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Abstract

CuO, MnO and CuMnO nanomaterials have been prepared using the chemical precipitation method. The structure of the nanomaterials has been
confirmed using XRD analysis. Metal oxide vibrations have been identified and assigned to the vibrational band. The morphology of the prepared
nanomaterials has been investigated in the SEM images. The optical band of the materials has been calculated using Tauc’s relation from the

UV-Vis spectrum. The photocatalytic nature of the prepared nanomaterials has been studied against Congo red and Malachite green dyes.
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1. Introduction

Nowadays, dyes are the most relevant pollutants that cause
water pollution. These dyes may create complications for the
environment and when these dyes are discharged into water
bodies, they may increase their toxicity.

The occurrence of dyes in water may block the photosynthe-
sis process in the plants in the water bed and lead to problems in
the aquatic system [1]. In addition, toxic carcinogenic products
will be released due to dyes in the water bodies.
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All the harmful effects of dyes are generally due to their
complex aromatic structure [2]. Malachite green is a dye that
leads to cancer, mutations, chromosomal disorders, and respi-
ratory toxicity [3]. This dye must be handled cautiously, es-
pecially at appropriate concentrations and low temperatures.
Congo red dye is a benzene-based dye. This causes allergic re-
actions and its decomposition results in carcinogenic products
[4]. It creates irritation in the skin, eye and gastrointestinal.
Congo red badly affects blood factors and clotting and induces
drowsiness, leading to respiratory problems.

Therefore, it is important to remove or degrade the dyes in
industrial waste. Protection of water sources from environmen-
tal contamination is one of the major issues. Several techniques
have been adopted; nevertheless, each one has its limitations.
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In recent years, the application of electrochemical techniques
in wastewater treatment has become increasingly important.

Conventional wastewater treatment technologies are mainly
divided into three categories [5]. They are physical, chemical
and biological. However, these methods often fail to achieve
complete color removal, highlighting their ineffectiveness in
treating certain pollutants. So, these conventional methods are
ineffective. Mostly, these methods transfer the contaminants
to another phase, creating a disposal problem. A wide area is
required for biological treatment, and this method shows low
flexibility in operation and design. Chemical methods need
huge amounts of chemicals and they produce huge amounts of
sludge, which requires treatment.

Numerous researchers have considered the photocatalytic
method the most efficient and economical method to remove
organic dye pollutants from the water [6]. Participation of nano-
materials in the photocatalysis process is an emerging and effi-
cient method in green technology. Metal oxides nanoparticles
are the promising photocatalysts to degrade the water pollutants
[7]. Recently, there has been significant interest in developing
multi-metal semiconducting composites and hybrid materials
for photocatalytic applications using visible light. Efforts are
particularly concentrated on designing mixed metal oxide semi-
conductor composites to improve their photocatalytic efficiency
under visible light, with a special focus on purifying drinking
water [8]. In this context, this manuscript reports on the prepa-
ration, characterization, and photocatalytic properties of CuO,
MnO, and CuMnO nanomaterials against Congo red and Mala-
chite green dyes.

2. Experimental details

2.1. Materials and methods

2.1.1. Synthesis of CuO nanoparticles

CuO nanoparticles were prepared using the chemical pre-
cipitation method by mixing a 0.1 M Copper nitrate solution
with a 0.02 M Citric acid. Sodium hydroxide solution was pre-
pared with a 0.5 M concentration and added drop-wise in the
copper nitrate & citric acid mixer. While adding this, the bluish-
green color of the solution turned into thick blue. The residue
was allowed to settle by the action of gravity. This precipitation
was washed in distilled water to remove the impurities further
and annealed at 800 °C for two hrs.

2.1.2. Synthesis of MnO nanoparticle

Manganese Oxide was also prepared using the chemical
precipitation method. A 0.1 M Manganese acetate and a 0.02 M
citric acid solution were prepared in distilled water and mixed
well. In this, mixer, a 0.5 M NaOH solution was added at a
prolonged and steady rate. While adding NaOH, the solution’s
colour changed to brown precipitation. To get the pure sample,
it was washed in distilled water and annealed at 800 °C for two
hrs.

2.1.3. Synthesis of CuMnO nanocomposite

For preparing the nanocrystalline copper manganese oxide,
a 0.1 M of Copper nitrate and Manganese acetate and a 0.02 M
of Citric acid were prepared and mixed well. NaOH solution
was slowly added into that mixer, which yielded the precipita-
tion. As mentioned in the other sample preparation, a washing
and annealing procedure was carried out to get a pure CuMnO
sample.
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Figure 1. XRD pattern of CuO nanoparticle.
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Figure 2. XRD pattern of MnO nanoparticle.

2.2. XRD analysis

The XRD analysis of the prepared nanoparticles and
nanocomposite was carried out with the help of the XRD instru-
ment XPERT-PRO model powder diffractometer having Cu-k
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Figure 3. XRD pattern of CuMnO nanocomposite.

radiation (4 =1.54060A) operating at 40 kV, 30 mA. The pat-
tern is recorded at 2@ angle between 20° to 80°. Sherr’s equa-
tion carries out the particle size determination and the 3 value
corresponding to each peak is calculated by the Pseudo Voigt
curve fit method. The corresponding curve fit is shown in Fig-
ure 1.

Well-distinguished peaks have been observed, confirming
the prepared samples’ crystallinity. The XRD pattern of the
prepared sample is compared with the standard pattern (card
n0:801916) and confirms that the prepared CuO sample crys-
tallizes in a monoclinic structure. Also, the average grain size
of the prepared CuO is 18 nm. Figure 2 shows the XRD patterns
of MnO nanoparticles. Well, distinguished sharp peaks are ob-
served at (1 11),(200),(220), and (31 1) and it confirms
the crystalline nature of the prepared MnO nanoparticles. The
cubic crystal system of MnO is confirmed by comparing the
recorded pattern with the standard JCPS file (card no:044-014)
and it is found that the crystallite size of the prepared MnO is
28 nm. Figure 3 shows the XRD patterns of CuMnO confirm-
ing the good crystallinity nature of the prepared nanomaterial.
Peaks observed at various angles were compared with the stan-
dard patterns of CuO and MnO (card no:801916 and 044-014)
and the crystal grain size has also been obtained for the pre-
pared nanomaterial and shown in Table 1.

The reduction in particle size of nanomaterials is known to
improve degradation performance by increasing surface active
sites. Conversely, it can also potentially decrease the degrada-
tion rate by promoting surface recombination of electrons and
holes. preferential treatment.

2.3. Vibrational analysis

FTIR Analysis is used to define the different functional
groups present in the prepared nanoparticles and nanocompos-
ite. The obtained vibrational peaks are compared with the FTIR
library and the existence of functional groups such as CO, OH,
and metal oxide vibrational notes is found.

Table 1. The grain size of the CuO, MnO, and CuMnO particles.

Nanoparticle 26 ® Cos B T Average
0 (nm) (nm)
CuO 355 177 0952 0419 19.902 18.251
38.70 193 0943 0.520 16.192
48.8 244 0910 0.467 18.660
MnO 33.0 165 0959 0.257 32.295 27.940
552 27.6 0.886 0.318 28.248
65.8 329 0.839 0.407 23.276
CuMnO 355 162 0999 0.193 41.028 33.173
356 17.8 0952 0.268 31.150
574 287 0.877 0.331 27.342
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Figure 4. FTIR spectrum of (a) CuO nanoparticle (b) MnO nanoparticle
and (c) CuMnO nanoparticle.

The FTIR spectrum of the CuO nanomaterials is shown in
Figure 4a. Generally, due to the inter-atomic vibration of metal-
oxide peaks, they may be observed below 1000 cm™!. In the
current investigation, this is observed at 1030 cm™'. A sharp
and broad peak observed at 535 cm™! confirms the formation
of the CuO bond and it is assigned to the Cu-O stretching vi-
bration. Additionally, a peak was observed at 588 cm™!. These
two bands confirm the monoclinic phase of the prepared mate-
rial [9].

The nanomaterials tend to absorb moisture since they have
a high surface-to-volume ratio [10]. Due to this, a low absorp-
tion peak is observed at 3705 cm™!' which is assigned to OH
stretching vibration.

FTIR spectrum of MnO is shown in Figure 4b. From Figure
4b it is noticed that the stretching vibration of the MnO vibra-
tional band occurred at 484 cm™!. The absorption band traced at
774 cm™! raises due to metal oxide bond vibration. The vibra-
tional bands observed at 1604 cm™', 2356 cm™! and 3774 cm™!
represent O-H bending, Cu absorption bands and O-H stretch-
ing vibrations respectively.
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Figure 5. UV-Vis spectrum of (a) CuO nanoparticle (b) MnO nanopar-
ticle and (¢) CuMnO nanoparticle.

The recorded FTIR spectrum of CuMnO is presented in Fig-
ure 4c. It is noticed from Figure 4c, the major vibration of
CuMnO occurs at 857 cm-1, 1390 cm™', 2366 cm™' and 3761
cm~!. The absorption peak visible at 857 cm™' confirms the
metal oxygen stretching vibration and 1390 cm™! indicates the
vibration peak of CuO. The Cu absorption band is assigned to
the band observed at 2366 cm™! and a vibrational peak experi-
mentalized at 3761 cm™! represents O-H stretching vibration.

2.4. UV -Visible spectroscopy analysis

Optical spectrum analysis is carried out with the help of
a JASCOV650 UV/Vis spectrophotometer and the wavelength
range is taken from 210 nm to 800 nm with a resolution of 1 nm.
The optical bandgap of prepared nanoparticles and nanocom-
posite is found with the help of the Tauc relation.

It is visible from Figure 5 that the prepared nanomaterials
have very low absorption in the visible region, which confirms
the suitability of the materials for photonic applications. It is
found in Figure 6. that CuO has a band gap at 3.59 eV, MnO
at 3.88 and CuMnO of 3.70 eV. The photocatalytic behaviour
strongly depends on the electronic structure and band gap. The
band gap value of the prepared materials confirms the suitability
of materials for photodegradation [11].

2.5. SEM analysis

Samples are analyzed through JEOL/EO Model JSM-
6390LV Scanning electron microscope. It is used to analyze the
surface morphology of prepared nanoparticles and nanocom-
posite. The SEM image (Figure 7a) of CuO nanoparticles
shows that the particles are homogeneous in nature and spheri-
cal in shape. The agglomeration of particles is limited due to the
use of a good stabilizer. The SEM image of MnO (Figure 7b)
shows that the particles are highly agglomerated due to the Van-
der Wall force of attraction and particle. The overall shape of
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Figure 6. Tauc plot of (a) CuO (b) MnO and (c) CuMnO.

Figure 7. SEM image of (a) CuO (b) MnO and (c) CuMnO.

the MnO shows a sheet-like structure. It is confirmed from the
SEM image (Figure 7¢) that the CuMnO nanomaterial is well-
defined and scattered in a plane. When the material is com-
pared with MnO nanoparticles, the agglomeration is limited in
the CUMnO sample due to the nanocomposite formation.

2.6. Photocatalytic degradation studies of nanoparticles

In the present study, the photocatalytic activity of CuO,
MnO nanoparticles has been studied and compared with the ac-
tivity of CuMnO nanomaterials. Here, we have taken the Congo
red and Malachite green dyes and their degradation under UV
light has been investigated. The photocatalytic cell was filled
with dye solution and in that, 0.1 g of catalyst (prepared nano-
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Figure 8. Photocatalytic degradation of (a) Congo red dye and (b) Mala-
chite green using CuO nanoparticles.
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Figure 9. Photocatalytic degradation of (a) Congo red dye and (b) Mala-
chite green using MnO nanoparticles.
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Figure 10. Photocatalytic degradation of (a) Congo red dye and (b)
Malachite green using MnO nanoparticles.

material) was added. This was irradiated with UV light and
the light absorption was measured. The absorption level is ana-
lyzed with the help of the UV-visible spectrum.

It is observed from Figure 8 that the Congo red dye absorp-
tion rate is about 1.2 initially and after 5 hr it turns to 0.8447
and for Malachite green, it is from 0.7357 to 0.5870.

It is observed from Figure 9 that the absorption rate of
congo red is about 1.2 initially and after 5 hours it turns to
0.9120 and Malachite green, it drops from 0.7357 to 0.4854
after 5 hours.

Figure 10 shows that for Congo red, the absorption rate is
about 1.2 initially and after 5 hr it turns to 0.2872. In the case
of Malachite green initial absorption rate is 0.7357 after 5 hr, it
turns to 0.2374 if the CuMnO is added.

It is visible that higher degradation occurs for CuMnO
nanomaterials compared to CuO & MnO nanomaterials [12].

The synthesized CuO nanomaterials degrade 30% of Congo
red dye in 5 hours, while MnO nanomaterials degrade only 24%
in the same period. According to the literature, Cu-loaded cat-
alysts are effective for photodegradation. Arora et al. [13]
reported a 60% degradation of Congo red using Cu-loaded
Fe;04@TiO;. In contrast, in the present study, CuMnO nano-
materials achieve nearly 75% degradation of Congo red dye
within 5 hours.

Similarly, CuO and MnO nanomaterials reduce Malachite
green dye by 20% and 35%, respectively, in 5 hours, but
CuMnO nanomaterials degrade around 70% of Malachite green
dye in the same duration. The increased degradation rate is due
to the reduced recombination rate of charge carriers.

The band gap of a semiconducting photocatalyst is a key
factor in determining its degradation efficiency [14]. Typically,
a lower band gap enhances photocatalytic activity. In this study,
both CuO has band gap of 3.59 eV, while the CuMnO material
has a slightly higher band gap of 3.70 eV. Despite the higher
band gap, CuMnO exhibits superior photocatalytic degradation
performance. Literature studies indicate that hybrid copper-
manganese oxides exhibit a high amount of oxygen vacancies
due to strong charge transfer, which enhances their degrada-
tion performance [15]. Given that Cu and Mn are non-toxic,
the current studies suggest that CuMnO materials are effective
photocatalytic agents for removing both Congo red and Mala-
chite green dyes from water.

3. Conclusion

In the present study, CuO nanoparticles, MnO nanoparti-
cles, and CuMnO nanoparticles were prepared by the chemical
precipitation method using copper nitrate, manganese acetate,
sodium hydroxide and citric acid. From XRD, it was revealed
that CuO nanoparticles show a crystalline nature and mono-
clinic structure, having an average particle size of about 18 nm
and MnO crystallizes in a cubic structure with a particle size of
about 28 nm and CuMnO nanocomposite has an average parti-
cle size of about 33 nm. The function group and its vibrational
nature have been identified in FTIR analysis. The suitability
of the materials for the photocatalytic activity has been recog-
nized from the band gap analysis. Compared to CuO and MnO,
CuMnO nanomaterials exhibit superior photocatalytic perfor-
mance against Congo red and Malachite green, confirming their
suitability for water purification applications.
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