
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-2 May.-2016 

Nanotechnology 
 

84 

NANOTECHNOLOGY 
 

URMILA BANSAL 
 

Department of Applied Chemistry, LTCOE, Mumbai University, India  
E-mail: urmila_bansal@rocketmail.com 

 
 
Abstract— The science behind nanotechnology is understanding the control of matter at nano-scale. Nano, prefix denoting a 
factor of 10-9 i.e. material possessing grain sizes in the order of one billionth of a meter.  Word nano has its origin in Greek 
meaning dwarf. When characteristic length scale of microstructure is in the range of 1-100nm. exhibit unique properties and 
provides opportunity to use nano-materials in novel applications and devices. Nanotechnology  is the design, 
characterization production and application of structures, devices and the system based upon individual or multiple 
integrated nano-scale components. Nanomaterials have been used over a millennium, example nanoscale gold was used in 
stained glass in medieval Europe and nano-tubes were found in the blades of swords made in Damuscus. Nano-materials 
contain nanoscale structures internally or on their surfaces. These can include engineered nano objects, such as nano-
particles, nanotubes and nanoplates. Volcanic ash, sea-spray, smoke from fire and exhaust of vehicles are naturally occurring 
nanoparticles. Nanotechnology is used in many commercial products and holds great potential in future 
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I. INTRODUCTION 
 
Nanotechnology is the understanding and control of 
matter in the range of 1-100 nanometers (nm), due to 
their unique phenomena, novel applications are 
possible but not feasible with bulk materials. A 
nanometer is one billionth of a meter, it’s very tiny 
and cannot be seen under normal microscope, the 
thickness of single sheet of newspaper is about 
100,000 nm. A strand of human DNA measure 2.5 
nm in diameter. Today’s scientists and engineers are 
finding   different methods to make materials 
deliberately of nanosize, in order to take advantage of 
enhanced properties. Physicist Richard Feynman is 
father of nanotechnology. Nanotechnology is beyond 
mixing of nanoscale materials together; it requires 
ability to understand, precisely manipulating and 
controlling those materials in constructive way. In 
1985: Rice University researchers Harold Kroto, 
Sean O’Brien, Robert Curl, and Richard Smalley 
discovered Buckministerfullerene and team were 
awarded 1996 Nobel Prize in Chemistry. Carbon 
nanotubes and carbon nanowires are also important 
nano materials used in nanotechnology.  
    

 
Fig-1: Buckminsterfullerene (C60), more commonly known as 

the Buckyball 
 
It is important to understand naturally occurring 
nanomaterial e.g. hemoglobin, the oxygen 
transporting proteins found in red blood cells with 
diameter 5.5 nm. Refer fig (2) some are by-products 

of human activity like exhaust of vehicles welding 
fumes and smoke from fire. 
 

 
Fig-2: Centers for Disease Control 

 
II. WORKING AND MANUFACTURING AT 
NANOSCALE 
 
The invention of special microscopes provided ability 
to work at nanoscale. The very first discovery was 
tunneling microscope; it is mainly designed to 
measure and move extremely small objects like 
carbon nanotubes (CNT). CNT production requires 
three things, carbon feed, metal catalyst and heat. 
Today, the research scientists of universities and 
companies, all over the world are manufacturing 
nanomaterials to make new products and their 
applications, like medical devices, drugs that may 
target only disease, strong and lightweight materials 
,which reduces cost of fuel for cars and planes. 
There are two basic ideas to manufacture 
nanomaterials, either Top-Down or Bottom-Up. 
Top-Down process reduces large pieces of material 
in to smaller units of nanoscale size; e.g. carving 
statues out of wooden block, it leads to lot of waste. 
Whereas a, Bottom-Up approach is to build 
nanomaterial starting from atomic to molecular scale 
components. Scientists are exploring the concept of 
spontaneous “self-assemble”, by putting together 
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molecular –scale components to create ordered 
structures. The top down and bottom up categories of 
nano manufacturing have grown up into number of 
new processes like:   
∙Chemical Vapour deposition process; in which, 
chemicals reacts to produce very pure, high 
performance films. 
∙Molecular beam epitaxy,   is  a  method  for  
depositing   highly controlled thin films. 
∙Atomic layer epitaxy, is a process for depositing only 
one atom thickness layer on surface. 
∙Dip pen lithography  is  a method in which the  tip of 
an atomic force  microscope is “dipped”  into  
chemical  fluid  and  then    ” write” on a surface like 
old fashioned ink pen onto paper. 
∙Nanoimprint lithography   is  a process  for  creating  
nanoscale features by “stamping” or “printing” on a 
surface. 
∙Roll to roll processing,  it  is  high  volume  process  
to produce nanoscale devices on roll of ultra-thin 
metal or plastic. 
∙Self-assembly, it’s a process when group of 
components come together to form an ordered 
structure without outside direction.                                                                      
Such  nanomaterials  are  stronger,  lighter,  more  
durable anti- reflective, water repellent, UV or IR 
resistant anti-microbial, scratch  proof  and  
electrically conductive. Taking advantage of these 
traits, the nanotechnology based products are ranging 
from base-ball bats and tennis rackets to catalysts for 
refining crude oil  and  ultra- sensitive  detection  as  
well  as  identification  of chemical, biological toxins. 
Nanoscale transistors may go ahead to  computers  in  
future,   which  are  faster, more powerful and energy 
efficient. 
 
III. SPECIALTY OF NANO SCALE 
 
Nanoscale particles are already present in nature or 
science. However, advance study in area of 
microscopy; scientists have acquired a new tool to 
understand and take benefit of it. The naturally 
occurring matters are well organized at nanoscale and 
phenomena are based on “quantum effects”. 
 

  
In fact majority of biological processes occur at 
nanoscale, it has given scope for scientists to utilize 
unique physical, chemical, mechanical and optical 

properties to imagine and construct new processes 
that can enhance their work in  medicine ,imaging 
,computing, printing, chemical catalysis, synthesis of 
materials and many more fields. When particles are 
created in range of 1-100 nm. their properties change 
significantly, e.g. nanoscale  gold particles appears 
purple, not the yellow color with which we all are 
familiar, this is rather due to restricted or confined 
motion of electrons in nanoscale gold particles .In 
pre-modern era the Lycurgus cup of 4th century is 
example of craftsmen’s empirical understanding and 
manipulation of materials made “dichroic” glass; by 
mixing colloidal gold and silver in glass which allow 
it to look “opaque green” when lit from outside but 
“translucent red” when light glow inside; 6th-15th 
Centuries vibrant color glass windows were found in 
European cathedrals; the nanoparticles were of gold 
chloride and other metal oxides. 
 

 
Fig-4 : The Lycurgus Cup at the British Museum, lit from the 

outside (left) and from the inside (right) 
            
In modern era, medical field, gold nanoparticles can 
selectively accumulate in tumor and show their 
presence precisely, then targeting it by laser 
destruction technique without harming healthy cells. 
Working on natural nanoscale of biology, it is a tool 
for many medical researchers for treatments and 
therapies, found to be more accurate and personalized 
than the conventional one. The building blocks of 
human life are DNA and one strand of DNA 
measures only 2.5nanometers in diameter(refer Fig-
5). Researchers have also discovered that in photo-
synthesis, plants derive energy from sunlight by 
quantum mechanical processes with nearly 100% 
efficiency; this has given “green energy” nano-system 
for inexpensive production and storage of solar 
power. 
 

 
Fig-5 

Fig-3 : Computer 
simulation of electron 
motions within a nanowire 
that has a diameter in the 
nanoscale range 
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IV. BENEFITS & APPLICATIONS OF 
NANOTECHNOLOGY 
 
Nanotechnology is used in   various fields,   like     
sunscreen, cosmetics, light weight automotive  parts,   
sporting gadgets etc. Nano structured   catalysts   
make     chemical manufacturing processes  more   
efficient by saving energy and reducing waste. In 
healthcare nano ceramics are used in dental implants 
or to fill holes in diseased  bones. Some  
pharmaceutical  products  have been  reformulated  
with  nano sized particles  to  improve their 
absorption and make them easier to administer. 
Opticians opt to apply nano coating  on eye glasses  
to keep  it clean and scratch proof.  Almost  all high  
performance  electronics  devices were made  by 
using  nano materials. Nanotechnology helps to make 
new  transistor structures  and  to  interconnect  
fastest,      most advanced computing chips. Thus 
Nanotechnology is helping to improve and 
revolutionize many technological and industrial 
sectors.  Followings  are  sampling  of  rapidly  
growing  list  of benefits and use of nanotechnology, 
using their traits; more than 800   everyday  
commercial  products  depend  upon   nanoscale 
materials used in nanotechnology:-  
∙Nanoscale additives in polymer composite materials 
can make things  light weight  , stiff,  durable and  
resilient  e.g. base- ball bats , tennis  rackets , 
motorcycle helmets, automobile bumpers and housing 
power tools. 
 

 
 

Fig- 6 : High-resolution image of a polymer-silicate 
nanocomposite. This material has improved thermal, 

mechanical, and barrier properties and can be used in food 
and beverage containers, fuel storage tanks for aircraft and 

automobiles, and in aerospace components. (Image courtesy of 
NASA.) 

 
∙Nanoscale additives, to or surface treatment of 
fabrics help them to  resist  wrinkling,  staining , and  
bacterial  growth. 
∙Nanoscale thin film on eye glass, computer or 
camera display, windows and other surfaces, can 
make them water repellent, anti-reflective, self –
cleaning, resistant to ultra-violet and infra-red,  anti-
fog ,anti-microbial ,and scratch proof . 
∙Nanoscale materials in cosmetic products give better 
clarity and coverage; cleansing, absorption ,anti-
oxidant, anti-microbial and other health properties in 

sunscreen, cleansers, complexion treatments, creams 
and lotions, shampoos and personal  make-up. 
∙Nano-engineered materials in food industry include 
nano composites in food containers to minimize CO2 
leakage from carbonated beverages or to reduce O2 
in- flow, outflow of moisture, or the growth of 
bacteria, in order to keep food fresher and safer for 
longer period. In-built nano sensors in plastic 
packaging can warn against spoiled food. 
∙Nano structured ceramic coatings exhibit much 
greater toughness than conventional one. 
 

 
Fig- 7 : Illustration demonstrating the effect of the increased 

surface area provided by nanostructured materials 
 

∙Electronics and Information Technology field 
nanotechnology being used in computing, 
communication, and other electronic applications to 
provide, faster, smaller, and more portable system 
that can manage and store lager amount of 
information include: 
i) Nanoscale transistors are faster, more powerful, 

energy efficient; very soon entire memory of 
computer can be stored in single tiny chip. 

ii) Magnetic random access memory (MARM) can 
quickly and efficiently save encrypted data during 
system shutdown or crash; enables to resume play 
features and gather accident data by use of nano 
scale magnetic tunnel junctions. 

iii) Displays for many new TVs, laptop computers 
cell-phones, digital cameras, and other devices 
incorporated by nano structured polymer films 
known as organic light-emitting diodes, OLEDs, 
OLED screens offer brighter image in flat format 
and wider viewing angles, better picture, low 
power consumption and longer life-time. 

iv) Other computing electronic products include, 
flash memory chips, for nano-iPods, ultra- 
responsive hearing aids, and conductive inks for 
printed electronic items like smart cards / smart 
packaging, life like video games and flexible 
displays for e-book readers. 

∙Sustainable energy applications includes, meeting 
world’s   energy demand compounded by growing 
need to protect  environment by clean and affordable 
renewable energy sources  by catalysis.  
∙Bio-engineering of enzymes are aimed to convert, 
corn- stalks and cellulose into ethanol for fuels, better 
known as power alcohol. 
∙Nanostructured materials are used to improve 
hydrogen membrane and storage materials, catalytic 
methods are implemented to realize fuel –cells as a 
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alternative in transportation technologies at reduced 
cost. 
∙Nano technology finds use in making lithium-ion 
batteries which are less flammable, quicker charging, 
lighter weight, high power density and holding 
electrical charges for longer period. It is non- toxic, 
eco- friendly benign product. 
∙An Epoxy containing CNT is being used to make 
wind-mill blades; found to have longer life, stronger 
and lighter weight than other blades and generates 
more amount of electricity. 
∙Researchers are developing wires containing CNT to 
have much lower resistance than the high tension 
wires. Currently finds use in electric grid; reduces 
power loss. 
.NanoChemistry has strong influence on waste water 
treatment;nanoporous membranes are suitable for 
mechanical filtration with extremely small pores 
smaller than 10 nm.Nanofiltration is mainly used for 
removal of ions or separation of different fluids . On 
larger scale the membrane filtration technique is 
called ultrafiltration,it works between 10-100nm. 
Ultrafiltration also find application in renal 
dialysis.Magnetic nanoparticles offer an effective and 
reliable method to remove heavy metal contaminants 
from waste water  using magnetic separation 
technique. 
.Nanoscale devices exhibit dominant non-linearities 
that prevent their use as two-state devices in digital 
computers.Simple nanoelectronic circuits can be 
designed to represent sets and set operatios, array of 
such devices constitutes a universal mathematical 
processor which can solve any problem of set theory. 
Nanologic will find most value for meaningful human 
problems like in uncertainity, ambiguity,error, 
including mathematical theorems. 
 
CONCLUSION 
 
Nano science and nanotechnology are emerging areas 
of technological importance profound impact on 
variety of physical, chemical &biological sciences, 
engineering and medical fields. Scientists have 

utilized nanotechnology to make our homes, cars and 
business more energy efficient through new fuel cells, 
batteries and solar panels. It also helps to purify 
drinking water, detects waste and cleans the 
environment. Nanomaterial finds use in food 
packaging industry to improve self- life and safety. 
Nano sensors can detect food borne pathogens. In 
medical field bio-barcode assay is relatively low cost 
method of detecting disease-specific biomarkers in 
the blood .It also helps in medical imaging tools like 
MRIs & CAT scans, found to be better and safe. In 
future nanotechnology based medicines may be 
available to treat patients, at present they are on 
clinical trials. Stronger, lighter and durable 
nanomaterial would replace existing materials used in 
making buildings, bridges, automobiles etc. Thus 
nanotechnology holds great potential and world will 
surely meet new horizon. 
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