


Agenda of the day 

 

1. Nanotechnology 

 

2. Nuclear Technology 



PYQ 
1. What do you understand by nanotechnology and how is it helping 

in health sector? (10)  
 

2. Why is nanotechnology one of the key technologies of the 21st 
century? Describe the salient features of Indian Government’s 
Mission on Nanoscience and Technology and the scope of its 
application in the development process of the country. (12.5) 
 

3. With growing energy needs should India keep on expanding its 
nuclear energy programme? Discuss the facts and fears 
associated with nuclear energy. (15) 
 

4. Give an account of the growth and development of nuclear 
science and technology in India. What is the advantage of fast 
breeder reactor programme in India? (15) 



What is Nanotechnology? 
• It is a branch of technology that deals with dimensions and 

tolerances of less than 100 nanometres, especially the 
manipulation of individual atoms and molecules. 

 

• Nanoscience and nanotechnology are the study and application of 
extremely small things and can be used across all the other 
science fields, such as chemistry, biology, physics, materials 
science, and engineering. 



What is Nanotechnology? 
• Nanotechnology is science and engineering at the scale of atoms 

and molecules.  

 

• It is the manipulation and use of materials and devices so 
tiny that nothing can be built any smaller. 

 

• Nanomaterials are typically between 0.1 and 100 nanometres 
(nm) in size. One nanometer is equivalent to one billionth of a 
metre (10-9 m) 



Evolution of Nanotechnology 
• The ideas and concepts 

behind nanoscience and 
nanotechnology started with a 
talk entitled “There’s Plenty 
of Room at the Bottom” by 
physicist Richard Feynman at 
an American Physical Society 
meeting at the California 
Institute of Technology 
(CalTech) on December 29, 
1959, long before the term 
nanotechnology was used.  
 

• Feynman described a 
process in which scientists 
would be able to manipulate 
and control individual atoms 
and molecules.  



Evolution of Nanotechnology 
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Graphene 
• Graphene is a one-atom-thick layer of carbon atoms arranged in a 

hexagonal lattice.  

 

• It is the building-block of Graphite, but graphene is a remarkable 
substance on its own - with a multitude of astonishing properties 
which repeatedly earn it the title “wonder material”. 
 

Graphene is the thinnest material known to man at one atom thick, and 

also incredibly strong - about 200 times stronger than steel.  

 

Graphene is an excellent conductor of heat and electricity and has 

interesting light absorption abilities.  



Graphene 



Graphene 
• Graphene is an extremely diverse material, and can be combined with other elements 

(including gases and metals) to produce different materials with various superior 
properties. Researchers all over the world continue to constantly investigate and 
patent graphene to learn its various properties and possible applications, which 
include: 

 

 Battery technology 

 Electronics especially in transistors 

 Energy generation 

 Supercapacitors 

 DNA sequencing 

 Water filters 

 Touchscreens  

 Solar cells 

 Spintronics etc 



Carbon Nanotubes 

• Carbon nanotubes (CNTs) are 
cylindrical molecules that consist of 
rolled-up sheets of single-layer 
carbon atoms.  
 

• CNTs can be single-walled (SWCNT) 
with a diameter of less than 1 
nanometer (nm) or multi-walled 
(MWCNT), consisting of several 
concentrically interlinked nanotubes. 
 

• In CNT’s carbon is chemically bonded 
with sp2 bonds, an extremely strong 
form of molecular interaction. 



Carbon Nanotubes 



Graphene/CNT 



Nanotechnology Initiatives 
• 2001: Nano Science and Technology Initiative (NSTI) under DST 

 
• 2007: Mission on Nano Science and Technology (Nano Mission). 

Under the 12th FYP an allocation of Rs. 650 crore was made. DST is 
the nodal agency for implementing the Nano Mission. 
 

• 2013: Science, Technology and Innovation Policy which gave further 
filip to nano research . Today more than 1000cr has been allocated 
for this field. 
 

• Nanotechnology regulatory board to regulate industrial nano 
products.  
 

• Specific Nano technology institutes like Indian Institute of Nano 
sciences etc. 



Nanotechnology Initiatives 
• Nanotechnology Initiative Division under MeiTY 

– The Working Group of Nanotechnology has identified 5 
areas of R&D 

 

1. Post Moore Electronics beyond 10 nm 

2. Sensors (health, agriculture, security etc.) 

3. Organic Electronics 

4. Computational Nanoelectronics 

5. Setting up prototyping and incubation facilities for 
a range of devices/products 



Nanotechnology Initiatives 
• India has published over 25000 papers in nanoscience. India is 

ranked third in the number of papers published, behind only 
China and USA. There have been more than 300 patent 
applications in the Indian Patent Office under nanoscience. 
 

• Nano Mission since 2007 itself has resulted in about 5000 
research papers and about 900 PhDs and also some useful 
products like nano hydrogel based eye drops, pesticide removal 
technology for drinking water, water filters for arsenic and 
fluoride removal, nanosilver antimicrobial creams, textile, 
coating etc. 
 

• News schemes like UNNATI, INSPIRE etc are generating 
more and more interest towards Nanotechnology. 





Applications of Nanotechnology 
• Electronics 

 
 Carbon nanotubes are close to replacing silicon in electronics. Smaller, 

faster, and better transistors may mean that soon your computer’s 
entire memory may be stored on a single tiny chip. 
 

 Graphene’s properties make it an ideal candidate for the development 
of flexible touchscreens. Flexible, bendable, foldable, rollable, and 
stretchable electronics are reaching into various sectors. 
 

 Nanotechnology in Flash memory chips for smart phones and thumb 
drives, ultra-responsive hearing aids, antimicrobial/antibacterial 
coatings on keyboards and cell phone casings, conductive inks for 
printed electronics for RFID/smart cards/smart packaging, flexible 
displays for e-book readers etc 
 
 
 
 



Applications of Nanotechnology 
• Energy 

 
 A new semiconductor developed by Kyoto University makes it possible 

to manufacture solar panels that double the amount of sunlight 
converted into electricity.  

 Nanotechnology can improve the efficiency of fuel production. 
 Carbon nanotube “scrubbers” and membranes to separate carbon 

dioxide from power plant exhaust. 
 Nanotechnology is already being used to develop many new kinds of 

batteries that are quicker-charging, more efficient, lighter weight, 
have a higher power density, and hold electrical charge longer. 

 Nanotechnology also lowers costs, produces stronger and lighter wind 
turbines, improves fuel efficiency and, thanks to the thermal insulation 
of some nanocomponents, can save energy. 



Applications of Nanotechnology 
• Medicine 

 
 The properties of some nanomaterials make them ideal for improving 

early diagnosis and treatment of neurodegenerative diseases or 
cancer.  

 Gold nanoparticles as probes for the detection of targeted sequences 
of nucleic acids, and gold nanoparticles are also being clinically 
investigated as potential treatments for cancer and other diseases. 
Selective attack on cancer cells. 

 Some nanoparticles have also been used to enhance pharmaceutical 
products such as sunscreen. 

 Nanotechnology can improve vaccines, including vaccine delivery 
without the use of needles. Smart pills, nanoparticles in medical 
devices, nanoelectronic biosensors etc are used in medicine. 
 

 



Applications of Nanotechnology 
• Food 

 

 In this field, nanobiosensors could be used to detect 
the presence of pathogens in food or nanocomposites to 
improve food production by increasing mechanical and 
thermal resistance and decreasing oxygen transfer in 
packaged products. 



Applications of Nanotechnology 
• Equipment/Textile 

 

– Nanotechnology makes it 
possible to develop smart 
fabrics that don’t stain or 
wrinkle, as well as stronger, 
lighter and more durable 
materials to make motorcycle 
helmets or sports equipment. 



Applications of Nanotechnology 
• Environment 

 

 Air purification with ions 

 Wastewater purification with nanobubbles 

 Nanofiltration systems for heavy metals 

 Thin film membrane with nanopores for energy-efficient 
desalination. 

 Nanocatalysts are also available to make chemical reactions 
more efficient and less polluting. 

 





Is Nanotechnology Safe? 
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What is Nuclear technology? 

• Nuclear Technology refers to the technology involved in the nuclear 
reactions of the atomic nuclei.  

 

• Under nuclear technology, nuclear energy or characteristic features of 
Nucleus of an atom are utilized. Nuclear energy is released by the change 
that occurs in the nucleus of an atom caused by either Nuclear Fission or 
Fusion. 

 

• Nuclear technologies are used in nuclear reactors, nuclear weapons based 
on nuclear fission and fusion, nuclear medicines, smoke detectors, gun 
sights etc 



Binding Energy 

• When nucleons bind together to form a nucleus, they must lose a small amount 
of mass (Mass Deficit or Mass defect).  This mass change must be released as 
various types of photon or other particle energy. 

 

• The energy released can be calculated from Einsteinian E = mc2. Thus, after the 
binding energy has been removed, binding energy = mass change × c2. This energy 
is a measure of the forces that hold the nucleons together.  

 

• It represents energy that must be resupplied from the environment for the 
nucleus to be broken up into individual nucleons. 

 

• For example, an atom of deuterium has a mass defect of 0.0023884 amu, and its 
binding energy is nearly equal to 2.23 MeV. This means that 2.23 MeV of energy 
are required to disintegrate an atom of deuterium. 



Nuclear Fission & Nuclear Fusion 



Nuclear Fission & Nuclear Fusion 

Nuclear Fission 

• In Nuclear Fission, a heavy nucleus 

splits into 2 smaller nuclei. 

• Generally, the stability of the 

nucleus is maintained by the 

balance between the repulsive 

forces of the protons and the 

binding energy.  

• During fission, the repulsive forces 

become dominant over the binding 

energy. 

Nuclear Fusion 

• In Nuclear fusion, two light nuclei 

combine to form a single heavier 

nucleus.  

• Then why is energy released? 

• The sum of the masses of the 

product nuclei is less than the 

sum of the masses of the initial 

fusing nuclei. Hence, a large 

amount of energy is released 



Nuclear Fission & Nuclear Fusion 



Nuclear Fusion – Thermonuclear Fusion in Sun 



Nuclear Fusion on Earth 

• Nuclear fusion based power plant are presently not in operation on large 
scale. However, some nuclear fusion reactors for research operations are 
present in many parts of the world. 

• International Thermonuclear Experimental Reactor (ITER) in France will 
be the first fusion device which will produce net energy and would 
maintain fusion for longer periods of time. The machine is being designed 
for producing 500 megawatts of Fusion Power. 

 

• ITER is a partnership of 35 countries to develop nuclear fusion technology. 
India is a participant in this research. 

• The multibillion dollar project is scheduled for completion in 2025 and 
seeks to prove the feasibility of nuclear fusion as a large-scale source of 
energy. 



What is a Tokamak? 

• A tokamak is a device which uses a 
powerful magnetic field to confine 
plasma in the shape of a torus.  

 

• The tokamak is one of several types 
of magnetic confinement devices 
being developed to produce 
controlled thermonuclear fusion 
power.  

 

• As of 2022, it is the leading 
candidate for a practical fusion 
reactor. 



Nuclear Fission Reactors 

• Nuclear reactor (Fission) is a device used for initiating and controlling a 
self sustained Nuclear chain reaction.  

 

• The reactor produces and controls the energy released from fission of 
nuclear fuels such as Uranium. 

 

• The energy produced in the reactor is used for power generation by 
producing steam & running the turbines. Nuclear reactors are also used 
for nuclear research, propulsion etc. 



Nuclear reactor 



Nuclear reactor 

Fuel -  Generally, Uranium Oxide (UO2) arranged in tubes to form fuel rods 

Moderator – helps to slow down the neutrons released from fission reaction so that they 

cause more fission. Usually liquid water, heavy water or graphite is used as moderator. 

Control Rods – These help in absorption of charged neutrons. They are made up of neutron-

absorbing materials such as Boron or Cadmium.  

Coolant - A liquid or a gas is need to cool the reactor core and transfers heat from the core 

to the heat exchanger 

Containment System – Protection of reactor as well as protection from radiation. It is usually 

thick concrete or steel enclosure. 



Types of Reactors 

Non pressurized boiling water 

reactor (BWR) 

Pressurized water reactor 

(PWR) 

•The reactor core heats 

pressurized water which does 

not boil due to high pressure 

and high boiling point. 

Heavy water reactors 

•These reactors uses heavy 

water i.e. Deuterium oxide 

(D2O) as its coolant and 

moderator. 

Fast reactors 

•Fast reactors use fast moving 

neutrons for sustaining a 

fission reaction. These 

reactors don't use any neutron 

moderator for slowing down 

the fast moving neutrons. 

Fast Breeder reactors 

•Breeder reactors are those 

which are capable of 

generating more fuel than it 

consumes. Breeder reactors 

use fast moving neutrons for 

producing energy. 

Thorium reactors 

•Th-232 is not a fissile material, 

but when it absorbs a neutron, 

it converts itself to U-233 

which is a fissile material.  



India’s Nuclear Program 



India’s Nuclear Status 



India’s Nuclear Status 

• Currently, nearly all of India’s 6.7 GW of nuclear power is powered by PHWRs which 
represents the natural end to Stage 1 of our program.  

 

• Since 1985, the stage 2 development is going on. The design of the Inida’s first fast 
breeder, called Prototype Fast Breeder Reactor (PFBR), was done by Indira Gandhi 
Centre for Atomic Research (IGCAR). Bharatiya Nabhikiya Vidyut Nigam Ltd (Bhavini), 
a public sector company under the Department of Atomic Energy (DAE), has been 
given the responsibility to build the fast breeder reactors in India. At Kalpakam, the 
construction of first PFBR was to be completed by 2021. Its date of commission has 
been delayed to 2019 and then to 2022. 

 

• According to Indian government, large scale thorium deployment can be only 
expected 3–4 decades after the commercial operation of fast breeder reactors. 



India’s Nuclear Status 

• Apart from the three phase development, India is also following some 
alternative approaches like 

 

• Accelerator Driven Systems 

• Advanced Heavy Water Reactor (AHWR) 

• Compact High Temperature Reactors 

• Molten Salt Reactors 



Nuclear Reserves in India 



Applications of Nuclear technology 



Dangers associated with Nuclear technology 
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