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What is the Nobel Prize?

Nobel was a chemist, engineer, philanthropist PR
and inventor of dynamite

The Nobel Prize is awarded to those “who
conferred the greatest benefit to humankind”

The synthetic element Nobelium was named in
the honor of Alfred Nobel

The Nobel Prize represents the highest scientific &
distinction Nobel in 1896



Nobel Prize

 The Nobel Prize is awarded to professionals from six areas

* Physics
* Chemistry

* Physiology & Medicine
* Economy

* Peace

* Literature
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Each Chemical Element Has Its Own Electronic
Structure Conferring Unique Chemical Properties
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Mendeleev’s Periodic Law

| saw in a dream a table where all elements fell into place as
required. Awakening, | immediately wrote it down on a piece of
paper, only in one place did a correction later seem necessary.
—Mendeleev, as quoted by Inostrantzev

Law of the Periodic Table of
Elements in summary:

The elements, if arranged according to their
atomic weight, exhibit an apparent periodicity
of properties.

Dmitri Mendeleev




Chemistry Nowadays and Its Applications to the

Real World

Impact on U.S. Economy

The U.S. chemical industry is responsible for more than a quarter of the U.S. GDP, supports the production
of almost all commercial and household goods, and is essential to economic growth.

25%

of total
U.S.GDP

The U.S. chemical industry is a

$768 billion

enterprise that supports more than

of U.S. goods in 2016
were manufactured using
Chemical Sector products

of the world's chemicals
come from the U.S.

The U.S. chemical industry is one of the world's
largest chemical producers
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Progress Happens in a Gradual Manner

Discovery = Understanding = Optimization = Output




What is a Semiconductor?

* Semiconductors are materials whose electrical and thermal
properties lie in between those of an insulator and a metal.

e Resistance of semiconductors decreases with
increasing temperature, thus accounting for them
acquiring relevant properties.

The first point-contact transistor was developed
in 1947 and based on semiconductors.

o
Karl Ferdinand Braun
developed the crystal
detector, the first
semiconductor device, in
1874.



Examples of Semiconductors

Gallium arsenide

silicon crystals Germanium

GaAs wafer of (100) orientation

Can anyone spot some periodic trends?



What Are Quantum Dots?

* Quantum dots are semiconductor particles exhibiting a
difference in electronic and optical properties compared to the
bulk materials.

* The origin of the unusual properties of quantum dots is
guantum mechanical.
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More about Quantum Dots

Exciton
(electron-hole pair)

Band gap
Zero point vibrational
energy of the excited

electron

Zero point vibrational
energy of the hole

A device that produces visible light, &
through energy transfer from thin
layers of quantum wells to crystals
above the layers.[®7]
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Fluorescence spectra of CdTe o

guantum dots of various sizes.

Different sized quantum dots emit

different color light due to quantum

confinement.



Applications

Light-Emitting
Diodes

@ Photoconductors P bSI P bsel
Photovoltaics and
@ @ Photodetectors Cd Se, Cd S,

QUANTUM

DOTS
Biomedicine &
Environment

CdTe, InAs,

N InP
Catalysis &
Others




Applications of Quantum Dots

* Single-electron transistors
* Qubits in guantum information processing
* Diode lasers

* Amplifiers

A 21mg dose Nicoderm CQ patch ™
applied to the left arm

* Biosensors

* Transdermal patches
* Photovoltaic devices
 Cellular imaging

———————
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