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Abstract:
 Nanomaterials have found widespread applications in various scientific fields, in-

cluding engineering, medicine, energy, and environmental science. Conventional meth-
ods of nanoparticle synthesis -such as chemical and physical techniques- are often costly, 
energy-intensive, and pose environmental and health hazards. In contrast, green synthesis 
provides an eco-friendly alternative, utilizing natural sources such as plants, bacteria, 
fungi, and agricultural waste to produce nanoparticles. These approaches significantly 
reduce the carbon footprint and environmental risks associated with traditional processes. 
Green-synthesized nanoparticles exhibit enhanced properties such as high catalytic activ-
ity, thermal and electrical conductivity, and biocompatibility, making them attractive for 
use in energy storage, optics, biomedical applications, cancer therapy, and catalysis. This 
review indicate to green synthesis of various types of nanomaterials - metal oxide-based, 
inert metal-based, carbon-based, and composites. Additionally, it discusses  their po-
tential industrial applications and the key factors influencing environmentally friendly 
nanoparticle production.
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مستخلص:

تُســتخدم المــواد النانويــة عــى نطــاق واســع في مختلــف المجــالات العلميــة، بــا في ذلــك الهندســة والطــب والطاقــة 
وعلــوم البيئــة. غالبًــا مــا تكــون الطــرق التقليديــة لتصنيــع الجســيمات النانويــة - مثــل التقنيــات الكيميائيــة والفيزيائيــة 
- مكلفــة وتســتهلك كميــات كبــرة مــن الطاقــة، وتُشــكل مخاطــر بيئيــة وصحيــة. في المقابــل، يُوفــر التصنيــع الأخــر 
بديــاً صديقًــا للبيئــة، حيــث يســتخدم مصــادر طبيعيــة كالنباتــات والبكتيريــا والفطريــات والنفايــات الزراعيــة لإنتاج 
الجســيمات النانويــة. تُقلــل هــذه الأســاليب بشــكل كبــر مــن البصمــة الكربونيــة والمخاطــر البيئيــة المرتبطــة بالعمليــات 
التقليديــة. تتميــز الجســيمات النانويــة الُمصنعّــة بيئيًــا بخصائــص مُسّــنة، مثــل النشــاط التحفيــزي العــالي، والتوصيــل 
الحــراري والكهربائــي، والتوافــق الحيــوي، ممــا يجعلهــا  مرغوبــة للاســتخدام في تخزيــن الطاقــة، والبصريــات، 

والتطبيقــات الطبيــة الحيويــة، وعــاج السرطــان، والتحفيــز الكيميائــي. 
تشــر هــذه المقالــة  الى التطــورات الحديثــة في مجــال التخليــق النظيــف لأنــواع مختلفــة مــن المــواد النانويــة - القائمــة 
ــون، والمركبــات. كــا يناقــش تطبيقاتهــا  عــى أكســيد المعــادن، والقائمــة عــى المعــادن الخاملــة، والقائمــة عــى الكرب

الصناعيــة المحتملــة والعوامــل الرئيســية المؤثــرة عــى إنتــاج الجســيمات النانويــة الصديقــة للبيئــة.
الكلمات المفتاحية: الجسيمات النانوية، التخليق الأخضر، الطرق النظيفة، السلامة البيئية، تقنية النانو.
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1. Introduction
Nanomaterials are defined as mate-

rials that possess at least one dimen-
sion within the nanoscale range of 
1–100 nanometers. Due to their ex-
tremely small size and large surface 
area-to-volume ratio, these materials 
exhibit unique physical, chemical, and 
biological properties (1). Nanomateri-
als can exist in various morphologies, 
including nanoparticles, nanotubes, 
and nanowires, and can be composed 
of metals, metal oxides, polymers, ce-
ramics, and carbon-based substances.

One of the key features of nanoma-
terials is the phenomenon of quantum 
confinement, which affects the move-
ment of electrons and alters the overall 
behavior of the materials. This leads to 
distinct optical, electrical, and catalyt-
ic properties. As a result, nanomateri-
als have found applications in a wide 
range of fields such as electronics, en-
ergy storage, targeted drug and gene 
delivery, cancer therapy, biosensing, 
environmental remediation, imaging, 
diagnostics, and cosmetics (2,3(.

There are two principal strategies 
for synthesizing nanoparticles: the 
top-down and bottom-up approaches 

(4). The top-down approach involves 
the physical or chemical breakdown 
of bulk materials into nanoparticles—
examples include mechanical milling, 
laser ablation, and chemical etching. 
Although this method enables the pro-
duction of nanoparticles on a large 
scale, it often lacks control over par-
ticle size, morphology, and  purity(5(. 

In contrast, the bottom-up approach 
involves the chemical assembly of 
atoms or molecules into nanoscale 
structures. This method offers high 
precision in controlling nanoparticle 
characteristics and includes techniques 
such as sol-gel synthesis, hydrothermal 
methods, and chemical vapor deposi-
tion (6(.

Green synthesis—also referred to as 
biological synthesis—emerges as a sus-
tainable, cost-effective  approach  . It 
relies on ecofriendly conditions, such 
as mild temperatures, In addition, the 
review includes to evaluate the feasibil-
ity and advantages of employing green 
methods for nanoparticle synthesis and 
to highlight their growing importance 
in sustainable nanotechnology pres-
sures, and pH, to fabricate nanoparti-
cles without the need for toxic chemi-
cals  making it a promising option for 
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environment-friendliness nanomaterial 
production (7(.

2 .Synthesis of Nanoparticles from 
Various Sources in a  Green Envi-
ronment

green synthesis methods offer sever-
al advantages over conventional chem-
ical approaches, particularly in terms 
of sustainability, safety, and environ-
mental impact (8). These eco-friendly 
techniques are suitable for large-scale 
production, as they are non-toxic, en-
ergy-efficient, and capable of yielding 
nanoparticles with diverse sizes and 
morphologies tailored for specific ap-
plications.

A variety of plant parts leaves, 
stems, flowers, roots, and seeds—have 
been successfully utilized in the green 
synthesis of nanoparticles. In these pro-
cesses, plant extracts serve dual acting 
both as reducing agents that convert 
metal ions into nanoparticles and as 
capping agents that stabilize the result-
ing structures (9). Many plant species 
are capable of reducing and stabilizing 
metal and metal oxide nanoparticles 
efficiently through their phytochemi-
cals.

Numerous studies have confirmed 
the effectiveness of biosynthesis in 

producing a wide range of nanomateri-
als, such as silver, gold, zinc oxide, and 
titanium dioxide nanoparticles (10). 

3 .Biological Elements and Prepa-
ration Techniques

Among the most promising clean 
and sustainable approaches to nanopar-
ticle synthesis are biologically medi-
ated techniques, which include plant-
based synthesis, microbial synthesis, 
and enzymatic methods (11). These 
strategies are cost-effective, environ-
mentally friendly, and typically con-
ducted under mild conditions (12).

3.1 Plant-Mediated Synthesis
Plants offer a rich source of bioac-

tive compounds such as flavonoids, 
alkaloids, terpenoids, proteins, and 
vitamins, which can effectively re-
duce metal ions and stabilize nanopar-
ticles. This method—often referred 
to as phytonanotechnology—utilizes 
various plant parts, including roots, 
stems, leaves, and seeds, to synthesize 
nanoparticles (7). The choice of plant 
material depends on the desired prop-
erties of the nanoparticles, as different 
biomolecules influence size, shape, 
and stability .  Examples of techniques 
for synthesizing plant-based nanoma-
terials include the following: 
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1  .Plant Extract-Based Silver 
Nanoparticles (AgNPs) 

• Source: Plant extracts such as lem-
on, eucalyptus, orange peel, tea leaves, 
and aloe vera. 

• Method: Silver nitrate (AgNO₃) is 
combined with plant extracts, and the 
presence of reducing agents such poly-
phenols and flavonoids in the plant ex-
tract causes the reduction of silver ions 
into silver nanoparticles (AgNPs). 

To create silver nanoparticles, the 
green  synthesis method merely boils 
or mixes the plant extract with a solu-
tion of silver nitrate. • Uses include 
sensors, wound dressings, and antimi-
crobial agents(13(.   

2  .Plant-Extracted Gold Nanoparti-
cles (AuNPs) • Source: Plants such as 
pomegranates, green tea, ginkgo bilo-
ba, and Azadirachta indica. • Method: 
In a standard green synthesis procedure, 
gold chloride (HAuCl₄) is reduced to 
gold nanoparticles (AuNPs) by plant 
extracts that contain antioxidants such 
polyphenols. The plant extract offers 
stabilizers as well as lowering agents. 

• Uses include biosensing, bioimag-
ing, and drug delivery systems(14(.

3  .Plant Extract-Based Zinc Oxide 
(ZnO) Nanoparticles

• Source: Leaf extracts from Baco-
pa monnieri, Coriander, and Moringa 
oleifera. 

• Method: Plant extracts contain-
ing flavonoids and other phytochem-
icals that can reduce the zinc ions to 
generate zinc oxide nanoparticles are 
combined with zinc salts (such as zinc 
acetate or zinc nitrate). The procedure 
can be carried out in mild weather or at 
room temperature. 

• Uses include photodetectors, anti-
microbial coatings, and cosmetics(15(.

4 .Plant Extract-Based Copper Ox-
ide Nanoparticles (CuO NPs) 

• Source: Plant extracts, including 
those from Mentha piperita (pepper-
mint) and Cinnamomum verum (cin-
namon). 

• Method: Copper ions are reduced 
to copper oxide nanoparticles (CuO) 
by a reaction between copper sulfate 
(CuSO₄) and plant extracts. This re-
ducing procedure is brought about by 
the antioxidants in the plant extracts. 

• Uses include agricultural applica-
tions, antibacterial agents, and cata-
lysts(16(.

5 .Plant Extract-Based Titanium Di-
oxide (TiO₂) Nanoparticles 

• Source: Plant extracts, including 
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sage and coriander. 
• Method: Titanium salts, such as 

titanium tetrachloride or titanium sul-
fate, are reduced into titanium diox-
ide nanoparticles using plant extracts 
and their inherent reducing agents. 
High-energy procedures and hazard-
ous chemicals are avoided in the green 
synthesis approach. 

• Uses include sunscreen, water fil-
tration, and photocatalysis(17(.

6  .Plant Extract-Based Magnesium 
Nanoparticles 

• Source: Pineapple, pepper, and cit-
rus fruit extracts. 

• Method: Plant extracts contain-
ing polyphenols and other reducing 
agents decrease magnesium ions, such 
as magnesium chloride. In mild con-
ditions, this environmentally friendly 
process aids in the production of mag-
nesium nanoparticles. 

 •Uses include batteries, catalysts, 
and energy storage (18(.

7  .Plant Extract-Based Carbon 
Nanoparticles (CNPs) or Carbon Quan-
tum Dots (CQDs) 

• Source: Plant products high in car-
bon, including coffee grounds, banana 
peels, orange peels, and tomatoes.

 •  Method: Pyrolysis, which in-

volves heating plant material without 
oxygen, or hydrothermal carboniza-
tion, which uses high-pressure water, 
are two methods for creating carbon 
nanoparticles(19). These techniques 
yield extremely useful nanoparticles 
and are sustainable. 

• Uses: Fluorescent probes for envi-
ronmental monitoring, medication de-
livery, and Bioimaging(20(.

8  .Plant Extract-Based Magnetic 
Nanoparticles (FeO₄) 

• Source: Plant extracts, like those 
found in mint or tamarind. 

• Method: In the presence of plant 
extracts, iron ions (such as ferric chlo-
ride) are reduced to produce iron oxide 
nanoparticles (FeO₄)(21). These parti-
cles are frequently employed in envi-
ronmental and medicinal applications 
due to their magnetic characteristics. 

• Uses include biosensors, wastewa-
ter treatment, and magnetic resonance 
imaging (MRI.)23()22((

9  .Chitosan Nanoparticles from 
Plant-based Chitin: The first source of 
chitosan nanoparticles is fungal or crus-
tacean chitin, even if green production 
uses plant-based resources like Morin-
ga seeds. 

• Method: Chitin that has been ex-
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tracted from plant sources is used to 
create chitosan nanoparticles. They 
can be altered for a variety of purposes 
and are employed as biopolymers. 

• Uses include wound care, food 
packaging, and drug administration.

Benefits of Synthesising Nanomate-
rials from Plants:

* Eco-friendly: Steers clear of haz-
ardous chemicals and makes use of re-
newable resources.

 *Economical: Minimizes the need 
for costly chemicals and energy-inten-
sive procedures.

*Biocompatibility: The materials 
can be used in medical applications 
since they are frequently more compat-
ible with biological systems.

 *Sustainability: Lessens the impact 
on the environment than traditional 
synthetic  Techniques (24(. 

3.2 Microbial Synthesis
Microorganisms such as bacteria, 

fungi, and yeasts are capable of pro-
ducing nanoparticles intracellularly or 
extracellularly through enzymatic and 
metabolic processes. These organisms 
act as “nano-factories” due to their high 
yield, ease of cultivation, and minimal 
growth requirements. For example, 
silver nanoparticles have been syn-

thesized using Bacillus licheniform-
is and Klebsiella pneumoniae, while 
Morganella psychrotolerans has been 
employed to Produce titanium dioxide 
nanoparticles(25). Microbially syn-
thesized nanoparticles are often more 
uniform, and the process is relatively 
simple to scale. However, challenges 
such as purification and contamination 
must be addressed for industrial  appli-
cations.

3.3 Enzymatic and Biomolecule-As-
sisted Synthesis

Biological molecules—including 
proteins, sugars, and enzymes—play 
a crucial role in nanoparticle synthesis 
by influencing their formation, growth 
kinetics, and final properties. En-
zymes, in particular, help control the 
size and morphology of nanoparticles 
while minimizing the need for harsh 
conditions or toxic solvents (26,27). 
Additionally, these biomolecules can 
enhance the antimicrobial and bio-
medical potential of the synthesized 
nanoparticles by stabilizing their sur-
faces and preventing aggregation.

.1  Pharmaceutical Enzymatic Syn-
thesis: An Example Synthesis of 
Penicillin Enzymes are used in bio-
technological procedures to produce 
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penicillin, one of the earliest antibiot-
ics(28). The enzyme penicillin acylase 
catalyzes the breakage and reformation 
of the penicillin molecule, resulting in 
the synthesis of penicillin G. Because 
of the process’s high level of selectiv-
ity, the intended antibiotic is produced 
with little adverse effects(29(.

2  .The Production of Biodiesel via 
Enzymatic Catalysis

  As an illustration: The process of 
transesterifying fats and oils Lipase en-
zymes can catalyze the conversion of 
triglycerides (fats and oils) to biodies-
el (fatty acid methyl esters). These en-
zymes produce glycerol and biodiesel 
by gently and non-toxically breaking 
down the triglyceride molecules. This 
is thought to be a more environmen-
tally friendly option than conventional 
chemical catalysts(30(.

3  .Biomolecule-Assisted Nanopar-
ticle Synthesis: Green Synthesis of 
Silver Nanoparticles, for instance The 
method of creating silver nanoparticles 
using plant extracts, enzymes, or other 
biomolecules is referred to as “green 
synthesis.” For instance, silver ions 
(Ag⁺) can be reduced to silver nanopar-
ticles (AgNPs) using plant extracts or 
Corynebacterium species. This tech-

nique offers control over the size and 
structure of nanoparticles and is envi-
ronmentally safe(31(. 

4  .Enzyme-Driven Polymerization: 
An Illustration Polylactic Acid (PLA) 
Synthesis Mediated by Enzymes Lac-
tic acid can be polymerized enzymat-
ically to create polylactic acid, a bio-
degradable material. Lactic acid can 
be converted into lactate with the help 
of the enzyme lactate dehydrogenase. 
Lactate can then be polymerized into 
PLA, a substance frequently used in 
eco-friendly packaging(32(.

5  .Synthesis of Chiral Compounds 
Catalyzed by Biomolecules: An Exam-
ple of Asymmetric Synthesis of Chiral 
Drugs Chiral chemicals can be synthe-
sized asymmetrically using enzymes 
like lipases and aminotransferases. The 
enzymatic synthesis of chiral amines, 
which are essential intermediates in 
medications ike antihistamines and an-
tidepressants, is one prominent exam-
ple.

Enzyme-Assisted Biofuel Synthe-
sis: An Illustration Hydrolysis of Cel-
lulose Mediated by Cellulase Cellulose 
is broken down by the enzyme cellu-
lase into glucose, which can subse-
quently ferment to create bioethanol, a 
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renewable biofuel. An integral part of 
turning plant biomass into biofuels is 
this enzymatic process

These illustrations demonstrate how 
biomolecule-assisted synthesis and en-
zymatic synthesis can offer more effi-
cient, sustainable, and selective routes 
for the synthesis of different chemi-
cals(33(.

4 .Nanomaterials Based on Metals 
and Metal Oxides

Metal and metal oxide nanoparticles 
have attracted significant interest in 
various scientific and industrial fields 
due to their unique physical, chemi-
cal, and biological properties. Their 
nanoscale form enhances attributes 
such as surface reactivity (refers to a 
material’s surface’s capacity to inter-
act with other molecules or substanc-
es, frequently resulting in chemical re-
actions. It is essential for figuring out 
how nanoparticles—including those 
made by microbes—behave in differ-
ent settings and applications) conduc-
tivity, and catalytic efficiency, making 
them suitable for applications in medi-
cine, energy, electronics, and environ-
mental remediation (34(.

4.1 Metal Oxide Nanoparticles
Nanoparticles derived from metal 

oxides—such as zinc oxide (ZnO), ti-
tanium dioxide (TiO₂), and iron oxide 
(Fe₃O₄)—are widely used because of 
their biocompatibility, optical prop-
erties, and antimicrobial effects. The 
green synthesis of these particles has 
gained momentum due to its low cost 
and eco-friendliness. Plant extracts, 
microorganisms, and other biologi-
cal systems have been successfully 
employed to synthesize these oxides 
under ambient conditions, producing 
nanoparticles suitable for photocataly-
sis, drug delivery, and antibacterial ap-
plications (35(. 

4.2  Noble (Inert) Metal Nanoparti-
cles

Noble metals such as gold (Au), 
silver (Ag), platinum (Pt), palladium 
(Pd), and rhodium (Rh) are common-
ly used in green synthesis due to their 
ease of reduction, even with mild bi-
ological agents (36). These nanoparti-
cles are highly valued for their stabil-
ity, surface plasmon resonance, and 
high catalytic activity. As a result, they 
are widely applied in fields ranging 
from electronics and sensing to medi-
cine and energy storage.

Green synthesis methods offer a re-
liable and environmentally safe route 
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for producing noble metal nanoparti-
cles, often resulting in enhanced bio-
activity and compatibility compared to 
those made by conventional chemical 
methods.

5 .Limitations and Factors Influ-
encing Clean Preparation

Despite the numerous benefits of 
clean and green synthesis methods, 
several limitations and influencing fac-
tors must be considered to optimize 
nanoparticle production and scalabili-
ty.

5.1 Variability in Raw Materials
One of the major challenges in green 

synthesis is the variability in the com-
position and quality of natural precur-
sors such as plant extracts or microbial 
cultures. Since these biological materi-
als can vary depending on geographic 
origin, cultivation conditions, and sea-
sonal changes, the reproducibility and 
consistency of nanoparticle synthesis 
may be affected (37(.

5.2 Scalability and Standardization
While green synthesis is effective 

on a laboratory scale, transitioning to 
large-scale production poses difficul-
ties. Controlling parameters such as 
pH, temperature, and concentration of 
bioactive compounds can be complex. 

Additionally, the lack of standardized 
protocols for biosynthesis limits its in-
dustrial implementation (38(.

5.3 Purity and Characterization
Nanoparticles synthesized via bio-

logical routes may require additional 
purification steps to remove organ-
ic residues or microbial components. 
Ensuring the purity and uniformity of 
nanoparticles is essential for biomed-
ical and pharmaceutical applications. 
Reliable and reproducible character-
ization techniques are also crucial to 
assess particle size, morphology, crys-
tallinity, and surface  properties (39(.

5.4 Reaction Time and Yield
Compared to conventional chemical 

methods, biological synthesis may re-
sult in longer reaction times and lower 
yields. This can affect the overall ef-
ficiency and cost-effectiveness of the 
process, especially when high volumes 
are required (40(.

Despite these limitations, ongoing 
research and technological advance-
ments are gradually overcoming these 
obstacles, paving the way for cleaner 
and safer nanomaterial production at 
industrial scales(5(.

-Possible Industrial Uses for 
Nanopa r t i c l e s6
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 .1 Pharmaceuticals and Medicines 
 *Drug Delivery Systems: Drugs 

can be delivered directly to particular 
cells (such cancer cells) via nanopar-
ticles, increasing therapy effectiveness 
and minimizing negative effects.

*Diagnostics and Imaging: Iron 
oxide and gold nanoparticles are em-
ployed as contrast agents and in medical 
imaging procedures such as MRI(41.)

.Agriculture.2
 *  Nanofertilizers: Improve plant 

uptake of nutrients, increasing produc-
tivity while

 having a smaller e nvironmental 
impact.

*Nanopesticides: They target pests 
more precisely while using fewer 
chemicals and 

causing less pollution.
3 .Cleanup of the Environment
*  Water Purification: Pathogens, 

organic contaminants, and heavy met-
als are eliminated from water using 
nanoparticles such as TiO₂ and FeO₄.

* Air and Soil Remediation: When 
exposed to light, photocatalytic 
nanoparticles break down environmen-
tal contaminants(42(. 

4 .Energy 
*Solar Cells: Nanoparticles in-

crease photovoltaic cells’ efficiency. 
Nanostructured materials extend the 
lifespan and energy storage capacity of 
batteries and supercapacitors. 

5 .Food Industry 
*  Food Packaging: Antimicrobial 

nanoparticles increase the shelf life of 
food. *Food Sensors: Nanoparticles 
are able to identify spoiling or contam-
ination. 

6 .Textiles 
*Smart Fabrics: Nanoparticles offer 

UV protection, water resistance, and 
antimicrobial

 qualities.
7-Important Elements Affecting the 

Production of Eco-Friendly Nanoparti-
cles 

1.Reducing Agent Selection
* Eco-friendliness is ensured by us-

ing natural, non-toxic biological com-
ponents (such as plant extracts and 
microbial enzymes) rather than harsh 
chemicals(43(.

 .2 Selection of Solvents
*   Green solvents such as ethanol 

or water are favored over hazardous 
organic solvents.  3. Energy Consump-
tion

*Techniques that don’t require high 
temperatures, pressures, or lasers but 
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instead function at room temperature 
and pressure reduce energy consump-
tion and carbon emissions 4. Scalabili-
ty of the Process

* Methods must be refined to func-
tion on an industrial scale without sac-
rificing the “green” advantages, not 
merely in tiny lab batches.

 .5 Management of Physical Factors
* To preserve the quality of nanopar-

ticles while maintaining sustainability, 
variables like pH, temperature, con-
centration of bioactive chemicals, and 
reaction time must be carefully regu-
lated(44(. 

6 .Management of Waste Green syn-
thesis ought to produce as little recy-
clable trash as possible. 7. Reproduc-
ibility and Standardization

* Creating standardized procedures 
guarantees uniformity, which is essen-
tial for industrial use and regulatory 
approval.

.8 .Source Sustainability 
*The process is more sustainable 

when it uses abundant, renewable bio-
mass (such as agricultural waste) rath-
er than rare or endangered biological 
sources(45(.

8 .Conclusion
Green synthesis represents a Effec-

tive and sustainable approach to nano-
material production that addresses the 
environmental and health concerns as-
sociated with conventional methods. 
This review has outlined the various 
biological strategies employed in the 
clean synthesis of nanoparticles, in-
cluding plant-mediated, microbial, and 
enzymatic approaches.

Compared to traditional physical 
and chemical techniques, green syn-
thesis offers several advantages: it is 
cost-effective, non-toxic, energy-ef-
ficient, and allows for better control 
over nanoparticle characteristics. The 
resulting nanomaterials demonstrate 
high biocompatibility and functional 
versatility, enabling their use in a wide 
array of Applications in medicine, ag-
riculture, electronics, cosmetics, and 
environmental science.

Although certain limitations—such 
as raw material variability and scalabil-
ity—persist, ongoing advancements in 
green nanotechnology are expected to 
overcome these barriers. By further 
optimizing  green synthesis processes 
and developing standardized protocols, 
researchers can contribute to more sus-
tainable industrial practices and ac-
celerate the integration of nanotech-
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nology into   real-world applications  
where sustainable nanotechnology and 
green-synthesised nanoparticles are al-
ready having an effect: 1. Medical Ap-
plications: Cancer Treatment and Drug 
Delivery Gold and silver nanoparticles 
that have undergone green synthesis 
are being employed as drug carriers 
for targeted cancer treatment. They as-
sist transport medications directly to 
tumor cells, reducing side effects, be-
cause they are biocompatible and can 
be functionalized with particular mol-
ecules.

 .2 Environmental Remediation: For 
instance, heavy metals (such as lead 
and arsenic) are eliminated from taint-
ed water sources using green-synthe-
sised iron oxide (FeO₄) nanoparticles. 
After treatment, they are easily sepa-
rated from water due to their magnetic 
characteristics. 3. Nano-pesticides and 
nano-fertilizers in agriculture: For in-
stance, zinc oxide (ZnO) nanoparticles 

made from plant extracts are being 
added to fertilizers to improve nutri-
ent delivery to crops, boosting growth 
while lowering pollution levels in com-
parison to traditional fertilizers.

4 .Food Packaging: For instance, to 
increase food shelf life and decrease 

food waste, silver nanoparticles pro-
duced by green synthesis are added 
to biodegradable packaging materials 
for their antibacterial qualities. 5. So-
lar Energy and Photocatalysis: For in-
stance, solar panels and self-cleaning 
surfaces use biologically produced ti-
tanium dioxide (TiO₂) nanoparticles. 
They enhance solar energy capture and 
aid in the degradation of contaminants 
on surfaces  exposed to sunlight (pho-
tocatalysis(.

6 .Textiles: Antibacterial Fabrics As 
an illustration, greenly manufactured 
silver nanoparticles (AgNPs) are in-
cluded into textiles (such as sportswear 
and hospital uniforms) to provide them 
resistance to odor and bacterial diseas-
es. 

7 .Cosmetics and Items for Personal 
Care 

 For instance, environmentally 
friendly zinc oxide and titanium di-
oxide nanoparticles are utilized in 
sunscreens because they are safer for 
the environment and human skin than 
chemically produced nanoparticles and 
block damaging UV rays.

Green synthesis is not only a scien-
tific advancement but also a strategic 
necessity for supporting global efforts 
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toward environmental protection and 
sustainable development.
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