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INTRODUTION 

Nanoparticle plays an important role in research and 

technology with many applications. Modern research has 

been witnessed that the growth and applications of 

Nanotechnology and Nanoscience was widely improved 

because of their physicochemical characteristics such as 

size and surface area, melting point, wettability, 

electrical and thermal conductivity, light scattering and 

absorption, catalytic activity and scientific importance. A 

Nanometer is an international system of units represent 

10
-9 

meter in length.
[1] 

Nanoparticles (or) Nano materials 

are generally of diameter in the range of 1-100nm. 

According to European commission Nanoscience is 

defined as ―The understanding and control of matter at 

the dimensions of roughly 1 to 100nm where unique 

phenomena enable noval applications‖. According to 

environment protection agency ―Nanomaterial can 

exhibit unique properties which is different from other 

materials‖.
[2] 

According to USFDA Nanomaterials are 

the one in which at least one dimension should be in the 

range of 1-100nm.
[3] 

According to ISO Nanomaterials are 

the one with internal Nanoscale surface structure (or) 

external Nanoscale dimensions. Different organizations 

has different definations to define Nanomaterials.
[4] 

 

Nanoparticles are been used in the field of medicine for 

drug delivery, treatment of specific diseases, invivo and 

invitro diagnosis, sensing, Co2 capturing, 

Neutraceuticals and improved biomaterial production 

because of their unique properties. Nanoparticles possess 

large surface area which has capability to bind, adsorb 

and carry other compounds helps in detecting minute 

materials because of their sensitivity.
[5] 

Aim of the 

Nanoparticle is entrapment of drug to increase delivery 

(or) uptake and reduce toxicity that results in increase the 

therapeutic efficacy.
[5] 

Nanoparticles are the molecules 

with three layers 1. surface layer 2. shell layer 3. core 

layer which refers nanoparticle itself.
[6] 

Nanoparticle 

exhibit unique physical, chemical, biological properties 

at Nanoscale compared to their particles at higher scale. 

Surface of the nanoparticles may be uniform (or) 

irregular with variations. There may be crystalline (or) 

amorphous with single (or) multiple crystal solids either 

loose (or) agglomerates. Various synthetic methods are 

used for the production and improve the physical, 

chemical, biological, optical, mechanical properties. 

There by improve the therapeutic efficiency and also 

other applications.
[4] 

Different types of Nanoparticles are 

gold Nanoparticles, silver Nanoparticles, metallic 

Nanoparticles, magnetic Nanoparticles, carbon 
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ABSTRACT 

Nanotechnology is the study of very small structure. It is involved in the development of small structures like 

atoms, molecules, compounds of size 0.1 to 100 nm that can be developed into special devices with desired 

characteristics and properties by using synthetic methods like bottom up (or) top down techniques. Due to their 

small size it enhanced properties such as high reactivity, strength, surface area, sensitivity, stability, etc. These 

properties of nanoparticles has wide applications in many fields. Nanoparticles exist in different dimensions from 

natural sources and created by human activities. They play an significant role in technological advancement due to 

their unique physical, chemical, and biological properties. Nanoparticles may be uniform (or) irregular with 

variations. They can be crystalline (or) amorphous with single (or) multiple crystal solids either loose (or) 

agglomerates. Aim of this review article is to know how nanotechnology is been used and developed from ancient 

days. Overview of this article is nanoparticle classification based on their origin, dimensions of their of structure, 

and nature, how nanoparticles are synthesized, their characterization, applications in various fields, and toxicity 

towards cells and tissues. Additionally, it provide information how the nanoparticle and nanotechnology is used in 

the target drug delivery. 
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Nanoparticles and quantum dots. Heavy metals 

Nanoparticles such as cadmium, lead, tin, chromium etc., 

are more stable than other metallic Nanoparticle and 

degradation does not occur easily which leads to 

toxicity.
[6] 

 

1. HISTORY 

Natural asbestos Nano fibers are been used by the 

humans for more than 4,500 years ago. Egyptians using 

Nanoparticles of diameter 5nm for hair dye for more than 

4000 years ago. Around 3
rd 

century Egyptian blue was 

the first synthetic pigment was prepared by using 

sintered Nanometer sized glass and quartz. There after 

various Nanomaterials are been used with unknown 

characters. In the year 1857 Michael faraday was the 

first scientist reported colloidal gold Nanoparticles. He 

also revealed optical characteristics of Au colloidal are 

dissimilar from bulk compounds.
[1] 

In 1959 Richard 

Feynman given a lecture at American physical society on 

topic ―A lot of space down there‖ in the book ―There’s 

plenty of room at the bottom‖.
[6] 

In 1974 Norio Taniguchi 

introduced word Nanotechnology into the scientific 

world for the first time and also fabricated Nanomaterials 

below 1µm. In 1998 Cees Dekkar et.al invented carbon 

Nanotubes transistor. In 2000 Eigler et.al constructed 

quantum mirrors. In 2013 Stanford researchers 

developed first carbon Nanotube computer. In 2014 

Nanotubes in chloroplast created super plants by 

boosting photosynthesis. In 2014, 1814 Nanotechnology 

based consumer products are present in 20countries. In 

2017 Graphene enchanced Nano electro mechanical 

systems for diagnosis. 

 

2. CLASSIFICATION 

Nanoparticles are classified as follows based on their 

origin, dimensions and nature. 

Nanoparticels was firstly classified by Gleiter et.al.
[10] 

naturally produced in nature either by biological species 

(or) through anthropogenic activities which are present in 

earth’s sphere. Earth comprised of Nanomaterial such as 

atmosphere, hydrosphere, lithosphere.
[7,8] 

Synthetically 

produced by mechanical grinding, Engine exhaust and 

smoke by physical, chemical, biological methods. 

Presently synthetic Nanomaterials are forecasting 

environmental conditions and has wide applications. In 

2007 Pokropivny and Skorokhod made a new scheme 

classification of Nanomaterial such as 0D, 1D, 2D, 3D. 

Zero dimensional Nanomaterials in which all the 

dimensions are within the Nanoscale Eg: Nanoparticles. 

One dimensional in which one dimension is outside the 

Nanosclae Eg: Nanotubes, Nanorods, Nanowires. Two 

dimensional in which two dimensions are outside the 

Nanosclae exhibits plate like shapes Eg: Graphene, 

Nanofilms, Nanolayers, Nanocoatings. Three 

dimensional are the material that are not confined to the 

Nanoscale in any dimension Eg: Bulk powders, 

Dispersions of Nanoparticles, Bundles of Nanowires, 

multi-Nanolayers. Based on their nature carbon based 

Nanomaterials contains carbon available as spheres, 

hollow tubes, ellipsoids, fullerenes, carbon Nanotubes, 

carbon Nanofibres, carbonblack, grapheme as in fig (1) 

are under this category can be synthesized by laser 

ablation, arc discharge, chemical vapour deposition.
[11] 

Inorganic based Nanomaterial includes metals and metal 

oxides. Metals used are Au, Ag Nanoparticles and Metal 

oxides are Tio2 and Zno Nanoparticles, semiconductors 

such as silicon and ceramics. Organic based 

Nanomaterials made by organic matter apart from carbon 

and inorganic matter. They can formulated into desired 

structures includes liposomes, micells, Dendrimers and 

polymeric Nanoparticles. Composite based Nanomaterial 

are multiphase Nanoparticles and Nanomaterial structure 

are one phase on Nanoscale dimension either combined 

with other Nanoparticle (or) with bulk materials. They 

may be combinations of carbon based, Metal based, 

Organic based. 

 

 
Fig. 1: Various types of Nanoparticles. 

 

3. SYNTHESIS 

Nanoparticles are synthesized by various methods that 

are categorized into top down (or) bottom up method.
[4] 
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Bottom up method is a constructive method in which 

build up of materials from atoms to clusters to 

Nanoparticles. Though the bottom up approach oftenly 

referred in Nanotechnology it is not a newer concept. All 

the living beings in nature observe growth through this 

approach. It plays an important role in the fabrication 

and processing of Nano structures. Sol- gel, Spinning, 

Chemical vapour deposition, Pyrolysis, Biosynthesis are 

the most used methods. Top down method is a 

destructive method where the reduction of a bulk 

material to Nanoscale. Mechanical milling, Nano 

lithography, laser ablation, Sputtering and thermal 

decomposition are some of the most widely used 

methods. Problem with this technique is imperfection of 

surface structure and significant crystallographic damage 

leads to extra challenges in device design and 

fabrication. By this approach bulk production of 

Nanoparticles can be produced. Regardless of defects 

produced by the top-down approach it will play an 

important role in synthesis of Nanomaterials (or) 

Nanostructures. 

 

Various methods of synthesis of Nanoparticles apart from 

above methods are physical, chemical, biological. 

Mechanical and vapour are the ways by which 

Nanoparticles can be synthesized physically. Mechanical 

includes High energy ball mill and melt mixing, vapour 

includes physical vapour deposition, laser ablation, 

sputter deposition, electric arc deposition and Ion 

implantation. Colloidal route and Sol gel method are the 

chemical methods used to synthesis nanoparticles. 

Biological methods are used for the synthesis of 

Nanoparticle are Use of microorganisms like Fungi, 

yeast (or) bacteria, actinomycetes, use of plant extracts 

(or) enzymes, Use of templates like DNA Membranes, 

viruses and Diatoms as in (fig2). 

 

 
Fig 2: Schematic representation of nanoparticles synthesis. 

 

4. CHARACTERISATION 

Unique properties determines potential of the 

Nanoparticles which was carried out by different 

measurement.
[4] 

 

4.1 Size 

Particle size and its distribution is the most important 

measurements for characterization of the Nanoparticle to 

determine with in the Nanoscale region. They can be 

detected by electron microscopy. In solid phase size is 

determined by SEM and TEM for measuring particles 

and clusters where to determine particle size of the bulk 

samples laser diffraction is used.
[12] 

In liquid phase 

photon correlation and centrifugation is used. In gaseous 

phase it is very difficult to determine size by imaging 

therefore scanning mobility particle sizer is used provide 

accurate data. 

 

4.2 Surface area 

Characterization of surface of the Nanoparticle is very 

important. Surface area to volume ratio has prominent 

use based on the ratio of Nanoparticle performance and 

properties are influenced. It is generally determined by 

Adsorption and Air permeability method in which BET 

analysis is used. Generally simple titration is sufficient 

for determination of surface area in liquid phase but it is 
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labor intensive process. In gaseous phase surface area 

can be determined by SMPS (Scanning Mobility Particle 

Sizer) and differential mobility analyzer. 

 

4.3 Surface morphology 

Nanoparticle possess different shapes and surface 

structure. Shape of Nanoparticle includes spherical, flat, 

cylindrical, tubular, conical, Irregular, Surface may be 

like crystalline (or) amorphous with irregularities (or) 

uniform determined by electron microscopy imaging like 

SEM, TEM.
[13] 

In liquid phase by deposition onto the 

surface of electron microscopy and In gaseous phase 

capture particles electrostatically (or) by filtration for 

imaging using electron microscopy. 

 

4.4 Surface charge 

It determines the interaction of Nanoparticles with target. 

Zero potentiometer, Differential mobility analyzer is 

used for determination of the charge. 

 

4.5 Composition 

Purity and performance of Nanoparticle can be 

determined by composition presence of undesired 

elements may reduce the efficacy of the Nanoparticle. In 

solid phase it can be determined by X-ray photon 

spectroscopy,
[14] 

and chemical digestion followed by 

wet chemical analysis for bulk samples. In liquid phase 

mass spectroscopy, Atomic emission spectroscopy and 

ion chromatography. In gaseous phase particles are 

collected for analysis by spectrometric (or) wet chemical 

techniques.
[15] 

 

4.6 Crystallography 

Study of atoms and molecules arrangement in crystal 

solids which can be determined by powder X-ray 

electron (or) Neutron diffraction,
[16] 

as in fig (3) 

 

 

 
Fig. 3: Characterization of nanoparticles. 

 

6 APPLICATIONS 

6.1 In medicine 

Drug can be delivered to specific site by Nanoparticles 

and produce the required therapeutic action to treat the 

diseases. Protein filled nanoparticle has the ability to 

stimulate immune response and also used present in 

vaccines which are inhalable. Polymer coated iron oxide 

Nanoparticle break clusters of bacteria to treat chronic 

bacterial infections. Nano diamonds with protein 

molecules increases dental (or) joint implants bone 

growth. Mental fitness of the baby can be increased by 

gold Nanoparticles.
[18] 

Cerium oxide Nano particles has 

the ability to destroy free radicals present in patient 

blood stream due to their antioxidant property. Carbon 

Nanotube scaffolds increases the bone growth.
[17] 

 

 

6.2 In Materials and Manufacturing 

Ceramic silicon carbide Nanoparticle distributed in 

magnesium produce a strong lightweight material. 

Silicate Nanoparticles used to provide the barrier to 

gases (or) humidity in a films which is of plastic for 

packaging. Industrial coating contains Zinc oxide 

Nanoparticles which protect textiles, wood, plastic from 

exposure to uv rays.
[19] 

In fabric Silver nanoparticles are 

used to kill bacteria that produce bad odour to clothes.
[20] 

Silicon dioxide crystalline Nanoparticle used to fill gaps 

in carbon fibers there by strengthening tennis racquets. 

 

6.3 In Environment 

Gold Nanoparticles embedded in porous manganese 

oxide at room temperature catalyst destroy organic 

pollutants in air which are volatile in nature. Iron 

Nanoparticles used to purify ground water by removing 
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carbon tetrachloride. Arsenic from water wells can be 

removed by Iron oxide Nanoparticles. Photo catalytic 

copper tungsten oxide Nanoparticle to breakdown oil in 

the biodegradable compounds.
[21] 

 

6.4 In Energy and Electronics 

Nanotetrapods studded with Nanoparticle of carbon used 

to produce low cost electrodes for fuel cells which 

replace the platinum. Conductive lines needed in circuit 

boards was developed by silver nanoparticle ink. Gold 

Nanoparticles when combined with organic molecules 

creats transistor know as NOMFET (Nanoparticle 

Organic Memory Field Effect Transistor) which function 

as synapses in nervous system. Platinum- cobalt 

nanoparticles are used in fuel cells. Cadimum sulphide, 

sulphide, lead telluride used in light emitting diodes.
[22] 

6.5 Cosmetics 

Titanium oxide and Zinc oxide Nanoparticle are used in 

the sunscreen lotions which increases stability and reflect 

the uv prevent from absorption of uv light by body. Iron 

oxide Nanoparticles are been used in the lipstick as a 

pigment.
[23] 

 

6.6 Food 

By using Nanotechnology, the production, processing, 

protection, packaging of food is achieved in a good 

manner. Nano composite coating in food directly in 

cooperating the antimicrobial substance during 

packaging and preventing it from deteoriation.
[24] 

Nano 

drops an additive designed to transfer the vitamins and 

minerals in the food as in fig (4). 

 

 
Fig. 4: Applications of nanoparticles in different fields. 

 

7. TOXICITY 

Although Nanoparticles are widely used in the different 

fields because of there wide applications at certain point 

Nanoparticles may also leads to toxic effect.
[25] 

Nanoparticles used for treatment of particular disease 

may leads to damage of particular site due to usage of 

them. Aluminium oxide Nanoparticle are being used in 

fuel cells, polymers, paints, textiles, biomaterials but it 

have reported that Nanoparticle disturb cell viability, 

increase oxidative stress, alter mitochondrial function. 

Copper oxide produce toxic effects on liver, kidney. 

Carbon based Nanomaterial posses size dependent 

cytotoxicity. Silica based Nanoparticle reported for 

mitochondrial damage. Polymeric materials in 

Nanoparticles are generally non- toxic, non-

immunologic, non-inflammatory and do not activate 

neutrophils has been very successfully used as Nano 

system for targeted drug delivery of drugs. They has low 

toxicity. Surface coating induces toxicity of polymeric 

Nanoparticles towards human like macrophages. It is 

significant to determine that toxicity of Nanoparticles 

generally depends on its origin.
[26] 

Many of them are 

non-toxic and some possess health benefits they are 

similar to size of virus.
[25] 

Small size of Nanoparticles 

carry active chemical species from barriers such as skin, 

lungs, organs which leads to irreversible oxidative stress 

leads to cancer, asthma, organ damage by Nanoparticles. 

Uptake by RES, Nucleus, Neurons results in production 

of antigens causes organ damage is major toxic effects of 

Nanoparticles.
[25] 

The toxicity of Nanoparticles are 

generally depends on various factors dose and exposure 

time, aggregation and concentration effect, Particle 

size,
[27] 

Particle shape,
[28] 

Surface area, Crystal Structure, 

Exposure, Surface functionalization effect.
[31][32] 

Nanoparticle can harm cell organs, DNA and causes cell 

mortality with their cellular localization effect. 

 

8. CONCULSION 

In recent years research involving Nanoparticles has 

generated a great deal of interest from scientists and 

engineers of nearly all disciplines.
[1] 

Nanoparticles are 

widely used in different fields because of there small size 

with large surface area and targeted drug delivery. In this 

review article the information provide is about the 

classification of Nanoparticles based on various factors 

and then how they are been classified with examples then 
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synthesis, characterization, applications and finally 

discussed about toxicity. Even the usage of 

Nanoparticles is widely in different fields they may also 

leads to toxicity so more advancement should be carried 

out in the Nanotechnology to reduce the toxic effects 

produced by Nanoparticles. However Nanotechnology 

improving our everyday lives by increasing the 

efficiency of every object. Moreover, it took most 

attention where several researches are carried in this 

field. Various tests are been carried out to find the new 

applications which increases the performance and the 

efficacy of the material and at the same time reduce the 

cost which is easy for everyone consume. 

Nanotechnology has more utility compared to other 

because of its efficiency and environmental friendly 

property. 
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