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Based on a review of scientific research, the many kinds of organic nanoparticles that are metallic are 
provided below. These nanoparticles are made of Ce, Ag, Au, Pt, Pd, Cu, Ni, Se, Fe, or its oxides. Metallic 
nanoparticles are nanoscale metals that fall between one and one hundred nanometers in length, breadth, 
and thickness. Faraday looked into the possibility of metallic nanoparticles in liquid form initially in 1857. 
In 1908, Mie presented a quantitative interpretation regarding their color. There are contains a thorough 
discussion of several characterization techniques, for example, X-ray diffraction, small-angle X-ray 
scattering, ultraviolet (UV)-observable spectroscopy, Fourier-transform infrared spectrum analysis, 
dynamic scattering of light, scanning electron microscopes, and transmission microscopy using electrons. 
The metal nanoparticles are promising for use as weapons versus a range of hardy microorganisms. Their 
capability to fight strains of bacteria and fungi resistant to antibiotics has been demonstrated by several 
research. Metallic nanoparticles are used in organic chemistry as catalysis. When it comes to reducing 
response time as well as increasing yields, this can result in noticeably better reaction performance. From 
this review, the concept of Metallic nanoparticles, its advantages and disadvantages are described. It also 
includes techniques for the synthesis of Metallic Nanoparticles and its applications.. 
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INTRODUCTION 

Both spherical and nonspherical nanoparticles are being employed extensively across a variety of sectors, such as biology, 

electronics, vitality, and textiles. The growing number of applications has led to a greater emphasis on researching the production 

process for nanoparticles. Traditionally, liquid-state synthesis techniques including micro-emulsion, sol-gel, the coprecipitation 
of soluble chemicals, etc., are used to create nanoparticles (Shahbazali et al., 2016). Because of their capacity for interaction 

with substances or cells and potentially impacting their activities, nanoparticles (NPs) are very appealing for various biological 

purposes. Target selectivity and low solubility in water are two limitations for several standard therapies that may be solved by 
specifically functionalized NPs (Gatto et al., 2018). Using a range of diameters between ten to Hundred nm, nanoparticles (NPs) 

are distinguished by their vast surface area, quantum characteristics, adsorption and release capabilities, and other unique traits 



Chande et al. (Nanoparticles marvels) 

J. Postharvest Technol., 2024, 12(1): 31-40   32 

that make them very promising for use in a variety of multiple-purpose activities. Of all the nanoparticles, nanoparticles of metallic 
material are particularly appealing because of their specific qualities and wide range of uses. It is acknowledged that the potential 

uses of MNPs, which are influenced by the synthesized technique, were closely related by their shape, size, dispersion, and 

physical and chemical characteristics. Therefore, one of the primary goals of MNPs. research has been done to find novel hosts 
to manipulate the features of MNPs. Furthermore, the traditional methods for synthesizing MNPs need a lot of energy and 

chemicals, which might have negative effects on the natural world. Research on MNPs is beginning to focus on the increasingly 

important goal of creating an alternate environmentally friendly synthesis technique. An optimal strategy for achieving these 
goals would be to highlight these two goals concurrently (Wang et al., 2017). Producing nanomaterials might be approached 

from two general perspectives the top-down method, which uses physical, chemical, and biological power to break down a bigger 

structure into smaller components; and the bottom-up method, which starts at the level of the atom and synthesizes material 
using a variety of chemically based, physically based, or biological processes to create a larger nanostructure (Zhang et al., 

2020). Cathedral windows were embellished with metal nanoparticles during the Middle Ages. Noble metal nanoparticles have 

a distinct role in nanotechnology because of their specific features. The area of the nanoparticles' surface to the ratio of volume 
is the most crucial characteristic since it makes it simple for them to communicate with different particles. Dispersion in 

nanoparticles is accelerated and possible at low temperatures because of their extensive surface area compared to volume 

proportion. Furthermore, this topic has gained increased interest since it allows us to treat afflicted cells and tissues directly, 
preventing the disruption or toxicity of good cells (Kumar et al., 2018). 

METALLIC NANOPARTICLES 

Gold nanoparticles 

Colloidal gold nanoparticles are employed in the immunogold labeling of materials for transmission electron microscopy imaging, 

which is one application of gold nanoparticles in imaging technology. The secondary antibody that binds to the gold nanoparticles 

can attach to the primary antibody produced against a particular target. The electron-dense gold nanoparticles appear as black 
patches, making it possible to see their destination. Magnetized nanoparticles are also utilized in images, such as in MRI 

(magnetic resonance imaging) scans as agents of contrast. Para-magnetic metallic nanoparticles come in a variety of forms, 

primarily but not only based on iron. These nanoparticles become magnetic when an external magnetic field is applied, aligning 
with the path of the field from the outside and appearing as a hypo-exposed region on an MRI scan (Edmundson et al., 2014). 

Silver nanoparticles 

In all of the history of mankind, silver has been widely utilized due to its long-known antibacterial qualities. However since these 

qualities were first included in MNPs, their use has greatly increased. The confined surface Plasmon resonance, strong 
conductivity, chemical resistance, broad-spectrum antibacterial activity, and lethal impact on cancerous cells of silver 

nanoparticles (AgNPs) are the reasons behind their appeal. Healthcare, packaging for food, and textiles. and farming sectors 

have primarily used them for their antimicrobial properties; however, they have also found use in catalytic processes, 
chemotherapy for cancer, and antioxidant purposes, as well as in antiviral properties and anti-inflammatory properties (e.g., for 

HIV), cosmetics, electronic devices, and energy. In addition to their antimicrobial properties, these substances also limit the 

development of bacteria and the production of biofilms. For these reasons, they are very valuable components of several 
materials and equipment used in the food sector, and applications in biomedical, technical sciences, and agriculture. AgNPs 

with smaller dimensions are favored in numerous uses because of their antibacterial properties. Small AgNPs emit more Ag 

ions, are more likely to penetrate organisms, have more surface atoms accessible for a variety of reactions, and produce more 
reactive oxygen species (ROS) on their surface, all of which enhance toxic effects  (Simões et al., 2020; Kolekar et al., 2023). 
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Copper nanoparticles 

in the reduction of copper salt in the presence of surfactants to create pure Cu NPs. Cu NPs may quickly oxidize to generate 

copper oxide. If the use calls for the Cu NPs to be shielded from oxidation as well they are often encased inorganic substances 
like silica and carbon or organic materials like capping and stabilizing agents. The following techniques have been reported for 

the manufacture of Cu nanoparticles: mechanical attrition, chemical reduction and biosynthesis, radiation method, 

microemulsion technique, thermal reduction, metal vapor synthesis, and ecological methods (Al-Hakkani et al., 2020). 

Iron oxide nanoparticles 

Through benign wavelength radiation (near-infrared (NIR), oscillatory magnetic fields), which is easily absorbed by hazardous 

stimuli of oxygen species that are reactive generation, nanoparticles of iron oxide both directly and indirectly promote anticancer 

activity. Iron oxides can attach covalently to the location of the tumor because of their particle character. Furthermore, iron oxide 
can convert radiant energy into reactive oxygen species, thus mitigating the harmful effects on healthy cells and tissues. 

Spherical-sized iron oxide nanoparticles were recommended by the European Union for use as an agent for treating cancer of 

the prostate and to generate magnetized tumor hyperthermia in the brain in conjunction with treatment for cancer or radiation. 
This iron oxide nanoparticle-based hyperthermic treatment often deaths cancerous cells between 150 and 400 degrees Celsius. 

When energy from outside sources like magnetic forces and near-infrared, or NIR, rays are converted into warmth by 

nanomaterials, the resultant effect is the death of cancerous cells. There are also recent reports of the production of iron oxide 
(Fe3O4) nanoparticles from Sargassum muticum, a seaweed, using an ecologically green-synthesis process (Rao et al., 2016). 

Platinum nanoparticles 

Many biologically active substances that function as decreasing, capping, or stabilization within the production process-such as 

amino acids, phenols, ketones, aldehydes, carboxylic acid (CA), and nitrogen-containing compounds—cause the biological 

reduction of metallic nanoparticles. On the other hand, there aren't many reports on PtNP biological synthesis. In light of this, 
researchers are interested in finding quick ways to create PtNPs from different plant components, including leaves, flowers, 

fruits, roots, bark, and their byproducts, including gum. According to recent research, PtNPs with regulated form and size may 

be synthesized from the waste products of several larger creatures, including birds, insects, and mammals. As an illustration, 
consider the utilization of bee honey, quail egg yolks (which also are rich in proteins and vitamins), and sheep milk (that is rich 

in protein) in the naturally occurring production of PtNPs. The use of naturally occurring aromatic polymers (the lignin and fulvic 

acid, which are derived from red pine and humic extract of leonardite, accordingly), cotton cellulose, wooden nanomaterials, 
bacterial cellulose matrices, and lignin and hemicelluloses for the formation of PtNPs are among the other innovative documents 

(Puja et al., 2019) 

TECHNIQUES FOR SYNTHESIS OF METALLIC NANOPARTICLES 

Biological method 

The technique of biologically generated synthesis for metal nanoparticles has garnered significant interest in recent times. 

Microorganisms and botanicals are employed in the biological synthesis process to create nanoparticles (Fig. 1). Comparing the 

biosynthetic process to some other physical and chemical techniques for manufacturing, it's possible that the latter yields 
nanoparticles with a more precisely specified size and form. Microorganism-based synthesizing has been proven to be easily 

environmentally friendly, adaptable, and consistent with the utilization of the product for pharmaceutical purposes; nonetheless, 

the cost of producing compounds derived from microbes is frequently higher than that of producing molecules derived from 
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plants. Other than not requiring the use of hazardous chemicals, extreme temperatures, or pressures throughout the mass 
manufacturing of nanoparticles, the primary benefits of based on plant synthesizing techniques compared to conventional 

physical and chemical techniques are that they are more affordable, easier to scale up, and environmentally benign. The 

naturally occurring production of metallic nanoparticles employing microbes such as fungi, bacteria, algae, and plants has been 
documented in a great number of research papers. It's because of their antioxidant or reducing qualities, which cause the 

corresponding decrease in metallic nanoparticles. Furthermore, It is found that large-scale production is not a good fit for 

microbe-mediated synthesis. due to the entails a great deal of clean circumstances and extra care. In contrast, producing 
nanoparticles using botanicals is more advantageous than making use of microbes since it is a simple process that does not 

require an ongoing culture of cell maintenance. Utilizing plant extract for nanoparticle production also lessens the need for extra 

steps like isolating microbes and preparing culture media, making it more economically feasible than using microorganisms to 
produce nanoparticles. Since Synthesis mediated by botanicals is a one-step process. the procedure, research on plants is 

growing quickly. In contrast, microbes may eventually lessen their ability to manufacture nanoparticles because of mutations. 

Many production processes have been established, such as thermal breakdown in organic solutions and chemical reduction of 
metallic ions in aqueous solutions regardless of the stabilizing agents (Khandel et al., 2018). 

 
Fig. 1: Techniques for Synthesis of Metallic Nanoparticles (Khandel et al., 2018). 

 

Nanoparticle synthesis by bacteria: The wall of a bacterial cell is crucial; for outside-the-cell release to occur, necessary 

metals must pass via the wall into the cytoplasm and then back via the meshwork on walls. The cell wall is composed of 
peptidoglycan. supplies polyanions for metallic stoichiometric reaction interactions among groups in the wall, which is followed 

by inorganic metal deposition. The chemical reaction (anhydride treatment) for certain groups, such as amines and carboxyl 

groups, can change the wall with many possible metal attachment sites by transforming a positive charge into a negative one (a 
crucial step in the metal attachment procedure). Glutamic acid's carboxyl group was altered chemically to allow for simple 

metallic penetration and deep deposition of metal on the peptidoglycan of Bacillus subtilis (Das et al., 2017). Recent research 

showed how the bacteria Delftia acidovorans produces pure gold nanoparticles. claiming that the synthesis of the gold 
nanoparticles was caused by the tiny non-ribosomal peptide delftibactin. The Delftia acidovorans's defense mechanism against 

harmful ions of gold was linked to the synthesis of delftibactin. The gold no longer presented a toxic risk to the cells once it was 

converted into innocuous nanoparticles of gold bound to delftibactin. The process underlying the creation of metallic 
nanoparticles and its variability between bacteria was initially reported by the Johnston group (Pantidos et al.,2014). 
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Nanoparticle synthesis by plants: The wide range of potential uses of plant-mediated nanomaterials in several domains has 
garnered more interest recently, owing to their unique physic-chemical characteristics. Nature's resources were used to create 

the various metal nanoparticles, which include gold, silver, platinum, zinc, copper, titanium oxide, magnetite, and nickel. These 

nanoparticles have only been researched in detail. Plant components, including the stem, root, fruit, seed, callus, peel, leaves, 
and flower, are employed in biological methods to synthesize metal nanoparticles in a range of sizes and forms. varied sizes 

and forms of the nanoparticles generated from botanical materials. The quantity of plant material in the reaction media and a 

variety of concentrations of metals can change the biological synthesis process and alter the size and shape of the nanoparticles 

(Kuppusamy et al., 2016). 

Nanoparticle synthesis by fungi: Approximately 70,000 species of fungus have been identified from a total of one million and 
fifty thousand organisms on Earth. In recent research, high-through sequencing techniques were used to estimate that there are 

around 5.1 million fungus species on Planet Earth. Choosing Fungi for microfabrication purposes is the most important choice 

because of their strong metal ion tolerance and biological accumulation abilities (Khan et al., 2017). 

Nanoparticle synthesis by algae: Polysaccharides, proteins, lipids, vitamins, carotenoids, and polyphenols are among the 

many biologically active compounds found in algae that may be useful for producing different metal nanoparticles by inducing 
the process of detoxification in both living cells and extracts from them. It has been demonstrated that such potentially active 

substances are stabilizers and reductors. Moreover, certain algae (such as silicon dioxide nanoparticles made from brown algae) 

can function as a naturally occurring bio-platform for the effective targeted production of certain nanostructured elements at 

almost room temperature. Consequently, there has been a lot of interest in using algae as a productive biosystem to make 
nanoparticles (Li et al., 2021). 

Nanoparticle synthesis by yeast: The synthesis of several enzymes, quick expansion through the usage of cheap nutrients, 
bulk NP production, and ease of regulating yeasts in lab conditions are some of the reasons why yeast strains are more 

advantageous than bacteria. A few investigations have been carried out to look at the Utilization of yeast in the manufacture of 

nanoparticles of metal. Fortunately, one of the main approaches to using material from biological organisms was achieved for 
this purpose by using the eukaryotic processes, specifically, Schizosaccharomyces pombe and Candida glabrata. Research has 

indicated that NPs produced by yeast may have potential applications. Intracellularly produced sulfide nanoparticles (NPs) by 

Schizosaccharomyces pombe were used to fabricate a diode cadmium. This diode had an extremely forward current value and 
operated at minimal voltage. Presumably, these characteristics are thought to be able to create an artificial structure that is a 

perfect diode (Boroumand Moghaddam et al., 2015). 

Physical methods 

The physical method produces vast amounts of metallic nanoparticles by using rays and physical force. It provides a simple 
method for synthesizing metallic nanoparticles in a single reduction step. Compared to other methods, this one takes a fairly 

short period. The evaporation-condensation process has been largely employed for the synthesis of metal nanoparticles. Using 

this method with a tube furnace running at the pressure of the atmosphere, thin films with a homogeneous distribution of sizes 
were produced. In this instance, no surfactants were added to the solution to develop stable nanoparticles and prevent 

contaminating chemicals. Nevertheless, there are several disadvantages to the process, including the need for a sizable furnace 

and more energy to achieve stability in temperature. Using a ceramic heater, steady metallic nanoparticles with an elevated 
temperature at the surface are created during thermal breakdown. This was discovered that synthesized nanoparticles did not 

form clusters at elevated temperatures on their surfaces and were steadily disseminated even at increasing concentrations. The 

resulting nanoparticles have sphere forms and their size dispersal did not alter as the amount of time increased. Using this 
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method, nanoparticles with a limited size distribution were created at 290◦C in the temperature range. The resulting powdery 
nanoparticles had a median size of nearly 9.5 nm. The arc discharge approach was applied to fabricate metallic nanoparticles 

without the need for any surfactants. This approach used spark discharge bombarding to create nanoparticles of silver with a 

median size of 10 nm and no clustering. Although this process was developed for massive manufacturing, it is exceedingly costly 
and environmentally hazardous. Both silver and gold nanoparticles are created by direct sputtering, which is the sputtering of 

metals in aqueous media. This process produces nanoparticles with a restricted particle dispersion by physically depositing 

metallic ions into propane-1, 2, and 3-triol (glycerol). Using this method, round-shaped nanoparticles with a normal diameter of 
4 nm were produced. It was revealed that these nanoparticles had an aversion to clumping even in the dilute aqueous solutions.  

By excision of large quantities of material and the use of high-power laser beam pulses in the medium ablation with a laser 
produces nanoparticles. The wavelength at which the laser impinges on the metallic ion, the length of the laser pulse, the amount 

of time needed for excision, the kind of media utilized, and the existence or nonexistence of surfactants all affect how efficiently 

nanoparticles are produced. The laser pulse applied to the silver ion caused the silver nanoparticles to form in femtoseconds. 
As the quantity of surfactant decreased and the radiation power grew, so did the size of the nanoparticles. Both silver and gold 

nanoparticles may also be produced utilizing several irradiation methods such as γ irradiation, radiation from microwaves, and 

radiation from lasers. Three phases are involved in the production of this irradiation technique: nucleation, accumulation, and 
growth. The fabrication of stabilized nanoparticles with a restricted size distribution is made possible by these techniques (Devi 

et al., 2019). 

Chemical methods 

The most popular method for creating NPs is the chemical technique, which has a high yield and cheap cost. In general, metallic 

precursors, an agent that reduces, and a stabilizing/capping agent are utilized in the chemical production of nanoparticles. 
Chemical synthesis is an oxidation-reduction process that involves the use of both organic and inorganic agents that reduce 

them. Various reducing agents, such as sodium citrate, ascorbate, sodium borohydride (NaBH4), elemental hydrogen, N, N-

dimethylformamide, tollens reagent, and polyol process, can be employed in this method. The suggested response is seen in 
the illustration in. Furthermore, it's critical to safeguard NPs that can bind or absorb into NP surfaces during the creation of 

metallic nanoparticles by utilizing protective agents to steady dispersive NPs and prevent clustering. It is also advised to add 

surfactants with various functions to interact with the surface of the particles to maintain their development and stop them from 
accumulating, sedimentation, or even losing their surface characteristics. A few of the surfactants that can be employed are 

amines, thiols, alcohols, and acids (Shnoudeh et al., 2019).  

CHARACTERIZATION OF METALLIC NANOPARTICLES 

There are several methods available to characterize the nanoparticles (Fig. 2). As detailed below 

Absorbance spectroscopy 

Spectroscopy is an effective tool for describing metallic nanoparticles because of their vivid color, which is apparent to the 

unaided eye. This method may be used to get qualitative data on the nanoparticle. Measurement of absorbance is done by using 

Beer's law. It is possible to determine the coefficient for extinction (A) based on the route length (l) and nanoparticle concentration 

(Kumar et al., 2018). 



Chande et al. (Nanoparticles marvels) 

J. Postharvest Technol., 2024, 12(1): 31-40   37 

 
                 Fig. 2: Characterization techniques for metallic nanoparticles (Khandel et al., 2018) 

UV-visible spectroscopy analysis 

One of the main methods to verify the creation of nanoparticles is ultraviolet (UV)-visible spectroscopy. The foundation of 
spectroscopic operation is the luminosity in the visible and ultraviolet portions of the electromagnetic field that is absorbed or 

dispersed by metallic nanoparticles. Because an electron is excited on the metallic surface of the metallic nanoparticles with 

special optical characteristics, the surface plasmon resonance phenomenon is observed. The way that excitement fluctuates 
depending on the size, shape, and concentration of metallic ions, was examined using ultraviolet-visible spectroscopy (Devi G 

K et al., 2019). 

X-Ray diffraction (XRD) 

X-ray diffraction is utilized to determine a material's atomic arrangement. Both quantitative as well as qualitative analyses employ 

it. It is employed in the computation of crystal nanoparticle size, the confirmation of the structure of the crystalline, and the 
verification of nanoparticles (Bansal S et al., 2023). 

Fourier transform infrared spectroscopy (FTIR) 

FTIR may be employed to examine the surface chemistry of created metallic nanoparticles and to detect the participation of 

biological molecules. in the nanoparticle manufacturing process and is applicable for assessing various capping agents. Infrared 
radiation passes via the example in FTIR; part of the radiation is taken in by the sample, and the remainder passes through it. 

The obtained spectra show the sample material's typical absorbing and transference. Finding the role of organic molecules in 

the decline of silver from silver nitrate may be done easily, affordably, and non-invasively with the use of FTIR (Almatroudi A et 
al., 2020). 

Scanning electron microscopy (SEM) analysis 

One well-liked method for examining the sample's morphology and surface topology is scanning electron microscopy. Secondary 

electrons, scattered back electrons, and electrons from Auger are released when an electron beam interacts with the material. 
The sample's composition and surface shape affect how these electrons are released. The accumulation of electrons is observed 

in A scanning electron microscope and the signal is created which delivers the data about the material. Surface illumination was 

carried out at a resolution of around one nanometer, depending on the electron probe and how it interacted with the sample. It 
was effectively used for nanoparticle scanning due to its high-definition capability (Devi G K et al., 2019). 
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Transmission electron microscopy (TEM) analysis 

To characterize nanomaterials and learn more about their size, shape, crystallinity, and interparticle interactions, transmission 

electron microscopy is also frequently utilized. A technique for chemical and structural characterization with great resolution in 
space is the transmission electron microscope It can directly view atoms in crystallized specimens at resolutions that are less 

than the interatomic distance, about 0.1 nm. An individual nanocrystal can be employed for quantitative chemical examination 

by focusing an electron beam to a diameter of less than ~0.3 nm (Kumar et al., 2018). 

APPLICATIONS OF METALLIC NANOPARTICLES 

Permeable nanostructured substances affect the movement of cells, their proliferation, and differentiation, which is a key factor 

in bone formation. silver, gold, and Platinum noble metal nanoparticles can be applied across numerous biological domains, 

including gene transfer, anti-fungal, cancer prevention, enhanced radiation treatment, medication administration, thermally 
ablution, and diagnostic tests. The highly precious metal nanoparticles have several special features that make them worth more 

(Yaqoob et al., 2020). Metal nanoparticles have several uses in the biomedical areas, and this sector has great promise for 

future expansion. Because of their antibacterial properties, metal nanoparticles (NPs) are frequently employed. For instance, 
implants, bone cement, and dressings for wounds have all included silver nanoparticles (AgNPs). The visual and 

chemotherapeutic characteristics of gold nanoparticles (AuNPs) are significant to medicine (Schröfel et al., 2014). Targeted 

medication delivery is one of the main uses for metallic particles, which may be modified with certain ligands or antibodies to 
distribute and target medicinal substances to specific cells or tissues. Furthermore, as contrast agents in medical imaging, 

metallic nanoparticles have demonstrated potential in improving tissue visibility and facilitating early identification of diseases. 

Their visual properties enable accurate and quick identification of biomarkers, which is useful in biological sensing and diagnostic 

applications as well (Burlec et al., 2023). 

CONCLUSION 

In both nanotechnology and nanoscience, metal nanoparticles (NPs) are essential. Using their metal features researchers were 

able to produce metal NPs using physical, chemical, and biological approaches. Recent investigations have made significant 

progress in the production of metallic nanoparticles using plant extracts, and they have critically examined the numerous 
mechanisms that have been suggested. As a more environmentally friendly technique, utilizing botanical products can be 

employed to produce metallic nanoparticles efficiently. Utilizing the plants' apparent simplicity and ease of use, command over 

the dimensions and form of nanoparticles is achieved. Plant-based nanoparticles have been utilized in numerous applications.  
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