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Figure-1: Comparison of Nanomaterials Sizes. 
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ABSTRACT  
 

Nanotechnology, also shortened to nanotech, is the use of matter on an atomic, molecular, and supramolecular 

scale for industrial purposes. The earliest, widespread description of nanotechnology referred to the particular 

technological goal of precisely manipulating atoms and molecules for fabrication of macroscale products, also now 

referred to as molecular nanotechnology. A more generalized description of nanotechnology was subsequently 

established by the National Nanotechnology Initiative, which defined nanotechnology as the manipulation of 

matter with at least one dimension sized from 1 to 100 nanometers. This definition reflects the fact that quantum 

mechanical effects are important at this quantum-realm scale, and so the definition shifted from a particular 

technological goal to a research category inclusive of all types of research and technologies that deal with the 

special properties of matter which occur below the given size threshold. It is therefore common to see the plural 

form "nanotechnologies" as well as "nanoscale technologies" to refer to the broad range of research and 

applications whose common trait is size. Nanotechnology as defined by size is naturally broad, including fields of 

science as diverse as surface science, organic chemistry, molecular biology, semiconductor physics, energy 

storage, engineering, microfabrication, and molecular engineering. The associated research and applications are 

equally diverse, ranging from extensions of conventional device physics to completely new approaches based upon 

molecular self-assembly, from developing new materials with dimensions on the nanoscale to direct control of 

matter on the atomic scale. Scientists currently debate the future implications of nanotechnology. Nanotechnology 

may be able to create many new materials and devices with a vast range of applications, such as in nanomedicine, 

nanoelectronics, biomaterials energy production, and consumer products. On the other hand, nanotechnology raises 

many of the same issues as any new technology, including concerns about the toxicity and environmental impact of 

nanomaterials, and their potential effects on global economics, as well as speculation about various doomsday 

scenarios. These concerns have led to a debate among advocacy groups and governments on whether special 

regulation of nanotechnology is warranted.  

 

KEYWORDS: Nanoparticles, Nano engineering, Nano-Sensor, Nanomedicines Cancer Treatment, HIV. 
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History: The term "nano-technology" was first used 

by Norio Taniguchi in 1974, though it was not widely 

known. Inspired by Feynman's concepts, K. Eric 

Drexler used the term "nanotechnology" in his 1986 

book Engines of Creation: The Coming Era of 

Nanotechnology, which proposed the idea of a nanoscale 

"assembler" which would be able to build a copy of itself 

and of other items of arbitrary complexity with atomic 

control. Also in 1986, Drexler co-founded The Foresight 

Institute (with which he is no longer affiliated) to help 

increase public awareness and understanding of 

nanotechnology concepts and implications. The 

emergence of nanotechnology as a field in the 1980s 

occurred through convergence of Drexler's theoretical 

and public work, which developed and popularized a 

conceptual framework for nanotechnology, and high-

visibility experimental advances that drew additional 

wide-scale attention to the prospects of atomic control of 

matter. In the 1980s, two major breakthroughs sparked 

the growth of nanotechnology in modern era. First, the 

invention of the scanning tunneling microscope in 1981 

which provided unprecedented visualization of 

individual atoms and bonds, and was successfully used to 

manipulate individual atoms in 1989. The microscope's 

developers Gerd Binnig and Heinrich Rohrer at IBM 

Zurich Research Laboratory received a Nobel Prize in 

Physics in 1986. Binnig, Quate and Gerber also invented 

the analogous atomic force microscope that year.
[1]

 

 

  
Figure-2: Buckminsterfullerene C60, also known as the buckyball, is a representative member of the carbon 

structures known as fullerenes. Members of the fullerene family are a major subject of research falling under 

the nanotechnology umbrella. 

 

Second, fullerenes were discovered in 1985 by Harry 

Kroto, Richard Smalley, and Robert Curl, who together 

won the 1996 Nobel Prize in Chemistry. C60 was not 

initially described as nanotechnology; the term was used 

regarding subsequent work with related graphene tubes 

(called carbon nanotubes and sometimes called Bucky 

tubes) which suggested potential applications for 

nanoscale electronics and devices. The discovery 

of carbon nanotubes is largely attributed to Sumio 

Iijima of NEC in 1991, for which Iijima won the 

inaugural 2008 Kavli Prize in Nanoscience. 

 

A nanolayer-base metal–semiconductor junction (M–S 

junction) transistor was initially proposed by A. Rose in 

1960, and fabricated by L. Geppert, Mohamed 

Atalla and Dawon Kahng in 1962. Decades later, 

advances in multi-gate technology enabled 

the scaling of metal–oxide–semiconductor field-effect 

transistor (MOSFET) devices down to nano-scale levels 

smaller than 20 nm gate length, starting with 

the FinFET (fin field-effect transistor), a three-

dimensional, non-planar, double-gate MOSFET. At UC 

Berkeley, a team of researchers including Digh 

Hisamoto, Chenming Hu, Tsu-Jae King Liu, Jeffrey 

Bokor and others fabricated FinFET devices down to 

a 17 nm process in 1998, then 15 nm in 2001, and 

then 10 nm in 2002.
[2]

  

 

In the early 2000s, the field garnered increased scientific, 

political, and commercial attention that led to both 

controversy and progress. Controversies emerged 

regarding the definitions and potential implications of 

nanotechnologies, exemplified by the Royal Society's 

report on nanotechnology. Challenges were raised 

regarding the feasibility of applications envisioned by 

advocates of molecular nanotechnology, which 

culminated in a public debate between Drexler and 

Smalley in 2001 and 2003.  

 

Meanwhile, commercialization of products based on 

advancements in nanoscale technologies began 

emerging. These products are limited to bulk 

applications of nanomaterials and do not involve atomic 

control of matter. Some examples include the Silver 

Nano platform for using silver nanoparticles as an 

antibacterial agent, nanoparticle-based transparent 

sunscreens, carbon fiber strengthening using silica 

nanoparticles, and carbon nanotubes for stain-resistant 

textiles.
[3]
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Governments moved to promote and fund research into 

nanotechnology, such as in the U.S. with the National 

Nanotechnology Initiative, which formalized a size-

based definition of nanotechnology and established 

funding for research on the nanoscale, and in Europe via 

the European Framework Programmes for Research and 

Technological Development.
[4] 

 

By the mid-2000s new and serious scientific attention 

began to flourish. Projects emerged to produce 

nanotechnology roadmaps which center on atomically 

precise manipulation of matter and discuss existing and 

projected capabilities, goals, and applications. In 2006, a 

team of Korean researchers from the Korea Advanced 

Institute of Science and Technology (KAIST) and the 

National Nano Fab Center developed a 3 nm MOSFET, 

the world's smallest nanoelectronic device. It was based 

on gate-all-around (GAA) FinFET technology. Over 

sixty countries created nanotechnology research and 

development (R&D) government programs between 

2001 and 2004. Government funding was exceeded by 

corporate spending on nanotechnology R&D, with most 

of the funding coming from corporations based in the 

United States, Japan and Germany. The top five 

organizations that filed the most intellectual patents on 

nanotechnology R&D between 1970 and 2011 

were Samsung Electronics (2,578 first patents), Nippon 

Steel (1,490 first patents), IBM (1,360 first 

patents), Toshiba (1,298 first patents) and Canon (1,162 

first patents). The top five organizations that published 

the most scientific papers on nanotechnology research 

between 1970 and 2012 were the Chinese Academy of 

Sciences, Russian Academy of Sciences, Centre national 

de la recherche scientifique, University of 

Tokyo and Osaka University.
[5]

  

 

Fundamental concepts: Nanotechnology is the 

engineering of functional systems at the molecular scale. 

This covers both current work and concepts that are more 

advanced. In its original sense, nanotechnology refers to 

the projected ability to construct items from the bottom 

up, using techniques and tools being developed today to 

make complete, high performance products. 

One nanometer (nm) is one billionth, or 10
−9

, of a meter. 

By comparison, typical carbon-carbon bond lengths, or 

the spacing between these atoms in a molecule, are in the 

range 0.12–0.15 nm, and a DNA double-helix has a 

diameter around 2 nm. On the other hand, the 

smallest cellular life-forms, the bacteria of the 

genus Mycoplasma, are around 200 nm in length. By 

convention, nanotechnology is taken as the scale range 1 

to 100 nm following the definition used by the National 

Nanotechnology Initiative in the US. The lower limit is 

set by the size of atoms (hydrogen has the smallest 

atoms, which are approximately a quarter of a nm kinetic 

diameter) since nanotechnology must build its devices 

from atoms and molecules. The upper limit is more or 

less arbitrary but is around the size below which 

phenomena not observed in larger structures start to 

become apparent and can be made use of in the nano 

device. These new phenomena make nanotechnology 

distinct from devices which are merely miniaturised 

versions of an equivalent macroscopic device; such 

devices are on a larger scale and come under the 

description of microtechnology. To put that scale in 

another context, the comparative size of a nanometer to a 

meter is the same as that of a marble to the size of the 

earth. Or another way of putting it: a nanometer is the 

amount an average man's beard grows in the time it takes 

him to raise the razor to his face. Two main approaches 

are used in nanotechnology. In the "bottom-up" 

approach, materials and devices are built from molecular 

components which assemble themselves chemically by 

principles of molecular recognition. In the "top-down" 

approach, nano-objects are constructed from larger 

entities without atomic-level control. Areas of physics 

such as nanoelectronics, nanomechanics, nanophotonics 

and nanoionics have evolved during the last few decades 

to provide a basic scientific foundation of 

nanotechnology.
[6]

 

 

Larger to smaller: a materials perspective 

  
Figure-3: Image of reconstruction on a clean Gold (100) surface, as visualized using scanning tunneling 

microscopy (gold- honeycomb structure). The positions of the individual atoms composing the surface are 

visible. 

 

Several phenomena become pronounced as the size of 

the system decreases. These include statistical 

mechanical effects, as well as quantum 

mechanical effects, for example the "quantum size 

effect" where the electronic properties of solids are 

altered with great reductions in particle size. This effect 

does not come into play by going from macro to micro 

dimensions. However, quantum effects can become 
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significant when the nanometer size range is reached, 

typically at distances of 100 nanometers or less, the so-

called quantum realm. Additionally, a number of 

physical (mechanical, electrical, optical, etc.) properties 

change when compared to macroscopic systems. One 

example is the increase in surface area to volume ratio 

altering mechanical, thermal and catalytic properties of 

materials. Diffusion and reactions at nanoscale, 

nanostructures materials and nanodevices with fast ion 

transport are generally referred to 

nanoionics. Mechanical properties of nanosystems are of 

interest in the nanomechanics research. The catalytic 

activity of nanomaterials also opens potential risks in 

their interaction with biomaterials.
[7] 

 

Materials reduced to the nanoscale can show different 

properties compared to what they exhibit on a 

macroscale, enabling unique applications. For instance, 

opaque substances can become transparent (copper); 

stable materials can turn combustible (aluminium); 

insoluble materials may become soluble (gold). A 

material such as gold, which is chemically inert at 

normal scales, can serve as a potent chemical catalyst at 

nanoscales. Much of the fascination with nanotechnology 

stems from these quantum and surface phenomena that 

matter exhibits at the nanoscale.
[8]

  

 

Simple to complex: a molecular perspective: 

Modern synthetic chemistry has reached the point where 

it is possible to prepare small molecules to almost any 

structure. These methods are used today to manufacture a 

wide variety of useful chemicals such 

as pharmaceuticals or commercial polymers. This ability 

raises the question of extending this kind of control to 

the next-larger level, seeking methods to assemble these 

single molecules into supramolecular assemblies 

consisting of many molecules arranged in a well-defined 

manner. These approaches utilize the concepts of 

molecular self-assembly and/or supramolecular 

chemistry to automatically arrange themselves into some 

useful conformation through a bottom-up approach. The 

concept of molecular recognition is especially important: 

molecules can be designed so that a specific 

configuration or arrangement is favored due to non-

covalent intermolecular forces. The Watson–

Crick basepairing rules are a direct result of this, as is the 

specificity of an enzyme being targeted to a 

single substrate, or the specific folding of the 

protein itself. Thus, two or more components can be 

designed to be complementary and mutually attractive so 

that they make a more complex and useful whole. Such 

bottom-up approaches should be capable of producing 

devices in parallel and be much cheaper than top-down 

methods, but could potentially be overwhelmed as the 

size and complexity of the desired assembly increases. 

Most useful structures require complex and 

thermodynamically unlikely arrangements of atoms. 

Nevertheless, there are many examples of self-assembly 

based on molecular recognition in biology, most notably 

Watson–Crick basepairing and enzyme-substrate 

interactions. The challenge for nanotechnology is 

whether these principles can be used to engineer new 

constructs in addition to natural ones.
[9] 

 

 
                  K. Eric Drexler       Harry Kroto                           Sumio Iijima                       Norio Taniguchi  

  
Gerd Binnig            Heinrich Rohrer 

Figure-4: Inventors of nanoscience. 

 

Molecular nanotechnology: a long-term view: 

Molecular nanotechnology, sometimes called molecular 

manufacturing, describes engineered nanosystems 

(nanoscale machines) operating on the molecular scale. 

Molecular nanotechnology is especially associated with 

the molecular assembler, a machine that can produce a 
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desired structure or device atom-by-atom using the 

principles of mechanosynthesis. Manufacturing in the 

context of productive nanosystems is not related to, and 

should be clearly distinguished from, the conventional 

technologies used to manufacture nanomaterials such as 

carbon nanotubes and nanoparticles. When the term 

"nanotechnology" was independently coined and 

popularized by Eric Drexler (who at the time was 

unaware of an earlier usage by Norio Taniguchi) it 

referred to a future manufacturing technology based 

on molecular machine systems. The premise was that 

molecular scale biological analogies of traditional 

machine components demonstrated molecular machines 

were possible: by the countless examples found in 

biology, it is known that sophisticated, stochastically 

optimised biological machines can be produced.
[10]

 

 

It is hoped that developments in nanotechnology will 

make possible their construction by some other means, 

perhaps using biomimetic principles. However, Drexler 

and other researchers have proposed that advanced 

nanotechnology, although perhaps initially implemented 

by biomimetic means, ultimately could be based on 

mechanical engineering principles, namely, a 

manufacturing technology based on the mechanical 

functionality of these components (such as gears, 

bearings, motors, and structural members) that would 

enable programmable, positional assembly to atomic 

specification. The physics and engineering performance 

of exemplar designs were analyzed in Drexler's 

book Nanosystems. In general, it is very difficult to 

assemble devices on the atomic scale, as one has to 

position atoms on other atoms of comparable size and 

stickiness. Another view, put forth by Carlo 

Montemagno, is that future nanosystems will be hybrids 

of silicon technology and biological molecular machines. 

Richard Smalley argued that mechanosynthesis are 

impossible due to the difficulties in mechanically 

manipulating individual molecules.
[11] 

 

This led to an exchange of letters in 

the ACS publication Chemical & Engineering News in 

2003. Though biology clearly demonstrates that 

molecular machine systems are possible, non-biological 

molecular machines are today only in their infancy. 

Leaders in research on non-biological molecular 

machines are Dr. Alex Zettl and his colleagues at 

Lawrence Berkeley Laboratories and UC Berkeley. They 

have constructed at least three distinct molecular devices 

whose motion is controlled from the desktop with 

changing voltage: a nanotube nanomotor, a molecular 

actuator, and a nanoelectromechanical relaxation 

oscillator. See nanotube nanomotor for more examples. 

 

An experiment indicating that positional molecular 

assembly is possible was performed by Ho and Lee 

at Cornell University in 1999. They used a scanning 

tunneling microscope to move an individual carbon 

monoxide molecule (CO) to an individual iron atom (Fe) 

sitting on a flat silver crystal, and chemically bound the 

CO to the Fe by applying a voltage.
[12] 

 

Current research 

 
Figure-5: Graphical representation of a rotaxane, useful as a molecular switch. 

 

Nanomaterials: The nanomaterials field includes 

subfields which develop or study materials having 

unique properties arising from their nanoscale 

dimensions.
[13]

  

 Interface and colloid science have given rise to 

many materials which may be useful in 

nanotechnology, such as carbon nanotubes and other 

fullerenes, and various nanoparticles and nanorods. 

Nanomaterials with fast ion transport are related also 

to nanoionics and nanoelectronics. 

 Nanoscale materials can also be used for bulk 

applications; most present commercial applications 

of nanotechnology are of this flavor. 

 Progress has been made in using these materials for 

medical applications. 

 Nanoscale materials such as nanopillars are 

sometimes used in solar cells which combats the 

cost of traditional silicon solar cells. 

 Development of applications incorporating 

semiconductor nanoparticles to be used in the next 

generation of products, such as display technology, 

lighting, solar cells and biological imaging. 

 Recent application of nanomaterials includes a range 

of biomedical applications, such as tissue 

engineering, drug delivery, antibacterial and 

biosensors.
[14]
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Figure-6: This DNA tetrahedron is an artificially designed nanostructure of the type made in the field of DNA 

nanotechnology. Each edge of the tetrahedron is a 20 base pair DNA double helix, and each vertex is a three-

arm junction. 

 

  
Figure-7: This device transfers energy from nano-thin layers of quantum wells to nanocrystals above them, 

causing the nanocrystals to emit visible light. 

 

Bottom-up approaches: These seek to arrange smaller 

components into more complex assemblies. 

 DNA nanotechnology utilizes the specificity of 

Watson–Crick basepairing to construct well-defined 

structures out of DNA and other nucleic acids. 

 Approaches from the field of "classical" chemical 

synthesis (Inorganic and organic synthesis) also aim 

at designing molecules with well-defined shape 

(e.g. bis-peptides). 

 More generally, molecular self-assembly seeks to 

use concepts of supramolecular chemistry, and 

molecular recognition in particular, to cause single-

molecule components to automatically arrange 

themselves into some useful conformation. 

 Atomic force microscope tips can be used as a 

nanoscale "write head" to deposit a chemical upon a 

surface in a desired pattern in a process called dip 

pen nanolithography. This technique fits into the 

larger subfield of nanolithography. 

 Molecular Beam Epitaxy allows for bottom-up 

assemblies of materials, most notably semiconductor 

materials commonly used in chip and computing 

applications, stacks, gating, and nanowire lasers.
[15]

 

 

Top-down approaches: These seek to create smaller 

devices by using larger ones to direct their assembly. 

 Many technologies that descended from 

conventional solid-state silicon methods for 

fabricating microprocessors are now capable of 

creating features smaller than 100 nm, falling under 

the definition of nanotechnology. Giant 

magnetoresistance-based hard drives already on the 

market fit this description, as do atomic layer 

deposition (ALD) techniques. Peter Grünberg and 

Albert Fert received the Nobel Prize in Physics in 
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2007 for their discovery of Giant magnetoresistance 

and contributions to the field of spintronics.  

 Solid-state techniques can also be used to create 

devices known as nanoelectromechanical systems or 

NEMS, which are related to microelectromechanical 

systems or MEMS. 

 Focused ion beams can directly remove material, or 

even deposit material when suitable precursor gasses 

are applied at the same time. For example, this 

technique is used routinely to create sub-100 nm 

sections of material for analysis in Transmission 

electron microscopy. 

 Atomic force microscope tips can be used as a 

nanoscale "write head" to deposit a resist, which is 

then followed by an etching process to remove 

material in a top-down method. 

 

Functional approaches: These seek to develop 

components of a desired functionality without regard to 

how they might be assembled. 

 Magnetic assembly for the synthesis of anisotropic 

superparamagnetic materials such as recently 

presented magnetic nano chains.  

 Molecular scale electronics seeks to develop 

molecules with useful electronic properties. These 

could then be used as single-molecule components 

in a nanoelectronic device. For an example see 

rotaxane. 

 Synthetic chemical methods can also be used to 

create synthetic molecular motors, such as in a so-

called nanocar. 

 

Biomimetic approaches 

 Bionics or biomimicry seeks to apply biological 

methods and systems found in nature, to the study 

and design of engineering systems and modern 

technology. Biomineralization is one example of the 

systems studied. 

 Bionanotechnology is the use of biomolecules for 

applications in nanotechnology, including use of 

viruses and lipid assemblies. Nanocellulose is a 

potential bulk-scale application.
[16]

 

 

Speculative: These subfields seek to anticipate what 

inventions nanotechnology might yield, or attempt to 

propose an agenda along which inquiry might progress. 

These often take a big-picture view of nanotechnology, 

with more emphasis on its societal implications than the 

details of how such inventions could actually be created. 

 Molecular nanotechnology is a proposed approach 

which involves manipulating single molecules in 

finely controlled, deterministic ways. This is more 

theoretical than the other subfields, and many of its 

proposed techniques are beyond current capabilities. 

 Nanorobotics centers on self-sufficient machines of 

some functionality operating at the nanoscale. There 

are hopes for applying nanorobots in 

medicine. Nevertheless, progress on innovative 

materials and methodologies has been demonstrated 

with some patents granted about new 

nanomanufacturing devices for future commercial 

applications, which also progressively helps in the 

development towards nanorobots with the use of 

embedded nanobioelectronic concepts.  

 Productive nanosystems are "systems of 

nanosystems" which will be complex nanosystems 

that produce atomically precise parts for other 

nanosystems, not necessarily using novel nanoscale-

emergent properties, but well-understood 

fundamentals of manufacturing. Because of the 

discrete (i.e. atomic) nature of matter and the 

possibility of exponential growth, this stage is seen 

as the basis of another industrial revolution. Mihail 

Roco, one of the architects of the USA's National 

Nanotechnology Initiative, has proposed four states 

of nanotechnology that seem to parallel the technical 

progress of the Industrial Revolution, progressing 

from passive nanostructures to active nanodevices to 

complex nanomachines and ultimately to productive 

nanosystems.  

 Programmable matter seeks to design materials 

whose properties can be easily, reversibly and 

externally controlled though a fusion of information 

science and materials science. 

 Due to the popularity and media exposure of the 

term nanotechnology, the words picotechnology 

and femtotechnology have been coined in analogy to 

it, although these are only used rarely and 

informally.
[17]

 

 

Dimensionality in nanomaterials: Nanomaterials can 

be classified in 0D, 1D, 2D and 3D nanomaterials. The 

dimensionality play a major role in determining the 

characteristic of nanomaterials including physical, 

chemical and biological characteristics. With the 

decrease in dimensionality, an increase in surface-to-

volume ratio is observed. This indicate that smaller 

dimensional nanomaterials have higher surface area 

compared to 3D nanomaterials. Recently, two 

dimensional (2D) nanomaterials are extensively 

investigated for electronic, biomedical, drug delivery 

and biosensor applications. Nanomedicine is the medical 

application of nanotechnology. Nanomedicine ranges 

from the medical applications of nanomaterials 

and biological devices, to nanoelectronic biosensors, and 

even possible future applications of molecular 

nanotechnology such as biological machines. Current 

problems for nanomedicine involve understanding the 

issues related to toxicity and environmental impact 

of nanoscale materials (materials whose structure is on 

the scale of nanometers, i.e. billionths of a meter). 

Functionalities can be added to nanomaterials by 

interfacing them with biological molecules or structures. 

The size of nanomaterials is similar to that of most 

biological molecules and structures; therefore, 

nanomaterials can be useful for both in-vivo and in-vitro 

biomedical research and applications. Thus far, the 

integration of nanomaterials with biology has led to the 

development of diagnostic devices, contrast agents, 

analytical tools, physical therapy applications, and drug 
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delivery vehicles. Nanomedicine seeks to deliver a 

valuable set of research tools and clinically useful 

devices in the near future. The National Nanotechnology 

Initiative expects new commercial applications in 

the pharmaceutical industry that may include advanced 

drug delivery systems, new therapies, and in 

vivo imaging. Nanomedicine research is receiving 

funding from the US National Institutes of Health 

Common Fund program, supporting four nanomedicine 

development centers.  

Nanomedicine sales reached $16 billion in 2015, with a 

minimum of $3.8 billion in nanotechnology R&D being 

invested every year. Global funding for emerging 

nanotechnology increased by 45% per year in recent 

years, with product sales exceeding $1 trillion in 

2013. As the nanomedicine industry continues to grow, it 

is expected to have a significant impact on the 

economy.
[18] 

 

Drug delivery 

  
Figure-8: Nanoparticles for drug delivery. 

 

  
Figure-9: Liposomes for drug delivery. 

 

  
Figure-10: Dendrimers for drug delivery. 
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Nanoparticles (top), liposomes (middle), and dendrimers 

(bottom) are some nanomaterials being investigated for 

use in nanomedicine. Nanotechnology has provided the 

possibility of delivering drugs to specific cells using 

nanoparticles. The overall drug consumption and side-

effects may be lowered significantly by depositing the 

active agent in the morbid region only and in no higher 

dose than needed. Targeted drug delivery is intended to 

reduce the side effects of drugs with concomitant 

decreases in consumption and treatment expenses. Drug 

delivery focuses on maximizing bioavailability both at 

specific places in the body and over a period of time. 

This can potentially be achieved by molecular targeting 

by nanoengineered devices. A benefit of using nanoscale 

for medical technologies is that smaller devices are less 

invasive and can possibly be implanted inside the body, 

plus biochemical reaction times are much shorter. These 

devices are faster and more sensitive than typical drug 

delivery. The efficacy of drug delivery through 

nanomedicine is largely based upon: a) efficient 

encapsulation of the drugs, b) successful delivery of drug 

to the targeted region of the body, and c) successful 

release of the drug.
[19]

  

 

Drug delivery systems, lipid or polymer-based 

nanoparticles, can be designed to improve the 

pharmacokinetics and biodistribution of the 

drug. However, the pharmacokinetics and 

pharmacodynamics of nanomedicine is highly variable 

among different patients. When designed to avoid the 

body's defence mechanisms, nanoparticles have 

beneficial properties that can be used to improve drug 

delivery. Complex drug delivery mechanisms are being 

developed, including the ability to get drugs through cell 

membranes and into cell cytoplasm. Triggered response 

is one way for drug molecules to be used more 

efficiently. Drugs are placed in the body and only 

activate on encountering a particular signal. For example, 

a drug with poor solubility will be replaced by a drug 

delivery system where both hydrophilic and hydrophobic 

environments exist, improving the solubility. Drug 

delivery systems may also be able to prevent tissue 

damage through regulated drug release; reduce drug 

clearance rates; or lower the volume of distribution and 

reduce the effect on non-target tissue. However, the 

biodistribution of these nanoparticles is still imperfect 

due to the complex host's reactions to nano- and 

microsized materials and the difficulty in targeting 

specific organs in the body. Nevertheless, a lot of work is 

still ongoing to optimize and better understand the 

potential and limitations of nanoparticulate systems. 

While advancement of research proves that targeting and 

distribution can be augmented by nanoparticles, the 

dangers of nanotoxicity become an important next step in 

further understanding of their medical uses. The toxicity 

of nanoparticles varies, depending on size, shape, and 

material. These factors also affect the build-up and organ 

damage that may occur. Nanoparticles are made to be 

long-lasting, but this causes them to be trapped within 

organs, specifically the liver and spleen, as they cannot 

be broken down or excreted. This build-up of non-

biodegradable material has been observed to cause organ 

damage and inflammation in mice. Nanoparticles are 

under research for their potential to decrease antibiotic 

resistance or for various antimicrobial uses. 

Nanoparticles might also be used to circumvent 

multidrug resistance (MDR) mechanisms.  

 

Systems under research: Advances in lipid 

nanotechnology were instrumental in engineering 

medical nanodevices and novel drug delivery systems, as 

well as in developing sensing applications. Another 

system for microRNA delivery under preliminary 

research is nanoparticles formed by the self-assembly of 

two different microRNAs deregulated in cancer. One 

potential application is based on small electromechanical 

systems, such as nanoelectromechanical systems being 

investigated for the active release of drugs and sensors 

for possible cancer treatment with iron nanoparticles or 

gold shells.
[20]

  

 

 
Figure-11: Research Under Pipeline micro-RNA. 

 

Applications: Some nanotechnology-based drugs that 

are commercially available or in human clinical trials 

include: 

 

Abraxane [Paclitaxel], approved by the U.S. Food and 

Drug Administration (FDA) to treat breast cancer, non-

small- cell lung cancer (NSCLC) and pancreatic 

cancer, is the nanoparticle albumin bound paclitaxel. 

 

Doxil [Doxorubicin] was originally approved by the 

FDA for the use on HIV-related Kaposi's sarcoma. It is 

now being used to also treat ovarian cancer and multiple 

myeloma. The drug is encased in liposomes, which helps 
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to extend the life of the drug that is being distributed. 

Liposomes are self-assembling, spherical, closed 

colloidal structures that are composed of lipid bilayers 

that surround an aqueous space. The liposomes also help 

to increase the functionality and it helps to decrease the 

damage that the drug does to the heart muscles 

specifically.
[21]
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Figure-12: Nanomedicines. 

 

Onivyde [Irinotecan], liposome encapsulated 

irinotecan to treat metastatic pancreatic cancer, was 

approved by FDA in October 2015.  

 

Rapamune [Sirolimus] is a nanocrystal-based drug that 

was approved by the FDA in 2000 to prevent organ 

rejection after transplantation. The nanocrystal 

components allow for increased drug solubility and 

dissolution rate, leading to improved absorption and high 

bioavailability.  

 

Cabenuva [Cabotegravir] is approved by FDA 

as cabotegravir extended-release injectable nano-

suspension, plus rilpivirine extended-release injectable 

nano-suspension. It is indicated as a complete regimen 

for the treatment of HIV-1 infection in adults to replace 

the current antiretroviral regimen in those who are 

virologically suppressed (HIV-1 RNA less than 50 

copies per mL) on a stable antiretroviral regimen with no 

history of treatment failure and with no known or 

suspected resistance to either cabotegravir or rilpivirine. 

This is the first FDA-approved injectable, complete 

regimen for HIV-1 infected adults that is administered 

once a month.
[22] 

 

Potential Therapies 

Cancer: The size of nanoparticles for clinical application 

spans from 5 to 200 nanometers. Size is a major 

determinant in nanoparticle disposition which allows 

them to preferentially accumulate in solid tumor sites, 

which is characterized by an enhanced blood capillary 

permeability and reduced lymphatic drainage. However, 

particle targeting the tumors results in average in just 2% 

of the dose. Delivery of drugs to the site instead of off-

target organs is one of the most attractive features, but 

further research needs to be done in including in the mix 

tumor micro-environment and other particle properties, 

such as nanoparticle shape and charge. Nonetheless, 

nano formulation of toxic chemo agents will harness 

limitations from typical chemotherapy that include drug 

resistance, lack of selectivity, and lack of solubility. 

Chronic infective diseases may benefit from 

nanomedicine. HIV infection lasts an entire lifetime. The 

HIV-infected patient needs a daily combination of 

antiretrovirals (2-4 pills, HAART) to control the HIV 

virus in the plasma. Poor compliance and pill fatigue 

favor the resurgence of the virus and its transmissibility. 

The attractive nano formulation possibility of having a 

therapy where one or multiple drugs are carried in 

nanoparticle has been welcomed by many surveys. Long-

acting HIV-1 therapy has just been approved by the US 

FDA, under the name cabenuva (cabotegravir 

plus rilpivirine), where 2 monthly IM injections are in 

the place of 30 days’ worth of pills. To optimize the 

issue of having 2 injections, efforts in combining 

multiple drugs in one nanocarrier are entering clinical 

trials after favorable primate studies.
[23]

 

 

 
Figure-13: Nanoparticles of drugs used in treatment of cancer. 
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HIV 

 
Figure-14: Nanotechnology and Nanoparticles are used to fight against HIV. 

 

Imaging: In-vivo imaging is another area where tools 

and devices are being developed. Using 

nanoparticle contrast agents, images such as ultrasound 

and MRI have a favorable distribution and improved 

contrast. In cardiovascular imaging, nanoparticles have 

potential to aid visualization of blood pooling, 

ischemia, angiogenesis, atherosclerosis, and focal areas 

where inflammation is present. The small size of 

nanoparticles endows them with properties that can be 

very useful in oncology, particularly in imaging. 

Quantum dots (nanoparticles with quantum confinement 

properties, such as size-tunable light emission), when 

used in conjunction with MRI (magnetic resonance 

imaging), can produce exceptional images of tumor sites. 

Nanoparticles of cadmium selenide (quantum dots) glow 

when exposed to ultraviolet light. When injected, they 

seep into cancer tumors. The surgeon can see the 

glowing tumor, and use it as a guide for more accurate 

tumor removal. These nanoparticles are much brighter 

than organic dyes and only need one light source for 

excitation. This means that the use of fluorescent 

quantum dots could produce a higher contrast image and 

at a lower cost than today's organic dyes used as contrast 

media. The downside, however, is that quantum dots are 

usually made of quite toxic elements, but this concern 

may be addressed by use of fluorescent dopants.
[24] 

 

 
Figure-15: Nano-imaging. 

 

Tracking movement can help determine how well drugs 

are being distributed or how substances are metabolized. 

It is difficult to track a small group of cells throughout 

the body, so scientists used to dye the cells. These dyes 

needed to be excited by light of a certain wavelength in 

order for them to light up. While different color dyes 

absorb different frequencies of light, there was a need for 

as many light sources as cells. A way around this 

problem is with luminescent tags. These tags are 

quantum dots attached to proteins that penetrate cell 

membranes. The dots can be random in size, can be 

made of bio-inert material, and they demonstrate the 

nanoscale property that color is size-dependent. As a 

result, sizes are selected so that the frequency of light 

used to make a group of quantum dots fluoresce is an 

even multiple of the frequency required to make another 

group incandesce. Then both groups can be lit with a 

single light source. They have also found a way to insert 

nanoparticles into the affected parts of the body so that 

those parts of the body will glow showing the tumor 

growth or shrinkage or also organ trouble.
[25]
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Figure-16: Nanoscience in pharmaceutical science. 

 

Sensing: Nanotechnology-on-a-chip is one more 

dimension of lab-on-a-chip technology. Magnetic 

nanoparticles, bound to a suitable antibody, are used to 

label specific molecules, structures or microorganisms. 

In particular silica nanoparticles are inert from the 

photophysical point of view and might accumulate a 

large number of dye(s) within the nanoparticle shell. 

Gold nanoparticles tagged with short segments of DNA 

can be used for detection of genetic sequence in a 

sample. Multicolor optical coding for biological assays 

has been achieved by embedding different-sized 

quantum dots into polymeric microbeads. Nanopore 

technology for analysis of nucleic acids converts strings 

of nucleotides directly into electronic signatures. Sensor 

test chips containing thousands of nanowires, able to 

detect proteins and other biomarkers left behind by 

cancer cells, could enable the detection and diagnosis of 

cancer in the early stages from a few drops of a patient's 

blood. Nanotechnology is helping to advance the use of 

arthroscopes, which are pencil-sized devices that are 

used in surgeries with lights and cameras so surgeons can 

do the surgeries with smaller incisions. The smaller the 

incisions the faster the healing time which is better for 

the patients. It is also helping to find a way to make an 

arthroscope smaller than a strand of hair.
[26] 

 

 
Figure-17: Nano-Sensor in case of physiological and physical state. 

 

Research on nanoelectronics-based cancer diagnostics 

could lead to tests that can be done in pharmacies. The 

results promise to be highly accurate and the product 

promises to be inexpensive. They could take a very small 

amount of blood and detect cancer anywhere in the body 

in about five minutes, with a sensitivity that is a thousand 

times better a conventional laboratory test. These devices 

that are built with nanowires to detect cancer proteins; 

each nanowire detector is primed to be sensitive to a 

different cancer marker. The biggest advantage of the 

nanowire detectors is that they could test for anywhere 

from ten to one hundred similar medical conditions 

without adding cost to the testing device. 

Nanotechnology has also helped to personalize oncology 

for the detection, diagnosis, and treatment of cancer. It is 

now able to be tailored to each individual's tumor for 

better performance. They have found ways that they will 

be able to target a specific part of the body that is being 

affected by cancer.
[27]

  

 

Sepsis treatment: In contrast to dialysis, which works 

on the principle of the size related diffusion of solutes 

and ultrafiltration of fluid across a semi-permeable 

membrane, the purification with nanoparticles allows 
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specific targeting of substances. Additionally, larger 

compounds which are commonly not dialyzable can be 

removed. The purification process is based on 

functionalized iron oxide or carbon coated metal 

nanoparticles with ferromagnetic or superparamagnetic 

properties. Binding agents such as proteins, 

antibiotics, or synthetic ligands are covalently linked to 

the particle surface. These binding agents are able to 

interact with target species forming an agglomerate. 

Applying an external magnetic field gradient allows 

exerting a force on the nanoparticles. Hence the particles 

can be separated from the bulk fluid, thereby cleaning it 

from the contaminants.
[28]

  

 

 
Figure-18: Nano Technology In Case Of Sepsis Treatment. 

 

The small size (< 100 nm) and large surface area of 

functionalized nanomagnets leads to advantageous 

properties compared to hemoperfusion, which is a 

clinically used technique for the purification of blood 

and is based on surface adsorption. These advantages are 

high loading and accessible for binding agents, high 

selectivity towards the target compound, fast diffusion, 

small hydrodynamic resistance, and low dosage.  

 

Tissue engineering: Nanotechnology may be used as 

part of tissue engineering to help reproduce or repair or 

reshape damaged tissue using suitable nanomaterial-

based scaffolds and growth factors. Tissue engineering if 

successful may replace conventional treatments like 

organ transplants or artificial implants. Nanoparticles 

such as graphene, carbon nanotubes, molybdenum 

disulfide and tungsten disulfide are being used as 

reinforcing agents to fabricate mechanically strong 

biodegradable polymeric nanocomposites for bone tissue 

engineering applications. The addition of these 

nanoparticles in the polymer matrix at low 

concentrations (~0.2 weight %) leads to significant 

improvements in the compressive and flexural 

mechanical properties of polymeric nanocomposites. 

Potentially, these nanocomposites may be used as a 

novel, mechanically strong, light weight composite as 

bone implants.
[29]

  

 

 
Figure-19: Nanotechnology In Tissue Engineering. 

 

For example, a flesh welder was demonstrated to fuse 

two pieces of chicken meat into a single piece using a 

suspension of gold-coated nanoshells activated by an 

infrared laser. This could be used to weld arteries during 

surgery. Another example is nanonephrology, the use of 

nanomedicine on the kidney. 
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Medical devices: Neuro-electronic interfacing is a 

visionary goal dealing with the construction of 

nanodevices that will permit computers to be joined and 

linked to the nervous system. This idea requires the 

building of a molecular structure that will permit control 

and detection of nerve impulses by an external computer. 

A refuelable strategy implies energy is refilled 

continuously or periodically with external sonic, 

chemical, tethered, magnetic, or biological electrical 

sources, while a nonrefuelable strategy implies that all 

power is drawn from internal energy storage which 

would stop when all energy is drained. A 

nanoscale enzymatic biofuel cell for self-powered 

nanodevices have been developed that uses glucose from 

biofluids including human blood and watermelons. One 

limitation to this innovation is the fact that electrical 

interference or leakage or overheating from power 

consumption is possible. The wiring of the structure is 

extremely difficult because they must be positioned 

precisely in the nervous system. The structures that will 

provide the interface must also be compatible with the 

body's immune system.
[30]

  

 

 
Figure-20: Nanotechnology In Medical Devices. 

 

CONCLUSION 
 

Molecular nanotechnology is a speculative subfield of 

nanotechnology regarding the possibility of engineering 

molecular assemblers, machines which could re-order 

matter at a molecular or atomic scale. Nanomedicine 

would make use of these nanorobots, introduced into the 

body, to repair or detect damages and infections. 

Molecular nanotechnology is highly theoretical, seeking 

to anticipate what inventions nanotechnology might yield 

and to propose an agenda for future inquiry. The 

proposed elements of molecular nanotechnology, such as 

molecular assemblers and nanorobots are far beyond 

current capabilities. Future advances in nanomedicine 

could give rise to life extension through the repair of 

many processes thought to be responsible for aging. K. 

Eric Drexler, one of the founders of nanotechnology, 

postulated cell repair machines, including ones operating 

within cells and utilizing as yet hypothetical molecular 

machines, in his 1986 book Engines of Creation, with the 

first technical discussion of medical nanorobots 

by Robert Freitas appearing in 1999. Raymond Kurzweil, 

a futurist and transhumanist, stated in his book The 

Singularity Is Near that he believes that advanced 

medical nanorobotics could completely remedy the 

effects of aging by 2030. According to Richard 

Feynman, it was his former graduate student and 

collaborator Albert Hibbs who originally suggested to 

him (circa 1959) the idea of a medical use for Feynman's 

theoretical micromachines (see nanotechnology). Hibbs 

suggested that certain repair machines might one day be 

reduced in size to the point that it would, in theory, be 
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possible to (as Feynman put it) "swallow the doctor". 

The idea was incorporated into Feynman's 1959 

essay There's Plenty of Room at the Bottom.  
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