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Abstract

In the present work, synthesis of CuO, ZnO and CuO/ZnO Nonocomposites and their properties
have been investigated. CuO, ZnO and CuO/ZnO NC were synthesized using the co-precipitation method.
The nanocomposite materials were structural, morphological and optical properties characterized by X-
ray diffraction (XRD), Field Emission Scanning Electron microscopy (FESEM), energy-dispersive X-ray
spectroscopy (EDX), Fourier transform infrared spectroscopy (FTIR), UV-Vis Spectroscopy. The results
of the XRD analysis exhibited that the pure CuO, ZnO and CuO/ZnO NC has a nanometer size with an
average of 15.19 nm. The UV-vis analysis showed that the CuO, ZnO and CuO/ZnO NC has a band-gap
of 3.31 and 2.35 eV. FTIR investigation revealed that the vibration of ZnO was observed at 561 cm
whereas CuO was at 602 cm™ and composites 612 cm™. The FESEM-EDX analysis revealed that the ZnO
has a hexagonal structure whereas the CuO has a monoclinic structure.
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Introduction

A nanomaterial is a material with a size range of 1 to 100 nm. Nanoparticles have a small particle
size, a narrow pore size distribution, little agglomeration, and high dispersion [1-5]. Gas sensors, beauty
products, medicine, displays, batteries, paints, catalysis, food engineering (manufacturing, processing,
safety, and packaging), farming, energy (storage and conversion), and construction are just a few of the
applications for nanomaterial’s [6-12]. In recent years, various forms, shapes, and sizes of photo catalytic
activities for the removal of dye impurities have been identified [13]. The scientific community has
become more interested in recent efforts to produce semiconductor oxide materials. Due to its electrical
and optical properties, cupric oxide (CuO) is a commonly utilized semiconductor. This oxide is a p-type
semiconductor with a band gap of 1.2 eV [14-16]. Zinc oxide is an inorganic compound that is found only
in small amounts in nature. Zinc oxide exhibits semiconductor and piezoelectric capabilities due to its
huge 3.37 eV bandgap and high 60 meV binding energy [17,18]. Recently, different forms of metal oxide
nanocomposites, synthesized such as ZnO/Mg, CuO/ZnO, ZnO/NiO, Co0304/Zn0, and CeO,/Zn0, have
been recently produced [19-21]. Nanocomposites materials are made up of many phases, at least one of
which has a nanoscale structure that gives the nanocomposites its size-dependent properties.
Nanocomposites have the potential to combine the desirable qualities of various nanoscale building
blocks, allowing for the tailoring of material properties for device fabrication for specific applications
[22]. Hassanzadeh et al. [23] remove methyl orange dye from aqueous solutions, a ZnO/CuO
nanocomposite immobilized y-AlO3 was prepared via a heterogeneous precipitation method. Abraham et
al. [24] through optimum integration with sensing layers, SAW-based sensor technology is particularly
promising for sensing any analyte. In COMSOL Multiphysics, SAW gas sensors based on CNT and ZnO-
CuO/CNT nanocomposites were modeled. Their reaction to various VOCs has been studied at room
temperature. Das and Srivastava [25], the synthesis of ZnO/CuO nanocomposite by electrochemical
technique is described for the first time in this communication. The anode was made up of zinc and
copper electrodes, with aqueous succinic acid as the cathode. The solution was utilized as an electrolyte
to make ZnO/CuO nanocomposite, which was then analysed using advanced techniques. Using a 3-
electrode cell setup, the electrochemical performance of nanocomposite was investigated in bare sodium
hydroxide solution. It has a monoclinic crystal structure as well as. The co-precipitation method process is
used to make CuO, ZnO and CuO/ZnO nanocomposites in varied quantities. X-ray diffraction (XRD),
Field Emission scanning electron microscopy (FESEM), energy-dispersive X-ray spectroscopy (EDX),
and Fourier transform infrared spectroscopy (FTIR) are used to characterize the produced composites
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(FTIR) also UV-Vis spectroscopy. The features of the increased CuO and ZnO composites performance
are also reviewed in terms of applications.

Materials and methods

Chemical and reagents

Zinc(ll) acetate dehydrate (Zn(CHsCOOQ)..2H,0) 98 9%, copper(ll) sulphate pentahydrate
(CuS04.5H20) 98 %, ethanol, NaOH, and distilled water. All chemicals provided were analytical reagent
(AR) grade and were utilized without additional purification. Zinc acetate, Copper sulphate, sodium
hydroxide were acquired from Fisher Scientific chemicals in Mumbai.

Synthesis of CuO, ZnO and CuO/ZnO nanocomposites

Synthesis of nanoparticles used the co-precipitation method. Typically, 0.1 M of Zinc acetate
Zn(CH3CO0),.2H,0 was dissolved in 80 mL double distilled water also 0.1 M copper sulphate
(CuS04.5H,0) was dissolved in 80 mL DDW. Composites taking different molarity copper sulphate and
Zinc acetate (0.05 M, 0.05 M) and stirred with a magnetic stirrer for an hour. Precipitation was obtained
that precipitation was filtered by Whatman filter paper. The precipitation was washed several times with
distilled and dry 2 days this typical experiment was carried out. The complete experiment was carried out
at 60 °C temperature with optimized. Same process followed by CuO and CuO/ZnO NC. The different
nanoparticles were prepared respectively. The prepared material grinds in mortal pestle at the time
powder form. As-prepared nanoparticles were annealed in muffled furnace at 500 °C for 3 h and used for
further characterizations. These materials were characterized by X-ray diffraction (XRD), Field emission
scanning electron microscopy (FESEM), Fourier transform infrared spectroscopy (FTIR), Energy
dispersive x-ray analysis (EDX) and UV-vis-spectroscopy.

Results and discussion

X-ray diffraction

X-ray diffraction was used to confirm the nanomaterial’s crystal structures. The XRD patterns of
Cu0, Zn0 and CuO/Zn0O nanocomposites with varying copper concentrations are shown in the Figure 1.
The peaks at these 20 values correspond to the crystal planes of 110, 002, 101, 102, 110, 103, 200, 112,
021, 201, 004, and 202 in CuO (50 %) ZnO (50 %) NC. The nanocomposite 26 value indices were found
to be 31, 34, 35, 36, 38, 47, 48, 56, 58, 61, 62, 66, and 68 degrees, respectively [26]. Major peaks were
found at roughly 31.82 (100), 34.50 (002), and 36.32 (101) of the undoped ZnO, as indicated by the bar in
the Miller indices. A small peak at 38.8 was observed in CuO/ZnO nanocomposites, which was indexed
to CuO (111). The diffraction intensities and angles altered dramatically when Cu was added to ZnO
[27,28]. CuO (111) diffraction peaks were discovered with copper contents. Furthermore, as copper
concentrations increased, no other peaks or significant shifts were observed, and no solid solution formed
between CuO and ZnO. The grain size of the ZnO and CuO/ZnO nanocomposites was calculated using
the Scherrer equation. D = KA/Bcos® where, K-scherrer constant, A-wavelength of radiation, B-full width
half maximum, 6-Braggs angle [29]. The estimated average grains size was 15.19 nm for ZnO, CuO and
CuO/zZnO NC, respectively. For the average crystallite size was measured as 21, 19 and 15.19 nm. The
average particle size was found to be 15.19 nm, indicating that the particle size was larger than the typical
crystallite size. The crystallinity of the samples was also clearly revealed by XRD data. Different types of
intensity [30].
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Figure 1 X-ray diffraction (XRD) patterns of CuO, ZnO and CuO/ZnO.

FESEM and EDX study

The particle sizes and surface morphology of CuO/ZnO NC unground composite powders were
investigated using FESEM analysis. Particles of various sizes are created as a result of this process
Aggregated. Due to the high heat produced by the combustion reaction and the calcination process,
particles are visible in the FESEM analysis images. The FESEM micrographs of pure ZnO powder in
Figure 2(a) and 2(b) indicate their different sizes in flower form, ranging from 2 um to 200 nm. The
FESEM micrographs (a and d) show pure CuO powders with a roughly hexagonal shape and average
particle sizes of around 1 u and 200 nm [31,32]. The clarity and chemical content of the produced
samples were investigated using energy dispersive spectroscopy. The EDX spectrum, as shown in Figure
3 contains just elemental copper (Cu) and oxide (O), also zinc (Zn) and oxide (O) with no additional
elemental impurities detected. EDX examination validated its purity phase of the CuO-ZnO NC Fig. Cu =
57.26, Zn = 5.27, O = 37.47 was found, which was consistent with the hypothesis. The elements ratio
exact stoichiometry was employed for preparing. The development of pure CuO-ZnO was revealed by
the elimination of any impurities. Nanoparticles, which back up the findings of the study XRD
information [33,34]. The CuO/ZnO alloys show a considerable morphological change. When such 2
oxides are appropriately proportioned, as in the percent sample, more uniform nanoparticles are formed,
providing regular distribution and consistency. When the CuO concentration is greater, such as 50 %
Zn0 and 50 % CuO, the samples take on a variety of morphologies, including hexagonal structures and
complex shapes. The grain sizes are distributed in the 200 nm range. It’s also worthy of note that the
pores that appear in CuO/ZnO Nanoparticle are the product of CuO/ZnO crystal aggregates. When
powders are utilised as catalysts, the structural shape of associated pores [35].
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Figure 2 FESEM of ZnO (a and b) CuO (c and d) and Nanocomposites CuO/ZnO (e and f).
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Figure 3 EDX spectrum pure ZnO (a), CuO (b), and CuO/ZnO (c) nanocomposites.
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FTIR Spectrophotometer

FTIR spectrophotometer was used to analyze the functional group of CuO, ZnO and CuO/ZnO
Nanocomposites. The wavelength of 4000 - 500 cm™ was used. For the analysis of functional groups of
samples and the results can be seen in Figure 4. FTIR spectra of CuO, ZnO and CuO/ZnO nanoparticles
are presented in Figure 4. The spectra show optical phonon modes centered at 561 and 524 ¢cm* for CuO,
ZnO and CuO/ZnO nanocomposites, respectively [36]. The FTIR modes depend on the size, shape, and
state of aggregation of the nanoparticles. From the FESEM analysis, it is inferred that only ZnO
nanoparticles are present in ZnO system while in CuO/ZnO system, both CuO and ZnO nanoparticles are
present, which differ in size, shape, and aggregation. This is the reason why the 2 systems show modes at
different wavenumbers. In CuO/ZnO, the contribution also comes from the vibrational mode of CuO,
which is around 602 cm. The modes at higher wavenumbers are associated with the vibrational modes of
various impurities such as hydroxylate, carboxylate, and alkane in the materials. In ZnO, the modes are
not distinct and there are more noises. For CuO/ZnO nanoparticles, the peak at 1378, 1383, 1420 cm™ is
assigned to the symmetric stretching of the carboxyl group, C=0. The transmittance peak at 2315 cm is
associated with the CO2 molecule in air. The broad peak at around 3738 cm and the peak at 1511 cm™
have their origin from the stretching vibration of O=H groups. The OH peak at around 2986 cm™ is
associated with different defects and increased free-carrier concentration [37,38].
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Figure 4 FTIR spectra of ZnO, CuO, and CuO/ZnO nanocomposite.

UV-Vis. spectroscopy

The UV-Vis absorption spectra of CuO, ZnO, nanoparticles and hybrid CuO/ZnO NC are shown in
Figures 5 with a CuO, ZnO and CuO/ZnO NC inset. CuO, ZnO nanoparticles, and CuO/ZnO NC have
unique absorption peaks positioned at 295, 298 and 296 nm, respectively [39,40]. The absorption peaks of
Cu0, ZnO nanoparticles are extremely similar to those reported in prior literature. The addition of ZnO,
CuO nanoparticles resulted in a large red shift in the absorption spectra, whereas the CuO absorption peak
vanished completely, possibly due to the formation of core-shell structured CuO/ZnO NC. CuO, ZnO and
CuO/ZnO NC have energy gaps of the values observed for the composites materials CuO/ZnO (50:50)
shows 2 different band gap absorption energy levels 2.97 - 3.27 and 2.35 - 3.31 eV, respectively, as
calculated from absorption spectra [41-43]. The combination CuO/ZnO NC reduced energy gap and near-
visible region absorption imply that it could be a promising material for visible light. The optical behavior
of the materials was investigated using UV-visible spectroscopy over the wavelength range of 200 - 700
nm. The sample’s energy gap (Eg) was calculated using Tauc’s equation (¢hv)2 = A(chv-Eg)n, where h,
A, and Eg are the absorption coefficients as shown Figures 6 [44].
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Figure 5 Optical absorbance spectra of pure ZnO, CuO and CuO/ZnO composite.
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Figure 6 Tauc plot pure and composites.
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Conclusions

The CuO, ZnO and CuO/ZnO nonocomposites were successfully synthesized using co-precipitation
method. For the average crystallite size was measured as 21, 19, and 15.19 nm, observed in composite for
the CuO content of 50 %, and ZnO 50 %, respectively. Addition of CuO reduced the value of the band
gap energy of ZnO i.e. 3.31, 2.35 eV, CuO/Zn0O (50:50) shows 2.97 - 3.27 eV. The nanocomposites were
grown and uniformly, while the CuO nanostructures with a thickness of were grown epitaxially on to the
ZnO nanostructured, according to morphological and structural analysis. The optical property analysis
showed that the prepared fundamental nanocomposite nanostructured acquired developed light absorption
ability in the visible region. The obtained CuO/ZnO nanocomposites were optimized and characterized by
XRD, FESEM, and FTIR to obtain their chemical and morphological and optical properties. The findings
of this study have contributed to advanced device nanostructures, which are the foundation of functional
nanodevices for the development of new nanostructured phases and are favorable for their applications.
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