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Abstract: This research uses the sol-gel method to investigate a new approach to binary copper manganese
oxide (CuMn,0,) nanomaterial synthesis with citric acid as a surfactant. Water is considered a powerful
solvent in this process. The synthetic approach is environmentally beneficial because of its low cost, easy
preparation, and industrial feasibility. Analysis of nanomaterial has been done by X-ray diffraction (XRD),
transmission electron microscopy (TEM), energy-dispersive X-ray spectroscopy (EDX), and Fourier
transform Infrared spectroscopy (FTIR). Highly dispersed characterization results are shown by synthesized
nanomaterial. The green procedure proves a practical, eco-friendly, simple, and valuable approach for
synthesizing CuMn,O4 nanomaterial.
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1. Introduction

In recent years, nanomaterial has improved massive potential in the research field due to
its characteristic properties and large surface-to-volume ratio. It can be used for various
applications, such as antimicrobial activities, photovoltaics, sensors, storage devices, drug
delivery, and photocatalytic training [1, 2]. Among the various metal oxides, manganese and
copper oxide are used due to some practical advantages like readily available, low cost, lesser
toxicity, and facile synthesis. In this era, the utilization of binary metal oxide photocatalysts for
removing organic pollutants from air and sewerage receives greater attention due to efficient
catalytic activity and firmness [3-10].

Spinel structures having the general formula of AB204 are renowned materials due to their
flexibility in uniting various ions into their crystal structure. The distributions of Cu?* and Mn*" in
CuMn0g4 structure are in tetrahedral and octahedral sites, respectively, which are known as typical
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spinel structures; the corresponding general formula is written as AtetB2octO4 [11]. The amounts
of Mn4+ species and compositional homogeneity cause the high activity of this spinel compound.

Several methods are available for the preparation of metal oxide nanoparticles. For
instance, solid-state synthesis, a hydrothermal method [12-14], an electrochemical, sol-gel
technique [15,16], co-precipitation, microwave-assisted synthesis [12,17], Thermal decomposition
method [18,19], etc. Due to high temperature and hazardous solvent issues in some of the above
methods, we decided to work with the sol-gel method. Among these techniques, the sol-gel method
is the greenest and most sophisticated because there is no requirement for high pressure and high
temperature, low cost, and the crystalline size and structure of the nanomaterial can be easily
monitored by changing the pH of the medium and large amount of sample can be prepared at a
time. Hence, in this research article, we have offered the preparation of CuMn204 nanoparticles
by a simple sol-gel method in the presence of citric acid as a good surfactant.

2. Materials and Methods
2.1. Materials.

Manganese chloride, copper chloride, citric acid, hydrochloric acid, and ammonium
hydroxide were purchased from SD-Fine chemical company located in Mumbai (MH), India, and
used without further purification. All the aqueous solutions were prepared in distilled water.

2.2. Characterization methods.

The X-ray diffraction (XRD) pattern copper manganese oxide (CuMn204) nanomaterial
was recorded by the Rigaku X-ray Diffractometer with a Cu K-a radiation source (A=1.5406 A°®)
operated at 40 kV. Copper manganese oxide (CuMn204) structural morphology was studied using
Scanning electron microscopy (SEM) images obtained on Field Emission Scanning Electron
Microscope (FESEM) JEOL 6390LA, Japan. Transmission electron microscope (TEM) images
and the energy dispersive spectrometry (EDS) analysis were studied by JEOL/JEM 2100, Japan,
with an acceleration voltage of 200 kV. Fourier transform infrared (FT-IR) spectra of copper
manganese oxide (CuMn204) nanomaterial were recorded on the Shimadzu IR
spectrophotometer.

2.3. Synthesis of CuMn04 nanoparticles.

Synthesis of CuMn;04 spinel oxide nanoparticles was carried out by the sol-gel method.
Initially, 0.25 M of Manganese chloride and 0.25 M of copper chloride were dissolved separately
in 50 ml of water. 0.1 N hydrochloric acid improves the solubility of Manganese chloride and
copper chloride in water. Both solutions were mixed with constant stirring. After mixing the
solutions, 1 gm of the citric acid solution was added as a surfactant. The pH of the above solution
was adjusted at 8-8.5 (basic) using 3 to 3.5 ml NH4OH solution. Precipitation was formed, which
stirred with constant stirring for an hour at room temperature. The mixture was filtered using
Whatman Filter Paper No. 42 and washed with deionized water 2-3 times. The obtained product
was dried in an oven at 100°C for 2 hours. Finally, the dried material was calcinated in the furnace
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for 3 hours at 500°C. The black-colored precipitate was obtained as a final product and was stored

for further study.
3. Results and Discussion

3.1. FTIR analysis of CuMn2O,4 oxide nanomaterial.

Fourier transform infrared spectrometer confirms the formation of metal-oxygen (M-O)
and metal-metal (MM) bonds in the CuMn,04 nanomaterial, as shown in Figure 1. Investigation
of nanomaterial is observed at the wavelength range from 397 cm™ to 3980 cm™. The low-
frequency vibrations of the M-O bond appear below 1000 cm™. In Figure 1, the two firm peaks at
positions 686.77 cm™ and 437.84 cm™ represent Cu—O and Mn-O stretching vibrational modes,
respectively. These are the primary evidence of CuMn,O4 formation [20]. The peak at around
823.60 cm™? is detected as the stretching vibration of Cu—Mn and the band that appeared in the
range of 1000-1400 cm™ is recognized as the stretching vibration of —OH [21]. The stretching
vibrations observed in FTIR spectra are specific to metal oxides in spinel.
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Figure 1. FTIR spectrum of CuMn,04 nanoparticles in the spectrum range from 397 cm™ to 3980 cm'™.
3.2. XRD characterization of CuMn204 oxide nanomaterial.

The X-ray diffraction technique investigated the chemical, structural, and spectroscopic
properties of CuMn2O4 nanomaterial. All X-ray diffraction peaks were indexed according to the
standard data for CuMn2Og4, as shown in Figure 2, which is considered mixed-valent oxides that
acquire spinel structures in which the Cu and Mn ions are distributed over tetrahedral (A) and
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octahedral (B) sites. The significant peaks are obtained for 26 at 16.1°,30.48°, 35.64°, 38.72°,
43.66°, 57.82°, and 63.48°, corresponding to the planes (111), (220), (311), (222), (400), (511)
and (440) respectively. In addition, the Fd-3m space group and face-centered cubic structure of
CuMn204nanomaterial are recognized in the X-ray diffraction pattern and correctly matched with
the standard JCPDS Card No. 01-084-0543 [21, 22]. The average crystallite size (D) of CuMn204
nanomaterial was calculated using the Scherer formula [23].
D = KA /BCosH

where K is a shape factor, D is the size of the nanomaterial, A is the incident X-ray beam’s
wavelength, 6 is Bragg’s diffraction angle, and f is the full-width half maximum. The average
particle size of the investigating nanomaterial was 14.47 nm.
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Figure 2. XRD pattern of CuMn,04 oxide nanomaterial synthesized by sol-gel technique.

3.3. SEM, TEM & EDX studies of CuMn204 oxide nanomaterial.

The morphology and complete structures of CuMn2O4 nanomaterial were contributed by
scanning electron microscope (SEM) and energy-dispersive X-ray (EDX) spectroscopy. SEM
images of CuMn20s nanomaterial synthesized by sol-gel method from chloride precursors
strengthening the precursors at 500°C are shown in as shown in Figure 3. Scanning Electron
Microscope (SEM) instrument in the scale range taken between 500 pm and 1um.

The elemental compositional investigation of CuMn,Ozsnanomaterial is shown in as shown
in Figure 4. The presence of Mn and Cu and the Mn/Cu ratio were determined by EDX
investigation, which matches perfectly with CuMn204. This confirms the availability of copper,
manganese, and oxygen with a weight percentage of 65.73%, 16.9%, and 16.25%, and atomic
percentages of 43.3%, 12.88%, and 42.51%, respectively.

Transmission electron microscopy (TEM) images of CuMn20O4 nanomaterial synthesized
showed the CuMn>O4 nanomaterial has cubical shaped nanomaterial with average particle size
between 50.59 nm to 69.83 nm (as shown in Figure 5).
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Figure 3. SEM image of copper manganese oxide nanomaterial prepared by sol-gel method.

Figure 5. TEM of copper manganese oxide nanomaterial prepared by sol-gel method.

Nanomaterials have had a broader range of applications and use in various fields in recent
years. Some researchers have studied the use of nanomaterials for catalytic activity for oxidation
[24-26], photocatalytic activity [27-29], a high-performance electrode for supercapacitors [30-33],
solid oxide fuel cells [34], amperometric detection of hydrogen peroxide [35] and catalytic
ozonation membrane reactor [36-38]. These examples confirm that CuMn2Os spinel oxide

nanomaterial is environmentally supportive for living organisms and extremely useful in different
fields.
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4. Conclusions

A cubical-shaped CuMn204 spinel oxide nanomaterial was successfully prepared using a

sol-gel, an environmentally supportive method. In synthesizing binary Cu-Mn nanomaterial,
copper chloride and manganese chloride bind together using citric acid as a surfactant. This method
is eco-friendly, cheap, easy to handle, non-hazardous, and harmless aqueous solvent systems.
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