


Applications of  Nanotechnology

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. Nanotechnology may be able to create many new

materials and devices with a vast range of applications, such as in

medicine, electronics, biomaterials and energy production.



Applications of  Nanotechnology



Applications of  Nanotechnology In Energy 

Systems

 Nanotechnology is finding application in traditional energy

sources and is greatly enhancing alternative energy approaches

to help meet the world’s increasing energy demands.

 Many scientists are looking into ways to develop clean,

affordable, and renewable energy sources, along with means to

reduce energy consumption and lessen toxicity burdens on the

environment



Applications of  Nanotechnology In Energy 

Systems
 Nanotechnology is improving the efficiency of fuel production from raw

petroleum materials through better catalysis. It is also enabling reduced

fuel consumption in vehicles and power plants through higher-efficiency

combustion and decreased friction.

 Nanotechnology is also being applied to oil and gas extraction through,

for example, the use of nanotechnology-enabled gas lift valves in offshore

operations or the use of nanoparticles to detect microscopic down-well

oil pipeline fractures.

 Researchers are investigating carbon nanotube “scrubbers” and

membranes to separate carbon dioxide from power plant exhaust.



Applications of  Nanotechnology In Energy 

Systems
Nanotechnology can be incorporated into

solar panels to convert sunlight to electricity

more efficiently, promising inexpensive solar

power in the future. Nanostructured solar

cells could be cheaper to manufacture and

easier to install, since they can use print-like

manufacturing processes and can be made in

flexible rolls rather than discrete panels.

Newer research suggests that future solar

converters might even be “paintable.”



Applications of  Nanotechnology In Energy 

Systems
Batteries...

• Cathode- positive terminal

• Anode- negative terminal

• Electrolyte-charged, acidic gel

 Separates electrodes to prevent

electrical shortage

 Allows ions to flow

Stored Energy



Applications of  Nanotechnology In Energy 

Systems
Lithium Ion Batteries

 Most effective rechargeable battery

 Lithium Metal CATHODE

 Graphite ANODE

 No "memory“ effect

Scientists are currently implementing Carbon

Nanotube into the anode's structure. This

will replace traditional graphite anodes and

increase holding capacity of lithium ions



Applications of  Nanotechnology In Solar 

Energy Systems
 Nanostructures can allow efficient solar cells

to be made from cheaper, more conventional

materials, like silicon and titanium dioxide.

 Nanotechnology can help with design and

manufacture second generation, thin film PV

cells.

 The most advanced solar cells can only make

use of 10 to 30 percent of the available solar

energy hitting the solar cells.

Dye Sensitive Solar Cells With Nanotube Coatings



Applications of  Nanotechnology In Solar 

Energy Systems
 Nano crystals

 More electrons – 3 to 1

 More energy produced.

Regular Solar Nano crystals



Quantum dot in Solar Energy Systems

Quantum dots are particles of  semi 

conductor material with the size so small.

This solar cell have many layers with 

different band gap in stack. each layer 

utilizes different wavelengths.

Light absorption of  quantum dot layers 

are more



What are Quantum Dots???

Quantum dots (QDs) are semiconductor nanoparticles which exhibit size and

composition-dependent optical and electronic (optoelectronic) properties. QDs are

ultrasmall, typically falling in the size range between 1.5 and 10.0 nm.

Quantum dots can be manufactured by a number of processes from colloidal synthesis to

chemical vapour deposition (CVD). The cheapest and simplest method is benchtop

colloidal synthesis. Electrochemical techniques and CVD can be used to create ordered

arrays of quantum dots on a substrate material.

These nano dots can be single component materials with uniform internal compositions,

such as chalcogenides (selenides, sulfides or tellurides) of metals like cadmium, lead or

zinc, example, CdTe etc.



What are Quantum Dots???

WORKING

The light rays enter through the transparent electrode of a quantum dot solar cell onto a

light absorbing layer of dots in order to generate electron hole pairs. The charged particles

then separate and eventually travel to their respective electrodes, producing electric current.



Solar Cells-Nanotubes

 In PV cells technology, the nanometer-scale tubes,

coated by the special p-type and n-type semiconductor

(p/n) junction materials can be used to generate

electrical current, which would increase the surface area

available to produce electricity.

 Single-walled carbon nanotubes (SWCNTs) are ideal as

thin-film photovoltaics because they absorb light across

a wide range of wavelengths from the visible to the

near-infrared and possess charge carriers (electrons and

holes) that move quickly.



Applications of  Nanotechnology-Catalysis

 Nanocatalysis is a rapidly growing field which involves the use of nanomaterials as catalysts

for a variety of homogeneous and heterogeneous catalysis applications

 Catalytic technologies are crucial in the energy, chemical process, and environmental

industries, both now and in the future.

 Catalytic technologies are used to transform fossil fuels like coal and petroleum including

natural gas into fuels and chemical products.

 Especially a variety of chemicals and petrochemicals can be manufactured by employing the

catalytic approach.

 The catalytic activity in these processes also improves the efficiency by reducing

hydrocarbons, CO and NO emissions, into useful products.



Applications of  Nanotechnology-Catalysis
 The catalytic applications of nanoparticles are being studied due to their small particle size. On a

general note, the nanoparticle-based technology is aimed at enhancing existing processes in terms of

their efficiency, durability and speed.

 This is conceivable because of the materials employed in industrial operations in the past (eg,

industrial catalysis).

 The following are some of the important catalysts with at least one nano level property/structure

modification.

 Nanoporous Catalysts - Microporous (4 – 14 Angstrom) - Mesoporous (15 – 250 Angstrom)

 Nanoparticle Catalysts (ex. Au/TiO2, Pt-Pd-Rh Three way catalyst)

 Nanocomposite Catalysts

 Nanocrystalline Catalysts (ex. Nanocrystalline CeO2-x, TiO2)

 Supramolecular Catalysts



Applications of  Nanotechnology-Catalysis: 

Advantages



Applications of  Nanotechnology-Catalysis: variety



Applications of  Nanotechnology-Electronics

 Nanotechnology is used in many communications, computing and electronic applications

 It provides faster, smaller and more portable systems

 These systems can manage and store larger and larger amounts of information.

 Nanoelectronics means using nanotechnology in electronic components, there are many

applications such as computing and electronic products include Flash memory chips for iPod

Nanos, antimicrobial and antibacterial coatings on the mouse, the keyboard, and the cell

phone castings.

 The aim of nanoelectronics is to process, transmit and store information by taking advantage

of properties of matter that are distinctly different from macroscopic properties.



Applications of  Nanotechnology-Electronics

 Nanotechnology is used for printed electronics for Radio Frequency Identification (RFID),

smart cards, smart packaging, It is used for more life-like video games and flexible displays

for e-book readers.

 Nanotechnology is used for nanoscale transistors that are faster, more powerful, and

increasingly the energy-efficient, You will see soon that your computer’s entire memory may

be stored on a single tiny chip

 Nanotechnology is used in many new TVs, laptop computers, digital cameras, cell phones,

and it is used in many devices to incorporate nanostructured polymer films known as organic

light-emitting diodes or OLEDs, where OLED screens offer brighter consumption and

longer lifetimes.



Applications of  Nanotechnology-Electronics

 Nanotechnology is used for magnetic random access memory (MRAM) enabled by

nanometer‐scale magnetic tunnel junctions that can quickly and effectively save even

encrypted data during a system shutdown or crash, So, It enables resume‐play features.

 Nanotechnology in electronics provides faster, smaller and enhanced handheld devices, It

provides advanced display technologies with conductive nanomaterials, data storage, quantum

computing, printable and flexible electronics, and magnetic nanoparticles for data storage.

 Nanotechnology can actually revolutionize a lot of electronic products, procedures, and

applications such as electronic products include nano transistors, nano diodes, OLED, plasma

displays and quantum computers.



Applications of  Nanotechnology-Electronics

 Nanotechnology in electronics increases the capabilities of electronics devices while reducing

their weight and power consumption, It increases the density of memory chips and it reduces

the size of transistors that used in integrated circuits.

 Nanotechnology improves display screens on electronics devices, So the power consumption

will be reduced, the weight and the thickness of the screens decreases.



Applications of  Nanotechnology-Electronics

Moore’s Law describes a

trend of technology. It

states that the number of

transistors that can be put

on a single chip will double

every two years.



Applications of  Nanotechnology-Electronics



Applications of  Nanotechnology-Electronics

Instead of making transistor components and

assembling them on a board, nanoscale

transistors are grown together on a silicon

wafer.

They look much different from the traditional

transistors.

Because of nanotechnology, the speed of

computers has increased while the price of

computing has decreased.



Nanotechnology in Memory and Storage

This is a 2 gigabyte hard drive. It weighs about

70 pounds. It was first used in the 1980s. Its

cost at that time ranged from $80,000 to

$140,000.



Nanotechnology in Memory and Storage

Current research shows that by using

nanotechnology, 1000 GB of memory can fit

on the head of this pin. 1000 GB is 1 Terabyte



Nanotechnology in Displays 
 Organic - LEDs

 Organic molecules emit light = brighter

 Flexible

 Roll to roll processing

 Traditional LEDs are light by a white backlight and color is filtered by dye molecules. OLEDS

emit light of different colors.

 Organic LEDs are like polymers and can be flexible if printed on a flexible conductive

substrate

 Roll to roll processing = cheaper devices once optimized



Nanotechnology in Displays 
 Display technologies can be

grouped into three broad

technology areas; Organic

LEDs, electronic paper and

other devices intended to

show still images, and Field

Emission Displays

 Nanotubes are small enough

that they cannot be seen, so

they can be great conductors

to be used as transparent

contacts.



Nanotechnology in Displays 

Carbon nanotubes on a glass or plastic sheet

allow manufacturers to make clear conductive

panels for displays that are extremely thin



Applications of  Nanotechnology-Sensors
The term nanosensor is refer to a sensing device with at least one of its dimensions being

smaller than 100 nm and for the purpose of collecting information on the nanoscale and

transferring it into data for analysis.

Nanosensors are not necessarily reduced in size to the nanoscale, but could be larger devices

that make use of the unique properties of nanomaterials to detect and measure events at the

nanoscale.

Nanosensors have been developed for the detection of gases, chemical and biochemical

variables, as well as physical variables and the detection electromagnetic radiation.



Applications of  Nanotechnology-Polymer Nanocomposites

Nanocomposites are those composites in which one phase has nanoscale morphology like

nanoparticles, nanotubes, or lamellar nanostructure. They have multiphases, so are multiphasic

materials, at least of the phases should have dimensions in the range of 10–100 nm. To

overcome the limitation of different engineering materials now-a-days, nanocomposites are

emerged to provide beneficial alternatives.



Applications of  Nanotechnology-Polymer Nanocomposites

Nanocomposites are the solid combination of а bulk matrix and nаnodimensionаl phase(s) which differ in

properties due to dissimilarities in structure and chemistry. Properties that have indicated substantial

improvements:

 Mechanical properties (strength, bulk modules, withstands limit, etc.)

 Thermal stability

 Hinders flame and reduce smoke generations

 Permeability of gases, water, and solvents are reduced

 More surface appearance

 Improved electrical conductivity

 Increased chemical resistance

 Enhance optical clarity as compared to conventionally filled polymers



Applications of  Nanotechnology-Polymer Nanocomposites



Applications of  Nanotechnology-Polymer Nanocomposites

Among several nanocomposites, polymer-based nanomaterials are the most leading materials of current research

and development. Characteristics like film forming ability, activated functionalities, and dimensional variability

provide lots of benefit to polymer-based nanocomposites

Polymer nanocomposites are proposed as a class of materials with unique properties but, the most challenging

property of PNCs is the complex interfacial areas in between the polymer matrices because of this small scale

large specific area is created that highlight the importance of polymer-nanoparticle interactions.

So, to achieve properties, such as, mechanical, thermal, optical, and electric, we need to analyze the intercalation

process among the nanoparticles and polymer bases



Applications of  Nanotechnology-Polymer Nanocomposites
 Among several nanocomposites, polymer-based nanomaterials are the

most leading materials of current research and development.

Characteristics like film forming ability, activated functionalities, and

dimensional variability provide lots of benefit to polymer-based

nanocomposites

 Polymer nanocomposites are proposed as a class of materials with unique

properties but, the most challenging property of PNCs is the complex

interfacial areas in between the polymer matrices because of this small

scale large specific area is created that highlight the importance of

polymer-nanoparticle interactions.

 So, to achieve properties, such as, mechanical, thermal, optical, and

electric, we need to analyze the intercalation process among the

nanoparticles and polymer bases



Applications of  Nanotechnology-Polymer Nanocomposites



Applications of  Nanotechnology- Medicine

Nanomedicine is the medical application of nanotechnology.

 It is defined as the repair, construction and control of human biological systems

using devices built upon nanotechnology standards.

Nanostructured materials, engineered enzymes and many
other products of biotechnology will be very useful in the
future.

High-sophisticated, medically programmable nanomachines
and nanorobots are developed.

That will allow doctors to approach the human body at the
cellular and molecular levels. Interventions such as repairing
damaged tissues (bone, muscle, nerve) will be possible.



Applications of  Nanotechnology- Medicine

Drug Delivery Methods

Systems that deliver drugs to specific sites

 Sample Methods:

 Smart Drugs

 Nanocomposite hydrogel systems

 Magnetic Nanoparticles

Smart drugs

 Attack specific antigens

 Immunotoxins that are protein in nature

 Consist of an antibody part and toxic part



Applications of  Nanotechnology- Medicine

Disease Detection

 Cancer/Virus Detection

Carbon Nanotubes

Gold nanoparticles & Nanodots

Nanowires

 Gene Detection

Silicon nanowires



Applications of  Nanotechnology- Medicine

Disease Detection

 Cancer/Virus Detection

Carbon Nanotubes:

 Covered with monoclonal antibodies

 Antibodies for growth factor receptor commonly 

found in cancer cells

 Current increases measured

Silicon Nanowires

 Similar in use to nanotubes

 Antibodies attached to wire

 Current changes measured

 Can be applied to cancer cells and viruses

Gold Nanoparticles & Nanodots

Similar application

Antibodies attached to nanoparticles

Nanoparticle antibodies bind to cancer cells

Colors reflected when light hits particles

Shapes and sizes affect color
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