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In recent years, there has been an exponential interest in the development of novel drug delivery 
systems using nanoparticles. Nanoparticles can offer significant advantages over the conventional 
drug delivery in terms of high stability, high specificity, high drug carrying capacity, ability for 
controlled release, possibility to use in different route of administration and the capability to deliver 
both hydrophilic and hydrophobic drug molecules. This review focuses on classification, methods of 
pre 
 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
  

  
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 
 

  
 

 
 

INTRODUCTION 
 

Nanoparticles are particles between 1 and 100 nanometres (nm) 
in size. In nanotechnology, a particle is defined as a small 
object that behaves as a whole unit with respect to its transport 
and properties. Particles are further classified according to 
diameter.[1] Ultrafine particles are the same as nanoparticles 
and between 1 and 100 nm in size, fine particles are sized 
between 100 and 2,500 nm, and coarse particles cover a range 
between 2,500 and 10,000 nm. Scientific research on 
nanoparticles is intense as they have many potential 
applications in medicine, physics, optics, and electronics. The 
term "nanoparticle" is not usually applied to individual 
molecules; it usually refers to inorganic materials. 
 

The reason for the synonymous definition of nanoparticles and 
ultrafine particles is that, during the 1970s and 80s, when the 
first thorough fundamental studies with "nanoparticles" were 
underway in the USA (by Granqvist and Buhrman) and Japan, 
(within an ERATO Project) they were called "ultrafine 
particles" (UFP). However, during the 1990s before 
the National Nanotechnology Initiative was launched in the 
USA, the new name, "nanoparticle," had become more 
common (for example, see the same senior author's paper 20 
years later addressing the same issue, lognormal distribution of 
sizes ). Nanoparticles can exhibit size-related properties 

significantly different from those of either fine particles or bulk 
materials. 
 

Nanoclusters have at least one dimension between 1 and 10 
nanometers and a narrow size distribution. Nanopowders are 
agglomerates of ultrafine particles, nanoparticles, or 
nanoclusters. Nanometer-sized single crystals, or single-
domain ultrafine particles, are often referred to as nanocrystals. 
Nanoparticles are of great scientific interest as they are, in 
effect, a bridge between bulk materials and atomic 
or molecular structures. A bulk material should have constant 
physical properties regardless of its size, but at the nano-scale 
size-dependent properties are often observed. Thus, the 
properties of materials change as their size approaches the 
nanoscale and as the percentage of the surface in relation to the 
percentage of the volume of a material becomes significant. For 
bulk materials larger than one micrometer (or micron), the 
percentage of the surface is insignificant in relation to the 
volume in the bulk of the material. The interesting and 
sometimes unexpected properties of nanoparticles are therefore 
largely due to the large surface area of the material, which 
dominates the contributions made by the small bulk of the 
material. 
 

Nanoparticles often possess unexpected optical properties as 
they are small enough to confine their electrons and produce 
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quantum effects. For example, gold nanoparticles appear deep-
red to black in solution. Nanoparticles of yellow gold and grey 
silicon are red in color. Gold nanoparticles melt at much lower 
temperatures (~300 °C for 2.5 nm size) than the gold slabs 
(1064 °C); Absorption of solar radiation is much higher in 
materials composed of nanoparticles than it is in thin films of 
continuous sheets of material. In both solar PV and solar 
thermal applications, controlling the size, shape, and material 
of the particles, it is possible to control solar absorption. 
 

Synthesis of nanoparticles 
 

There are several methods for creating nanoparticles, 
including gas condensation, attrition, chemical precipitation,  
ion implantation Ion implantation-induced nanoparticle 
formation, pyrolysis and hydrothermal synthesis. In attrition, 
macro- or micro-scale particles are ground in a ball mill, a 
planetary ball mill, or other size-reducing mechanism.             
The resulting particles are air classified to recover 
nanoparticles. In pyrolysis, a vaporous precursor (liquid or gas) 
is forced through an orifice at high pressure and burned. The 
resulting solid (a version of soot) is air classified to recover 
oxide particles from by-product gases. Traditional pyrolysis 
often results in aggregates and agglomerates rather than single 
primary particles. Ultrasonic nozzle spray pyrolysis (USP) on 
the other hand aids in preventing agglomerates from forming. 
 

A thermal plasma can deliver the energy to vaporize small 
micrometer-size particles. The thermal plasma temperatures are 
in the order of 10,000 K, so that solid powder easily 
evaporates. Nanoparticles are formed upon cooling while 
exiting the plasma region. The main types of the thermal 
plasma torches used to produce nanoparticles are dc plasma jet, 
dc arc plasma, and radio frequency (RF) induction plasmas. In 
the arc plasma reactors, the energy necessary for evaporation 
and reaction is provided by an electric arc formed between the 
anode and the cathode. For example, silica sand can be 
vaporized with an arc plasma at atmospheric pressure, or thin 
aluminum wires can be vaporized by exploding wire method. 
The resulting mixture of plasma gas and silica vapour can be 
rapidly cooled by quenching with oxygen, thus ensuring the 
quality of the fumed silica produced. 
 

In RF induction plasma torches, energy coupling to the plasma 
is accomplished through the electromagnetic field generated by 
the induction coil. The plasma gas does not come in contact 
with electrodes, thus eliminating possible sources of 
contamination and allowing the operation of such plasma 
torches with a wide range of gases including inert, reducing, 
oxidizing, and other corrosive atmospheres. The working 
frequency is typically between 200 kHz and 40 MHz. 
Laboratory units run at power levels in the order of 30–50 kW, 
whereas the large-scale industrial units have been tested at 
power levels up to 1 MW. As the residence time of the injected 
feed droplets in the plasma is very short, it is important that the 
droplet sizes are small enough in order to obtain complete 
evaporation. The RF plasma method has been used to 
synthesize different nanoparticle materials, for example 
synthesis of various ceramic nanoparticles such as oxides, 
carbours/carbides, and nitrides of Ti and Si Inert-
gas condensation is frequently used to make nanoparticles from 
metals with low melting points. The metal is vaporized in a 
vacuum chamber and then supercooled with an inert gas 

stream. The supercooled metal vapor condenses into 
nanometer-size particles, which can be entrained in the inert 
gas stream and deposited on a substrate or studied in situ. 
 

Nanoparticles can also be formed using radiation chemistry. 
Radiolysis from gamma rays can create strongly active free 
radicals in solution. This relatively simple technique uses a 
minimum number of chemicals. These including water, a 
soluble metallic salt, a radical scavenger (often a secondary 
alcohol), and a surfactant (organic capping agent). High gamma 
doses on the order of 104 Gray are required. In this process, 
reducing radicals will drop metallic ions down to the zero-
valence state. A scavenger chemical will preferentially interact 
with oxidizing radicals to prevent the re-oxidation of the metal. 
Once in the zero-valence state, metal atoms begin to coalesce 
into particles. A chemical surfactant surrounds the particle 
during formation and regulates its growth. In sufficient 
concentrations, the surfactant molecules stay attached to the 
particle. This prevents it from dissociating or forming clusters 
with other particles. Formation of nanoparticles using the 
radiolysis method allows for tailoring of particle size and shape 
by adjusting precursor concentrations and gamma dose. 
 

Characterization 
 

The majority of nanoparticle characterization techniques are 
light-based, but a non-optical nanoparticle characterization 
technique called Tunable Resistive Pulse Sensing (TRPS) has 
been developed that enables the simultaneous measurement of 
size, concentration and surface charge for a wide variety of 
nanoparticles. This technique, which applies the Coulter 
Principle, allows for particle-by-particle quantification of these 
three nanoparticle characteristics with high resolution. 
 

Preparation of some important nanoparticles 
 

Preparation of CuO nanoparticles  
 

Nanoparticles are prepared by using economical sol-gel method 
and characterization is done to finalize the size and purity of 
prepared nanoparticles. Sol-gel method of synthesis there are 
various techniques to prepare nanocrystals e. g. sputtering, 
laser ablation, cluster deposition, sol-gel method, etc. In the 
present work the synthesis of CuO is preferred by sol-gel route 
because this method is easy and economical. The sol-gel 
process involves the formation of colloidal suspension (sol) and 
gelatine of the sol to form a network in continuous liquid phase 
(gel). The precursors for synthesizing these colloids consist 
usually of a metal or metalloid element surrounded by various 
reactive legends. The aqueous solution of CuCl2 2H2O (0.2 M) 
is prepared in cleaned round bottom flask. To previous aqueous 
solution was added 1 ml of glacial acetic acid and heated to 100 
°C with constant stirring and then 8 M NaOH is added to 
previous heated solution till pH reaches to 7. The colour of the 
solution turned from green to black immediately and the large 
amount of black precipitate is formed immediately.. The 
precipitate is centrifuged and washed 3-4 times with de-ionised 
water. The obtained precipitate was dried in air for 24 hours. 
This powder is further used for the characterization of CuO 
nanoparticles. The chemical reaction is: 
 

CuCl2 + 2NaOH Cu(OH)2 + 2NaCl  
Cu(OH)2 decomposes into CuO on heating: 
Cu(OH)2CuO + H2O 
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Nanofluid preparation (CuO)  
 

Nanofluid is prepared by using two-step method, dispersing 
nanoparticles in to the base fluid afterward magnetic stirring 
continuously for four to five hours. De-ionised water is used as 
base fluid and CuO nanoparticles are used without using any 
additives. The CuO nanoparticles are prepared in the laboratory 
by sol-gel method. It is observed that surfactants could be used 
to stabilize the nanoparticles suspension, noted that 
nanoparticles dispersed without surfactant did not change the 
surface tension of the base fluid. In the present experiment, 
surfactants are not used and ultrasonic excitation was 
performed for four hours just before the experiment. 
 

Synthesis of silver NPs 
 

Evaporation-condensation and laser ablation are the most 
important physical approaches. The absence of solvent 
contamination in the prepared thin films and the uniformity of 
NPs distribution are the advantages of physical synthesis 
methods in comparison with chemical processes. Physical 
synthesis of silver NPs using a tube furnace at atmospheric 
pressure has some disadvantages, for example, tube furnace 
occupies a large space, consumes a great amount of energy 
while raising the environmental temperature around the source 
material, and requires a lot of time to achieve thermal stability. 
Moreover, a typical tube furnace requires power consumption 
of more than several kilowatts and a preheating time of several 
tens of minutes to reach a stable operating temperature. It was 
demonstrated that silver NPs could be synthesized via a small 
ceramic heater with a local heating area. The small ceramic 
heater was used to evaporate source materials. The evaporated 
vapor can cool at a suitable rapid rate, because the temperature 
gradient in the vicinity of the heater surface is very steep in 
comparison with that of a tube furnace. 
 

This makes possible the formation of small NPs in high 
concentration. The particle generation is very stable, because 
the temperature of the heater surface does not fluctuate with 
time. This physical method can be useful as a nanoparticle 
generator for long-term experiments for inhalation toxicity 
studies, and as a calibration device for nanoparticle 
measurement equipment. The results showed that the geometric 
mean diameter, the geometric standard deviation and the total 
number concentration of NPs increase with heater surface 
temperature. Spherical NPs without agglomeration were 
observed, even at high concentration with high heater surface 
temperature. The geometric mean diameter and the geometric 
standard deviation of silver NPs were in the range of 6.2-21.5 
nm and 1.23-1.88 nm, respectively. 
 

Silver NPs could be synthesized by laser ablation of metallic 
bulk materials in solution. The ablation efficiency and the 
characteristics of produced nano-silver particles depend upon 
many parameters, including the wavelength of the laser 
impinging the metallic target, the duration of the laser pulses 
(in the femto-, pico- and nanosecond regime), the laser fluence, 
the ablation time duration and the effective liquid medium, 
with or without the presence of surfactants. 
 

One important advantage of laser ablation technique compared 
to other methods for production of metal colloids is the absence 
of chemical reagents in solutions. Therefore, pure and 
uncontaminated metal colloids for further applications can be 

prepared by this technique. Silver nanospheroids (20-50 nm) 
were prepared by laser ablation in water with femtosecond 
laser pulses at 800 nm. The formation efficiency and the size of 
colloidal particles were compared with those of colloidal 
particles prepared by nanosecond laser pulses. As a result, the 
formation efficiency for femtosecond pulses was significantly 
lower than that for nanosecond pulses. The size of colloids 
prepared by femtosecond pulses were less dispersed than that 
of colloids prepared by nanosecond pulses. Furthermore, it was 
found that the ablation efficiency for femtosecond ablation in 
water was lower than that in air, while in the case of 
nanosecond pulses, the ablation efficiency was similar in both 
water and air. 
 

Tien and coworkers used the arc discharge method to fabricate 
silver NPs suspension in deionized water with no added 
surfactants. In this synthesis, silver wires (Gredmann, 99.99%, 
1 mm in diameter) were submerged in deionized water and 
used as electrodes. With a silver rod consumption rate of 100 
mg/min, yielding metallic silver NPs of 10 nm in size, and 
ionic silver obtained at concentrations of approximately 11 
ppm and 19 ppm, respectively. Siegel and colleagues 
demonstrated the synthesis of silver NPs by direct metal 
sputtering into the liquid medium. The method, combining 
physical deposition of metal into propane-1,2,3-triol (glycerol), 
provides an interesting alternative to time-consuming, wet-
based chemical synthesis techniques. Silver NPs possess round 
shape with average diameter of about 3.5 nm with standard 
deviation 2.4 nm. It was observed that the NPs size distribution 
and uniform particle dispersion remains unchanged for diluted 
aqueous solutions up to glycerol-to-water ratio 1:20. 
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