NANOTECHNOLOGY. METAMATERIALS,

COMPILED BY HOWIE BAUM



PRESENTATION ABOUT NANOTECHNOLOGY

WHAT IS IT ?

HOW SMALL ARE NANO PARTICLES?

WHAT ARE THE DIFFERENT TYPES OF NANO PARTICLES ?

WHAT ARE THE APPLICATIONS OF NANOMATERIALS ?

SAFETY CONCERNS ABOUT NANOMATERIALS




NANOMATERIALS - materials of which a section is between 1 and 100
nanometers long. (a billionth of a meter !)

Materials with structure at the nanoscale often have unique optical,
electronic, thermal (heat), or mechanical properties.

Examples of biological materials that are nanomaterials are:

= The overlapping scales on the wing of the Blue Morpho
Butterfly contain nanoscale structures that reflect light to create
Iridescent colors.

» Chalk

= Viruses

= \Wax crystals covering a lotus leaf

» Spider and spider-mite silk

= “"Spatulae” on the bottom of a Gecko lizard’s feet

Milk and blood



HOW SMALL 1S NANO ?

https://www.youtube.com/watch?v=5AAR7bNSM s

ao to 55 sec


https://www.youtube.com/watch?v=5AAR7bNSM_s

1 billion nanoparticies

60 nm diameter

nm = a billionth of a meter
.000000001 meter

1 million particles

600 nm diameter

1 mecroparticie
60 um diameter

um = a millionth of a meter
.000001 meter
(stze of human hair)

Human hair
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A comparison of a
nanotube to the size of a
human hair !!



S1ZE OF THE MARKET
FOR NANOMATERIALS

The global
nanomaterials market
size was valued at 8.5
billion in US dollars in
2019.

80 75.8

] ] 60
Aerospace applications

are expected to drive

the market. "

Market value in U.5. billlon dollars

Rapid developments in
healthcare technology, 20
growth in the medical
diagnostics industry, and
various advantages of 0
medicinal imaging
applications are

anticipated.

2010 2011 2012 2013 2014 2015 2017 2019 2020*

https://www.youtube.com/watch?reload=9&v=dQh
hcgn8YZo 3.5 minutes



https://www.youtube.com/watch?reload=9&v=dQhhcgn8YZo

DIFFERENT TYPES OF NANOMATERIALS

NANOMATERIALS CAN BE DIVIDED INTO 4 TYPES:
1) CARBON-BASED

2) METAL-BASED

3) DENDRIMERS

4) COMPOSITES



1) CARBON BASED
MATERIALS

These nanomaterials are
composed mostly of carbon
atoms, most commonly
taking the form of a

hollow spheres,

ellipsoids, or tubes.

Spherical and
ellipsoidal carbon
nanomaterials are
referred to as
fullerenes, while
cylindrical ones are
called nanotubes.

These particles have many
potential applications,
including improved films
and coatings, stronger and
lighter materials, and
applications in electronics.



GRAPHENE - HEXAGON-SHAPED PLANE OF
CARBON ATOMS IN SHEET FORM



NANOTUBES ARE FLAT AREAS OF GRAPHENE
THAT IS ROLLED UP INTO A TUBE

11



CARBON-BASED
FULLERENES (ALSO
CALLED BUCKYBALLS)

Fullerenes are nanomaterials
that are made of round
hollow cages and have high
electrical conductivity and
strength.

They are named after
Buckminster Fuller who
designhed the Geodesic
dome.

The illustration shows some
of the well-known
fullerenes consisting of C60
(A) and C70 atoms (B) of
carbon.

The number of Carbon atoms
can range from 20 to 90.



2) METAL BASED
NANOMATERIALS

These nanomaterials
include quantum dots,
nanogold, nanosilver
and metal oxides,
such as titanium
dioxide.

A quantum dot is a
closely packed
semiconductor crystal
comprised of hundreds
or thousands of atoms,
and whose size is on
the order of a few
nanometers to a few
hundred nanometers.

Changing the size of
guantum dots
changes their optical
properties.



e Nanoparticles exhibit unique optical properties.

e A change in optical absorption with reduced sizes cause them to
glow when exposed to UV light.






3) DENDRIMERS

These nanomaterials
are nanosized polymers
built from branched
units.

The surface of a dendrimer
has numerous chain ends,
which can be tailored to
perform specific chemical
functions.

This property could also be
useful for catalysts, to help
with chemical reactions.

Also, because three-
dimensional dendrimers
contain interior cavities
into which other molecules
could be placed, they may
be useful for drug delivery.



4) COMPOSITES

Composites combine
nanoparticles with other
nanoparticles or with larger,
bulk-type materials.

Clays and Polymers can be
used to make them.

Nanoparticles are already
being added to products
ranging from auto parts to
packaging materials, to
enhance the following
properties:

= Mechanical

= Thermal

= Barrier

= Flame-retardance















NANOMATERIAL
CLASSIFICATION

Another way to classify
Nanomaterials is based
on their dimensions.

This diagram shows the
different types,
depending if they are O,
1, 2, or 3 dimensional.

Dimansions

CARBON
NANOTUBES (CNT)



THEY CAN ALSO BE DESCRIBED BY
THEIR DIFFERENT SHAPES



SCHEMATIC ILLUSTRATION OF DIFFERENT ARCHITECTURES

OF ENGINEERED NANOMATERIALS.
Micelles are a group of molecules in a solution, such as those formed by

detergents.

A Liposome is a minute spherical sac of molecules enclosing a water droplet,
especially formed artificially to carry drugs or other substances into the tissues.



Background

Nanowires are just like
normal electrical wires other
than the fact that they are
extremely small. Like
conventional wires,
nanowires can be made from
a variety of conducting and
semiconducting materials like
copper, silver, gold, iron,
silicon, zinc oxide and
germanium.

Nanowires can also be made
from carbon nanotubes.

Nanowire Size

Nanowires are less than 100
nanometers in diameter and
can be as small as 3
nanometers. Typically
nanowires are more than
1000 times longer than their
diameter.

NANOWIRES



Sensor test chips
containing
thousands of
nanowires, able to
detect proteins and
other biomarkers
left behind by
cancer cells, could
enable the
detection and
diagnhosis of cancer
in the early stages
from a few drops
of a patient's
blood.

Researchers at the Emory/Georgia Tech
Center of Cancer Nanotechnology
Excellence synthesize, by vapor-solid
process, aligned Zinc Oxide nanowire
arrays as shown in the scanning electron
microscopy (SEM) image.



NANORODS

Nanorods are one form of nanoscale objects with
dimensions ranging from 1-100 nm.

A combination of ligands act as shape control
agents and bond to different facets of the nanorod
with different strengths.

This allows different faces of the nanorod to grow
at different rates, producing an elongated object.
USES.:

. In display technologies, because the
reflectivity of the rods can be changed by
changing their orientation with an applied
electric field.

. In micro-electro-mechanical systems
(MEMS).

. In cancer therapeutics.






USES OF NANOTECHNOLOGY









APPLICATIONS OF NANOPARTICLES )
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POTENTIAL IMPACTS OF

NANOTECHNOLOGY
 Materials
- Waterproof and stain- ¢ Technology
resistant clothes — Better data storage
and computation
* Health Care e Environment
* Chemical and biological — Clean energy, clean air

sensors, drugs and
delivery devices

Thin layers of gold Carbon nanotubes can
are used in tiny be used for Hydrogen Possible entry point for
medical devices fuel storage nanomedical device






Nanomaterials in Consumer Products

The Future 1s Now



NANOMATERIALS IN CONSUMER PRODUCTS:
THE PERSONAL CARE INDUSTRY IS LEADING
THE WAY



NANOMATERIALS IN

COSMETICS
Shampoos Sunscreens
Conditioners Make up
Toothpastes Perfumes
Anti-wrinkle creams Nail polishes

Anti-cellulite creams
Skin moisturizers
Face powders
Aftershave lotions
Deodorants

Soaps












SUNSCREENS

Zinc oxide and Titanium dioxide have
been used in sunscreens because of
their powerful UV blocking properties
but they leave a white coating on the
skin, which most people find unpleasant.

Many sunscreens and moisturizers
available now use these
nanoparticles, including products
from;

Boots

Avon

The Body Shop

L'Oreal

Nivea

Unilever



THESE
SUNSCREEN
PRODUCTS DO
HAVE NANO
MATERIALS IN
THEM.



MODERN NANOTECHNOLOGY —
ANTIMICROBIAL FABRICS

Nanohorizons, a company in
Pennsylvania, has started
producing a silver
nanoparticle

material as both a dye and
use In polyester and nylon.

The silver nanoparticles are
toxic to microbes, and so
colonies will never form,
and clothes using this
material will not have
odors.



USES FOR CARS



Some clothing manufacturers are making
water and stain repellent clothing using
nano-sized whiskers in the fabric that
cause water to bead up on the surface.



TITANIUM DIOXIDE
PARTICLES IN OUR
FOODS

Candies, sweets and chewing
gum have been found to contain
the highest levels of titanium
dioxide.

Powdered doughnuts, candies and
gums with hard shells, products
with white icing and even bread,
mayonnaise, yogurt and other
dairy products may also contain
titanium dioxide.

According to research
published in Environmental
Science and Technology, up to
36 percent of the titanium
dioxide found in nearly 90
food products was in the
nanoparticle sizes.












Candies, sweets and chewing
gum have been found to
contain the highest levels of
titanium dioxide.

Powdered doughnuts, candies
and gums with hard shells,
products with white icing and
even bread, mayonnaise,
yogurt and other dairy
products may also contain
titanium dioxide.

According to research
published in Environmental
Science and Technology,
up to 36 percent of the
titanium dioxide found in
nearly 90 food products
was in the nanoparticle
sizes.









GECKO NANOSCALE
FOOT PADS

Animals that cling to walls
and walk on ceilings owe this
ability to micro-and nanoscale
hairs on their feet.

The highest adhesion forces
are encountered in lizards
called geckos.

On the sole of a gecko’s
toes there are some one
billion tiny adhesive hairs,
about 200 nanometers in
both width and length that
have spatula-shaped ends
on them for strong
adhesion to flat surfaces.



GECKO NANO-SCALE FOOT-HAIRS FOR
WALKING ANYWHERE

CC BY-SA 3.0, https://en.wikipedia.org/w/index.php?curid=25482399









SMART NANOMATERIALS
They are materials which can respond to
Stimuli (forces) from the surrounding
environment.
Stimuli agents are further classified as:
Light
Temperature
Electricity
Magnetic fields
Stress
Pressure
pH

They can be used for controlled release of
drugs, treatment of various diseases,

biosensors. etcC.



«Cancer treatment
*Bone treatment
*Drug delivery

* Appetite control
*Drug development
*Medical tools
*Diagnostic tests

*Imaging

2/23/2021

Medical Applications

60



Detection

Disease diagnosis (Molecular imaging) Monitoring
(Devices and labeling) (Biomarker mapping)
Nano-implants Targeted therapy
(Orho) (Cancer)
Bone-tissue Theranostics
engineering (See and treat)

Drug-delivery Drug-screening
(Therapeutics) Applications of (Labeling)
Nanotechnology :
Nano-surgery . o Gene-delivery
in Medicine _
(Nano-robots) (Transfection)

2/23/2021 61




2/23/2021

62






COVID-19
DISEASE
MANAGEMENT

Uses include:

= Nano-based
disinfectants

= Personal
protective
equipment

= Diagnostic
systems

= Treatments and
vaccine
development



MEDICAL USES OF NANO TECHNOLOGY



HEALTH CARE

NERVE TISSUE TALKING TO COMPUTERS

* Neuro-electronic networks interface nerve cells
with semiconductors

* Possible applications in brain research,
neuro-computation, prosthetics, and biosensors

Snail neuron grown on a chip that records the neuron’s
electrical activity



Health Care: Preventing
Viruses from Infecting Us

« Applying nano-coatings over proteins on viruses

» Could stop viruses from binding to cells

* Never get another cold or flu?

Influenza virus: Note
Gold tethered to the proteins on outside that
sprotein shell of a virus bind to cells



HEALTH CARE: MAKING REPAIRS TO THE BODY

 Nanorobots are imaginary, but nano-sized delivery
systems could...

* Break apart kidney stones, clear plaque from blood
vessels, and ferry drugs to tumor cells

68



VARIOUS TYPES OF NANO MEDICINES



Cancer is a leading
cause of death
worldwide.

Currently available
therapies are
Inadequate and spur
demand for improved
technologies.

Rapid growth in
nanotechnology towards
the development of
nanomedicine products
holds great promise to
Improve therapeutic
strategies against
cancer.



Theranostic nanoparticles are designed for combining
diagnostic and therapeutic capabilities into one single
biocompatible and biodegradable nanoparticle.



SOME NANOTECHNOLOGY-BASED DRUGS
THAT ARE COMMERCIALLY AVAILABLE OR
IN HUMAN CLINICAL TRIALS

Abraxane, approved by the U.S. Food and
Drug Administration (FDA) is used to treat
breast cancer, non-small-cell lung cancer, and
pancreatic cancer.

Doxil 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.

Onivyde, liposome encapsulated irinotecan to
treat metastatic pancreatic cancer, was
approved by FDA in October 2015.

Rapamune is a nanocrystal-based drug that
was approved by the FDA in 2000 to prevent
organ rejection after transplantation.



Researchers from North
Carolina State University have
developed a wearable,
wireless sensor that can
monitor a person's skin
hydration for use In
applications that need to
detect dehydration before it
poses a health problem.

It is made of made of
conductive silver
nanowires inlaid in a
silicone matrix.

The device is lightweight,
flexible and stretchable and
has already been incorporated
Into prototype devices that
can be worn on the wrist or as
a chest patch.



LAB-ON-SKIN

Stretchable and flexible electronic
devices as biosensors for measuring
(clockwise from top right)

skin modulus stiffness)
Electro-cardiology

Hydration

Blood oxygen

Wound-healing rate

Sweat content

Skin surface temperature

Blood pressure,

Electromyography

Electroencephalography. (© ACS)

Nanotechnology materials are going to open
new realms of possibility for flexible and
stretchable monitoring gadgets that are
wearable directly on the skin


https://www.nanowerk.com/spotlight/id48153_2l.jpg




INJECTED INTO A
HEALTHY MOUSE,
NANOPARTICLES OF
CADMIUM SELENIDE
GLOW WHEN
EXPOSED TO ULTRA-
VIOLET LIGHT.

SUCH QUANTUM DOTS
CAN SEEP INTO
CANCEROUS TUMORS
TO HELP SURGEONS
FIND AND REMOVE
SICK CELLS WITHOUT
DISTURBING HEALTHY
ONES.



2/23/2021
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Nanoshells






NANO BORANES FOR CANCER
AND OTHER DISEASE
TREATMENT

Polyhedral Boranes, or clusters of
boron atoms bound to hydrogen
atoms, are transforming the
biomedical industry.

These man-made materials have
become the basis for the creation
of cancer therapies, enhanced
drug delivery and new contrast
agents needed for radio-imaging
and diagnosis.

They also can be improved
diagnostic tools for cancer and
other diseases as well as low-cost
solar energy cells




NANODENTRISTY
Nanotechnology used in the

dental field is called
nanodentistry.

Nanoparticles are used
for:

= Prevention of oral
diseases

= Cavity preventive drugs

= Prostheses for teeth
iImplantation

= Maintaining oral health



SAFETY ASPECTS OF
NANOMATERIALS

Nanopollutants could be a
risk to the general population,
but especially to workers in
nanotechnology research and
those in manufacturing of
buildings.

They are very small
nanoparticles which can let
them enter the skin and be
absorbed by the lungs, which
can cause severe health
problems.

If the nanopollutants enter the
bloodstream, they may be
able to cross the blood-brain
barrier, therefore opening up
the possibility that these
nanoparticles could severely
damage the brain.






Consumer Products Inventory
An inventory of nanotechnology-based consumer
products introduced on the market.

After more than twenty years of basic and applied research,
nanotechnologies are gaining in commercial use.

But it has been difficult to find out how many “nano” consumer

products are on the market and which merchandise could be called
“nano.”

This inventory gives the public the best available look at the
5,003 ! manufacturer-identified nanotechnology-based
consumer products introduced to the market.

This "living" inventory is a resource for consumers, citizens,

policymakers, and others who are interested in learning about how
nanotechnology is entering the marketplace.

THE END 85


https://www.nanodb.dk/
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