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Abstract 
 
Synthesis of nanoparticles is quite challenging and a lot of research has been 

done on this due to its unique properties. The diameter of nanoparticles is lies 

in between 1-100 nanometers. Nanoparticles have several advantages like 

improved bioavailability and delivering drug at a particular location in the 

body along with improved resistance time in body. Synthesis of nanoparticles 

is very important as they play crucial role in pollution control system, 

photoconversion devices and bioconversion systems. There are different 

types of nanoparticles such as quantum dots, quantum sheets, carbon 

nanotube, fullerene based, etc. In this review article, brief discription about 

synthesis of nanoparticles has been described i.e, synthesis of gold, silver, 

nickel, ferrites, alloys of cobalt and iron as well as green synthesis of 

nanoparticles by using wet chemical methods. 

 

1 Introduction 
 

In the present scenario synthesis of nanoparticles is very important as 

nanoparticles have many applications including cancer treatment. 

Nanoparticles deliver anti-cancer drugs effectively and kill cancer cells 

selectively without damaging the normal tissue [1-4].
 
Green synthesis of 

nanoparticles is very useful and applicable as it reduces the production of 

unwanted or harmful products. Nanoparticles can be synthesisized by various 

methods like physical, chemical and biological methods which are breifly 

described in this review paper. There are various types of nanoparticles are 

known such as metal nanoparticles (Cu, Au, Ag, Fe, Pt, Y etc) and polymeric  
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nanoparticles (PLGA, PLA, collegan etc)as well as [5-6]metal oxide 

nanoparticles (TiO2, SiO2 , Al2O3 etc.). Different kind of nanoparticles are 

synthesised and are used for different purposes. Nanoparticles being small in  

size have useful applications due to greater surface area which enhances its 

properties and it is applicable in many areas such as imaging, water 

treatment, drug delivery, biosensing and production of clean energy. 

 

Keywords: Electric resistance spot welding, Electrode pressure, Welding 

current, Welding time, Hold time 

 

2 CuS Nanospheres and Nanocages 
 

By using microwave irradiation[7-8] CuSnanoparticles with different 

structures can be synthesiized and it accelerates the decomposition process. 

The starting materials are sodium thioaulphate and copper sulphate. When 

the conditions are changed then morphology also changed, for example 

nanotubes are formed when CuSO4/ Na2S2O3 reacts in 1:2 molar  ratio while 

solid nanospheres are formed when the ratio is either increased or decreased. 

Nanotubes are obtained when the system is present in boiling state. 

Irradiation time also influences the morphology of nanoparticles as if the 

irradiation time was reduced from 20 min to 10 min CuS nanoparticles 

decreased significantly.[9] Thus, many novel nanoparticles can be formed by 

this method with high crystallinity. 

 
 
3 Nanostructured Nanocrystalline Materials Synthesis 
Using Pulse Laser-Inert Gas Condensation 
 

In inert gas condensation method,[10,11] vacuum pressure is applied at 

about 10
-8

 mbar to evaporate the material which is placed in a chamber and 

then low pressure inert gas like helium is filled . Thus, crystallites are 

produced. A new set-up pulsed laser-inert gas condensation has been built for 

the synthesis of nanoparticles of pure metal, nano-composites, oxides, 

semiconductor and glassy nickel-niobium alloy.[12,13] By using X-ray 

diffraction as well as electron microscopy the size distribution, morphology, 

structure, size,etc.were evaluated. Moreover, magnetic property as well as 

microscopic characterization measurements of synthesized nickel-niobium 

alloy nanopowder were performed to show structure as well as property 

relationship and hence indicate the potential, versatility as well as variability 

of the pulse laser-inert gas condensation system. As PL-IGC system has a 

simple design and this system offers target materials‟ choice as well as 

ablation parameters. The particle sizes as well as size distribution can be 

controlled by employing IGC process parameters like gas pressure and type. 
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3.1 Green Synthesis 
 

The [14-16] biomolecules which are attached on the surface of 

nanoprticles can enhance the microbial activity of the extracted  nanoparticles. 

This is done by the application  of  green materials such as algae, plant and 

microbial extracts which act as reducing agents and has great advantages. 

Reducing agents like sodium borohydride and hydrazine hydrate are not used 

because they have undesirable toxicity with nanoparticles as they have 

tendency in in-situ reducing and capping. Moreover, biological extracts are 

mixed with metal salt solutions and metals, generally used metals are iron, 

gold, silver and copper.There is a change in oxidation state of metal from 

positive oxidation state to zero oxidation state as biomolecule reduces the 

metal salts. Bio-compounds which are present in the extract, affectsthe size 

distribution as well as size of nanoparticles. If strong reductant is present in the 

extract then rate of reaction increases and hence smaller nano-particles can be 

easily formed.[17] Biomolecule reduces the salt very rapidly then new nuclei 

and secondary nuclei formed continuously but if the secondary nuclei formed 

more than the primary nuclei then slow reaction may occur.Second option is 

provided by the biomolecules which prevents the aglomeration by forming a 

monolayer on the surface of nanoparticles which has antibiotics thus enhances 

biocidal activity. Thus the microbial activity of the extracted nanoparticles can 

be enhanced by the biomolecules which are attached on the surface of 

nanoparticles. 

The green chemistry for the synthesis of nanoparticals have many 

advantages like the decreased cost production, environmental pollution, 

lowering in physiological toxicity as well as increased biological 

compatibility. [18] In this method the natural products are used as raw 

material, and using the natural products as raw materials is very 

advantageous due to its high presence in nature and low price. Natural 

products can be applied as reactants, surfactants, solvents but can also be 

applied as carriers, templates as well as catalyst. Applications of these kinds 

of natural materials are not widely known. Problems related with green 

production of nanoparticals should be solved immediately.[19] These natural 

materials plays a significant role in deciding the organization,structures, 

biological activities in addition to morphological activities because of 

complex structure, shape, morphological as well as biological functions.  

 

3.2 Silver Nanoparticles using Plants 
 

Plant extract has an important application in synthesizing silver 

nanoparticles. [20] Plant extract do the reduction of metal ions as it contains 

number of metabolites as well as reductive biomolecules. Polysaccharides 

are generally used as they provide an excellent platform for synthesizing 

silver nanoparticles. Polysaccharides like chitosan as well as starch are  
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recently used. Silver nanoparticles can be synthesized by using 

hydroxylpropyl starch by using it in in-situ reduction and capping, [21] silver 

nanoparticles of 6 to 8 nm in diameter are synthesized. When antimicrobial 

plant extract is used as in situ reducing and capping agent then it enhances 

the antimicrobial activity and nanoparticles can also be easily developed by 

this method. Capping agent protects the size so it enhances antimicrobial 

action as it depends upon size. Thus silver nanoparticles with enhanced 

microbial action can be synthesized successfully by plants which has anti-

microbial action. 

 
Figure 1 Synthesis of Silver Nanoparticlesby Using Different Biological Entities 

 

3.3 From Reactive Metals Precursors, Synthesis of 
Semiconducting and Metallic Nanoparticles 
 

3.3.1 Gold 
 

Spherical gold [22] nanoparticles can be synthesized by heating 

Au(C13H27  COO) (PPh3 ) for five hours and at 180 °C temperature under a 

nitrogen atmosphere which are 235 nm in diameter. There are small amounts 

of PPh3 on gold cores and it is capped with myristate (C13 H27COO) as shown 

by the X-ray and infrared spectroscopy as well as 
1
H nuclear magnetic 

resonance.  

The by-product which is liquid contains myristic acid as well as gold(I) 

complex. The reduction of Au(I) is done by the elimination of PPh3 and it 

give [Au(PPh3)2 )(C13 H27 COO)].In [Au(PPh3)2 )(C13 H27 COO)]complex, 

myristrateligands cap the gold nanoparticles as the complex and protect them 

from decomposition. The by-product [Au (PPh3)2 )(C13 H27 COO)] will not 

form when the reaction is done under atmospheric conditions and thus, 

synthetic process is condition specific. 
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3.3.2 Nickel 
 

` Nickel particles can be formed by thermally decomposing nickel oleate 

in nitrogen atmosphere. The size of nickel [23] nanoparticles depends on 

temperature when temperature is less than 333 °C then no nanoparticlesis 

formed. Nanoparticles of size 5.1 nm are formed when temperature is 350 °C 

then it increase to 5.9 nm at 380 °C and then 6.6nm at 400 °C is seen. The 

crystal phase of nanoparticles also changes with change in temperature. At 

350 °C face centred cubic (fcc) is observed and 380 °C hcp is seen and it is 

more prevalent than face- centred cubic at 400 °C. 

 

3.4 Synthesis Of Metal Oxide Nanoparticles Using Wet Chemical 
Methods[24-26] 

 

Characteristi

cs 

Thermal 

decomposition 

Microwave 

assisted 

synthesis 

Solvothermal 

Crystallinity Time and 

temperature are 

two properties 

on which 

crystalline nature 

of nanomaterial 

depends 

Type of precursor 

is the only 

property on 

which 

crystallinity 

depends 

Time is the 

property on 

which crystalline 

nature of 

nanomaterial 

depends 

Nucleation 

and growth 

Nucleation as 

well as growth 

process are rapid 

in nature 

Nucleation as 

well as growth 

are rapid process  

Nucleation as 

well as growth 

both are 

moderate in 

nature 

Conditions High 

temperature as 

well as inert 

atmostphere 

Temperature 

must be high and 

moderate 

pressure 

High temperature 

as well as high 

pressure  

Solvent Solvent is high 

boiling solvent 

Generally the 

solvent which is 

polar in nature is 

used. Small 

variation in 

concentration, 

temperature, rate 

od addition 

effects the 

kinetics of 

reaction  

Any solvent can 

be used 
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Reproducibil

ity 

Batch to batch 

variation(the 

reaction kinetics 

was effected by 

delicate change 

in concentration, 

temperature and 

rate of addition) 

Small variation in 

temperature, 

concentration and 

rate, affects the 

kinetics of 

reaction. 

Yes, reproducible 

in nature 

Possible of 

scale-up 

Confined(modest 

change in the 

reaction 

conditions 

influence size 

and shape) 

Confined Confined(becaus

e of conditions 

like high 

temperature as 

well as high 

pressure) 

 
3.5 Nanoparticles of Ferrites 
 

The most interesting class of inorganic solids is transition metal 

oxides[27-28] because they display a great variety of properties, structure 

well as phenomena.Because of great fascinating properties which include 

magnetic, ferromagnetic, ionic as well as electrical conducting properties, 

many oxide materials have been used in significant advanced technology 

areas. Magnetic nanoparticals such as ferrites have been studied for many 

significant years because of their unique application such as magnetic storage 

media as well as ferrofluids. 

 

3.6 Nanoparticles of Alloys of Cobalt and Iron  
 

Iron-platinum nanoparticles are prepared by simultaneous reduction of 

platinumacetylacetonate as well as the thermal decomposition of iron penta-

carbonyl in presence of oleic acid, oleyl amine. [29-30] By changing the 

molar ratio ofprecursors, thecomposition can be altered. Nanoparticles are 

prepared by using 3:2 molar ratio of iron pentacarbonyl to platinum 

acetylacetone. The size of partical can vary from 3-10nm with the addition of 

more precursors to earlier synthesized 3nm particle which is used as nuclei. 

The three dimensional super lattices are formed when we slowly evaporate 

the solvent. 

 

4 Conclusion 
 

Nanoparticles have many applications and thus synthesis of nanoparticles 

is very important. Different types of metal nanoparticles are used for 

different purposes, so synthesis of some of these nano-particles has been 

discussed in this review article. CuSnano-particles are used for imaging and 

cancer therapy. Biomolecules attached on the surface of nanoparticles can  
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enhance the microbial activity of nanoparticles. Plant extractsare also helpful 

in synthesizing silver nanoparticles as they do the reduction of metal ions. 

Gold has wide applications like drug delivery, electronic conductors, sensory 

probes, etc.and nickel nanoparticles can be formed by thermally 

decomposing nickel oleate in nitrogen atmosphere.Metal oxide nanoparticles 

can be synthesized by wet chemical methods. Magnetic nanoparticles as well 

as nanoparticles of alloys of cobalt and iron synthesis have also been 

summarized. 
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