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Nanotechnology 101

Credit: Antipoff

“Nanoscience is the study of phenomena and manipulation of materials at atomic, molecular and

macromolecular scales, where properties differ significantly from those at a larger scale”".
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A matter of scale
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Ribosome 20 nm
Microtubule 25 nm
Nuclear pore 50 nm

Centriole 200 nm
Lysosomes 200-500

AuNPs
(10-25nm)

Virus (10-150 nm)

Atom (0.1 nm) (1-5 nm)

Neuron (200 pm)

“Nanoscience is the study of phenomena and manipulation of materials at atomic, molecular and
macromolecular scales, where properties differ significantly from those at a larger scale”".



4 [ Inorganic Nanomaterials ] Metal chalcogenides (TMCs)
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A matter of scale

a) Bulk b) Quantum well c¢) Quantum wire d) Quantum dot
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Quantum confinement affects electronic and optical properties



A matter of scale

Quantum Dot’s
Decreasing size

Conduction Band

Increasing energy
gap and changing
emission colours
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CdS quantum Dots

A matter of scale
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A brief history of nanotechnology

.......

Lycurgus Cup Renaissance Art Damascus Blade
IV Century XV Century XIl Century




A brief history of nanotechnology

Gold particles in glass Silver particles in glass
Size: 25 nm | (SURREEERY [ 8 B A Size: 100 nm

Shape: sphere [ S Shape: sphere
Color reflected: 0 Color reflected:
Size: 50 nm Size: 40 nm
Shape: sphere Shape: sphere
Color reflected: Color reflected:
Size: 100 nm L Size: 100 nm
Shape: sphere Shape: pnsm
Color reflected: Color reflected:
Reibold, M., et al. "Carbon Nanotubes in an Ancient
‘ Damascus Sabre." Nature 444 (2006).
Renaissance Art Damascus Blade

IV Century XV Century XIl Century



A brief history of nanotechnology

- Scanning electron microscope (1937)

- Transmission electron microscope (1940s)
- Raman Spectroscopy (1930)

- Transistors (1947)

- Resonant Raman Spectroscopy (1950)

- First Integrated Circuits (1959)

- Lasers (1960s)

- CCD (1970s)

- SERS (1974)

- Scanning tunnelling microscope (1981)

- Quantum dots (1993)

= == “What | want to talk about
is the problem of
manipulating and
controlling things on a small
scale.”
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Feyn man 'S 1959 Iectu re Electromechanical Relay  Vacuum Tube  Transistor Integrated Circuit
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There's Plenty of Room at the Bottom ! Year




Biomemetic: leveraging small-scale interactions
1.000.000 setae

1.000 spatular tips
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Biomimetic: leveraging small-scale interactions




Biomimetic: modulating refractive index
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Biomimetic: Photonic crystals
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Water Glucose Glucose
15% 20%

Uncured Tetrahydro Chloro Glycerol
PDMS -furan -form

Mineral Toluene Immersion Chloro- Benzene
oil oil benzene

11m

Water Glucose Glucose NaCl
15% 20% 20%

Uncured Tetrahydro Chloro Glycerol DMSO
PDMS -furan -form

Ethanol

Mineral Toluene Immersion Chloro- Benzene
oil oil benzene
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(A) Lotus leaf
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(M) Flsh scale (O) Glass sponge




How do we “see” nanostructures ? Microscopy!

Using electrons — instead of visible photons -
allows to dig deeper into the nanoworld
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How do we “see” nanostructures ? Microscopy!

«S» is for scanning
«T» is for transmission

Pollen grain under SEM and TEM




How do we “see” nanostructures ? Spectroscopy!
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How do we “see” nanostructures ? XRD!

Scattering of incident photons by an ordered array of atoms

Bragg's Law
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How do we create nanostructures ?
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How do we create nanostructures ?

-\ Macroscopic earth

nm

eg.

10 000 Microtechnology

“imprint”

1000 Submicro-

technology
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Lithography,

Thin-film technology.
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TOP DOWN

Controlled working condition

Atomic level
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Top Down
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30 years of miniaturization:
Hard Drive Cost per Gigabyte
1980 - ZBDE gabyt

$10,000,000.00

$1,000,000.00

- %100,000.00 “

675 Mb = $70,000 $10,00000

128Gb = $13,300,000
$1,000.00
$100.00

2020

£10.00
'/ /‘ $1.00
A /;// $0.10
7 $0.01

A o2 o o2 & e
128Gb = $19 * N N N * L4 L



Bottom Up
* The surface coating of nanoparticles determines many of their physical and B u | Id | ng com p | ex St ru Ct ures...

chemical properties, notably stability, solubility, and targeting. A coating that is

multivalent or polymeric confers high stability. fro m Sscra tc h es
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APPLICATION OF NANOPARTICLES




QUANTUM DOTS MARKET, BY REGION (USD BILLION)
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Applications: Displays —_

2019 2020-e 2021 2022 2023 2024 2025-p

® North Amenca ®mEurope ®WAPAC RoW

e-estimated; p-projected
Source: Industry Expert, Secondary Research, and MarketsandMarkets Analysis

* Future emitter material for emissive displays
delivers on the promises of OLED

* Emissive technology: perfect black levels

* Perfect color and viewing angle: no
micro-cavities required

* Rugged, inorganic materials: true HOR
luminance and improved reliability

® Low cost: solution processable via ink jet,
transfer or gravure printing
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QDEL Polarizer Anode ELQD Stack Cathode Back Cover

* Available: 2021-2023



Applications: Nanomedicine

Nanosystems
" “, = i ,»’i :?)2%‘
Metallic Polymeric SLNs Micelles NLCs Liposomes

Lipid-based systems
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Applications: an “average” mobile phone

1) QDOT Display
Trillions of Cd, Zn, In based nanoparticles

Anti-reflecting, anti-scratch, hydrohobic coatings

2) ARM CPU
170 million 7nm transistors per square mm
10 billion transistors inside

3) 20+ Mpixel Camera
Millions of 14nm FinFET technology

4) Wireless ICs (power amplifiers)
Thousands of GaAs and SiGe transistors

6) Battery / Capacitors
Nanostructured Li electrodes
Nanostructured metal-oxides electrodes

7) Various
Gold, silver, rare earths... lead and mercury!




