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Abstract: To create copper oxide (CuQO) nanostructures with size- and shape-controlled morphologies, a base-
catalyzed sol-gel method is supplemented with a solvent-driven self-assembly procedure at low temperature. CuO
nanostructures have been created using very nanoporous thin sheets. The simulated XRD pattern of CuO
nanostructures is consistent with the actual XRD patterns, and it indicates that the nanocrystal unit cell structure is
monoclinic. The production and characterisation of nanoparticles with prospective applications are assessed in this
study. Sol-gel method was used to create nanoscale Cu oxide particles. Transmission electron microscopy (TEM),
Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), thermogravimetric analysis (TGA),
specific surface area (SSA), and total chemical analysis were used to characterize nanoparticles (NPs). All of the
synthesized NPs were in oxide form, and they were all examined for size, shape, surface structure, crystallinity, and
elemental ratios. The findings show that all of the produced NPs were in their respective oxide forms of CuO and
varied in size from 20 to 50 nm.
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INTRODUCTION

Green chemistry, also known as sustainable chemistry, is described by the Environmental Protection
Agency as "the production of chemical products and processes which have the ability to reduce or
eliminate the use or generation of hazardous substances." It has become increasingly predicted that
chemists and chemical engineers will create chemical processes that are more environmentally friendly
and long-lasting in the next decades.[1] Innovations in catalysis appear to be becoming increasingly
important in the fields of energy, synthesis, and the environment since the world currently faces enormous
problems relating to the atmosphere, energy, and environment. With the development of nanotechnology
in recent years, the research on improved catalysts and catalytic activity has changed. [2]

One of the first applications of nanoparticles was in catalysis. In the past several decades, a variety of
elements and substances, including aluminum, iron, titanium dioxide, and silica, have all been used as
nanoscale catalysts [3, 4]. However, the proper explanation of the enormous synergist behavior that NPs
exhibit despite everything has not been fully understood. Massive surface areas of nanoparticles have a
clear positive effect on reaction rates and may also be a logical explanation for the reactant migration. At
the nanoscale scale, any substance's qualities that depend on its structure and form can also affect how a
material reacts. In terms of synthesis, shape, and size, the calibration of nano catalyst has produced
noticeably higher selectivity. Thus, the question at hand is how nanoparticles' physical characteristics
affect the properties of their reactants and how manufacturing boundaries might affect those
characteristics [5]. A researcher may build and develop nano catalyst that are extremely dynamic,
profoundly unique, and exceptionally tough by better understanding them. Each of these topics of interest
will enable contemporary synthetic reactions to become more resource efficient, use fewer resources, and
generate less waste, which helps to mitigate the ecological impact caused by our reliance on the synthesis
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process. Nanoparticles are regarded as the most important contemporary catalyst and have a wider range
of uses, including energy storage and transformation as well as chemical manufacture.[6] Selectivity and
reactivity of the NPs have a fundamental significance as it can affect the course of a reaction that
primarily depends on the surface area of NPs. The preparation of NPs in generally controlled size is
primarily made by utilizing various stabilizing operators, such as ligands, surfactants, polymers, and so
forth. Along these lines, control of surface structure and morphology and control of surface compositions
are basically the two issues that determine the selectivity and reactivity of NPs. [7]. Recyclability of
nanocatalyst continues to be a barrier to current NP usage. In contrast to other physical techniques like
fluid extraction, chromatography, refining, filtration, or centrifugation, magnetic NPs has emerged as a
powerful, exceptionally effective, and quick detachment material with many interesting points of
comparison. Because of the strong interaction between magnetic nanoparticles and an externally applied
magnetic field, the nanocatalyst immobilized on excessively paramagnetic nanomaterials can be
effectively isolated from the objects and very well may be effectively dispersed once again in the absence
of the magnetic field.[8] By thinking about how the distinctive qualities of nanoparticles affect catalytic
activity, the idea behind nano catalysis may be understood. Nanomaterials' distinctive properties that
significantly influence their synergistic action can be divided into four categories: (I) amounts that are
directly related to bond length, such as the lattice parameter, density, and binding energy; (II) amounts
that depend on the cohesive energy; (III) properties that differ with the density of binding energy; and
(IV) properties from the combined impact of density of binding energy and atomic cohesive energy. [9]
Important products were produced by combining these significant transformations with the most recent
generation of nanocatalysts very successfully [10-12]. Accelerating a certain reaction pathway is crucial
for the production of compounds of industrial relevance. Catalysts must be properly changed for
enhanced selectivity since reaction selectivity is necessary for catalysis to promote the desired reactions.
Utilizing nano-sized catalyst, which is presently the most efficient approach to further increase chemical
processes, is one technique to improve the catalyst [13, 14]. These nanostructured materials have so far
been used in many different kinds of organic transformations, such as chemo-selective oxidations,
coupling reactions, hydrogen transfer processes, asymmetric hydrogenations, heterocyclic compounds,
and more. Numerous catalytic applications have made use of a wide range of nanostructures, such as
morphology-dependent nanocatalysts, graphene-supported nanocatalysts, and hybrid nanostructured
catalysts.[15]

Nanostructures may have mesoporous structures as a result of the sol-gel technique, which involves the
generation of seed crystals, their self-assembly, crystal development, and the production of void spaces
between nanocrystals. As a result, these nanostructures' mesoporosity is also assessed. Manganese oxide
and magnesium hydroxide nanostructures have extremely mesoporous surfaces with a sizably large
surface area. In order to produce well-defined, extremely mesoporous nanostructures of copper oxide with
high crystallinity, the sol-gel technique proposed and proven herein is used.

The sol-gel process is often carried out in a liquid state and at low temperatures (typically less than
100°C). The end product is solid, of course, and these solids are created during the polymerization
process, which entails creating M-OH-M or M-O-M (where M stands for the metal atom) bonds between
the metal atoms in the raw materials. The two processes that make up the sol-gel technique for
synthesizing aerogels are as follows:(i) The production of distinct, colloidal solid particles of nanoscale
diameters occurs in the first step.Colloidal particles in the solvent come together in the second stage to
create a gel.

EXPERIMENTAL

Materials and reagents

Aryl aldehyde and 2- amino benzthiazole were procured from the Sigma-Aldrich chemicals. Ethanol
(Reagent Alcohol, 140 Proof), toluene, magnesium(Il)chloride hexahydrate, manganese(Il)acetate
(anhydrous), and sodium hydroxide pellets were obtained from Fisher Scientific. Copper(Il) acetate
monohydrate was obtained from Alfa Aesar. All chemicals were used as received.
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Preparation of TMO nanoparticles by Sol-gel method

In the sol-gel technique, condensation and polymerization processes take place after the hydrolysis of
reactive metal precursors.

Produced from aryl aldehyde and 2-aminobenzthiazole, isatoic anhydride. Additionally, the isatoic
anhydride interacts with CuO to generate TMO nanoparticles.

Metal oxides first go through hydrolysis, when the alkoxy group is changed to a hydroxo ligand. This
process is also known as hydrolysis or ligand exchange. Alcohol or water is then removed after
condensation to create metal oxide or hydroxide connections. Only when the cation metal is linked to at
least one hydroxo ligand—referred to as Metal-OH for convenience—does condensation take place. 250
mL round bottom flasks with an oil bath and ambient air were used for the reactions. Deionized H20,
70% EtOH, DMF, and toluene were the four distinct solvents used to create each metal oxide
nanomaterial. For each nanomaterial, a metal precursor was created using one of the following: 1.2 g of
copper acetate. A solvent (200 mL) was introduced to the flask in a normal technique. In 10 mL of
deionized water, a metal precursor was dissolved before being introduced to the reaction flask. The
reaction flask was then agitated for an additional 5 minutes while sodium hydroxide (NaOH) pellets were
dissolved in deionized water (10 mL) and added dropwise at a rate of 10.0 mL minl. The flask was
placed in a non-heated oil bath at room temperature after stirring for 5 min. at room temperature. To avoid
bumping, hot stones were poured to the flask before heating the bath. Following a 24 hour wait, the flask
was progressively heated to 80°C. The reaction flask was then allowed to cool over the course of several
hours to room temperature. After transferring the colloidal solution into centrifuge tubes, the liquid was
spun at 1000 rpm for 10 minutes, the liquid was decanted, and the product was then rinsed with de-
ionized water. SEM, TEM, and XRD analysis were performed on the dried powder.

Table 1: Experimental conditions and morphologies of respective CuO nanostructures

Molar ratio Solvent type/water Morphology
(dimension/nm)
1:5 Water 110
ethanol 118
DMF 48
Toluene 138
1:10 Water 112
ethanol 120
DMF 49
Toluene 133
1:15 Water 109
ethanol 123
DMF 51
Toluene 134

Synthetic scheme
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Figure 1: Synthesis of TMO nanoparticles.
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Identification of Intermediate I by TLC
Intermediate I and final product was identified after synthesis by performing TLC. The TLC showed 2

different spots, which confirms the synthesis of Intermediate I and Final product.

Section A-Research paper

Figure 1: TLC spot of a) Intermediate I b) Final Product
Chemical Structure IUPAC name Molecular Molecular | % Melting Point
Formula Weight Yield
Intermediate I 2H-3,1-benzoxazine- | CgHsNO; 163.13 45 218
2,4(1H)-dione
O
@)
A
N O
H
3-(1,3-benzothiazol- | C,H15N;0S | 357.42 53 219
2-yl)-2-phenyl-2,3-
dihydroquinazolin-
0 N\ 4(1H)-one
S
N
N
H
Intermediate I1
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Figure 2: IHNMR spectra of 2H-3,1-benzoxazine-2,4(1H)-dione

1H NMR: § 7.31-7.47 (2H, 7.38 (ddd, J = 8.1, 1.4, 0.5 Hz), 7.40 (ddd, J = 7.9, 7.5, 1.4 Hz)), 7.70 (1H,
ddd, J=8.1, 7.5, 1.5 Hz), 7.92 (1H, ddd, J = 7.9, 1.5, 0.5 Hz).
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Figure 3: 3-(1,3-benzothiazol-2-yl)-2-phenyl-2,3-dihydroquinazolin-4(1H)-one

'"H NMR: § 6.22 (1H, s), 6.96 (1H, ddd, J = 8.1, 1.2, 0.5 Hz), 7.13-7.71 (11H, 7.19 (dtd, J = 8.0, 1.3, 0.5
Hz), 7.25 (ddd, J = 8.0, 6.9, 1.3 Hz), 7.31 (ddd,J = 7.9, 7.4, 1.2 Hz), 7.35 (tt, J = 7.5, 1.3 Hz), 7.37
(ddd, J= 7.9, 6.9, 1.4 Hz), 7.49 (dddd, J = 8.0, 7.5, 1.6, 0.5 Hz), 7.58 (ddd, J = 7.9, 1.4, 0.5 Hz), 7.62
(ddd, J=8.1, 7.4, 1.4 Hz), 7.64 (ddd, ] = 7.9, 1.3, 0.5 Hz)), 7.79 (1H, ddd, J = 8.0, 1.4, 0.5 Hz).
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Figure 4: MASS spectra of 2H-3,1-benzoxazine-2,4(1H)-dione
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Figure 5: Mass spectra of 3-(1,3-benzothiazol-2-yl)-2-phenyl-2,3-dihydroquinazolin-4(1H)-one

XRD

A crystalline material's phase was identified via X-ray diffraction. Xrays need a lot of energy to enter a
substance, and their wavelengths are on par with the spacing between atoms in materials. The XRD
patterns were captured using a nickel-filtered CuK radiation source (0.15418 nm) and a scintillation
counter detector on a BRUKER AXS (Model: D8 FOCUS) instrument. By measuring the angles at which
an X-ray is diffracted by the sample, powder diffraction profiles may be derived (Bragg's Law) [11]. The
intensity data were collected over a 20 range of 10- 80°. The crystallite size were determined by using
Scherrer equation as mentioned below-
D=KAX\/Bcos 0 (1) Where A is the wavelength of X-ray source (CuKa = 0.15418 nm), B is the full width
at half maximum (FWHM), 0 is the diffraction angle, K is shape factor, D is mean size of the ordered
(crystalline) domain.
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SEM

The surface of the sample is imaged by the SEM, a type of electron microscope, by scanning it with a
high-energy electron beam in a raster scan pattern. SEM analyses were carried out to analyze the surface
topology using "JEOL, JSM Model 6390 LV" scanning electron microscopes that operate at a 15 kV
accelerating voltage. At the surface of solid objects, the SEM produces a variety of signals using a
concentrated beam of high-energy electrons [16, 17]. In addition to the sample's exterior morphology
(texture), chemical composition, and crystalline structure and orientation of its constituent components,
the signals resulting from electron-sample interactions also provide information about the sample.

TEM

By accelerating an electron beam that travels through the specimen, the TEM creates a picture. In TEM,
electrons are accelerated to 100 KeV or more (up to 1 MeV), projected onto a thin specimen (less than
200 nm), and either penetrate the sample thickness undeflected or deflected by means of the condenser
lens system. Images may be used to learn about the size, shape, and distribution of particles in the support
and active phases as well as how they relate to one another. With the use of an objective aperture and
axial illumination, the high-resolution transmission electron microscopy (HRTEM) approach combines a
number of diffracted beams with the axial transmitted beam to create the picture [19, 20]. The TECNAI
G2 20 S-TWIN (FEI COMPANY, USA) with a resolution of 2.4, fitted with a slow scan CCD camera
and an accelerating voltage of 200 kV, was used in this work to conduct the electron microscopy
examinations.

RESULT & DISCUSSION

After the samples were cleaned and redistributed in de-ionized water, the morphologies of the
nanostructures were examined using SEM and TEM. CuO nanostructures with shape-controlled
morphologies were produced in relation to water and three distinct solvent systems, as shown in Table.
The SEM investigation of the final products produced by various solvent systems reveals two unique
morphologies: aggregated irregularly shaped nanoparticles for optimal reactivity and hexagonal
nanoparticles.

Water, ethanol, and toluene produced hexagonal nanoparticles with an average diameter of 100 nm to 200
nm. The reaction tends to produce aggregated nanoparticles that are confined in gel-like formations,
despite the fact that hexagonal nanoparticles produced in water at a 15 molar ratio. Comparatively to the
hexagonal nanoparticles created at all other solvent systems and molar ratios, the hexagonal nanoparticles
formed at a 10 molar ratio of the precursor to the base in a water/toluene solvent combination have well-
defined edges with a very uniform size distribution. This may be caused by toluene's relatively poor water
miscibility, which results in a large concentration of toluene molecules that are not solvated. In contrast to
the particles produced in water and water/ethanol systems, it was able to regulate the development of the
nanocrystals along the facets by acting as shape-controlling toluene molecules. This resulted in well-
defined hexagonal nanoparticles. However, in general, for all three distinct base concentrations,
nanostructures produced in all four solvent systems have a larger size variety, but the particle size tends to
decrease as the base concentration increases. For instance, hexagonal nanoparticles made in water
demonstrate that the diameter reduces as the base concentration rises. Particle diameter is around 200 nm
at 15 molar ratio, but at 15 molar ratio, the average diameter was lowered to about 100 nm. The fact that
the average diameter of the particles created in ethanol did not noticeably rise—retaining its average
diameter at or around 150 nm—indicates that, despite an increase in base concentration, particle size was
kept within a limited size distribution. We think that the nucleation rate maximum at a certain base
concentration, in our example at 15 molar ratio, and is independent at higher base concentrations,
therefore this may be caused by a larger base solvation in water/ethanol, generating a homogenous
solution. Because solvent molecules act as surfactants to control crystal growth, the size distribution of
seed crystals may be homogeneous at all three base concentrations while their growth is controlled by the
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surface energies of their facets. As a result, size-controlled nanostructures are produced at all three base
concentrations.

SEM

The SEM investigation of the final products produced by various solvent systems reveals two unique
morphologies: aggregated irregularly shaped nanoparticles and hexagonal nanoparticles. In water,
ethanol, and toluene, hexagonal nanoparticles with an average diameter of 50 nm to 150 nm were

produced.

Figure 6: SEM graph of optimized batch

TEM
The TEM images further reveals the particles shape and size, confirming the hexagonal shape for
nanoparticles formed in water, ethanol, and toluene.

igure 7: TEM grah of optimized batch

XRD

XRD Additionally, it was evident that the CuO XRD reflections matched the monoclinic structure.
According to the figure, the planed copper oxide NPs are responsible for the diffraction peaks, which is in
good accord with previous published results.
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Figure 8: XRD graph pf optimized batch

CONCLUSION

In conclusion, the production of copper oxide (CuO) nanoparticles using the sol-gel technique has been
simplified into a single step. The repeatability of the finished result in order to prevent other concerns
generated by other procedures is a key advantage of this method over other methods. To confirm the
structure, THNMR and MASS were used to describe intermediates I and II (the final product).
Transmission electron microscopy (TEM), Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), thermogravimetric analysis (TGA), specific surface area (SSA), and total chemical
analysis were used to characterize nanoparticles (NPs). All of the synthesized NPs were in oxide form,
and they were all examined for size, shape, surface structure, crystallinity, and elemental ratios. The
findings show that all of the produced NPs were in their respective oxide forms of CuO and varied in size
from 20 to 50 nm.
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