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ABSTRACT 

 

In recent decades, nanotechnology has revolutionized multiple scientific and medical fields, with nanomedicine 

being one of the most prominent areas of advancement. A significant breakthrough in this domain is the 

development of protein-based silver nanoparticles (Ag NPs). These nanoparticles, known for their unique 

properties, combine the biocompatibility of proteins with silver's potent antimicrobial and anticancer 

capabilities, opening new pathways for innovative and effective medical treatments. The synthesis of protein-

based Ag NPs is a sophisticated process that integrates chemical and biological techniques to produce structures 

with specific and controlled characteristics. This approach not only enhances the stability and functionality of 

the nanoparticles but also allows for greater precision in their size and shape. Proteins act as reducing and 

stabilizing agents during synthesis, ensuring that the resulting nanoparticles possess optimal properties for 

medical applications. 
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1. INTRODUCTION 

 

By scaling up from small groups of atoms or by reducing or refining bulk materials, nanotechnology deals with the 

synthesis and management of materials at the nanometer (nm) scale. One millionth of a millimeter, or 1x10-9 m, is a 

nanometer. Nanoparticles are defined as particles with a size between 1 and 100 nm. Nanoparticles exhibit 

physicochemical and biological features that are very different from what we see in bulk materials. Although the 

physical properties of bulk materials are mostly independent of their size, the physical and chemical characteristics of 

nanoparticles are size dependant. Between bulk materials and the atomic and molecular structures lie nanoparticles. 

Specific surface area, which measures the relationship between surface area and volume, is a special size-dependent 

feature of materials used to make nanoparticles. The particular surface area will increase as the particle size decreases. 

More contact with the national switch due to a larger surface area improves the nanoparticles' reactivity and other 

characteristics. An interesting area of material science is nanotechnology. 

 

As a topic that combines biology, physics, chemistry, and material science, nanotechnology has emerged. The "top-

down approach" and the "bottom-up method" are two techniques that can be used to produce nanoparticles. In the top-

down approach, the bulk material is broken down into nanoscale particles using various techniques like grinding and 

milling. In the bottom-up method, the atoms self-assemble to create fresh nuclei that develop into tiny particles. 

 

In high temperature response environments, metal oxide nanoparticles are used with energy-intensive techniques as 

laser ablation, ion implantation, and chemical deposition. In several fields of chemistry, physics, and materials 

research, metal oxide nanoparticles are crucial. Oxide nanoparticles can be created from a wide variety of metal 

components. These have an electrical structure that can exhibit a sharp insulator nature and can adopt a huge variety of 

structural geometries. Oxides are utilized in technological applications to create microelectronic circuits, sensors, 

piezoelectric devices, fuel cells, and coatings for surfaces to prevent corrosion. Making nanoparticles with unique bulk 

or single particle properties is an aim in the emerging subject of nanotechnology. Due to their small size and abundant 

corner or edge surface sites, metal oxide nanoparticles can exhibit unusual physical and chemical characteristics. Three 

significant fundamental properties are predicted to be affected by particle size. The first one contrasts the differences in 

cell characteristics and structural nature (more precisely, lattice stability). Oxides often have stable, healthy systems 

with distinct crystal structures. Contrarily, the increasing significance of surface free energy and stress with decreasing 

particle size must be taken into account. These changes in thermodynamic stability related to size can lead to 
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modification of cell parameters and structural transformations. In extreme cases, the nanoparticle may even vanish as a 

result of interactions with its environment and at high surface free energy. 

 

Nanoparticles need to have a low surface free energy to exhibit mechanical or structural stability. This circumstance 

causes words that are not particularly stable in nanoparticles to become extremely stable in nanostructures. Examples of 

nanoparticles of zinc oxide, nickel oxide, cobalt oxide, and copper oxide that exhibit size-induced structural distortions 

linked to changes in cell characteristics are zinc oxide, nickel oxide, and copper oxide. Stress or strain is produced as 

particle size decreases due to an increase in surface and line atoms, which also causes structural changes. In addition to 

this "intrinsic" strain, there may also be "extrinsic" strain connected to a specific synthesis technique that may be 

partially eased by annealing or calcination. Additionally, nonstoichiometry is a typical occurrence. On the other hand, 

interactions with the surface where the nanoparticles are supported might complicate matters and lead to structural 

changes or phases that are not present when the oxide is in its bulk condition. The electrical characteristics of the oxide 

are connected to the second significant influence of size. Nanoparticles in any material induce quantum size or 

confinement effects, which essentially result from the presence of discrete electronic states that resemble atoms. These 

states can be viewed from the perspective of the solid state as a superposition of bulk like states with a concurrent 

increase in oscillator strength. Experiments on oxides have also revealed further general electronic consequences of 

quantum imprisonment that are connected to the energy shift of exaction levels and optical band gap. 

 

2. OBJECTIVEOFTHEPRESENT WORK 

 

 To chemically synthesize metal oxide nanoparticles and analyze them. 

 Chemical synthesis of the nanoparticles of zinc oxide (ZnO), cobalt oxide (CoO), copper oxide (CuO), and 

nickel oxide (NiO). 

 

3. EXPERIMENTAL TECHNIQUES FOR MATERIAL CHARACTERIZATION 

 

The most important parts of coordination and nano-chemistry research are the synthesis and characterisation of 

coordination complexes and their nanostructures. From an application standpoint, it is essential to create fresh 

coordination complexes and their nanostructures, which can be identified using a variety of methods. The technique 

chosen affects the quality of the coordination complex (single crystal and nanostructure). Depending on the synthesis 

technique employed, the morphology of the structure, optical, and thermal properties will vary. The sonochemical 

method is used to synthesise nanostructures, while the traditional method is utilised to synthesise coordination 

complexes (single crystal/bulk). Several techniques, including Infrared spectroscopy (IR), Nuclear magnetic resonance 

(NMR), X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), 

dynamic light scattering (DLS), thermal gravimetric analysis (TGA), density functional theory (DFT) framework, in 

addition, were used to characterise the coordination complexes (bulk and nanostructure). 

 

MaterialAndMethod 

We utilised chemicals of analytical grade (from Merck) without further purification. A probe sonicator (type Ultrasonic 

processor Sonopros PR-1000MP) with a 10 mm diameter probe, running at 20 KHz with a 20% output frequency of 

500W at room temperature, was used to create nanomaterials. 

 

PhysicochemicalAndAnalyticalCharacterization 

The newly synthesized complexes were physicochemically analyzed in two ways. 

(i) Elemental analysis  

(ii) Melting point determination. 

 

ElementalAnalysis 

Standard technique 1 was used to estimate cobalt and chloride. A Perkin Elmer CHNS-O Analyzer, Flash-EA-1112 

series, was used to acquire the elemental analysis of C, H, and N. 

 

MeltingPoint 

With the aid of a Gallen Kamp electrically heated device, the melting points were calculated. 

 

SpectroscopicCharacterization 

InfraredSpectroscopy(IR) 
The most widely used spectroscopic method is FTIR spectroscopy, which identifies a sample's chemical makeup by 

determining the frequencies at which it absorbs light. A molecule's various functional groups absorb radiation at 

different frequencies, which aids in their identification. The appearance of a signal in the IR spectrum is caused by a 

change in dipole moment caused by molecule vibration, which interacts with an oscillating electric field associated 

with electromagnetic radiation. Shimadzu's IR Affinity-1S Spectrometer was used to record the IR spectra of the 

recently synthesised complexes in the 4000-400 cm-1 region. 
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4. RESULT AND DISCUSSION 

 

The purpose of the study is to quickly manufacture zinc oxide nanoparticles using conventional laboratory techniques. 

Inorganic compounds include zinc oxide. It typically takes the form of a white powder that is almost insoluble in water. 

Most zinc oxide used in commerce is produced synthetically. After the chemical technique, the controlled and freezing 

drying methods are performed. Due to their fascinating physical, chemical, and catalytic capabilities, nanomaterials 

have a wide range of applications. It has been researched how zinc oxide nanoparticles interact with medicines while 

keeping in mind that these particles naturally have a bactericidal effect. Zinc oxide nanoparticles have been created 

using a chemical approach. This approach is its own form of compensation, such 

 

(i) Cheap processing 

(ii) High Yield  

 

Powder X-RD, FT Infrared spectroscopy, (SEM) Scanning electron microscopy, and TEM analyses were used to study 

the effects of temperature on structure, nanoparticles. At amounts the host can tolerate, specific compounds can directly 

hinder the growth of bacteria. It is well known that zinc oxide nanoparticles have antibacterial properties. Therefore, we 

adopt the disc diffusion approach to make use of this characteristic to stop the growth of Bacillus species and E. coli. 

Targeted drug delivery, anticancer agents, and antibacterial activities are all properties of zinc oxide nanoparticles. Due 

to their high contagiousness, these two bacterial strains were chosen so that we could assess the potential antibacterial 

activity of zinc oxide nanoparticles. 

 

UV-Visiblediffusereflectancespectroscopy(UV-DRS) 

An absorption peak in UV-Visible Spectroscopy indicates that the electrons are absorbing energy at a particular 

wavelength. When electrons absorb energy, they transition from their ground state to their excited state. The fact that 

electrons move from their ground state to their excited state indicates that a band gap exists in the material, which may 

be determined by the wavelength of absorption. 

 

Metal complexes' electronic absorption spectra between 250 and 850 nm were captured in DMF. To determine the 

optical band gap of the produced nanoparticles, diffuse reflectance spectral investigations in the UV-VIS-NIR range 

were conducted. 

 

Plot the percentage of reflection against the nanoparticles' band gap energy (h) in Fig. 2.1. This sample's estimated band 

gap is 3.49 eV, which is a little larger than the 3.37 eV estimate for bulk zinc oxide. It is possible that quantum 

confinement effects are to blame for this blue shift. 

 

Figure 2.1 displays the room-temperature photoluminescence spectrum of 355 nm-excited zinc oxide nanoparticles. 

The band to band transition that is represented by the excitation peak also validates the blue shift in the band gap of 

zinc oxide nanoparticles. 

 

 

 

 

 

 



International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 14 Issue 8, August-2025 

Page | 36 

Fourier-transforminfraredspectroscopy (FT-IR) 

 
FTIRpatternofpreparedzincoxidenanoparticles 

 

X-raydiffraction(XRD) 

The XRD outcomes are displayed in fig. 2.3. The XRD peaks correspond to those seen in zinc oxide. When 2 is varied 

from 10° to 80° (23.7o, 30.7o, 33.00o, 360,390,450, 49.99o,500, 550, 65o and 69 o), the peaks are indexed as (100), 

(002), (101), (102), (110), (200), (112), (201), and (004). The figure's peaks all closely resemble the typical JCPDS 

pattern for zinc oxide (JCPDS card 36-1451). 

 

 
 

TheX-ray diffractionpatternofpreparedzincoxide nanoparticles 

 

Sharp peaks signify high-quality product nanoparticles. The product is 76 nm in size, as evidenced by the broadness at 

the base of the peaks. No other peak besides zinc oxide is seen, proving that the substance is entirely free of 

contaminants and unreacted precursors. Using the Debye-formula, Scherer's the average particle size of zinc oxide 

nanoparticles is determined to be 76 nm. Impurity-related diffraction patterns are discovered to be absent. This 

demonstrates the amorphous nature of zinc oxide nanoparticles. 

 

 

Where 

kisSherrerconstant, 

B is the full width at half-maximum,λ is the X-raywavelength,  

θistheBragg diffractionangle. 
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FieldEmissionScanningElectronMicroscope(FESEM) 

The morphological investigation of zinc oxide nanoparticles that were calcined at 450°C using FESEM analysis. It is 

evident that the particles assume an irregular shape and come in a variety of sizes. Additionally, rod-shaped, smooth-

surfaced zinc oxide nanoparticles are visible. It unmistakably shows the fine rod-like particles that have agglomerated 

on the surface. Annealed nanoparticles have a diameter that ranges from 20 to 100 nm. Zinc oxide nanoparticles are 

shaped like rods with a smooth surface and are about 100 nm in size, according to the FESEM image. 

 

FIG.2.4.FESEMIMAGEOFPREPAREDZINCOXIDENANOPARTICLES 

EDAXAnalysis 

Energy dispersive X-ray (EDAX) spectroscopy measurements are used to provide a quantitative compositional 

characterization of zinc oxide nanoparticles. ZnO nanoparticles are confirmed by the EDAX study as well (Fig.2.5). 

The spectrum processing has been abandoned. The elements such as zinc and oxygen are recognized in the current 

sample. 

TheEDAXimageofzincoxide nanoparticles 

TransmissionElectronMicroscopy(TEM) 
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TEMimageof preparedzincoxide nanoparticles 

Show the TEM pictures and specific area electron diffraction patterns of annealed at 450°C zinc oxide nanoparticles in 

figure 2.6. The size of the particle, which is depicted in fig, is 50 nm, and TEM examination is used to confirm the 

particles' true size. TEM images show the nanoparticles' nature, morphology, and orientation. 

 

This presents a very adaptable, nontoxic, and environmentally acceptable method for creating zinc oxide nanoparticles. 

A chemical procedure has been used to successfully create zinc oxide nanoparticles. Diffuse UV-Visibility Reflectance 

The samples' zinc oxide nanoparticles have a band gap of 3.49 eV, according to a spectrophotometer. Zinc oxide 

nanoparticle aggregation can be seen in the FESEM image, and the particle size is less than 100 nm. Zn and O are 

present in the samples according to EDX analysis, which is held by a glass substrate for characterisation. The size and 

phase of the crystals are consistent with the XRD pattern. The Debye-Scherer formula is used to determine the particle 

size. The zinc oxide nanoparticles shown in the TEM image are chemically produced and have an average diameter of 

100 nm. 

 

The disc diffusion method is used to test zinc oxide nanoparticles for antibacterial activity in vitro. The microbes 

employed in this investigation include Bacillus subtilis and E. coli. The reported inhibitory zones for these 

nanoparticles vary from 10 to 15 mm for Bacillus subtilis and 10 to 17 mm for E. coli. The inhibitory zone images are 

graphically recorded, and the filtered data in these reports are in good agreement with the prior data. The MTT assay 

was used to test the cytotoxicity of zinc oxide nanoparticles. The MCF-7 (breast cancer) cell line was the focus of our 

screening, and zinc oxide produced IC50 values for this cell line that ranged from 25 to 35 g/ml. The majority of these 

nanoparticles have cytotoxic action. The IC50 values occasionally go below the level of the first metal-based 

medication, cisplatin. 

 

CONCLUSION 

 

Due to its uses in piezoelectric transducers, transparent conducting films, gas sensors, and photocatalytic activity, zinc 

oxide nanoparticles are the most popular. Zinc oxide nanoparticles are employed in a variety of industrial products, 

including cosmetics, sunscreens, and products with antibacterial properties. Other zinc oxide nanostructures are used in 

optoelectronics, transducers, sensors, and the 2nd World Conference on Biomedical Sciences. It is also common 

practise to dope zinc oxide nanoparticles with other metals including Ni, Ga, In, Sn, Ali Y, and Sc to enhance their 

characteristics. One of the best doping agents for improving and fine-tuning the electrical and optical characteristics of 

zinc oxide nanoparticles is nickel. At 380 nm, zinc oxide exhibits a strong ultraviolet (UV) emission that serves as its 

primary emission peak. To understand how materials react to doping, there must be interest in studying the optical 

characteristics of zinc oxide nanoparticles doped with Ni. Numerous studies on the optical characteristics of transition 

metal-doped zinc oxide nanoparticles have been published in the literature. These artificial nanoparticles were used as 

antimicrobial and antibacterial agents. 
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