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 

Abstract—The present growth in nanotechnology has triggered 

unexpected developments in a variety of areas, including pre and 

para medicine, health care system, agriculture, food technology, 

engineering and technology. An important area of research in this 

sector is the synthesis of NPs with varied chemical compositions, 

sizes, morphologies, and controlled disparities. The biosynthesis 

of metal NPs has gained great attention in the past decade because 

of their peculiar and intriguing features, with several applications 

over their bulk component count. The NP has several applications 

in the food, pharmaceutical, and cosmetic sectors, making it a 

vital scientific subject. The use of plant extracts in the production 

of ZnO NPs provides an environmentally acceptable and 

promising alternative to typical chemical synthesis methods. 

Novel materials have been developed in the field of nanomaterial 

phytosynthesis. In this paper we summarises recent research and 

innovations in the area of ZnO NPs phytosynthesis. 

 

Index Terms— ZnO NPs, Phytosynthesis, Characterization, 

Mechanism, Applications  

 

I. INTRODUCTION 
 

In this day, nanoscience discoveries in practically every 

sector of science and nanotechnologies make life simpler. 

Nanoscience and nanotechnology are emerging scientific 

fields that encompass structures, systems, and networks with 

unique features and functionalities as a result of the 

arrangement of their atoms on the 1–100 nm scale.  

Nanotechnology is one of the most prevalent and significant 

developments of the twenty-first century, as well as one of the 

most rapidly developing sectors of science and technology, 

with extraordinary growth [1]. 

The physicochemical characteristics of nanoparticles are 

significantly improved, allowing for the development of 

numerous novel structures, processes, nanoplatforms, and 

devices with potential applications [2]. 

Zinc has been shown to be an essential nutrient in humans, 

with several enzymes. Our bodies store roughly 2-3 g of zinc 

and require about 10-15 mg every day. Because of its tiny 

particle size, zinc oxide nanoparticles are easily absorbed by 

the body. As a result, it is utilised as a food ingredient. Zinc 

has been identified to control a variety of physiological 

activities [3].  ZnO NPs [4] exhibit several bactericidal 

processes via interacting with the bacterial surface and core. 

Based on pH, temperature, area, and substrate concentration 

stability, the mechanism can be identified, and corresponding 

substrate absorption in the composite surface can be observed 

 
 

[5].Zinc oxide nanoparticles pique the interest of researchers 

due to its significant features such as nontoxicity, biosafety, 

high electron transfer rates, superior biological compatibility, 

simplicity of synthesis, better analytical performance with 

higher sensitivity, and inexpensive production costs [6]. 
 

II. METHODS OF SYNTHESIS OF 

NANOPARTICLES 

Many synthetic approaches were used to create zinc oxide 

nanoparticles, including chemical, physical, and biological 

synthesis. Chemical synthesis is the process of carrying out 

one or more chemical processes. The original ingredients or 

reactants are transformed into a product in this step. The 

chemical synthesis process is separated into two stages: gas 

and liquid [7]. Physical synthesis- It is a two-stage bottom-up 

technique for synthesising nanostructure materials, with the 

Ist phase involving the evaporation of the material and the 

IInd including rapid modulated condensation, chemical 

vapour deposition, laser ablation, ball milling, solid are the 

three types of physical synthesis. Biological synthesis- This 

approach refers to bioremediation, in which chemical 

substances are degraded and metabolised by biological 

processes and environmental quality is restored. 

Plant-mediated synthesis and microbe-mediated synthesis are 

the two forms of biological synthesis. 
 

 

III. MECHANISM OF ZNO NPS 
 

UV-Visible light activates zinc oxide nanoparticles, which 

produce reactive oxygen species (ROS) such as superoxide 

anion, hydrogen peroxide, hydroxyl radicals.   They penetrate 

the cell body, leaving O2-2, a negatively charged ROS 

species, on the cell surface. Zn2+ is generated when ZnO NPs 

bind together in the cytoplasm of bacterial cells, they can 

cause cell death [8,9]. 

 
 

Figure 1: Schematic representation of antibacterial mechanism of 

zinc oxide nanoparticles [10] 

Characterization and Applications of ZnO NPs: 

A Review 
REENA SOLANKI, SEEMA AGRAWAL 

 

Department of Chemistry, Dr. A. P. J. Abdul Kalam University, Indore 452016, India 
 Correspond Author Email: rm.reenamewada@gmail.com 



                   Journal of Innovative Engineering and Research (JIER)                                                                                

                  Vol.- 5, Issue -1, April 2022, pp. 17-20 (4 pages)  
 

 

ISSN (Online) : 2581–6357, Vol. – 5, Issue -1, 2022 @ JIER Page 18 
 

 

 

IV. CHARACTERIZATION OF ZINC NPS 

 

UV-Vis spectroscopy is an analytical method that compares 

the quantity of discrete wavelengths of UV or visible light 

absorbed or transmitted by a sample to a reference or blank 

sample. This feature is impacted by the sample composition 

and may provide information on what is present in the sample 

and at what concentration. Because this spectroscopic 

approach is based on the usage of light, we need first look at 

the properties of light [11]. 

Scanning Electron Microscopy demonstrates the 

microstructure of the particle's coated surface, photocatalyst 

dispersion throughout the substrate surface, homogeneity, and 

particle morphology. It controls the secondary electrons 

produced when an impinging electron beam interacts with a 

material [12]. 

The components of a Transmission Electron Microscopy 

(TEM) microscope are the same as those of a SEM 

microscope. The electron fascicle, with an acceleration 

voltage varying from 60 to 300 kV, focuses on a 100 nm thick 

ultrafine sample.  An acceleration of 80–200 kV is used to 

investigate nanoparticles. [13]. some electrons in the fascicle 

that reach the specimen are elastically or inelastically 

dispersed, as in SEM, while others pass through the material. 

The final image is constructed using the information collected 

from the transmitted electrons and is either displayed directly 

on a fluorescent screen or taken over by a camera and 

presented on a PC screen. The material's resolution is 

proportional to the acceleration voltage, and the picture 

contrast is determined by the interaction of SE with the 

material. TEM examination gives 2D pictures that provide 

information on the size, shape, and morphology of 

nanoparticles. The magnitude and resolution of the TEM 

method are higher than those of the SEM [14]. 

FTIR is a technology that has been utilised for structural and 

compositional study in both academia and industry for many 

years. FTIR spectroscopy is a valuable method for identifying 

and quantifying functional groups. FTIR is a promising and 

rapid approach for characterisation of layered double 

hydroxides (LDH) and organo-modified LDH, and it is 

frequently the first step in LDH characterization. The FTIR 

method may be used to determine LDH structures and 

intercalated anions between LDH layers [15]. 

X-Ray Diffraction (XRD) is a method used to identify the 

underlying crystal structure of a material; it allows for the 

verification of crystallinity and structure of a sample but 

provides no chemical information. The calculation of material 

lattice parameters, crystal (or grain) orientation, stress in 

crystalline regions, and secondary phases in the sample may 

all be done by fitting XRD patterns. It's a technique for bulk 

characterization that creates an average diffraction pattern for 

the measured region. XRD is a nondestructive technique that 

may be used at ambient temperature and pressure [16]. 

Energy-Dispersive X-Ray spectroscopy (EDS)- The 

elemental analysis or chemical characterisation of a material 

is determined using EDS. A high-energy beam of charged 

particles, such as electrons or protons (see ERD), or a beam of 

X-rays, is directed upon a material to stimulate characteristic 

X-rays [17]. 

DLS- The most frequent use of DLS is to examine 

nanoparticles. Nanogold size, protein size, latex size, and 

colloid size are just a few examples. The approach is 

appropriate for submicron particles, although it may also be 

used to identify particles smaller than a nanometer [18]. 

Zeta potential determination is a significant characterization 

technique of nanocrystals to estimate the surface charge, 

which can be employed for understanding the physical 

stability of nanosuspensions [19].  
 

V. APPLICATIONS OF ZINC NPS 

Zinc oxide nanoparticles have a variety of shapes and have 

outstanding antibacterial efficacy against a wide range of 

bacteria [20]. Previous study has demonstrated that 

decreasing particle size improves zinc oxide nanoparticle 

antibacterial activity, which increases with increasing powder 

concentration [21,22]. The mechanism of antibacterial action 

of zinc oxide nanoparticles is based on induced oxidative 

stress. The interaction between Zn+ ion and thiol group of 

bacterial respiratory enzyme induces oxidative stress in 

bacterial cells, where an increase in ROS damages and kills 

bacterial cells [23]]. ZnO NPs have significant antibacterial 

action against both gram-positive and gram-negative bacteria. 

As an antibacterial agent, zinc oxide nanoparticles prevent 

food-borne and most harmful infections [24]. 

Zinc oxide nanoparticles have antioxidant properties due to 

electron density transfer at oxygen, and these properties are 

dependent on the structural arrangement of oxygen atoms 

[25]. The organically produced material demonstrates 

excellent antioxidant activity of natural antioxidant from 

higher plants against chronic disorders caused by the 

oxidative process. Zinc acts as an antioxidant by reducing cell 

membrane damage caused by free radicals. It also functions as 

a cofactor or component of several enzymes that affect the 

oxidative process. The persistent action of antioxidants 

causes increased susceptibility to specific types of oxidative 

stress. The antioxidant enzyme catalase removes peroxide 

from the body, and the structure of the mitochondrial 

membrane is preserved [26]. 

ZnO NPs' photocatalytic activity indicates improved electron 

mobility, which enhances the migration of photogenerated 

ZnO electrons., which inhibits photogenerated hole and 

electron recombination, resulting in an increase in the lifetime 

of photogenerated charge carriers. There are numerous 

methods for enhancing the photocatalytic reaction rate, which 

include lowering the bandgap, increasing defect 

concentration, and increasing surface area [27]. The rise in 

pollutant concentration indicates a decrease in photocatalytic 

activity, which decreases the likelihood of the illuminated 

light beam reaching the catalyst NPs. ZnO NPs  have a larger 

surface area, a narrow bandgap, and a smaller particle size, 

which increases UV light absorption and 

photodecomposition. As a result of the photocatalytic 

activity, the production of smaller sized nanoparticles is 
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boosted [28]. 

Zinc oxide nanoparticles have a great anti-diabetic impact, 

namely improving glucose tolerance, lowering blood glucose, 

increasing serum insulin, lowering non-esterified fatty acids, 

and lowering triglycerides [29]. Zinc is widely known for its 

function in insulin structure. Zinc improves insulin signalling 

by increasing phosphorylation of the insulin receptor, 

increasing phosphoinositide 3-kinase, and increasing 

phosphoinositide 3-kinase. As a result, zinc and diabetes have 

a highly intricate interrelationship. Zinc oxide nanoparticles 

have been shown to significantly reduce fasting blood glucose 

levels in diabetics [30]. 
 

VI. CONCLUSION 

Because of their small size (less than 100 nm), nanoparticles 

are a popular research field. In comparison to other 

approaches, the creation of metallic nanoparticles utilising a 

green process is inexpensive, ecologically friendly, and easily 

scaled up. Because of their small size, nanoparticles have 

different characteristics than the bulk of the same materials, 

and this has led to new advances in domains such as 

biomedicine, biosensors, and bio-nanotechnology. ZnO NPs 

are a good platform for biomedical research because of the 

healing qualities of biomedical applications. As a result, 

nature's secret has encouraged the advancement of 

biomimetic techniques to the development of sophisticated 

nanomaterials. 
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