibrations. Possible peak shifts compared to individual oxides due 

to metal-metal interactions. New bands might appear due to interface interactions between the 

two oxides. Generally broader peaks compared to individual oxides. Enhanced intensity of 

certain bands due to coupling effects.It's crucial to remember that the precise peak locations 
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might differ somewhat based on the synthesis technique, particle size, and experimental setup. 

Nonetheless, the FTIR characterisation general assignments listed above are generally 

recognised in the literature[25,26]. 

 
Figure 3.FTIR spectra of  Mn2O3, CuO, andMn2O3/CuO 

3.4 Ultraviolet-visible spectrophotometry (UV-Vis) 

The UV-Vis absorption spectrum was recorded to determine the optical energy band gap of CuO, 

Mn2O3, and Mn2O3/CuO nanomaterials. The sample shows a strong absorption peak (λmax) at 

204.5 nm in the UV region. Fig. 4 shows the UV-Vis absorption spectrum of CuO, Mn2O3, and 

Mn2O3/CuO nanomaterials. This can be attributed to the photoexcitation of electrons from the 

valence band to the conduction band. CuOShowsa characteristic absorption bandat204 nm. It has 

a broad absorption peak due to O
²⁻

→ Cu
²⁺

 charge transfer. Mn2O3 NanoparticlesExhibits strong 

absorption in the UV region (250-300 nm). Shows characteristic peaks around 206 nm due to O
²⁻

 

→ Mn
³⁺  

charge transfer. 
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Figure 4. (a) UV-Vis spectra of Mn2O3,CuO, andMn2O3/CuO, (b) Tauc plot of  Mn2O3, 

CuO, andMn2O3/CuO 

Mn2O3/CuO Composite Demonstrates enhanced absorption compared to individual components. 

In addition, one more significant peak was observed at 214.7 nm because of the synergetic effect 

of metal oxides. It Shows combined features from both oxides with some modifications. The 

interaction between the two oxides can lead to Peak shifts due to electronic coupling, Enhanced 

absorption intensity, and Modified band gap energy[27].  

The band gap energy of the prepared samples was evaluated using the Tauc plot and is presented 

in Figure 4(b). The energy band gaps of  Mn2O3, CuO, and Mn2O3/CuOcomposites are 4.8, 4.5, 

and 5.1 eV, respectively. 

3.5 Electrochemical measurements 

The electrochemical behavior of Mn2O3/CuO nanocomposite was investigated using a three-

electrode setup in 2M aqueous KOH electrolyte containing Ag/AgCl (reference electrode) and Pt 

foil (counter electrode)[28]. Electrochemical characteristics of CuO and Mn2O3 were also 

examined for comparison. The CV curves for bare Mn2O3, CuO nanoparticles, and 

Mn2O3/CuOnanocomposite are displayed in Figure 5. As the scan rate rises, the current under the 

curve progressively increases. This shows that the voltammetric current is directly proportional 

to the scan rate used in the CV measurements, as expected for an ideally capacitive behavior.The 

CV measurements of the electrodes were taken in the potential range of 0.8 V to -0.4 V. The 

cyclic voltammetric study was performed at 10, 20, 40, 60, 80, and 100 mV/s scan rates for all 

three nanomaterials, as shown in Figures 5(a-c),which exhibits quasi-rectangular shape curves.  
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Figure5.CV plot of (a) CuO, (b) Mn2O3, and (c) Mn2O3/CuOat different scan rates from 10 

to 100 mV/Sec. (d) CV curves of all thematerials at a scan rate of 100 mV/s. 
 These quasi-rectangular shapes of the obtained CuO,Mn2O3, and Mn2O3/CuO are close to 

EDLC's behavior, even though the faradaic processes are more dominating in the 

electrochemical behavior due toCuO and Mn2O3 nanoparticles in aqueous electrolyte indicative 

of pseudocapacitive behavior.In addition, as the scan rate increases, the anodic peak and cathodic 

peak shifts are observed, corresponding to their potentials because of the internal resistance of 

the electrode. The pseudo capacitance may arise from an Mn
+3

/Mn
+2

couple in Mn2O3. In 

contrast, in the case of CuO, During charge/discharge cycles, CuO undergoes reversible redox 

reactions where Cu
2+

 ions can change oxidation states, facilitating charge storage through rapid 

electron transfer. 

 Pseudo-capacitance in Mn2O3/CuO nanocomposites primarily arises from synergistic 

electronic structure. Combining Mn2O3 and CuO creates a unique electronic structure with 

enhanced redox activity. The nanoscale structure enables rapid and reversible faradaic reactions, 

which are fundamental to pseudo-capacitive behavior.Manganese and copper oxides have 

multiple oxidation states, enabling rapid electron transfer and charge storage mechanisms. The 

interface between these two metal oxides facilitates efficient charge transfer, Reduces charge 

transfer resistance, and facilitates faster ion migration compared to individual metal oxide 

components. These factors collectively contribute to the pseudo-capacitive behavior of 

Mn2O3/CuO nanocomposites, making them promising materials for energy storage applications 

like supercapacitors and advanced battery technologies. 

4. Conclusion 

A summary of this study presents pure metal oxides (CuO and Mn2O3), and Mn2O3/CuO 

materials have been successfully prepared using the co-precipitation method. The X-ray 

diffraction studies emphasized the development of cubic and hexagonal structures of CuO, 

Mn2O3, and Mn2O3/CuOcomposites. The metal oxides synthesized by the above process possess 

high purity, asindicated by the XRD patterns. FESEM and EDS studied morphology and 
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elemental investigations,respectively. The compositional analysis was investigated using FTIR 

spectra. Band gap values confirming the obtained materials have a semiconductor band gap 

range. Electrochemical properties indicated that synthesized materials have pseudo-capacitance 

behavior.  
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