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Abstract

Developing a new drug molecule is an interdisciplinary research. A new drug molecule takes 10-14 years to develop with 
a 0.01% success rate. The developed new drug is administered as conventional or sustained release dosage forms. Among 
the conventional and sustained release dosage forms, sustained release form has many advantages. In the 21st century, 
nanotechnology has become an innovative field and the nanomaterials/nanoparticles made by this technology had specific 
atypical properties. An extensive research interest among the researchers made a new revolution and its application almost in 
all the fields. This nanotechnology in medicinal profession especially in drug delivery has developed several products for the 
treatment and cure of many diseases. This article summarizes the different nanomaterials, its atypical properties and outlines 
the different methods of nanoparticle preparations for applications in drug delivery 
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Introduction

New drug discovery and development is a multi-
disciplinary research process. For the few decades’ this new 
drug discovery and development for the treatment of different 
diseases has achieved new dynamic stage. Drug discovery 
and development are the two major steps involved in this 
new drug development process; this new drug development 
process comprises identification of disease target, synthesis 
of new drug molecule, screening for its physicochemical 
properties and biological activity. Both preclinical and clinical 
studies are performed for the new drugs to ensure its safety, 
efficacy and desired therapeutic effects. Around 10-14 years 
are needed to develop a new drug molecule with success rate 

of 0.01% [1-3]. Subsequently the developed new drug will 
be delivered either as conventional or sustained/controlled 
release dosage forms with a desired concentration to treat 
the disease. These conventional dosage forms have some 
limitations whereas sustained release dosage forms have 
some advantages. 

In the 21st century, nanotechnology has become an 
innovative field and made a new revolution in science with 
its extraordinary applications [4]. It’s an interdisciplinary 
approach helps in developing new agents with a highly 
ordered particle in nanoscale dimension of both organic and 
inorganic oxide [5]. The word “nano” is derived from Greek 
word with the meaning of “swarf” (very small or miniature 
size) [6]. Nanoparticles are defined as structures with a size 
of 1 to 100 nm in at least one dimension, according to the 
National Nanotechnology Initiative (NNI). Nanotechnology 
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is the study of incredibly small structures that are created 
by manipulating materials on a near-atomic scale. These 
nanoscale dimension particles have peculiar properties like 
optical, electrical, mechanical, magnetic, etc. This peculiar 
properties of nanoparticles showed commercial application 
in all the fields such as agriculture, environmental 
science, engineering, electrical and electronics, medicine, 
pharmaceutical, cosmaceutical, consumer products, 
biomedical, biotechnology, food, nutrition etc [7-8]. Still, 
more research is focused in altering at the molecular and 
atomic levels to improve its peculiar properties also to attain 
the desired effects [9].

Especially in the pharmaceutical sciences, considerable 
interest in developing products based on nanotechnology 
with suitable polymers has been utilized as promising 
drug delivery system. Development and flexibility of this 
nanotechnological product have made an approach to reach 
the target site with desired concentration at right time. 
In addition, due to its high surface area to volume ratio at 
very low concentration itself showed remarkable activity in 

treating various diseases which can improve the patient’s 
health [10]. Hence these nanoparticles become the gorgeous 
alternative and can overcome the present need especially in 
the medicinal profession [11]. Several public and corporate 
organizations are working in the medical research especially 
in the nanoparticles to improve and meet the health care 
demand. Currently many nanotechnology products are 
available in the market to treat the disease such as cancer, 
AIDS, cardiovascular and inflammatory diseases etc. 

The significant advantages of Nanomaterial in drug 
delivery systems are
•	 An ability to target specific locations in the body.
•	 Reduced quantity of drug is needed to attain the target 

site. 
•	 Reduction of the concentration of the drug at non-target 

sites and other organs which minimize severe side 
effects [12-13].

A comparison of scale units in a drug delivery system 
with various Nanomaterials [14] is shown in Figures 1 & 2. 

Figure 1: Comparison of scale units with various delivery systems.

Figure 2: Comparison of scale units with various 
nanocarriers in drug delivery system.

Nanomaterials Classification and Properties

Nanomaterials have extremely small size which 
having at least one dimension 100 nm or less. They can 
exist in different forms such as single, fused, aggregated or 
agglomerated forms with spherical, tubular and irregular 
shapes. Nanotubes, dendrimers, quantum dots and fullerenes 
are common types of nanomaterials used in general [15,16].

Nanomaterials are classed based on number of 
dimensions. They are classified as
1.  Zero dimensional
2. One dimensional 
3. Two dimensional
4. Three dimensional [17].
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Zero Dimensional

In zero dimensional nanomaterial, the entire dimension 
can be measured within the nanoscale. Ex: Nanoparticle. 
Properties of zero dimensional nanomaterials are
1. Amorphous or crystalline
2. Single crystalline or polycrystalline
3. Composed of single or multichemical elements
4. Exhibit various shapes and forms
5. Exist individual or incorporated in a matrix
6. Metallic, ceramic, polymeric [17].

Schematic diagram for the zero dimensional 
nanomaterial-Nanoparticle [18] is shown in Figure 3.

Figure 3: Schematic diagram for the zero dimensional 
nanomaterial – nanoparticle.

One Dimensional

One dimensional nanomaterial, one dimension is outside the 
nanoscale. 
Ex: Nanotubes, nanorods and nanowires.
Properties of one dimension nanomaterials are 
1. Amorphous or crystalline
2. Single crystalline or polycrystalline
3. Chemically pure or impure

4. Standalone materials or embedded in within another 
medium

5. Metallic, ceramic, polymeric [17].

Schematic diagram for the one dimensional nanomaterial 
–Nanotube [19] is shown in Figure 4. 

Figure 4: Schematic diagram for the one dimensional 
nanomaterial –Nanotube.

Two Dimensional

In two dimensional nanomaterials, two of the dimensions 
are not confined to the nanoscale, it exhibit plate like shape. 
Ex- Nanofilms, Nanolayers and Nanocoating. 

Properties of two dimension nanomaterials are 
1. Amorphous or crystalline
2. Made up of various chemical compositions
3. Used as a single layer or as multilayer structure
4. Deposited on a substrate
5. Integrated in a surrounding matrix material
1. Metallic, ceramic, polymeric [17].

Schematic diagram for the two dimensional nanomaterial –
Nanofilm [20] is shown in Figure 5.

Figure 5: Schematic diagram for the two dimensional nanomaterial (Nanofilm).
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Three Dimensional

Bulk nanomaterials are known as three dimensional 
nanomaterials. These nanomaterials are not confined to the 
nanoscale in any dimension and having the dimension above 
100 nm. 

Properties of three dimension nanomaterials are 
1. Amorphous or crystalline
2. Chemically pure or impure
3. Composite materials
4. Composed of multinanolayers
5. Metallic, ceramic, polymeric [17].

Schematic diagram for the three dimensional nanomaterial 
–Nanocrystals [21] are shown in Figure 6.

Figure 6: Schematic diagram for the three dimensional 
nanomaterial –Nanocrystals.

Peculiar Properties of Nanomaterials

Microstructure materials have similar properties to 
the corresponding bulk materials, whereas the nanoscale 
material have different ratio of surface area to volume 
which makes a large to be the surface or interfacial atoms, 
resulting in more “surface” dependent material properties. 
This ratio of surface area to volume has an important feature 
in nanoscience and nanotechnology. Different shape of the 
nanomaterials has different surface to volume ratios; which 
shows their diversity and different properties. Significant 
difference between the nanomaterials and its bulk materials 
are 
•	 large fraction of surface atoms
•	 high surface energy
•	 spatial confinement
•	 reduced imperfections 

Optical Properties

One of the attractive and most useful aspects of 
nanomaterials is its optical properties. Nanomaterials 
electronic configuration is significantly different from the 
bulk materials. Strong variations in the optical and electrical 
properties of the nanomaterials are based on its size which 
systematically changes the density of electronic energy 
level. Quantum confinement of electrical carriers within 
nanomaterials, charge transfer and efficiency energy are the 
key contributing factors for its optical property. Controlling 
the crystal dimensions, chemistry of its surfaces and 
fabrication technology are the other key factors for its optical 
property of the nanomaterials. 

The optical properties of nanomaterials depends upon 
the parameters viz., feature size, shape, surface characteristics 
and other variables including doping and interaction with 
the surrounding environment or other nanostructures. 
Due to its optical properties the nanomaterial products are 
included in optical detector, laser, sensor, imaging, phosphor, 
display, solar cell, photocatalysis, photoelectrochemistry and 
biomedicine.

Electrical Properties

Electrical Properties of Nanoparticles is based on the 
electrical conductivity in nanotubes and nanorods, carbon 
nanotubes, photoconductivity of nanorods, electrical 
conductivity of nanocomposites. 

Nanomaterials can hold more energy due to its large 
grain boundary area compare to its conventional one. 
Electrical conductivity of the nanomaterials is complex and 
has distinct mechanism based on its size. The electrical 
conductivity mechanism is classified into
1. Surface scattering including grain boundary
2. Quantized conduction including ballistic conduction
3. Coulomb charging 
4. Tunneling

Nanomaterials electrical conductivity is affected by 
reduced impurity, structural defects and dislocations, 
widening and discrete of band gap and changes in the 
microstructure. In molecular electronics, single molecules 
can able to control the electron transport. This electron 
transport property plays an important role in the functions 
of electronic devices and in working circuits. 

Mechanical Properties

Scale and properties: Materials has polycrystalline, 
nanocrystalline and amorphous structure, but most of the 
materials are polycrystalline (ordered crystals). Atomic 
dimension occur when the crystal size of the material shrinks 
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from original crystal size. 

Mechanical Properties of nanomaterials particles 
deals with bulk metallic and ceramic materials, influence 
of porosity, influence of grain size, superplasticity, filled 
polymer composites, particle-filled polymers and polymer-
based nanocomposites filled with platelets, carbon nanotube-
based composites. 

Magnetic Properties

Saturation of magnetization and coercivity are the two 
units to measures the strength of magnet. Surface atoms 
of the nanomaterials are different from its bulk atoms. By 
interaction with the chemicals, the surface atoms can be 
modified. Capping with appropriate molecule the physical 
property of the nanoparticles can be modified. The magnetic 
property is increases with the decrease in grain size and 
increase in surface area. Due to its small particle size and high 
surface area, nanomaterials have good magnetic property. 
This magnetic property of the nanomaterials is utilized 
in ultra-sensitive analytical instruments and magnetic 
resonance imaging (MRI) in medical diagnostics.

Magnetism of the materials is categorized based on the 
quantum mechanical exchange interaction. Magnetism is 
categorized into three types. They are 
1. Diamagnetism
2. Paramagnetism
3. Ferromagnetism [22-32].

Nanoparticles in Drug Delivery

In drug delivery system, delivering the drug at the 
desired target site has been considered as an ultimate task 
also it is a foremost problem. This endeavor opens up a large 
development field, prompting researchers to concentrate on 
the targeted drug delivery. Because of the advancement and 
adaptability of this nanotechnological product, a strategy to 
reaching the target site with the required concentration at 
the right time has emerged as a stunning alternative. Also the 
body’s defense mechanism is being evaded by nanoparticles 
which can improve the pharmacokinetic properties of the 
drugs. Diverse morphology of nanomaterials are utilized in 
drug delivery which includes drug conjugtes, nanoparticles, 
nanotubes, nanocapsules, micells, nanogels, dendrimers etc. 

Nanomaterials size and shape play a vital role in delivering 
the drug at the target site. Cellular uptake, biocompatibility 
and retention of drug in organ and tissues can all be affected 
by the shape of the nanoparticle. By adopting the appropriate 
preparation procedure, suitable polymer as carrier, precise 
size and shape of nanoparticle can able to deliver the drug 
efficiently to the specified target site. 

When compared to drug substances and polymers, hard 
materials such as silica, diamonds, and metal oxides can 
achieve particle sizes of less than 100 nm. 

Generally, the hard materials have melting points above 
1000°C, but the drug substances and polymer are soft in 
nature with the melting point below 300°C also to have 
stickiness. Therefore, preparation of nanoparticle from 
drug and polymer in the range of 1-100 nm has become a 
more challenging one. To prepare nanoparticle with the 
particle sizes ranging from 50 to 300 nm requires 104-108 
molecules for drug delivery. This range of nanoparticles can 
be produced from either particle in millimeter size or in 
solution phase [33]. 

Nanoparticle –Drug Delivery preparation techniques 
Nanoparticle for the drug delivery can be prepared by the 
following methods [34-38]. They are 
1. Dispersion of preformed polymers

•	 Solvent evaporation method
•	 Solvent diffusion method
•	 Nanoprecipitation method
•	 Salting out method

2. Polymerization of monomers
3. Ionic gelation method for hydrophilic polymers.

Conclusion

Recently, nanotechnologies have gained much 
importance, and nanotechnology derived products produced 
from either organic or inorganic materials pose unique 
characteristic properties, which has been recognized and 
utilized effectively in all the fields.

The current research landscape is dominated by 
biosynthesis of metal nanoparticles viz. Au, Ag, Fe3O4, TiO2, 
CuO, and ZnO which has prospective applications in delivering 
the drug to the target. In spite of new breakthroughs 
techniques in synthesis of nanostructure material as well 
as its characterization, still the global community faces 
many barriers in formulating high efficient with non-toxic 
nanomaterials in the delivery systems.

Though nanotechnology in drug delivery system has 
made a remarkable recognition in the health profession, yet, 
these nanoparticles cause serious effects on health system. 

Accordingly, the scientific paradigm for the possible 
effects of nanoparticles is lacking and hence a conceptual 
understanding of biological responses to nanomaterials 
is needed to develop and apply safe nanomaterials in drug 
delivery move this issue ahead.
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