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Nanoparticles are tiny particles the size range from 1 to 100nm.These are mostly made 

up of metal oxides, organic matter & carbon metal. They have different & unique 

physical & chemical properties. These are mainly Consist of complex structures, 

composed of 2-3 layers. These are variously used in different sectors. Pharmaceutical 

industries such as cosmetics, drug delivery system. Classified into organic, Inorganic & 

carbon based. These Nanotechnology is firstly discovered in 21st century. Mostly used 

in all industries since these are microscopic in nature. These are having various sizes 

and shapes. They had wide variety of applications in science, medicine & technology. 

Nanoparticles can be prepared by using various methods such as photo reduction, 

chemical reduction, solvothermal synthesis &spray drying. These are composed of 

natural or artificial polymers. Nanoparticles are not visible to our naked eyes. This 

review explains about nanoparticles it’s classification, properties, synthesis & their 

applications. 
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INTRODUCTION 

Nanoparticles are the particles in which the term 

“nano” originated from Greek which means “tiny 

particles” [2]. The nano particles are mainly made 

up of carbon metal, metal oxides or organic matter 

[1]. The nano Particles size range from 1 to 100 

nm.[1]. The nanoparticles can be zero dimensional 

with their length, breadth, height [1]. The 

nanoparticles have a unique and modified physical 

and chemical properties because of their electronic 

structure, open surface area, large reactiveness, 

quantum and size effects [2]. There are different 

nanoparticles or materials which are produced and 

emerged by using zinc, magnesium, gold and 

silver [2,3]. Nanoparticles have a complex 

structure and they are comprised of two or three 

layers [7]. Nanoparticles are the microscopic 

structures [10]. Nanotechnology is first evolved in 

21st century [8]. Nanotechnology refers to a field 

of science. It mainly includes the synthesis and 

development of various nanoparticles or 

nanomaterials [3]. Nanoparticles are the important 

https://www.ijpsjournal.com/
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aspect of nano technology [1,5]. Nanoparticles 

provides advantages like eco-friendliness and 

compatibility for biomedical and other more 

pharmaceutical applications [2]. Nanoparticles can 

be synthesised either by chemical or biological [3]. 

The biological ways of synthesis of nanoparticles 

are done by using micro- organisms, enzymes, 

fungus, plant and plant extract, it is eco- friendly 

[3,5]. Nanoparticles have various sizes and shapes 

(circular, cylindrical, tubular, conical, hollow 

centre, spiral, smooth or irregular) they may exist 

as crystalline or amorphous by single or multi 

crystal solids that can be lose or clumped together 

[1,6]. Nanoparticles can be organic, inorganic or 

carbon- based depending upon their origin, 

properties, shape and size [1,2,3,4,5]. 

Nanoparticles can be characterized by using UV-

visible spectrophotometer [5]. Nanoparticles are 

mainly synthesised by using three routes they are 

chemical route, physical route and biological route 

[10]. The nanoparticles or nanomaterials can be 

created by using various process which can be 

categorised as “top-down” and “bottom-up” [4]. 

Bio synthesized nanoparticles show toxic effects 

to different multi-drug-resistant human pathogens 

[2]. Nanotechnology is concerned about artificial 

cells, enzymes, genes or synthesis of proteins [9]. 

Classification: - 

The classification is mainly based on size, shape 

and chemical Characteristics. These are mainly 

classified into three categories these are as 

follows: 

Organic-Based NPS: - 

Organic nanoparticles are one type of 

nanoparticles in which they can be define as made 

up of solid particles of natural or synthetic organic 

particles with ranging and diameter 10 -100 nm. 

(14) They mainly exhibit important characteristics 

like non-toxicity and bio- degradability since they 

are composed of proteins, carbohydrates, lipids 

and polymers. (14) 

Therapeutic effective of organic can be determined 

by using properties like shape, size and surface 

morphology. (14) 

1.Liposome NPS: - 

These are nanoparticles in which they are lipid 

based, these are artificially produced nano 

materials majorly employed in medical and 

cosmetic fields. (15) liposome NPS are 

essentially considered as medical, 

pharmaceutical and cosmetic uses because of its 

unique nature, these are mainly applicable in 
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encapsulated markers. (15) these are one type of 

bio-mimetic cells since they are composed with 

carbohydrates, proteins and lipids. (16) 

1. Metal NPS: - 

These are one type of nano particles the name itself 

says that, these are made up of metals, due to well 

known property of Localized Surface Plasmon 

Resonance (LSPR) 

they include distinctive electrical properties. (17) 

These are mainly used in several scientific fields 

due to having enhanced properties like size, shape, 

and facet control synthesis of nano particles. (17) 

2. Ceramic NPS: - 

These are nano particles mostly tiny in nature 

which they are obtained from heat treated of 

inorganic & non-metallic materials and then 

cooled in a specific way to give particular 

properties. (18) ceramic nano particles have 

various shapes are as follows dense porous, 

hollow, & in amorphous poly crystalline etc., they 

have known heat resistance and durable properties. 

(18) they are almost more than 20 types of ceramic 

systems have been synthesized as micro and nano 

fibres and these ceramic nano particles are majorly 

used in various application like coating, batteries, 

& catalysts. (18) 

3. Dendrimer NPS: - 

Dendrimer nano particles are one of the types of 

nano particles in which the word “dendrimer” 

obtained from Greek phrase “dendron” it means 

tree or branch, these are having different structural 

characteristics like high branching, functionalized 

surface, nanoscopic size and so on. (19) because of 

having structural diversity and adaptability have 

been majorly used to drug delivery system and 

these are mainly used as non-viral carriers. (19) 

4. Polystyrene NPS: - 

These polystyrene nano particles are been used in 

various applications, there is a brief information 

about the safety, fate and bio-logical effects of 

polystyrene particles. (20) 

These are mostly studied nano sized plastic, the 

main disadvantages of polystyrene nano particles 

is they mostly accumulate with food chain, 

polystyrene is considered as carcinogenic 

substance by International Agency for Research 

Cancer (IARC). (20) 

Inorganic NPS: - 

Inorganic nanoparticles are nanoscale materials 

composed of non-organic substances like metals, 

metal oxides, carbon-based structures, and 

ceramics (20). Due to their unique properties, such 

as high surface area, Tuneable reactivity, and 

exceptional mechanical and optical characteristics, 

these nanoparticles play a vital part in colorful 

fields (21). operations range from catalysis and 

energy storehouse to biomedicine and 

environmental remediation. Their design and 

functionalization offer advanced capabilities for 

specific uses, similar as targeted medicine delivery 

and effective energy systems( 22). 

1. Metal Oxide Nanoparticles: - 

Essence oxide nanoparticles are nanomaterials 

composed of essence and oxygen tittles, flaunting 

unique physicochemical Parcels (21). They're 

extensively used in fields similar as drug, 

electronics, and catalysis. Common 

exemplifications include zinc oxide ZnO) for UV 

protection, titanium dioxide( TiO ₂) for 

photocatalysis, and iron oxide( Fe ₃ O ₄) for 

glamorous resonance imaging( MRI)( 20). These 

nanoparticles offer stability, high face area, and 

semiconducting geste, making them essential for 

innovative technological advancements( 21). 

2. Silver Nanoparticles: - 

tableware nanoparticles( AgNPs) are metallic 

patches with confines generally less than 100 nm( 

22). Extensively honored for their unique parcels 

similar as antimicrobial efficacity, catalytic 

exertion, and optic characteristics( 23). Their small 

size and large face area enhance reactivity, making 

them precious  
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 in fields like drug, electronics, and environmental 

wisdom  

( 24). 

3. Silica Nanoparticles: - 

Silica nanoparticles (SiNPs) are protean 

nanomaterials extensively studied for their unique 

parcels similar as biocompatibility, large face area, 

and tuneable severance size (25). They're 

generally used in biomedical, environmental, and 

artificial operations. Their mesoporous structure 

allow Correct Cure transport, while their stand up 

to can be chemically changed for catalytic and 

imaging operations( 26). In water favoring, Silica 

nanoparticles suitably adsorb overpowering 

substance and characteristic poisons( 25).  

4.Titanium Oxide Nanoparticles: - 

Titanium dioxide Nanoparticles are nanomaterials 

amazingly uncovered for their photocatalytic 

bundles, chemical soundness, and 

biocompatibility (26). These nanoparticles are 

broadly utilized in normal, helpful, and 

essentialness operations due to their 

multifunctionality (27). basic bundles 

Photocatalytic exertion Titanium oxide 

nanoparticles can degenerate characteristic 

poisons underneath UV light, making them 

idealize for characteristic remediation (26). 

Chemical Soundness They remain reasonable 

underneath a combination of characteristic 

conditions( 28). 

5.Zinc Oxide Nanoparticles: - 

These are obvious substance oxide nanoparticles 

recognized for their unmistakable operations due 

to their curiously bundles essentially comparable 

to as tall stand up to run, biocompatibility, and 

antibacterial exertion (30). These nanoparticles are 

altogether utilized in biomedicine, Antibacterial 

exertion ZnO NPs disrupt bacterial cell 

membranes, they induce reactive oxygen species 

and release Zn ions, making them effective against 

a wide range of microorganisms (29).  

 

6.Photocatalytic Properties: Photocatalytic 

Properties Their capability to degrade organic 

adulterants under UV light makes them precious in 

environmental operations (30). 

7.Carbon-Based NPS: - 

These type of Nanoparticles have gained 

significant attention in recent times due to their 

unique parcels and implicit operations  in colorful 

fields. These nanoparticles can be composed of 

colorful forms of carbon, including graphene, 

carbon nanotubes, and fullerenes. Parcels of 

Carbon- Grounded Nanoparticles Carbon- 

grounded nanoparticles parade unique parcels, 

including high face area, conductivity, and 

biocompatibility. These parcels make them 

suitable for colorful operations, including energy 

storehouse, biomedical imaging, and 

environmental remediation (31). 

1.Quantum Dot NPS: - 

Quantum fleck nanoparticles are nanoscale 

semiconductor These patches that exhibits unique 

optic and electronic matters due to amount 

confinement goods. These nanoparticles are 

generally composed of rudiments from groups II- 

VI, III- V, or IV- VI of the periodic table and range 

in size from 2 to 10 nanometres. The small size of 

QDs gives them distinct characteristics, similar as  

size- tuneable emigration gamuts and high 

photostability, which set them piecemeal from 

traditional fluorescent colorings and bulk 

semiconductors. Firstly it is discovered in the early 

1980s by Alexei who observed amount 

confinement goods in glass matrices, QDs 

snappily came a focus of expansive exploration  

 and development (32).  

2.Graphene NPS: - 

Graphene nanoparticles( GNPs), a outgrowth of 

graphene, represent a revolutionary advancement 

in nanotechnology due to extraordinary 

physicochemical and mechanical parcels. 

Graphene itself is a single sub caste of carbon 

tittles  arranged in a hexagonal chassis structure, 
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discovered in 2004 by  Andre Gemi and 

Konstantin Novoselov, who insulated it using the  

simple" Scotch tape recording" system ( 

Novoselov et al., 2004). GNPs are nanoscale 

fractions multi-layered structures deduced from 

graphene, offering unique versatility for 

operations in energy storehouse, electronics, 

biomedicine, and environmental wisdom.  

33) 

3.Fullerene NPS: - 

Fullerene nanoparticles (NPs) are an interesting 

class of nanomaterials composed of carbon tittles 

arranged in a concave, globular, ellipsoidal, or 

tubular structure. Discovered in 1985 by the 

scientists Harold and Robert Curl, fullerenes — 

frequently appertained to as “buckyballs” — are 

named after the mastermind Buckminster Fuller, 

whose geodesic polls inspired their shape( Kroto 

et al., 1985).( 34) These unique carbon 

nanostructures have since charmed the scientific 

community due to their remarkable physical, 

chemical, and electronic parcels. The most well- 

known fullerene structure, C ₆₀, is a patch 

conforming of 60 carbon tittles arranged in 

apattern similar to a soccer ball. This configuration 

gives fullerenes exceptional stability and the 

ability to accept and donate electrons, making 

them highly useful in a variety of applications. 

[35]  

4.Carbon Black NPS: - 

Carbon black nanoparticles (Cb nps) are a class of 

engineered nanomaterials consisting primarily of 

amorphous carbon. These nanoparticles are 

produced through the incomplete combustion of 

hydrocarbons and are widely Used to deliver 

products in different industries by using their 

unique physical and chemical properties [36] With 

particle sizes typically ranging between 10 to 

100th nanometres, Cb nps possess Great surface 

area, good conductivity, and strong reinforcing 

capabilities and making them indispensable in a 

variety of applications, including rubber 

manufacturing, coatings, batteries, and 

environmental remediation. One of the standout  

characteristics of carbon black nanoparticles is 

their ability to  improve the mechanical and 

electrical properties of materials. In  rubber 

production and they are used as reinforcing  fillers 

to enhance durability and wear resistance (Wang 

et al., 1995).[37] Additionally, their conductive 

properties make them suitable for use in lithium-

ion batteries, where they function as conductive 

additives to improve performance. [38] 

Properties Of Nanoparticals: - 

Nanoparticles (NPs) exhibit unique properties that 

distinguish them from bulk materials because of 

their nanoscale dimensions, surface area, and 

quantum mechanical effects. These properties 

have driven extensive research and applications in 

fields such as medicine, electronics, and 

environmental wisdom. Below are some crucial 

physical, chemical, and optic parcels of 

nanoparticles.  

1. High Surface Area- To- Volume Rate-  

Nanoparticles have an exceptionally high face area 

relative to their volume, which enhances their 

reactivity and commerce with other accoutrements 

This property is particularly salutary in catalysis, 

where nanoparticles can significantly ameliorate 

response rates by furnishing a larger active face( 

Zhang et al., 2008).( 39) 

2. Quantum goods-  

As the size of nanoparticles approaches the 

nanoscale (1 – 100 nm), amount goods come 

pronounced, performing in separate electronic 

energy situations. These goods contribute to 

unique optic and electronic parcels, similar as 

tuneable luminescence in amount blotches and 

enhanced conductivity in essence nanoparticles( 

Kittel, 2005).( 40) 

3.optical parcels-  

Nanoparticles frequently parade unique optic 

marvels, similar as face plasmon resonance (SPR). 

For illustration, gold and tableware nanoparticles 
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display distinct colour changes due to 

collaborative oscillation of electrons in response to 

light( Kelly et al., 2003). These optic parcels are 

abused in operations like bioimaging and detector 

technology.( 41) 

4. Mechanical parcels-  

Nanoparticles frequently retain superior 

mechanical parcels, similar as enhanced strength 

and pliantness. Carbon- grounded nanoparticles 

like graphene and carbon nanotubes 

paradeextraordinary tensile strength, making them 

ideal for compound Properties. (42) 

5. glamorous parcels-  

glamorous nanoparticles, similar as iron oxide (Fe 

₃ O ₄) nanoparticles, demonstrate 

superparamagnetic geste at nanoscale confines. 

This property is extensively employed in medicine  

delivery, glamorous resonance imaging (MRI), 

and data storehouse  

(Gupta & Gupta, 2005). ( 43) 

6. Thermal parcels-  

Nanoparticles frequently parade enhanced thermal 

conductivity and stability. For case, essence oxide 

nanoparticles similar as titanium dioxide (TiO ₂) 

are extensively used in heat transfer fluids and  

 thermal coatings (Eastman et al., 2001).(  44) 

7. Chemical Reactivity- Nanoparticles are largely 

reactive due to their high face  

 energy and amount goods. This makes them ideal 

for chemical detectors, catalytic transformers, and 

environmental remediation (Tiwari et al., 2008). 

(45) conflation Of Nanoparticles-The conflation of 

nanoparticles (NPs) is a critical step in 

nanotechnology, as the system used can 

significantly impact the size, shape, face 

characteristics, and parcels of the nanoparticles. 

conflation styles are astronomically distributed 

into two approaches top-down and nethermost- up. 

Both ways are extensively employed to produce 

nanoparticles acclimatized for specific operations 

in drug, energy, electronics, and environmental 

wisdom. 

Synthesis Of Nanoparticles: - 

1.Top-Down Approach: - 

The top-down approach involves breaking down 

bulk accoutrements into nanosized patches using 

physical or mechanical processes. This type of 

approach is having great results for producing 

nanoparticles with precise control over size and 

morphology.  

a. Mechanical Milling: - 

This milling uses high energy ball manufactories 

to mix bulk accoutrements into nanoparticles. This 

system is cost-effective and  suitable for producing 

large amounts of nanoparticles but may  result in 

blights and a lack of uniformity (Pohl et al., 2007). 

(46) 

b. Lithography Techniques: - 

Lithography, similar as electron- ray or 

photolithography, is used to produce nanoparticles 

with precise shapes and patterns. While largely 

accurate, it's frequently limited to small- scale 

product due to high costs( Bera et al., 2010)( 47) 

2. Bottom-Up Approach: - 

The bottom- up approach builds nanoparticles 

from infinitesimal or molecular precursors through 

chemical or natural processes. It's particularly 

effective for synthesizing nanoparticles with 

invariant parcels and complex structures. 

a. Chemical Vapor Deposition (CVD): - 

In CVD, gassy precursors reply on a substrate to 

form a thin film or nanoparticles. This type of 

method is greatly used for creating nanoparticles 

like carbon nanotubes and graphene.( 48) 

b. Sol-Gel Method: - 

Sol- gel process including the condensation, 

hydrolysis to form nanoparticles in a liquid phase. 

This fashion is generally used for essence oxides, 

similar as titanium dioxide and silica 

nanoparticles( Brinker & Scherer, 1990).( 49) 

c. Colloidal conflation-  

Colloidal conflation involves reducing essence 

mariners in a result to produce nanoparticles with 

precise size control. It's considerablyused for 
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producing amount blotches and metallic 

nanoparticles Murray et al., 2000).( 50) 

d. Biological styles-   

herbage conflation using microorganisms, shops, 

or enzymes is an eco-friendly system for 

nanoparticle product. It avoids poisonous 

chemicals and offers excellent biocompatibility, 

making it ideal for biomedical operations  

(Shankar et al., 2004).( 51) 

Applications Of Nanoparticals: - 

Nanoparticles (NPs) have surfaced as 

revolutionary accoutrements due to their unique 

parcels, including high face area, tuneable optic 

characteristics, and enhanced reactivity. These 

features make nanoparticles largely protean, 

enabling their use in colorful disciplines similar as 

drug, electronics, energy, and environmental 

wisdom. Below are the crucial operations of 

nanoparticles across different diligence. 

1.Biomedical Applications: - 

a. Medicine Delivery Systems-  

 Nanoparticles serve as effective medicine carriers 

due to their capability to synopsize remedial 

agents and release them in a controlled manner at 

targeted spots. Lipid nanoparticles, for case, have 

been employed in COVID- 19 mRNA vaccines for 

their biocompatibility and delivery effectiveness( 

Schoenmaker et al.,).   ( 52) 

b. Bioimaging: - 

Quantum blotches and gold nanoparticles are 

considerably used in bioimaging ways for their 

bright and stable luminescence. These 

nanoparticles enable high- resolution imaging in 

diagnostics (53). 

c. Cancer Therapy: -    

Glamorous and gold Nanoparticles shells are  

Used in cancer treatment through hyperthermia 

and photothermal curatives. These nanoparticles 

widely target cancer cells, minimizing side goods 

(Ferrari , 2005).( 54) 

  

  

2. Energy Applications: - 

Solar Cells  

Nanoparticles like titanium dioxide (Tio ₂) and 

amount blotches enhance the effectiveness of solar 

cells by perfecting light immersion and charge 

transport (Grate, 2003) (55)   

Energy Storage-  

Carbon - grounded nanoparticles, similar as 

graphene and carbon based nanotubes are referred 

to used in lithium ion batteries and in super 

capacitors to ameliorate energy viscosity and 

charge - discharge rates( Wang et 2009).( 56) 

3. Environmental operations-  

Nanoparticles like tableware and zinc oxide are 

used for water disinfection due to their 

antimicrobial parcels. also, iron oxide 

nanoparticles are effective in removing heavy 

essence from water( Savage & Dial lo, 2005).( 57) 

4. Pollution Control-  

Nanoparticles are employed as catalysts to reduce 

hothouse feasts. For case, cerium oxide 

nanoparticles are used in catalytic transformers to 

lower vehicle emigrations (Sharma et al.,)(58). 

3. Electronics and Optoelectronics: - 

a. Nanoelectronics: - 

Semiconductor nanoparticles are integral to the 

development of nano-scale transistors and sensors, 

improving device miniaturization and efficiency 

(Choi et al., 2017). [59] 

b. Display Technologies: - 

Quantum dots are revolutionizing display 

technologies, offering vibrant colours and energy 

efficiency in LED and QLED screens (Kim et al., 

2012). [60] 

4. Agriculture and Food Industry: - 

a. Pesticides and Fertilizers: - 

Nanoparticles are used in smart delivery systems 

for agrochemicals, reducing waste and enhancing 

the effectiveness of fertilizers and pesticides (Kah 

et al., 2013). [61] 

b. Food Packaging: - 



L. Ramanamma, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 3, 333-343 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               340 | P a g e  

Silver nanoparticles are incorporated into food 

packaging materials for their antimicrobial 

properties, extending shelf life and ensuring food 

safety (Chaudhry et al., 2008). [62] 

5. Advanced Materials and Manufacturing: - 

a. Composite Materials: - 

Nanoparticles are used to strengthen composite 

materials. For  

instance, carbon nanotubes enhance the tensile 

strength of  

polymers in aerospace and automotive industries 

(Ajayan et al.,)(63) 

b. 3D Printing: - 

Essence nanoparticles are being integrated into 3D 

printing accoutrements to produce factors with 

enhanced conductivity and thermal stability( Lee 

et al., 2019).( 64)  

5. Cosmetics and Personal Care: - 

Nanoparticles like titanium dioxide and zinc oxide 

are extensively used in sunscreens and cosmetics 

for UV protection and advanced texture. Their 

nanoscale size ensures translucency (65) 
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