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Abstract: Nanotechnology has emerged as an important area of scientific research because 

nanomaterials exhibit distinctive physical, chemical, optical, catalytic, and biological properties 

compared with their bulk counterparts. Conventional methods for nanoparticle synthesis frequently 

involve hazardous chemicals, high energy consumption, expensive equipment, and the generation of 

undesirable by-products. Consequently, green synthesis has gained considerable attention as an 

alternative approach for producing nanomaterials using renewable biological resources. Among the 

different biological methods, plant-mediated synthesis is particularly promising because plant extracts 

contain phytochemicals that can facilitate the reduction of metal ions and the stabilization of the 

resulting nanoparticles. Compounds such as polyphenols, flavonoids, terpenoids, alkaloids, proteins, 

sugars, and organic acids may participate in nanoparticle formation, depending on the plant species 

and extraction conditions. 

The present review examines the principles, mechanisms, synthesis procedures, characterization 

techniques, and potential applications of nanoparticles synthesized using plant extracts, with 

particular emphasis on literature published up to December 2019. Silver, gold, zinc oxide, copper 

oxide, and iron oxide nanoparticles are discussed in relation to their synthesis and potential 

applications in antimicrobial technology, environmental remediation, catalysis, agriculture, and 

biomedical research. Important synthesis parameters, including pH, temperature, extract 

concentration, precursor concentration, reaction time, and mixing conditions, are also considered. 

Although plant-mediated synthesis offers advantages in terms of reagent selection, operational 

simplicity, and the possibility of reducing hazardous chemical inputs, challenges remain regarding 

reproducibility, particle-size control, mechanistic understanding, toxicity assessment, and industrial 

scalability. The review concludes that standardized extraction protocols, comprehensive 

physicochemical characterization, life-cycle assessment, and systematic safety evaluation are 

necessary to establish the environmental and technological benefits of plant-mediated nanomaterial 

production. 

 

Keywords: Green synthesis, nanoparticles, plant extracts, phytochemicals, nanotechnology, 

biosynthesis, silver nanoparticles, environmental sustainability. 

 

I. INTRODUCTION 

Nanotechnology involves the design, synthesis, characterization, and application of materials whose properties are 

strongly influenced by their nanoscale dimensions. Nanoparticles are commonly described as particles having at least 

one dimension in the approximate range of 1–100 nm, although broader definitions are sometimes used for particular 

nanomaterials and applications. At these dimensions, materials may exhibit distinctive optical, electrical, magnetic, 

catalytic, and surface-related characteristics. 

The properties of nanoparticles depend on several factors, including particle size, shape, crystallinity, surface 

chemistry, composition, and aggregation state. Their relatively high surface-area-to-volume ratio can increase the 

number of accessible surface sites and influence catalytic and biological interactions. These characteristics have 
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encouraged the investigation of nanomaterials for applications in sensors, catalysis, water purification, antimicrobial 

surfaces, drug-delivery research, and agricultural technologies (Iravani, 2011; Kharissova et al., 2013). 

Various physical and chemical methods have been developed for nanoparticle production. Physical techniques include 

evaporation–condensation, laser ablation, and mechanical milling, whereas chemical techniques include chemical 

reduction, sol–gel processing, precipitation, and hydrothermal synthesis. Although these methods can produce materials 

with useful characteristics, their environmental performance varies considerably according to the reagents, solvents, 

temperatures, energy requirements, and waste-treatment procedures involved. 

Chemical synthesis may require reducing agents, stabilizers, surfactants, or organic solvents that present toxicity or 

disposal concerns. Some physical methods require specialized equipment and substantial energy input. These 

limitations have stimulated interest in alternative synthesis routes that use biological materials and milder processing 

conditions. 

Green synthesis is an approach that seeks to reduce the environmental impact of material production by selecting safer 

reagents, renewable feedstocks, and less resource-intensive processes wherever feasible. Plant extracts have attracted 

particular interest because they are comparatively accessible, contain diverse bioactive compounds, and can sometimes 

perform multiple functions during nanoparticle formation. 

Iravani (2011) reviewed the use of plants for metal nanoparticle synthesis, while Mittal et al. (2013) discussed the 

potential of plant-derived biomolecules to reduce metal ions and support nanoparticle formation. Kharissova et al. 

(2013) further examined greener methods for producing metals, metal oxides, and related nanomaterials. These reviews 

established plant-mediated synthesis as an important research direction in sustainable nanotechnology. <Cite 

refs={["turn842461search8","turn842461search6","turn842461search1"]}/> 

 

1.1 Need for green synthesis 

The growing demand for nanomaterials has increased the importance of developing synthesis procedures that balance 

material performance with environmental responsibility. A synthesis method should not be considered environmentally 

sustainable merely because it uses a natural extract. The toxicity of the metal precursor, the amount of water and energy 

consumed, the recovery of the product, and the disposal of the remaining reaction mixture must also be considered. 

Plant-mediated synthesis offers an opportunity to replace certain conventional reducing and stabilizing agents with 

naturally occurring compounds. Depending on the synthesis system, it may also reduce the number of processing steps 

and the need for additional capping chemicals. 

However, the environmental benefits must be established for each material and process rather than assumed. For 

example, extraction using large quantities of organic solvent, extensive purification, or energy-intensive drying may 

offset some of the benefits obtained from the use of plant-derived reagents. 

 

1.2 Objectives of the review 

The principal objectives of this review are: 

1. To explain the fundamental principles of green nanoparticle synthesis using plant extracts. 

2. To describe the major phytochemicals involved in metal-ion reduction and nanoparticle stabilization. 

3. To discuss the general mechanisms and experimental procedures used in plant-mediated synthesis. 

4. To summarize the important characterization techniques employed to evaluate synthesized nanoparticles. 

5. To examine potential applications in healthcare research, environmental remediation, catalysis, and 

agriculture. 

6. To identify the major scientific, environmental, and technological challenges reported in literature up to 

December 2019. 

 

II. GREEN SYNTHESIS OF NANOPARTICLES: BASIC PRINCIPLES 

Green synthesis using plant extracts is a biological or bio-assisted approach in which plant-derived substances 

participate in the formation and stabilization of nanomaterials. In a typical metal nanoparticle synthesis, an aqueous 

plant extract is combined with a solution containing metal ions. Under suitable conditions, extract constituents promote 

chemical reduction, nucleation, and subsequent particle growth. 
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For example, silver ions (Ag⁺) can be reduced to metallic silver (Ag⁰), leading to the formation of silver nanoparticles. 

The process depends on the chemical nature of the precursor, the composition of the extract, and the reaction 

environment. 

Plant extracts may provide three important functions: 

Reduction: Certain phytochemicals donate electrons to metal ions, converting them into lower oxidation states or 

elemental forms when the relevant chemistry permits. 

Capping: Organic molecules adsorb onto nanoparticle surfaces and may reduce uncontrolled growth or aggregation. 

Stabilization: Surface-associated molecules can provide steric or electrostatic effects that help maintain a dispersed 

particle suspension. 

The relative contribution of each function differs among plants, metals, and reaction conditions. Not every plant extract 

is equally effective, and the same extract may produce different materials under different experimental conditions. 

 

2.1 Sources of plant extracts 

Different plant parts can be used as sources of bioactive compounds, including: 

 Leaves 

 Roots 

 Stems and bark 

 Flowers 

 Fruits and fruit peels 

 Seeds 

 Rhizomes 

Leaves are commonly investigated because they are readily available in many species and can contain phenolic 

compounds, flavonoids, terpenoids, sugars, and other metabolites. Fruit peels and other agricultural residues are also of 

interest because their use may provide value to otherwise discarded biomass. 

Examples of plants investigated in green synthesis research include Azadirachta indica (neem), Ocimum sanctum or 

Ocimum tenuiflorum (holy basil), Aloe vera, Camellia sinensis (tea), Citrus species, and Olea europaea (olive). Their 

suitability depends on the target material and the chemical composition of the selected extract. 

Plant extracts should not be regarded as chemically uniform reagents. Their composition can vary with plant variety, 

growing conditions, maturity, season, storage, and extraction procedure. 

 

III. PHYTOCHEMICALS INVOLVED IN NANOPARTICLE FORMATION 

Plant extracts contain mixtures of primary and secondary metabolites. Some of these compounds can participate in 

reduction reactions, while others contribute to surface binding, stabilization, or the formation of composite structures. 

 

3.1 Phenolic compounds and polyphenols 

Phenolic compounds contain one or more aromatic rings bearing hydroxyl groups. Polyphenols are particularly 

important in many plant-mediated synthesis systems because their oxidation can be associated with the reduction of 

metal ions. 

Depending on their structures and reaction conditions, phenolic compounds may contribute to both nanoparticle 

formation and surface stabilization. Their effectiveness is influenced by the number and position of hydroxyl groups, 

molecular structure, solution pH, and the identity of the metal precursor. 

Tea extracts, which contain substantial amounts of polyphenolic compounds, have been investigated as reducing and 

capping systems for nanoparticle synthesis (Kharissova et al., 2013). 

 

3.2 Flavonoids 

Flavonoids are a diverse group of plant secondary metabolites. Their hydroxyl and carbonyl groups may interact with 

metal ions, and certain flavonoids may participate in redox reactions. 
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The extent of their contribution depends on the molecular structure and the composition of the extract. Their presence 

alone does not establish that a particular flavonoid is responsible for nanoparticle formation; mechanistic confirmation 

requires appropriate chemical analysis. 

 

3.3 Terpenoids 

Terpenoids occur widely in plants and may participate in nanoparticle formation through interactions with metal ions or 

particle surfaces. Their roles can vary substantially because the group includes compounds with different chemical 

structures and functional groups. 

 

3.4 Sugars and carbohydrates 

Reducing sugars and certain carbohydrate-containing compounds can participate in reduction reactions under 

appropriate conditions. Other carbohydrates may interact with particle surfaces and contribute to stabilization. 

Their contribution depends on the type of sugar, reaction temperature, pH, precursor chemistry, and other constituents 

present in the extract. 

 

3.5 Proteins, amino acids, and enzymes 

Proteins and amino acids contain functional groups that can interact with metal ions or nanoparticle surfaces. 

Depending on the system, they may influence nucleation, growth, and colloidal stability. However, the importance of 

proteins in a crude plant extract should be established experimentally rather than assumed. 

 

3.6 Alkaloids and organic acids 

Alkaloids and organic acids can influence nanoparticle formation through complexation, adsorption, or other chemical 

interactions. Organic acids may also modify solution pH and metal-ion availability. 

The combined activity of these constituents is one reason why crude plant extracts can behave differently from purified 

reducing agents. At the same time, complex mixtures make it difficult to identify the exact mechanism without 

additional analytical investigation. 

The role of natural extracts and their constituents in metal nanoparticle formation has been discussed in detail by 

Iravani (2011), Mittal et al. (2013), and El-Seedi et al. (2019)  

 

IV. MECHANISM OF PLANT-MEDIATED NANOPARTICLE SYNTHESIS 

The formation of nanoparticles using plant extracts generally involves several interconnected stages. Although a 

simplified mechanism can be proposed, the exact pathway varies with the precursor, plant species, extract composition, 

and experimental conditions. 

 

4.1 Preparation and interaction of the extract 

The first stage involves extraction of soluble compounds from selected plant material. These compounds enter the 

solvent and form a chemically complex mixture. 

When the extract is introduced into a metal-salt solution, various molecules may interact with metal ions through 

coordination, electrostatic interactions, or other chemical processes. The strength and significance of these interactions 

depend on the chemical system. 

 

4.2 Reduction of metal ions 

In systems that produce elemental metal nanoparticles, reducing compounds transfer electrons to metal ions. For 

example, silver ions can undergo reduction: 

Ag++
- → Ag0 

The resulting neutral silver atoms may combine to form small clusters. Similar reduction pathways apply to other 

metals when the relevant precursor and redox conditions permit. 

This equation illustrates the reduction step; it is not a complete reaction equation for a plant extract because the 

oxidation products of its constituent molecules are often unknown or incompletely characterized. 
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Metal oxide nanoparticle formation may involve a different pathway, including hydrolysis, precipitation, condensation, 

and subsequent crystallization. Therefore, all green synthesis processes should not be described as simple metal-ion 

reduction. 

 

4.3 Nucleation 

Nucleation occurs when newly formed atoms or chemical species aggregate into stable initial clusters. The rate of 

nucleation influences the number of particles formed and can affect the final particle-size distribution. 

Rapid nucleation followed by controlled growth may favor smaller particles in some systems. However, the relationship 

is not universal because aggregation, precursor chemistry, and surface stabilization also influence the outcome. 

 

4.4 Growth of nanoparticles 

Following nucleation, particles grow through the addition of atoms, ions, or other growth units. The growth rate can 

depend on precursor concentration, temperature, pH, reaction time, and the availability of active phytochemicals. 

If growth proceeds unevenly, particles of different sizes and shapes may form. Plant extracts can influence these 

processes, but crude extracts do not necessarily provide precise control over morphology. 

 

4.5 Capping and stabilization 

Organic molecules may adsorb onto newly formed particles, forming a surface-associated layer. This layer can hinder 

direct contact between particles and reduce aggregation through steric or electrostatic effects. 

The stability of the resulting suspension depends on factors such as surface charge, pH, ionic strength, the composition 

of the capping layer, and storage conditions. 

 

V. GENERAL METHODOLOGY FOR GREEN SYNTHESIS USING PLANT EXTRACTS 

The following methodology describes a general experimental framework for research on plant-mediated nanoparticles. 

It is not a report of an experiment already performed. Specific quantities, reaction conditions, yields, and results must 

be established and recorded for the chosen plant and nanoparticle system. 

 

5.1 Selection and collection of plant material 

A suitable plant should be selected based on its availability, documented phytochemical composition, intended 

application, and compatibility with the target nanoparticle. 

Plant material should be collected from a traceable source. The species should be identified correctly, preferably with 

authentication by a qualified botanist or herbarium when required. Collection location, date, plant part, and sample 

condition should be documented. 

The plant material should be inspected for visible contamination and damage. It should be washed thoroughly with 

clean water to remove soil and surface impurities. If additional washing or sterilization is required, the procedure 

should be documented because it may alter the extract composition. 

 

5.2 Preparation of the plant extract 

A general aqueous extraction procedure consists of the following steps: 

1. Wash the selected plant material and remove foreign matter. 

2. Chop or grind the material into smaller pieces to increase the available surface area. 

3. Mix a recorded mass of plant material with a measured volume of distilled or deionized water. 

4. Heat or stir the mixture under controlled conditions suitable for the selected plant. 

5. Allow the extract to cool, if heating is used. 

6. Filter the mixture to remove suspended plant debris. 

7. Store the extract in a clean, labeled container under controlled conditions and use it within a documented 

period. 
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The plant-to-solvent ratio, extraction temperature, duration, and filtration method should be recorded. Different 

extraction conditions can yield different concentrations and profiles of phytochemicals, which may influence the 

synthesis. 

Water is frequently considered because it can extract many polar constituents and avoid the need for certain organic 

solvents. Nevertheless, the suitability of an aqueous extract depends on the target compounds and plant material. 

 

5.3 Preparation of the metal precursor solution 

A suitable precursor salt should be selected according to the desired nanoparticle composition. Examples include silver 

nitrate for silver nanoparticles and appropriate zinc, copper, iron, or gold salts for other systems. 

The precursor solution should be prepared using the required concentration and solvent, with the reagent grade, mass, 

final volume, and preparation date recorded. Appropriate laboratory safety procedures must be followed when handling 

metal salts. 

 

5.4 Reaction and nanoparticle formation 

The plant extract is added to the precursor solution under controlled conditions. Depending on the chemical system, the 

mixture may be stirred at room temperature or maintained at a specified temperature. 

Important experimental variables include: 

 Concentration of the precursor solution 

 Volume and concentration of plant extract 

 Ratio of extract to precursor solution 

 pH of the reaction mixture 

 Reaction temperature 

 Reaction time 

 Stirring speed and mixing conditions 

 Exposure to light, oxygen, and other environmental factors 

The reaction should be monitored using suitable analytical methods. A visible color change may indicate the formation 

of a new chemical species or nanoparticle suspension, but color change alone is not sufficient proof of nanoparticle 

formation. 

 

5.5 Separation and purification 

Nanoparticles may be separated from the reaction mixture by centrifugation, filtration, or another suitable separation 

method, depending on particle size and material properties. 

The separated material may be washed with an appropriate solvent to remove residual precursor and loosely associated 

impurities. Centrifugation speed, duration, washing cycles, and solvent volume should be recorded. 

Drying may be performed under suitable conditions if a powder is required. However, drying can cause aggregation or 

changes in surface chemistry. If colloidal stability is important, the material may instead be stored as a suspension 

under validated conditions. 

 

5.6 Experimental controls and reproducibility 

A well-designed experiment should include controls that help distinguish nanoparticle formation from changes caused 

by the extract or precursor alone. Appropriate controls may include: 

 Plant extract without metal precursor. 

 Metal precursor solution without plant extract. 

 A solvent or process blank, where applicable. 

 Independent synthesis replicates. 

 Positive or comparative controls for biological or catalytic testing. 

The number of replicates should be selected according to the study design. The procedure should also document 

whether measurements represent independent synthesis batches or repeated readings of the same sample. 
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5.7 Methodological considerations 

A reproducible study should report the exact experimental conditions rather than using general descriptions such as “the 

mixture was heated” or “the nanoparticles were washed.” Extract composition, batch variability, purification efficiency, 

and residual phytochemicals may influence the final material. 

For these reasons, a standardized protocol is essential when comparing nanoparticle synthesis using different plant 

species or when attempting to scale up a laboratory procedure. 

 

VI. FACTORS AFFECTING GREEN NANOPARTICLE SYNTHESIS 

The properties of plant-mediated nanoparticles are influenced by both the biological extract and the experimental 

environment. Understanding these factors is important for improving reproducibility and obtaining materials with 

suitable characteristics. 

 

6.1 Effect of pH 

The pH of the reaction mixture influences the ionization of phytochemicals, metal-ion complexation, reaction kinetics, 

and the surface charge of the resulting particles. 

Under some conditions, an increase in pH can accelerate reduction or alter nucleation and growth. In other systems, 

changes in pH may cause precipitation of metal hydroxides or other compounds that are not the intended product. 

Consequently, the optimum pH should be determined experimentally for each nanoparticle system rather than assumed 

to be universally acidic or alkaline. 

 

6.2 Effect of temperature 

Temperature influences reaction rates, molecular movement, nucleation, and particle growth. Higher temperatures may 

accelerate nanoparticle formation in some systems but can also alter plant-derived molecules or promote aggregation. 

The appropriate temperature depends on the precursor, extract, and desired product. Temperature-controlled 

experiments can help establish whether heating improves synthesis efficiency or changes particle morphology. 

 

6.3 Effect of plant extract concentration 

The amount of extract determines the concentration of potentially active phytochemicals available for reduction and 

stabilization. 

An insufficient amount of extract may result in incomplete precursor conversion or poor stabilization. Conversely, an 

excessive amount may change nucleation and growth behavior, increase the quantity of organic material associated with 

the particles, or complicate purification. 

A concentration study should therefore consider both nanoparticle formation and final product quality. 

 

6.4 Effect of precursor concentration 

Precursor concentration influences the number of metal ions available for reaction. Increasing precursor concentration 

does not necessarily improve the synthesis because the amount of active reducing material may become insufficient 

relative to the metal-ion concentration. 

Changes in precursor concentration may also affect particle growth, aggregation, and the amount of unreacted material 

remaining in solution. 

 

6.5 Effect of reaction time 

Nanoparticle formation may proceed through several stages, including initial nucleation, growth, and stabilization. 

Monitoring the reaction at different time intervals can provide information about its kinetics. 

Longer reaction times do not necessarily produce better nanoparticles. Extended exposure may result in aggregation, 

ripening, oxidation, or other changes, depending on the material and storage conditions. 
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6.6 Effect of plant species and extraction method 

Different plants contain different combinations of phytochemicals. Even different samples of the same plant species can 

show variation due to geographical origin, soil composition, climate, maturity, and harvesting season. 

Extraction temperature, solvent, duration, and plant-to-solvent ratio further influence the chemical profile. Therefore, 

botanical authentication and standardized extraction are important for reproducible research. 

 

6.7 Effect of mixing and environmental conditions 

Stirring influences contact between the extract and precursor solution. Light and oxygen can also affect particular 

reaction systems. The influence of these conditions should be evaluated when the synthesis is sensitive to them. 

Systematic optimization can involve changing one variable at a time or applying a statistically designed experiment. 

Multivariable optimization may be useful when interactions among pH, temperature, extract concentration, and 

precursor concentration are expected. 

 

VII. CHARACTERIZATION OF GREEN-SYNTHESIZED NANOPARTICLES 

Characterization is essential to establish whether nanoparticles have formed and to determine their composition, size, 

morphology, crystal structure, surface chemistry, and stability. No single technique provides all the information needed 

for comprehensive characterization. 

 

7.1 Visual observation 

A color change in the reaction mixture can serve as a preliminary indication of chemical transformation. For example, 

the formation of silver nanoparticles is often accompanied by a change in the optical appearance of the solution. 

However, plant pigments, precipitation, and other reactions can also change the color of a mixture. Visual observation 

should therefore be treated as preliminary evidence and confirmed using appropriate analytical methods. 

 

7.2 Ultraviolet-visible spectroscopy (UV–Vis) 

UV–Vis spectroscopy measures the absorption of light across the ultraviolet and visible regions. Metallic nanoparticles 

such as silver and gold can exhibit localized surface plasmon resonance, which produces characteristic optical 

absorption bands. 

The position, intensity, and width of these bands may provide information about nanoparticle formation and changes in 

the surrounding environment. However, peak position alone cannot determine the exact particle size because it is also 

affected by particle shape, aggregation, surface coatings, and the refractive index of the medium. 

UV–Vis spectroscopy is useful for monitoring reaction progress, provided suitable blanks and controls are included. 

 

7.3 Fourier-transform infrared spectroscopy (FTIR) 

FTIR spectroscopy measures vibrational absorption associated with chemical bonds. It can help identify functional 

groups in plant extracts and organic compounds associated with nanoparticle surfaces. 

Comparing the spectra of the original extract and purified nanoparticles may reveal changes in bands associated with 

hydroxyl, carbonyl, amine, or other functional groups. 

Such differences can support hypotheses about phytochemical participation, but FTIR alone generally cannot identify 

the exact molecule responsible for reduction or stabilization. 

 

7.4 X-ray diffraction (XRD) 

XRD is used to investigate crystal structure, phase composition, and crystallinity. Diffraction peaks can be compared 

with reference patterns to determine whether the expected crystalline phase is present. 

XRD can also help identify unwanted crystalline phases. Crystallite-size estimates may be obtained from diffraction 

peak broadening using suitable models, but crystallite size is not necessarily equal to the overall particle diameter 
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7.5 Scanning electron microscopy (SEM) 

SEM provides information about surface morphology and particle arrangement. It can reveal whether the material 

consists of approximately spherical, irregular, rod-like, or other structures. 

SEM images may also show aggregation. Elemental analysis coupled with SEM, where available, can provide 

information about the elements present in the analyzed region, although additional techniques may be needed to 

establish composition conclusively. 

 

7.6 Transmission electron microscopy (TEM) 

TEM can provide high-resolution images of nanoparticle size, shape, and internal structure. It is particularly useful for 

examining primary particles that may be aggregated in suspension. 

Particle-size measurements should be based on a representative number of particles and accompanied by an appropriate 

statistical distribution. A few selected images are not sufficient to establish the size distribution of an entire sample. 

 

7.7 Dynamic light scattering (DLS) and zeta potential 

DLS estimates hydrodynamic size from the motion of particles in suspension. The measured size may include the 

particle, its surface-associated molecules, and surrounding solvent effects. It can therefore differ from the particle 

diameter measured by electron microscopy. 

Zeta-potential measurements provide information related to the electrokinetic behavior of particles in suspension and 

can help evaluate colloidal stability. Interpretation should consider pH, ionic strength, and the measurement medium. 

 

7.8 Elemental and chemical analysis 

Energy-dispersive X-ray spectroscopy (EDS or EDX) can provide elemental information, usually alongside electron 

microscopy. Depending on the material, techniques such as X-ray photoelectron spectroscopy (XPS), inductively 

coupled plasma mass spectrometry (ICP-MS), or inductively coupled plasma optical emission spectroscopy (ICP-OES) 

may be useful for examining surface chemistry, elemental composition, or residual metal concentrations. 

The selected methods should match the research question. For example, a claim of successful synthesis of crystalline 

zinc oxide nanoparticles requires evidence of both the relevant composition and phase, rather than relying only on a 

color change or an optical spectrum. 

 

7.9 Importance of combined characterization 

A robust characterization strategy commonly combines optical spectroscopy, microscopy, and structural analysis. 

Additional surface-chemistry and colloidal measurements are valuable when the intended application depends on 

surface functionality or suspension stability. 

Researchers should clearly distinguish among primary particle size, crystallite size, hydrodynamic diameter, and 

aggregate size because these measurements describe different properties. 

 

VIII. TYPES OF NANOPARTICLES SYNTHESIZED USING PLANT EXTRACTS 

8.1 Silver nanoparticles 

Silver nanoparticles are among the most extensively investigated products of plant-mediated synthesis. Their optical 

properties and interactions with microorganisms have encouraged research into antimicrobial coatings, surface 

treatments, sensors, and other applications. 

Plant-derived compounds may participate in silver-ion reduction and stabilize the resulting particles. The size, shape, 

surface chemistry, and aggregation state can influence their behavior. 

Ahmed et al. (2016) reviewed plant-extract-mediated synthesis of silver nanoparticles, particularly in relation to 

antimicrobial applications. Their review highlights the breadth of plant materials investigated and the importance of 

understanding synthesis and biological performance. 

Nevertheless, the biological activity of silver nanoparticles cannot be attributed exclusively to the plant extract or 

particle size. Dissolved silver ions, residual extract constituents, and the properties of the test organism may also 

contribute. 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 8, Issue 1, August 2019 

Copyright to IJARSCT DOI: 10.48175/568    180 

www.ijarsct.co.in  

Impact Factor: 4.819 

8.2 Gold nanoparticles 

Gold nanoparticles exhibit distinctive optical properties that depend on size, shape, aggregation, and the surrounding 

medium. Plant extracts have been investigated as alternatives to conventional chemical reducing and stabilizing agents 

in their preparation. 

Potential applications include colorimetric sensing, catalysis, and biomedical research. Their surface chemistry can be 

particularly important when nanoparticles are used as platforms for binding biomolecules or other functional 

compounds. 

 

8.3 Zinc oxide nanoparticles 

Zinc oxide nanoparticles are of interest because of their optical, semiconductor, surface, and photocatalytic properties. 

Plant-mediated approaches have been investigated as alternatives to certain conventional synthesis methods. 

The formation of zinc oxide commonly involves chemical steps beyond simple reduction of zinc ions, such as 

hydrolysis, precipitation, and crystallization. Consequently, the identity of the precursor, pH, temperature, and post-

synthesis treatment must be considered when determining the final phase. 

Potential applications include photocatalysis, antimicrobial materials, sensors, and selected agricultural technologies. 

Their performance depends on particle properties and the conditions of use. 

 

8.4 Copper and copper oxide nanoparticles 

Copper-containing nanoparticles have been investigated for catalytic, antimicrobial, and environmental applications. 

Plant extracts may assist in precursor conversion and surface stabilization. 

Copper-based materials require careful characterization because metallic copper, copper(I) oxide, and copper(II) oxide 

have different compositions and properties. Oxidation during synthesis, purification, or storage may change the final 

product. 

 

8.5 Iron oxide nanoparticles 

Iron oxide nanoparticles are of interest for magnetic separation, environmental remediation, catalysis, and biomedical 

research. Plant-mediated routes have been investigated for preparing iron-containing nanomaterials. 

The final product may contain different iron oxide phases depending on precursor chemistry, oxidation conditions, pH, 

and heat treatment. Magnetic properties and phase composition should therefore be measured rather than inferred solely 

from the synthesis procedure. 

 

8.6 Bimetallic nanoparticles and nanocomposites 

Research has also explored bimetallic nanoparticles and supported nanocomposites. These materials combine more than 

one metal or integrate nanoparticles with another material to modify catalytic, optical, magnetic, or surface properties. 

Their synthesis can be more complex than that of single-metal nanoparticles because controlling composition, 

distribution, and phase formation is necessary. Green synthesis does not automatically guarantee uniform bimetallic 

structures. 

Reviews published by 2019 document plant-mediated preparation of a broad range of metallic nanomaterials and 

discuss the mechanisms and factors affecting their formation (El-Seedi et al., 2019).  

 

IX. APPLICATIONS OF PLANT-MEDIATED NANOPARTICLES 

9.1 Antimicrobial applications 

Silver and certain other metal-containing nanoparticles have been investigated for activity against bacteria and fungi. 

Proposed mechanisms of antimicrobial action include interactions with cell surfaces, membrane damage, oxidative 

stress, and interference with cellular processes. 

The relative importance of these mechanisms varies with the nanoparticle composition, surface properties, exposure 

conditions, and microorganism. 
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Plant-mediated silver nanoparticles have received particular attention in antimicrobial research (Ahmed et al., 2016). 

However, laboratory antimicrobial activity does not by itself demonstrate clinical effectiveness or safety. Studies should 

include appropriate controls, dose-response measurements, and toxicity testing against relevant non-target cells. 

 

9.2 Environmental remediation 

Nanomaterials have been studied for removing or transforming contaminants in water and wastewater. Depending on 

their composition and surface properties, they may participate in adsorption, catalysis, photocatalysis, or other treatment 

processes. 

Plant-mediated nanoparticles may offer an alternative route for producing certain materials used in these applications. 

Their performance should be assessed using realistic contaminant concentrations, relevant water chemistry, and 

appropriate control materials. 

Environmental evaluation should also determine whether nanoparticles or dissolved metal species are released during 

treatment. A material that removes a contaminant effectively may still require careful recovery and disposal to avoid 

introducing a different environmental hazard. 

 

9.3 Catalysis 

Nanoparticles can provide active surface sites for chemical reactions. Their catalytic performance depends on particle 

size, surface composition, crystal structure, support material, and reaction conditions. 

Plant-mediated synthesis has been explored for the preparation of nanocatalysts intended for oxidation, reduction, and 

other chemical transformations. Fierascu et al. (2019) reviewed plant-derived nanocatalysts, including their synthesis, 

characterization, and potential catalytic uses. 

Important performance measures include reaction rate, selectivity, conversion, catalyst recovery, reuse, and stability. 

Comparisons should be conducted under consistent conditions rather than relying on isolated reports of high activity. 

 

9.4 Agricultural applications 

Nanomaterials have been investigated for potential use in crop protection, nutrient delivery, plant growth studies, and 

agricultural disease management. 

Plant-mediated synthesis is particularly relevant to research exploring the intersection of plant-derived chemicals and 

agricultural nanotechnology. Nevertheless, the effects of a nanoparticle depend on its composition, dose, particle 

properties, plant species, and exposure route. 

Potential benefits must be evaluated alongside risks to soil organisms, beneficial microbes, pollinators, aquatic 

organisms, and other components of the environment. Application to crops should be supported by appropriate 

laboratory, greenhouse, and field studies. 

 

9.5 Biomedical research 

Nanoparticles are being investigated for diagnostic, therapeutic, imaging, and drug-delivery applications. Their 

properties can sometimes be adjusted by modifying particle size, shape, and surface chemistry. 

Plant-mediated nanoparticles are of interest because surface-associated plant compounds may influence interactions 

with biological systems. However, a plant-derived surface coating does not guarantee biocompatibility, and the 

presence of natural compounds does not eliminate the need for toxicity assessment. 

Before biomedical use, materials require careful investigation of dose-dependent cytotoxicity, biodistribution where 

relevant, stability, impurity levels, and other application-specific safety characteristics. 

 

9.6 Sensors and analytical applications 

Nanoparticles can display optical, electrical, or catalytic responses that change in the presence of particular chemical 

species. These properties have encouraged their use in sensor development. 

Gold and silver nanoparticles, for example, may show optical changes associated with aggregation or interactions with 

analytes. Plant-derived surface coatings can influence the selectivity and stability of these systems. 
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A useful sensor should be evaluated for sensitivity, selectivity, detection limit, reproducibility, interference effects, 

storage stability, and performance in real samples. 

 

X. ADVANTAGES OF PLANT-MEDIATED GREEN SYNTHESIS 

Plant-mediated synthesis offers several potential advantages over selected conventional approaches. 

10.1 Use of renewable biological resources 

Plants are renewable sources of diverse chemical compounds. Leaves, fruit peels, and other plant residues may be 

available as low-cost starting materials, depending on the location and supply chain. 

Using agricultural residues can also provide a productive use for some forms of biomass waste. However, collection, 

processing, transport, and extraction costs must be considered. 

10.2 Reduced dependence on certain hazardous reagents 

Plant extracts can replace some conventional reducing or capping agents in particular synthesis systems. This may 

reduce the use of specific hazardous chemicals. 

The degree of improvement depends on the complete synthesis process. The metal precursor, cleaning solvents, 

washing procedures, and final waste streams may still present environmental or health hazards. 

10.3 Operational simplicity 

Many plant-mediated procedures involve mixing an extract with a precursor solution under controlled conditions. Such 

procedures may be easier to implement in laboratories than methods requiring specialized equipment. 

Nevertheless, obtaining reproducible nanoparticles still requires suitable analytical instruments, standardized 

conditions, and appropriate safety procedures. 

 

10.4 Potential for multifunctional extracts 

Some extracts contain compounds that can participate in reduction and surface stabilization. This may reduce the need 

for separate reagents in certain processes. 

The exact functions of these compounds should be investigated when the material's properties depend strongly on 

surface composition. 

 

10.5 Potential for process development 

Plant-mediated synthesis can be investigated for scale-up when suitable biomass is available and the process can be 

standardized. Its practical value depends on reaction yield, batch consistency, product purity, energy requirements, and 

downstream processing. 

 

XI. LIMITATIONS AND CHALLENGES 

Despite its potential, plant-mediated nanoparticle synthesis has several limitations that must be addressed before broad 

industrial adoption. 

 

11.1 Variability in plant extract composition 

The phytochemical profile of an extract can vary with plant species, season, geographic origin, maturity, storage, and 

extraction conditions. These variations may affect reduction efficiency, particle size, morphology, and stability. 

Possible solution: Standardize botanical identification, sample preparation, extraction conditions, and relevant 

chemical measurements. 

 

11.2 Limited mechanistic understanding 

Plant extracts contain numerous compounds that may interact with one another. In many studies, the exact reducing or 

capping agents have not been conclusively identified. 

Possible solution: Combine phytochemical profiling with controlled experiments, purified-compound studies, 

spectroscopy, and appropriate chemical controls. 
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11.3 Particle-size and shape control 

Obtaining a narrow particle-size distribution and consistent morphology remains challenging in complex biological 

systems. 

Possible solution: Investigate the effects of pH, precursor concentration, extract concentration, temperature, mixing, 

and reaction time using systematic experimental designs. 

 

11.4 Aggregation and storage stability 

Some plant-mediated nanoparticles aggregate during storage or under changes in pH and ionic strength. Aggregation 

can alter optical properties, biological interactions, and catalytic performance. 

Possible solution: Evaluate particle size, zeta potential, and relevant performance measures over time under defined 

storage conditions. 

 

11.5 Purity and residual organic material 

The final product may contain residual precursor, soluble plant compounds, unreacted reagents, or unwanted phases. 

These substances can affect performance and complicate interpretation of biological experiments. 

Possible solution: Establish suitable purification procedures and use analytical methods to assess composition, residual 

metals, and impurities. 

 

11.6 Scale-up and process economics 

A synthesis method that works at laboratory scale may not translate directly to industrial production. Mixing, heat 

transfer, extraction efficiency, biomass availability, waste treatment, and batch consistency may change with scale. 

Possible solution: Conduct pilot-scale studies, material-balance assessments, techno-economic analysis, and life-cycle 

assessment. 

 

11.7 Toxicity and environmental fate 

Green synthesis does not mean that the resulting nanoparticle is harmless. Metal-containing nanoparticles can release 

ions, interact with biological membranes, or persist in environmental compartments. 

Possible solution: Conduct exposure-appropriate toxicity testing, examine degradation and dissolution, and assess 

recovery and disposal strategies. 

 

11.8 Inconsistent reporting in the literature 

Studies may differ in extract preparation, precursor concentration, characterization procedures, and biological test 

methods. This makes comparisons difficult. 

Possible solution: Adopt transparent reporting of experimental parameters, use validated analytical methods, include 

suitable controls, and report independent synthesis replicates. 

 

XII. ENVIRONMENTAL SUSTAINABILITY ASSESSMENT 

The sustainability of plant-mediated nanoparticle synthesis should be assessed across the complete production process 

rather than inferred from the use of plant extracts alone. 

Important considerations include: 

1. Raw materials: Availability, renewability, land-use implications, and the use of agricultural residues. 

2. Reagents: Toxicity and environmental fate of precursor salts, solvents, and cleaning agents. 

3. Energy: Heating, stirring, centrifugation, drying, and purification requirements. 

4. Water: Water consumption during extraction, washing, and equipment cleaning. 

5. Waste: Residual metal ions, spent extract, contaminated wash water, and unused biomass. 

6. Product performance: Yield, purity, stability, and functional effectiveness. 

7. End-of-life management: Recovery, recycling, environmental release, and disposal. 

Comparative life-cycle assessment can help determine whether a plant-mediated process offers measurable 

environmental improvements over a conventional method producing a functionally equivalent material. 
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Likewise, a low-cost synthesis procedure may not necessarily have a low environmental footprint if it produces large 

volumes of metal-containing wastewater or requires extensive purification. Sustainability claims should therefore be 

supported by quantitative evidence whenever possible. 

 

XIII. FUTURE RESEARCH PERSPECTIVES 

Research published up to 2019 demonstrates substantial interest in plant-mediated nanoparticle synthesis. Further 

development requires greater emphasis on reproducibility, mechanistic evidence, and practical application. 

13.1 Standardization of plant extracts 

Standard operating procedures should define plant identity, collection conditions, extraction method, storage, and 

relevant phytochemical measurements. This would help establish relationships between extract composition and 

nanoparticle properties. 

 

13.2 Mechanistic investigation 

The use of complementary analytical methods can help identify the compounds involved in reduction, nucleation, and 

surface stabilization. Research should distinguish direct experimental evidence from proposed mechanisms. 

 

13.3 Controlled synthesis and optimization 

Statistical optimization and controlled experimental designs may help determine the influence of interacting variables. 

The objective should be to improve not only reaction speed but also product purity, size distribution, stability, and 

overall yield. 

 

13.4 Improved environmental evaluation 

Future studies should compare the full environmental burden of plant-mediated synthesis with appropriate alternatives. 

Quantitative measurements of water use, energy consumption, waste generation, and material recovery would 

strengthen sustainability claims. 

 

13.5 Comprehensive safety assessment 

Nanoparticle safety should be assessed according to the intended use. Antimicrobial applications require attention to 

non-target toxicity and the possibility of resistance-related concerns, while environmental applications require 

consideration of persistence, dissolution, and ecological exposure. 

 

13.6 Pilot-scale production 

Moving beyond laboratory-scale demonstrations requires studies of extraction efficiency, batch reproducibility, product 

recovery, waste management, and cost. Pilot-scale production should demonstrate that the process remains reliable 

when operating conditions change with scale. 

 

13.7 Application-specific material design 

The properties required for a catalyst, antimicrobial coating, sensor, or agricultural material are not identical. Future 

research should link synthesis conditions and surface chemistry to clearly defined performance requirements rather than 

treating nanoparticle production as an end in itself. 

 

XIV. CONCLUSION 

Green synthesis of nanoparticles using plant extracts represents an important research direction at the intersection of 

nanotechnology, green chemistry, and biological science. Plant-derived phytochemicals can participate in metal-ion 

reduction, precursor conversion, surface capping, and particle stabilization, providing opportunities to develop synthesis 

procedures that use renewable biological resources and reduce dependence on certain conventional reagents. 

Research published up to December 2019 established a broad foundation for plant-mediated synthesis of silver, gold, 

and other metal-containing nanomaterials. Their potential applications include antimicrobial materials, environmental 

remediation, catalysis, sensing, agriculture, and biomedical research. However, successful synthesis must be 
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demonstrated through reliable characterization, and proposed applications require evidence appropriate to the intended 

use. 

Important challenges include variability in extract composition, limited mechanistic understanding, control of particle 

size and morphology, purification, storage stability, scale-up, and the assessment of toxicity and environmental fate. 

Moreover, the use of a plant extract does not automatically make a nanoparticle or its production process 

environmentally safe. 

Future progress will depend on standardized extraction protocols, rigorous characterization, reproducible experimental 

designs, comprehensive safety evaluation, and quantitative sustainability assessment. With these improvements, plant-

mediated nanoparticle synthesis may contribute to the development of more resource-conscious nanomaterial 

production methods. 
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